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ABSTRACT 

This r e p o r t  desc r ibes  two computer programs developed f o r  t h e  inves t iga -  

t i o n  of legged p l ane ta ry  landers .  Ana ly t i ca l  methods incorpora ted  i n  t he  

programs, ope ra t ing  i n s t r u c t i o n s  , , and examples of program u t i l i z a t i o n  a r e  

descr ibed.  One program developed is  t h e  S t r u c t u r a l  Analysis Program, con- 

t a i n i n g  a Center Body Option, which can be  used t o  analyze a s t r u c t u r e  by 

u t i l i z i n g  a f i n i t e  element i d e a l i z a t i o n .  I t  a l s o  conta ins  a Landing Gear 

Option f o r  determinat ion of t h e  energy absorp t ion  and load-s t roke  charac te r -  

i s t i c s  of e i t h e r  a c a n t i l e v e r  o r  i n v e r t e d  t r i p o d  landing gear  conf igura t ion .  

The second program is the  Landing Loads and Motions Program, used t o  p r e d i c t  

s p a t i a l  l anding  dynamics of a legged l ande r  conta in ing  up t o  f i v e  landing 

gears .  This program a l s o  conta ins  opt ions f o r  inc luding  t h e  e f f e c t s  of a 

f l e x i b l e  c e n t e r  body and determining l ande r  s t a b i l i t y  . 
Seve ra l  exemplary computer runs a r e  discussed t o  a i d  i n  i n t e r p r e t a t i o n  

of t h e  ope ra t ing  i n s t r u c t i o n s  and t o  i l l u s t r a t e  var ious  a v a i l a b l e  program 

opt ions.  Ana ly t i ca l  r e s u l t s  f o r  s e v e r a l  of t hese  cases  a r e  compared t o  t e s t  

d a t a  obta ined  during model t e s t  programs conducted a t  NASA Langley Research 

Center. 
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1. INTRODUCTION 

This  r e p o r t  d e s c r i b e s  two computer programs developed by McDonnell 

Douglas As t ronau t i c s  Company - East  under NASA Contract  NAS-1-8137(U) f o r  

i n v e s t i g a t i o n  of legged type  p l a n e t a r y  landers .  They are t h e  S t r u c t u r a l  Anal- 

y s i s  Program and t h e  Landing Loads and Motions Program. The S t r u c t u r a l  Analy- 

sis Program con ta ins  op t ions  f o r  t h e  de te rmina t ion  of i n t e r n a l  c e n t e r  body 

load d i s t r i b u t i o n s ,  c e n t e r  body modal information,  and t h e  l a r g e  displacement 

behavior of e i t h e r  an  inve r t ed  t r i p o d  o r  a c a n t i l e v e r  gear  ccn f igu ra t ion .  The 

Landing Loads and Motions Program can be employed f o r  t h e  determinat ion of 

t h e  s p a t i a l  l anding  motions of a l ande r  i d e a l i z e d  e i t h e r  as a r i g i d  body o r  

as a f l e x i b l e  body. I n  add i t i on ,  opt ions a r e  a v a i l a b l e  f o r  t he  determinat ion 

of o v e r a l l  landing loads and lander  s t a b i l i t y  boundaries .  

Resu l t s  of ana lyses  conducted on t y p i c a l  legged lander  con f igu ra t ions  a r e  

presented and compared w i t h  t e s t  r e s u l t s  obtained a t  NASA Langley Research 

Center. Tes t  r e s u l t s  w e r e  obtained us ing  t h e  Task Order Three ~ a n d e r ( R e f e r e n c e  

(1)) shown i n  Figure 1-1. These analyses  demonstrate t h e  c a p a b i l i t i e s  of 

t h e  developed computer programs. 

The programs developed during Task Order F ive  provide t h e  c a p a b i l i t y  of 

conducting a complete des ign  s tudy  on a legged l ande r  beginning a t  t h e  pre l imi-  

nary  des ign  phase and cont inuing through a f i n a l  eva lua t ion  of t h e  l a n d e r ' s  

s t r u c t u r a l  conf igura t ion .  A flow diagram of t h i s  c a p a b i l i t y  i s  presented i n  

F igure  1-2. Program op t ions  permit d e t a i l e d  ana lyses  t o  be  conducted a t  

any po in t  dur ing  t h e  evo lu t ion  of a legged l ande r .  For example, a n a l y t i c a l  

i n v e s t i g a t i o n s  f o r  b o i l e r  p l a t e  models, s c a l e  models, o r  f i n a l  lander  config- 

u r a t i o n s  can be conducted. 

During t h e  pre l iminary  des ign  phase, va r ious  landing  gear  con f igu ra t ions  

a r e  evaluated wi th  t h e  Landing Gear Option of t h e  S t r u c t u r a l  Analysis  Program. 

A t  t h e  s a m e  t ime t h e  landing  loads  and s t a b i l i t y  of a lander  i d e a l i z e d  w i t h  a 

r i g i d  c e n t e r  body a r e  i n v e s t i g a t e d  w i t h  t h e  Landing Loads and Motions Program. 

Resu l t s  of t h e s e  ana lyses  a r e  used t o  s e l e c t  a f i n a l  landing gea r  configura- 

t i on .  I n  a d d i t i o n ,  t h e  p red ic t ed  r i g i d  body landing  loads  a r e  used i n  con- 

j unc t ion  w i t h  t h e  Center Body Option of t h e  S t r u c t u r a l  Analysis  Program t o  

determine i n t e r n a l  load  d i s t r i b u t i o n s  i n  t h e  c e n t e r  body s t r u c t u r e .  Based on 
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the results of this preliminary design phase, the lander's structural arrange- 

ment is selected, At this time, the programs are used to determine center 

body flexibility information, landing loads, and stability conditions for 

the flexible lander, and internal load distributions for the final center 

body structural configuration. 



2. COMPUTER PROGRAM CAPABILITIES 

The two computer programs developed dur ing  Task Order Five contain many 

opt ions  which permit  analyses  of a wide v a r i e t y  of legged l ande r  conf igura t ions .  

Legged l a n d e r  conf igura t ions  considered and the  a s soc i a t ed  program c a p a b i l i t i e s  

and opt ions  a r e  d iscussed  i n  t h e  fol lowing s e c t i o n s .  

2 .1  Legged Lander Descr ip t ion  - The gene ra l  arrangement of a t y p i c a l  

legged lander  conf igura t ion  i s  shown i n  Figure 2-1. The legged lander  i s  

composed of t h r e e  b a s i c  components: (1) c e n t e r  body, (2) payload and a u x i l i a r y  

equipment, and (3)  l anding  gear .  I t e m s  included i n  each component a r e  shown i n  

Figure 2-2. 

The two landing  gea r  conf igura t ions  r e f l e c t e d  i n  t h e  ana lys i s  a r e  shown i n  

Figure 2-3. They a r e  t he  i n v e r t e d  t r i p o d  gear  and t h e  c a n t i l e v e r  gear .  The 

main s t r u t  of both gears  i nco rpora t e s  an energy absorp t ion  system. Drag s t r u t s  

may a l s o  inc lude  an energy absorp t ion  system o r  f o r  t he  i n v e r t e d  t r i p o d  gea r ,  

they may simply be  frame members s t a b i l i z i n g  t h e  main s t r u t .  

2.2 S t r u c t u r a l  Analysis Program - Two major opt ions  a r e  a v a i l a b l e  i n  

t h e  S t r u c t u r a l  Analysis Program. The f i r s t  of these  i s  the  Center Body 

Option f o r  t h e  s m a l l  displacement,  f i n i t e  element ana lys i s  of a legged lander  

center  body s t r u c t u r e .  I n  formulat ing t h e  Center Body Option, t h e  S t r u c t u r a l  

Analysis Program w r i t t e n  f o r  Task Order PJO, Reference (2 ) ,  was employed as  

a nucleus.  During Task Order Five,  many improvements and add i t i ons  were made 

t o  t h i s  b a s e l i n e  program. I n  add i t i on ,  a Landing Gear Option was developed 

f o r  determining t h e  l a r g e  displacement s t r o k i n g  behavior  of an i n d i v i d u a l  

landing gear .  This i s  a major add i t i on  t o  t he  c a p a b i l i t i e s  of t h e  Task Order 

Two ve r s ion  of t h e  S t r n c t u r a l  Analysis Program. 

2.2.1 Center Body Option - The Center Body Option of t he  S t r u c t u r a l  

Analysis Program i s  formulated f o r  s o l ~ t i o n  of redundant s t r u c t u r e s  based on 

t h e  s m a l l  displacement f i n i t e  element s t i f f n e s s  method and u t i l i z i n g  i t e r a t i v e  

methods of s o l u t i o n .  The program can determine i n t e r n a l  and e x t e r n a l  l oad  

d i s t r i b u t i o n s  and d e f l e c t i o n  p a t t e r n s  f o r  any system of fo rces  o r  d e f l e c t i o n s  

impressed on a network of s t r u c t u r a l  b a r  members and s h e a r  webs. P l a s t i c  
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behavior  of suppor t  s t r u c t u r e  can be  s imulated wi th  the  program. The program 

a l s o  allows s imula t ion  of cables ,  o r  any support  members with r e s t r i c t e d  

load ca r ry ing  c a p a b i l i t y  i n  c e r t a i n  d i r e c t i o n s .  Mode shapes and n a t u r a l  

f requencies  may b e  obta ined  using t h i s  program. For modal a n a l y s i s ,  a  r o u t i n e  

i s  incorpora ted  t o  allow reduct ion  i n  t h e  s i z e  of the s t i f f n e s s  mat r ix  f o r  

l a r g e  s t r u c t u r e s ,  thus pe rmi t t i ng  a  reduct ion  i n  t he  requi red  computer 

s t o r a g e  requirements and run time. 

New c a p a b i l i t i e s  a v a i l a b l e  i n  t h i s  opt ion of the  S t r u c t u r a l  Analysis 

Program over  t h e  Task Order Two ve r s ion  follow. An o p t i o n a l  i t e r a t i v e  

technique,  t h e  Conjugate Gradient Method, was added t o  i n c r e a s e  program 

e f f i c i e n c y  f o r  s o l u t i o n  of nodal  d e f l e c t i o n s .  A more e f f i c i e n t  da t a  i npu t  

rou t ine  was programmed reducing core s i z e  r equ i r ed  by t h i s  rout ine .  The 

maximum number of b a r s  which can b e  used t o  i d e a l i z e  a  s t r u c t u r e  was inc reased  

from 74 t o  130. A r ec t angu la r  shea r  web element was added t o  expand i d e a l i -  

za t ion  c a p a b i l i t y .  An a d d i t i o n a l  2500 words of s t o r a g e  was provided f o r  

s t o r i n g  nonzero terms of t h e  s t i f f n e s s  matr ix.  An improved mat r ix  reduct ion  

rou t ine  was developed t o  i nc rease  e f f i c i e n c y  when employing t h e  modal a n a l y s i s  

rout ine .  The maximum number of lowes t  n a t u r a l  f requencies  and a s soc i a t ed  mode 

shapes (excluding r i g i d  body modes) t h a t  can be requested from the  modal 

ana lys i s  rou t ine  was increased  f-rom 5 t o  95. I n  add i t i on ,  t h e  c a p a b i l i t y  

f o r  handl ing  mul t ip l e  d a t a  cases  was added. These c a p a b i l i t i e s  r e s u l t  i n  a  

program whose core s t o r a g e  requirements a t  execut ion u t i l i z e  t h e  maximum al lowable 

s t o r a g e  (70K) s p e c i f i e d  f o r  computer programs by NASA Langley Research Center.  

The i t e r a t i v e  method programmed f o r  s o l u t i o n  of nodal  d e f l e c t i o n s  w a s  

s e l e c t e d  t o  minimize computer core  s t o r a g e  a l l o c a t e d  t o  the  s o l u t i o n  rout ine .  

I t  a l s o  permits  minimization of computer time f o r  a  pre l iminary  design problem, 

s i n c e  accuracy requirements can be s p e c i f i e d .  

Both s t r a i g h t  b a r  members and r ec t angu la r  s h e a r  webs a r e  a v a i l a b l e  f o r  

i d e a l i z a t i o n  of t he  cen te r  body s t r u c t u r e .  As expla ined  i n  Sec t ion  4.1.1.2, 

the  program i n t e r n a l l y  r ep l aces  a  s h e a r  web by two diagonal  b a r  elements,  

Hence t h e  b a r  element i s  the  b a s i c  element of t h e  Center Body Option. 

Each b a r  element is  capable of car ry ing  a x i a l  load,  s h e a r  i n  two 

d i r e c t i o n s ,  bending i n  two d i r e c t i o n s ,  and t o r s i o n .  Bar p r o p e r t i e s  a r e  



assumed t o  be cons tan t  between nodes (symmetry about one of the  p r i n c i p a l  

axes i s  assumed). The b a r ' s  l o n g i t u d i n a l  a x i s  i s  assumed t o  pass  through t h e  

c e n t r o i d a l  a x i s  and the  bending n e u t r a l  axes a r e  assumed t o  a l i g n  wi th  

c e n t r o i d a l  axes. Tor s iona l  shea r  cen te r  of t h e  ba r  is  assumed t o  be  on t h e  

b a r ' s  l o n g i t u d i n a l  a x i s .  

Cables,  which have one end a t t ached  t o  a suppor t  and the  o t h e r  t o  a 

s t r u c t u r a l  j o i n t ,  may be  i d e a l i z e d  by r e s t r i c t i n g  the  compression load  ca r ry ing  

c a p a b i l i t y  t o  zero,  thus e x e r c i s i n g  t h e  p l a s t i c  ana lys i s  program log ic .  

P l a s t i c  behavior  of support  s t r u c t u r e ,  such a s  crushable a t t e n u a t o r s ,  

may b e  s imula ted  by i n p u t t i n g  t h e  fo rce  causing p l a s t i c  deformation of each 

suppor t  member. An upper and lower l i m i t  must be inpu t  on t h e  p a r t i c u l a r  

fo rce  o r  moment being constrained.  

The program i s  based on sma l l  d e f l e c t i o n  theory w i t h  Hookets Law 

applying,  except  wi th  regard t o  t he  p l a s t i c  suppor t  opt ion of the  program. 

Buckling of members i s  n o t  considered,  and coupling e f f e c t s ,  such a s  occur  

wi th  beam-columns, a r e  neglected.  Bars a r e  assumed t o  be r i g i d l y  connected 

t o  each o t h e r ,  un less  otherwise s p e c i f i e d .  Bars pinned a t  both ends may be  

s imula ted  by s e t t i n g  t h e  app ropr i a t e  moments of i n e r t i a  equal  t o  zero. Bars 

pinned a t  one end and f i x e d  a t  t he  o t h e r  may be  i d e a l i z e d  through t h e  use of 

s p e c i a l  i n p u t  i n d i c a t o r s .  Loads are appl ied  t o  t he  j o i n t s  as concentrated 

fo rces  i n  g l o b a l  coord ina tes .  

Computer core s t o r a g e  r e s t r i c t i o n s  n e c e s s i t a t e d  a number of l i m i t a t i o n s  

en the  problem s i z e  which may be considered w i t h  t h e  Center Body Option. A s  

descr ibed  i n  t h e  ope ra t ing  i n s t r u c t i o n s ,  t h i s  s t o r a g e  can be inc reased  t o  

accommodate l a r g e r  problems . Within t h e  cu r r en t  l i m i t a t i o n s ,  the  al lowable 

problem s i z e  i s  governed by the  fol lowing cons idera t ions :  up t o  74 j o i n t s  

wi th  s i x  degrees of freedom at each j o i n t ,  o r  a maximum assembled s t i f f n e s s  

ma t r ix  444 by 444; 130 b a r s  maximum; 30 s h e a r  webs maximum, each of which 

reduces the  al lowable number of b a r s  by two; 26 re ference  po in t s  maximum; 
A 

300 suppor t  c o n s t r a i n t s  maximum; 88 p l a s t i c  f o r c e  c o n s t r a i n t s  maximum (88 

upper and 88 lower l i m i t s ) ;  and 88 nonzero i n p u t  d e f l e c t i o n s  maximum. Mode 

shapes and n a t u r a l  f requencies  can be  determined f o r  a maximum assembled 

s t i f f n e s s  mat r ix  s i z e  of 102 by 102 which corresponds t o  17  j o i n t s  wi th  s i x  



degrees of freedom o r  many j o i n t s  w i th  fewer degrees of freedom. A reduct ion  

rou t ine  permits  modal ana lys i s  of l a r g e ,  complex s t r u c t u r e s  because t h e  

a s soc i a t ed  l a r g e  s t i f f n e s s  mat r ix  ( 4 4 4  x 444 maximum) may be  reduced t o  t he  

a l lowable  s i z e  (102 by 102) by s e l e c t i v e l y  e l imina t ing  degrees of freedom. 

The program u t i l i z e s  t h e  mode shapes of t h e  reduced system t o  genera te  mode 

shapes f o r  a l l  degrees of freedom of t h e  o r i g i n a l  l a r g e  s t i f f n e s s  matr ix.  

The number of lowest  n a t u r a l  f requencies  and a s soc i a t ed  mode shapes requested 

from t h e  modal ana lys i s  r o u t i n e  f o r  any s t r u c t u r e  wi th  f r ee - f r ee  suppor t  must 

be a m u l t i p l e  of f i v e  and l e s s  than the  o rde r  of t he  reduced s t i f f n e s s  ma t r ix  

minus s i x .  

2.2.2 Landing Gear Option - The Landing Gear Option of t h e  S t r u c t u r a l  

Analysis Program provides t h e  c a p a b i l i t y  f o r  i n v e s t i g a t i n g  t h e  l a r g e  d isp lace-  

ment s t r o k i n g  behavior ,  energy absorp t ion  c h a r a c t e r i s  t i c s ,  and i n t e r n a l  

load  d i s t r i b u t i o n  i n  an i n v e r t e d  t r i p o d  o r  c a n t i l e v e r  landing gear.  These 

c h a r a c t e r i s t i c s  a r e  obta ined  by s o l v i n g  the  displacement equat ions of e q u i l i -  

brium a t  s p e c i f i e d  s t e p s  of app l i ed  footpad j o i n t  parameters.  These parame- 

t e r s  can be s p e c i f i e d  i n  e i t h e r  of two ways: (1) a displacement normal t o  

an a r b i t r a r i l y  o r i e n t e d  landing s u r f a c e  and the  f r i c t i o n  c o e f f i c i e n t  of t he  

s u r f a c e  can be  s p e c i f i e d  o r  (2) a l l  t h r ee  or thogonal  displacement components 

i n  t h e  Surface  Coordinate System can be  s p e c i f i e d .  The number of s t e p s  t o  be  

used f o r  i n v e s t i g a t i n g  t h e  d i sp l aced  s t a t e  must be  spec i f i ed .  The landing 

s u r f a c e  can be a r b i t r a r i l y  o r i e n t e d  wi th  r e s p e c t  t o  t he  l ande r  by spec i fy ing  

t h r e e  Euler  angles  which o r i e n t  t he  Surface Coordinate System r e l a t i v e  t o  the  

Lander Coordinate System. A l e a s t  squares  s o l u t i o n  technique is employed t o  

so lve  t h e  equat ions  of equi l ibr ium f o r  t he  displacements a t  each s t e p .  The 

gear  geometry and s t r u t  p r o p e r t i e s  a r e  a r b i t r a r y  inpu t  q u a n t i t i e s .  

The program determines the  e x t e r n a l  fo rces  and displacements a t  the  node 

po in t s  of t h e  gear  i n  t he  Surface  Coordinate System, the  i n t e r n a l  loads i n  

a l l  s t r u t s ,  and the  t o t a l  energy components absorbed by t h e  gear  i n  both  t h e  

Surface and Lander Coordinate Sys terns. The energy a s soc i a t ed  wi th  crushing 

of footpad a t t e n u a t i o n  m a t e r i a l  can a l s o  b e  inc luded  f o r  a footpad w i t h  up t o  

t h r e e  honeycomb crush l e v e l s .  



The i n v e r t e d  t r i p o d  landing gear  is  i d e a l i z e d  i n  t h e  program wi th  fou r  

nodes and th ree  pin-ended elements represent ing  t h e  main s t r u t  and two drag  

s t r u t s .  These elements have only a x i a l  load-carrying c a p a b i l i t y  and may con- 

t a i n  a t t e n u a t i o n  m a t e r i a l  w i t h  up t o  f i v e  crush l e v e l s  i n  both  t ens ion  and 

compression. 

The c a n t i l e v e r  landing gear  i s  i d e a l i z e d  i n  the program wi th  f i v e  nodes 

and f o u r  elements.  The main s t r u t  i s  i d e a l i z e d  wi th  two elements both of 

which have bending and a x i a l  load-carrying capab i l i t y .  These members a r e  

assumed t o  be r i g i d l y  connected a t  t he  c e n t e r  junc t ion  of t h e  main s t r u t .  

The junc t ions  of t h e  main s t r u t  w i t h  t h e  c e n t e r  body and the  footpad a r e  

assumed t o  be pinned. The drag s t r u t s  a r e  pin-ended wi th  a x i a l  load-carrying 

c a p a b i l i t y  only. The drag s t r u t s  and the  lower element of t h e  main s t r u t  

conta in  a t t e n u a t i o n  m a t e r i a l  wi th  up t o  f i v e  crush l e v e l s  i n  hotIi 

t e n s i o n  and compression. 

For both t h e  i n v e r t e d  t r i p o d  and c a n t i l e v e r  gear  i d e a l i z a t i o n s ,  a l l  

element p r o p e r t i e s  are assumed cons tan t  between nodes. None of  t h e  elements 

of e i t h e r  gear  i s  assumed t o  b e  capable of car ry ing  t o r s i o n a l  loads. The 

bending moment of i n e r t i a  about any a x i s  normal t o  the  l o n g i t u d i n a l  ax i s  of 

t h e  main s t r u t  of t h e  c a n t i l e v e r  gea r  i s  assumed t o  be cons tan t  and beam- 

column e f f e c t s  a r e  n o t  included.  Each s t r u t  of e i t h e r  gear  may be of a 

d i f f e r e n t  ma te r i a l .  

2 . 3  Landing Loads and Motions Program - The Landing Loads and Motions 

Program p r e d i c t s  t he  landing  dynamics of a legged lander .  The l ande r  i s  

i d e a l i z e d  a s  a c e n t e r  body s t r u c t u r e  t o  which t h e  landing gears  a r e  a t tached .  

A s m a l l  footpad which contac ts  t he  landing s u r f a c e  i s  loca t ed  a t  t h e  base  of 

each landing gear.  Program op t ions  a r e  a v a i l a b l e  f o r  ob ta in ing  landing  

motions, landing l o a d s ,  and s t a b i l i t y  information f o r  p l ana r  o r  s p a t i a l  

landings on many d i f f e r e n t  types of landing  su r f aces .  

The l ande r  cen te r  body may be  i d e a l i z e d  a s  e i t h e r  a r i g i d  body o r  t he  

e f f e c t s  of a f l e x i b l e  s t r u c t u r e  may be included.  For a r i g i d  c e n t e r  body 

up t o  s i x  r i g i d  body degrees of freedom may b e  included i n  t h e  ana lys i s .  

To conserve computer run t i m e ,  any combination of cen te r  body r i g i d  degrees 

of  freedom may be suppressed when running p l a n a r  landing cases .  The f l e x i b l e  



cen te r  body i s  represented  by the  supe rpos i t i on  of a number of f ree- f ree  

v i b r a t o r y  modes on t h e  r i g i d  body motion. From one t o  f i v e  modes may be 

inc luded  i n  t he  ana lys i s .  F l ex ib l e  center  body information may be  obta ined  

from e i t h e r  t he  Center Body Option of t h e  S t r u c t u r a l  Analysis Program o r  some 

o the r  e igenvalue program. 

For a given legged lander  conf igura t ion ,  up t o  f i v e  gears  may be con- 

s i d e r e d  which may be e i t h e r  i n v e r t e d  t r i p o d  o r  c a n t i l e v e r  gears .  Each 

gear  c o n s i s t s  of a main a t r u t  and two drag s t r u t s  which have pinned ends ; 

thus,  no moments o r  torques may b e  in t roduced  a t  t h e i r  ends. Both the  

main s t r u t  and drag  s t r u t s  are capable of c a r r y i n g  tens ion  and compression 

loads and may possess  v e l o c i t y  dependent fo rce  c h a r a c t e r i s t i c s ,  e l a s t i c - p l a s t i c  

load-stroke c h a r a c t e r i s t i c s ,  o r  a combination of t h e  two. Five p l a s t i c  load 

l e v e l s  are a v a i l a b l e  i n  both  t ens ion  and compression f o r  a l l  of t he  landing 

gear  s t r u t s .  The load-stroke c h a r a c t e r i s  t i c s  of  a l l  main s t r u t s  i n  a given 

l ande r  conf igura t ion  a r e  the  same. Likewise, t hese  c h a r a c t e r i s t i c s  f o r  a l l  

t h e  d rag  s t r u t s  a r e  t h e  same, however, they may b e  d i f f e r e n t  than  the  main 

s t r u t s .  Fox a c a n t i l e v e r  gear ,  t h e  e f f e c t  of main s t r u t  bending is  inc luded  

by modifying t h e  e l a s t i c  po r t ion  of t h e  drag s t r u t  load-stroke r e l a t i onsh ip .  

Any combination of a cons tan t  magnitude Coulomb f r i c t i o n  fo rce ,  o r  a damping 

f o r c e  dependent on t h e  magnitudts of t he  s t r u t  s t r o k i n g  v e l o c i t y  may be 

inc luded  i n  e i t h e r  t h e  main s t r u t s ,  drag s t r u t s ,  o r  both. These f r i c t i o n  

fo rces  a r e  d i r e c t e d  oppos i te  t o  t h e  s t r u t  s t r o k i n g  v e l o c i t y  . Rela t ive  motion 

between t h e  cen te r  body and each footpad i s  employed i n  determining t h e  magni- 

tudes and d i r e c t i o n s  of  the landing  gear  s t r u t  loads.  

Each footpad i s  represented  a s  a s i n g l e  mass wi th  t h r e e  r i g i d  body 

t r a n s l a t i o n a l  degrees.  of freedom. One degree of freedom i s  normal t o  t he  

landing s u r f a c e  and the  o the r  two a r e  i n  the  p lane  of t h e  landing  su r f ace .  

On an o p t i o n a l  b a s i s ,  a p l a s t i c  l oad  a t t enua t ion  m a t e r i a l ,  w i t h  up t o  t h r e e  

crush l e v e l s ,  may be loca t ed  on t h e  bottom of each footpad. For footpads 

whose equat ions  of motion a r e  n o t  be ing  i n t e g r a t e d ,  the  a s soc i a t ed  gears  a r e  

assumed t o  be ex tens ions  of t he  c e n t e r  body s t r u c t u r e  and t h e i r  i n e r t i a  

e f f e c t s  a r e  inc luded  i n  t h e  c e n t e r  body equat ions  of motion. 



Two s o i l  mechanics rou t ines  a r e  a v a i l a b l e  f o r  s tudying  t h e  footpad-soi l  

i n t e r a c t i o n  phenomenon. One method i s  s i m i l a r  t o  t h e  footpad-soi l  i n t e r a c t i o n  

a n a l y s i s  developed during the  Lunar Module S o i l  Mechanics Study. I n  t h i s  

case,  the s o i l  i s  represented  i n  terms of a  number of semiempir ical  r e l a t i o n -  

s h i p s .  The second method determines t h e  s o i l  fo rce  through a  s imple e l a s t i c -  

p l a s t i c  r e l a t i o n s h i p  between s o i l  p re s su re  and depth of s o i l  pene t r a t ion  i n  

con junc t ion  w i t h  a c o e f f i c i e n t  o f  f r i c t i o n .  

I n  addi t ion  t o  t h e  s tandard  program output  de f in ing  t h e  time h i s t o r i e s  of 

t h e  footpad and c e n t e r  body motions and the  load-stroke time h i s t o r i e s  i n  each 

landing  gear  s t r u t ,  a  number of a d d i t i o n a l  output  opt ions a r e  ava i l ab l e .  

Acce lera t ions  a t  as many a s  t e n  p o i n t s  on t h e  cen te r  body may be  determined. 

This op t ion  allows t h e  determinat ion of landing  acce l e ra t ions  f o r  equipment 

items throughout t h e  cen te r  body o r  c o r r e l a t i o n  wi th  test d a t a  obtained from 

accelerometers  l o c a t e d  a t  p o i n t s  o t h e r  than  t h e  cen te r  of g rav i ty .  

The t i m e  h i s t o r y  of t he  l ande r  s t a b i l i t y  angle  and p i t c h i n g  v e l o c i t y  of 

t he  l a n d e r  i n  t he  d i r e c t i o n  of minimum s t a b i l i t y  may be  obtained. This 

op t ion ,  i n  conjunct ion w i t h  t h e  s p a t i a l  c a p a b i l i t i e s  of  t h e  program and t h e  two 

s o i l  mechanics r o u t i n e s ,  allows a comprehensive s tudy  of t h e  l ande r ' s  s t a b i l i t y  

c h a r a c t e r i s t i c s  t o  be  made. - 
On an o p t i o n a l  b a s i s ,  a l l  of t h e  t i m e  h i s t o r y  q u a n t i t i e s  r equ i r ed  f o r  

d e f i n i n g  t h e  l and ing  loads and a c c e l e r a t i o n  p a t t e r n s  throughout t he  c e n t e r  

body s t r u c t u r e  may b e  output  on a magnetic tape.  Po in t s  i n  time corresponding 

t o  p o s s i b l e  h igh  c e n t e r  body landing  loads  are determined by eva lua t ing  t h e  

p r i n t e d  output  d a t a  obta ined  from t h e  Landing Loads and Motions Program. The 

d a t a  on the  magnetic t ape  may then be  r e t r i e v e d  and the  t o t a l  l anding  load  

d i s t r i b u t i o n  throughout t h e  cen te r  body s t r u c t u r e  determined a t  t h e s e  s p e c i f i c  

time p o i n t s  o f  i n t e r e s t .  The r e s u l t i n g  loads  a r e  a  combination of t h e  

i n e r t i a  loads ,  g r a v i t y  loads ,  and landing  gear  loads a c t i n g  on the  c e n t e r  

body s t r u c t u r e .  These landing loads  can then  be  inpu t  t o  t h e  Center Body 

Option of t h e  S t r u c t u r a l  Analysis Program and t h e  i n t e r n a l  loads i n  t h e  

i n d i v i d u a l  s t r u c t u r a l  members obtained.  

Two numerical  i n t e g r a t i o n  methods a r e  incorpora ted  i n  t h e  program. These 

c o n s i s t  of a  cons t an t  s t e p  Runge-Kutta method and a  v a r i a b l e  s t e p  Runge-Kutta 



method. The cons tan t  s t e p  method allows d e f i n i t e  u se r  c o n t r o l  over i n t e g r a t i o n  

s t e p  s i z e .  The v a r i a b l e  s t e p  method o f t en  r e s u l t s  i n  l e s s  computer time f o r  

long runs such as  requi red  f o r  s t a b i l i t y  cases.  
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3. . STRUCTURAL DESIGN CRITERIA 

I n  the  design of a legged l ande r  conf igura t ion ,  s p e c i f i c  c o n s t r a i n t s  and 

c r i t e r i a  a r e  imposed on t h e  design dependent on the  mission t o  be accomplished 

by the  vehic le .  Presented  i n  t h e  fol lowing s e c t i o n s  a r e  t y p i c a l  design con- 

s t r a i n t s  and f a c t o r s  of s a f e t y  t o  be used during t h e  design process  of a 

legged lander .  These were used as  gu ide l ines  i n  determining t h e  c a p a b i l i t i e s  

and opt ions  t o  be  incorpora ted  i n  t h e  two computer programs developed during 

Task Order Five. However, i t  i s  emphasized t h a t  these  do n o t  r ep re sen t  

l i m i t a t i o n s  on t h e  computer programs. 

3 .1 Design Cons t ra in ts  - The fol lowing f a c t o r s  must be considered i n  

landing system and payload s t r u c t u r e  design: s i m p l i c i t y ,  r e l i a b i l i t y ,  stow- 

a b i l i t y ,  s t r u c t u r a l  compa t ib i l i t y ,  environmental compa t ib i l i t y ,  weight and 

s t e r i l i z a b i l i t y .  Methods must be provided f o r  accomplishing pos t landing  pay- 

load  exposure t o  permit opera t ions  of experiments such a s  b iosc ience  and 

imagery; measurements of wind v e l o c i t y  and d i r e c t i o n ,  ambient p re s su re ,  temper- 

a t u r e ,  and humidity; determinat ion of s o i l  composition; and opera t ion  of 

systems such a s  power, communication, and thermal cont ro l .  I n  add i t i on ,  the  

fol lowing i s  a t y p i c a l  l is t  of s p e c i f i c  c o n s t r a i n t s  which should be considered. 

(1) M a s s  of t h e  landed ve l i ic le  s h a l l  be  584 kilograms. 

(2) The landed v e h i c l e  ( c e n t e r  body s t r u c t u r e  and landing  gear  s t r u c t u r e )  

s h a l l  be compatible wi th  an 3.35 meter base diameter ,  120' b lun ted  

cone e n t r y  veh ic l e .  

(3) Touchdown s h a l l  occur a t  a v e r t i c a l  v e l o c i t y  of 6 .1  meters p e r  

second ( r e l a t i v e  t o  the  g r a v i t y  v e c t o r ) ,  and a maximum h o r i z o n t a l  

v e l o c i t y  of 3.7 meters p e r  second. 

(4) The t o t a l  mass of t he  s c i e n t i f i c  payload s h a l l  be a minimum of 175 

kilograms and t h e  payload packing dens i ty  s h a l l  no t  exceed a maxi- 
3 

mum of 943 dyneslcm . 
(5) The landing v e h i c l e  s h a l l  n o t  be  r e s t r i c t e d  i n  o r i e n t a t i o n  about 

t he  r o l l  a x i s .  

(6)  P i t c h  and yaw a t t i t u d e s  a t  touchdown may vary a s  much a s  - +lo0  from a 

p lane  normal t o  t h e  g r a v i t y  vec tor .  



The landing v e h i c l e  s h a l l  have as a  goa l  t he  c a p a b i l i t y  of success- 

f u l l y  landing on s lopes  of 30" t o  t he  l o c a l  ho r i zon ta l .  

The landing  system s h a l l  have t h e  c a p a b i l i t y  of performing s a t i s -  

f a c t o r i l y  when landing on s u r f a c e s  containing p a r t i c l e s  varying i n  

s i z e  from sand t o  12.7 cent imeter  diameter rocks. 

The atmospheric p re s su re  a t  t he  s u r f a c e  s h a l l  be  assumed t o  be 

n i n e  mb. 

The drag fo rce  on t h e  footpad s h a l l  vary wi th  pene t r a t ion  and app l i ed  

normal fo rces .  

The landing  s u r f a c e  s h a l l  be  assumed t o  have an average crushing 
8 

s t r e s s  of 4 1  x 10 dynes/m2 f o r  pene t r a t ions  t o  depths of 15.2 cen t i -  

meters ,  a  cons tan t  dens i ty  of 1414 dynes/cm3 f o r  pene t r a t ions  t o  depths 

of 15.2 cent imeters  and an angle of i n t e r n a l  f r i c t i o n  of 39 degrees.  

The c o e f f i c i e n t  of s l i d i n g  f r i c t i o n  between the s u r f a c e  and t h e  

footpad s h a l l  be  assumed t o  be  0.3. 

Payload dece l e ra t ion  a t  any p o i n t  i n  the payload s h a l l  b e  l imi t ed  

t o  a maximum of 20 e a r t h  g-units and landing d e c e l e r a t i o n  of t h e  

footpads s h a l l  be  l i m i t e d  t o  a  maximum of 250 e a r t h  g-units. 

Methods s h a l l  be  a v a i l a b l e  f o r  accomplishing pos t  landing  payload 

exposure t o  permit  opera t ion  of experiments such a s  b iosc ience  and 

imagery; measurements of wind v e l o c i t y  and d i r e c t i o n ,  ambient pres-  

s u r e ,  temperature,  and humidity; de te rmina t ion  of s o i l  composition; 

and opera t ion  of systems such a s  power, communication, and thermal 

cont ro l .  

Pos t landing  o r i e n t a t i o n  r equ i r ed  by c e r t a i n  i n d i v i d u a l  equipment 

i tems w i l l  be  accomplished by a l i g n i n g  t h e  i t em ' s  p o s i t i v e  X a x i s  

w i t h i n  - +5 degrees t o  an a x i s  perpendicular  t o  the l o c a l  s u r f a c e  

s lope. 

Ma te r i a l s  considered f o r  use i n  t h e  s t r u c t u r e s  s h a l l  be compatible 

w i th  space environment and a  maximum temperature of  500°K and s h a l l  

have minimum outgass ing  c h a r a c t e r i s  t i c s  when exposed t o  a  vacuum. 

Organic m a t e r i a l s  s h a l l  n o t  be used i n  a reas  which may be s u b j e c t  

t o  abras ion  with t h e  landing  s u r f a c e  o r  t o  fragmentat ion wi th  sub- 

sequent  s c a t t e r i n g  of fragments on the  landing  su r f ace .  



2 
(17) Surface g r a v i t a t i o n a l  a c c e l e r a t i o n  s h a l l  be assumed t o  be 375 cm/sec . 
3.2 Fac tors  of Safe ty  - The fol lowing f a c t o r s  s h a l l  be  appl ied  t o  t h e  

maximum loads ( l i m i t  loads)  encountered i n  p l ane t a ry  landing wi th in  t h e  

c o n s t r a i n t s  s p e c i f i e d  above. 

Energy Absorbing Mate r i a l  f o r  Landing Gear S t r u t s  1.00 

A l l  Other S t ruc tu re s  1.25 

The load  obtained by mul t ip ly ing  l i m i t  l oad  by the  app ropr i a t e  f a c t o r  of 

s a f e t y  i s  t h e  u l t i m a t e  load used i n  s i z i n g  t h e  s t r u c t u r e .  

The landing  gear  system s h a l l  have c a p a b i l i t y  f o r  s t r o k e  g r e a t e r  than 

t h a t  r equ i r ed  f o r  landings w i t h i n  c o n s t r a i n t s  def ined here in .  This  a d d i t i o n a l  

s t r o k e  s h a l l  be  a v a i l a b l e  t o  provide c learance  between the  bottom of t h e  c e n t e r  

body and a  rock l y i n g  on t h e  s u r f  ace. 
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4. STRUCTURAL ANALYSIS PROGRAM 

The S t r u c t u r a l  Analysis  Program conta ins  a  Center  Body Option and a  

Landing Gear Option. The Center Body Option determines i n t e r n a l  load  d i s t r i -  

bu t ions  i n  t he  c e n t e r  body s t r u c t u r e ,  and genera tes  modal d a t a  f o r  use i n  the  

Landing Loads and Motions Program. Energy absorp t ion  c a p a b i l i t y  of a s i n g l e  

landing  gea r  undergoing l a r g e  displacement s t r o k i n g  motion is  i n v e s t i g a t e d  

wi th  the  Landing Gear Option. 

I n  t h e  Center Body Option, i n t e r n a l  and e x t e r n a l  l o a d  d i s t r i b u t i o n s  and 

d e f l e c t i o n  p a t t e r n s  are determined f o r  any system of fo rces  o r  d e f l e c t i o n s  

impressed on an e l a s t i c  network of s t r u c t u r a l  b a r  members and r ec t angu la r  

s h e a r  webs. Problems f o r  which t h e  suppor t  s t r u c t u r e  behaves p l a s t i c a l l y  can 

be  solved.  I n  add i t i on ,  mode shapes and n a t u r a l  f requencies  can be obta ined  

f o r  a  c e n t e r  body wi th  f r ee - f r ee  support .  

The Landing Gear Option of the program i s  used t o  analyze t h e  l a r g e  d is -  

placement s t r o k i n g  behavior  of a s i n g l e  i n v e r t e d  t r i p o d  o r  c a n t i l e v e r  landing  

gear. Energy absorp t ion  c h a r a c t e r i s t i c s  of t he  gear  and i n t e r n a l  s t r u t  loads  

a r e  obta ined  f o r  any number of app l i ed  footpad displacement s t e p s .  The 

footpad can be r equ i r ed  t o  s t r o k e  a  given d i s t a n c e  along any a r b i t r a r i l y  

o r i en t ed  s t r a i g h t  l i n e ,  o r  a  given d i s t a n c e  normal t o  an a r b i t r a r i l y  o r i e n t e d  

f r i c t i o n a l  plane.  I n  the  l a t t e r  case ,  t he  c o e f f i c i e n t  o f  f r i c t i o n  between 

t h e  footpad and the  f r i c t i o n a l  p lane  determines the  s l i d i n g  pa th  of t he  foot-  

pad i n  t h e  plane. 

Ana ly t i ca l  methods employed i n  t h e  l i n e a r  small displacement and non l inea r  

l a r g e  displacement f i n i t e  element po r t ions  of  t h e  S t r u c t u r a l  Analysis  Program 

a r e  presented  i n  Sec t ion  4.1. A d i scuss ion  of  t h e  normal mode method f o r  

ob ta in ing  modal d a t a  i s  a l s o  inc luded  i n  t h i s  s e c t i o n .  Organizat ion of t h e  

program is descr ibed  i n  Sec t ion  4.2 and informat ion  necessary t o  ope ra t e  t h e  

program is presented  i n  Sec t ion  4.3. A l i s t i n g  of  t he  program i s  contained i n  

Appendix H. 

4 .1  Ana ly t i ca l  Methods - The landing  system and payload s t r u c t u r e s  a r e  

h ighly  redundant space  frames c o n s i s t i n g  of  a  network o f  members possess ing  

ex tens iona l ,  f l e x u r a l ,  and t o r s i o n a l  s t i f f n e s s .  Severa l  methods f o r  s o l v i n g  

complex s t r u c t u r a l  problems are i n  use  today t h a t  e f f e c t i v e l y  u t i l i z e  the  



computer. Two methods considered f o r  t h e  S t r u c t u r a l  Analysis Program were the  

f i n i t e  d i f f e r e n c e  method and the  f i n i t e  element method. The f i n i t e  element 

method w a s  s e l e c t e d  because of s i m p l i c i t y  i n  dea l ing  wi th  nonhomogeneous, 

a n i s o t r o p i c  s t r u c t u r a l  app l i ca t ions .  I n  add i t i on ,  t he  elements can be  changed 

e a s i l y  i n  shape and s i z e  to  fol low complex boundary condi t ions  o r  t o  al low f o r  

regions of  r ap id  changes i n  s t r e s s  o r  de f l ec t ion .  

A fundamental p a r t  of t he  f i n i t e  element method i s  the technique used t o  

ob ta in  displacements at junc t ions  o f  elements.  Two approaches considered f o r  

t h e  S t r u c t u r a l  Analysis  Program w e r e  t he  f o r c e  ( f l e x i b i l i t y )  method and t h e  

s t i f f n e s s  (displacement) method. The s t i f f n e s s  method was s e l e c t e d  p r imar i ly  

because the  s t i f f n e s s  ma t r ix  developed may be used d i r e c t l y  t o  genera te  t h e  

centerbody normal modes requi red  t o  i nc lude  centerbody f l e x i b i l i t y  i n  t h e  

Landing Loads and Motions Program. Also, the  s t i f f n e s s  method lends i t s e l f  

r e a d i l y  t o  t he  l a r g e  displacement technique necessary f o r  l and ing  gear  analy- 

sis. 

4.1.1 Center Body Option - The Center Body Option of t h e  S t r u c t u r a l  

Analysis  Program can b e  used t o  analyze a s t r u c t u r e  i d e a l i z e d  wieh an e l a s t i c  

network of  s t r u c t u r a l  b a r  elements and r ec t angu la r  s h e a r  webs. The program ' 

i n t e r n a l l y  rep laces  a r ec t angu la r  s h e a r  web by two diagonal  b a r  elements 

whose s t i f f n e s s  c h a r a c t e r i s t i c s  a r e  equ iva l en t  t o  the  s h e a r  web. Hence, t h e  

b a s i c  element of  t h e  program i s  the  b a r  element. 

4.1.1.1 Coordinate System - Two coord ina te  systems employed i n  t h e  

Center Body Option a r e  t h e  Local Coordinate Sys tem and t h e  Global Coordinate 

System. Each b a r  member has i ts  s e t  of l o c a l  coord ina tes  a s  shown i n  

Figure 4-1. Displacement n o t a t i o n  of  a genera l  b a r  element capable o f  car- 

ry ing  a x i a l  load ,  s h e a r  i n  two d i r e c t i o n s ,  bending i n  two d i r e c t i o n s ,  and 

t o r s i o n  is a l s o  i n d i c a t e d  i n  Figure 4-1 f o r  the  Local Coordinate System. Sub- 

s c r i p t  1 r e f e r s  t o  a displacement due t o  a x i a l  l oad ,  s u b s c r i p t s  2 and 3 a r e  

f o r  displacement due t o  shea r  l oads ,  s u b s c r i p t  4 is f o r  a r o t a t i o n  due t o  

torque, and s u b s c r i p t s  5 and 6 a r e  f o r  r o t a t i o n s  due t o  moments. The Local 

Coordinate System o r i g i n  f o r  each b a r  is  l o c a t e d  a t  j o i n t  "p," wi th  t h e  XR 

ax i s  a l i gned  a long  t h e  member a x i s .  P o s i t i v e  X is  on t h e  s i d e  of j o i n t  "p" 
R 

towards j o i n t  "q." The Y axis i s  perpendicular  t o  X and i s  l o c a t e d  i n  t h e  
R R 

11 pqr" plane.  P o s i t i v e  Y is  on t h e  s i d e  of X towards p o i n t  "r." The ZR R R 



FIGURE 4-1 DISPLACEMENTS OF GENERAL BAR ELEMENT 
IN LOCAL COORDINATE SYSTEM 



ax i s  i s  then  e s t a b l i s h e d  us ing  t h e  r i g h t  hand r u l e .  Local  Coordinate Systems 

a r e  e s t a b l i s h e d  by i d e n t i f y i n g  each b a r ' s  o r i g i n  ( j o i n t  "p"), end ( j o i n t  "q"), 

and o r i e n t a t i o n  of t h e  bending a x i s  Y (def ined by j o i n t  "r") . Moment of 
R 

i n e r t i a  I about  t h e  Y a x i s ,  moment of i n e r t i a  I about t h e  Z a x i s ,  cross-  T R N R 
s e c t i o n a l  a r e a  A, t o r s i o n a l  cons tan t  J ,  modulus o f  e l a s t i c i t y  E ,  and s h e a r  

modulus G a r e  s p e c i f i e d  f o r  each b a r  r e l a t i v e  t o  i t s  Local  Coordinate System. 

A common coord ina te  system (g loba l )  f o r  a l l  s t r u c t u r a l  elements must be  

e s t a b l i s h e d  s o  t h a t  element fo rces  and displacements may be r e l a t e d  t o  a com- 

IIlon frame of  re ference .  This Global Coordinate Sys tem may be any convenient 

or thogonal  r i g h t  hand system. Displacement n o t a t i o n  of the  b a r  element i n  t h e  

Global Coordinate Sys tem is shown i n  Figure 4-2. J o i n t  l o c a t i o n s ,  e x t e r n a l  

l oad  d i s t r i b u t i o n s ,  and j o i n t  d e f l e c t i o n s  a r e  a l l  s p e c i f i e d  i n  t h e  Global 

Coordinate Sys tem. 

4.1.1.2 S t i f f n e s s  Matr ices  - A s t i f f n e s s  ma t r ix  f o r  each b a r  element is 

generated i n  i ts  Local  Coordinate System based on s m a l l  d e f l e c t i o n  theory. 

This is  done by apply ing  a u n i t  displacement o r  r o t a t i o n  t o  one end of the  b a r  

(while r e s t r a i n i n g  a l l  o t h e r  r o t a t i o n s  and displacements)  and determining the  

induced fo rces  and moments. Displacements and r o t a t i o n s  a r e  app l i ed  sequen- 

t i a l l y  u n t i l  a l l  degrees of  freedom a t  each end of t he  b a r  element have been 

included.  Displacement n o t a t i o n  of  a genera l  b a r  element capable of ca r ry ing  

a x i a l  l oad ,  s h e a r  i n  two d i r e c t i o n s ,  bending i n  two d i r e c t i o n s ,  and t o r s i o n  

was shown i n  Figure 4-1. 

Force-displacement r e l a t i o n s h i p s  f o r  t he  t h r e e  u n i t  displacements and 

th ree  u n i t  r o t a t i o n s  p o s s i b l e  a t  each end of t he  b a r  element a r e  shown i n  

Figure 4-3. Forces and displacements i n  t h e  Local  Coordinate System a r e  

r e l a t e d  i n  ma t r ix  form by 

I n  Equation (4-I) ,  [K] i s  t h e  ma t r ix  of s t i f f n e s s  c o e f f i c i e n t s ;  {F) is  a 

column ma t r ix  o f  app l i ed  fo rces  a t  t h e  j o i n t s ,  and {6L} i s  t h e  column mat r ix  

of  j o i n t  displacements.  Appl ica t ion  of Maxwell ' s Reciprocal  Law al lows formu- 

l a t i o n  o f  a symmetric s t i f f n e s s  ma t r ix  when an or thogonal  coord ina te  system is 

employed. The element s t i f f n e s s  ma t r ix  f o r  a genera l  b a r  i s  given i n  



FIGURE 4-2 DISPLACEMENTS OF GENERAL BAR ELEMENT 

IN GLOBAL COORDINATE SYSTEM 
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Figure 4-4. Terms i n  t h i s  mat r ix  are t h e  s t i f f n e s s  c o e f f i c i e n t s  given i n  

Figure 4-3. 

I f  i t  is  des i r ed  t o  inc lude  t h e  e f f e c t s  of shea r ing  s t r a i n  on e lementa l  

beam d e f l e c t i o n  , the  program app l i e s  t he  s t i £  fnes s  f a c t o r s  given i n  Figure 4-5 

t o  t he  corresponding terms i n  Figure 4-4. Input  s h e a r  form f a c t o r s  % and KT 

a r e  determined by d iv id ing  t h e  t o t a l  c ros s - sec t iona l  a r e a  of t h e  b a r  by the  a r e a  

e f f e c t i v e  i n  ca r ry ing  s h e a r  loads .  The a r e a  used i n  determining 5 should be  

t h e  a r e a  e f f e c t i v e  i n  car ry ing  s h e a r  i n  t h e  l o c a l  Y L  d i r e c t i o n  (bending 

about t h e  Zk a x i s ) ,  wh i l e  5 is determined based on e f f e c t i v e  a r e a  f o r  s h e a r  

i n  t h e  ZL d i r e c t i o n .  An example c a l c u l a t i o n  of shea r  form f a c t o r s  5 and KT 

is  given i n  Figure 4-6. 

I n  add i t i on ,  a r ec t angu la r  s h e a r  web element i s  incorpora ted  i n  t h e  

Center Body Option. The s h e a r  web i d e a l i z a t i o n  used by t h e  program i s  

i n d i c a t e d  i n  Figure 4-7. Here t h e  s h e a r  web i s  rep laced  by two d iagonal  b a r  

elements whose s t i f f n e s s  c h a r a c t e r i s t i c s  a r e  equ iva l en t  t o  t he  s h e a r  web. 

Cross-sect ional  p r o p e r t i e s  of diagonals  a r e  der ived  by r e q u i r i n g  equ iva l en t  

s t r a i n  energ ies  i n  s h e a r  web and diagonals  f o r  s t a t i c a l l y  equiva len t  i n t e r n a l  

loads.  

Both ends of  a member may be pinned (allowed t o  f r e e l y  r o t a t e )  i n  a given 

d i r e c t i o n  by s e t t i n g  t h e  app ropr i a t e  moment of  i n e r t i a  equal  t o  zero. I f  i t  

is  d e s i r e d  t o  p in  one end of a member, wh i l e  t h e  o t h e r  end remains f i xed ,  t h e  

program u t i l i z e s  t h e  terms shown i n  Figures  4-8 through 4-11 i n  p l ace  of  t h e  

corresponding terms i n  Figure 4-5. Terms used depend on the  j o i n t  (p o r  q)  

pinned and the  bending a x i s  (Y o r  Z ) about which t h e  end is  allowed t o  
R R 

r o t a t e .  For example, i f  i t  i s  d e s i r e d  t o  p in  t h e  q end of a member wi th  

r e spec t  t o  bending about the  Y a x i s ,  terms i n  Figure 4-11 would be  used i n  R 
p lace  of  t h e  corresponding terms i n  F igure  4-5. 

To determine the  s t i f f n e s s  ma t r ix  f o r  t h e  completely assembled s t r u c t u r e ,  

a l l  element fo rces  and displacements a r e  r e l a t e d  t o  the  Global Coordinate 

System. Displacement n o t a t i o n  of t h e  b a r  element i n  Global Coordinate System 

is def ined  i n  Figure 4-2. 

Transformation mat r ices  a r e  needed t o  change t h e  frame of r e f e rence  of  

each element from t h e  Local  t o  t h e  Global Coordinate Sys t e m .  This t r ans fo r -  

mation is expressed by t h e  l i n e a r  ma t r ix  equat ion  

{a,} = [ A I { S ~ }  (4-2) 
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FIGURE 4-4 STIFFNESS MATRIX FOR GENERAL BAR ELEMENT 



FIGURE 4-5 STIFFNESS FACTORS APPLIED TO ORIGINAL MATRIX 
TO ACCOUNT FOR ELEMENTAL BAR SHEAR STRAIN 



FIGURE 4-6 EXAMPLE CALCULATION OF SHEAR FORM FACTOR 



FRAMING 
CAPS 

GIVEN SHEAR WEB: 
MODULUS OF ELASTICITY El POISSON'S RATIO v, AND THICKNESS t. 
CORNER JOINTS A, B, C, D NUMBERED COUNTERCLOCKWISE. 

DIAGONAL REPLACEMENT OF WEB BY PROGRAM: 
ADD 2 BARS AS SHOWN. BARS ARE PINNED AT BOTH ENDS AND NOT ATTACHED TO EACH OTHER. 
BAR PROPERTIES ARE AS FOLLOWS: 

2 2 3/2 AREA= t.(a t b  ) / 4 a b ( l t v ) .  

E= web 
OTHER PROPERTIES = 0 
WHERE a = LENGTH AB 

b = LENGTH AD 

INTERPRETATION OF PROGRAM OUTPUT: 

SHEAR FLOW IN WEB; q = (PF - pi )/fm 
WHERE Pj- = AXIAL LOAD IN BAR Z 

P i  = AXIAL LOAD I N  BAR i. 
SIGN CONVENTION;+ 9 CORRESPONDS TO SHEAR FLOW ON SIDE AB FROM A TO B. 

t P CORRESPONDS TO TENSION IN BAR. 

FIGURE 4-7 SHEAR WEB REPLACEMENT WITH DIAGONALS 



FIGURE 4-8 SUBSTITUTE FACTORS IN KS MATRIX TO ALLOW ELIMINATION 
OF ROTATIONAL RESTRAINT IN Z DIRECTION AT POINT P 



FIGURE 4-9 SUBSTITUTE FACTORS IN KS MATRIX TO ALLOW ELIMINATION OF 
ROTATIONAL RESTRAINT IN Z DIRECTION AT POINT Q 



FIGURE 4-10 SUBSTITUTE FACTORS IN KS MATRIX ALLOWING ELIMINATION 
OF ROTATIONAL RESTRAINT IN Y DIRECTION AT POINT P 



" l p  '2p '3p ' lq  "2q "3q '4p '5p "6p "4q "5q '6q 

FIGURE 4-11 SUBSTITUTE FACTORS IN Ks MATRIX ALLOWING ELIMINATION 
OF ROTATIONAL RESTRAINT IN Y DIRECTION AT POINT Q 



where [A] is a ma t r ix  of d i r e c t i o n  cos ines  (cos ines  of angles  between Local  

and Global Coordinate Systems) obta ined  by r e so lv ing  g loba l  displacements i n  

t h e  d i r e c t i o n  of  l o c a l  coordinates .  For t he  genera l  b a r ,  [A] is given i n  

Equation (4-3). 

I n  Equation (4-3), each h i s  a 3 by 3 mat r ix  of t h e  d i r e c t i o n  cosines of  the  

l o c a l  coord ina te  axes r e l a t i v e  t o  t h e  g loba l  system, as shown i n  Equation (4-4). 

The row format of A corresponds t o  t h e  sequence of displacements i n  t h e  Local 

Coordinate System s p e c i f i e d  f o r  t h e  s t i f f n e s s  mat r ix  i n  F igure  4-4. The 

column format of X corresponds t o  a similar sequence i n  t h e  Global Coordinate 
- - - 

System ( i . e . ,  , u , . . . u ) . Values of  t h e  d i r e c t i o n  cos ines  r e l a t i n g  t h e  
ulP 2~ ' P Local  Coordinate System t o  t h e  Global Coordinate System a r e  determined a s  

i n d i c a t e d  i n  Figure 4-12. 

Each element s t i f f n e s s  ma t r ix  is  transformed from the  Local  t o  t h e  

Global Coordinate System by Equation (4-5) 

where [El is  t h e  element s t i f f n e s s  ma t r ix  transformed t o  Global Coordinate 
T 

System and [A] is  t h e  t ranspose  of  t ransformat ion  ma t r ix  [ A ] .  

The t o t a l  s t i f f n e s s  mat r ix  (KA) f o r  t he  assembled s t r u c t u r e  ( i n  t h e  

Global Coordinate System) as shown i n  Figure 4-13, is  generated by systemat- 

i c a l l y  adding t h e  transformed element s t i f f n e s s  matr ices .  Nodal p o i n t s  on 



NOTE: POINT r IS AN ARBITRARILY SELECTED POINT LYING IN THE x l -  ~1 PLANE. 
I T  IS USED TO IDENTIFY THE ORIENTATION OF MEMBER BENDING AXES z j  AND 
Y e  RELATIVE TO THE GLOBAL COORDINATE SYSTEM. (IN I S  THE MOMENT OF 
INERTIA ABOUT THE Z ~ A X I S  AND IT IS THE MOMENT OF INERTIA ABOUT THE Y e  AXIS.) 

FIGURE 4-12 DIRECTION COSINES OF L O C A L  COORDINATE SYSTEM 
R E L A T I V E  TO GLOBAL COORDINATE SYSTEM 



SYMMETRIC 

( T H E  ELEMENTS O F  THE MATRICES O F  
INDIVIDUAL ELEMENT STIFFNESSES I N  
THE GLOBAL COORDINATE SYSTEM 
ARE SUCCESSIVELY ADDED INTO THE 
APPROPRIATE LOCATIONS IN T H E  
FRAMEWORK O F  THIS MATRIX. T H E  
KNOWN SYMMETRY O F  T H E  MATRl X IS 
U T I L I Z E D  IN ITS  GENERATION.) 

SYMBOLS t AND r INDICATE TRANSLATIONAL AND ROTATIONAL 
DISPLACEMENTS RESPECTIVELY.  

FlGU RE 4-13 ASSEMBLED STIFFNESS MATRIX FORMAT 



the idealized structure are numbered consecutively from 1 to n The stiff- 
J * 

ness matrix KA is assembled with a row and column format corresponding to the 

three translational followed by the three rotational degrees of freedom in the 

global system at each node in sequence. In this general case,the size of the 

stiffness matrix is 6n x 6n 
J J * 

4.1.1.3 Elastic Analysis - The assembled stiffness matrix [KA] is related 
to the column matrices of global forces and displacements at each node by 

Equation (4-6) which represents a combination of Equation (4-1) through (4-5). 

The word "forces" in this discussion implies both forces and moments, and the 

word "displacements" implies both deflections and rotations. 

The stiffness matrix is singular. That is, its determinant vanishes and its 

inverse does not exist. Boundary conditions (supports) must be defined to 

prevent rigid body motion. Once [K ] has been determined, a solution can be A 
obtained for any set of support conditions. 

As described in Reference ( 3 ) ,  the unknown nodal displacements and sup- 

port reactions are normally obtained by partitioning Equation (4-6) according 

to the location and orientation of supports as indicated in Equation (4-7). 

Subscripts n and m are 

(m-n) x (m-n) (m-n) x n 

n = number of suppcrt boundary conditions (i. e. , 6 = 0) , n 

. . . . - - - . . . . . . . . . . . . . - . . - . - - . . 
Bn' x (m-n) 

D 
n x n 

m = order of stiffness matrix. 

...-..-- -.-- 

This partitioning results in two sets of equations: Equation (4-8) 

] ' "'-."I (4-7) 

relates unknown nodal displacements to known applied forces, and Equation (4-9) 

relates unknown support reactions to unknown nodal displacements. 



The inve r se  of ma t r ix  [A] i n  Equation (4-8) is  t h e  f l e x i b i l i t y  ma t r ix  of 

t h e  s t r u c t u r e .  Equation (4-8) may be  r e w r i t t e n  t o  g ive  unknown nodal d i s -  

placements i n  terms of t h e  f l e x i b i l i t y  ma t r ix  and known app l i ed  f o r c e s  a s  

shown i n  Equation (4-10). 

The unknown r e a c t i o n s  may be obtained by combining Equations (4-9) and 

(4-10) as shown i n  Equation (4-11). 

The preceding d i scuss ion  o u t l i n e s  t h e  method normally used t o  o b t a i n  

nodal  displacements  and r e a c t i o n s .  Due t o  computer co re  l i m i t a t i o n s  and t h e  

d e s i r e  t o  minimize program running time, a n  i t e r a t i v e  method of determining 

nodal d e f l e c t i o n s  and r eac t ions ;  once t h e  s t i f f n e s s  ma t r ix  was e s t a b l i s h e d ,  

was programmed. An i t e r a t i v e  method e l imina te s  t h e  need f o r  ma t r ix  invers ion .  

The requirement f o r  p l .as t ic  suppor ts  c a l l s  f o r  m u l t i p l e  s o l u t i o n s  of 

s e t s  of equat ions  ve ry  nea r ly  t h e  same. These s e t s  of simultaneous equat ions  

a r e  represented  by ma t r ix  Equation (4-8), r e l a t i n g  unknown nodal  d e f l e c t i o n s  

t o  known app l i ed  fo rces .  This  type  of problem i s  b e s t  handled by an i t e r a t i v e  

s o l u t i o n ,  s i n c e  t h e  r equ i r ed  nodal d e f l e c t i o n s  a r e  approximately known a f t e r  

t h e  i n i t i a l  e l a s t i c  s o l u t i o n  i s  determined, thus  minimizing computing time. 

Four i t e r a t i v e  techniques were programmed; Gauss-Siedel, Gauss-Siedel w i th  

Aitkens Del ta  Squared improvements, t h e  Overrelaxat ion method, and t h e  Con- 

j uga te  Gradient  technique.  Reference (4) desc r ibes  t h e  f i r s t  t h r e e  methods 

and Reference (5) t h e  l a t t e r .  Any one of t h e s e  techniques may be b e s t  s u i t e d  

f o r  a s p e c i f i c  s t r u c t u r a l  problem. However, experience d i c t a t e s  t h a t  f o r  

h igh ly  redundant space  frames, such as t h e  legged l ande r ,  t h e  Conjugate Gra- 

d i e n t  technique  appears  t o  be  t h e  b e s t  s u i t e d  of t h e  above s o l u t i o n  methods. 



A f t e r  nodal displacements  have been determined using t h e  i t e r a t i o n  pro- 

cedure, t h e  unknown suppor t  r e a c t i o n s  a r e  obta ined  by s u b s t i t u t i o n  of t h e s e  

nodal displacements  i n t o  ma t r ix  Equation (4-9). Forces on elements i n  t h e  

Local Coordinate System c r e  found by t ransforming t h e  nodal  displacements  i n t o  

t h e  Local  Coordinate System us ing  Equation (4-2) and applying t h e  app ropr i a t e  

force-displacement r e l a t i o n s h i p s  u s ing  Equation (4-1). 

The progran a l s o  i s  capable of so lv ing  problems wherein t h e  nodal  d i s -  

placements a r e  known, a s  i n  problems where some suppor ts  s e t t l e .  Combinations 

of known appl ied  f o r c e s  and known nodal  displacements  may be i n p u t ,  and a l l  

f o r c e s  and displacements  w i l l  be determined. Boundary cond i t i ons  imposed on 

t h e  problem must be  s u f f i c i e n t  t o  prevent  r i g i d  body motion. P a r t i t i o n i n g  of 

Equation(4-7) f o r  t h i s  ca se  r e s u l t s  i n  Equation (4-12), r e l a t i n g  unknown nodal  

displacements  t o  known appl ied  'orces and known nodal  displacements,  and i n  

Equation (4-13), which r e l a t e s  unknown f o r c e s  and r e a c t i o n s  t o  t h e  now known 

(determined i n  Equation (4-12)) nodal  displacements .  Subscr ip t  n f o r  t h i s  

ca se  impl ies  e i t h e r  zero  o r  nonzero known boundary condi t ions .  

This  s o l u t i o n  is simply a more gene ra l  c a s e  of t h e  i n i t i a l  p a r t i t i o n i n g  

(Equation (4-8) and ( 4 - 9 ) ) ,  where t h e  only known nodal  displacements  were zero 

and terms involving 6 were the re f  o r e  not  included.  
n 

4.1.1.4 P l a s t i c  Support - When analyzing a space frame i t  may be d e s i r -  

a b l e  t o  i d e a l i z e  support  members w i th  r e s t r i c t e d  load-carrying c a p a b i l i t y .  An 

upper ( p o s i t i v e )  and lower (negat2ve) l i m i t  can b e  s e t  on t h e  magnitude of 

any f o r c e  o r  moment component i n  such a support  member. I n i t i a l  s o l u t i o n  of 

t h e  space  frame redundancy assumes e l a s t i c  deformation, b u t  t h e  magnitude of 

t h e  load  components a t  t h e  support  a r e  compared w i t h  inpu t  l i m i t s  t o  a s c e r t a i n  

i f  t h e s e  have been exceeded. Those load components ( r eac t ions )  which exceed 

t h e  i n p u t  limits a r e  then  assumed t o  be  a t  t h e  inpu t  cu to f f  va lues .  The new 

s e t  of boundary cond i t i ons  (new column ma t r ix  of d e f l e c t i o n s  and f o r c e s )  a r e  



then employed wi th  t h e  s t i f f n e s s  ma t r ix  t o  o b t a i n  a new s o l u t i o n .  The load  

components a t  t h e  suppor ts  and t h e  l i m i t s  a r e  again compared. I f  t h e  l i m i t s  

a r e  exceeded, t h e  process  is repea ted  u n t i l  no limits a r e  exceeded and equ i l i b -  

rium i s  achieved. 

A p l a s t i c  a t t e n u a t o r  support  can be  modeled wi th  t h i s  f e a t u r e  by s e t t i n g  

t h e  app ropr i a t e  i npu t  l i m i t  t o  t h e  f o r c e  causing p l a s t i c  deformation. Cables 

wi th  one end a t t ached  t o  a support  and t h e  o t h e r  t o  a s t r u c t u r a l  j o i n t  can be 

i d e a l i z e d  by making one of t h e  l i m i t s  on each r e a c t i o n  f o r c e  component zero ,  

a l lowing t h e  cab le  t o  c a r r y  only t ens ion  and no compression. Determination 

of t h e  proper  l i m i t  ( p o s i t i v e  o r  nega t ive)  t o  u s e  on a p a r t i c u l a r  f o r c e  com- 

ponent depends on whether t h e  des i r ed  l i m i t  i s  i n  t h e  p o s i t i v e  o r  nega t ive  

g loba l  coord ina te  d i r e c t i o n .  I f  a des i r ed  t e n s i o n  f o r c e  i n  a cable  r e s u l t s  

i n  a f o r c e  component i n  t h e  p o s i t i v e  g loba l  d i r e c t i o n  a t  t h e  suppor t ,  t h e  

lower (nega t ive)  l i m i t  i s  s e t  equal  t o  zero.  I f  t h e  des i r ed  t ens ion  f o r c e  

component is  i n  t h e  nega t ive  g l o b a l  d i r e c t i o n ,  t h e  upper ( p o s i t i v e )  l i m i t  is 

s e t  equal  t o  zero. 

4.1.1.5 Modal Analysis  - The f requencies  and mode shapes f o r  t h e  f r ee -  

f r e e  c e n t e r  body s t r u c t u r e  a r e  determined once t h e  unres t rn ined  s t i f f n e s s  

ma t r ix  of t h e  c e n t e r  body (Sec t ion  4.1.1.2) has  been obtained.  This  modal 

a n a l y s i s  is  performed i n  t h e  o p t i o n a l  Modal Analysis  Routine i n  t h e  Center 

Body Option of t h e  S t r u c t u r a l  Analysis  Program. 

F ree  v i b r a t i o n s  of t h e  c e n t e r  body s t r u c t u r e  a r e  def ined by Equa- 

t i o n  (4-14) 

[MIC;(S, t ) )  + [K]Cq(s, t ) )  = 0 

where 

[MI = mass ma t r ix  of t h e  c e n t e r  body. 

[K] = s t i f f n e s s  ma t r ix  of t h e  c e n t e r  body. .. 
( q ) ,  {q )  = a c c e l e r a t i o n s  and displacements  desc r ib ing  

t h e  motion of t h e  c o n t r o l  p o i n t s  throughout 

t h e  c e n t e r  body. 

s = space  coord ina tes  i n  t h e  c e n t e r  body. 

t = t ime. 



The above r e p r e s e n t a t i o n  of t h e  s t i f f n e s s  and i n e r t i a  c h a r a c t e r i s t i c s  of 

t h e  c e n t e r  body a r e  i npu t  d a t a  f o r  t h e  Modal Analysis  Routine. An e igenvalue 

r o u t i n e  i s  used t o  o b t a i n  t h e  v i b r a t o r y  f r e e - f r e e  mode shapes and corresponding 

f requencies .  

The l a r g e  o rde r  c e n t e r  body s t i f f n e s s  ma t r ix  r e s u l t s  i n  a n  eigenvalue 

problem which i s  too  l a r g e  t o  s o l v e  p r a c t i c a l l y .  The computer run  t i m e  

r equ i r ed  t o  o b t a i n  t h e  f requencies  and mode shapes would be excess ive .  I n  

a d d i t i o n ,  t h e  eigenvalue problem would exceed t h e  a l l o t t e d  computer co re  

s t o r a g e  requirements.  For t h e s e  reasons ,  t h e  s i z e  of t h e  c e n t e r  body's s t r u c -  

t u r a l  s t i f f n e s s  ma t r ix  is  reduced be fo re  so lv ing  t h e  eigenvalue problem. This  

r educ t ion  technique i s  d iscussed  i n  Reference (6 ) .  

I n  t h e  r educ t ion  procedure, a number of degrees of freedom, corresponding 

t o  v a r i o u s  displacements  and r o t a t i o n s  a t  t h e  c e n t e r  body j o i n t s ,  a r e  removed. 

To remove these ,  i t  i s  assumed t h a t  t h e  i n e r t i a  f o r c e s  and/or  moments asso- 

c i a t e d  w i t h  t h e s e  degrees of freedom a r e  n e g l i g i b l e .  I n  t h i s  procedure, a l l  

of t h e  s t r a i n  energy a s soc i a t ed  w i t h  t h e  removed degrees of freedom i s  

r e t a i n e d .  This  r educ t ion  procedure i s  ou t l i ned  as fol lows.  

where 

Kll, K12, K21, K22 = segments of t o t a l  c e n t e r  body s t i f f n e s s  mat r ix .  

q1 = degrees of freedom on which f o r c e s  and moments 

(P ' s )  e x i s t .  

q2 = degrees of freedom on which n e g l i g i b l e  f o r c e s  

and moments e x i s t .  

I n  t h e  above, t h e  t o t a l  s t i f f n e s s  ma t r ix  has  been reordered such t h a t  t h e  

elements a s soc i a t ed  w i t h  t h e  degrees  of freedom t o  be r e t a i n e d  appear f i r s t .  

Equation (4-15) is  equiva len t  t o  t h e  two fol lowing express ions  



Solving t h e  second of t h e s e  f o r  I q  1 gives  2 

S u b s t i t u t i n g  t h i s  i n t o  Equation (4-16) r e s u l t s  i n  t h e  reduced form 

from which the  reduced s t i f f n e s s  ma t r ix ,  [K*], i s  def ined  a s  

The eigenvalue problem a s s o c i a t e d  wi th  t h e  reduced system is  

where [M*] i s  a d iagonal  mass ma t r ix  whose elements r ep re sen t  t h e  d i s t r i b u t i o n  

of t h e  c e n t e r  body mass a t  t he  degrees of freedom t o  be r e t a ined .  Frequencies 

and mode shapes of the  t o t a l  e l a s t i c  c e n t e r  body s t r u c t u r e  a r e  obtained using 

Equations (4-18) and (4-21). Reference (7) summarizes t h e  Householder-ortega- 

Wilkinson Method used t o  determine mode shapes and n a t u r a l  f requencies .  An 

example of t h e  use  of t h i s  r o u t i n e  i s  given i n  Sec t ion  4.3.1.3. 



4.1.2 Landing Gear Option - The Landing Gear Option of t h e  S t r u c t u r a l  

Analysis Program can b e  used t o  i n v e s t i g a t e  t h e  energy absorp t ion  c h a r a c t e r i s -  

t i c s  and i n t e r n a l  l oads  i n  i nve r t ed  t r i pod  o r  c a n t i l e v e r  landing  gears .  The 

f i n i t e  element s t i f f n e s s  method employed i n  t h i s  op t ion  of t h e  program i s  based 

on l a r g e  displacement (nonl inear )  f i n i t e  element theory.  

I n  l i n e a r  f i n i t e  element theory ,  changes i n  t h e  s t i f f n e s s  mat r ix  due t o  

displacements  a r e  assumed t o  b e  n e g l i g i b l e .  Landing gear  s t r u t s  experience 

l a r g e  r o t a t i o n a l  and ex tens iona l  displacements during s t r o k i n g  of t h e  gear .  

These displacements  r e q u i r e  t h a t  t h e  f i n i t e  element i d e a l i z a t i o n  of t h e  s t r u t s  

inc lude  " ro t a t iona l t1  and "extensional"  n o n l i n e a r i t i e s .  To i l l u s t r a t e  t h e  non- 

l i n e a r  n a t u r e  of t h e  problem, cons ider  a p l ana r  gear  subjec ted  t o  t h e  d i sp l ace -  

ments shown i n  Figure 4-14. S t i f f n e s s  of t h e  gear  changes apprec iab ly  dur ing  

s t r o k i n g  from t h e  o r i g i n a l  t o  t h e  d isp laced  p o s i t i o n .  This  change i s  due t o  

t h e  fol lowing displacement n o n l i n e a r i t i e s :  

(1)  r o t a t i o n a l  n o n l i n e a r i t i e s  - l a r g e  r o t a t i o n s  cause s i g n i f i c a n t  changes 

i n  s t r u t  o r i e n t a t i o n  and t h e  r e s u l t i n g  s t i f f n e s s ;  

(2) ex t ens iona l  n o n l i n e a r i t i e s  - compressive (or  t e n s i l e )  s t r u t  c rush ing  

changes t h e  s t r u t  l e n g t h  and s lope  of t h e  a x i a l  load-stroke curve 

( r e f e r r e d  t o  as a x i a l  s t i f f n e s s )  both of which a l t e r  t he  s t i f f n e s s .  

For t h e s e  reasons l i n e a r  theory  cannot be  used i n  t h e  a n a l y s i s  of landing gea r s  

s i n c e  changes i n  t h e  s t i f f n e s s  ma t r ix  due t o  displacements  a r e  not  n e g l i g i b l e .  

4.1.2.1 Modified Incremental S t i f f n e s s  Method - To account f o r  t h e  non- 

l i n e a r i t i e s  a s soc i a t ed  wi th  landing  gear  a n a l y s i s ,  t h e  incremental  s t i f f n e s s  

f i n i t e  element method i s  employed. A modif ica t ion  of t h i s  method i s  made t o  

i n s u r e  t h a t  load  unbalances do no t  r e s u l t  i n  t h e  gear  due t o  t h e  l i n e a r  approxi- 

mations made i n  each s t e p  of t h e  s o l u t i o n  technique.  

I n  t h e  incremental  s t i f f n e s s  method, nonl inear  behavior i s  approximated 

through a sequence of l i n e a r  s o l u t i o n s .  The loading  i s  divided i n t o  a number 

of incremental  s t e p s .  For each s t e p ,  a n  increment of t h e  e x t e r n a l  load i s  

appl ied  and incremental  displacements  determined. These displacements ,  when 

added t o  t h e  s t r u c t u r a l  p o s i t i o n s  a t  t h e  conclusion of t h e  previous s t e p ,  

d e f i n e  updated geometry. The incremental  s t i f f n e s s  mat r ix ,  used t o  determine 

these  incremental  displacements ,  i s  updated a t  t h e  conclusion of each s t e p  t o  

r e f l e c t  changes due t o  displacement n o n l i n e a r i t i e s .  Because small  increments 
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a r e  used,  a l i n e a r  smal l  displacement problem i s  solved at  each s t e p .  The 

method i s  i l l u s t r a t e d  i n  F igure  4-15 f o r  a t y p i c a l  nonl inear  load-stroke curve. 

For each s t e p  n ,  t h e  incremental  displacement (6 - 
n &n-1 

) corresponding t o  t h e  

app l i ed  incremental  load (F -F ) i s  determined from t h e  equat ion  
n n-1 

where m i s  t h e  t o t a l  number of incremental  s t e p s .  I n  t h i s  equat ion ,  S is  t h e  
n 

incrementa l  s t i f f n e s s  of t h e  s t r u c t u r e  corresponding t o  t h e  d i sp l aced  s t a t e ,  

'n-1 
. For example, a t  t he  conclusion of s t e p  1 (poin t  A1 i n  F igure  4-15), t h e  

incremental  s t i f f n e s s  S2 ( a t  po in t  P ) i s  determined f o r  t h e  d isp laced  s t a t e ,  1 

el. This  s t i f f n e s s  and t h e  next  incremental  load  (F -F ) a r e  then used i n  
2 1 

Equation (4-22) t o  determine 6 (de f in ing  po in t  A2), 2 

S2 = 61 + (F2-F1)/S2 (4-23) 

This  process  i s  repea ted  u n t i l  a l l  load increments have been app l i ed .  For t h e  

gear  of F igure  4-14 t h e  above method would be app l i ed  s imultaneously t o  t h e  

non l inea r  load-stroke curves i n  t h e  X and Y d i r e c t i o n s .  

Due t o  t h e  l i n e a r  approximation a t  each s t e p  of t h e  incremental  s t i f f n e s s  

method, e r r o r  i n  t h e  s o l u t i o n  accumulates a s  a func t ion  of s t e p  s i z e .  This  can 

be seen  i n  Figure 4-15 where a t  t h e  conclusion of s t e p  4 t h e  d i f f e r e n c e  between 

po in t s  A and P i s  s i g n i f i c a n t .  This  e r r o r ,  t h e  d i f f e r e n c e  between the  app l i ed  
4 4 

load (F4) and t h e  t r u e  load corresponding t o  t h e  d isp laced  s t a t e  ( t h e  f o r c e  a t  

po in t  P ) ,  i s  def ined  a s  t h e  load unbalance. To e l imina te  t h i s  unbalance, t h e  
4 

incremental  s t i f f n e s s  method i s  combined wi th  an  i t e r a t i o n  procedure t o  a s s u r e  

convergence t o  t h e  c o r r e c t  s o l u t i o n .  For each incremental  s t e p ,  i t e r a t i o n  is 

employed t o  i n s u r e  t h a t  t he  i n t e r n a l  l o a d s ,  corresponding t o  t h e  d isp laced  

s t a t e ,  a r e  i n  equi l ibr ium wi th  t h e  appl ied  loads .  

The i t e r a t i o n  approach a s  appl ied  t o  t h e  n t h  incremental  s t e p  of F igure  

4-15 i s  i l l u s t r a t e d  i n  F igure  4-16. The incremental  displacement 6 - n 'n-1-9 
corresponding to  t h e  incremental  app l i ed  load F - n Fn-l'  

i s  sought.  Knowing 

the  incremental  s t i f f n e s s  S a t  t h e  beginning of t h e  n t h  incremental  s t e p ,  t h e  1 
f i r s t  e s t ima te  of t h e  incremental  displacement ,  A s l ,  i s  found from 
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This  y i e l d s  po in t  A1. The t r u e  incremental  s t i f f n e s s  S and t h e  r e s u l t a n t  
2 

s t r u t  r e a c t i o n  load F  + AF corresponding t o  t h e  displacement s t a t e  6n-l + AB1 
n  2 

a r e  def ined  by po in t  P The f o r c e  unbalance AF t h e  d i f f e r e n c e  between t h e  
1 ' 2 ' 

t o t a l  app l i ed  load,  Fn, and t h e  r e a c t i o n  load Fn + AF2, is  appl ied  t o  the  

s t r u c t u r e  whose incrementa l  s t i f f n e s s  is  S Thus, t h e  new es t ima te  of t h e  
2  ' 

incrementa l  displacement ,  A5 + h3 2 ,  i s  determined where L6 i s  defined by 
2  

This  process  i s  repea ted  and a  new es t ima te  of t h e  incremental  displacement ,  
R 
C 

A s i ,  i s  determined us ing  t h e  r e l a t i o n  

i=l 

As, = AF,/s,, R = 3 ,  .... (4-26) 

u n t i l  AFR i s  a r b i t r a r i l y  smal l  (convergence a t  po in t  A ) .  When t h i s  occurs ,  

t h e  appl ied  load  i s  balanced by t h e  r e a c t i o n  load  and eqgi l ibr ium has  been 

a t t a i n e d  . 
For t h e  gear  of Figure 4-14, t h e  above method would be  appl ied  simultan- 

eously t o  t h e  nonl inear  load-stroke curves i n  t h e  X and Y d i r e c t i o n s .  For each 

of t h e s e  d i r e c t i o n s ,  t h e  f o r c e  unbalance would be  t h e  d i f f e r e n c e  between t h e  

appl ied  load i n  t h a t  d i r e c t i o n  and t h e  sum of t h e  i n t e r n a l  drag  s t r u t  and main 

s t r u t  loads  i n  t h a t  d i r e c t i o n .  

The modified incremental  s t i f f n e s s  method i s  w e l l  s u i t e d  t o  t h e  a n a l y s i s  

of landing  gea r s .  When employing t h i s  method, e r r o r s  w i l l  n o t  be  introduced 

when s t r u c t u r a l  s t i f f n e s s  p r o p e r t i e s  change ab rup t ly  as i s  common i n  landing  

gear  members con ta in ing  a t t e n u a t i o n .  The e r r o r  a t  each s t e p  of t h e  process  is  

known s i n c e  t h e  system i s  i n  equ i l i b r ium w i t h i n  a predetermined to l e rance .  I n  

a d d i t i o n ,  t h e  method provides  a  displacement-load h i s t o r y  f o r  any d e s i r e d  num- 

be r  of  increments of app l i ed  gear  s t roke .  This  is  e s s e n t i a l  f o r  determining 

energy absorp t ion  c h a r a c t e r i s t i c s  of landing  gears .  

The modified incremental  s t i f f n e s s  method, a s  appl ied  t o  t h r e e  dimensional 

i nve r t ed  t r i p o d  o r  c a n t i l e v e r  g e a r s ,  r e q u i r e s  t h e  s o l u t i o n  of t h e  ma t r ix  equa- 

t i o n  

A{F) = [Sl A161 



Equation (4-27) i s  solved s e v e r a l  t imes f o r  each s t e p  of t h e  loading.  I n  t h i s  

eqvat ion ,  4 F  ) i s  a column mat r ix  of incremental  f o r c e s  appl ied  a t  t h e  nodes of 

t h e  gear ;  A{6) i s  a column mat r ix  of incremental  nodal displacements;  and [Sl  

i s  t h e  ins tan taneous  incremental  s t i f f n e s s  of t he  gear .  For landing gear  ana- 

l y s i s ,  t h e  independent v a r i a b l e s  i n  Equation (4-27) f o r  each s t e p  of t he  Process  

w i l l  b e  t h e  appl ied  displacements .  The method of employing Equation (4-27) f o r  

each s t e p  of t h e  process  i s  as fo l lows:  

( i )  Equation (4-27) i s  solved once f o r  t h e  ca se  where A(6) i s  t h e  t o t a l  

appl ied  displacement v e c t o r  d iv ided  by t h e  number of incremental  

s t e p s .  The incremental  s t i f f n e s s  ma t r ix  [S] of t h e  gear  corresponds 

t o  t h e  d isp laced  condi t ions  e x i s t i n g  a t  t h e  conclus ion  of t h e  pre- 

v ious  s t e p .  This  r e s u l t i n g  equat ion  i s  analogous t o  Equation (4-22). 

The nodal  l o c a t i o n s  are then  updated. 

( i i )  Equation (4-27) i s  then  solved r epea t ed ly  ( i t e r a t i o n  i s  employed) 

u n t i l  t h e  l a r g e s t  load unbalance component i s  l e s s  than  a prede ter -  

mined to l e rance .  A t  t h e  conclusion of each i t e r a t i o n ,  nodal  loca- 

t i o n s  a r e  updated. For t h e  f i r s t  of t h e s e  i t e r a t i o n s ,  [S] cor res -  

ponds t o  t h e  d isp laced  cond i t i on  e x i s t i n g  a t  t h e  conclusion of ( i ) .  

For a l l  succeeding i t e r a t i o n s ,  [S]  corresponds t o  t he  d i sp l aced  con- 

d i t i o n  e x i s t i n g  a t  t h e  conclus ion  of t h e  previous i t e r a t i o n .  A(F) 

i s  a vec to r  r ep re sen t ing  t h e  d i f f e r e n c e  between t h e  appl ied  load 

components and t h e  components of i n t e r n a l  load corresponding t o  t h e  

d i sp l aced  condi t ion  e x i s t i n g  a t  t h e  conclusion of t h e  previous 

i t e r a t i o n .  Hence, A{F) r e p r e s e n t s  t h e  load unbalances.  Each of t h e  

above equat ions  i s  analogous t o  Equation (4-26) . 
4.1.2.2 S t r u c t u r a l  I d e a l i z a t i o n  - The Landing Gear Option employs a f i x e d  

i d e a l i z a t i o n  f o r  i nve r t ed  t r i p o d  and c a n t i l e v e r  landing gears .  This  i d e a l i z a -  

t i o n  (node po in t  and element numbering) must be  adhered t o  when employing t h i s  

op t ion  of t he  program. 

The inve r t ed  t r i p o d  landing  gear  i s  i d e a l i z e d  i n  t h e  program wi th  four  

nodes and t h r e e  pin-ended elements ( t h e  main s t r u t  and two d rag  s t r u t s )  a s  

shown i n  F igure  4-17(a).  These elements a r e  capable of ca r ry ing  a x i a l  l oads  

only and may con ta in  honeycomb a t t e n u a t i o n  f o r  bo th  t ens ion  and compression. 

Each element may b e  made of a d i f f e r e n t  ma te r i a l .  Each node i s  assumed t o  b e  
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a p in  which can support  t h r e e  f o r c e  components b u t  no moments. Each element of 

a  gear  has  a s soc i a t ed  wi th  i t  a s e t  of t h r e e  nodes (p,  q ,  and r )  which d e f i n e s  

t h e  Local  Coordinate System, a s  explained i n  Sec t ion  4.1.2.3, f o r  t h a t  element. 

The f i x e d  i d e a l i z a t i o n  of t h e  inve r t ed  t r i p o d  gear  employs t h e  fol lowing nodal 

po in t  numbering system f o r  t h e  elements:  

El  emen t 
No. P q r 

1 1 4 2 

2 2 4 3 

3 3 4 2 

The c a n t i l e v e r  landing  gear  i s  i d e a l i z e d  w i t h  f i v e  nodes and four  elements 

as shown i n  F igure  4-17(b). The main s t r u t  i s  i d e a l i z e d  wi th  two elements ,  

bo th  of which a r e  capable of c a r r y i n g  bending a s  we l l  a s  a x i a l  loads .  These 

members (elements 2 and 4 i n  F igure  4-17(b)) a r e  assumed t o  be  r i g i d l y  connected 

a t  node 4. This  provides  moment c o n t i n u i t y  along t h e  main s t r u t .  For elements 

2 and 4 of t h e  main s t r u t ,  t h e  moment of i n e r t i a  about any a x i s  normal t o  t h e  

element i s  assumed t o  be  cons tan t .  However, t he  moment of i n e r t i a  f o r  element 

2 may be  d i f f e r e n t  than  t h a t  f o r  element 4 .  For each of t h e s e  elements ,  t h e  

modulus of e l a s t i c i t y  f o r  bending displacements  may be d i f f e r e n t  than  t h e  modu- 

l u s  f o r  a x i a l  displacements.  The junc t ions  of t h e  main s t r u t  w i t h  t h e  cen te r  

body (node 2) and t h e  footpad (node 5) a r e  assumed t o  b e  pinned. The drag  

s t r u t s  (elements 1 and 3) a r e  pin-ended wi th  a x i a l  load-carrying c a p a b i l i t y  

only.  Thus, a  drag  s t r u t  cannot c a r r y  bending moments a t  e i t h e r  end. Both 

drag  s t r u t s  (elements 1 and 3) and t h e  lower element of t h e  main s t r u t  (e le -  

ment 4 )  may con ta in  honeycomb a t t e n u a t i o n  f o r  bo th  tens ion  and compression. 

Each s t r u t  of t he  c a n t i l e v e r  gear  may be made of a  d i f f e r e n t  m a t e r i a l .  The 

f ixed  i d e a l i z a t i o n  of t h e  c a n t i l e v e r  gear  employs t h e  fol lowing nodal po in t  

numbering system f o r  t h e  elements:  

El emen t 
No. P 9 r 



Poin t  r (RP) f o r  elements 2 and 4 i s  a f l o a t i n g  r e fe rence  p o i n t  whose coordi- 

n a t e s  a r e  con t inua l ly  changing. I n i t i a l l y ,  t h i s  po in t  is  s e l e c t e d  as node 1. 

A s  t h e  main s t r u t  bends, t h e  f l o a t i n g  r e fe rence  po in t  i s  loca t ed  a s  descr ibed  

i n  Sec t ion  4.1.2.5. 

For e i t h e r  of t h e  above gea r s ,  s t r u t s  which can c a r r y  a x i a l  l oads  only  

( a l l  elements of t h e  inve r t ed  t r i p o d  gear  and elements 1 and 3 of t h e  can t i -  

l e v e r  gear )  a r e  de f ined  a s  " a x i a l  s t r u t s . "  S t r u t s  which a r e  capable  of carry-  

i ng  bending a s  w e l l  a s  a x i a l  l oads  (elements 2 and 4 of t h e  c a n t i l e y e r  gear )  

a r e  def ined  a s  "bending s t r u t s .  " 

For a s t r u t  which conta ins  honeycomb a t t e n u a t i o n ,  t h e  m a t e r i a l  d e f i n i n g  

t h e  s t r u t  p r o p e r t i e s  i s  assumed t o  have a load-stroke curve f o r  a x i a l  d i sp lace-  

ments s i m i l a r  t o  t h a t  shown i n  F igu re  4-18. This  curve r e p r e s e n t s  t h e  s t r o k i n g  

c h a r a c t e r i s t i c s  of s tacked honeycomb c a r t r i d g e s  housed w i t h i n  a landing  gear  

s t r u t .  Each c a r t r i d g e  i s  assumed t o  c rush  a t  cons tan t  load as the  s t r u t  is 

s t roked .  Car t r idges  possess ing  d i f f e r e n t  c rush ing  s t r e n g t h s  may be  s tacked i n  

s e r i e s  t o  form a d e s i r e d  load-stroke c h a r a c t e r i s t i c .  Up t o  f i v e  c a r t r i d g e s  . 

can b e  used t o  a t t e n u a t e  compression loads  and up t o  f i v e  t o  a t t e n u a t e  t e n s i o n  

loads .  

For t h e  t y p i c a l  load-stroke curve shown i n  F igure  4-18, de te rmina t ion  of 

t he  a x i a l  load corresponding t o  s t r o k i n g  causing compression i n  t h e  s t r u t  i s  

explained i n  t h e  fol lowing d i scuss ion .  The a x i a l  load corresponding t o  t e n s i l e  

s t r o k i n g  of t h e  s t r u t  would be  determined i n  a  s i m i l a r  manner. 

A s  t he  s t r u t  i n i t i a l l y  begins  t o  s t r o k e ,  t h e  s t r u t  load inc reases  l i n e a r l y  

wi th  s t r o k e  t o  po in t  1 where t h e  f i r s t  c rush  load is reached. The load  then  

remains cons tan t  w i th  s t r o k e  u n t i l  e i t h e r  t h e  s t r o k e  r e v e r s e s  d i r e c t i o n  o r  a  

second e l a s t i c  p o r t i o n  i s  reached. I f  t h e  d i r e c t i o n  of s t r o k e  r e v e r s e s ,  

po in t  2 ,  one of t h e  fo l lowing  load-stroke sequences i s  poss ib l e :  

(1)  E l a s t i c  unloading t o  an  in t e rmed ia t e  po in t  between 2 and 4 ,  such a s  

p o i n t  3 ,  at which time t h e  compressive s t r o k e  aga in  inc reases .  This  

r e s u l t s  i n  t h e  load  inc reas ing  e l a s t i c a l l y  t o  po in t  2 and then  f o l -  

lowing t h e  o r i g i n a l  load-stroke curve. 

( 2 )  E l a s t i c  unloading through po in t  3 t o  p o i n t  4. A continued dec rease  

i n  s t r o k e  t o  p o i n t  5 occurs  a t  a  zero  s t r u t  load.  With a r e v e r s a l  

of s t r o k e  t h e  s t r u t  w i l l  compress w i t h  zero load u n t i l  po in t  4 i s  
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again  reached. The load w i l l  then  inc rease  l i n e a r l y  t o  po in t  2 and 

cont inue  t o  fol low t h e  o r i g i n a l  load-stroke curve. 

( 3 )  E l a s t i c  unloading through p o i n t s  3 ,  4 ,  and 5, followed by a continued 

decrease  i n  s t r o k e  u n t i l  t h e  s t r u t  goes i n t o  tens ion .  A t  t h i s  p o i n t ,  

t h e  s t r u t  load  i s  governed by i t s  t ens ion  load-stroke cha rac t e r i s -  

t i c s .  

I f  a t  po in t  2 t h e  s t r o k e  had no t  reversed d i r e c t i o n ,  t h e  load would remain 

cons tan t  u n t i l  po in t  6 was reached. The f c r c e  would then  inc rease  l i n e a r l y  

wi th  s t r o k e  and cont inue  t o  fo l low t h e  load-stroke curve u n t i l  unloading took 

p lace .  When t h e  compressive s t r o k e  exceeds the  maximum a l lowable  s t r o k e  

(SCMAX) t h e  s t r u t  i s  assumed t o  have bottomed out .  

Two opt ions  a r e  a v a i l a b l e  f o r  s e l e c t i n g  t h e  s lope  of t h e  s t r u t ' s  e l a s t i c  

unloading c h a r a c t e r i s t i c .  This  s l o p e  may be e i t h e r  t h e  s lope  of t h e  next  

e l a s t i c  po r t ion  of t h e  load-stroke curve,  o r  it may be  some inpu t  value.  The 

f i r s t  o p t i o n  i s  governed by t h e  assumption t h a t  a t  any po in t  i n  t h e  s t rok ing  of 

a s t r u t ,  the  e l a s t i c  s l o p e  of t h e  load-stroke curve i s  determined by t h e  e l a s -  

t i c  p r o p e r t i e s  of t h e  uncrushed c a r t r i d g e s  a c t i n g  i n  s e r i e s .  Thus, when a 

c a r t r i d g e  crushes,  i t s  e l a s t i c  c h a r a c t e r i s t i c  i s  no longer  r e f l e c t e d  i n  t h e  

s t r u t  load-s t roke  curve. 

For a bending s t r u t  which may o r  may not  con ta in  honeycomb a t t e n u a t i o n ,  

t h e  bending p r o p e r t i e s  (modulus of e l a s t i c i t y  f o r  bending displacements  and t h e  

moment of  i n e r t i a )  a r e  assumed t o  remain cons tan t .  

4.1.2.3 Coordinate Systems - Two types of right-hand orthogonal  coordi-  

n a t e  systems employed i n  t h e  Landing Gear Option a r e  t h e  Local Coordinate 

System and t h e  Global Coordinate System. Each a x i a l  s t r u t  o r  bending s t r u t  of 

e i t h e r  gear  has i t s  s e t  of l o c a l  coo rd ina t e s  a s  i l l u s t r a t e d  i n  F igure  4-19. 

The Local Coordinate System o r i g i n  f o r  each s t r u t  i s  loca ted  a t  node "p," w i t h  

t h e  X a x i s  a l i gned  along t h e  member a x i s .  P o s i t i v e  X i s  on t h e  s i d e  of 
R R 

node "p" towards node "q." The Y a x i s  is  perpendicular  t o  X and i s  loca t ed  R R 
i n  t h e  "pqr" plane.  P o s i t i v e  Y i s  on t h e  s i d e  of X towards "r." The ZR 

R R 
a x i s  i s  then  e s t a b l i s h e d  us ing  t h e  r i g h t  hand r u l e .  Nodes p ,  q ,  and r ,  which 

e s t a b l i s h  each s t r u t ' s  l o c a l  a x i s  system, were p re se l ec t ed  f o r  a l l  s t r u t s  of 

t h e  inve r t ed  t r ipod  and c a n t i l e v e r  gears .  



(a) Axial Struts 

' P 
(b) Bending Struts 

FlGUR E 4-19 STRUT DISPLACEMENTS IN LOCAL COORDINATE SYSTEM 



Unless noted o therwise ,  i n  t h e  fol lowing t h e  terms "displacement1' and 

"load" r e f e r  t o  incremental  displacement o r  incremental  load occurr ing  du r ing  

a s t e p  of t h e  modified incremental  s t i f f n e s s  method. The symbol "A" s i g n i f y i n g  

an incremental  q u a n t i t y  ( s ee  Equation (4-27)) i s  dropped f o r  convenience. 

Displacement n o t a t i o n  of a t y p i c a l  a x i a l  s t r u t  capable of ca r ry ing  a x i a l  

load  only  i s  ind ica t ed  i n  F igure  4-19(a) f o r  t h e  Local Coordinate System. Sub- 

s c r i p t  1 r e f e r s  t o  displacement due t o  a x i a l  load  whi le  s u b s c r i p t s  2 and 3 a r e  

f o r  displacements  due t o  shear  loads .  Although a x i a l  s t r u t s  can c a r r y  a x i a l  

load on ly ,  displacements  due t o  shea r  loads  must be included i n  l a r g e  d i sp l ace -  

ment a n a l y s i s  a s  w i l l  be  seen  i n  t h e  fol lowing sec t ions .  Cross-sec t iona l  a r e a  

A ,  and modulus of e l a s t i c i t y  E f o r  a x i a l  displacements ,  must be  s p e c i f i e d  f o r  A 
each a x i a l  s t r u t  r e l a t i v e  t o  i t s  Local Coordinate System. For an a x i a l  s t r u t  

which conta ins  honeycomb a t t e n u a t i o n ,  t h i s  information i s  suppl ied  i n  t h e  form 

of t h e  load-stroke curve shown i n  Figure 4-18. 

Displacement n o t a t i o n  of a t y p i c a l  bending s t r u t  capable of ca r ry ing  a x i a l  

load ,  shear  i n  two d i r e c t i o n s ,  and bending i n  two d i r e c t i o n s  is  ind ica t ed  i n  

Figure 4-19(b) f o r  t h e  Local  Coordinate System. Subscr ip t  1 r e f e r s  t o  a d i sp lace-  

ment due t o  a x i a l  l o a d ,  s u b s c r i p t s  2 and 3 a r e  f o r  displacements  due t o  shear  

loads ,  s u b s c r i p t  4 i s  f o r  r o t a t i o n  due t o  torque,  and s u b s c r i p t s  5 and 6 a r e  

f o r  r o t a t i o n s  due t o  moments. Although bending s t r u t s  a r e  not  capable of 

ca r ry ing  t o r s i o n a l  l o a d s ,  i t  i s  advantageous t o  inc lude  t h e  t o r s i o n a l  degrees 

of freedom s i n c e  ma t r ix  t ransformat ion  t o  a common coord ina te  system w i l l  b e  

accomplished l a t e r  and i n  t h i s  system a l l  nodes w i l l  have s i x  degrees of f r ee -  

dom. Cross-sec t iona l  a r ea  A, and modulus of e l a s t i c i t y  E f o r  a x i a l  d i sp l ace -  A 
ments, must be  s p e c i f i e d  f o r  each bending s t r u t  r e l a t i v e  t o  i t s  Local Coordi- 

n a t e  System. For a bending s t r u t  which con ta ins  honeycomb a t t e n u a t i o n ,  t h i s  

information i s  suppl ied  i n  t h e  form of t h e  load-stroke curve shown i n  F igure  

4-18. Moment of i n e r t i a  I ,  and t h e  modulus of e l a s t i c i t y  EB f o r  bending d i s -  

placements,  a r e  s p e c i f i e d  f o r  each bending s t r u t  r e l a t i v e  t o  i t s  Local Coordi- 

n a t e  System. The moment of i n e r t i a  i s  assumed t o  be cons t an t  about any a x i s  

normal t o  X 
R *  

Two Global Coordinate Systems employed i n  t h e  Landing Gear Option a r e  t h e  

Lander Coordinate System and t h e  Surface  Coordinate System a s  shown i n  



Figure 4-20. The o r i g i n s  of t h e s e  coord ina te  systems a r e  assumed coinc ident .  

Coordinates of a l l  nodes of t h e  gear  a r e  input  i n  t h e  Lander Coordinate  System. 

The Surface Coordinate System must be chosen such t h a t  t h e  a x i s  normal t o  

t he  su r f ace .  XS i n  F igure  4-20, i s  pointed outward. Three Euler  angles  def ined  

a s  yaw ($), p i t c h  ( 0 ) ,  and r o l l  ( I $ ) ,  a r e  used t o  o r i e n t  t h e  Surface  Coordinate 

System wi th  r e spec t  t o  t h e  Lander Coordinate System. That i s ,  t h e  o r i e n t a t i o n  

of t h e  Surface Coordinate System can be found by r o t a t i o n s  i n  t h e  o rde r  3, 0 ,  

and 4 about t h e  r o t a t e d  Z Y and X su r f ace  axes ,  r e s p e c t i v e l y .  The t r ans -  
S' S S 

formation mat r ix  [TG] r e l a t i n g  v e c t o r  components i n  t h e  Surface  Coordinate 

System (vxSY vyS, vz ) t o  vec to r  components i n  t h e  Lander Coordinate System 
S 

(VXL. VYL, VZL) i s  defined by Equation ( 4 - 2 8 ) ,  

Terms i n  t h e  t ransformat ion  ma t r ix  ITG] a r e  def ined  i n  Equation (4-29). 

Dll = Cos 0 Cos $ 

D12 
= Cos 0 Sin $J 

D13 = -Sin 8 
D 2 1 =  Sin I$ S in  0 Cos @ - COS 4 Sin  $ 

D2 2 
= Sin 4 Sin 0 S in  $ + Cos 4 Cos $ 

D23 = Sin 4 Cos 8 
D31 = COS 4 Sin 0 Cos $ + Sin 4 Sin $ 
D32 = Cos 4 Sin 8 Sin  $ - Sin  4 Cos $ 
D33 = Cos 4 Cos 0 

Coordinates of a l l  node p o i n t s  of t h e  gear  a r e  transformed t o  s u r f a c e  coordi- 

n a t e  o r i e n t a t i o n  us ing  Equation (4-28). 

The Surface Coordinate System i s  e s t a b l i s h e d  a s  t h e  common system f o r  a l l  

elements of a gear  s o  t h a t  element t o t a l  and incremental  l oads  and d i sp l ace -  

ments may be r e l a t e d  t o  a common frame of r e f e rence .  The term " to ta l t t9when 

appl ied  t o  loads  o r  d i sp l acemen t s , r e f e r s  t o  t h e  sum of incremental  q u a n t i t i e s  

which have occurred dur ing  t h e  incremental  s t e p s  which have been taken t o  t h e  
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COORDINATE 
SYSTEM \ XL, YL, ZL  - LANDER 

COORDINATE 
SYSTEM 

XS, YS, ZS - SURFACE 
COORDINATE 
SYSTEM 

NOTE: EULER ANGLE ROTATIONS MUST BE CARRIED OUT IN THE ORDER OF  YAW ($4, 
PITCH (e), AND ROLL(+) ABOUT SURFACE COORDINATE AXES. 

FIGURE 4-20 LANDING GEAR COORDINATE SYSTEMS 



cu r ren t  p o i n t  of i n t e r e s t .  Displacement n o t a t i o n  f o r  t h e  a x i a l  s t r u t  and bend- 

ing  s t r u t  i n  t h e  Surface Coordinate System i s  shown i n  F igure  4-21. I n  t h i s  

f i g u r e  and i n  t h e  fol lowing d i scuss ion ,  t h e  Surface Coordinate System XS,  YS ,  
- - -  

Z w i l l  b e  r e f e r r e d  t o  as X, Y ,  Z.  Footpad loading  condi t ions  ( s ee  Sec t ion  
S 

4.1.2.7) a r e  s p e c i f i e d  i n  t h i s  system. Matrix assembly and s o l u t i o n  of 

equat ions f o r  each s t e p  of t h e  modified incremental  s t i f f n e s s  method ( see  

Sec t ion  4.1.2.6) a r e  a l s o  accomplished i n  t h e  s u r f a c e  system. That i s ,  ex ter -  

n a l  loads  and displacements  a t  a l l  nodes of t h e  gear ,  a s  w e l l  a s  t h e  t o t a l  

energy absorbed by t h e  gea r ,  a r e  determined i n  s u r f a c e  coord ina te  components. 

4.1.2.4 Incremental S t i f f n e s s  Matrix - The incremental  s t i f f n e s s  ma t r ix ,  

employed i n  t h e  modified incremental  s t i f f n e s s  method, is generated f o r  both 

an "axia l"  s t r u t  and "bending" s t r u t  i n  t h e  Local Coordinate System. This  

s t i f f n e s s  ma t r ix  w i l l  b e  shown t o  b e  t h e  sum of t he  s tandard  s m a l l  displacernent 

s t i f f n e s s  and the  l a r g e  displacement geometric s t i f f n e s s .  The geometric s t i f f -  

ness  ma t r ix  i s  der ived  i n  Reference (8) using b a s i c  nonl inear  theory i n  con- 

j unc t ion  wi th  t h e  incremental  s t i f f n e s s  method. 

For each s t r u t  of a landing gea r ,  incremental  loads  and displacements i n  

t h e  Local Coordinate System a r e  r e l a t e d  i n  mat r ix  form by 

I n  Equation (4-30), [SR] i s  t h e  incremental  s t i f f n e s s  mat r ix ;  A{FR) i s  a column 

mat r ix  of app l i ed  incremental  l oads  a t  t h e  nodes; and A(6 1 i s  t h e  column 
R 

mat r ix  of incremental  displacements  a t  t he  nodes. In  t h e  fol lowing,  f o r  con- 

venience,  t h e  A symbol w i l l  be  dropped. Accordingly, un le s s  o therwise  noted ,  

t h e  terms displacement and load r e f e r  t o  incremental  q u a n t i t i e s .  

A. Axial  S t r u t s  - A s  def ined  i n  Sec t ion  4.1.2.2,  a l l  elements of t h e  

inve r t ed  t r i p o d  gear  and elements 1 and 3 of t h e  c a n t i l e v e r  gear  (Figure 

4-17(b)) a r e  "ax ia l"  s t r u t s  w i t h  load-carrying c a p a b i l i t y  i n  t h e  a x i a l  d i r ec -  

t i o n  only.  Displacement n o t a t i o n  i n  t h e  Local Coordinate System f o r  a t y p i c a l  

a x i a l  s t r u t  was shown i n  F igure  4-19(a). 

The incremental  s t i f f n e s s  ma t r ix  [SR] of a n  a x i a l  s t r u t  ( i n  l o c a l  coordi-  

n a t e s )  i s  t h e  sum of t h e  small  displacement s t i f f n e s s  ma t r ix  shown i n  F igure  

4-22 and t h e  geometric s t i f f n e s s  ma t r ix  shown i n  F igure  4-23. The small  d i s -  

placement s t i f f n e s s  ma t r ix  of an a x i a l  s t r u t  i s  equiva len t  t o  t h e  s t i f f n e s s  
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(a) Axial Struts 
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FIGURE 4-21 STRUT DISPLACEMENTS I N  SURFACE COORDINATE SYSTEM 



FIGURE AXIAL STRUT 



FIGURE 4-23 GEOMETRIC STIFFNESS MATRIX OF AN AXIAL STRUT 



matr ix  of t he  genera l  ba r  element i n  t h e  Center Body Option ( see  F igure  4-4) 

w i th  IN = IT = J = 0 and only  t h e  t r a n s l a t i o n a l  degrees of freedom included.  

I n  Figure 4-22, A i s  t h e  c ros s - sec t iona l  a r e a ;  E t h e  modulus of e l a s t i c i t y  f o r  
A 

a x i a l  displacements;  and dpq t h e  c u r r e n t  l eng th  of t h e  s t r u t .  For a n  a x i a l  

s t r u t  composed of honeycomb a t t e n u a t i o n ,  t h e  terms (A E /dpq) i n  t h e  smal l  d i s -  
A 

placement s t i f f n e s s  ma t r ix  a r e  rep laced  by t h e  s l o p e  of t h e  load-stroke curve 

( see  F igu re  4-18) corresponding t o  t h e  cu r r en t  a x i a l  s t r o k e  of t h e  s t r u t .  

The geometric s t i f f n e s s  mat r ix ,  shown i n  F igure  4-23, i nc ludes  t h e  e f f e c t  

of " t o t a l "  i n t e r n a l  a x i a l  loads  on t h e  equi l ibr ium equat ions i n  t h e  presence 

of l a r g e  r o t a t i o n a l  displacements .  I n  t h e  s t i f f n e s s  terms, Po i s  t h e  t o t a l  

i n t e r n a l  a x i a l  load  i n  t h e  s t r u t  corresponding t o  t h e  cu r r en t  t o t a l  a x i a l  d i s -  

placement ( s t roke )  of t h e  s t r u t .  P o s i t i v e  va lues  f o r  P s i g n i f y  t h a t  t h e  s t r u t  
0 

i s  i n  tens ion .  

B. Bending S t r u t s  - A s  def ined  i n  Sec t ion  4.1.2.2,  t h e  main s t r u t  of t h e  

c a n t i l e v e r  gear  (elements 2 and 4 i n  F igure  4-17(b)) i s  composed of "bending" 

s t r u t s  w i t h  bending c a p a b i l i t y  a s  w e l l  as a x i a l  c a p a b i l i t y .  Displacement 

n o t a t i o n  i n  t h e  Local Coordinate System f o r  a t y p i c a l  bending s t r u t  was shown 

i n  Figure 4-19 (b) . 
The incremental  s t i f f n e s s  ma t r ix  [S  ] of a bending s t r u t  ( i n  l o c a l  coordi- 

R 
n a t e s )  i s  t h e  sum of t h e  s m a l l  displacement s t i f f n e s s  ma t r ix  shown i n  F igure  

4-24 and t h e  geometric s t i f f n e s s  ma t r ix  shown i n  F igure  4-25. The small  d i s -  

placement s t i f f n e s s  mat r ix  i s  equ iva l en t  t o  t h e  s t i f f n e s s  ma t r ix  of t h e  genera l  
- bar  element i n  t h e  Center  Body Option (see  F igure  4-4) wi th  J = 0 and IN = IT - 

I. I n  F igure  4-24, A i s  t h e  c ros s - sec t iona l  a r e a ;  E t h e  modulus of e l a s t i c i t y  
A 

f o r  a x i a l  displacements;  EB t h e  modulus of e l a s t i c i t y  f o r  bending d isp lace-  

ments; I t h e  moment of i n e r t i a  about any a x i s  normal t o  t h e  s t r u t ;  and dpq t h e  

cu r r en t  l eng th  of t h e  s t r u t .  For a bending s t r u t  whose a x i a l  c a p a b i l i t y  i s  

def ined  by honeycomb a t t e n u a t i o n ,  t h e  terms (A E /dpq) i n  t h e  smal l  d i sp l ace -  
A 

ment s t i f f n e s s  ma t r ix  a r e  rep laced  by t h e  s lope  of t h e  load-stroke curve ( s e e  

F igure  4-18) corresponding t o  t h e  c u r r e n t ' a x i a l  s t r o k e  of t h e  s t r u t .  

The geometric s t i f f n e s s  mat r ix ,  shown i n  F igure  4-25, i nc ludes  t h e  e f f e c t  

of t o t a l  i n t e r n a l  a x i a l  l oads  on t h e  equi l ibr ium equat ions  i n  t h e  presence of 

l a r g e  r o t a t i o n a l  displacements .  I n  F igure  4-25, Po i s  t h e  t o t a l  i n t e r n a l  a x i a l  

load i n  t h e  s t r u t  corresponding t o  t h e  c u r r e n t  t o t a l  a x i a l  displacement 

( s t r o k e ) .  P o s i t i v e  va lues  f o r  P s i g n i f y  t ens ion .  o 65 



FIGURE 4-24 SMALL DISPLACEMENT STIFFNESS MATRIX OF A BENDING STRUT 
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FIGURE 4-25 GEOMETRIC STIFFNESS MATRIX OF A BENDING STRUT 
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4.1.2.5 I n t e r n a l  Loads - For each i t e r a t i o n  a t  each s t e p  of t he  modified 

incremental  s t i f f n e s s  method, t h e  t o t a l  i n t e r n a l  loads  i n  each s t r u t  must b e  

determined f o r  t h e  cu r r en t  d i sp l aced  s t a t e  of t h e  s t r u t .  The t o t a l  i n t e r n a l  

loads must be  ca l cu la t ed  so  t h a t  l oad  unbalances can be  determined ( see  Sec t ion  

4.1.2.1).  

For a x i a l  s t r u t s ,  t h e  t o t a l  i n t e r n a l  loads  a r e  simply the  a x i a l  t ens ion  o r  

compression f o r c e s  which would have t o  be appl ied  t o  t h e  ends of t h e  s t r u t  t o  

extend o r  compress i t  t o  i t s  p re sen t  s t a t e .  The ex tens ion  o r  compression of a  

s t r u t  ( t h e  s t r o k e )  i s  t h e  d i f f e r e n c e  between t h e  cu r r en t  l e n g t h  and t h e  o r i g i -  

n a l  length .  T o t a l  a x i a l  f o r c e  i s  t h e  product of s t r o k e  and t h e  small  d i sp lace-  

ment s t i f f n e s s  term (A ~ ~ / d p q )  def ined  i n  Sec t ion  4.1.2.4. A p o s i t i v e  s t r o k e  

corresponds t o  ex tens ion  of t h e  s t r u t  and y i e l d s  a p o s i t i v e  ( t e n s i l e )  t o t a l  

a x i a l  f o r c e .  For an  a x i a l  s t r u t  composed of honeycomb a t t e n u a t i o n ,  t h e  t o t a l  

a x i a l  f o r c e  i s  determined by t h e  load-s t roke  curve  ( see  Figure 4-18). 

The t o t a l  i n t e r n a l  loads  f o r  bending s t r u t s  c o n s i s t  of a x i a l  f o r c e s ,  

shear  f o r c e s ,  and bending moments. The a x i a l  f o r c e s  a r e  ca l cu la t ed  i n  t h e  s a m e  

way a s  f o r  a x i a l  s t r u t s .  Calcu la t ion  of bending loads (shear  f o r c e s  and bend- 

i ng  moments) i n  t h e  d e f l e c t e d  main s t r u t  of t h e  c a n t i l e v e r  gear  (elements 2 and 

4 i n  F igure  4-17) i s  shown i n  F igure  4-26. Because t h e  main s t r u t  i s  pinned 

a t  both ends,  loads  causing bending a r e  shear  loads  ( ~ 2 ~  and F2 app l i ed  a t  z d 
t h e  ends i n  t h e  p lane  of t h e  deformed s t r u t  and d i r e c t e d  a long  t h e  YE a x i s .  

The YE d i r e c t i o n  i s  defined by a  l i n e  pass ing  through node 4 perpendicular  t o  

t h e  l i n e  connect ing nodes 2 and 5 and i n t e r s e c t i n g  i t  a t  r e f e rence  po in t  RP. 

Since t h e r e  i s  bending con t inu i ty  a t  node 4 ,  i n t e r n a l  loads  i n  elements 2 

and 4 a r e  shea r s  (F2q and F2qd  and equal  bending moments ( ~ 6 %  and ~ 6 $ .  El LJ 
Coordinates  of t h e  f l o a t i n g  r e f e r e n c e  po in t  (RP) f o r  elements 2 and 4 a r e  a l s o  

ca l cu la t ed  i n  F igure  4-26. 

4.1.2.6 Matrix Assembly and So lu t ion  of Equations - A s  explained i n  

Sec t ion  4.1.2.3, t h e  Surface Coordinate System i s  used f o r  a l l  elements of a 

gear  t o  r e l a t e  t o t a l  and incremental  loads  and displacements  t o  a  common frame 

of r e f e rence .  For each element of t h e  gea r ,  t h e  incremental  s t i f f n e s s  ma t r ix  

i s  transformed from Local t o  Surface  Coordinate System a s  descr ibed  i n  

Sec t ion  4.1.1.2. 



Lz ' SURFACE 
COORDINATE 
SYSTEM 

NOTE: 

@ NODE POINT NO. 

ELEMENT NO. 

y 'A MAIN STRUT DEFORMATION 

F 2 q o  x i  F2pp-J 
INTERNAL LOADS IN ELEMENTS 2 AND 4 

DEFINITIONS: 

a = x 5 - 5  d25 = d24 +d54 

b = v5 -v2 EB2 = BENDING MODULUS OF ELASTICITY (ELEMENT 2) 

c = q - 3  EB4 = BENDING MODULUS OF ELASTICITY (ELEMENT 4) 

e = X 5 - q  l2 = MOMENT OF INERTIA (ELEMENT 2) 

f =v5-$  l4 = MOMENT OF INERTIA (ELEMENT 4) 

g = z 5 - Z 4  

REFERENCE POINT COORDINATES: TOTAL INTERNAL LOADS: 

- xRP = & +  (c2e - acg - abf + b2e)/(d25) 2 F2p0= d54 T = -F2q0 M 6 q m = M 6 q p ~ =  dp4 dS4 T 
2 YRP = P4 t (a2f - abe - bcg + c f)/(d25) 2 

- F2pm= $4 T =  -F2qm 
ZRP = 4 + (bZg - bcf - ace + a2g)/(dZ5) 2 

FIGURE 4-26 INTERNAL BENDING LOADS IN MAIN STRUT OF CANTILEVER GEAR 



Before ma t r ix  assembly can be  accomplished, t he  incremental  s t i f f n e s s  

mat r ix  i n  t h e  Surface Coordinate System f o r  a l l  elements of t h e  gear  must b e  

of t h e  same order .  A l l  elements of the  inve r t ed  t r i pod  gear  a r e  a x i a l  s t r u t s  

and hence have incremental  s t i f f n e s s  mat r ices  of t h e  same o rde r .  For t h e  

c a n t i l e v e r  gea r ,  t h e  incremental  s t i f f n e s s  ma t r i ce s  of t h e  a x i a l  s t r u t s  

(elements 1 and 3 i n  F igure  4-17) must be  expanded t o  t h e  row and column format 

of t h e  bending s t r u t  s t i f f n e s s  mat r ices  of elements 2 and 4. This  i s  accom- 

p l i shed  by adding rows and columns of zeros  corresponding t o  t h e  s i x  r o t a t i o n a l  

degrees of freedom. 

The t o t a l  incremental  s t i f f n e s s  mat r ix  [S] ( i n  t h e  Surface  Coordinate 

System) f o r  t h e  assembled gear  i s  generated by sys t ema t i ca l ly  adding the  t r ans -  

formed element s t i f f n e s s  ma t r i ce s  (according t o  t h e  p and q nodes of t h e  

element) a s  shown i n  F igure  4-27. Node p o i n t s  on t h e  inve r t ed  t r i p o d  gear  a r e  

numbered consecut ive ly  from 1 t o  4 ( see  F igure  4-17). The incremental  s t i f f -  

ness  mat r ix  [S] of t h i s  gear  i s  assembled wi th  a row and column format cor res -  

ponding t o  t h e  t h r e e  t r a n s l a t i o n a l  degrees of freedom i n  t h e  Surface  Coordinate  

System a t  each node i n  sequence. I n  t h i s  ca se ,  t h e  s i z e  of t h e  s t i f f n e s s  ma t r ix  

i s  12 by 12 .  For t h e  c a n t i l e v e r  gea r ,  node p o i n t s  a r e  numbered consecut ive ly  

from 1 t o  5. The incremental  s t i f f n e s s  mat r ix  [S] of t h i s  gear  is  assembled 

wi th  a row and column format corresponding t o  t h e  t h r e e  t r a n s l a t i o n a l  followed 

by t h e  t h r e e  r o t a t i o n a l  degrees of freedom i n  t h e  Surface Coordinate System a t  

each node i n  sequence. I n  t h i s  c a s e , t h e  s i z e  of t h e  s t i f f n e s s  ma t r ix  i s  30 by 

30. 

The assembled incremental  s t i f f n e s s  mat r ix  [S] i s  r e l a t e d  t o  t h e  column 

mat r ices  of incremental  s u r f a c e  coord ina te  loads  and displacements  a t  each 

node by Equation (4-31). 

A = [TI A{XI (4-31) 

For t h e  f ixed  i d e a l i z a t i o n  of t h e  inve r t ed  t r i pod  gear  ( s ee  F igure  4-17), 

nodes 1, 2, and 3 a r e  pinned and thus  have zero  t r a n s l a t i o n a l  displacements .  

Since only  t r a n s l a t i o n a l  displacements  a r e  included i n  t h e  s t i f f n e s s  formula- 

t i o n  f o r  t h i s  gea r ,  t h e  degrees of freedom of i n t e r e s t  a r e  t h e  t r a n s l a t i o n s  of 

node 4. Therefore ,  f o r  t h e  inve r t ed  t r i p o d ,  Equation (4-31) reduces t o  
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In t h i s  equat ion ,  A{?' 1 i s  a column mat r ix  of t h r e e  incremental  f o r c e  compo- 

nents  a t  node 4; A{Xt 1 a column ma t r ix  of t h r e e  incremental  t r a n s l a t i o n s  a t  

node 4; and [Sf] a 3 by 3 matr ix  of s t i f f n e s s  terms, e x t r a c t e d  from [ S ] ,  corre- 

sponding t o  t h e  degrees of freedom r e t a i n e d  a t  node 4.  

For t h e  f i x e d  i d e a l i z a t i o n  of t h e  c a n t i l e v e r  gear  ( s ee  F igure  4-17), 

nodes 1, 2,  and 3 a r e  pinned and hence have zero t r a n s l a t i o n a l  displacements .  

Accordingly, equat ions  a s soc i a t ed  w i t h  the  3 t r a n s l a t i o n a l  degrees  of freedom 

a t  each of t hese  nodes a r e  n o t  of i n t e r e s t .  Elements 1 and 3 have zero  bending 

c a p a b i l i t y .  Therefore,  t h e  s i x  equat ions  a s soc i a t ed  wi th  the  r o t a t i o n a l  

degrees of freedom a t  nodes 1 and 3 a r e  no t  of i n t e r e s t .  The remaining degrees  

of freedom f o r  a c a n t i l e v e r  gear  a r e  t h r e e  r o t a t i o n s  a t  node 2 ,  t h r e e  t r a n s l a -  

t i o n s  and t h r e e  r o t a t i o n s  a t  node 4, and t h r e e  t r a n s l a t i o n s  and t h r e e  r o t a t i o n s  

a t  node 5. Thus, f o r  t h e  c a n t i l e v e r  gear  Equation (4-31) reduces t o  

I n  Equation (4-33), AfF") i s  a column mat r ix  conta in ing  t h r e e  incremental  

moment components a t  node 2, t h r e e  incremental  f o r c e  components and t h r e e  incre-  

mental moment components a t  node 4 ,  and t h r e e  incremental  f o r c e  components and 

t h r e e  incrementa l  moment components a t  node 5 ;  A{'8s1) a column mat r ix  of t h e  

f i f t e e n  incrementa l  displacemenfs descr ibed  above; and [St'] a 15 by 15 ma t r ix  of 

s t i f f n e s s  terms,  ex t r ac t ed  from [XI,  corresponding t o  t h e  15 degrees of freedom 

r e t a i n e d .  

Equation (4-32) o r  (4-33) is  solved r epea t ed ly  a t  each s t e p  of t h e  modi- 

f i e d  incrementa l  s t i f f n e s s  method ( s e e  Sec t ion  4.1.2.1).  A l e a s t  squares  solu-  

t i o n  technique i s  programmed f o r  s o l u t i o n  of t h e s e  equat ions.  The independent 

v a r i a b l e s  f o r  each of t h e s e  s o l u t i o n s  a r e  d iscussed  i n  Sect ion 4.1 .2 .7 .  After  

t h e  incrementa l  nodal displacements  have been determined, t he  updated nodal  

l o c a t i o n s  can be  found a s  t h e  sum of t h e  previous  nodal coord ina tes  and t h e  

incremental  nodal displacements.  For t he  updated nodal l o c a t i o n s ,  t h e  t o t a l  

i n t e r n a l  loads  can then  be  determined a s  descr ibed  i n  Sec t ion  4.1.2.5. 

4.1.2.7 Applied Displacement Options - For each s t e p  of t h e  modified 

incremental  s t i f f n e s s  method, t h e  governing ma t r ix  equat ion,  Equation (4-32) 

f o r  an inve r t ed  t r i p o d  gear  o r  Equation (4-33) f o r  a c a n t i l e v e r  gear ,  is  

solved a s  ou t l i ned  below. Both of t h e s e  equat ions  a r e  analogous t o  Equation 



(4-27) and t h e  s o l u t i o n  technique i s  the  same a s  d iscussed  i n  Sec t ion  4.1.2.1.  

( i )  Equation (4-32) (o r  Equation (4-33)) i s  solved once f o r  t h e  ca se  

where A {x' 1 (o r  A ( 6 "  I ) ,  t h e  t o t a l  appl ied  displacement vec to r  

d iv ided  by t h e  number of incremental  s t e p s ,  i s  t h e  (known) indepen- 

dent  v a r i a b l e .  

( i i )  Equation (4-32) (o r  Equation (4-33)) is  solved r epea t ed ly  f o r  t h e  

case  where A {El 1 (or  A IF' I ) ,  t h e  load  unbalance v e c t o r ,  i s  t h e  

(known) independent v a r i a b l e .  The load unbalance v e c t o r  i s  calcu- 

l a t e d  a s  t h e  d i f f e r e n c e  between appl ied  e x t e r n a l  nodal loads  and 

t o t a l  i n t e r n a l  nodal loads .  Calcu la t ion  of i n t e r n a l  loads  i s  

descr ibed  i n  Sec t ion  4.1.2.5. 

Two opt ions  a r e  a v a i l a b l e  f o r  spec i fy ing  t h e  t o t a l  appl ied  displacement 

vec to r  d i scussed  i n  ( i )  above. In  t h e  f i r s t  op t ion ,  t o t a l  displacement of t h e  

footpad j o i n t  (node 4  f o r  t he  inve r t ed  t r i pod  gear  and node 5 f o r  c a n t i l e v e r  

gear )  normal t o  a  landing  su r f ace ,  and t h e  c o e f f i c i e n t  of f r i c t i o n  of t h e  sur-  

f a c e  a r e  spec i f i ed .  For example, suppose i t  i s  des i r ed  t o  i n v e s t i g a t e  t h e  

d isp laced  s t a t e  of t h e  gear  a t  each of N s t e p s  f o r  an appl ied  normal d isp lace-  

ment va lue  of D u n i t s .  For t h i s  ca se ,  t h e  program determines N equi l ibr ium 

conf igu ra t ions  f o r  t h e  gear .  For each of t h e s e  con f igu ra t ions ,  t h e  footpad 

j o i n t  i s  loca t ed  i n  one of N d i f f e r e n t  p lanes  spaced D I N  u n i t s  a p a r t .  Whether 

t h e  footpad s l i d e s  on t h e  landing  su r f ace  as t h e  footpad j o i n t  is  d i sp l aced  

from t h e  (n-1)st  p lane  t o  t h e  n t h  p l ane  (n = 1, ..., N) depends on t h e  f r i c t i o n  

c o e f f i c i e n t .  A s  explained i n  Sec t ion  4.1.2.3,  t h e  landing  s u r f a c e  can b e  

a r b i t r a r i l y  o r i en t ed  wi th  r e s p e c t  t o  t he  Lander Coordinate System. 

I n  t h e  second op t ion  a v a i l a b l e  f o r  spec i fy ing  t h e  appl ied  displacement 

v e c t o r ,  t h r e e  components of footpad j o i n t  displacement a r e  s p e c i f i e d  i n  the  
- - 

Surface Coordinate System (X, Y ,  Z ) .  For example, i f  it i s  des i r ed  t o  i n v e s t i -  

g a t e  the  d isp laced  s t a t e  of t h e  gear  a t  each of N s t e p s  when t h e  appl ied  foot -  
- - 

pad j o i n t  displacement components a r e  X f ,  Y f ,  and Z f ,  t he  

program determines N equi l ibr ium con£ igu ra t ions  f o r  t h e  gear .  I n  each of t h e s e  

con f igu ra t ions ,  t h e  footpad j o i n t  i s  loca ted  a t  one of t h e  p o s i t i o n s  
- 

(Yo + n F f / N ,  Y o  + n Y f  IN, 2 o  + n Z f / ~ )  where n = 1, . . . . , N .  The o r i g i n a l  

p o s i t i o n  of t h e  footpad j o i n t  (see Figure 4-17) i s  assumed t o  be (%, %, To). 



4.1.2.8 Energy Absorption - For each s t e p  of t h e  landing  gear d i sp l ace -  

ment h i s t o r y ,  energy absorbed by t h e  gear  dur ing  t h e  s t e p  is  ca l cu la t ed  i n  

both Surface and Lander Coordinate System components. 

Although an  element r ep re sen t ing  t h e  footpad i s  not  included i n  t h e  land- 

ing  gear  i d e a l i z a t i o n ,  energy a s soc i a t ed  wi th  c rushing  of footpad honeycomb 

can be included i n  t h e  a n a l y s i s .  Footpad honeycomb a t t e n u a t i o n  i s  i d e a l i z e d  

wi th  up t o  t h r e e  l e v e l s  of c rush ing  i n  compression a s  shown i n  F igure  4-28. 

FPCRLD - FOOTPAD HONEYCOMB CRUSH LOAD 
FPCRST - FOOTPAD HONEY COMB CRUSH STROKE 

FPCRLD (3) 
I 

------- 

1- FPCRST ( 3 ) 4  

COMPRESSIVE 
FORCE 

1- FPCRST ( 3 ) 4  
I I 

I- FPCRST (?)-I I 
I I I - FPCRST ( 1 ) 4  I I 
I I I--- BOTTOMING 

t I I I STROKE 

COMPRESSIVE STROKE 

FIGURE 4-28 ASSUMED LOAD-STROKE CURVE FOR FOOTPAD HONEYCOMB 



Each su r f ace  coord ina te  energy component absorbed a t  t h e  footpad j o i n t  

dur ing  a s t e p  is  the  sum of s t r u t  c rush  energy and footpad c rush  energy. 

S t r u t  c rush  energy i n  a given s u r f a c e  coord ina te  d i r e c t i o n  i s  ca l cu la t ed  as t h e  

product of t he  average f o r c e  component ( i n  t h a t  d i r e c t i o n )  over t h e  s t e p  and 

t h e  incrementa l  displacement component ( i n  t h e  same d i r e c t i o n )  which occurred 

dur ing  t h e  s t e p .  F igure  4-29 p r e s e n t s  an  example c a l c u l a t i o n  of s t r u t  c rush  

energy component absorbed i n  t h e  5 s u r f a c e  coord ina te  d i r e c t i o n  during t h e  n 
t h  

incremental  s t e p .  For a gear  which has  footpad a t t e n u a t i o n  wi th  up t o  t h r e e  

l e v e l s  of c rush  f o r c e ,  footpad crush  energy may be  added i n t o  t h e  s u r f a c e  

coord ina te  energy component i n  t h e  d i r e c t i o n  normal t o  t h e  landing  su r f ace .  

For a given incremental  s t e p ,  footpad crush  energy i s  added i n t o  t h i s  energy 

component i f  t h e  f o r c e  component i n  t h e  normal d i r e c t i o n  ( see  F igure  4-20) a t  

t h e  footpad j o i n t  exceeds one of t h e  footpad honeycomb c rush  f o r c e s  (Figure 

4-28) f o r  t h e  f i r s t  time. When t h i s  occurs ,  t h e  a s soc i a t ed  l e v e l  of honeycomb 

crush  i s  assumed t o  have bottomed out  dur ing  t h e  s t ep .  Footpad crush  energy 

component a s soc i a t ed  wi th  t h i s  c rush ing  i s  t h e  product of c rush  load  (FPCRLD) 

and t h e  c rush  s t r o k e  (FPCRST). For example, t h e  s u r f a c e  coord ina te  d i r e c t i o n  

normal t o  t he  landing  su r f ace  i s  2 (Figure 4-20). I f  dur ing  incremental  

s t e p  n ,  t h e  f o r c e  i n  t h e  X d i r e c t i o n  a t  t h e  footpad j o i n t  exceeds t h e  f i r s t  

crush f o r c e  FPCRLD(1) i n  Figure 4-28, and t h i s  has  not  occurred f o r  any pre- 

vious'  s t e p ,  t h e  energy term FPCRLD(1) t imes FPCRST(1) w i l l  b e  added t o  t h e  y 
s t r u t  c rush  energy component f o r  t h i s  s t e p .  

Components of energy absorp t ion  during a given incremental  s t e p  a r e  

obtained s i m i l a r l y  i n  Lander Coordinate  System components. I n  both coord ina t e  

systems, t o t a l  energy absorp t ion  components a r e  determined a f t e r  n incremental  

s t eps  a s  t he  sum of t h e  energy components obtained i n  each of t h e  n stepis 
taken. 

4.2 Program Descr ip t ion  - Organizat ion of t h e  S t r u c t u r a l  Analysis  Program 

is  descr ibed  i n  t h i s  s e c t i o n .  Included a r e  flow diagrams and d i scuss ions  of 

sub rou t ine  func t ions  f o r  both t h e  Center Body Option and Landing Gear Option. 

4 .2 .1  Subrout ines  - The S t r u c t u r a l  Analysis  Program i s  d iv ided  i n t o  n i n e  

For t r an  OVERLAY segments. OVERLAY organ iza t ion  and d e s c r i p t i o n  of t h e  func t ion  

of each subrout ine  a r e  shown i n  F igure  4-30. This  o rgan iza t ion  i s  r equ i r ed  t o  

s t a y  w i t h i n  t h e  a l l o t t e d  co re  s t o r a g e  requirements .  The main OVERLAY (0,  0) 



a c t s  a s  t h e  p r i n c i p a l  execut ive  r o u t i n e  and determines t h e  o rde r  i n  which 

primary OVERLAYS (1 ,  0) through (5, 0) a r e  c a l l e d .  OVERLAY (1,  0) processes  

t h e  d a t a  s e t  header ca rds  and handles  t h e  d a t a  s e t s  and i n i t i a l i z a t i o n  r e l a t i n g  

t o  t h e  Center Body Option. OVERLAY (2 ,  0) gene ra t e s  t h e  t o t a l  s t i f f n e s s  ma t r ix  

f o r  t h e  Center Body Option. OVERLAY (3,  0) determines t h e  displacements  and 

r o t a t i o n s  f o r  t h e  Center Body Option and p r i n t s  t h e  r e s u l t s .  The modal a n a l y s i s  

po r t ion  of t h e  Center Body Option is  handled i n  OVERLAY (4,  0 ) .  OVERLAY (5,  0) 

con ta ins  t h e ' r o u t i n e s  f o r  t h e  Landing Gear Option and has t h r e e  suppor t ing  

secondary over lays ;  OVERLAY (5,  1 )  which reads  t h e  landing gear  d a t a  ca ses ,  

OVERLAY (5 ,  2) which conta ins  t h e  execut ive  r o u t i n e  f o r  t h e  inve r t ed  t r i pod  

gea r ,  and OVERLAY (5 ,  3) which con ta ins  t h e  execut ive  r o u t i n e  f o r  t h e  c a n t i l e v e r  

gear .  

(EX) 
-- ENERGY ABSORBED BY GEAR IN SURFACE COORDINATE 

n DIRECTION DURING STEP n. 
F ji -TOTAL FORCE AT  FOOTPAD JOINT IN I SURFACE COORDINATE 

DIRECTION. 
u x  -TOTAL DISPLACEMENT OF FOOTPAD JOINT IN X SURFACE 

COORDINATE DIRECTION. 

FOR STEP n: 

FIGURE 4-29 EXAMPLE CALCULATION OF STRUT CRUSH ENERGY 



A L L  OVERLAYS 

PTlON DATA CASE READER 

STORAGE ARRAY IN  A SPARSE BLOCKED FORMAT 
SFORMATION MATRICES 

LOCAL TO GLOBAL COORDINATE SYSTEM 

FORMED ELEMENT STIFFNESS MATRICES 

ASSEMBLED STIFFNESS MATRIX SET-UP FOR SOLUTION 
DETERMINED USING ITERATIVE METHOD. GLOBAL FORCES AND 

TINE FOR SUBROUTINE REDUCE 
IFFNESS MATRIX AND REDUCE TO DESIRED SIZE (REDUCED MATRIX 102 x 102 

EM ARE CALCULATED USING 

LUES USING WILKINSON'S METHOD 

T MATRIX WHOSE RANK IS KNOWN 

FIGURE 4-30 STRUCTURAL ANALYSIS PROGRAM SUBROUTINES 



4.2.2 Flow Diapram - The S t r u c t u r a l  Analysis  Program is shown schemat ica l ly  

i n  F igure  4-31. While d e t a i l e d  s t e p s ,  such a s  those  r equ i r ed  i n  t h e  i t e r a t i o n  

loop of t h e  Center Body Option, a r e  not  presented ,  t h e  b a s i c  sequence of even t s  

i s  shown f o r  both op t ions  of t h e  program. A l i s t i n g  of t h e  program is  g iven  

i n  Appendix H. 

4.3 Program Operat ion - Information necessary  t o  o p e r a t e  both op t ions  of 

t h e  S t r u c t u r a l  Analysis  Program is contained i n  t h i s  s ec t ion .  

4 .3 .1  Center Body Option - This  s e c t i o n  inc ludes  d e f i n i t i o n  of i npu t  

requirements  and format ,  and output  i n t e r p r e t a t i o n  f o r  t h e  Center Body Option 

of t h e  program. Examples of i npu t  and output  d a t a  f o r  a t y p i c a l  problem a r e  

contained i n  Appendices A and B. 

4 .3 .1.1 Input  Data - For each Center Body Option d a t a  set, a d a t a  c a s e  

header card and information desc r ib ing  geometry, suppor ts ,  app l i ed  loads  and 

displacements ,  member p r o p e r t i e s ,  and i n d i c a t o r s  needed t o  c o n t r o l  program 

ope ra t ion  a r e  r equ i r ed  a s  input  da t a .  Mul t ip l e  d a t a  cases  may be run  by s tack-  

ing  d a t a  s e t s .  Each d a t a  s e t  must c o n s i s t  of t h e  fol lowing:  

Header Card 

Data Cards 

Data Option I n d i c a t o r  (NAMELIST) Card(s)  

A. Header Card - The f i r s t  card  of a d a t a  s e t  must be a header card .  

This  ca rd  i n d i c a t e s  t h a t  t h e  Center Body Option w i l l  be  employed and must con- 

t a i n  t h e  c h a r a c t e r s  STRUCTURE i n  columns 1 through 9 a s  i nd ica t ed  i n  F igure  4-32. 

B. Data Cards - The inpu t  format f o r  d a t a  ca rds  employs a system of code 

numbers, l oca t ed  i n  column 1, t o  i d e n t i f y  t h e  type  of d a t a  being read .  The 

n i n e  code numbers and corresponding type  of information being inpu t  a r e  a s  

fo l lows  : 

( 0 )  Comment c a r d s  

(1)  J o i n t  in format ion  ca rds  

(2) Reference p o i n t  in format ion  ca rds  

(3)  Force and moment l i m i t s  o r  s p e c i f i e d  displacement and r o t a t i o n  ca rds  

(4)  Spec i f i ed  f o r c e  vec to r  ca rds  

(5) Spec i f i ed  moment v e c t o r  c a r d s  

(6) Bar information ca rds  

(7)  Rectangular  shear  web information ca rds  

(8) Data te rmina tor  card  
78 



START 0 

I GENERATE ELEMENT STIFFNESS MATRICES [K] I 
I 

C 
INPUT 

CENTER BODY OPTION 

+ 
TRANSFORM [K] IN LCS TO [i] IN GCS 

[id= [A lT  [K][A] 

. 

** REQUIRED ONLY FOR STRUCTURAL ANALYSIS 
REQUIRED ONLY FOR MODAL ANALYSIS 
LCS - LOCAL COORDINATE SYSTEM 
GCS - GLOBAL COORDINATE SYSTEM 

NODE COORDINATES - GCS 
ELEMENT LOCATION AND ORIENTATION 
ELEMENT STIFFNESS DATA 

+*APPLIED LOADS AN0 PLASTIC SUPPORT CRUSH FORCES 
**SUPPORT RESTRAINTS 
**DESIRED ACCURACY 

DIAGONAL MASS MATRIX 
*DEGREES OF FREEDOM TO BE RETAINED 

4 
GENERATE ASSEMBLED STIFFNESS MATRIX [KA] 

I 

SPECIFIED DEGREES OF FREEDOM I I  I 
PARTITION STIFFNESS MATRIX [KA] 
ACCORDING TO SUPPORT LOCATIONS 

TO CRUSH FORCE. 
REMOVE DEFLEC- 1 TION COY I CALCULATE SUPPORT REACTIONS 

1 
DETERMINE M LOWEST EIGENVALUES 
USING ORTEGA'S METHOD 

CRUSH FORCES 

4 WITH ELASTIC MODES USING 

TRANSFORM DEFLECTIONS FROM GLOBAL TO LOCAL 
COORDINATES 

(6 L\'['I~~G~ 

ryr;!il:; FORCES 

C 
OUTPUT 

NODAL DEFLECTIONS 
SUPPORT REACTIONS 

I WILKINSON-S METHOD [REDUCED SYSTEM) i 
C 

CALCULATE EIGENVECTORS OF FULL SYSTEM 

OUTPUT 4 
M-6 LOWEST NATURAL FREQUENCIES 
(ELASTIC MODES) AND ASSOCIATED 
MODE SHAPES lREDUCED AND FULL 
SYSTEMS) 

FIGURE 4-31 FLOW DIAGRAM STRUCTURAL ANALYSIS PROGRAM 



START 0 
LCS - LOCAL COORDINATE SYSTEM 
SCS -SURFACE COORDINATE SYSTEM 

I INVERTED TRIPOD GEAR L 

+ 
UPDATE COOROllATES OF A L L  NODES I 

GENERATE INCREMENTAL STIFFNESS 
MATRICES IN LOCAL COORDINATES 
FOR A L L  ELEMENTS DISPLACEMENTS 

I s (  I 

TRANSFORM S ( IN LCS TO S IN SCS I T 

OMPUTE AND SUM A L L  ENERGY OUANTlTlE A 
OUTPUT 

NODE COORDINATES 
NODE REACTIONS AND APPLIED LOADS 
ELEMENT LOADS 
ENERGY QUANTITIES * 
NSTEP= MAXIMUM NUMBER OF STEPS 

+ 
I NSTEP = NSTEP t l I 

FIGURE 4-31 FLOW DIAGRAM STRUCl  

INPUT 

LANDING GEAR OPTION 
GEAR ANOLOAOOATA 
ELEMENTANDMATERIALDATA 
SOLUTION PARAMETERS 
NODE COORDINATES 
FOOTPAD OEFINITION 
CRUSH PROPERTY DEFINITIONS 

1 
4 

4 UPDATE COORDINATES OF A L L  NODES I 

REACTIONS AND INCREMENTAL 

FOR A L L  ELEMENTS 

TRANSFORM [S(J IN LCS TO IS1 IN SCS T 
+ 

MAXlMUMLOAOUNBALANCE<TOLERANCE 
OR 

NITER = MAXIMUM NUMBER OF ITERATIONS 

OUTPUT 

NODE COORDINATES 
NODE REACTIONS AND APPLIED LOADS 
ELEMENT LOADS 
ENERGY QUANTITIES 

STRUT BOTTOMED OUT OR 
NITER= MAXIMUM NUMBER OF ITERATIONS 

+ 
NSTEP= MAXIMUM NUMBER OF STEPS I 

RAL ANALYSIS PROGRAM (Continued) 



B . 0  Comment Cards - A s  many comment cards  a s  des i r ed  may be inpu t  by 

l eav ing  columns 1 through 6 b lank  and en te r ing  t h e  comments i n  columns 7 through 

80. These comment ca rds  may be loca t ed  anywhere wi th in  t h e  d a t a  cards  a s  long 

as they precede t h e  d a t a  te rmina tor .  

B . l  J o i n t  Information Cards - J o i n t  information is  inpu t  on d a t a  ca rds  

i n  which a 1 is  placed i n  column 1. Locat ion of j o i n t  d a t a  i n  t h e  f i e l d s  of 

t h e  card i s  ind ica t ed  i n  F igure  4-32. J o i n t s  must be numbered s e q u e n t i a l l y  

( r i g h t - j u s t i f i e d  i n  columns 2  through 5) from 1 through t h e  t o t a l n u m b e r  of 
- - 

j o i n t s  (maximum of 74) .  The g loba l  coord ina tes ,  X, Y ,  and y,  may be any r i g h t  

hand orthogonal  coord ina te  system ( s e e  F igure  4-2). I f  t h e  s t r u c t u r e  is  p l ana r ,  

i t  w i l l  b e  s impler  t o  choose a  Global Coordinate System such t h a t  two of t h e  

axes l i e  i n  t h e  p l ane  of t h e  s t r u c t u r e .  Advantage should be taken of any 

s t r u c t u r a l  symmetry which may e x i s t  i n  s e l e c t i n g  g loba l  axes.  

S ix  d a t a  f i e l d s  l oca t ed  between columns 36 and 53 a r e  used t o  i n d i c a t e  

va r ious  c o n s t r a i n t s  a t  a  p a r t i c u l a r  j o i n t .  These c o n s t r a i n t s  may be combina- 

t i o n s  of s p e c i f i e d  displacements  (g loba l  d e f l e c t i o n s  and/or  r o t a t i o n s )  and 

l i m i t s  on r e a c t i o n  loads  (g loba l  f o r c e s  and/or  moments) a t  a  j o i n t .  Leaving 

these  columns blank causes t h e  program t o  assume t h a t  t h e r e  a r e  no displacement 

c o n s t r a i n t s  a t  a  j o i n t ;  however, t h e r e  a r e  app l i ed  loads  a t  t h e  j o i n t .  These 

appl ied  loads  a r e  d iscussed  i n  t h e  next  paragraph. Cons t r a in t s  a r e  def ined  by 

i n s e r t i n g  nonzero i n t e g e r  i d e n t i f y i n g  i n d i c a t o r s  ( r i g h t - j u s t i f i e d )  i n  t h e  f i e l d s  

of t h i s  reg ion .  The a b s o l u t e  v a l u e  of t h e s e  i d e n t i f y i n g  i n d i c a t o r s  corresponds 

t o  t h e  l i m i t  number on t h e  code 3 d a t a  card de f in ing  t h e  magnitudes of t h e  par- 

t i c u l a r  c o n s t r a i n t .  When p o s i t i v e  i d e n t i f y i n g  i n d i c a t o r s  a r e  used,  t h e  program 

assumes t h a t  upper and lower p l a s t i c  l i m i t s  a r e  placed on t h e  app ropr i a t e  loads  

a t  a  support  and t h a t  t h e  corresponding displacement o r  r o t a t i o n  is  zero  a s  

def ined  on t h e  r e l a t e d  code 3 d a t a  card .  For nega t ive  i d e n t i f y i n g  i n d i c a t o r s ,  

t h e  program assumes t h a t  no r e s t r a i n t s  a r e  placed on t h e  loads ,  bu t  t h e  d i s -  

placements a r e  s p e c i f i e d  on t h e  r e l a t e d  code 3 d a t a  card.  The same code 3 d a t a  

card  may be  used t o  d e f i n e  i d e n t i c a l  c o n s t r a i n t s  a t  a  number of j o i n t s .  The 

maximum number of p l a s t i c  l oads  and s p e c i f i e d  displacements  i s  88. 

Applied f o r c e s  a r e  i nd ica t ed  by p lac ing  a  s e p a r a t e  s e t  of i n t e g e r  i d e n t i f y -  

ing  i n d i c a t o r s  i n  columns 54 through 57 ( r i g h t - j u s t i f i e d ) .  The program looks  

f o r  t he  t h r e e  g l o b a l  components of f o r c e  on ca rds  wi th  code number 4 i n  

8 1 
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column 1, and t h e  corresponding i d e n t i f y i n g  i n d i c a t o r  i n  columns 2 through 5. 

I d e n t i f y i n g  fo rce  i n d i c a t o r s  must be  s e q u e n t i a l  wi th  a maximum of 74.  Applied 

moments a r e  numbered s e p a r a t e l y ,  w i th  t h i s  s e t  of i d e n t i f y i n g  i n d i c a t o r s  being 

placed i n  columns 58 through 61, and t h e  t h r e e  corresponding g l o b a l  moment com- 

ponents be ing  loca t ed  on cards wi th  a 5 i n  column 1. A t o t a l  of 7 4  i d e n t i f y i n g  

moment i n d i c a t o r s  may be used. I f  e i t h e r  of t hese  i d e n t i f y i n g  i n d i c a t o r s  is  

zero ( o r  b l a n k ) ,  t h e  appropr ia te  appl ied  load is  zero and no corresponding 

code 4 o r  5 d a t a  card i s  required.  I f  displacements and/or r o t a t i o n s  have 

already been r e s t r a i n e d  i n  s p e c i f i c  d i r e c t i o n s ,  forces  and/or  moments may n o t  

be appl ied  i n  t hese  same d i r e c t i o n s .  

Since f ree- f ree  modes a r e  obta ined  wi th  the modal ana lys i s  r o u t i n e ,  no 

c o n s t r a i n t s  o r  appl ied  loads should be  s p e c i f i e d  when employing t h i s  program 

option. Thus, f o r  modal ana lys i s  d a t a  cases ,  columns 36 through 6 1  should be 

l e f t  b lank  on a l l  code 1 d a t a  cards.  

B.2 Reference Po in t  Information Cards - A code number 2 i n  column 1 ind i -  

c a t e s  t h e  d a t a  r e p r e s e n t s  g loba l  coord ina tes  and i d e n t i f y i n g  j o i n t  number of a 

r e f e rence  po in t .  Reference p o i n t s  a r e  provided t o  permit o r i e n t a t i o n  of ba r  

l o c a l  coord ina te  (bending) axes ,  where s t r u c t u r a l  j o i n t s  w i l l  no t  s u f f i c e .  

Numbering of t h e s e  r e f e rence  p o i n t s  begins with one g r e a t e r  t han  the  number of 

j o i n t s  and i s  s e q u e n t i a l  through t h e  t o t a l  number of r e f e rence  p o i n t s .  For 

example i f  t h e r e  a r e  36 s t r u c t u r a l  j o i n t s ,  t h e  f i r s t  r e f e rence  po in t  must be 3 7 .  

B.3 Force and Moment Limit Cards - A 3 i n  column 1 i n d i c a t e s  d a t a  on t h e  

card i s  e i t h e r  a known displacement o r  r o t a t i o n  (columns 26 through 35) ,  o r  

upper and lower p l a s t i c  f o r c e  o r  moment c o n s t r a i n t s  (columns 6 through 1 5  f o r  

an  upper bound and 16 through 25 f o r  a lower bound). The i n t e g e r  i d e n t i f y i n g  

number ( l i m i t  number) i n  columns 2 through 5 corresponds t o  an i d e n t i f y i n g  

i n d i c a t o r  o r  i n d i c a t o r s  on code 1 d a t a  ca rds ,  p rev ious ly  d iscussed .  These 

l i m i t  numbers must be s e q u e n t i a l  i n  o rde r .  The s i g n  of t h e  i d e n t i f y i n g  ind ica-  

t o r  on t h e  code 1 d a t a  card determines what d a t a  a r e  being read:  A p l a s t i c  

f o r c e  c o n s t r a i n t  and ze ro  displacement ( p o s i t i v e  s ign )  o r  known displacement 

(nega t ive  s i g n ) .  The known displacement may be nonzero o r  zero ,  s imula t ing  a 

convent ional  support .  I f  t h e  f o r c e  i s  t o  be  l i m i t e d  i n  t h e  p o s i t i v e  g l o b a l  

d i r e c t i o n ,  u se  t h e  upper l i m i t .  A lower l i m i t  i n d i c a t e s  a c o n s t r a i n t  on t h e  
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f o r c e  i n  t h e  nega t ive  g l o b a l  d i r e c t i o n .  

For modal ana lys i s  d a t a  ca ses ,  code 3 d a t a  cards should no t  be  inpu t .  

B. 4 Spec i f i ed  Force Vector Cards - Applied fo rces  a t  a j o i n t  a r e  i npu t  

as  t h ree  o r  l e s s  g l o b a l  fo rce  components on cards wi th  a 4 i n  column 1. The 

i d e n t i f y i n g  number ( fo rce  number) , r i g h t -  jus t i f i e d  i n  columns 2 through 5 ,  

corresponds t o  an i d e n t i f y i n g  i n d i c a t o r  on code 1 d a t a  cards thereby de f in ing  

the j o i n t  o r  j o i n t s  where fo rces  w i l l  b e  appl ied .  

For modal a n a l y s i s  d a t a  cases ,  code 4 d a t a  cards should n o t  be  inpu t .  

B. 5 Spec i f i ed  Moment Vector Cards - Applied moments a t  a j o i n t  a r e  i npu t  

as  t h ree  o r  l e s s  g l o b a l  moment components on cards wi th  a 5 i n  column 1. The 

i d e n t i f y i n g  number (moment number), r i g h t - j u s t i f i e d  i n  columns 2 through 5 ,  

corresponds t o  an i d e n t i f y i n g  i n d i c a t o r  on code 1 d a t a  cards t o  de f ine  t h e  

j o i n t  o r  j o i n t s  where t h e  moments w i l l  b e  appl ied.  

Code 5 d a t a  cards should n o t  be i n p u t  f o r  modal ana lys i s  d a t a  cases .  

B.6 Bar Information Cards - A card  wi th  a 6 i n  column 1 i n d i c a t e s  ba r  

d a t a  a r e  being inpu t .  Bar number i s  entered  i n  columns 2 through 5, r i g h t -  

j u s t i f i e d ,  w i th  numbering being s e q u e n t i a l  from one through t h e  t o t a l  number 

of b a r s  (130 maximum). Bar o r i g i n  ( p o i n t  "p") , end (po in t  "q") , and d i r e c t i o n  

of t h e  Y bending a x i s  (po in t  "r") ,  l o c a t i n g  t h e  b a r  Local Coordinate System 
R 

(Figure 4 - l ) ,  a r e  determined by spec i fy ing  j o i n t  numbers i n  t h e  app ropr i a t e  

l o c a t i o n s  i n  columns 6 through 14 ( a l l  r i g h t - j u s t i f i e d ) .  A r e f e rence  po in t  

may be  used f o r  p o i n t  "r," bu t  p o i n t s  "p" and "q" must be nodes ( j o i n t s )  on 

t h e  s t r u c t u r e .  Po in t  "r" must n o t  be on t h e  l i n e  "pq" o r  i t s  extension.  

Bar c ros s - sec t iona l  a r e a  perpendicular  t o  t h e  "pq" (XR) a x i s ,  A; moment 

of i n e r t i a  about  t h e  Z R  a x i s ,  IN; moment of i n e r t i a  about t h e  YR a x i s ,  IT; and 

t o r s i o n a l  cons t an t ,  J ,  a r e  en tered  i n  t h e  app ropr i a t e  columns a s  i nd ica t ed  i n  

F igure  4-33. Members pinned a t  bo th  ends f o r  bending about t h e  ZR a x i s  can be  

s imulated by making t h e  moment of i n e r t i a  I equal  t o  zero.  S i m i l a r l y  making 
N 

I equal  t o  zero s imu la t e s  a member pinned a t  both ends f o r  bending about t h e  
T 

YL a x i s .  I f  A is  s e t  equal  t o  zero ,  no a x i a l  load w i l l  be  c a r r i e d  by t h e  

member, and s e t t i n g  J equal  t o  zero prevents  the  member from car ry ing  t o r s i o n .  

Any combination of t h e s e  may be u t i l i z e d .  Modulus of e l a s t i c i t y ,  E, and shear  

modulus, G ,  f o r  t h e  ba r  m a t e r i a l  a r e  en tered  i n  columns 53 through 6 1  and 62 

through 70, r e spec t ive ly .  I f  E-format i s  used it must be  r i g h t - j u s t i f i e d .  



Caution must be exerc ised  when us ing  pinned members o r  members w i th  A, 

IT, IN, o r  J equal  t o  zero,  because a  j o i n t  may be l e f t  w i t h  no load  ca r ry ing  

c a p a b i l i t y  i n  one of t h e  t h r e e  g loba l  d i r e c t i o n s  o r  w i th  no r o t a t i o n a l  r e s t r a i n t  

about one of t he  t h r e e  g l o b a l  axes.  An example of t h i s  would be  two b a r s  i n  

t h e  same p l ane  pinned toge the r .  An a r t i f i c i a l  r e s t r a i n t  ( suppor t )  must be 

placed on t h e  j o i n t  i n  t h e  g loba l  d i r e c t i o n  i n  which t h e r e  i s  no load  ca r ry ing  

c a p a b i l i t y ,  even though t h e r e  w i l l  be  no f o r c e  induced i n  t h i s  suppor t  d i r e c t i o n .  

This i n s t r u c t i o n  i s  inpu t  on code 1 d a t a  cards.  The program w i l l  au tomat ica l ly  

r e j e c t  any problem i n  which load  ca r ry ing  c a p a b i l i t y  ( t r a n s l a t i o n a l  o r  r o t a -  

t i o n a l )  does not  e x i s t  a t  any j o i n t .  

The program has t h e  a b i l i t y  t o  account f o r  t h e  e f f e c t  of b a r  shear  s t r a i n  

on bending d e f l e c t i o n s .  I f  a  zero (blank) i s  placed i n  column 15 ,  shea r  s t r a i n  

i s  not  accounted f o r .  A 1 i n  column 1 5  causes t h e  program t o  read  t h e  va lues  

of shear  form f a c t o r s ,  KN and KT, and account f o r  t h e  e f f e c t  of shear  s t r a i n .  

The f a c t o r  $ is  t h e  t o t a l  c ros s - sec t iona l  a r e a  d iv ided  by t h e  a r e a  e f f e c t i v e  

i n  c a r r y i n g  shear  i n  t h e  Y d i r e c t i o n ,  whi le  KT is  t h e  t o t a l  a r e a  d iv ided  by 
R 

t h e  a r e a  e f f e c t i v e  i n  ca r ry ing  shear  i n  t h e  Z d i r e c t i o n  ( see  F igure  4-6). 
R 

The program can a l s o  i d e a l i z e  a  bar  pinned a t  one end and r i g i d l y  a t t ached  

a t  t h e  o t h e r .  To e x e r c i s e  t h i s  op t ion  a  zero must be placed i n  column 15. I f  

t h e  r o t a t i o n a l  r e l e a s e  i s  t o  be f o r  bending about t h e  Y a x i s  ( I T ) ,  a  1 o r  2 
R 

i s  placed i n  column 16. A 1 i n d i c a t e s  t h e  "p" end i s  pinned wh i l e  a  2 ind i -  

c a t e s  t h e  "q" end i s  pinned. The same number code ( 1  - "p" end pinned, 2 - 
I t  I 1  q  end pinned) i s  used i n  column 17 i f  t h e  r o t a t i o n a l  r e l e a s e  i s  f o r  bending 

about t h e  Z a x i s  ( I N ) .  Values i n s e r t e d  f o r  and KT f o r  t h e s e  cases  w i l l  
R 

be au toma t i ca l ly  u t i l i z e d .  

B.7 Rectangular Shear Web Information Cards - Shear web information i s  

input  on d a t a  ca rds  i n  which a 7 is  placed i n  column 1. Locat ion of shear  web 

d a t a  i n  t h e  f i e l d s  of t h e  card i s  i l l u s t r a t e d  i n  F igure  4-34. Shear webs must 

be numbered s e q u e n t i a l l y  from 1 through t h e  t o t a l  number of shea r  webs (maximum 

of 30). The i n t e g e r  r ep re sen t ing  t h e  shear  web number i s  r i g h t - j u s t i f i e d  in  

columns 2 through 5. 
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Four d a t a  f i e l d s  l oca t ed  between columns 6 and 17 a r e  used t o  s p e c i f y  t h e  

j o i n t s  A, B y  C,  and D, numbered counterclockwise ( s e e  F igure  4-7), which 

r ep re sen t  t h e  corners  of t h e  r ec t angu la r  web. These i n t e g e r s  must be r i g h t -  

j u s t i f i e d  i n  t h e i r  r e s p e c t i v e  f i e l d s .  Care must be taken t o  i n s u r e  t h a t  t h e  

j o i n t s  A, B y  C ,  and D d e f i n e  a  p lane  and form a r ec t ang le .  The program w i l l  

r e j e c t  any problem i n  which t h i s  i s  n o t  t rue .  

Three d a t a  f i e l d s  l oca t ed  between columns 18 and 47 a r e  used t o  s p e c i f y  

t h e  m a t e r i a l  p r o p e r t i e s  and th i ckness  of t h e  web. The Poisson ' s  r a t i o ,  v, 

modulus of e l a s t i c i t y ,  E ,  and th i ckness ,  t ,  of t h e  web a r e  i npu t  i n  t hese  

f i e l d s  a s  i nd ica t ed  i n  F igure  4-34. These va lues  must be r i g h t - j u s t i f i e d  i n  

t h e i r  f i e l d s  i f  E-Format i s  used. 

B.8 Data Terminator Card - Af te r  a l l  d a t a  needed on code 1 through 7 

d a t a  ca rds  and t h e  d e s i r e d  comment ca rds  a r e  i n p u t ,  a  d a t a  te rmina tor  card  i s  

requi red  t o  s i g n i f y  t h e  end of t h e  d a t a .  This  card must con ta in  an  8 i n  

column 1 and may con ta in  any d e s i r e d  comments i n  columns 7 through 80. 

C.  Data Option I n d i c a t o r  (NAMELIST) Card(s) - Following t h e  previous ly  

descr ibed  inpu t  d a t a ,  a NAMELIST system of input  i nd ica t ed  by $INDATA i s  used 

t o  d e f i n e  opt ion  i n d i c a t o r  ca rds  f o r  s e l e c t i o n  of ou tput  op t ions ,  i t e r a t i o n  

method, modal a n a l y s i s  r o u t i n e ,  program te rmina t ion ,  and t ape  op t ions .  

F igure  4-34 p re sen t s  t h e  card format t o  be  used. SINDATA is  en te red  i n  

columns 2 through 8 of t h e  f i r s t  d a t a  op t ion  card.  Columns 10 through 68 on 

t h e  f i r s t  and any succeeding ca rds  a r e  used t o  s p e c i f y  o p t i o n a l  d a t a  i n d i c a t o r  

va lues .  $END must be en t e red  i n  columns 69 through 72 of t h e  l a s t  d a t a  op t ion  

card.  

Data op t ion  i n d i c a t o r s  and t h e i r  nominal and op t iona l  va lues  a r e  def ined  

i n  F igure  4-35. I f  nominal va lues  a r e  accep tab le  f o r  a l l  NAMELIST i tems,  

$INDATA i s  entered  i n  columns 2 through 8 ,  $END is  entered  i n  columns 69 

through 72, and t h e  r e s t  of t h e  card l e f t  blank. By l i s t i n g  any of t h e  op t ion  

d a t a  i n d i c a t o r s ,  such as INDNMA = 1, t h e  nominal c o n t r o l  i s  over r idden ,  a s  i n  

t h i s  case  where normal mode a n a l y s i s  would be u t i l i z e d .  A d a t a  opt ion 

i n d i c a t o r  need be l i s t e d  only i f  a  va lue  o the r  than the  nominal value is  

des i r ed .  
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The ERRTOL c o n t r o l  is  important ,  s i n c e  it a f f e c t s  computer time. The 

va lue  s p e c i f i e d ,  m u l t i p l i e d  by 100, i s  t h e  maximum acceptable  percent  e r r o r  

i n  t h e  s o l u t i o n .  The e r r o r  f o r  t h e  Gauss-Siedel method, t h e  Gauss-Siedel 

method w i t h  Ai tken ' s  De l t a  Squared improvements, and t h e  ove r re l axa t ion  method 

is def ined  a s  t h e  l a r g e s t  r e l a t i v e  d i f f e r e n c e  between consecut ive  displacement 

and r o t a t i o n  so lu t ions .  This  r e l a t i v e  d i f f e r e n c e  is  c a l c u l a t e d  by t ak ing  t h e  

d i f f e r e n c e  between given s o l u t i o n  va lues  f o r  two success ive  i t e r a t i o n s  and 

d iv id ing  by t h e  l a s t  va lue  of t h e  s o l u t i o n .  

The e r r o r  f o r  t h e  Conjugate Gradient  Method is defined a s  t h e  l a r g e s t  term 

found when t h e  r e s i d u a l  v e c t o r  ( s ee  Reference (5))  i s  d iv ided  by t h e  l a r g e s t  

element i n  t h e  force/moment vec to r .  The program w i l l  run  u n t i l  i t  achieves  

t h e  accuracy prescr ibed  by ERRTOL o r  exceeds t h e  maximum number of i t e r a t i o n s  

(INDITR) . 

An i n i t i a l  set of nodal  d e f l e c t i o n s  may be  i n p u t  us ing  t h e  i n d i c a t o r  

SOLVEC. Th i s  op t ion  a l lows  t h e  program t o  start  wi th  t h e s e  va lues  f o r  def lec-  

t i o n s  and achieve  convergence more r a p i d l y .  This  op t ion  is  a l s o  u s e f u l  i f  

minor changes are made i n  a s t r u c t u r e  a f t e r  a n  i n i t i a l  s o l u t i o n  has  been 

obtained.  

The maximum number of i t e r a t i o n s  allowed (INDITR), nominally t h r e e  t imes 

t h e  number of rows i n  t h e  s t i f f n e s s  ma t r ix ,  should be  s e l e c t e d  based on t h e  

s i z e  and s p a r s i t y  of t h e  s t i f f n e s s  ma t r ix  and d e s i r e d  l eng th  of computer run 

time. The nominal i t e r a t i o n  method used is  t h e  Conjugate Gradient  Method. 

I f  INDRLX is  s e t  equal  t o  0 t h e  Gauss-Siedel method wi th  Ai tken ' s  Del ta  

Squared Improvements i s  employed. I f  INDRLX is s e t  equal  t o  1, t h e  Overrela- 

x a t i o n  Method is employed and a v a l u e  of RELAXF ( t h e  r e l a x a t i o n  f a c t o r )  between 

1 .0  and 2.0 should then  be inpu t .  A nominal r e l a x a t i o n  f a c t o r  of 1 .0  is s e t  

i n  t h e  program, which is  equiva len t  t o  a s tandard  Gauss-Siedel s o l u t i o n  

(without A i tken ' s  Del ta  Squared Improvements). For employing t h e  Overrelaxa- 

t i o n  Method, a RELAXF equal  t o  1 .2  has been found t o  r e s u l t  i n  minimum machine 

time and r ap id  convergence f o r  a number of t y p i c a l  problems. Experience 

d i c t a t e s  t h a t  f o r  h igh ly  redundant space  frames, such a s  t h e  legged l ande r ,  



the nominal s o l u t i o n  technique ( t h e  Conjugate Gradient  Method) i s  the  b e s t  

s u i t e d  of t h e  above methods and is  recommended. 

The MINRST opt ion  is  s e l e c t e d  based on t h e  minimum number of r e s t r a i n t s  

( suppor ts )  which must e x i s t  f o r  s t a b i l i t y  (nominally s i x ) .  I f ,  a t  any time, 

l e s s  than  t h i s  number of suppor ts  e x i s t ,  the  program w i l l  au tomat ica l ly  termi- 

n a t e  w i th  an e r r o r  message. 

I f  i t  is des i r ed  t o  perform a normal mode a n a l y s i s ,  INDNMA i s  s e t  equal  

t o  1. I f  reduct ion  i s  t o  be employed, the requi red  order  of t h e  reduced 

s t i f f n e s s  mat r ix  is  i n p u t  i n  IREDTO. The row numbers t o  be r e t a ined  i n  t h e  

reduced s t i f f n e s s  ma t r ix  must be  l i s t e d  i n  ascending order  i n  IRWKP i f  

reduct ion  i s  employed. Values f o r  t h e  diagonal  mass mat r ix  terms a s soc i a t ed  

wi th  the  degrees of freedom re t a ined  i n  the  reduced s t i f f n e s s  ma t r ix ,  a r e  

i npu t  i n  AMASS. I f  a l l  s i x  degrees of freedom a t  a p a r t i c u l a r  j o i n t  a r e  

r e t a i n e d ,  t h e  f i r s t  t h r e e  numbers i n  AMASS would r ep re sen t  the  mass a s soc i a t ed  

with t h i s  j o i n t .  The next  t h ree  numbers would represent  t he  mass moment of 

i n e r t i a  a s soc i a t ed  wi th  t h i s  j o i n t  r e l a t i v e  t o  t h e  d i r e c t i o n s  of t h e  

g loba l  E, Y and 5 axes.  I f  degrees of freedom a t  a j o i n t  a r e  removed i n  t h e  

reduced s t i f f n e s s  ma t r ix ,  the corresponding mass o r  i n e r t i a  i tems should not  

be input  i n  AMASS. I f  reduct ion  is  n o t  requi red ,  no d a t a  i s  r equ i r ed  f o r  IRWKP 

and IREDTO and the  number of terms i n  AMASS must equal  t h e  order  of t h e  

sys  tem s t i f f n e s s  mat r ix .  

The number of nonr ig id  body modes t o  be ca l cu la t ed  is  input  i n  NEIGVL. 

NEIGVL,which has a nominal va lue  of 5 ,  can o p t i o n a l l y  be any mul t ip l e  of f i v e ,  

and must b e  l e s s  than o r  equa l  t o  IREDTO l e s s  s i x .  

Care must be exe rc i sed  i n  t he  use  of t h e  reduct ion  rou t ine .  It is 

poss ib l e  t o  e l imina te  s o  many rows from t h e  s t i f f n e s s  mat r ix  t h a t  a number of 

t h e  remaining degrees of freedom a r e  no longer  independent.  This  has t he  

e f f e c t  of e l imina t ing  one o r  more of t h e  system's s i x  r i g i d  body modes. To 

i n s u r e  t h a t  t h i s  does n o t  occur f o r  a genera l  space frame, a t  l e a s t  two t rans-  

l a t i o n a l  degrees of freedom i n  each of t h r e e  g loba l  coordinate  d i r e c t i o n s  

should remain fol lowing reduct ion .  For  the s p e c i a l  case of a s t r a i g h t  beam, 

two t o r s i o n a l  r o t a t i o n s  should remain i n  add i t i on  t o  these  t r a n s l a t i o n s  . 



Er ro r  messages a r e  p r i n t e d  i f  t h e  u s e r  a c c i d e n t a l l y  s p e c i f i e s  a  reduct ion 

which leads  t o  t h e  e l imina t ion  of t o o  many rows from t h e  s t i f f n e s s  mat r ix .  

Should more than 12904 words be  requi red  t o  s t o r e  t h e  s t i f f n e s s  ma t r ix  i n  

a given problem, ISFDIM must be  set equal  t o  t h e  r equ i r ed  number of words and 

l abe l ed  COMMON must b e  redimensioned accordingly.  

4.3.1.2 Output Data - Center Body Option output  inc ludes  a l l  inpu t  d a t a ,  

NAMELIST i n d i c a t o r  va lues  used, nodal  displacements  and r o t a t i o n s ,  number of 

i t e r a t i o n s  r equ i r ed  f o r  convergence, maximum e r r o r ,  nodal  f o r c e s  and moments, 

ba r  f o r c e s  and moments, shear  flows i n  shear  webs, and a CPU t ime summary. 

Modal a n a l y s i s  ou tput  i nc ludes  a l l  i npu t  d a t a ,  NAMELIST i n d i c a t o r  va lues  used, 

n a t u r a l  f requencies ,  mode shapes, genera l ized  i n e r t i a  p r o p e r t i e s ,  and a CPU 

time summary. A l l  i npu t  d a t a  i s  p r i n t e d  ou t  i n  a block format.  C l a s s i f i c a t i o n  

of i npu t  d a t a  is  by code number i n  column 1, a s  descr ibed  i n  Sec t ion  4.3.1.1. 

For problems n o t  r e q u i r i n g  modal a n a l y s i s ,  nodal  displacements  and r o t a -  

t i o n s  a r e  p r in t ed  out .  The number of i t e r a t i o n s  requi red  f o r  t h e  s o l u t i o n  a s  

w e l l  a s  t h e  maximum e r r o r  i n  t h e  s o l u t i o n  a r e  then  p r in t ed .  Global f o r c e s  and 

moments a c t i n g  on t h e  j o i n t s  a r e  a l s o  output .  Forces and moments a c t i n g  on 

both  ends of a l l  b a r s  a r e  p r in t ed .  The p, q ,  and r j o i n t  numbers used f o r  

each ba r  a r e  a l s o  l i s t e d  t o  a i d  i n  i n t e r p r e t a t i o n  of t h e  d i r e c t i o n  of t h e s e  

f o r c e s  and moments ( p o s i t i v e  l o c a l  s i g n  convention is ind ica t ed  i n  F igure  4-1). 

Shear f lows and i d e n t i f y i n g  j o i n t s  are p r i n t e d  f o r  a l l  shear  webs. P o s i t i v e  

l o c a l  s i g n  convention f o r  e s t a b l i s h i n g  d i r e c t i o n s  of shea r  flows is  given i n  

F igure  4-7. 

When p l a s t i c  f o r c e  c o n s t r a i n t s  a r e  v i o l a t e d ,  t h e  program p r i n t s  o u t  t h e  

e l a s t i c  s o l u t i o n ,  which c o n s t r a i n t s  were v i o l a t e d ,  and t h e  p l a s t i c  s o l u t i o n  

(nodal  d e f l e c t i o n s  and r o t a t i o n s ,  and nodal f o r c e s  and moments). Forces and 

moments a c t i n g  on both  ends of a l l  b a r s  a s  w e l l  a s  shear  flows i n  a l l  shea r  

webs a r e  p r i n t e d  out  f o r  t h e  f i n a l  s o l u t i o n .  The l a s t  ou tput  i t em i s  a  CPU 

time summary showing a  breakdown of CPU time usage. 

Wnen employing t h e  modal a n a l y s i s  r o u t i n e ,  ou tput  d a t a  inc lude :  input  

d a t a ,  t h e  s p e c i f i e d  number of lowest  n a t u r a l  f requencies  (excluding r i g i d  body 

modes), corresponding mode shapes (normalized) f o r  bo th  t h e  reduced and complete 

systems, gene ra l i zed  i n e r t i a  p r o p e r t i e s ,  and a CPU time summary. 



On an  o p t i o n a l  b a s i s ,  t h i s  modal a n a l y s i s  ou tput  may be placed on magnetic 

tape.  This  information i s  r equ i r ed  by t h e  Center Body Landing Loads Program, 

a s  d iscussed  i n  Appendix E. I n  a d d i t i o n ,  t h e  d a t a  on t h i s  t ape  is  compatible 

w i th  t h e  Task Order Two Landing Loads and Motion Program, Reference (2 ) .  I n  

t h i s  ca se ,  t h e  Task Order F ive  modal a n a l y s i s  could be employed f o r  a  footpad 

s t r u c t u r e  of a  p la t form lander .  Thus t h e  improved ma t r ix  r educ t ion  r o u t i n e  

could be  taken advantage o f .  

4.3.1.3 Example of P r o ~ r a m  Operation - Examples of t y p i c a l  s t r u c t u r a l  

and modal a n a l y s i s  problems a r e  included t o  i l l u s t r a t e  i n t e r p r e t i n g  inpu t  

i n s t r u c t i o n s  and output  d a t a .  

An example of ob ta in ing  d e f l e c t i o n s  and i n t e r n a l  loads  f o r  a  c e n t e r  body 

s t r u c t u r e  s u b j e c t  t o  e x t e r n a l  l oads  i s  presented i n  Sec t ion  6.2.4 f o r  t h e  

Task Order Three lander  cen te r  body s u b j e c t  t o  t y p i c a l  landing  loads .  Input  

d a t a  and output  l i s t i n g  f o r  t h i s  problem are presented i n  Appendix A. 

I npu t  d a t a  and r e s u l t i n g  output  d a t a  when employing t h e  modal a n a l y s i s  

r o u t i n e  of t h e  Center Body Option is  given i n  Appendix B. Th i s  a n a l y s i s  was 

conducted on t h e  c e n t e r  body s t r u c t u r e  of t h e  Task Order Three lander .  The 

i d e a l i z a t i o n  of t h e  c e n t e r  body s t r u c t u r e  and p l o t s  of a  number of t h e  mode 

shapes a r e  presented i n  Sec t ion  6.2.1. This  modal d a t a  was inpu t  t o  t h e  

Landing Loads and Motions Program when s tudying t h e  e f f e c t s  of cen te r  body 

f l e x i b i l i t y  on c o r r e l a t i o n  w i t h  drop t e s t  d a t a  f o r  t h i s  l ande r .  This  landing 

a n a l y s i s  i s  d iscussed  i n  Sec t ion  6.2.2. 

The d a t a  s e t  shown i n  Appendix B i s  f o r  a  s t r u c t u r a l  i d e a l i z a t i o n  wi th  

33 j o i n t s  and 53 ba r  members. This  r e s u l t s  i n  a  s t i f f n e s s  ma t r ix  of o rde r  198. 

The ma t r ix  r educ t ion  r o u t i n e  was employed t o  reduce t h i s  t o  o r d e r  99. This  

was accomplished by removing t h e  r o t a t i o n s  a t  a l l  of t h e  j o i n t s .  Thus, t h e  

input  mass ma t r ix  contained terms a s soc i a t ed  wi th  each of t h e  t h r e e  t r a n s l a -  

t i o n s  a t  each j o i n t .  Twenty modes were reques ted  from t h e  modal a n a l y s i s  

rou t ine .  Only t h e  mode shapes f o r  t h e  complete system a r e  shown i n  Appendix B. 

4.3.2 Landing Gear Option - This  s e c t i o n  inc ludes  d e f i n i t i o n  of i npu t  

requirements  and format ,  and output  i n t e r p r e t a t i o n  f o r  t h e  Landing Gear 

Option of t h e  S t r u c t u r a l  Analysis  Program. Examples of i npu t  and output  d a t a  

f o r  a  t y p i c a l  problem a r e  contained i n  Appendix C. 

4.3.2.1 Input  Data - For each Landing Gear Option d a t a  set a  d a t a  c a s e  
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header ca rd  and information desc r ib ing  landing gear  type,  loading  information,  

s t r u t  p r o p e r t i e s ,  gear  geometry, footpad information,  energy abso rp t ion  requi re -  

ments, and i n d i c a t o r s  needed t o  c o n t r o l  program ope ra t ion  a r e  r equ i r ed  as 

input  d a t a .  Mul t ip l e  d a t a  ca ses  may be run  by s t ack ing  d a t a  s e t s .  Each d a t a  

set must c o n s i s t  of a header card followed by t h e  app ropr i a t e  d a t a  cards .  

A. Header Card - A header card  i s  r equ i r ed  as t h e  f i r s t  card  of a d a t a  

s e t  t o  i n d i c a t e  t h a t  t h e  Landing Gear Option w i l l  be  employed. This  card must 

con ta in  t h e  c h a r a c t e r s  GEAR i n  columns 1 through 4 as ind ica t ed  i n  F igure  4-36. 

B. Data Cards - The inpu t  format f o r  da t a  ca rds  employs a system of code 

numbers, r i g h t - j u s t i f i e d  i n  columns 1 and 2, t o  i d e n t i f y  t h e  type  of d a t a  

being r ead .  The seventeen code numbers and corresponding type  of i npu t  i n fo r -  

mation a r e  a s  fol lows:  

(0) Comment c a r d s  

(1) Gear and load  card 

(2) F r i c t i o n  card  

(3) Applied displacement card  

(4) S t r u t  m a t e r i a l  ca rds  

(5) Solu t ion  parameter card 

(6) Nodal p o i n t  ca rds  

( 7 )  Footpad ca rd  

(8) Ma te r i a l  parameter ca rds  

(9) Ma te r i a l  c rush  ca rds  

(10) Compression c rush  d i s t a n c e  cards  

(11) Tension c rush  d i s t a n c e  ca rds  

(12) Compression sp r ing  r a t e  ca rds  

(13) Tension sp r ing  r a t e  ca rds  

(14) Compression p l a s t i c  f o r c e  ca rds  

(15) Tension p l a s t i c  f o r c e  c a r d s  

(16) Data te rmina tor  card 

B.0 Comment Cards - A s  many comment ca rds  a s  d e s i r e d  may be  inpu t  by 

leaving  columns 1 through 6 b lank  and en te r ing  comments i n  columns 7 through 80 

a s  shown i n  F igure  4-36. These comment ca rds  may be  loca t ed  anywhere wi th in  

t h e  d a t a  ca rds  and must precede t h e  d a t a  te rmina tor  card.  
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B . l  Gear and Load Card - Information desc r ib ing  landing  gear  type ,  type  

of app l i ed  loading ,  s t r u t  parameter f o r  t h e  c a n t i l e v e r  gea r ,  and t h e  o r i en t a -  

t i o n  of t h e  landing s u r f a c e  i s  inpu t  on a d a t a  card i n  which a l is  placed i n  

column 2. Locat ion of d a t a  f i e l d s  on t h i s  card i s  i l l u s t r a t e d  i n  F igure  4-36. 

A 1 r i g h t - j u s t i f i e d  i n  columns 6 through 10  s i g n i f i e s  t h a t  t h e  gear  being 

analyzed is  an  inve r t ed  t r i pod .  S imi l a r ly ,  a 2 i n  t h i s  f i e l d  i n d i c a t e s  a 

c a n t i l e v e r  gear .  

A 1 r i g h t - j u s t i f i e d  i n  columns 11 through 1 5  i n d i c a t e s  t h a t  t h e  app l i ed  

loading  i s  of t h e  f r i c t i o n a l  type  i n  which t h e  displacement normal t o  a landing 

s u r f a c e  i s  s p e c i f i e d .  For t h i s  t y p e  of loading ,  a code 2 d a t a  card is  r equ i r ed  

a s  i npu t  d a t a  t o  s p e c i f y  t h e  app l i ed  normal displacement and t h e  f r i c t i o n  

c o e f f i c i e n t .  A 2 r i g h t - j u s t i f i e d  i n  columns 11 through 15  i n d i c a t e s  t h a t  

t h r e e  app l i ed  displacement components a r e  s p e c i f i e d .  For t h i s  ca se  an  

a s soc i a t ed  code 3 d a t a  card must be input .  As explained i n  Sec t ion  B.2, a 

code 2 d a t a  card  must a l s o  be  inpu t  t o  s p e c i f y  t h e  d i r e c t i o n  normal t o  t h e  

landing s u r f a c e  i f  t h e  footpad has a t t e n u a t i o n .  

For t h e  c a n t i l e v e r  gear  on ly ,  t h e  l e n g t h  of s t r u t  2 ( s ee  F igure  4-17) 

must be  inpu t  i n  columns 21 through 30. This  information is  r equ i r ed  t o  

l o c a t e  node 4 on t h e  c a n t i l e v e r  gear .  For t h e  inve r t ed  t r i p o d  gear  t h i s  d a t a  

f i e l d  i s  l e f t  blank. 

Three d a t a  f i e l d s  l oca t ed  between columns 3 1  and 60 a r e  used t o  s p e c i f y  

t h e  Euler  ang le s  J,, 8,  and @ which o r i e n t  t h e  Surface  Coordinate System r e l a -  

t i v e  t o  t h e  Lander Coordinate System. These Euler  angles  must be  inpu t  i n  

degrees.  A d e f i n i t i o n  of t h e s e  ang le s  and t h e  a s soc i a t ed  s i g n  convention is  

given i n  F igure  4-20. 

B . 2  F r i c t i o n  Card - Information desc r ib ing  t h e  d i r e c t i o n  and magnitude 

of app l i ed  displacement (normal t o  t h e  landing  su r f ace )  a t  t h e  footpad j o i n t  

and t h e  c o e f f i c i e n t  of f r i c t i o n  of t h e  s u r f a c e  i s  inpu t  on a d a t a  card  i n  

which a 2 is  placed i n  column 2. Locat ion of d a t a  f i e l d s  on t h i s  card  i s  

i l l u s t r a t e d  i n  F igure  4-36. A 1, 2, o r  3 r i g h t - j u s t i f i e d  i n  columns 6 through 

10  of t h i s  card  s i g n i f i e s  t h a t  t h e  p o s i t i v e  d i r e c t i o n  normal t o  t h e  landing  

s u r f a c e  i s  t h e  X, Y ,  o r  Z s u r f a c e  coord ina te  d i r e c t i o n ,  r e s p e c t i v e l y .  This  

information as w e l l  as t h e  information suppl ied  i n  t h e  remaining d a t a  f i e l d s  

of t h i s  card  must be s p e c i f i e d  i f  loading  of t h e  f r i c t i o n  type  i s  s e l e c t e d  



on t h e  code 1 d a t a  card .  Should t h e  t h r e e  app l i ed  displacement components 

case  be s p e c i f i e d  on t h e  code 1 d a t a  card and t h e  footpad have a t  l e a s t  1 

l e v e l  of a t t e n u a t i o n ,  t h e  normal displacement d i r e c t i o n  i n d i c a t o r  must be 

suppl ied  on t h e  code 2 d a t a  card t o  i n d i c a t e  t h e  s u r f a c e  coord ina te  d i r e c t i o n  

t o  check f o r  footpad crushing.  For t h i s  ca se ,  t h e  remaining informat ion  on 

t h e  d a t a  card  i s  no t  used. Care must be exerc ised  when s e l e c t i n g  t h e  coordi- 

n a t e  system t o  i n s u r e  t h a t  t h e  normal s u r f a c e  coord ina te  d i r e c t i o n  i s  ou t  of 

t h e  s u r f a c e ,  

The magnitude of t h e  appl ied  normal displacement i n  t h e  s u r f a c e  coord ina t e  

d i r e c t i o n  ind ica t ed  i n  columns 6 through 10  i s  suppl ied  i n  columns 21  through 

30. The c o e f f i c i e n t  of f r i c t i o n  of t h e  landing s u r f a c e  i s  en tered  i n  columns 

31 through 40. 

B.3 Applied Displacement Card - For t h e  c a s e  i n  which t h r e e  displacement 

components a t  t h e  footpad j o i n t  a r e  s p e c i f i e d ,  t h e  t h r e e  s u r f a c e  coord ina te  

components of app l i ed  displacement a r e  en tered  on a d a t a  card wi th  a 3 i n  

column 2. Locat ion of d a t a  f i e l d s  on t h i s  card is  i l l u s t r a t e d  i n  F igure  4-37. 

Three d a t a  f i e l d s  l oca t ed  between columns 21 and 50 a r e  used t o  e n t e r  t h e  

t h r e e  components of app l i ed  displacement a t  t h e  footpad j o i n t .  These d isp lace-  

ment components must be given i n  t h e  Surface Coordinate System. 

B.4 S t r u t  Ma te r i a l  Cards - Each s t r u t  of a gear  must be ass igned  a 

m a t e r i a l  i d e n t i f i c a t i o n  number t o  i n d i c a t e  which m a t e r i a l ,  i npu t  on code 8 

through 1 5  da t a  ca rds ,  makes up t h e  s t r u t .  The m a t e r i a l  i d e n t i f i c a t i o n  number 

of each element ( s t r u t )  i s  inpu t  on d a t a  ca rds  w i t h  a 4 i n  column 2. Locat ion 

of d a t a  f i e l d s  on t h i s  card i s  i l l u s t r a t e d  i n  F igure  4-37. One card must be 

input  f o r  each element of t h e  gear ,  i . e . ,  t h r e e  f o r  t h e  inve r t ed  t r i p o d  and 

four  f o r  t h e  c a n t i l e v e r .  

The element number must be r i g h t - j u s t i f i e d  i n  columns 6 through 10. The 

number i d e n t i f y i n g  t h e  m a t e r i a l  of which t h i s  element is made i s  r i g h t - j u s t i f i e d  

i n  columns 11 through 15.  More than  one element may have t h e  same m a t e r i a l  

i d e n t i f i c a t i o n  number. This  is  convenient i n  t h e  case  of a gear  which has 

i d e n t i c a l  d rag  s t r u t s  s i n c e  then  only  one s e t  of m a t e r i a l  p r o p e r t i e s  has  t o  

be  def ined  f o r  t h e s e  s t r u t s .  
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B.5 So lu t ion  Parameter Card - The number of s t e p s  f o r  i n v e s t i g a t i n g  t h e  

app l i ed  loading ,  t h e  number of i t e r a t i o n s  t o  be  allowed, t h e  number of d i f f e r -  

e n t  m a t e r i a l s  used i n  t h e  gear  i d e a l i z a t i o n ,  a n  i n d i c a t o r  t o  s p e c i f y  i n  which 

d i r e c t i o n  t o  check t h e  energy absorbed, t h e  energy absorp t ion  c u t o f f ,  and t h e  

s o l u t i o n  t o l e r a n c e  a r e  i npu t  on a d a t a  card wi th  a 5 i n  column 2. Locat ion 

of d a t a  f i e l d s  on t h i s  ca rd  is i l l u s t r a t e d  i n  F igure  4-37. 

Four d a t a  f i e l d s  l oca t ed  between columns 6 and 25 a r e  used t o  spec i fy  

t h e  number of s t e p s  t o  d i v i d e  t h e  app l i ed  loading,  t h e  number of i t e r a t i o n s  

allowed be fo re  t h e  s o l u t i o n  is assumed t o  be  nonconvergent, t h e  number of 

d i f f e r e n t  m a t e r i a l s  employed i n  i d e a l i z i n g  t h e  s t r u t s  of t h e  g e a r ,  and a n  

i n d i c a t o r  t o  s p e c i f y  i n  which s u r f a c e  coord ina te  d i r e c t i o n  t o  check t h e  energy 

absorp t ion  a s soc i a t ed  w i t h  t h e  loads  a c t i n g  on t h e  footpad. These i n t e g e r s  

must be r i g h t - j u s t i f i e d  i n  t h e i r  r e s p e c t i v e  f i e l d s .  The energy check i n d i c a t o r  

i s  s e t  t o  1, 2 ,  o r  3 i f  t h e  energy absorp t ion  is  t o  be  checked i n  t h e  X ,  Y ,  o r  

Z s u r f a c e  coord ina te  d i r e c t i o n ,  r e s p e c t i v e l y .  

The energy cu to f f  used t o  make t h e  energy absorp t ion  check is  input  i n  

columns 3 1  through 40. I n  a s s ign ing  a s i g n  t o  t h i s  cu tof f  i t  must be remembered 

t h a t  a p l u s  s i g n  s i g n i f i e s  t h a t  t h e  f o r c e  and corresponding displacement com- 

ponents of i n t e r e s t  a r e  i n  t h e  same d i r e c t i o n  wh i l e  a minus s i g n  s i g n i f i e s  t h a t  

they a r e  oppos i t e  i n  d i r e c t i o n .  The t o l e r a n c e  used t o  check f o r  s o l u t i o n  

convergence i s  inpu t  i n  columns 41  through 50. For input  da t a  employing u n i t s  

of cen t ime te r s  and dynes, t h e  s o l u t i o n  would be assumed converged t o  a t o l e rance  
4 s p e c i f i e d  a s  4.0 x 10 when t h e  magnitude of t h e  l a r g e s t  unbalance, between 

any i n t e r n a l  and e x t e r n a l  load component a t  any j o i n t  of t he  gea r ,  was l e s s  
4 

than 4.0 x 10 dynes o r  4.0 x l o 4  dyne-cm as the  case may be. For each loading 

s t e p  , t he  program w i l l  run u n t i l  t he  s o l u t i o n  converges t o  t he  to l e rance  of 

the  maximum number of i t e r a t i o n s  is exceeded. 

B.6 Nodal Po in t  Cards - For each node p o i n t  ( j o i n t )  of t h e  gear ,  except  

f o r  node 4 of t h e  c a n t i l e v e r  gea r ,  the  i n i t i a l  node coordinates  i n  t he  Lander 

Coordinate System a r e  i npu t  on cards wi th  a 6 i n  column 2. The l o c a t i o n  of 

d a t a  f i e l d s  on t h e s e  cards is  i l l u s t r a t e d  i n  F igure  4-37. Four of t hese  cards 

must be  i n p u t  f o r  both t h e  i n v e r t e d  t r i p o d  and c a n t i l e v e r  gears .  On each card ,  

t h e  node p o i n t  number must be r i g h t - j u s t i f i e d  i n  columns 6 through 10. Three 

da t a  f i e l d s  l oca t ed  between columns 21  and 50 a r e  used t o  i npu t  the  X ,  Y ,  and Z 

coordina tes  of t h e  node i n  t h e  Lander Coordinate System. 
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B.7 Footpad Card - Information regarding a t t e n u a t i o n , o n  t h e  bottom of 

t h e  footpad is inpu t  on a  card wi th  a  7 i n  column 2. Locat ion of d a t a  f i e l d s  

on t h i s  card  is  i l l u s t r a t e d  i n  F igure  4-38. An a t t e n u a t i o n  i n d i c a t o r  t o  

s i g n i f y  whether o r  no t  t h e  footpad has  a t t e n u a t i o n  is  r i g h t - j u s t i f i e d  i n  

columns 6 through 10. A 1 s i g n i f i e s  t h a t  t h e  footpad has  a t t e n u a t i o n  whi le  

a  2  i n d i c a t e s  t h a t  t h e r e  is  none. The number of a t t e n u a t i o n  c rush  l e v e l s  i s  

en te red ,  r i g h t - j u s t i f i e d ,  i n  columns 11 through 15. 

Three da t a  f i e l d s  l oca t ed  between columns 21  and 50 a r e  used t o  input  t he  

magnitudes of up t o  t h r e e  a t t e n u a t i o n  crush forces  (see Figure 4-28). These 

crush fo rces  must be en t e red  i n  t h e  o r d e r  of i nc reas ing  magnitude. The crush 

s t r o k e  magnitudes, a s soc i a t ed  wi th  up t o  t h r e e  crush l e v e l s ,  a r e  en t e red  i n  t h r e e  

d a t a  f i e l d s  l oca t ed  between columns 51  and 80. Each s t r o k e  e n t r y  r ep re sen t s  

t h e  s t r o k e  of t h e  footpad honeycomb during crushing of t h e  l e v e l  of i n t e r e s t  

and does n o t  inc lude  the  s t r o k i n g  t h a t  may have occurred due t o  crushing of 

lower l e v e l s .  For a  footpad without  a t t e n u a t i o n  t h e  information i n  columns 2 1  

through 80 w i l l  be  ignored. 

B.8 Mate r i a l  Parameter Cards - For each d i f f e r e n t  m a t e r i a l ,  t h e  m a t e r i a l  

i d e n t i f i c a t i o n  number, p l a s t i c i t y  i n d i c a t o r  f o r  a x i a l  displacements ,  moduli 

of e l a s t i c i t y ,  and c ros s - sec t iona l  p r o p e r t i e s  a r e  i npu t  on a  ca rd  w i t h  an 8 i n  

column 2. Location of d a t a  f i e l d s  on t h i s  card i s  i l l u s t r a t e d  i n  F igure  4-38. 

Ma te r i a l  i d e n t i f i c a t i o n  number is en te red ,  r i g h t - j u s t i f i e d ,  i n  columns 6 

through 10.  A p l a s t i c i t y  i n d i c a t o r  f o r  t h i s  m a t e r i a l  is  en te red ,  r i g h t - j u s t i -  

f i e d ,  i n  columns 11 through 15. A p l a s t i c i t y  i n d i c a t o r  of 1 s i g n i f i e s  t h a t  

f o r  a x i a l  displacements  t h e  m a t e r i a l  behaves e l a s t i c a l l y .  A p l a s t i c i t y  ind ica-  

t o r  of 2  i n d i c a t e s  t h a t  f o r  axial displacements  t h e  m a t e r i a l  behaves p l a s t i c a l l y .  

That is ,  t h e  a x i a l  c h a r a c t e r i s t i c s  of t h i s  m a t e r i a l  a r e  those  of honeycomb 

a t t e n u a t i o n .  

Two d a t a  f i e l d s  l oca t ed  between columns 21  and 40 a r e  used t o  i npu t  t h e  

moduli of e l a s t i c i t y  f o r  bending and a x i a l  displacements  of t h e  s t r u t  composed 

of t h e  m a t e r i a l  i d e n t i f i e d  i n  columns 6 through 10 .  Two d a t a  f i e l d s  l oca t ed  

between columns 4 1  and 60 a r e  used t o  i npu t  t h e  moment of i n e r t i a  f o r  bending 

displacements  and t h e  c ros s - sec t iona l  a r e a  of t h e  s t r u t  composed of t h e  mater- 

i a l  i d e n t i f i e d  i n  columns 6 through 10. 

For a  m a t e r i a l  w i t h  p l a s t i c  a x i a l  c a p a b i l i t y  ( a  p l a s t i c i t y  i n d i c a t o r  of 

2) ,  t h e  modulus of e l a s q i c i t y  f o r  bending displacements  and t h e  moment of 
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i n e r t i a  must be  en t e red  i f  t h e  s t r u t  composed of t h i s  m a t e r i a l  can c a r r y  

bending loads .  These parameters  should no t  be en tered  i f  t h e  s t r u t  cannot 

c a r r y  bending loads .  For e i t h e r  of t h e  above m a t e r i a l s ,  t h e  modulus of e las -  

t i c i t y  f o r  a x i a l  displacements  and t h e  c ros s - sec t iona l  a r e a  w i l l  be  ignored 

s i n c e  t h i s  information regard ing  a x i a l  c a p a b i l i t y  i s  input  i n  t h e  c rush  

proper ty  ca rds  (card codes 9 through 15) f o r  a m a t e r i a l  w i t h  p l a s t i c  a x i a l  

c a p a b i l i t y .  The m a t e r i a l  f o r  t h e  lower member of t h e  main s t r u t  (element 4 

i n  F igu re  4-17 ( b ) )  of t h e  c a n t i l e v e r  gear  i s  an example of a m a t e r i a l  w i th  

p l a s t i c  a x i a l  c a p a b i l i t y  f o r  which t h e  bending p r o p e r t i e s  must be inpu t .  The 

m a t e r i a l  f o r  t h e  main s t r u t  (element 2 i n  F igure  4-17(a)) of t h e  inve r t ed  t r i p o d  

gear  i s  a n  example of a m a t e r i a l  w i t h  p l a s t i c  a x i a l  c a p a b i l i t y  f o r  which bend- 

i ng  p r o p e r t i e s  would n o t  be inpu t .  

For a m a t e r i a l  w i t h  e l a s t i c  a x i a l  c a p a b i l i t y  ( a  p l a s t i c i t y  i n d i c a t o r  of l ) ,  

t h e  modulus of e l a s t i c i t y  f o r  a x i a l  displacements  and t h e  c ros s - sec t iona l  a r e a  

must be en tered .  The modulus of e l a s t i c i t y  f o r  bending displacements  and t h e  

moment of i n e r t i a  a r e  i npu t  only i f  t h e  a s soc i a t ed  s t r u t  has  bending c a p a b i l i t y .  

The m a t e r i a l  f o r  t h e  upper member of t h e  main s t r u t  (element 2 i n  Figure 4-17(b)) 

of t h e  c a n t i l e v e r  gear  i s  an  example of a m a t e r i a l  wi th  e l a s t i c  a x i a l  c a p a b i l i t y  

f o r  which bending p r o p e r t i e s  must be input .  For an  inve r t ed  t r i p o d  gear  wi th  

r i g i d  drag  s t r u t s ,  t h e  m a t e r i a l  f o r  t h e  drag  s t r u t s  (elements 1 and 3 i n  

F igure  4-17 (a) is  an example of a m a t e r i a l  w i th  e l a s  t i c  a x i a l  c a p a b i l i t y  f o r  

which bending p r o p e r t i e s  would not  be input .  

B . 9  Mate r i a l  Crush Cards - For each m a t e r i a l  wi th  p l a s t i c  a x i a l  c a p a b i l i t y  

( a  m a t e r i a l  which has a p l a s t i c i t y  i n d i c a t o r  of 2 on t h e  code 8 d a t a  ca rd ) ,  

t h e  m a t e r i a l  i d e n t i f i c a t i o n  number, c rush  i n d i c a t o r s ,  a l lowable  s t r o k e s ,  and 

unloading sp r ing  r a t e s  must be inpu t  on a d a t a  ca rd  wi th  a 9 i n  column 2. The 

l o c a t i o n  of d a t a  f i e l d s  on t h i s  card  is  i l l u s t r a t e d  i n  F igure  4-38. The mater- 

i a l  i d e n t i f i c a t i o n  number is r i g h t - j u s t i f i e d  i n  columns 6 through 10. An unload- 

i ng  i n d i c a t o r  is  r i g h t - j u s t i f i e d  i n  columns 11 through 15. A va lue  of 0 f o r  

t h i s  i n d i c a t o r  s i g n i f i e s  t h a t  unloading of t h i s  m a t e r i a l  w i l l  be  along a s l o p e  

s p e c i f i e d  by t h e  s p r i n g  r a t e s  i npu t  i n  columns 41  through 60 of t h i s  card.  An 

unloading i n d i c a t o r  of 1 s i g n i f i e s  t h a t  t h e  material w i l l  unload along a s l o p e  

s p e c i f i e d  by t h e  next  sp r ing  r a t e  a s s o c i a t e d  wi th  t h e  load-stroke curve. An 

i n i t i a l  s t r o k e  i n d i c a t o r  is  i n p u t ,  r i g h t - j u s t i f i e d ,  i n  columns 1 6  through 20. 



A value of 1 for this indicator signifies that the strut which is composed of 

this material will initially stroke in tension. A value of -1 indicates that 

this strut will initially stroke in compression. This information is needed 

for a crushable material to indicate whether the stiffness of the strut at the 

start of the loading should reflect the first spring rate in tension or that 

in compression. 

Two data fields located between columns 21 and 40 are used to input the 

magnitudes of allowable (bottoming) strokes in compression and tension. For 

the material of a strut which can stroke in one direction only, the appropriate 

bottoming stroke should be input as l.E-20. Two data fields located between 

columns 41 and 60 are used to input the unloading spring rate magnitudes in 

compression and tension. mese values should be input only if the unloading 

indicator is input as 0 in columns I1 through 15. 

B.10 Compression Crush Distance Cards - For each material with plastic 
axial capability, the crush distances in compression (see Figure 4-18) must be 

input on a data card with a 10 in columns 1 and 2. Data fields on this card 

are defined in Figure 4-38. The material identification number is right- 

justified in columns 6 through 10. 

Five data fields, located between columns 21 and 70, are used to define 

the magnitudes of up to five crush distances in compression. Any number of 

crush distances between one and five may be input. The last crush distance 

input must be greater than the allowable compression stroke input on a code 9 

data card for this material. This crush distance should have a fictitious 

value of l.E+20 to insure that it will not be exceeded during program iteration 

prior to final convergence. For the material of a strut which can stroke only 

in tension, one compressive crush distance should be input at a value of l.E+20. 

B.ll Tension Crush Distance Cards - For each material with plastic 
axial capability, the crush distances in tension (see Figure 4-18) must be 

input on a data card with an 11 in columns 1 and 2. Data fields on this card 

are defined in Figure 4-39. The material identification number is right-justi- 

fied in columns 6 through 10. 

Five data fields, located between columns 21 and 70, are used to define 

the magnitudes of up to five crush distances in tension. Any number of crush 

distances between one and five may be input. The last crush distance input 
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must be g r e a t e r  than  t h e  al lowable t ens ion  s t r o k e  input  on a code 9 d a t a  card  

f o r  t h i s  ma te r i a l .  This  c rush  d i s t a n c e  should have a f i c t i t i o u s  va lue  of 

1.E20 t o  i n s u r e  t h a t  i t  w i l l  no t  be  exceeded during program i t e r a t i o n  p r i o r  

t o  f i n a l  convergence. For t h e  m a t e r i a l  of a s t r u t  which can s t r o k e  only i n  

compression, one t ens ion  crush d i s t a n c e  should b e  input  a t  a v a l u e  of 1.E4-20- 

B.12 Compression Spring Rate Cards - For each m a t e r i a l  w i t h  p l a s t i c  a x i a l  

c a p a b i l i t y ,  t h e  sp r ing  r a t e s  i n  compression ( s e e  F igure  4-18) must b e  input  on 

a card  w i t h  a 12  i n  columns 1 and 2. Data f i e l d s  on t h i s  card a r e  def ined  i n  

Figure 4-39. The m a t e r i a l  i d e n t i f i c a t i o n  number is  r i g h t - j u s t i f i e d  i n  columns 

6 through 10. 

F ive  d a t a  f i e l d s  l oca t ed  between columns 21 and 70 a r e  used t o  d e f i n e  t h e  

magnitudes of up t o  f i v e  sp r ing  r a t e s  i n  compression. Any number of s p r i n g  

r a t e s  between 1 and 5 may be  input .  For t h e  m a t e r i a l  of a s t r u t  which can only 

s t r o k e  i n  t ens ion ,  one sp r ing  r a t e  i n  compression should be inpu t  a t  a va lue  

equal  t o  t h e  bottoming spr ing  r a t e .  

B.13 Tension Spring Rate Cards - For each m a t e r i a l  w i t h  p l a s t i c  a x i a l  

c a p a b i l i t y ,  t h e  sp r ing  r a t e s  i n  t ens ion  ( s e e  F igure  4-18) must be  inpu t  on a 

d a t a  card  wi th  a 1 3  i n  columns 1 and 2. Data f i e l d s  on t h i s  ca rd  a r e  def ined  

i n  F igure  4-39. The m a t e r i a l  i d e n t i f i c a t i o n  number i s  r i g h t - j u s t i f i e d  i n  

columns 6 through 10. 

F ive  d a t a  f i e l d s  l oca t ed  between columns 21 and 70 a r e  used t o  d e f i n e  t h e  

magnitude of up t o  f i v e  sp r ing  rates i n  tens ion .  Any number of sp r ing  r a t e s  

between 1 and 5 may be  inpu t .  For t h e  m a t e r i a l  of a s t r u t  which can only 

s t r o k e  i n  compression, one sp r ing  r a t e  i n  t e n s i o n  should be inpu t  a t  a v a l u e  

equal  t o  t h e  bottoming sp r ing  r a t e .  

B.14 Compression P l a s t i c  Force Cards - For each m a t e r i a l  wi th  p l a s t i c  

a x i a l  c a p a b i l i t y ,  t h e  p l a s t i c  f o r c e s  i n  compression ( see  F igu re  4-18) must be  

inpu t  on a d a t a  card  w i t h  a 14 i n  columns 1 and 2. Data f i e l d s  on t h i s  ca rd  

a r e  def ined  i n  F igure  4-39. Ma te r i a l  i d e n t i f i c a t i o n  number is  en te red ,  r i g h t -  

j u s t i f i e d ,  i n  columns 6 through 10. 

F ive  d a t a  f i e l d s  l oca t ed  between columns 21 and 70 a r e  used t o  d e f i n e  t h e  

magnitudes of up t o  f i v e  p l a s t i c  f o r c e s  i n  compression. Any number of p l a s t i c  

f o r c e s  between 1 and 5 may be  inpu t .  For t h e  m a t e r i a l  of a s t r u t  which can 

only s t r o k e  i n  t ens ion ,  one p l a s t i c  f o r c e  i n  compression should be inpu t  a t  



a  va lue  s l i g h t l y  l e s s  than  t h e  product  of SRC(1) and CDC(1). 

B.15 Tension P l a s t i c  Force Cards - For each m a t e r i a l  w i t h  p l a s t i c  a x i a l  

c a p a b i l i t y ,  t h e  p l a s t i c  f o r c e s  i n  t ens ion  ( s e e  F igure  4-18) must be inpu t  on 

a  d a t a  ca rd  wi th  a  1 5  i n  columns 1 and 2. Data f i e l d s  on t h i s  card a r e  def ined  

i n  F igure  4-40. Ma te r i a l  i d e n t i f i c a t i o n  number i s  r i g h t - j u s t i f i e d  i n  columns 

6 through 10. 

F ive  d a t a  f i e l d s  l oca t ed  between columns 21 and 70 a r e  used t o  d e f i n e  t h e  

magnitudes of up t o  f i v e  p l a s t i c  f o r c e s  i n  tens ion .  Any number of p l a s t i c  

f o r c e s  between 1 and 5  may be inpu t .  For t h e  m a t e r i a l  of a  s t r u t  which can 

only s t r o k e  i n  compression, one p l a s t i c  f o r c e  i n  t ens ion  should be inpu t  a t  a  

va lue  s l i g h t l y  l e s s  than  t h e  product of SRT(1) and CDT(1). 

B.16 Data Terminator Card - Af te r  a l l  da t a  needed on code 1 through 15  

d a t a  ca rds  and t h e  d e s i r e d  comment cards  a r e  i n p u t ,  a  d a t a  te rmina tor  card i s  

requi red  t o  s i g n i f y  t h e  end of t h e  d a t a  s e t .  This  card must con ta in  a  16 i n  

columns 1 and 2. 

4.3.2.2 Output Data - Output d a t a  from t h e  Landing Gear Option inc ludes  

a l l  input  d a t a ,  i n i t i a l  condi t ions ,  d i sp laced  condi t ions  f o r  t h e  gear  a t  each 

s t e p  of t h e  s p e c i f i e d  loading ,  and a  CPU time summary. 

The i n i t i a l  condi t ions  p r in t ed  f o r  t h e  gear  inc lude  t h e  X ,  Y ,  and Z coordi- 

n a t e s  of a l l  nodes i n  t h e  Surface Coordinate System. 

The d i sp l aced  cond i t i ons ,  p r i n t e d  f o r  t h e  gear  a t  each s t e p  of loading ,  

inc lude  t h e  fo l l swing:  s t e p  of loading;  number of i t e r a t i o n s  requi red  t o  

reach convergence; coord ina tes  of a l l  nodes i n  t h e  Surface Coordinate System; 

e x t e r n a l  f o r c e s  and moments a t  t h e  nodes i n  t h e  Surface Coordinate System; 

the  i n t e r n a l  a x i a l  f o r c e ,  s t r o k e ,  and a x i a l  s t i f f n e s s  of each element; t h e  

i n t e r n a l  shea r  f o r c e  and moment a t  each end of a l l  elements;  t h e  t o t a l  energy 

absorbed a t  t he  footpad i n  both  s u r f a c e  and lander  coord ina te  components; t h e  

number of remaining (noncrushed) footpad a t t e n u a t i o n  l e v e l s ;  and su r f ace  and 

lander  coo rd ina t e  components of t h e  energy absorbed by footpad a t t e n u a t i o n  

during t h e  loading s t e p  concerned. 

Should a  p a r t i c u l a r  loading s t e p  f a i l  t o  converge, t h e  s o l u t i o n  e x i s t i n g  

i n  t h e  program, a f t e r  t h e  maximum number of i t e r a t i o n s  had been employed, would 

be  p r i n t e d  out  and program te rmina t ion  would occur.  Should t h e  al lowable 

s t r o k e  i n  any of t h e  members be exceeded o r  t h e  load  normal t o  t h e  footpad be  
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t e n s i l e  f o r  any l o a d i n g  s t e p ,  t h e  c u r r e n t  s o l u t i o n  and an  a p p r o p r i a t e  e r r o r  

message would b e  p r i n t e d ,  and program t e r m i n a t i o n  would occur .  The program 

w i l l  c o n t i n u e  through a l l  l o a d i n g  s t e p s  u n l e s s  one  of t h e  above e r r o r s  o c c u r s  

c a u s i n g  t e r m i n a t i o n .  I f  a t  any l o a d i n g  s t e p  t h e  energy c u t o f f  i n  t h e  a p p r o p r i -  

a te  s u r f a c e  c o o r d i n a t e  d i r e c t i o n  is  exceeded, a message w i l l  b e  p r i n t e d  t o  

i n d i c a t e  t h i s  f a c t  and t h e  program w i l l  c o n t i n u e .  

4 . 3 . 2 . 3  Example of Program O p e r a t i o n  - To i l l u s t r a t e  i n t e r p r e t a t i o n  of 

i n p u t  i n s t r u c t i o n s  and o u t p u t  d a t a ,  a  t y p i c a l  example of t h e  Landing Gear 

Opt ion i s  i n c l u d e d .  An example problem where t h e  i n v e r t e d  t r i p o d  g e a r  of t h e  

Task Order Three  l a n d e r  was ana lyzed  i s  d i s c u s s e d  i n  S e c t i o n  6 .1 .1 .  Inpu t  d a t a  

and o u t p u t  l i s t i n g  f o r  t h i s  example a r e  p r e s e n t e d  i n  Appendix C. 



5. LANDING LOADS AND MOTIONS PROGRAM 

The Landing Loads and Motions Program provides  t h e  c a p a b i l i t y  of p red ic t -  

i n g  the  landing dynamics of a legged lander .  Program output  p re sen t s  t h e  t i m e  

h i s t o r i e s  of t h e  landing  gear  loads and t h e  s p a t i a l  p o s i t i o n s ,  v e l o c i t i e s ,  and 

a c c e l e r a t i o n s  of t h e  lander .  Options a r e  a v a i l a b l e  f o r  determining t h e  dis-  

t r i b u t i o n  of landing loads  throughout t he  lander  s t r u c t u r e  and lander  s t a b i l i t y  

information.  

The lander  is  comprised of up t o  f i v e  landing gears  connecting t h e  c e n t e r  

body t o  t h e  footpads which make con tac t  wi th  t h e  landing  su r f ace .  The c e n t e r  

body may be  t r e a t e d  a s  e i t h e r  a r i g i d  s t r u c t u r e  w i th  up t o  s i x  r i g i d  body 

degrees of freedom, o r  t h e  e f f e c t s  of a f l e x i b l e  s t r u c t u r e  may be  superimposed 

on t h e s e  r i g i d  body motions. Inve r t ed  t r i p o d  o r  c a n t i l e v e r  landing gears  hav- 

i n g  e l a s t i c - p l a s t i c  load-stroke c h a r a c t e r i s t i c s ,  v e l o c i t y  dependent energy 

absorp t ion  c h a r a c t e r i s t i c s ,  o r  a combination of t h e  two may be  considered.  

Two s o i l  mechanics rou t ines  a r e  a v a i l a b l e  and, on an o p t i o n a l  b a s i s ,  footpad 

a t t e n u a t i o n  m a t e r i a l  may be  loca t ed  on the  bottom of each footpad.  

Ana ly t i ca l  methods developed f o r  t h i s  program a r e  presented  i n  Sec- 

t i o n  5.1. Organizat ion of t h e  computer program i s  presented  i n  Sec t ion  5.2 

and ope ra t ing  i n s t r u c t i o n s  a r e  d iscussed  i n  Sec t ion  5.3.  A program l i s t i n g  i s  

given i n  Appendix I. 

5 . 1  Ana ly t i ca l  Methods - Ana ly t i ca l  methods a s soc i a t ed  wi th  t h e  Landing 

Loads and Motions Program a r e  presented  below. Included a r e  d iscuss ions  of 

coord ina te  systems, equat ions of motion, s t r u c t u r a l  i d e a l i z a t i o n ,  s o i l  

mechanics rou t ines ,  and footpad a t t e n u a t i o n  system. 

5 .1 .1  Coordinate Systems - Four types of coord ina te  systems, a s  shown i n  

Figure 5-1, a r e  used t o  l o c a t e  t h e  l ande r  a s  a func t ion  of t ime. These con- 

sist  of two a x i s  systems f i x e d  r e l a t i v e  t o  t h e  p l a n e t ,  and two systems moving 

wi th  t h e  lander .  These coord ina te  systems a r e  a l l  right-handed, and each has  

t h r e e  or thogonal  axes.  

The coord ina te  systems a r e  def ined  a s  fo l lows:  

Surface  Coordinate System (Xs, Ys,  Zs) - A coordina te  system f ixed  - - - 
i n  t h e  p l a n e t  and o r i e n t e d  wi th  r e spec t  t o  t h e  s l o p e  of t h e  l o c a l  
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su r f ace .  The X a x i s  of t h i s  system is  perpendicular  t o  t h e  ground 

sur face .  The Z a x i s  corresponds t o  t h e  p r i n c i p l e  d i r e c t i o n  along t h e  

ground s l o p e  and t h e  Y a x i s  is  90 degrees across  t h e  s lope .  

Gravi ty Coordinate System (X , Y , Z ) - A coordinate  system f i x e d  

r e l a t i v e  t o  t h e  p l a n e t ' s  l o c a l  a c c e l e r a t i o n  of g r a v i t y  vec to r .  The 

X a x i s  is  d i r e c t e d  oppos i te  t o  t he  l o c a l  g r a v i t a t i o n a l  vec to r  and the  
8 

Y a x i s  i s  p a r a l l e l  t o  t h e  Surface  Coordinate System Y a x i s .  The 
g S 

Z a x i s  i s  perpendicular  t o  t h e  g r a v i t a t i o n a l  v e c t o r  and i n  t h e  same 
8 

genera l  d i r e c t i o n  as t h e  Surface  Coordinate System Z a x i s .  s 
Lander Coordinate System (X. Y .  Z) - A coordina te  system moving wi th  

t h e  lander  and f i x e d  a t  t h e  c e n t e r  of g rav i ty  of t h e  c e n t e r  body. 

The l a n d e r ' s  angular  p o s i t i o n s  a r e  def ined  i n  terms of t he  t h r e e  

Euler  angles  9 ,  0, and 4 .  Def in i t i on  of t h e  l a n d e r ' s  angular  posi- 

t i o n  r e l a t i v e  t o  t h e  landing  s u r f a c e  i s  based on a s p e c i f i c  o r d e r  

f o r  t h e s e  Eu le r  angle  r o t a t i o n s .  The o rde r  requi red  f o r  t h e s e  rota-  

t i o n s  c o n s i s t s  of an i n i t i a l  r o t a t i o n ,  $, about t h e  Z a x i s ,  followed 
S 

by a r o t a t i o n ,  8, about t h e  d isp laced  Y a x i s  and f i n a l l y  by a ro ta -  

t i o n ,  $, about t h e  d i r e c t i o n  of t h e  d isp laced  X a x i s  r e s u l t i n g  from 

t h e  previous  two r o t a t i o n s .  Note, t h a t  when a l l  t h r e e  of t h e s e  

Euler  angles  a r e  zero,  t h e  Lander Coordinate System i s  a l igned  wi th  

t h e  Surface  Coordinate System. 

Footpad Coordinate System (X,, Y , ,  Z,) - A coordina te  system moving 

wi th  t h e  i t h  footpad and f i x e d  a t  t h e  footpad-main s t r u t  p i v o t  po in t .  

The Yi -Z p lane  remains p a r a l l e l  t o  t h e  bottom of t h e  footpad a s  
i 

t h e  footpad impacts t h e  landing  su r f ace .  Footpad 1 may be loca t ed  

anywhere r e l a t i v e  t o  t he  Lander Coordinate System. The remaining 

footpads a r e  numbered consecut ive ly  i n  a p o s i t i v e  angular  d i r e c t i o n  

about t h e  X a x i s .  

The Lander Coordinate System i s  r e l a t e d  t o  t h e  Surface Coordinate System 

by t h e  fol lowing expression:  

S 
D C l l  DC12 DC13 X 

S 
Y 

S 
DC31 DC32 DC33 



The elements i n  t h e  l a n d e r ' s  d i r e c t i o n  cos ine  mat r ix ,  [DCl a r e  given a s  

fol lows : 

D C l l  = Cos F3 Cos $ 

DC12 = Sin  @ S i n  8 Cos $ -Cos @ Sin  $ 

DC13 = Cos @ S i n  8 Cos $ +Sin @ S i n  $ 

DC21 = Cos 8 S i n  $ 

DC22 = Sin  @ S i n  8 S i n  $ +Cos @ Cos $ 

DC23 = Cos @ S i n  8 S i n  J, -Sin @ Cos $ 

DC31 = -Sin 8 

DC32 = S i n  @ Cos 6 

DC33 = Cos 4 Cos 8 

I n  add i t i on  t o  t h e  above t ransformat ions ,  r e l a t i o n s h i p s  between t h e  t ime 

d e r i v a t i v e s  of t h e  Euler  angles  and t h e  angular  v e l o c i t y  components about t h e  

l ande r  coord ina te  axes a r e  requi red .  I n t e g r a t i o n  of t hese  de f ine  t h e  l a n d e r ' s  

angular  p o s i t i o n  a s  a  func t ion  of time. The requi red  r e l a t i o n s h i p s  a r e  

expressed a s  

@ = R x  + Tan 8(R S in  @ + nzCos @) 
Y 

B = h cos @ - h Sin  @ 
Y T. 6 = (R,cos @ + n s i n  @)/COS e 

Y 

where R and R a r e  t h e  components of t h e  l a n d e r ' s  angular  v e l o c i t y  i n  
xY y' z 

t h e  Lander Coordinate System. 

5.1.2 Equations of Motion - The l a n d e r ' s  equat ions of motion a r e  d i s -  

cussed i n  two p a r t s .  The f i r s t  p re sen t s  t h e  r i g i d  body equat ions f o r  t h e  foot-  

pads considered t o  be i n  contac t  wi th  t h e  landing su r f ace .  The second p a r t  

p re sen t s  t h e  development of t h e  c e n t e r  body equat ions  of motioo, including the  

e f f e c t s  of a  f l e x i b l e  cen te r  body s t r u c t u r e .  

5 .1 .2 .1  Contact ing Footpads - A footpad i s  termed "contact ing" f o r  two 

condi t ions .  In  the  f i r s t ,  a  footpad i s  considered t o  be c m t a c t i - g  only a f t e r  

che footpad a c t u a l l y  makes contac t  with the  landing su r f ace .  Footpads not  

considered i n  con tac t  wi th  the  landing s u r f a c e  a r e  included i n  the cen te r  

body equat ions  as  d iscussed  i n  Sec t ion  5.1.2.2. 



Secondly, on an o p t i o n a l  b a s i s ,  a l l  of t h e  l a n d e r ' s  footpads may be 

t r e a t e d  as contac t ing  footpads even i f  some of t he  footpads have n o t  y e t  i m -  

pacted t h e  landing su r f ace .  I n  t h i s  case,  i n e r t i a  loading of the landing 

gear  s t r u t s ,  due t o  t he  footpad mass, is  s imulated.  

Each footpad considered t o  be  i n  contac t  w i t h  t h e  landing  s u r f a c e  has  

t h r e e  r i g i d  body t r a n s l a t i o n  degrees of freedom. Two of t hese  a r e  i n  t h e  

p lane  of t h e  landing  s u r f a c e  and t h e  t h i r d  is  normal t o  t h e  landing  su r f ace .  

Equations of motion f o r  each con tac t ing  footpad a r e  w r i t t e n  i n  the form 

Terms i n  Equation (5-4) a r e  def ined  as  fol lows:  

. . 

m. = mass of i t h  footpad.  .. .. ..1 

xi, yi, zi = t r a n s l a t i o n a l  a c c e l e r a t i o n s  of i t h  footpad i n  Surface  

x 
i 

Coordinate System. 

Fx , F , F = sum of fo rces  a c t i n g  on i t h  footpad i n  Surface  Coordinate 
Y i 

z 
i i 

System. 

-m g Cos < 
i 

g = l o c a l  a c c e l e r a t i o n  of g r a v i t y .  

5 = l o c a l  s u r f a c e  s lope .  

+ ( 0  

Two s e t s  of fo rces  a r e  a c t i n g  on each con tac t ing  footpad. These a r e  t h e  

loads due t o  t h e  s t r o k i n g  of t h e  landing gear  s t r u t s  and the  loads r e s u l t i n g  

from t h e  i n t e r a c t i o n  between t h e  s o i l  and t h e  footpad a t t e n u a t i o n  system. 

These s o i l  loads  a r e  zero  when t h e  footpad i s  c l e a r  of t h e  landing su r f ace .  

5.1.2.2 Center Body - The e f f e c t s  of a f l e x i b l e  cen te r  body s t r u c t u r e  on 

t h e  c e n t e r  body's motion have been included i n  t h e  ana lys i s .  This i s  an 

o p t i o n a l  f e a t u r e  of t h e  Landing Loads and Motions Program and may b e  suppressed 

through inpu t  da t a .  I f  suppressed,  t he  c e n t e r  body i s  t r e a t e d  a s  a r i g i d  body 

wi th  up t o  s i x  degrees of freedom. 

To completely desc r ibe  t h e  dynamic motion of t h e  e l a s t i c  c e n t e r  body, a 

continuous e l a s t i c  body must be  considered.  However, f o r  t h e  a n a l y s i s  of com- 

p l e x  s t r u c t u r e s ,  t h e  s t r u c t u r e  is o f t e n  i d e a l i z e d  a s  a network of f i n i t e  e l e -  

ments. Motions of t h e  i d e a l i z e d  s t r u c t u r e  a r e  determined a t  a f i n i t e  number 
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of a r b i t r a r i l y  s e l e c t e d  c o n t r o l  p o i n t s  d i s t r i b u t e d  throughout t h e  body. The 

motion of each c o n t r o l  po in t  on t h i s  body i s  expressed i n  terms of t h r e e  t r a n s -  

l a t i o n a l  and t h r e e  r o t a t i o n a l  displacements.  This  i d e a l i z a t i o n  r e s u l t s  i n  a 

t o t a l  number of equat ions  of motion equal  t o  s i x  t imes t h e  number of c o n t r o l  

p o i n t s  s e l e c t e d .  

I n  o rde r  t o  reduce the  number of equat ions  t o  be so lved  i n  t he  Landing 

Loads and Motions Program, t h e  normal mode method, References (9)  and ( l o ) ,  was 

employed. I n  t h i s  method t h e  motion of t he  c e n t e r  body i s  approximated by t h e  

combination of a l i m i t e d  number of v ib ra to ry  modes p lus  t h e  s i x  r i g i d  body 

modes. By s e l e c t i n g  t h e  v i b r a t o r y  modes which w i l l  be  e x c i t e d  f o r  a given 

landing condi t ion ,  t h e  behavior  of t he  f l e x i b l e  cen te r  body s t r u c t u r e  i s  

obtained.  

For t h e  a n a l y s i s  of t h e  legged lander ,  t h e  cen te r  body's f  ree- f ree  

(unres t ra ined)  modes were chosen a s  the  v i b r a t o r y  modes. The r i g i d  body modes 

were assumed t o  be t h e  t h r e e  t r a n s l a t i o n a l  displacements def in ing  t h e  p o s i t i o n  

of t he  c e n t e r  body c e n t e r  of g r a v i t y  i n  t h e  Surface  Coordinate System and 

t h r e e  angular  displacements def ined  i n  t h e  Lander Coordinate System. 

I n  developing t h e  cen te r  body equat ions of motion, expressions de f in ing  

t h e  motion of a po in t  on t h e  cen te r  body were obtained. These were used t o  

eva lua t e  t h e  k i n e t i c  and p o t e n t i a l  energy of t h e  cen te r  body. The f i n a l  form 

of t h e  cen te r  body's  equat ions  of motion were obtained by applying t h e  

Lagrangian equat ions  t o  t h e s e  energy express ions .  

The t o t a l  displacement of a po in t  on t h e  c e n t e r  body, p o i n t  j i n  Fig- 

u re  5-2, i s  def ined  a s  - - - 
r = R +  p j  (5-5) - 

r = p o s i t i o n  vec to r  of p o i n t  j. r e l a t i v e  t o  t h e  Surface  Coordinate System. 
j 

- 
R = p o s i t i o n  v e c t o r  of c e n t e r  body c e n t e r  of g rav i ty  r e l a t i v e  t o  Surface  

Coordinate System. 
- 
j 

= p o s i t i o n  vec to r  of p o i n t  j r e l a t i v e  t o  t h e  Lander Coordinate System. 

Because t h e  c e n t e r  body i s  experiencing angular  v e l o c i t i e s  and acce lera-  

t i o n s ,  t h e  v e l o c i t y  and a c c e l e r a t i o n  of p o i n t  j a r e  expressed a s  



r = R +  p .  + (D x p . )  + Q x (R x p . )  + 2(R x p . )  
j J J J J 

I n  t h e  above,.  t h e  fol lowing d e f i n i t i o n s  apply 

- 
Q = angular  v e l o c i t y  of c e n t e r  body i n  t h e  Lander Coordinate System. .. - 
Q = angular  a c c e l e r a t i o n  of c e n t e r  body i n  t h e  Lander Coordinate System. - 

r = v e l o c i t y  v e c t o r  of po in t  j r e l a t i v e  t o  t h e  Surface Coordinate System. .. j - 
r = a c c e l e r a t i o n  v e c t o r  of p o i n t  j r e l a t i v e  t o  t h e  Surface  Coordinate 
j 

System. - 
R = v e l o c i t y  v e c t o r  of c e n t e r  body c e n t e r  of g r a v i t y  r e l a t i v e  t o  t h e  

.. Surface  Coordinate System. 

= a c c e l e r a t i o n  v e c t o r  of c e n t e r  body c e n t e r  of g rav i ty  r e l a t i v e  t o  t h e  

Surface  Coordinate System. - 
P .  = v e l o c i t y  v e c t o r  of po in t  j r e l a t i v e  t o  t h e  Lander Coordinate System. 
..J - 
j 

= a c c e l e r a t i o n  v e c t o r  of p o i n t  j r e l a t i v e  t o  t h e  Lander Coordinate System. 

It i s  assumed t h a t  t h e  p o s i t i o n  v e c t o r  l o c a t i n g  t h e  po in t  on t h e  c e n t e r  

body can b e  sepa ra t ed  i n t o  a term which v a r i e s  w i t h  t ime and a term which 

remains cons tan t  w i th  t ime. Thus, t h e  loca t ion  of po in t  j r e l a t i v e  t o  t h e  

Lander Coordinate System i s  

where 

s = coordina tes  of po in t  j i n  Lander Coordinate System ( s  = Xj  , Yj , and 
j j 

Zj) 
- - 

oi  
= undeformed p o s i t i o n  of p o i n t  j i n  Lander Coordinate System. 

- - 
" e j  

= deformed p o s i t i o n  of po in t  j i n  Lander Coordinate System measured 

from t h e  undeformed p o s i t i o n  of t h a t  p o i n t .  

These p o s i t i o n  vec to r s  a r e  shown i n  F igure  5-3. 



FIGURE 5-2 POSITION OF POINT ON CENTER BODY IN SURFACE COORDINATE SYSTEM 

118 



z 

UNDEFORMED POSITION OF iiij 

DEFORMED POSITION OF ij 

FIGURE 5-3 POSITION OF POINT ON CENTER BODY IN LANDER 
COORDINATE SYSTEM 

Employing t h e  assumption t h a t  t h e  e l a s t i c  deformation i s  represented  by 

t h e  supe rpos i t i on  of a l i m i t e d  number of v i b r a t o r y  modes, t h e  deformed posi-  

t i o n  of po in t  j i s  

where 

N = number of modes included.  - mnj  = magnitude of n t h  e l a s t i c  mode shape a t  po in t  j .  These are a 

func t ion  of t h e  coord ina tes  s . 
j 

'n 
= genera l ized  coord ina te  a s soc i a t ed  wi th  n t h  mode. These a r e  a 

func t ion  of t i m e .  

Expressing the  deformed p o s i t i o n  of po in t  j a s  components i n  t h e  t h r e e  

axes of t h e  Lander Coordinate System r e s u l t s  i n  t h e  fol lowing 

- - 
I n  t h e  above, i, j, and a r e  t h e  u n i t  normal vec tors  i n  t h e  Lander Coordinate 
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System. Combining Equations (5-8) and (5-9) r e s u l t s  i n  t h e  fol lowing expres- 

s i o n  f o r  t he  deformed p o s i t i o n  of po in t  j. 

The terms, $j , $j , and @' a r e  t h e  components of t h e  n t h  mode shape a t  
X-ll Yn zn 

po in t  j i n  t h e  t h r e e  lander  axes d i r e c t i o n s .  

The t o t a l  v e l o c i t y  of po in t  j i s  obtained by combining Equations (5-6) 

and (5-7) . 

The t o t a l  k i n e t i c  energy of t h e  c e n t e r  body, T, i s  obtained by summing 

t h e  k i n e t i c  energy of a l l  c o n t r o l  p o i n t s  on t h e  c e n t e r  body each having a  mass 

where J equals  t h e  t o t a l  number of mass p o i n t s  on t h e  cen te r  body. Combining 

Equation (5-12) wi th  t h e  d e f i n i t i o n s  given i n  Equations (5-l0)and ( 5 - l l ) ,  

r e s u l t s  i n  t h e  fol lowing k i n e t i c  energy express ion  



Tenas i n  Equation (5-13) a r e  def ined  as fol lows,  where t h e  q k l s  and q rk l s  a r e  

t h e  genera l ized  coord ina tes  of t h e  c e n t e r  body's r i g i d  body modes. 

M = c e n t e r  body mass. 

I I = c e n t e r  body moments of i n e r t i a  
I X X '  yy' zz 

I I = c e n t e r  body products  of i n e r t i a .  
xy' I X Z '  yz 

.. 
qk, qk, qk = r i g i d  body t r a n s l a t i o n a l  displacement,  v e l o c i t y ,  and 

a c c e l e r a t i o n  of c e n t e r  body c e n t e r  of g r a v i t y  i n  t h e  

Surface  Coordinate System ( f o r  k = Xs, Ys,  o r  Z s axes ) .  
.. 

qrk, qrk, qrk = r i g i d  body angular  displacement,  v e l o c i t y ,  and acce lera-  

t i o n  r e l a t i v e  t o  Lander Coordinate System ( f o r  

k = X, Y,  o r  Z ) .  

m = genera l ized  mass of n t h  e l a s t i c  mode, 
n 

3 ,  - - 
= X m .  + 

J n j  $nj * 

I n  add i t i on ,  t h e  fol lowing c e n t e r  body genera l ized  i n e r t i a  p r o p e r t i e s  a r e  

expressed a s  



The p o t e n t i a l  energy of t h e  c e n t e r  body c o n s i s t s  of t h e  p o t e n t i a l  due t o  

t h e  p l a n e t ' s  g r a v i t y  f i e l d  and the  s t r a i n  energy due t o  t h e  c e n t e r  body's 

e l a s t i c  deformation. 

The p o t e n t i a l  due t o  t h e  g rav i ty  f i e l d  i s  

U = gM(Cos c, q x -  S in  i qZ) 
g 

and t h e  cen te r  body's s t r a i n  energy i s  

where o is  t h e  n a t u r a l  frequency a t  t h e  n t h  f r ee - f r ee  mode. Combining these  
n 

express ions ,  t he  t o t a l  p o t e n t i a l  energy of t h e  cen te r  body i s  

1 2 2 
U = gM(Cos 5 qx - Sin  5 qZ) + y C m o 

qn n n n  

The f i n a l  form of t h e  c e n t e r  body's equat ions  of motion were obtained by 

applying t h e  Lagrangian equat ions t o  t h e  energy terms of Equations (5-13) and. 

(5-16) , The Lagrangian equat ions a r e  expressed a s  

where 

qc* 4c = c t h  genera l ized  coord ina te  and genera l ized  v e l o c i t y  ( e i t h e r  

r i g i d  body o r  e l a s t i c  modes) . 
T = c e n t e r  body's k i n e t i c  energy. 

U = c e n t e r  body's p o t e n t i a l  energy. 

Qc = genera l ized  fo rce  o r  moment i n  c t h  mode. 

The genera l ized  fo rces  of t h e  r i g i d  body t r a n s l a t i o n a l  modes a r e  t h e  cog- 

b i n a t i o n  of t h e  i n e r t i a  e f f e c t s  of noncontact ing footpads and the  sum of t h e  

landing  gear  s t r u t  fo rces  i n  t h e  r e s p e c t i v e  a x i s  d i r e c t i o n s .  The genera l ized  

mments of t he  r i g i d  body r o t a t i o n a l  modes a r e  t h e  sum of t h e  wments  a t  t h e  

c e n t e r  body c e n t e r  of  g rav i ty ,  about the  c e n t e r  body's axes.  These c o n s i s t  of 



the  i n e r t i a  e f f e c t s  of  t he  noncontact ing footpads and moments due t o  t h e  land- 

i n g  gear  s t r u t  loads.  For t he  e l a s t i c  modes, t h e  genera l ized  fo rce  i n  t h e  

n t h  mode i s  

I n  t h e  above, p r e f e r s  t o  t h e  p t h  p o i n t  on t h e  cen te r  body where a fo rce  is  

appl ied .  There a r e  a t o t a l  of P fo rces ,  each of which has been reso lved  i n t o  

components i n  t h e  Lander Coordinate System axes.  

To eva lua t e  t h e  i n e r t i a  e f f e c t s  of a noncontact ing footpad,  cons ider  t h e  

p o s i t i o n  vec to r s  shown i n  F igure  5-4. The p o s i t i o n  of a footpad i n  ques t ion  

i s  given a s  

where 
- 
r = p o s i t i o n  vec to r  of i t h  noncontact ing footpad r e l a t i v e  t o  Surface 
'i 

Coordinate System. - 
R = p o s i t i o n  vec to r  of c e n t e r  body c e n t e r  of g rav i ty  r e l a t i v e  t o  Surface  

Coordinate System. - 
f .  = p o s i t i o n  vec to r  of i t h  noncontact ing footpad r e l a t i v e  t o  Lander 
1 

Coordinate System. 

With t h e  assumption t h a t  t h e  noncontact ing footpad i s  on an ex tens ion  of t h e  
.. 

c e n t e r  body s t r u c t u r e ,  i t s  a c c e l e r a t i o n ,  rf , i s  expressed a s  
i 

.. .. - 
I n  t h e  above, t h e  terms ?i, R, and Si a r e  def ined  i n  Figure 5-2 and Equation (5-6). 

Thus, t h e  t o t a l  i n e r t i a  loads of a l l  t h e  noncontact ing footpads a t  t h e  c e n t e r  

body c e n t e r  of g r a v i t y  a r e  

and 

where I i s  t h e  t o t a l  number of noncontact ing footpads,  each wi th  a mass m . 
i 





Equations (5-21) may be w r i t t e n  as 

and 

where 

(5-22) (Continued) 



a r e  t h e  components of t h e  i t h  footpad l o c a t i o n ,  from the  cen te r  body c e n t e r  of 

g r a v i t y ,  i n  t h e  Surface  Coordinate Sys tem and 

f x  , f  , f = components of p o s i t i o n  vec to r  l o c a t i n g  i t h  noncontact ing 
i Y i i footpad i n  t h e  Lander Coordinate System 

[DC] = d i r e c t i o n  cos ine  mat r ix ,  Equation (5- I ) ,  r e l a t i n g  Lander 

Coordinate System t o  Surface  Coordinate System. 

Fxf, Fyf,  Fzf = i n e r t i a  f o r c e s  due t o  noncontact ing footpads ,  r e l a t i v e  

t o  Surface  Coordinate System. 

Txf '  Tyf '  Tzf = i n e r t i a  moments due t o  noncontact ing footpad,  r e l a t i v e  

t o  Lander Coordinate System. 

Using t h e  c e n t e r  body energy express ions ,  Equations (5-13) and (5-16), 

and t h e  noncontact ing footpad i n e r t i a  loads ,  Equation (5-22), i n  conjunct ion 

wi th  t h e  Lagrangian equat ion l eads  t o  t h e  cen te r  body equat ions of motion 

given i n  Equation (5-23) . 
5.1.3 Landing Gear S t r u t  I d e a l i z a t i o n  - The two landing gear  configu- 

r a t i o n  opt ions  a v a i l a b l e  i n  t he  Landing Loads and Motions Program a r e  app l i -  

cable  t o  t he  i n v e r t e d  t r i p o d  gear  and t h e  c a n t i l e v e r  gear .  Each landing  gear  

c o n s i s t s  of a main s t r u t  and two drag s t r u t s .  I t  i s  assumed t h a t  t hese  a r e  

pinned s t r u t s  and thus moments o r  t o r s i o n  a r e  not  introduced a t  t h e i r  ends. 

Both the  main s t r u t  and the  drag s t r u t s  a r e  capable of ca r ry ing  t ens ion  and 

compression loads  and may possess  e i t h e r  v e l o c i t y  dependent energy absorp t ion  

c h a r a c t e r i s  t i c s ,  s t r o k e  dependent c h a r a c t e r i s  t i c s ,  o r  a combination of t h e  

two. The energy absorp t ion  c h a r a c t e r i s t i c s  of a l l  main s t r u t s  i n  a given 

lander  a r e  t h e  same. S imi l a r ly ,  c h a r a c t e r i s t i c s  of a l l  the  drag s t r u t s  a r e  

t h e  same, however they may be d i f f e r e n t  than those of the main s t r u t s .  For 

a c a n t i l e v e r  gear ,  t h e  e f f e c t  of bending i n  t he  main s t r u t  i s  included by 

a l t e r i n g  t h e  energy absorp t ion  p r o p e r t i e s  of t he  drag s t r u t s .  

Re la t ive  motion between each footpad and t h e  cen te r  body is used t o  

determine t h e  s t r o k e  and v e l o c i t y  of s t r o k e  i n  each s t r u t .  This in format ion  

i s  used t o  determine t h e  load i n  a landing gear  s t r u t  employing t h e  sub rou t ine  

STRUT. 

5 .1 .3 .1  S t roke  Dependent At tenuat ion  - The primary type of energy 

absorp t ion  mechanism f o r  t h e  landing  gear  system c o n s i s t s  of crushable 



-K -A- -2- 

E 2 . P  
.p ._o '--P 
2 . 5  5  * O .= '--0 - .- 
E C C  

-W.- -p,.- -W.- - 



c a r t r i d g e s  housed i n s i d e  t h e  l a n d i n g  g e a r  s t r u t s .  Each c a r t r i d g e  c rushes  a t  

a . c o n s t a n t  l o a d  when t h e  l a n d i n g  g e a r  s t r u t  is  s t r o k e d .  S e v e r a l  c a r t r i d g e s ,  

p o s s e s s i n g  d i f f e r e n t  c r u s h i n g  s t reng ths ,may  b e  s t a c k e d  i n  series t o  form a 

d e s i r e d  load-s t r o k e  c h a r a c t e r i s  t i c .  I n  t h e  p r e s e n t  s t u d y ,  a l l  s t r u t s  may 

c o n t a i n  a maximum of f i v e  c a r t r i d g e s  t o  a t t e n u a t e  compression l o a d s  and f i v e  

t o  a t t e n u a t e  t e n s i o n  l o a d s .  

The i d e a l i z a t i o n  of t h e  c r u s h a b l e  l a n d i n g  g e a r  s t r u t s  i n  t h e  Landing 

Loads and Motions Program i s  t h e  same as  i s  employed i n  the Landing Gear 

Option o f  t h e  S t r u c t u r a l  Ana lys i s  Program. A d i s c u s s i o n  e x p l a i n i n g  t h e  

p rocedure  f o r  de te rmin ing  s t r u t  l o a d s  d u r i n g  s t r u t  s t r o k i n g  i s  p r e s e n t e d  i n  

S e c t i o n  4 .1 .2 .2 .  I n  a d d i t i o n ,  a t y p i c a l  load-s t roke  r e l a t i o n s h i p  f o r  a  

s t r u t  i s  shown i n  F igure  4-18. 

5.1.3.2 Main S t r u t  Bending - For a  c a n t i l e v e r  g e a r ,  t h e  d r a g  s t r u t  l o a d s  

a c t i n g  normal  t o  t h e  main s t r u t  i n  combination w i t h  t h e  la tera l  l o a d s  on t h e  

foo tpad  cause  l a t e r a l  d e f l e c t i o n s  of t h e  main s t r u t .  The assumption i s  made 

t h a t  t h e  e f f e c t  of t h i s  main s t r u t  d e f l e c t i o n  can be  approximated through a  

m o d i f i c a t i o n  o f  t h e  d r a g  s t r u t  load-s t roke  r e l a t i o n s h i p .  

The main s t r u t  is  i d e a l i z e d  as a s imply suppor ted  beam whose e l a s t i c  

a x i s  i s  d e f i n e d  by s i m p l e  beam t h e o r y .  N e g l e c t i n g  t h e  e f f e c t  of a x i a l  l o a d s  

on t h e  la tera l  d e f l e c t i o n  of t h e  main s t r u t ,  t h e  d e f l e c t e d  main s t r u t  i s  shown 

i n  F igure  5-5. The f o r c e  Fn i s  t h e  component of t h e  d rag  s t r u t  f o r c e  normal 

t o  t h e  main s t r u t  a x i s .  Th i s  f o r c e  i s  d e f i n e d  as 

where F  i s  t h e  f o r c e  i n  t h e  d r a g  s t r u t ,  n is  a u n i t  v e c t o r  normal  t o  t h e  

main s t r u t ,  and s i s  a  u n i t  v e c t o r  i n  t h e  d i r e c t i o n  of t h e  d r a g  s t r u t .  The 

f l e x u r a l  s t i f f n e s s  o f  t h e  main s t r u t  on e i t h e r  s i d e  of t h e  d r a g  s t r u t  a t t a c h  

p o i n t  i s  d e f i n e d  a s  E I  and E I  
1 2  ' 

The l a t e r a l  d e f l e c t i o n  of t h e  main s t r u t  due t o  t h e  l o a d  F  is e x p r e s s e d  
n  

as  

L 

The magnitude of t h i s  d e f l e c t i o n ,  A , i n  t h e  d i r e c t i o n  of t h e  d r a g  s t r u t  
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a x i s  is  

A s p r i n g  cons tan t  r e f l e c t i n g  t h e  bending d e f l e c t i o n  of t h e  main s t r u t  

is  def ined  as 

This express ion  i s  eva lua ted  wi th  t h e  a i d  of Equations ( 5 - 2 4 ) ,  ( 5 -25 )  and 

(5 -26)  and r e s u l t s  i n  

This l i n e a r  s p r i n g  i s  assumed t o  be i n  s e r i e s  with t h e  s p r i n g  def in ing  

each e l a s t i c  po r t ion  of t h e  load-stroke diagram of t h e  drag s t r u t .  A modified 

s p r i n g  cons tan t  f o r  t hese  e l a s t i c  po r t ions  of t he  load-stroke curve is  cal- 

cu l a t ed  t o  r e f l e c t  t h e  main s t r u t  bending. This modified s p r i n g  cons tan t  is  

used to  de f ine  a  modified load-stroke r e l a t i o n s h i p  f o r  the drag s t r u t .  A 

t y p i c a l  drag  s t r u t  modified load-stroke curve i s  shown i n  Figure 5-6. This 

modified curve i s  then employed t o  d e f i n e  t h e  loads i n  the  drag  s t r u t .  

During s t r o k i n g  of t h e  main s t r u t ,  i t s  bending c h a r a c t e r i s t i c s  change 

due t o  the  change i n  s t r u t  l ength .  These changes i n  bending c h a r a c t e r i s t i c s  

a r e  incorpora ted  by con t inua l ly  modifying t h e  s p r i n g  cons tan t  of the  drag 

s t r u t  load-st  roke curve. A s  a  r e s u l t  t he  drag s t r u t  load-stroke r e l a t i o n s h i p  

i s  con t inua l ly  updated t o  r e f l e c t  t hese  changes i n  main s t r u t  bending 

c h a r a c t e r i s  t i c s .  

5.1.3.3 Veloc i ty  Dependent Attenuat ion - Provis ions  a r e  a v a i l a b l e  f o r  

the  i n c l u s i o n  of a  cons tan t  f r i c t i o n  fo rce  and a  v e l o c i t y  dependent damping 

fo rce  i n  each s t r u t .  Both of t h e s e  a r e  appl ied  i n  a  d i r e c t i o n  oppos i te  t o  t he  

v e l o c i t y  of the  s t r o k i n g  motion i n  t h e  s t r u t .  The combination of t h e s e  fo rce  

terms i s  expressed as 



FOLLOWING RELATIONSHIPS HOLD: 

FIGURE 5-5 DEFLECTION OF CANTILEVER GEAR MAIN STRUT 



ORIGINAL LOAD-STROKE CURVE 

A PORTION OF THE COMPRESSIVE LOAD-STROKE 

CDC*(2) = CDC (2) + - 
CDC* (1) = CDC (1) +- 

COMPRESSIVE STROKE 

FIGURE 5-6 MODIFIED DRAG STRUT LOAD-STROKE CURVE 



where 

F  = t o t a l  v e l o c i t y  dependent fo rce  along a x i s  of s t r u t .  
v  

= s t r o k i n g  v e l o c i t y  of s t r u t .  

F  = magnitude of constant  f r i c t i o n  fo rce  ( input  quan t i t y ) .  r 
Cy = c o e f f i c i e n t  of v e l o c i t y  p ropor t iona l  fo rce  ( input  quan t i t y ) .  

y  = power of v e l o c i t y  i n  v e l o c i t y  p ropor t iona l  fo rce  ( input  quan t i t y ) .  

This f o r c e  i s  superimposed on t h e  crushing fo rce  o r  may be  inc luded  by i t s e l f .  

5 .1 .4 S o i l  Mechanics - Two methods of r ep re sen t ing  t h e  footpad-soi l  

i n t e r a c t i o n  a r e  incorpora ted  i n  t h e  Landing Loads and Motions Program. The 

f i r s t  of t h e s e ,  r e f e r r e d  t o  as  t h e  Primary S o i l  Mechanics Method, is a  

modi f ica t ion  of the  s o i l  mechanics analyses  developed during the  Lunar Module 

(LM) s o i l  mechanics s t u d i e s .  This modi f ica t ion  i s  s i m i l a r  t o  t h a t  employed 

during t h e  Surveyor a n a l y s i s .  A n  a l t e r n a t e  s o i l  mechanics method, r e f e r r e d  

t o  a s  the  Secondary S o i l  Mechanics Method, determines t h e  s o i l  force  through 

a  s imple e l a s t i c - p l a s t i c  r e l a t i o n s h i p  between s o i l  p re s su re  and depth of 

s o i l  pene t r a t ion .  On an o p t i o n a l  b a s i s ,  a  crushable footpad a t t enua t ion  system 

loca t ed  on t h e  bottom of the  footpads may be included wi th  e i t h e r  of t h e s e  

s o i l  mechanics rou t ines .  The footpad a t t e n u a t i o n  sys  tem i s  d iscussed  i n  

Sect ion 5.1.5. Symbols employed i n  the  s o i l  mechanics rou t ines  a r e  def ined 

i n  Figure 5-7. The s o i l  forces  a r e  determined i n  t he  subrout ine  SOIL. 

The s u r f a c e  of each footpad i s  represented  by a  number of concent r ic  

con ica l  and/or  c y l i n d r i c a l  segments as shown i n  Figure 5-8. I t  i s  assumed 

t h a t  t h e  footpad is  always a l igned  with t h e  p lane  of the  landing  s u r f a c e .  

Upon e n t e r i n g  t h e  s o i l  mechanics r o u t i n e ,  t h e  footpad v e l o c i t i e s  and s o i l  

p e n e t r a t i o n  ind ica t ed  i n  Figure 5-8 a r e  ava i l ab l e .  The t h r e e  components of 

the s o i l  force  i n  t h e  Footpad Coordinate Sys tem a r e  re turned  from t h e  s o i l  

mechanics rou t ine .  

5 .1.4.1 Primary S o i l  Mechanics - The footpad-so i l  i n t e r a c t i o n  method 

developed i n  Reference (11) f o r  t h e  LM shaped footpad u t i l i z e d  p r i n c i p l e s  

which a r e  fundamental t o  t he  i n t e r a c t i o n  phenomenon occurr ing during s o i l  

pene t r a t ion .  App l i cab i l i t y  of t h i s  b a s i c  method t o  a d i f f e r e n t  footpad shape 

was demonstrated by the  good agreement obta ined  between te lemetered  Surveyor 

l una r  impact d a t a  and p red ic t ed  landing dynamics as  repor ted  i n  Reference 

(12). 



NORMAL AN D VELOCITY VaP 

FOOTPAD AREA PROJECTED ON PLANE NORMAL TO VELOCITY Yap 

SOlL DYNAMIC MECHANICAL STRENGTH COEFFICIENT 

SOlL DRAG COEFFICIENT 

DEPTH OF SOlL PENETRATION 

CHANGE IN FOOTPAD RADIUS WITH RESPECT TO SOlL PENETRATION 

SOlL FORCE PARALLEL TO FOOTPAD VELOCITY 

SOlL FORCE NORMAL TO FOOTPAD VELOCITY 

COMPONENTS O F  SOlL FORCE IN FOOTPAD COORDINATE SYSTEM 

LOCAL  ACCELERATION O F  GRAVITY 

EARTH ACCELERATION OF GRAVITY 

FOOTPAD RADIUS AT  FOOTPAD-LANDING SURFACE INTERSECTION 

MAXIMUM FOOTPAD RADIUS 

TOTAL VELOCITY O F  FOOTPAD 

COMPONENTS OF FOOTPAD VELOCITY IN FOOTPAD COORDINATE SYSTEM 

SOlL UNIT WEIGHT 

WEDGE SHAPE FACTOR FOR MOVING SOlL MASS 

ANGLE DEFINING DIRECTION OF VELOCITY Vap RELATIVE TO SURFACE NORMAL 

RATIO O F  AXIAL TO NORMAL SOlL FORCE 

BULK MASS DENSITY O F  SOlL 

* UNITS: 
L - LENGTH 
F - FORCE 
T - TIME 
A - ANGLE 

FlGURE 5-7 SYMBOLS FOR SOlL MECHANICS ROUTINE 



x1 1 FOOTPAD COORDINATE SYSTEM 

FOOTPAD PIVOT POINT7 I 

d = DEPTH OF SOlL PENETRATION 
V , V , V, = VELOCITIES O F  FOOTPAD IN FOOTPAD COORDINATE SYSTEM x Y 
Fx, Fyl Fz = COMPONENTS OF SOlL FORCE IN FOOTPAD COORDINATE SYSTEM 

FIGURE 5-8 FOOTPAD REPRESENTATION 



I n  Reference (11) a  theory of s o i l  e l a s t o - p l a s t i c  deformation is  used 

t o  def ine  t h e  fo rce  between the  footpad and t h e  deformed s o i l  s u r f a c e .  The 

s o i l  mass, d i sp l aced  by the  moving footpad,  i s  considered as a  degree of 

freedom independent of the  l ande r  s y s  tern. A s p r i n g ,  r ep re sen t ing  t h e  s o i l  

e l a s t i c i t y ,  is  placed between t h e  footpad and t h e  s o i l  mass, Addi t iona l  

e x t e r n a l  fo rces  appl ied  t o  t h e  s o i l  mass r ep re sen t  a  momentum t r a n s f e r  f o r c e  

and a  fo rce  due t o  t h e  s o i l  s t r e n g t h .  

I t  was shown i n  t h e  Surveyor s imula t ion  t h a t  s u f f i c i e n t  accuracy can be 

obtained by neg lec t ing  s o i l  e l a s t i c i t y  and assuming t h a t  t h e  moving s o i l  mass 

i s  a t t ached  r i g i d l y  t o  the  footpad. This s i m p l i f i c a t i o n  r e s u l t s  i n  t h e  

removal of t h e  s o i l  mass d i f f e r e n t i a l  equat ion from t h e  ana lys i s .  Therefore,  

the s o i l  force  a c t i n g  on the footpad is  considered t o  be the  sum of a  s o i l  

s t r e n g t h  term, a  s o i l  d rag  term, and a  term approximating t h e  e f f e c t  of t h e  

changing s o i l  mass. 

The Primary S o i l  Mechanics Method employs the  empi r i ca l  r e l a t i o n s h i p s  

d i s  cussed i n  Reference (12). Forces a c t i n g  on each footpad c o n s i s t  of an 

a x i a l  f o r c e ,  F  , p a r a l l e l  t o  t h e  v e l o c i t y  vec to r  of the  footpad and a  f o r c e ,  
aP 

F  , normal t o  t he  v e l o c i t y  vec to r .  
nP 

The a x i a l  f o r c e  i s  the  sum of t he  forces  due t o  the s o i l  s t r e n g t h ,  s o i l  

drag,  and e f f e c t  of the changing s o i l  mass and i s  expressed a s  

Coe f f i c i en t s  C and Cd,  r ep re sen t ing  t h e  s o i l  dynamic mechanical s t r e n g t h  
ms 

and drag c o e f f i c i e n t s  r e s p e c t i v e l y ,  a r e  empi r i ca l  f a c t o r s  determined from 

t e s t  and d iscussed  f u r t h e r  i n  l a t e r  paragraphs. The wedge shape f a c t o r  f o r  

moving s o i l  mass, q, i s  a  func t ion  of angle  of i n t e r n a l  f r i c t i o n  of t h e  s o i l ,  

and i s  a l s o  d iscussed  f u r t h e r  i n  t h e  s e c t i o n  on empi r i ca l  r e l a t i o n s h i p s .  The 

term ( A ~ I A ) ~ ' ~  accounts f o r  t h e  e f f e c t  of t h e  angle 0.  Change i n  footpad 

r ad ius  wi th  r e spec t  t o  depth of the  footpad,  dr /dd ,  i s  defined by footpad 

geometry a t  t h e  cu r r en t  depth of s o i l  pene t r a t ion .  

The fo rce  a c t i n g  on a  footpad normal t o  t h e  v e l o c i t y  vec to r  i s  

This f o r c e  is always d i r e c t e d  out  of t h e  s o i l  and i s  i n  t he  p l ane  def ined  by 

135 



t h e  s u r f a c e  normal  and t h e  v e l o c i t y  v e c t o r .  The q u a n t i t y  X is  d i s c u s s e d  i n  

t h e  pa ragraphs  d e f i n i n g  t h e  e m p i r i c a l  r e l a t i o n s h i p s .  F igure  5-9 p r e s e n t s  a  

d i a g r a m a t i c  r e p r e s e n t a t i o n  o f  t h e s e  two s o i l  f o r c e s .  

LANDING SURFACE 

NOTE: 8 IS A SPATIAL ANGLE 

F IGURE 5-9 SOlL FORCES PRIMARY SOlL MECHANICS METHOD 

E m p i r i c a l  r e l a t i o n s h i p s  are determined i n  terms of t h e  s o i l  p r o p e r t i e s  

from impact  and drag t e s t s  conducted d u r i n g  t h e  LM s t u d y .  P r o p e r t i e s  of 

twelve s o i l s  a r e  d e s c r i b e d  i n  F i g u r e  5-10. The most s i g n i f i c a ~ x t  of t h e s e  

p r o p e r t i e s  a r e :  u n i t  w e i g h t ,  y (bu lk  mass d e n s i t y ,  p ,  t i m e s  g  ) ; r e l a t i v e  e 
d e n s i t y ,  Dr; t h e  a n g l e  of i n t e r n a l  f r i c t i o n ,  4 ;  and, t o  a  lesser degree ,  t h e  



e l a s t i c  modulus of t h e  s o i l ,  E .  Based on r e s u l t s  r e p o r t e d  i n  Reference (1.21, 

t h e  p r o p e r t i e s  y ,  D and C$ a r e  adequa te  t o  d e s c r i b e  t h e  s o i l  f o r  l a n d i n g  
r 

dynamics and a r e  used i n  t h e  p r e s e n t  s t u d y .  I n  t h e  s o i l  mechanics s u b r o u t i n e ,  

t h e  e m p i r i c a l  r e l a t i o n s h i p s  f o r  C Cd ,  A ,  and q used f o r  t h e  Surveyor f o o t -  
m s  ' 

pad,  a r e  employed d u r i n g  t h e  d e t e r m i n a t i o n  of t h e  s o i l  f o r c e s  a c t i n g  on each 

footpad.  These r e l a t i o n s h i p s  a r e  p r e s e n t e d  i n  F i g u r e  5-11, 

'TO OBTAIN BULK MASS DENSITY OF SOIL, DIVIDE THIS QUANTITY BY EARTH 
ACCELERATION OF GRAVITY. 
THIS INFORMATION OBTAINED FROM REFERENCE (11). 

FIGURE 5-10 PROPERTIES OF SOILS 

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

FRICTION 
ANGLE 

C') 

de.. 

40 

43 

44.5 

47.3 

37 

4 3 

29 

36.8 

39 

4 2 

42 

48 

MODULUS 

E ,  2 dynes cm 

379 x lo6 

310 x lo6 

593 x 10 
6 

752 x lo6 

538 x 10 
6 

552 x 10 
6 

690 x lo6 

1241x10~ 

1655 x lo6 

276 x lo6 

414 x lo6 

1380 x lo6 

BENDlX 
DESIGNATION 

RS LOOSE 

PS LOOSE 

RS INTER 

RS DENSE 

RSM-o 
LOOSE 

RC2 LOOSE 

SS LOOSE 

SS INTER. 

SS DENSE 

LSM INTER. 

LSM DENSE 

RSM-b 
DENSE 

R E L A T I V E  
DENSITY 

Dr 

0 

0 

.45 

.80 

0 

0 

0 

.53 

.69 

.50 

.70 

.75 

DESCRIPTION 

RED CRUSHED VOLCANIC 
SCORIA (NARROWLY 
GRADED) 

WHITE CRUSHED PUMICE 
(NARROWLY GRADED) 

RED CRUSHED VOLCANIC 
SCORIA (NARROWLY 
GRADED) 

RED CRUSHED VOLCANIC 
SCORIA(NARR0WLY 
GRADED) 

MIXTURE OF RS AND 
CRUSHED MARBLE (MS) 
(NARROWLY GRADED) 

RED CRUSHED VOLCANIC 
SCORIA(BR0ADLY 
GRADED) 

WHITE SILICA SAND 
(WEDRON 40 40- 
NARROWLY GRADED) 

WHITE SILICA SAND 
(WEDRON 40 40- 
NARROWLY GRADED) 

WHITE SILICA SAND 
(WEDRON 40 40- 
NARROWLY GRADED) 

MIXTURE OF RC AND 
AIR-FLOATED CLAY 

MIXTURE OF RC AND 
AIR-FLOATED CLAY 

MIXTURE OF RS AND 
CRUSHED MARBLE (US) 
(NARROWLY GRADED) 

U N I T  ' 

d y e c 3  

6 50 

37 4 

721 

79 5 

9 14 

965 

1488 

1634 

168 1 

1217 

1288 

1335 



WEDGE SHAPE FACTOR FOR MOVING SOlL MASS: 

SOlL DYNAMIC MECHANICAL STRENGTH COEFFICIENT: 

Cm,= 2 9 e L A D r ~ ~ ~ )  

SOlL DRAG COEFFICIENT: 
g 

Cd = 0.8 + (-) (4+ 80 Dd (L)2 f ( 8 )  TAN ( FOR Dr < 0.5 
g e 'm 

g 4.83 Dl r 
Cd = 0.8 + 4 (-) e ( -  )2 f ( 8 )  TAN) FOR Dl L 0.5 

g e rm 

WHERE: 
28 

f ( 8 ) =  1 -- FOR 0 < 8 <45' 
IT 

- 

f ( 9 ) =  0 FOR 8 - > 45' 

RATIO OF AXIAL TO NORMAL SOlL FORCE: 
AP 

A = 0.25 ( - ) (1 - e '508 
A8 

) ( l + S I N 8 )  FOR 0 < 8 < 9 0 °  - 

FOR 90' <8 < 135' - 

FOR 8 > 135' - 

FIGURE 5-11 EMPIRICAL SOlL RELATIONSHIPS 

5.1 .4 .2  Secondary S o i l  Mechanics - An a l t e r n a t e  s o i l  mechanics r o u t i n e  

i s  a v a i l a b l e  i n  t h e  Landing Loads and Motions Program. Th is  method de te rmines  

t h e  p r e s s u r e  a c t i n g  on a  foo tpad  i n  terms of dep th  of p e n e t r a t i o n  of t h e  f o o t -  

pad. The p r e s s u r e - p e n e t r a t i o n  r e l a t i o n s h i p  i s  d e f i n e d  a s  shown i n  F i g u r e  5-12. 

I n i t i a l l y  t h e  s o i l  p r e s s u r e  i n c r e a s e s  l i n e a r l y  from z e r o  a t  z e r o  p e n e t r a t i o n  

t o  a  s e l e c t e d  p r e s s u r e  a t  a s p e c i f i e d  c u t o f f  dep th .  Beyond t h i s  d e p t h ,  t h e  

p r e s s u r e  remains c o n s t a n t .  The normal  s o i l  f o r c e  is  t h e  p r o d u c t  of t h e  p res -  

s u r e  determined from t h e  r e l a t i o n s h i p  shown i n  F i g u r e  5-12 and t h e  a r e a  of 

t h e  foo tpad  p r o j e c t e d  on t h e  l a n d i n g  s u r f a c e .  



Pmax 

PmaX = MAXIMUM SOlL PRESSURE 

Kp = SLOPE OF ELASTIC SOlL 
PRESSURE - SOlL PENETRATION 
RELATIONSHIP 

I 
I 

I COORDINATE 

I 
IY1 I SYSTEM 

I 1x1  I . .  
SOlL PENETRATION 

LANDING 
SURFACE 

THE SOlL FORCE NORMAL TO THE LANDING SURFACE OBTAINED BY THE 
SECONDARY SOlL MECHANICS METHOD IS GIVEN AS 

Fx = A d Kp OR Fx = A Pmax 
WHICHEVER IS LESS. 

F IGURE 5-12 NORMAL SOlL FORCE SECONDARY SOlL MECHANICS METHOD 



During t h e  i n t e g r a t i o n  of t h e  footpad '  s equa t ions  of motion, t h e  normal 

s o i l  f o r c e  i s  compared t o  t h e  f o r c e  r equ i r ed  t o  b r i n g  the  footpad t o  rest 

during t h e  next  i n t e g r a t i o n  t i m e  s t e p .  This c r i t i c a l  s o i l  f o r c e  is  determined 

by 

where 

F = c r i t i c a l  s o i l  force.  
c r  

m = mass of footpad. i 
g  = l o c a l  a c c e l e r a t i o n  of g r av i ty .  

5 = ground s lope .  

vx 
= v e l o c i t y  of footpad i n t o  landing  sur face .  

A t  = i n t e g r a t i o n  s t e p  s i ze .  

Sx 
= component of  l anding  gear  s t r u t  loads normal t o  landing  sur face .  

The normal s o i l  f o r ce  app l i ed  t o  t h e  footpad i s  never  allowed t o  be g r e a t e r  

than t h e  magnitude of t h e  f o r c e  determine by Equation (5-32).  

A fo rce ,  a c t i n g  i n  t he  p lane  of t h e  landing  s u r f a c e ,  i s  obta ined  by 

mu l t i p ly ing  t h e  normal f o r c e  by t h e  s e l e c t e d  va lue  f o r  the  c o e f f i c i e n t  of 

f r i c t i o n .  This f o r c e  i s  appl ied  i n  a  d i r e c t i o n  oppos i te  t o  t h e  foo tpad ' s  

v e l o c i t y  i n  the  plane of t he  landing  su r f ace .  The components of t h i s  i np l ane  

s o i l  f o r c e  a r e  expressed as  

where 

V and V Z  = i np l ane  foo tpad  v e l o c i t i e s  a s  shown i n  Figure 5-12. 
Y 

F and F = components of i np l ane  s o i l  f o r ce .  
Y z 

IJ = c o e f f i c i e n t  of f r i c t i o n .  

F = normal s o i l  f o r ce .  
X 



It should be  noted t h a t  t he  fo rce ,  Fx, employed i n  Equation (5-33), i s  t h e  

magnitude of t h e  normal s o i l  fo rce  obtained a f t e r  t he  fo rce  r e s u l t i n g  from 

t h e  r e l a t i o n s h i p s  of Figure 5-12 i s  compared with t h e  c r i t i c a l  s o i l  f o r c e  given 

by Equation (5-32). 

5.1.5 Footpad Attenuat ion Sys t e m  - An a d d i t i o n a l  a t t e n u a t i o n  sys  tem may 

be loca t ed  on t h e  bottom of t he  footpads t o  l i m i t  t h e  landing loads  of t h e  

footpads. Provis ions  have been made f o r  inc luding  a  crushable m a t e r i a l  on any . 
o r  a l l  of t he  con ica l  segments used t o  r ep re sen t  t he  footpad shape. The 

amount of a t t enua t ion  m a t e r i a l  crushing f o r  each footpad is  determined by a  

balance between t h e  a t t e n u a t o r  f o r c e  and the  s o i l  force .  The footpad 

a t t e n u a t i o n  system may b e  included wi th  e i t h e r  t he  Primary o r  Secondary S o i l  

Mechanics Methods. Forces a s soc i a t ed  with t h e  footpad a t t enua t ion  system a r e  

determined i n  t he  s o i l  mechanics subrout ine .  

The footpad a t t e n u a t i o n  system may have t h r e e  crush l e v e l s  and t h e  

pressure-s t roke  r e l a t i o n s h i p  f o r  t h e  a t t e n u a t o r  m a t e r i a l  i s  shown i n  Figure 

5-13. I t  is  assumed t h a t  t h e  a t t e n u a t o r  i s  crushed i n  a  d i r e c t i o n  normal t o  

t he  p lane  of t he  landing  sur face .  The depth of s o i l  pene t r a t ion  and amount 

of a t t e n u a t o r  crushing,  a r e  determined by comparing the  crush p re s su re  wi th  

the  s o i l  p ressure .  With a  s o f t  s o i l  and a  s t i f f  footpad a t t enua t ion  m a t e r i a l ,  

most of t h e  deformation w i l l  t ake  p l ace  i n  t h e  s o i l .  For a  very ha rd  s o i l ,  

a  major i ty  of t h e  deformation w i l l  occur i n  the  a t t e n u a t o r  ma te r i a l .  

In te rmedia te  values r e s u l t  i n  deformation of both the  s o i l  and a t t e n u a t o r  

ma te r i a l s .  

A t  t h e  end of a  t ime i n t e r v a l ,  t h e  a t t e n u a t o r  thickness  of each footpad 

which experiences crushing i s  ad jus t ed  t o  r e f l e c t  t h i s  deformation. This i s  

done by s u b t r a c t i n g  t h e  crush d i s t a n c e  from t h e  coordinate  l o c a t i n g  t h e  bottom 

of t h e  footpad.  Thus, i f  t he  l ande r  rebounds, t h e  crushed shape of t he  footpad 

a t t e n u a t o r  i s  r e t a i n e d  f o r  the  next  impact. When the  a t t e n u a t o r  on a  footpad 

i s  completely crushed t h e  footpad a t t enua t ion  po r t ion  of t h e  ana lys i s  i s  by- 

passed,  and t h e  s o i l  fo rces  a r e  app l i ed  d i r e c t l y  t o  t he  footpad. 

5.1.6 Footpad S l i d i n g  Motion - The two fo rces  determined by the  s o i l  

mechanics i n  t h e  p lane  of t h e  landing s u r f a c e  (F and F ) a r e  components of 
Y z 

t h e  inp lane  s o i l  fo rce  F which i s  i n  a  d i r e c t i o n  oppos i te  t o  t h e  s l i d i n g  
f  

v e l o c i t y  of t h e  footpad. This fo rce  tends t o  r e t a r d  the  s l i d i n g  motion of 

the  footpad along t h e  landing su r f ace .  
141 



I 

1 

NOTE: THE POINTS DEFINING CHANGES IN ATTENUATOR 
CRUSH PRESSURE (ti, t2, & t3) DO NOT HAVE TO 
CONFORM TO CHANGES IN M E  FOOTPAD GEOMETRY. 

1 t2 
ATTENUATOR THICKNESS 

FIGURE 5-13 FOOTPAD ATTENUATION SYSTEM 

Refer r ing  t o  Figure 5-14, t h e  equat ion of motion f o r  t h e  footpad i n  the  

plane of the  landing s u r f a c e  and i n  t h e  direction of t h e  s l i d i n g  motion is 

Therefore,  t h e  v e l o c i t y  of t he  footpad a t  t h e  end of an i n t e g r a t i o n  s t e p  i s  

Ff + ~ ~ ( 7 . g )  - 
Vslt + A t  

- - 
m A t  + V (5 -35 )  

n i 

The c r i t i c a l  va lue  of Ff ,  which w i l l  j u s t  b r i n g  t h e  footpad t o  r e s t  is obta ined  

from Equation (5-35) by s e t t i n g  the  v e l o c i t y  a t  the  end of t h e  i n t e g r a t i o n  s t e p  

( v s l e  + ~ t  
) e q u a l  t o  zero. Thus, 

n 
142 



VS = SLIDING VELOCITY OF FOOTPAD 

Sh = COMPONENT OF LANDING GEAR STRUT LOAD PARALLEL TO LANDING SURFACE - 
h = UNlT VECTOR I N  DIRECTION OF Sh 

F f  = COMPONENT OF  SOlL FORCE IN PLANE OF LANDING SURFACE 

7 = UNlT VECTOR IN DIRECTION OF Ff 

mi = MASS OF FOOTPAD 

At = INTEGRATION STEP SIZE 

WHEN THE FORCES Ff AND Sh OPPOSE EACH OTHER, THE FOLLOWING HOLDS 

- - 
( f  h )  < 0 

WHILE 

WHEN THESE FORCES ACT IN THE SAME DIRECTION. 

FIGURE 5-14 EVALUATION OF IN-PLANE SOlL FORCE MAGNITUDE 

Equat ion (5-36), i n  c o n j u n c t i o n  w i t h  Equat ion (5-37),  i s  employed t o  

m a i n t a i n  t h e  magnitude of F a t  a v a l u e  e q u a l  t o  o r  l e s s  than t h a t  which i s  f  
r e q u i r e d  t o  b r i n g  t h e  foo tpad  t o  rest d u r i n g  t h e  n e x t  i n t e g r a t i o n  s t e p .  When 

t h e  r e l a t i o n s h i p  of Equat ion (5-37) h o l d s ,  t h e  magnitude of F determined by 
f  
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the s o i l  mechanics rou t ine  is no t  changed. 

I f  the  condi t ion  of Equation (5-37) is n o t  met, the  magnitude of Ff is  re- 

ca l cu la t ed  by Equation (5-38) when F and S (?-;) a r e  i n  oppos i te  d i r e c t i o n s  
f  h  

and 

Equation (5-39) governs the  magnitude of Ff when s ~ ( ? * K )  and P a r e  i n  the 
f  

same d i r e c t i o n .  

5.1.7 Lander S t a b i l i t y  - To determine t h e  s t a b i l i t y  of a  legged l ande r  

con f igu ra t ion ,  t h e  "plane of ' l a n d e r  motion," as shown i n  Figure 5-15, i s  

defined.  This  p lane  i s  defined by the  g r a v i t y  vec to r  g, and t h e  t r a n s l a t i o n a l  

v e l o c i t y  R,  of t h e  l a n d e r ' s  cen te r  of grav i ty .  The l ande r  i s  considered un- 

s t a b l e  when t h e  g r a v i t y  vec to r  passes  ou t s ide  of t h e  a r e a  bounded by the  

l ande r  footpads. I f  a l l  t h e  l ande r  footpads a r e  on the  same s i d e  of t h e  

p lane  of l ande r  motion, the  lander  i s  s a i d  t o  be  exper ienc ing  yaw i n s t a b i l i t y .  

The more common, case i s  when two footpads a r e  a s t r i d e  t h e  plane of l a n d e r  - 
motion, a s  shuwn i n  Figure 5-15. In  t h i s  case ,  t h e  vec to r  L ,  extending from 

the  l a n d e r  cen te r  of g r a v i t y  t o  t h e  i n t e r s e c t i o n  p o i n t  of a  l i n e  between 

these  two footpads and the p lane  of l ande r  motion, i s  obtained.  The s t a b i l i t y  

angle  i s  then def ined  as 

A s  long a s  S i s  p o s i t i v e ,  t he  l a n d e r  is  considered t o  be  s t a b l e ,  When S 

passes  through zero  t h e  l ande r  i s  s a i d  t o  be exper ienc ing  p i t c h  i n s t a b i l i t y .  

To a i d  i n  t h e  eva lua t ion  of t h e  l ande r  s t a b i l i t y ,  the  p i t c h i n g  ve loc i ty  

i s  a l s o  determined. This q u a n t i t y  i s  the component of t he  l ande r ' s  t o t a l  

angular  v e l o c i t y  i n  t h e  plane of l ande r  motion,  



FIGURE 5-15 LANDER STABILITY ANGLE 

This s t a b i l i t y  determinat ion i s  made i n  the  subrout ine  STABLE. It  is 

an o p t i o n a l  r o u t i n e  of the  Landing Loads and Motions Program and i s  performed 

i f  the  i n p u t  i n d i c a t o r  JCKSAB i s  s e t  equal  t o  1. I f  the l ande r  becomes un- 

s t a b l e ,  t h e  run is  terminated wi th  a p r i n t e d  message s t a t i n g  which type of 

i n s t a b i l i t y  was experienced.  



5.2 Program Descr ip t ion  - The Landing Loads and Motions Program is  b e s t  

descr ibed  by de f in ing  func t ions  of t h e  program sub rou t ines  and examining pro- 

gram o rgan iza t ion ,  as presen ted  i n  a flow diagram. A l i s t i n g  of t h e  program 

is  given i n  Appendix 1. A l l  programming is  i n  FORTRAN 2.0 f o r  machine 

computation on CDC 6600 computers. 

5 .2 .1  Subrout ines  - The Landing Loads and Motions Program i s  d iv ided  

i n t o  t h r e e  OVERLAY segments. Each segment c o n s i s t s  of an execu t ive  subprogram 

and a  number of sub rou t ines  as  shown i n  F igure  5-16. This o rgan iza t ion  has  

been used t o  minimize t h e  core  s t o r a g e  requirements of the  program. Seve ra l  

sub rou t ines  have m u l t i p l e  e n t r y  p o i n t s ,  a s  i n d i c a t e d  i n  Figure 5-16. The 

func t ion  of each sub rou t ine ,  depending on the  p o i n t  of e n t r y ,  i s  def ined  i n  

Figure 5-16. 

OVERLAY (LLMPT5,O ,0)  c o n s i s t s  of the  execu t ive  subprogram LLMP. LLMP 

c a l l s  t he  o t h e r  two over lays  i n  t h e  proper  o r d e r  and conta ins  a l l  of t h e  

COMMON b locks.  

READIT is  the  execu t ive  subprogram i n  OVERLAY(LLMPT5,1,0). This  segment 

of t he  program reads and p r i n t s  t h e  i n p u t  d a t a  and i n i t i a l i z e s  a l l  t h e  r o u t i n e s  

be fo re  i n t e g r a t i o n  of t he  equa t ions  of motion. 

LLMPEX i s  t h e  execu t ive  subprogram i n  OVERLAY (LLMPT5,2,0). It con t ro l s  

the  s o l u t i o n  of t he  equa t ions  of motion. Subrout ines  i n  t h i s  po r t i on  of t h e  

program ob ta in  t h e  fo rces  i n  t h e  lantling gear  s t r u t s  and determine t h e  s o i l  

f o r ce s .  These f o r c e s  a r e  summed on t h e  cen t e r  body and con tac t ing  foo tpads ,  

r e s u l t i n g  a c c e l e r a t i o n s  determined, equa t ions  of motion i n t e g r a t e d ,  and time 

h i s t o r y  q u a n t i t i e s  p r i n t e d .  A t  t h e  completion of a  t i m e  h i s t o r y ,  program 

c o n t r o l  i s  r e tu rned  t o  OVERLAY (LLMPT5,O ,0)  f o r  the  p o s s i b l e  cons idera t ion  of 

an a d d i t i o n a l  d a t a  set .  

Two numerical  i n t e g r a t i o n  methods a r e  i nco rpo ra t ed  i n  t h e  sub rou t ine  

RKCUT. These c o n s i s t  of a  cons tan t  s t e p  Runge-Kutta method and a v a r i a b l e  

s t e p  Runge-Kutta method. A d e s c r i p t i o n  of t he se  i n t e g r a t i o n  techniques is 

p re sen t ed  i n  Appendix F. 



FIGURE 5-16 LANDING LOADS AND MOTIONS PROGRAM 
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5.2 .2  Flow Diagram - A flow diagram showing t h e  g e n e r a l  o p e r a t i o n  of 

t h e  Landing Loads and Motions Program i s  p r e s e n t e d  i n  F i g u r e  5-17. The t h r e e  

OVERLAY segments are shown i n  a d d i t i o n  t o  t h e  v a r i o u s  subprograms and sub- 

r o u t i n e s  which are l o c a t e d  i n  each OVERLAY. T h i s  diagram is  n o t  i n t e n d e d  t o  

be  a comprehensive programming c h a r t ,  b u t  shows t h e  g e n e r a l  f low of t h e  pro- 

gram l o g i c  and i n d i c a t e s  t h e  o r d e r  o f  o p e r a t i o n s  w i t h i n  each  s u b r o u t i n e .  A 

complete l i s t i n g  of t h e  Landing Loads and Motions Program i s  g iven  i n  

Appendix I 

5 . 3  Program Opera t ion  - S u c c e s s f u l  o p e r a t i o n  of t h e  Landing Loads and 

Motions Program depends on p r o p e r  i n p u t  of d a t a  and c o r r e c t  i n t e r p r e t a t i o n  

o f  o u t p u t  d a t a .  These c o n s i d e r a t i o n s  are d i s c u s s e d  i n  t h e  f o l l o w i n g  paragraphs .  

Examples of r e q u i r e d  i n p u t  d a t a  and r e s u l t i n g  o u t p u t  d a t a  f o r  a t y p i c a l  

l and ing  c o n d i t i o n  a r e  given i n  Appendix D. 

5 . 3 . 1  I n p u t  Data - Required as i n p u t  d a t a  i s  i n f o r m a t i o n  d e s c r i b i n g  

t h e  geomet r ic  and i n e r t i a  p r o p e r t i e s  o f  t h e  s p e c i f i c  l a n d e r  t o  b e  s t u d i e d ;  

i n i t i a l  l a n d e r  a t t i t u d e s  ; l i n e a r  and r o t a t i o n a l  v e l o c i t i e s  ; s u r f  a c e  c o n d i t i o n s  

such a s  ground s l o p e  and s o i l  p r o p e r t i e s  ; and t h e  i n d i c a t o r s  needed t o  c o n t r o l  

t h e  program's o p e r a t i o n .  Th is  s e c t i o n  d e f i n e s  t h e  format  o f  t h e  i n p u t  d a t a  

c a r d s  and c o n t a i n s  i n s t r u c t i o n s  f o r  p r o p e r l y  s u p p l y i n g  i n p u t  d a t a  t o  t h e  

program. 

F i g u r e  5-18 shows t h e  r e q u i r e d  format f o r  t h e  i n p u t  d a t a  ca rds .  Columns 

6 through 9 c o n t a i n  a c a r d  number, which must be  r i g h t  j u s t i f i e d .  I n p u t  d a t a  

i s  p l a c e d  i n  f l o a t i n g  p o i n t  form i n  columns 11-20, 21-30, 31-40, 41-50, and 

51-60. Data i n p u t  i n  a F format  need n o t  b e  r i g h t  j u s t i f i e d ,  b u t  d a t a  i n  an 

E format must b e  r i g h t  j u s t i f i e d .  I n  e i t h e r  c a s e ,  t h e  d a t a  must b e  con ta ined  

e n t i r e l y  w i t h i n  t h e  f i e l d  of 10 columns provided.  Columns 6 1  and on may b e  

used f o r  sequence numbers, i d e n t i f i c a t i o n  s t a t e m e n t s ,  o r  comments. Fol lowing 

t h e  l a s t  c a r d  of a d a t a  s e t ,  a c a r d  w i t h  NEXT i n  columns 1 through 4 ,  must 

appear .  M u l t i p l e  c a s e s  may b e  run by s t a c k i n g  t h e  d a t a  sets. Note t h a t  t h e  

i n p u t  i n d i c a t o r  IDSETN(Card 8) must b e  e q u a l  t o  1 i f  a n o t h e r  d a t a  set fo l lows  

t h e  c u r r e n t  d a t a  set .  The d a t a  c a r d s  f o r  any a d d i t i o n a l  d a t a  sets f o l l o w  t h e  

f i r s t  d a t a  se t ,  and each o f  t h e s e  a r e  t e rmina ted  w i t h  a NEXT i n  columns 1 

through 4. A ca rd  w i t h  STOP i n  columns 1 through 4  s i g n a l s  t h e  end of a l l  t h e  

d a t a  s e t s .  
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FIGURE 5-17 FLOW DIAGRAM LANDING LOADS AND MOTIONS PROGRAM (Continued) 



There a r e  a number of i n d i c a t o r s  and counters  which check t h e  i n p u t  d a t a  

a s  i t  i s  read  t o  ensure  t h a t  t h e  c o r r e c t  amount of information has been inpu t .  

I f  t h e  number of d a t a  cards is  i n c o r r e c t ,  t he  run w i l l  b e  terminated,  and 

e r r o r  messages p r i n t e d  t o  i n d i c a t e  where the  d a t a  e r r o r  occurred. A l l  of t h e  

i n d i c a t o r s  governing t h e s e  i n p u t  op t ions  a r e  d iscussed  i n  Figure 5-19. 

Data cards f o r  t h e  f i r s t  d a t a  s e t  must conta in  a l l  of t h e  information re- 

qu i red  t o  completely i n i t i a l i z e  t he  f i r s t  case.  Only op t iona l  d a t a ,  c o n s i s t e n t  

wi th  the  i n p u t  c o n t r o l  i n d i c a t o r s ,  nay be l e f t  o u t  of t he  f i r s t  d a t a  set. 

For fol lowing d a t a  s e t s ,  only t h e  information which i s  t o  be d i f f e r e n t  (o r  

i n  add i t i on  t o  t h a t  of t he  preceding case) needs t o  be changed on t h e  appro- 

p r i a t e  cards.  

There is  no s p e c i f i c  o rde r  i n  which the  low number d a t a  ca rds ,  Cards 

1 through 42, must appear i n  a d a t a  s e t .  However, the  o rde r  of t h e  h ighe r  

numbered cards (Cards 100 through 1700) i s  of importance. A l l  of t hese  cards 

wi th  h i g h e r  numbers de f ine  v a r i a b l e s  which a r e  subsc r ip t ed  i n  t h e  Landing 

Loads and Motions Program. Therefore ,  a l l  t he  cards wi th  the  same card 

number must be inpu t  i n  the o rde r  i n  which t h e  u s e r  r equ i r e s  t h i s  information 

s t o r e d  i n  t h e  program. 

A l l  i n p u t  parameters and t h e i r  a s soc i a t ed  d a t a  card numbers a r e  def ined 

i n  Figure 5-20. Most of these  parameters a r e  adequately explained i n  t h i s  

f i g u r e ,  and Figure 5-19, b u t  a number r e q u i r e  a d d i t i o n a l  comments. 

There i s  no s p e c i f i c  system of u n i t s  a s soc i a t ed  with t h e  i n p u t  in format ion ,  

except  f o r  the  angular  q u a n t i t i e s  which must be  expressed i n  degrees.  A l l  o t h e r  

parameters may be expressed i n  any cons i s t en t  set of u n i t s ,  e i t h e r  English 

o r  Metr ic  ( inches o r  cent imeters ,  pounds o r  dynes).  

Care must be  exe rc i sed  t o  ensure  t h a t  lander  v e l o c i t y ,  p o s i t i o n ,  and 

a t t i t u d e  a r e  c o r r e c t l y  i n i t i a l i z e d .  A l l  l ander  i n i t i a l  condi t ions  a r e  

re ferenced  t o  t he  Gravi ty Coordinate System, F igure  5-1. The t h r e e  components 

of v e l o c i t y  VELX, VELY, and VELZ a r e  p a r a l l e l  t o  t h e  axes of t h e  Gravi ty 

Coordinate System. Note t h a t  a nega t ive  VELX i s  d i r e c t e d  i n t o  t h e  landing 

su r f ace .  



The d e s i r e d  ground s l o p e ,  r e l a t i n g  t h e  Surface Coordinate System t o  t h e  

Gravi ty Coordinate Sys tem, must be  e s t ab l i shed .  This is  accomplished by 

r o t a t i n g  the  Surface Coordinate System about t he  Gravi ty Coordinate 

System Y ax i s  an amount 5 equa l  t o  the  ground s lope .  A p o s i t i v e  s l o p e  
g 

corresponds t o  'a r o t a t i o n  i n  t he  p o s i t i v e  sense  about Y . 
g 

The lander '  s i n i t i a l  angular  o r i e n t a t i o n  is  obta ined  by t h r e e  succes s ive  

r o t a t i o n s  about t he  th ree  l ande r  axes. The f i r s t  i s  a  r o t a t i o n ,  ANGX, o f  the  

Lander Coordinate Sys tem about t he  Gravity Coordinate Sys tern X ax is .  This i s  
g 

followed by a  r o t a t i o n ,  ANGY, about t he  d isp laced  p o s i t i o n  of t h e  Lander 

Coordinate System Y ax i s .  F i n a l  angular  o r i e n t a t i o n  i s  obta ined  by t h e  

r o t a t i o n ,  ANGZ, about t h e  d i r e c t i o n  of the Z ax i s  r e s u l t i n g  from the  f i r s t  

two r o t a t i o n s .  When these  t h r e e  r o t a t i o n s  a r e  zero,  t h e  i n i t i a l  a t t i t u d e  

of t h e  Lander Coordinate System is  a l igned  wi th  t h e  Gravi ty Coordinate System. . 

The i n p u t  quan t i t y  CUTERR (Card 7) de f ines  a  t o l e rance  band, above the  

landing s u r f a c e ,  which governs the  placement of a  footpad 's  equat ions of motion 

i n t o  the  i n t e g r a t i o n  rou t ine .  When a footpad e n t e r s  t h i s  band, the  i n e r t i a  

e f f e c t s  of t he  footpad a r e  removed from t h e  c e n t e r  body equat ions  of motion, 

i n i t i a l  condi t ions  f o r  t h e  footpad a r e  determined by cen te r  body motions, and 

i n t e g r a t i o n  of footpad equat ions of motion begun. This t o l e rance  parameter 

has meaning only when INLEG (Card 2) i s  0. 

When inc lud ing  t h e  e f f e c t s  of an e l a s t i c  c e n t e r  body s t r u c t u r e ,  the 

i n d i c a t o r  MODEIN (Card 42 )  governs t h e  number of cen te r  body modes which a r e  

input .  NMODES (Card 3 )  governs the  number of modes a c t u a l l y  included i n  the  

a n a l y s i s ,  and may be l e s s  than o r  equa l  t o  MODEIN. 

A d i scuss ion  of t h e  i n p u t  d a t a  requi red  f o r  a  t y p i c a l  landing condi t ion  

i s  presented  i n  Sec t ions  5.3.3 and 6.2.2 and the  computer ou tput  f o r  t h i s  

case is  given i n  Appendix D. 

5 .3 .2  Output Data - A t  s p e c i f i e d  times during the  i n t e g r a t i o n  of  the  

equat ions of motion, var ious  time vary ing  q u a n t i t i e s  de f in ing  t h e  p o s i t i o n ,  

v e l o c i t i e s ,  and a c c e l e r a t i o n s  of t h e  lander  c e n t e r  body and footpads a r e  

p r in t ed .  A t  t h e  completion of a  run, a summary page l i s t i n g  t h e  maximum 

s t r o k e s  i n  the  landing gear  s t r u t s ,  the reason f o r  te rmina t ion  of the  run,  and 
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IPTCNT INDICATOR WHICH DEFINES NUMBER OF INTEGRATION STEPS BETWEEN PRINT TIMES. 
INLEG = 0 FOOTPAD EQUATlONSOFMOTlONlNTEGRATEDONLYAFTERACTUALlMPACTWlTH 

LANDING SURFACE. 
l NLEG = 1 FOOTPAD EQUATIONS OF MOTION INTEGRATED A T  A L L  TIMES. 
IFPPRT > 0 NUMBER OF INTEGRATION TlME STEPS TO BE PRINTED FOLLOWING IMPACT OF A 

FOOTPAD. 
IFPPRT = 0 IPTCWT (CARD 2) CONTROLS PRINT INTERVAL A T  A L L  TIMES. 

NMODESs 0 RIGID CENTER BODY ASSUMED. 
NMODES > 0 NUMBER OF CENTER BODY MODES INCLUDED IN ANALYSIS (5 MAXIMUM). 

NOOUT = 0 NO SECONDARY ACCELERATION OUTPUT POINTS INCLUDED. 
NOOUT > 0 NUMBER OF SECONDARY ACCELERATION OUTPUT POINTS (10 MAXIMUM). 

NFORC = 0 NO SECONOARY TlME HISTORY OUTPUT OBTAINED. 
NFORC = 1 SECONDARY TlME HISTORY PLACED ON MAGNETIC TAPE CORRESPONDING TO TlMES OF 

PRINTED OUTPUT. 

IQUOUT =O NO SECONOARY INTEGRATION VARIABLE OUTPUT. 
IQUOUT = 1 SECONDARY INTEGRATION VARIABLE OUTPUT OBTAINED WITH NORMAL OUTPUT. THIS 

OPTION IS OVERRIDDEN WHEN NMODES -0 SINCE THE NORMAL OUTPUT LISTS A L L  THE 
INTEGRATED VARIABLES IN  THIS CASE. 

JCKSAB ;I 0 NO LANDER STABILITY CHECK. 
JCKSAB ;. 1 LANDER STABILITY CHECK PERFORMED. 

IDSETN =O INDICATES ANOTHER OATA CASE DOES NOT FOLLOW THE CURRENT DATA. 
IDSETN = 1 INDICATES ANOTHER DATA CASE DOES FOLLOW THE CURRENT DATA. 

NTYPE = 0 PRIMARY SOlL MECHANICS ROUTINE. 
NTYPE I 1 SECONDARY SOlL MECHANICS ROUTINE. 

NOLEG INDICATES NUMBER OF LEGS (5 MAXIMUM). 

ILEG -0 INVERTED TRIPOD GEAR. 
ILEG = 1 CANTILEVER GEAR. 

MOOEIN = 0 NO MODAL OATA INPUT. 
MODEIN > 0 NUMBER OF CENTER BODY MODES TO BE INPUT (5 MAXIMUM). 

NUMBER OF INPUT CARDS 100 MUST EQUAL NOOUT (CARD 3). 

NUMBER OF INPUT CARDS 200 MUST EQUAL NOLEG (CARD 23). 

NUMBER OF INPUT CARDS 300 MUST EQUAL NOLEG (CARD 23). 

NUMBER OF INPUT CARDS 400 MUST EQUAL TWO TlMES NOLEG (CARD 23). 

NUMBER OF INPUT CARDS 500 MUST EQUAL MODEIN (CARD 42). 

NUMBER OF INPUT CARDS 600 MUST EQUAL MOOEIN (CARO 42). 

NUMBER OF INPUT CAROS 700 MUST EQUAL MODEIN (CARD 42). 

NUMBER OF INPUT CARDS 800 MUST EQUAL NOLEG (CARD 23). 

NUMBER OF INPUT CARDS 900 MUST EQUAL NOLEG (CARD 23). 

NUMBER OF INPUT CARDS 1000 MUST EQUAL NOLEG (CARD 23). 

NUMBER OF INPUT CARDS 1100 MUST EQUAL TWO TlMES NOLEG (CARD 23). 

NUMBER OF INPUT CARDS 1200 MUST EQUAL TWO TlMES NOLEG (CARD 23). 

NUMBER OF INPUT CARDS 1300 MUST EQUAL TWO TlMES NOLEG (CARO 23). 

NUMBER OF INPUT CAROS 1400 MUST EQUAL NOOUT (CARD 3). 

NUMBER OF INPUT CARDS 1500 MUST EQUAL NOOUT (CARD 3). 

NUMBER OF INPUT CARDS 1600 MUST EQUAL NOOUT (CARD 3). 

FIGURE 5-19 INPUT DATA CONTROL INDICATORS LANDING 
LOADS AND MOTIONS PROGRAM 



TlME HISTORY PRINT CONTROL. NUMBER OF At's BETWEEN PRINTS. 
FOOTPAD INTEGRATION CONTROL INDICATOR. 

= 0 FOOTPAD EQUATIONS INTEGRATED ONLY AFTER FOOTPAD IMPACT 
= 1 FOOTPAD EQUATIONS INTEGRATED A T  A L L  TIMES 

PRINT CONTROL INDICATOR FOR FOOTPAD IMPACT 
= 0 CONTROL OF PRINT INTERVAL ALWAYS GOVERNED BY IPTCNT 
> 0 NUMBER INTEGRATION TlME STEPS TO B E  PRINTED FOLLOWING 

FOOTPAD IMPACT 
NUMBER OF ELASTIC MODES INCLUDED IN ANALYSIS. 
NUMBER OF SECONDARY ACCELERATION OUTPUT POINTS. 
INDICATOR TO SUPPRESS CENTER BODY XS DEGREE OF FREEDOM. 

=OALLOW DEGREEOFFREEDOM 
f 0 SUPPRESS DEGREE OF FREEDOM 

INDICATOR TO SUPPRESS CENTER BODY YS DEGREE OF FREEDOM (SEE 

INDICATOR TO SUPPRESS CENTER BODY ZS DEGREE OF FREEDOM (SEE 

INDICATOR TO SUPPRESS CENTER BODY ROTATION ABOUT X AXlS (SEE 

INDICATOR TO SUPPRESS CENTER BODY ROTATION ABOUT Y AXlS (SEE 

INDICATOR TO SUPPRESS CENTER BODY ROTATION ABOUT Z AXlS (SEE 

MAXIMUM INTEGRATION TlME INTERVAL. 
MINIMUM INTEGRATION TlME INTERVAL (VARIABLE STEP RUNGE-KUTTA). 
MAXIMUM INTEGRATION ACCURACY (VARIABLE STEP RUNGE-KUTTA). 
MINIMUM INTEGRATION ACCURACY (VARIABLE STEP RUNGE-KUTTA). 

IVARH = 0 VARIABLE STEP INTEGRATION. 
IVARH = 1 CONSTANT STEP INTEGRATION. 

DUMYlY VAR14BLE. SET EQUAL TO 0. 
TOLERANCEON CONTROLOF FOOTPAD IMPACT 
SECONDARY TlME HISTORY OUTPUT INDICATOR. 

NFORC= lSECONDARYOUTPUTONTAPE3. 
NFORC = 0 NO SECONDARY OUTPUT. 

INTEGRATED VARIABLE OUTPUT INDICATOR. 
IQUOUT = 1 PRINT A L L  INTEGRATED VARIABLES. 
IQUOUT = 0 NO INTEGRATED VARlABLE OUTPUT. 

STABILITY CHECK INDICATOR. 
JCKSAB = 0 - DO NOT CHECK STABILITY. 

WING CURRENT DATA SET. 

*NOTE: THE FOLLOWING ABBREVIATIONS ARE USED TO DEFINE THE COORDINATE SYSTEMS. 
SCS - SURFACE COORDINATE SYSTEM. 
LCS - LANDER COORDINATE SYSTEM. 
GCS - GRAVITY COORDINATE SYSTEM 

FIGURE 5-20 INPUT DATA LANDING LOADS AND MOTIONS PROGRAM 



WX 
WY 
WZ 
VELX 
VELY 
VELZ 
CBMASS 
CBlXX 
CBlYY 
CBlZZ 
CBlXY 
CBlXZ 
CBlYZ 
FPMASS 
RAD(I) 
SS(I) 

NTY P E  

NOLEG 
ILEG 

DRAGST 

COORDINATE 
SY STEW 

GCS 

LCS 
LCS 
LCS 

LCS 
LCS 
LCS 
GCS 
GCS 
G CS 

IOTE: THE FOLLOWING ABBREVIATII 

VARIABLE DEFINITION 

GROUND SLOPE. 
ACCELERATION O F  GRAVITY ON PLANET. 
ACCELERATION OF GRAVITY ON EARTH. 
INITIAL ANGULAR ROTATION OF LCS ABDUT X . 
ANGULAR ROTATION OF LCS ABOUT DIRECTIO~ OF Y FOLLOWING ANGX. 
ANGULAR ROTATION OF LCS ABOUT DIRECTION OF Z FOLLOWING ANGX 

AND ANGY. 
INITIAL LANDER ANGULAR VELOCITY ABOUT X AXIS. 
INITIAL LANDER ANGULAR VELOCITY ABOUT Y AXIS. 
INITIAL LANDER ANGULAR VELOCITY ABOUT Z AXIS. 
INITIAL LANDER VELOCITY ALONG XgAXIS. 
INITIAL LANDER VELOCITY ALONG Yg AXIS. 
INITIAL LANDER VELOCITY ALONG Zg AXIS. 
CENTER BODY MASS. 
CENTER BODY MASS MOMENT OF INERTIA - Ixx. 
CENTER BODY MASS MOMENT OF INERTIA - lyy. 
CENTER BODY MASS MOMENT OF INERTIA - IzZ. 
CENTER BDDY PRODUCT O F  INERTIA - Ixy. 
CENTER BODY PRODUCT OF INERTIA - IxZ. 
CENTER BDDY PRODUCT OF INERTIA - lyZ. 
FOOTPAD MASS. 
RADIUS OF ITH FOOTPAD SEGMENT (SEE FIGURE 5-8). 
DISTANCE FROM ITH FOOTPAD SEGYIIENT TO FOOTPAD PIVOT POINT 

(SEE FIGURE 5-8). 
THICKNESS OF ITH SEGMENT OF FOOTPAD ATTENUATION MATERIAL 

RELATIVE TO BOTTOM O F  FOOTPAD (SEE FIGURE 5-13). 
CRUSH PRESSURE OF ITH SEGMENT OF FOOTPAD ATTENUATION MATERIAL 

(SEE FIGURE 5-13). 
SOlL MECHANICS INDICATOR. 

NTYPE = 0 - PRIMARY SOlL MECHANICS. 
NTYPE = 1 - SECONDARY SOlL MECHANICS. 

FOR NTYPE = 0 - SOlL INTERNAL FRICTION ANGLE. 
FOR NTY PE = 1 - COEFFICIENT OF FRICTION. 
FOR NTYPE = 0 - SOlL UNIT WEIGHT. 
FOR NTYPE = 1 - SLOPE OF ELASTIC SOlL PENETRATION RELATIONSHIP. 
FOR NTYPE = 0 - SOlL RELATIVE DENSITY. 
FOR NTYPE = 1 - MAXIMUM SOlL PRESSURE. 
NUMBER OF LEGS. 
TYPE GEAR I N N  CATOR. 

ILEG = 0 - INVERTED TRIPOD. 
ILEG = 1 - CANTILEVER. 

DISTANCE FROM CENTER BODY ATTACH POlNT TO DRAG STRUT ATTACH 
I POINT ALONG AXIS OF MAlN STRUT FOR CANTILEVER GEAR. 

MAlN STRUT ITH COMPRESSION PLASTIC LOAD L E V E L  (SEE FIGURE 4-18) 
1 MAlN STRUT ITH TENSION PLASTIC LOAD L E V E L  (SEE FIGURE 4-18). 

SCS - SURFACE COORDINATE SYSTEM. 
LCS - LANDER COORDINATE SYSTEM. 
GCS - GRAVITY COORDINATE SYSTEM. 

1 ARE USED TO DEFINE THE COORDINATE SYSTEMS. 

FIGURE 5-20 INPUT DA"T LANDING LOADS AND MOTIONS PROGRAM (Continued) 



MAlN STRUT I T H  TENSION PLASTIC STROKE L lMlT  (SEE FIGURE 4-18). 
MAlN STRUT ITH  COMPRESSION SPRING RATE (SEE FIGURE 4-18). 
MAlN STRUT ITH TENSION SPRING RATE (SEE FIGURE 4-18). 
MAXIMUM ALLOWABLE MAlN STRUT COMPRESSION STROKE. 
MAXIMUM ALLOWABLE MAlN STRUT TENSION STROKE. 
MAIN STRUT COMPRESSION UNLOADING SPRING RATE. 
MAlN STRUT TENSION UNLOADING SPRING RATE. 
MAlN STRUT UNLOADING INDICATOR. 

IRETMS = 0 - UNLOAD ALONG SRUCMS OR SRUTMS. 
IRETMS = 1 - UNLOADING SPRING RATE OBTAINED FROM LOAD-STROKE 

MAIN STRUT SLIDING FRICTION FORCE. 
COEFFICIENT OF MAlN STRUT VELOCITY DEPENDENT FRICTION. 
POWER O F  MAlN STRUT VELOCITY DEPENDENT FRICTION. 
BENDING STIFFNESS (El) OF UPPER SECTION O F  CANTILEVER GEAR MAlN 

STRUT. (SEE FIGURE 5-5) 
BENDING STIFFNESS (El) OF LOWER SECTION OF CANTILEVER GEAR MAlN 

STRUT (SEE FIGURE 5-5). 
DRAG STRUT ITH COMPRESSION PLASTIC LOAD L E V E L  (SEE FIG. 4-18) 
DRAG STRUT ITH TENSION PLASTIC LOAD LEVEL  (SEE FIG. 4-18) 
DRAG STRUT ITH  COMPRESSION PLASTIC STROKE L lM lT  (SEE FIGURE 4-18). 
DRAG STRUT ITH TENSION PLASTIC STROKE L lM lT  (SEE FIGURE 4-18). 
DRAG STRUT ITH COMPRESSION SPRING RATE (SEE FIGURE 4-18). 
DRAG STRUT ITH  TENSION SPRING RATE (SEE FIGURE 4-18) 
MAXIMUM ALLOWABLE DRAG STRUT COMPRESSION STROKE. 
MAXIMUM ALLOWABLE DRAG STRUT TENSION STROKE. 
DRAG STRUT COMPRESSION UNLOADING SPRING RATE. 
DRAG STRUT TENSION UNLOADING SPRING RATE. 
DRAG STRUT UNLOADING INDICATOR. 

IRETDS = 0 - UNLOAD ALONG SRUCDS OR SRUTDS. 
IRETDS = 1 - UNLOADING SPRING RATE OBTAINED FROM LOAD-STROKE 

DRAG STRUT SLIDING FRICTION FORCE. 
COEFFICIENT OF DRAG STRUT VELOCITY DEPENDENT FRICTION. 
POWER O F  DRAG STRUT VELOCITY DEPENDENT FRICTION. 
NUMBER OF ELASTIC MODES INPUT. 
X COORDINATE O F  I T H  ACCELERATION OUTPUT POINT. 

*NOTE: THE  FOLLOWING ABBREVIATIONS ARE USED TO DEFINE THE COORDINATE SYSTEMS. 
SCS - SURFACE COORDINATE SYSTEM. 
LCS - LANDER COORDINATE SYSTEM. 
GCS - GRAVITY COORDINATE SYSTEM 

FIGURE 5-20 INPUT DATA LANDING LOADS AND MOTIONS PROGRAM (Continued) 



X COORDIWATE OF CENTER BODY END OF I TH MAlN STRUT. 
Y COORDINATE OF CENTER BODY END OF ITH MAlN STRUT. 
Z COORDINATE OF CENTER BODY END OF I TH MAlN STRUT. 
X COORDINATE OF CENTER BODY END OF I TH DRAG STRUT. 
Y COORDINATE OF CENTER BODY END OF I TH DRAG STRUT. 
Z COORDINATE OF CENTER BODY END OF I TH DRAG STRUT. 
GENERALIZED MASS OF ITH ELASTIC MODE. (EQUATION (5-13) 
FREQUENCY OF I TH ELASTIC MODE (Hz). 
GENERALIZED INERTIA PROPERTY Nxn FOR ITH ELASTIC MODE 

(EQUATION (5-13)). 
GENERALIZED INERTIA PROPERTY Nyn FOR ITH ELASTIC MODE 

(EQUATION (5-13)). 
GENERALIZED INERTIA PROPERTY Nzn FOR ITH ELASTIC MODE 

(EQUATION (5-13)). 
GENERALIZED INERTIA PROPERTY Pxn FOR ITH ELASTIC MODE 

(EQUATION (5-13)). 
GENERALIZED INERTIA PROPERTY Pyn FOR ITH ELASTIC MODE 

(EQUATION (5-13)). 
GENERALIZEB INERTIA PROPERTY P,, FOR ITH ELASTIC MODE 

(EQUATION (5-13)). 
X MODE SHAPE FOR ITH MAlN STRUT POlNT IN J TH MODE. 
Y MODE SHAPE FOR I TH MAlN STRUT POINT IN J TH MODE. 
Z MODE SHAPE FOR ITH MAlN STRUT POlNT IN J TH MODE. 
X MODE SHAPE FOR 1 TH DRAG STRUT POlNT IN J TH MODE. 
Y MODE SHAPE FOR I TH DRAG STRUT POlNT IN J TH MODE. 
Z MODE SHAPE FOR ITH DRAG STRUT POlNT IN J TH MODE, 
X MODE SHAPE FOR I TH ACCELERATION POlNT IN J TH MODE. 
Y MODE SHAPE FOR ITH ACCELERATION POlNT IN JTH MODE. 
Z MODE SHAPE FOR I TH ACCELERATION POINT IN J TH MODE. 

*NOTE: THE FOLLOWING ABBREVIATIONS ARE USED TO DEFIWE THE COORDINATE SYSTEMS. 
SCS - SURFACE COORDINATE SYSTEM. 
LCS - LANDER COORDINATE SYSTEM. 
GCS - GRAVITY COORDINATE SYSTEM. 

FIGURE 5-20 INPUT DATA LANDING LOADS AND MOTIONS PROGRAM (Continued) 



case run t i m e  a r e  presented.  I n  a d d i t i o n ,  o p t i o n a l  output da t a ,  a s  reques ted  

through i n p u t  i n d i c a t o r s ,  may be obtained.  These c o n s i s t  of l ande r  s t a b i l i t y  

angle  and p i t c h i n g  v e l o c i t y  , a l l  of t he  i n d i v i d u a l  i n t e g r a t e d  q u a n t i t i e s  when 

considering a f l e x i b l e  c e n t e r  body, and acce l e ra t ions  a t  po in t s  o t h e r  than the  

cen te r  body c e n t e r  of  g rav i ty .  I n  t h i s  l a t t e r  case,  the  coord ina tes  of t h e  

po in t s  a t  which the  a c c e l e r a t i o n s  a r e  des i r ed  a r e  included a s  i n p u t  data .  The 

ind iv idua l  i n t e g r a t e d  q u a n t i t i e s  a r e  of i n t e r e s t  when cons ider ing  a f l e x i b l e  

s t r u c t u r e  because t h e  normal ou tpu t  p re sen t s  the  combination of t h e  r i g i d  

body and e l a s t i c  motions. Examples of  t he  output  d a t a  obta ined  from the  

Landing Loads and Motions Program a r e  presented  i n  Appendix D. 

The u n i t s  of  t h e  output  d a t a  a r e  c o n s i s t e n t  wi th  t h e  system of  u n i t s  

used i n  t h e  i n p u t  da t a .  Only the  angular  q u a n t i t i e s  a r e  output  i n  the  s p e c i f i c  

u n i t s  of degrees.  

An a d d i t i o n a l  output  opt ion i s  a v a i l a b l e  i n  t he  Landing Loads and Motions 

Program. This  opt ion al lows the  output  of the landing  gear  s t r u t  fo rces  and 

a l l  of t he  time h i s t o r y  v a r i a b l e s  requi red  t o  determine t h e  i n e r t i a  loading 

throughout the cen te r  body s t r u c t u r e .  With t h i s  in format ion ,  t h e  i n t e r n a l  

loads of t h e  c e n t e r  body s t r u c t u r a l  members may be determined wi th  t h e  Center 

Body Option of the S t r u c t u r a l  Analysis Program. This d a t a  is  output  a t  p o i n t s  

i n c t i m e  corresponding t o  t he  t imes when p r i n t e d  output  i s  generated by t h e  

program. This op t ion  r e s u l t s  when the  inpu t  i n d i c a t o r  NFORC (Card 8) is  equal  

t o  1 and the  d a t a  i s  p laced  on magnetic tape  f o r  f u t u r e  use. The Center 

Body Landing Loads Program, which is  used t o  r e t r i e v e  t h i s  da t a  from the 

tape  and genera te  i npu t  information f o r  t h e  S t r u c t u r a l  Analysis Program, i s  

discussed i n  Appendix E. 

5 . 3 . 3  Example of Program Operat ion - A l i s t i n g  of t h e  input  d a t a ,  and 

the r e s u l t i n g  p r i n t e d  output  ob ta ined  from the  Landing Loads and Motions Pro- 

gram i s  presented  i n  Appendix D. The output  pages i n  t h i s  appendix present  

the  inpu t  d a t a ,  t he  beginning of  the  time h i s  t o ry ,  and the  l a s t  pages of 

t h e  time h i s t o r y  inc lud ing  t h e  summary information.  This d a t a  s e t  corresponds 

t o  a computer run demonstrating c o r r e l a t i o n  wi th  t h e  t h i r d  drop test conducted 

a t  NASA Langley Research Center on t h e  Task Order Three lander .  



For t h i s  example case,  the f i x e d  s t e p ,  Runge-Kutta i n t e g r a t i o n  r o u t i n e  

was used with output  p r i n t e d  every 10 i n t e g r a t i o n  s t e p s .  An i n t e g r a t i o n  time 

s t e p  of 0.0001 s e c  wi th  a  t o t a l  r e a l  time of 0 . 1  s e c  was requested.  In  

add i t i on  t o  t h e  normal p r i n t e d  output ,  the  cen te r  body time h i s t o r i e s  and 

landing  gear  loads  were output  on magnetic tape  f o r  l a t e r  use  wi th  t h e  

S t r u c t u r a l  Analysis Program. The r e t r i e v a l  of t h i s  information from t h e  t ape  

is  d iscussed  i n  Appendix E. F l e x i b l e  cen te r  body i n p u t  d a t a  w a s  determined 

wi th  the  S t r u c t u r a l  Analysis Program, a s  discussed i n  Sec t ions  4 . 3 . 1 . 3  and 

6.2.1. 

The l ande r  had t h r e e  i n v e r t e d  t r i p o d  gears  w i th  crushable main s t r u t s  

and e l a s t i c  drag s t r u t s .  The Secondary S o i l  Mechanics rou t ine  was used i n  

conjunct ion wi th  a  footpad a t t e n u a t i o n  system. Since the  landing  case con- 

s i d e r e d  was p l ana r  i n  n a t u r e ,  the  unnecessary irigid body degrees of freedom 

were suppressed t o  conserve computer run time. The equat ions  of motion f o r  

a l l  t h e  footpads were i n t e g r a t e d  dur ing  t h e  complete run. 

This run,  i nc lud ing  a  f l e x i b l e  c e n t e r  body s t r u c t u r e  represented  wi th  

t h r e e  f r ee - f r ee  modes, and t h e  r e a l  time of 0 . 1  s e c  r equ i r ed  53 s e c  of CDC 

6600 CP time. Computer runs f o r  t h i s  l eng th  of  r e a l  t i m e  r equ i r ed  approxi- 

mately 34 CP s e c  t o  run a  case w i t h  a  r i g i d  c e n t e r  body. 

P l o t s  showing var ious  time h i s t o r i e s  ob ta ined  from t h i s  run a r e  given i n  

Sec t ion  6.2,2. Also shown is  a comparison of t h e  r e s u l t s  of t h i s  run wi th  

those obtained wi th  a r i g i d  c e n t e r  body. 



6 .  DEMONSTRATION OF PROGRAM CAPABILITIES 

Examples of t he  c a p a b i l i t i e s  of t h e  var ious  developed computer programs 

a r e  presented  i n  t he  fol lowing s e c t i o n s .  The Task Order Three l ande r  con- 

f i g u r a t i o n ,  shown i n  F igure  1-1, was chosen f o r  many of t hese  analyses  s i n c e  

experimental  d a t a  was a v a i l a b l e  with which t o  compare the  computer r e s u l t s  . 
I n  genera l ,  the  c o r r e l a t i o n  between experimental  d a t a  and t h e  a n a l y t i c a l  

s t u d i e s  was q u i t e  good. In  add i t i on  t o  t he  p l ana r  landings of t h e  Task Order 

Three Lander, r e s u l t s  f o r  s p a t i a l  landinns on d i f f e r e n t  types of s o i l  a r e  

d i s  cussed. 

6 .1  Large Displacement Analysis  of Landing Gears - The Landing Gear 

Option of t h e  S t r u c t u r a l  Analysis Program was employed t o  analyze t y p i c a l  

i nve r t ed  t r i p o d  and c a n t i l e v e r  landing  gear  conf igura t ions .  An a n a l y s i s  of 

t h e  Task Order Three inve r t ed  t r i pod  gear  t o  determine drag  s t r u t  loads  versus  

s t r o k e  normal t o  a landing  su r f ace  i s  presented.  Predic ted  drag  s t r u t  l oads  

a r e  c o r r e l a t e d  wi th  loads  obtained i n  t h e  s i x t h  drop t e s t  on the  Task Order 

Three landing  gear  performed a t  NASA Langley Research Center. In  a d d i t i o n ,  

drag s t r u t  loads  a s  a func t ion  of s t r o k e  a r e  pred ic ted  f o r  a n  a r b i t r a r i l y  

o r i en t ed  f r i c t i o n  p lane  t o  i n d i c a t e  t h e  in f luence  on these  loads  of a non- 

symmetrically loaded gear .  

Analysis  of t h e  one-sixth s c a l e  LM c a n t i l e v e r  gear  t o  determine maximum 

energy absorp t ion  c a p a b i l i t y  f o r  va r ious  o r i e n t a t i o n s  of the  landing s u r f a c e  

is  d iscussed  i n  Sec t ion  6.1.2. F r i c t i o n  c o e f f i c i e n t  of t he  s u r f a c e  was 

va r i ed  t o  show the  way i n  which f r i c t i o n  a f f e c t s  energy absorpt ion.  

The f i x e d  f i n i t e  element i d e a l i z a t i o n  of i nve r t ed  t r i p o d  and c a n t i l e v e r  

landing g e a r s ,  employed i n  t h e  S t r u c t u r a l  Analysis  Program Landing Gear Option, 

was shown i n  Figure 4-17. 

6 .1 .1  Inver ted  Tripod Gear - The inve r t ed  t r i p o d  gear  of t h e  Task Order 

Three Lander was analyzed t o  determine drag  s t r u t  loads  a s  a func t ion  of gear  

s t roke .  A l i s t i n g  of i npu t  information and output  d a t a  f o r  t h i s  problem is  

presented i n  Appendix C. Only s e l e c t e d  pages of computer ou tput  a r e  included 

due t o  t h e  volume of output .  Header card ( see  F igure  4 -36 )  f o r  t h i s  d a t a  c a s e  

does no t  appear i n  t h e  output  l i s t i n g  al though i t  w a s  t h e  f i r s t  card of t h e  

d a t a  s e t .  



Main s t r u t  honeycomb p r o p e r t i e s  used f o r  t h e  gear  a r e  g iven  i n  F igure  6-1. 

The Surface  Coordinate System and Lander Coordinate System were assumed t o  be  

co inc iden t ,  w i th  t h e  XL and X axes  normal t o  (and po in t ing  o u t  o f )  t h e  land- s 
ing s u r f a c e  ( s e e  F igure  4-20). Hence, t h e  Euler  ang le s  $J, 0 ,  and 4 a r e  equal  

t o  0. This  cond i t i on  corresponds t o  a "s t ra ight - in"  drop of a lander  such 

t h a t  t h e  drag  s t r u t s  of a gea r  a r e  loaded symmetrically.  Behavior of t h e  

gear  was i n v e s t i g a t e d  i n  60 s t e p s  for a n  app l i ed  displacement of 15.24 em 

normal t o  t h e  landing  sur face .  F r i c t i o n  c o e f f i c i e n t  of t h e  s u r f a c e  was 
9 assumed t o  be .8. Footpad honeycomb crush  f o r c e s  of 1.102 x 1 0  dynes and 

9 4.18 x 10 dynes and corresponding c rush  s t r o k e s  of 1.27 cm and 4.45 cm were 

assumed. 

STROKE - CENTIMETERS 

FIGURE 6-1 LOAD - STROKE CURVE FOR MAIN STRUT OF INVERTED TRIPOD GEAR - 
TASK ORDER THREE LANDER 



A c o r r e l a t i o n  between drag s t r u t  loads  obtained i n  t h e  computer run  

( s t e p s  1, 2, 9 ,  10,  59 and 60 shown i n  Appendix C) and loads  obta ined  f o r  

t h i s .  gear  dur ing  t h e  s i x t h  l e g  drop test performed a t  NASA Laagley Research 

Center is depic ted  i n  F igure  6-2. A s  i l l u s t r a t e d ,  a t  t h e  onse t  of s t r o k i n g  

t h e  experimental  d rag  s t r u t  loads  appear t o  b u i l d  up ins tan taneous ly .  This  

is due t o  l a r g e  footpad i n e r t i a  f o r c e s  a c t i n g  dur ing  i n i t i a l  footpad impact;  

t hus ,  c o r r e l a t i o n  of drag  s t r u t  l oads  a t  t h e  onse t  of s t r o k i n g  is poor s i n c e  

t h e  program assumes t h a t  t h e  s t r u t s  a r e  i n i t i a l l y  unloaded. Footpad i n e r t i a  

forces  a r e  n e g l i g i b l e  a f t e r  a  normal (X ) s t r o k e  of about 1 cm and from t h i s  
S 

po in t  on c o r r e l a t i o n  i s  reasonably good. I n  the f i g u r e ,  only one curve is  

shown f o r  p r e d i c t e d  drag s t r u t  loads s i n c e  t h e  drag s t r u t s  w e r e  loaded equa l ly  

because of symmetry. This  example i n d i c a t e s  t h a t  the  s t a t i c  ana lys i s  employed 

i n  the Landing Gear Option can be  used t o  ob ta in  an e s t ima te  of dynamic drag 

s t r u t  loads .  

2 I I I I 
KEY: 

I 
- - - -  - - -  
- - -  R*H* L.H. DRAG DRAG STRUT STRUT j EXPERIMENTAL DATA 

NORMAL STROKE - CM 

FIGURE 6-2 DRAG STRUT LOAD CORRELATION - INVERTED TRIPOD GEAR 



For a  nonsymmetrically loaded gea r ,  t h e  drag  s t r u t  loads  may be  consider-  

ab ly  h igher  than  f o r  t h e  symmetrically loaded case.  To emphasize t h i s  f a c t ,  

t h e  i nve r t ed  t r i p o d  gear  descr ibed  above was analyzed wi th  t h e  program us ing  

t h e  same inpu t  d a t a  wi th  t h e  except ion t h a t  t h e  landing s u r f a c e  was o r i en t ed  

such t h a t  IJJ = 25' and 8 = $I = 0. This  cond i t i on  can be v i s u a l i z e d  by r e f e r r -  

ing  t o  F igure  4-20 and imagining t h a t  t h e  landing  s u r f a c e  is  r o t a t e d  25' 

about t h e  Z d i r e c t i o n .  For t h i s  run,  drag  s t r u t  l oads  a s  a  func t ion  of 
S 

s t r o k e  normal t o  t h e  r o t a t e d  landing  s u r f a c e  a r e  shown i n  F igure  6-3. A s  

shown, one drag  s t r u t  i s  i n  t e n s i o n  whi le  t h e  o t h e r  is i n  compression. The 
9 maximum drag s t r u t  load  of 4.52 x 1 0  dynes is cons iderably  h igher  than  t h e  

drag s t r u t  loads  shown i n  F igure  6-2 f o r  t h e  symmetrically loaded gear .  
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FIGURE 6-3 ANTICIPATED DRAG STRUT LOADS FOR INVERTED TRlPOD GEAR 



6.1.2 Can t i l eve r  Gear - The one-sixth s c a l e  LM c a n t i l e v e r  gear  w a s  

analyzed t o  determine maximum energy abso rp t ion  c a p a b i l i t y  a s  a func t ion  of 

landing s u r f a c e  o r i e n t a t i o n  and f r i c t i o n  c o e f f i c i e n t .  

Honeycomb crush  p r o p e r t i e s  assumed f o r  t h e  main s t r u t  and drag  s t r u t s  of 

t h e  gear  a r e  shown i n  F igures  6-4 and 6-5. Various o r i e n t a t i o n s  of t h e  

landing s u r f a c e  ( s e e  F igure  4-20) were considered,  each of which provided 

symmetrical loading  of t h e  drag s t r u t s .  These o r i e n t a t i o n s  a r e  descr ibed  

by t h e  Euler  ang le  combinations I) = 0° ,  4 = 0°, and 8 va r i ed  from O0 t o  40°. 

The maximum v a l u e  of 40' is  t h e  sum of t h e  maximum ground s l o p e  r e l a t i v e  t o  

t h e  l o c a l  h o r i z o n t a l  (30') and t h e  maximum pitch-up of t h e  l ande r  (10') spec- 

i f i e d  i n  t y p i c a l  des ign  c o n s t r a i n t s ,  Sec t ion  3.1. Behavior of t h e  gear  was 

i n v e s t i g a t e d  by applying a displacement of 30.48 cm, normal t o  t h e  landing  

su r f ace ,  i n  100 s t e p s .  This  l a r g e  v a l u e  of normal displacement w a s  s e l e c t e d  

t o  i n s u r e  t h a t  t h e  gear  bottomed o u t  be fo re  a l l  s t e p s  were taken. For each 

c o e f f i c i e n t  of f r i c t i o n  considered,  a s e r i e s  of computer runs ,  were made i n  

which 8 was v a r i e d  from O0 t o  40'. F r i c t i o n  c o e f f i c i e n t s  of 0 .2,  0.8, and 

1 .0  were considered.  

Maximum energy absorbed by t h e  gear  i n  a d i r e c t i o n  normal t o  t h e  landing  

s u r f a c e  ( X  d i r e c t i o n )  is presented i n  F igure  6-6. Each p o i n t  i n  t h e  f i g u r e  S 
r e p r e s e n t s  t h e  t o t a l  energy absorbed by t h e  gear  be fo re  t h e  main s t r u t  bottomed 

out .  Curves f o r  f r i c t i o n  c o e f f i c i e n t s  of 0 .8  and 1.0 a r e  t h e  same because i n  

each c a s e  the  f r i c t i o n  w a s  s u f f i c i e n t  t o  prevent  t h e  footpad from s l i d i n g .  

For t h e  f r i c t i o n  c o e f f i c i e n t  of 0 .2,  t h e  curve inc ludes  t h e  e f f e c t  of footpad 

s l i d i n g  on t h e  landing  su r f ace .  A s  evidenced i n  t h i s  f i g u r e ,  energy absorp- 

t i o n  c a p a b i l i t y  of t h e  gear  is  minimum f o r  va lues  of 8 between 20' and 30'. 

6.2 Analysis  of Task Order Three Lander - A complete a n a l y s i s  of a 

t y p i c a l  legged lander  con f igu ra t ion  is d iscussed  i n  t h e  fo l lowing  s e c t i o n s .  

This  s tudy  cons i s t ed  of performing a modal a n a l y s i s  on t h e  c e n t e r  body s t ruc -  

t u r e  employing t h e  Center Body Option of t h e  S t r u c t u r a l  Analys is  Program. 

This  modal d a t a  was then  incorpora ted  i n  t h e  Landing Loads and Motions Program 

t o  account f o r  t h e  e f f e c t s  of a f l e x i b l e  c e n t e r  body on t h e  landing  response 

of t h e  v e h i c l e .  Output from t h e  landing  program was used, i n  conjunct ion w i t h  

t h e  Center Body Landing Loads Program, t o  determine t h e  d i s t r i b u t i o n  of i n e r t i a ,  

g r a v i t y ,  and landing  gear  s t r u t  l oads  throughout t h e  cen te r  body. These loads  



were then input  t o  t h e  Center Body Option of t h e  S t r u c t u r a l  Analysis  Program 

t o  determine i n t e r n a l  member load d i s t r i b u t i o n s .  

The legged lander  considered was t h e  3/8 mass ve r s ion  of t h e  Task Order 

Three lander .  Figure 6-7 shows t h e  s t r u c t u r a l  conf igura t ion  of t h i s  veh ic l e .  

Included i n  following ana lys i s  of t h i s  lander  a r e  examples of c o r r e l a t i o n  

between predic ted  r e s u l t s  obtained with t h e  Landing Loads and Motions Program 

and t h e  r e s u l t s  of t h e  t h i r d  drop test conducted a t  NASA Langley Research 

Center. 

COMPRESSION 
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STROKE - CENTIMETERS 

FIGURE 6-4 LOAD-STROKE CURVE FOR MAIN STRUT OF ONE-SIXTH 
SCALE LM CANTILEVER GEAR 



COMPRESSION 

TENSION 

FIGURE 6-5 LOAD-STROKE CURVE FOR DRAG STRUT OF 
ONE-SIXTH SCALE LM CANTILEVER GEAR 



8 - DEGREES 

FIGURE 6-6 MAXIMUM ENERGY ABSORPTION FOR ONE-SIXTH SCA 
LM CANTILEVER GEAR 



FIGURE 6-7 GEOMETRY OF TASK ORDER THREE LANDER 



6.2.1 Modal Analysis  of Center Body S t r u c t u r e  - The f i n i t e  element 

i d e a l i z a t i o n  of t h e  c e n t e r  body s t r u c t u r e  i s  shown i n  F igure  6-8. The member 

s t i f f n e s s  p r o p e r t i e s  f o r  each p a i r  of b a r s  r ep re sen t ing  a s i d e  beam ( f o r  

example, members 10  and 11) and a r a d i a l  beam (members 48 and 49) a r e  such 

t h a t  t h e  t o t a l  s t i f f n e s s  of t h e s e  deep beams is maintained, The moment carry-  

ing  c a p a b i l i t i e s  of members 46, 47, 48, 49, 50, and 51  about t h e  lander  X 

a x i s ,  where t h e s e  members a t t a c h  t o  t h e  s i d e  beans, were removed. Th i s  w a s  

done t o  s imu la t e  t h e  high f l e x i b i l i t y  a s soc i a t ed  wi th  t h e s e  a t t a c h  po in t s .  

This  i d e a l i z a t i o n  r e s u l t e d  i n  a s t i f f n e s s  ma t r ix  conta in ing  33 j o i n t s  

wi th  198 degrees of freedom. Before obta in ing  t h e  s t r u c t u r e ' s  f requencies  

and mode shapes,  t h e  s t i f f n e s s  ma t r ix  was reduced t o  99 degrees of freedom 

by removing t h e  t h r e e  r o t a t i o n a l  degrees of freedom a t  each j o i n t .  Thus, 

t h e  inpu t  mass ma t r ix  contained t r a n s l a t i o n a l  masses a s s o c i a t e d  wi th  a l l  of 

t h e  j o i n t s  shown i n  Figure 6-8. 

Twenty e l a s t i c  modes were reques ted  and t h e  program output  f o r  t h i s  

modal a n a l y s i s  is  shown i n  Appendix B. Three modes, w i th  f r equenc ie s  of 

34.6 Hz, 48.2 Hz, and 101  Hz were obtained whose modal deformation p a t t e r n s  

were predominately i n  t h e  lander  Y-Z p lane  and a r e  t h e  type of modes t h a t  

would be  exc i t ed  by a landing such as t h e  t h i r d  drop test of t h e  Task Order 

Three l ande r .  These a r e  t h e  modes which were included i n  t h e  d a t a  f o r  t h e  

Landing Loads and Motions Program, Sec t ion  6.2.2, when cons ider ing  t h e  e f f e c t s  

of a f l e x i b l e  c e n t e r  body s t r u c t u r e .  F igures  6-9 through 6-11 show t h e  mode 

shapes a s soc i a t ed  w i t h  t h e s e  t h r e e  frequencies .  

' 6.2.2 C o r r e l a t i o n  w i t h  Third Drop Tes t  - The predic ted  landing  response 

f o r  t h e  i n i t i a l  cond i t i ons  corresponding t o  NASA Langley's t h i r d  drop t e s t  

were obta ined  cons ider ing  both  a r i g i d  and f l e x i b l e  c e n t e r  body s t r u c t u r e .  

The i n i t i a l  cond i t i ons  f o r  t h i s  drop test cond i t i on  a r e  shown i n  F igure  6-12. 

A p o r t i o n  of t h e  ou tpu t  from t h e  Landing Loads and Motions Program f o r  t h e  

f l e x i b l e  body is presented  i n  Appendix D. 

The main s t r u t  load-stroke r e l a t i o n s h i p  shown i n  F igure  6-1 was used f o r  

t h e s e  c o r r e l a t i o n  runs .  A ske t ch  of t h e  a c t u a l  footpad geometry, inc luding  

footpad a t t e n u a t i o n ,  and t h e  footpad i d e a l i z a t i o n  employed i n  t h e  landing  

ana lyses  a r e  shown i n  F igure  6-13. The Secondary S o i l  Mechanics r o u t i n e  w a s  



employed w i t h  t h e  fol lowing s o i l  parameters:  
7  S o i l  e l a s t i c i t y  cons tan t  = 1.4  x  1 0  dyneslcm 

3  

Coef f i c i en t  of f r i c t i o n  = 0.9 

The d i s t r i b u t i o n  of c e n t e r  body m a s s  and i n e r t i a  and footpad masses used 

f o r  t h e  318 mass Task Order Three l ande r  i n  t h e s e  runs  is  summarized i n  

F igure  6-14. This  breakdown w a s  obtained by r equ i r ing  t h a t  t h e  combination 

of t h e  c e n t e r  body mass moments of i n e r t i a  and t h e  footpad masses, mu l t ip l i ed  

by t h e  square  of t h e i r  r e s p e c t i v e  moment arms, approximated t h e  moments of 

i n e r t i a  of t h e  t o t a l  318 mass Task Order Three l ande r .  I n  a d d i t i o n ,  t h e  

c e n t e r  of g r a v i t y  l o c a t i o n  f o r  t h e  t o t a l  l ande r  w a s  maintained w i t h  t h i s  mass 

d i s t r i b u t i o n .  

P red ic t ed  cen te r  of g rav i ty  a c c e l e r a t i o n  time h i s t o r i e s  and loads i n  

the ou t s ide  drag s t r u t  of l e g  2  f o r  a  r i g i d  cen te r  body a r e  compared with 

t h e  experimental  d a t a  i n  Figures  6-15 and 6-16. The h igh  frequency 

o s c i l l a t i o n s  present  i n  both t h e  p red ic t ed  load and acce l e ra t ion  r e s u l t s  a r e  

the  spring-mass e f f e c t  of the  footpad mass i n  conjunct ion wi th  t h e  landing  

gear  s t r u t s .  I n  add i t i on ,  o s c i l l a t i o n  i n  t h e  drag  s t r u t  load n e a r  t he  end 

of t h e  t ime h i s t o r y  (when t h e  footpad i s  o f f  t h e  ground) i s  t h e  gear-mass 

sys  tem experiencing f r e e  v i b r a t i o n .  

Comparison between measured and predic ted  c e n t e r  of g r a v i t y  acce lera-  

t i o n s ,  main s t r u t  l oads ,  main s t r u t  s t r o k e s ,  and drag  s t r u t  l o a d s  when cen te r  

body f l e x i b i l i t y  was included,  i s  shown i n  F igures  6-17 through 6-22. Corre- 

l a t i o n  between a n a l y t i c a l  and experimental  r e s u l t s  is good i n  t h i s  case. 

The i n c l u s i o n  of cen te r  body f l e x i b i l i t y  r e s u l t s  i n  a  l e s s  r ap id  bui ldup of 

cen te r  of g r a v i t y  a c c e l e r a t i o n s  upon i n i t i a l  impact,  e s p e c i a l l y  i n  t h e  Z 

d i r e c t i o n .  In  add i t i on ,  the  i n c l u s i o n  of s t r u c t u r a l  f l e x i b i l i t y  can r e a d i l y  

be seen by the  low frequency o s c i l l a t i o n :  p r e s e n t  i n  the  cen te r  of g rav i ty  

Z a cce l e ra t ion .  

An i n t e r e s t i n g  p o i n t  i s  i n d i c a t e d  i n  Figure 6-22. It can be seen t h a t  

t he re  is  an i n i t i a l  o s c i l l a t o r y  load i n  t h i s  drag  s t r u t  be fo re  t h e  footpad 

impacts t h e  landing su r f ace .  This i s  the r e s u l t  of t he  i n e r t i a  loading of 

the footpad mass on the  end of the  e l a s  t i c  landing  gear  s t r u t s .  This i n e r t i a  

loading e f f e c t  of the  noncontact ing footpad i s  a l s o  ind ica t ed  i n  Figure 6-18 

by t h e  bui ldup  of main s t r u t  l oad  i n  l e g  1 be fo re  footpad impact. 
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SECTION A-A 

FIGURE 6-9 CENTER BODY MODE SHAPE ASSOCIATED WITH 34.6 Hz MODE 



SECTION A-A 

FIGURE 6-10 CENTER BODY MODE SHAPE ASSOCIATED WITH 48.2 Hz MODE 



FIGURE 6-11 CENTER BODY MODE SHAPE ASSOCIATED WITH 101 Hz MODE 



OUTSIDE DRAG STRUT 

LANDING SURFACE 
- -- - - 

FIGURE 6-12 INITIAL CONDITIONS FOR DROP TEST THREE 
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FIGURE 6-13 FOOTPAD IDEALIZATION 



* RELATIVE TO BOTTOM OF FOOTPAD 

FIGURE 6-14 3/8 MASS TASK ORDER THREE LANDER MASS BREAKDOWN 
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TIME - SECONDS 

FIGURE 6-16 OUTSIDE DRAG STRUT LOAD WITH RIGID CENTER BODY 



TIME - SECONDS 

FIGURE 6-17 CENTER OF GRAVITY ACCELERATIONS WITH 
FLEXIBLE CENTER BODY 



TIME - SECONDS 



1 
MAlN STRUT 1 

7 

EXPERIMENTAL 

4 0.06 0.08 0.10 

TIME - SECONDS 

0 0.02 0.04 0.06 0.08 
TIME - SECONDS 

FIGURE 6-19 MAIN STRUT STROKES WITH FLEXIBLE 
CENTER BODY 



TIME - SECONDS 
FIGURE 6-20 OUTSIDE DRAG STRUT LOAD WITH 

FLEXIBLE CENTER BODY 



TIME - SECONDS 

FIGURE 6-21 INSIDE DRAG STRUT LOAD WITH 
FLEXIBLE CENTER BODY 



T I E  - SECONDS 

FIGURE 6-22 LEG 1 DRAG STRUT LOAD WITH 
FLEXIBLE CENTER BODY 



6.2 .3  Center Body Landing Loads - Observing t h e  cen te r  of g rav i ty  accel- 

e r a t i o n  time h i s t o r i e s  shown i n  F igure  6-17, i t  i s  seen t h a t  t h e r e  a r e  s e v e r a l  

p o i n t s  of apparent  h igh  acce l e ra t ion  of t h e  cen te r  body s t ruccu re .  The time 

h i s t o r y  d a t a  s t o r e d  on magnetic t ape  during t h i s  run was r e t r i e v e d  wi th  t h e  

Center Body Landing Loads Program and t o t a l  load d i s t r i b u t i o n s  on the  cen te r  

body were determined a t  s e v e r a l  of t hese  po in t s  during t h e  landing.  The load  

d i s t r i b u t i o n  a t  t he  landing  time of 0.011 seconds was s e l e c t e d  a s  c r i t i c a l  

because i t  y i e lded  t h e  l a r g e s t  loads i n  t h e  -Z d i r e c t i o n  a t  t he  center  body 

cen te r  of g rav i ty .  Appendix E p re sen t s  t h e  load  d i s t r i b u t i o n  obtained wi th  

t h e  Center Body Landing Loads Program f o r  t h i s  time. 

6.2.4 Center Body I n t e r n a l  Load D i s t r i b u t i o n  - The Center Body Option 

of t h e  S t r u c t u r a l  Analysis Program was employed t o  determine j o i n t  displace-  

ments and i n t e r n a l  load  d i s t r i b u t i o n s  i n  t h e  cen te r  body s t r u c t u r e  f o r  landing 

loads def ined  i n  Sec t ion  6.2.3 a t  a  time of 0.011 seconds. The c e n t e r  body 

i d e a l i z a t i o n  shown i n  Figure 6-8 was employed. A l i s t i n g  of i npu t  informa- 

t i o n  and output d a t a  f o r  t h i s  problem is  presented  i n  Appendix A. Header 

card ( see  Figure 4-32) f o r  t h i s  d a t a  case does n o t  appear i n  the  output l ist-  

i n g  although i t  was the  f i r s t  card of t h e  d a t a  s e t .  

I n  t he  cen te r  body f i n i t e  element i d e a l i z a t i o n ,  a t t a c h  p o i n t s  f o r  l egs  

2 and 3 were assumed t o  be  j o i n t s  12 ,  15, 17,  22, 25, and 27. This is  an 

approximation s i n c e  t h e  phys i ca l  a t t a c h  points '  f o r  the  drag s t r u t s  a r e  

loca ted  a t  the  ends of c l e v i s  f i t t i n g s  which a r e  ad jacent  t o  t h e  above j o i n t s .  

The cen te r  body was supported a t  j o i n t s  12 ,  15 ,  17, 22, 25 and 27 which 

were assumed t o  be  pinned with zero t r a n s l a t i o n a l  displacements and zero 

appl ied  moments. The cen te r  body landing  loads  d i s t r i b u t i o n  a t  0.011 seconds 

i s  given i n  Appendix E. Due t o  t he  assumed drag s t r u t  l oca t ions  i n  t he  

c e n t e r  body i d e a l i z a t i o n ,  unbalances i n  t hese  loads  a r e  i n d i c a t e d ,  e s p e c i a l l y  

moment about t h e  lander  Y ax i s .  To i n s u r e  a  s t a t i c  balance,  t he  negat ive  of 

these  unbalance loads were appl ied  a t  t he  cen te r  of g rav i ty  ( j o i n t  33) i n  

add i t i on  t o  the  t h r e e  fo rce  components a t  t h i s  j o i n t .  For computer i n p u t ,  

nominal va lues  were s e l e c t e d  by d e f a u l t  f o r  dl d a t a  opt ion  i n d i c a t o r s  except  

I N D I T R  and TMAX. I N D I T R  (maximum number of i t e r a t i o n s  allowed) was s e t  a t  

2000. TMAX (maximum CP seconds allowed f o r  s o l u t i o n )  was s p e c i f i e d  as 100. 

Included i n  computer ou tput  a r e  displacements  and e x t e r n a l  loads  f o r  



a l l  j o i n t s  and i n t e r n a l  loads  i n  a l l  bar  elements.  The displacements  a t  t h e  

c e n t e r  of g r a v i t y  and t h e  i n t e r n a l  bending moments about t h e  l o c a l  Z a x i s  

f o r  t h e  r a d i a l  beam (elements 46 through 51) a r e  of p a r t i c u l a r  s ign i f i cance .  

Resul t s  of t h i s  a n a l y s i s  are compared wi th  t h e  r e s u l t s  f o r  a redesigned 

cen te r  body s t r u c t u r e  i n  F igure  6-28, Sec t ion  6.3. 

I n  order  t o  emphasize t h e  importance of proper  i d e a l i z a t i o n  of t h e  

s t r u c t u r e  when determining displacements  and i n t e r n a l  l oads ,  t h e  loading  

cond i t i on  def ined  above was app l i ed  t o  a r e f i n e d  i d e a l i z a t i o n  of t h e  Task 

Order Three Lander Center Body as discussed i n  Appendix G. Displacements 

and i n t e r n a l  loads  obta ined  when employing , the r e f i n e d  i d e a l i z a t i o n  a r e  

d i f f e r e n t  than those  obtained when employing t h e  i d e a l i z a t i o n  i n  Figure 6-8 

and probably a r e  more accu ra t e .  For t h e  purpose of demonstrating program 

c a p a b i l i t i e s ,  t h e  i d e a l i z a t i o n  shown i n  F igure  6-8 i s  e n t i r e l y  adequate and 

w i l l  b e  employed i n  t h e  fol lowing sec t ions .  

It must be kep t  i n  mind t h a t  a more r e f i n e d  i d e a l i z a t i o n  r e q u i r e s  more 

computer run  time. For example, run  time f o r  t h e  i d e a l i z a t i o n  i n  F igure  6-8 

was 46 CP seconds wh i l e  t h a t  f o r  t h e  r e f i n e d  i d e a l i z a t i o n  i n  Appendix G w a s  

106 CP seconds. A compromise between i d e a l i z a t i o n  refinement and computer 

run  t ime must be  made. 

6 . 3  Analysis of  Modified Task Order Three Lander - The a n a l y s i s  of t h e  

Task Order Three l ande r ,  Sec t ion  6.2, i n d i c a t e d  cons iderable  f l e x i b i l i t y  of 

the c e n t e r  body s t r u c t u r e  i n  t h e  l ande r  Y-Z plane.  This i np lane  f l e x i b i l i t y  

is  i n d i c a t e d  i n  t h e  measured Z cen te r  of g r a v i t y  acce l e ra t ion ,  Figure 6-15, 

ob ta ined  during t h e  NASA drop t e s t  program. 

A modif ica t ion  of  t he  Task Order Three l a n d e r  center  body s t r u c t u r e  t o  

i n c r e a s e  t h e  s t i f f n e s s  and improve t h e  load  car ry ing  c a p a b i l i t y  i n  t h e  Y-Z 

plane w a s  s tud ied .  Three conf igura t ions ,  i nco rpora t ing  t h e  add i t i on  of a number 

of t ens ion  s t r a p s ,  were considered i n  a r r i v i n g  a t  t h e  Modified Task Order Three 

lander .  These cons i s t ed  of 9-s trap,  12-strap,  and 18-strap conf igura t ions .  

The 12-strap conf igura t ion  i s  shown i n  Figure 6-23. The 9-strap conf igu ra t ion  

was t h e  same a s  t h e  12-strap conf igura t ion  wi th  t h e  upper s t r a p s  63, 64, and 65 

removed. The 18-strap conf igu ra t ion  was l i k e  t h e  12-strap w i t h  s i x  a d d i t i o n a l  

s t r a p s  added t o  t h e  upper p o r t i o n  of t h e  c e n t e r  body. These upper s t r a p s  were 

loca t ed  i n  a manner s i m i l a r  t o  t h e  lower s t r a p s  57 through 62. 



STRAP ELEMENT NUMBER 

z 

FIGURE 6-23 CENTER BODY IDEALIZATION INCLUDING TENSION STRAPS 

A r e p r e s e n t a t i v e  loading condi t ion  was app l i ed  t o  a  f i n i t e  element i d e a l i -  

z a t i o n  of t h e s e  t h r e e  s t r a p  conf igura t ions  employing t h e  Center Body Option of 

t h e  S t r u c t u r a l  Analysis  Program. For t h i s  s tudy ,  t he  b a s i c  c e n t e r  body s t r u c -  

t u r e  was i d e a l i z e d  a s  shown i n  Figure 6-8. Each s e t  of t ens ion  s t r a p s  was then  

added t o  t h i s  i d e a l i z a t i o n ,  as ind ica t ed  i n  F igure  6-23 f o r  t h e  12-strap con- 

f i g u r a t i o n .  I n  each case,  a l l  s t r a p s  were assumed t o  have a  c ros s - sec t iona l  

a r e a  of 1.29 square  cent imeters  and a  modulus of e l a s t i c i t y  of 2.068 x 1012 
2 

dyneslcm . 
Figure  6-24 shows t h e  loading  condi t ion  which was employed t o  eva lua t e  

each of t h e  t ens ion  s t r a p  conf igura t ions .  This  condi t ion  was found t o  be  

t h e  c r i t i c a l  one when t h e  most s eve re  cen te r  of g rav i ty  a c c e l e r a t i o n s  noted 

during t h e  a n a l y s i s  of t h e  Task Order Three l ande r  i n  Sec t ion  6.2 were combined 

f o r  one and two l e g  landings.  Employing t h e  c r i t e r i o n  of reducing both  t h e  

r a d i a l  beam bending moments about t h e  l o c a l  Z axes and inp lane  displacements,  



the  comparison shown i n  Figure 6-25 was made f o r  the  th ree  tension s t r a p  con- 

f igura t ions .  Based on t h e  r e s u l t s  shown i n  t h i s  f igure ,  the  12-strap configura- 

t i o n  was chosen a s  the  Modified Task Order Three lander. This configurat ion 

resu l t ed  i n  a 3.1 reduction f a c t o r  f o r  r a d i a l  beam bending moment and a 5.45 

mul t ip l i ca t ion  f a c t o r  f o r  center  body inplane s t i f f n e s s  when compared t o  the  

Task Order Three lander s t ruc tu re .  The 18-strap configuration was not  

se lec ted  because the  s l i g h t  improvement i n  the  parameters of i n t e r e s t  was 

no t  s u f f i c i e n t  t o  jus t i f y  s i x  add i t iona l  s t r a p s .  The weight of t h e  twelve 

tension s t r a p s  was removed from the  b a l l a s t  weights i n  the  idea l i za t ion  of 

the modified Task Order Three configuration to  maintain the  same t o t a l  lander 

weight. 

I 
LOADS APPLIED AT CENTER OF GRAVITY WERE DETERMINED BY ASSUMING: 

+ X ACCELERATION OF 50 g's 
+ Z ACCELERATION OF 36 g's 

WEIGHT OF HUB AND RADIAL BEAM = 1.1% x lo8 DYNES, 
CONCENTRATED AT CENTER OF GRAVITY 

THEREFORE, LOADS SHOWN ARE: 

Fx = - m ~  = -5.983 r 19 DYNES 
. . 

Fz = -G = -4315 x 19 DYNES 

My = MOMENTS SUUmD ABOUT CONTACTING FOOTPAD = -1.148 x 10l2 CM-DYNES 

FIGURE 6-24 LOADING CONDITION FOR EVALUATION OF MODIFIED TASK 
ORDERTHREELANDERCENTERBODYSTRUCTURE 



" BENDING MOMENTS ARE ABOUT LOCAL Z AXIS O F  ELEMENT AT "Q" END 
** CENTER BODY INPLANE STIFFNESS WAS OBTAINED BY APPLYING A UNIT LOAD AT  THE CENTER O F  

GRAVITY IN THE -Z GLOBAL DIRECTION, T H E  STIFFNESS FACTOR IS THIS LOAD DIVIDED BY THE 
RESULTING CENTER O F  GRAVITY GLOBAL Z DISPLACEMENT 

FIGURE 6-25 COMPARISON OF VARIOUS TENSION STRAP CONFlGURATlONS 

Employing t h e  f i n i t e  element i d e a l i z a t i o n  shown i n  F i g u r e s  6-8 and 6-23, 

a modal a n a l y s i s  was performed on t h e  Modified Task Order Three  l a n d e r  c e n t e r  

body. Three  modes, w i t h  f r e q u e n c i e s  o f  75.2 Hz, 149 Hz, and 1 6 3  Hz, were  

o b t a i n e d  whose modal de format ions  were  predominant ly  i n  t h e  l a n d e r  Y-Z p l a n e .  

These  modal f r e q u e n c i e s  a r e  much h i g h e r  t h a n  t h e  comparable f r e q u e n c i e s  

o b t a i n e d  f o r  t h e  Task Order  Three  Lander,  S e c t i o n  6.2.1,  t h u s  i l l u s t r a t i n g  t h e  

s t i f f e n i n g  e f f e c t  o f  t h e  s t r a p s .  

The drop t e s t  t h r e e  l a n d i n g  c o n d i t i o n s  were  used t o  e v a l u a t e  t h e  Modif ied 

Task Order  Three  l a n d e r  c e n t e r  body s t r u c t u r e .  Using t h e  above t h r e e  modes t o  

r e p r e s e n t  t h e  c e n t e r  body f l e x i b i l i t y  e f f e c t s  , t h e  a c c e l e r a t i o n s  and d r a g  s t r u t  

l o a d  shown i n  F i g u r e s  6-26 and 6-27 were  p r e d i c t e d  w i t h  t h e  Landing Loads and 

Motions Program. These q u a n t i t i e s  are superimposed on t h e  p r e d i c t e d  r e s u l t s  

o b t a i n e d  f o r  t h e  o r i g i n a l  Task Order  Three  l a n d e r  c e n t e r  body, The 

o s c i l l a t o r y  n a t u r e  o f  t h e  Z a c c e l e r a t i o n  i s  due t o  t h e  l a r g e  e x c i t a t i o n  of t h e  

75.2 Hz mode f o r  t h e  i n i t i a l  c o n d i t i o n s  cons idered .  



TlME - SECONDS 

TlME - SECONDS 

FIGURE 6-26 CENTER O F  GRAVITY ACCELERATIONS 
WITH MODIFIED CENTER BODY STRUCTURE 



TIME - SECONDS 

FIGURE 6-27 OUTSIDE DRAG STRUT LOAD WITH 
MODIFIED CENTER BODY STRUCTURE 



The d i s t r i b u t i o n  of landing  loads  throughout t h e  c e n t e r  body s t r u c t u r e  was 

obta ined  f o r  a number of p o i n t s  dur ing  t h e  landing  t ime h i s t o r y .  A t  a r e a l  

t ime of 0.011 seconds, t h e  cen te r  body experienced h igh  loads and t h i s  po in t  

was chosen f o r  a n a l y s i s  wi th  t h e  Center Body Option of t h e  S t r u c t u r a l  Analysis 

Program. Employing t h e  c e n t e r  body f i n i t e  element i d e a l i z a t i o n  shown i n  Fig- 

ures  6-8 and 6-23, i n t e r n a l  member loads and j o i n t  displacements a t  t h i s  t ime 

were determined. A comparison of t hese  loads  and displacements wi th  t h e  loads 

and displacements obtained f o r  t h e  Task Order Three lander ,  Sec t ion  6.2.4,  a r e  

presented  i n  Figure 6-28. As can b e  seen,  t h e  r a d i a l  beam bending moments i n  

t h e  Modified Task Order Three c e n t e r  body a r e  lower than  those  obtained f o r  t h e  

Task Order Three Center body. I n  add i t i on ,  t h e  g loba l  Z displacement of t h e  

c e n t e r  body c e n t e r  of g rav i ty  i s  l e s s  f o r  t h e  Modified Task Order Three c e n t e r  

body. This  t r e n d  of lower member loads and reduced displacements is  a r e s u l t  

of t h e  a d d i t i o n a l  c e n t e r  body load  pa ths  and increased  s t i f f n e s s  provided by 

t h e  t e n s i o n  s t r a p s .  

Landing Analysis of Full-Mass Task Order Three Lander - Severa l  

a d d i t i o n a l  s t u d i e s  f o r  the  Task Order Three lander  were performed. For a l l  

of t h e  fol lowing d i scuss ions ,  the s t r u c t u r a l  con£ i g u r a t i o n  , landing gear  

p r o p e r t i e s ,  and footpad i d e a l i z a t i o n  were t h e  same as  d iscussed  i n  Sec t ion  

6.2. The mass p r o p e r t i e s  were t h a t  of a f u l l  mass Task Order Three lander  

and a l o c a l  a c c e l e r a t i o n  of g r a v i t y  of 375 cm/sec2 was employed. 

A l ander ,  h o r i z o n t a l  w i th  r e spec t  t o  t h e  l o c a l  a c c e l e r a t i o n  of g r a v i t y ,  

wi th  a v e r t i c a l  v e l o c i t y  of -610 cm/sec a long  t h e  g rav i ty  vec to r ,  and landing  

on a 10" s lope ,  was considered. The i n i t i a l  o r i e n t a t i o n  of t h e  lander  was 

such t h a t  a s i n g l e  footpad impacted t h e  landing  su r f ace .  For comparison, 

t h r e e  s h o r t  runs were made wi th  t h e s e  i n i t i a l  condi t ions  and t h e  fol lowing s o i l  

p r o p e r t i e s .  

SS Dense S o i l  (Figure 5-10) : 

Primary s o i l  mechanics r o u t i n e  

Re la t ive  s o i l  dens i ty  = .69 

S o i l  u n i t  weight = 1681 dyneslcm 3 

S o i l  i n t e r n a l  f r i c t i o n  angle  = 39' 



SS Loose S o i l  (Figure 5-10) : 

Primary s o i l  mechanics r o u t i n e  

Re la t ive  s o i l  dens i ty  = 0 

S o i l  u n i t  weight = 1488 dynes/cm3 

S o i l  i n t e r n a l  f r i c t i o n  ang le  = 29" 

Secondary S o i l  : 

Secondary s o i l  mechanics r o u t i n e  
7 

S o i l  e l a s t i c i t y  cons tan t  = 144 x 10 dynes/cm 3 

Coeff ic ien t  of f r i c t i o n  = 0.9 

The Secondary S o i l  i s  t h e  same s o i l  i d e a l i z a t i o n  a s  t h a t  employed during 

t h e  c o r r e l a t i o n  s t u d i e s  conducted f o r  t h e  t h i r d  drop of t h e  Task Order Three 

lander  d iscussed  i n  Sec t ion  6.2.2. 

MODIFIED TASK ORDER 
THREE LANDER 

MODIFIED TASK ORDER 

FIGURE 6-28 COMPARISON OF COMPUTER RESULTS FOR ORIGINAL AND MODIFIED 
TASK ORDER THREE LANDER 



. Figure 6-29 p re sen t s  a comparison between t h e  r e s u l t i n g  main s t r u t  t ime 

h i s t o r i e s  f o r  t h e  t h r e e  s o i l s  considered.  A s  can be  seen,  t h e  l a r g e s t  main 

s t r u t  load  and s t r o k i n g  motion r e s u l t e d  when t h e  Secondary S o i l  was used. This  

i s  reasonable s i n c e  t h e s e  s o i l  p r o p e r t i e s  were used t o  i d e a l i z e  t h e  very r i g i d  

landing  s u r f a c e  of t h e  Task Order Three l ande r  drop t e s t  program. The main 

s t r u t  s t r o k e  was much l e s s  f o r  t h e  SS Loose S o i l  than f o r  t h e  o t h e r  s o i l s .  

A second s e t  of i n i t i a l  condi t ions  f o r  t h e  f u l l  mass l ande r  were as  

fol lows : 

Ground s l o p e  = 10' 

I n i t i a l  r o t a t i o n  about Xgaxis = 20' 

V e r t i c a l  v e l o c i t y  = -610 cm/sec 

For t h i s  run, t h e  SS Dense S o i l  employed i n  t h e  previous case  was used. 

Figures  6-30 and 6-31 p re sen t  t h e  a c c e l e r a t i o n s  and main s t r u t  loads 

r e s u l t i n g  from t h i s  s p a t i a l  landing.  The s p a t i a l  na tu re  of t h i s  landing  is 

obvious from t h e s e  t ime h i s t o r i e s .  The main s t r u t s  i n  each l e g  load  up sequen- 

t i a l l y  a s  t h e i r  r e spec t ive  footpads impact t h e  landing  su r f ace .  These loads 

then  drop o f f  a s  t h e  l a n d e r ' s  i n i t i a l  k i n e t i c  energy i s  absorbed by t h e  crush- 

a b l e  s t r u t s .  
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7. CONCLUSIONS 

.Two methods of ana lys i s  and a s soc i a t ed  computer programs w e r e  developed 

f o r  t h e  i n v e s t i g a t i o n  of legged l ande r s .  One program, t h e  Landing Loads and 

Motions Program, is  used t o  p r e d i c t  landing loads and s p a t i a l  motions of a  

lander .  The second, t h e  S t r u c t u r a l  Analysis Program, determines t h e  i n t e r n a l  

load d i s t r i b u t i o n s  i n  t he  l a n d e r  c e n t e r  body s t r u c t u r e  o r  f requencies  and mode 

shapes f o r  a  f r ee - f r ee  c e n t e r  body s t r u c t u r e .  Energy absorp t ion  cha rac t e r i s -  

t i c s  of an i n d i v i d u a l  landing gear  a r e  a l s o  determined wi th  t h i s  program. Each 

program conta ins  opt ions  and c a p a b i l i t i e s  which were shown t o  b e  important 

i n  t h e  a n a l y s i s  of legged lander  conf igura t ions .  For example, i n  t h e  Landing 

Loads and Motions Program, opt ions  t o  inc lude  t h e  e f f e c t  of c e n t e r  body f l e x i -  

b i l i t y  and a  comprehensive s o i l  mechanics r o u t i n e  were included.  An opt ion  t o  

i n v e s t i g a t e  l a r g e  displacement s t r o k i n g  behavior  of a landing gear  was 

incorpora ted  i n  t h e  S t r u c t u r a l  Analysis Program. 

I n  add i t i on  t o  t h e  l imi t ed  analyses  made w i t h i n  t h e  c o n s t r a i n t s  of Task 

Order F ive ,  comparisons of experimental  and a n a l y t i c a l  r e s u l t s  f o r  t e n  addi- 

t i o n a l  unpublished t e s t s  conducted a t  the NASA Langley Research Center show 

t h a t  t h e  programs a r e  working s a t i s f a c t o r i l y .  However, t he  e f f e c t s  of 

f r i c t i o n  between t h e  footpads and t h e  landing s u r f a c e  a r e  very  d i f f i c u l t  t o  

s imula te  a n a l y t i c a l l y  because of t h e  uncertaintiaes involved i n  de f in ing  these  

e f f e c t s  during dynamic model t e s t i n g .  The l i m i t e d  analyses  presented  i n  t h i s  

r epo r t  do se rve  t o  demonstrate primary program c a p a b i l i t i e s .  & a r e s u l t  of 

t hese  ana lyses ,  t h e  fol lowing conclusions are p o s s i b l e  : 
- . . .- - - 

(1) Center body f l e x i b i l i t y  s i g n i f i c a n t l y  a f f e c t s  landing  loads and 

motions. This  was i l l u s t r a t e d  during t h e  landing s t u d i e s  conducted 

on t h e  Task Order Three l a n d e r ,  Sec t ion  6.2.2. For a  r i g i d  cen te r  

body, the  drag  s t r u t  loads  (Figure 6-16) were h ighe r  than wi th  a  

f l e x i b l e  c e n t e r  body (Figure 6-20). I n  a d d i t i o n ,  t h e  cen te r  of 

g rav i ty  a c c e l e r a t i o n s  i n  t h e  r i g i d  c e n t e r  body (Figure 6-15) b u i l t  

up more r ap id ly  than was i n d i c a t e d  i n  e i t h e r  t h e  t e s t  d a t a  o r  i n  

t he  a n a l y s i s  wi th  f l e x i b i l i t y  included (Figure 6-17). Very good 

c o r r e l a t i o n  wi th  t e s t  d a t a  r e s u l t e d  when cen te r  body f l e x i b i l i t y  

was included.  



(2)  S o i l  p r o p e r t i e s  s i g n i f i c a n t l y  a f f e c t  landing gear  s t r u t  behavior .  

I n  F igure  6-29, i t  w a s  shown t h a t  much h igher  landing  gear  s t r u t  

s t r o k e s  and loads r e s u l t  when landing on hard  s o i l .  When landing  i n  

loose  sand, s t r u t  s t r o k e  increased  gradual ly  w i th  t ime wi th  r e s u l t i n g  

lower s t r u t  loads.  Overa l l  l ande r  motions a r e  h igh ly  dependent upon 

s o i l  p rope r t i e s .  Therefore,  i t  i s  important t h a t  programs f o r  

s tudying  landing motions, inc lude  t h e  c a p a b i l i t y  f o r  proper ly  repre-  

s e n t i n g  s o i l  c h a r a c t e r i s t i c s .  

(3) Care must b e  exe rc i sed  i n  t h e  f i n i t e  element i d e a l i z a t i o n  of t h e  

cen te r  body s t r u c t u r e .  As  discussed i n  Sec t ion  6.2, t h e  p r e d i c t e d  

i n t e r n a l  l oad  d i s t r i b u t i o n s  were d i f f e r e n t  f o r  two d i f f e r e n t  i d e a l i -  

z a t i o n s  of t h e  same s t r u c t u r e .  However, i t  was a l s o  shown t h a t  t h e  

f i r s t  i d e a l i z a t i o n  presented  i n  Sec t ion  6 .2  r e s u l t e d  i n  very good 

c e n t e r  body f l e x i b i l i t y  d a t a  f o r  use w i t h  t h e  Landing Loads and 

Motions Program, I n  genera l ,  a  more s o p h i s t i c a t e d  i d e a l i z a t i o n  i s  

requi red  f o r  determinat ion of i n t e r n a l  loads than f o r  generat ion of 

c e n t e r  body f l e x i b i l i t y  information f o r  t h e  landing  program. 

(4) Landing gear  o r i e n t a t i o n  and landing  s u r f a c e  f r i c t i o n  g r e a t l y  

i n f luence  t h e  l a r g e  displacement s t r o k i n g  behavior  of a  landing gear  

conf igura t ion .  Comparison between Figures  6-2 and 6-3 i n d i c a t e  t h a t  

t he  drag s t r u t  loads i n  a n  inve r t ed  t r i p o d  gear  a r e  much d i f f e r e n t  

f o r  two d i f f e r e n t  gear  o r i e n t a t i o n s .  A s  shown i n  F igure  6-6, t h e  

energy absorp t ion  c a p a b i l i t i e s  of a  landing  gear  a r e  dependent on 

t h e  c o e f f i c i e n t  of f r i c t i o n  employed and the  o r i e n t a t i o n  of t h e  gear  

with respec t  t o  t h e  landing  su r f ace .  

(5) Inc reas ing  cen te r  body s t i f f n e s s  does n o t  n e c e s s a r i l y  reduce peak 

c e n t e r  of g r a v i t y  acce l e ra t ions .  As  i n d i c a t e d  i n  Figure 6-26, the  

peak p red ic t ed  acce l e ra t ions  f o r  t he  o r i g i n a l  Task Order Three 

cen te r  body and t h e  Modified Task Order Three center  body were of 

the  same magnitude. The increased  s t i f f n e s s  of the  modified 

s t r u c t u r e  r e s u l t e d  i n  a  h ighe r  frequency o s c i l l a t i o n  of t h e  Z 

acce l e ra t ion .  However, i n  t h i s  case,  t he  i n d i v i d u a l  member loads 

were reduced due t o  the  a d d i t i o n a l  load pa ths  a v a i l a b l e  i n  t he  

s t r u c t u r e .  
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APPENDIX C 

EXAMPLE O F  INPUT AND OUTPUT 

LANDING GEAR OPTION 

STRUCTURAL ANALYSIS PROGRAM 









. . I. 
'9 a *  

I I*!, 

i d d d  

I 
N h 

z k  
= P  

l 
a'@ 

4 
a 

m 
C) 

sE 4 

;i 
2bJ 
h N  
EP 

I I 

1 

I 
1 1  

! 
I !  

E b  
i i 

, In: 

g:: 

/ / 
I I 
I i  
I I q 
, z 
1 .  
I ?  



' i ;  
, I :  : I . ,  I 

' ! , I  
' I !  



IN
C

L
E

M
E

N
T

A
L

 
S

T
E

P
 

5
9

 
1

2
 A

I
L

U
A

~
~

~
~

U
~

~
U

C
E

R
~

E
 

S
R

T
IS

F
A

C
T

Iu
h

- 
--

- 
- -
 A

 
-
 

-
 -
 -
-
 

-
 

C
O

O
0

 t
X

lt
R

N
1

L
n

D
R

fN
T

S
 

N
O

U
A

L 
S

U
R

F
A

C
E

 
C

O
O

R
O

IN
A

T~
 

S
Y

S
T

~
M

 
S

U
R

F
A

C
~

 LC
O

R
U

IN
A

TL
 

s
v

s
r

tn
 

~
U

~
F

A
C

E
 

C
O

U
R

U
IN

AT
C

 
S

Y
S

T
E

~
 

T 
X

 
v 

Z
 

X
 

.
 

- 
- 
.T
 
-
-
 -
 -
--

 
--

 - 
-
.
.
-
-
 
.
-
-
-
-
.
7
 

1
 

0.
 

Z
.J

5
0

O
O

E
+

0
1

 
0.

 
~

5
9

/
t

*
~

7
 

-1
.Z

i5
i4

7E
S

lJ
8 

L
.Y

0
5

3
7

k
+

O
B

O
. 

- 
- 

- 
-
7
 

-C;- 
2

 
b

.O
8

0
0

9
t+

O
i 

0.
 

1
.9

5
8

0
0

E
+

0
1

 
-1

.7
1

0
5

2
L

+
0

9
 

0.
 

&
.7

L
U

7
7

t+
O

o
 

0.
 

0.
 

9.
 

J
 

0.
 

-
Z

.
J

m
t

+
~

l
 

0.
 

f
t
*

~
f
 l.

<
z

W
/t

+
U

b
 

L
.Y

U
~

J
C

L
+

U
~

I 
7

7
7

.-
 

U. 
U.

 
4

 
-1

.O
lb

4
P

t+
O

l 
0.

 
5

.5
7

5
9

7
t+

0
1

 
1

.8
1

6
4

4
t+

0
9

 
0.

 
-l

.C
5

3
1

5
E

+
O

4
 

0.
 

0.
 

0.
 

-
-
 

-
-
 -
-
 
-
-
 
-
-
-
 

-
 
-
 --

 
-
 -
 

-
-
 
-
-
 

S
T

R
U

C
T

U
R

A
L 

A
X

IA
L

 
A

X
IA

L
 

A
X

IA
L

 
E

L
E

H
tN

T
 

k 
u

K
~

 
S

H
E

A
R

 
S

li
tA

R
 

rn
E

A
n

 
S

H
E

A
R

 
m

rr
cr

--
 

-
 

im
n

E
N

T
 

-
-

 
.
 
.
-
 
7
-- 

-
 -R

O
R

E
A

T
. .
 

-
 -
 

1
 

-
J

.
~

~
+

u
o

 
-5

.O
lb

lY
t'

U
5

 
5

.4
Y

b
ft

L
+

lU
 

N
U

U
t 

1
 

U
. 

A
I
ll
R

c
l 
--- 

2
 

-1
.9

2
0

O
O

L
+

0
9

 
-1

+
1

7
8

9
8

E
+

0
1

 
0.

 
N

O
D

t 
2 

0.
 

0.
 

N
O

O
t 

4
 

0.
 

0.
 

.
 

J
 

9
7

0
2

E
+

0
8

 
-5

.8
lb

1
9

t-
O

J
 

5
.4

9
b

f/
t+

1
0

 
N

O
U

t 
J
 

U.
 

-
K
 

- 
--

 
N

O
D

E
-4

-.
 

.
 

-
 

-V
;- 

"
 

T
O

T
A

L 
LN

LR
G

Y
 

A
O

S
O

kB
LO

 
F

O
U

T
P

IO
 

A
T

T
E

N
U

A
il

u
N

 
E

N
E

R
G

Y
 

rH
lS

 S
T

E
P

 
SU

RF
IFC

E- 
I
 tn

 
-
 

s
~

-
k

n
 

NU&- 
ll

 
v 

2
 

x 
Y

 
2 

X
 

1
 

2 
X

 
Y

 
L 

IN
C

K
E

h
E

h
T

A
L

 
S

T
E

P
 

6
0

 
1

d
 1

-m-E
 

S
A
-m

r 
- 
. -
 -
 .
 
-
 -
 - 

- .
 .
 . -
 --
 -
 - 
- -

 

=-.-
 

-
-
-
 

-
-
"
 

C
O

O
P

S
 

L
X

It
Y

N
A

L
 ~

u
K

C
E

 
p

n
O

n
t

N
r

S
-

-
-

 
-- 

N
O

D
A

L 
S

U
R

F
A

C
E

 C
b

O
R

D
IN

A
T

t 
S

Y
S

T
E

M
 

S
U

R
F

A
C

E
 L

C
O

R
U

IN
A

T
~ 

S
Y

S
 lt

n
 

b
U

kF
A

L
E

 C
O

O
R

U
IN

A
T

E
 

S
Y

S
T

E
M

 

S
T

R
U

C
T

U
R

A
L 

A
X

IA
L

 
' 

A
X

IA
L

 
~

L
L

R
~

N
T

C
E

 S
T

R
O

K
E

 
S

H
E

A
R

 
S

 H
t A

R 
T

D
K

C
E

 
-
-
 -

- 
n
  O

R
^
 

S
H

E
A

R
 

-F
uF

xE
 -

 -
 

- 

--
 
- 

- 
- 
.

.
 -
 
--

--
 

-
-
a
 --
 

-
-
-
-
-
V

;-
 
-
 -
 -
 

1
 

5
0

0
6

k
+

0
8

 -
5

.1
3

O
fb

E
-O

J 
5

.4
9

b
/b

t+
1

0
 

N
U

U
t 

1
 

2
 

-1
.9

2
0

0
O

L
*0

9
 

-1
.1

9
9

5
L

E
+

0
1

 
0.

 
N

O
O

tZ
 

0.
 

0.
 

N
O

D
t 

4
 

0.
 

0.
 

J
 

t+
U

M
 

-5
./

J
U

f5
t'

U
J

 
$

.4
Y

b
Ib

t+
lU

 
m

t 
3
 

U
. 

U
. 

~
~

-
-
-
u

-
-
-
-
-
 

U.
 

-
-
 

T
O

T
A

L 
E

N
E

R
G

Y
 

A
8S

O
R

B
kU

 
-
 

-
 

F
O

O
T

P
A

D
 A

T
T

tN
U

A
ls

U
N

 t
N

E
U

G
Y

 
T

H
IS

 
S

TE
P

 
S

U
R

F
A

C
E

 
C

O
O

R
O

L 
N

A
T

k 
S

Y
S

T
tM

 
L

A
N

D
tH

 C
O

O
 -
 - s~~

~
 

c O
VR

L 
IN

IF
T

F
 S

Y
Y

S
TE

n 
- 

~
n

\R
m

R
X

X
J'

L
N

D
X

K
K

iE
 S

P
S

T
E

F
- 

- 
x 

- Y
 

2
 

X
 

Y
 

2
 

X
 

1
 

Z
 

X
 

1
 

2 



C 3 u I. 

2 9  4 
2 0 

W . .  s D n 
H . n  fi * 



A P P E N D I X  D 

EXAMPLE O F  I N P U T  AND OUTPUT 

LANDING LOADS MOTIONS PROGRAM 



P
R

O
G

d
n

h
 

C
C

N
T

U
U

L
 

L
A

T
A

 
* 

+
 

-
-
 

-
-

 

1
 

L
A

S
E

 
H

C
 

= 
3

0
6

 
-

~
J

J
l

J
~

~
~

~
-

I
~

 
E

T
T

F
m

r
-
=

-
-
 

-
J
-
 

- 
-
 - .
 -
 -- 

--
- 
-
 .
 
. 

- 
- -

 
- 

.a 
h

h
W

E
S

 
= 

3 
w

O
O

LT
 

= 
0 

-7
c

rm
F

X
U

'=
; 

5 
R

m
f

Y
D

 =
 

1
 

1
ff

iF
lD

 =
 

O 
5 

Ih
D

F
X

R
 

= 
1
 

IN
O

F
V

K
 

0 
Ih

U
F

Z
R

 
= 

1 

* 
+

 
Ih

lT
IA

L
 L

0
~

L
li

lG
k

S
 

+
 
* 

-
 .
 -
 -
 --

 -
 .
 
.
 

- 
-- 

-
 

- 
9
 

Z
tT

P
 

= 
0.

 
- 
--

 
L
U
A
U
 

= 
4

.8
0

7
t+

U
c

 
G
k
h
k
c
 

= 
'.

L
J

7
r+

d
r 

I
U
 

,
t

,
~

 - 
U

. 
--

P
N

~
T

T
 r

.
~

u
u

t
 

u
.
 -
 

. 
- 

- 
-
 

- 

1
1
 

Y
X

 
= 

0.
 

W
1 

= 
0.
 

w
z=

 
0.
 

V
E
L
Z
 

= 
0.

 
-
-
-
I
f
 V

E
X

 =
 -

1
.1

4
b

L
tG

3
 

V
E

L
T

 
= 

0.
 

2
1
 

h
1V

P
E

 
= 

1
 

tf
E

tC
!4

C
&

F
T

 
S
O
I
L
 

R
E

L
H

IW
IC

SI
 

2
2

 
SL

iX
L

F
lA

) 
= 

9.
L

G
O

t-
O

i 
, 

5.
4L

O
L

tO
b

 
1

.4
7

3
E

+
0

7
 





Y r l N . 4  
J U O C ~  

1 1 1 1  
U W Y W  
3 9 0 0 
u1mtnw 
9 N D m  

I 1  

4 .i 
0 u 

4 .i 

7 L: 

. . . .  
O h O b  

I 

11 II 11 il 
> C *  

LLuu(L 

3UI&Ju 

I1 11 11 il 

+ p * k  

-4-4 
I 

i 
I 

I 
I 

I 

I 

u IU I 
"03 
I I I 

W U ' I  

r z s  
r ( ? +  . . . 
0 s  7 I I 

4 
u I1 11 11 

I 3JNY -J 
h U 1 3 9  
3 - 2 2  
D P D  L 

0 
I 

4 3 

I A,.. 
= k O =  
0 
J1 . il l  I1 I1 
m 

F ? - +  

EZ S 
( u b a  r 
0 
I m 
.I D 
3 I 
0 ,u 
N u 0 

d 
I . ? .  

m n a  

I1 I1 II (1 

Z E G ;  
O U O  3 
U L U L  

-.-IN- 

11 /II I1 I1 



- 
IN

IT
IP

L
 C

.6
. 

V
E

L
O

C
IT

Y
 

. 
- 

-
I
i
4
b
.
U
0
 

0.
JU

 
I;. 

0
0
 

.
.
-
.
 
.
-
 

T
R

P
R

iI
3

T
IC

N
; 

SU
R

FT
iC

E
 ~

C
C

D
IH

E
T

L
- S

S
Y

S
T

tR
- 

- 
R
U
T
 P

T
iL

ih
 

.
 
.
-
 
-
-
.
 
.
 
.
 .
 .
 
.
 
.
 .
 -
 

O
iS

F
 

V
cL

 
A

L
L

~
L

 
D

~
b

t
 

Y
L

L
 

A
L

L
-L

 
L

l>
P

 
V

L
L

 
A

L
L

L
L

 
-
 
.
.
 .
-
 

%
.7

3
3

E
T

in
 
-I
.i
4f
jE
+U
S 

-5
. 

B
J7

iF
JZ

 
T,. 

b
.

 
T
. 

-
-
 

-
-

 
1
.
5
2
i
L
+
5
i
 

d
. 

;. 
1

.1
5

9
t+

ll
l 

-
1
.
1
4
b
E
+
d
J
 

-
S
.
&
J
?
t
+
U
2
 

-
1
.
2
5
4
~
c
d
c
 

b
.
 

0.
 

t
.
L
u
b
t
+
~
l
 
-.

 
d.

 

- 
-a

c
c

E
rr

m
m

c
m

s
 T

N
T

A
R

T
H

 'G
S

 
- ~

n
h

u
tr

l GO- 
>

V
~

I
 

L
K
 -
 -

 - 
- 
-
-
 -
-
 

-- 
. -
. 

-
 
- 

.
 .
 

X 
-
 

Y 
z 

C
E

m
L

R
-C

F
 

G
R

A
V

IT
Y

 
z
Y
.
6
6
3
E
r
U
l
 

-il.
 
-
 

-
1
.
6
5
0
E
-
G
i
 

.
 
.
 
-
 -
 
-
 -
 -
 -
 -
 -
 -

 
- 
.
 

.
 
-
 

- 
- 

L
A

IU
C

IR
G

 S
m

 
S

TR
U

T 
IN

F
O

R
rl

A
T

T
O

K
 
-
 

- 
- 
-
.
 
-
-
 

-
 

-
 

L
tG

 
C

R
U

Jh
 

LO
A

U
 

S 
IR

CK
$ 

L
b

A
u

 
a

lK
L

k
~

 
L

~
A

J
 

b
ll

ib
h

c
 

-
i
-
-
-
 0
; 
--

 
-
 -
--
H3
11
 N
- 

U. 
-
-
J
I
-
 

-T
F

?
II

I;
-=

T
Ij

;-
 

Y
.

 
T

K
-

3
x

m
-

r
~

;
-

 
- L. 

2 
0.
 

fl
A

Ib
 

S
T

K
U

I 
d

. 
b.
 

L
kA

b
 

S
T

n
b

i 
;
 
U.
 

U
. 

- 
L

h
A

b
 

-I
K

L
I 

4
 

0.
 

b
. 

J
 

- 
3;

 
XR

T1
.T

 S
T

kU
T

 
0.
 

d.
 

L
C

PL
 

S
T

kL
T

 
5 

u'. 
. . 

D
K
L
e
 I

T
&

T
 
6
 

0.
 

6.
 

-
 -.
 

.
 
.-
 - -

 -
 - .

 -
 .
 -- 

-
. 
- 
-
 -
 - -
 -
 -
-
 - -

 
- 

-- 
-- 

-
 -
 -
 

- .-
 

-- 
-.
 

- -
- 

- -
- 
-
 .
 

*
*

*
*

*
*

f
f

f
+

+
+

*
*

*
~

C
+

*
*

*
*

*
*

*
*

f
f

f
*

*
*

*
f

C
C

*
*

Y
+

+
*

*
+

*
 

-
 

T
IM

E
 
= 

1
.
0
0
3
b
0
0
~
-
5
3
 

>
T

L
F

 
S

l
i

r
 =

 
l
.
O
U
b
d
u
~
L
-
C
i
4
 

- 
-
 

-
 -
 

-
.
 -
.
 

.
 
- 
.
 

T
K

il
W

iL
F

F
Z

U
N

 - 
S

U
R

F
B

C
E

 
L

U
6c

ill
T

N
W

t 
S

t S
T

iF
; 

rt
u

T
C

T
IO

N
 

- 
- 

-
-
 

-
-
 

-
 -- 

u
L

L
L

L
il

r 
u

h
~

 
A

L
L

~
L

C
~

~
T

I
U

~
 

-D
IS

P
 

VT
EL

 
-
 H

C
C

E
L 

-
 
-
 

L
h

lii
)t

l;
. 

L
T

u
IY

II
Y

A
T

~
 

b
tb

T
c

h
 

- 
X 

7.
81
il
t+
01
 

-
1
.
1
4
2
t
t
O
J
 

i
.
l
~
b
t
+
u
4
 

- 
- 

- 
- 
- 

,-
 -.
 

tb
L

tk
 

P
h

L
L

fb
 

F
h

l 
.. 

-
 - -

- -
-
 
-
-
 -
 -- 

X 
L 

U
.

 

I 
. 

Y 
-
1
 

L
 

a
,r

d
u

 
-a

.-9
S

T
L

+Z
: 

Z 
-
1
.
7
3
0
L
-
0
4
 

-
7
.
0
4
8
t
-
0
1
 

-
1
.
7
/
9
~
+
0
3
 

- 
- 

.
 .
 

-
 

-
 

-
 

- 
P

S
1

 
,. 

L 
C

. 
-
 -
 
-
 -
 -
-
 -
 - 
-
 - -

 -
- 

-
 

- 
Y

.
 

F
O

C
T

P
A

L
 - 

M
C

T
IG

N
S

 
- 

S
II

K
F

A
C

C
_

~
C

L
R

L
I~

A
-T

E
 

S
Y

S
lt

h
 

-
 

- 
- 

1
 





-
-
 

-P
A

--
.-
-.
- 

~
 

.
 

- 
..
 

~
 

. 
-
 

.
 ..
 -
. .
 

C
E

N
lE

R
 

B
O

U
I 

H
O

iI
O

k
S

 

T
R

A
N

S
L

A
ll

O
N

 - 
S

U
H

F
A

C
E

 
L

O
C

G
U

IN
A

lt
 

S
Y

S
T

th
 

R
O

T
A

ll
O

h
 

--
 
-
 - -
 -
-
 
-
 -
 - -
 .
 -
-
 
-
-
 

-
 -
 -
 

-
 

-
 -
 - 
-
 -
 

-
 

-
.
 

- 
-
 --
 

-
 

- 
-

V
lX

X
lm

7
T

K
b

 
A

e
G

E
L

tf
tA

T
 Z

O
k 

--
 

D
IS

P
 

V
E

L
 

A
C

C
E

L 
.. 

. 
--

 
L

A
h

O
tR

 
L

b
G

K
U

lh
A

T
c

 
b

Y
S

T
tH

 
A

 
r
.1

 
--~

it3
c*

ua
 

-
f
O

f
m

m
T

-
*

n
l
 

8.
 

-X
--

fJ
--

--
7

!7
- 

-
-

 
- 

Y 
0.

 
0.

 
0.

 
T

h
E

T
A

 
-1

.8
4

/~
+

b
G

 
1
 

-
l.

d
~

lt
+

O
i 

-
3

.a
L

~
~

tO
k

 
-- 

- 
r

3
A

 
U

. 
L

 
U
.
 

-
 

-
 .
 -
-
-
 

- 
- 
-
 - -

 
-
 --

 
-
 

- 
-
 -
 -
 
-
 -
 - 

--
 

X 
L

 
-
 -- 

-
 
-
 -
-
 

- -
-
 

k 
---

 
- 
-
 - -. 

-
 

-
-
-
-
 -
 At* 

-
-
 
-
m

-
-
-
 mt
 

-
 

--
 

A
LC

t3
. 

F
O

O
T

P
A

D
 

1
 

8
.1

5
5

E
t0

0
 

2
.9

1
5

E
-0

4
 

-5
.8

L
~

c
+

0
0

 
0.

 
Y

.
 

0.
 

1
.5

9
8

tt
u

2
 

1
.5

~
u

E
+

0
2

 
9

.9
3

S
t+

u
l 

c
 

o
.

*
.

r
r

t
u

u
 

-
L

.
r

m
u

a
 

-
A

.
~

z
U

L
 

1
.

U
1

L
C

I
U

U
 

-I
.r

+
m

U
.I

 
-

0
.

1
m

~
U

A
 

s.2-m
- 

F
O

LT
P

A
O

 
3 

-
 -
 - -

 -
 
-
 

-
 -
 8.

J9
8

kt
O

O
 

b
.7

5
1

E
+

u
J

 
-1

.4
2

€
c+

O
J 

1
.~

9
7

r+
O

z
 -

l.
U

5
~

t+
U

d
 

1
.4

1
7

c
+

0
4

 
-t

.5
7

b
E

+
0

1
 

1
.5

Y
u

t+
C

r 
3

.0
Y

u
t+

b
4

 
-
 -
 -

 - 
-
 -
 -

- 
-
-
 

-
 -
 -
-
 
-
-
 

-
 -
 -
 
-
 

-
 
-
 

-
 

n
C

C
E

L
E

R
A

T
IC

N
S

 
I

N
 E

A
kT

H
 

G
*S

 
- L

lN
O

E
W

 
C

O
O

k
b

lh
A

T
t 

S
V

S
T

tH
 

-
 - 

- 
-
 x- 
1
-
-
-
 

-
t
-
 

- 
-
 -
 -
 -
 -
 

-
 -
 
-
-
 

-
 

-
 

-
 

C
th

IE
R

 
C

F 
G

R
A

V
IT

Y
 

-9
.4

6
4

t-
$

1
 

0.
 

6
.2

3
7

tt
J

O
 

--
--

 
--
- 

--
 
-
 -

 - -
 

-
 L

A
N

D
Ih

G
 

G
E

P
K

 
S

T
R

b
1

 
IN

F
O

R
H

A
T

IC
N

 
-
t
f
t
i-
-
 -
k 

L
u

n
u

3
%

?
0

x
f

 
-
 

-
 

---
-- 

-
 -
*-
 

-
 -
 
.
-
 

re
na

 
- 

b
r

m
n

t
 

- 
-
 

1
 

r.
6

3
4

t+
0

0
 

H
A

lN
 

S
T

R
U

T
 

0.
 

-i
./

7
O

t+
O

l 
L

kA
G

 
S

lh
L

T
 
1
 -

2
.u

0
7

~
+

u
u

 
-2

.o
4

5
E

-C
5

 
O

R
A

b 
aT

K
U

T
 
L 

-L
.b

0
7

c
t0

6
 

-s
.6

4
9

t-
0

5
 

T
p

n
Y

l
F

l
-

-
-

 
-I

.L
')

JE
*l

l-
-R

&
ti

 
A 

-
0

 O
+L

+U
 0

 
i
 . ~A

i
F

t
-

m
-

3
t

K
U

r
 

V
x
r
.
 

W
E

+
0

8
 q

-i
.7

J
ir

=
U

o
 

3
 

5
.3

3
9

E
t0

0
 

H
A

lN
 S

T
R

U
T

 
0.

 
-l

.l
5

3
c

+
O

l 
L

R
A

b
 

S
T

R
b

l 
5 

1
.b

U
4

~
+

J
b

 
L

-9
1

1
t-

0
3

 
U

kA
b

 
~

T
R

IJ
T

 o
 

-i
.+

U
b

t+
b

8
 

-
2

.7
0

~
~

-
0

3
 

.-
--
--
--
.-
--
-.
--
-.
p.
--
--
--
-.
--
-.
-.
.-
- 

~
 

-
.

 
. 

..
 

C
LN

T
E

P
 

B
C

O
V

 
H

O
T

IO
N

S
 

- 
. .
 --
 -
 -
-
 

--
 -
 -
 -
-
 
-
 
-
 
-
 -
 . .

 .
 . .
. 
. .
 .
 .
 

- .
 . 

. .
 .
 
.
 -
 .
 . ..
 .
 .. 

.. 
- 
- 

-
. 

- 
.-
 .
 
-
 .
 - 
.. 
. .
 .
 .-
 -
 
.
 

- 
. -
 .-
 
. 
.-
 -
 -

 .-
 

.
 

. .
 

. .
 -
 

.
.
 
. 

T
R

A
N

S
L

A
T

IO
N

 
- S

U
R

F
A

C
E

 
C

O
O

K
U

L
h

A
lE

 
S

Y
S

T
th

 
-
 

d
O

T
fi

T
IC

h
 

-
-
 

V
tL

U
b

L
 I
 I

 
AN

U
 

Y
b

b
C

L
L

K
A

 1
1

0
 

'
 

O
ISP

 
V

E
L

 
A

G
C

E
L 

-
-
-
 

L
k

b
iO

th
 L

b
C

K
D

It
iA

lc
 

S
tS

lE
h

 
.
 . .
 .
 . .
 .
 -
 - -
--
B

;f
3
4
E

t-
-3

;6
m

s
Q

t 
jJ

T
rr

D
;r

--
- 

- 
-

~
-

 
E

~
~

~
~

t
5

-
 

m
-

s
 

u.
 

7
-
-
-
-
-
*
 

. 
-
 ..
P
A
.
-
 

J
. 

..
 
. 

Y 
0.

 
0.

 
0. 
.-- 

- 
T

h
c

T
h

 
-l

.b
5

9
c

+
b

O
 

Y
 

-i
.~

.,
+

i+
O

l 
-

i.
J

~
it

+
G

>
 

-
 -.

 
-

z
-

~
c

D
(

T
~

.
~

t
u

c
 

i 
..

r
-
u

. 
.D
- 

- 
--

 .
-
 

..
 
-
 -

. 
. 

. 
. 

- 
...
.. 

--
 

-- 
- 
. -
 -
 -

- -
 -- 

- -
 

A 
L

 
.
 

--
 

1 
-
.
 -
 

T
r 

--A
LL

tL
--. 

-
 
-
-
7

T
m

 
-
 

O
IS

P
--
 

-
 m
r
-
 

K
C
 t
 ~

t
 

u
r

s-
 
-
-
 

VE
T.

 
AC

G
E 

L 
- 
- 

F
O

C
T

P
A

O
 

1
 

8
.1

5
6

t+
d

G
 

Y
.7

G
7

L
-U

1
 

-~
.7

7
5

tt
U

e
 

C.
 

J
. 

[I
. 

1
.5

4
Y

t+
0

2
 

r.
2

9
5

tt
D

i 
2

.l
rb

t+
d

4
 

-
 

T
O

C
T

P
k
O

-7
 

-
' 

--
--

g;
-F

U
V

 
Z

.3
E

m
U

U
 

'f
.l

E
E

T
U

3
 

-
T
Z
~
+
D
~
L
~
~
A
~
~
-
~
;
T
J
/
~
+
U
~
-
-
~
.
~
~
~
-
T
;
~
U
~
E
+
G
Z
 

E
.5

9
9

E
t1

4
- 

F
O

b'
IP

A
D

 
3 

8
.4

0
J

t+
J

O
 

z
.3

6
7

tt
O

J
 

-1
.1

4
5

tt
0

3
 

1
.L

5
7

t+
O

~
 

s
.Y

d
lt

+
u

l 
l.

ld
7

t+
U

4
 

-b
.5

5
b

c
+

~
Il

 
L

.l
0

5
E

+
L

2
 

i.
5

9
5

tt
d

4
 

-
-
 

-
 -
 --
 
-
 - 
-
 - 

- 
- 
- -
 

A
L

C
~

L
E

R
A

T
IC

~
S

 IN
 

t
4

~
~

i
-

1
 

G
*S

 
- ~

n
h

u
t

k
 C
U

O
~

O
I~

A
T

E
 L

v
s

T
L

n
 

-
. 

. -
 - 

-- 
.. 
-
 -

 
-- 

- -
 '
 

--
 

.
 -
 -
. 

. 
-
 --
. 

.
 .
 .
 .
 

-.
 

-
. 
-
 .
 - 
-
 . 

-
 -
 -
-
 
-
.
 -
 . .
 -
. -

 .
 

. 
..

 
.
-
 

C
th

T
th

 C
k 

G
K

A
V

IT
V

 
-9

.2
9

9
L

-0
1

 
J

. 
1

,5
4

3
c

+
il

l 
- 

.
 . 
.
 -. 

-- 
- -
- 
-
 -
 . .

 
.
 -
 -
 -
 .- 
-
 
-
 -
 -
 .
 -
 -
 .
 
.
 - -

- 
.
 .-
 .-

 -
 
.
 -
 -
 
.. 

. 
-. 

-
.
 -.
 -
 -.
 

-
 -
 

. -
 - 
-
 .. .
 -
 .
 -
 .- 

.
 -.
 .-
 
.
-
 . 
. .
 
. 

. 
--

 
-
. 

-.
 

L
A

N
L

lh
G

 
G

E
P

K
 

S
T

K
U

T
 

IN
F

O
H

tl
A

T
lC

N
 

L
L

A
U

 
> 

E-
 
. . 

. . 
. .
 -
 - - .

 -- 
L

L
U

 
iX

V
a

 n
 

a
>

 
LU

R
U

 
1
 

. 
i.

6
5

4
E

+
0

0
 

M
A

IN
 

S
T

R
U

I 
0.

 
-1

.7
7

5
E

+
G

l 
Lh

A
G

 
S

T
R

b
I 

1
 -

4
.b

c
$

~
+

J
/ 

-i
'.

d
9

ic
-~

+
 

O
kA

b
 

a
T

H
b

T
 

2 
-4

.J
b

b
=

+
b

7
 

-i
.3

rd
c

-6
4

 
..

--
Z

--
-?

, 
.m

O
..-S

tR
DT

. 
--

- .- -T
.T

B
€i

E
*O

t-
-%

R
E

G
 

S
T
R
U
T
 -

3
 fT

5
5

4
c

t
u

a
 

L
 .

rs
*t

-L
.J

 
U

K
A

b 
a

 I
K

C
T

-V
3

;T
V

f?
tT

6
~

'2
; 

lm
-0

3
- 

. 
.
 

3
 

5
.3

3
9

t+
0

0
 

H
b

lN
 S

T
R

U
T

 
0.

 
-l

.l
8

0
t+

b
l 

L
k

A
l 

b
1

h
b

I 
5 

1
.3

5
9

~
*

J
b

 
~

.+
>

4
t-

b
s

 
D

K
A

b 
4

1
K

L
1

 
b
 

-
l.

l9
lt

+
b

8
 

-i
.l

b
5

i-
O

o
 

~
- 

~
 

.
 .
 



1 9 1 9  
sob 

, r l t  I l Y U L I W  
0 0 0 1 )  

J 9 1 D  
c = ~ m  
m .  

8 I 

. m w  

??I? 
3 UIIIU a n h h  
3 ~ U N  
A r l? 0.) 

I ..I. 
n r u  

I 
I 22g 

* h b  
I I l l  

. . . 
n t t  
I I I 



APPENDIX E 

OPERATING INSTRUCTIONS 

CENTER BODY LANDING LOADS PROGRAM 



E. l  In t roduc t ion  - The Center Body Landing Loads Program r e t r i e v e s  and 

. l ists,  f o r  s p e c i f i c  p o i n t s  i n  t ime, t h e  information placed on magnetic t a p e  by 

t h e  Landing Loads and Motions Program. Information cont inuously s t o r e d  on 

t ape  c o n s i s t s  of landing  gear  s t r u t  f o r c e s  a c t i n g  on t h e  c e n t e r  body; angular  

p o s i t i o n s ,  v e l o c i t i e s ,  and a c c e l e r a t i o n s  and t h e  t r a n s l a t i o n a l  a c c e l e r a t i o n s  

of t h e  c e n t e r  body c e n t e r  of g r a v i t y ;  and t h e  displacements ,  v e l o c i t i e s ,  and 

a c c e l e r a t i o n s  of t h e  normal modes employed i n  r ep re sen t ing  t h e  f l e x i b l e  c e n t e r  

body s t r u c t u r e .  The Center Body Landing Loads Program uses  t h e  information on 

t h i s  t ape ,  i n  a d d i t i o n  t o  o t h e r  requi red  inpu t  d a t a ,  t o  o b t a i n  t h e  d i s t r i b u -  

t i o n  of landing  gear  s t r u t  loads  and i n e r t i a  loads  throughout t h e  c e n t e r  body 

s t r u c t u r e  f o r  t h e  s e l e c t e d  p o i n t s  i n  t ime. This  load information may then  be  

used i n  conjunct ion wi th  t h e  Center Body Option of t h e  S t r u c t u r a l  Analysis  

Program t o  determine t h e  i n t e r n a l  member load  d i s t r i b u t i o n  f o r  t h e  t ime p o i n t  

of i n t e r e s t .  

E . 2  Input  Data - A number of i npu t  d a t a  cards  a r e  r equ i r ed  by t h e  Center 

Body Landing Loads Program. These proper ly  i n i t i a l i z e  t h e  program, d e f i n e  t h e  

mass p r o p e r t i e s  of t h e  c e n t e r  body, and d e f i n e  t h e  p o i n t s  i n  t ime dur ing  t h e  

landing  t i m e  h i s t o r y  a t  which t h e  loads  a r e  t o  be determined. The r equ i r ed  

format f o r  t h e s e  ca rds  is  shown i n  F igure  E-1 whi le  t h e  inpu t  v a r i a b l e s  a r e  

def ined  i n  F igure  E-2. Also ind ica t ed  i n  F igure  E-2 is  whether t h e  v a r i o u s  

inpu t  q u a n t i t i e s  must be  inpu t  a s  i n t e g e r  o r  f l o a t i n g  p o i n t  numbers. A l l  

i n t e g e r  numbers and f l o a t i n g  p o i n t  numbers i npu t  w i th  an E format must be  

r i g h t  j u s t i f i e d .  F loa t ing  p o i n t  numbers i npu t  wi th  an F format may appear 

anywhere i n s i d e  t h e i r  a l l o t t e d  f i e l d  on t h e  d a t a  card.  

I n  a d d i t i o n  t o  t h e  r equ i r ed  card i n p u t ,  two magnetic t apes  a r e  requi red .  

The mode shape d a t a  and j o i n t  coord ina te  informat ion  i s  r equ i r ed  on TAPE4. 

This  t ape  i s  generated when performing t h e  modal a n a l y s i s  on t h e  c e n t e r  body 

s t r u c t u r e  w i th  t h e  S t r u c t u r a l  Analysis  Program. Secondly, t h e  t ime h i s t o r y  

d a t a  obta ined  from t h e  Landing Loads and Motions Program must be a v a i l a b l e  on 

TAPE3. Since t h e  t ime h i s t o r y  d a t a  on t h i s  t a p e  corresponds t o  p o i n t s  i n  t ime 

when normal p r i n t e d  output  was obtained from t h e  Landing Loads and Motions 

Program, only  c e n t e r  body loads  a t  t h e s e  p o i n t s  i n  t ime may be obta ined  wi th  

t h e  Center Body Landing Loads Program. 
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NUMBER OF JOINTS IN CENTER BODY STRUCTURAL IDEALIZATION (74 MAXIMUM) 

NUMBER OF LEGS (5 MAXIMUM) 

NUMBER OF MODES INCLUDED IN ANALYSIS (5 MAXIMUM) 

NUMBER OF TlME POINTS TO BE READ FROM SECONDARY TlME HISTORY TAPE (TAPE3) 
OBTAINED FROM LANDING LOADS AND MlOTlONS PROGRAM (20 MAXIMUM) 

NUMBER OF NORMAL MODE SETS APPEARING ON TAPE (TAPE4) OBTAINED DURING 
NORMAL MODE ANALYSIS WITH THE STRUCTURAL ANALYSIS PROGRAM 

MODENUMBEROFITHNORMALMODEOBTAlNEDFROMTHESTRUCTURALANALYSlS 
PROGRAM (5 MAXIMUM) 

JOINT NUMBER LOCATION OF l TH MAIN STRUT (5 MAXIMUM) 

JOINT NUMBER LOCATION OF I TH DRAG STRUT (10 MAXIMUM) 

LOCAL ACCELERATION OF GRAVITY 

TIMES, IN ASCENDING ORDER, A T  WHICH CENTER BODY LOADS ARE TO BE DETERMINED 
(20 MAXIMUM, 5 TO A DATA CARD) 

*I- INTEGER NUMBER; F - FLOATING POINT NUMBER 

FIGURE E-2 INPUT DATA - CENTER BODY LANDING LOADS PROGRAM 



The use  of t h e  inpu t  i n d i c a t o r s  NOSETS and MODE(I) r e q u i r e  some addi- 

t i o n a l  comments. The modal a n a l y s i s  ou tput  ob ta ined  from t h e  S t r u c t u r a l  Anal- 

y s i s  Program i s  placed on magnetic t ape  i n  d a t a  s e t s  each conta in ing  informa- 

t i o n  f o r  f i v e  modes. The f i r s t  s e t  conta ins  t h e  lowest f i v e  e l a s t i c  modes, t h e  

second s e t  conta ins  t h e  next  f i v e  modes, e t c .  The inpu t  i n d i c a t o r  NOSETS 

de f ines  t h e  number of t h e s e  modal d a t a  s e t s  t h a t  appear on TAPE4. The modes 

i n  t h e  f i r s t  d a t a  set a r e  numbered 1 through 5, those  i n  t h e  second d a t a  s e t  

6 through 10 ,  e t c .  MODE(1) d e f i n e s  t h e  mode number of t h e  I t h  mode which i s  

r equ i r ed  by t h e  Center Body Landing Loads Program. 

E.3 Output Data - For a s e l e c t e d  po in t  i n  t ime t h e  landing  loads  a t  each 

of t h e  j o i n t s  used i n  t h e  c e n t e r  body s t r u c t u r a l  i d e a l i z a t i o n  a r e  p r i n t e d .  

These loads  a r e  t h e  combination of t h e  i n e r t i a  l oads ,  g r a v i t y  l oads ,  and 

landing gear  s t r u t  loads .  The components of t h e  landing loads  a r e  given i n  

t h e  Lander Coordinate System and thus  may be d i r e c t l y  i npu t  t o  t h e  Center Body 

Option of t h e  S t r u c t u r a l  Analysis  Program. I n  a d d i t i o n ,  t h e  sum of f o r c e s  

and moments about t h e  c e n t e r  of g r a v i t y  a r e  given f o r  information purposes.  

E.4 Propram Operat ion - An example of t h e  output  from t h e  Center Body 

Landing Loads Program i s  given on t h e  fol lowing pages. This  information was 

r equ i r ed  during t h e  a n a l y s i s  of t h e  Task Order Three l ande r ,  Sec t ion  6.2.3,  

a t  a t ime of 0.011 seconds. This  t ime was s e l e c t e d  f o r  determining i n t e r n a l  

loads  d i s t r i b u t i o n  i n  t h e  lander  c e n t e r  body us ing  t h e  Center Body Option 

of t h e  S t r u c t u r a l  Analysis  Program a s  d iscussed  i n  Sec t ion  6.2.4. 

A l i s t i n g  of t h e  Center Body Landing Loads Program fo l lows  t h e  example 

output .  
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PROGnAM C E L L ( I N P U T I O U T P U T , T A P E ~ = I N P U T ~ T A P E ~ = O U T P J T T A P E ~ T A P € ~  C E L L  10 
C B L L  2 0  

CENTER BODY L A N D I N G  LOADS PROGRAM C E L L  3 0  
MASTER AGREEMENT, CONTRACT N A S 1 - 8 1 3 7 ,  TASK ORDER NUMBER F I V E  C E L L  4 0  
MCDONNELL DOUGLAS ASTRONAUTICS  COMPANY - EAST  C B L L  5 0  

C B L L  6 0  
THIS PROGRAM COMBINES THE EFFECTS OF THE LANDING GEAR STRUT LOADS C E L L  70 
AND I N E R T I A  LOADS AND OUTPUTS THESE FOR THE STRUCTURAL A N A L Y S I S  C B L L  8 0  
PROGRAM C E L L  9 0  

C B L L  1 0 0  
T H E  FOLLOWING T A P F  ARE RFOIJ IRED - C B L L  110 

1. T A P E 3  - T I M E  H I S T O R Y  i N F O R M A T I O N  FRO14 THE L C N P I N G  LOADS CELL 1 2 0  
AND MOTIONS PROGRAM C B L L  1 3 0  

2. T A P E 4  - MODAL DATA FROM THE STRUCTURAL A N A L Y S I S  PROGRAM C E L L  1 4 0  
C E L L  1 5 0  

D I M E N S I O N  D U M M Y ( 7 5 1 , X J T ( 8 0 1  ,YJT(80),ZJT(80)sPHIX(80~30)9 C B L L  1 6 0  
* P H I Y ( ~ O ~ ~ O ) ~ P H I Z ~ ~ O , ~ O ) ~ A M A S S ( ~ O ) ~ X P H I ( ~ O ~ ~ ) ~  C ~ L L  170 
?+ Y P H I ( 8 0 ~ 5 ) r Z P H I ~ 8 0 ~ 5 ) 1 M O D E ( 5 ) ~ J O T M S ~ 5 ~ ~ J O T D S ~ l O ~ ~  CGLL 1 8 0  
++ T Y M ( ~ ~ ) , G C ( ~ ) ~ G C D ( ~ ) , G C D D ( ~ ) , F M S X ( ~ ) V F M S Y ~ F ~ S Z ~  C 3 L L  190 
3 F D S X ( 1 0 ) ~ F D S Y ( 1 0 ) ~ F D S Z ( 1 O ) , @ C ( 3 9 3 ) , F X ( ~ F Y O F 8 O C B  2 0 0  
#. F X J T ( 8 0 ) , F Y J T ( 8 0 ) , F Z J T ( 8 0 ) ,  CELL 2 1 0  
it S A X ( 8 0 ) 9 S A Y ( 8 3 ) , S A Z ( 8 0 )  C E L L  2 2 0  

C B L L  2 3 0  
C PROGRAM I N I T I A L I Z A T I O N  DATA 

R E A D ( 5 ~ 5 0 0 ) N O J T S ~ N O L E G ~ N O M O D E , N O T I K E ~ N O S E T S  
READ(595OO)(MODE(:)~I=l~NOMODE) 
READ(5~500)(JOTMS(I)91=19NOLEG) 
NODS=Z*NOLEG 
READ(5,500)(JOTDS(I)~I=l~NODS) 
R E A D ( 5 , 5 0 1 ) Z E T A , G R A V  
READ(5,50l)(TYM(I)rI=l,NOTIME) 
READ(59501)(AMASS(I)9I=l~NOJTS) 

C 
C P R I N T  PROGRAM I N I T I A L I Z A T I O N  DATA 
C 

W R I T E ( 6 , 6 0 0 )  
WRITE(6~601)NOJTSvNOL€G~NOMODE~NOTIf4E~NOSETS 
W R I T E ( 6 ~ 6 0 2 ) ( M O D E ( I ) ~ I = l ~ N O M O D E )  
WRITE(6,603)(JOTMS(I)~I=l~NOLEG) 
WRITE(6,604)(JOTDS(I),I=l~NODS) 
W R I T E ( 6 , 6 0 5 ) Z E T A , G R A V  
URITE(6,607)(TYM(I)~I=l~NOTIME) 
W R I T E ( 6 ~ 6 0 h ) ( A M A S S ( I ) ~ I = l ~ N O J T S )  

C 

C READ MODAL DATA FROY T A P E 4  
L 

R E W I N D  4 
I 1 = 0  
I 2 = 0  
I 3 = 0  
I 4 = 0  
1 5 = 0  

1 5 0  C O N T I N U E  
R E A D ( ~ ~ ~ O O ) M M Y ~ ( D U M M Y ~ I ) Y I = ~ , ~ ~  

C B L L  2 4 0  
C B L L  2 5 0  
C B L L  2 6 0  
C B L L  2 7 0  
C B L L  2 8 0  
C B L L  2 9 0  
C B L L  3 0 0  
C E L L  3 1 0  
C B L L  3 2 0  
C B L L  3 3 0  
C B L L  3 4 0  
C E L L  3 5 0  
C B L L  360 
C E L L  3 7 0  
C B L L  3 8 0  
C B L L  3 9 0  
C B L L  4 0 0  
C B L L  4 1 0  
C B L L  4 2 0  
C E L L  4 3 0  
C E L L  4 4 0  
C E L L  4 5 0  
C E L L  4 6 0  
C E L L  4 7 0  
C B L L  4 8 0  
C B L L  4 9 0  
C E L L  5 0 0  
C B L L  5 1 0  
C E L L  5 2 0  
C E L L  5 3 0  
C B L L  5 4 0  
C E L L  5 5 0  



15 5 CONT I NUE 
IF(Mt4k!.EQ.Zl)GO TO 150 
IF(MMM.EQ.121)GO TO 150 
IF(MMMeEQ.221)GO TO 160 
IF(MMMoEQo321)GO TO 165 
IF(MMM.EQ.421)GO TO 156 
IF(MMM.EQ.52l)GO TO 150 
IF(MMM.EQ.721)GO TO 150 
WRITE(69404) 
STOP 

156 COKTINUE 
I3=0 
I4=14+5 
15=I5+1 
IF(I5.EQ.NOSETS)GO TO 200 
CALL SKFILE(491) 
GO TO 150 

C 
C JOINT COORDINATES 
C 

160 CONTINUE 
IF(15.NEeOlGO TO 150 
I1=11+1 
XJT( I1 )=DU!IMY(3) 
YJT(Il)=DUMMY(l) 
ZJT(Il)=DUMMY(Z) 
GO TO 150 

C 
C MODE SHAPES 
C 

165 CONTINUE 
I2=12+1 
GO T0(1669168?170) I2 

166 I?=I3+1 
DO 167 1 ~ 1 9 5  

167 P H I X (  I3~14+I)=!?IJMMY(I) 
GO TO 150 

168 DO 169 1=1,5 
169 PYIY(I3,14+I)=DUMMY(I) 

G3 TO 150 
170 DO 171 1=1,5 
171 PHIZ(I3rI4+I)=DUMMY(I) 

I2=0 . 
GO TO 150 

C 

C SORT MODE SHAPE GATA 
C 

20n CONTINUE 
NMN=5+NOSETS 
DO 215 I=l,NNN 
K=10 
IF(IeEQoM03E(l))K=l 
IF(;oEQeKODE(2))K=2 
IF(IeEQeMODE(S))K=3 
IF(ImEQ*MODEI4))K=4 
IF(I.€Q*MODE(511K=5 

CBLL 560 
CBLL 570 
CBLL 580 
CBLL 590 
CBLL 600 
CBLL 610 
CBLL 620 
CBLL 630 
CBLL 640 
CBLL 650 
CBLL 660 
CBLL 670 
CBLL 680 
CBLL 690 
C6LL 700 
CBLL 710 
CBLL 720 
CBLL 730 
CBLL 740 
CBLL 750 
CBLL 760 
CBLL 770 
CBLL 780 
CBLL 790 
CBLL 800 
CBLL 810 
CBLL 820 
CBLL 830 
CBLL 840 
CBLL 850 
CBLL 860 
CBLL 870 
CELL 880 
CGLL 890 
CBLL 900 
CBLL 910 
CBLL 920 
CBLL 930 
CRLL 940 
CBLL 950 
CBLL 960 
CBLL 970 
CBLL 980 
CBLL 990 
CBLLlOOO 
CBLLlOlO 
CBLL1020 
CELL1030 
CULL1040 
CBLL1050 
CBLL1060 
CBLL1070 
Ci3LL1080 
CBLL1090 
CBLLllOO 
CBLLlllO 



I F (K .EQ.1O)GO TO 2 1 5  
DO 2 1 5  J= l ,NOJTS 
X P H I ( J I K ) = P H I X ( J , I )  
Y P H I ( J , K ) = P H I Y ( J , I )  
Z P H I ( J , K ) = P H I Z ( J * I )  

2 1 5  C O N T I N U E  
C 
C P R I N T  DATA READ FROM T A P E 4  
C 

W R I T E ( 6 9 4 0 1 )  
DO 2 2 0  I = l , N O J T S  

2 2 0  W R I T E ( 6 , 4 0 2 ) I , X J T ( I ) , Y J T ( I ) , Z J T ( I )  
W R I T E ( 6 , 4 0 3 )  
DO 2 2 5  J=l,NOMODE 
W R I T E ( 6 , 4 0 7 ) M O D E ( J )  
DO 2 2 5  I = l r N O J T S  
W R I T E ( 6 ~ 4 0 2 ) I ~ X P H I ( I ~ J ~ ~ Y P H I ( I ~ J ~ ~ Z P H I ( I ~ J ~  

2 2 5  C O N T I N U E  
C 
C D E T E R M I N E  Ce G. L O C A T I O N  

R E A D  T I M E  H I S T O R Y  DATA FRCM T A P E 3  

R E W I N D  3  
NOREAD=14+9*NOLEG+3*NOMODE 
I J = O  
CONT I NUE 
I J=I J+1 
I F ( I J o G T . N O T I M E ) S T O P  
R E A D ( ~ ) ( D U M M Y ( I ) , I = ~ Y N O R E A D )  
I F ( A B S ( D U M M Y ( 1 1 - T Y M ( I J ) ) . G T ~ ( D U M M Y ( 2 ) / 1 0  GO TO 7 1 0  

L 

C T I M E  P O I N T  HAS BEEN FOUND 
C 

T Y M ( I J ) = D U M M Y ( l )  
XSDD = D U M M Y ( 3 )  
YSDD = D U M M Y ( 4 )  
ZSDD =DUMMY ( 5  
P H  I =DUMMY ( 6  

C B L L 1 3 0 0  
C E L L 1 3 1 0  
C H L L 1 7 2 0  
C E L L 1 3 3 0  
C B L L 1 3 4 0  
C B L L  1 3  5  0 
C B L L 1 3 6 0  
C B L L 1 3 7 0  
C B L L 1 3 8 0  
C E L L 1 3 9 0  
C R L L 1 4 0 0  
C B L L 1 4 1 0  
C B L L 1 4 2 0  
CBLL14130 
C B L L 1 4 4 0  
C B L L 1 4 5 0  
C E L L 1 4 6 0  
C B L L 1 4 7 0  
C B L L 1 4 8 0  
C B L L 1 4 9 0  
C B L L 1 5 0 0  
C B L L l S l O  
C B L L 1 5 2 0  
c e ~ ~ 1 5 3 0  
C B L L 1 5 4 0  
C B L L 1 5 5 0  
C B L L 1 5 6 0  
C B L L 1 5 7 0  
C B L L 1 5 8 0  
C B L L 1 5 9 0  
C B L L l 6 O O  
C B L L 1 6 1 0  
C E L L 1 6 2 0  
CRLL16?C)  
C B L L l 6 4 0  
C B L L 1 6 5 0  
C B L L 1 6 6 0  
C B L L 1 6 7 0  



THTA =DUMMY(7) 
PSI =DUMMY(8) 
WX =DUMMY (9) 
WY =DUMMY ( 10 ) 
WZ =DUMMY(ll) 
WXD =DUMMY(12) 
WYD =DUMMY(13) 
MZD =DUMMY ( 14 
II=14 
DO 701 I=l,NOMODE 
Il=II+1+3*(1-1) 
GC(I)=DUMMY(Il) 
GCD(I)=DUMMY(Il+l) 

701 GCDD(I)=DUMMY(I1+2) 
I I =14+3*NOMODE 
DO 702 I=l,NOLEG 
I1=11+1+3*~1-1) 
FVSX(I)=DUMMY(Il) 
FMSY(I)=DUMMY(Il+l) 

702 FMSZ(I)=DUMMY(I1+2) 
11=14+3*NOMODE+3*NOLEG 
DO 703 I=l,NODS 
I1=11+1+3*(1-1) 
FDSX(I)=DUMMY(Il) 
FDSY(I)=DUMMY(Il+l) 

703 FDSZ(I)=DUMMY(I1+2) 
WRITE(69619) 
WRITE(69614) 
W R I T E ( ~ , ~ ~ ~ ) T Y M ( I J ) Y X S D D , Y S D D , Z S D D , P H I , T H T A P P S I ~ V ~ X ~ W Y ~ W Z ~  

* WXD,WYD,WZD 
DO 704 I=lrNOMODE 

704 WRITE(6,611)I,GC(I),GCn(I)~GCDD(I) 
WRITE(6,620) 
DO 705 I=lrNOLEG 

705 W R I T E ( 6 r 6 1 2 ) I ~ F I ~ 1 S X ( I ) ~ F F ~ S Y ( I ) ~ F C l S Z ( I )  
WRITE(69616) 
DO 706 I=l,NODS 

706 h'RITE(6,613)I,FDSX(I)~FDSY(I)~FDSZ(I) 
C 
C CALCULATE DIRECTION COSINE MATRIX 
C 

COSPHI=COS(PHI) 
SINPH.I=SIN(PHI 1 
COSTHA=COS(THTA) 
SINTHA=SIN(THTA) 
COSPS I =COS (PSI ) 
SINPSI=SIN(PSI 
DC(l,l)=COSTHA*COSPHI 
A=SINTHA*COSPSI 
B=COSPHI*SINPSI 
DC(1,2)=SINPHI*A-B 
C=SINPHI*SINPSI 
DC(lr3)=COSPHI*A+C 
DC(2,1)=COSTHA*SINPSI 
DC(2,2)=SINTHA*C+COSPHI*CGSPSI 
DC(2,3)=SINTHA*B-SINPHI*COSPSI 



D C ( 3  , ' . I = -S INTHA 
D C ( 3 9 2 ) = S I N P H I * C O S T H A  
D C ( 3 9 3 ) = C O S P H I * C O S T H A  
Z  ETA=-ZETA 

C  
C  A C C E L E R A T I O N  COMPONENTS 
C  

GX=-GRAV*COS(ZETA)  
G Z = G R A V * S I N ( Z E T A )  
GRAVX=DC(l,l)*GX+DC(391I*GZ 
G R A V Y = D C ( 1 , 2 ) * G X + D C ( 3 9 2 ) * G Z  
G R A V Z = D C ( 1 , 3 ) * G X + D C ( 3 , 3 ) * G Z  
XCGA=DC(lrl)*XSDD+DC(2~1)*YSCD+DC(3rl)*ZSDD 
YCGA=DC(1,2)*XSDD+DC(292)*YSDD+DC(3r2)*ZSDD 
Z C G A = D C ( ~ , ~ ) * X S D D + D C ( ~ ~ ~ ) * Y S D D + D C ( ~ P ~ ) * Z S D D  
wxx=- (WY**2+WZ**2 ) 

WXY=WX*WY 
w x z = w x + w z  
WYY=-- (WX**2+WZ**2 ) 

WYZ=WY*WZ 
WZZ=-(WX**2+WY**2) 
XSUM=O* 
YSUM=Oe 
ZSUM=Oa 
TXSUM=O 
T Y  SUM=O 
TZSUM=O- 

C 
C  D E T E R M I N E  J O I N T  ACCELERATIONS 
L 

DO 7 5 0  J = l , N O J T S  
E L X = X J T ( J )  
E L Y = Y J T ( J )  
E L Z = Z J T ( J )  
ELDX=O.O 
ELDY=O*O 
ELDZ=OaO 
ELDDX=O*  0  
ELDDY =O* 0 
E L D D Z = O * O  
DO 7 2 0  I= l ,NOMODE 
E L X = E L X + X P H I ( J , I ) * G C ( I )  
E L Y = E L Y + Y P H I ( J , I ) * G C ( I )  
E L Z = E L Z + Z P H I ( J , I ) * G C ( I )  
ELDX=ELDX+XPHI(J,I)*GCD(I) 
ELDY=ELDY+YPHI(J,I)*GCD(I) 
ELDZ=ELDZ+ZPHI(J,I)*GCD(I) 
ELDDX=ELDDX+XPHI(J,I)*GCDD(I) 
ELDDY=ELDDY+YPHI(JII)*GCDD(I) 
ELDDZ=ELDDZ+ZPHI  ( J  9 I )*GCDD( I ) 

7 2 0  C O N T I N U E  
S A X ( J ) = E L X  
S A Y ( J ) = E L Y  
S A Z ( J ) = E L Z  
A C L X  = XCGA+ELDDX-WZD*ELY+WYD*ELZ+~~*( -WZ*ELDY+~JY*ELDZ)  

3c +WXX*ELX+VXY*ELY+WXZ*ELZ 



A C L Y  = YCGA+ELDDY+WZD*ELX-WXD*ELZ+~O*(I.IZ*ELDX-WX*ELDZ) C B L L 2 8 0 0  
'+ +WXY*ELX+WYY*ELY+h'YZ*ELZ C B L L 2 8 1 0  

A C L Z  = ZCGA+ELDDZ-WYD*ELX+'dXD*ELY+2.+(-WY*ELDX+WX*ELDY) C B L L 2 8 2 0  
* +WXZ*ELX+WYZ*ELY+WZZ*ELZ 

F X ( J ) = - A C L X * A M A S S ( J )  
F Y ( J ) = - A C L Y * A M A S S ( J )  
F Z ( J ) = - A C L Z * A M A S S ( J )  

7 5 0  C O N T I N U E  
C  
C  SUM FORCES AT  EACH J O I N T  
C 

W R I T E ( 6 9 6 1 5 )  
DO 7 5 5  J = l r N O J T S  
F X J T ( J ) = O .  
F Y J T ( J ) = O e  

7 5 5  F Z J T ( J ) = O .  
DO 7 6 0  I = l , N O L E G  
J = J O T M S ( I )  
F X J T ( J ) = F M S X ( I )  
F Y J T ( J ) = F M S Y ( I )  

7 6 0  F Z J T ( J ) = F M S Z ( I )  
DO 7 6 5  I = l , N O D S  
J = J O T D S ( I )  
F X J T ( J ) = F D S X ( I )  
F Y J T ( J ) = F D S Y ( I )  

7 6 5  F Z J T ( J ) = F C S Z ( I )  
DO 7 8 0  J= l ,NOJTS  
F X J T ( J ) = F X J T ( J ) + F X ( J ) + P M A S S ( J ) * G R A v X  
F Y J T ( J ) = F Y J T ( J ) + F Y ( J ) + A M A S S ( J ) + C R A V Y  
F Z J T ( J ) = F Z J T ( J ) + F Z ( J ) + A I r 7 A S S ( J ) * G R A V Z  

C  
C  SUM FORCES AND MOMENTS AT  C. G. 
C  

XSUM=XSUM+FXJT(J I  
YSUM=YSUM+FYJT ( J )  
Z S U M = Z S U M + F Z J T ( J )  
T X S U M = T X S U M + S A Y ( J ) * F Z J T ( J ) - S A Z ( J ) * F Y J T ( J )  
T Y S U M = T Y S U M + S A Z ( J ) * F X J T ( J ) - S A X ( J ) * F Z J T ( J )  
T Z S U M = T Z S U M + S A X ( J ) * F Y J T ( J ) - S A Y ( J ) + F X J T ( J )  
W R I T E ( 6 , 4 0 2 ) J , F X J T ( J ) * F Y J T ( J ) , F Z J T ( J )  

7 8 0  C O N T I N U E  
C 
C  SUMMARY I N F O R M A T I O N  
C 

WRITE(6 ,617 )XSUM~YSUMrZSUM~TXSUM,TYSUi~ I ,TZSUM 
GO TO 7 0 0  

C 
C  FORMAT STATEMENTS 
C 

4 0 0  FORMAT(5X, I3 ,2X,7E10.3)  
4 0 1  F O R Y A T ( / 1 5 X , 1 7 H J O I N T  COORDINATES//4X,5HJOIbiT~7X~1HX~llX,lHY~llX~ 

* 1 H Z  1 
4 0 2  F O R M A T ( ~ X , I ~ , ~ X , ~ ( ~ X ~ E ~ O O ~ ) )  
4 0 3  F G R M A T ( / / , 1 5 X ~ l l H M O D E  S H A P E S / )  
4 0 4  F O R M A T ( / / l O X , 4 5 H I N C O R R E C T  I N F O R M A T I O N  READ FROM T A P E 4  - STOP ) 

4 0 7  F O R M A T ( / 6 X r 7 H M O D E  = ~ I ~ ~ / / Y ~ X ~ ~ H J O I N T , ~ X ~ ~ H X S ~ ~ X ~ ~ H Y ~ ~ ~ X ~ ~ H Z )  



6 0 0  FORMAT( lH1,51X,33HC€NTER EODY L A N D I N G  LOADS PROCXAV, C B L L 3 3 8 D  
)C / 42X ,53HVASTER AGREEMENT, C C a L L 3 3 9 0  
*ONTRACT N A S 1 - 8 1 3 7 ,  TASK ORDER F IVE /46X ,45HMCDONNELL  DOUGLAS A S T R O N C B L L 3 4 0 0  
* A U T I C S  COMPANY - E A S T , / / / / )  C R L L 3 4 1 0  

6 0 1  F O R M A T ( l O X ,  9 H N O J T S  = , I l O / l O X , 9 H N O L E G  = , I 10 /10X ,9HNOMODE = 9 C B L L 3 4 2 0  
* I ~ O / ~ O X I ~ H N O T I M E  = , I l O / l O X , 9 H N O S E T S  = 9 i 1 0 1  C i 3 L L 3 4 3 0  

6 0 2  F O R M A T ( ~ O X I ~ H M O D E  = , 5 1 1 0 )  C H L L 3 4 4 0  
6 0 3  FORMAT( lOX ,9HJOTMS = , 5 1 1 0 )  C B L L 3 4 5 0  
6 0 4  F O R M A T ( l O X , 9 H J O T D S  = , 1 0 1 1 0 )  C E L L 3 4 6 0  
6 0 5  F O R M A T ( l O X 9 9 H Z E T A  = , E 1 0 * 3 / 1 0 X , 9 H G R A V  = 9 E 1 0 . 3 )  C E L L 3 4 7 0  
6 0 6  FORMAT( lOX ,9HMASS = ,10E10 .3s / (19X, lOE10 .3 ) )  C 3 t L 3 4 8 0  
6 0 7  F O R M A T ( l O X , 9 H T Y Y  = r 1 0 E 1 0 . 3 / 2 9 X , l O E 1 0 . 3 )  C R L L 3 4 9 0  
6 1 0  F O R M A T ( 1 5 X  9 7 H T I V F  = ,E lO .? / l nX ,7HXSDD = ,Elf?.3,8!-! YqD!, = 9 C E I L L 3 5 0 0  

f E 1 0 . 3 r 8 H  ZSDD = ,E10 .3 /10X ,7HPHI  = ,E19 .398H  THTA = , C E L L 3 5 1 0  * E 1 0 . 3 9 8 H  P S I  = ,E10.3/10X,7HWX = 9E10 .198H  V Y  = C 3 L L 3 5 7 0  
Q E10 .398H  WZ = *E10.3/10X,7H'JIIXD = ,E10.3,811 \r;YD = 3 C P L L 3 5 3 0  
* E 1 0 . 3 9 8 H  WZD = 3E10 .3 )  C D L L 3 5 4 0  

6 1 1  F O R M A T ( l O X 9 7 H M O D E  = , I 5 , 5X ,8H  GC = ,E10.3,8H GCD = rE10.3 ,  C H L L 3 5 5 0  
x- 8 H  GCDD = 9 E 1 0 . 3 )  C E i L L 3 5 6 0  

6 1 2  F O R M A T ( l O X , 7 H I  = , 1 5 9 5 X 9 8 H  FMSX = , E 1 0 . 3 ~ 8 H  FMSY = 9E10.3 ,  C b L L 3 5 7 0  
* 8 H  FMSZ = 3E10 .3 )  C B L L 3 5 8 0  

6 1 3  F O R M A T ( l O X , 7 H I  = , 1 5 9 5 X 9 8 H  FDSX = ,E10.3,8H FDSY = 9E10.39 CBLL?C.?O 
* 8 H  FDSZ  = r E 1 0 . 3 )  CBLL36OC) 

6 1 4  F O R M A T ( / , l 5 X t l 7 H T I M E  H I S T O R Y  D A T A , / )  C E L L 3 6 1 0  
6 1 5  F O R M A T ( / / 1 5 X 9 3 8 H C E N T E R  BODY LANDIh !G  LOAD5  D I s ~ R I E ' ~ T I O N / / ~ X , ~ H J C I ' ~ T C R L L ? ~ ~ ~  

* ,7X,lHXsllX,lHY,llX,1HZ) CFiLL'363CI 
6 1 6  F O R M A T ( / ~ ~ ~ X X ~ ~ H D R A G  STRUT LOADS, / )  C B L L 3 6 4 0  
6 1 7  FORMAT( / / , 15X928HLANDINC-  LOADS SUMYED AT  C . G . / / Y ~ X , ~ H F X  = s C E L L 3 6 5 0  

++ E 1 0 . 3 / 6 X 9 5 H F Y  = 9 E 1 0 . 3 / 6 X 9 5 H F Z  = , E l O e 3 / 6 X , 5 H T X  = 9 C 3 L L 3 6 6 0  
9 E 1 0 * 3 / 6 X , 5 H T Y  = , E l O e 3 / 6 X , 5 H T Z  = 9E10.3 ) C E L L 3 5 7 0  

6 1 9  F O R M A T ( l H 1 )  C S L L 3 6 8 0  
6 2 0  F O R M A T ( / , 1 5 X , 1 6 H M A I N  STRUT L O A D S , / )  C E L L 3 6 9 0  

E N D  C B L L 3 7 0 0  
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A P P E N D I X  F 

NUMERICAL INTEGRATION ROUTINE 

LANDING LOADS AND MOTIONS PROGRAM 



F. 1 In t roduc t ion  - The methods and procedures employed dur ing  t h e  

numerical  i n t e g r a t i o n  of t h e  equat ions  of motion i n  the  Landing Loads and 

Motions Program a r e  des c r ibed  i n  t h e  fol lowing paragraphs.  These opera t ions  

a r e  performed i n  t h e  subrout ines  RKCUT and INITUP. The sequence of program 

c a l l s  f o r  t hese  subrout ines  a r e  shown i n  Figure 5-17 and subrout ine  l i s t i n g s  

a r e  given i n  Appendix I. 

F. 2 Method - The second-order equat ions of motion i n  the  Landing Loadd 

and Motions Program a r e  reduced t o  an equ iva l en t  s e t  of simultaneous f i r s t -  

o rde r  equat ions .  Each of t hese  f i r s t  o rde r  equat ions takes t h e  gene ra l  form 

0 f  

3 = f ( y , t )  where y ( t  ) = y 
0 0 

(F-1) 

A t  any s t e p  n i n  t he  i n t e g r a t i o n  of t hese  equat ions wi th  r e spec t  t o  time t ,  

t h e  q u a n t i t i e s  t n y  'nY and 3 = f ( y  , t  ) a r e  ava i l ab l e .  To compute y and n n n n+l  
t ) , where t = t + A t  , and A t  (program v a r i a b l e  

thus 3n+l = f ( Y ~ + ~  3 n+l n+l n 
HZ) i s  the i n t e g r a t i o n  i n t e r v a l ,  t h e  fol lowing Runge-Kutta formulas a r e  

used : 

References (F-I) and (F-2) p re sen t  an explana t ion  of t hese  formulas and a  

d iscuss ion  of t h e  Runge-Kutta method. 

These formulas a r e  appl ied  t o  the  system of equat ions us ing  e i t h e r  a  

f i xed  o r  v a r i a b l e  i n t e g r a t i o n  i n t e r v a l ,  A t .  When a  v a r i a b l e  A t  i s  used,  t h e  

rou t ine  computes a  t runca t ion  e r r o r  i n d i c a t o r  a t  each s t e p  of t he  i n t e g r a t i o n ,  

based on t h e  quan t i t y  



where i = 1, 2, . .. , N and N i s  t h e  t o t a l  number of i n t e g r a t e d  v a r i a b l e s ,  

and t h e  s u p e r s c r i p t  i denotes  t h e  i t h  i n t e g r a t e d  v a r i a b l e .  The n o t a t i o n  o f  

Equa t ion  ( F - 3 ) ,  i n d i c a t e s  t h a t  f o r  each i t h  i n t e g r a t e d  v a r i a b l e ,  t h e  minimum 

of t h e  two q u a n t i t i e s  

i s  saved.  The t r u n c a t i o n  e r r o r  i n d i c a t o r ,  
En+l ' i s  then  set e q u a l  t o  t h e  

maximum of t h e s e  minimums. The v a l u e  of En+l i s  compared w i t h  t h e  two con- 

s t a n t s  E (EMAX) and E (EMIN) which a r e  t h e  i n p u t  v a l u e s  f o r  t h e  maxi- 
max min 

mum and minimum a l l o w a b l e  t r u n c a t i o n  e r r o r s ,  r e s p e c t i v e l y .  Th is  comparison 

r e s u l t s  i n  a  m o d i f i c a t i o n  of A t  a s  f o l l o w s  : 

1. I f  En+1 < E f o r  two c o n s e c u t i v e  i n t e g r a t i o n  s t e p s ,  A t  i s  doubled 
min 

and t h e  i n t e g r a t i o n  c o n t i n u e s  w i t h  t h e  new A t .  However, i f  A t  

e q u a l s  A t  (HMAX) , A t  is n o t  doubled.  
max 

2. I f  E < E 
min 5  en+^ - max' A t  i s  l e f t  unchanged. 

3 .  If En+l 1- Emax, A t  i s  h a l v e d  and t h e  v a l u e s  a t  s t e p  n ,  which a r e  

saved  i n  COMMON, a r e  used  t o  c o n t i n u e  t h e  i n t e g r a t i o n .  However, 

i f  A t  e q u a l s  A t m i n  (HMIN) , A t  is n o t  h a l v e d .  

T h i s  p rocedure  i s  con t inuous ly  a p p l i e d  t o  t h e  c e n t e r  body e q u a t i o n s  of 

mot ion,  Equa t ion  (5-23). The e q u a t i o n s  of motion f o r  t h e  f o o t p a d s ,  Equa t ion  

(5-4), a r e  con t inuous ly  i n t e g r a t e d  by t h e  above p rocedure  when t h e  "con- 

t a c t i n g  footpad"  o p t i o n  of t h e  program is  employed. I f  t h e  "noncontac t ing  

footpad"  o p t i o n  i s  s p e c i f i e d ,  a  f o o t p a d ' s  e q u a t i o n s  o f  motion a r e  i n t e g r a t e d  

only when t h e  foo tpad  i s  determined t o  be  i n  c o n t a c t  w i t h  t h e  l a n d i n g  s u r f a c e .  

For a  f o o t p a d  approaching t h e  l a n d i n g  s u r f a c e ,  c o n t a c t  i s  d e f i n e d  a s  t h e  



condi t ion  when t h e  bottom of t h e  footpad i s  found t o  be  wi th in  a  t o l e rance  

band above and below t h e  landing s u r f a c e ,  as  shown i n  Figure F-l(a) . I f  

t h i s  footpad is  found t o  have pene t r a t ed  below t h i s  t o l e r ance  band as shown 

i n  Figure F- l (b) ,  a  l i n e a r  i n t e r p o l a t i o n  procedure is  employed t o  e s t ima te  

a t  what time t h e  footpad would have en te red  the  to l e rance  band. The i n t e -  

g r a t i o n  i s  backed up and then  continued from t h i s  po in t  i n  t ime wi th  t h e  

footpad considered contac t ing .  

F. 3 Subrout ine Cal l s  - There a r e  s i x  c a l l s  t o  t he  i n t e g r a t i o n  rou t ine .  

A b r i e f  d e s c r i p t i o n  of each of t h e  e n t r i e s  i n t o  t h e  subrout ines  i s  given 

below. 

Sub r o u t i n e  Entry Po in t  Operation 

INITUP LO C Se t s  up a  l i s t  of cu tof f  v a r i a b l e s  

and t h e i r  cutoff  va lues .  

INITUP 

RKCUT 

RKCUT 

RKCUT 

RKCUT 

SETUP 

INTEG 

UP DATE 

CUT 

Sets  up a l i s t  of a l l  i n t e g r a t e d  

v a r i  ab les . 
I n i t i a l i z e s  numerical i n t e g r a t i o n  

procedure f o r  type of i n t e g r a t i o n  

reques ted .  

Performs a l l  i n t e g r a t i o n  and com- 

putes  t runca t ion  e r r o r  i n d i c a t o r .  

Updates i n t e g r a t i o n  v a r i a b l e s  and 

modif ies  i n t e g r a t i o n  i n t e r v a l  when 

requi red .  

Checks cu tof f  l i m i t s  f o r  i n t r o d u c t i o n  

of footpad equat ions  i n t o  i n t e g r a t i o n  

rou t ine .  



LANDING SURFACE 
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CUTERR 
TOLERANCE BAND 

FIGURE F-1 INTEGRATION CONTROL TOLERANCE FOR 
FOOTPAD EQUATIONS OF MOTION 
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APPENDIX G 

CENTER BODY INTERNAL LOAD 

DISTRIBUTION FOR TASK ORDER THREE 

LANDER USING REFINED IDEALIZATION 



A r e f i n e d  i d e a l i z a t i o n  of t h e  Task Order Three l ande r  c e n t e r  body, shown 

i n  F igure  G-1, was employed t o  determine displacements and i n t e r n a l  loads  

f o r  t h e  loading  condi t ion  def ined  i n  Sec t ion  6.2.4. This  i d e a l i z a t i o n ,  which 

employs 72 j o i n t s  and 108 b a r  elements,  i nc ludes  a  more r e f i n e d  model of t h e  

s i d e  beams and r a d i a l  beams. The cen te r  hub was modeled w i t h  n ine  elements 

t o  more nea r ly  r ep re sen t  a cy l inde r .  I n  add i t i on ,  c l e v i s  f i t t i n g s ,  which con- 

n e c t  t h e  drag s t r u t s  of a gear  t o  the  c e n t e r  body, were i d e a l i z e d  wi th  elements 

such as 4, 11, 29, and 36. Accordingly, j o i n t s  22 and 27 (and 40 and 45 which 

a r e  hidden) a r e  t h e  a c t u a l  c e n t e r  body a t t a c h  po in t s  f o r  gears  2  and 3 and were 

assumed t o  b e  pinned suppor ts .  Main s t r u t  a t t a c h  p o i n t s  ( j o i n t s  25 and 43) 

f o r  gears  2  and 3 were a l s o  assumed t o  b e  pinned suppor ts .  

Loads t h a t  were app l i ed  t o  t h e  j o i n t s  i n  t h e  i d e a l i z a t i o n  of Figure 6-8 

were app l i ed  t o  co inc ident  j o i n t s  i n  Figure G-1. For example, loads t h a t  were 

app l i ed  t o  j o i n t  6  i n  Figure 6-8 were app l i ed  t o  j o i n t  10 i n  t h e  r e f i n e d  

i d e a l i z a t i o n .  Loads t h a t  were app l i ed  t o  j o i n t s  31, 32 and 33 (on t h e  c e n t e r  

hub) i n  Figure 6-8 were d i s t r i b u t e d  t o  j o i n t s  67 through 72, some of which a r e  

hidden i n  F igure  G-1. These loads  were d i s t r i b u t e d  t o  t h e  r e f i n e d  i d e a l i z a -  

t i o n  j o i n t  l o c a t i o n s  i n  a  s t a t i c a l l y  equ iva l en t  manner. 

A comparison of s e l e c t e d  displacements and i n t e r n a l  loads obta ined  w i t h  

t h e  33 j o i n t  i d e a l i z a t i o n  and t h e  r e f i n e d  i d e a l i z a t i o n  is  given i n  F igure  G-2. 
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JOINT 8 (FIGURE 6-8) 

*FIGURE 6-8 ILLUSTRATES THE 33 JOINT IDEALIZATION, 
"*FIGURE G-1 ILLUSTRATES THE REFINED (72 JOINT) IDEALIZATION. 

FIGURE 6-2 COMPARISON OF COMPUTER RESULTS FOR 33 AND 72 JOINT IDEALIZATIONS 
O F  TASK ORDER THREE LANDER CENTER BODY 

ELEMENT 14 (FIGURE 6-8) 

ELEMENT 21 (FIGURE G-1) 

ELEMENT 32 (FIGURE 6-8) 

ELEMENT 52 (FIGURE G-1) 

> 

ELEMENT INTERNAL LOADS AT "P" END 

MOMENT 
z 

(CM-D Y N ES) 

4.688 x lo9 

8.550 x lo9 

1.061 x lolo 

1.756 x 10lo 

MOMENT 
Y 

(CM-D Y N ES) 

5.477 x lo9 

3.830 x lo9 

-4.800 x lo9 

-6.190 x lo9 

FORCE 
X 

(DYNES) 

-2.588 x lo8 

-2.140 x lo8 

-5.394 x 10' 

-1.115 x 10' 

FORCE 
Y 

(DYNES) 

9.057 x lo7 

1 .230~ lo8 

6.205 x lo8 

1.163 x 10' 

FORCE 
z 

(DYNES) 

-1.025 x lo8 

-1.778 x lo8 

1.633 x lo8 

1,822 x 10' 

MOMENT 
X 

(CM-DY NES) 

9.972 x lo6 

1.088 x lo7 

5.697 x lo6 

5.800 x lo7 



APPENDIX H 

PROGRAM L I S T I N G  

STRUCTURAL ANALYSIS PROGRAM 



OVERLAY ( SASLPI  @ Y  0 ovoo 1 0  

PROGRAM S A P T 5  ( INPlJTsOIJTPtJT ,TAPF5=1NPOT sTAPE6=OIJTPUT 9 

1 T A P E l s T A P E 2 r T A P F 9 )  
COPMON COP ( 3 0  
EQIJ IVALENCE ( COP(  1 7 )  I N D R K T  
E Q U I V A L E N C E  ( COM( 2 4 ) ~  INDNYA ) 

E Q U I V A L E N C E  ( C O M ( 3 0 ) r  INDPG14 1  
C 
C THE D I M E N S I O N  OF COMAIN  CAN B E  INCREASED OR DECREASED 
C TO CONTROL THE STORAGE A V A I L A B L E  FOR THE S T I F F N E S S  
C M A T R I X  ( I F  I S F D I M  I S  4 L S O  CHANGED).  
C 
C COMMON / C M A I N  / C O M A I N ( 1 4 4 5 5 1  

COMMON / C V A I N  / C O f A A I h l ( 1 6 9 5 5 )  
5  C O N T I N U E  

C I N I T I A L I Z E  VRSTRK ROI IT Ib IF  
C A L L  W R S T R ~ ( I , J I D U M )  

C 
C DATA  AND V A R I A B L E  SET-UP 
C 

C A L L  SECOND ( T I M E 0 1  
C A L L  OVERLAY ( 5 L S A S L P , 1 , 0 , 6 H R E C A L L )  
C A L L  SECOND ( T I M E 1 1  
I F  ( INDPGM eEQ. 0  GO TO 8  

C 
C GEAR A N A L Y S I S  I N P U T  AND PROCESSING R O U T I N F S  
C 

C A L L  OVERLAY ( 6LGEARRTs5 ,0 ,6HRFCALL )  
C 4 L L  S E C O N D ( T I M E 2 )  
GO TO 2 0  

8 C O N T I N U E  
C 
C CENTER BODY O P T I O N  R O U T I N E S  
C LOCAL  S T I F F N E S S  AND TRANSFORMATION M A T R I C E S  AND STRUCTURAL 
C S T I F F N E S S  M A T R I X  GENERATION 
C 

I F  ( INDRKT.EQ.0)  C A L L  OVERLAY ( 5 L S A c \ L P , ? r 0 , 6 H R E C A L L )  
C A L L  SECOND ( T I M E 2 1  

C * * * ~ * ~ * + ~ * + ~ * * t * ~ + * i t * * * i t ~ e * * * * ~ * - x * * x x * * * ~ c + * * * * * * * * * * ~  
C * OVERLAYS THREE A N D  FOUR 4RE Ff i l lT l lALLY E X C L U S I V E  * 
C * * * * * * * * * * * * * * * * * * * * * * * * * ~ t . * * * * * Y * * * * * * * * ~ + * * * * * * * * * *  

I F  (1NDNMAmNE.O) GO TO 10 
C 
C D ISPLACEMENT,  ROTAT ION,  FORCE, AND MOXENT S O L U T I O N  
C 

C A L L  OVERLAY (5LSASLP ,3 ,0 ,6HRECALL)  
C A L L  SECOND ( T I M E 3 1  
GO TO 2 0  

C 
C NORMAL MODE A N A L Y S I S  SFCTIOW 
C 
1 3  C A L L  OVERLAY (5LSASLP ,4 ,0 ,6HRECALL)  

C A L L  SECOND ( T I v E 4 )  
2 0  CONT I NUE 

M A I N  19 
M A I N  2 0  
M A I N  3 0  
M A I N  40 
M A I N  5 0  
M A I N  6 0  
M A I N  7 0  
M A I N  8 0  
M A I N  9 0  
M A I N  1 0 0  
M A I N  1 1 0  
M A I N  1 2 0  
M A I N  1 3 0  
V A I N  1 4 0  
V A I N  1 5 0  
M A I N  1 6 0  
M A I N  1 7 0  
M A I N  1 8 0  
M A I N  1 9 0  
M A I N  2 0 0  
M A I N  2 1 0  
M A I N  2 2 0  
M A I N  2 3 0  
P A I N  2 4 0  
M A I N  2 5 0  
r A A I V  2 6 0  
M A I N  2 7 0  
V A I N  2 8 0  
M A I N  2 9 0  
M A I N  3 0 0  
M A I N  3 1 0  
M A I N  3 1 5  
M A I N  3 2 0  
M A I N  7 3 0  
M A I N  3 4 0  
M A I N  3 5 0  
M A I N  3 6 0  
V A I N  3 7 0  
M A I N  ' 380  
M A I N  3 9 0  
M A I N  400 
M A I N  4 1 0  
F l A I N  4 2 0  
M A I N  4 3 0  
M A I N  4 4 0  
P A I N  4 5 0  
M A l Y  4 6 0  
LLAIN 4 7 0  
P A I N  4 8 0  
W I N  490 
M A I N  5 0 0  
P A I N  5 1 0  
M A I N  520  



T O l = T I M E l - T I M E 0  M A I N  5 3 0  
T 1 2 = T  1 b 1 c 2 - T I M E l  M A I N  5 4 0  
W R I T E ( 6 ~ 4 O ) T I M E O 9 T I M E l , T O l  M A I N  5 5 0  
I F  ( INDPGM .EQ* 0 ) GO TO 2 5  M A I N  5 6 0  
W R I T E ( 6 ~ 4 4 ) T I M E l ~ T I M E 2 ~ T 1 2  M A I N  5 7 0  
GO TO 5 M A I N  5 8 0  

2 5  C O N T I N U E  M A I N  5 9 0  
W R I T E ( ~ , ~ ~ ) T I M E ~ Y T I M E ~ ~ T ~ ~  M A I M  6 0 0  
I F  (1NDNMA.EQ.O) GO TO 3 0  MAIN 6 1 n  
T 2 3 0 R 4 x T I M E 4 - T I M E 2  M A I N  6 2 0  
W R I T E  ( 6 9 5 0 )  T I M E 2 , T I M E 4 , T 2 3 0 R 4  M A I N  6 3 0  
GO TO 5 M A I N  6 4 0  

30  CONT I NUE M A I N  6 5 0  
T 2 3 0 R 4 z T I M E 3 - T I M E 2  M A I N  6 6 0  
W R I T E  ( 6 1 6 0 )  T I M E Z , T I M E 3 r T 2 3 0 R 4  M A I N  6 7 0  
GO TO 5  M A I N  6 8 0  

C M A I N  6 9 0  
4  0 FORMAT ( 1 H 1 3 8 X , 2 6 H C P U  T I M E  USAGE T A S L E  ( S E C ) / / / 6 3 X 3 2 H  T I M F  I N  M A I N  7 0 0  

l T I M E  OUT TOTPL , / 33HOINP lJT  AND I N I T I A L I Z A T I O N  0 V E R L A Y , 2 6 X 2 ( 2 X F " A I Y  7 1 0  
2 1 0 . 3 ) 9 1 X F l O e 2  / )  MAIPl  7 2 0  

4 2  FORMAT ( 47HOSTRUCTURAL S T I F F N E S S  M A T R I X  GENERATION OVERLAY, P"A1N 7 3 0  
1 14XF10 .39  2XF10.3 ,  1 X F 1 0 . 2  / )  M A I N  7 4 0  

4 4  FORMAT ( 32HOGEAR I N P U T  AND A N A L Y S I S  OVERLAY, 2 7 X 2 ( 2 X F l O e 3 ) 9  M A I N  7 5 0  
1 1XF10.2  M A I N  7 6 0  

50 FORMAT (29HONORMAL MODE A N A L Y S I S  O V E R L A Y 9 3 2 X F 1 0 . 3 ~ 2 X F 1 0 . 3 t 1 X F l O e 2 ) M A I N  7 7 0  
6  0  FORMAT ( 5 9 H O D I S P L A C E M E N T 9  ROTAT ION,  FORCE, AND MOYENT S O L U T I O N  O V E W A I q  7 8 0  

1 R L A Y ~ 2 X F 1 0 . 3 r Z X F 1 0 ~ 3 ~ 1 X F l 0 ~ 2 / / )  F l A I N  7 9 0  
END M A I N  800 



S U B R O U T I N E  E R P N T l  (ALPHA,LNGTH, ICODE)  
C P R I N T  ERROR MESSAGES 
C I C O D E  = 0, NON-FATAL ERROR, CONTINUE 
C I C O D E  = 1, F A T A L  ERROR, STOP 
C  I C O D E  =-1, F A T A L  ERROR, SET F A T A L  ERROR 
C 

D A T A  I F A T A L  / 0 / 
D I M E N S I O N  A L P H A ( 1 3 )  
IF ( ICODE.NE .0 )  GO TO 7 0  
W R I T E ( 6 9 5 0 )  ( A L P H A ( I ) , I = l , L N G T H )  
GO TO 3 0  

70 C O N T I N U E  
W R I T E  ( 6 r 4 0 1  ( A L P H A ( I ) r I = l , L N G T H )  
I F  ( I C O D E )  1 0 9 3 0 r 2 0  

10 I F A T A L = l  
GO TO 3 0  

2  0 STOP 
3 0  RETURN 
C CHECK ENTRY FOR F A T A L  I N D I C A T O R  

ENTRY ERPNTZ 
I F  ( IFATAL .EQ.1 )  STOP 
R E T U R N  

C 
40 F O R M A T l Z O H  +++ERROR*** / 1 3 A 1 0 / /  1 
5 0  F O R M A T ( 2 0 H  ++*WARNING+*+ / 1 3 A 1 0 / /  

END 

ERPN 10  
ERPN 2 0  
ERPN 3 0  
ERPN 4 0  

I N D I C A T O R  AND ERPN 5 0  
CONTINUE ERPN 6 0  

ERPN 70 
ERPN 8 0  
ERPN 8 2  
ERPN 84  
ERPN 8 6  
ERPN 88 
ERPN 90 
ERPN 100 
FRPN 110  
ERPN 1 2 0  
ERPN 1 3 0  
ERPN 140 
ERPN 1 5 0  
ERPN 1 6 0  
ERPN 170 
ERPN 1 8 0  
ERPN 1 9 0  
ERPN 2 0 0  
ERPN 2 0 5  
ERPN 2 1 0  



S U B R O U T I N E  b!RSTRK ( I R O W , J C O L r S T F N Z )  

IROW = ROW NO. J C O L  = COLUMN NO. 
S T F N Z  = V A R I A B L E  

D I M E N S I O N  J C O L D ( 6 ) ,  S T F N Z D ( 6 ) ,  C O L ( 6 )  
D A T A  COL / 6 *4HCOL*  / 

THE NON ZERO ELEMENTS OF THE STRIJCTURAL S T I F F N E S S  
M A T R I X  ARE PASSED ONE AT A T I M E  AND P R I N T E D  5 Y  ROWS S I X  
VALUES PER L I N E  

I F  ( I R S A V E e E Q e I R O W )  GO TO 1 0  

I F  NEW ROW, P R I N T  ANY V A R I A B L E S  OF THE L A S T  ROW B E I N G  HELD 
A  L I N E  AND START A  NEW L I N E  

I N D R N S = l  
GO TO 2 0  
I F  ( I C O U N T e N E * 6 )  GO TO 40 

I F  S I X  V A R I A B L E S  HAVE BEEN STORED I N  A  L I N E ,  P R I N T  I T  AND 
S T A R T  A NEW L I N E .  

CONT I NUE 
I F  ( I N D L I N . N E . 1 )  GO TO 5 0  
W R I T E  ( 6 9 8 0 )  IRSAVE~(COL(I),JCOLD(I)~STFNZD(I)~I=1~ICOIINT) 
L  I N E T = L I N E T + 2  
I N D L I  N=2  
ICOUNT=O 
I F  (1NDRNSeEQ.O) GO TO 4 0  
I NDRNS=O 
I N D L I  N = 1  
I RSAVE=IRO\I.J 
I C O U N T = I C O U N T + l  
J C O L D ( I C O U N T ) = J C O L  
S T F N Z D (  ICOIJNT ) = S T F N Z  
I F  ( L I N E T . G T . 5 6 )  TO 6 0  
RETURN 
W R I T E  ( 6 9 9 0 )  (COL(I),JCOLD(I)rSTFNZD(I)~I=l~ICOIINT) 
L I  N E T = L I N E T + l  
GO TO 3 0  
I F  ( IROW.LT.0)  RETURN 
W R I T E  6 6 9 7 0 )  
L I N E T = 3  
RETURN 

I N I T I P L I Z C  T H I S  R O U T I N E  

ENTRY !+!RSTRl 
L I N E T  = 5 9  
I C O U N T  = 0  
I N D L I N  = 1 
I N D R N S  = O 
I R S A V E  = 1 
R E T U R N  

FORMAT 100 I S  USED TO P R I N T  THE F I R S T  L I N E  FOR EACH ROW 

MRST 1 0  
WRST 21) 
WRST 3 0  
WRST 4 0  
WRST 5 0  
WRST 6 0  
WRST 70 
bIRST 8 0  
!h!RST 9 0  
bIRST 1 0 0  
\*!RST 1 1 0  
!.lI?ST 1 2 0  
WRST 1 3 0  

I N  !%'RST 1 4 0  
WRST 1 5 0  
WRST 1 6 0  
WRST 1 7 0  
WRST 1 8 0  
WRST 1 9 0  
WRST 2 0 0  
WRST 2 1 0  
WRST 2 2 0  
WRST 2 3 0  
\.!RST 2 4 0  
b!i?ST 1 5 0  
!.fRST 2 6 0  
WRST 2 7 0  
WRST 2 8 0  
MRST 2 9 0  
WRST 3 0 0  
WRST 3 1 0  
'!RST 3 2 0  
WRST 3 3 0  
WRST 3 4 0  
!?rRST 3 5 0  
WRST 3 6 0  
k!RST 3 7 0  
b!RST 3 8 0  
WRST 3 9 0  
V?RST 4 0 0  
KRST  4 1 0  
WRST 4 2 0  
\r!RST 4 3 0  
WRST 4 4 0  
WRST 4 5 0  
CIRST 4 6 0  
V R 5 T  4 7 0  
WRST 4 8 0  
WRST 4 9 0  
!r!RST 5 0 0  
URST 5 1 0  
WRST 5 2 0  
WRST 5 3 0  
WRST 5 4 0  
b/i?ST 5 5 0  



C FORMAT 2 0 0  I S  USED FOR A L L  OTHER L I N E S  ( I N P L I N  ONE. 1 )  
C 
,- 
L 

7 0  FORM4T ( 2 8 H l S T R V C T U H A L  S T I F F N E S S  V A T R I X / / )  
8  0 FORMAT (5HOROW 1 3 1 6 ( 1 X A 4 , 1 4 r l H = E 1 0 . 3 1 )  
90 FORMAT (8X,6(1XA4,14rlH=E1003)) 

END 

I*!RST 5 6 0  
'JRST 5-79 
VRST 5 5 3  
WRST 5 9 0  
WRST 600 
GlRST 6 1 0  
VRST 6 2 0  



O V E R L A  ( SASLP, 1, 0 

PROGRAM I N I T A L  
COMMON COM ( 30 ) 
EQUIVALENCE f COM( 3019 INDPGM ) 

C 
C READ DATA CARDS AND SORT I N T O  PROPER ORDER 
C 

C A L L  DATSET 
IF ( INDPGMeEQe1)RETURN 

C 
C READ V A R I A B L k  INPUT VALUES ARRANGED BY (DATSET)  
C 

C A L L  RDDATA 
RETURN 
END 



SUBROUTINE DATSET 
DIMENSION C A R D ( 8 ) ,  I D A T A ( 7 )  
COMMON COM ( 3 0  1 
EQUIVALENCE ( COM( 11, NJOINT 1 
EQIJIVALENCE ( COM( 2 ) 9  NFORCE ) 

EQUIVALENCE ( COMI 3 1 9  NMOMNT ) 

EQUIVALENCE ( COM( 41, NBAR 
EQUIVALENCE ( CON( 5 )  9 NJPNT 
EQUIVALENCE ( COM(201, N L I M I T  ) 

EQUIVALENCE ( COM ( 2 9  1, NSHPAN 1 
EQUIVALENCE ( C O M ( 3 0 ) r  INDPGM ) 

D I M E N S I O N  E R L ( 5 )  
D I M E N S I O N  E R J (  5 ) 9  ERF(  519 ERM( 5 ) ~  ERB( 5 )  
D I M E N S I O N  E P S H ( 5 )  
DATA ERSW / 1 0 H  THE SHEAR, 1 0 H  PANELS AR, l O H E  NOT NUMBY 

1 lOHERED SEQUE, 10HNTIALLY.  / 
DATA ERL / 1 0 H  THE L I M I T ,  10HS ARE NOT, I O H  NUMSERED 9 

1 IOHSEQUENTIAL,  l O H L Y  / 
DP.TA ERJ  / 10:i THE NC)34L, 10:q P O I N T 5  AR, l O H E  NOT NUh4B, 

1 l0HEREC SEQUE, I n H N T I P L L Y  / 
DATA ERF / l o r !  THE FORCE, 1 0 H  VECTORS A, lOHRE NOT NUM, 

1 10HRERED SEQUI 1 0 H F N T I A L L Y  / 
DATA ERM / 1 0 h  THE MOMEN, l O l i T  VECTORS 5 lOHARE NOT NU, 

1 13HMBERED SEQ, l O H U E N T I A L L Y  / 
DATA ERE / 101-; THE BAR D, l O H E F I N I T I O N S ,  1 0 H  ARE NOT N, 

I 10CUMBERED S t ,  lOHQUENTIALLY/  
D I M E N S I O N  EDHDC(6)  
DPT'. GEAR / ~ O H G E F R  I 
DATA STRlJCT / lOHSTR?JCTIIRE / 
DbTA EDHCC / 1 0 H  T%E DATA , lOHCASE DOES lOHNOT HAVE A, 

1 lOHM ACCEPT4f3, l O H L E  HEADER , 10HCARDe / 
N J O I N T = G  
M L I h A I  T=O 
NFORCE=O 
Nb!OC!NT=O 
NBAR=O 
NJPNT=O 
NSHPAN = 0 
REWIND 1 
M J O I N T  = O 
MJPI\!T = 0 

M L I P I T  = C 
MFORCF = 0 
"1P"C)NT = 0 
:"I E1 A R = 0 
MStIPAN = 0 
I F R I S T  = 0 
IE,ADCD = 0 
I F R S T  = 0 

1 0  READ ( 5 9 2 0 0 )  CARD 
I F  ( F o F ,  5 )  1 2 9  1 4  

1 2  b l R I T E ( 6 ,  2 4 0 )  
2 4 9  FORMAT ( 3 9 H l E N D  OF JOP---FNP OF DATA SFT ON U N I T  5 ) 

5Tr)P 
1 4  CONTINUE 

DATS 1 0  
DATS 2 0  
DATS 3 0  
OPTS 4 0  
DATS 5C) 
DATS 6 0  
DATS 7 0  
OATS 8 0  
DATS 9 0  
DATS 1 0 0  
DATS 1 1 0  
DATS 1 2 0  
DATS 1 3 0  
DATS 1 4 0  
DATS 15Q 
DATS 1 6 0  
DATS 1 7 0  
DATS 1 8 0  
DATS 191) 
DATS 2 0 0  
DATS 2 1 0  
DATS 2 2 0  
DATS 2 3 0  
DATS 2 4 0  
DATS 2 5 0  
DATS 2 6 0  
DATS 2 7 0  
DATS 2 8 0  
DATS 2 9 0  
PATS 3 0 0  
PATS 3 1 0  
DATS 3 2 0  
DATS 1330 
DATS 3 4 0  
DATS 3 5 0  
DATS 3 6 0  
DATS 3 7 0  
DATS 3 8 0  
DATS 3 9 0  
DATS 4 0 0  
DATS 4 1 0  
DP.TS 4 2 0  
PATS 4 3 0  
DATS 4 4 0  
DATS 4 5 0  
DATS 4 6 0  
DATS 4 7 0  
DATS 4 8 0  
DATS 4 9 0  
DATS 5 0 0  
DATS 5 1 0  
DATS 5 2 0  
PATS 5 7 0  
OATS " 4 n  
DATS 5 5 0  



I F  ( I F R S T  eNE. 0 GO TO 1 7  
' \ ? 'R ITE  ( 6 , 1 9 0 )  
I F R S T  = 1 

17 C O N T I N U E  
I F  ( I F R I S T  .NEe 0 1 GO TO 1 6  

C 

C CHECK FOR DATA SET  r lEADER CARD ( G E A R )  OR (STRUCTIJRE)  
C  L E F T  J U S T I F I E D  I N  COL. 1-10 
C 

I r j n P G v  = I. 
I F  ( C A R D ( 1 )  .EO. GFAR GO TO 1 3  
INGPGM = n 
I F  ( C A R D ( 1 )  .EQ. STRUCT)  GO TO 1 5  
I F  ( IHADCD - E Q *  0 ) C A L L  E R P N T l (  EDHDC, 6 9  0 
I B A D C D  = 1 
W R I T E ( 6 9 2 3 0 )  CARD 
GO TO 1 0  

1 3  C O N T I N U E  
I F  ( I B A D C D  .NE. 0  ) W R I T E ( 6 9 1 9 0 )  
RETURN 

1 5  C O N T I N U E  
I F  ( I B A C C D  .NE. 0 ) W R I T E ( 6 9 1 9 0 )  
W R I T E ( b r 1 9 2 )  
I F R I S T  = 1 
GO TO 1 0  

1 6  C O N T I N U E  
W R I T E  ( 6 9 2 3 0 )  CARD 

C  
C  CONVERT CODE AND S U B S C R I P T  TO INTEGER 
C  

DECODE ( 5 ~ 2 1 0 , C A R D ( l ) )  ICODF,  I N D E X  
C  
C AMY CODF NO. .GT. 7  I S  CONSIDEQED AN END OF RECORQ 

I F  ( I C O D E e G T . 7 )  GO TO 1 1 0  
C  
C I F  COLIIVN ONE I ?  P,LANK OR ZERO COI,JZIDFR I T  A COMMENT 

I F  ( ICODE.EQ.0) GO TO 1 0  
C 

W R I T E ( 1 9 3 0 0 )  I C O D E  
W R I T E ( i , 2 0 0 )  CARD 
GO TO ( 2 0 9 4 0 , 5 0 , 6 0 r 7 0 9 8 0 , 9 0 ) ,  I C O D E  

2 C N J O I N T = N J O I  N T + 1  
t 4 J O I N T  = MAXO( P I JO INT ,  I N D E X  
GO TO 1 0  

40 NJPNT=MJPNT+ l  
MJFL!T = MAXO( P J P N T  t I N D E X  ) 

GO TO 1 0  
5 0 N L I M I T = N L I M I T + l  

i 4L I t a I IT  = MAXO( l",It4IT, I N D E X  1 
GO TO 10 

6 0 NFORCE=NFORCE+l  
MFORCE = MAXO(  KFORCE, I N D E X  ) 

GO TO 10 
7 0  P!MOblNT=NCiOMNT+l 

MVOMNT = MAXOI  YMOMNT, I N D E X  ) 

GO TO 1 0  

DATS  5 6 0  
DATS  5 7 0  
DATS  5 8 0  
DATS 5 9 0  
DATS 6 0 0  
DATS  6 1 0  
DATS  6 2 0  
DATS  6 3 0  
DATS 6 4 0  
DPTS  6 5 0  
DATS  6 6 0  
OATS 6 7 0  
DATS 6 8 0  
DATS 6 9 0  
DATS  7 0 0  
DATS  710 
DATS 7 2 0  
DATS  7 3 0  
DATS 7 4 0  
DATS  7F.D 
DATS 7 6 0  
DATS 7 7 0  
DATS 7 8 0  
DATS  7 9 0  
DATS 8 0 0  
DATS  8 1 0  
DATS 8 2 0  
DATS 8 3 0  
DATS  8 4 0  
DATS  8 5 0  
DATS 8 6 0  
DATS 8 7 0  
P A T S  8 8 0  
DATS  8 9 0  
DATS 9 0 0  
D A T  9 1 0  
DATS 9 2 0  
DATS 9 3 0  
DATS  9 4 D  
DATS 9 5 0  
DATS  9 6 0  
DATS  9 7 0  
DATS  9 8 0  
DATS 9 9 0  
DATS lOOO 
D P T S l O l O  
D A T S 1 0 2 0  
D A T S 1 0 3 0  
D A T S 1 0 4 0  
D A T S 1 0 5 0  
D A T S 1 0 6 0  
D A T S 1 0 7 0  
D A T S 1 0 8 0  
D A T S 1 0 9 0  
D A T S l l O O  
D A T S l l l O  



80 . NSAR=NRAR+ l  D A T S 1 1 2 0  
k<RAR = MAXO( MBPR , I N D E X  D A T S 1 1 3 0  
GO TO 10 D A T S 1 1 4 0  

9 0  C O N T I N U E  D A T S 1 1 5 0  
MSHPAN = MAXO( MSHPAN, I N D E X  ) D A T S 1 1 6 0  
NSHPAN = NSHPAN + 1 D A T S 1 1 7 0  
GO TO 1 3  D A T S 1 1 8 0  

1 1 0  C O N T I N U E  D A T S 1 1 9 0  
C  CHECK TO S E E  I F  I N P U T  CARDS ARE SEQUENCED PROPERLY DAT .51200  
C  ( T H I S  WILL NOT CATCH A L L  KEY  PUNCH ERRORS) D A T S 1 2 1 0  

N J P N T  = N J P N T  + h J O I N T  D A T S 1 2 2 0  
MJPNT  = E A X O ( M J P N T 9 Y J O I N T )  D A T S 1 2 3 0  
I F  ( VJPNT .NE. N J P N T  ) C A L L  E R P N T l (  ERJ,  5 9  -1 D A T S 1 2 4 0  
I F  ( M L I K I T  .NE. N L I + ! I T  C A L L  E R P N T l (  ERL, 5 9  -1 ) D A T S 1 2 5 0  
I F  ( MFORCE .NE. NFORCE C A L L  E R P N T l (  ERF, 5, -1 ) D A T S 1 2 6 0  
I F  ( MMOMNT ONE. NMOWNT ) C A L L  E R P N T l (  ERMI 5 1  -1 ) D A T S 1 2 7 0  
I F  ( MBAR .NEo NBAR C A L L  E R P N T l (  ERB, 5 ,  -1 D A T S 1 2 8 0  
I F  ( FISHPAN .NEo NSHPAN ) C A L L  E R P N T l (  ERSH, 5 9  -1 ) D A T S 1 2 9 0  

C  D A T S 1 3 0 0  
C  I F  A F A T A L  ERROR HAS OCCURRED, STOP D A T S 1 3 1 0  
C  D A T S 1 3 2 0  

C A L L  ERPNT2 D A T S 1 3 3 0  
C  O A T S 1 3 4 0  

END F I L E  1 D A T S 1 3 5 0  
R E T l l R N  DATS1'361) 

C  DATSl .370 
1 9 0  FORMAT ( 1 H 1 ,  4 3 X  45HSTRUCTURAL  A N A L Y S I S  PROGRAb! --- LEGGED LANDFRRDATS1380 

1 / 3 7 X 6 0 H M A S T E R  AGREEMENT, CONTRACT NA.51-8137, TASK ORDER NUMBER F I V D A T S 1 3 9 0  
2 E / 4 5 X 4 4 H M C D O N N E L L  OOUGLAS ASTRONAUTICS  COMPANY, EAST  D A T S 1 4 0 0  
3  / / /  1 D A T S l 4 l O  

1 9 2  FORMAT ( D A T S 1 4 2 0  
3 3 7 H  STRUCTLJRAL A N A L Y S I S  DATA - CARD CODE, / / 2 8 X  2 7 H B L A N K  - 0 D A T S 1 4 3 0  
4  CO!4bhFNTS , / 3 2 X l H 1 , 1 3 X 9 2 3 H h ! O D L L  P O I N T  OEFINIT IONS, / ' 32X lH2 ,13X~) .4T5144r !  
5916HREFERENCE POINTS,/32XlH3,13X,33HNOOAL P O I N T  R E S T R A I N T  D E F I N I T I D A T S 1 4 5 0  
60NS,/32XlH4,13Xs13HFORCE V E C T O R S , / 3 2 X 1 H 5 , 1 3 X ~ 1 5 H i 1 0 M E N T  VFCTORS r / 3 D A T S 1 4 6 0  
7  2 X l t l 6 r  1 3 x 9  151-it3AR D E F I N I T I O N ' ,  / 3 2 X l H 7 , 1 3 X  D A T S 1 4 7 0  
8 2 3 H q H E A R  P A N F L  D F F I N I T I O N . 5  ,/32X1!-18 9 1 3 X  9 2 4 H F O R f 4 A T E D - A T  T E R ' 1 I N A T O A T 5 1 4 8 9  
9 0 R  / ) D A T S 1 4 9 0  

20O FORMAT ( E A l O )  D A T S 1 5 0 0  
2 1 0  FORi.1AT ( 11 ,  I 4  ) D A T S 1 5 1 0  

2 2 0  FORXAT ( 1 x 1 4 )  D A T S 1 5 2 0  
2 3 0  FORMAT ( 1 X B A 1 0 )  P A T S 1 5 3 0  

3 0 0  FORMAT(  I 4  ) D A T S 1 5 4 0  
ERD D A T S 1 5 5 0  





DATA ERSP9 / 1 0 H  ONLY 3 0  lOHSHEAR PANE, l O H L S  ARE ALL, RDDA 5 6 0  
'1 10HOWEDe / RDDA 5 7 0  

DATA ERSP5 / 1 0 H  ONLY 2 6  1OHREFERENCE r 1 0 H  NODE POIN,  
1 l O H T S  ARE ALL, 10HOWEDa / 

DATA ERSP6 / 1 0 H  ONLY 8 8  r 1 O H L I M I T  CARD, l O H S  ARE A L L 0 9  
1 10HWEDo / 

DATA ERSP7 / 1 0 H  ONLY 7 4  , 1OHFORCE VECT, lOHORS ARE A L 1  
1 1 OHLOWED* / 

DATA ERSP8 / 1 0 H  ONLY 7 4  1OHMOMENT VEC, lOHTORS ARE A, 
1 10HLLOWED. / 

NAMELIST / INDATA / INDSFL,  INDSFG, I N D l S L ,  I N D I T R ,  ERRTOL9SOL 
1 9 RELAXF*  INDRLX 
2  9 INDRKT, INDWKT, INDPLS,  MINRST 
3  r INDNMA, IRWKPI AMASS* IREDTO, INDWNM, TMAX 
4  r I S F D I M I  INDWTS 
* 9NEIGVL 

C 

C CHECK INPUT DATA AGAINST V A R I A B L E  DIMENSION L I M I T S  
I F  ( NJOINT .GTa 7 4  ) CALL E R P N T l (  ERSP4, 4 9  -1 ) 
I F  ( NJPNT *GT*  1 0 0  ) CALL E R P N T l (  ERSP5, 5 9  -1 
I F  ( N L I M I T  aGT* 8 8  ) CALL E R P N T l (  ERSP6, 4 ,  -1 
I F  (NFORCE aGT* 7 4  ) CALL E R P N T l l  ERSP7, 49 -1 ) 

I F  (NMOMNT *GTa 7 4  CALL E R P N T l (  ERSP8, 4 9  -1 
I F  (NSHPAN *GTa 3 0  ) CALL  E R P N T l t  ERSP9, 4 9  -1 ) 

I F  ( NBAR *GT. 1 3 0 )  CALL E R P N T l (  ERSP3, 3 9  -1 
C A L L  ERPNT2 
REWIND 1 

1 R E A D ( l r l 3 5 )  ICODE 
1 3 5  FORMAT ( I 4  ) 

I F  ( EOFI 1 ) 58 ,  4  
4  CONTINUE 

GO TO ( 2 1 9  2 2 9  239 2 4 ,  25 ,  2 6 ,  2 7 1 ,  ICODE 
2 1  CONTINUE 

C READ CODE 1 PATA 
R E A D ( 1 9 1 4 0 )  I N D X , ( R J X Y Z ( I N D X , J ) ~ J = ~ ~ ~ ) , ( I J R F M ( I N D X , J ) ~ J = ~ I ~ ) ~  

1 ( I J A L F M ( I N D X , J ) , J = 1 , 2 )  
GO TO 1 

2 2  CONTINUE 
C READ CODE 2  DATA 

R E A D ( 1 9 1 4 0 )  INDX,(RJXYZ(INDX,J)*J=1*3) 
GO TO 1 

23 CONTINUE 
C READ CODE 3  DATA 

R E A D ( l r l 4 0 )  INDXI R L I M T U ( I N D X ) *  R L I M T L ( I N D X 1 ,  D P R T I T ( 1 N D X )  
GO TO 1 

2 4  CONTINUE 
C READ CODE 4 DATA 

R E A D ( 1 9 1 4 0 )  INDX, (FRCVCT(INDX,J) ,J=1,3)  
GO TO 1 

2 5  CONTINUE 
C READ CODE 5  DATA 

R E A D ( l r l 4 0 )  I N D X t  ( R M T V C T ( I N D X , J ) r J = 1 , 3 )  
GO TO 1 

2 6  CONTINUE 
C READ CODE 6  DATA 

R E A D ( 1 , 1 6 0 )  INDX, I B A R P ( I N D X ) ,  I B A R Q ( I N D X ) ,  I B A R R ( I N D X ) ,  

RDDA 5 8 0  
RDDA 5 9 0  
RDDA 6 0 0  
RDDA 6 1 0  
RDDA 6 2 0  
RDDA 6 3 0  
RDDA 6 4 0  
RDDA 6 5 0  

.VEC RDDA 6 6 0  
RDDA 6 7 0  
RDDA 6 8 0  
RDDA 6 9 0  
RDDA 7 0 0  
RDDA 7 1 0  
RDDA 7 2 0  
RDDA 7 3 0  
RDDA 7 4 0  
RDDA 7 5 0  
RDDA 7 6 0  
RDDA 7 7 0  
RDDA 7 8 0  
RDDA 7 9 0  
RDDA 8 0 0  
RDDA 8 1 0  
RDDA 8 2 0  
RDDA 8 3 0  
RDDA 8 4 0  
RDDA 8 5 0  
RDDA 8 6 0  
RDDA 8 7 0  
RDDA 8 8 0  
RDDA 8 9 0  
RDDA 9 0 0  
RDDA 9 1 0  
RDDA 9 2 0  
RDDA 9 3 0  
RDDA 9 4 0  
RDDA 9 5 0  
RDDA 9 6 0  
RDDA 9 7 0  
RDDA 9 8 0  
RDDA 9 9 0  
RDDAlOOO 
R D D A l O l O  
RDDA1020 
RDDAlO3O 
RDDA1040 
RDDA1050 
RDDAl  0 6 0  
RDDA 1 0 7  0  
RDDA1080 
RDDA1090 
R D D A l l O O  
R D D A l l l O  



1 KS ( 1 N D X ) r  B A R E A ( I N D X ) ,  B A R I N ( 1 N D X ) r  RDDA1120 
2 BARIT( INDX1,RARJ ( 1 N D X ) r  BARYM(INDX1,  RDDA1130 

3  B A R S M ( I N D X ) 9  RKN ( I N D X I ,  RKT ( I N D X )  RDDA114O 
GO TO 1 RDDA1150 

C  READ CODE 7  DATA RDDA1160 
2 7  CONTINUE RDDA1170 

R E A D ( 1 9 1 5 0 )  INDX, I A P A N ( I N D X ) ,  I B P A N ( 1 N D X ) g  I C P A N ( I N D X ) ,  RDDA1180 
1 I D P A N ( I N D X ) +  VSPAN( INDX) ,  E S P A N ( I N D X ) ,  T S P A N ( I N D X 1  RDDA1190 

GO TO 1 RDDA1200 
58  CONTINUE RDDA1210 

C  RDDA1220 
C  CHECK BAR D E F I N I T I O N  RDDA1230 
C  RDDA1240 

DO 6 0  I=l ,NRAR RDDA1250 
I F  (IBARP(I).GT.NJOINT.OR.IBARP(I).LT.l) CALL E R P N T l  ( E R J N e 5 9 - 1 )  RDDA1260 
I F  (IBARQ(I).GT.NJOINT.OR.IBARQ(I)~LTel) CALL ERPNTl  ( E R J N 9 5 9 - 1 )  RDDA1270 
I F  ( I B A R P ( I l . E Q . I R A R Q ( 1 ) )  CALL FRPNT1 (ERPQ94,-1) R D D A l 2 8 0  

6  0  I F  ( I B A R R ( I ) . G T e N J P N T )  CALL  E R P N T l  ( E R J R r 7 r - 1 )  RDDA1290 
C  RDDA1300 
C  CHECK J O I N T  D E F I N I T I O N S  FOR M I S S I N G  FORCE, MOMENT VECTORS, RDDA1310 
C AND RESTRAINT INFORMATION RDDA1320 

DO 8 0  I = l o N J O I N T  RDDA1330 
DO 7 0  J = l r 6  RDDA1340 
K = I J R F M ( I , J )  RDDA1350 
I F  ( I A B S ( K ) . G T . N L I M I T )  CALL E R P N T l  ( E R L N 9 5 r - 1 )  RDDA1360 
I F  (KeLE.0 )  GO TO 7 0  RDDA1370 
I F  ( R L I M T u ( K ) . L E . R L I M T L ( K ) )  C A L L  ERPNTl  (ERLT95,-1)  RDDA1380 

7 0  CONTINUE RDDA1390 
I F  (IJALFM(I,l)~GT.NFORCE~OR.IJALFM(I,1).LT) CALL E R P N T l  (ERFR96RDDA1400 

1 9 - 1 )  RDDA1410 
I F  (IJALFM(I,21.GT.NMOMNT.OR.IJALFM(1,2).LT) CALL ERPNTl  ( E R M T ~ 6 R D D A 1 4 2 0  

1 9 - 1 1  RDDA1430 
8 0 CONT I NUE RDDA1440 
C  RDDA1450 
C CALL  SHEAR PANEL SUBROUTINE RDDA1460 
C  RDDA1470 

C A L L  SHRPAN PDDA148 0  
I F  ( NBAR .GT. 1 3 0 )  CALL  E R P N T l (  ERSP3, 39 -1 ) RDDA1490 
C A L L  ERPNT2 RDDA150n 

C R D D A l 5 l O  
C  I N I T I A L I Z E  DATA RDDA1520 
C  RDDA 1 5  3  0  

NROW=6+NJOI NT RDDA1540 
INDITR=NROW+3 RDDA1550 
I NDPLS=O RDDA1560 
I NDWKT=O RDDA1570 
I NDRKT=O RDDA1580 
M I NRST=6 RDDA1590 
I N D l S L = O  RDDA1600 
ERRTOL=e0001  RDDA1610 
I NDSFG=l  RDDA1620 
I N D S F L = l  RDDA1630 
INDWTS = 0 RDDA1640 
I N D R L X  = 2 RDDA1650 
RELAXF = 1. RDDA1660 
I S F D I M  = 1 2 9 0 4  RDDA1670 



DO 8 5  I = 1 9  NROW 
S O L V E C ( 1 )  = 0 0 0  
I NDNMA=O 
IREDTO=NROW 
I NDWNM=O 
N E I G V L  = 5 
TMAX=999?.  

READ I N D I C A T O R S  AND CONTROL DATA I N  BY N A M E L I S T  

R E A D  ( 5 9 I N D A T A )  
W R I T E ( 6 9 2 1 0 )  INDRKT,INDsFG,INDSFLYINDWKT~INDWTS,ISFDIM 
I F  (1NDNMA.EQ.O) GO TO 100 

CHECK NORMAL MODE A N A L Y S I S  DATA 
N E I G V L  MUST B E  A M U L T I P L E  O F  5  

I = N E I G V L / 5  
I F  ( I * 5  .NE. N E I G V L  N E I G V L  = 5 * ( 1 + 1 )  
W R I T E ( 6 9 2 3 0 )  I N D N M A I I N D W N M ~ I R E D T O ~ N E I G V L  
W R I T E ( 6 9 2 4 0 )  ( A M A S S ( 1 )  , I = l , I R E D T O )  
N E I G V L  = N E I G V L  + 6 
I F  ( N E I G V L  .GT.IREDTO) C A L L  E R P N T l ( E R E G V L 9  8 9  -1 
I F  ( I R E D T O e G T . 1 0 2 )  C A L L  E R P N T l  ( E R O R D 9 4 r - 1 1  
I F  ( IREDTOeEQ*NROW)  GO T O  100 
W R I T E ( 6 r 2 5 0 )  ( I R W K P ( I ) r I = l r I R E D T O )  
I F  ( IREDTOmGT-NROW) C A L L  E R P N T l  (ERRED94 , -1 )  
J= I R E D T O - 1  
DO 90 I = 1 9 J  

I F  (IRWKP(I).GE.IRWKP(I+l)) C A L L  E R P N T l  ( E R R W K P 9 5 r - 1 )  
C O N T I N U E  
I F  ( INDRKT.EQ.0) GO TO 1 3 0  

READ STRUCTUKAL S T I F F N E S S  M A T R I X  DATA AND LOCAL  S T I F F N E S S  
AND TRANSFORMATION M A T R I C E S  

R E W I N D  9 
R E A D  ( 9 )  NROWl  
I F  (NKOW.NEmNROW1) C A L L  E R P N T l  (ERFROW,591) 
N R O W l = N R O W l + l  
R E A D  ( 9 )  ( I R O W L ( I ) r I = 1 9 N R O W l )  
JJ=1 
DO 110 I= l ,NROW 
I I = I R O W L ( I + l ) - 1  
R E A D  ( 9 )  ( S T R S T F ( J ) r J = J J v I I )  
JJ= I I-tl 
R E A D  ( 9 )  S T R S T F ( J J 1  
I F  (1NDNMA.NE.O) GO TO 1 3 0  

F I L E  2  I S  NOT NEEDED I F  OVERLAY 3 I S  NOT C A L L E D  

R E W I N D  2  
DO 1 2 0  I = l , N B A R  
R E A D  ( 9 )  ( T R A N S M ( J , l ) , J = l r 9 1  
W R I T E  ( 2 )  ( T R A N S M ( J , l ) , J = l r ? )  
R E A D  ( 9 )  ( S T I F M L ( J 9 1 ) 9 J = 1 9 1 4 4 )  
W R I T E  ( 2 )  ( S T I F M L ( J 9 1 ) , J = l r l 4 4 )  
I F  ( IND1SL.NE.O)  READ ( 9 )  ( S O L V E C ( I ) 9 1 = 1 9 N R O W )  
I F  (NJOINT .LT .2 )  C A L L  E R P N T l  ( E R J N L 9 4 r - 1 )  

R D D A 1 6 8 0  
R D D A 1 6 9 0  
R D D A 1 7 0 0  
R D D A 1 7 1 0  
RDDA172  0  
R D D A 1 7 7 0  
R D D A 1 7 4 0  
R D D A 1 7 5 0  
R D D A 1 7 6 0  
R D D A 1 7 7 0  
R D D A 1 7 8 0  
R D D A 1 7 9 0  
R D D A 1 8 0 0  
R D D A 1 8 1 0  
R D D A 1 8 2 0  
R D D A 1 8 3 0  
RDDA 1 8 4 0  
R D D A 1 8 5 0  
R D D A 1 8 6 0  
R D D A 1 8 7 0  
R D D A 1 8 8 0  
R D D A 1 8 9 0  
R D D A 1 9 0 0  
R D D A 1 9 1 0  
R D D A 1 9 2 0  
R D D A 1 9 3 0  
R D D A 1 9 4 0  
R D D A 1 9 5 0  
R C D A 1 9 6 0  
R D D A 1 9 7 0  
R D 3 A 1 9 8 0  
R G D A 1 9 9 0  
R D D A 2 0 0 0  
R D D A 2 0 1 0  
R D D A 2 0 2 0  
R D D A 2 0 3 0  
R D 3 A 2 0 4 0  
R D D A 2 0 5 0  
R D D A 2 0 6 0  
R D D A 2 0 7 0  
R D D A 2 0 8 0  
R D D A 2 0 9 0  
R D D A 2 1 0 0  
R D D A Z l l O  
R D D A 2 1 2 0  
R D D A 2 1 3 0  
RDDA214O 
R D D A 2 1 5 0  
R D D A 2 1 6 0  
R D D A 2 1 7 0  
RDDA21  E( 0  
R D D A 2 1 9 0  
R D D A 2 2 0 0  
R D D 4 2 7 1 0  
R D D A 2 2 2 0  
R D D A 2 2 3 0  



I F  (NBARoLT.1) C A L L  E R P N T l  ( E R B N s 4 9 - 1 )  RDDA2240 
I F  ( ANDNMA eNEe 0 1  GO TO 1 3 8  RDDA2250 
ERRTOL = ABS(ERRTOL1 RDDA2260 
W R I T E ( 6 9 2 2 0 )  ERRTOL~INDlSL91NDITR9INDPLS~INDRLX~INDWKT9 RDDA2270 

1 MINRST IRELAXF~TMAX RDDA2280 
I F  ( I N D l S L  eNEo 0 W R I T E ( 6 9 2 6 0 )  ( S O L V E C ( I I , I = l r N R O W  ) RDDA2290 

1 3 8  CONTINUE RDDA23OO 
C A L L  ERPNT2 RDDA2'3 1 0  
RETURN RDDA2320 

C RDDA2330 
1 4 0  FORMAT ( 1 x 1 4 9  3 E 1 0 . 3 9 6 1 3 9 2 1 4  RDDA2340 
1 5 0  FORMAT ( 1 x 1 4 9  4 1 3 9  3E10.2 1 RDDA2'350 
1 6 0  FORMAT ( 1 x 1 4 9  3 1 3 9  A39 E8.39 5E9.39 2F5.2 1  RDDA2360 
2 1 0  FORMAT (33HlSTRUCTURAL ANALYSIS  CONTROL DATA / /  RDDA2370 * 13HOGENERAL DATA / /  RDDA2380 

+ 9 H  INDRKT = ~ 1 5 9 7 X , 3 9 H ,  1 I M P L I E S  READ A L L  MATRICES FROM TAPE / RDDA2390 
+ 9 H  INDSFG =915,7X 37H9 0 I M P L I E S  WRITE GLOBAL 8AR MATRICES / RDDA2400 
+ 9 H  INDSFL = , I 5 9 7 X  36H, 0 I M P L I E S  WRITE LOCAL BAR MATRICES / RDDA2410 
* 9 H  INDWKT =,1597X937H, 1 I M P L I E S  SAVE A L L  MATRICES ON TAPE / PDDA2420 
* 9 H  INDWTS = , I5 r7X ,40H,  1 I M P L I E S  P R I N T  TOTAL STIFFNESS MATRIX / RDDA2430 
* 9 H  I S F D I M  = , I 7 9 5 X v 3 5 H 9  MAXI STORAGE FOR STIFFNESS MATRIX / RDDA2440 
* RDDA2450 

2 2 0  FORMAT (36HODISPLACEMENT/ROTATION SOLUTION DATA / /  RDDA2460 
* 9 H  ERRTOL = 9 E l O e 3 9 2 X 3 0 H ?  I T E R A T I O N  SOLUTION TOLERANCE / PDDA2470 
* 9 H  I N D l S L  = 9 1 5 9 7 X 9 4 1 H 9  1 I M P L I E S  AN I N I T I A L  SOLUTION I N  SOLVEC /RDDA2480  
* 9 H  I N D I T R  = r I 7 9 5 X  3 2 H r  MAX. SOLUTION I T E R A T I O N  CYCLES / RDDA2490 
* 9 H  INDPLS =,15r7X,31.h, 1 I M P L I E S  CONSIDER P L A S T I C I T Y  / RDDA2500 
* 9 H  INDRLX = r15 ,7Xp28H,  I T E R A T I V E  SOLUTION METHOD / RDDA2510 
* 9 H  INDWKT =r15 ,7X931H,  1 I M P L I E S  SAVE SOLVEC ON TAPE / RDDA2520 
* 9 H  MINRST =91597X,27H,  M I N *  ALLOWABLE RESTRAINTS / RDDA2530 
+ 9 H  RELAXF =,F7.295X20H, RELAXATION FACTOR / RDDA2540 
+ 9H TMAX =rF10.39 2X31H9 I T E R A T I O N  CP TERMINATION T I Y E  / RDDA2550 
* 1 RDDA2560 

2 3 0  FORMAT (20HOMODAL ANALYSIS  DATA / / RDDA2570 
* 9 H  INDNMA = , I597X926H,  RUN NORMAL MODE ANALYSIS  / RDDA2580 
* 9 H  INDWNM =91597X,35H9 1 I M P L I E S  WRITE MODE DATA ON TAPE / RDDA2590 
* 9 H  IREDTO =,1597X925H1 ORDER OF REDUCED SYSTEM / RDDA2600 
* 9H NEIGVL =91597X931H,  REQUIRED NON-RIGID BODY MODES / RDDA2610 
* RDDA2620 

2 4 0  FORMAT ( 5 6 H  AMASS I S  THE DIAGONAL MASS VECTOR OF THE REDUCED SYSTRDDA2630 
*EM / ( 2 1 X 1 0 E l l . 3 ) )  RDDA2640 

2 5 0  FORMAT ( 54H IRWKP CONTAINS THE ROWS TO KEEP I N  THE REDUCED SYSTEMRDDA2650 
* / ( 2 1 X l O I l l ) )  RDDP2660 

2 6 0  FORMAT ( 3 0 H  SOLVEC I S  THE SOLUTION VECTOR / ( 2 1 X l O E 1 1 . 3 )  ) RDDA2670 
END RDDA2680 



SUBROUTINE SHRPAN 
COMMON COM ( 3 0  ) 
EQUIVALENCE ( COM( l ) r  NJOINT ) 

EQUIVALENCE ( COM( 4 ) 9  NBAR ) 

EQUIVALENCE ( COM( 2 9 ) ,  NSHPAN ) 

COMMON / CMAIN / 
1 RJXYZ ( 1 0 0 , 3 ) ,  I J R F M  ( 74 ,619  I J A L F M (  7 4 9 2 ) ~  FRCVCT( 74,319 
2  RMTVCT( 7 4 9 3 1 ,  IBARP ( 1 3 0 1 ,  IBARQ ( 1 3 0 1 ,  IBARR ( 1 3 0 1 ,  
3  K  S  ( 1 3 0 1 ,  BAREA ( 1 3 0 ) ,  R A R I N  ( 1 3 0 1 ,  B A R I T  ( 1 3 0 ) g  
4  BARJ ( 1 3 0 ) , B A R Y M  ( 1 3 0 1 9  B A R S M (  1 3 0 ) p R K N  ( 1 3 0 ) ,  
5  RKT ( 1 3 0 1 9  SOLVEC( 4 4 4 ! 9  R L I M T U (  8 8 ) r  R L I M T L (  8 8 1 ,  
6  D P R T I T (  8 8 1 ,  IROWL ( 4 4 5 1 9  S T R S T F ( 1 )  

COMMON/SP/ IAPAN(30) ,  I B P A N ( 3 0 ) ,  I C P A N ( 3 0 ) r  I D P A N ( 3 0 ) ,  
1 V S P A N ( 3 0 ) *  E S P A N ( 3 0 ) ,  T S P A N ( 3 0 )  

D IMENSION V A B C ( 1 2 1 ,  A B ( 3 1 9  B C ( 3 ) 9  C D ( 3 ) r  D A ( 3 )  
E Q U I V A L E N C E ( V A B C ( ~ ) , A B ( ~ ) ~ , ( V A B C ( ~ ) , ~ C ( ~ ) ) I ( V A B C ( ~ ) P C D ( ~ ) ) ~  

1 ( V A B C ( l O ) , D A ( l ) )  
D IMENSION E R S P 1 ( 6 ) ,  E R S P 2 ( 5 )  
DATA ERSP2 / 1 0 H  A  SHEAR P, lOHANEL USES r lOHAN UNDEFIN, 

1 lOHED NODAL P t  1 0 H O I N T o  / 
DATA E R S P l  / 1 0 H  SHEAR PAN, l O H E L  CORNER , 10HPOINTS DO 

1 lOHNOT DEFINE,  1 0 H  A  RECTANGI 10HLEo / 
DATA I B L K 3 S  / 1 0 H  / 
I F  ( NSHPAN oEQ. 0  RETURN 

C  CHECK SHEAR PANEL NODE P O I N T  D E F I N I T I O N S  
DO 1 0  I = 1, NSHPAN 
I F  ( I A P A N ( 1 )  oGT. NJOINT CALL  E R P N T l (  ERSP2, 5% -1 
I F  ( I B P A N ( 1 )  .GT. N J O I N T  CALL  E R P N T l (  ERSP2, 59 -1 
I F  ( I C P A N ( 1 )  .GT. N J O I N T  CALL  E R P N T l (  ERSP2, 5, -1 ) 

I F  ( I D P A N ( 1 )  .GT. N J O I N T  ) CALL  E R P N T l (  ERSP2, 5 9  -1 ) 

1 0  CONTINUE 
C A L L  ERPNT2 
DO 2 0 0  I S P  = 1, NSHPAN 
I A  = I A P A N ( 1 S P  
I B  = I B P A N ( 1 S P  
I C  = I C P A N ( 1 S P  ) 

I D  = I D P A N ( 1 S P  ) 
C CALCULATE THE VECTORS AB, BC, CD, AND DA TO CHECK 
C  CONDITIONS OF THE SHEAR PANEL 

A L  = 0.0 
B L  = 0.0 
C L  = 0.0 
DO 2 0  I = 1 9 3  
A B ( 1 )  = R J X Y Z ( I B 9 1 )  - R J X Y Z ( I A , I )  
R C ( I )  = R J X Y Z ( I C I I )  - R J X Y Z ( I B , I )  
C D ( 1 )  = R J X Y Z ( I D , I )  - R J X Y Z ( I C , I )  
D A ( 1 )  = R J X Y Z ( I A 9 1 )  - R J X Y Z ( I D 9 1 )  
A L  = A L  + A B ( I ) * * 2  
B L  = B L  + B C ( I 1 * * 2  
C L  = C L  + C D ( I ) * * 2  

2 0  CONTINUE 
A L  = SQRT( A L  
B L  = SQRT( B L  
CL = SQRT( CL 

C  

SHRP 1 0  
SHRP 2 0  
SHRP 3 0  
SHRP 4 0  
SHRP 5 0  
SHRP 6 0  
SHRP 7 0  
SHRP 8 0  
SHRP 9 0  
SHRP 1 0 0  
SHRP 1 1 0  
SHRP 1 2 0  
SHRP 1 3 0  
SHRP 1 4 0  
SHRP 1 5 0  
SHRP 1 6 0  
SHRP 1 7 0  
SHRP 1 8 0  
SHRP 1 9 0  
SHRP 2 0 0  
SHRP 2 1 0  
SHRP 2 2 0  
SHRP 2 3 0  
SHRP 2 4 0  
SHRP 2 5 0  
SHRP 2 6 0  
SHRP 2 7 0  
SHRP 2 8 0  
SHRP 2 9 0  
SHRP 3 0 0  
SHRP 1 1 0  
SHRP 3 2 0  
SHRP 3 3 0  
SHRP 3 4 0  
SHRP 3 5 0  
SHRP 3 6 0  
SHRP 3 7 0  
SHRP 3 8 0  
SHRP 3 9 0  
SHRP 4 0 0  
SHRP 4 1 0  
SHRP 4 2 0  
SHRP 4 3 0  
SHRP 4 4 0  
SHRP 4 5 0  
SHRP 460 
SHRP 4 7 0  
SHRP 4 8 0  
SHRP 4 9 0  
SHRP 5 0 0  
SHRP 5 1 0  
SHRP 5 2 0  
SHRP 5 3 0  
SHRP 5 4 0  
SHRP 5 5 0  



C I S  T H I S  SHEAR PANEL A RECTANGLE SHRP 5 6 0  
C SHRP 5 7 0  
C ' CHECK CORNER ANGLES ( 9 0 )  SHRP 5 8 0  

DO 4 0  I = 1 , 7 , 3  SHRP 5 9 0  
C A L L  DOTX( ALL,  V A B C ( 1 ) r  V A B C ( I + 3 )  ) SHRP 6 0 0  
I F  ( ABS( A L L )  .LT*  1.E-6 ) GO T O 4 0  SHRP 6 1 0  
C A L L  E R P N T l (  E R S P l r  69 -1 ) SHRP 6 2 0  
GO TO 2 0 0  SHRP 6 3 0  

4 0  CONTINUE SHRP 6 4 0  
C CHECK PLANE CONDITIONS SHRP 6 5 0  

C A L L  CROSSX(DA, AB, BC ) SHRP 6 6 0  
C A L L  CROSSX(AB9 BC, CD ) SHRP 6 7 0  
C A L L  DOTX ( B C (  1 ) r  AB, AB SHRP 6 8 0  
C A L L  DOTX ( B C ( 2 1 9  DA9 DA ) SHRP 6 9 0  
B C ( l ) = S Q R T (  B C ( 1 ) )  SHRP 7 0 0  
B C ( 2 )  = SQRT( B C ( 2 ) )  SHRP 7 1 0  
DO 6 0  1 ~ 1 9 3  SHRP 7 2 0  
BC(3)=ABS(DA(I)/BC(2)-AB(I)/BC(l)) SHRP 7 3 0  
C D ( 1 )  = e 5 * B C ( 3 )  + 1.E-5 SHRP 7 4 0  
I F  ( B C ( 3 ) /  C D ( 1 )  eLEe  m o o 0 1  ) GO TO 6 0  SHRP 7 5 0  
C A L L  ERPNTl  ( ERSP19 6 9  -1 ) SHRP 7 6 0  
GO TO 2 0 0  SHRD 7 7 0  

6 0  CONTINUE SHRP 7 8 0  
I F R I S T  = 0 SHRP 7 9 0  
NBAR = NBAR + 1 SHRP 8 0 0  
I B A R P f N B A R )  = I A  SHRP 8 1 0  
IBARQ(NBAR1 = I C  SHRP 8 2 0  
I BARR (NBAR) = - I D  SHRP 8 3 0  

8 0  CONTINUE SHRP 8 4 0  
AREA = (AL* *2+BL**2 ) * *1e5  * TSPAN(ISP)/(4e*AL*BL*(le+VSPAN(ISP)) ) S H R  8 5 0  
KS (NBAR) = I B L K 3 S  SHRP 8 6 0  
BAREACNBAR) = AREA SHRP 8 7 0  
B A R I N ( N B A R 1  = 0.0 SHRP 8 8 0  
B A R I T ( N B A R 1  = 0.0 SHRP 8 9 0  
B A R J  (NBAR) = 0.0 SHRP 9 0 0  
BARSM(NBAR1 = 0.0 SHRP 9 1 0  
BARYM(NBAR1 = E S P A N ( 1 S P )  SHRP 9 2 0  
I F  ( I F R I S T  *NE*  0  1 GO TO 2 0 0  SHRP 9 3 0  
I F R I S T  = 1 SHRP 9 4 0  
NBAR = NBAR + 1 SHRP 9 5 0  
I B A R P ( N B A R 1  = I D  SHRP 9 6 0  
I B A R Q ( N B A R 1  = I B  SHRP 9 7 0  
I B A R R ( N B A R )  = - I A  SHRP 9 8 0  
A L  = CL SHRP 9 9 0  
GO TO 8 0  SHRPlOOO 

2 0 0  CONTINUE SHRPlOLO 
RETURN SHRP1020 
END SHRP1030 



S U E R O U T I N E  CROSSX(  S ,  A9 R 1 
D I k i F N S I O M  A ( 1 ) 9  R ( l ) ,  S ( 1 )  

C S .EO. THE VECTOR OR CROSS PRODUCT OF VECTORS A AND S 
7(11 = A ( 2 ) * R ( 3 )  - A(?)+P(Z) 
S ( 2 )  = - A ( l ) * R ( 3 )  + A ( ? ) * H ( l )  
S ( 3 )  = A ( l ) + B ( ? )  - A ( 2 ) * R ( l )  
RETURN 
ENTRY DOTX 

C S ( 1 )  .EQ. THE DOT OR I N N E R  PRODUCT OF TWO VECTORS A AND D 
S ( 1 )  = A ( l ) * B ( l )  + P ( 2 ) * 5 ( 2 )  + A ( 3 ) * 3 ( 3 )  
RETURN 
END 

CROS 1 0  
CROS 2 0  
CROS 3 0  
CROS 40 
CROS 5 0  
CROS 6 0  
CROS 7 0  
CROS 8 0  
CROS 9 0  
CROS 1 0 0  
CROS 1 1 0  
CROS 1 2 0  



OVERLCY ( S A S L P s  29 0 1  OV2D 1 0  

PROGRAM S T I F F  
COMMON C O M ( 3 0 1  
E Q U I V A L E N C E  ( COW ( 2 4 1  9 INDNMA 1  
E Q U I V A L E N C E  ( COM( 4  1 r  NEAR 1  
E Q U I V 4 L E N C E  ( COM ( 7  19  I B A R  1  
E Q U I V A L E N C E  ( COM( 9 ) 9  I N 3 S F L  ) 

E Q U I V A L E N C F  ( COP(  1 0  19  I N D q F G  1  
cnhAMow / C W A  IN 

1 R J X Y Z  ( 1 0 0 1 ? ) ,  I J R F V  ( 7 4 9 6 1 ,  I J A L F M (  7 4 , 2 1 9  FRCVCT(  7 4 9 7 ) 9  
2 RMTVCT(  7 4 , 3 1 9  I B A R P  ( 1 3 0 ) 9  I B A R O  ( 1 3 C 1 ,  I R A R R  ( 1 3 0 1 9  
3  K S ( 1 3 0 ) q  BAREA ( 1 3 0 1 ,  P A R I N  ( 1 3 0 1 9  3 A R I T  ( 1 3 0 1 ,  
4 6 A 9 J  ( 1 3 0 ) ,  F A V K  ( 1 3 0 1 ,  BARSM ( 1 3 0 1 ,  RKN ( 1 7 0 1 9  
5 RKT ( 1 3 0 1 ,  SOLVEC(  4 4 4 1 ,  R L I M T U (  8 8 1 9  R L I M T L (  8 8 1 9  
6 L ;PRT IT (  8 8 1 ,  IRO'Y'L ( 4 4 5 1 9  S T R S T F ( 1 1  

D I M E N S I O N  I S T S T F ( 1 )  
E Q U I V A L E N C E  ( S T I I S T F (  i )  9 I S T S T F (  1 )  1  

SET  UP STRUCTURAL S T 1  FFNESS M A T R I X  

C A L L  S E T S T F  

B U I L D  STRUCTURAL S T I F F N E S S  M A T R I X  9 Y  SUMMING BAR S T I F F N E S S  
M A T R I C E S  

I F  ( INDNVA .NEe 0  GO TO 6 
C A L L  WRSTDl  

6 C C N T I N U E  
DO 30 IE!AR=l,RBAR 

COMPUTE ST I FFNESS :?ATR I X  4ND TRANSFOR:-IATI 2 N  :.iATRI X  FOR BAR 
NUMBER I 5 A R  

CP.LL STFTRN 

S d V E  LOCAL  S T I F F Q E C C  M A V D  TRANSFCR"AT I3Y  hz 2'1 F I L F  T P D F 2  

I F  ( INDNVA .NF. 0 1  G n  TO 8  
C A L L  WRSTDK 

d COI' !TIYUE 
I F  ( INDSFL .NE .0 )  GO TO If' 
C A L L  WRBDAT 
CONT I ~ I U E  

TRANSFORV 044  S T I F F b E S S  " ' 4 T R I X  T C  G L 0 3 P L  C 0 3 i i G I N A T E  5YSTEb1 
C A L L  TKASMK 
I F  ( I N C S F G e N E e O )  GO TO 20 
C A L L  ERSTRA 
COhITI  P!UE 

P L A C E  T 9 A N S F 0 Q t l F 3  P 4 p  q T I F F L ' F c c  V 4 T P J Y  i N  STDI ICTI IRAL 
S T I F F N E S . 5  h'aTRTX 

C A L L  STORSM 
C C N T I N U E  
RETURN 
ENC 



S U B R O U T I N E  S E T S T F  
COPMON COY ( 3 0 )  
EQUIVALEh ICE  ( COW( 4 1 9  NpAR ) 

E%!!I!fiLEbICE ( COP! ( 1 ) r  F ! J O I N T  
EQIJIVALEP!CE ( C O v (  E( 1, NRO1,+l ) 

E Q U I V A L E N C E  ( COM ( 2 7 ) r I S F D I M  ) 

COMVON / CI4AI?4 / 
1 R J X Y Z  ( 1 0 0 r 3 )  r I J R F M  ( 7 4 , 6 1 9  I.JALF!A( 7 4 3 2 )  r FRCVCT(  7 4 9 3 )  r 
2  R M T V C T (  7 4 ~ 3 1 ,  IBARP ( 1 3 0 ) ~  ISARQ ( IEARR ( 1 3 0 1 ,  
3  I< S  ( 1 3 0 )  r EAREA ( 1 3 0 )  r E A R I N  ( 1 3 0 )  r B A R I T  ( 1 3 0 )  r 
4  t j A K J  ( 1 3 0 ) ~  t3ARYI4 ( 1 3 0 1 ,  BARSI.1 ( 1 3 0 ) r  RKN ( 1 3 0 1 ,  
5  RKT  ( 1 3 0 )  9 SOLVEC(  4 4 4 ) r  R L I i < T U (  8 8 )  9 R L I M T L (  8 8 )  r 
6 L P K T I T (  8 8 ) -  IROWL ( 4 4 5 ) r  S T R S T F ( 1 )  

DIP4Eh!510N I L S E T ( 7 4 r 7 4 )  r I S T S T F (  I )  
E C U I V A L E N C E  ( S T K S T F ( 1 ) r  I S T S T F ( 1 ) r  I L S E T ( l r 1 )  ) 

D I W E N S I O N  I L S E T h ! ( 7 4 )  
D  I PIFNS I OM NZPRM ( 7 4  
N U L L = M J O I M T / 2  

C O Y P I L E  AN ARRLY O F  R E L A T F R  NODAL P O I N T S  TO SET-UP S T I F F Y E S S  

DO 5 I = 1 9 7 4  
5 N Z P R W ( 1 )  = 0 

DO 1 0  I = l r N U L L  
I L S E T I I  r l ) = I  

1 0  F !ZPRW( I )  = 1 
C  

DO 2 n  I = l , N S A R  
I P = I P A R P ( I )  
I Q = I R A R O ( I )  
NRP=NZPR1t!( I P ) + 1  
N R Q = N Z P R W ( I O ) + l  
M Z P R W ( I P ) = N R P  
NZPRW ( I C  =NRQ 
I L S E T ( I P y N R P ) = I Q  

20 I L S E T ( I Q r N R Q ) = I P  
C  

N U L L = N U L L + l  
DO 3 0  I = N I I L L  9 N J O I  NT 
N ? P = N Z P R W ( I ) + l  
NZPRW ( I )  =NRP 

3 3 I L S E T ( I r N R P ) = T  
C  
C C A L C U L A T E  THE T O T A L  NO. OF STORAGE WORDS NEEDED FOR THF 
C  S T I F F N E S S  M A T R I X  AND COYPARE W I T H  WHAT I S  A V A I L Z 5 L F  
C  

N U L L  = C 
00 3 2  I = l r  N J O I N T  

3 2  N U L L  = N U L L  + N Z P R W ( 1  ) 
N U L L  = N U L L  * 4 2  + N J D I N T " 6  + 2 
I F  ( N U L L  .LE. I S F C I M  GC TO 3 4  
W R I T E ( 6 r  2 Q 0 )  N l l L L e  I S F D I Y  
STOP 

3 4  COY!TI b!IJE 
C  

SETS  1 0  
SETS  2 0  
SETS  3 0  
SETS  4 0  
SETS  5 0  
SETS  6 0  
SETS  7 0  
SETS  50 
SETS 90 
SETS 1 0 0  
SETS 1 1 0  
5 E T S  1 2 0  
SETS  1 3 0  
SETS  1 4 0  
SETS  1 5 0  
SETS  1 6 0  
SETS  1 7 0  
SETS 1 8 0  
S E T 5  1 9 0  

4CETS 2 0 0  
SETS  2 1 0  
SETS 2 2 0  
SETS  2 3 0  
SETS  2 4 0  
SETS  2 5 0  
qETS  2 6 0  
SETS  2 7 0  
F T S  7 8 0  
SETS  2 9 0  
SETS  3 0 0  
SETS  3 1 0  
SETS 3 2 0  
SETS  3 3 0  
SETS 3 4 0  
SETS  3 5 0  
S E T 5  3 6 0  
SETS 3 7 0  
SETS  3 8 0  
CETS 3 9 9  
~ E T S  w n  
SETS 4 1 0  
S F T S  4 2 0  
SETS  4 3 0  
SETS  4 4 0  
SETS  4 5 0  
SETS 4 5 0  
SETS  4 7 9  
SETS  480 
SETS 4 3 0  
SET5  50rJ 
SETS  5 1 3  
SETS  5 2 0  
SETS 5 3 0  
SETS 5 4 0  
SETS  5 5 0  



C 

C SORT ABOVE ARRAY B Y  NODAL P O I N T  

DO 90 I = l , N J O I N T  
N R Q = N Z P R W ( I )  
I F  (NRQaEQ.1 )  GO TO 9 0  
NRP=O 
DO 8 0  JE2,NRQ 
I F  (ILSET(I3J-~)-ILSET(IYJ)) 8 0 9 5 0 , 7 0  
NRQ=NRO-1 
N Z P R W ( I ) = N R Q  
DO 6 0  L=J,NRQ 
I L S E f ( I , L ) = I L S E T ( I , L + l )  
GO TO 4 0  
N U L L = I L S E T ( I , J )  
I L S E T ( I , J ) = I L S E T ( I , J - 1 )  
I L S E T ( I 9 J - l ) = N U L L  
N P P = l  
CONT I NUE 
I F  ( M R P e N E e o )  GO TO 4 0  
C O N T I  NlJE 

W R I T E  ARRAY ON F I L E  1 
C 

R E W I N D  1 
DO 1 0 0  I = l s N J O I N T  
N R Q = N Z P R W ( I )  

1 3 0  W R I T E  ( 1 )  ( I L S E T ( I , J ) , J = l , N R Q )  
C 

C B U I L D  S T I F F N E S S  M A T R I X  STORAGE ARRAY 
C 

RF1rJINn 1 
N U L L = l  
PIIP 01,11= 0 
DO 1 4 0  I = l , N J O I N T  
N R P = N Z P R W ( I )  
NRQ=7*NRP+l  
READ ( 1 )  ( I L S E T N ( J ) , J = l , N R P )  
N F I R S T = N U L L + l  
NROW=NROW+I 

C 
L = NRQ + N U L L  - 1 
DO 110 J = N U L L 9  L 

110 S T R S T F ( J ) = O . O  
I czTSTF(NULL )= -NROCr  
14Ch IL  (NROW) =h l l JLL  
N U L L = N F I R S T  

C 
DO 1 2 0  J=l ,MRP 
I S T S T F ( N U L L ) = ( 6 * (  I L . S E T i i ( J ) - 1 ) + 1 )  

1 2 0  N U L L = N U L L + 7  
N L A S T z N U L L - 1  

SETS  5 6 0  
S E T S  5 7 0  
SETS  5 8 0  
SETS  5 9 0  
SETS  6 0 0  
SETS  6 1 0  
SETS  6 2 0  
SETS  6 2 0  
SETS 6 4 0  
? F T S  5 5 0  
SETS  6 6 0  
S E T S  6 7 0  
SETS  6 8 9  
SETS  5 9 0  
S E T S  7 0 0  
SETS  7 1 0  
SETS  7 2 0  
SETS  7 3 0  
SETS 7 4 0  
SETS  7 5 0  
SETS  7 6 0  
S E T 5  7 7 0  
S F T S  7 8 0  
SETS 7 9 0  
SETS  8 0 0  
SETS  8 1 0  
5 E T S  8 2 0  
SETS  8 3 0  
SETS  8 4 0  
S E T S  8 5 0  
SETS  8 6 0  
q E T S  8 7 0  
SETS  8 8 0  
S F T S  8 9 0  
F T S  9 0 0  
SETS  91(? 
SETS 9 2 0  
SETS  9 3 0  
SETS  9 4 0  
SETS  9 5 0  
SETS  9 6 0  
SETS  9 7 0  
SETS  9 8 0  
SETS  9 9 0  
S F T S l n O O  
+ F T S l r ) l O  
S E T S 1 0 2 0  
S E T S 1 0 3 0  
S E T S 1 0 4 0  
S E T S 1 0 5 0  
S E T S 1 0 6 0  
S E T S 1 0 7 0  
S E T S 1 0 8 0  
T E T S 1 0 9 0  
5 E T S l l O O  
S E T S l 1 1 O  



I ROWL (NROW 1 =NULL 
~IULL=NULL+~ 
DO 1 3 0  J=NFIRST,NLAST 
S T R S T F ( N U L L ) = S T R S T F ( J )  

1 3 0  NULL=NULL+ l  
1 4 0  CONTINUE 

I S T S T F [ N U L L I = - 1  
IROWL(NROW+l)=NULL 
RETURN 

2 0 0  FORMAT (16HO**** ERROR ***#, I 6 9  2 2 H  WORDS OF STORAGE ARE 
1 39HREQUIREC FOR THE STIFFNESS MATRIX (ONLY9 I6 
2  2 2 X  45H WORDS OF STORAGE ARE A V A I L A 3 L E  WITH PRESENT 9 

3  12HDIMENSIONING 1 
END 



S U B R O U T I N E  STFTRN S T F T  1 0  
COMMON CON ( 3 0  S T F T  2 0  
E Q U I V A L E N C E  ( CON( 6 1 9  I T I N J O  1 S I F T  3 0  
E Q U I V A L E N C E  ( COB(  7 ) 9  I E A R  1 S T F T  4 0  
D I M E N S I O N  S l D E M (  1 4 4 )  S T F T  5 0  
E Q U I V A L E N C E  ( S T I F M L ,  S l D E M  ) S T F T  6 0  
COMMON / C M A I N  / STFT  70 

1 RJXYZ ( 1 0 0 ~ 3 1 ,  IJRFM ( 7 4 , 6 ) ,  IJALFM( 7 4 , 2 ) ,  F R C V C T (  7 4 9 3 ) ,  STFT a o  
2  RMTVCT(  7 4 9 3 ) 9  I B A R P  ( 1 3 0 1 3  I R A R Q  ( 1 3 0 1 ,  I E A R R  ( 1 ' 3 0 1 9  S T F T  90 
3  K  S  ( 1 3 0 )  9 BAREA ( 1 3 0 ) g  B A R I N  ( 1 3 C ) ~  a A R I T  ( 1 3 0 )  9 c,TFT 1 0 0  
4  B A R J  ( 1 3 0 1 9  BARYM ( 1 3 0 1 9  BARSM ( 1 3 0 1 ,  RKN ( 1 3 0 )  9 S T F T  110 
5  RKT ( 1 3 0 1 9  SOLVEC(  4 4 4 1 9  R L I M T U (  8 8 1 9  R L I M T L (  8 8 1 9  S T F T  1 2 0  
6  D P R T I T (  8 8 1 9  IROWL ( 4 4 5 1 9  S T R S T F ( 1 )  S T F T  1 3 0  

D I M E N S I O N  R E A R R ( 1 )  S T F T  1 4 0  
E Q U I V A L E N C E  ( I bARR ( 1) RC,tlRR ( 1 ) ) STFT  1 5 0  
COMMON / OVER2 / S T I F M L ( 1 2 r l 2 )  9 T R A N S M ( 3 , 3 )  STFT 1 6 0  
D A T A  I 3 B L K  / 3 H  / STFT  1 7 0  
I T I N J C = l  STFT  1 E C  
I F  ( A B S ( E A R I T ( I B A R ) ) + A P m S ( B ~ \ R I N ( I B A R ) ) + A B 5 ( F A R J I A R F 0  I T I N J O S T F T  1 9 0  

1 = n  ~ T F T  2 q ~  
I P = I B A R P (  I B A R )  STFT  2x0 
I Q = I b A R O ( I B A R I  S T F T  2 2 0  
I R  = I A B S (  I R A R H ( 1 R A R ) )  STFT  2 3 0  

STFT  2 4 0  
CO$!PUTE U N I T  VECTORS ALONG LOCAL  A X I S  FOR GLOaAL  COORDIr\IATE STFT  2 5 0  

TRANSFOR:-IATION M A T R I X  STFT  2 6 0  
X = R J X Y Z ( I Q , l ) - R J X Y Z ( 1 P d )  S T F T  2 7 0  
Y = R J X Y Z ( I Q 9 2 ) - R J X Y Z ( I P , 2 )  S T F T  2 8 0  
Z=RJXYZ(IQ,3)-RJXYZ(IC,3) STFT  2 9 0  
P A R L G T = S Q R T ( X * X + Y F Y + Z " Z )  STFT  ?on 
I F  ( I R A R R ( 1 B P R )  .LT. 9 R ? A R R ( I E b R )  = -BARLGT S T F T  3 1 0  
T R A N S M ( l , l ) = X / B A R L G T  5 T F T  3 2 0  
TRANSb!( 1 , 2 ) = Y / B A K L E T  S T F T  '33C: 
T R A N S M ( 1 , 3 ) = Z / B A R L G T  S T F T  3 ' t 0  
I F  ( I T I N J O . N E . 0 )  GG TO 2 0  STFT  ? 5 0  
DO 1 0  I = 2 9 3  STFT  3 6 0  
DO 1 0  J = 1 9 3  STFT  ' 3 7 C  
T R A N S M ( I , J ) = O * O  S T F T  3 8 0  
GO TO 3 0  S T F T  3 9 0  
CONT I NUE STFT  4 0 9  
X = R J X Y Z ( I R , l ) - R J X Y Z ( I P 4 )  S T F T  4 1 0  
Y=RJXYZ(IR,2)-RJXY7(IP92) S T F T  4 3 n  
Z=RJXYZ(IR,3)-RJXYZ(IP,3) STFT  4 3 0  
DPD=TRANSY(  1 , l )*X+TFiANS?E( 1 9 2  ) i f Y + T R A N S ? : 1 ( 1 ~ 3 ) * Z  STFT  4 4 0  
DDR=SQRT ( X*X+Y++Y+Z*Z-DPD*r)F'D) S T F T  4 5 0  
T R A N S M ( 2 9 1  )=(X-TR4bJSL.4( 1 9 1  ) * D P D )  /DOR S T F T  4 6 9  
T R A N S M ( 2 , 2 ) = ( Y - T R A N S L . j ( 1 , 2 ) * D P D ) / D D R  S T F T  4 7 0  
T R A N S M ( 2  9 3 )  = (2-TKANSf\!( 1 9 3  )+DPD)  /DDR S T F T  4 8 0  
TRANSM(  3 9 1 )  =TRANSivi( 1 9 2  ) *TKAi1SM(  293)-TRR41\!Si. l( 2 *2 ) *TRAb iS !4 (  1 9 3 )  S T F T  470 
TRANSM(  3  9 2 )  =-TRANSM( 1 9 1 )  *TRANS?'( 2  3 3  )+TRAI\!S!4 ( 2  9 1  )+TRANSr?(  1 9 3  STFT  5 0 0  
TRANSM(  3 9 3 )  =TRANSM( 1 9 1 )  3CTRAr,JV.l( 2 9 2  1 -TRPNSM(2  9 l ) ~ ~ T R A N S i ~ !  ( 1  9 2  1 .?-TFT 5 1 C  

STFT  52 r )  
COMPUTE ST I F F N E S S  P A T R I  X  

C O N T I  RUE 



ZERO R I G H T  H A L F  OF S T I F F N E S S  M A T R I X  

F I L L  L E F T  H A L F  O F  S T I F F N E S S  M A T R I X  AND THE DIAG0N;L 

SlCE!.? ( I )  =BARYP.! ( I EAR *RPRFA(  1 Ib .R  ) /RP.RLGT 
S l D E M ( 3 7 ) = - S l D E M ( 1 1  
S l D E M ( 4 O ) = S l D E M ( l )  
I F  ( I T I N J O . E Q . 0 )  GO TO 1 6 0  
S l D E M ( 1 4 ) = 1 2 . * B A R Y M ( I ? A R ) * ' . A R I N ( I E : ~ . R ) / E A R L G T ~ * 3  
S l D E M ( 2 7 ) = 1 2 . * B A R Y M ( I B A R ) * B A R R R L G T * * 3  
S l D E M [ 5 0 ) = - S l D E M ( 1 4 )  
S l D E M ( 5 3 ) = 5 1 0 E M ( 1 4 )  
S l D E I 4 ( 6 3 ) = - S l D E M ( 2 7 )  
S l D E M ( 6 6 ) = S l D E M ( 2 7 )  
S 1 D E M ( 7 9 ) = B P R S M ( I P A R l ~ D A n R J ( I P A R ) / R A R L G T  
S1DEK(87)=-6.*3ARYM(IRAPR)*'3PRIT(IRAR)/P4RLGT**2 
S l D E M ( 9 0 ) = - S l D E M ( 8 7 )  
S l B E M ( 9 2 ) = 4 . * R A R Y M ( I B A R ) * E A R I T ( I E A R I / R A R ) / 5 A R L G T  
S l D E M ( 9 8 ) = 6 . + B A R Y M (  IEAR) * "nARIPJ (  IEA i?) / !3ARLGT**2  
S l D E M ( l 0 1 ) = - 5 1 D E M ( 9 8 )  
S1DEM(105)=4.*BARYV(IDPPR)*~kRIN(12AR)/OARLGT 
S l D E M (  1 1 5 ) = - S l D E + 1 ( 7 9 )  
S l D E M ( l l G ) = S l D E M ( 7 4 )  
S l D E M ( 1 2 3 1 = S l D E M ( 8 7 )  
S l D E M ( l 2 6 ) = - S l D E M ( 8 7 )  
S ~ D E M ( ~ ~ ~ ) = ~ . * B A R Y M ( I F ~ A R ) * P , I ~ R I T ( I ~ A R ) / E ? A R L G T  
S l P E M ( 1 3 1 ) = S l D E M ( 9 2 )  
S l D E M ( 1 3 4 1 = S l L ? E M ( 9 & 3 )  
S l D E M ( 1 3 7 ) = - S l D E M ( 9 8 )  
S 1 @ E M ( 1 4 1 ) = 2 . + B A R Y K ( I n A R ) + P A R ) * E P P R I P I ( I R A R ) / P ~ R L G T  
S 1 D E M ( 1 4 4 ) = S l D F M ( 1 0 5 1  
I F  ( K S ( I F A R ) . E Q o I 3 P L K )  GO TO 1 6 0  

DECODE K S  ( I BAR 
I R  = 1 I M P L I E S  SHEAR S T R A I N  I S  INCLUDED 
I P  = 1 F R E E  5P. I P  = 2 FREE 5Q 
I Q  = 1 F R E E  6P.  I Q  = 2  FREE 6 Q  

DECODE ( 3 , 1 8 0 , K S ( I B A R )  ) I R , I P , I O  
X = E A R S M ( I R A R ) * R A R E . 4 ( I R 4 R ) / ? A R L G T  
I F  (RKN( IBPR) .EQ.O .O I  GO TO 5 0  
A N = S T I F K L ( 2 , 2 ) * R K N ( I F ? A R ) / X  
GO TO 6 0  
AN=O.O 
C O N T I  NUF 
I F  (RKT( IBAR) .EQ.O.O)  GO TO 7 0  
AT=STIFML(3,3l*RKT(I%AR)/X 
GO TO 8 0  
A T Z O O  O 
CONT I NUE 
I F  ( IR .EQ.1 )  GO TO 1 2 0  
I F  ( I P . E Q . 0 )  5 0  TO 1 2 0  

S T F T  5 6 0  
S T F T  5 7 0  
S T F T  5 3 0  
S T F T  5 9 0  
S T F T  6 0 0  
S T F T  6 1 0  
S T F T  6 2 0  
S T F T  6 3 0  
S T F T  6 4 0  
S T F T  5 5 0  
S T F T  6 6 0  
S T F T  5 7 0  
S T F T  h 8 C  
S T F T  6 9 0  
S T F T  700 
S T F T  7 1 0  
S T F T  7 2 0  
S T F T  7 3 0  
S T F T  7 4 0  
? T F T  7 5 3  
S T F T  7 6 0  
S T F T  7 7 0  
S T F T  7 8 0  
5 T F T  7 9 0  
S T F T  8 0 G  
S T F T  3 1 0  
S T F T  8.20 
S T F T  9 3 0  
S T F T  8 4 0  
S T F T  8 5 0  
STFT  8 6 0  
S T F T  8 7 0  
5 T F T  8 8 0  
STFT  8 9 0  
S T F T  9 0 Q  
q T F T  9 1 0  
S T F T  n2 r )  
S T F T  9 3 9  
S T F T  9 4 0  
S T F T  9 5 0  
S T F T  9 6 0  
S T F T  9 7 0  
S T F T  9 8 0  
S T F T  9 9 0  
T F T l n O p  
S T F T 1 9 1 C  
S T F T 1 0 2 0  
S T F T 1 0 3 0  
S T F T 1 0 4 0  
S T F T 1 0 5 0  
S T F T l O 6 S  
S T F T 1 0 7 0  
S T F T 1 0 8 0  
S T F T 1 0 9 0  
S T F T l l O O  
S T F T l l  1 0  



Y MOMENT FREE 

X = 1 * / ( 4 e + A T )  
S T I F M L ( 3 , 3 ) = X * S T I F M L ( 3 , 3 )  
S T I F M L ( 3 , 6 ) = X * S T I F M L ( 3 , 6 )  
STIFML(6,6)=X*STIFML(6r6) 
S T I F M L ( 8 r l l ) = O . O  
I F  I I P a E Q . 2 )  GO T O  90 
1 = 1 1  
J = 8 
GO TO 1 0 0  
I = 8  
J = l l  
C O N T I  NUE 
Y=X+X 
STIFML(3,I)=Y*STIFML(391) 
S T I F M L ( 6 , I ) = Y * S T I F M L ( 6 d )  
Y=Y+X 
STIFML(I,I)=Y*STIFVL(6vl) 
S T I F M L ( 3 r J ) = O * O  
S T I F M L ( 6 r J l = O . O  
S T I F M L ( J , J ) = O e O  
I F  ( IQ.NE.0)  GO TO 1 3 0  

Z MOMENT NOT F P F F  

Y MOMENT NOT F R E E  

S T F T 1 1 2 0  
5 T F T 1 1 3 0  
S T F T 1 1 4 0  
S T F T 1 1 5 0  
S T F T 1 1 6 0  
S T F T 1 1 7 0  
S T F T 1 1 8 0  
S T F T 1 1 9 0  
S T F T 1 2 0 0  
S T F T l Z l O  
S T F T 1 2 2 Q  
S T F T 1 ? 3 0  
S T F T 1 2 4 0  
S T F T 1 2 5 0  
S T F T 1 2 6 0  
S T F T 1 2 7 0  
S T F T 1 2 8 0  
S T F T l 2 9 0  
S T F T 1 3 0 0  
S T F T 1 7 1 0  
S T F T 1 7 2 0  
S T F T 1 3 3 0  
S T F T 1 3 4 0  
? T F T 1 ? 5 n  
S T F T 1 7 6 0  
S T F T 1 3 7 0  
S T F T 1 3 8 0  
5 T F T 1 3 9 0  
S T F T 1 4 0 0  
S T F T 1 4 1 0  
S T F T 1 4 2 0  
S T F T 1 4 3 0  
S T F T 1 4 4 0  
S T F T 1 4 5 0  
S T F T 1 4 6 0  
S T F T 1 4 7 0  
S T F T 1 4 3 0  
S T F T 1 4 9 0  
S T F T 1 5 0 0  
S T F T 1 5 1 0  
S T F T 1 5 2 0  
S T F T 1 5 3 9  
S T F T  1 5 4 0  
S T F T 1 5 5 0  
S T F T 1 5 6 0  
S T F T 1 5 7 0  
S T F T 1 5 8 0  
S T F T 1 5 9 0  
.5TFT16(30 
' T F T 1 5 1 0  
S T F T 1 6 2 0  
C T F T 1 6 3 0  
S T F T 1 6 4 0  
S T F T 1 6 5 0  
S T F T l h 6 0  
S T F T 1 6 7 0  



Z MOPENT F R E E  

X = 1 . / ( 4 e + A N )  
S T I F M L ( 2 , 2 ) = X * S T I F b 4 L ( 2 , 2 )  
S T I F M L ( 2 r 5 ) = X * S T I F b $ L ( 2 , 5 )  
STIFML(5,5)=X*STIFML(5,5) 
S T I F M L ( 9 , 1 2 ) = 0 . 0  
I F  ( I Q o E Q . 2 )  GO T O  1 4 0  
I = 1 2  
J = 9  
GO T O  1 5 0  
I = 9  
J = 1 2  
CONT I NCIE 
Y = X + X  
S T I F M L ( 2 , I ) = Y * S T I F M L ( 2 d )  
S T I F M L ( 5 , I  ) = Y * S T I F M L ( %  
Y = Y + X  
S T I F M L ( I , I ) = Y * S T I F ~ ~ L ( 1 2 , 1 2 )  
S T I F M L ( 2 ~ J ) = O o O  
S T I F M L ( 5 , J ) = O * O  
S T I F M L ( J , J ) = O o 7  

F I L L  L E F T  H A L F  OF S T I F F N E S S  M A T R I X  

C O N T I N U E  
DC 170  I = l , l l  
I I = I + l  
DO 1 7 0  J = I I , 1 2  
ST IF? lL (J , I  ) = S T I F Y L (  1 4 )  
R E T I J R b !  

F O R M A T  ( 3 1 1 )  
E N D  



SUBR0UT:NE STORSM 
COPMON C O P ( 3 0 )  
E Q U I V A L E N C E  ( COM( 6 1 9  I T I N J O  ) 
E Q U I V A L E N C E  ( COM( 7 ) 9  I B A R  1 
COMMON / C M A I N  / 

1 R J X Y Z  ( 1 0 0 , 3 ) ,  I J R F M  ( 7 4 9 6 1 9  I J A L F M (  7 4 ~ 2 ) ,  FRCVCT(  7 4 9 3 1 9  
2  RMTVCT(  7 4 9 3 1 9  I B A R P  ( 1 3 0 1 9  I B A R Q  ( 1 3 0 1 9  I B A R R  ( 1 3 0 1 9  
3  K S  ( 1 3 0 1 9  BAREA ( 1 3 0 ) 9  E A R I M  ( 1 3 0 ) ,  B A R I T  ( 1 3 0 1 ,  
4 BARJ ( 1 3 0 1 9  BARYM ( 1 3 0 1 9  BARSM ( 1 3 q 1 ,  RKN ( 1 3 0 ) ,  
5  RKT ( 1 3 0 1 9  SOLVEC(  4 4 4 ) 9 R L I M T U (  8 8 ) , R L I M T L (  8 8 ) ,  
6  D P R T I T (  8 8 ) r  IRObJL ( 4 4 5 1 ,  S T R S T F ( 1 )  

D I M E N S I O N  I S T S T F ( 1 )  
E Q U I V A L E N C E  ( S T R S T F ( l ) ,  I S T S T F ( 1 ) )  
COMMON / OVER2 / S T I F M L ( 1 2 , 1 2 ) 9  T R A N S M ( 3 9 3 )  
D I M E N S I O N  I R C 1 3 ( 6 ) 9  I R C 2 4 ( 6 )  
D A T A  I R C 1 3  / 1, 2 9  3 9  7 9  8 9  9 / 
D A T A  I R C 2 4  / 4 9  5 9  6 9  1 0 9  11, 1 2  / 
I S P = (  I B A R P (  1 E A R ) - 1 ) * 6 + 1  
I S Q = ( I B A R Q ( I e A R ) - l ) x h + l  

F I N D  INCREMENT FROM START O F  ROW P  TO COLUMNS P  AND Q 
C A L L  I P P  AND I P Q  

J 1 = o  
I I = I R O W L ( I S P )  
I l = I  I+1 
I F  ( I S T S T F ( I 1 ) e N E e J S P )  GO TO 2 0  
I P P = I  1 -1  I 
J l = J l + l  
GO TO 3 0  
I F  ( I S T S T F ( I l ) . N E e I S U )  GO TO 3 0  
I P Q = I  1 - 1  I 
J l = J 1 + 1  
I 1 = 1 1 + 7  
I F  ( J l . N E . 2 )  GO TO 1 0  

ADD TO THE 6  P  ROWS 

I F  ( I T I N J O . N E . 0 )  GO TO 4 0  
I l = I I + I P P + l  
STRSTF(Il)=STRSTF(Il)+5TIFML(191) 
I l = I  I + I P Q + l  
STRSTF(Il)=STRSTF(Il)+.STIFFiL(1,4) 
GO TO 7 0  
C O N T I  NUE 
DO 6 0  I = 1 9 6  
I P = I I + I P P  
I O = I  I + I P Q  
I l = I R C 1 3 (  I )  
DO 5 0  J = 1 9 6  
J l = I R C 1 3 ( J )  
J J = I P + J  
S T R S T F ( J J ) = S T R S T F ( J J ) + S T I F M L ( I l d )  
J l = I R C 2 4 ( J )  
J J = I Q + J  
S T R S T F ( J J ) = S T R S T F ( J J ) + S T I F M L ( I l d l  

STOR 1 0  
STOR 2 0  
STOR 3 0  
STOR 4 0  
STOR 5 0  
STOR 6 0  
STOR 70 
STOR 8 0  
STOR 9 0  
STOR 1 0 0  
?TOR 1 1 0  
STOR 1 2 0  
S T 0 9  1 3 0  
STOR 1 4 0  
STOQ 1 5 0  
STOR 1 6 0  
STOR 1 7 0  
STOR I S 0  
STOR 1 9 0  
STOR 2 0 0  
STOR 2 1 0  
STOR 2 2 0  
5TOR 2 7 0  
STOR 2 4 0  
?TOR ?5r) 
STOR 2 6 0  
STOR 2 7 0  
STOR 2 8 0  
STOR 2 9 0  
STOR 3 0 0  
STOR 3 1 0  
STOR 3 2 0  
STOR 3 3 0  
STOR 3 4 0  
CTOR ' 350  
STOR '36n 
STOR 3 7 0  
STOR 3 8 0  
STOR 7 9 0  
STOR 4 0 0  
STOR 410 
STGR 4 2 0  
STOR 4 3 0  
STGR 4 4 0  
STOR 4 5 0  
STOR 4 6 0  
STOR 4 7 0  
STOR 4 8 0  
qTQQ 4 9 9  
S T 0 9  5 0 0  
STOR 5 1 0  
STOR 5 2 0  
STOR 5 3 0  
STOR 5 4 0  
STOR 5 5 0  



F I N D  INCREMENT FROM START OF ROW Q TO COLUMNS 
C A L L  I P P  

C O N T I N U E  
J 1 = 0  
I I = I R O W L ( I S Q )  
I l = I  I+1 
I F  ( I S T S T F ( I 1 ) o N E . I S Q )  GO TO 9 0  
I G Q = I  1-1 I 
J l = J l + l  

ADD TO THE 6 Q ROWS 

I F  ( I T I N J O e N E . 0 )  GO TO 1 1 0  
I l = I I + I Q Q + l  
STRSTF(Il)=STRSTF(Il)+STIFML(491) 
Il=I I + I Q P + l  
S T R S T F (  I l ) = S T R S T F (  I I ) + . S T I F M L ( 4 , 4 )  
RETURN 
CONT I NI IE 
DO 1 3 0  1 ~ 1 9 6  
I O = I I + I Q Q  
I P = I  I + I Q P  
I 1 = I P C 2 4 (  I) 
DO 1 2 0  J=1,6 
J l = I R C 1 3 ( J )  
J J = I P + J  
S T R S T F ( J J ) = S T R S T F ( J J ) + S T I F M L ( I 1 9 J l )  
J l = I R C 2 4 ( J )  
J J = I O + J  
S T R S T F ( J J ) = S T R S T F (  J J ) + q T I F I > l L (  I 1 9 J 1 )  
J l = I S O + I  
I I = I R O W L ( J l )  
RETl!RFI 
ENC 

STOR 5 6 0  
STOR 5 7 0  
STOR 5 8 0  

P AND O STOR 5 9 0  
STOR 6 0 0  
STOR 6 1 0  
STOR 6 2 0  
STOR 6 3 0  
STOR 6 4 0  
STOR 6 5 0  
STOR 6 6 0  
STOR 6 7 0  
STOR 6 8 0  
STOR 6 9 0  
STOR 7 0 0  
STOR 7 1 0  
STOR 7 2 0  
STOR 7 3 0  
STOR 7 4 0  
STOR 7 5 0  
STOR 7 6 0  
STOR 7 7 0  
STOR 7 8 0  
STOR 7 3 0  
STOR 8 0 0  
STOR 8 1 0  
STOR 9 2 0  
ST9R 8 3 0  
STOR 9 4 0  
STOR 8 5 0  
STOR 8 6 0  
?TOP 87CI 
STOR 8 8 0  
STOR 8 9 0  
STOR 9 0 0  
STOR 9 1 0  
STOR 9 2 0  
STOR 9 3 0  
STOR 9 4 0  
=TOR 95n 
STOR 9 6 0  
T O R  9 7 n  
STOR 9 8 0  



SUBROUTINE TRASMK 
COMMON C O M ( 3 0 )  
EQUIVALENCE ( COM( 6 ) 9  I T I N J O  
COMMON / OVER2 / S T I F M L ( 1 2 , 1 2 ) r  TRANSM(393)  
D IMENSION A t 1 2 1  9 I J ( 4 )  r I J C ( 1 2 1  
D IMENSION I R C ( 1 2 )  
EQUIVALENCE(AXF9 S T I F M L ( 1 9 1 ) )  
DATA I J  / 0 9 3 9 6 9 9  / 
DATA I J C  / 3*09 3*39  3*6, 3 *9  / 
DATA I R C  / 1 9 2 9 3 , 1 9 2 9 3 9 1 9 2 9 3 9 1 , 2 , 3  / 
I T I N J O = l  

I F  THERE I S  BENDING GO TO 8 

I F  ( I T I N J O * N E . O )  GO TO 2 0  
DO 1 0  I = 1 9 3  
DO 1 0  J=1,3 
AHOLD=AXF*TRANSM(l9J)*TRANSM(l,I) 
S T I F M L ( I I J I = A H O L D  
S T I F M L ( I , J + 3 ) = - A H O L C  
S T I F M L (  I + 3 r J l = - A H O L D  
S T I F M L ( I + 3 9 J + 3 ) = A H O L D  
RETURN 
CONT I NUE 

MULTIPLY TRANSFORMATION MATRIX TIMES STIFFNESS MATRIX 
STORE RESULT I N  STIFFNESS MATRIX 

DO 4 0  K Z 1 9 1 2  
I CR=O 
DO 3 0  I C = 1 9 4  
DO 3 0  I = 1 , 3  
I CR= I C R + 1  
A ( I C R ) = C * O  
DO 3 0  J = 1 9 3  
J J = J + I J ( I C l  
I F  (STIFML(KIJJ).EQ*O.) GO TO 3 0  
A(ICRI=A(ICR)+STIFML(K,JJ)*TRANSM(J,I) 
CONT I NUE 
DO 4 0  J=1912  
S T I F M L ( K I J ) = A ( J )  

MULTIPLY THE RESULT OF THE ABOVE TIMES THE TRANSPOSE OF THE 
TRANSFORMATION MATRIX 

TRAS 1 0  
TRAS 2 0  
TRAS 3 0  
TRAS 4 0  
TRAS 5 0  
TRAS 6 0  
TRAS 7 0  
TRAS 8 0  
TRAS 9 0  
TEAS 1 0 0  
TRAS 1 1 0  
TRAS 1 2 0  
TRAS 1 3 0  
TRAS 1 4 3  
TRAS 1 5 0  
TRAS 165, 
TRAS 1 7 0  
TRAS 1 8 0  
TRAS 1 9 0  
TRAS 2 0 0  
TRAS 2 1 0  
TRAS 2 2 0  
TRAS 2 3 0  
TRPS 2 4 0  
TRAS 2 5 0  
TPAS 2 6 0  
TRAS 2 7 0  
TRAS 2 8 0  
TRAS 2 9 0  
TRAS 3 0 0  
TRAS 3 1 0  
TRAS 3 2 0  
TRAS 3 3 0  
TRAS 3 4 0  
TRAS 3 5 0  
TRAS 3 6 0  
TPAS 3 7 0  
TRAS 3 8 0  
TR45 3 9 0  
TRAS 4 0 0  
TRAS 4 1 0  
TRAS 4 2 0  
TRAS 4 3 0  
TRAS 4 4 0  
TRAS 4 5 0  
TRAS 4 6 0  
TPA? 4 7 0  
TRPS 4 8 0  
TRAS 4 9 0  
TRAS 5 0 0  
TRA5 5 1 0  
TRAS 5 2 0  
TRAS 5 3 0  
TRAS 5 4 0  
TRAS 5 5 0  
TRAS 5 6 0  



I C = I + l  
DO 70 J=IC,12 

7 0 S T I F M L ( I , J ) = S T I F Y L ( J , I )  
C 
C A S  A RESULT  OF THE AeOVE,  S T I F P L  C O N T A I N S  THE S T I F F N F S S  
C M A T R I X  TRAKSFORMED TO THE GLOBAL  COORDINATE SYSTFM 
C 

RETURN 
END 

TRAS 570 
TRAS 5 8 0  
TRAS 590 
TRAS 6 0 0  
TPAS 610 
TRAS 629  
TRAS 6 3 0  
TRAS 640 
TRAS 6 5 0  



S U B R O U T i N E  WRBDAT 
COMMON COM( 3 0  ) 
E Q U I V A L E N C E  ( COM( 7)9 I B A R  ) 

COMMON / OVER2 / S T I F M L ( 1 2 , 1 2 ) ,  T R A N S M ( 3 9 3 )  
COMMON / CKA I N  / 

1 R J X Y Z  ( 1 0 0 , 3 ) 9  I J R F M  ( 7 4 , 6 1 9  I J A L F M (  7 4 , 2 1 9  FRCVCT(  7 4 , 1 1 9  
2 R M T V C T (  7 4 , 3 ) ,  IBARP ( 1 3 0 1 ,  IBARQ ( 1 3 n ) ,  ISARR ( 1 3 0 ) ~  
3  KS  ( 1 3 0 1 3  BAREA ( 1 3 0 ) ~  S A R I N  ( 1 3 0 ) ,  B A R I T  ( 1 3 0 ) ,  
4  B A R J  ( 1 3 0 1 9  BARYM ( 1 3 0 1 ,  BARSM ( 1 3 C ) ,  RKN ( 1 3 0 1 9  
5 RKT  ( 1 3 0 ) g  SOLVEC(  4 4 4 1 9  R L I r 4 T U (  8 8 1 9  R L I M T L (  8 8 ) r  
6  D P R T I T (  8 8 ) 9  IROWL ( 4 4 5 ) ~  S T R S T F ( 1 )  

I F  I N D S F L  ONE. 0 9  P R I N T  L O C A L  S T I F F N E S S  M A T R I X  AND 
TRANSFORMATION M A T R I X  FOR B A R ( 1 )  

WRBD 1 0  
WRBD 2 0  
WRBD 3 0  
1rlRBD 4 0  
WRBD 5 0  
\;!RED 6 0  
Iv'RBD 7 0  
KRBD 3 0  
WR3D 9 0  
>;Ri3D 1 0 0  
NRBD 1 1 0  
WRBD 1 2 0  
WRBD 1 3 0  
h!RBD 1 4 0  
klRRD 1 5 0  

W R I T E  ( 6 , 1 0 1  I B A R , I B A R P ( I B A R ) , I S A R Q ( I B A R ) , ( ( S T I F ~ ~ L ( I ~ J ) J ~ ~ ~ I R B D  1 6 0  

RETURN !.lRBP 1 8 0  
WRRD 190  

I F  I N D S F G  .NE. 0, P R I M T  THE TRANSFCRMED LOCAL  S T I F F N r S S  "ATRIXWRBD 2 0 0  
WR3D 2 1 0  

ENTRY BRSTRA !&'RED 2 2 0  
W R I T E  ( 6 , 2 0 1  ( ( S T I F I . 1 L ( I ~ J ) , J = 1 , 1 2 ) , 1 = 1 , 1 2 )  WRaD 2 3 0  
RETURN 1bIFiaD 2 4 0  

WRBD 2 5 0  
FORMAT ( 1 3 H 1  dAR NUFilBER 1 4 / , 2 5 H 0  P O I N T  P  I S  NODAL P O I N T  I 4 / r 2 5 H  PWRRD 2 6 0  

l O I N T  Q  I S  NODAL P O I K T  14 / , 18HO S T I F F N E S S  M A T R I X / / ~ 1 2 ( 1 2 E l l o 3 , / ) , 2 3 k l R B D  2 7 0  
2 H 0  TRANSFORMATION M A T R I X / / r 3 ( 3 E l 1 . 3 , / 1 )  WR3D 2 8 0  

FORMAT ( 3 0 H O  TRANSFORMED S T I F F N E S S  MATRIX//,,l2(12Ella3,/)l !CRBD 2 9 0  
END !:IPBD 3 0 0  



S U B R O U T I N E  WRSTDK 
COMMON / OVER2 / S T I F M L ( 1 2 , 1 2 ) ,  T R A N S M ( 3 9 3 )  

W R I T E  LOCAL  S T I F F N E S S  AND A S S O C I A T E D  TRANSFORMATION 
M A T R I C E S  ON F I L E  2 FOR L A T E R  USE I N  FMdARS (AND,  I F  
INDWKT .NE. 0, I N  P A N D T K )  

W R I T E  ( 2 )  ( ( T R A N S M ( I , J ) r J = l r 3 )  p I = 1 9 3 )  
W R I T E  ( 2 )  ((STIFML(I,J),J=1,12)91=1~12) 
RETURL! 
ENTRY K R S T D 1  
R E W I N D  2  
RETURN 
END 

WRSD 10 
WRSD 2 0  
WRSD 3 0  
WRSD 40 
WRSD 5 0  
WRSD 6 0  
WiiSD 7 0  
WRSD 8 0  
WRSD 90 
WRSD 1 0 0  
WRSD 1 1 0  
\JR.SD 1 2 0  
WRSD 1 3 0  
WRSD 1 4 0  



. OVERLAY ( SASLP, 39 0 )  

PROGRAM F I N I A L  
COMMON COM(301 
EQUIVALENCE ( COM(161, INDWKT 1 
EQUIVALENCE ( COM( 8 )  9 NROW 1 
COMMON / CMAIN / 

1 RJXYZ ( 1 0 0 9 3 ) ,  I J R F M  ( 74,619 I J A L F M (  74,219 FRCVCT( 74,319 
2 RMTVCT(74931,  IBARP ( 1 3 0 1 ,  IBARQ ( 1 3 0 1 ,  IBARR ( 1301 ,  
3 K S ( 1301 ,  BAREA ( 1 3 0 ) ~  BARIN ( 1 3 0 1 ,  3 A R I T  ( 1 3 9 1 9  
4 BARJ ( 1 3 0 ) -  BARYM ( 1 3 0 1 9  EARSM ( 1 3 0 1 ,  RKN ( 1 3 0 ) ~  
5 RKT ( 1 3 0 1 ,  SOLVEC( 4 4 4 1 9  RLIMTlJ( 881 ,  R L I M T L (  8 8 1 9  
6 D P R T I T (  881 ,  IROWL ( 4 4 5 1 9  STRSTF(11  

PANDTK, PRINTS THE NON ZERO ELEMENTS OF THE STRUCTURAL 
STIFFNESS Mb.TRIX AND CONDENSES THE CLOCK STORAGE h+iERE 

POSSIPLF 
CALL PANDTK 

SOLVE 

CALL SOLVE 
I F  (INDWKT.EQ.01 SO TO 1 0  
WRITE ( 9 1  (SOLVEC( I I ,I=l ,r<ROW) 
END F I L E  9 
CONTI NUE 

CALCULATE LOCAL FORCE-MOMENT VECTORS FOR EACH P4R 

CALL FVBARS 
RETURN 
END 

F I N I  1 0  
F I N I  2 0  
F I N I  3 0  
F I N I  4 0  
F I N I  5 0  
F I N I  6 0  
F I N I  7 0  
F I N 1  8 0  
F I N I  9 0  
F I N 1  1 0 0  
F I N I  1 1 0  
F I N I  1 2 0  
F I N 1  1 3 0  
F I I ; I  1 4 0  
FINI i 5 n  
F I N I  1 6 0  
F I N I  1 7 0  
F I N I  1 8 0  
F I N I  190 
F I N I  2 0 0  
F I N I  2 1 0  
F I N I  2 2 0  
F I N I  2 3 0  
F I N 1  3 4 0  
F I N I  2 5 0  
F I N I  26C) 
F I N I  27C 
F I N I  2 8 0  
F I N I  2 3 0  
F I N I  3 0 0  



.SUBROUTIN€  PANQTK 
COMMON COP(  3 0  1  
E Q U I V A L E N C F  ( COY( 8 )  NRObl 1  
E Q U I V P L E K C C  ( C O M ( 1 6 ) r  INGWKT 1  
F Q U I V P L E N C F  ( COP"( 4 1 9  NRAR 1 
E Q U I V A L E N C E  ( COM ( 2 8 1 ,  INDWTS 1  
COPMON / C k t A I N  / 

1 R J X Y Z  ( 1 0 0 9 3 ) ,  I J R F M  ( 7 4 , 6 1 9  I J A L F V (  74 ,219  FRCVCT(  7 4 r 3 ) r  
2  RMTVCT(  74 ,319  I R A R P  ( 1 3 0 1 ,  I a A R Q  ( 1 3 0 1 ,  I E A R R  ( 1 3 0 ) r  
3  K  S ( 1 3 0 1 ,  BAREA ( 1 3 0 1 ,  E A R I N  ( 1 3 0 1 ,  B A R I T  ( 1 3 0 1 ,  
4  BARJ ( 1 3 0 1 ,  BARYM ( 1 3 0 ) ,  BARSM ( 1 3 0 ) ,  RKN ( 1 3 0 1 ,  
5 R K T  ( 1 3 0 1 ,  SOLVEC(  4 4 4 1 ,  R L I M T U (  8 8 1 ,  R L I M T L (  8 8 )  9 

6  D P R T I T (  8 8 ) r  IROWL ( 4 4 5 ) 9  S T R S T F ( 1 )  
D I M E N S I O N  S T F ( 5 1 9 1 ,  I S T F ( 5 1 9 )  
D I M E N S I O N  I S T S T F ( 1 ) r  S T F D I A ( 4 4 4 1 9  q T I F p L ( 1 2 r 1 2 ) ,  T R A N S M ( 3 r 3 1  
E Q U I V A L E N C F  ( S T R S T F ( 1 ) r  I S T S T F ( 1 1 1  
E Q U I V A L E N C E  ( RARFA ( 1 1 ,  S T F D I A ( 1 ) )  
E Q U I V A L E N C F  ( R J X Y Z ( l , l l r S T I F M L ( 1 1 1 ) )  
E Q U I V A L E N C E  ( RJXYZ(50r21rTRANSFI(lrl) 
COMMON / OVER3 / C O M 3 ( 5 1 9 )  
E Q U I V A L E N C E  ( COM3(  1 1, STF,  I S T F  ) 
L D I A  = 0  
L D I A S  = 0  
I F  ( INDWKT.EQ.0) GO TD 1 0  

W R I T E  THE NO. OF ROWS AND T H E I R  L O C A T I O N  I N  S T I F F P I E S 5  AAPTRIX 
ON F I L E  9 

R E \ d I N D  9 
W R I T E  ( 9 )  NROW 
J=NRO':l+l 
W R I T E  ( 9 )  ( I R O W L (  I) , I = l , J )  
COWT I NUE 

P R I N T  MON ZERO ROW ELEMENTS AND D E C I D E  ';!EETHER T h E  R 0 6  
SHOULD BE ST3REG I N  ELOCK O? ELE?Ei\{T FOPMAT 

L O C S T F = l  
DO 1 1 C  I=l,NRC',k! 
I qIIF4I?IZ=P 
I SkIY:GP=C' 
L O C S T F = L O C S T F + l  
I F  ( I q T S T F ( L O C S T F ) . L T . C )  GO TO 5 0  
I C = I S T S T F ( L O C S T F ) - 1  
I SIJ:SGP= 1 S?J!:GP+l 
DO 4C  J=1 ,6  
L O C S T F = L O C S T F + l  
I F  ( A B S ( S T R S T F (  L O C S T F I  ) eLT.1.E-9) GO TO 4 0  
I C C = I C + J  
I F  ( INDWTS .NE. 0 ) C A L L  h'RSTRK ( I, I C C ,  S T R S T F ( L 0 C S T F ) )  

GO TO 41̂? 
I S U M N Z = I S U V N Z + l  
C O Y T I  NUE 

PAND 10  
PAND 2 0  
PAND 3 0  
PAlr!D 4 0  
PAND 5 0  
PAND 6 0  
P A N 0  70 
PAND 8 0  
?AND 9 0  
PANG 1 0 0  
PAND 1 1 0  
PANE 1 2 0  
PAND 1 3 0  
PAND 1 4 0  
PAND 1 5 0  
PAND 1 6 0  
PAND 1 7 0  
PAND 1 8 0  
PAND 1 9 0  
PPND 2 0 0  
PAND 2 1 0  
PAND 2 2 0  
PAND 2 3 0  
PARD 2 4 0  
PAYD 2 5 0  
PAND 2 6 0  
P A N 3  2 7 3  
PAND 2 3 0  
PAND 2 9 0  
PAND 3 0 0  
PAND 3 1 0  
PAND 32C 
PAND 3 3 0  
PAND 3 4 0  
PAND 3 5 C  
PArJD 3 6 0  
PGhD 3 7 0  
PAND 3 8 0  
PAND 3 9 0  
P A N 0  4 0 0  
FAND 4 1 0  
PAND 4 2 0  
PAND 4 3 n  
PAND 4 4 0  
PAKD 4 5 0  
PAND 4 6 0  
PAND 4 7 0  
PAND 4 8 0  
PAND 4 9 0  
PAND 5 0 0  
PAND 5 1 9  
PAW9 520  
PAND 5 3 0  
PAND 5 4 0  
PAND 5 5 0  



GO TO 20 PAND 5 6 0  
CONT I N U t  PAND 5 7 0  

PAND 5 8 0  
I F  INDWKT .NEo 0 ,  \ !RITE S T I F F N E S S  M A T R I X  I N  BLOCK F0RMP.T PAND 5 9 C  

ON F I L E  9  TO S A V E  FOR FUTURE RUNS OF THE PROGRAM PAND 6 0 0  
PAND 6 1 0  
PAND 6 2 0  
PAND 6 3 0  
PAND 6 4 0  

N U L L = L O C S T F - 1  PAMD 6 5 0  
W R I T E  ( 9 )  ( S T R S T F ( J ) , J = L C S T F l , N l r L L )  PAND 6 6 0  
C O N T I  NUE PAND 6 7 0  

PAND 6 8 0  
REMOVE THE D I A G O N A L  ELEMENTS OF THE STRIJCTURAL S T I F F N E S S  PAND 4 9 O  

M A T R I X ,  ANb  SAVE THEM I N  THE S T F a I A  ARRHY PAI\ID 7 0 0  
FAND 7 1 0  

I F  ( L D I A  eEQ*  L J I A S  GO TO 7 0  PAND 7 2 0  
L O I A S  = L D I A  PARD 7 3 0  
S T F D I F , ( I ) = S T R S T F ( L O I A )  PPND 7 4 0  
STRSTF(LD IA )=O.~  PAND 7 5 0  
GO TO 8 0  PAI iD  7 5 0  
S T F D I A (  I )=n.O PAND 7 7 0  
CONT I NUE PAND 7 8 0  
SUMNZ = ISUMNZ PAND 7 9 0  
SUMGP = ISUMGP PAND 8 0 0  
I F  ( SUiblNZ / SUMGP .GT. 3 .  ) GO TO 1 1 0  PAND 8 1 0  

PAND 8 2 0  
I F  H A L F  OR ;-IGRE OF T h E  ROW ELEMENTS ARE ZERO, REMOVE THEEA PANE 8 3 0  

AND PLACE THAT Rob1 I N  ELEMENT FORMAT PAND 8 4 0  
PPNQ 8550 

N U L L =  1 PAND 8 6 0  
DO 9 0  J = 1 ,  I SUVGP PAND 5 7 0  
L C S T F l = L C S T F l + l  PAND 8 8 0  
I C = I S T S T F ( L C S T F l ) - 1  PAND 8 9 0  
DO 9 0  K=1,6  PAND 9 0 0  
L C S T F l = L C S T F l + l  PAND 9 1 0  
I F  ( A B S ( S T R S T F ( L C S T F 1 )  ) .LT. l .E-91 GO TO 9 0  PAND 9 2 0  
N U L L = N U L L + l  PAND 9 3 0  
I S T F ( N U L L ) = I C + K  PAND 9 4 0  
N U L L = N U L L + l  PAND 9 5 0  
S T F ( N U L L ) = S T R S T F ( L C S T F l )  PAYD 9 6 0  
C O N T I  NUE DAND 9 7 0  
I S T F (  1 )= -N IJLL /7  PPND 9 8 0  
L C S T F l = I R O W L ( I I  PAND 9 9 0  
DO 1 0 0  J = l , N U L L  PAh lD1000  
L C S T F l = L C S T F l + l  P A N D 1 0 1 0  
S T R S T F ( L C S T F l ) = S T F ( J )  P - 2 N 3 1 0 2 0  
CONT I NUE P A N D 1 0 3 0  

P A N D 1 0 4 0  
P R I N T  L A S T  L I N E  I N  WRSTRK P A N D 1 0 5 0  

P A N D 1 0 6 3  
I F  ( INDWTS eNE. 0 C A L L  WR5TRK(-1,-1,1.)  P A R D 1 0 7 0  

PANDlOOO 
I F  INDWKT eNEe 0 ,  THEN THE L O C A L  S T I F F N E S S  AND TRANSFORMATION P A N D 1 0 9 0  

M A T R I C E S  MIJST R F  S P V F n  ON F I L E  9 P A N D 1 1 0 9  
P A N D l l l n  



IF (INDWKT.EQ.0) GO TO 130 
REWIND 2 
DO 120 I=l,NBAR 
REAC ( 2 )  (TRANSM(J,l)rJ=1,9) 
WRITE ( 9 )  (TRANSK(J,l)rJ=1,9) 
R E A C  ( 2 )  (STIFML(J,l)rJ=l,1441 

120 WRITE ( 9 )  (STIFML(J,l),J=1,144) 
130 RETURN 

END 



'SUBROCIT I NE SOLVE SOLV 117 
COMKON C C M ( 3 0 )  SOLV 2 0  
E Q U I V A L E N C E  ( COM( N J O I N T  ZOLV  3 0  
E Q U I V A L E N C E  ( CON( 8 )  NROW ) SOLV 4 0  
E Q U I V A L E N C E  ( C O M ( 1 1 ) ,  I N L l S L  ) SOLV  5 0  
E Q U I V A L E N C E  ( C014( 1 2 1 ,  I N D I T R  ) SOLV 6 0  
E Q U I V A L E N C E  ( C O K ( 1 3 1 ,  ERRTOL ) O L V  7 0  
E Q U I V A L E N C E  ( C O M ( 1 4 ) ,  RELAXF  ) SOLV 8 0  
E Q U I V A L E N C F  f C O Y ( 1 5 ) ,  I N D R L X  ) O L V  90  
E O l J I V A L E N C F  ( C O M ( 1 8 ) ,  I N D P L S  ) 5 0 L V  1 0 0  
E Q U I V A L E N C E  ( C O r ~ l ( 1 9 )  9 M I N R S T  ) SOLV 110 
EOIJ IVALENCE ( C O M ( 2 6 )  9 TMAX ) SOLV 1 2 0  
COMMON / C M A I N  / SOLV 1 3 0  

1 RJXYZ ( 1 0 0 , 3 ) ,  I J R F M  ( 7 4 , 6 1 9  I J A L F M (  7 4 , 2 1 9  FRCVCT(  7 4 , 3 1 9  SOLV 1 4 0  
2  RMTVCT(  7 4 , 3 1 9  I B A R P  ( 1 3 0 ) ,  I B A R Q  ( 1 3 0 1 ,  IUARR ( 1 3 0 1 3  5 0 L V  1 5 0  
3  K  S ( 1 3 0 ) ~  UAREA ( 1 3 0 1 9  B A R I N  ( 1 3 C ) ~  D A R I T  ( 1 3 0 1 ,  SOLV 1 6 0  
4  BARJ  ( 1 3 0 ) ,  RARYM ( 1 3 0 ) r  BARSM ( 1 3 0 ) ,  RKN ( 1 3 0 ) ,  SOLV 1 7 3  
5 R K T  ( 1 3 0 )  9 SOLVEC(  4 4 4 )  9 R L I M T U (  8 8 )  , R L I Y T L C  8 8 )  9 SOLV 1 8 0  
6 G P R T I T (  8 8 1 9  IROWL ( 4 4 5 ) ~  S T R S T F ( 1 )  SGLV 1 9 0  

D I M E N S I O N  S C L V C 2 ( 4 4 4 ) ,  I S T S T F ( 1 1 ,  S T F D I A ( 4 4 4 )  SOLV 2 0 0  
D I G E N S I O N  R C G ( 4 4 4 ) ,  A P C G ( 4 4 4 )  SOLV 2 1 0  
E Q I ! I V A L F N C F  ( R J X Y Z  ( 1  r 1  ) , NONROW ( 1  ) ) ?OLV 2 2 0  
E Q U I V A L E N C E  ( F R C V C T ( l , l ) ,  S O L V C 2 ( 1 )  ) SOLV 2 3 0  
E Q U I V A L E h C E  ( S T R S T F (  1 ) I S T S T F (  1 ) ) SOLV 2 4 0  
E Q U I V A L E N C E  ( B&REA ( 1  ) r  S T F D I A ( 1 ) )  SOLV 2 5 0  
E Q U I V A L E N C E  ( R A R J ( 5 0 ) ,  R C G ( 1 )  SOLV 2 6 0  
COb!MON / OVE23  / FORCMG( 1 )  SOLV 2 7 0  
D I F i E N S I O N  A L P (  6 1  3 t\IONRGW( 3 0 0 )  SOLV 2 3 0  
D I M E N S I O N  E R R F M N ( 6 )  SOCV 2 9 0  
D I M E N S I O K  ERP4RST ( 5 )  SOLV 3 0 0  
D I I . IENS ION E R D I A ( 5 )  SOLV 3 1 0  
D I M E N S I O h  E R R L ( 6 )  SOLV 3 2 0  
D A T A  ERRL / 5 0 H  THE V A R I A B L E  4 S S O C I A T E D  W I T H  THI .5  RO!al HAS A CONCT, <,OLV 3 3 0  

1 10HANT VALlJF / SOL?/ ? 4 0  
EPTA  E R D I P  / 1 0 H  THE DIPGO,  l O H N A L  ELEVEN9  l O H T  FOR T H I S 9  S @ L \ l  350  

1 1 0 H  ROW CAN b!, l O H O T  EE ZERO / SOLV 3 6 0  
D A T A  ERMRST / 1 0 H  THE NIJ;v'FE, l O H R  O F  RESTR, 1 0 H A I N T S  I S  L ,  SOLV 3 7 0  

1 l O l i E S S  THAN M, 1 0 H I N R S T  / SOLV 3 8 0  
DATA  A L P  /10I-iX--FORCE r 10HY--FORCE 9 10HZ--F3RCE 9 SOLV 399  

1 10HX--PlO?lENT , 101iY--?/iGilENT 9 10HZ--M3iv l i i tT / SGL'J 4 0 0  
D A T A  ERRFKN / 1014 TOO MANY , 10dROW5 ARE a9 l O H E I k G  REMOV, SGLV 4 1 0  

1 1 0 t i E i  F 3 R  THE, I O H  S I Z E  OF N t  1CHOI-JROW /SOLV  4 2 0  
W R I T E  ( 6 , 4 2 0 )  SOLV 4 3 0  

SOLV 4 4 0  
SET-CJP i*":NIillUY ERRCR FOR THE P I T K E N  D E L T A  SQUARED PROCESS SOLV 4 5 3  

SOLV 4 6 3  
I F  ( I N L ~ R L X c E Q a 9 )  E R R T L 2 = A K I Y I ( E R R T O L ~ F : F ! F ! T O L ~ l e E - l O )  COLV 4 7 3  

SOLV 4 5 0  
CALCULATE FORCE A N D  MOVENT VECTOR SOLV 4 9 9  

SOLV 5 0 0  
DO 1 0  I = 1 9 3 0 0  SOLV 5 1 0  
NONROk! ( I ) =O SOLV 5 2 0  
DO 2 0  I= l ,NROW SCLV  5 3 0  
F O R C M G ( I ) = O e O  SOLV 5 4 0  
N U L L = O  SOLV 5 5 0  



DO 8n 1 = 1 9 N J O I N T  
I C = I J 4 L F M ( I , 1 )  
I F  ( IC .NE .0 )  GO TO 3 0  
N I I L L = N U L L + 3  
GO TO 5 0  
DO 4 0  J = 1 9 3  
N U L L = N U L L + l  
FORCMG(NULL)=FRCVCT(IC,J) 
I C = I J A L F M ( I  9 2 )  
I F  ( IC .NE.0)  GO TO 6 0  
N U L L = N U L L + 3  
GO TO 8 0  
DO 7 0  J=1 ,3  
P!l!LL=NIJLL+l 
FORCMG ( N U L L  ) =RMTVCT ( I C  4)  
COFJT I NUE 

STORE ROW NUMBERS NOT R E Q U I R E D  I N  THE S O L U T I C N  I N  NONROW 
I N G l S L  = 0  I M P L I E S  NO I N I T I A L  S O L U T I O N  I S  A V A I L A B L E  

I N G I S L  = 0 
NIJLL=C! 
J = O  
I =n 
DO 1 3 C  K Z l r N J O I N T  
DO 1 3 0  L = l , h  
I = I + l  
S O L V C Z ( I ) = S G L V E C ( I )  
I F  ( I J R F b i ( K , L ) . E Q . O )  GO TG 1 0 0  
i '1I,LL=KlILL+l 
I F  (Pll .rLL.CT.3001 C P L L  E R P N T l  ( E R R F V N , 6 , 1 )  
K C N R O ~  ( ~ ~ U L L  =I 
IC= I .AE :S (  I J R F > I ( K , L )  
I F  (DP I?T IT ( IC ) .EO. .O )  GO TO 9 0  
I h I D I S L  = 1 
S O L V E C ( I ) = D P R T I T ( I C )  
S O L V C Z ( I l = D ? R T I T ( I C )  
*GC TO 1 3 n  
S O L V E C ( I ) = O . O  
S C L V C 2 ( 1 ) = 0 . 9  
GO TO 1 3 0  
I F  ( S T F C I A ( I ) . E Q . O . O )  GO TO 1 1 0  
I F  ( I K D R L X  .EC. 2  GO TO 1 3 0  
I F  ( I N D l S L . N E * O )  GO TO 1 3 0  
GO TO 1 2 0  
CCNT I NLJE 
J =  1 
W R I T E  ( 6 , 4 3 0 )  I 
GO T O  1 3 0  
CONT I RlJF 
S O L V E C (  I )=FORCMG( I ) / S T F D I f f . (  I ) 
S O L V C Z ( 1  ) = S O L V E C ( I )  
COI\IT I NIJF' 
I F  (J .NE.0)  STOP 
MNONRW=NULL 

SOLV 5 6 0  
SOLV  5 7 0  
SOLV  5 8 0  
SOLV 5 9 0  
SOLV  6 0 0  
SOLV 6 1 0  
SOLV 6 2 0  
SOLV 6 3 0  
SOLV  6 4 0  
SOLV 6 5 0  
SOLV 6 6 0  
SOLV  6 7 0  
SOLV 6 8 0  
SOLV 6 9 0  
SOLV 7 0 0  
SOLV 7 1 0  
SOLV 7 2 0  
SOLV 7 3 0  
SOLV 7 4 0  
SOLV 7 5 0  
SOLV 7 6 0  
SOLV 7 7 0  
SOLV 7 8 0  
SOLV 7 9 0  
SOLV 8 0 0  
SOLV 8 1 0  
SOLV 8 2 0  
SOLV 8 3 0  
SOLV 8 4 0  
SOLV 8 5 0  
SOLV 8 6 0  
SOLV 8 7 0  
SOLV a b o  
SOLV 8 9 0  
SOLV 9 0 0  
SOLV 9 1 0  
SOLV 9 2 0  
SOLV 9 3 9  
SOLV 9 4 0  
SOLV 950 
SOLV 9 6 0  
SOLV  9 7 0  
SOLV 9 8 0  
SOLV 990 
S O L v l o o o  
S O L V l 0 l O  
S O L V 1 0 2 0  
S O L V 1 0 3 0  
S O L V 1 0 4 0  
S O L V l O 5 O  
S O L V 1 0 6 0  
S O L V 1 0 7 0  
SOLV1QSO 
S O L V 1 0 9 0  
S O L V 1 1 0 0  
S O L V l l l O  



C  S O L V 1 1 2 0  
C  I T i l i A T I O N  LOOP S O L V 1 1 3  0 
C  S O L V 1 1 4 0  
1 4 0  I F  (NNONRW.LT*MINRST)  C A L L  E R P N T l  ( E R K R S T r 5 r l )  S O L V 1 1 5 0  

I F  ( IMDRLX .PE. 2  ) GO TO 1 0 1 0  S O L V 1 1 6 0  
I F  ( I N D I S L  eEQe 1 I N D l S L  = 1 S O L V 1 1 7 0  
F V Y A X  = 1 E-4  S O L V 1 1 8  0  
DO 1 0 0 0  I = 1, NROW S O L V l 1 9 0  
I F  ( FVMAX eLT.  A B S ( F O R C M G ( 1 ) )  FVMAX = AB iS (FORCMG(1 )  ) S O L V 1 2 0 0  
A P C G (  I )  = 0.0 S O L V 1 2 1 0  
R C G ( 1 )  = F O R C M G ( 1 )  S O L V 1 2 2 0  
I F  ( I N D l S L  .NEe 0  ) GO TO 1 0 0 0  S O L V 1 2 3 0  
S O L V C 2 ( 1 )  = 0.0 S O L V 1 2 ~ 0  
S O L V E C ( 1 )  = F O R C M G ( 1 )  S O L V 1 2 5 0  

1 0 0 0  C O N T I N U E  S O L V 1 2 6 0  
1 0 1 0  C O N T I N U E  5 0 L V 1 2 7 0  

I TRNO=O S O L V 1 2 8 0  
I IJPDAT=4 S O L V 1 2 9 0  
I NDUPD=O SOLV1 '300  
I MDOPT=O S O L V 1 3 1 0  
GO TO 1 5 0  S O L V 1 3 2 0  

1 4 5  C O N T I N U E  S O L V 1 3 3 0  
GO 1 0 1 5  I = l r  NROW S O L V 1 3 4 0  
R C G ( 1 )  = FORCMG(1"  A P C G ( 1 )  S O L V 1 3 5 0  

1 0 1 5  S O L V E C ( 1 )  = R C G ( 1 )  S O L V 1 3 6 0  
1 5 0  ERRMAX=O.O S O L V 1 3 7 0  

P A P  ~ 0 . 0  S O L V 1 3 8 0  
RCG2=O.O S O L V 1 3 9 0  
N U L L = l  S O L V 1 4 0 0  
I T R N O = I  TRNO+ l  S O L V 1 4 1 0  
DO 2 7 0  I= l ,NROW S O L V 1 4 2 0  
I F  ( I .NE.NONROb!(NULL))  GO TO 1 6 0  S O L V 1 4 3 0  
N U L L = N U L L + l  S O L V 1 4 4 0  
GO TO 2 7 0  S O L V 1 4 5 0  

1 6 0  SAVE=OeO S O L V 1 4 6 0  
L O C S T F = I R O W L ( i ) + l  S O L V 1 4 7 0  
I F  ( I S T S T F ( L O C S T F ) . L T . O )  GO TO 1 9 0  S O L V 1 4 8 0  

C S O L V 1 4 9 0  
C  ROW I N  BLOCK FORM4T, ONE COLUMN I N D I C A T O R  FOR 6  NON-ZERO SOLV15OC) 
C  FLEVEMTS S O L V 1 5 1 9  
1 7 0  I C C L = I S T S T F ( L O C S T F ) - 1  S O L V 1 5 2 0  

DO 1 8 0  J = l r 6  S O L V 1 5 3 0  
I C O L = I C O L + 1  S O L V 1 5 4 0  
L O C S T F = L O C S T F + l  S O L V l " 5 0  

1 8 0  S A V E = S A V E + S T R S T F ( L O C S T F ) * S O L V E C ( I C O L )  S O L V 1 5 6 0  
L O C S T F = L O C S T F + l  S O L V 1 5 7 0  
I F  ( I S T S T F ( L 3 C S T t ) . L T e O )  GO TO 2 1 0  S C L V 1 5 8 0  
GO TO 1 7 0  S O L V 1 5 9 0  

C  S O L V 1 6 0 0  
C  ROW I N  ELFMENT FORMAT, ONE COLUMh I N D I C A T O R  FG2  EACH NOY-ZERO S O L V 1 6 i 0  
C ELEMENT S O L V 1 6 2 0  
1 9 0  N O N E L E = - I S T S T F ( L 0 C q T F )  S O L V 1 6 3 0  

00 2 0 0  J= l ,NONELE S O L V 1 6 4 9  
L O C S T F = L O C S T F + l  S O L V l h 5 0  
I C O L = I S T S T F ( L O C S T F )  S O L V 1 6 6 0  
L O C S T F = L O C S T F + l  S O L V 1 6 7 0  



2 0 0  S A V E = S A V E + S T R S T F ( L C C S T F ) * S O L V E C ( I C O L )  
2 1 0  C O N T I N U E  

I F  ( I N D R L X  ONE. 2  GO TO 1 1 0 0  
A P C G ( 1 I  = S A V E  + . 5 T F D I A ( I ) * S O L V E C ( I )  
P A P  = S O L V E C ( I ) * A P C G ( I )  + P A P  
K C G 2  = RCG2 + R C G ( I ) * S O L V E C ( I )  
GO TO 2 7 0  

1 1 0 3  C O N T I N U E  

S I J s T R A C T  S A V F  FRO'I FORCMG( I ) AND D I V I D F  R Y  T H E  D I A G O N A L  
ELEMENT ( W H I C H  I S  NOT C O N S I C E R E D  I N  THE ABOVE C A L C U L A T I O N )  

TO GET X ( N + l )  
I F  (:NDRLX.EQ.O) GO TO 2 2 0  

U S E  O V E R R E L A X A T I O N  METHOD 

C 

C  U S E  THE A I T K f N  D E L T A  SCIJARED PROCESS TO IMPROVE T H E  
C CONVERGENCE P R C C E S S  

I F  (ERRl/(ABS(SAVE)+l*E-14).LT-tRRTL2) GO TO 2 3 0  
E R R 2 = A B S ( S O L V C 2 ( 1 ) - S O L V t C ( 1 )  
I F  ( E R R l . G E . t R R 2 )  GO T O  2 3 0  
S4VEl=SAVE-(SAVF-SOLVEC(~))**2/(CAVE-2.*SOLVEC(I)+SOLVC2(1) 1 
I m I ! P n = 1  
ERPl=APS(?OLVFC(I)-qAVF1) 
S O L V C 2 ( I ) = S P v E l  
GO TO 2 4 0  

2 3 0  S O L V C 2  ( I ) = S A V E  
2 4 0  S O L V C C ( I ) = S A V E  

E R R = E R R l / ( A B S ( S O L V C 2 ( 1 ) ) + 1 . E - 1 2 )  
GO TO 2 6 0  

2 5 0  C O N T I N U E  
S O L V C 2 ( I ) = S O L V E C ( I )  
S O L V E C ( I ) = S 4 V E  
E R R = E R R l / ( A B S ( S A V E ) + l o E - l 2 )  

2 6 0  CONT I NIJE 
C  

I F  (ERReGT.ERRM4X)  ERRk'PX=ERR 
2 7 9  C O N T I N U E  

I F  ( I M D R L X  ONE* 2  ) GO TO 1 2 7 0  
I F  ( I T R N O  ONE. 1 GO TO 1 2 2 0  
I F  ( I N D l S L - N E .  0 GO TO 1 4 5  

1 2 2 2  C O N T I  R U E  
I F  ( P A P  .EO. 0. P A P  Z 1 . E - 9  
A L P A  = RCG2 / P A P  
R C G Z  = O r 0  
DO 1 2 4 0  J = l r  NROW 
S O L V C 2 ( J )  = S O L V C Z ( J )  + A L P A + S O L V E C ( J )  
R C G ( J )  = R C G ( J )  - P L P A S  A P C G ( J )  
ERRMAX = A t J A X l (  A B S ( R C G ( J )  1 ,  ERRYAX 



1 2 4 0  RCG2 = RCGZ + RCG( J ) * A P C G (  J l  
ERRMAX = ERRMAX/ FVMAX 
B E T A  = -RCG2 / P A P  
DO 1 2 6 0  J = 1, NROW 

1 2 6 0  S O L V E C ( J )  = R C G ( J )  + BETA* S O L V E C ( J )  
1 2 7 0  C O N T I N U E  

I F  ( INDUPD.EQ.0)  GO TO 2 9 0  
DO 2 8 0  K = l r N R O W  

2 8 0  S O L V E C ( K ) = S O L V C 2 ( K )  
I U P D A T = I U P D A T + 2  
I I\!DUPD=O 

2 9 0  C O N T I N U E  
C  
C CHECK LOOP TERMINATIOP; C O N D I T I O N S  
C  

I F  ( I N D I T R e E Q - I T K N O )  GO TO 3 2 0  
I F  ( 1 N D I T R . L T . I T I I N O )  GO TO 3 1 0  
I F  ( INGOPT.GT.0)  GO TO 3 2 0  
C A L L  SECOND ( T I M E  1 
I F  (T IMEeGTeTMAX-5 .1  GO TO 3 0 0  
I F  (ERRMAXeGTeERRTOL GO TO 1 5 0  
GO TO 3 2 0  

3 0 0  W R I T E  ( 6 9 4 4 0 )  
I i \ IDPLS=O 
GO TO 3 2 0  

3 1 0  C O N T I N U E  
W R I T E  ( 6 , 4 5 0 )  INGITR,ERR>!AX 

3 2 0  C O N T I N U E  
I F  ( I N D R L X  .NE. 2 ) GO TO 1 3 1 0  
DO 1 3 0 0  J = 1, NROW 

i 3 0 0  S O L V E C ( J )  = S O L V C Z ( J 1  
I N D O P T  = 2  

1 3 1 0  C O N T I N U E  
C A L L  PNTFMV ( S O L V E C , I ~ I J O I N T , l )  
W R I T E  ( 6 , 4 6 0 )  ITKNO1ERRMAX 
I U P D A T = I U P D A T + I U P C A T  
I N D O P T = I N D O P T + l  
I F  ( I N D O P T . L T . 2 )  GO TO 1 5 0  

C  
C  F I N E  THE COlr iPLETE FORCE-MOMENT VECTOR 
C  

DO 3 7 0  K=l,NNONRL\! 
SAVE=O.G 
I = N O N R O W ( K )  
I F  ( S O L V E C ( 1 ) e N E e O . O )  SAVE=STFDIA(I)*SCLVEC(;) 
L O C S T F = I R O W L ( I ) + l  
I F  ( I S T S T F ( L 0 C S T F )  r E Q *  0  ) GO TO 3 7 0  
I F  ( I S T S T F ( L O C S T F ) . L T . O )  GO TO 3 5 0  

3 3 0  I C O L = I S T S T F ( L O C S T F ) - 1  
DO 3 4 0  J = 1 9 6  
I C o L = I C o L ~ c l  
L O C S T F = L O C S T F + l  

3 4 0  SAVE=SAVE+STRSTF(LOCSTF)*SOLVEC(ICOL) 
L O C S T F = L O C S T F + l  
I F  ( I S T S T F ( L 0 C S T F )  a L T . 0 )  GO TO 3 7 0  
GO TO 3 3 0  



N O N E L E = - I S T S T F ( L 0 C S T F )  S O L V 2 8 0 0  
' D O  3 6 0  J= l ,NONELE S O L V 2 8  1 0  
L O C S T F = L O C S T F + l  ~ 0 ~ ~ 2 8 2 0  
I C O L = I S T S T F ( L O C S T F )  S O L V 2 8 3 0  
L O C S T F = L O C S T F + l  S O L V 2 8 4 0  
SkVE=SAVE+STRSTF(LOCSTF)*SOLVEC(ICOL) S O L V 2 8 5 0  
F O R C M G ( I ) = S A V E  S O L V 2 8 6 0  
C A L L  PNTFMV (FORCMG,NJOINT, -1 )  S O L V 2 8 7 0  

S O L V 2 8 8 0  
I N D P L S  = 0  I M P L I E S  NO P L A S T I C I T Y  S O L V 2 8 7 0  

S O L V 2 9 0 0  
I F  ( 1NDPLS.EQ.O I RETlJRN S O L V 2 9 1 0  
NULL=[ \  S O L V i 9 2  0  
INDBCL=NNONRW S O L V 2 9 3 0  
LOCSTF=O S O L V 2 9 4 0  
DO 410 I=I,NJOINT ~ 0 ~ ~ 2 9 5 0  
DO 4 1 0  J=1 ,6  5 0 L V 2 9 6 0  
N I I L L = N L I L L + l  S O L V 2 9 7 0  
I F  ( I J R F I I ( 1 , J ) o F Q . O )  EO TC 4 1 C  S O L V 2 9  8  0  
L C C S T F = L O C S T F + l  S O L V 2 9 9 0  
I F  ( I J R F ? ? ( I , J ) e L T . O )  GO TO 4 1 0  S O L V 3 0 0 0  
I C O L = I J R F Y ( I , J )  S O L V 3 0 1 0  
I F  ( R L I P < T U (  I C O L )  .GE.F3RCCc4G( N U L L )  ) G 3  TO 3 8 0  S O L V 3 0 2  3 
FORC:",G! N U L L  ) =RL I : "T I J (  I C O L )  S O L V 3 0 3 0  
GO TO 3 9 0  O L V 3 0 4 0  
I F  ( R L I F $ T L (  I C O L )  .LF.F0RCb4G( \ ! [ ILL)  G 0  TO 4 1 0  S O L V 3 0 5 0  
FORCVG( N U L L  = R L I M T L (  I C O L  S O L V 3 0 6 0  
Nb)OrdRw=3J>!ONRV-l S G L V 3 0 7 0  
I J R F V (  I , J ) = O  SCJLV3080 
DO 4 0 0  K=LOCSTF  ,'lr\lC;P!R!t.l S O L V 3 0 9 0  
NONROh! ( K  =FONROW ( K + 1 )  S O L V 3 1 0 0  
LOCSTF=LOCSTF-1  SOLV3  11 0 
I F  ( S T F D I A ( N I J L L )  .EQ.O.O ) C / \ L L  t IRPPiT1 ( E R D I A , S , - 1 )  S ( j L V 3 1 2 0  
I F  ( S C L V E C ( N U L L ) e N E . O . O )  C A L L  E R P N T 1  ( E R R L 9 6 , - 1 )  S O L V 3 1 3 0  
W 9 I T E  ( 6 , 4 7 0 )  A L P ( J ) , I  SOLV13140 
ccrJT1 1dt.1~ S O L V ~ ~ T O  
C A L L  FRP?!T2 S O L V 3 1 6 0  
I F ( I b!DUGL. EQ*NNONR'd RETUItN S O L V 3 1 7 0  
I ~ ! D ~ S L  = 1 S O L V 3 1 8 9  
GO TO 1 4 0  S O L V 3 1 9 9  

S O L V ? ~ Q ~  
FORPIAT ( 1 H 1  S O L V 3 2 1 0  
FORMAT ( 2 9 H  THE u I A G O N A L  ELEMEY'lT FOR Rob/, I 4 9 1 6 H  CAN NOT HE Z E R O )  S O L V 3 2 2 0  
FORMAT ( 6 6 H  S O L U T I O N  I T E R A T I O N S  STOPPED BECAUSE J O B  I S  APPF '01CHINGSOLV3230  

1 T I M E  L I M I T )  5 0 L V 3 2 4 0  
FORI.1AT (10HOSORE THAN1 5 9 2 8 H  ITERAT IO? !S  9 MAXIi.i!.li.I ERROR =E16.8 S O L V 5 2 3 0  
FGR'IAr ( 1 X I 4 r 6 8 H  ITFR,fi.TICJKS >/ERE R E Q U I R E D  TO REACH A M A X I ? ~ l J ~ l  R E L A T S O L V 3 2 6 0  

1 1  V E  D i FFERENCF OF E 1 4 . 7  ) S O L V 3 2 7 Q  
FO!?"!AT ( S H  THE A l 0 , 3 7 i i R f S T R A I N T  !<$S 'JICLCTEC, FOR J O I N T  P1O. 1 4 )  S O L V 3 2 8 0  
END S O L V 3 2 5 0  



SlJEROlJT I l i lE  PNTFMV (ARRAY 9 N J C I N T v  I N D )  PNTF  1 0  
COMMON C O M ( 3 0 )  P N T F  2 0  
E Q U I V A L E N C E  ( COM ( 8  ) 9 NROW ) P N T F  3 0  
D I M E N S I O N  A R R A Y ( 1 )  P N T F  4 0  
LCOU[ \ IT=70 P N T F  5 0  
I l = l  PNTF  6 0  
I 2 = 6  P N T F  70 
DO 3 0  I = l , N J O I M T  P N T F  8 0  
I F  ( L C O U N T e L T s 5 6 )  GO TO 2 0  PNTF  9 0  

PNTF  1 0 0  
W R I T E  PAGE T I T L E  A T  TO? OF NEXT PAGE PNTF  110 

PNTF  1 2 0  
LCOUNT=7  PPITF 1 3 0  
I F  ( I N D e L T . 0 )  GO TO 1 0  PNTF  1 4 0  
W R I T E  ( 5 9 5 0 )  P N T F  151) 
GO TO 2 0  PNTF  1 6 0  
C C N T I  NUE P N T F  1 7 0  
W R I T E  ( 6 , 6 0 1  PNTF  1 8 0  
C O N T I N U E  PNTF  1 9 0  
K R I T E  ( 6 9 7 ' 2 )  I , ( A R R A Y ( K ) s K = 1 1 9 1 2 )  PNTF  2 0 0  
I 1 = 1 1 + 6  P N T F  2 1 0  
I 2 = 1 2 + 6  PNTF  2 2 0  
LCOUNT=LCOUNT+ l  PNTF  2 3 0  
C O N T I N U E  PNTF  2 4 0  
I F  (1NDeGT.O)  RETURN PNTF  2 5 0  
K=O PNTF  2 6 0  
XF=OeO PNTF 2 7 0  
' f F=OeO P h T F  2 8 0  
Z F = O e O  PNTF  2 9 0  
DO 4 0  I = l r N J O I ! ~ l T  PNTF  3 0 0  
K = K + 1  PhITF 3 1 0  
X F = X F + A R R A Y ( K )  PNTF  3 2 0  
Y F = Y F + A R R A Y ( K + l )  PPATF 3 3 0  
ZF=ZF+ARRAY ( K + 2  PNTF  3 4 0  
K = K + 5  PPJTF 3 5 0  
W R I T E  ( 6 9 8 0 )  XF,YF,ZF P N T F  3 6 0  
SP.V = 0 PNTF  3 7 0  
GO 4 5  I = 1 9  NROW PNTF  3 8 0  

4 5  S A V  = AMAX1 ( SAV9 ARS(ARRAY ( I ) P N T F  3 9 0  
X F  = X F / S A V  *100m PNTF 4 0 0  
Y F  = Y F / S A V  * 1 0 0 e  P N T F  4 1 0  
Z F  = Z F / S A V  * 1 0 0 -  PbITF 4 2 0  
W R I T E ( 6 9 9 0 )  X F , Y F * Z F  PNTF  4 3 0  
RETURN P N T F  4 4 0  

PNTF  4 5 0  
FORMAT (1H1 ,36X39Hh !ODAL  P O I N T  DISPLACEMENT.5 AND R O T 4 T I O N 5 / 4 4 X 2 4 V G L P h l T F  4 6 0  

l O B A L  COORDINATE SYSTEM/ l .HO,+X l lHNODAL  POI t \ i T ,5X?(2Y12H@ISPLACF ' . lENT lPNTt~  4 7 0  
2 X )  ~ 3 ( 4 X 8 H R O T A T I O N 3 X ) / 7 X 7 H N ~ J ~ 1 B E R 9 2 ( 1 4 X 1 H X ~ l . 4 X l t i Y ~ l 4 X l H Z ~ / / / ~  PNTF 4 8 0  

FORMAT ( l H 1 , 4 0 X 3 0 H N O O A L  P C I N T  FORCES AND MOMENTS/44X24HGLOPAL COORPNTF 4 9 0  
l C 1  N k T E  SYSTFb+ / iHO 9 4 X l l H N O D A L  P O I N T 9 5 X 3  ( ~ x ~ H F O R C E ~ X )  93 ( 5 X 6 H F ~ O E 1 E t 4 T 4 X P ~ d T  5 0 0  
2 ) / 7 X 7 H N U M R F R  2(14XlHX914XlHY~14XIHZ)///) PNTF  5 1 0  

FORMAT ( d X I 3 , 9 X 6 ( E 1 5 e 6 1 )  PNTF  5 2 0  
FORMAT ( l t i 0 , 6 X 5 H T O T A L 9 8 X 3 F 1 5 . 6 )  PNTF 5 3 0  

9 0  FORMAT ( 1 H 0  5 X 3 5 H R E L A T I V E  5 O L U T I O N  ERRORS I N  PERCENT / PNTF  5 4 0  
1 ?OX 3F15 .5  ) PNTF  5 5 0  



PNTF 560 



S U L R O U T I N E  FMRARS 
COMMON C O M ( 3 0 )  
E Q U I V A L E N C E  ( COM( 4 1 9  NBAR ) 

E Q U I V A L E N C E  I COM ( 29 1, NSHPAN ) 

COVMON / C M A I N  / 
1 R J X Y Z  ( 1 0 0 9 3 ) ~  I J R F M  ( 7 4 , 6 1 9  I J A L F V (  7 4 , 2 1 3  FRCVCT(  7 4 9 3 ) 9  
2  RMTVCT(  7 4 9 3 1 9  I B A R P  ( 1 3 0 1 ,  IBi'<PQ ( 1 3 0 1 ,  I B A R R  ( 1 3 0 1 9  
3  K  S  ( 1 7 0 ) ,  RARE4  ( 1 3 0 1 9  R 4 R J N  ( 1 3 0 ) r  B A R I T  ( 1 3 0 ) ,  
4  B A R J  ( 1 3 0 1 9  BARYM ( 1 3 0 ) 9  BARSM ( 1 3 q ) ,  RKN ( 1 3 0 )  
5  RKT  ( 1 3 0 ) ~  SOLVEC(  4 4 4 1 9  R L I M T U (  8 8 1 9  R L I A T L (  8 8 ) 9  
6  D P R T I T (  8 8 ) 9  IROWL ( 4 4 5 ) 9  S T R Z T F ( 1 )  

DIP. IEt \ lSION R B A R R ( 1 )  
E Q U I V A L E N C E  ( I i 3 A R R ( l ) ,  R C A R R ( 1 )  ) 

D I K E N S I O N  S T I F V L ( 1 2 , 1 2 ) 9  T R A N S M ( 3 9 3 )  
E Q U I V A L E N C E  ( R J X Y Z ( 1 , 1 ) 9  S T I F M L ( 1 , l )  
E(31JIVALENCE ( R J X Y Z ( 5 0 9 2 ) 9 T R A N S M ( l , l )  
D I M E N S I O N  I P R ( 6 ) ,  D I S P L ( 1 2 1 ,  D I S P L 2 ( 1 2 1 ,  F M L S T F ( 1 2 )  
D A T A  I P R  / 1 s  2 9  3 9  79  8, 9 / 
LCOUNT = 7 n  
NPANEL  = 0  
L C U N T 2  = 7 0  
I l O R 2  = 0  

C  CALCULATE THf  NO-  OF P!ON SHEAR P A N E L  BARS 
b l B A R I  = NBAR - 2*l\ 'SHPAN 
R E W I N D  2  
DO 5 0  I = l , N B A R  
I F  ( I s L E o  N '3ARI  GO TO 8  
I F  ( LCUNT2  e L T *  5 6  GO TO 6  
W R I T F ( 5 9 E O )  
L C U N T 2 =  7 

6  CONTIb IUE  
B A R L G T  = A B S (  R F A R R ( 1 )  ) 

I 1 0 R 2  = I l O R 2  + 1 
GO TO 1 2  

8 C O N T I N U E  
I F  ( L C O U N T e L T . 5 6 )  GO TO 1 0  

C  
C k 1 R I T E  PAGE T I T L E  AT  TOP OF NEXT  P 4 G F  
C 

LCOUPT=7  
1b!?ITC ( 6 9 6 0 )  

1 3  CONT I MIJF 
I P = I G P R R ( I )  

1 2  C O N T I N U E  
I P = I C A R P ( I )  
I O = I b A R Q ( I )  
R F F C  (2) ( ( T R " l S A / ( K , J )  , J = 1 , 3 ) , K = l , ? )  
RFAC ( 2 )  ( ( S T I F F 4 L ( K t J )  , J = 1 9 1 2 )  , K = 1 9 1 2 )  

C 

C  S E T  UP C ISPLACEMENT V i C T O R  
C 

J J = ( I Q - l ) * 6  
I I = ( i P - 1 1 9 6  
DO 2 0  K = 1 9 6  
I I = I I + l  

FMBA 10  
FYBA 2 0  
FMBA 3 0  
FM3A 4 0  
FMBA 5 0  
FWBA 6 0  
FMBA 7 0  
FFRA 8 0  
FMBA 9 0  
FPiBA 1 0 0  
FMBA 110 
FMBA 1 2 0  
FMBA 1 3 0  
FMBA 1 4 0  
FMBA 1 5 0  
FMBA 1 6 0  
FMBA 1 7 0  
FMEA 1 8 0  
FMBA 1 9 0  
FMBA 2 0 0  
F M 8 4  2 1 0  
FMBA 2 2 0  
FMBA 2 3 0  
FMSA 2 4 0  
FMBA 2 5 0  
FMB4  2 6 0  
FiMBA 2 7 0  
FMBA 2 8 0  
FMBA 2 9 0  
FVBA 3 0 0  
FPBA 3 1 0  
FMEA 3 2 0  
FM3A 3 3 0  
FMSA 3 4 0  
FM3A 3 5 0  
FM3A 3 6 0  
FMHA 3 7 0  
F??BA 3 8 0  
FWBA 3'10 
FI.l?A 4 0 0  
FF'9$ 4 1 0  
F'49A 4 2 0  
F Y 3 A  4 3 0  
FMRA 4 4 0  
FMSA 4 5 0  
FtqqA 4 6 0  
FYRA 4 7 0  
F;.'iHA 4 8 0  
FlJlaA 4 9 0  
FMEA 5 0 0  
FPIBA 5 1  0  
FhnBA 5 2 0  
FMBA 5 3 0  
F?ISP. 5 4 0  
FbAFj4 5 5 0  



I l = I P R ( K )  FMSA 5 6 0  
D I S P L ( I l ) = S O L \ I E C ( I I )  FMRA 5 7 0  
J J = J J + l  FMBA 5 8 0  
I 1 = 1 1 + 3  Ft. ldA 5 9 0  

2  0 D I S P L ( I l ) = S O L V E C ( J J )  FMBA 6 0 0  
C FMBA 6 1 0  
C TRANSFORM D ISPLACEMENT VECTOR FMBA 6 2 0  
C FMBA 6 3 0  

I I =-3 FMBA 6 4 0  
I QOW=t7 FMBA 6 5 0  
DO 3(! K=l,Le FMBA 6 6 0  
I I = I 1 + 3  FMR4 6 7 0  
DO 3 0  J = l r ?  FMRA 5 8 0  
I ROW= IROW+ l  FMBA 6 9 0  
D I S P L 2 ( I R O W ) = O . O  FMBA 700 
DO 30 J J = l r 3  FMBA 7 1 0  
I l = I  I+JJ FMBA 7 2 0  

30  D I S P L 2 ( 1 R O W ) = C I S P L 2 ( I R O \ ~ ~ ~ + T R A N S B l ~ J ~ J J ~ * D I S P L ~ I l ~  FMBA 7 3 0  
C FMBA 7 4 0  
C CALCULATE L O C A L  FORCE-MOMENT VECTOR FMRA 7 5 0  
C FMBA 7 6 0  

DO 4 n  K = l r 1 2  F?,d?rBA 770 
F ? " L S T F ( K ) = e O  FMBA 7 8 0  
DO 4'? J = 1 , 1 2  F ' t3A 7 9 0  

4  0 F M L S T F ( K ) = F M L S T F ( K ) + S T I F ? E . L ( K , J ) - X D I S P L 2  ( J )  FM i j h  8 0 0  
I F  I I .LE. N E P R I  GO T O  4 8  FPRA 8 1 0  

SHFLOW = 2 . *FMLSTF(  1) / HA4LGT Fi4BA 8 2 0  
I F  ( I 1 0 R 2  .NE. 1 ) GO TO 4 2  FMEA 8 3 0  
I P S  = I P  FMRA 8 4 0  
I Q S  = I O  FM3A 8 5 0  
S H F S V  = SHFLOt!  F,!.lSA 8 6 0  
GC) TO 50 F?19A 3 7 0  

4 2  C O N T I N U E  FtrlnA 89Q 
N P A N E L  = NP.Ah!FL + 1 FtaQ6 89C, 
S H F S V  = ( P R S ( S I i F L ~ l : l )  + A s 5 ( C H F S \ j  ) ) * - 5  FE~!PA 9130 
SHFSV = C, IGN(  SHFc\ I ,  C.HFLO1:' ) FMRA 91C! 
\ r ! [ i I T E ( 6 r 3 ! 3 )  NPAP.IEL, I P S ,  12, I O C r  I P ,  5YFI;'l FPRA 9 2 0  
I l C R 2  = O FMOA 9 7 0  
L C U N T 2  = L C V N T 2  + 2  FMBA 3 4 0  
GO TO 5C' FMBA 9 5 0  

4 8  C O N T I N U E  FMSA 9 6 0  
W R I T E  ( 6 9 7 0 )  I r I P , I U , I R ,  (FML:,TF(i;) ,K=1,3)  r ( k i V I L S T F ( K )  r K = 7 9 9 )  ,(Fi. lL5TFi.;?t\ 97C 

l F ( K )  , K = 4 9 6 )  , ( F M L S T F ( K )  9 K = 1 0 9 1 2 )  FI-lZA 9 5 0  
LCOUNT=LCOUNT+3 FMRA Q 9 0  

5  c CONTI F!UE F M ~ ? )  l n c r  
RETURPI F','!3C 1 0 1 0  

C FME.A:.02n 

6  3 FORMAT ( l H l r 4 9 X 2 2 t - I P A R  FORCES AND t fOMEVTS/40X24HLOC4L  C O C P D I K b T E  TYFP49,419?0 
l S T E M S / I H C , Z 9 H  f3AR NCDAL POIFJT N U K P . E R S , ~ ~ Y ~ ( ~ X ~ H F O R C F F . Y ) , ~ ( C ; X ~ F ~ ! R A ~ ? ~ ~  
2H"?O?>ENT4X)  / 3 O H  N!Ih:EER P Q P ,4X2(14XlHX,14XI~Y,14XlFYBA1759 
3 H Z )  / / /  F"18.41063 

7 :! FORYAT ( 3 X I 3 , 6 X I 3 , 4 . X I 7 , 4 X I ? , l l t . i  P O I N T  P , 6 E 1 5 . 6 / 2 9 X , l l H  POIPIT Fiv!3!?1073 
13 , 6 E 1 5 * 6 / )  FP4GA1080 

81) FORP",T ( 1 H 1 5  l X 1 7 % 5 t i E P R  PAI ICL FLO!.'S / F M 3 A 1 0 9 0  
1 4 9 X 2 4 H L 3 C A L  COOROI? lCTF SYSTFMS / F M B A 1 1 0 0  
2 4 6 H 0  PANEL  NOLGL P 3 I N T  hlLIYSE"C Ft '2UIVALENT / F M B A l l l O  



346H  NUFJIBER A R C @ 5HFAR F L O k ?  / / /  I FYRA1139 
9" FORMAT ( 1H0, 1 5 9  I89 3 1 5 9  7 X  €10.3 9 7XE10.3 FPqP1130 

END Fl'Q,Al 1 4 0  



O V E R L A Y  ( S A S L P ,  49 C 

PROGRA!' I'IL?"AL 
C I > 4 E N S I O K  S K ( S 4 4 )  
C I M F N S I O N  A t J A S S V (  1 0 2 )  
D I : jE r . : s I ch I  RJX(I), R J Y (  1 1 ,  R . J z ( ~ )  
D I V F N S I O N  A V k S S ( l n 2 ) ,  l R \ ~ ! K P ( 1 0 3 )  
C I ? I F h ! 5 I C N  E G V A L U ( 4 4 4 )  9 E G V E C T (  2 7 2 0 )  r WORK1 ( 4 4 4 )  r 
i W O R K 2 ( & 4 4 ) ,  A D I A ( & 4 4 ) ,  R D F O I A ( 4 4 4 )  

C i Y t  N S I O N  K O ! d X X T ( L t 4 4 ) ,  I R W T D R ( 4 4 4 ) r  T ( 4 4 4 )  
C03"biON C O X (  3 0  ) 
E Q ! J I V A L E N C E  ( COf*i( 8 1 9  NRCIa:' ) 

L G C I I V A L ~ ~ ; ~  ( iOt'f ,(  2 1  r  kRv;T3!? 
E Q I J I V A L Z N C ~  ( LC!',? ( 2 2  ) ,  I R t i l T 3  9 :XQfICER 
EOI ,TVALE. I iCF  ( COP.<( 2 3  1,  N E I G V L  ) 

COE4MOhi / C!,lAIP< / 
1 I?JXYZ ( 1 0 0 , 3 ) ,  I J H F Y i  ( 7 4 - 0 1 ,  I J A L F M (  7 4 , 2 1 9  F R C V C T (  7 4 9 3 ) r  
2 R t 6 T V C T (  7 4 , 3 1 9  I H A R P  ( 1 3 C ) ) ,  I P A R Q  ( 1.3'l)r I R A R R  ( 1 ? 0 ) 9  
3 Y, 5 ( 1 3 0 1 ,  5,ARFA ( 1 . 3 0 ) ~  5 A R I N  ( 1 3 0 1 ,  G A R I T  ( 1 7 0 ) 9  
4  i !ARJ ( 1 3 0 )  !!ARY:4 ( 1 3 0 )  9 r!ARSM ( 1 3 n )  R K N  ( 1 9 0 )  r  
5  R K T  ( 1 3 0 1 ,  SCL\ !FC( 4 4 4 )  9 2 L I N T U I  8 8 1  r  R L I M T L (  8 ' 7 )  9 

6  D P R T I T (  8 8 )  9 IRtD'JL ( 4 4 5 ) 9  T ? S T F ( l )  
t i 3 l l V A i t R C E  ( l i J X Y Z (  1 9 1 )  , !?JX ( 1  ) 9 ( R J X Y Z ( 1 , 2 )  r R J Y ( 1 )  
t ( > l J I V A L E R c t y  ( R J X Y Z ( 1 , 3 ) , H J Z ( 1 )  ) 9 ! F K C ~ C T ( 1 , 1 ) 9 C S h ~ ( 1 ) ~  A D I A ( 1 )  1 
t - C ' J I V A L t i \ : C F  ( t 3 : 9 R E A ( l  ) , T - l O l d E I X T ( l ) )  r  ( S O L V E C ( 1 )  9 I R l t T O I i ( 1 )  1 
I -C : i IVAL tP !C I -  ( ~ . I L I ~ . I T I . I ( : L  ) , A Y A S S ( l )  ) ,  ( F ? L I M T L ( 1 5 ) ,  i d b ' S P ( 1 )  ) 

; Z1;I!lALFl\jCI-: ( S T i S T t  ( L )  r I C T S T i -  
k O t . ! I V A L t l : C F  ( S T K S T F (  5 4 0 0 )  ECVALI !  
~ Q U I V A L ~ I ' J C F  ( ST I 'T i : (  55Ct ) )  9 E G V E C T  ) 

EO[! I 'J t~LI -?. ;CF ( S T ? T . T F (  7 9 6 4  1 ,  W 9 R K 1  ) 

EC' ITV.?L C P ' C F  ( ST'IC,TF (P41"CI 19 'a!ORY7 ) 
C!31J 1  VPLEPiCE ( .STk5:'F( 7 7 4 0 )  r T  ) 

I P . , I T I A L I Z t -  T t i F  P R I h T  R 3 U T I N t  
C!: L!. PQP'Tn 
[ji; 1 3  I=l r":(!KI?ER 
AY lA55 'J (  ) = > Y A S S (  : ) 
(~R,~El?=~,<: ;Gi?SER 
S!Jbi='' *Q 

11 I = i , V O R D E R  
,~I I : :=~ lJ ; ' .1+Ci . ' ,2?5(  I ) 
. j " . " E v : A j c  =SlJ?~' /ORCER 
DI: 1 2  I = l , " l O l i C F I <  
4'.!$.55( : ) = p . h I A S 5 ( :  ) / .C'bB~?,5)r 

REDl.JC:C S T I F F k E C C  \ ? n T R  I X  
C F L L  PFEI ICF 
Kfi(J:!T =VC"DEQa'" (?pr)F? 
56".*=r .0 
cn 13 1=1  , ,VORD~I::  
I > l A G =  ( i -1  ) *?4ORbLR+1 
SLJX=!5IJY+STliSTF ( ~ L ; I P G  
S<?. 'AX=SlJbl /C): IUEK 
DO 1 4  I = l , K O \ ! C T  
< T F c T F (  I ) = q T R S T F (  I ) /C,KRPX 

T 

NLMG 1 0  
N L N D  2 0  
NLMD 3 0  
NLMD 4 0  
NLMO 5 0  
RILi*:D 6 0  
N L V D  7r) 
N L M D  8 0  
N L M D  9 0  
NLFlD 1 0 0  
NLI.", 1110 
NLb lD  1 2 0  
N L M D  1 3 0  
NLMG 1 4 0  
N L M D  1 . 5 0  
N L \ ? D  1 6 C  
N L M D  17Q 
N L M D  1 8 0  
hILMD 107 
NLMD 700 
hILMD 2 1 0  

N L K D  2 4 0  
N L M D  2 5 0  
NLhlD 2 6 0  
NLIr lD 2 7 0  
P L K D  7 8 0  
P t t < D  7 9 0  
PJL?'D 3 0 0  
h!L:.lD 3 1 0  
FILh.lD 1 7 0  
N L M D  3 3 0  
N L M 9  3 4 0  
PdLM3 1 4 2  
NLr4D 7 4 4  
N L K D  3 4 6  
h lLh40 3 4 8  
N L M D  3 5 0  
m!L!.+n 7 5 2  
X L f 4 3  1 5 4  
NLMO 7 5 6  
r\lLi":D 355 
hlLM> 7i63 

N L M D  3 6 2  
N L M D  3 6 4  
YLMD 3 6 6  
N L V D  368 
N L M D  3 1 0  
I\iCb?D 3 7 5  
I\!LhAD 7 8 0  
h!Lt,'? 1 9 0  



C M A T R I X  = ( ( Y ) * * - - 5 )  * ( K ) * ( ( ? ) ) + % - . ' j )  NLr*lD 4 0 0  
C F!Lur) 41 .0  

C A L L  S T F M A S  ( S T R S T F 9 A M A S S , F l O R D t R )  N L M D  4 2 0  
C NLb lD  4 3 0  
C  H O U S E H O L D E R  METHOD TO O B T A  I R  M A T R I  X I N  T R I P L t - D I A G O N A L  F O I i v  r\lLMD 4 4 0  
C  N L M D  4 5 0  

C A L L  T X I O I A  ( ~ V I O R l ~ t R 9 S T R S T F s A D I A ~ t i O F D l A )  N L M D  4 6 0  
C N L V D  4 7 0  
C F I N D  T H E  I \ I € I G V L  + 6 S:,IALLEST F I G E N V A L U E S  N L M D  4 8 0  
C NLh iD  4 9 0  

C A L L  F I G V A L  (MOr?DER , E G V A L I I , A D I  A 9 B O F D I 4  ,'t!ORKl , ' t !ORK2,NEIG\/L N L M D  5 0 n  
I. h lLM3 5 1 0  
C F I N D  THE F I GEN\ /ECTORS FOR T H F  N E I G V L  FIGF?,lVALUF.C, AFIOVF NLP.1D 5 2 0  
C  FOP h a & T i l T X  NLF4'l 5 7 0  

H P T I O = S K M A X / S M h 4 & X  h L U D  5 3 5  
I G V 1  = 2 N L M D  5 4 0  
I G V 2  = 6  N L M D  5 5 0  
R E W I N D  9 NLIKD 5 6 0  

1 5  C O k T I N U E  N L K D  5 7 0  
I G V l  = I G V l  + 5  NL:JID 5 5 0  
I G V 2  = I G V 2  + 5 N L M D  5 9 0  
J =  1 NL idD 6 9 0  
DO 2 0  I = I G V I J  I G V 2  N L Y D  6 1 0  
C A L L  E I G V F C  (YORLIER 9EGVALIJ (  I ) S T R S T F  ,ADIC.  , B O F D I 4  q F . r i V F C T (  . J )  9 ~ ~ ~ O R K 1 ~ ! ~ 1 1 \ . t L ' D  6 2 0  

1 0 R K 7  hILMI) 6 3 0  
2  1 F G V A L I J (  : = R A T I O * E G \ ! / \ L U (  : ) N L M O  6 2 5  
7  11 J =  J+NRO\J  AILh4T) 541) 
C  NLMD 6 5 0  
C C A L C U L A T t  E I L F N V E C T O R  F O R  R E D U C E D  M A T ? I X  F U R Y  NLF:D 6 6 0  
C NLIqD 6 7 0  

K = O  N L M D  6 8 0  
DO 5 0  M = l s 5  NLC:D 6 9 0  
S k V E =  0.0 NLPiD 7 0 0  
DO 3 0  J = l  s!.'ORnER N L P D  7 1 r  
I = K + J  V L V D  7 2 0  
F G V F C T  ( I =PMAS.S ( J  ) * F S \ I F C T  ( I 1 N L M n  7 3 0  
I F  ( A B S ( 5 A V E )  e L T . / ' \ E > (  F C V F C T (  I )  1 )  S A V E = E G V E C T (  I )  N L F D  7 4 0  

3 7 CONT I N l J f  b 1 ~ t . 1 ~  7 5 n  
DO 4 0  J = l  ,>!ORDER \ 'Ll . 'p 7 6 n  
I = K + J  b!\ll.h"? 7 7 n  

4 0 EGVECT(I)=EGVECT(I)/SAVF NLCID 7 8 0  
5 i j  K=K+NROk'  N L P D  7 9 0  

C A L L  P I i h T 1  ( E G V A L U , i G V t C T  r A M A S S V 9  I R k K P  9 i l i iOp~ ,E~~O'? i l ) t i i 9  1 1 i N T 5 l i ~ l : ' i I ~ K l  ) :'ILI*:D 8 0 0  
C  P L F D  8 1 0  
C T A K E  A B C V E  t I G l - N ' J E C T O R S  AKD U . 5 5  T Y E  TRANSFOEb4ATIO' l  b 8 A T R I C E S  ?.'LED 8 2 0  
C  TO G E T  F I N A L  E I G F h d V T C T O R S  I \ I L P ~ ~  g 3 n  

I F  ( I K E D T O n E Q a N R C > ! )  GO T 2  6 0  F,! L  F.1 D 8 4 0 
C A L L  FFJALt \ !  ( i ~ G V C T 9 A ~ ~ l A ~ , ! ~ O ' l C ~ E R 9 b ! E I G V L 9 h : R C I : J , N l i ~ r l T 3 : ! 9 T 9 I ~ : ~ ) : ~ K 1 , I r ! ~ ~ ~ : k - P 9 I l ~ ; 4 D  8 5 9  

1 I !?,lTnF) N  L  1.1 D  R 6  0 
b C  Cnh,'T I F ' I  ! E  PlL"" D 7 n  
C NL:\'O 8 8 0  
C P l i  I PIT N L M D  8 9 0  
C h!LI.'D 9 0 0  

C A L L  P I i N T 7  ( E G V A L I J ,  t G V t C T  , i4MASSV, IRh!I(P ~ N R O i n l O K  1 N L M D  9 1 0  
I F  ( l G V 2  a L T e  N t . I k V L  ) ( 2 0  TO 1 5  NLMD 9 2 0  
7 E T U R P l  N L M D  9 ' 3 0  
E "IT: p!L?!:'D 9 4 0  



I DENT PI INPACK 
E N T R Y  PACK9UNPACK 
V F D  4 2 / 4 C P A C K , 1 8 / 3  

P A C K  CATA 9 
S A l  8 2  *** 
S D 2  X 1  * 8 2  = N L  
S O 4  00 P 4  = 0 I N I T I A L L Y  
5 8 5  9 8 5  = 9 I N I T I A L L Y  
S B 6  6 0  8 6  = 6 0  I N I T I A L L Y  
S B 7  1 8 7  = 1 I N I T I A L L Y  
S A 5  G I T O O N E  X 5  = -0 

W O R D I T S  1 x 7  X 7 - X 7  X 7  = 0 
S A 2  B I T l O N E  ~2 = 0 2 0 ~ 0 ~ 0 9 ? 0 ~ 0 0 0 0 n ~ n 0 ~ ! 9  
S P 4  R l + P h  X 4  = I N P I J T A (  1 + 5 4  ) 
Z R X 4 9 F S T S I T  I F  ( X 4  .EQ. 0.0 1 CO T O  F S T B I T  
8 x 7  X 5  X 7  = X 5  
8 x 6  X 4  X 6  = X 4  
S A 6  B 3 + 6 5  OUTPIJTA(  1 + B S  I = X 6  
S b 5  E 5 + 1  5 5  = 8 5  + 1 
Z R F S T B I T  GO TO F Z T B I T  

LOOP 5 A 4  B 1 + 8 4  X 4  = I N P U T A (  3 1  + 84 1 
Z R X 4  9EQZEIIO I F  ( X 4  .EQ. 0.0 I GC TO EQZERO 
E X 7  X 7 + X 2  X 7  = L O G I C A L  SUM X 7  AND X 2  
R X 6  X 4  Xh = X 4  
S A 6  t33+f35 OUTPI !TA(  1 + E 5  I = X 6  
S E 5  9 5 + 1  3 5  = 9 5 + 1  

EQZERC A X 2  1 C I R C U L A R  S H I F T  X 2  1 B I T  R I G H T  
F S T B I T  5 2 4  R 4 + 1  F 4  = 8 4  + 1 

E C: 8 4 r S 2 , E l d C C H K  I F  ( E 4  .EQ. i32 I GO TO ENDCHK 
N C B4,H6,LOOP I F  ( U 4  . R E .  Hb 1 G 3  TC LOOP 
S A 7  8 3 + 8 7  O U T P U T A (  1 + E 7  1 = X 7  
S E 7  8 7 + 1  H 7  = 8 7  + 1 
S B 6  B 6 + 6 0  8 6  = 9 6  + 6 0  
ZR WORD I T S  GO TO !.!ORUI 

ENDCHK S A 7  R3+t?7 OUTPIJTA(  1 + R 7  = X 7  
S X h  P 5  X 6  = P 5  
C.A6 5 3 O U T P l l T A (  1 ) = X 6  
Z T; P4CK RETIIRPI 
VFD 4 2 / 6 C U N P A C K , l 8 / 3  

UNPAC:< C A T A  9 
S A Z  C 2  *** r.2 =  IF 

8 5  = 0 I N I T I A L L Y  

PACK 0 1 0  
PACK 0 2 0  
PACK 0 3 0  
PACK 040 
PACK 0 5 0  
PACK 0 6 0  
PACK 0 7 0  
PAC!: 0 8 0  
PACK 0 9 0  
PACK 1 0 0  
PACK 1 1 0  
PACK 1 2 0  
PACK 1 3 0  
PACK 1.40 
PACK 1 5 0  
PACK 1 6 0  
PACK 1 7 0  
PACK 1 8 0  
PACK 1 9 0  
PACK 2 0 0  
PACK 2 1 0  
PACK 2 2 0  
PACK 2 3 0  
PACK 2 4 0  
PACK 2 5 0  
PACK ?hO 
PACI: 7 7 0  
PACK 2 8 0  
PACK 2 9 3  
PACK 3 0 9  
PACK 3 1 0  
FACK 3 2 0  
PACK 3 3 0  
PACK 3 4 0  
P.ACK 3 5 0  
PACK 3 6 0  
P,ACK 3 7 0  
PACK 3 8 0  
PACK 3 9 0  
PACK 4 0 0  
PACY 4 1 0  
PACK 4 2 0  
PliCI< 4 3 0  
P A C K  4 4 0  
PACK 4.50 
P r c r :  4.50 
DP.CK 4 7 0  
P A C <  4 8 0  
PAC< 4 9 9  
PACK 5 0 0  
PP.CK E l 9  
PP.CK 5 2 9  
PACK 5 3 C  
PAC< =[+f! 

p,:.ct< 5 5 0  



BX 7 
SA 7 
5 8 4  
ZR 

X 4 P L U S  5/46 
COMCODl  L X 4  

5 8  5 
E Q 
EQ 
N E 

L O O P J 2  S A 6  
SB 5 
N E 
Z R 

B I T O O N E  D A T A  
2 I T l O N F  D A T A  

END 

X 3 X 7  = X 3  
B 3 + B 5  O U T P U T A I  1 + 8 5  ) = X 7  
B 4 +  1 ~4 = ~ 4 + l  
CObfCGD1 GO TO COMCOOl  
R 3 + P 5  O U T P I I T 4 (  1 + 8 5  1 = X 6  = naO 
1 C I R C U L A R  S H I F T  X 4  1 B I T  L E F T  
P 5 + 1  8 5  = R 5 + 1  
B5,BZvUNPACK I F  ( 8 5  .EQ. 3 2  RETURN 
B5,67,WORDJTS I F  ( 3 5  eEO. 87 ) GO TO WORDJTS 
8 4 9 B 6 9 L O O P J 1  I F  ( 8 4  .NEe 5 6  ) GO TO L 0 3 P J 1  
B 3 + B 5  O U T P U T A (  1 + 3 5  ) = X 6  = 0.0 
B 5 + 1  6 5  = 5 5  + i 
B 5 9 E 2 9 L O O P J 2  I F  ( H 5  eNE. 3 2  ) GO TO L 3 0 P J 2  
UNPACK PETUXN 
o ~ o ~ o ~ P o ~ ~ ~ ~ o c ) o ~ ~ o ~ ~ ~  
o z o n r ~ ~ r o r ~ n ~ n n ~ o o ~ ~ ~  

PP.CK 5 6 0  . 
PACK 5 7 9  
PACK 5 8 0  
PACK 5 9 0  
PACK 600 
PACK 6 1 0  
PACK 6 2 n  
PAC% 5 3 0  
PACK 6 4 0  
PACK 6 5 0  
PACK 56C) 
PACK 5 7 0  
PACK 5 8 0  
PACK 6 9 0  
PACK 700 
PACK 7 1 0  
DAc'r 7 3 0  



S U B R O U T I N E  REDUCE REDU 10 
D I M E N S I O N  I S T S T F ( 1 )  REDU 2 0  
D I M E N S I O N  I O B U F ( 4 4 4 )  REDU 3 0  
COMMON / C M A I N  / REDU 40 

1 R J X Y Z  ( 1 0 0 , 3 ) ,  I J R F M  ( 7 4 ~ 6 ) ~  I J A L F M (  7 4 , 2 ) ,  FRCVCT(  7 4 9 3 ) ~  REDU 5 0  
2  RMTVCT(  7 4 , 3 1 9  I B A R P  ( 1 3 0 ) ~  I B A R Q  ( 1 3 0 1 ,  I B A R R  ( 1 3 0 l r  REDO 6 0  
3 K S ( 1 3 0 1 ,  BAREA ( 1 3 0 ) ,  B A R I N  ( 1 3 0 )  Y B A R I T  ( 1 3 0 )  r REDU 70 
4 B A R J  ( 1 3 0 1 ,  BARYM ( 1 3 0 ) ~  BARSM ( 1 3 0 1 ,  RKN ( 1 3 0 1 ,  REDU 8 0  
5  RKT ( 1 3 0 1 9  SOLVEC(  4 4 4 1 9  R L I M T U l  8 8 ) ,  R L I M T L (  8 8 ) 9  REDU 90 
6 D P R T I T (  8 8 1 9  IROWL ( 4 4 5 1 9  S T R S T F ( 1 )  REDU 1 0 0  

D I M E N S I O N  I R W K P ( 1 0 3 ) , -  S M ( 4 4 4 ) r  R O W N X T ( 4 4 4 )  REDU 110 
D I M E N S I O N  T ( 4 4 4 ) 9  I R C P S T ( 4 4 4 ) ,  I R W T O R ( 4 4 4 )  REDU 1 2 0  
E Q U I V A L E N C E  ( S T R S T F ( 1 ) v  I S T S T F ( 1 ) )  REDU 1 3 0  
E Q U I V A L E N C E  ( F R C V C T ( l r l ) ,  S M ( 1 ) ) r  I B A R E A ( l ) ,  R O W N X T 1 1 ) )  REDU 1 4 0  
E Q U I V A L E N C E  ( S O L V E C ( 1 )  I R W T O R ( 1 ) ) r  ( R L I M T L ( 1 5 ) s  I R W K P ( 1 ) )  REDlJ 1 5 0  
E Q U I V A L E N C E  ( I R O W L ( l ) ,  I O R U F ( 1 ) )  REDU 1 6 0  
E Q U I V A L E N C E  ( S T R S T F ( 7 9 6 4  ) r  I R C P S T  REDU 1 7 0  
E Q U I V A L E N C E  ( S T R S T F ( 9 7 4 0  1, T  1 REDU 1 8 0  
I N T E G E R  TAPEA, TAPEB REDU 1 9 0  
COMMON C O M ( 3 0 )  REDU 2 0 0  
E Q U I V A L E N C E  ( COM ( 8 )  Y NROW 1 REDU 2 1 0  
E Q U I V A L E N C E  ( COM ( 2 2 1 9  I R E D T O )  REDU 2 2 0  
E Q U I V A L E N C E  ( COM ( 2 1 1 9  NRWTOR) REDU 2 3 0  
E Q U I V A L E N C E  ( COM ( 2 8 1 ,  INDWTS REDU 2 4 0  

REDU 2 5 0  
D I M E N S I O N  E R S D ( 1 3 )  REDU 2 5 5  
D I M E N S I O N  E R Z D ( 1 2 )  REDU 2 6 0  
D A T A  ERSD / 5 0 H  TOO MANY ROWS HAVE B E E N  REDUCED FROM THE S T I F F N E S R E D U  2 6 2  

1 9 6 0 H S  M A T R I X  L E A D I N G  TO A VERY SMALL  D I A G O N A L  ELEMENT I N  A ROW 8, REDU 2 6 4  
2 2 0 H E I N G  REMOVED / REDU 2 5 6  

D A T A  ERZD / 5 0 H  TOO MANY ROWS HAVE BEEN REDUCED FROM THE S T I F F N E S R E D U  2 7 0  
1 9 6 0 H S  M A T R I X  L E A D I N G  TO A ZERO D I A G O N A L  ELEMENT I N  A ROW B E I N G  R, REDU 2 8 0  
210HEMOVED / REDU 2 8 5  

T A P E A  = 1 REDU 2 9 0  
T A P E B  = 2  REDU 3 0 0  

REDU 3 1 0  
S E T  U P  IRWTOR W I T H  THE ROWS TO B E  REDUCED I N  DESCENDING ORDER REDU 3 2 0  

REDU 3 3 0  
I RWKP ( I R E D T O + l )  =O 
J = l  
I R W T O R ( l ) = O  
I F  (1REDTO.EQoNROW) GO TO 3 0  
NRWTOR=NROW-IREDTO 
LAST=NRWTOR+ l  
DO 2 0  I= l ,NROW 
I F  ( I . E Q . I R W K P ( J ) )  GO TO 1 0  
L A S T = L A S T - 1  
I R W T O R ( L A ' S T I = I  
GO TO 20 
J=Jt l  
C O N T I  NUE 
C O N T I N U E  

W R I T E  S T I F F N E S S  M A T R I X  ON TAPEA 6 Y  ROWS, W I T H  THE E X C E P T I O N  
THAT THE F I R S T  ROW TO B E  REMOVED I S  STORED I N  ROWNXT 

REDIJ 3 4 0  
REDU 3 5 0  
REDU 3 6 0  
REDU 3 7 0  
REDU 3 8 0  
REDU 3 9 0  
REDU 400 
REDU 4 1 0  
REDU 4 2 0  
REDU 4 3 0  
REDU 4 4 0  
REDU 4 5 0  
REDU 4 6 0  
REDU 473 
REDU 4 8 0  
REDU 4 9 3  
REDU 5 0 0  



C 
REWIND TAPEA 
L =  1 
DO 1 6 0  I=19NROW 
I F = 1  

4 0  L = L i l  
I F  ( I S T S T F ( L ) e L T . O )  GO TO 1 1 0  
I C = I S T S T F ( L )  
I F  ( I C e G T e I F )  GO TO 7 0  

5 0  I L =  J C i 5  
DO 6 0  J = I F 9 I L  
L = L + 1  
I F  (ABSISTHSTF(L))aLT.leE-81 STRSTF(L)=O.O 
I F  ( S T R S T F ( L I e E Q . O e 0 )  GO TO 6 0  
I F  ( INDWTS eNE. 0  CALL WRSTRK ( I, J, S T R S T F ( L 1  ) 

60 S M ( J I = S T R S T F ( L )  
I F = I L + l  
GO TO 4 0  

7C I L = I C - 1  
I F  ( IFeEQeOeOReIL.EQ.0)  GO TO 8 0  
I F  (IABS(IF)eLTe444.AND.IABS(IL).LT.444) GO TO 9 0  

8 0  CONTINUE 
WRITE ( 6 , 3 4 0 1  I F 9 I L  
I F = L - 2 0 0  
I L=L+ZOO 
WRITE ( 6 , 3 5 0 )  ( S T R S T F ( J ) , J = I F , I L )  
WRITE ( 6 , 3 6 0 1  ( I S T S T F ( J ) , J = I F , I L )  
STOP 

9 0 CONTINUE 
DO 1 0 0  J = I F 9 I L  

1 0 0  SM( J ) = O e O  
I F = I C  
GO TO 5 0  

1 1 0  CONTINUE 
I F  ( IFeGT-NROW) GO TO 1 3 0  
DO 1 2 0  J=IFINROW 

1 2 0  SM(  J)=O.O 
1 3 0  CONTINUE 

I F  ( I e N E e I R W T O R ( 1 1 )  GO TO 1 5 0  
DO 1 4 0  J=l,NROW 

1 4 0  ROWNXT(J )=SM(J )  
GO TO 1 6 0  

C PACK AND WRITE THE ROW I N  BLOCK FORMAT 
1 5 0  C A L L  PACK ( S M ( l ) r  NROW, I O B U F (  1 ) 

KWRIT = I O E U F ( 1 )  
WRITfi( TAPEA KWRITI ( I O B U F ( J ) 9 J = l , K W R I T  

1 6 0  CONTINUE 
C P R I N T  LAST L I N E  

I F  ( INDWTS ~ N E o  0 1  CALL  W R S T R K ( - l , - l , l e )  
DO 1 7 0  J=19NROW 

1 7 0  I R C P S T ( J ) = J  
C 
C SET NUMBER OF A C T I V E  ROWS 
C 

NACTRW=NROW 
KREAD = 0 

REDU 5 1 0  
REDU 5 2 0  
REDU 5 3 0  
REDU 5 4 0  
REDU 5 5 0  
REDU 5 6 0  
REDU 5 7 0  
REDU 5 8 0  
REDU 5 9 0  
REDU 6 0 0  
REDU 6 1 0  
REDU 6 2 0  
REDU 6 3 0  
REDU 6 4 0  
REDU 6 5 0  
REDU 6 6 0  
REDU 6 7 0  
REDU 6 8 0  
REDU 6 9 0  
REDU 7 0 0  
REDU 7 1 0  
REDU 7 2 0  
REDU 7 3 0  
REDU 7 4 0  
REDU 7 5 0  
REDU 7 6 0  
REDU 7 7 0  
REDU 7 8 0  
REDU 7 9 0  
REDU 8 0 0  
REDU 8 1 0  
REDU 8 2 0  
REDU 8 3 0  
REDU 8 4 0  
REDU 8 5 0  
REDU 8 6 0  
REDU 8 7 0  
REDU 8 8 0  
REDU 8 9 0  
REDU 9 0 0  
REDU 9 1 0  
REDU 9 2 0  
REDU 9 3 0  
REDU 9 4 0  
REDU 9 5 0  
REDU 9 6 0  
REDU 9 7 0  
REDU 9 8 0  
REDU 9 9 0  
REDUlOOO 
R E D U l O l O  
REDU1020 
REDU1030 
REDU1040 
REDU1050 
REDUlO6O 



START O F  LOOP TO REDUCE STRUCTURAL S T I F F N E S S  M A T R I X  

I COUNT=O R E D U 1 1 1 2  

SAVTOT=O R E D U 1 1 1 4  
K W R I T l =  4 4 0 2  R E D U 1 1 2 0  
K W R I T  = 2 5 0 2  R E D U 1 1 3 0  
R E W I N D  9 R E D U 1 1 4 0  
IRWTOR(NRWTOR+ l )=O  R E D U l l 5 O  
DO 3 1 0  IRWR= l rNRWTOR R E D U 1 1 6 0  
R E W I N D  TAPEA R E D U 1 1 7 0  
R E W I N D  TAPEB R E D U 1 1 8 0  
I R O W = I R W T O R ( I R W R I  R E D U 1 1 9 0  
I R l = I R C P S T ( I R O W )  R E D U 1 2 0 0  
I F  ( IRWR-NE-NRWTOR)  GO TO 1 8 0  R E D U 1 2 1 0  

C REDUCE K W R I T l  TO F I T  L A T E R  BUFFER L I M I T S  R E D U 1 2 2 0  
K W R I T l =  2 8 3 0  REDIJ1230  
I R 2 = 0  R E D U 1 2 4 0  

C I R 1  CURRENT P O S I T I O N  (ROW + COL. NO.) OF ROW B F I N G  R E D U 1 2 5 0  
C REMOVEDREDU1260 
C I R 2  CURRENT P O S I T I O N  OF NEXT ROW TO BE REMOVED R E D U 1 2 7 0  
C R E D U 1 2 8 0  

GO TO 190 R E D U 1 2 9 0  
1 8 0  I R Z = I R W T O R ( I R W R + l )  R E D U 1 3 0 0  

I R 2 = I R C P S T ( I R Z )  R E D U 1 3 1 0  
1 9 0  C O N T I N U E  R E D U 1 3 2 0  

I R R = I R l - 1  R E D U 1 3 3 0  
C R E D U 1 3 4 0  
C B U I L D  TRANSFORMATION M A T R I X  OF ORDER (NACTRW)*(NACTRW-1)  R E D U 1 3 5 0  
C SAVE ONLY L A S T  ROW, S I N C E  F I R S T  NACTRW-1 ROWS ARE THE R E D U 1 3 6 0  
C I D E N T I T Y  MAT4 I X REDrJl .370 

NACTR2sNACTRW-1 REDU1.380 
S P V E = R O W N X T ( I R l )  RED(J1390  
I C O U N T = I C O U N T + l  RED111 3 9 2  
SAVTOT = SAVTOT + A B S ( S A V E )  R E D U 1 3 9 4  
AVSAVE=SAVTOT/ ICOUNT R E D U 1 1 9 6  
IF(SAVE.EQ.0 . )  C A L L  E R P N T l ( E R Z 9 9 1 2 9 1 )  RED111400 
IF(AYS(SAVE)/AVSAVE.LT.l.F-06) C A L L  E R P N T l ( E R S D 9 1 3 , O )  R E D U 1 4 0 5  
DO 2 0 0  I = l , I R R  R E D U 1 4 1 0  

2 3 0  T (  I ) = - R O W N X T ( I ) / S A V E  R E D U 1 4 2 0  
I F  ( . I R 1  .GT. NACTR2 ) GO TO 2 1 2  R E D U l 4 3 0  
DO 2 1 0  I = I R l , N A C T R 2  R E D U 1 4 4 0  

2 1 0  T ( I ) = - R O W N X T ( I + l I / S A V E  R E D U 1 4 5 0  
2 1 2  C O N T I N U E  R E D U 1 4 6 0  

C +3t*++++3t++ R E D U 1 4 7 0  
f R E D U 1 4 8 0  - 
C SAVE L A S T  ROW OF TRANSFORMATION M A T R I X  ON F I L E  U N I T  9 R E D U 1 4 9 0  
C R E D U 1 5 0 0  

W R I T E ( 9 )  ( T ( K ) 9  K = l * N A C T R 2 )  R E D U 1 5 1 0  
r R E D U 1 5 2 0  
L 

C START LOOP TO PROCESS A C T I V E  ROW I N  COORDINATE REDUCTION R E D U 1 5 4 0  
r R E D U 1 5 5 0  



C READ S T I F F N E S S  M A T R I X  ROW9 I C R N T R  
C BREAK DOWN THE I N P U T  BLOCKS 

I F  ( KREAD r G T e  K R E A D l  GO TO 2 1 5  
K R E A D 1  = 1 
R E A D  ( TAPEA ) KREAD,( S T R S T F ( I ) , I = l , K R E A D  

2 1 5  C A L L  UNPACK ( S T R S T F (  K R E A D l  1 9  NACTRW, S M ( 1 )  ) 

K R E A D l  = K R E A D l  + I S T S T F ( K R E A D 1 )  
C 
C 

S A V E = S M ( I R l )  
I F  ( S A V E e N E e O e )  GO TO 2 3 0  
I F  ( I R 1  eGTe NACTRZ GO TO 2 6 0  
DO 2 2 0  I = I R l , N A C T R 2  

2 2 0  S M ( I ) = S M ( I + l )  
GO TO 2 6 0  

2 3 0  DO 2 4 0  I = l , I R R  
2 4 0  S V ( I ) = S M ( I ) + S A V E * T ( I )  

I F  ( I R 1  .GTe NACTR2 GO TO 2 6 0  
DO 2 5 0  I = I R l , N A C T R Z  

2 5 0  S M ( I ) = S M ( I + l ) + S A V E * T ( I )  
2 6 0  C O N T I N U E  
C 
C I F  T H I S  ROW I S  THE NEXT TO B E  REMOVED* SAVE 
C 

I F  ( I C R N T R e N E . I R 2 )  GO TO 2 8 0  
DO 2 7 0  1 = 1 9 N A C T ? 2  

2 7 0  ROWNXT ( I =SM ( I 
I F  ( ICRNTR eNE. NACT?2  GO T O  2 9 0  
I F  ( K W R I T  eNEe 2 5 0 2  GO TO 2 8 5  
GO TO 2 9 0  

C 
C W R I T E  THE REDUCED ROW ON TO TAPES 
C 
C BLOCK OUTPUT 

2 8 0  C A L L  PACK ( S M ( l ) ,  NACTR2, S T R S T F ( K W R 1 T )  
K W R I T  = K W R I T  + I S T S T F ( K W R I T 1  
I F  ( I C R N T R  eEQ. NACTR2 ) GO T O  2 8 5  
I F  ( K W R I T  e L T e K W R I T 1 )  GO TO 2 8 7  

2 8 5  I S T S T F ( 2 5 0 1 )  = K W R I T  - 2 5 0 2  
K W R I T  = K W R I T  - 1 
W R I T E (  TAPEB ) (  S T R S T F ( I ) *  I =  2 5 0 1 9  K W R I T  ) 

KSJRIT = 2 5 0 2  
2 8 7  C O N T I N U E  

C 
2 9 0  C O N T I N U E  
C 
C REVERSE READ/WRITE  TAPE VALUES 
C 

I =TAPEA 
TAPEA=TAPEB 
T A P E B = I  

C ********** 
C 
C UPDATE I R C P S T  ARRAY TO A D J U S T  FOR THE ROW + 
C 

IRCPST(IROW)=-IRCPST(IR0W) 

R E D U 1 5 9 0  
R E D U 1 6 0 0  
R E D U 1 6 1 0  
R E D U 1 6 2 0  
R E D U 1 6 3 0  
R E D U 1 6 4 0  
R E D U 1 6 5 0  
R E D U 1 6 6 0  
R E D U 1 6 7 0  
R E D U 1 6 8 0  
R E D U 1 6 9 0  
R E D U 1 7 0 0  
R E D U 1 7 1 0  
R E D U 1 7 2 0  
R E D U 1 7 3 0  
R E D U 1 7 4 0  
R E D U 1 7 5 0  
R E D U 1 7 6 0  
R E D U 1 7 7 0  
R E D U 1 7 8 0  

THE ROW I N  RCWNXT R E D U 1 7 9 0  
R E D U 1 8 0 0  
R E D U 1 8 1 0  
REDIJ1820  
R E D U 1 8 3 0  
R E D U 1 8 4 0  
R E D U 1 8 5 0  
R E D U 1 8 6 0  
REDIJ1870  
R E D U 1 8 8 0  
R E D U 1 8 9 0  
R E D U 1 9 0 0  
R E D U 1 9 1 0  
R E D U 1 9 2 0  
R E D U 1 9 3 0  
R E D U 1 9 4 0  
R E D U 1 9 5 0  
R E D U 1 9 6 0  
R E D U 1 9 7 0  
R E D U 1 9 8 0  
R E D U 1 9 9 0  
R E D U 2 0 0 0  
R E D U 2 0 1 0  
R E D U 2 0 2 0  
R E D U 2 0 3 0  
R E D U 2 0 4 0  
R E D U 2 0 5 0  
R E D U 2 0 6 0  
R E D U 2 0 7 0  
R E D U 2 0 8 0  
R E D U 2 0 9 0  

COLUMN REMOVED R E D U 2 1 0 0  
R E D U 2 l l O  
R E D U 2 1 2 0  



K =  I ROW+l 
DO 3 0 0  I=K,NROW 
I F  ( I R C P S T ( I ) . L T - 0 )  GO TO 3 0 0  
I R C P S T ( I ) = I R C P S T ( I ) - 1  

3 G 0  C O N T I N U E  
C 
C UPDATE NO. OF A C T I V E  ROWS 
C 

NACTRW=NACTR2 
3 1 0  C O N T I N U E  
C 

C COPY S T I F F N E S S  M A T R I X  TO CORE 
C 
3 2 0  C O N T I N U E  

I R R = O  
R E W I N D  TAPEA 
DO 3 3 0  I = l r N A C T R W  

C 
C BREAK DOWN THE I N P U T  BLOCKS 
C 

I F  ( KREAD .GT. K R E A D l  ) GO TO 3 2 5  
K R E A D 1  = 1 
R E A D  ( TAPEA KREAD, ( I O B U F ( I ) ,  I = l r  KREAD 

3 2 5  C A L L  UNPACK ( I O B U F (  K R E A D l  1 ,  NACTRWs S M ( 1 )  ) 

K R E A D l  = K R E A D l  + I O B U F (  K R E A D l  
DO 3 3 0  J=l ,NACTRW 
I R R = I  RR+1 

3 3 0  S T R S T F ( I R R ) = S M ( J )  
C 
C REVERSE THE RECORD P O S I T I O N  I N  THE TRANSFORMATION 
C M A T R I X  F I L E  AND P L A C E  ON U N I T  1 
C 

IF( IREDTOmEQ.NROW) RETURN 
REWINCl 1 
NACTRW = I R E D T O  
DO 3 3 5  I = 1, NRWTOR 
BACKSPACE 9 
R E A D ( 9 )  ( S M ( L )  9L=1,  NACTHW) 
W R I T E ( l I ( S M ( L ) , L = l ,  NACTRW) 
BACKSPACE 9 
NACTRW = NACTRW + 1 

3 3 5  C O N T I N U E  
C 

RETURN 
C 
3 4 0  FORMAT ( 7 H  I F  I L  , 2 1 1 0 )  
3 5 0  FORMAT ( 1 0 E 1 2 - 5 )  
3 6 0  FORMAT ( 1 0 1 1 2 )  

END 



S U B R O U T I N E  STFMAS ( S T R S T F V A M A S S ~ M O R D E R )  
D I M E N S I O N  STRSTF(MORDERsMGRDER) ,  A M A S S ( 1 )  

COMPUTE ( M I * * - 1 / 2  = ( ( M I * * - 1 / 2 ) T  FOR D IAGONAL  M A T R I X  

DO 1 0  I = l r M O R D E R  
AMASS ( I ) = l /SQ i?T  ( A P l A S S o  ) 

COMPUTE ( ( M ) * * - 1 / 2 1 T  * ( K )  8 ( P I * * - 1 / 2  
S T O R E  THE RESIJLT IN LOWER TSIANGLE IYCL'JDTFIG PI n G n v n L  

FORMAT 1hl  K 
DO 2n I= l ,MORDER 
DO 20 J=I ,MORDER 
S T R S T F ( I , J ) = S T R S T F ( I 9 J ) * A P d A 5 2 ( J )  
LOCSTF=O 
DO 30 I=19MORDER 
DO 3 0  J = 1 9 I  
L O C S T F = L O C S T F + l  
S T R S T F ( L O C S T F s l ) = S T R S T F ( J 9 I ) * A M A S S ( J )  
RETURN 
END 

5TFM 1 0  
STFM 2 0  
STFM 3 0  
STFM 4 0  
STFM 5 0  
STFM 6 0  
STFIVI 7 0  
S T F %  8 0  
STFp>i  9 0  
CTFr l  1 0 9  
STFt.1 1 1 0  
5TFb4 1 2 0  
STFM 1 3 0  
STF '?  1 4 D  
STFFl 1 5 0  
STFIb: 160 
STFI.1 1 7 0  
STFbl  1 8 0  
STFM 1 9 0  
STF;I 2 0 0  
STFM 2 1 0  



SLJEROUTINE F N A L E V  ( EGVECT,AYASS~PORDER ,MEIGVL,NRO'~!,NRLITC?R 9 ~ 9 ~ 2  9 IR!dFNAL 1 0  
1 K P q I R W T O R )  F N A L  2 0  

D I X E N S I O N  T 2 ( 1 ) 9  I R W K P ( l ) ,  I R W T O R ( 1 )  
D I M E N S I O h  A M A S S ( 1 1 ,  E G V E C T ( 1 ) r  T ( 1 )  

CALCULATE E IGENVECTORS FOR THE NOi'l-REDUCED Y A T R I X  FROK 
TRANSFORMATION M A T R I C E 5  5TORFD I N  F I L E  9  PY SIJRROIITINF 
REDUCE 

R E W I N D  1 
N4CTRW=MORDER 
DO 9 0  I = l r N R W T O R  
R E A D  ( 1 )  ( T ( L )  r L = l r N A C T R Y )  
I F  ( I e E Q . 1 )  GO TO 4 0  
I 4 = 1  
I l = l  
I2=I\!RWTOR 
13=MORDER+ l  
DO 30 J = l , N A C T R N  
I F  ( I 4 . E Q . I )  GO TO 1 0  
I F  (IRWKP(Il).GT.IRklT3R(I2)) GO TO 2 0  
T 2 ( 1 1 ) = T ( J )  
I l = I l + i  
GO TO 3 0  
T 2 ( 1 3 ) = T ( J )  
I 2 = 1 2 - 1  
I 3 = 1 3 + 1  
I 4 = 1 4 + 1  
C O N T I  lJUE 
GO TC 6 C  
CONT I NlJE 
LO 5 0  J= l ,NACTQb!  
T ? ( J ) = T ( J )  
C O N T I N U E  
K=O 
DC 8 5  J = l r 5  
SAVE=C)*O 
DO 70 V=19NPCTRW 
L = K+K 
SAVE=SAVE+T2  ( ? l ) * i G V E C T  ( L  
E G V E C T ( L + l ) = S A V t  
K= K+NROS4 
N4CTRb!=NACTRW+l 
C O ? ? T I  F U E  
RETURN 
F P D  

F N A L  3 0  
F N A L  4 0  
F N A L  5 0  
F N A L  6 0  
FF!AL 7 0  
F N A L  8 0  
F N A L  9 0  
FNPL  1 0 0  
F N A L  1 1 0  
FNAL  1 2 0  
F N A L  1 3 0  
F N A L  1 4 0  
FNAL  1 5 0  
F N A L  1 6 0  
F ivAL 1 7 0  
F N A L  1 8 0  
F N A L  1 9 0  
FNAL  2 0 0  
FNAL  2 1 0  
FNAL  2 2 0  
FNAL  2 3 0  
F N A L  2 4 0  
FNAL  350 
F N A L  2 6 0  
FIJAL 2 7 0  
F N A L  2 8 0  
F N A L  2 9 0  
F N A L  3 0 0  
FNAL  3 1 0  
FNAL  3 2 0  
F N A L  ? 3  0 
F N A L  3 4 0  
F N A L  '350 
FNAL  3 6 0  
F N A L  3 7 0  
F N 4 L  3 8 0  
F N A L  390 
F N A L  4 0 0  
F N A L  4 1 0  
F N A L  4 2 0  
F N A L  4 3 0  
FNPL b 4 0  
FL?AL  4 5 0  
F'!CL 4 6 0  



SU6ROUT:NE EEPNT (EGVALU,EGVECT,NEIGVL9NROW) 
D I M E N S I O N  E G V A L U ( l ) ,  E G V E C T ( 1 )  

C 
K l = l  
K2=NRObl 
DO 1 0  I = l , N E I G V L  
W R I T E  ( 6 r 2 0 )  I g E G V A L Y ( 1 )  

C I F  ( I .  e L T *  7 GO TO 40 
W R I T E  ( 6 , 3 0 1  ( E G V E C T ( K ) , K = K l , K Z I  
K  l=K. l+NROW 
K2=K2+NROW 

1 0  C O N T I  NIJE 
RETURN 

C  
2  0 FORMAT ( 1 3 H O  E I G E N V A L I J E ( 9 1 2 9 3 H )  =,E14.7)  
3 0 FORMAT ( 1 0 X 3 0 H  THE CORRESPONDING EIGENVECTOR/(lOXlOEl2.4)) 

END 

EEPN 1 0  
EEPN 2 0  
EEPN 3 0  
EEPN 4 0  
EEPN 5 0  
EEPN 6 0  
EEPN 70 
EEPRI 8 0  
EEPN 9 0  
EEPN 1 0 0  
EEPN 1 1 0  
EEPW 1 2 0  
EEPF! 1 3 0  
EEPF; 1 4 0  
EEPN 1 5 0  
EEPFl 1 6 0  
EEPtJ 1 7 0  



S U P R O U T I N E  T R I D I A  (NR,R,A,PQ) T P I O  10 
TK I - D I A G O N A L I Z E S  SYtJfi4ETRIC PATR I X EY HOUSEHOLDER FlETHOD T R I D  2 0  

NR = ORDER OF M A T R I X  T R I D  3 0  
R = 1 -D IMENS I O N A L  ARRY OF N R / 2 *  ( N F + 1 )  ELEMEYTS T R I D  4 0  

1. C O N T A I N S  LOWER TR IANGULAR PART  P L U S  D IAGONAL  OF K P T R I X  T R I D  5 0  
2. AFTER T R I P L E - D I A G O N A L I Z A T I O N  CONTAINS  T d E  D I A G O N A L  D L U 5  T R I D  6 0  

Y VECTORS T R I D  70 
A = 1 - D I M E N S I O N A L  ARRAY O F  NR ELEMENTS, CONTAINS  D IAGONAL  T R I D  8 0  

ELEMENTS OF T R I P L E - D I A G O N A L  ?4ATR I X  T R I D  3 0  
PQ = 1 - D I M E N S I O N A L  ARRAY O F  NR ELEVENTS9  T R I D  1 0 0  

1. CONTAINS  ELEMFNTS OF P VECTOR T R I D  110 
2. CONTAINS  FLEMENTS OF G VECTOR T R I D  1 2 0  
3. CONTAINS  T Y E  O F F - D I A G 3 N A L  TERM OF TRIPLE-DI ' lGOY4L M,'T'?IX T R I D  I 3 0  

( E N D  RESULT  = ( 3 ) 1  T R I D  140 
D I Y E N S I O K  R ( l l  r P Q ( 1 )  , & ( I )  T R I D  1 5 0  
I A = @  T R I D  1 6 0  
NR 1=NR-1  T R I D  1 7 0  
DO 1 8 0  I = 2 9 N R 1  T R I D  1 8 0  
I A = I 4 + 1  T R I D  1 9 0  
C A L C U L A T k  ELEMENTS O F  W VECTOR 
S=O. 
JA= I A 
DO 10  J = I , N F  
S = S + R ( J A I * * 2  
J P = J A + J  
C O N T I M U F  
S S = S O R T ( S )  
P G ( I - l ) = - S I G N ( S S 9 R ( I A )  
I F  ( 5 )  2 0 , 1 9 0 1 2 0  
X = - P Q ( 1 - 1 ) / S  
R (  I A ) = S Q R T (  .500Q(:.CO+R( I t I ) * X ) )  
I F  ( 5 )  5 0 , 4 0 9 5 0  
R ( I A )  =Oe 
I F  ( R ( I A ) )  6 0 ~ 2 0 0 9 6 0  
X= .5@"*X /R (  I A )  
J A = I A  
DO 8 0  J = I , N R l  
J A =  J A + J  
R ( J A ) = X * R ( J 4 )  
C O N T I N U E  
C A L C U L A T E  ELEblENTS O F  P VECTOR 
J A I = I A + l  
DO 1 3 0  J= I ,NK  
J A = J A I  
K A =  I A  
P Q (  J ) = O e  
DO 1 2 C  K = I p N R  
P O ( J ) = P O ( J ) + R ( Y A ) * R ( J A )  
I F  ( K - J )  9 0 9 1 0 0 9 1 0 0  
J A =  J A + 1  
GO TC; 1 1 0  
J A =  JA+K  
KA=KA+K 
C O N T I  NUE 
J . A I = J A I + J  

T R I D  2 0 0  
T R I D  2 1 0  
T R I O  2 2 P  
T R I D  Z ? 0  
T P I D  2 4 0  
T R I D  2 5 0  
T R I D  2 6 0  
T R I D  2 7 0  
T R I D  2 6 0  
T R I D  2 9 0  
T R I D  3 0 0  
T R I D  3 1 0  
T R I O  3 2 0  
T R I D  3 3 0  
T R I D  13&0 
T D I D  3 5 0  
T R I D  3 6 n  
T R I D  1 7 0  
T R I D  3 8 0  
T R I D  3 9 0  
T R I D  4 0 3  
T R I D  4 1 0  
T R I D  42r? 
T R I D  4 3 0  
T R I D  4 4 0  
T R I D  4 5 0  
T R I D  4 6 0  
T R I D  4 7 0  
T R I D  4 8 0  
T R I D  4 9 0  
T R I D  5 0 0  
T R I D  5 1 0  
T R I D  5 2 0  
T R I D  5 3 0  
T R I D  5 4 0  
T R I D  5 5 0  



CONT I NUE 
C A L C U L A T E  E L E M E N T S  O F  Q VECTOR 
AK=O. 
J P = I A  
DO 1 4 0  J = I t N R  
A K = A K + R ( J A ) + P Q ( J )  
J A =  J A + J  
C O N T I  NUE 
AK=2.00*AK 
J A = I A  
DO 1 5 0  J = I s N R  
P Q ( J ) = Z . O O * P Q ( J ) - A K * R ( J A )  
J A = J A + J  
C O N T I  NUE 
C A L C U L A T E  E L E M E N T S  O F  NFW R  K A T R I X  
K K = I A  
J A =  I A  
DO 1 7 0  J= I ,NR 
K A = I A  
00 1 6 0  K = I , J  
K K = K K + 1  
R ( K K ) = R ( K K ) - P C ( I < ) * R ( J 4 ) - R ( K A ) + i P O ( J )  
K A = K A + K  
C O N T I  NI.JE 
Y K = K K + I - 1  
J A = J A + J  
CONT I NClE 
CCNT I NUE 
GO TO 2 1 0  
X=O. 
GO TO ?G 
X = O .  
GO TO 7 G  
S 3 R T  A L P H A S  APY3 B E T A S  
I A = O  
DO 2 2 0  I = l , N R  
I & = I A + I  
A ( I ) = R ( I P )  
CGNT I NIJE 
P Q ( N R ) = R (  I A - 1 )  
N=NR 
N = N - 1  
P Q ( N ) = P Q ( N - 1 )  
I F  ( 2 - N )  2 3 0 3 2 4 0 t 2 4 0  
P G ( l ) = O .  
R E T U R N  
E N D  

T P I D  5 0 0  
T R I D  5 7 9  
T R I D  5 8 0  
T R I D  5 9 0  
T R I D  6 0 0  
T K I D  610 
T R I D  6 2 0  
T R I D  630 
T R I D  6 4 0  
T R I D  6 5 0  
T R I D  6 6 0  
T R I O  6 7 0  
T 3 1 D  6 3 0  
T R I D  6 9 0  
T Z I D  7 0 0  
T P I O  7 1 0  
T ? I D  7 2 0  
T ? I D  7 3 0  
T R I D  7 4 0  
T R I D  7 5 0  
T i i I D  7 6 0  
T R I O  771) 
T K I D  7 8 0  
T R I D  7 9 0  
TP13 3 0 0  
T ? I D  8 1 0  
T'IID e z o  
T X I D  8 3 0  
T ? I D  840  
T ? I D  8 5 0  
T ? I D  8 6 0  
T R I D  8 7 0  
T i I D  8 8 0  
T - ? I D  8 9 0  
T i I D  9 0 0  
T ? I D  9 1 0  
T R I D  9 2 0  
T ? I Q  9 3 0  
T R I D  9 4 0  
T i I D  9 5 0  
T ? I D  9 6 0  
T i I D  9 7 0  
T213 9 3 0  
T Q I D  9 9 0  
T ? I 1 > 1 0 0 0  
T l i I D 1 0 1 9  
T R I D 1 9 2 9  



S U E R O U T I N E  E I G V A L  ( LP,E,Pl,8,F,!h!,!JVAL) E I V L  10 
FINDS E IGENVALUES OF TRI-DIAGONAL ?ATR ICES HY O R T ~ G A  METHOD EIVL 2 0  

L P  = OIIDEF! 3 F  ?.!ATRIX E I V L  3 0  
E = 1 - D I M E N S I O N A L  ARRAY O F  L P  ELEMEbJTS. THE E I G E N V A L U F S  ARE E I V L  4 0  

STORED I N  T H I S  ARRAY I N  ASCENDING ORDER E I V L  5 0  
A = 1 - D I M E N S I O N A L  ARRAY OF L P  ELEMENTS. C O N T A I N S  D IAGONAL  E I V L  6 0  

ELE14ENTS OF T R I  P L E - D I  AGONAL VATR I X  E I V L  7 0  
I3 = 1-DIPIENS IOY3 .L  ARRAY O F  L P  ELEMEr!TS. C O N T A I N S  OFF-DIAGORI?LEI  V L  8 0  

ELEMENTS OF TRIPLE-DIP. ( -CNAL Y A T R I X  E I V L  9 0  
F AND t.1 = 1-DIME~!SION A R R A Y  OF LP E L E Y E N T ~  EACH I I S F D  A,? EIVL 1nn 

!j!ORK AREAS F I V L  110 
!"?VAL = NUMBER OR EIGENVALI-JES TO BE CALCULATED*  E I V L  1 2 0  

3 I M E N S I C N  E ( 1 )  , ~ 3 ( l ) , f . ! ( l ) r F ( 1 ) 9 ~ . q ! ( l )  E I V L  131) 
F I Y 1 '  3PPER AN? LOWER HOIl!\ICS AND N O R Y A L I Z E  INP!.JT E I V L  1 4 0  
i ? D = A Y S ( A ( l ) )  E I V L  1 5 0  
DO 1 0  I = ~ Y L P  E I V L  1 6 0  
BC=A%AXl(BP,A?S(A(I))+R(I)**2~0.00) E I V L  1 7 0  
BD=BD+ l .  E I V L  1 8 0  
GO 23 I = l y L P  E I V L  1 9 0  
A ( I ) = A ( ; ) / H D  E I V L  2 0 0  
b ( ! ) = Y ( I l / B L  E I V L  2 1 0  
' rJ( I ) = l .  F I V L  2 2 0  
E (  I ) = - I -  E I V L  2 3 0  
DO 2 3 C  K = l . P I V A L  E I V L  2 4 0  
I F  ( ( b ~ ( K ) - E ( K ) ) / A l \ ' i A X 1 ( A R S ( V ( I ( . l ) , b E S ( E ( K ) ) ~ l . ~ E - 9 ) - 1 . O E - ~ 2 )  2 3 0 ~ 2 3 0 E I V L  2 5 0  

1 9 4 0  E I V L  2 6 0  
X = ( V ( K ) + E ( K ) ) * . 5  E I V L  2 7 0  

F I K D  N U ~ ~ ~ i 2 E R  OF E I G E N V A L U E S 9  N, GREATER THAN OR EQUAL  TO X E I V L  2 8 0  
5 2 = 1 .  E I V L  2 9 0  
I S 2 = i  E I V L  3 0 0  
F ( i ) = A ( i ) - X  E I V L  3 1 0  
IF ( ~ ( i ) )  5 0 ~ 6 0 ~ 6 ~  E I V L  3 2 0  
I S 1 = - 1  E I V L  3 3 0  
S1= -1 .  E I V L  3 4 0  
F = P  FIVL 3 5 n  
GO TO 7 0  E I V L  3 6 0  
I S l = l  E I V L  3 7 0  
S 1 = 1 e  E I V L  3 8 0  
N =  1 E I V L  3 9 0  
DO 1 7 0  1 = 2 9 L P  E I V L  4 0 9  
I F  ( B ( I ) )  8 0 9 1 2 0 9 R P  E I V L  4 1 0  
I F  ( ~ ( 1 - 1 ) )  90 ,1 '30 ,00  E I V L  4 2 0  
I F  (kSS(F(I-l)I+A~S(F(~-2))-1.OE-15) 1 0 0 ~ 1 1 0 9 1 1 0  E I V L  4 3 0  
F ( ; - l ) = F ( I - l ) * l . O € 1 5  E I V L  4 4 0  
F ( I - Z ) = F ( 1 - 2 ) * 1 . 0 E 1 5  E I V L  4 5 0  
F(I)=(A(I)-X)*F(I-1)-3(J)*+t2*F(I-2) E I V L  4 6 0  
GiC T 3  1 4 0  E I V L  4 7 0  
F (  I )=(;.(I )-X)*.C.I(;N(I.O~,~I) EIVL 4 8 0  
GO TC? 1 4 0  E I V L  4 9 0  
F(I)=(P(I)-X)*F(I-1)-SI~b.!(P(I)**2~S2) E I V L  5 0 0  
S 2 = 5 l  E I V L  5 1 0  
I S 2 = 1 . 5 1  E I V L  5 2 0  
I F  ( F ( 1 ) )  1 5 0 , 1 6 0 , 1 5 0  E I V L  5 3 0  
S l = . S I G N ( A U S ( S I )  , F (  I )  E I V L  5 4 0  
I S l = S l  E I V L  5 5 0  



I F  ( I S Z + I S l )  1 6 0 ~ 1 7 0 , 1 6 0  
N = N + l  
C O N T I N U E  

TRAP E I G E N V 4 L U E S  I N  SMALLER AND SMALLER BOUNDS 
N=LP-M 
I F  ( N - K )  2 0 0 ~ 1 8 0 9 1 8 0  
DO 190 J=K9N 
I d (  J ) = X  
N = N + l  
I F  ( L P - N )  3 0 , 2 1 0 9 2 1 0  
DO 2 2 0  J=N,LP 
I F  ( X - E ( J I )  3 0 , 3 0 9 2 2 0  
E ( J ) = X  
GO TO 30  
C O N T I  NLlE 

RESTORE I N P U T  ARD ORDER F I G E N V A L U E S  
DO 2 4 0  I = l , L P  
A ( I ) = A ( I ) * B D  
B( I ) = S ( I  ) *RD 
DO 2 5 0  I = l , M V A L  
E ( I ) = ( w ( I ) + E ( I ) ) ~ ~ D + . ~  
RETURN 
END 

E I V L  5 6 0  
E I V L  5 7 0  
E I V L  5 8 0  
F I V L  5 9 0  
E I V L  6 0 0  
E I V L  6 1 0  
E I V L  6 2 9  
E I V L  6 3 0  
E I V L  6 4 0  
E I V L  6 5 0  
E I V L  6 6 0  
E I V L  6 7 0  
E I V L  6 8 0  
E I V L  6 9 9  
E I V L  70 r !  
E I V L  7 1 0  
E I V L  7 2 0  
E I V L  7 3 0  
E I V L  7 4 0  
E I V L  7 5 0  
E I V L  7 6 0  
E I V L  7 7 0  
E I V L  7 8 0  



S U B R O U T I N E  E I G V E C  (NR,E,R,ArC,V,P,Q) 
G I V C N  AN E IGENVAL \JE ,  F I R 3  THE CCRRESPONDING EIGENVECTOR U S I N G  

W I L K I N S O N  METHOD 
NR = ORDER CF F iATRIX  
R  = 1 -D IC iENSION ARRAY OF N R / Z * ( N R + l )  ELEMENTS C O N T A I N I N G  

THE W VECTOR 
E  = E I G E N V A L U i  
A = 1 - D I M E N S I O N  ARRAY OF NR ELEMENTS C O N T A I N I N G  D IAGONAL  

TERMS OF T R I P L E - D I A G O N A L  M A T R I X  
B = 1 - D I M E N S I G N  ARRAY OF NR ELEMENTS C O N T A I N I N G  OFF-DIAGONAL 

TERMS OF T R I P L E - D I A G O N A L  S!ATRIX 
V  = 1 - D I M E N S I O N  ARRAY OF NR ELEMENTS C O N T A I N I N S  THF  

E I G E N V r C T O R  OF THE OR I G I N A L  S Y M Y E T R I C  :\4ATRIX 
F AND G = 1 -D IWENSIONAL  ARRAYS OF NR ELEMENTS EACH USED AS 

!~!01?K AREAS 
C I % E N S I O N  R ( 1 ) , . 4 ( 1 ) , 3 ( l ) , V ( l ) ~ P ( l ) ~ Q ( l )  
NR 1=NR-1  
S E T  UP S IMULTANEOUS EQUATIONS 1.E. COMPUTE P 9  Q *  R 
X = A ( 1  ) - E  
Y = R ( 2  ) 
DO 7 0  I = l , N R l  
I F  ( A B S ( : 3 ( I + l ) ) - A B S ( X ) )  3 0 , 1 0 , 5 0  
I F  ( X I  3 0 9 2 C 9 3 0  
X = l . C E - 1 0  
P (  I ) = X  
O I  I ) = Y  
V (  I I = 0 .  
X = A ( I + l ) - E - F ( I + l ) * Y / X  
I F  ( N R 1 - I )  4 0 , 7 0 3 4 0  
Y = 3 ( 1 + 2 )  
GO TO 7 0  
P (  I ) = B (  I + 1 )  
Q ( I ) = A ( I + l ) - E  
Z = X / ? (  I )  
X = Y - Z * Q ( I )  
I F  ( M R 1 - I )  6 0 , 7 0 9 6 n  
V (  I ) = B (  I + 2 )  
' I = - Z * V  ( I ) 
C O N T I  NUE 
S O L V E  FOR E IGENVECTOR OF T R I - D I A G O N A L  M A T R I X  
I F  I X )  9 0 9 8 0 9 9 0  
V ( N R ) = l . E l O  
GO TO 1 0 0  
V ( N R ) = l . C C ! / X  
I = N R l  
V(I)=(1.00-O(I)*V(NR))/P(I) 
X = V ( N R ) * * 2 + V ( I ) * * 2  
I = I - :  
I F  ( I) 1 2 0 , 1 3 0 , 1 2 0  
V(I)=(1.0C-Q(I)*V(I+l)-V(I)*V(I+2))/?(1) 
X = X + V ( I ) * * 2  
GO TO 110 
N O R M A L I Z E  VECTOR 
X=SQRT ( X  
DO 1 4 0  I = l , N R  

E I V C  1 0  
EIVC 2n 
E I V C  3 0  
E I V C  4 0  
E I V C  5 0  
E I V C  6 0  
E I V C  7 0  
E I V C  8 0  
E I V C  9 0  
E I V C  1 0 0  
E I V C  110 
F I V C  1 2 0  
E I V C  1 3 0  
F I V C  1 4 0  
E I V C  1 5 0  
E I V C  1 6 0  
E I V C  1 7 0  
E I V C  1 8 0  
E I V C  1 9 0  
E I V C  2 0 0  
E I V C  2 1 0  
E I V C  2 2 0  
E I V C  2 3 0  
E I V C  2 4 0  
E I V C  2 5 0  
E I V C  2 6 0  
F I V C  27 r )  
E I V C  2 8 0  
E I V C  2 9 0  
E I V C  3 0 0  
E I V C  3 1 0  
E I V C  3 2 0  
E I V C  3 3 0  
E I V C  7 4 0  
E I V C  3 5 0  
E I V ' I  7 6 0  
E I V C  3 7 0  
E I V C  3 8 0  
E I V C  3 9 0  
E I V C  4 0 0  
E I V C  41C) 
E I V C  4 2 0  
E I V C  4 3 0  
E I V C  4 4 0  
E I V C  4 5 0  
E I V C  4 6 0  
E I V C  4 7 0  
E I V C  4 8 0  
E I V C  4 9 0  
E I V C  5 0 0  
E I V C  5 1 0  
E I V C  5 2 0  
E I V C  5 3 0  
E I V C  5 4 0  
E I V C  5 5 0  



V (  I ) = V (  I ) / X  
C O N T I  NlJE 
C O P P U T k  E I G F N V F C T O R  OF O R I G I N A L  ? 4 A T P I X  
I =NR 
I = 1 - 1  
J = C  
K = l  
K = K + 1  
J = J + K  
I F  ( K - I )  1 6 0 , 1 7 0 9 1 6 0  
Y=O. 
J A = J  
DO 1 8 0  K=I ,NR 
Y = Y + R ( J A ) * V ( K )  
J A = J A + K  
CONT I NUE 
Y=2.00*Y 
J A = J  
DO 1 9 0  K = I p N R  
V ( K ) = V ( K l - Y * R ( J P )  
J A =  J A + K  
CONT I NUE 
I F  ( 1 - 2 )  1 5 0 ~ 2 0 0 * 1 5 0  
R E T U R N  
E N D  

E I V C  5 6 0  
E I V C  5 7 0  
F I V C  5 5 0  
E I V C  5 9 0  
E I V C  600 
E I V C  6 1 0  
E I V C  6 2 0  
E I V C  6 3 0  
E I V C  6 4 0  
E I V C  6 5 0  
E I V C  6 6 0  
E I V C  6 7 0  
E I V C  6 8 0  
E I V C  6 9 0  
F I V C  7r)O 
E I V C  7 1 0  
E I V C  7 2 0  
E I V C  7 3 0  
E I V C  7 4 0  
E I V C  7 5 0  
E I V C  7 6 0  
E I V C  7 7 0  
E I V C  7 8 0  
E I V C  7 9 0  
E I V C  8 0 0  



S U B R O U T I N E  P R N T l  ( E G V A L U , E G V E C T ~ A M A S S , I R W K P ~ N R O W ~ M O R D E R ~ I R W T O R W O P N T  10 
1 K A  PRNT 2 0  

D I M E N S I O N  W O R K A ( 1 )  PRNT 3 0  
D I M E N S I O N  E G V A L U ( 1 ) r  E G V E C T ( N R O W 9 5 ) r  A M A S S ( l ) ,  I R W K P l l ) ,  I R W T O R ( 1 ) P R N T  40 
CORMON C O M ( 3 0 )  PRNT 5 0  
E Q U I V A L E N C E  ( COM( 1 1 ,  N J O I N T  PRNT 60 
E Q U I V A L E N C E  ( COM(251 ,  INDWNM PRNT 70 
COMMON / C M A I N  / COMAIN(  1 )  PRNT 8 0  
E Q U I V A L E N C E  ( COMAIN(  11 ,  R J X  1 PRNT 9 0  
EQUIVAL 'NCE ( COMAIN(  1 0 1 ) q  RJY 1 PRNT 100 
E Q U I V A L E N C E  ( COMAIN(  2 0 1 1 9  R J Z  1 PRNT 110 
D I M E N S I O N  W N X ( 5 ) g  W N Y ( 5 ) ,  W N Z ( 5 ) ,  P X ( 5 ) 9  P Y ( 5 ) 9  P Z ( 5 ) ,  G M ( ~ )  PRNT 1 2 0  

1 R J X ( 1 ) r  R J Y ( l ) ,  R J Z ( 1 )  PRNT 1 3 0  
D I M E N S I O N  A L P H A ( 6 )  PRNT 140 
G I M E N S I O N  I G V N O ( 5 )  PRNT 1 5 0  
D A T A  ALPHA / 8HX-TRANS., 8HY-TRANSar  8HZ-TRANS*  3 PRNT 1 6 0  

1 8HX-ROTAT., 8HY-ROTAT- ,  8HZ-ROTAT*  / PRNT 170 
D A T A  I T A P E  / 9 / PRNT 1 8 0  
I F  ( I F R I S T  eNEe 0  GO TO 4 PRNT 1 9 0  
I F R I S T  = 1 PRNT 2 0 0  
W R I T E  ( 6 , 2 8 0 )  ( E G V A L C I ( I ) , I = 1 , 6 )  PRNT 210 

SETUP F IGFNVECTOR NO. SYMBOLS PRNT 2 2 0  
DO 2  I = 1 9 5  PRNT 2 3 0  

2 I G V N O ( 1 )  = I PRNT 2 4 0  
L R  = 2 PRNT 2 5 0  
MR = 6  PRNT 2 6 0  
GO T O  6  PRNT 2 7 0  

4 C O N T I N U E  PRNT 2 8 0  
UPDATE EIGENVECTOR NO. SYMBOLS PRNT 2 9 0  

DO 8  I = l , 5  PRNT 3 0 0  
8  I G V N O ( 1 )  = I G V N O ( 1 )  + 5  PRNT 3 1 0  
6  C O N T I N U E  PRNT 3 2 0  

L R  = L R  + 5  PRNT 3 3 0  
M 4  = MR + 5 PRNT 3 4 0  
DO 1 0  J = LR, MR PRNT 3 5 0  
E G V A L U ( J ) = S Q R T ( E G V A L U ( J ) )  PRNT 360 
W R I T E ( 6 , 2 9 0 )  ( I G V N O ( I ) r I = 1 , 5 ) ,  ( E G V A L U ( I ) , I = L R I M R )  PRNT 3 7 0  
I F  ( NROW*EQ.MORDER GO TO 2 0  PRNT 3 8 0  
W R I T E  ( 6 9 3 0 0 )  PRNT 3 9 0  
GO TO 4 0  PRNT 400 
DO 3 0  I Z l r N R O W  PRNT 4 1 0  
I R W K P ( I ) = I  PRNT 420 
W R I T E  ( 6 , 4 0 0 )  PRNT 4 3 0  
C O N T I N U E  PRNT 4 4 0  
W R I T E  ( 6 9 3 1 0 )  PRNT 4 5 0  
L C O U N T = 1 1  PRNT 4 6 0  

PRNT 470 
ZERO OUT SUMMING F I E L D S  PRNT 4 8 0  

PRNT 4 9 0  
DO 5 0  I = 1 , 5  PRNT 5 0 0  
W N X ( I ) = O . O  PRNT 5 1 0  
W N Y ( I ) = O . O  PHNT 5 2 0  
WNZ( I )=O .O  PRNT 5 3 0  
P X ( I ) = O o O  PRNT 5 4 0  
P Y ( I ) = O * O  PRNT 5 5 0  



P Z ( I ) = O * O  
5 0 G M ( I  )=OeO 
C 
C CALCULATE ABOVE VARIABLES 
C 

N = ( I R W K P ( 1 ) - 1 ) / 6 + 1  
DO 140 I=l,MORDER 
M= IRWKP ( I )  
K n M - ( M - 1 ) / 6 * 6  
M = ( M - 1 ) / 6 + 1  
I F  (LCOUNT.LTe56) GO TO 60 
WRITE ( 6 , 3 2 0 )  
IF(NROW*EQ*MORDER)GO TO 5 0 0  
WRITE ( 6 , 3 0 0 )  
GO TO 5 0 1  

5 0 0  W R I T E ( 6 r 4 0 0 )  
5 0 1  CONTINUE 

W R I T E ( 6 r 3 1 0 )  ( I G V N 0 ( 1 ) , 1 = 1 ~ 5 )  
LCOUNT=5 
N=M 
GO TO 7 0  

6 0 CONT I NUE 
I F  (NoEQoM) GO TO 70 
WRITE ( 6 , 3 3 0 )  
LCOUNT=LCOUNT+l 
N=M 

7 0 CONT I NUE 
C 
C WRITE MODE SHAPES OF REDUCED SYSTEM 
C 

WRITE ( 6 , 3 4 0 )  M , A L P H A ( K ) s ( E G V E C T ( I ~ J ) ~ J = ~ S ~ )  
LCOUNT=LCOUNT+l 
I F  (K.GT.3) GO TO 1 4 0  
I F  ( K - 2 )  8 0 9 1 0 0 ~ 1 2 0  

C X TRANSLATION MODE SHAPE ELEMENT 
8 0 DO 9 0  J t l r 5  

sAvE=EGVECT(I,J)*AMASS(I) 
P X ( J ) = P X ( J ) + R J X ( M ) * S A V E  
SAVE=SAVE*EGVECT ( I s J 
WNY ( J  ) =WNY ( J  )+SAVE 

9 0 W N Z ( J ) = W N Z ( J ) + S A V E  
GO TO 140 

C Y. TRANSLATION MODE SHAPE ELEMENT 
1 0 0  DO 1 1 0  J=1,5 

SAVE=EGVECT(ISJ)*AMASS(I) 
P Y ( J ) = P Y ( J ) + R J Y ( M ) * S A V E  
SAVE=SAVE*EGVECT(I ,J)  
WNX(J )=WNX(J )+SAVE 

1 1 0  WNZ(J )=WNZ(J )+SAVE 
GO TO 1 4 0  

C Z TRANSLATION MODE SHAPE ELEMENT 
1 2 0  DO 1 3 0  J = l r 5  

SAVE=EGVECT(I,J)*AMASS(I) 
P Z ( J ) = P Z ( J ) + R J Z ( M ) * S A V E  
SAVE=SAVE*EGVECT(I IJ)  
W N X ( J ) = W N X ( J ) + S A V E  

PRNT 5 6 0  
PRNT 5 7 0  
PRNT 5 8 0  
PRNT 5 9 0  
PRNT 6 0 0  
PRNT 6 1 0  
PRNT 6 2 0  
PRNT 6 3 0  
PRNT 640 
PRNT 6 5 0  
PRNT 6 6 0  
PRNT 6 7 0  
PRNT 6 7 5  
PRNT 6 8 0  
PRNT 6 8 2  
PRNT 6 8 4  
PRNT 6 8 6  
PRNT 6 9 0  
PRNT 7 0 0  
PRNT 7 1 0  
PRNT 7 2 0  
PRNT 7 3 0  
PRNT 7 4 0  
PRNT 7 5 0  
PRNT 7 6 0  
PRNT 7 7 0  
PRNT 7 8 0  
PRNT 7 9 0  
PRNT 8 0 0  
PRNT 8 1 0  
PRNT 8 2 0  
PRNT 8 3 0  
PRNT 8 4 0  
PRNT 8 5 0  
PRNT 8 6 0  
PRNT 8 7 0  
PRNT 8 8 0  
PRNT 8 9 0  
PRNT 9 0 0  
PRNT 9 1 0  
PRNT 9 2 0  
PRNT 9 3 0  
PRNT 9 4 0  
PRNT 9 5 0  
PRNT 9 6 0  
PRNT 9 7 0  
PRNT 9 8 0  
PRNT 9 9 0  
PRNTlOOO 
P R N T l  0 1  0 
P R N T 1 0 2 0  
P R N T 1 0 3 0  
RRNT1040  
P R N T 1 0 5 0  
P R N T 1 0 6 0  
PRNT 1 0 7  0 



1 3 0  WNY(J)=WNY(J)+SAVE PRNT1080 
1 4 0  CONTINUE PRNT1090 

DO 1 5 0  1 ~ 1 9 5  P R N T l l O O  
DO 1 5 0  K = 1  YMORDER P R N T l l l O  
G P ( 1 )  = G M ( 1 )  + AMASS(K)*EGVECT(K, I ) **2  PRNT1120 

1 5 0  CONTINUE PRNT1130 
WRITE ( 6 , 3 5 0 )  PRNT114O 
W R I T E ( 6 9 3 6 0 )  ( I G V N O ( I ) , I = 1 , 5 )  PRNT1150 
WRITE ( 6 , 3 7 0 )  ( W N X ( I ) ~ I = l ~ 5 ) ~ ( W N Y ( I ) ~ I ~ 1 ~ 5 ) ~ ~ W N Z ( ~ ) r I = l ~ 5 ~ ~ ~ P X ~ ~ ~ ~ P R N T l l 6 0  

1 1 = 1 ~ 5 ) ~ ( P Y ( I ) ~ I = 1 ~ 5 ) , ( P Z ( I ) ~ I ~ 1 ~ 5 ~ ~  (GM( I ) s I = l 9 5  PRNT1170 
RETURN PRNT1180 

C PRNT1190 
C PRINT MODE SHAPES FOR COMPLETE SYSTEM PRNT1200 
C P R N T l Z l O  

ENTRY PRNT2 PRNT1220 
I F  ((NROW.EQoMORDER)eAND.(INDWNM.EQ.O) RETURN PRNT1230 
I F  (1NDWNMeEQ.O) GO TO 1 7 0  PRNT1240 
SAVE=NJOI NT PRNT1250 
SAVEl=MORDER PRNT1260 
WRITE ( I T A P E , 3 8 0 )  SAVE,SAVEl PRNT1270 
DO 1 6 0  I= l rMORDER PRNT1280 

1 6 0  W O R K A ( I ) = I R W K P ( I )  PRNT1290 
CALL P l A 7 2 1  (121,WORKA,MORDER,ITAPE) PRNT1300 
WRITE ( I T A P E , 3 9 0 )  ( R J Y ( I I , R J Z ( I ) , R J X ( I ) J I  , I= l ,NJOINT)  PRNT1310 
LC=O PRNT1320 

1 7 0  CONTFNUE PRNT1330 
I F  (NROW.EQeMORDER) GO TO 1 8 0  PRNT1340 
W R I T E ( 6 9 2 9 0 )  ( I G V N O ( I ) , I = 1 , 5 ) ,  (EGVALU( I ) , I=LR,MR)  PRNT1350 
WRITE ( 6 , 4 0 0 )  PRNT136C 
W R I T E ( 6 , 3 1 0 )  ( I G V N O ( I ) , I = 1 , 5 )  PRNT1370 
LCOUNT=11 PRNT1380 

1 8 0  CONTINUE PRNT1390 
M=NROW-MORDER PRNT1400 
K = l  PRNT1410 
N=O PRNT1420 
DO 2 6 0  I = l , N J O I N T  PRNT1430 
DO 2 5 0  J = 1 9 3  PRNT1440 
N = N + l  PRhlT1450 

1 9 0  I F  (NeNE. IRWKP(K))  GO T O 2 0 0  PRNT1460 
N 1 =K PRNT1470 
K = K + l  PRNT1480 
GO TO 2 2 0  PRNT1490 

2 0 0  I F  (NeNE.IRWTOR(M)) GO TO 2 1 0  PRNT1500 
N l=NROW-M+1 PRNT1510 
M = M- 1 PRNT1520 
GO TO 2 2 0  PRNT1530 

2 1 0  CONTINUE PRNT1540 
I F  ( N * G T e I R W K P ( K ) )  K=K+1 PRNT1550 
I F  (N.GT.IRWTOR(M)) M=M-1 PRNT1560 
GO TO 1 9 0  PRNT1570 

2 2 0  CONTINUE PRNT1580 
I F  (1NDWNMoEQ.O) GO TO 2 3 0  PRNT1590 
L C = L C + l  PRNTl6OO 
WRITE ( I T A P E , 4 1 0 )  (EGVECT(N l ,L ) ,L= l ,5 ) ,LC PRNT1610 

2 3 0  CONTINUE PRNT1620 
I F  (NROW.EQeMORDER) GO TO 2 5 0  PRNT1630 



WRITE (6 ,340)  1 9 A L P H A ( J ) , ( E G V E C T ( N l , L ) v L = 1 9 5 )  PRNT1640 
LCOUNT=LCOUNT+l PRNT1650 
I F  (LCOUNTeLTe56) GO TO 2 4 0  PRNT 1 6 6  0 
WRITE (6,320)  PRNT1670 
WRITE ( 6 9 4 0 0 )  PRNT1680 
WRITE(69310 )  ( I G V N O ( I ) 9 I = l r 5 )  PRNT1690 
LCOUNT-5 PRNT1700 
GO TO 2 5 0  PRNT1710 

2 4 0  CONTINUE PRNT1720 
I F  (JeNE.3) GO TO 2 5 0  PRNT1730 
WRITE ( 6 9 3 3 0 1  PRNT1740 
LCOUNT=LCOUNT+l PRNT1750 

2 5 0  CONTINUE PRNT1760 
N=N+3 PRNT1770 

2 6 0  CONTINUE PRNT1780 
I F  (INDWNMaEQeO) GO TO 2 7 0  PRNT1790 
L R 1  = LR - 1 PRNT1800 
WRITE ( ITAPE,420)  ( E G V A L U ( L R l + I ) * G M ( I  ) 9 1 9 1 = 1 9 5 )  PRNT1810 
WRITE ( I T A P E 9 4 3 0 )  ( W N X ( I ) ~ W N Y ( I I ~ W N Z ( I ) , P X ( I ) ~ P Y ( I ) ~ I ~ I = ~ ~ ~ ) P R N T ~ ~ ~ ~  
CALL P l A 7 2 1  (7219AMASS,MORDER, ITAPE)  PRNT1830 
END F I L E  ITAPE PRNT1840 

2 7 0  CONTINUE PRNT1850 
RETURN PRNT1860 

C PRNT1870 
C PRNT1880 
C I N I T I A L I Z E  FOR EACH EIGENVALUE GROUP PRNT1890 
C PRNT1900 

ENTRY PRNTO PRNT1910 
I F R I S T  = 0 PRNT1920 
RETURN PRNT1930 

2 8 0  FORMAT (45HlEIGENVALUES ASSOCIATED WITH R I G I D  BODY MODES//ISXE14.7PRNTl940 
1) PRNT1950 

2 9 0  FORMAT ( lH1941X33HNATURAL FREQUENCIES (RADIANS/SEC)/ /  PRNT1960 
1 2OX5118/ /27X5E18.8 / / )  PRNT1970 

3 0 0  FORMAT (36X44HCORRESPONDING MODE SHAPES FOR REDUCED SYSTEM) PRNT198 0 
3 1 0  FORMAT (24HO NODAL POINT ELEMENT/25H NUMBER REFERENCE, PRNT1990 

1 11x12 ,  4 1 1 8 /  PRNT2000 
3 2 0  FORMAT ( 1 H 1 )  PRNT2010 
3 3 0  FORMAT ( 1 H  PRNT202 0 
3 4 0  FORMAT ( 6 x 1 3  98XA892X5E18e8) PRNT2030 
3 5 0  FORMAT (lH1,42X30HGENERALIZED INERTIA PROPERTIES/) PRNT2040 

3 6 0  FORMAT ( 11H VARIABLES99X5118/ )  PRNT2050 
3 7 0  FORMAT ( ~ H ~ ~ X ~ ~ H W N X ~ ~ ~ X ~ E ~ ~ ~ ~ / ~ H O ~ X ~ ~ H W N Y ~ ~ ~ X ~ E ~ ~ * ~ / ~ H O ~ X ~ ~ H W N Z ~ ~ ~ P R N T ~ O ~ O  

lX5E1808/1H04X,3H PX919X5E1808/ lH04X,3H PY,19X5E18.8/1H04X93H PZv19PRNT2070 
2X5€18.8/1HO5Xe15HGM DIAGONAL r6X5E18.8 / (27X5E18.8) )  PRNT2080 

3 8 0  FORMAT (OX2H2192XlOH 5.0 r 2 F l O e 3 9 3 7 X 3 H  1 )  PRNT2090 
3 9 0  FORMAT (5X3H22192X3ElOe3937XI3) PRNT2100 
4 0 0  FORMAT ( ~ ~ x ~ ~ H C O R R E S P O N D I N G  MODE SHAPES FOR COMPLETE SYSTEM) PRNT2110 
4 1 0  FORMAT (5X3H3212X,5ElOe3,17XI3) PRNT2120 
4 2 0  FORMAT (5X3H4212X92ElOe3947XI3) PRNT2130 
4 3 0  FORMAT (5X3H5212X96ElOe3,7XI3)  PRNT2140 

END PRNT2150 



S U E R O U T I N E  P l A 7 2 1  (NO,ARRAY,LNGTH,I6)  
O I M E N S I O N  A R R A Y ( 1 )  
K = 1  
1 = 1  
DO 10 J=69LNGTH,6  
W R I T E  ( 1 6 9 2 0 )  N O 9 ( A R R A Y ( L ) , L = I , J ) , K  
K = K + 1  
I = I + 6  

1 0  C O N T I  NUE 
I F  (1eGT.LNGTI- I )  RETURN 
W R I T E  ( 1 6 , 2 0 1  N O , ( A R R A Y ( L ) Y L = I , L N G T H ) ~ Y  
RETURN 

C 
2  0 FORMAT ( 5 X , I 3 9 2 X , 6 E l O e 3 , 7 X I 3 )  

END 



P R O G R A P  G E A R E X  
COMMON / C M A I N  / C O M S A P ( 2 0 0 0 )  
E Q U I V A L E N C E  ( C O k : S A P ( l ) ,  L G R T Y P  ) 

C  1/0 O N I T  5 E Q U A L S  I N P U T  U N I T  
C  1 /0  U N I T  6  E Q U A L S  O U T P U T  U N I T  
C  I / O  U N I T  1 EQIJALS WORK AREA--V.R. 
C  Z E R O  OUT COFI!,!OI'! 

D O  1 5 0  1 2 0 0 0  
1 5 0  C O M S A P ( 1 )  = 0 - 0  

C 

C  C A L L  T H E  I N P U T  R O U T I N E  
i 

C A L L  O V E R L A Y  ( 6 L G E F R R T 9 5  9 1  9 6 H R E C A L L )  
I F (  L G R T Y P  .EQ. 2 )  60 TO 2 0 0  

C 
C C A L L  L A R D I N G  GFAR A N A L Y S I S  R O U T I N F  FOR I I J V E R T t ' D  T R I P O T :  G F A P  
C 

C A L L  O V E R L A Y  ( 6 L G C A R R T , 5 , 2 r 6 H R E C A L L )  
GO T O  3 0 0  

2 0 0  C O N T I N U E  
i 

C  C A L L  L A N D I N G  GEAR A N A L Y S I S  R O U T I N E  FOR C A N T I L E V E R  GEAR 
C  

C A L L  O V E R L A Y  ( 6 L G E A R R T , 5 , 3 , 6 H R E C A L L 1  
3 0 0  C O b I T I  PIIJE 

R E T U R N  
E l\! n 

GEAR 10  
GEAR 2 0  
GEAR 3 0  
GEAR 4 0  
GEAR 5 0  
GFAR 1 0  
GEAR 7 0  
GEPr i  8 0  
G t A R  90 
GEP.R 1 0 0  
GEAR 1 1 0  
GEAR 1 2 0  
GEAR 1 3 0  
GEAR 1 4 0  
GEAR 1 5 0  
GFOR 1 6 0  
GFAR 1 7 r )  
GEAR 1 8 0  
GEAR 1 9 0  
GEAR 2 0 0  
GEAR 2 1 0  
GEAR 2 2 0  
GEAR 2 3 0  
GEAR 2 4 0  
GEAR 2 5 0  
GEAR 2 6 0  
GFAQ 2 7 0  



SUHROUT I N E  OUTPUT 
COF~iblON / C M A I N  / 

1 L G R T Y P t  L E I N D  9 I N I T E R ,  N P O I N T ,  NREFP r NELEM 9 NUMB 9 

2  NSTEP N I T E R  9 TOL  9 EMGABS9 I F P A T N t  NFPCRLI F P C R L D ( 3 1 ,  
3  I G L D I F i ,  NMATL  9 I S T  9 I M A T L ( 4 )  9 MNO F P C R S T ( 3 1 9  
4  I N D P L ( 4 )  9 ELF IS i JN (4 )  9 E L A S A X ( 4 )  9 

5  D I N E R T ( 4 )  r AREA ( 4 )  I R E T ( 4 )  9 

6  I F I E T T ( 4 )  9 S C M A X ( 4 )  9 S T M A X ( 4 )  9 

7 S R I J L C ( 4 )  9 S R L l L T ( 4 1 9  C D C ( 5 9 4 1 ,  S R C ( 5 9 4 )  9 

8 C G T ( 5 9 4 )  9 C R C ( 5 9 4 )  9 S R T ( 5 9 4 )  9 

9  P F C ( 5 9 4 )  9 P F T ( 5 9 4 )  r NPN 9 X Y Z P O S ( 3 9 5 )  
9  9 G C ( 3 1 3 )  9 P H I  9 THTA 9 P S I  
9  9 C G Y C D L ( 3 ) p  E G Y C D L ( 3 )  

CObtblON / C K A I N  / 
A  N I T E R S ,  N D I S P S ,  S T L N 2  r 
B  IGSPZRI  I G S P D 1 9  I D S P D 2 9  S P D I S P ,  COEFF 9 X Y Z D S P ( 3 ) v  
C  S T L N  ( 4 )  9 S T L N O ( 4 )  S T R P ( 4 )  9 

D S P N G C ( 4 )  9 SPNGT ( 4 )  r D I S T C ( 4 )  9 

E  D I S T T ( 4 )  9 PFORC ( 4 )  9 P F O R T ( 4 )  9 - FOREVC ( 4  ) 9 F O R E V T ( 4 )  9 I P O S C ( 4 )  9 

G I POST ( 4 )  v I N D U L C ( 4 )  9 I N n l l L T ( 4 )  9 

14 S T R ( 4 )  9 A X I A L F ( 4 )  9 A X S T I F ( 4 )  9 

I I P R E V ( 4 )  r XYZD.5 ( 3 )  9 S F O R C E ( 3 0 1  9 

J CFORCE(  3 0  9 S U M F M 4 ( 6 )  r R 2 4 X Y Z ( 3 )  9 

K T Y  ( 3 6  9 F M V C T L ( 1 2 9 4 )  9 F M V C T G ( 1 2 9 4 )  9 

L  Y S H R F P ( 4 ) r  Z S t i R F P ( 4 ) ,  YSHRI \SP(4) ,  Z S t i R M P ( 4 ) ,  C S Y X Y Z ( ~ ) Y  
bl YStiRFQ ( 4 )  9 ZSHRFQ(  4  9 YSHRMQ ( 4  9 Z S H R I G  ( 4 )  9 ESYXYZ  ( 3  

D A T A  IPCNT ,  I P A G C T  / 9 9 9  0 / 
I F  ( IPCPJT .LTe 2 ) GO TO 7 0 0  
IPCNT = n.0 
I P A G C T  = I P A G C T  + 1 
' ! ! ? I T E ( b 9 7 9 9 )  I P A G C T  

7 9 3  FOPMAT ( 1 H 1 9  1 2 3 X  4HPPGF9 T4 
GO TO 5 7 0  

7420 C O N T I  P I IF  
W R I T E ( 6 9 7 4 0 )  

7 6 0  FORMAT ( 1H0 ,  3 3 X 6 ( l O H * + * ~ ~ + * * * * ~ )  1 
5 7 0  C O N T I N U E  

I P C N T  = I P C N T  + 1 
N D I S P S  = N D I S P S  + 1 
k J R I T E ( 6 9 8 0 0 ) N 3 I S P S ,  N I T E R S  

8 0 3  FORMAT ( l H 0 9 5 3 X 1 7 H  INCREMENTAL  S T t P 9 1 5  / 
1 3 8 X I 4 9 4 7 H  I T E R A T I O N S  RECJIIIRED FOR TOLFRAfJCE S A T I S F A C T I O N  / 

E?!TRY O U T P T l  
N = I 
> ! R I T E ( h ,  9 0 9 )  

9 9 9  FCRE'AT ( 8t- l  913X22HCOORDI ! '~ !ATE D E F I N I T I O N S ,  2 0 X  
1 15HEXTERNAL  FORCES 9 2 4 X  
2  l 6 H E X T E R N A L  MOVENTS / 8 H  N 0 3 A L  
2  4X 3 (  7X25HSURFACE COORDINATE SYSTEM, 7x1  / 
3  ' X 5 H P O I N T 9  4X3(6XiHX912XlHY,12XlHZ~6X)9 / ) 

3 0  2 1 0  I = 1, NPOIPiT 
I F  ( I .EO. 4  ) GO TO 2 0 0  
~ ! R I T I : - ( ~ ~ ? O O O ) I ~ ( X Y Z P O C ( J ~ I ) ~ J = ~ ~ ~ ) ~ ( F W C T G ~ J ~ N ~ Y J = ~ ~ ~  19  

1 ( F M V C T G ( J , N ) , J = 7 , 9 )  

OUTP 10 
OUTP 2 0  
OUTP 3 0  
OLJTP 4 0  
OUTP 5 0  
OUT? 6 0  
OOTP 7 0  
OUTP 8 0  
OUTP 9 0  
OlJTP 1 0 0  
OlJTP 1 1 0  
OClTP 1 2 0  
OUTP 1 3 0  
OCJTP 1 4 0  
OUTP 1 5 0  
OUTP 1 6 0  
OUTP 1 7 0  
OUTP 1 8 0  
OUTP 1 9 0  
OIJTP 2C)O 
OLJTP 2 1 0  
OUTP 2 2 0  
OUTP 2 3 0  
OUTP 2 4 0  
OUTP 2 5 0  
OUTP 2 6 0  
OUTP 2 7 0  
OUTP 2 8 0  
OUTP 2 9 0  
OUTP 3 0 0  
OUTP 3 1 0  
OUTP '120 
OIJTP ??O 
OUTP 3 4 0  
OUTP 3 5 0  
OLJTP 3 6 0  
OClTP 3 7 0  
OUTP 3 8 0  
OLJTP 3 9 0  
OIJTP 4 0 0  
OIJTP 4 1 0  
OUTP 4 2 0  
01-JTP 4 3 0  
OIJTP 4 4 0  
OUTP 4 5 0  
CUTP 4 6 0  
OIJTP 4 7 0  
OUTP 4 8 0  
CUTP 4 9 0  
OUTP 5 0 0  
OUTP 5 1 0  
OUTP 5 2 0  
OUTP 5 3 0  
OUTP 5 4 0  
OUTP 5 5 0  



I\! = N + 1 OUTP 5 6 0  
GO TO 2 1 0  OUTP 5 7 0  

20!11 C O N T I  MUE OUTP 5 8 0  
WRITE(691000)I9(XYZPOS(J,I)~J=1~3),(SUMFbl4(J)~J=l~6) OlJTP 5 9 0  

2 1 0  C O N T I N U E  OUTP 6 0 0  
1 0 0 0  FORMAT ( 4 X I 2 9 4 X 9 E 1 3 . 5 )  OUTP 6 1 0  

N = l  OUTP 6 2 0  
W R I T E ( 6 9 1 0 9 9 )  OUTP 6 3 0  

1 0 9 4  FORb4AT (20HOSTRUCTURAL  A X I A L ,  7 X 7 H  A X I A L  7 X 5 H A X I A L v  OUTP 6 4 0  
+$ 2OXC;HStIEAR 9 OUTP 6 5 0  
1 8X5dSFlEAR9 Z l X 5 H S H E A R 9  8XSHSHEAR / OIJTP 6 6 0  
2  4 8 H  ELEKEKT  FORCE STROKE S T I F F N E S S ,  1 8 Y  O!.JTP 5 7 3  
3 5HFORCE 8X6HMOi"lENT 9 20Xf iHFORCE I RX6HI.IO?.IEF\IT / 1 GLJTP 6 8 0  

DO 2 2 0  I = 1 9  NELEi.1 OUTP 6 9 0  
C CNE LOCAL  S i iEAR FOWCE/"O?'.ECF!T I S  ZERO OUTP 7 0 0  

S t I A R F P  = YS t IRFP(  i ) + ZSHRFP ( I )  OClTP 7 1 0  
Z t IARMP = YSHRI\.SP ( I ) + ZSHRblP( I OUTP 7 2 0  
SHARFQ = YSI!RFQ( I ) + ZSHRFO(  I )  OUTP 7 3 0  
SHARYQ = YSt-IRMQ( I ) + ZStiR?'!C( I ) OUTP 7 4 0  
J = I OUTP 7 5 0  
I F  I I *EQe 4  ) J =  5  OUTP 7 6 0  

2 2 0  W R I T t ( 6 ~ 1 1 0 0 ) I ~ A X I A L F ( I l 9 S T R ( I )  , A X S T I F ( I ) , J , S t l A R F P r S H A R b i P ,  OUTP 7 7 0  
1 SHARFQ9SHARMQ OUTP 7 8 0  

l l 0 C  FORFIAT ( ~ X I ~ , ~ X ~ E ~ ? . ~ ~ ~ X L L H N O D U  12,3XZE13.5,3X7HYODE 4 s 3 X 2 E 1 3 . 5 )  OUTP 7 9 0  
W R I T E ( 6 , 1 1 ? ? )  NFPCRL  OUTP 8 9 0  

11 99 FOF?:.lAT ( 1 H 0  9 7 7 X  42HNUYSER OF UIVCRUSi-IED FOOTPACl CRl1SI-I L E V E L S  = 9 I 2  /OUT?  8 1 0  
1 2 3 X  2 1 H T C T A L  ENFRGY A? 5 O R 2 E 0 9 3 8 X  36HFOOTPAD A T T E N U f i T I O N  FNERGY T H I O U T P  8 2 0  
1 5  S T E P  / OlJTP 8 3 0  
2 1 x 1  Z ( 4 X 2 5 H S U R F G C E  COORDINATE SYSTEM9X24HLANDER COORDINATE SYSTEM OUTP 8 4 9  
3  9 4 x 1  / ~ X ~ ( ~ X ~ H X I ~ O X ~ H Y ~ ~ O X ~ H Z , ~ X ~  1 OUTP 8 5 0  
\ ~ R I T E ( ~ ~ ~ ~ ~ O ) ( E G Y X Y Z ( I ) ~ I = ~ ~ ~ ) ~ ( E G Y C D L ( ~ ) Y I = ~ ~ ~ ) ~  OUTP 8 6 0  

1 (CGYXYZ(I),I=l,3),(CGYC3LlI)91=1,3) OUTP 8 7 0  
1 2 0 3  FORMAT ( l H O ,  1 2 E 1 1 . 3  ) OUTP 8 8 0  

RETURN OUTP 8 9 0  
END OUTP 9 0 0  



SIIEROIJT I N E  ENERGY ( FORCZ 
D I M E N S I O N  F O R C Z ( 3 )  
D I M E N S I O N  F O R C L l ( 3 1 9  F O R C L 2 ( 3 ) ,  X Y Z D S L ( 3 )  
D I M E N S I O N  F O R C l ( 3 1 9  I X Y Z ( 3 )  
CO:,:iYON / C M A I N  / 

1 L G l i T Y P y  L D I N D  r I N I T E R ,  N P O I N T ,  N R E F P  r N E L E M  Y NUMB 9 

2 N S T E P  9 N I T E t i  9 T 3 L  r ENGAGS, I F P A T N r  N F P C R L I  F P C R L D ( 3 ) ,  
3  I G L C I R ,  N M A T L  Y I S T  r I M A T L ( 4 )  r MNO r F P C R S T ( 3 ) r  
4 I N D P L ( 4 )  9 ELASRPI(  4  1 9 E L A S A X ( 4 )  9 

5 R I h I E R T ( 4 )  r A ? E A ( 4 )  9 I R E T ( 4 )  9 

6 I F I R S T ( 4 )  9 S C H A X ( 4  9 S T F I A X ( 4 )  r  
7 S R U L C ( 4 )  r . S R l J L T ( 4 ) ,  C D C ( 5 , f t ) ,  S R C ( 5 9 4 )  9 

8 C D T ( 5 9 4 )  9 C R C ( 5 9 4 )  9 S R T ( 5 r 4 )  9 

9 P F C ( F . 9 4 )  9 P F T ( 5 9 4 )  r N P N  9 X Y Z P O S ( 3 r 5 )  
9 9 D C ( 3 9 3 1  9 P H I  9 T H T A  9 P S I  
9 9 C G Y C G L ( 3 1 9  E G Y C D L ( 3 )  

COMMON / C M A I N  / 
A  N I T E R S ,  N D I S P S ,  S T L N Z  9 

B I C S P D R ,  I D S P i l l r  I D S P 1 ) 2 r  S F i ) I  5 P 9  C O E F F  9 X Y Z D S P ( 3  ) 9 

C  S T L N ( 4 )  9 S T L N O ( 4 )  9 . S T R ? ( 4 )  r 
I? SPNGC ( 4 )  9 SPNGT(LI-) 9 C I S T C ( 4 )  9 

E  D I , C T T ( & )  9 PFORC ( 4 )  9 P F O R T ( 4 )  r  
F  F C E E V C  ( 4  9 FOREVT ( b  9 I P O S C ( 4 )  9 

G  I P O S T ( 4 )  9 INPI. !LC( 4 )  9 I N D U L T ( 4 )  9 

H  S T R ( 4 )  9 I , X I P L F ( L )  9 A X S T I F ( 4 )  9 

I I P K E V ( 4 )  XYZT;?  ( 3 )  9 S F C R C E ( 3 0 )  r  
J C F C R C E (  3 0  r 5 J I A 8 F P ' 4 (  6  ) , R 2 4 X Y i ( 3 )  9 

K T:.! ( 36  ) r F M \ I C T L ( ~ Z I L )  9 F b 1 V C T G ( 1 2 9 4 )  r 
L  Y S H R F P ( 4 ) ,  Z S t : R F P ( 4 ) ,  Y S l i i i ~ : P ( 4 ) ~  Z S H R M P ( 4 ) r  CG' f 'X ' f 'Z(3)r  
M Y S H R F Q ( 4 )  Z 5 H R F C : ( 4 )  9 Y . 5 t - 1 R Y ! ~ ( 4 )  r ZSHI - !? "O(4)  9 EGYXYZ ( 3 )  

DAT:. I X Y Z  / 1 t I X 9  I ! I Y I  l t l Z  / 
C  ZERO 3 U T  FOOTPAC CRlJSn E%EKGY 

GO 1 C  I = 1 9  :! 
1 0  CGYXYZ( I )  = n.q 

I F  ( I F P b T r J  .TO. 2 GO TO qn 

IF ( KFPCRL .EC. n r.c T O  5 0  
C  C A L C U L A T E  T I - l t  FORCE CC:,:?r>F,:FhIT AT T H E  FOOTPAr) J O I N T  
C  NORbtAL T D  THE LAP131 YG S U R F L C E  

r lES1JLF = r O R C 2 (  IC? .PDI I  
I_ 

,- 
L CALCCILLTE TI-I? FOOTPC".RR'JCH EhIERGY FOR T H I S  S T E P  I N  SUPFACE 
C  C O C R C I t ! i \ T 7 S  &YE .."LC I T  T C  T O T A L  ENERGY I N  SURF:qCE 
C  COOREII.':'. TFC 
C 

Y = N F P C P l  
J = N F P C R L  
D 3  3 0  I = 1 y J  
I F  ( R F C U L F  .LT. r P C P L ? ( K )  ) GO TO 3 0  
P !FFCXL = N F P C R L  - 1 
C G Y X Y Z ( I L S P C R )  = ( : C Y X Y L ( 1 D S P 3 E )  + F F C R L D ( K ) * F P C R S T ( K )  

3 0 K  = K - 1  
I F  ( N F P C R L  .EO. J ) (.?3 T C  5 0  
I rGYXYZ ( I L:;PDr<) = t;YXYZ ( I ;SP!)R ) + CE'JXYZ ( I C J S P ~ ~ ?  ) 

5 3  COI\ !T lh l l lF 
C  

ENGY 10 
ENGY 20  
ENGY 3 0  
ENGY 40 
ENGY 5 0  
ENGY 60 
ENGY 70 
ENGY 8 0  
ENGY 417 
ENGY 109 
ENGY 11 0 
FNGY 1 2 0  
FNGY 1 7 0  
C:?GY 1 4 3  
ENGY 1 5 0  
FNGY 1 6  !I 
EKGY 1 7 0  
ENGY 1 8 0  
EP!GY 1 9 0  
ENGY 2 0 0  
FF'GY 2 1 0  
FPlGY 7 2 0  
Ef\IGY 2 7 0  
FPiGY 2411 
FNGY 2 5 0 
ENGY 2 6 0  
EldGY 270 
FIJGY 2 8 0  
Fi'jGY 2 9 0  
Fr lGY 300 
EliC-Y ?:n 
EI iGY 3 2 5  
FNGY '33C 
EYGY 3 4 0  
FhlGY 7 5 0  
TNGY 3 6 0  
EhlGY ?7'? 
EP:GY 3 8 9  
ENGY 3 9 0  
Er\iGY 4r?0 
ENGY 4 1  $ 
FN,C?Y 4 1 2  
ENG'C 4 1 4  
ENGY 4 2 9  
F?!GY 4 ? 0  
EP!GY 4 4 0  
FVGY +E.C 
F? l5Y 4 6 3  
Fh\GY 47'7 
E;lSY 461? 
EYGY 4 9 0  
E N J Y  5 0 0  
EKGY 5 1 0  
F'dGY 5 2 0  
F ! G Y  5 3 0  



C A L C U L A T E  F C O T P A D  CRUSH ENERGY FOR T H I S  S T E P  I N  L A N D E R  
C O O R C I N A T E S  R Y  n I R E C T  T R A N S F O R M A T I O N .  

C A L C l J L A T E  ENERGY FOR T I - { I S  S T E P  D U E  T O  D I S P L L C E I 4 E F I T  OF FOCTPAT? 
J O I N T  I N  E O T H  S U R F A C E  ANC L A N D E R  C O O R D I N A T E S  

DO 4 1 0  I = 1, 3 
C G Y C D L ( I 1  = 0.0 
F O R C L 2 ( 1 )  = 0.0 
X Y Z D S L ( 1 )  = 0.0 
D O  4 0 0  J = 1, 3 
C G Y C D L ( 1 )  = C G Y C C L ( 1 )  + r ! C ( J , I ) * C G Y X Y Z ( J I  
F O R C L 2 ( I )  = F O R C L Z ( 1 )  + C C ( J , I ) *  F 9 R C 2 ( J )  
X Y Z C S L ( 1 )  = X Y Z D S L ( 1 )  + D C ( J , I ) *  X Y Z 9 S  ( J )  

4 3 C  C O N T I N U E  
C 
C C A L C U L A T E  TOTPSL ENERGY I G  L A N D E R  C O G E D I N A T E S  P S  THE Stir.' OF 
C T H E  PREVIOI -JS  T O T A L  A N D  T H E  F O O T P A D  C R U S I i  EXERG"  FOR 
C T H I S  S T E P  ANC T H E  E N E R G Y  P U E  TO F O O T P A ?  J 3 I N T  
C D I S P L A C E M E N T  FOR T H I S  S T E P  
C 

E G Y C D L ( I 1  = E C Y C b L ( 1 )  + X Y Z O S L 1 1 )  * ( F O R C L l ( I ) + F O t ? C L 2 ( 1 ) )  +'.5 
E G Y C D L ( 1 )  = E G Y C D L ( 1 )  + C G Y C D L f  1 )  

4 1 0  F O R C L l ( 1 )  = F O R C L Z ( 1 )  
C 
C C P L C U L A T E  T O T A L  E Y E R G Y  I b I  S l J R F P C E  C O O Q D I N 4 T F S  L S  T P F  cll',' Q F  
C T H E  P R E V I O U S  T C T A L  AND T H E  F O C T P P D  CRU'iH Er lEXGY FQR 
C T H I S  S T E P  ANC T H E  r N E F C Y  D l J r  T O  F O O T P A P  J O I N T  
C D I S P L A C E M F N T  FOR T H I S  S T E P  
C 

C CHECK ENERGY L I M I T  
I F  ( I G L D I R  .EC. - 0  \YO 10 8 0  
I F  ( ENGARS .(;Em 0.)  CO T O  6 4  
I F  ( E G Y X Y Z ( 1 S L G I R )  * G T .  E N G A E S  ) 50 T O  80 
GO T O  6 6  

6 4  C O N T I N U E  
I F  ( E G Y X Y Z (  I G L D I R  ) .LT.  E N G A R S  ) GO T O  8Q 

6 6  C O N T I N U E  
W R I T E ( 6 3 7 1 )  

7 1  F O R M A T  ( I H O ,  3 3 X  6 ( 10H%-X++-X+*X->+l-+) ) 

WRITE(6~70)EGYXYZ(IGLDIR),IXYZ(ICLDIR),ENGA8S 
7 0  F O R M A T  ( 2 4 H O * * * *  T H E  T O T A L  Fb!FRGY ( E 1 4 . 7 ,  

1 9 H )  I N  THE A 1  9191-1 S U R F A C F  C O O R D I N L T F ,  
2 38H D I R E C T I O N  EXCEEL.5  T i l E  EPJER5Y C U T O F F  ( 9  
3 E 1 4 . 7 9 6 H )  * * * * )  

I G L G I R  = 0  
83  C O N T I N U E  

R E T U R N  
E N T R Y  E N E R G l  
D O  1 0 0  I = 1, 3 
F O R C L l ( 1 )  = 0.0 
F O R C l ( 1 )  = 0.0 

100 E G Y X Y Z ( I ) =  0.0 
N F P C R l  = K F P C R L  

ENCY 540  
ENGY 550  
F R G Y  5 6 0  
ENGY 56 5 
ERGY 5 7 0  
ENGY 5 8 0  
ElvGY 5 9 0  
EPIGY t O Q  
FNGY 5 1 0  
EP'GY 6 2 0  
ENGY 6 3 0  
ENGY 5 4 0  
EVGY 550  
ENGY 6 6 0  
FNGY 6 6 1  
FF!GY 6 6 2  
FP'GY 66 '3  
E;.!GY 564  
E i l G Y  6 6 5  
ENGY 6 6 6  
E ?,: r; Y L 7 9 
ENrJY 699  
F N 5 Y  6 3 n  
FldGY 7 0 f i  
ENGY 7 2 C  
FPJCJY 7 2 0  
E?lGY 7 7 3  
E?lGY 7 2 4  
ErJGY 7 3 0  
ENGY 7 4 0  
ENGY 7 5 0  
FNGY 7 6 0  
ENGY 7 7 9  
ENGY 7 8 0  
EI'!GY 7 9 0  
E i j G Y  800  
EFIGY 5 13  
EPIGY 8 2 0  
ENGY 9 3 0  
ENGY 3 4 C  
EP!GY 8 4 2  
ENGY 8 4 4  
EraGY 3 5  0 
E&GY 8 6 0  
FNGY 9 7 0  
E;<GY 8 8 9  
E I i C Y  3 3 5  
E?IGY 3 3 0  
EFGY 9 0 9  
E!\!5Y 9 1 0  
F N S Y  9 2 0  
ENGY ? ? O  
ENGY 9 4 0  
ENGY 9 5 0  
Er IGY 3 6 0  
ENGY 9 7 0  



ENGY 9 8 0  
E N G Y  9'30 



S U B R O U T I N E  T R N F S v i  ( S T 1  F X L ,  TRANSM 9NORDER 
U 1 ; i E N S I O N  STIF : :L (NORLER9NGI i>LTR 1 , T R A N S  'I (393) 
DIb 'bENSION A ( 1 2 ) 9  I J ( 4 ) ,  I J C ( 1 2 )  
D I M E N S I O N  I R C ( 1 2 )  
D A T A  IJ / 0 , 3 9 6 9 9  / 
D A T A  I J C  / 3 * 0 ,  3 9 3 3  ? * 6 ,  ?*9 / 
D A T A  I R C  / 1,2,3,1,2,3,1,2,3,1,2,3 / 
I T I N J O = l  

M I J L T I P L Y  T F A h ' F O R Y f i T I G N  V A T R I X  T I Y E S  S T I F F N F C S  ' A A T P I Y  
S T O R E  R E S U L T  I b !  ' T I F F N E S S  V A T P I X  

N O R U R 3  = NORDER / 3 
CO 4 0  K = 1, NORDER 
I C i l = O  
DO 3 0  I C  =1, NORDR? 
0 3  3 0  1 = 1 , 3  
I C R =  I C R + 1  
A ( I C R ) = 3 e c ?  
DO 3': J = 1 9 3  
J J = J + I J ( I C )  
I F  ( S T I F M L ( K , J J ) . C O . O . )  GO TO 3 0  
A (  I C R ) = A . ( I C R ) + S T I F Y L ( K , J J l ~ ~ T X A i \ I S ~ - l ( J I I )  
C O N T  I PlUE 
D O  4 0  J = 1 9  ~ I O . F ~ € l ?  
S T I F M L ( K , J ) = A ( J )  

M U L T I P L Y  T H E  R E S U L T  C F  THE AEOVE T I Y E S  THE TRANSF13SE O F  T E E  
TKF\[\;5FOR:.'ATI3:: X A T R  I X 

!If) 6 6  K. = 1, F!C!RDER 
DO 5 0  I C ?  = K ,  N O R n E E  
A ( I C F ) = O e F  
I = I R C ( I C R )  
DO 50 J = 1 9 3  
J J = J + I J C ( I C R )  
A (  I C R ) = A ( I C R ) + S T I F : \ l L (  J J , K ) ~ T R A ? J S ! V ~ ( J $ I )  
DO 6 0  J = K ,  r i C R 2 E R  
S T I F b \ L ( J 9 K l = A ( J l  
I C R  = NORGER - 1 
23 7 0  I =  1, I C R  
I C = I + l  
CO 7 C  J = IC,?ICRL!FR 
C - T I F I ? L (  I , J ) = S T I F : ? L ( J r I )  

A S  A R F S L J L T  O F  THE A n O V E ,  STIF ' . !L  COP!TAINS T H E  5T IFFhSTC.5  
M A T R I X  T[?CP!SFOR?.IEU Tr) T H F  CL9O.I.L C.O?RDII.:4TF S Y c T F ? '  

R E T U R N  
E b! C 



S U B R O U T I N E  T R A L M G (  F!<G, FI,'L, TG,  NG ) 

C F.M. G L O P A L  = ( T M )  T . (Fef!. L O C A L )  
C F M e  VECTOR = F X P  ,FYP, F Z F  F X Q 9 F Y Q  9F70,!4XP. .. 9l4XO~h~Y(?9.', 'ZO 

D I M E N S I O N  F M G ( 1 2 ) 9  F ! * ; L ( 1 2 ) s  T R ( 3 9 3 )  
N = C  
y = C ;  

D C  3 0  I = l ,  N G  
C 
C TRANSFOR>4 L O C A L  FORCE-T3'4Er\ ITS T O  G L G E A L  FOXCC-.XG?4ENTS 
C 

GO 2 0  J = l , ^ n  
M = I.: + 1 
FI.:G(,V) = 0.0 
DO 2!? K = 1 , 3  
bIK = rJ + K 
F M G ( E 4 )  = FI.!G(I;.i) + T k : ( K 9 J )  F::L(NK) 

2 0  C O N T I  NI.JE 
3 C N  = N + 3  

RETIJRF.! 
E K E  

T R F M  1 0  
TPFfA 2 0  
TPFM 3n 
T R F M  4 0  
T R F Y  5 0  
T R F Y  6 0  
T R F ' I  7 C  
T R F i i  8 0  
TFFF.1 9 0  
TRFf4 1 0 0  
TRF;.' 11 9 
TRF:?, 1 2 0  
T R F M  130 
TRFI.: 1 / 1 0  
Th 'FF I  1 5 ?  
T R F Y  1160 
TRFI-1 1 7 0  
TKFI.? 1 8 0  
T R F M  1 9 0  
TRFh i  7 0 0  



S U ~ R O U . I I N E  S T F M I T I  S T I F M L ,  PO, DPQ, AE ) 

D I M E N S I O N  S T I F R L ( 6 9 6 )  
C  
C COMPUTE THE L O C A L  S T I F F N E S S  Y A T R I X  O F  AN A X I A L  STRUT 
C  
C PO = CIJRREI'!T A X I A L  FORCE 
C  AE = CURRENT A X I A L  S T I F F N E S S  
C  DPQ= LENGTH OF THE PQ ELEMENT 

DO 1 0 0  1 ~ 2 9 6  
K = I - 1  
DO 1 0 0  J = 1 9 K  

193 S T I F M L ( I 9 J )  = 0 . 0 0  
S T I F M L ( 1 9 1 )  = AE 
S T I F M L ( 2 9 2 )  = PO / CPQ 
S T I F M L ( 3 9 3 )  = S T I F M L ( 2 9 2 )  
S T I F K L ( 4 9 4 )  = AE 
S T I F M L ( 5 9 5 )  = S T I F h J L ( 2 9 2 )  
S T I F M L ( 6 9 6 )  = S T I F P J L ( 2 9 2 )  
S T I F M L ( 4 9 1 )  = -AE 
S T I F M L ( 5 9 2 )  = - S T I F ? I L (  2 9 2 )  
S T I F M L ( 6 9 3 )  = - S T I F M L (  2 9 2 )  
DG 2 0 0  I = 2 , 6  
K = 1 - 1  
DO 2 0 0  J = l , K  

2 0 0  S T I F M L ( J 9 1 )  = S T I F K L ( 1  , J )  
RFTIJRh! 
END 

STAX 1 0  
STAX 2 0  
STAX 3 0  
STAX 4 3  
STAX 5 0  
STAX 6 0  
STAX 71) 
STAX 8 0  
STAX ?r) 
STAX 1 0 0  
5TPX  1 1 0  
STAX 1 2 0  
'TAX 1 3 0  
STPX lq9 
'TAX 1 5 0  
STPX 151) 
qTPX 1 7 0  
STAX 18 r )  
STAX 1 9 0  
STAX 2 0 0  
STAX 2 1 0  
STAX 2 2 0  
S T 3 X  2 3 9  
ST$X 2 4 0  
STAX 2 5 0  
5TAX ?5" 
S T "  X 7 Q  



S'JCiRO!JTINE TRAN5>I (  PI GI R, TV,  T O T L P O  
DIr . 'EhSIOPl F ( 3 )  I U ( S )  , T:*:(3,3) , R ( 3 1  
D C U S L E  P R E C I S I O N  X, Y, 2 ,  T S T L  , T + i D ( 3 , 3 ) ,  DPE, 2 E R  

C. L 1  K l  N 1  THE TR,23l\rSF~FI.iATIOi*1 i i . S T R I X  ?C?(. I I?ED T C  
C TI.' = L 2  K 2  N 2  CONVERT GLOGPL C O C R D I N A T E S  TO L O C A L  
c L 3  1.1 3  r.13 COORCI ~ : A T E S  

X  = 3 ( 1 1  - P ( 1 )  
Y  = J(2) - P ( ? )  
Z = Q ( 3 )  - F ( 3 )  

C COI/PUTE THE T C T A L  LEi\:C:TH 3 F  T Y F  3AR PQ 
T O T L  = DSi>RT(  X * X  + Y+cY + Z'*Z ) 

T O T L P G = T O T L  
C  CO::PIJTE T l i E  D I R F C T I O I . :  CCT: INES ZF THE LOC,!L X  A X I S  P C  

T b 1 3 ( 1 ? 1 ) =  X  / T O T L  
T I  G ( 1 1 2 )  = Y  / T O T L  
T L ' S ( 1 3 3 )  = Z  / T C T L  
X  = R ( 1 )  - P ( 1 )  
Y = R ( 2 )  - P ( Z )  
Z  = R ( 3 )  - P ( 3 )  
D P E  = T B D ( 1 , l ) S X  + T M 3 ( 1 , 2 ) * Y  + T F A 2 ( 1 ~ 3 ) * Z  
DER = D S Q R T (  X*X + Y * Y  + Z * Z  - DPEwDPE 

C COVPI.!TE THE D I R E C T I O I d  T O ? I ? : r S  CF T H T  L O C A L  Y AX15 Ti? 
C  b!HERE E I C  TkIE POI iYT O F  I P ! T E R S E C T I 3 N  C'N P? ,3F Ti!E 
C P E R P E N D I C I J L A ?  DRAb:!P! FDQ!.' i? T 9  P? 

T l < L ( 2 1 1 )  = ( X  - T K D ( l , l ) * D P T  ) / 3 E P  
T : \ :D(2 ,2 )  = ( Y  - T;, lD(1,2)*DPE ) / D E R  
T M D ( 2 9 3 )  = ( i - T + ? 0 ( 1 9 3 )  SGPE )/DEi? 

C  CCMPUTE Tt tE LJIRECTIC::  C G S I N E S  OF T H E  L O C A L  Z  A X I S  FRXPC 
TE' .D(3,1)  = T i ~ : 0 ( 1 , 2 ) * T Y C ( 2 9 3 )  - T i 4 D ( 2 , 2 ) * T S i D ( l r 3 )  
T b d D ( 3 9 2 )  = T ! * 1 0 ( 2 9 1 ) * T ~ ~ * ~ D ( 1 1 3 )  - T t . ! D ( I , I I " T M D ( Z , ? I  
T:.:D(39?,)= T " D ( l , l ) * T \ ~ D ( 2 , 2 )  - T k A P ( 2 , 1 ) * T ' 4 D ( 1 , 2 )  
DO 1 0  I = 1 , 3  
DO 1 C  J = 1 1 3  

I n  T h d ( I , J I  = T? : 'D( I , J )  
RETC1RP.I 
E N D  

T E A N  ?r: 
TRAN 2 0  
T F A N  30  
T ,  , :: 4 '7 
TRAN 5 0  
TI?P.N 6 9  
TRAP1 7 3  
TP:,~.! lir! 
T P b t l  "n  

Ti?/\?.! 1'7n 
TRAP.! l l r  
TRAN 1 2 0  
TRAP1 I ? ?  
TRAN 1 4 0  
TEIA?~ 1 5  0 
TR:tV l 1 3 Q  
TRA:: 1 7 0  
T?APi 1 8 0  
TRAQ 19r! 
T  'i A 2  0  9 
TRAN 2 1 0  
TP!,.?I 3 2 C  
T:?Ali 1 3 0  
TR!\Fl 2 4 2  
T!?J.P! 250 
T X P N  2 6 3  
TRAN 2 7 0  
TR\ l t !  230  
TRA?:  29C 
TEAN ? f l C  
TR fir.:, 3 1 0  
T V A K  3 2 n  
T 0 t I N  3 3 0  
TPA:.! 3 4 0  
TRAN 3 5 0  
TPAN ? 6 0  



SUBROUTINE  D V F S q  D E T F R V I N F S  THE RANK ( I R A N K )  A N 3  L I N E 4 R L Y  
INDEPENDEhT  ROWS AND COLIIVNS O F  A SYI.n!vlETRIC P O S I T I V F  
S E M I - D E F I N I T f  P A T R I X  ( A )  OF ORDFB AND PREPARCS T t I r  h A b T P I X  
FOR C A L C U L A T I O N  O F  T I ~ F  L E A S T  SQU4RES SOLIJTION \IF Ib1If\lI"IAL L F N S T  

G I  tJFNSIOblED DUbAF3Y VAR I A B L F ?  
D1b:ENSION A (  1 )  ,TRAC( 1 )  
DOUBLE P R E C I S I O N  SU'!9A,TRkC,PIV9HOLD 

C 
C  T E S T  OF S P E C I F I T P  DIE4EI IS ION 

I F ( N ) 3 6 ~ 3 6 , 1  
C 
C  I N I T I F L I Z F  TR IANGULAR F P C T O R I Z A T I O N  

1 I R A N K = O  
I s w = n  
K P I V = C  
J = 0 
P I V = O e D O  

C  
C  SEARCh  F I R S T  P I V O T  ELk: lEMT 

DO 3  K = l r N  
J = J + K  
T R A C ( K ) = A ( J )  
I F ( A ( J ) - P I V ) 3 , 3 , 2  

2 D I V = A ( J )  
Y SIIS= J 
K P I V = K  

3  COhITI  b!UF 
C 
C START  LOOP OVER A L L  RO\b/S C F  F 

DO 3 2  I = l , N  
I SUB= I S U E + I  
I M l = I - 1  

4  K M I = K P I V - I  
I F ( K M I ) 3 5 , q r 5  

C  
C PEQFOPY P A R T 1  A 1  C3L l JuY  TNTEPCHAM5E 

5 J I =KSOR-Kbl I  
I D C = J I - I S U B  
J J = I S U S - I Y 1  
DP 6 K = J J , I S l J Q  
K K = K + I D C  
I-IOLD=A ( K  ) 
A ( K ) = A ( K K )  

6 A ( K K )  =HOLD 
C  
C PERFORbi P A R T I A L  ROW IYTERCHANGE 

KK=KSUR 
DO 7  K=KP IV ,N  
I I =KK-KMI  
H O L D = A ( K K )  
A ( K K ) = A ( I I )  

Di.1f-S 1 0  
DQlFS 2 0  
D F i F S  3 0  
C:'FS 4 0  
DhtFtl '59 

HDLIFC, 6 0  
DQIFS 7 C  
R v F S  8Q 
3 & " F S  9 0  
DMFS 1 0 0  
D:/IFS 1 1 0  
D:'FS 1 2 0  
DMFS 1 3 0  
DMFS 1 4 0  
D'JFS 1 5 9  
DMFr 1 6 9  
DWFS 1 7 0  
DMFS 1 8 0  
DYFS  1 9 0  
DMFS 203 
E'?FS 2 1  0 
DMFS 2 2 0  
DMFS 2 3 0  
DMFS 2 4 0  
Di4FS 2 5 0  
? ? I F 5  2 6 0  
D?.:FS 2 7 0  
OF'FS 7 8 0  
DMFC 2 9 0  
OVF'i 3 0 0  
D ' IFq  7 1 0  
nMFS 9 2 1  
DMFS 3 '30  
DYFS  7 4 0  
DSIFS 3 5 0  
DMFS 3 6 0  
Ci'lFS 3 7 0  
DXFS  3 8 0  
DMFS 3 9 0  
n M F 5  4 0 0  
D P F  410  
DC'FS 4 2 0  
D"F5 4 '30 
PYFS  4 4 0  
Dl-'FS 4 5 0  
D';FS 4 6 0  
DF'FS 4 7 0  
DMCS 4 8 0  
9F"S 4 9 9  
DIqFS 5 0 0  
?: lFS 6 1 0  
D' jFS 5 2 0  
QMFS 5'30 
Db1FS 4 4 0  
D>:FS 5 5 0  
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C 
c RECORD I NTERC:-IANGE I r; TRANSPOSITION VECTOR 

11:; T R A C ( K P I i J ) = T R A C (  I 1  
T R A C ( I ) = K P I V  

C 
C  M O D I F Y  C!JRREPJT P I V O T  PO%.! 

K K = I V I - I P A M K  
KIV I= I Sl,'F-KK 
P I V = G . 3 0  
I D C = I R A N K + l  
J I = I S U E - 1  
JK=KF,! I 
J J = I S U R - I  
DO 1 9  K = I , N  
SUF@=(?.DO 

C  
c ~ U I L U  UP S C A L A R  PRODUCT IF NECESSARY 

I F ( K K ) 1 3 r 1 3 , 1 1  
11 DO 1 2  J = K b A I , J I  

S U M = S V M - P ( J ) * A ( J K )  
1 2  J K = J K + l  
1 3  J J = J J + K  

I F ( K - 1 1 1 4 r 1 4 9 1 6  
1 4  S\.J\l=A ( ISL!!,) +SC:M 

C  
C  TEST  R k D I C A N O  FOR L C 5 5  OF S I G N I F I C A N C E  

I F ( S U X - ~ A B S ( A ( I ~ U ~ ~ ~ * P ~ L E ( E P . C . C ) )  1 2 0 9 2 0 9 1 5  
1 5  A (  I S U H ) = D S O R T ( S U Y I  

K P I V = I + l  
G O T 0  1 9  

1 6  SUV=  ( P (JY +TI:?.") / 4  ( I T?!P 1 
A ( J K  ) =SUK 

C  
C  SEARCI-! FOR VFXT  P I V O T  ROW 

I F ( A ( J J 1 ) 1 9 r 1 3 , 1 7  
1 7  T R A C (  K  l=TRAC(K) -SL '? : l *S I I : I  

H O L D = T K A C ( K ) / A ( J J )  
I F ( P 1 V - H O L D ) l 8 , 1 9 9 1 ?  

1 8  P I V = H G L D  
K P I V = K  
K S I J P = J J  

1 9  J K = J J + I D C  
G O T 0  3 2  
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DMFS 5 6 0  
DMF5 5 7 0  
DMFS 5 8 0  
DMFS 5 9 0  
DMFS 6 0 0  
DMFS 6 1 0  
W F ' i  6 2 0  
DYFS-  6 3 0  
D h T S  6 4 0  
D?.?FS 6 5 0  
9F.IF.C. h 6 f l  
DMFS 6 7 0  
9MFS 6 8 0  
Dr?iFS 6 3 0  
DblFS 7 0 0  
DMFS 7 1 0  
DMFS 7 2 0  
3i.IFS 7 3 0  
DPF.5 7 4 0  
DVFS 7 5 0  
Dk'Fc. 7 6 n  
OI4FS 7 7 0  
DVFS  781, 
Di4FS 7 9 0  
OPJIFS 80C: 
D;\.!FS 8 1 0  
CPFS 8 2 0  
DIGFS 8 7 0  
DMFS 8 4 0  
CIMFS 8 5 0  
DMFS 8 6 0  
Dk?FS 8 7 0  
DFTS  S 8 0  
O?.^F.5 8 9 0  
DF4F.5 9 0 0  
RVFS  9 1 0  
DXFS  9 2 0  
DWFS 9 3 0  
DMFS 9 4 0  
DAFS  9 5 0  
DKFZ  a 6 0  
DF:FS 9 7 0  
DYFS  9 5 0  
DVFS  "?() 
OI.IF.31009 
D? ;FS1010  
T IMFSlPZD 
DIv iFS1030 
CF.IFS1040 
D V F S 1 0 5 0  
D M F S 1 0 6 0  
D iv lFS1070 
D M F S 1 0 8 0  
DP,^FS1090 
D X F S 1 1 0 0  
C iYFS1110  



C  
C CALClJLATE ?,?ATRIX OF DEPENDENCIES  U  

2 0  I F ( I R A N K 1 2 1 , 2 1 , 3 7  
2 1  I R A N K = - 1  

G O T 0  4  
2 2  I R A N K = I M l  

I I = I S U B - I R A M K  
J I = I I  
DO 2 6  K = l , I R A N K  
J I = J I - 1  
J K = I S U B - 1  
J J = K - 1  
DO 2 6  J = I , N  
I DC= I RANK 
SUM=O *CO 
K t : I = J I  
K K = J K  
I F ( J J ) 2 5 , 2 5 ~ 2 3  

2 3  DO 2 4  L = l , J J  
I D C = I E C - 1  
S U M = S U M - A ( K M I ) * P ( K K )  
K Y I = K M I - I D C  

24 KK=KK-1  
2 5  A ( K K ) = ( S C I M + C ! ( K K )  ) / A ( K M I  ) 

2 6  J K = J K + J  
C 

C CALCULATE I + T R A N S P O S E ( U ) * U  
J J = I S I J B - I  
PIV=O.DO 
K K = I S U B - 1  
DO 3 1  K = I , N  
J J = J J + K  
I D C = O  
DO 2 8  J=K,N 
SIJM=O .DO 
K h I I = J J + I D C  
DO 27 L = I I , K K  
J K = L + I D C  

2 7  SUP=SUM+A ( L  -%A ( J K )  
A (  K M I  )=SUM 

2 8  I D C = I D C + J  
A ( J J ) = A ( J J ) + l . D O  
T R A C ( K ) = A ( J J )  

C 

C SEARCH NEXT D I A G O N A L  ELFhlFldT 
I F ( P 1 V - A ( J J ) ) 2 9 9 3 0 , 3 0  

2 9  K P I V = K  
KSUB=  JJ 
P I V = A ( J J )  

3 3  I I = I I + K  
KK=KK+K 

3 1  C O N T I N U E  
G O T 0  4  

3 2  C O N T I N U E  
3 3  I F ( I R A N K 1 3 5 ~ 3 4 9 3 5  
3 4  I R A N K = N  



3 5  RETURN 
C  
C EPROFi RETIJRNS 
C 
C RETLJRN I R  CASE OF I L L E G A L  D I F F N S I O N  

3 6  I R A N K = - 1  
RETURN 

C 

C I N S T A S L E  F A C T O R I Z A T I O N  OF I+TRANSPOSE(U) * I J  
37 IRANK=-2 

RETURN 
EN[? 



S U B R O U T I N E  DMLSS(A,N,IRANK,TRAC,INC,RHS,IER) DMLS 10 - 
C 
C  SUEROUTINE  D Y L S S  CALClJLATES THE L E A S T  SQUARES SOLUT IC? !  OF 
C F.11 N1MP.L LENGTH OF A  SYSTElri OF S IMULTANEOUS L I N E A R  EQUAT IO!\IS 
C  W I T H  SYMMETRIC P O S I T I V E  S E M I - D E F I N I T E  C O E F F I C I E N T  M A T R I X  ( A )  
C  WHOSE RANK ( I K A K K )  I S  KNOWN AND MAY BE L E S S  T k A N  THE ORDER ( N )  
C  
L 

C  DI;>IENSIONED DUMlrnY V A R I A B L E S  
D I M E N S I O N  A ( l ) , T R A C ( l ) , R H S ( l )  
DOUBLF  P R E C I S I 3 N  SU5'9A9Rti.S,TT!AC,HOL0 

C 

C  T E S T  OF S P E C I F I E P  G I V E N S I O N S  
I D E F = N - I R A N K  
I F ( N 1 3 3 9 3 3 9 1  

1 I F ( I R A N K 1 3 3 9 3 3 9 2  
2 I F ( I D E F I 3 3 9 3 3 3  

C  
C CALCULATE P U X I  L I A R Y  VALOTS 

3  I T E = I R A N K * ( I R A N K + 1 ) / 2  
I X 2 = I R A N K + l  
N P l = N + l  
I F R = n  

C  
C  INTERCHANGF R I G H T  HAND S I D E  

J J = 1  
I I = 1  

4 DO 6 I = l , N  
J = T R A C ( I I  
I F ( J ) 3 1 , 3 1 9 5  

5  H O L D = R H S ( I I  
R t I S ( I I ) = R H S ( J )  
R H S ( J ) = H C L D  

6  I I = I I + J J  
I F (  J J 1 3 2 9 7 ~ 7  

C 
C  FERFOP"  STST 2 I F  YECESSARY 

7  I S W = 1  
I F ( I N C * I D F F ) 8 9 2 8 , 8  

C  
C  CALCULATE X 1  = X 1  + b * X 2  

Y I S T A = I T E  
DO 1 0  I " 1 , I R A N K  
I 5 T P =  I S T P + l  
J J = I S T A  
SU?'=O e DO 
DO 9 J = I X 2 9 R  
S U P = S U V + A ( J J ) * R t i S (  J )  

9 J J = J J + J  
l G  R H S ( I ) = R H S ( I ) + S ! J Y  

G O T 0 ( 1 1 , 2 8 , 1 1 )  , ISh l  
C 
C  CALCULATE X 2  = T R A N S P O S E ( l I )  * X 1  

11 I S T A = I T E  
D O  1 5  I Z I X 2 r N  

DMLS 2 0  
DMLS 3 0  
C:>?L5 441) 
DMLS 5 0  
DMLS 6 0  
D V L S  70 
0;~lLS 8 0  
@'.:LC. 9 0  
DML5 1 0 Q  
OPAL? 1 1 0  
DML.5 1 2 9  
DVLS  1 3 0  
DNLS 1 4 0  
D X L S  1 5 0  
DXLS  1 6 0  
DMLS 1 7 3  
DiElLS 1 2 0  
DMLS 1 9 0  
DYLS  2 0 0  
D!.'!LS 2 1 0  
D14LS 2 7 0  
D ~ L S  73n 
DMLS 2 4 0  
D:!LS 2 5 0  
DYLS  2 6 0  
>VLC 7 7 Q  
D;4LC. 2 3 0  
D Y L S  2 9 0  
DMLS 3 0 0  
D Y L S  3 1 0  
DMLS 5 2 0  
D'4LS '339  
D V L S  3 4 0  
9F"LC. ?En 
D Y L S  3 6 0  
Et4LS 3 7 0  
D'4LS 3 8 0  
DMLS 3 9 0  
E!vlLS 4 0 0  
Di4LS 4 1 0  
D!v:LS 4 2 0  
C Y L S  4 3 0  
C'<LS 4 4 0  
r-~;<LS 4 5 0  
D'JLS 4 6 0  
!?hFLS 4 7 0  
OVLS 4 8 0  
Dh?'L5 4 9 9  
DIvILS 5 0 0  
DivlL.5 5 1 0  
Df,lLS 5 2 0  
Di,'iLC 5 3 0  
DHLS 5 4 0  
DMLS 5 5 0  
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J J = I S T A  
SIIM=O .GO 
DO 1 2  J Z l q I R A Y K  
J J = J J + l  

1 2  S U M = S U i v i + A ( J J l + R H S ( J )  
G O T O ( 1 3 ~ 1 3 ~ 1 4 ) ~ I S W  

1 3  SUM=-SUM 
1 4  K H S ( I ) = S U M  
1 5  I S T P = I S T . f i + I  

GOTO(  1 6 , 2 9 9 3 0 )  , ISM 
C 
C I N I T I A L I Z E  STEP ( 4 )  OR S T E P  ( 8 )  

1 6  I S T A = I X 2  
I Fr?lD=lrl 
J J = I T E + I S T P  

C 
C D I V I S I O N  OF X 1  P Y  TRAhI5POSE 3 F  TRIAhIGIJLAR FAP.TRIX 

1 7  SllM=O.Db 
DO 2 0  I = I S T A , I E N D  
I F ( A ( J J ) ) 1 3 , 3 1 9 1 6  

1 8  RHS(Il=(RHS(I)-SUM)/4(JJ) 
I F ( 1 - I E M D ) 1 9 , 2 1 , 2 1  

1 9  J J = J J + I S T A  
SLIM=O .DO 
DO 20 J = I S T A , I  
$II'i=C,II!*'+A ( J J ) * R H C  ( J )  

2 0  J J = J J + l  
i 

C D I V I S I O N  O t  X 1  t5Y TR1Ab:CULAE :.:lATEIX 
2 1  SUP',=O.CO 

I I=IE[ \ !C l  
D O  2 4  I = I S T k r I E N C  
R H S ( I I l = ( R H S ( I I  ) - .? ( . lF t ) /A(JJ)  
I F ( I I - I S T A ) 2 5 r 2 5 , 2 2  

2 2  K K = J J - 1  
SUF.?=O .DO 
DO 2 3  J = I I , I E N D  
SlJM=SUEJ+4 ( K K  )*PI-IS ( J i  

2 7  KY=KK+J 
J J = J J - I  I 

2 4  I I = I I - 1  
2 5  I F (  I D E F 1 2 6 , 3 0 ~ 2 t  
2 6  G O T 0 ( 2 7 , 1 1 , 3 ) , I S b ~  

,- 
L 

C PERFORM S T E P  ( 5 )  
2 7  IS5:=2 

G O T 0  8 
C 

C PFRFGii ' :  S T F P  ( 6 )  
2 3  I S T A = l  

I END= 1P1ik'K 
J J = 1  
I S!.'=2 
G O T 0  1 7  

C 
C PERFORX STEP ( 8 )  

D K L S  5 6 0  
OPLS 579 
D Y L S  689 
DI\".S 5 9 0  
W!LS 6 0 0  
DMLS 6 1 0  
DWLS 6 2 0  
DMLS 6 3 0  
DMLS 6 4 0  
D:.iLS 6 5 0  
DMLS 6 6 0  
DrdLS 6 7 0  
n w s  ~n 
n w L s  6 9 0  
DMLS 7 0 0  
DMLS 7 1 0  
DMLS 72n 
DMLS 7 3 0  
DMLS 7 4 0  
DI4LS 7 5 0  
DNLS 7 6 0  
DMLS 7 7 0  
DMLS 7 8 0  
D V L S  7 9 0  
DML5 8 0 3  
V I L S  8 1 n  
DWLS A 7 r !  
DMLS 8 3 0  
Dp.?LS 8 4 0  
DMLS 8 5 9  
DMLS 8 6 0  
DMLZ 5 7 0  
D;.ILS o a o  
DML5 8 9 0  
DMLS 300  
Dr.!Ls 91 n 
D:.'ILS 9.21) 
P"SLS 9 3 0  
PL.ILS 9 4 3  
D h l S  9550 
DblLS 9 6 9  
DI.iL5 9 7 0  
D:.ILS 9 8 0  
D Y L S  9SO 
D M L 2 1 0 0 0  
R ' 4 L S 1 9 1 9  



29  I S W = 3  
G O T 0  1 6  

C  
C RE INTERCHANGE CALCULATED S O L U T I O N  

3 0  I I = N  
J J = - 1  
G O T 0  4 

C  
C ERROR RETURN I N  CASE OF ZERO D I V I S O R  

3 1  I E R = 1  
3 2  RETURN 

C 
C ERROR RETURN I N  CASE SF I L L E G A L  D I M E N S I O N  

33  I E R = - 1  
RETURN 
END 



S U S R O I I T I N E  STRIJT ( I S T  9 S A V E 1  r S A V E 2  9 SAVE3  9 S A V E 4  r 

1 S A V E 5  r S A V E 6  9 S A V E 7  r SAVE8  r I S A V F l *  
2  I S A V E 2 r  I S A V E 3 r  S T R P  r I P O S C  9 I P O S T  9 

3 I R E T  r SCMAX 9 STMAX r CDC 9 SRULT  9 

4  SRULC 9 SRT 9 SRC r P F T  r P F C  9 

5 STR 9 FORCE r A X S T I F  r I F I R S T r  I T E R  9 

6 CDT r I S T O P 2  
D I ? : E N S I C N  C D C ( 1 ) r  C D T ( 1 ) r  S R T ( l ) ,  S R C ( 1 ) r  P F T ( 1 1 9  P F C ( 1 )  

C 
C  T t J I q  SUSROlITI?!E C E T E R Y I N E  THE FORCE AND A X I A L  S T I F F N F C S  OF r, 
C T Y P I C A L  LANr71P1G CEPR S T R l l T  
C 
C  
C I N I T I A L I Z E  SlJRROUTIPJE 

C. 

C * * i t * *  

C STRUT I N  T E K S I O N  
C * ? + * t * -  

C 
4CO C O N T I  I\J[!E 

I F ( A E S T R . G T . S T M A X . A b I 3 . I T E R . E G . 1 )  5 0  TO 5 0 0 1  
C 

C WAS P R E V I O U S  STEP ON COE:PRESSIO!! S I D E  

STRT 1 0  
STRT 2 0  
5 T R T  3 0  
STRT 4 0  
STRT 5 0  
STRT 6 0  
STRT 73 
STET  8 0  
STRT 9 0  
STRT 1 0 0  
5TRT  1 1 0  
STRT 1 2 0  
STRT 1 3 0  
STRT  1 4 0  
STRT 1 5 0  
STRT 1 5 5  
STRT 1 6 0  
STRT  1 7 0  
STRT  1 8 0  
STRT 1 9 0  
STRT 2 0 0  
STRT 2 1 0  
STRT 2 2 9  
?TRT 7 ? 0  
STET 2 4 0  
S T 4 T  2 5 0  
STRT 2 6 0  
STRT 2 7 0  
STRT 2 6 0  
STRT 2 9 0  
STRT 3 0 3  
5TRT  3 1 0  
STRT 3 2 2  
STRT 3 3 0  
STRT 3 4 0  
STRT '350 
STRT 363  
.5TFT 7 7 0  
T R T  3 8 0  
STRT 3 7 9  
STRT 400 
STRT 4 1 0  
STRT 4 2 0  
STRT 4 3 r i  
.C:TRT 4 4 0  
STPT  4 5 r )  
STr?T 4 6 0  
STPT 479  
STRT 4 8 0  
STRT 4 9 0  
STST  KO0 
STRT 5 1 0  
STRT 5 2 0  
STRT 5 3 0  
STRT 5 4 0  



I ? Q F V = + l  
I F ( I R E T e E Q e 1 )  GO TO 6 5 1  
GO TO 6 2 6  

4 3 2  CONT I NlJE 
I P R E V = + l  
I F ( A B S T R * G T . D I S T T ) G O  TO 4 0 1  
FORCE=O.O 
GO TO 2 0 0 1  

4 0 1  C O N T I N U E  
I F ( S T R e L T e S T R P ) G O  TO 4 2 5  

C  
C  S T R U T  L O A D 1  NG 
C  

I F ( S P N G T e E Q a 0 e O ) G O  TO 4 0 5  
FORCE=SPNGT*(ASSTR-DISTT)  
I F ( F O R C E e L T * F O R E V T ) G O  TO 2 0 0 1  
FOREVT=OeO 
I NDULT=O 
SPNGT=OeO 
I F ( I J K T . E Q m 1 ) G O  T O  4 0 7  
DISTT=CDT(IJKT-11-PFT(1JYT-l)/SRT(IJKT) 
GO TO 4 0 8  

4 0 7  D I S T T = O c O  
4 0 8  CONT I N U €  

I F  ( F O R C E . L T e P F T ( I J K T ) ) G O  TO 4 0 5  
F O R C E = P F T ( I J K T )  
I F ( A C S T R * L T e C p T ( I J I T ) ) G O  TO 2 0 0 1  

4 0 5  C O N T I N U E  
4 3 6  I F ( A E S T R . L i . C r , T ( j J I ( T ) ) G O  TO 4 1 0  

DISTT=CDT(IJKT)-PFT(IJKT)/SRT(IJKT+l) 
I J I T = I J K T + l  
b O  TC 4 G b  

4 1  0 CONT I NLJE 
F C K C t = S R T ( I J h T ) * ( ~ P S T i ? - G I 5 T T )  
I F ( F 3 R C E a C T e P F T ( ; J Y T I ) F C P C E = P F T ( ~ J K T )  
GC, TO 2;Cl  

4 2 5  C O N T I  P'IJE 
I F ( I K C T e E Q e 1 ) G C  TO 4 5 0  
I T ( I N D U L T e N E e 0 ) u S  TO 4 7 5  

4 2 6  S P K G T = S R U L T  
IF(PFG2T.NE.PFT(IPOST))SP~iGT=SRT(IPCSTI 
F O R E V T = P F O R T  
GO TO 4 7 0  

4 5 0  C O N T I N U E  
I F (  II \ IEI/LT.I\!EeO)CO TO 4 7 5  

4 5  1 CONT I NC!E 
F O R F V T = P F O R T  
I F ( P k O R T * E Q . P F T ( I P O S T  1 )  GO TO 4 6 5  
S ? N G T = S R T ( I D O S T  ) 

GO TO 4 7 0  
4 6 5  C O N T I N U E  

SPNGT=SRIJLT 
I F ( i P O S T . E Q . 5 )  GO TO 4 7 0  

? T R T  5 5 0  
S T R T  5 6 0  
STRT 5 7 0  
S T R T  5 8 0  
S T R T  5 9 0  
S T R T  6 0 0  
STRT 6 1 9  
S T R T  6 2 0  
S T X T  6 3 0  
STRT 6 4 0  
5 T ? T  5 5 0  
S T R T  6 6 0  
STRT 6 7 0  
STRT 6 8 0  
STRT 5 9 0  
STRT 7 0 0  
S T P T  7 1 7  
S T R T  7 2 0  
S T R T  7 3 0  
S T R T  7 4 0  
S T ? T  7 5 0  
STRT 7 6 0  
STPT 7 7 0  
STRT 7 8 0  
S T ? T  7 9 0  
ST"? 8 0 0  
S T ? T  8 1 0  
S T R T  8 2 0  
S T Q T  8 3 0  
S T q T  8 4 0  
STRT E 5 0  
S T K T  8 6 3  
S T ? T  8 7 0  
S T I T  8 3 0  
STRT 8 9 0  
S T 7 T  9 0 0  
T T R T  91n 
ST'IT 9 2 0  
STPT o ? n  
STRT 9 4 0  
S T i T  9 5 0  
S T 2 T  9 6 0  
S T R T  9 7 0  
STRT 9 7 5  
STRT 9 3 0  
STRT 9 9 0  
S T Y T 1 0 0 0  
S T R T l 0 l O  
S T ? T 1 0 2 9  
S T R T l n 3 0  
S T R T 1 3 4 0  
ST?T ln5 ! !  
? T R T l r ) 6 0  
S T R T 1 0 7 0  
5 T p T 1 0 8 0  
S T i i T l 0 3 0  

373 



S P N G T = S R T ( I P O S T + l  1 
4 7 0  C O N T I  NUE 

I N D U L T = l  
D I  5 T T = A : i c  ( 5 T R P )  -PFORT/SP:IST 
I F (  I P R E V - F o e - 1 ) G O  TO 6 0 2  

4 7 5  C O X T I  NIIE 
FORCE=SPNST*  (: ' !E?TR-PISTT) 
I F ( A B 5 T R . L T . G I S T T ) F O l ? C C = O . O  
GO TO 2 G 0 1  

C 

C  Q * Q * l . x  

C  S T R U T  I &  C 3 Y P R t S S  IOP.1 
C  + Q # ? L  

C  
5'): C O N T I  PJIIE. 

IF ( A E ~ T R . G T . ~ c ~ ~ ~ I X . ~ ~ \ I ~ ~ .  IT~-K.FG. 1 )  GO T O  501-10 
C  
C  l..!&S PRF_VIO!IS 5 T t P  OM TCNSIOFI  S I D E  
C 

I F ( I P R E V . E O . O ) G O  TO 6 0 2  
I F ( I P R E V . N E . + l ) C O  TO 6 0 2  
IF (PFCl iT .EQ.O.G)Gr ;  TO 6 0 2  
I P R E V = - 1  
i F ( I R E T . E Q . + l )  GG TO 4 5 1  
GO TO 4 2 6  

6 0 2  C O N T I  i\!llE 
I P R E V = - 1  
I F ( A b ' T R . G T e D I S T C ) C 3  TO 6 0 0  
FORCE=n.C! 
GO T O  2 c n n  

67:!3 COPJTI PIUE 
I F (  ITERaNE.l.ANL>.PFORC.i'deF-PFC( 7POSC 
I F ( S T R . C T . S T R P ) G O  TO 6 2 5  

6 9 9  C O N T I  NI!C 
r 
L 

C S T R U T  LO;).DI?.JG 
L 

I F ( S P N G C . E Q . O e O ) G O  TO 6 0 5  
FORCE=SPNGC* (A[3STR-!?ISTC 1 
I F ( F O Q C E n L T . F O R E V C ) G O  T c  2C09  
F O E F V C = O e n  
I NDULC=(; 
SPNGC=O.f' 
I F (  ; J K C e E 9 . l ) t 3  TO 6 0 7  
DISTC=CUC(IJKC-l)-PFC(IJI~C-1)/5RC(IJKC) 
GO TC! 6 2 6  

6 0 7  CISTC=O.O 
6 0 8  C O N T I N U E  

IF(t'GRCE.LT.PFC(IJKC))GO T 3  6 0 5  
F O P C E = P F C ( I J K C )  
I F ( A S S T R e L T . C C C ( I J K C ) ) C - 0  TO 2 3 0 C  

6 9 5  C C K T I N U E  
6 0 6  I F ( A 3 S T R . L T . C I j C ( I J K C ) ) C O  T 3  6 1 0  

DISTC=CCC(IJKC)-PFC(IJKC)/5RC(iJKC+l) 
I J K C =  I J K C + l  
GO TO 6 0 6  

S T R T l l O O  
S T R T 1 1 1 0  
S T R T 1 1 2 0  
S T 1 T 1 1 3 0  
5 T R T 1 1 4 0  
S T R T 1 1 5 0  
5 T R T 1 1 6 0  
S T D T l 1 7 0  
S T R T 1 1 8 0  
S T R T 1 1 9 0  
S T R T 1 2 0 0  
S T R T 1 2 1 0  
S T R T 1 2 2 0  
S T R T 1 2 3 0  
S T R T 1 2 4 0  
C T I ; T 1 2 5 n  
S T ' i T 1 2 6 3  
5 T K T 1 2 7 0  
S T R T 1 2 8 0  
S T 7 T 1 2 9 0  
ST?T13C)C 
S T R T 1 3 1 0  
S T R T 1 3 2 0  
S T i T 1 3 3 0  
S T 7 T 1 3 4 0  
S T R T 1 3 5 0  
S T 2 T 1 3 6 0  
S T R T 1 3 7 0  
S T R T 1 3 8 0  
S T R T 1 3 9 0  
S T R T 1 4 0 0  

) GO TO 6 9 9  S T R T 1 4 1 0  
S T i T 1 4 2 0  
S T i l T 1 4 3 0  
S T i T 1 4 4 0  
S T ? T 1 4 5 0  
S T R T 1 4 6 0  
S T R T 1 4 7 0  
S T R T 1 4 8 0  
STRT 1490 
C T R T 1 5 0 B  
S T R T 1 5 l r )  
5 T R T 1 5 2 3  
S T R T 1 5 3 0  
S T ? T 1 5 4 0  
S T R T l 3 5 0  
S T R T 1 5 6 0  
S T R T 1 5 7 0  
S T K T 1 5 8 0  
S T R T 1 5 9 O  
5 T R T 1 6 0 Q  
STRT1611)  
S T R T 1 6 2 0  
S T ' i T 1 6 3 0  
S T R T 1 6 4 0  
S T R T 1 6 5 0  



6 1 0  C O N T I N U E  
FORCE='F!C ( I J K C I - 2  ( . f i .RSTR-DISTC) 
IF(FORCE.GTeFFC(IJKC)~FCRCE=PFC(IJKC) 
GO TO 2 3 0 0  

C  
C  STRUT UNLOADING 
C  

6 2 5  C O N T I N U E  
I F ( I R E T e E Q a 1 ) G O  TO 6 5 0  
I F (  ;NDtJLCaNF,O)GO TO 6 7 5  

6 2 6  SPNGC=SRIILC 
IF(PFORC.NE.PFC(IPOSC))SPb!GC=SRC(iPOSC) 
F3REVC=PFORC 
GO TO 6 7 0  

6 5 0  CONTINkJE 
I F ( I N D U L C . N E m O ) G O  TO 6 7 5  

6 5 1  C O N T I N U E  
FOREVC=PFORC 
I F ( P F O R C e E Q . P F C ( I P O S C  1 )  GO TO 665 
S P N G C = S R C ( I P O S C  1 
GO TO 6 7 0  

6 6 5  C O N T I N U E  
SPNGC=SRULC 
I F ( I P O S C . E Q . 5 )  GO TO 6 7 0  
S P N G C = S R C ( I F O S C + l  ) 

6 7 0  C C K T I N U E  
I I?IDULC=l 
D ISTL=ABS(STRP) -PFGi iC /SP? , ;SC 
IF( IPREV.ELI.+~)CG TO 4n2 

6 7 5  C O N T I N U E  
FORCE=SPPlGC+c ( A E S T R - D I S T C  ) 

I F ( A E S T R . L T . U I S T C ) F O R C F = r ! . D  
C 
C  U P C A T F  I N D I C A T O R S  
C  

2 0 0 0  C O N T I N U E  
PFORC=FORCE 
GO TO 2 0 0 5  

2 0 0 1  C O N T I N U E  
PFORT=FORCE 
GO TO 2 0 0 5  

2 0 0 2  C O N T I N U E  
PFORC=Oo 0  
PFORT=O-O 

2 0 0 5  C O N T I K U E  
I F ( I T E R . N E . 1 )  GO TO 6 0  
I P O S C = I J K C  
I POST=  I J K T  
S A V E l = S P h G C  
SAVEZ=SPNGT 
S A V E 3 = D I  STC 
S A V E 4 = D I  STT  
SAVE5=PFORC 
SAVE6=PFORT 
S 4 V E 7 = F O P E V C  
SAVE8=FOREVT 



I S A V E l = I N D U L C  
I S A V E Z = I N D U L T  
S T R P = S T R  
I S A V F 3 = I P R E V  

69 CONT I NIJE 
I F ( S T R . E Q . O o ) C O  T O  1 0 0  
F O R C E  = ( S T R / A R S T R ) * F O R C E  
GO TO 1 0 1  

10,; FORCE=O. 
1 9 1  C D N T I N U E  

i 

C  C A L C U L A T E  A X I A L  S T I F F N E S S  
C 

I F ( S T R * E O o O . )  GO TO 1 0  
IF (STR.GT.0 . )  GO TO 1 5  
I F ( F 3 R C E . E C e O . ) G O  TO 1 2  
IF(ABS(FOKCE).FQ*PFC(IJKC)) GO TO 1 2  
I F ( S P N G C . E Q * O * ) G C  TO 14 
A X ' T I  F=SPNGC 
GO TO 5 C  

1 4  A x c T I F = c R C ( I J K C )  

I 1  I F ( F O P C E . E Q . P F T ( I J K T ) )  3 0  TO 1 7  
I F ( S P N G T . E Q . O * ) G O  TO 1 3  
A X S T  I F=SPNGT 
GO TO 5 0  

1 3  A X S T I F = S R T ( I J K T )  
GO TO 5 0  

1 2  A X S T I F = 3 .  
GO TO 5 0  

1 5  I F ( I F I R S T e L T . 0 )  GO TO 2 0  
A X S T I F = S R T ( l  1 
GO TO 50  

2 0  A X S T I  F = S R C (  1 ) 

5 0  C O N T I  NUE 
RETI lR [ \ ;  

C 
C STRlJT  BOTTOIvED OUT Ci\i CCh;PI IESSIOr l  S I D E  
C 

5 0 0 0  COFiT I  N u t  
O R I T E ( 0 , 9 0 0 0 ) I S T  
GO TO 5 0 0 2  

C  
C  S T R U T  ROTTOVED OUT OM T E N S I O N  S I D E  
C 

5 0 0 1  C C N T I  NUE 
w R I T E ( 6 , 9 0 0 1 ) I S T  

5 0 0 2  C O N T I N U E  
I S T O P 2  = -1 
RETURF! 

C  
C  F O R V A T  S T A T E M E N T S  
C 

9 0 0 3  FQFiv lAT( / / / ,  l O X , * S T R I J T W 3 , +  BOTTO'IED OIJT ON C Q M P R E S S I O N  S I D E $ ' )  
9 0 5 ;  F Q R M A T  ( / I / ,  I~x,*';TRI!T+, 13,* P.OTTOF.IED OUT GN TENSION S I D E * )  



END 



OVERLAY ( G E A R R T 9 5 9 1 )  O V 5 1  1 0  

P?0GRAh? I N P U T  
D I VENS I ON S A V  ( 3  ) 
D I M E N S I O N  ALPPA ( 8  ) 
cc:~lMor.r / CM.AI~\! 

1 L G R T Y P r  L D I N D  r I N I T E R ,  i \ !POINT9 P!t?EFP r NELE'J 9 bNLJ?'B 9 

2  P:,CTEP 9 N I T E R  r TOL  r ENGAES, I F P A T N ,  NFPCRL9 F P C R L D ( 3 ) r  
3  I G L D I R t  NMATL  9 I S T  9 I M A T L ( 4 . 1  r ? 9 FFCRST ( 3  r 

4  I N D P L ( 4 )  9 ELASEN(  4 )  9 E L A S A X ( 4 )  9 

5  B I N E i I T ( 4 )  9 A R E A ( 4 )  9 I R E T ( 4 )  9 

6  I F I R , C T ( 4  ) 9 S C Y A X ( 4 )  9 S T M A X ( 4 )  9 

7 S R l ! L C ( 4 )  9 S R L i L T ( 4 )  r C U C ( 5 9 4 )  9 S R C ( 5 r 4 )  9 

8  C C l T ( 5 9 4 )  9 C l i C ( 5 9 4 )  r S R T ( 5 9 4 )  9 

7 P F C ( 5 r 4 )  9 P F T ( 5 9 4 )  9 N P N  9 X Y Z P 3 5 ( 3 9 5 )  
9 9 C C ( 3 9 3 )  r P H I  9 THTA 9 P S I  
7 9 C G Y C D L ( 3 ) r  E G Y C D L ( 3 )  

C(l:.:EIOZ: / C l? lA IN  / 
A  N I T E R S ,  N D I S P S ,  S T L k 2  9 

B I D S P D R r  I C S P D l r  I D S P D 2 9  S P D I S P r  COEFF 9 X Y Z D S P ( 3 ) r  
C STLPJ ( 4  9 S T L N O ( 4 1  r S T R P ( 4 )  9 

D S P r i G C ( 4 )  9 S P N G T ( 4 )  9 3 I S T C ( 4 1  9 

E  D I S T T ( 4 )  9 PFOKC ( 4 )  3 P F O R T ( 4 )  9 

F FOi-?EVC ( 4  ) 9 F O R E V T ( 4 )  9 I P O S C ( 4 )  9 

G I P O S T ( 4 )  I N D U L C ( 4 )  9 I N D U L T ( 4 )  9 

! -I S T P ( 4 )  9 A X I A L F ( 4 )  9 A X S T I F ( 4 )  9 

I I P R E V ( 4 )  9 X Y Z D t  ( 3 )  S F O R C E ( 3 0 )  9 

J C F O K F (  3 0 )  9 SlJ!4FFS4 ( 6 9R24XYZ  ( 3 )  9 

K T Y ( 3 6 )  9 F M V C T L ( 1 2 9 4 )  9 F ! ) V C T G ( 1 2 9 4 )  9 

L  Y S H R F P ( 4 1 9  Z S H R F P ( 4 ) s  Y.C.HR',?P(4), Z S H R F l P ( 4 ) 9  C U Y X Y Z ( ~ ) ~  
M YSf iRFQ( 4 )  Z'HRFQ( 4 )  r Yc,HR?AO( 4 )  Z S t i R V Q ( 4 1  9 EGYXYZ ( 3 )  

? & T A  CEGRk3  / 5 7 . 2 9 5 7 7 9 5 1 3  / 
$/IT,'+ ? L A N K  / 11-1 / 
W R I T z ( 6 9 4 0 )  

4 0  FORt.\AT ( 371-1 GEAR A N A L Y S I S  C,P.TF, - CARD C 0 3 E  / /  
1 2 8 X 3 1 H B L A N K  - 0 CO:.'I4EI\IT CARDS / 
2  2 8 X 4 4 H  1 GEAR AND LOAD CARD / 
3  2 3 X 4 7 H  2 F R I C T I O N  CARD / 
4  2 8 X 5 1 H  3 A P P L I E D  C ISPLPCEMENT C b R D  
5 2 8 X 4 5 H  4  STR!JT B IATERIAL  CPRbS  / 
6 2 8 X 4 9 H  5  COL?IT I O N  PARAMETER CARD / 
7 2 8 X 4 1 H  6 NODAL P O I N T  CARDS / 
8  2 8 X 3 8 H  7 FOCT?AA CARD / 
9 2 8 X 4 9 H  8  ?. 'ATERIAL PARAVETER C4RCS / 
A 2 8 X 4 4 H  9  Y A T E R I A L  CRIJSH CARLIS / 
I? 2 8 X 5 1 H  1 0  COMPRESSION CRUSH V I S T A N C E  CARDS 
C  2 8 X 5 1 H  11 T E N S I O N  CRUSI-I D I S T A N C E  CAi?C;S 
D  2 8 X 5 1 H  1 2  CG??PRESSION S P R I N G  RATE CARDS 
E 2 8 X L ; l H  1 3  T E N S I O N  S P R I N G  RATE CARDS 
F L 8 X 5 1 H  1 4  COId,PRLSSION P L A S T I C  FORCE CAROS 
G  2 8 X 5 l H  1 5  T E N S I O N  P L A S T I C  F O F i i E  CARiDS 
ti 28XLc2H 1 6  DATA TERK I NAT3R CARD / 1 

C 

C  RFAD THE INPLJT F I L E  DND P L A C E  GV ]UNIT 1 FOR CA?D COr)F 

I N P T  1 0  
I N P T  2 0  
I N P T  3 0  
I N P T  4 0  
I N P T  5 0  
I N P T  6 0  
IbrPT 7 0  
I N P T  8 C  
I N P T  9 0  
I;4PT 1 0 0  
I N P T  110 
I N P T  1 2 0  
I N P T  1 3 0  
IP iPT 1 4 ?  
IF IPT 1 5 0  
I N P T  1 6 0  
I N P T  1 7 0  
I N P T  1 8 0  
I N P T  1 9 0  
I N P T  2 0 0  
I N P T  2 1 0  
I N P T  22C) 
I N P T  2 3 0  
I N P T  2 4 0  
I N P T  2 5 3  
I N P T  2 0 0  
I N P T  2 7 0  
I N P T  ,183 
I N P T  2 9 0  
I N P T  3 0 0  
I N P T  3 1 0  
IbJPT 3 2 0  
I: iPT 3 3 0  
I N P T  3 4 0  
I N P T  3 5 0  
I N P T  3 6 0  

/ INPT 7-'n 
I U P T  3 8 0  
I N P T  3 9 0  
I N P T  4 0 0  
I N P T  4 1 0  
I N P T  4 2 0  
I N P T  4 3 0  

/ I N P T  4 4 9  
/ I I q P T  4 5 0  
/II',PT 4 6 0  
/ IrdPT 4 7 0  
/ I N P T  4 8 0  
/ I N P T  4 9 0  

I I I P T  5 0 0  
I N P T  5 1 0  
I N P T  5 2 3  



PROCESSING C  
R E W I N D  I 

9 0  R E A D ( 5 9 1 0 0 )  ( A L P H A ( 1 )  9 1 = 1 , e )  
1 0 0  FORMAT ( 8 A 1 0 )  

I F  ( FOF, 5  ) 1 0 3 ,  1 0 5  
1 0 3  C G N T I N U E  

N R I T E ( 6 9 2 9 0 )  
2 9 0  F O R M A T ( 3 9 H l E N D  OF JOB---END OF DATA S E T  ON U N I T  5  ) 

STOP 
1 0 5  CONT I NlJE 

W R I T E ( 6 ~ 1 1 1 1 )  ( A L P t i P ( 1 )  9 I = l 9 ' )  
DECODE ( 2 9  4 5 1 9  A L P H P ( 1 )  ) T 

4 5 1  FORMAT ( 1 2 )  
I F  ( I e E Q e  0  GO TO 9 0  

1111 FORMAT ( 1 X 8 A 1 0 )  
C  CHECK TO I N S U R E  TEPT CARD CODE I S  R I G H T  J U S T I F I E D  

DECODE ( 2 9  1 0 6 9  A L P t i A ( 1 1  AI B 
I F  ( E eNE. ELPNK ) GO TO 1 0 7  
b ? R I T E l 1 ~ 1 0 6 )  B y  A  

1 3 6  FORMAT ( 2 A 1  
GO TO 1 0 8  

1 0 7  C O N T I  NIJE 
b , ' R I T E ( 1 , 1 1 0 )  A L P H A ( 1 )  
DECODE ( 2 , 2 8 0 9 A L P b ' A ( l )  I 
I F  ( I m5T. 1 5  GO TO 1 2 0  

2 5 0  FORMAT ( I 2  
1 1 0  FORMAT ( A2 I 
1 0 8  '~iRITE(1~100)(ALPHA(I)~I=1~8) 

GO TO 9 0  
1 2 0  C O N T I N U E  

R E W I N D  1 
C  END OF I N I T I A L  READ 

1 5 0  R E A D (  1 9 2 0 0 )  ICCO[)E 
203 FORVAT ( I 2  

I F  ( EOF, 1 ) 1 2 0 0 9  2 0 5  
2 0 5  CCNTIPtUE 

r 
C  ONLY CARDS WITi-I CARD CODES OF 1 - 1 5  ARE ACCEPTAaLE  
C  

I F  ( ICCOI IE  .GTe 1 5  GO TO 1 0 0 0  
I F  ( ICCOOE .GT. 0  GO TO 2 2 0  
R E A D ( ~ I ~ ~ ~ ) ( A L P E A ( I ) ~ I = ~ I ~ )  
W R I T E ( 6 9 2 1 0 1  ( A L P H A (  I I * I = 1 9 S )  

2 1 3  FORMAT ( 2 8 H  ****ERi?DR**** BAD CARD C O D E 9 1 2 X 8 A 1 0 )  
GD TO 1 5 0  

22-7 CONTIMIJE 
GO TO ( 1, 2 9  3 9  4 9  59 6 9  7 9  8 9  9 9  1 0 9  11, 1 2 9  1 3 ,  1 4 ,  1 5  ) , I C C C 3  

C  GEAR AND L O A 3  CARD 
1 R E A D  ( 1 9 2 7 0 )  LGRTYP,  L D I N D I  S T L N Z ,  P S I ,  THTI~ ,  P H I  

GO TO 1 5 0  
C  F R I C T I O N  CARD 

2  R E A 3 ( 1 ,  2 4 0 )  I D S P D R ,  S P D I S P ,  COEFF 
GO TO 1 5 0  

C  A P P L I E D  D ISPLACEMENT CARD 
3  R E A D ( 1 9  2 5 0 )  ( X Y Z D S P ( I ) ,  I = 1 9 3 )  

GO TO 1 5 0  

I N P T  5 3 0  
I N P T  5 4 0  
I N P T  5 5 0  
I N P T  5 6 0  
I N P T  5 7 0  
I N P T  5 8 0  
I N P T  5 9 0  
I N P T  6 0 0  
INPT 6 l n  
1NPT 62 '1  
I N P T  6 3 9  
Ib!PT 6 4 0  
I N P T  6 5 0  
I N P T  6 6 0  
II'.IPT 6 7 0  
I r i P T  6 8 0  
I N P T  6 9 0  
I N P T  7 0 0  
I N P T  7 1 0  
I N P T  7 2 0  
I N P T  7 3 0  
IFJPT 7 4 0  
I N P T  7 5 0  
I N P T  7 6 0  
I N P T  7 7 0  
I N P T  7 8 0  
I N P T  7 9 0  
I h P T  8 0 0  
I N P T  3 1 0  
I N P T  8 2 0  
I N P T  5 1 0  
I N P T  8 4 0  
I N P T  8 5 0  
I N P T  8 6 0  
I N P T  8 7 0  
I N P T  8 8 0  
I N P T  5 9 0  
I N P T  9 0 0  
I N P T  9 1 0  
I h P T  9 2 0  
IPJPT 9 3 0  
I l JPT  9 4 0  
I N P T  9 5 0  
I N P T  3 6 0  
I N P T  7 7 0  
I N P T  9 8 0  

E I N P T  9 9 0  
I N P T 1 3 0 0  
I N P T 1 0 1 0  
I i \ ! P T 1 0 2 0  
I N P T 1 0 3 0  
I i d P T 1 0 4 0  
I N P T l O S O  
I N P T 1 0 6 0  
I f \ l P T 1 0 7 0  
I N P T l C I 8 0  



C STRUT M A T E R I A L  CARDS 
4 R E P D ( l t  2 6 0 )  I S T I  I M A T L ( I S T 1  

GO TO 1 5 0  
C S O L U T I O N  PARAMETER CARD 

5 R E A G ( l r 2 6 C )  NSTEP,  N I T E R ,  NMATL,  I G L D I R r  ENGABS9 TOL  
GO TG 1 5 0  

C NODAL P O I N T  CARDS 
h R F A D ( l r 2 4 0 )  NPN r ( X Y Z P O S ( I , N P N ) , I = l r 3 )  

GC! T O  1 5 0  
C FOOTPAD CARD 

7 R E A D ( 1 , 2 7 C ) I F P A T N ,  N F P C R L , ( F P C R L D ( I ) , I = ~ , ~ ~ , ( F P C R S T ( I ) , I = ~ ~ ~ )  
~3 TI: 1 5 n  

C h d A T E R I A L  PARAMETER C@RP'? 
9 REP[>( 1 r 2 7 C )  P?IO , I N D P L ( M N 0 )  ,ELASEN ( Y K O )  ,ELASAX (>?NO 1 9 

1 B I N E R T ( Y N 0 )  ,AREA (I.iNOI 
GO TO 1 5 0  

C M A T E R I A L  CRUSH CARDS 
9 R F r t D ( l , , 2 3 0 )  MNO , I R E T  ( M N O ) r I F I R S T ( ~ 4 N O ) , S C ' ~ A X ( P * ~ N O ) ,  

1 STMAX(MNO),SRULC ( M N O I ,  SRULT(MNG1 
GG TO 1 5 0  

C CC:1PRESSICN CRUSt-1 D 1,STkrNCE CARDS 
1 0  R r 4 D ( l r 2 4 n )  MNO ( C D C ( I , W N O ) , I = l r 5 )  

GO TO 15 '2  
C TEWSI  ON CRUSH D I S T A N C F  CARDS 
11 R E A r ( 1 , 2 4 0 )  MNO r ( C D T ( I , > I N O ) r I = l r 5 )  

GO TO 1 5 0  
C COMPRESSIO?J S P R I N G  R A T t  CARGS 

1 2  R E A D ( 1 9 2 L O )  WNO 9 ( S R C ( ! r l J P 1 3 ) r I = 1 , 5 )  
GO TO 1 5 0  

C TTP!SION S P R I N G  RATE CARDS 
1 3  R E L G ( l , Z 4 0 )  KKO r (SRT(1 ,MNO)  9 1 ~ 1 9 5 )  

GO TO 1 5 0  
C CCMPRESSICY P L A S T I C  FORCE CARPS 

14 R E A D [ l 9 2 4 0 )  MNO r ( P F C ( l , Y N C ) r I = 1 , 5 )  
GO TO 1 5 C  

C TEPISICP? P L A S T I C  FORCE CARDS 
1 5  R E O D ( 1 , 2 4 Q )  VPlO , (PFT(; ,bfk!O) , I = l , E i )  

GO TO 1 5 C  
1 9 0 0  CONT I NUE 

C CONVERT ELILER ANGLES TO R A D I A N S  
P H I  = PI-I1 / DEG?AD 
T t i T A =  THTA/  DEGRAD 
P S I  = P S I  / DCGKAD 

C 2 i T  UISPLACEF*IENT STEP NUf4BER 
N D I S P S  = 0 
I F  ( L D I N G  .EL'. 2 ) GO T O  4 1 0  

C 

C YE-T F R I  CTIOP! PLANE I N C I C A T O R  I D S P D l  AND I E S P D 2  
C 

I D S P D 1  = O 
E n  4 0 0  I = 1, 3 
I F  ( I .EQ. I S S P D R  ) GO TC 4 0 0  
I P Z P D 2  = I 
I F  ( I G S P D 1  .KE. 0 ) GO TO 4 0 0  
I E S P D 1  = I 

4 3 2  C O N T I N U E  



C S E T  NORMAL D I  SPLACEItEEiT 
X Y Z G S P (  I C S P C R )  = S P D I S P  

4 1 ^  C O N T I N U E  
C 
C  S F T  P . P P L I F D  C ISPLACE? 'ENT  INCREh,lENTS 
C 

DO 4 2 0  I = 1, 3 
4 2 0  XYZ ! )S (  I )  = X Y Z D S P (  I )  / NSTEP 

C  I N I T I A L I Z E  T i i i  Et.JERGY SUEROIJTINE 
CP.LL E N E R G l  
' : iR IT t  ( 6 , 3 2 0 )  

32C FORMAT ( 1 H 1 ,  4 5 X  3 6 H I N I T I A L  C O N D I T I O N S  FOR GCAR L N A L Y S I S  / / / I  
C 
C GET THE LANZEi? TC SIJRFACE COORDI  N P T t  TEANSF'32:;AT I3 r I  '"ATRI Y ,T:C 
C 

C A L L  GEC!? 

(- CONVERT ri09; CZCI?T)II'IATFS T O  S ~ J R F A C E  CC)ORDIN:ITS 
C 

i i F O I P i T =  4 
I F  ( LGRTYP mEC* 2  ) >JPOINT= 5 
D3 7 0 0  I = 1 9  N P O I N T  
SO 6 5 0  J = 1 9 3  
S A V ( J )  = 0.C 

DO 6 5 0  K =  1 9 3  
6 5 3  S h V ( J )  = tAV(J )  + C C ( J , K ) * X Y Z P G S ( K 9 1 )  

GC 7f'O J = 197 ,  
I F  ( A O S [ S A V ( J )  eGT. 1. f -1 '7 GO TO 6 9 0  
X Y Z P O ' ( J , I )  = .D 
GO TD 7 0 r  

6,"' A'YZPC,S(J, I  ) = C s \ ! (  J )  
7P!y j  CG!I!Ti  b:UII 

iRETURr: 
2 3 3  FORXAT ( 5 X  3 1 5 3  4E10.5  ) 

2 4 2  FORGAT ( 5X 1 5 ,  1 0 X  5C lO .5  
2 5 9  FOEI';tT ( 5 X  1 5 X  4E10.5  ) 

25'1 FSRIb'AT ( 5X 4 1 5 ,  5X 2E10.C 
2 7 7  FORb'4T ( 5X 2 1 5 ,  5X 6E10.5  

E N  l) 



SUF:ROIJT i NE C-EOPi. 
CO~4!,ION / C K A I N  / 

1 LGRTYP,  L D I N D  I N I T k R r  N P O I N T ,  NREFP 9 NELEY 9 :JlJ:4E 9 

2  NSTCP 9 N I T E k  9 TOL r ENGABS9 I F P A T N I  NFPCRLs  F P C R L D ( 3 1 9  
3  I G L L I R ,  ElPiATL 9 1 5 T  9 I X A T i ( 4 )  t %NO 9 FPCRST ( 3  1 P 
4  I N 3 P L  ( 4  ) 9 E L C S U b ! ( 4 )  9 E L A S A X ( 4 )  r 
5 F I N E R T ( 4 )  9 A R = A ( 4 1  9 I R E T ( 4 )  9 

6 I F I R S T ( 4 )  9 SCxlAX ( 4 )  9 CTF:AX(41 9 

7  SE:!LC(4) r S ? I ! L T ( 4 )  9 C D C ( 5 4 )  9 S R C ( 5 9 4 )  9 

8 C P T ( S 9 4 )  C E C ( 5 9 4 )  9 S l i T ( 5 9 4 )  r 

9 P F C ( 5 9 4 )  9 P F T ( 5 r 4 )  9 NPN 9 X Y Z P 0 5 ( 3 r 5 )  
? 9 S C ( 3 9 3 . )  r PI11 9 TET?. 9 P S I  
9  9 C G Y C C L ( 3 1 r  E G Y C D L ( 3 )  

CZXP?O?! / creAI".: 
A P ; ITZPSr  N D I S P S ,  S T L N 2  9 

6 IDSPCR,  I D S P C 1 ,  I D S P D 2 9  S P D I S P ,  COEFF 9 X Y Z S S P ( 3 )  9 

C S T L N  ( 4 1  9 S T L N 3 ( 4 1  9 S T R P ( 4 )  9 

D SPNGC ( 4  ) 9 S P N G T ( 4 )  9 D I S T C ( 4 )  9 

C D I S T T ( 4 )  9 PFORC ( 4 )  9 P F O R T ( 4 )  9 
? FOREVC(  4 )  r F O R E V T ( 4 1  9 I P O S C ( 4 )  9 

G I P O S T ( L . 1  9 INCUJLC( 4 )  9 I F I 9 I J L T ( 4 )  9 

3 S T R ( 4 1  9 A X I i \ L ? ( 4 )  9 A X S T I F ( 4 )  Y 

I I P R E V ( 4 )  9 XYZCl.5 ( 3  9 S F G R C E ( 3 0 1  9 

J C F O R C F ( 3 0 )  9 F.:J??F?.44( 6  , R 2 4 X Y Z ( 3 )  9 

K T c 1 ( 9 9 4 )  r F X ' J C T L ( 1 2 9 4 )  9 F ? . ' V C T G ( 1 2 9 4 )  9 

L Y Z i i R F F ( 4 )  9 Z S H R F P ( + ) ,  YS ik IRXP(4)  Z S I i R I / P ( 4 1  9 C C Y X Y Z ( 3 ) r  
i., Y5 I - IPF3 (  4 )  Z t t - l R F 3 (  4 )  9 Y t l i 4 i - ' 9 (  (t 1, ZC. t iR i<Q(4)  9 E 'JYXYZ ( 3  ) 

I- *s.+:-*+<$*.>.>i'C 
CALCLiLATE TI-iE i .C TP.J'L?'SF<>?.::~T I 0  ;.lATR I X  FOR CONVERT1 NG 

- L,'\!dDfR CGORCI , \ 4TLS  TO SURFACE CCORCINATES 
,- ++?Ct?++YHX9 

C  CALCULATE THE TI? ICI. F I I N C T I  OF!: OP!LY Oi!CE I;\: GEC)!: 
- -X-+tO+#.*-'-+fiX 

C O S P H I  = C O S (  P ; i I  
H I  = I P I  1  
C C S T t l L  = C O S (  THTA ) 

S I N T H A  = S I N (  THTA 
C C S F S I  = COS(  P S I  1 
S I N P S I  = S I N (  P S I  
C C (  1 9 1 1  = CCSTHC x- COSPY,I 
." 
Y = S I ; < T H A  * C O S P S I  
!! = C C S P H I  +$ S I N P S I  
C c ( 2 9 1 )  = S I N P H I  * A  - B 
C = I N P H I  ?: r . ~ ~ ! ~ 5 ~  
P C ( ? , l )  = C O S P H I  * A + C  
D C ( 1 9 2 1  = COSTHA +$ .<Ih!PSI 
D C ( 2 9 2 )  = SIPJTHP * C  + CO'iPHI*COS?SI 
>C ( ? , 2 )  = S Ib4THb + F: - S IYF ' - I I +CCS?51  
" ( 1 9 3 )  = - S I k T I - I A  
P C (  293) = S I N P t i I x C O S T t t f i  
D C ( 3 r ? 1  = CGSPHI+CC<THb  

C *+;'r:CQ*%.;f*+e* 

RETUR:: 
rKc 

GEOY 1 0  
GLOW 2 0  
GEOM 3 0  
GtS;.i 4 9  
GCC8.t 5 0  
GEO:4 6 0  
GE0;9 7 0  
c,E3:.1 8 0  
GEO:4 90  
c7~o; \1 I n 0  

GEO:.? 1 3 0  
GEOX 1 4 0  
GEOY 1 5 0  
GEOiI  1 6 0  
GE3I.i 1 7 0  
GCO'.< I t 0  
CEOi4 1 9 0  
CEO2 2 0 0  
GEOPi 2 1 0  
GE9M 2 2 0  
GEI0:I 2 3 0  
GFO" 2 4 0  
GC?;  2 5 0  
GtOi*l  2 6 0  
GEOM 2 7 Q  
GEOM 2 8 0  
GEa'.: 2 9 0  
CEDI'.: 3 5 0  
GEOY 7 1 0  
GEOX 3 2 0  
G E W  3 3 0  
GEO'4 7 4 0  
GFO'" 5 n 
GE3I.: 3 6 0  
GE9:: 7 7 n  
GEOM 3 8 0  
GtOt4 3 9 0  
GEOivi 4 0 0  
GEOi.1 4 1 0  
GCC'I 4 2 0  
GEG'Yi 4 3 C  
GF3" 4 4 n  
GFOL' 4 5 0  
CEO" 4 6 0  
(TED!; 4 7 0  
GFr .1  4 8 n  
C-FO'J 4 " 1  
G E E 1  5 0 0  
GEOa4 5 1 0  
GEOY 5 2 0  
GEO;/I 5 3 0  
GEO1.i 5 4 0  



PROGRAFfi I N V T R P  
D I M E N S I O N  T S T I F M ( 3 9 ' 3 )  
D IMENSIO I ' I  S T I F M ( 6 9 6 ) ,  CDLXYZ ( 6 )  
COMMON / C M A I N  / 

1 LGRTYP,  L D I N D  9 I N I T E R ,  N P O I N T ,  NREFP 9 NELE??! 9 NUKn 9 

2  NSTEP r  N I T E R  9 TOL  9 ENGABS9 I F P A T N ,  NFPCRL9 F P C R L D ( 3 ) ,  
3 I G L D I R ,  NMATL 9 I S T  9 I M f i T L ( 4 )  9 MNO 9 F P C R S T ( 3 1 ,  
4  I NDPL ( 4 )  9 E L P S R N ( 4 )  9 E L A S A X ( 4 )  9 

5  3 I t \ i E R T ( 4 )  A R E A ( 4 )  9 I R E T ( 4 )  9 

6 I F I R S T ( 4 )  9 S C M P X ( 4 )  9 S T M A X ( 4 )  9 

7 S R U L C ( 4 )  9 S R C I L T ( 4 )  9 CDC(  5 9 4 )  r S R C ( 5 9 4 )  9 

8 C C T ( 5 9 4 )  9 C P C ( 5 9 4 )  9 S R T ( 5 r 4 )  9 

9  P F C ( 5 9 4 )  9 P F T ( 5 9 4 )  9 N P N  9 X Y Z P O S ( 3 9 5 )  
9  9 D C ( 3 9 3 )  9 P H I  9 THTA  t P S I  
9  7 C G Y C C L ( 3 ) 9  E G Y C D L ( 3 )  

CCPIMON / C M L I K  / 
A  N I T E R S T  N a I S P S ,  S T L N 2  9 

B I 3 S P D R 9  I D S P 3 1 9  I D S P U 2 ,  S P D I S P ,  COEFF 9 XYZi.)SP( 3 )  9 

C  S T L N  ( 4 )  9 S T L ? l 0 ( 4 )  9 S T R P ( 4 )  Y 

D  SPNGC ( 4  1  9 SPNGT ( 4  9 D I S T C ( 4 )  9 

E  C I S T T ( 4 )  9 PFORC ( 4 )  P F O R T ( 4 )  9 

F  FOREVC(  4 )  9 F O R E V T ( 4 )  r I P O S C ( 4 1  9 

G I P O S T  ( 4 )  9 I N D l J L C ( 4 )  9 I N D U L T ( 4 )  9 

H S T R ( 4 )  9 C I X I A L F ( 4 )  r A X C T I F ( 4 )  9 

I I P R E V ( 4 )  9 XYZCS ( 3 )  9 S F O R C E ( 3 0 )  9 

J CFCRCE(  3 0  9 SU:'FPi4 ( 6 ) 9R24XYZ  ( 3  9 

K T t t ( 3 6 )  9 F : , lVCTL (12 ,4 ]  9 F M V C T G ( I . 2 9 4 )  r 
L  Y S I i R F P ( 4 ) ,  Z S H R F P ( 4 1 9  YSHRF iP (419  Z S H R M P ( 4 ) ,  C S Y X Y Z ( 3 ) ,  
:I Y S H R F Q ( 4 1 ,  Z S H R F G ( 4 1 ,  YSr lRNGj (4 ) v  ZSHP,l . '&(4)9 E G Y X Y Z ( 3 )  

h I T E R S  = 0  
NELEl.1=3 
I ' I T E R C  = 1 
I C O S  = 1 0  + ( I D S P D R - 1 )  * 3  
I F I b i  = C 
N I TERS = 0  

I N V T  10 
I N V T  2 0  
I N V T  3 0  
I N V T  4 0  
I N V T  5 0  
Ih lVT 6 0  
I N V T  7 0  
I!.JVT 8 0  
I N V T  9 0  
I N V T  1 0 0  
I N V T  1 1 0  
I N V T  1 2 0  
I N V T  1 3 0  
I N V T  1 4 0  
I i i V T  1 5 0  
I iUVT 1 6 0  
I h V T  1 7 0  
I t i V T  1 6 0  
IPiVT 1 3 0  
I i J V T  2 0 0  
1::VT 2 1 0  
I i i V T  2 2 0  
I N V T  2 3 3  
IFJVT 7 4 0  
I h V T  2 5 0  
I idVT 2 6 0  
I N V T  2 7 0  
I ~ Y V T  2 8 9  
I jdVT 2 3 0  
I iqVT 3 0 0  
I h V T  3 1 0  
I R V T  3 2 C  
I N V T  3 3 0  
I N V T  7 4 0  
I Q V T  35n  

C  I Y V T  ?GQ 
C CALCULATE 1 F : I T I b L  STRUT LE?IC:THC ANC LOCAL  COCRDI?!i"-T? TPA?:s '"..I:;vT 3 7 $  

CA'LL T R A l ' . 1 S t . D ( X Y Z i ) ~ C ( l ~ 1 ) , X Y Z P r ) S ( 1 r ~ t ) ~ X Y Z ? O S ( 1 r L 7 ) ~ T ' ? (  1 ) 9 5 T L ' " . O ( 1 )  1 
C A L L  T k k P . I C . ~ . l ( X Y Z P 3 f , ( 1 ~ 2 ) 9 X Y Z P O S ( 1 ~ ~ + ) , X Y Z ? C S ( 1 ~ 3 ) 9 T i . l ( 1 0 ) ~ S T i b : . : O ( 2 )  1 
C A L L  TRAI \~S IJ ! (XYZPO. : (~ ,~ )  9 X Y Z P O S i l r 4 )  , X Y Z P O S ( 1 , 2 )  , T ? ! ( 1 9 )  r S T L N O ( 3 )  ) 

C SAVE M A I N  STXUT LEf<GTt I  
S T L N S  = C T L C C ) ( 2 )  
DO 1 1 0  I = 1, 3 

l l f  C C L X Y Z ( 1 )  = X Y Z D S ( 1 )  
DO 1 2 0  I = 1 9 3  

1 2 0  S T L N ( I ) = S T L N O ( I )  
C A L L  O U T P T l  

1 3 3  C O N T I  PUE 
C  
C  U P D A T F  FOOTPAD J O I N T  COORDINATkS  
C  

DO 1 4 0  I = 1, 3  

IF lVT 3 3 0  
I N V T  3 3 0  
I N V T  4 0 0  
I i \ lVT 4 1 0  
I I ~ I V T  4 2 C  
I f . jVT 4 3 C  
Ir.IVT 4 4 0  
I ldVT 4 5 0  
I i l V T  4 6 0  
I N V T  4 7 0  
I N V T  4 8 0  
I N V T  4 9 0  
I N V T  5 0 0  
IPJVT 5 1 0  
IPlVT 5 2 0  



1 4 C  X Y Z P G S ( I r N P O 1 N T I  = X Y i P C S ( I 9 N P O I N T )  + C D L X Y Z ( 1 )  
I F  ( N I T E R 5  .LE. 1 GO TO 1 4 5  
R4.;CVE = SQRT ( ( SASEPX-XYZPOS ( 1 9 4  **2 + ( DASCPY-XYZPOS ( 2 9 4 )  **2 

1 + ( R A S E P Z - X Y Z P O S ( 3 , 4 ) ) * * 2  ) 
I F  ( RF.?OVF: .LT. PAnR4G ) GO TO 1 4 5  
k ! Q I T F ( E r 1 4 4 )  

1 4 4  FOPF!AT ( 4 3 H l E R R O R  *** NO S O L U T I O N  FOUND AT  T H I S  LEVEL .  ) 

C A L L  O l J T P T l  
RETURN 

1 4 5  C C N T I N U E  
r ... CALCULATE CURRENT STRUT LENGTH AND GET TRANS* I,!. 

C A L L  T R A N S ~ ~ ! ( X Y Z P O . 5 ( 1 , 1 ) r X Y Z P O S ( 1 9 4 ) r X Y Z P O S ( 1 , 2 T  l ) , S T L M  ( 1 )  1 
C A L L  T R A N S V ( X Y Z P 0 5 ( 1 , 2 )  ,XYZPOS(  1 9 4 )  ,XYZPOC( 1 ,  T i  S T  ( 2 )  1 
C 4 L L  TRAP iSE? (XYZPOS(193 )  r X Y Z P O S (  1 3 4 )  r X Y Z P O S (  1 9 2 )  9TF4 (19 )  rSTLr.1 ( 3 )  1 

C 

C  CALCUL;j.TE 'TZVT FORCES AN3 P . X I 4 L  S T I F F N E S S E S  
C  

t ! I T F B c  = h!!ITFRS + I 
I F . T C P 1  = D 
00 1 7 0  I S T = l r  NELC'"  

C  CO?4PUTE STROKE 
S T R ( I S T )  = S T L N ( 1 S T )  - S T L M O ( I S T 1  

,- 
L G E T  THE M A T E R I A L  NO. 

'1!.!0 = I I 4 A T L  ( I S T  
I F  ( I N D P L ( M N 0 )  eE3. 2  ) GO TO 1 6 0  

C  CO34PUTE A X I A L  FORCE PNC S T I F F N E S S  - E L A S T I C  M A T E R I A L  I N  STRlJT 
A X S T I F  ( I S T )  = ARE4 (PNO).:.ZLASAX (!'NO) / S T L N  ( I S T )  
; l X I P L F (  I S T )  = S T R (  I S 7 1  * A X S T I F (  I S T  

1 6 0  C 3 N T I N U E  
C A L L  STRI!T ( I S T ,  S P N G C ( I 5 T )  9 S P N G T ( 1 S T )  9 D I S T C ( 1 S T )  r 

1 D I S T T ( 1 S T )  P F O R C ( 1 S T )  9 P F O R T ( 1 S T )  9 

2  F O R E V C ( 1 S T ) r  F C 2 E V T ( I S T ) r  I N D u L C ( I S T ) ~  
3  I N D U L T ( I S T ) ,  I P R E V ( 1 S T )  9 ST?.P(IST) r 
4  I P O S C ( 1 S T )  r I F G S T ( 1 S T )  r I?E?( 'g:>IC) r  
5  SCVlAX ( \!NO) 9 STl4AX ( F.i?.iC) ) 9 CDC ( 1 r'"11.iC; 1 9 

6 S R U L T (  MNO) r SR!.!LC (:IF:O) YRT ( 1 ,'.ih!C 9 

7 SRC(1,MNO) r  P F T ( 1 , V b ' O I  9 PFC( l , ' vP (G)  r 

8 Z T R ( I 5 T )  r  A X I A L F ( I 5 T ) r  P X C T I F ( 1 S T ) r  
9 I F I R 5 T ( ' - ~ : ! r ' )  r V I T E R S  9 CDT(1rhJ! ' !3)  r 

P I S T C P Z  ) 
I F  ( I S T O P 2  .LT. 0  ) I 5 T C 7 1  = 1 

1 6 5  CObITIb 'UE 
C S E T  L O C A L  FORCE VCCTCR L ! I T t '  ?.,XThL FCRCFS 

F h , ' V S T L ( 1 9 I S T )  = - P X I A L F ( I S T )  
F , ' V C T L ( 4 r I S T )  = >,XI;qLF( I S T )  

C c 3 r ? V F ? T  LCCAL  F::!iCE VECTCI? TC GL3EAL  FOriCE VECTOR 
C A L L  TFAL I -G (  F1' ' . jCTG( 1, T c T )  r F G V C T L ( 1 , I ' T )  r T V (  9 * I S T - 8 )  r 2 ) 

1 7 7  C3l,iTIi'!L!r 
I F  ( I S T C P 1  .EC. 1 ) RETIJ?;' 

C  
C  SUI.' FCRCES AT b!CCE P B I N T  F?IJP 
C  

DO 1 8 G  I = l , 7  
S! !MFM4(1) = 0.C 

I N V T  5 3 0  
I N V T  5 4 0  
I N V T  5 5 0  
I r i V T  560 
I N V T  5 7 0  
I N V T  5 8 0  
I N V T  5 9 0  
I N V T  6 0 0  
I N V T  6 1 0  
I N V T  6 2 0  
I N V T  6 3 0  
I N V T  5 4 0  
I N V T  0 5 0  
I N V T  6 6 0  
I N V T  6 7 0  
Ii'dVT 6 8 0  
I N V T  6 9 0  
I N V T  7 0 0  
I N V T  7 0 5  
I N V T  7 1 0  
I N V T  7 2 0  
I N V T  7 3 0  
I N V T  7 4 0  
I N V T  7 5 0  
I N V T  7 6 0  
I N V T  7 7 0  
I N V T  7 8 0  
I N V T  7 9 0  
I N V T  8 0 0  
I N V T  810 
I N V T  8 2 0  
I N V T  8 3 n  
I N V T  8 4 0  
I N V T  8 5 0  
I N V T  8 6 0  
I h V T  8 7 0  
IPJVT 2 8 0  
1r:VT 2;ri 
I?,!'JT 73C 
I x i V T  ? l r !  
T::\!T 7 2 n  
I IdVT 9 2 5  
I ? !VT  0 3 9  
I N V T  9 4 0  
I N V T  9 5 0  
IFI'JT ? S O  
I K V T  3 7 3  
I N V T  9 8 3  
TXVT ? S O  
IP !VT lOOG 
I N \ I T 1 0 0 5  
I N V T l n l ! !  
I F !VT l . q?Q  
IN:. 'Tln?O 
IP!VTl?/," 
1  :\.! 'v' 1 " S:) 



I N ' J T 1 0 9 0  
I F  THREE FOOTPPC J O I N T  D I S P L A C E Y E k l T S  ARE A P P L I E D ,  GO TO I i \ ! V T 1 1 9 9  
OUTPUT AND ENERGY S E C T I O N  I N V T 1 1 0 5  

I F  ( L D I N D  .EQ. 2 1 GO TO 4 0 0  I r ~ l V T l l Z O  
,- 
L 5 X I P  CONVERGENCE CHECK OK F I R S T  P A S S  I N \ / T 1 1 3 7  
C  CHECK F O ?  CCNV EPGENCE I V V T l 1 4 f l  
C  EP.II! C F  L C C P  I Y V T 1 1 5 0  

I F  ( I F I N  .EQ. 1 1  GO TO 4 0 0  I i \ ! V T l ? t 3  
I F  ( K I T E R S e G T .  PJITER 1  GC TC 4 0 0  I I ' : V T 1 1 7 0  

C  COMPUTE F R I C T I O N  FORCE I I ~ J V T 1 1 8 O  
F R I C T F  = C O E F F  + S U M F V 4 (  I C S P D R  ) 1 2 1 V T 1 1 9 0  
A B S F I R  = S Q R T (  SU1.lFIui4( I D S P D 1  ) " 9 2  + SUirlFF'4( I D S P 3 2  )*;'2 I : iVT1.200  
I F  ( N I T C R S  .NE* & I T E R C  1 GO T O  1 9 0  I ; \ : V T 1 2 l C  
I F  ( A B S F I R  .LE. A E S (  F R I C T F  1  GO TO 4 0 0  I k ! V T 1 2 2 / !  

C  S E T  NORYAL FOOTPAD J C I Y T  D I S P L A C E X E N T  INCREVEhiT  T D  Z F R O  I ? ! V T 1 7 ? 0  
C D L X Y Z ( 1 D S P D R  ) = 0.0 I i : V T 1 2 4 0  

C  P I C K  I.IP T l i E  COS OF TI!F i!h!C!LF ( P L F )  ?ET!*JFEY T P F  V A I F '  'Tp!tT A'.'', T ! ' \ i T l ? S n  
C  THE NORI4AL I N V T i ? 6 n  

C C S A L F  = .APS(TPJ( I C C 5 )  1 I N V T l ? ' ?  
I F  ( C O S P L F  .LT. 1. 1  GO TC 5 0 0  I P J V T l l S O  
! 4 R I T E ( 6 9 5 0 1  1 I ; r \ lT lc7.>? 

5 0 1  FORMAT ( 1 0 0 t l l  ERROR **a D q . 4  C A S E  T E R N 1  blATE3, &NGLE F.CT'JFFN ;!\I ,'i I : ! ' /T??i)O 
1 S T R U T  AND THE ;\13RV/:L TC THE L A R D I N G  S I I R F A C F  I S  1 I N v T 1 ? l ?  

' ~ ~ : R I T E ( 6 , 5 0 2 1  I i i V T 1 3 2 0  
5 0 2  FORbIAT ( 6 0 X  14d.EQ. 0 C:EGllEES ) I P d V T 1 3 3 0  

C A L L  O U T P T 1  I i . jVT l .341 :  
!?~TlJF,I ‘ !  I ! . ' \ jT11:5r! 

5'1'.' C C I ! T I  P!VE I Y V T 1 ? . 6 n  
I F  ( C O S q L F  .CT. O.1 GO TO 5 0 5  Ih !VT1 ? 7 C  
!.!17ITE(6,5(!1) I ~ l V T l ? S I ?  
Y Q I T E ( 6 9 5 9 "  1 IF\ iVT!.?90 

5 %  FCRMAT ( 6ClX 1F.n.ES. 30 '?E5?55 1  I N V T 1 4 9 O  
C A L L  O C T P T 1  I ~ l \ I T 1 4 1 0  
IRETURI'! I Z i V T 1 4 2 0  

5 2 5  C O N T I N C C  I N \ J T 1 4 3 0  
T A N A L F  = S O R T (  1. - C 3 S A L F q S 2  / C3SP.LF I ~ \ ! T ~ [ + & o  
R A D L I f !  = A X A X 1  ( X Y Z D Z (  IC5,PDW / T A N A L F ,  X Y Z D 5  ( I ? ' 5 P 3 ? )  * T A k l n L F  ) I h : V T 1 4 5 f l  
K A C L I i \ 4  = /,;-! IN1 (RA2LI i ' i ,S ,2RT ( S T L N S * ? + 2 - (  STLP!'-Y','Z>" ( I7 'oC" : )  )r-s?? ) l i i V T l 4 5 O  

C S E T  OUTER RsqEIU.5 L I I . ,? IT  I r ! V T 1 4 7 0  
R.ACRAG = RADLIY a 1.05 ~ r ' i j ~ !  L;8n 
R 3 S T C P  = ? S C R ? G  / 1 0 0 .  1 " ( \ t ~ 1  ' ~ 7 n  

C  D E T F R Y  I M E  TUE CFYT'R C F  SOLUTTON C I ? C L ?  ~ ~ j < ~ ~ ~ l z n n  
C A S E P X  = X Y Z P O S (  1 1 4 )  T " ' \ T 1 5 l ?  
Z A S E P Y  = XYZPOS ( 2  9 4  1 I . ' i \ J T ? 5 2 3  
G A S E P Z  = X Y Z P O S ( ? , 4 1  I r l V T l 5 7 0  

1 9 C  COI\!TI NUE I i < \ J T 1 5 4 C  
C  R D S T E P  I S  P O S I T I V E  .AND 3 E L T F 2  N E G A T I V E  U N T I L  S O L U T I O N  i : :VT1551:  
c ,  P O I i % I T  I5 P A S S E b  IT~1'dT1555 

D E L T F Z  = A Y S (  F R I C T F  - A P S F I R  I S \ j T l S f i O  
C T E S T  FOR CONVERGENCE I P i V T 1 5 7 0  

I F  ( A G S ( D E L T F 2 )  .LE. . 0 3 0 5 - ~ A E S ( F R I C T F )  1  GO TO 4 C 0  I ? : \ J T 1 5 8 0  
I F  ( R C S T E F  .LT. 0.0 1  ZC TO 2 3 5  II':VT~ 5 9 0  



I F  ( P E L T F 2  .LT. O.? 1  59 TO ??.C 
C  CPLCLJLATE Pfl.CK 5 T F P  TO SCL!JTIOY 

R D S T P S  = R D S T E P  
R D S T E P  = - G E L T F Z X R S S T E P  / ( A S S ( D K L T F 1  1  + D E L T F Z  

C  S A V E  D I  F F ~ R L I Y C E  I N  R L S T E P  
K C S T P S  = - ( R D S T E P  + K:).5TPS)*. 5  
G 3  TO 230  

2 3 5  CO?4TI NUF. 
,- 
i OXCE S G L U T I O K  P O I N T  I S  PASC-EC', C O N T I N U E  TRKIi\!G L A C K  Z T F P S  
C  U N T I L  D E L T F 2  PGAIF! kECO:dCC, ~ : E ' I + T I \ / E  A F T f  R  \./I-:ICi-I OhJF 
C  $:3RE FOR1:'AKD S T E "  I S  TZKcF l  

R D S T F P  = RDSTP: 
I F  ( D E L T F 2  .ST. 0.0 1  GO TO 2 3 0  
R D S T E P  = D E L T F 2  R D S T E P  / ( J , .S ,5 (CELTFZ 1  + D C L T F l  1  
I F I P . I = l  

C D L X Y Z (  I l j . S P D 2 )  = - C0.52  * R D S T F P  
X Y ? D ? > (  I C q P D 1  1  = X Y Z C ? : ( I E S P D l )  + C D L X Y Z ( I P S P ? l )  

4 0 3  CO?!TI FIUE 
r 
L 

,- 
L O U T P L T  AND t:!ERSY SECT IO i ;  
C 

C A I  L  ENERGY ( SU;.'.Fb'4 I 
C A L L  O I i T P I J T  
I F  ( N ITER.?  .LE. N J T F R  1  c:O TO 4 0 5  
4 ' Q  I T E  ( 6  9 4 " 1  1  

4 Q 3  FORl"A T  ( 3 4 t . l l ~ ~ ? 4 X I i i l  1'' I T T ! ? f T I ? ? !  t ' I ! 'A "CR FXCCFCE? 1  
RFTIJRN 

4 3 5  CO::TI I I J E  
NI T F P 5  = n 
I F  ( F l P I S P S  .GE. N S T E P  1  RFT!.IRII 
I F  ( I F P A T N  eEG. 1 ) 00 TG 4 2 5  
I F  ( Li j I ? ;G  .EU. 2 ) CcO TO 1 3 0  

4 2 5  C O N T I N U E  
I F  ( S U F . I F Y 4 ( 1 D P L ) R )  .GE. 0.0 1  GO T O  4 2 8  
> J R I T E ( 6 3 4 2 6 1  

4 2 6  F O R I ? A T  (2 1 H I  N E G ? T  IVF. NCR?fl'L L O A -  1 
RETIli:!' 

4 2 8  C C ? ! T I  r.IIJE 
IF ( LCIP::; .EQ. z ) C,O T O  13n 
Y I T E P S  = 1 
X Y Z G S (  Ii.;.?PCl 1  = 0.C 
X Y Z i t S (  I 3 3 P n 2  1  = 0.9 
LO 43C I = 1, 3 

4 3 0  C D L X Y Z  ( I 1  = X Y Z b S  ( I 1  
C  S A V E  i.;,SIi<l STRUT LEIdGT; i 

S T L N S  = S T L N ( 2 )  



N I T E R C  = 2 
I F I N  = 3 

C  
C  S E T  STRUT SAVE V A R I A B L E S  FOR T H I S  P O S I T I O N  
C  

I S T O P 1  = 0  
DO 4 4 0  I S T  = 1, 3  
MNO = I M A T L C I S T  ) 

I F  ( INCPL(P4NO)  -NE. 2 GO TO 4 4 0  
C A L L  STRUT ( I S T ,  S P N G C ( I 5 T )  9 S P N G T ( 1 S T )  9 D I S T C ( 1 S T )  9 

1 D I S T T ( 1 S T )  r P F C R C ( 1 S T )  9 P F O R T ( 1 S T )  9 

2  F O R E V C ( I S T I 9  F O P E \ ' T ( I S T ) ,  I N 3 U L C ( I S T ) ,  
3 I N D U L T ( 1 S T ) r  I P R E V ( 1 S T )  r S T R P ( I 5 T )  9 

4  I P O S C ( I S T )  9 I P O S T ( 1 S T )  9 IRET(P'" . :C) 9 

5 SCMAX ( VNO) 9 STMAX ( MNO ) Y C>C ( 19 ! '? !3  ) 9 

6 SR1JLT (F<NO 9 SRULC (?,lPiCI r SRT ( 1  9i*!N3) r 
7 SRC(19 iYNOI  9 P F T ( 1 9 M N r ) )  9 P F C ( l 9 l l r ! 7 )  9 

8 S T R (  I S T )  r A X I A L F (  I .5T) r A X S T I F (  I S T )  9 

9 I F I R S T ( 3 N O ) 9  N I T E R S  9 C C T ( 1 3 M N 2 )  9 

A  I S T O P Z  
I F  ( I S T O P 2  .LT. 0  ) I S T O P 1  = 1 

44:? C O f l T I N U E  
I F  ( I S T O P l  .EQ. 1 RETURN 
GC TO 1 3 0  
E N  C 



O V E R L A Y  ( GEAKRT r 5  9 3 )  O V 5 3  1 0  

PROGRA?? CAF:T I L  
COi.::,iGfJ / C ? $ / i I N  / 

1 LGRTYP,  L3IPGC , I!J ITER,  Y P O I N T ,  N 2 E F P  9 N E L E Y  r NUllR 9 

2  N S T E P  N I T E R  9 T O L  9 EP!GADS, I F P A T N ,  NFPCRL,  F P C R L Z ( 3 ) ,  
3  I G L C I R ,  N N 4 T L  9 I S T  9 I k . * A T L I 4 )  9 0 9 F F C R S T  ( 3  1 9 

4 I P I D F L ( & I  9 E L A . q q N ( 4 )  r EL.4CvbX(4) 9 

5  I j I N E R T ( 4 )  9 A R E A (  4 )  9 I R E T I 4 1  9 

6  I F I R S T ( 4 )  t S C M 4 X ( 4 )  9 S T M B X ( 4 )  9 

7 S R V L C ( 4 )  9 S R U L T ( 4 1 ,  C D C ( 5 r 4 ) r  S R C ( 5 t 4 )  9 

8 C E T ( 5 9 4 )  9 C R C ( 5 9 4 )  9 S R T ( 5 r 4 )  9 

9  P F C ( 5 9 4 )  9 P F T ( 5 9 4 )  N P N  X Y Z P G S ( 3 9 5 )  
9 9 C C ( 3 9 3 )  9 P H I  t T H T A  t P S I  
9  , C S Y C D L ( 3 1  9 C G Y C D L ( 3 )  

COi;!iIC>l / CIvpAIN / 
N I T E R S r  N D I S P S ,  S T L Y 2  9 

E I L S P C R ,  I D S P O l t  I D S P D Z ,  S P D I S P r  C O E F F  9 X Y Z ? S P ( 3 )  9 

C  S T L N ( 4 )  t C . T L K G ( 4 )  r S T R P ( 4 )  9 

L; S?F!GC ( 4  ) 9 SPNGT ( 4 )  9 D I S T C ( 4 )  9 

E D I S T T ( 4 )  PFORC ( / + I  t P F O R T ( 4 )  9 

F FOI<EVC ( 11 1 9 F C Y E V T ( 4 )  9 I P O S C ( 4 )  r 

G  I PO'iT ( 4  9 IF!DLJLC( 4 )  9 I P i D U L T ( 4 )  r 

e S T R  ( 4 )  9 l ' X I A L F ( 4 )  Y : ? . X ? T I F ( 4 )  9 

I I F'REL'(4 1 9 XY7!'S (3) 9 S F @ R C F ( ? O )  9 

J C T O l i C E ( 3 0 )  9 51, '."F'.'4 ( 6  r % 2 4 X Y Z ( 3 1  9 

K T > 4 ( 9 9 4 )  9 F . . I ' J C T L ( 1 2 , 4 )  9 F M V C T G ( 1 2 9 4 )  9 

L  YSt - !EFP(4) ,  Z C h R F P ( 4 ) 9  Y S t l R : ' i P ( 4 ) 9  Z S i l R M P ( 4 ) p  C G Y X Y Z ( 3 1 9  
!.! Y S H R F Q ( 4 )  P Z S H R F S ( 4 )  Y S H R P : 2 ( 4 )  r ZC.Hi?>*i>(4) EGYXYZ ( 3 )  

3 I b ! E N S I O S  T S T I F > l (  1 5 9 1 5  ) 
D I M E N S I O P ;  C C L X Y Z ( 1 5 )  
5 I V E > l S I O P J  S T I F P . 1 6 ( 6 , 6 1  9 STIF:"'( 1 2 9 1 2 )  r S A R P Y ( 1 5 )  
GOUSLE P f F C I S I O b !  C;L(12)9' ;"VF'7(78),T[; :C(12) 
b i I T C 2 S  = 
I l S T  = 0 
12p;, = G 
IFIN = I; 

. m r .  
I I '  = 4 
1 ~ 3 . 5  = 1 + ( I > ~ P : ! R - ~ )  +: 3 
I F 3 I - C T  = 0 

C CPLCULF.TE i]Q:jE PSI ! lT  TOUP c?C!?? Ih l4TES 
T L 2 5  = 0.C 
33 1 0 0  I = 1, 3 
X Y Z P I ~ S I I , ~ )  = X V 7 F C ' 5 ( I , 5 )  - X Y Z C S 5 ( 1 , 2 )  
~ ~ 2 5  = ~ ~ 2 5  + XYZFC:( I , & ) + & a 2  

1 ;:, COP:TI !!lJE 
T L 2 5  = S Q R T (  T L 2 5  ) 

r!? 1 5  I = 1, 3 
R 2 4 Y Y Z ( I )  = X Y Z P O : ( I , l )  

1 5 5  X Y Z P 3 5 (  1 9 4 )  = X Y Z P 3 Z (  1 9 2 )  + CTL112* X Y Z P O S (  I T L 2 5  
? 

L C A L C C L A T E  I N 1  T  1F.L CTRI.JT LENC,TFr> AND L 3 C A L  CC):7EPI!.i:\.TT 
C  TRr?l.il'.FORE.ATIOP: V A T R I C E . 5  

C A L L  T K A P : S i ' ( X Y Z ? C L ( l , l l  , X Y Z P O C . ( l , f t )  ,XY7.P0';(1,2) ~ T > i ( 1 ~ 1 ) , . 5 T L ! d 2 ( 1 1  
C A L L  T X A ; < S " ( X Y Z ? ~ 0 5 , ( 1 r , ? )  . X Y Z P ( ? 5 ( 1 , 4 )  , R 1 4 X Y Z (  1 ,T>1!(1,2)  , S T L P : ? ( 2 )  

CANT 1 0  
CAP;T 2 0  
CPPjT 3 0  
CANT 4 0  
CP.I\!T 5 C  
CAPIT 6 0  
CANT 7 0  
CP.NT 8 0  
Cb.!dT 9 0  
<!:KT 1 0 0  
C/:r,;T llQ 
C.:?%!T 1 2 0  
CANT 1 3 G  
CFP!T 1 4 0  
CP.F:T 1 5 0  
CAP!T 1 6 0  
CANT 1 7 0  
CP,?IT l s n  
CANT 1 9 0  
CANT 2 9 0  
C;',F!T 2 1 0  
C+i'!T 7 2 0  
C."!T 2 7 0  
CL.r,!T 2 4 0  
CANT 2 5 C  
CLiIiT 2 6 0  
C!.!T 2 7 0  
C??:T 2 9 0  
CJ",F!T 2 9 0  
CP:;? ?OB 
'IbP!T 7 . 0  
C A N T  721) 
C b i T  233 
C  r? "J T  3  4  0  
C;aNT 3 5 0  
CAP,jT ?hr)  .. ,. 

CkPlT 3 7 0  
CA?:T 1 S Q  
CAt lT  39G 
CPt.iT 4 0 0  
CA?:T 41  r) 
CAt,!T 4 2 ! !  
C r ' i T  432 
C I . N T  4 4 3  
C:lNT 4 5 3  
C n L l T  4 5 0  
CF,NT 476 
Ci, i iT 4 2 0  
CA'IILT 4 9 0  
C L N T  503  

) C a i i T  5 1 0  
)C!:!.T 52: 



C A L L  T R A N s Y ( x Y Z P O < ( I  , ? )  , Y Y 7 P O C ( 1  , & )  , X V 7 P O 7 ( 1 , )  , I ( ,  L  ) f r " ! ~  K Q ~  

C A L L  T R A N S M ( X Y Z P O C . ( 1 , 5 ) 9 X Y Z P C C ~ ( 1 9 4 ) , 1 1 2 4 X Y Z (  1 ) , T b " ( 1 g 4 ) , i T L l \ ! r ( 4 )  )C.&I..IT = 4 8  
D O 1 2 0  1 ~ 1 9 3  CA?IIIT t.5n 

1 2 0  C C L X Y Z ( I 1  = X Y Z D C ( 1 )  Ckr!T 5 5 0  
DO 1 2 5  1 = 4 9  1 5  CFI.!T 5 7 0  

1 2 5  C D L X Y Z ( 1 )  = 0.0 C.fiNT 5 8 0  
DO 1 3 0  I = 1 9 4  CAF!T 591) 

1 3 2  S T L N ( 1 )  = S T L N O ( 1 )  CAPiT 5 3 0  
C  S A V E  T O T A L  ?* IA IN S T R U T  L E N G T H  = S T P U T  2 + S T R U T  4 CANT 5 1 0  

S T L N S  = S T L N ( 2 )  + S T L N ( 4 )  C?,NT 5 2 0  
C  CPE:T 6 ' 3 0  
C  P R I N T  I N I T I A L  P O S I T I O N S  CP.!'lT 6 4 3  
r CAYT 6 5 C  

C A L L  O U T P T l  CPXT 6 5 0  
GO TO 1 5 0  CF.P1T 5 7 3  

1 0 0 3  C O N T I N U E  Cr.t.IT 6 8 0  
C  CAr'iT 6 9 0  
C  U P D A T E  C O O R D I N A T E S  OF NOCE P O I N T S  FCUR AND F I V E  CANT 7 0 0  
C  CANT 7 1 0  

D O 1 4 0  1 ~ 1 9 3  CAI;T 7 2 3  
K = I + 3  CAP:T 7 3 0  
X Y Z P O S ( 1 , M P O I N T )  = X Y Z P O S ( 1 , N P O I P ~ T )  + C C L X Y Z ( 1 )  C P 3 T  7 4 0  
X Y Z P O S ( I 9  4  = X Y Z P O S ( I ,  4  + C D L X Y Z ( K )  CP.!!T 7 5 0  

1 4 0  C O N T I N U E  C?,".".T 7 6 C  
I F  ( N I T E R S  .LE. 1 GO TO 1 4 5  CAf!T 7 7 0  
I F  ( I 2 N D  .NE. 1 ) GO TO 1 4 7  C k r l T  7 3 0  
I 2 N D  = 0  CAh!T 7 9 0  
C D L X Y Z  (1 )  = 0 .0  CANT S O 0  
C D L X Y Z  ( 2 )  = 0.0 CA$!T 8 1 0  
C C L X Y Z  ( 3 )  = 0.0 CkblT 5 2 0  
R Y O V E  = S O R T (  ( B A S F P X - X Y Z P O S ( 1 , 5 ) ) + + * 2  + ( S A S E P Y - X Y Z P O S ( 2 , 5 )  )+*2 C C K T  3-30 

1 + ( B A S E P Z - X Y Z P O S ( 3 + 5 ) ) * * 2  ) CANT q 4 0  
I F  ( R??OVE .LT. RADRAG ) GO TO 1 4 7  CAbIT 5 5 0  
? ! R I T E ( 6 9 1 4 4 )  CAPIT 5 6 0  

1 4 4  FORblAT ( 4 3 t i l E R R O R  *+* I40 S O L L I T I O N  FClJND /?T T H I S  L'VCLe ) CANT 9 7 0  
C A L L  ?!.lTPTl C!p!T 5 3 3  
R E T U R N  CP,NT 33Q 

1 4 5 C  0 t.1 T  I I.! I J  E  C/ INT 9 0 0  
I F  ( L C I N D  .EO. 2  GO TC 1 4 6  CANT 910  

C  DETERCl INE THE CEFITER OF S O L U T I  Of\! C I R C L E  C A N T  9 2 0  
O A S E P X  = X Y Z P O S (  1 9 5 )  CANT 7 3 0  
B A S E P Y  = X Y Z P O S ( 2 9 5 )  CP.I'JT 9 4 0  
B A S E P Z  = X Y Z P O S ( 3 9 5 )  CANT 9 5 0  

1 4 6  C D L X Y Z  ( 1 )  = 0.0 CC,P.IT 9 6 0  
C D L X Y Z  ( 2 )  = 0.0 CPPiT 0 7 0  
C D L X Y Z  ( 3 )  = 0.0 CAYIT $ 8 0  

1 4 7  C O M T I  NUE CAY!? 7 9 9  
C  C.A?:TlOO:! 
C  C A L C U L A T E  L E N D I N G  MOt\,lFF.JTS AND S H E A ?  FORCES C A N T l Q 1 0  
C  C A N T 1 0 2 0  

C A L L  BNDLDS C A P i T 1 0 3 0  
C  S E T  L O C A L  F3RCE/MOMENT VECTOR K I T E  S E N D I L G  L O A D S  C A N T 1 0 4 0  

F P V C T L (  2 9 2 ) =  Y S H R F P ( 2 )  C A N T 1 0 5 0  
F M V C T L (  5 9 2 ) =  Y S H R F Q ( 2 )  C A N T 1 0 6 0  
F M V C T L (  12 92 ) = Z S H R V Q (  2  C A N T 1 0 7 0  
F M V C T L (  2 9 4 1  = Y S H R F P ( 4 )  C A N T 1 0 3 0  



F " V C T L (  5 9 4 )  = Y S H R F Q ( 4 )  C A N T l Q 9 0  
F , V V C T L (  1 2  9 4 )  = Z S H R Y 0 (  4 )  C A P i T l  100 

C  CALC1JLA.TE CURRFP:? 5 T R l J T  LEPIC-THS ,&'\ID TRANCFOR' !ATIOFI  V A T R I C E ?  C A N T 1 1  l f l  
C A L L  T K A N S h ? ( X Y Z P O ' ( l r l ) , X Y 7 ? r ! C ( l , 4 ) , X Y 7 . P O C ( 1 ~ 2 ) , T ~ ( 1 ~ 1 ) ~ . S T L r \ l l  C A N T 1 1 2 0  
C A L L  T R A N S M ( X Y Z P O S ( 1 , 7 ) , X Y 2 P O C c ( 1 , 4 ) , R 7 4 X Y Z (  1 ) r T l , ' ( l r ? ) r S T L N ( ? )  ) C A N T l I ? 9  
C A L L  T R A N S M ( X Y Z P C S ( l r 3 )  , X Y Z P C 7 ( 1 9 4 )  rXYZPC\,C,C( 1 r 2 )  r T F 1 ( 1 9 ?  ) , 5 T I I P ? 3  ) C r l N T 1 1 4 0  
C A L L  T R A N S M ( X Y Z P 0 5 ( 1 . , 5 ) ~ X Y Z p O C C ( 1 ~ 4 ) , R 2 4 X Y Z (  1 ) , T : ' ( 1 , 4 ) , ~ T l . r ' ( 4 )  C A N T 1 1 5 0  

1 5 0  C O P ! T I  MUE CAF!T! 1 6 9  
C  C A P I T 1 1 7 0  
C  C A L C U L A T E  S T R U T  F O R C E S  A N D  A X I A L  i T I F F N E S 5 E S  C A N T 1 1 8 0  
C  C A N T 1 1 3 0  

N I T F R S  = N I T E R S  + 1 C F N T 1 2 0 q  
I S T O P 1  = 0  C A N T 1 ? 0 5  
DO 130 I S T  = 1, NFLEX C A N T 1 2 1 9  

C  C O U P J T E  S T R O K E  C A N T 1 2 2 0  
S T R ( 1 S T )  = S T L N ( 1 S T )  - S T L N O ( 1 S T )  C A N T 1 2 3 0  

C  G E T  M A T E R I A L  NO. C A N T 1 2 4 0  
;\":NO = I P ' A T L ( 1 S T I  C A N T 1 2 5 Q  
I F  ( I N D P L ( V . N O )  .EG. 2  GO T b  160 C A N T 1 2 6 0  

C  CS>!PUTE A X I A L  F S R C E  A N 3  C T I F F N E S S - - - -  E L A S T I C  M A T E R I A L  I N  S T R I J T C A F : T 1 2 7 0  
A X S T I  F (  I S T )  = A R E A ( K N 3 )  +EL.?.?AX (M1?10) / S T L N (  I S T i  C A P I T 1 2 0 0  
A X I A L F ( 1 S T )  = S T R ( 1 S T )  ++ A X S T I F ( I . 5 T I  C A I 4 T 1 2 S O  
GO T O  1 7 0  C A N T 1 ' 3 0 0  

C  CO:VPIJTF: A X I A L  FCJRCE AND T I F F ~ l E S S - - - - P L , ? S T I ~ 7  '< .C>TF?IAl .  TI'! S T R l l T C A N T 1 3 1 n  
1 6 0  C O M T I N l l E  C A N T 1 3 2 0  

C A L L  STRLJT ( I S T ,  S P N G C (  I c T )  5 ?.PI.JGT( I.'.T) 9 C 1 4 - T C (  I S T )  r C C l i T 1 3 7 0  
1 P I S T T ( I 5 T )  P F O E C ( 1 S T )  , F F O R T ( 1 S T )  r C,"P:T1340 
2  F O R E V C ( 1 S T )  r F 3 R E V T ( I S T )  9 I N ? . ! L C ( I S T )  9 C A N T 1 3 5 0  
3  I F ! C ) U L T ( I 5 T ) ,  I P R E V ( 1 F T )  r C . T R P ( I . 2 T )  r CF , ,MT136n  
4  I P O S C ( 1 S T )  r I P O S T ( I C T )  r I R E T I M K O )  3 C P N T 1 ' 3 7 0  
5 SCMAX (P??!O ) 9 ST', IPX ( MNO ) 9 CDC ( 19171NC)) 9 Cr'.PdT1360 
6 SR!.ILT(F":NO) ,?.R! 'LC( V/.IIO) 9 5 R T  ( 1  ,Yi'?O) 9 C A N T 1 3 9 0  
7 :;RC ( 1 ,b+NO) 7 P F T  ( 1 9,MPJO) 9 P F C  ( 1  9:'4b!O) r C A N T 1 4 3 0  
8 S T R (  I S T )  9 ~ ' I X I A L F ( I S T 1  r * , < S T I F ( I S T ) ,  C P i ' i T 1 4 I O  
0 I F I R S T  (;4NO) 9 PJ ITERS 9 C3T l l , : ? , " J /S ' )  r C h ? I T l L 1 2 3  
n I S T O P ?  C P . N T 1 4 7 2  

I F  ( I c T D P 2  . L T e  n ) I ? T C P 1  = 1 C A ? : T ?  L L ? ~  

170 C O P T  I /$I IF C!.h!T1&?n 
C  S f T  L O C A L  F 3 2 C F / M O Y F N T  V F C T f l ?  { . ' I T +  A X I A L  F O R C F ?  C P ? ! T ? 4 4 9  

F ' * I V C T L (  1, I 5 T )  = - A X I / , L F (  I . S T )  C A N T 1 4 5 9  
F : I V C T L ( 4 , I S T )  = : ? X I A L F ( I ? T )  C b " T 1 4 6 3  

19"  C O K T I  NUE C A N T 1 4 7 0  
I F  ( I S T C P l  e E O e  1 ) RSTLJRN C k N T I . 4 7 5  

C  C A P i T 1 4 E O  
C  C O K V E R T  L O C A L  TC;RCE/"::'.:FGT V F C T O R S  T O  G L 0 3 4 L  Fr)RCE/i.:C'ITP:T C P K T 1 4 9 0  
C  V E C T C R S  C i , ! i T 1 5 0 0  
C  C ? ~ N T ? 5 i O  

DO 2 1 0  I S T  = 1, NELE;? C / \PJT1520  
CP-LL  T R A L ; ? G (  F Y V C T G ( l , I C T ) ,  ' : : V C T L ( l r I I ; T ) ,  T : I I l r I S T ) r  4  ) C A ~ \ I T ~  =?n  

2  1 C  C3T:T I FIVE C i I N T 1 5 4 0  
C  C A N T 1 5 5 0  
C  SCI? F O R C E / t J O X E N T S  A T  "!nnE P O I F : T  FOUR C A N T 1 5 6 0  
C  A N D - S E T  i l P  S O L I J T  ItO"! A R R A Y  C A ? . ! T l E 7 3  

D O  2 3 0  I = l r 3  C A N T l C e O  
L = I + 9  C A Q T l 5 9 0  
K = I + 3  C A N T 1 6 0 0  



S U M O K l = F M V C T G ( K r l ) + F E 4 V C T G ( K , 3 )  C A N T 1 6 1 0  
SUMOK2=FMVCTG(K,2)+FMVCTG(K,4) C A N T 1 6 2 0  
SUMFM4 ( I ) =SUI~IOKl+SIJMOK2 C A P I T 1 6 3 0  
S U M O K 1 = F M V C T G ( L , 1 ) + F t 4 V C T G ( L , 3 )  C A N T 1  6 4 0  
SUMOK2=FMVCTG(L,2)+FMVCTG(Lr4) C A N T 1 6 5 0  
S U M F M 4 (  K  = S U M O K l + S L l ~ l O K 2  C A N T 1 6 6 0  
S A R R Y  (K)= S U M F M 4 ( 1 )  C A N T 1 6 7 0  
S A R R Y  ( L ) =  S U M F Y 4 ( K )  C A N T 1 6 8 9  
S A R R Y  ( I ) =  F M V C T G ( I t 4 )  CAi .1T1690 

2 3 0  C O N T I N U E  C A N T 1 7 0 0  
I F  ( I F R I S T  .EQ. 0  GO TO 2 8 0  C A N T 1 7 1 0  

C  GET MOMENTS A T  NODES TWO AND F I V E  FOR SOL!JTIOr i  ARRAY C A N T 1 7 2 0  
DO 2 4 0  I = 7 3 9  C A N T 1 7 3 0  
S A R R Y  ( I + 6 )  = F b t V C T G ( I 9 2 )  C A i d T 1 7 4 0  
S A R R Y  ( I )  = Fr;VCTG( 1 9 4 )  C A N T 1 7 5 0  

2 4 0  C O N T I N U E  C A N T 1 7 6 0  
C  END O F  LOO? CAI \ !T1770 

I F  ( N I T E R 5  SGT. N I T E R  GO TO 4 0 0  C P N T 1 7 8 O  
DO 2 6 0  I = 4 9  1 5  C A N T 1 7 9 0  
C D L X Y Z ( 1 )  = - S A R R Y ( I )  Cr'l.!T! 9 0 0  

2 6 3  C O N T I N U E  C A N T l e l 0  
C CHECK FOR CONVERGENCE C.ANT 1 5 2  0  

D O  2 6 5  I = 4 9  1 5  CART 1 e 3 0  
I F  ( A B S (  C D L X Y Z ( 1 ) )  *GT. T O L  ) GO TO 2 8 C  C A N T 1 3 4 0  

2 6 5  C O K T I N U E  CANT 1 8  5  0 
C  I F  THREE FOOTPAD J O I N T  ? I S P L A C E M E N T S  ARE A P P L I E D ,  C A N T 1 8 6 0  
C  GO TO OUTPUT AND ENER5Y S E C T I O N  C A N T 1 8 7 0  

I F  ( L D I N D  .EG* 2  GO TO 4 9 0  CAI . IT1880 
I F  ( I F I N  .EQ* 1 CO TO 4 0 0  C A N T 1 8 9 0  

c COMPIJTF: FR I CT 10r.1 FORCE C A N T ~ ? O P  
F R I C T F  = C O E F F  * FN\fCTG(In! iPPP,4)  CP.NT1910 
A B S F I R  = S Q R T (  F N V C T G (  I D S P D l r 4 ) * * 2  + F?*\ 'CTG( I 3 S P P 2 , 4 ) * * 2  1 C A K T 1 9 2 0  
I F  ( I l S T  .NE. 0 1 GO TO 2 3 3  C A N T 1 9 3 0  
I 1 S T  = 1 C A b i T 1 9 4 0  
I F  ( A B S F I R  .LE. A b S (  F R I C T F  1 GO TO 4 0 0  C A P i T 1 9 5 0  

C  P I C K  IJP THE C 0 5  OF THE 1 I I G L E  ( A L F )  FETWEEN T t i L  ?</?IN STRUT AIID C A N T 1 9 6 C  
C  THE NORMAL CAI ;T1970 

C O S A L F  = A B S ( T M (  I C O S r  2  C A N T l ? S O  
I F  ( C O S A L F  * L T .  1. GO TO 5 0 0  C A N T 1 9 9 0  
W R I T E ( 6 , 5 O l )  C.LUT??r?C) 

5 0 1  FORMAT ( 1 0 0 H l  Ei?RC!t? *** DATA CASE T E R h F I N A T E D ,  A N G L F  RFTC'EEh! Y A I Y C r \ N T 2 0 1 0  
1 S T R U T  AND THE NORVWL TO THE L A N D I M G  S U P F A C E  I S  C A N T 2 0 2 0  

W R I T E ( 6 r 5 0 2 )  C A R T 2 0 3 0  
5 0 2  FORMAT ( 6 0 X  14tI.EO. 0 TIEGRFFS 1 C A N T 2 0 4 C  

C A L L  O U T P T l  CAr . iT2050 
R E T U R N  CF.NT206i) 

5 0 0  C O N T I N U E  C A N T 2 0 7 0  
I F  ( C O S A L F  .GT* 0 . )  GO TO 5 0 5  C A N T 2 0 8 0  
W R I T E ( 6 9 5 0 1 )  C A N T 2 0 9 0  
W R I T E ( 6 9 5 0 3  ) C:iidT21OO 

5 0 3  FORMAT ( 6OX 1 5 i i e E C .  5 0  DEGREES 1 C A N T 2 1 1 0  
C A L L  O U T P T l  C A N T 2 1 2 0  
R E T U R N  CAF\ ]TZ l?C 

5 0 5  C O N T I  NIJE C A N T 2 1 4 0  
T A N A L F  = S Q R T (  1. - COSALF**2  ) / C O S A L F  C A N T 2 1 5 P  
RADLIr.1 = A M A X l (  XYZC:.S( I D S P D R )  / T A N A L F ,  X Y Z D S ( I D S P D R 1  * T A N A L F  C A N T 2 1 6 r !  



R A D L I Y = A h I N 1 ( R A D L I % I , S O R T ( 5 T L P ' c * * 2 - ( S T L N ~ - X Y Z D ~ ( I D S P D R 1  1 * * 2 1 1  
C  S E T  OUTER R A D I I J S  L I r : I T  

RADRAG = R A D L I ' I  * 1.05 
R D S T E P  = RADRAG / 50.  

2 3 3  C O N T I N U E  
? 

L R D S T E P  I S  P O S I T I V E  AND D E L T F 2  N E G A T I V E  U N T I L  S O L U T I O N  P O I N T  
C  I F  P A S S E D  

D E L T F 2  = A B S (  F R I C T F  1  - A S S F I R  
C  T E T T  FOR CONVEPGENCE 

I F  ( A R S ( D E L T F 2 1  .LE. . 0 0 0 5 * b R S ( F R I C T F )  1  GO TO 4 0 0  
I F  ( R D S T E P  . L T e  0.0 1  GO TO 2 3 5  
I F  ( D E L T F 2  .LT. 0.0 1  GO TO 2 3 7  

C  C A L C U L A T E  EACK S T E P  TO S O L U T I O N  
R D S T P S  = R D S T E P  
E D S T E P  = - D E L T F 2 s R D S T E P  / ( h r i S ( G E L T F 1  ) + D E L T F 2  1  

C  S A V E  D I  FFEREP!CE I N  R[:STFP 
R D S T P S  = - ( R D S T E P  + R D S T P S  ) * .5 
(JO TO 2 3 7  

2 3 5  C O N T I N U E  
C  OFiCE S O L U T I O N  P O I R T  I S  PASSED,  COFJTINUE T A K I N G  SACK S T F P 5  
C  P N T I L  D E L T F 2  b F P I N  3ECOMFS r ! E G A T I V E  AFTFR ' " H I C H  O Y E  
C  MORE FORb!ARC S T E P  I S  TAYEY 

R D S T E P  = R D S T P S  
I F  ( D E L T F 2  .GT. 0.0 1  GO TC 2 3 7  
K O S T E P  = D E L T F 2 * R D S T E P  / ( b S S ( P E L T F 2  1  + D E L T F l  
I F I N = l  

2 3 7  C O N T I  RUE 
C O S l  = FMVCTG(  I 3 S P D 1 , 4 )  / A b . 5 F I R  
C O S 2  = F M V C T G ( I D ' P D 2 , 4 1  / / * C c . F I R  

C  COMPUTE N E X T  S L I D 1  M G  [!I S?LPCE?.?FNT I M C R E Y E N T S  
C D L X Y Z (  I D S P D 1 1  = - C 0 S 1  * R D S T E P  
C D L X Y Z ( I D S P S 2 1  = - COS2 * R D S T F P  

C S A V F  F R I C T I O P I  FOFrCE I.!FIBALAPIC E 
D E L T F l  = C E L T F 2  
I 2  r.111 = 1 
DO 2 3 9  I = 4 9  1 5  

2 3 9  C D L X Y Z ( 1 )  = 0.0 
2 9 0  C O N T I  P:UE 

I F F I S T  = 1 
,- 
L I N I T I A L I Z E  T i i E  SZ~LLJT IO!i ' T I  F F N E S S  i 4 A T R I X  

2 9 0  I = 1 3 ,  1 5  
GCI 2 9 0  J = 1, 9  
T ' T I F t ~ ' ( J 9 1 1  = C.0 

2 9 0  T 5 T I F ' , ' (  I 9 J )  = C.C 
C  CO>IPIITF T t ' E  5" [ILTt'F':? FOUR 

I S T  = 4 
C A L L  S T F Z C F (  STIF:,? 1  
C A L L  TRNFS?4( STIF?: ! ,  T'.?( 1 9 4 1  9 1 2  1  
DO 3 3 0  I = L , 1 2  
L O  3 0 0  J = 1, 1 2  
T S T I F i . ; (  I 9 J )  = S T I F b I (  I , J )  

3 0 0  C O N T I N U E  
C  COPfPUTE THE 514. FOE iILEr.!Ei!T TC!C 

I S T  = 2  
C A L L  S T F ? , ? C F (  STIFF! 1  
C A L L  TRNFS!.1( S T I F I : ,  T I~ ! (1 ,21  1 2  1  



DO 3 1 0  1 = 4 9  h 
D O  3 1 0  J = 4 9  6 
K = J + 6  
L = J + 3  
M = J + 9  
T S T I F M ( 1  9 J )  = S T I F M ( 1  9 J )  + T S T I F M (  I g J )  
T S T I F M ( 1 r K )  = S T I F M ( I 9 K )  + T S T I F K ( I 9 K )  
T S T I F M ( I , M l  = S T I F M ( I 9 L )  
N = I + 6  
T S T I F M ( N 9 J )  = S T I F M ( N 9 J )  + T S T I F M ( N 9 J )  
T S T I F V ( N , K )  = S T I F E . I ( N 9 K )  + T S T I F M ( N 9 K )  
T S T I F K ( N , M )  = S T I F M ( N 9 L )  
N = I + 9  
T S T I F M ( N 9 J )  = S T I F M ( I + 3 , J )  
T S T I F M ( N 9 K )  = S T I F Y ( I + 3 , K )  
T S T I F M ( N , M )  = S T I F M ( I + 3 , L )  

3 1 3  C O N T I N U E  
C COP!PUTE T t i E  SM. FOR ELEC:EI\IT ONE AND T H R E E  

DO 3 2 0  I S T  = 1 9  3 9  2  
C A L L  S T F M I T  ( S T I F V 6 ,  A X I + . L F ( I S T ) 9  S T L N ( I S T I 9  A X . ' j T I F ( I S T )  ) 

C A L L  TRNFSM ( ST IF? . '69  T?4( 1 , I S T )  9 6 ) 

D O  3 3 0  I = 4 9  6  
DO 3 3 0  J = 4 9  6 
T S T I F K ( I , J ) =  T S T I F M ( I , J ) + S T I F M 6 ( I , J )  

3 3 0  C O N T I N U E  
3 2 0  C O N T I N U E  

C  A L T E R  T H E  S C L u T I O N  VECTOR FOR K N O Y N  G I S F L A C E i v i E N T S  AT NODF 
DO 3 4 0  I = 4 9  1 5  
GO 340 J = 1 9  3 

3 4 0  C D L X Y Z ( 1 )  = C C L X Y Z ( 1 )  - C D L X Y Z ( J ) * T S T I F ! ; l ( I , J )  
C  T H E  1 2  E3Y 1 2  R A T R I X  S T O R E D  I N  T S T I F M  I N  COLI!:*iNS 4 - 1 5  A K D  
C  ROWS 4 - 1 5  I S  T H E  S T I F F N E S S  K A T R I X  O F  I N T E R E S T .  S T O R E  T;!L 
,- 
L U P P E R  T R I A N G U L A 2  PORT ICI\!  O F  T H I S  PZATRIX Ii\l S A V E D  

J J = 0  
DO 5 0  1 ~ 4 9 1 5  
DO 5c J = 4 9 I  
J J = J J + l  

50 S A V E D ( J J ) = T S T I F Y (  J,I ) 

DO 1 I = 1 9 1 2  
1 C D L ( I ) = C D L X Y Z ( I + 3 )  

C A L L  DMFSSC 5 A V E C p  1 2  9 1. E - 1 2 9  I R ~ n ? \ I t < 9 T R A C )  
I F ( I R A N K . L E . 0 )  GO TO 5 3  
I X C = l O O  
GO T O  5 5  

5 3  l ! l R I T E ( 6 , 5 4 )  I R A N K  
5 4  F O R i b i A T ( 3 - 1  B A D  S T I F F r \ I E S S  P A T R I X  ----RANK = a ,  1 5 )  

C A L L  O U T P T l  
R E T U R N  

5 5  C O N T I N U E  
C A L L  D E F L S S ( S A V F D ~ ~ ~ Y I S A F . I Y ~ T R ~ C ~ I N C ~ C D L ~ I F R )  
DO 6 I = 1 ~ 1 2  

b C D L X Y Z ( I + 3 ) = C C L ( I )  

CORRECT FOR ROUND 3 F F  ERROR 



IF ( AS( c n L x Y z ( 1 )  ) .LT. I.E-I~ COLXYZ(I) = 0.0 
1 6 0  C C M T I  Nk!E 

I F  ( L D I > ! D  e E C e  2  ) GO TO 1 0 0 0  
X Y Z P ' ( I D S P D 1 1  = X Y 7 f i c ( I P r P n l )  + C D L X Y ? ( I P ? P D l )  
X Y Z C S ( I D C . P D ~ )  = x Y z p < ( I r : c P n 2 )  + C P L X Y Z ( T ~ P D ~ )  
GO T O  l G n n  

4 0 0  C O N T I N U E  
C A L L  Fh!E!?GY ( FF!VCTG( 1 9 4 )  1 
C A L L  OUTPUT 
I F  ( N I T E E S  eLE. G I T E R  1 GO TO 4 0 5  
W R I T E ( 6 9 4 0 3 )  

4 0 3  F 3 R M A T  (34H1;SAXI!,!.1:'" I T E R A T I O I :  P!l!:'FER EXCEEDEP 
R E T I I R N  

4115 CC!!TI h!llE 
I F  ( N D I S F S  .GF. N S T F P  ) R f T U P ? ;  
I F (  I F P A T N  .PdF. 1 ) GO TO 4 3 0  

4 2 7  COb!T I  l\!LIE 
I F  ( F M V C T G ( I n S P D R , 4 )  .GF. 0.n ) GO TO 4 1 0  
X R I T E ( 6 r 4 2 8 )  

4 2 8  FOEh4AT ( 2 1 1 i 1 N E G A T I V E  XOR?.Ir\L L 0 b . D  
2 E T i J R i i  

4 3 0  COF!T INUE 
I F  ( LOIb,!D .EQe  2  1 GO TC 4 3 2  
X Y z C S ( I C S P C 1 )  = 0.C 
X Y Z D S ( I D S P D 2 )  = 0.C 

4 3 2  C O N T I  PIC!€ 
C'7 4 ? 4  I = 1 9  3  

4 3 4  C C L X Y Z ( 1 )  = X Y Z D S ( 1 )  
03 4 3 6  I = 4 9  1 5  

4 3 6  C D L X Y L L I )  = 0.0 
I l S T  = 2 
I F I N  = c/ 
I2P;D = Ci 

C  S A V E  T O T A L  i ! A I h  S T R C T  L L r < C T H  = 5 T R I I T  2 + 5 T R i I T  4  
STLPiS = S T L N ( 2 )  + S T L b J ( 4 )  
P ! ITERS = 1 

L 

C  S E T  STRIJT S A V E  ? / A R I A r i L t S  F3P T I I I S  P O S I T I G l i  
C 

I q T Q I ' 1  = ? 
DO 440 I S T  = 1, 4  
P'i.iO = I ? / A T L  ( I S T )  
IF ( I ~ : L J P L ( ~ ~ ~ N O )  . ; \ i ~ .  2  I GO T Y  ~ 4 0  
C A L L  STRUT ( I S T ,  S P N G C ( I 5 T )  , :,P?JST(I.CsTI , C I S T C f I S T )  3 

1 D I S T T ( I S T 1  r P F O R C ( 1 ' T )  r P F C R T ( 1 S T )  
2  F O R E V C I  I S T )  9 F O R E V T (  I C T )  r  Ir\I:?i.;L.:( I C-T) 
3 I N D C I L T ( I 5 T ) ~  I P R E V ( I 5 T )  9 5 T E P ( I > T )  9 

4 I P O S C (  I K T )  r I P C C T (  1T;T)  , I X F T  ( : i r \ !3 )  , 
5  SC:.:AX ( 913)  , C T " S X  ( MNG , ;zr ( 1 ,:.:r.:r? , 
6 SRIJLT (:.'NC ) .-.!':.!LC ( 'V!O) r  5;?T ( 1 ,'.IN3 ) r  
7  SRC(1,P:NO) PFT(1, : 'P 'C) r  PFC(1,"FJO) r  
9 S T ? ( I S T )  , A X I A L F ( 1 5 T ) r  q X ' T I F ( 1 S T ) r  
9 I F I R S T ( ' ~ : h ! r J )  I ! I T E P S  r C D T ( l , ? . ' N 3 )  9 

A  I S T O P 2  ) 

I F  ( I S T O P 2  .LTe 0  1 I S T C F l  = 1 
4 4 2  C C K T I  NUE 



I F  ( ISTOPl eEQ. 1 RETURN 
GO TO 2 8 0  
END 



SCIP,ROUT I WE PNCLDS BNDL  1 0  
COK,+!ON / C Y A I N  / ENDL 2 0  

1 LGRTYP, L D I N D  I N I T E R ,  I'!POIF\;T, NREFP 9 II!ELEt*i 9 NUVB 9 ENDL 3 0  
2  NSTEP 9 N I T E R  9 TOL  9 ENGAGS, I F P A T N ,  NFPCRL, F P C R L D ( 3 ) 9  3 N D L  4 0  
3  I G L D I R ,  NMATL r I S T  9 I b ! A T L ( 4 1  9 ?<NO r F P C R 5 T  ( 3  ) 9 PPIDL 5 0  
4  I N D P L ( 4 )  9 ELAS?,i'J ( 4  9 E L 4 S A X ( 4 1  9 BNGL 6 0  
5  R I N E R T ( 4 )  r A R E k ( 4 )  r I R E T ( 4 )  9 RNDL 7 r  
6 I F I R S T ( 4  ) 9 qCV. lOX(4) 3 S T M P X ( 4 )  9 RNDL R O  
7 S R L I L C ( 4 )  9 S R C J L T ( 4 ) v  C D C ( 5 9 4 ) r  S F I C ( 5 9 4 )  9 BKDL  9 0  
8 C D T ( t i r 4 )  C R C ( 5 9 4 )  9 S R T ( 5 9 4 )  9 W!CL 1 9 0  
9 P F C ( 5 9 4 )  9 P F T ( 5 9 4 )  NPN 9 XYZP0!5( 3 9 5  PEDL  1 1 0  
9 9 D C ( 3 9 3 )  9 P H I  9 T f i T A  9 P S I  EtJDL 120 
9 r  C G Y C D L ( 3 ) *  E G Y C D L ( 3 )  RNDL 1 3 0  

CO:.!t:i)N / Ci\ :AIN / ZNDL 1 4 0  
A  N I T E R 5 9  N D I S P S ,  S T L N 2  9 3,NDL 1 5 0  
S I CSPDR, I C S P O l  t I Z S P 3 2 ,  S P C I S P 9  COEFF , X Y Z D S P ( 3  ) r B h D L  1 6 0  
C  S T L P i ( 4 )  9 STLhIC ( 4  ) r S T R P ( 4 )  9 GNDL 1 7 0  
D SPPIGC ( 4 )  9 S P N G T ( 4 )  9 C I S T C ( 4 )  r ql\lDL 1 6 0  
E  D I S T T ( 4 1  9 PFORC ( 4 )  9 P F G R T ( 4 )  9 BNCL 1 9 0  
F  FGREVC ( 4 )  9 F O R F V T ( 4 1  9 I P O S C ( 4 )  t P P I ~ L  2 3 0  
G I P O S T ( 4 )  t I N D I J L C (  4 ) 9 IPJD I ! LT (4 )  9 RYDL 2 1 3  
1-1 S T R ( 4 )  9 !a>!IALF( 4 )  r A X S T I F ( 4 )  9 RNDL 3 2 0  
I I P R E V ( 4 1  r XYZGS ( 3 )  r SFORCE ( 3 0 )  r RNDL 2 3 0  
J (-FORCE( 3 0 )  r SlJl.<Frb:4(6) , R 2 4 X Y Z ( 3 )  9 CNDL 2 4 0  
Y, T Y ( 3 6 )  r F V V C T L ( 1 2 9 4 1  9 F l : v C T G ( 1 2 ~ 4 )  r ? N p L  2 5 0  
L  Y .S r lRFP(4 )  9 ZS t !RFP(  4 )  9 YSHR,: !P(4)  r  ZC-t!RMP ( 4 )  CGYXYZ ( 3  1 9  B I~ ICL 2 6 3  
',! Y S h R F C ( 4 )  9 ZSriRFil '( 4 )  9 \15iii?;.12( 4 )  9 ZShR : . lG (419  E u Y X Y Z ( ?  ) b;:pL 2 7 0  

DOUBLE F K E C I S I O G  A ,  3 9  C, D, i, F ,  A L 2 4 ,  A L 4 5 9  A L 2 5 r  i \ L t  DELTA ,  f3P:DL 2 5 0  
1 S I > i A L F ,  CaS, ILF,  S I N 3 E T t  COSZET, L D 2 9  E 5 4 9  , ! \ I29 3NDL  2 9 3  
2  b I 4 ,  TER?:,, T E R ' J I ~ ,  V2,  V 4 9  3;4, RI., i l ,  X ' . i 2 t  RP:3 ? !?DL  909  

P , = x Y z P o s ( ~ , ~ ) - x Y z P o ~ ( ~ , ~ )  F V I ~ L  310 
E = X Y Z P 0 5 ( 2 r 5 ) - X " P 3 C C ( 2 9 2 )  R I?DL  370 
C = X Y Z P O S ( 3 , 5 ) - X Y Z P 0 . 5 ( ? ~ 2 )  SNDL 3 3 0  
O = X Y Z F O Y ( l r 5 ) - X Y Z v C . C ( 1 9 4 )  e r lDL  3 4 0  
E = X Y Z P C S ( 2 , 5 ) - X ' { Z P 3 C , ( ? t 4 )  RNOL '350 
F = X Y Z P O ? (  3 , 5 ) - X Y Z P G 5 ( 2 .  9 4 )  RI*LT?L ? 6 Q  
A L 2 4  = 3 5 Q R T (  ( 4 - 3 ) % + $ 7  + (3-C)*:: .7  + (C-F)*++?)  ?N[7L ? 7 C  
A L 4 5  = DSQRT(  D*D + E*E + F * F  ) RNDL 1 ? C  
A L 2 5  = DSQRT(  A*C: + !.KE, + C%C ) f?YI?L 3 0 9  
A L  = A L 2 5  Fl, iDL 40: 
LELT,4  = D S i R T ( ( b " F - C % E ) * * 2  + ( C * D - & * F ) # * 2  + ( , '? :E- j *D)%+2) / :L25 chip ,,d,L. 4 1 C  

S I N A L F  = C E L T A  / A L 2 4  RNDL 4 2 C  
C O S A L F  = DSCRT ( 1. - S I N A L F + S I ~ ~ ! A L F  ) 5N3L 4 ? 3  
' I N G E T  = C E L T A  / >,L45 ~P.IDL 4 -40  
C O 5 B E T  = DSQRT(  1. - S I t ! ? E T  * . < I N r ' r T  ?NDL 4 5 0  
A L 2 4  = A L 2 4  * COS$LF  QKDL L60 
A L 4 5  = O L 4 5  * COSEFT E.NDL 4 7 0  
I " 2 = I P r A T L ( 2  RNDL 4 8 0  
I " 4 =  I :4ATL ( 4  ) BNDL 4 9 0  
E K Z = E L A S R N (  I !42  ) BPlDL 5 0 0  
E B 4 = E L A S Z N  ( I >.i4 1 ENDL 5 1 0  
A IZ= I3 IP<ERT(  I!,i2) ENDL  5 2 0  
A I 4 = 2 I N E R T (  I ? - l 2 ' 1 )  BNDL  5 3 0  
TERG= ( A L 2 4 * * 3 * A L 4 5 / (  ?.*C.c.L)-AL24**4-XPPL45/( ?.%r'lL*GL) ) / ( F F 2 * A 1 2  ) +  PNDL 5 4 0  

1 (AL2L+x+t2+AL/S. - AL24*X-3 + AL?4++%4/P..L - !',L24%*5/ (3.?sAL*AL 1 / "N i I L  5 5 0  



2  ( E B 4 * A I 4 )  
T E R M l = D E L T A / ( T E R V * A L )  
V 2 = A L 4 5 * T E R M l  
V 4 = A L 2 4 * T E R M l  
B M = A L 2 4 * A L 4 5 * T E R I - ? l  
Y S H R F P ( 2 )  = V 2  
Y S H R F Q ( 2 )  = -V2 
Y S H R F P ( 4 )  = V 4  
Y S H R F Q ( 4 )  =-V4 
ZSHRMQ ( 2  = BP.! 
ZSHRMQ( 4 )  = BM 
R % 1  = X Y Z P O S ( l r 4 )  + (C*C*D - A*C*F - A*R*E + B * 3 * D ) / ( A L 2 5 * + 2 )  
RM2 = X Y Z P O S ( 2 , 4 )  + ( A * k * E  - A*B*D - B*C*F + C * C * E ) / ( A L 2 5 * * 2 )  
RM3 = X Y Z P 0 5 ( 3 , 4 )  + (R*B*F - B*C*E - A*C*D + A * A * F ) / ( A L 2 5 * * 2 )  
R 2 4 X Y Z ( 1 )  = R M 1  
R 2 4 X Y Z  ( 2  = R M 2  
R 2 4 X Y Z ( 3 )  = R V 3  
RETURN 
END 

*NPL  5 6 0  
"P!DL 5 7 0  
F??JI?L 5 8 0  
RNDL 5 9 0  
9NDL  6 0 0  
E N P L  6 1 0  
SNDI- 6 2 0  
@NDL 5 3 0  
BNPL 6 4 0  
ENGL 6 5 0  
BNDL 6 6 0  
YNDL 6 7 0  
DP13L 6EO 
RNDL 6 9 0  
BFI(3L 73q 
E N 3 L  7 1 0  
SNDL 7 2 0  
RNCL 7 3 0  
CYDL 7 4 0  



SUbROUTINE STFMCF(  .5TIFML ) 

COMMOF! / C?!AIF! / 
1 LGRTYPs  LGINC 9 I ! - ! ITFR9 r tPOIP!T9 F:REFP r FIELFM I r4UMR 9 

2  r.IC.TCP 9 N I T E R  9 TOL 9 E N G A R 5 9  I F P A T R ,  NFPCRL9 F P C P L 3 I 3 ) r  
3 I G L D I R 9  NFAATL 9 I S T  9 I t ' 4 T L ( 4 )  ISIP.IO 9 FPCRST ( 3 )  Y 

4  I N P P L ( 4 )  9 E L A S E N ( 4 )  9 E L A S A X ( 4 )  Y 

5  G I+ IE ; IT (41  r A R E A ( 4 )  r I ? E T ( 4 )  9 

6  I F I R q T ( 4 )  r .5CbiAX ( 4 )  C-Ti.1PX(tt) 9 

7  S R U L C ( 4 )  9 S R L i L T ( 4 ) v  C I ) C ( 5 9 4 )  9 .SRC(5 ,4 )  r 
S C D l ' ( 5 9 4 )  9 C X C ( 5 9 4 )  3 t R T ( 5 9 4 )  9 

9 ?i -C( ;94)  9 P F T ( 5 9 4 )  9 :$PN X Y Z P 3 5 ( 3 r 5 )  
? r ; y ,C (313 )  9 P H I  9 THTA 9 P S I  

9 C Z Y C C L ( 3 ) ,  E S Y C S L ( 3 )  
C::lv'/:C;: / ChAAIli / 

1 < "ITFI), P ! D I C P ~ C : ,  'TLN2 9 

R I V F ' r , R ,  I C 5 P C 1 ,  I?SP:.2, <P'.T?P, f 9 E F F  3 Y v 7 r ? S P ( 3 )  9 

C C, T L  :,: ( 4  ) 9 S T L > ! 0 ( 4 )  S T R P ( 4 )  9 

D SP'.lCC ( 4  ) 9 S P N G T ( 4 )  9 D I S T C ( 4 )  9 

E C I C . T T ( 4 )  s PFORC ( 4 )  P F C F I T ( 4 )  3 

F FC;REVC ( 4 9 F O R C V T ( 4 )  9 I P C S C ( 4 )  9 

G I P O S T ( 4 )  9 I '\IU!JLC ( Lt  9 I X D U L T ( 4 )  Y 

H C T R ( 4 )  9 A X I A L F ( 4 )  9 i j X S T I F ( 4 )  9 

I i P i i L V ( 4 )  9 XYZDS ( 3 )  9 S F O R C E ( 3 0 )  9 

J i F O R C E ( 3 0 1  9 SIJ>'F;\W( 6  6) 9E24XYZ ( 3  9 

K T ' ( 9 9 4 )  9 Fi4'/CTL( 1 2 9  4  1 r FI4VCTG ( 1 2  9 4 )  9 

L  Y'v!RFP(4) 9 Z S H R F P ( 4 )  Y:?HRF!P( 4 )  9 ZC! IRE IP I4 )  9 CGYXYZ ( 3 )  9 

i..? Yz. } !?FQ(L+) ,  ZT.I-!RFC!(f+), YCt :1) '2 (4)9  ZC!-'PI.,1G(4)9 E G Y X Y Z ( ? )  
C  
C  C!\LCIJLP,TE T t i k  L 2 C t . L  C-TIFFNECS '.%TTYIX FOR ? ?ENDING 5TR"T  
C 

C1:ifNSIC.E ST IF? , l L (  1 2 9 1 2 )  
''''I; = i:.i;TL ( I S T )  8 a , .  

C L  iC? I = 29 1 2  
< = I - 1  

," J = 1 9  K DO lnC 
10;  :TIFI : , : I IJ)  = 0.0 

S T I F : ' L ( l , l )  = b . X I I T I F ( I C T )  
:,TIF: L(;,=) = ~ ? . + ~ , X I L L C (  IST)/(T;.*C.TLF:( ICT)) + 

1 12.+$ELACE>J("!>!n) %P IF !C?T(h! l ' J '> ) /  / T L r i  ( I?T)i:'s';? 
7 T : F' ' L ( 3 9 3 )  = C T I F F ' L ( 2 9 2 )  
S T I F " : L ( i s 4 )  = c T I F b ' L ( l , ? )  
Z T I F ? i ( 5 , 5 )  = ' T I F V L ( 2 9 2 )  
::,TIF.!.IL(6,L) = C T I F ! : L ( 2 r 2 )  
5TIF ' . 'L (7 ,7)  = 0.0 
' T I F : ' L i b , f : )  = 2 . * : . P Y I S L F ( I ~ T ) ? ~ C . T L : ~ : ( ! 5 T ) / 1 5 . + 4 . ~ i ~ L ~ , 5 1 ~ ~ ! ( ' ~ . ' ~ ' ~ )  

1 i c I i r F R T  (;j:N>) / S T L / " (  I c , T  ) 
STIF: . 'L (9 ,9)  = S T I F : ' L ( j r S )  
F . T I F : , ' , L ( l q 9 l f i )  = C.0 
S T I F i ' L ( i l 9 l l )  = ST IF i ' L (B ,E )  
T I F F ' L ( 1 2 , l ; )  = 'T IF"L( : , f ' )  
. ? T I F ! - ' L ( 4 , 1 )  = - r T I F " L ( l , l )  
5 [ :F ; . . L ( I i , 2 )  = - 5 T I F F . " L ( 2 9 2 )  
t T I F ? L ( 6 9 3 )  = - 5 T I T P : L ( 2 9 2 )  
, ' i I F I , . L ( 3 , 3 )  = - r lX IP.LF(  ;CT) * . l  - ~ . ? : - E L & ~ ? P ! ( : : ~ ~ C C ) * ? I N E ~ T ( ~ ~ ! ' $ I )  

1 / S T L N ( I S T ) * * Z  

STBN 1 0  
STBN 2 0  
STEM 3 0  
STEN 4 0  
5TEN 5 0  
STBPi SC 
STBN 711 
T B N  en 
STEN 9 0  
ST8?.I 1 0 0  
STBN 1 1 0  
STEN 1 2 0  
ST6N 1 3 0  
STEN 1 4 0  
5TSN 1 5 0  
C.TF)N 1 6 0  
STBN 1 7 C  
:TEN 1 8 0  
STEN 1 9 0  
STBM 2 0 0  
5 T 2 N  2 1 0  
ST61.4 2 2 0  
T E N  2 3 0  
ST614 2 4 0  
STSN 2 5 0  
STBN 2 6 0  
STEN ?7n  
ST??! 2 8 0  
5 T 9 N  2 0 0  
ST3N 1 0 0  
STDN 31C 
.',T?M 3 2 C  
S T e r i  3 3 0  
STEl\l 3 4 0  
STEN 3 5 C  
STBN 1 5 C  
ST!?!\: 3 7 9  
5Tei; 3 8 0  
C.T?N ?3O 
5T3.N 407 
?TEN 4 l n  
STEir\! 4 2 0  
STZi.: 4 3 0  
PTZP.1 4 4 0  
', T  S :\I 4 C @ 
CTc;; &OC' 
.CTi?FI 4 7 0  
?TZPJ 4 8 0  
.?.T3,'.;' 4 9 0  
T ! 3 " 1  509 
5T?i\l 510 
STSN 5 2 3  
STSb! 5 3 0  
STYY 5 4 0  
STSF! 5 5 ?  



S T I F M L ( 8 , 6 )  = -CTIFI.,IL(8,3) 
S T I F K L ( 7 , 2 )  = - S T I F M L ( 8 , 3 )  
S T I T I * I L ( 9 , 5 )  = STIFF. IL(893)  
S T I F > i L ( 1 1 , 3 ) =  C T I F ? J L ( 8 , 2 )  
S T I F ? 4 L ( 1 1 , 6 ) =  - ' ,T IF$"L(8,3)  
S T I F F 1 L ( 1 2 , 2 ) =  - S T I F F 1 L ( 8 , 3 )  
S T I F " L ( 1 2 , 5 ) =  STIFP"L(8, ' i )  
S T I F b J L ( 1 1 , 8 )  = - ~ T X I A L F ( J ~ T ) * ~ T L N ( I ~ T ) / ~ ~ .  

1 + ~ . * E L A S E N ( ~ ~ ~ N O ~ * ~ I N E R T ( Y N O )  /STLN(IST 
S T I F l d L ( 1 2 , 9 )  = S T I F M L (  1 1 9 8 )  
DO 20q  I = 2 ,  1 2  
K = 1 - 1  
DO 2 0 0  J =  1 9  K 

2 0 0  STIFP*:L(J , I )  = S T I F l + L ( I  ,J) 
RETURN 
F N D  

STEN 5 6 0  
5TBi.l 5 7 0  
STON 5 8 0  
STPN 5 9 0  
STEN 6 0 0  
STRN 610 
STbN 6 2 0  
qT3N 6 3 0  
STEN 6 4 0  
STUN 6 5 0  
STBN 6 6 0  
ST3hl 5 7 0  
ST3M 68C. 
STEN 5 3 0  
STZM 7 9 9  
s w r !  7 1 n  
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APPENDIX I 

PROGRAM LISTING 

LANDING LOADS AND MOTIONS PROGRAM 



OVERLAY ( L L M P T 5 9  0 9  0  OVER 10 

PROGRAM L L M P  ( I N P U T r O U T P U T ~ T A P E 5 = I N P U T ~ T A P E 6 ~ O U T P l J T ~ T A P E 3 ~ T A P E 4 l L L M P  10  
C L L M P  2 0  
C L A N D I N G  LOADS AND MOTIONS PROGRAM L L M P  3 0  
C MASTER AGREEMENT, CONTRACT N A S 1 - 8 1 3 7 ,  TASK ORDER NUMBER F I V E  L L M P  40 
C MCDONNELL DOUGLAS ASTRONAUTICS  COMPANY - EAST  LLMP 5 n  
C 
C FORTRAN 1 / 0  U N I T  3  - SECONDARY T I M E  H I S T O R Y  DATA PLACED ON 
C T H I S  F I L E  (NFORC=O9 NO SECONDARY T I M E  
C H I S T O R Y  OUTPUT - NFORC= l ,  SECONDARY 
C H I S T O R Y  OUTPUT ON T A P E 3  ) m 

C FORTRAN 1/0 U N I T  4  - WORK F I L E  A S S O C I A T E D  W I T H  M U L T I P L E  DATA 
C CASES. 
C FORTRAN 1/0 U N I T  5  - CARD I N P U T  DATA. 
C FORTRAN 1 / 0  U N I T  6  - P R I N T E D  OUTPUT. 
C 

COMMON C O M I N T ( 1 4 0 0 1  
E Q U I V A L E N C E  ( COMINT ( 3 6 2  1 ,  I D S E T N  ) 

E Q U I V A L E N C E  ( COMINT  ( 1 3 9 9 1 ,  NOCASE 
E Q U I V A L E N C E  ( COMINT  ( 1 4 0 0 1 9  T Y M I N  ) 
COMMON / T H I S V  / T I M H S A ( 2 7 5 j  
DO 1000 I = 1 9  1 4 0 0  

1 0 0 0  C O M I N T ( 1 )  = 0.0 
DO 2 0 0 0  I = 1, 2 7 5  

ZOO0 T I M H S A I I )  = 0.0 
C 
C C A L L  THE I N P U T  AND I N I T I A L I Z A T I O N  R O U T I N E S  
C 

1 C O N T I N U E  
C 

C A L L  SECOND( T Y M I N  ) 
C  

C A L L  OVERLAY ( 6 L L L M P T 5 9  1 ,0 ,6HRECALL  ) 

C  
C C A L L  THE LANDER LANDING,  LOPDS, AND MOTION S I M I J L A T I O N  
C R O U T I N E S  

C A L L  O V E R L A Y ( 6 L L L M P T 5 , 2 9 0 , 6 H R E C A L L  1 
C 

C A L L  SECOND ( TYMOUT ) 
C 

RUNTYM=TYMOUT-TYMIN 
WRITE(693000)NOCASE~RUNTYM 
GO TO 1 

C 
C 
C FORMAT STATEMENT 

3 0 0 0  F O R M A T ( / / ~ O X I ~ H C A S E  NO 9 1 1 0 1 9 H  RAN FOR 9 F 7 . 3 r l l H  CP SECONDS)  
END 

L L M P  6 0  
L L M P  7 0  
LLMP 80  
L L M P  90 
L L M P  1 0 0  
L L M P  110 
L L M P  1 2 0  
L L M P  1 3 0  
L L M P  140 
L L M P  1 5 0  
L L M P  1 6 0  
L L M P  1 7 0  
L L M P  1 8 0  
L L M P  190 
L L M P  2 0 0  
L L M P  2 1 0  
L L M P  2 2 0  
LLFlP 2 3 0  
L L M P  2 4 0  
L L M P  2 5 0  
L L M P  2 6 0  
L L M P  2 7 0  
L L M P  2 8 0  
L L M P  2 9 0  
LLMP 3 0 0  
L L M P  3 1 0  
L L M P  3 2 0  
L L M P  3 3 0  
L L M P  7 4 0  
L L M P  1350 
L L M P  3 6 0  
L L M P  3 7 0  
L L M P  3 8 0  
L L M P  3 9 0  
L L M P  4 0 0  
L L M P  410 
L L M P  4 2 0  
L L M P  4 3 0  
L L M P  4 4 0  
L L M P  4 5 0  
L L M P  4 6 0  
L L M P  4 7 0  



OVERLAY ( L L M P T 5 r  1, 0 ) OVER 2 0  

PROGRAM R E A D I T  

T H I S  PORTION OF THE PROGRAM READS THE INPUT DATA FROM 
SEQUENCED DATA CARES* 

THE CARDS MUST BE PREPARED I N  THE FOLLOWING FORMAT 

COLUMN 1-4  6-9 1 1 - 2 0  2 1 - 3 0  3 1 - 4 0  4 1 - 5 0  
ICNTRL CARD DATA DATA DATA DATA 

SEQ* 
RT* JUST. 

D I M E N S I O N  G C ( 4 r 5 ) ,  GCD(4951 ,  G C D D ( 4 r 5 )  

D IMENSION X F P S ( 4 9 5 ) r  Y F P S ( 4 9 5 ) r  Z F P S ( 4 , 5 ) ,  
1 XFPSD(4,5) ,  Y F P S D ( 4 9 5 1 ,  ZFPSD(4 ,5 ) ,  
2 XFPSDD(4,5)9 Y F P S D D ( 4 r 5 ) g  Z F P S D D ( 4 r 5 )  

READ 1 0  
READ 2 0  
READ 3 0  
READ 4 0  
READ 5 0  
READ 6 0  
READ 7 0  

5 1 - 6 0  READ 8 0  
DATA READ 9 0  

READ 1 0 0  
READ 1 1 0  
READ 1 2 0  
READ 1 3 0  
READ 1 4 0  
READ 1 5 0  
READ 1 6 0  
READ 1 7 0  
READ 1 8 0  

D I M E N S I O N  D U M M Y ( 5 ) , K O N T ( 5 0 ) r J K O b I T ( 2 O ) , N O C A R D ( 5 0 0 )  READ 1 9 0  
READ 2 0 0  

COMMON / T H I S V /  T I M H S A ( 1 1 ,  ATTH(5),AM(6,6),AME1(3),INDFPI(61, READ 2 1 0  
1 I N D F P C ( 6 )  READ 2 2 0  
2 S T R P D S ( l 0 ) r  STRPMS( 519  I P O C D S ( l O ) ,  IPOCMS( 5 1 9  URCDS ( 1 0 ) r  READ 2 3 0  
3 URTDS ( 1 0 1 ,  URCMS ( 51, URTMS ( 5 1 9  S E T C D S ( l O ) ,  S E T T D S ( 1 0 ) e  READ 2 4 0  
4 SETCMS( 5 ) 9 S E T T M S (  5 1 9  I N D C D S ( l 0 ) r  I N D T D S ( 1 O ) r  I N D C M S ( l O ) *  R E A D 2 5 0  
5 INDTMS( 51,  PRFCDS ( 1 0 ) r  PRFTDS ( 1 0 ) r  PRFCMS ( 5 1 9  PRFTMS ( 5 ) 9  READ 2 6 0  
6 IPRDS ( 1 0 1 ,  IPRMS ( 51,  F R V D S C ( l O ) ,  F R V D S T ( 1 n ) r  FRVMSC( 5 1 9  R E A D 2 7 0  
L FRVMST( 5 ) 9  I P O T D S ( l O ) ,  IPOTMS(  5 )  READ 2 8 0  

EQUIVALENCE ( NFTPDS, NOLEG ) READ 2 9 0  
COMMON C O M I N T ( 4 0 0 )  READ 3 0 9  
EQUIVALENCE ( COMINT(  1 1 ,  ISAVCM ) READ 3 1 0  
EQUIVALENCE ( COMINT( 2 1 ,  JTEST READ 3 2 0  
EQUIVALENCE ( COMINT(  3 1 ,  IBOTM READ 3 3 0  
EQUIVALENCE ( COMINT( 4 ) r  XSD ) READ 3 4 0  
EQUIVALENCE ( COMINT(  8 1 9  XSDD READ 3 5 0  
EQUIVALENCE ( COMINT(  1 2  19 YS 1 READ 3 6 0  
EQUIVALENCE ( COMINT(  1 6  1 ,  YSD READ 3 7 0  
EQUIVALENCE ( COMINT(  7 0  ) r  YSDD READ 3 8 0  
EQUIVALENCE ( COMINT(  2 4  1 9  ZS READ 3 9 0  
EQUIVALENCE ( COMINT(  2 8  19 ZSD READ 4 0 0  
EQUIVALENCE ( COMINT(  3 2  ) r  ZSDD ) READ 4 1 0  
EQUIVALENCE ( COMINT(  36 1 ,  P H I  READ 4 2 0  
EQUIVALENCE ( COMINT(  4 0  1 ,  P H I D  READ 4 3 0  
EQUIVALENCE ( COMINT(  4 4  ) ,  WX 1 READ 4 4 0  
EQUIVALENCE ( COMINT(  4 8  ) r  WXD READ 4 5 0  
EQUIVALENCE ( COMINT(  5 2  19 THTA READ 4 6 0  
EQUIVALENCE ( COMINT(  5 6  ), THTAD READ 4 7 0  
EQUIVALENCE ( COMINT(  6 0  1 ,  WY READ 4 8 0  
EQUIVALENCE ( COMINT(  6 4  1 ,  WYD READ 4 9 0  
EQUIVALENCE ( COMINT(  6 8  ) r  P S I  READ 5 0 0  
EQUIVALENCE ( COMINTt  7 2  ) 9 P S I D  READ 5 1 0  
EQUIVALENCE ( COMINT(  7 6  1 ,  WZ ) READ 520  



E Q U I V A L E N C E  ( C O M I N T (  8 0  ) r  WZD READ 5 3 0  
E Q U I V A L E N C E  ( C O M I N T f  8 4  ) r  GC READ 5 4 0  
E Q U I V A L E N C E  ( C O M I N T ( 1 0 4  ), GCD READ 5 5 0  
E Q U I V A L E N C E  ( C O M I N T ( 1 2 4  ) r  GCDD READ 5 6 0  
E Q U I V A L E N C E  ( C O M I N T ( 1 4 4  XFPS 1 READ 5 7 0  
E Q U I V A L E N C E  ( C O M I N T ( 1 6 4  19 XFPSD READ 5 8 0  
E Q U I V A L E N C E  ( C O M I N T ( 1 8 4  XFPSDD ) READ 5 9 0  
E Q U I V A L E N C E  ( C O M I N T ( 2 0 4  ) 9  YFPS ) READ 6 0 0  
E Q U I V A L E N C E  ( C O M I N T ( 2 6 4  1 ,  Z F P S  ) READ 6 1 0  
E Q U I V A L E N C E  ( C O M I N T ( 2 2 4  ) r  YFPSD READ 6 2 0  
E Q U I V A L E N C E  ( C O M I N T ( 2 4 4  1 9  YFPSDD ) READ 6 3 0  
E Q U I V A L E N C E  ( C O M I N T ( 2 8 4  ), Z F P S D  1 READ 6 4 0  
E Q U I V A L E N C E  ( C O M I N T ( 3 0 4  ZFPSDD ) RFAO 6 5 0  
E Q U I V A L E N C E  ( C O M I N T (  3 2 4  ) r  T I M E  1 READ 6 6 0  
E Q U I V A L E N C E  ( C O M I N T (  3 2 5  1 9  HMAX READ 6 7 0  
E Q U I V A L E N C E  ( C O M I N T (  3 2 6  ) r  H M I N  1 READ 6 8 0  
E Q U I V A L E N C E  ( C O M I N T (  3 2 7  1 ,  E M I N  READ 6 9 0  
E Q U I V A L E N C E  ( C O M I N T (  3 2 8  1 ,  EMAX 1 READ 7 0 0  
E Q U I V A L E N C E  ( C O M I N T (  3 2 9  1 9  X S I  1 READ 7 1 0  
E Q U I V A L E N C E  ( COMINT  ( 3 3 7  ) r  H Z  READ 7 2 0  
E Q U I V A L E N C E  ( C O M I N T (  3 7 8  ) ,  CUTERR)  READ 7 ' 30  
E Q U I V A L E N C E  ( C O M I N T (  3 3 9  19  I P  READ 7 4 0  
E Q U I V A L E N C E  ( C O M I N T (  3 4 0  ) r  I V A R H  ) READ 7 5 0  
E Q U I V A L E N C E  ( C O M I N T (  3 4 1  1 ,  I M T H  1 READ 7 6 0  
E Q U I V A L E N C E  ( C O M I N T (  3 4 2  ) 9  I P R N T  1 REP.D 7 7 0  
E Q U I V A L E N C E  ( C O M I N T (  3 4 3  1 9  I F I N  ) READ 7 8 0  
E Q U I V A L E N C E  ( C O M I N T t  3 4 4  1 ,  I A D  READ 7 9 0  
E Q U I V A L E N C E  ( C O M I N T (  3 5 2  ) ,  I N D  1 READ 8 0 0  
E Q U I V A L E N C E  ( C O M I N T (  3 6 0  19  J C U T  ) READ 8 1 0  
E Q U I V A L E N C E  ( C O M I N T (  3 6 1  1 ,  I P T C N T  ) READ 8 2 0  
E Q U I V A L E N C E  ( COMINT ( 3 6 2  ) r  I D S E T N  1 READ 8 3 0  
E Q U I V A L E N C E  ( C O M I N T (  3 6 3  1 ,  I V A L  ) READ 8 4 0  
E Q U I V A L E N C E  ( C O M I N T (  3 6 4  1 9  XS ) READ 8 5 0  

C C O M I N T ( 3 6 4 - 3 6 7 )  USED B Y  XS READ 8 6 0  
E Q U I V A L E N C E  ( COMINT  ( 1 3 9 9 )  9 NOCASE ) READ 8 7 0  
COMMON READ 8 8 0  

1 CBMASS, C B I X X  9 C B I X Z  r C B I Y Y  r C B I Y Z  r C B I Z Z  r F P M A S S I C B I X Y ~  READ 8 9 0  
2 D C ( 3 r 3 )  9 X F P ( 5 ) r  Y F P ( 5 ) r  Z F P ( 5 ) 9  W N X ( 5 ) s  W N Y ( 5 ) 9  READ 9 0 0  
3 W N Z ( 5 ) ,  P X ( 5 )  r P Y ( 5 )  9 P Z ( 5 )  9 G M ( 5 )  r O M E G A ( 5 )  9 READ 9 1 0  
4 GRAV r GRAVE Z E T A  9 F T S  ( 6 )  9 F S X S I ( 5 )  9 READ 9 2 0  
5 F S Y S I  ( 5 )  9 F S Z S I ( 5 )  9 S O I L X ( 5 )  r READ 9 3 0  
6 S O I L Y ( 5 )  9 S O I L Z ( 5 )  9 P M S X ( 5 9 5 )  9 READ 9 4 0  
7 P M S Y ( 5 9 5 )  r P M S Z ( 5 9 5 )  r P D S X ( 1 0 , 5 )  9 READ 9 5 0  
8 P D S Y ( 1 0 9 5 )  9 P D S Z ( 1 0 , 5 )  9 F L X S  r F L Y S  9 F L Z S  9 READ 961) 
9 T L X L  9 T L Y L  9 T L Z L  r S L O  r X M S C B ( 5 )  * PEAD 9 7 0  
C Y M S C B ( 5 )  9 Z M S C B ( 5 )  r X D S C B ( 1 0 )  9 READ 9 8 0  
D Y D S C B ( 1 0 )  9 Z D S C B ( 1 0 )  r I L E G  r I M S  r READ 9 9 0  
E F S T X  9 F S T Y  9 F S T Z  9 PVCBX PVCBY 9 PVCBZ  r R E A D 1 0 0 0  
F P V F P X  9 PVFPY 9 P V F P Z  9 NOLEG r S L O M S ( 5 )  r R E A D 1 0 1 0  
G S L O D S ( 1 0 )  R E A D 1 0 2 0  

COMMON R E A D 1 0 3 0  
1 PFCMS ( 5 ) 9 P F C D S ( 5 )  r P F T D S  ( 5 1 r R E A D 1 0 4 0  
2 PFTMS ( 5 ) 9 S R C D S ( 5 )  9 S R C M S ( 5 )  9 R E A D 1 0 5 0  
3 SRTDS ( 5  1 9 S R T M S ( 5 )  COEFDS, COEFMSr GAMDS , R E A D 1 0 6 0  
4 GAMMS SRUCDSr  SRUCMS, SRUTDSr  SRUTMS, SCMXDSI SCMXMS, R E A D 1 0 7 0  
5 STMXDSr  STMXMS, C D C D S ( 5 )  C D C M S ( 5 )  9 R E A D 1 0 8 0  



6 CDTDS ( 5  ) 9 C D T M S ( 5 )  9 F R I C D S ,  FRICMS,  I R E T D S ,  
7  IRETMS,  S T R O K E ( 1 0 )  S T R K D S ( 1 0 )  STRKMS(  5  9 

8 LENGTH,CDXS9CDYS,CDZS 9 N T Y P E  R A D ( 4 ) ,  S S ( 4 )  9 A T T H C K ( 7 ) q  
9 A T T P R S (  3 )  A D I S T  9 S O I L P ( 3 )  NMODESr 
A COEF  GAMMA 9 F R I C  SCMAX r STMAX r C D C ( 5 ) ,  C D T ( 5 1 9  
B SRULT  9 SRULC , S R T ( 5 1 ,  S R C ( 5 1 ,  P F T ( 5 ) ,  P F C ( 5 1 ,  G F L E G S ( 5 ) v  
C CURMSV, CURMSL, I N D F X D t  INDFYD,  INDFZD,  INDFXR,  I N D F Y R I  
D I N D F Z R ,  T I M A X  9 DRAGST*  I F P  

C 
COMMON 

lCMS9CDCONT9SOILNU,SLRH09 N O O U T , X O U T ( 1 0 ) ~ Y O U T ~ 1 0 ~ ~ Z O U T ~ 1 0 ~ ~  
~ M O D E I N ~ P O U T X ( 1 O ~ 5 ) , P O U T Y ~ 1 0 ~ 5 ) ~ P O U T Z ~ 1 0 ~ 5 ~ ~ P C G X ~ 5 ~ ~ P C G Y ~ 5 ~ ~  
3PCGZ(5)rAEIlrAEI2~FORM5(5)rFORDS(lO)~FORCE9NFORC~SAVMSX(5)~ 
4SAVMSZ(5)9SAVDSX(10)9SAVDSY(lO) ~SAVDSZ(10)~IQUOUTrGSINZTr 
S G C O S Z T , S T A B , S T A B V L , I S T A B 9 J C K S A B ~ V E L X r V E L Y ~ V E L Z ~ S A V M S Y ( 5 )  

COMMON 
1 S M X M S C ( 5 ) r  TMXMSC(51 ,  SMXMST(51 ,  TMXMST(51 ,  
2  S M X D S C ( l O ) ,  T M X D S C ( l O ) ,  S M X D S T ( 1 0 )  T M X D S T ( 1 0 )  
3 ,SLNGMS(5 )  r S L N G D S ( l O ) ,  CURDSLI I N L E G  r I F P P R T ,  
4 I M P A C T ( 5 )  9 I P R T F P ( 5 ) 9  K O U N T ( 5 )  rANGX, ANGY, ANGZ 

I N T E G E R  STOP 
D A T A  NEXT/4HNEXT/ ,STOP/4HSTOP/~NOGO/O/  
I F  ( I S A V C M  eEQ. 0 ) GO TO 4 0 0 0  

C 
C I N I T I A L I Z E  COMMONS BEFORE R E A D I N G  NEXT DATA CASE 
C 

R E W I N D  4 
R E A D  ( 4 )  ~ C O M I N T ( I ) r I = 1 ~ 1 3 9 9 ) ~ ~ T I M H S A ( I ) ~ I ~ 1 ~ 2 7 5 )  

4 0 0 0  C O N T I N U E  
DO 5 0 0 0  I = 1 , 5 0  

5 0 0 0  K O N T ( I ) = O  
DO 5 0 0 1  1 ~ 1 9 2 0  

5 0 0 1  J K O N T ( I ) = O  
MMM=O 
W R I T E ( 6 , 9 0 0 0 )  

9 0 0 0  F O R M A T ( l H 1 , 4 3 X ,  
* 4 9 H L A N D I N G  LOADS AND MOTIONS PROGRAM - LEGGED LANDER/38X ,  
*61HMASTER AGREEMENT, CONTRACT N A S l - 8 1 3 7 ,  TASK ORDER NUMBER F I V E  
* / 4 6 X  9 

*45HMCDONNELL DOUGLAS ASTRONAUTICS  COMPANY - EAST  / / / / 6 3 X *  
* l O H I N P U T  DATA / / / / I  

9999 READ(5r9001)ICNTRL,NCARD~(DUMMY(I)91=1~5) 
9 0 0 1  F O R M A T ( A 4 r l X r 1 4 ~ 1 X , 5 € 1 0 * 3 )  

I F ( 1 C N T R L e E Q o N E X T )  GO TO 7 9 9 9  
I F ( I C N T R L e E Q e S T 0 P )  STOP 
MMM=MMM+l 
NOCARD(MMM)=NCARD 
IF(NCARD.LE.O)GO TO 9 0 0 4  
I F ( N C A R D o G T o 4 2 ) G O  TO 9 0 0 3  
GO TO (1~2,3,4~5~6,7r899,10~11~12913~14915,16,17~18~19920~21~ 

* 22,23,24,25,26r27,28929930931332,33,34935936r379389399 
3~ 4 0 9 4 1  9 4 2  
* ) 9NCARD 

9 0 0 3  C O N T I  NUE 
J J J = N C A R D / 1 0 0  
I F (  JJJoLEoO.OR.JJJ.GT* 1 7 ) G O  TO 9 0 0 4  

R E A D 1 0 9 0  
R E A D 1 1 0 0  
R E A D 1 1 1 0  
R E A D 1 1 2 0  
R E A D 1 1 3 0  
R E A D 1 1 4 0  
R E A D 1 1 5 0  
R E A D 1 1 6 0  
R E A D 1 1 7 0  
R E A D 1 1 8 0  
R E A D 1 1 9 0  
R E A D 1 2 0 0  
R E A D 1 2 1 0  
R E 4 D 1 2 2 0  
R E A D 1 2 3 0  
R E A D 1 2 4 0  
R E A D 1 2 5 0  
R E A D 1 2 6 0  
R E A D 1 2 7 0  
R E A D 1 2 8 0  
R E A D 1 2 9 0  
R E A D 1 3 0 0  
R E A D 1 3 1 0  
R E A D 1 3 2 0  
R E A D 1 3 3 0  
R E A D 1 3 4 0  
R E A D 1 3 5 0  
R E A D 1 3 6 0  
R E A D 1 3 7 0  
R E A D 1 3 8 0  
R E A D 1 3 9 0  
R E A D 1 4 0 0  
R E A D 1 4 1 0  
R E A D 1 4 2 0  
R E A D 1 4 3 0  
READ 1 4 4 0  
R E A D 1 4 5 0  
R E A D 1 4 6 0  
R E A D 1 4 7 0  
R E A D 1 4 8 0  
R E A D 1 4 9 0  
R E A D 1 5 0 0  
R E A D 1 5 1 0  
R E A D 1 5 2 0  
R E A D 1 5 3 0  
R E A D 1 5 4 0  
R E A D 1 5 5 0  
R E A D 1 5 6 0  
R E A D 1 5 7 0  
R E A D 1 5 8 0  
R E A D 1 5 9 0  
R E A D 1 6 0 0  
R E A D 1 6 1 0  
R E A D 1 6 2 0  
R E A D 1 6 3 0  
R E A D 1 6 4 0  



GO TO ( 1 0 0 ~ 2 0 0 ~ 3 0 0 ~ 4 0 0 ~ 5 0 0 ~ 6 0 0 ~ 7 0 0 ~ 8 0 0 ~ 9 0 0 ~ 1 0 0 0 ~ 1 1 0 0 ~ 1 2 0 0 ~  * 1300~140091500~1600,1700 
i ) , J J J  

9 0 0 4  CONTINUE 
W R I T E ( 6 * 9 0 0 2 )  NCARD 

9 0 0 2  FORMAT(24H I N V A L I D  CARD NUMBER -- 9 1 4 )  
NOGO= 1 
GO TO 9 9 9 9  

C 
C ASSIGNMENT OF INPUT DATA 
C 

1 CONTINUE 
KONT(NCARD)=KONT(NCARD)+l 
NOCASE =DUMMY ( 1 ) 
GO TO 9 9 9 9  

C 
2 CONTINUE 

K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  
T I M A X  =DUMMY ( 1 )  
I P T C N T  =DUMMY ( 2  ) 
I NLEG =DUMMY ( 3  
I FPPRT =DUMMY ( 4 ) 
GO TO 9 9 9 9  

C 
3 CONTINUE 

KONT(NCARD)=KONT(NCARD)+l 
NMODES =DUMMY ( 1) 
NOOUT =DUMMY ( 2  ) 
GO TO 9 9 9 9  

C 
4 CONTINUE 

KONT(NCARD)=KONT(NCARD)+l 
I NDFXD =DUMMY ( 1 ) 
I N D F Y D  =DUMMY ( 2  ) 
I NDFZD =DUMMY ( 3  ) 
GO TO 9 9 9 9  

C 
5 CONTINUE 

K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  
I NDFXR =DUMMY ( 1 )  
I NDFYR =DUMMY ( 2  ) 
I NDFZR =DUMMY ( 3  
GO TO 9 9 9 9  

C 
6 CONTINUE 

K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  
HMAX =DUMMY ( 1 1  
H M I N  =DUMMY ( 2  ) 
EMAX =DUMMY ( 3  1 
E M I N  =DUMMY ( 4  ) 
I P =DUMMY ( 5 
GO TO 9 9 9 9  

C 
7 CONTINUE 

K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  
I VARH =DUMMY ( 1 )  



I MTH =DUMMY (2 ) 
CUTERR =DUMMY ( 3 ) 
GO TO 9999 

C 
8 CONTINUE 

K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  
NFORC =DUMMY ( 1) 
I QUOUT =DUMMY ( 2  1 
JCKSAB -DUMMY ( 3  ) 
I D S E T N  =DUMMY ( 4  1 
GO TO 9999 

C 
9 CONTINUE 

KONT(NCARD)=KONT(NCARD)+ l  
ZETA =DUMMY ( 1 )  
GRAV =DUMMY ( 2 
GRAVE =DUMMY ( 3 ) 
GO TO 9999 

C 
1 0  CONTINUE 

K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  
ANGX =DUMMY ( 1 I 
ANGY =DUMMY ( 2 ) 
ANGZ =DUMMY ( 3  ) 
GO TO 9999 

C 
11 CONTINUE 

KONT(NCARD)=KONT(NCARD)+l 
WX =DUMMY ( 1 )  
WY =DUMMY ( 2  ) 
WZ =DUMMY ( 3  ) 
GO TO 9999 

C 
1 2  CONTINUE 

KONT(NCARD)=KONT(NCARD)+l 
VELX =DUMMY ( 1 ) 
VELY =DUMMY ( 2  
V E L Z  =DUMMY ( 3  ) 
GO TO 9999 

C 
1 3  CONTINUE 

KONT(NCARD)=KONT(NCARD)+l 
CBMASS =DUMMY ( 1 )  
GO TO 9999 

C 
14 CONTINUE 

KONT(NCARD)=KONT(NCARD)+ l  
CB I XX =DUMMY ( 1 )  
C B I Y Y  =DUMMY ( 2 ) 
CB I ZZ =DUMMY ( 3  
GO TO 9999 

C 
1 5  CONTINUE 

KONT(NCARD)=KONT(NCARD)+ l  
CB I X Y  =DUMMY ( 2 ) 
C B I X Z  =DUMMY ( 2  



C B I Y Z  =DUMMY ( 3  
GO TO 9999 

C 
1 0 0  CONTINUE 

J K O N T ( J J J ) = J K O N T ( J J J ) + l  
I I = J K O N T ( J J J )  
XOUT( I I )  =DUMMY ( 1 1  
YOUT( I 1  =DUMMY ( 2  
ZOUT( 1 1 )  =DUMMY ( 3  ) 
GO TO 9999 

C 
1 6  CONTINUE 

K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  
FPMASS =DUMMY ( 1 ) 
GO TO 9999 

C 
1 7  CONTINUE 

K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  
DO 7 0 0 0  I = 1 * 4  

7 0 0 0  R A D ( 1 )  =DUMMY ( I ) 
GO TO 9999 

C 
1 8  CONTINUE 

K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  
DO 7 0 0 1  1 ~ 1 9 4  

7 0 0 1  S S ( 1 )  =DUMMY ( I 
GO TO 9999 

C 
1 9  CONTINUE 

K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  
DO 7 0 0 2  I = l r 3  

7 0 0 2  A T T H C K ( 1 )  =DUMMY ( I 1 
GO TO 9999 

C 
2 0  CONTINUE 

K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  
DO 7 0 0 3  1=1,3 

7 0 0 3  A T T P R S ( 1 )  =DUMMY ( I 
GO TO 9999 

C 
2 1  CONTINUE 

K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  
NTYPE =DUMMY ( 1 ) 
GO TO 9999 

C 
2 2  CONTINUE 

KONT(NCARD)=KONT(NCARD)+l 
DO 7 0 0 4  I = 1 9 3  

7 0 0 4  S O I L P ( 1 )  =DUMMY ( I 
GO TO 9999 

C 

2 3  CONTINUE 
K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  
NOLEG =DUMMY 1 1 )  
I LEG =DUMMY ( 2  
DRAGST =DUMMY ( 3  



GO TO 9999 
C 

200 CONTINUE 
JKONT(JJJ)=JKONT(JJJ)+l 
II=JKONT(JJJ) 
XFP(I1) =DUMMY ( 1 ) 
YFP(I1) =DUMMY (2 ) 
ZFP(I1) =DUMMY ( 3  1 
GO TO 9999 

C 
300 CONTINUE 

JKONT(JJJ)=JKONT(JJJ)+l 
II=JKONT(JJJ) 
XMSCB(I1) =DUMMY ( 1 ) 
YMSCB( I 1  =DUMMY ( 2  ) 
ZMSCB ( I I =DUMMY ( 3  
GO TO 9999 

C 
24 CONTINUE 

KONT(NCARD)=KONT(NCARD)+l 
DO 7005  I=lr5 

7005 PFCMS(1) =DUMMY ( I 1 
GO TO 9999 

C 
25 CONTINUE 

K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  
DO 7006  I=lr5 

7006  PFTMS ( I ) =DUMMY ( I ) 
GO TO 9999 

C 
26 CONTINUE 

KONT(NCARDI=KONT(NCARD)+l 
DO 7007 1 ~ 1 ~ 5  

7007  CDCMS(1) =DUMMY ( I 
GO TO 9999 

C 
27 CONTINUE 

KONT(NCARD)=KONT(NCARD)+l 
DO 7 0 0 8  1 ~ 1 9 5  

7 0 0 8  CDTMS(I1 =DUMMY ( I 1 
GO TO 9999 

C 
28 CONTINUE 

KONT(NCARD)=KONT(NCARD)+l 
DO 7009  I=lr5 

7 0 0 9  SRCMS(1) =DUMMY ( I )  
GO TO 9999 

C 
29 CONTINUE 

KONT(NCARD)=KONT(NCARD)+l 
DO 7 0 1 0  I=195 

7 0 1 0  SRTMS(1) =DUMMY ( I ) 
GO TO 9999 

C 

30 CONTINUE 
K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  



SCMXMS =DUMMY ( 1) 
STMXMS =DUMMY (2 ) 
SRUCMS =DUMMY (3 ) 
SRUTMS =DUMMY (4) 
GO TO 9999 

C 
31 CONTINUE 

KONT(NCARD)=KONT(NCARD)+ l  
I RETMS =DUMMY ( 1 ) 
GO TO 9999 

L 

32 CONTINUE 
KONT(NCARD)=KONT(NCARDI+l 
FR ICMS =DUMMY ( 1 ) 
COEFMS =DUMMY ( 2  ) 
GAMMS =DUMMY ( 3 ) 
AEIl =DUMMY ( 4 ) 
AE12 =DUMMY (5 ) 

400 CONTINUE 
JKONT(JJJ)tJKONT(JJJ)+l 
I I=JKONT(JJJ) 
XDSCB ( I I =DUMMY ( 1) 
YDSCB(II1 =DUMMY ( 2  ) 
ZDSCB(I1) =DUMMY (3 ) 
GO TO 9999 

C 
33 CONTINUE 

KONT(NCARD)=KONT(NCARD)+l 
DO 7011 1 ~ 1 9 5  

7011 PFCDS(1) =DUMMY ( I ) 
GO TO 9999 

C 
34 CONT I NUE 

K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  
DO 7012 I=1,5 

7012 PFTDS(1) =DUMMY ( I ) 
GO TO 9999 

C 
35 CONTINUE 

KONT(NCARD)=KONT(NCARD)+l 
DO 7013 1 ~ 1 9 5  

7013 CDCDS(1) =DUMMY ( I 
GO TO 9999 

C 
36 CONTINUE 

KONT(NCARD)=KONT(NCARD)+l 
DO 7014 I=1,5 

70 14 CDTDS ( I 1 =DUMMY ( I ) 
GO TO 9999 

C 
37 CONTINUE 

K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  
DO 7015 I=lr5 

7015 SRCDS( I )  =DUMMY ( I ) 



GO TO 6999 
C 

3 8  CONTINUE 
KONT(NCARD)=KONT(NCARD)+ l  
DO 7 0 1 6  1 ~ 1 9 5  

7 0 1 6  S R T D S ( 1 )  =DUMMY ( I ) 
GO TO 9999 

C 
39 CONTINUE 

KONT(NCARD)=KONT(NCARD)+ l  
SCMXDS =DUMMY ( 1 
STMXDS =DUMMY ( 2 
SRUCDS =DUMMY ( 3 ) 
SRUTDS =DUMMY ( 4  ) 
GO TO 9999 

C 
4 0  CONTINUE 

KONT(NCARD)=KONT(NCARD)+ l  
I RETDS =DUMMY ( 1 ) 
GO TO 9999 

C 
4 1  CONTINUE 

KONT(NCARD)=KONT(NCARD)+l 
FR I CDS =DUMMY ( 1 )  
COEFDS =DUMMY ( 2 ) 
GAMDS =DUMMY ( 3 ) 
GO TO 9999 

C 
4 2  CONTINUE 

K O N T ( N C A R D ) = K O N T ( N C A R D ) + l  
MODE1 N =DUMMY ( 1 )  
GO TO 9999 

C 
5 0 0  CONTINUE 

J K O N T ( J J J ) = J K O N T ( J J J ) + l  
I I = J K O N T ( J J J )  
G M ( I 1 )  =DUMMY ( 1 )  
OMEGA( I I )  =DUMMY ( 2 ) 
GO TO 9999 

C 
6 0 0  CONTINUE 

J K O N T ( J J J ) = J K O N T ( J J J ) + l  
I I = J K O N T ( J J J )  
W N X ( I 1 )  =DUMVY ( 1 )  
W N Y ( I 1 )  =DUMMY ( 2  
W N Z ( I 1 )  =DUMMY ( 3 ) 
GO TO 9999 

C 

7 0 0  CONTINUE 
J K O N T ( J J J ) = J K O N T ( J J J ) + l  
I I =JKONT ( J J J  ) 
P X ( I 1 )  =DUMMY ( 1 )  
P Y ( I 1 )  =DUMMY ( 2  ) 
P Z ( I I I  =DUMMY ( 3 
GO TO 9999 

C 



800 CONTINUE 
JKONT(JJJ)=JKONT(JJJ)+l 
II=JKONT(JJJ) 
DO 7017 I=195 

7017 PMSX(II91) =DUMMY ( I ) 
GO TO 9999 

C 
900 CONTINUE 

JKONT(JJJ)=JKONT(JJJ)+l 
II=JKONT(JJJ) 
DO 7018 1 ~ 1 9 5  

7018 PMSY(II9I) =DUMMY ( I 1 
GO TO 9999 

C 
1000 CONTINUE 

JKONT(JJJ)=JKONT(JJJ)+l 
II=JKONT(JJJ) 
DO 7019 I=lr5 

7019 PMSZ(I1,I) =DUMMY ( I ) 
GO TO 9999 

C 
1100 CONTINUE 

JKONT(JJJ)=JKONT(JJJ)+l 
II=JKONT(JJJ) 
DO 7020 1 ~ 1 9 5  

7020 PDSX(II91) =DUMMY ( I 
GO TO 9999 

C 
1200 CONTI NUE 

JKONT(JJJ)=JKONT(JJJ)+l 
I I=JKONT(JJJ) 
DO 7021 I=lr5 

7021 PDSY(IIII) =DUMMY ( I ) 
GO TO 9999 

C 
1300 CONTINUE 

JKONT(JJJ)=JKONT(JJJ)+l 
II=JKONT(JJJ) 
DO 7022 1 ~ 1 9 5  

7022 PDSZ(II91) =DUMMY ( I ) 
GO TO 9999 

C 
1400 CONTINUE 

JKONT(JJJI=JKONT(JJJ)+l 
II=JKONT(JJJ) 
DO 7023 1 ~ 1 9 5  

7023 POUTX(I1,I) =DUMMY(I) 
GO TO 9999 

C 
1500 CONTINUE 

JKONT(JJJ)=JKONT(JJJ)+l 
II=JKONT(JJJ) 
DO 7024 1 ~ 1 9 5  

7024 POUTY(II91) =DUMMY(I) 
GO TO 9999 

C 



1600 CONTINUE 
JKONT(JJJ)=JKONT(JJJ)+1 
II=JKONT(JJJ) 
DO 7025 1 ~ 1 9 5  

7025 POUTZ(II91) =DUMMY(I) 
GO TO 9999 

C 
1700 CONTINUE 

JKONT(JJJ)=JKONT(JJJ)+l 
II=JKONT( JJJ) 
PCGX( 11) =DUMMY ( 1 ) 
PCGY(I1) =DUMMY (2 ) 
PCGZ( 11) =DUMMY (3 ) 
GO TO 9999 

C 

C CHECK INPUT DATA 
C 

7999 CONTINUE 
DO 8000 1~1942 
IF(KONT(1)eEQ.l) GO TO 8000 
IF(KONT(I)eEQ.OeANDeJTESTeEQol) GO TO 8000 
WRITE(698001)I 
NOGO=l 

8 000 CONT I NUE 
8001 FORMAT(/45H INCORRECT NUMBER OF DATA CARDS - CARD NUMBER9151 

DO 8007 I=1,17 
I I=I*lOO 
IF(JKONT(I).EQeO.AND.JTEST.EQ.l) GO TO 8007 
GO TO ( 8 0 0 2 ~ 8 0 0 3 ~ 8 0 0 3 ~ 8 0 0 4 ~ 8 0 0 5 ~ 8 0 0 5 ~ 8 0 0 5 ~ 8 0 0 6 8 0 0 6  8006980129 

Y 8012~8012~8013~8013~8013~8005)rI 
8002 IF(JKONT(I).EQ.NOOUT) GO TO 8007 

NOGO= 1 
WRITE(br8008)II 
GO TO 8007 

8003 IF(JKONT(I)eEO.MOLEG) GO TO 8007 
NOGO= 1 
WRITE(6r0008)II 
GO TO 8007 

8004 IF(JKONT(I)eEQe2*NOLEG) GO TO 8007 
NOGO= 1 
WRITE(6,8008)II 
GO TO 8007 

8005 IF(JKONT(1)ekQeMODEIN) GO TO 8007 
NOGO= 1 
WRITE(690008)II 
GO TO 8007 

8006 IF(MODEIN*EQeOeANDeJKONT(I).EQ.O) GO TO 8007 
IF(JKONT(1)eEQ~NOLFG) GO T3 8007 
NOGO= 1 
WRITt(698008)II 
GO TO 8007 

8012 IF(MODEINeEQ.0 eANDaJKONT(I)*EQoO) GO TO 8007 
IF(JKONT(I)aEQe2*NOLEG) GO TO 8007 
NOGO= 1 
WRITE(698008)II 
GO TO 8007 



8 0 1 3  IF(MODEIN.EQeO.AND.JKONT(II.EQ.0) GO T O  8 0 0 7  R E A D 6 1 3 0  
I F ( J K O N T ( 1 ) e E Q e N O O U T )  GO TO 8 0 0 7  R E A D 6 1 4 0  
NOGO= 1 R E A D 6 1 5 0  
W R I T E ( 6 9 8 0 0 8 ) I I  R E A D 6 1 6 0  

8 0 0 7  C O N T I N U E  R E A D 6 1 7 0  
8 0 0 8  F O R M A T ( / 6 4 H  DATA DECK DOES NOT AGREE W I T H  CONTROL I N F O R M A T I O N  - C A R E A D 6 1 8 0  

*RD N U M B E R g I 5 )  R E A D 6 1 9 0  
IF (NMODES.LEeMODEIN)GO TO 8 0 1 1  R E A D 6 2 0 0  
NOGO= 1 R E A D 6 2 1  0 
W R I T E ( 6 9 8 0 1 0 )  R E A D 6 2 2 0  

8 0 1 0  F O R M A T ( / 2 4 H  I N C O N S I S T E N T  MODAL DATA J R E A D 6 2 3 0  
8 0 1 1  C O N T I N U E  R E A D 6 2 4 0  

WRITE(6r8009)(NOCARD(1)91=19MMM) R E A D 6 2 5 0  
8 0 0 9  F O R M A T ( / 2 7 H  NEW CARDS READ T H I S  RUN - 2 0 ( 1 X , I 4 ) / ( 2 7 X , 2 0 ( 1 X s I 4 1 ) )  R E A D 6 2 6 0  

C R E A D 6 2 7 0  
C A L L  DATAOT R E A D 6 2 8 0  

C R E A D 6 2 9 0  
I F ( N O G O s E Q . 1 )  STOP R E A D 6 3 0 0  
J T E S T = l  R E A D 6 3 1 0  

C R E A D 6 3 2 0  
I F  ( I D S E T N  eEQ. 0 GO TO 4010 R E A D 6 3 3 0  

C R E A D 6 3 4 0  
C I F  ANOTHER DATA CASE I S  I N D I C A T E D  ( I D S E T N  .NEo 0 )  THEN SAVE 
C B L A N K  COMMON AND T H I S V  COMMON FOR R E I N I T I A L I Z A T I O N  BEFORE 
C THE NEXT  DATA CASE I S  READ 
C 

R E W I N D  4 
W R I T E  (4)(COMINT(I)~I=191400)9(TIMHSA(I)~I=1~275) 
I S A V C M  = 1 

4 0 1 0  C O N T I N U E  
C 
C T H I S  P O R T I O N  OF THE PROGRAM I N I T I A L I Z E S  THE PROGRAM V A R I A B L E S  
C 
C DO NOT L E T  T I M A X  eEQ. 0 
C 

I F  ( T I M A X  eEQo 0.0 ) T I M A X  = HMAX+HMAX 
TIME=O.O 
I STAB=O 
I BOTM=O 
IF(INLEG.FQel)CUTERR=lOOe*GRAVE 
I F ( N F O R C e N E . 0 )  REWIND 3 

C 
C I N I T i A L I Z A T I O N  FOR SUBROUTINE  S O I L  
L 

DO 6 2  1 ~ 1 9 3  
6 2  ATTHCK(I)=SS(l)-ATTHCK(1) 

DO 6 3  I = l , N O L E G  
I M P A C T (  I )=O 
I P R T F P ( I ) = I P T C N T  
KOUNT ( I )  =O 

6 3  A T T H ( I ) = S S ( l )  
A D I S T = A T T H C K ( 3 )  
R A D I A N ~ 5 7 . 2 9 5 7 7 9 5 1 3  
I F ( N T Y P E e N E . 0 )  GO TO 6 8  
SOILP(l~=SOILP(l)/RADIAN 
T A N P H I = T A N ( S O I L P ( l ) )  



CMS=29e*EXP(le4*SOILP(3)1*TANPHI 
SLRHO=SOILP(2)/GRAVE 
TANPH2=TAN(SOILP(1)/2e) 
SOILNU=(3e14159265/3.)*(1e+TANPH2)/(1.-TANPH2) 
IF(SOILP(3)eGE.0.5) GO TO 67 
CDCONT=(GRAV/GRAVE)*i4.+8Oe*SOILP(3))*TANPHI/(RAD(4)**2) 
GO TO 68 

67 CDCONT=4e*(GRAV/GRAVE)*EXP(4.83*SOILP(3))*TANPHI/(RAD(4)**2) 
68 CONTINUE 

INITIALIZE THE CENTER BODY MASS MATRIX 

DO 70 1 ~ 1 9 6  
DO 70 J = 19 6 

70 AM(IsJ) = 0.0 
AM(191) = CBMASS 
AM(292) = CBMASS 
AM(3931 = CBMASS 
AM(494) = CBIXX 
AM(595) = CBIYY 
AM(696) = CBIZZ 
AM(495) = -CBIXY 
AM(4961 = -CBIXZ 
AM(596) = -CBIYZ 
AM(594) = -CBIXY 
AM(694) = -CBIXZ 
AM(695) = -CBIYZ 

INITIALIZATION FOR SUBROUTINE STRUT 

STRUT LENGTHS 

DO 90 IzlrNOLEG 
DX=XMSCB ( I 1-XFP ( I ) 
DY=YMSCB( I)-YFP( I) 
DZ=ZMSCB(I)-ZFP(1) 
S L O M S ( I ) = S Q R T ( D X * D X + D Y * D Y + D Z * D )  
SLNGMS(I)=SLOMS(I) 
DO 90 J=192 
NNN=2*(1-l)+J 
IF(ILEGeEQ.0) GO TO 84 
CDX=DX/SLOMS(I) 
CDY=DY/SLOMS(I) 
CDZ=DZ/SLOMS(I) 
DEL=SLOMS(I)-DRAGST 
DDX=XDSCB(NNN)-(XFP(I)+CDX*DEL) 
D D Y = Y D S C B ( N N N ) - ( Y F P ( I ) + C D Y * D E L )  
DDZ=ZDSCB(NNN)-(ZFP(I)+CDZ*DEL) 
GO TO 85 

84 CONTINUE 
DDx=xDsCB(NNN)-XFP(1) 
DDY=YDSCB(NNN)-YFP(1) 
DDZ=ZDSCB(NNN)-ZFP(1) 

85 SLODS(NNN)=SQRT(DDX*DDX+DDY*DDY+DDZ*DDZ) 
SLNGDS(NNN)=SLODS(NNN) 

90  CONTINUE 



C  
C  M A I N  STRUTS 
C  

DO 87 I = l , N O L E G  
S T R P M S ( I ) = O o O  
URCMS( I )=O .O  
U R T M S ( I ) = O . O  
S E T C M S (  I )=OoO 
S E T T M S ( I ) = O o O  
PRFCMS( I )=O .O  
P R F T M S ( I ) = O o O  
FRVMSC( I )=O .O  
FRVMST( I )=O .O  
I P O C M S (  I ) = l  
I P O T M S (  I ) = 1  
I N D C M S (  I )=O 
I N D T M S ( I ) = O  
I P R M S (  I )=O 

87 C O N T I N U E  
C 
C  DRAG STRUTS 
C 

I I = Z * N O L E G  
DO 86  I = l r I I  

S T R P D S ( I ) = O o O  
U R C D S (  I )=OoO 
U R T D S (  I )=O.O 
S E T C D S ( I ) = O . O  
S E T T D S (  I ) = O * O  
P R F C D S ( I ) = O * O  
P R F T D S ( I ) = O . O  
F R V D S C (  I )=Om0 
F P V D S T ( I ) = O . O  
I P O C D S ( I ) = l  
I P O T D S (  1 1 - 1  
I N D C D S ( I ) = O  
I N D T D S ( I I = O  
I P R D S ( I I = O  

86 C O N T I N U E  
C  
C  CONVERT ANGULAR Q U A N T I T I E S  TO R A D I A N S  
C  

WX=bfX/RADIAN 
b jY=WY/RADIAN 
W I = W Z / R A D I A N  
Z E T A = Z E T A / R A D I A N  
DO 88 I= l ,NMODES 

88 OMEGA(I)=OMEGA(I)*2~*3~14159265 
C 
C  I N I T I A L I Z E  ANGULAR Q U A N T I T I E S  
C 

C O X = C O S ( A N G X / R A D I A N )  
S I X = S I N ( A N G X / R A D I A N )  
C O Y = C O S ( A N G Y / R A D I A N )  
S I Y = S I N ( A N G Y / R A D I A N )  
C O Z = C O S ( A N G Z / R A D I A N )  



SIZ=SIN(ANGZ/RADIAN) 
SIZT=SIN(ZETA) 
COZT=COSfZETA) 
THTA=ASIN(-SIZT*COZ*COY-COZT*~SIZ*SIX-COZ*SIY*COX~~ 
AAN=-SIZT*SIZ*COY+COZT*~COZ*SIX+SIZ*SIY*COX~ 
BBD=SIZT*SIY+COZT*COY*COX 
IF(ABS(BE!D)eLT.lmE-O9)GO TO 104 
PHI=ATANZ (AAN 9BBD 
GO TO 101 

104 IF(AANeGTmOeO)PHI=+3.14159265/2r 
IF(AAN.LTeOeO)PHI=-3014159265/2e 

101 CONTINUE 
AAN=SIZ*COX+COZ*SIY*SIX 
BBD=COZT*COZ*COY-SIZT*(SIZ*SIXxC0Z*SIY*COX) 
IF (ABS(B i3D)eLT . l .E -O9)GO TO 102 
PSI=ATANZ(AAN,BBD) 
GO TO 103 

102 IF(AAN.GT.O.O)PSI=+3.14159265/2. 
IF(AANeLTeOeO)PSI=-3.14159265/2. 

103 CONTINUE 
C 
C INITIALIZE VELOCITIES 
C 

ZETA=-ZETA 
GSINZT=SIN(ZETA)*GRAV 
GCOSZT=COS(ZETA)*GRAV 
XSD=VELX*COS(ZETA)+VELZ*SIN(ZETA) 
YSD=VELY 
ZSD=-VELX*SIN(ZETA)+VELZ*COS(ZETA) 
RETURN 
END 



S U B R O U T I N E  DATAOT 
C 

DATA 10 
DATA 2 0  

C T H I S  SUBROUTINE  L I S T S  THE I N P U T  DATA 
C 

DATA 30 
DATA 40 

D I M E N S I O N  NO(  1 0 0 )  p N U M B ( 2 5 )  D A T 4  5 0  
C DATA 60 

COMMON / T H I S V /  T I M H S A ( 1 1 ,  ATTH(51 ,AM(6 ,6 ) ,AME1(31 , INDFP1(6 ) ,  DAT;\ 70 
1 I N D F P C ( 6 ) p  DATA 8 0  
2  S T H P D S ( l O ) ,  STRPMS(  5 1 9  I P O C D S ( l 0 ) r  IPOCMS(  5 1 9  URCDS ( 1 0 1 9  DATA 90 
3 URTDS ( 1 0 1 9  URCMS ( 5 1 9  URTMS ( 5 1 9  S E T C D S ( l O 1 r  S E T T D S ( Z O ) ,  DATA 100 
4 SETCMS(  5 1 9  S E T T M S (  5 1 9  I N D C D S ( 1 O ) r  I N D T D S ( l 0 ) r  I N D C M S ( 1 0 ) r  DATA 110 
5 I N D T M S (  5 ) 9  PRFCDS ( 1 0 1 9  PRFTDS ( l o ) ,  PRFCMS ( 5 1 9  PRFTMS ( 5 ) 9  DATA 1 2 0  
6  I P R D S  ( 1 0 1 9  I P R M S  ( 51 ,  F R V D S C ( 1 0 ) r  F R V D S T ( 1 0 ) v  FRVMSC(  5 ) 9  DATA 1 3 0  
L  FRVMST(  5 1 9  I P O T D S ( 1 0 1 9  I P O T M S (  5 )  DATA 140 

E Q U I V A L E N C E  ( NFTPDS, NOLEG 1  DATA 1 5 0  
COMMON C O M I N T ( 4 0 0 )  DATA 1 6 0  
E Q U I V A L E N C E  ( C O M I N T (  4  19 XSD 1  DATA 170 
E Q U I V A L E N C E  ( C O M I N T (  1 6  1, YSD DATA 1 8 0  
E Q U I V A L E N C E  ( COMINTC 2 8  ) 9  ZSD 1  DATA 1 9 0  
E Q U I V A L E N C E  ( C O M I N T (  3 6  19 P H I  DATA 2 0 0  
E Q U I V A L E N C E  ( C O M I N T (  4 4  ) r  WX DATA 2 1 0  
E Q U I V A L E N C E  ( C O M I N T (  5 2  19 T d T A  1  DATA 2 2 0  
E Q U I V A L E N C E  ( C O M I N T (  6 0  19 WY 1 DATA 2 3 0  
E Q U I V A L E N C E  ( C O M I N T (  6 8  19 P S I  1  DATA 2 4 0  
E Q U I V A L E N C E  ( C O M I N T (  7 4  19 WZ DATA 2 5 0  
E Q 3 I V A L F N C E  ( C O M I N T (  3 2 4  1 9  T I M E  DATA 2 6 0  
E Q U I V A L E N C E  ( C O M I N T (  3 2 5  1 9  HMAX ) DATA 2 7 0  
E Q U I V A L E N C E  ( C O M I N T (  9 2 6  !, H M I N  3 A T A  2 8 0  
E Q U I V A L E N C E  ( C O M I N T (  3 2 7  ) 9  E M I N  1  P A T 4  2 9 0  
E Q U I V A L E N C E  ( C O M I N T (  3 2 8  EYAX 1  D A T 4  3 0 0  
E Q U I V A L E N C E  ( COMINT  ( 3 3 7  ) 9  H Z  1  DATA 3 1 0  
E Q U I V A L E N C E  ( C O Y I N T (  3 3 8  ) 9  CUTERR)  DATA 3 2 0  
E Q U I V A L E N C E  ( C O Y I N T (  3 3 9  ) 9  I P  ) D A T 4  3 3 0  
E Q U I V A L E N C E  ( C O Y I N T (  3 4 0  19  I V A R H  1 DATA 3 4 0  
E Q U I V A L F N C E  ( C O M I N T (  3 4 1  1 9  I M T H  DATA 3 5 0  
E Q U I V A L E N C E  ( C O M I N T (  3 4 2  1 ,  I P R N T  ) D A T 4  3 6 0  
E Q V I V A L E N C E  ( C O M I N T (  3 4 3  1 9  I F I N  1  9 A T A  3 7 0  
E Q U I V 4 L E N C E  ( C O W I N T (  3 6 1  1 9  I P T C N T  1 DATA 3 8 0  
E Q U I V A L E N C E  ( COMINT  ( 3 6 2  ) r  I D S E T N  ) DATA 3 9 0  
E Q U I V A L E N C E  ( COMINT  ( 1 3 9 9 1 ,  NOCASE ) DATA 4 0 0  
COMMON DATA 4 1 0  

1 CBMASS, C B I X X  9 C B I X Z  9 C B I Y Y  C B I Y Z  9 C B I Z Z  9 FPMASS,CBIXY9 DATA 4 2 0  
2  D C ( 3 9 3 )  r X F P ( 5 1 9  Y F P ( 5 ) r  Z F P ( 5 ) g  WNX(51 ,  Y N Y ( 5 ) ,  DATA & 3 0  
7 W N Z ( 5 1 ,  P X ( 5 )  r P Y ( 5 )  r P Z ( 5 1  9 G M ( 5 )  r O M E G A ( 5 )  9 DATA 4 4 0  
4 GRAV 9 GRAVE 9 Z E T A  9 F T S  ( 6 1  r F S X S I  ( 5 )  9 DATA 4 5 0  
5  F S Y S I  ( 5 )  9 F S Z S I ( 5 )  9 S O I L X ( 5 1  9 DATA 4 6 0  
6  S O i L Y ( 5 )  9 S O I L Z ( 5 )  9 P M S X ( 5 9 5 )  9 DATA 4 7 0  
7 PMSY ( 5 9 5 )  r P M S Z ( 5 9 5 1  9 P D S X ( l O 9 5 )  9 DATA 4 8 0  
6 P D S Y ( l O r 5 )  9 P D S Z ( l O 9 5 1  9 FCXS 9 F L Y S  9 F L Z S  a DATA 490 
Q T L X L  9 T L Y L  9 T L Z L  9 S L O  9 X M S C B ( 5 )  9 DATA 5 0 0  
C YMSCR ( 5 ) 9 Z Y S C B ( 5 )  9 X D S C B ( 1 0 )  9 DATA 5 1 0  
D Y 3 S C B (  1 0 )  Z D S C B ( 1 0 )  9 I L E G  9 I M S  t DATA 5 2 0  
E F S T X  9 F S T Y  9 F S T Z  r PVCBX 9 PVCBY 9 PVCBZ r DATA 5 3 0  
F  PVFPX 9 PVFPY 9 P V F P Z  9 NOLEG 9 S L O M S ( 5 )  r DATA 5 4 0  
G S L O D S ( 1 0 )  DATA 5 5 0  



COMMON 
1 PFCMS ( 5  s P F C D S ( 5 )  9 P F T D S ( 5 )  9 

2 PFTMS ( 5  9 SRCDS(5)  9 SRCMS(5)  9 

3 SRTDS ( 5  SRTMS15) 9 COEFDS, COEFMS, GAMDS 9 

4 GAMMS 9 SRUCDS, SRUCMSt SRUTDS, SRUTMS, SCMXDS, SCMXMS, 
5  STMXDS, STMXMS, CDCDS(5)  CDCMS(5)  9 

6 CDTDS ( 5  9 CDTMS(5)  9 FRICDS, FRICMS, IRETDS,  
7  IRETMS, STROKE ( 1 0 )  9 STRKDS(101  9 STRKMS1 5 )  9 

8 LENGTHrCDXS9CDYS9CDZS NTYPE r R A D ( 4 ) ,  S S ( 4 )  , A T T H C K ( 3 ) ,  
9  ATTPRS( 3  ) 9 A D I S T  r S O I L P ( 3 ) .  r  NMODES 9 

A COEF s GAMMA 9 F R I C  t SCMAX r STMAX 9 C D C ( 5 ) 9  C D T 1 5 ) r  
B SRULT 9 SRULC 9 S R T ( 5 1 ,  SRC(51 ,  P F T ( 5 ) r  P F C ( 5 ) r  G F L E G S ( 5 ) r  
C CURMSVP CURMSL, INDFXD, INDFYD, INDFZDI INDFXR, INDFYR, 
D INDFZRI TIMAX 9 DRAGST, I F P  

COMMON 
lCMS9CDCONT,SOILNU,SLRHO, N O O U T ~ X O U T ( ~ ~ ) ~ Y O U T ( ~ ~ ) O ~ O U T ~ ~ O ~ ~  
2 M O D E I N ~ P O U T X ( 1 0 ~ 5 ) ~ P O U T Y ~ 1 0 , 5 ) ~ P O U T Z ~ 1 0 ~ 5 ~ r P C G X ~ 5 ~ ~ P C G Y 1 5 ~ ~  
3 P C G Z ( 5 ) ~ A E I 1 ~ A E I 2 ~ F O R M S ( 5 ) ~ F O R D S ( l O ) r F O R C E ~ N F O R C ~ S A V M S X ( 5 ) ~  
~ S A V M S Z / ~ ) ~ S A V D S X I ~ ~ ) ~ S A V D S Y ( ~ O ~ ~ S A V D S Z ~ ~ O ~ ~ I Q U O U T ~ G S I N Z T ~  
5GCOSZTrSTAB,STABVL,ISTAB,JCKSAB,VELX~VELY~VELZ~SAVMSY(5) 

COMMON 
1 SMXMSC(5) r  TMXMSC(5) ,  SMXMST(5 )9  T M X M S T ( 5 ) r  
2 SMXDSC(10)9  T M X D S C l l 0 ) r  S M X D S T ( l O ) ,  TMXDST(10)  
3 ,SLNGMS(5) ,SLNGDS(10)9  CURDSL, I N L E G  r IFPPRT,  
4 I M P A C T ( 5 )  g I P R T F P ( 5 ) r  K O U N T ( 5 )  ,ANGX, ANGY* ANGZ 

C 
DO 5 0 0 0  1=1,100 

5 0 0 0  N O ( I ) = I  
DO 5 0 0 1  I = 1 9 2 5  

5 0 0 1  N U M B ( I ) = I * 1 0 0  
C 

C PROGRAM CONTROL DATA 
C 

WRITE(6~101)NO(l),NOCASE 
W R I T E ( ~ Y ~ O ~ ) N O ( ~ ) ~ T I M A X ~ I P T C N T , I N L E G , I F P P R T  
WRITE(69103)N0(3)rNMODES9NOOUT 
w R I T E ( ~ ~ ~ O ~ ) N O ( ~ ) , I N D F X D ~ I N D F Y D , I N D F Z D  
WRITE16r105)N0(5)9INDFXR9INDFYR~INDFZR 
W R I T E ( 6 ~ 1 0 6 ) N O ( 6 ) r H M A X 9 H M I N 9 E M A X ~ E M I N ~ I P  
WRITE(69107)N0(7)rIVARHrIMTH9CUTERR 
W R I T E ( 6 ~ 1 0 8 ) N 0 ( 8 ) ~ N F O R C ~ I Q U O U T ~ J C K S A B ~ I D S E T N  
I F ( N F O R C ~ N E ~ O ~ A N D ~ I D S E T N ~ N E ~ O ) W R I T E ~ ~ I ~ O O O ~  

C 
C I N I T I A L  CONDIT IONS 
L 

W R I T E ( 6 9 1 0 9 ) N 0 ( 9 ) 9 Z E T A 9 G R A V G R A V E  
W R I T E ( ~ ~ ~ ~ O ) N O ( ~ O ) , A N G X , A N G Y , A N G Y ~ A N G Z  
W R I T E ( ~ ~ ~ ~ ~ ) N O ( ~ ~ ) ~ W X P W Y ~ W Z  
WRITE(69112)N0(12)rVELXtVELY~VELZ 

C 
C CENTER BODY DATA 
C 

WRITEI69113)N0113)rCBMASS 
WRITE(69114)N0(14)~CBIXX9CBIYY~CBIZZ 
W R I T E ( ~ ~ ~ ~ ~ ) N O ~ ~ ~ ) ~ C B I X Y ~ C B I X Z J C B I Y Z  
I F ( N 0 O U T e E Q a O ) G O  TO 2 

DATA 5 6 0  
DATA 5 7 0  
DATA 5 8 0  
DATA 5 9 0  
DATA 6 0 0  
DATA 6 1 0  
DATA 6 2 0  
DATA 6 3 0  
DATA 6 4 0  
DATA 6 5 0  
DATA 6 6 0  
DATA 6 7 0  
DATA 6 8 0  
DATA 6 9 0  
DATA 7 0 0  
DATA 7 1 0  
DATA 7 2 0  
DATA 7 3 0  
DATA 7 4 0  
DATA 7 5 0  
DATA 7 6 0  
DATA 7 7 0  
DATA 7 8 0  
DATA 7 9 0  
DATA 8 0 0  
DATA 8 1 0  
DATA 8 2 0  
DATA 8 3 0  
DATA 8 4 0  
DATA 8 5 0  
DATA 8 6 0  
DATA 8 7 0  
DATA 8 8 C  
DATA 8 9 0  
DATA 9 0 0  
DATA 9 1 0  
DATA 9 2 0  
DATA 9 3 0  
DATA 9 4 0  
DATA 9 5 0  
DATA 9 6 0  
DATA 9 7 0  
DATA 9 8 0  
DATA 9 9 0  
DATA1000  
D A T A 1 0 1 0  
DATA1020  
D A T A 1 0 3 0  
D A T A 1 0 4 0  
DATA1050  
DATA1060  
D A T A 1 0 7 0  
D A T A 1 0 8 0  
D A T A 1 0 9 0  
D A T A 1 1 0 0  
D A T A 1 1 1 0  



DO 1 I=l ,NOOUT 
1 WRITE(6~1100)NUMB(1)~I~XOUT(I),YOUT(I),ZOUT~I~ 

GO TO 3  
2  W R I T E ( 6 * 1 1 0 1 )  
3  CONTINUE 

C 
C FOOTPAD DATA 
C 

WRITE(6,116)NO(lb),FPMASS 
WRITE(69117)N0(17)r(RAD(I)~I=1~4) 
WRITE(6r118)N0~18)~(SS(I)~I=1~4) 
WRITE(6r1191N0(19),(ATTHCK(I)~I=193) 
WRITE(6r120)N0(20)~(ATTPRS(I)~I=1~3) 

C 
C S O I L  DATA 
C 

I F ( N T Y P E . E Q . O l W R I T E ( 6 , 1 2 1 ) N 0 ( 2 1 ) ~ N T Y P E  
I F ( N T Y P E . N E . O ) W R I T E ( ~ , ~ ~ ~ ) N O ( ~ ~ ) S N T Y P E  
W R I T E ( 6 ~ 1 2 2 ) N 0 ( 2 2 ) r ( S O I L P ( I ) ~ I = 1 ~ 3 )  

C 
C L E G  DATA 
C 

W R I T E ( ~ , ~ ~ ~ ) N O ( ~ ~ ) , N O L E G , I L E G ~ D R A G S T  
DO 4 I=1 ,NOLEG 

4 W R I T E ( 6 r 1 2 0 0 ) N U M B ( 2 ) * I ~ X F P ( I ) , Z F P ( I )  

WRITE(6,124)N0(24),(PFCMS(I)~I=195) 
WRITk(69125)N0(25)9(PFTMS(I)~I=1~5) 
WRITE(69126)N0(26)r(CDCMS(I)~I=1~5) 
W R I T E ( ~ ~ ~ ~ ~ ) N O ( ~ ~ ) , ( C D T M S ( I ) P I = ~ ~ ~ )  
WRITE(69128)N0(28),(SRCMS(I)~I=1~5) 
WRITE(6,129)N0(29),(SRTMS(I)~I=1~5) 
WRITE(6,130)N0(30),SCMXMS~STMXMS~SRUCMS*SRUTMS 
WRITE(6,131)N0(31),IRETMS 
W R I T E ( 6 ~ 1 3 2 ) N 0 ( 3 2 ) ~ F R I C M S , C O E F M S ~ G A M M S ~ A E I l ~ A E I 2  
I I =2*NOLEG 
DO 6  1 = 1 , I I  

6  WRITE(691400)NUMB(4)~I~XDSCB(I)~YDSCB(I)~ZDSCB(I) 
WRITE(69133)N0(33)r(PFCDS(I)~I=1~5) 
WRITE(69134)N0(34)r(PFTDS(I)~I=1~5) 
WRITE(S,135)N0(35),(CDCDS(I)~I=1~5) 
WRITE(6,136)N0(36),(CDTDS(I)~I=1~5) 
WRITE(6,137)N0(37),(SRCDS(I),1=1,5) 
WRITE(6,138)N0(38),fSRTDS(I)~I=195) 
W R I T E ( 6 ~ 1 3 9 ) N 0 ( 3 9 ) s S C M X D S ~ S T M X D S ~ S R U C D S * S R U T D S  
WRITE(69140)N0(40),IRETDS 
WRITE(6r141)N0(41),FRICDSICOEFDS~GAMDS 

C 
C MODAL DATA 

DATA 11 2  0  
D A T A 1 1 3 0  
D A T A 1 1 4 0  
D A T A 1 1 5 0  
D A T A 1 1 6 0  
D A T A 1 1 7 0  
D A T A 1 1 8 0  
D A T A 1 1 9 0  
D A T A 1 2 0 0  
D A T A 1 2 1 0  
D A T A 1 2 2 0  
DATA 1 2  3  0  
D A T A 1 2 4 0  
D A T A 1 2 5 0  
D A T A 1 2 6 0  
D A T A 1 2 7 0  
D A T A 1 2 8 0  
D A T A 1 2 9 0  
D A T A 1 3 0 0  
D A T A 1 3 1 0  
D A T A 1 3 2 0  
D A T A 1 3 3 0  
D A T A 1 3 4 0  
D A T A 1 3 5 0  
D A T A 1 3 6 0  
D A T A 1 3 7 0  
D A T A 1 3 8 0  
D A T A 1 3 9 0  
D A T A 1 4 0 0  
D A T A 1 4 1 0  
D A T A 1 4 2 0  
D A T A 1 4 3 0  
D A T A 1 4 4 0  
D A T A 1 4 5 0  
D A T A 1 4 6 0  
D A T A 1 4 7 0  
D A T A 1 4 8 0  
D A T A 1 4 9 0  
D A T A 1 5 0 0  
D A T A 1 5 1 0  
D A T A 1 5 2 0  
D A T A 1 5 3 0  
D A T A 1 5 4 0  
D A T A 1 5 5 0  
D A T h 1 5 6 0  
D A T A 1 5 7 0  
D A T A 1 5 8 0  
D A T A 1 5 9 0  
D A T A 1 6 0 0  
D A T A 1 6 1 0  
D A T A 1 6 2 0  
D A T A 1 6 3 0  
D A T A 1 6 4 0  
D A T A 1 6 5 0  
D A T A 1 6 6 0  
D A T A 1 6 7 0  



DO 9  I = l , M O D E I N  D A T A 1 6 8 0  
9  W R I T E ( 6 9 1 6 0 O ) N U M B ( 6 ) ~ 1 9 W N X ( I ) 9 W N Z ( I )  D A T A 1 6 9 0  

DO 1 0  I = l , M O D E I N  DATA1700  
1 0  W R I T E ( ~ P ~ ~ ~ ~ ) N U M B ( ~ ) ~ I ~ P X ( I ) , P Y ( I ) ~ P Z ( I )  DATA1710  

DO 11 I = l s N O L E G  D A T A 1 7 2 0  
11 W R I T E ( 6 s 1 8 0 0 ) N U M B ( 8 ) 9 I ~ ~ P M S X ( I ~ J ~ ~ J ~ 1 ~ M O D E I N ~  D A T A 1 7 3 0  

DO 1 2  I = l s N O L E G  DATA1740  
1 2  W R I T E ( 6 9 1 9 0 0 ) N U M B ( 9 ) ~ I ~ ~ P M S Y ( I ~ J ~ ~ J = 1 ~ M O D E I N ~  D A T A 1 7 5 0  

DO 1 3  I = l v N O L E G  D A T A 1 7 6 0  
1 3  W R I T E ( 6 ~ 2 0 0 0 ) N U M B ~ 1 0 ) ~ I ~ ~ P M S Z ( I ~ J ~ ~ J ~ 1 ~ M O D E I N ~  D A T A 1 7 7 0  

DO 1 4  1 = 1 9 I I  DATA178 0  
1 4  W R I T E ( 6 ~ 2 1 0 0 ) N U M B ( 1 1 ) ~ I ~ ~ P D S X ( I , J ) , J = 1 ~ M O D E I N ~  D A T A 1 7 9 0  

DO 1 5  I = 1 9 I I  D A T A 1 8 0 0  
1 5  W R I T E ( 6 9 2 2 0 0 ) N U M B ( 1 2 ) ~ I ~ ~ P D S Y ( I ~ J ) ~ J = 1 ~ M O D E I N ~  D A T A 1 8 1 0  

DO 1 6  I = 1 9 I I  DATA1820  
1 6  W R I T E ( 6 ~ 2 3 0 0 ) N U M B ( 1 3 ) ~ I ~ ~ P D S Z ( I ~ J ~ ~ J ~ 1 ~ M O D E I N ~  DATA 1 8  3  0  

IF(NOOUT.EQe01GO TO 2 1  DATA1840  
DO 1 7  I=19NOOUT DATA1850  

1 7  W R I T E ( 6 r 2 4 0 0 ) N U M B ( 1 4 ) ~ I ~ ~ P O U T X ( I ~ J ~ ~ J ~ 1 ~ M O D E I N ~  D A T A 1 8 6 0  
DO 1 8  I = l r N O O U T  D A T A 1 8 7 0  

1 8  WRITE(6~2500)NUMB(15)~It~POUTY(I,J)rJ=1~MODEIN~ D A T A 1 8 8 0  
DO 1 9  I = l $ N O O U T  DATA1890  

1 9  WRITE(6~2600)NUMB(16)~I~(POUTZ(I,J),J=1~MODEIN~ D A T A 1 9 0 0  
2 1  CONTINUE D A T A 1 9 1 0  

DO 2 0  I = l s M O D E I N  DATA1 9 2  0  
2 0  W R I T E ( ~ V ~ ~ ~ ~ ) N U M B ( ~ ~ ) ~ I ~ P C G X ( I ) ~ P C G Y ~ I ~ ~ P C G Z ~ I ~  DATA1930  

RETURN D A T A 1 9 4 0  
C D A T A 1 9 5 0  
C  FORMAT STATEMENTS DATA1960  
C D A T A 1 9 7 0  

1 0 1  FORMAT(5H CARD/2X,2HNO// lOX,28H* * PROGRAM CONTROL DATA * * / / 9  DATA1980  
* I 4 9 1 0 H  CASE NO = , I 6 1  D A T A 1 9 9 0  

1 0 2  F O R M A T ( I 4 9 9 H  T IMAX = rE10.3, lOH IPTCNT = 9 1 2 9 9 H  INLEG = 9 1 2 9  D A T A 2 0 0 0  
* 10H I F P P R T  = 9 1 2 )  DATA2010  

1 0 3  F O R M A T ( I 4 r l O H  NMODES = 9123 9H NOOUT = $ 1 2 )  DATA2020  
1 0 4  F O R M A T ( 1 4 9 1 0 H  INDFXD = 9 1 2 9 1 0 H  INDFYD = 9 1 2 9 1 0 H  INDFZD = 9 1 2 )  DATA2030  
1 0 5  F O R M A T ( I 4 9 1 0 H  INDFXR = 9 1 2 9 1 0 H  INDFYR = ,12910H INDFZR = 9 1 2 )  DATA2040  
1 0 6  F O R M A T ( I 4 9  8H HMAX = vE10.39 8 H  H M I N  = , F l o e 3 9  8 H  EMAX = r F l O e 3 ,  D A T A 2 0 5 0  

3 8 H  EMIN = 9E10.396H I P  = 9 1 2 )  D A T A 2 0 6 0  
1 0 7  F O R M A T ( I 4 9 9 H  IVARH = 9 1 2 9 8 H  I M T H  = 9 1 2 9 1 0 H  CUTERR = 9E10.3) DATA2070  
1 0 8  F O R b l A T ( I 4 9 9 H  NFORC = 9 1 2 9 1 0 H  IQCJOIJT = 9 1 2 9 1 0 H  JCKSAB = ,129 D A T A 2 0 8 0  

* 1 0 H  IDSETN = 9 1 2 )  DATA2090  
1 0 9  FORMAT( / / lOX,26H*  * I N I T I A L  CONDITIONS * * / / , I 4 9  8 H  ZETA = 9El0.3  D A T A 2 1 0 0  

)C 9 8 H  GRAV = 9 E 1 0 o 3 9  9 H  GRAVE = 9E10.3)  DATA2110  
1 1 0  F O R M A T ( I 4 9 8 H  ANGX = rE10 .398H ANGY = , E l O e 3 r 8 H  ANSZ = qE10.3) D A T A 2 1 2 0  
111 F O R M A T ( I 4 9 6 H  WX = 9 E l O e 3 9 6 H  WY = g E l O e 3 9 6 H  WZ = ~ E l O a 3 )  D A T A 2 1 3 0  
1 1 2  F O R M A T ( I 4 1 8 H  VELX = $E10e3 ,8H VELY = ,E lOe3,8H VELZ = ,E10.3) D A T A 2 1 4 8  
1 1 3  F O R M A T ( / / l O X 1 2 4 H *  * CENTER 90DY DATA * * , / / , 14+10H CBMASS = 9 D A T A 2 1 5 0  

+4 E 1 0 - 3  D A T A 2 1 6 0  
1 1 4  F O R M A T ( I 4 9 9 H  C B I X X  = p E l O e 3 9 9 H  CBIYY = v E l O e 3 9 9 H  C B I Z Z  = sE10.3)  D A T A 2 1 7 0  
1 1 5  F O R M A T ( I 4 9 9 H  C R I X Y  = 9E10.39914 C B I X Z  = 9 E l O o 3 9 9 H  C R I Y Z  = 9 E 1 0 o 3 )  D A T A 2 1 8 0  

1 1 0 0  F O R M A T ( I 4 9 5 H  I = 9 1 2 9 8 H  XOUT = ,E10.3,8H YOUT = r E l O e 3 9 8 H  ZOUT = ,DATA2190 * E 1 0 e 3  D A T A 2 2 0 0  
1 1 0 1  FORMAT(/5X,26HNO SECONDARY OUTPUT P O I N T S )  D A T A 2 2 1 0  

1 1 6  FORMAT( / / lOX,20H*  * FOOTPAD DATA * * / / 1 4 r l O H  FPMASS = qE10.3) D A T A 2 2 2 0  
1 1 7  F O R M A T ( I 4 9 1 0 H  R A D ( 1 )  = , 4 ( 2 X 9 E l O e 3 ) )  D A T A 2 2 3 0  



1 2 0  F O R M A T ( I 4 9 1 3 H  A T T P R S ( I 1  = r 3 ( 2 X , E 1 0 . 3 ) )  DATA2260 
1 2 1  FORMAT(/ / lOX,17H* * S O I L  DATA * * , / / , I49  9H NTYPE = 912, /94Xv DATA2270 * 25H (PRIMARY S O I L  MECHANICS))  DATA2280 
2 2 1  FORMAT(/ / lOX,17H* * S O I L  DATA * *,//,14,9H NTYPE = r I 2 9 / , 4 X s  DATA2290 

.it 27H (SECONDARY S O I L  MECHANICS))  DATA2300 
1 2 2  FORM4T( I4 ,12H S O I L P ( 1 )  = ,E1003,3H r r E 1 0 0 3 , 3 H  9E10.3) DATA2310 
1 2 3  FORMAT(/ / lOX,16H* * LEG DATA * * , / / , I 4 9  9H NOLEG = r I 2 ,  DATA2320 

* 8H I L E G  = 9 1 2 9 l O H  DRAGST = ,E10.3) DATA2330 
1 2 0 0  F O R M A T ( I 4 9 5 H  I = 91297H XFP = 9E10.397H YFP = r E 1 0 . 3 r 7 H  ZFP = 9 DATA2340 

* E10.3 DATA2350 
1 3 0 0  F O R M A T ( I 4 9 5 H  I = ,1299H XMSCB = ,E10.399H YMSCB = 9E10.3, DATA2360 

* 9H ZMSCB = 9E10.3) DATA2370 
1 2 4  FORMPT( I499H PFCMS = ,512X,F10.3)) DATA2380 
1 2 5  F O R M A T ( I 4 5 9 H  PFTMS = ,5(2X,E10.3))  DATA2390 
1 2 6  F O R M A T ( I 4 s 9 H  CDCMS = 95(2X,E10 .3 ) )  DATA2400 
1 2 7  FORMAT( I499H CDTMS = 95(2X,E10 .3 ) )  DATA2410 
1 2 8  F O R M A T ( I 4 9 9 H  SRCMS = 9 5 ( 2 X 1 E 1 0 . 3 ) 1  DATA2420 
1 2 9  F O R M A T ( I 4 3 9 H  SRTMS = , 5 ( 2 X 9 E l O e 3 ) 1  DATA2430 
1 3 0  F O R M A T ( I 4 9 1 0 H  SCMXMS = ,E10*3,10H STMXMS = , E 1 0 0 3 9 l O H  SRUCMS = 9 DATA2440 

3~ E 1 0 0 3 9 1 0 H  SRUTMS = 9E10.3) DATA2450 
1 3 1  F O R M A T ( I 4 9 1 0 H  IRETMS = 9121 DATA2460 
1 3 2  F O R V A T ( I 4 9 1 0 H  FRICMS = ,E10.3r lOH COEFMS = ,E10.3,9H GAMMS = r DATA2470 

Y E l O e 3 9 8 H  A E I l  = 9E10.398H AE12 = ~ E 1 0 . 3 )  DATA2480 
1 4 0 0  F O R M A T ( I 4 9 5 H  I = 9 1 2 v 9 H  XDSCB = ,E10.399H YDSCB = , E l 0 0 3 9  DATA2490 

* 9H ZDSCB = ,E10.3) DATA2500 
1 3 1  FORMAT(I4,RH PFCDS = ,5(2X,E10.3))  DATA2510 
1 3 4  F O R M A T ( I 4 9 9 H  PFTDS = 9 5 ( 2 X , E 1 0 . 3 ) )  DATA2520 
1 3 5  F O R M A T ( I 4 r 9 H  CDCDS = ,5 (2X,E10 .7 ) )  DATA2530 
1 3 6  F O R M A T ( I 4 9 9 H  CDTDS = 9 5 ( 2 X 1 E l O e 3 ) )  DATA2540 
1 3 7  FORMAT(1499H SRCDS = ,5 (2X,E10 .3 ) )  DATA2550 
1 3 8  F O R M A T ( I 4 9 9 H  SRTDS = ,5 (2X,E10 .3 ) )  DATA2560 
1 3 9  F O R M A T ( I 4 9 1 0 H  SCMXDS = ,E10e3,10H STMXDS = 9E10.3r lOH SRUCDS = 9 DATA2570 

Y E 1 0 . 3 ~ 1 0 H  SRUTDS = rE10.3)  DATA2580 
1 4 0  F O R M A T ( I 4 9 1 0 H  IRETDS = 9 1 2 )  DATA2590 
1 4 1  F O R M A T ( I 4 r l O H  FRICDS = ,E10*3,10H COEFDS = ,E10.3,'3H GAMD5 = 9 DATA2600 

)C E10.3) DATA2610 
1 4 2  FORMAT( / / lnX ,18H*  * MODAL DATA * *, / / , I5 ,10H MODEIN = 9 1 2 )  DATA2620 
2 4 2  FORMAT(/5X,25HRIGID CENTER BODY ASSUMED) DATA2630 

1 5 0 5  F O R M A T ( I 5 9 5 H  I = ,I2,6H GM = ,ElOe3,9H OMEGA = ~ E 1 0 . 3 )  DATA2640 
1 6 0 0  F O R M A T ( I 5 9 5 H  I = 91297H WNX = 9E10.397H WNY = ,ElO.3,7H WNZ = 9 DATA2650 

* E10.3) DATA2660 
1 7 0 0  F O R M A T ( I 5 r 5 H  I = s I 2 , 6 H  PX = 9E10e3,SH PY = ,E100396H PZ = r E 1 0 * 3 ) D A T A 2 6 7 0  
1 8 0 0  F O R M A T ( I 5 9 5 H  I = , I2 ,8H PMSX = , 5 ( 2 X , E 1 0 0 3 ) )  DATA2680 
1 9 0 0  F O R M A T ( I 5 9 5 H  I = 9 1 2 r 8 H  PYSY = , 5 ( 2 X 9 E 1 0 . 3 ) )  DATA2690 
2 0 0 0  F O R M A T ( I 5 9 5 H  I = r 1 2 r 8 H  PMSZ = 95(2X,E10 .3 ) )  DATA2700 
2 1 0 0  F O R M A T ( I 5 1 5 H  I = 91298H PDSX = ,5(2X,E10.3) DATA2710 
2 2 0 0  F O R M A T ( I 5 9 5 H  I = ,1218H PDSY = ,5 (2X,E10 .3 ) )  DATA2720 
2 3 0 0  F O R M A T ( I 5 9 5 H  I = 9 1 2 r 8 H  PDSZ = ,5 (2X,E10 .3 ) )  DATA2730 
2 4 0 0  FORMAT( I595H I = ,I2,9H POlJTX = ,5(2X,E10.3))  DATA2740 
2 5 0 0  FORMAT( I 5 9 5 H  I = r I 2 9 9 H  POlJTY = ,5(2X,E10.3) DATA2750 
2 6 0 0  F O R M A T ( I 5 9 5 H  I = ,129SH POUTZ = , 5 ( 2 X 9 E 1 0 . 3 ) )  DATA2760 
2 7 0 0  F O R M A T ( I 5 9 5 H  I = ,I2,3H PCGX = 9E10.398H PCGY = ,E10*3,8H PCGZ = ,DATA2770 

it E10.3 DATA2780 
3 0 0 0  FORMAT(/5X950HWARNING - PROGRAM CONTROL DATA INDICATES T H I S  CASE,/DATA2790 



* 5 5 H I S  PART OF A MULTIPLE DATA SET RUN AND A SECONDARY T IMEs/DATA2800 
* 52HHISTORY TAPE I S  TO BE GENERATED. T H I S  COMBINATION OF,/ DATA2810 
* 42HPROGRAM OPTIONS MUST BE HANDLED WITH CAREc,) DATA2820 

END DATA2830 



OVERLAY ( L L M P T 5 ,  2 9  0 ) OVER 3 0  

PROGRAM LLMPEX L L E X  10 
COMMON / I Z Z Z R M  / I P T A T L 9 I P T O T L r  L O C N A M ( 9 0 )  L L E X  2 0  
D I M E N S I O N  X S I ( 8 )  9 I A D ( 8 ) p  I N D ( 8 )  L L E X  3 0  
E Q U I V A L E N C E  ( T I M H S A ( 1 ) r  L T I M H S  ) L L E X  4 0  
D I M E N S I O N  T I M H S C ( 2 7 5 )  L L E X  5 0  
D I M E N S I O N  T I M H S R ( 2 7 5 )  L L E X  6 0  
D I M E N S I O N  I M H S A ( 1 1  L L E X  7 0  
E Q U I V A L E N C E  ( I M H S A ( 1 ) r  T I M H S A ( 1 )  ) L L E X  8 0  
D I M E N S I O N  G C ( 4 9 5 1 ,  G C D ( 4 9 5 ) r  G C D D ( 4 r 5 1  L L E X  9 0  
D I M E N S I O N  X F P S ( 4 r 5 ) r  Y F P S ( 4 r 5 ) 9  Z F P S ( 4 r 5 ) r  L L E X  1 0 0  

1 X F P S D ( 4 9 5 )  Y F P S D ( 4 r 5 1 r  Z F P S D ( 4 9 5 ) r  L L E X  110 
2  X F P S D D ( 4 , 5 ) ,  Y F P S D D ( 4 9 5 1 9  Z F P S D D ( 4 9 5 )  L L E X  1 2 0  

D I M E N S I O N  X M N l ( 8 )  L L E X  1 3 0  
D I M E N S I O N  I N O U T V ( 5 )  L L E X  140 
COMMON / T H I S V /  T I M H S A ( l ) ,  A T T H ( ~ ) J A M ( ~ ~ ~ ) ~ A M E I ( ~ J ~ I N D F P I ( ~ ) ~  L L E X  1 5 0  

1 I N D F P C ( 6  ) 9 L L E X  1 6 0  
2  S T R P D S ( l O ) , S T R P M S (  5 ) 9  I P O C D S ( 1 0 ) 9  IPOCMS(  5 ) 9 U R C D S  ( l o ) (  L L E X 1 7 0  
3  URTDS ( 1 0 1 9  URCMS ( 51 ,  URTMS ( 5 1 9  S E T C D S ( 1 0 ) g  S E T T D S ( 1 O ) r  L L E X  1 8 0  
4  SETCMS(  5 1 9  S E T T M S (  5 ) r  I N D C D S ( 1 0 ) r  I N D T D S ( 1 0 ) 9  I N D C M S ( 1 0 ) r  L L E X  190 
5 I N D T M S (  5 ) ,  PRFCDS ( l o ) ,  P R F T D S  ( 1 0 ) r  PRFCMS ( 5 ) 9  PRFTMS ( 5 1 9  L L E X  2 0 0  
6  I P R D S  ( 1 0 ) ~  I P R M S  ( 5 ) r  F R V D S C ( 1 0 ) r  F R V D S T ( l C ) ,  FRVMSC(  5)+ L L E X  2 1 0  
L  FRVMST(  5 ) 9  I P O T D S ( 1 O ) t  I P O T M S (  5 )  L L E X  2 2 0  

E Q U I V A L E N C E  ( N F T P D S r  NOLEG ) L L E X  2 3 0  
COMMON C O M I N T ( 4 0 0 )  L L E X  2 4 0  
E Q U I V A L E N C E  ( C O M I N T (  3 ) r  I B O T M  ) L L E X  2 5 0  
E Q U I V A L E N C E  ( C O M I N T t  4 19 XSD 1 L L E X  2 6 0  
E Q U I V A L E N C E  ( C O M I N T (  8  ) 9  XSDD L L E X  2 7 0  
E Q U I V A L E N C E  ( C O M I N T (  1 2  ) r  YS 1 L L E X  2 8 0  
E Q U I V A L E N C E  ( C O M I N T f  1 6  ) r  YSD 1 L L E X  2 9 0  
E Q U I V A L E N C E  ( C O M I N T (  2 0  YSDD 1 L L E X  3 0 0  
EQlJ I V A L E N C E  ( COMINT  ( 2 4  ) 9 Z S  L L E X  3 1 0  
E Q U I V A L E N C E  ( C O M I N T (  2 8  19 ZSD ) L L E X  3 2 0  
E Q U I V A L E N C E  I C O M I N T (  3 2  ) r  ZSDD L L E X  3 3 0  
E Q U I V A L E N C E  ( C O M I N T (  3 6  P H I  ) L L E X  3 4 0  
E Q U I V A L E N C E  ( C O M I N T l  4 0  ) r  P H I D  L L E X  3 5 0  
E Q U I V A L E N C E  ( C O M I N T (  44 ) r  WX 1 L L E X  3 6 0  
E Q U I V A L E N C E  ( C O M I N T (  4 8  19 WXD 1  L L E X  3 7 0  
E Q U I V A L E N C E  ( C O M I N T (  5 2  ) r  THTA  1 L L E X  3 8 0  
E Q U I V A L E N C E  ( C O M I N T (  5 6  ) 9  THTAD 1  L L E X  3 9 0  
E Q U I V A L E N C E  ( C O M I N T t  6 0  ) r  WY 1 L L E X  400 
E Q U I V A L E N C E  ( C O M I N T (  64 19 WYD 1 L L E X  4 1 0  
E Q U I V A L E N C E  ( C O M I N T (  6 8  ) r  P S I  1 L L E X  4 2 0  
E Q U I V A L E N C E  ( C O M I N T (  7 2  ) r  P S I D  I L L E X  4 3 0  
EQIJ IVALENCE ( C O M I N T (  7 6  1 ,  WZ ) L L E X  4 4 0  
E Q U I V A L E N C E  ( C O M I N T (  8 0  1 ,  WZD L L E X  4 5 0  
E Q U I V A L E N C E  ( C O M I N T (  8 4  ) 9  GC ) L L E X  4 6 0  
E Q U I V A L E N C E  ( C O M I N T ( 1 0 4  ) 9  GCD 1 L L E X  4 7 0  
E Q U I V A L E N C E  ( C O M I N T ( 1 2 4  19 GCDD 1 L L E X  4 8 0  
E Q U I V A L E N C E  ( C O M I N T ( 1 4 4  19 X F P S  1  L L E X  4 9 0  
E Q U I V A L E N C E  ( C O M I N T ( 1 6 4  ) 9  XFPSD L L E X  5 0 0  
E Q U I V A L E N C E  ( C O M I N T ( 1 8 4  19 XFPSDD ) L L E X  5 1 0  
E Q U I V A L E N C E  ( C O M I N T ( 2 0 4  19 Y F P S  1 L L E X  5 2 0  



E Q U I V A L E N C E  ( C O M I N T ( 2 2 4  1 9  YFPSD 1  
E Q U I V A L E N C E  ( C O M I N T ( 2 4 4  19 YFPSDD ) 

E Q U I V A L E N C E  ( C O M I N T ( 2 6 4  1 s  Z F P S  ) 
E Q U I V A L E N C E  ( C O M I N T ( 2 8 4  1 9  Z F P S D  
E Q U I V A L E N C E  ( C O M I N T ( 3 0 4  l r  ZFPSDD ) 

E Q U I V A L E N C E  ( C O M I N T (  3 2 4  1 9  T I M E  
E Q U I V A L E N C E  ( C O M I N T (  3 2 5  1 9  HMAX 
E Q U I V A L E N C E  ( C O M I N T (  3 2 6  1, H M I N  ) 

E Q U I V A L E N C E  ( C O M I N T (  3 2 7  1,  E M I N  
E Q U I V A L E N C E  ( C O M I N T (  3 2 8  1 s  EMAX ) 
E Q U I V A L E N C E  ( C O M I N T (  3 2 9  1 9  X S I  
E Q U I V A L E N C E  ( COMINT  ( 3 3 7  1, H Z  
E Q U I V A L E N C E  ( C O M I N T (  3 3 8  ) J  CUTERR)  
E Q U I V A L E N C E  ( C O M I N T (  3 3 9  ) ,  I P  
E Q U I V A L E N C E  ( C O M I N T (  3 4 0  1 9  I V A R H  1  
E Q U I V A L E N C E  ( C O M I N T (  3 4 1  1 s  I M T H  ) 
E Q U I V A L E N C E  ( C O M I N T t  3 4 2  ) t  I P R N T  f 
E Q U I V A L E N C E  ( C O M I N T (  3 4 3  1, I F I N  1 
E Q U I V A L E N C E  ( C O M I N T t  3 4 4  ) 9  I A D  
E Q U I V A L E N C E  ( C O M I N T (  3 5 2  1 9  I N D  ) 

E Q U I V A L E N C E  ( C O M I N T (  3 6 0  1, J C U T  
E Q U I V A L E N C E  ( C O M I N T (  3 6 1  ) 9  I P T C N T  ) 
E Q U I V A L E N C E  ( C O M I N T (  3 6 3  19  I V A L  ) 

E Q U I V A L E N C E  ( C O M I N T t  3 6 4  19  X S  ) 

C COMINT  ( 3 6 4 - 3 6 7 )  USED BY  XS 
EQLJIVALENCE ( C O M I N T (  3 6 8  1 9  CCIRDT 1 
E Q U I V A L E N C E  ( C O M I N T (  3 6 9  1,  X M N l  1  

C X M N l  USES C O M I N T ( 3 6 9 - 3 7 6 )  
COMMON 

1 CBMASSs C B I X X  C B I X Z  r C B I Y Y  r C B I Y Z  9 C R I Z Z  9 FPMASSICBIXY, 
2 DC ( 3  9 3  ) 9 X F P ( 5 ) v  Y F P ( 5 1 9  Z F P ( 5 1 9  WNX(51 ,  W N Y ( 5 ) g  
3  W N Z ( 5 ) r  P X ( 5 )  9 P Y ( 5 )  9 P Z ( 5 )  G M ( 5 )  O M E G A ( 5 )  9 

4 GRAV GRAVE t ZETA 9 F T S  ( 6 1  9 F S X S I ( 5 )  9 

5 F S Y S I ( 5 )  9 F S Z S I ( 5 )  t S O I L X ( 5 )  9 

6 S O I L Y ( 5 )  9 S O I L Z ( 5 )  9 P M S X ( 5 9 5 )  9 

7 PMSY 1 5 9 5 )  9 P M S Z ( 5 9 5 )  9 P D S X ( 1 0 , 5 )  9 

8 P D S Y ( l O 9 5 )  9 P D S Z ( 1 0 9 5 )  9 F L X S  9 F L Y S  r F L Z S  9 

9 T L X L  9 T L Y L  9 T L Z L  9 S L O  9 X M S C B ( 5 )  9 

C YMSCB ( 5  ) 9 Z M S C B ( 5 )  9 X D S C B ( 1 0 )  9 

D Y D S C B ( 1 0 )  9 Z D S C B ( 1 0 1  9 I L E G  9 I M S  9 

E F S T X  9 F S T Y  9 F S T Z  9 PVCBX r PVCBY v PVCBZ 9 

F P V F P X  9 PVFPY e PVFPZ  9 NOLEG 9 S L O M S I  5 )  9 

G S L O D S (  1 0 )  
COMMON 

1 PFCMS ( 5  ) s P F C D S ( 5 )  r P F T D S ( 5  1  9 

2 PFTMS ( 5  ) r S R C D S ( 5 )  r SRCMS ( 5  ) 9 

3  S R T D S ( 5 1  9 SRTMS ( 5  1 9 COEFDS, COEFMSs GAMDS 9 

4 GAMMS 9 SRUCDS9 SRlJCMSs SRUTDS, SRUTMSI SCMXDS, SCMXPSP 
5  STMXDS, STMXMS9 C D C D S ( 5 )  C D C M S ( 5 )  9 

6 CDTDS ( 5  ) 9 C D T M S ( 5 )  r F R I C D S ,  FR ICMS,  I R E T D S I  
7 I R E T M S s  STROKE(  1 0 )  v S T R K D S ( 1 0 )  9 STRKMS(  5 )  9 

8 LENGTH9CDXSsCDYS9CDZS 9 N T Y P E  r R A D ( 4 ) 9  S S ( 4 )  9 A T T H C K ( 3 ) v  
9  ATTPRS ( 3  I 9 A D I S T  r S O I L P ( 3 )  r NMODES, 
A  COEF  9 GAMMA 9 F R I C  v SCMAX 9 STMAX 9 C D C ( 5 ) ,  C D T ( 5 ) ,  
13 SRULT  9 SRULC 9 S R T ( 5 ) ,  S R C ( 5 1 9  P F T ( 5 ) r  P F C ( 5 1 ,  G F L E G S ( 5 ) g  
C CURMSV, CURMSL, INDFXDI  I N D F Y D ,  INDFZD,  INDFXR,  I N D F Y R ,  

L L E X  5 3 0  
L L E X  5 4 0  
L L E X  5 5 0  
L L E X  5 6 0  
L L E X  5 7 0  
L L E X  5 8 0  
L L E X  5 9 0  
L L E X  6 0 0  
L L E X  6 1 0  
L L E X  6 2 0  
L L E X  6 3 0  
L L E X  6 4 0  
L L E X  6 5 0  
L L E X  6 6 0  
L L E X  6 7 0  
L L E X  6 8 0  
L L E X  6 9 0  
L L E X  7 0 0  
L L E X  7 1 0  
L L E X  7 2 0  
L L E X  7 3 0  
L L E X  7 4 0  
L L E X  7 5 0  
L L E X  7 6 0  
L L E X  7 7 0  
L L E X  7 8 0  
L L E X  7 9 0  
L L E X  8 0 0  
L L E X  8 1 0  
L L E X  8 2 0  
L L E X  8 3 0  
L L E X  8 4 C  
L L E X  8 5 0  
L L E X  8 6 0  
L L E X  8 7 0  
L L E X  8 8 0  
L L E X  8 9 0  
L L E X  9 0 0  
L L E X  910 
L L E X  9 2 0  
L L E X  9 3 0  
L L E X  9 4 0  
L L E X  9 5 0  
L L E X  9 6 0  
L L E X  9 7 0  
L L E X  9 8 0  
L L E X  9 9 0  
L L E X l O O O  
L L E X l O l O  
L L E X 1 0 2 0  
L L E X 1 0 3 0  
L L E X 1 0 4 0  
L L E X 1 0 5 C  
L L E X l O 6 O  
L L E X 1 0 7 0  
L L E X 1 0 8 0  



D  I N D F Z R ,  T I M A X  9 DRAGST, I F P  
COMMON 

lCMS,CDCONTsSOILNU,SLRHO, NOOUT,XOUT( lC) )  , Y O t J T ( l O )  , Z O t J T i l O )  9 

2 M O D E I N ~ P O U T X ( 1 O ~ 5 ) ~ P O U T Y ~ 1 0 ~ 5 ) ~ P O U T Z ~ 1 0 ~ 5 ~ ~ P C G X ~ 5 ~ ~ P C G Y ~ 5 ~ ~  
~ P C G Z ( ~ ) T A E I ~ ~ A E I ~ ~ F O R M S ( ~ ) ~ F O R D S ~ ~ O ~ Y F O R C E ~ N F O R C ~ S A V M S X ~ ~ ~ ~  
4 S A V M S Z ( 5 ) r S A V D S X ( l ~ ) ~ S A V D S Y ( I O ~ ~ S A V D S Z ( l O ) ~ 1 Q ~ O U T ~ G S l N Z T ,  
~ G C O S Z T I S T A R I S T A B V L , I S T A B ~ J C K S A B ~ V E L X ~ V E L Y T V E L Z , S A V M S Y ( ~ )  

COMMON 
1 S M X M S C ( 5 ) ,  T M X M S C ( 5 ) ,  S M X M S T ( 5 ) g  TMXMST(51 ,  
2  S M X D S C ( l 0 ) r  T M X D S C ( 1 0 ) 9  S M X D S T ( 1 0 )  s  T M X D S T ( 1 0 )  
3 r S L N G M S ( 5 )  , S L N G D S ( l O ) r  C U R D S L *  I N L E G  r I F P P R T 9  
4 I M P A C T ( 5 )  , I P R T F P ( 5 ) s  K O U N T ( 5 )  rANGX,  ANGYI ANGZ 

D I M E N S I O N  A H O L D ( 6 ) r  A M I N V ( 6 9 6 ) r  F L T L ( 6 )  
D I M E N S I O N  G F ( 5 )  9 G F O ( 5 1  
D I M E N S I O N  A M F P ( 5 1 ,  F 0 ( 3 ) ,  F E ( 6 )  
D l  M E N S I O N  AWE2 ( 3  

C PRECALCULATE SOME CONSTANTS USED L A T E R  I N  MODE \rrORK 
D I M E N S I O N  P Y Z [ ~ ) ~ P Y Z ~ ( ~ ) , P X Z ( ~ ) P P X Z ~ ( ~ ) , P X Y Z ( ~ ) ~  

1 WNZNY(5)rWNXNZ(5),WNYNX(5)~PYNZ2(5)~PZNXZ(5)iPXNY2(5)~\VZGM(5) 
C  SET  I N T E G R A T I O N  L I S T  UPDATE I N D I C A T O R  

I N D I V R  = 0  
L T I M H S  = 2 7 3  

C P R I N T  COUNT 
K P T C N T  = 9 9 9 9 9  

C  P I T C H  ANGLE L I M I T  
A T I P M X  = 1.55 

C  T I M E  H I S T O R Y  UPDATE I N D I C A T O R  
I N D B P U  = 1 

C  I N T E G R A T I O N  LOOP F I R S T  PASS I N D I C A T O R  
I N D I F P  = 0 
I F  ( NMODES eEQ* 0 ) GO TO 1 1 0  
DO 100 I = 1 9  NMODES 
P Y Z ( 1 )  = P Y ( I ) + P Z ( I )  
P Y Z Z ( 1 )  = P Y Z ( I ) + P Y Z ( I )  
P X Z ( 1 )  = P X ( I ) + P Z ( I )  
P X Z Z ( 1 )  = P X Z ( I ) + P X Z ( I )  
P X Y ( 1 )  = P X ( I ) + P Y ( I )  
P X Y 2 ( 1 )  = P X Y ( I ) + P X Y ( I )  
W N Z N Y ( I ) =  W N Z ( 1 ) - W N Y ( 1 )  
W N X N Z ( I ) =  W N X ( 1 ) - W N Z ( 1 )  
W N Y N X ( I ) =  W N Y ( 1 ) - W N X ( 1 )  
W 2 G M ( I )  = O M E G A ( I I * O ~ E G A ( I ) * G M ( I )  
P Y N Z Z ( I ) =  2.*( P Y ( 1 ) -  P Z ( 1 )  
P Z N X Z ( I ) =  2 e * (  P Z ( 1 ) -  P X ( 1 )  ) 

1 0 0  P X N Y 2 ( I ) =  2.*( P X ( 1 ) -  P Y ( I )  
C S E T  MODAL A N A L Y S I S  MASS TO ZERO 

DO 1 0 5  1 ~ 1 9 3  
1 0 5  A M E l ( 1 )  = 0.0 
1 1 0  C O N T I N U E  

C 
C A T  PRESENT A L L  FOOT PADS ARE OF T H E  SAME MASS 
C  

DO 7 0  I = l r  NFTPDS 
7 0  A V F P ( 1 )  = FPMASS 

C  I N D F A R = 3  I F  R O T A T I O N S  ARE NOT INTFGRATED 
I N D F A R  = I N D F X R + I N D F Y R + I N D F Z R  

L L E X 1 0 9 0  
L L E X l l O O  
L L E X l l l O  
L L E X l l Z O  
L L E X 1 1 3 9  
L L E X 1 1 4 O  
L L E X 1 1 5 0  
L L E X 1 1 6 0  



PRECALCULATE MOMENT OF I N E R T I A  CONSTANTS L L E X 1 6 5 0  
C I Z Z Y Y  = C B I Z Z - C B I Y Y  L L E X 1 6 6 0  
C I X X Z Z  = C B I X X - C B I Z Z  L L E X 1 6 7 0  
C I Y Y X X  = CBIYY-CBIXX L L E X 1 6 8 0  

C L L E X 1 6 9 0  
C SET INTEGRATION VARIABLE L I S T  AND CUTOFF L I S T  COUNTERS L L E X 1 7 0 0  
C 

I P T A T L  = 0 
I P T O T L  = 0 

C 
C A L L  SETUP 

L L E X 1 7 1 0  
L L E X 1 7 2 0  
L L E X 1 7 3 0  

I N I T I A L I Z E  THE INTEGRATION ROUTINES L L E X 1 7 4 0  
L L E X 1 7 5 0  

C L L E X 1 7 6 0  
C XS9 XSDI AND XSDD ARE INTEGRATION V a L L E X 1 7 7 0  

I F  ( INDFXD eNEe 0 GO TO 2 1 0  L L E X 1 7 8 0  
C A L L  INUPD ( 3 6 4  ) L L E X 1 7 9 0  
C A L L  INUPD ( 4  ) L L E X 1 8 0 0  
C A L L I N U P D (  8 ) L L E X 1 8 1 0  

2 1 0  I F  ( INDFYD eNEe 0 1 GO TO 2 2 0  L L E X 1 8 2 0  
C YS9 YSD, AND YSDD ARE INTEGRATION VmLLEX1830  

C A L L  INUPD ( 1 2  1 L L E X 1 8 4 0  
C A L L  INUPD ( 1 6  1 L L E X 1 8 5 0  
C A L L  INUPD ( 2 0  1  L L E X 1 8 6 0  

2 2 0  I F  ( INDFZD .NE. 0  ) GO TO 2 3 0  L L E X 1 8 7 0  
C ZS, ZSD 9 AND YSDD ARE INTEGRATION V e L L E X 1 8 8 0  

C A L L  INUPD ( 2 4  1 L L E X 1 8 9 0  
C A L L  INUPD ( 2 8  1 L L E X 1 9 0 0  
C A L L  INUPD ( 3 2  1 L L E X 1 9 1 0  

2 3 0  I F  ( INDFXR oNEe 0 GO T O 2 4 0  L L E X 1 9 2 0  
C WX9 WXD, PHID,  AND P H I  ARE INTEGRATION V e L L E X 1 9 3 0  

C A L L  INUPD ( 4 4  1 L L E X 1 9 4 0  
C A L L  INUPD ( 4 8  ) L L E X 1 9 5 0  
C A L L  INUPD ( 4 0  ) L L E X l 9 6 0  
C A L L  INUPD ( 3 6  1 L L E X 1 9 7 0  

2 4 0  I F  ( INDFYR .NEe 0 GO TO 2 5 0  L L E X 1 9 8 0  
C WY, WYD9 THTAD, AND THTA ARE INTEGRATION V L L E X 1 9 9 0  

C A L L  INUPD ( 6 0  1 L L E X 2 0 0 0  
C A L L  INUPD ( 6 4  1 L L E X 2 0 1 0  
C A L L  INUPD ( 5 6  ) L L E X 2 0 2 0  
C A L L  INUPD ( 5 2  1 L L E X 2 0 3 0  

250  I F  ( INDFZR eNE. 0  I GO TO 2 6 0  L L E X 2 0 4 0  
C WZ, WZD, P S I D 9  AND P S I  ARE INTEGRATION V o L L E X 2 0 5 0  

C A L L  INUPD ( 7 6  ) 

C A L L  INUPD 1 8 0  1 
C A L L  INUPD ( 7 2  1 
C A L L  INUPD ( 6 8  1 

2 6 0  CONTINUE 
C G C ( I 1 9  G C D ( I ) p  

I F  ( NMODES eEQe 0 1  GO TO 2 9 0  
DO 2 8 0  I = 1, NMODES 
J = 4 * 1  
C A L L  INUPD ( 8 0 +  J ) 

C A L L  INUPD ( l o o +  J 1 
2 8 0  C A L L  INUPD ( 1 2 0 +  J 1 
2 9 0  CONTINUE 

1 CONTINUE 
C 

L L E X 2 1 0 0  
AND G C D D ( 1 )  ARE INTFGRAT. V L L E X 2 l l O  

L L E X 2 1 2 0  



C A L L  GEOM 
C 

I F  ( I N D I F P  eEQ. 1) GO TO 6 4  
C L L E X 2 2 4 0  
C I N I T I A L I Z E  FOOT PAD P O S I T I O N S  I N  SURFACE COORDINATES L L E X 2 2 5 0  
C A L L  SO SET UP FOOT PAD CUTOFF VARIAdLES AND L L E X 2 2 6 0  
C INTEGRATION QUANTIES L L E X 2 2 7 0  
C L L E X 2 2 8 0  

XS = 100.*GRAVE L L E X 2 2 9 0  
YS = 0.0 L L E X 2 3 0 0  
ZS = 0.0 L L E X 2 3 1 0  
DO 6 0  1 = 1, NFTPDS L L E X 2 3 2 0  
A - D C I l , l ) * X F P ( I )  + D C ( l , Z ) + Y F P ( I )  + D C ( 1 9 3 ) * Z F P ( I )  L L E X 2 3 3 0  

1 - A T T H ( 1 )  L L E X 2 3 4 0  
6 0  XS = A M I N l (  XSI A ) L L E X 2 3 5 0  

XS = -XS L L E X 2 3 6 0  
C L L E X 2 3 7 0  
C P R I N T  LANDER I N I T I A L  CONDITONS L L E X 2 3 8 0  
C L L E X 2 3 9 0  

WRITE(6~5010)XS~YS,ZS~XSD~YSD9ZSD~WXINIWYIN~WZIN L L E X 2 4 0 0  
5 0 1 0  FORMAT(lH1,/20X,46HLANDER I N I T I A L  CONDITIONS (SURFACE COORDINATE g L L E X 2 4 1 0  

+ 7HSYSTEM),//37X,lH(31OX*lHY* L L E X 2 4 2 d  
* l O X , l H Z / / 6 X , 2 1 H I N I T I A L  COG. POSITION,~X,~(F~.~,~X),// L L E X 2 4 ? 0  
* ~ X I ~ ~ H I N I T I A L  C.G. V E L O C I T Y , 6 X , 3 ( F 9 . 2 , 2 X ) / /  L L E X 2 4 4 0  
36 ~ X I ~ ~ H I N I T I A L  ANGULAR V E L O C I T Y , ~ X , ~ ( F ~ . Z V ~ X ) )  L L E X 2 4 5 0  

DO 6 2  1 = l r  NFTPDS L L E X 2 4 6 0  
X F P S ( 1 , I )  = X S + D C ( 1 , 1 ) * X F P ( I ) + D C ~ l ~ 2 ) * Y F P ( I ) + D C ~ 1 ~ 3 ) * Z F P ~ I ~  L L E X 2 4 7 0  
J = 4*1  L L E X 2 4 8 0  
I F  ( X F P S ( l r 1 ) - A T T H ( 1 )  eLT. CUTERR ) GO TO 6 1  L L E X 2 4 9 0  

C XFPS(  I ) I S  A CUTOFF V A R I A B L E  L L E X 2 5 0 0  
C A L L  L O C ( ~ ~ O + J I A T T H ( I ) + ( . ~ + G R A V E * ~ . ~ E - O ~ ) * C U T E R R ~ ~ )  L L E X 2 5 1 0  
I N D F P I (  I ) = I P T A T L  L L E X 2 5 2 0  
I N D F P C ( 1 )  = 0 L L E X 2 5 3 0  
GO TO 6 2  L L E X 2 5 4 0  

C xFPs(I),YFPS(I)YZFPS(I)~XFPSD(I)~YFPSD(I Z F P S D ( 1 )  LLEX255C 
C X F P S D D ( I ) ,  Y F P S D D ( I 1 ,  Z F P S C D ( 1 )  ARE INTEGRATION VAR. L L E X 2 5 6 0  

6 1  CALL  INUPD ( 1 4 0  + J L L E X 2 5 7 0  
I N D F P I (  I )  = I P T O T L  L L E X 2 5 8 0  
C A L L  INUPD ( 1 6 0  + J L L E X 2 5 9 0  
C A L L  INUPD ( 1 8 0  + J L L E X 2 6 0 0  
CALL  INUPD ( 2 0 0  + J L L E X 2 6 1 0  
C A L L  INUPD ( 2 2 0  + J L L E X 2 6 2 0  
C A L L  INUPD ( 2 4 0  + J L L E X 2 6 3 0  
C A L L  INUPD ( 2 6 0  + J L L E X 2 6 4 0  
C A L L  INUPD ( 2 8 0  + J L L E X 2 6 5 0  
C A L L  INUPD ( 3 0 0  + J L L E X 2 6 6 0  
Y F P S ( 1 9 1 )  = YS+DC(2rl)*XFP(I)+DC(2,2)*YFP(I)+DC(2,3)*ZFP(I) L L E X 2 6 7 0  
Z F P S ( 1 , I )  = Z S + D C ( ~ , ~ ) * X F P ( I ) + D C ( ~ ~ ~ ) * Y F P ( I ) + D C ( ~ , ~ ) * Z F P ( I )  L L E X 2 6 8 0  
A = WY * Z F P ( 1 )  - bJZ + Y F P ( 1 )  L L E X 2 6 9 0  
B = W Z + X F P ( I )  - W X * Z F P ( I )  L L E X 2 7 0 0  
C = WX * Y F P ( 1 )  - WY * X F P ( 1 )  L L E X 2 7 1 0  
X F P S D ( l r 1 )  = XSD + D C ( l * l ) * A  + D C ( l r 2 ) * B  + D C ( l r 3 ) * C  L L E X 2 7 2 0  
Y F P S D ( l r 1 )  = YS3  + DC(2 ,1 ) *A  + DC(2 ,2 ) *B  + D C ( 2 * 3 ) * C  L L E X 2 7 3 0  
Z F P S D ( l r 1 )  = ZSD + D C ( 3 , 1 ) * A  + D C ( 3 9 2 ) * B  + D C ( 3 r 3 ) * C  L L E X 2 7 4 0  

C SET T t i I S  FOOT PAD*S CONTACT INDICATOR L L E X 2 7 5 0  
INDFPC ( I ) = 2 L L E X 2 7 6 0  



6 2  CONTINUE L L E X 2 7 7 0  
C L L E X 2 7 8 0  
C SAVE NON INTEGRATION TIMEHISTORY VARIABLES I N  CASE L L E X 2 7 9 0  
C OF I N I T I A L  BACKUP L L E X 2 8 0 0  

DO 6 3  I = 1 9  LT IMHS L L E X 2 8 1 0  
6 3  T I M H S C ( 1 )  = T I M H S A I I )  L L E X 2 8 2 0  
6 4  CONTINUE L L E X 2 8 3 0  

C L L E X 2 8 4 0  
C PROCESS THE FTe PAD. CALLS L L E X 2 8 5 0  
C L L E X 2 8 6 0  

DO 3 8 0  I = 1 9  6 L L E X 2 8 7 0  
3 8 0  F L T L ( 1 )  = 0.0 i L E X 2 8 8 0  

I F  ( NMODES eEQe 0 GO TO 3 9 5  L L E X 2 8 9 0  
DO 3 9 0  I = 1 9  3 L L E X 2 9 0 0  
A M E 2 ( 1 )  = 0 - 0  L L E X 2 9 1 0  

3 9 0  GF( I )  = 0.0 L L E X 2 9 2 0  
3 9 5  CONTINUE L L E X 2 9 3 0  

DO 4 3 0  I F P  = 1, NFTPDS L L E X 2 9 4 0  
I F  ( I N D F P C ( I F P 1  eLEe 0 GO TO 4 0 5  L L E X 2 9 5 0  

C L L E X 2 9 6 0  
C CONTACTING FOOTPAD L L E X 2 9 7 0  
C L L E X 2 9 8 0  

I F ( I N D I F P e E Q . 1 )  CALL FTPAD L L E X 2 9 9 0  
C L L E X 3 0 0 0  

I F ( 1 B O T M - N E e 0 ) G O  TO 3 1 1 0  L L E X 3 0 1 0  
C SUM UP THE RESULTAN LEG FORCES L L E X 3 0 2 0  

F L T L ( 1 )  = F L T L ( 1 )  + FLXS L L E X 3 0 3 0  
F L T L ( 2 )  = F L T L ( 2 )  + FLYS L L E X 3 0 4 0  
F L T L ( 3 )  = F L T L ( 3 )  + FLZS L L E X 3 0 5 0  
F L T L ( 4 )  = F L T L ( 4 )  + TLXL L L E X 3 0 6 0  
F L T L ( 5 )  = F L T L ( 5 )  + TLYL L L E X 3 0 7 0  
F L T L ( 6 )  = F L T L ( 6 )  + TLZL L L E X 3 0 8 0  
I F  ( NMODES eEQe 0 GO TO 4 0 6  L L E X 3 0 9 0  

C SUM THE GENe FORCES TO ELASTIC EFFECTS OF THE MAIN AND L L E X 3 1 0 0  
C DRAG STRUTS L L E X 3 1 1 0  

DO 4 0 4  1 = 1 9  NMODES L L E X 3 1 2 0  
4 0 4  G F ( I )  = G F ( 1 )  + GFLEGS(1)  L L E X 3 1 3 0  
4 0 6  CONTINUE L L E X 3 1 4 0  

C FePe ACCELe =(GRAVITY LOADS -STRUT LOADS+STOIL LOADS)/FePe PASSLLEX3150 
XFPSDD(1 , IFP)  =(-GCOSZT+AMFP(IFP~+FSXSI(IFP~+SOILX(IFP~)/AP~lFP~IF?~LLEX3160 
Y F P S D D ( 1 9 I F P )  = (  +FSYS I ( I F P ) + S O I L Y  ( I F P )  ) /AMFP( I F P )  L L E X 3 1 7 0  
Z F P S D D ( 1 , I F P )  = (  GSINZT*AMFP(IFP)+FSZSI(IFP)+SOILZ(IFP))/AMFP~IFP~LLEX~~~O 

C INTEGRATE TO GET XFPS9 YFPS, AND ZFPS L L E X 3 1 9 0  
CALL INTEG ( X F P S D D ( 1 , I F P ) r  X F P S D ( 1 r I F P )  1 L L E X 3 2 0 0  
CALL INTEG ( XFPSD ( 1 9 1 F P ) g  XFPS ( I r I F P )  1 LLEX32 1 0  
CALL INTEG ( Y F P S D D ( l 9 I F P I 9  Y F P S D ( 1 9 I F P )  1 L L E X 3 2 2 0  
CALL INTEG ( YFPSD ( 1 9 I F P ) g  YFPS ( 1 , I F P )  1 L L E X 3 2 3 0  
CALL INTEG ( Z F P S D D ( l $ I F P ) 9  Z F P S D ( l s 1 F P )  1 L L E X 3 2 4 0  
CALL INTEG ( ZFPSD ( 1 9 I F P ) s  ZFPS ( 1 9 1 F P )  L L E X 3 2 5 0  
GO TO 4 3 0  L L E X 3 2 6 0  

C L L E X 3 2 7 0  
C NONCONTACTING FOOTPAD L L E X 3 2 8 0  
C L L E X 3 2 9 0  

4 0 5  CONTINUE L L E X 3 3 0 0  
XXX=XFP ( I FP L L E X 3 3 1 0  
YYY=YFP( I F P )  L L E X 3 3 2 0  



Z Z Z = Z F P (  I F P )  
IF (NMODES*EQeO)GO TO 3 2 0  
I F ( I L E G a E Q e O I G 0  TO 3 0 4  
RRRT=DRAGST/SLNGMS ( I F P )  
XXX=XMSCB(IFP)+RRRT*(XFP(IFP)-XMSCR(1FP)) 
YYY=YMSCB(IFP)+RKRT*(YFP(IFP)-YMSCB(1FP)) 
ZZZ=ZMSCB(IFP)+RRRT*(ZFP(IFP)-ZMSCB(1FP)) 

3 0 4  CONTINUE 
XMST=XMSCB( I F P )  
YMST=YMSCB( IFP)  
ZMST=ZMSCB( IFP)  
NN1=2* (  I F P - 1 ) + 1  
NN2=NN1+1 
X D S l T = X D S C B ( N N l )  
Y D S l T = Y D S C B ( N N l )  
Z D S l T = Z D S C B ( N N l )  
XDS2T=XDSCB(NNZ) 
YDS2T=YDSCB(NN21 
ZDSZT=ZDSCB(NN2)  
DO 3 0 5  I = l r N M O D E S  
XMST=XMST+PMSX(IFP,I)*GC(l~I) 
YMST=YMST+PMSY ( I FP , I )*GC ( 1 + I ) 
ZMST=ZMST+PMSZ(IFP,I)*GC(l91) . 
XDSlT=XDSlT+PDSX(NNl,I)*Gc(l~I) 
YDSlT=YDSlT+PDSY(NNl,I)*Gc(l,I) 
ZDSlT=ZDSlT+PDSZ(NNl,I)*GC(l~I) 
X D S ~ T = X D S ~ T + P D S X ( N N ~ Y I  ) * G C ( l * I )  
YDSZT=YDSZT+PDSY(NN291 ) * G C ( l * I )  
Z D S 2 T = Z D S 2 T + P D S Z ( N N 2 9 1 ) * G C ( 1 9 1 )  

3 0 5  CONT I NIJE 
3 1 0  CONTINUE 

DXMS=XXX-XMST 
DYMS=YYY-YMST 
DZMS=ZZZ-ZMST 
DXDSl=XXX-XDSlT  
DYDSl=YYY-YDSlT  
D Z D S l = Z Z Z - Z D S l T  
DXDS2zXXX-XDS2T 
DYDS2=YYY-YDS2T 
DZDS2=ZZZ-ZDS2T 
FUNMS = DXMS**2+DYMS**Z+DZMS**2-SLNCMS(IFP)**2 
I F (  ILEGeNEeO)FlJNMS=DXMS**2+DYMS**2+DZMS**2-DRAGST**2 
FUNDSl=DXDSl+*2+DYDS1**2+DZDS1**2-SLNGDS(NNl)**Z 
F U N D S ~ = D X D S ~ * * ~ + D Y D S ~ * * ~ + D Z D S ~ * * ~ - S L N G D S ( N P J ~ ) * * ~  
ERR=ABS(FUNMS)+ABS(FUNDSl)+ARS(FUNDSZ) 
I F ( E R R e L T e ( e 0 0 0 0 5 * G R A V E ) )  GO TO 3 2 0  
AAA=4e* (DYDSl *DZDS2-DZDS l *DYDS2)  
BBB=4e* (DZDSl *DXDSZ-DXDSl *DZDS2)  
CCC=4.* (DYDS2*DXDSl -DXDS2*DYDSl )  
DELL=2**(DXMS*AAA+DYMS*BBB+DZMS*CCC) 
DELX=-FUNMS*AAA-FUNDSl*YBB-FIJNDS2*CCC 
DELY=~.*DXMS*(  DZDSl*FUNDS2-DZDS2*FIJF4DSl ) -FUNMS*BBB+4.*DZVS* * (DXDSZ*FUNDSl-DXDSl*FUNDSZ) 
D E L Z = ~ ~ * D X M S * ( D Y D S ~ * F U N D S ~ - D Y D S ~ * F U N D S ~ ) + ~ . * D Y M S * ( D X D S ~ * F L J N D S ~ -  

* DXDSZ*FUNDSl)-FUNMS*CCC 
XXX=XXX+DELX/DELL 



YYY=YYU+DELY/DELL 
ZZZ=ZZZ+DELZ/DELL 
GO TO 3 1 0  

3 2 0  CONTINUE 
I F ( I L E G e E Q o 0 ) G O  TO 3 2 1  
IF(NMODESmEQe0)GO TO 3 2 1  
CX=(XXX-XMSCB(IPF))/DRAGST 
CY=(YYY-YMSCB(IFP))/DRAGST 
CZ=(ZZZ-ZMSCB(IFP))/DRAGST 
DDD=SLNGMS(IFP)-DRAGST 
XXX=XXX+CX*DDD 
YYY=YYY+CY*DDD 
ZZZ=ZZZ+CZ*DDD 

3 2 1  CONTINUE 
X F P S ( ~ ~ I F P ) = X S + D C ( ~ P ~ ) * X X X + D C ( ~ ~ ~ ) * Y Y Y + D C ( ~ ~ ~ ) * Z Z Z  
Y F P S ( ~ V I F P ) = Y S + D C ( ~ Y ~ ) * X X X + D C ( ~ ~ ~ ) * Y Y Y + D C ( ~ ~ ~ ) * Z Z Z  
ZFPS(lrIFP)=ZS+DC(391)*XXX+DC(3~2)*YYY+DC(3~3)*ZZZ 
N N N = 2 * ( I F P - 1 ) + 1  
FORMS(IFP)=OmO 
FORDS(NNN)=O*O 
FORDS(NNN+l)=O.O 
IF (NFORCmEQe0)  GO TO 4 3 0  
S A V M S X ( I F P ) = O e O  
S A V M S Y ( I F P ) = O e O  
SAVMSZ(IFP)=O.O 
SAVDSX(NNN)=OeO 
SAVDSX(NNN+l )=OeO 
SAVDSY(NNN)=O.O 
SAVDSY(NNN+l)=O.O 
SAVDSZ(NNN)=OeO 
S A V D S Z ( N N N + l ) = @ e O  

4 3 0  CONTINUE 
I N D I F P  = 1 

C 
C SET INDFPD TO I N D I C A T F  THF HTGHFST FOOTPAD STATUS 
C 

I N D F P D  = I N D F P C ( 1 )  
DO 4 3 5  I F P  = 236 

4 3 5  I N D F P D  = MINO(  INDFPD, I N D F P C ( 1 F P )  
L 

C  UPDATE THE MASS MATRIX WITH THE E L A S T I C  MODE 
C CONTRIBUTIONS 

I F  ( NMODES eEQe 0  ) GO TO 4 8 0  
DO 4 5 0  I = ~ P N M O D E S  
A M E 2 ( 1 ) = A M E 2 ( 1 )  + ( PYZ2(1)+WNX(I)*GC(19I))*GC(l~I) 
A M E 2 ( 2 ) = A M E 2 ( 2 )  + ( P x Z ~ ( I ) + W N Y ( I ) * G C ( ~ , I ) ) * G C ( ~ ~ I )  

4 5 0  A M E 2 ( 3 ) = A M E 2 1 3 )  + ( PXY2(1)+WNZ(I)*GCIl,I))*GC~l~I) 
DO 4 7 0  I = 1 9  3 
J = 1 + 3  

4 7 0  A M ( J 9 J )  = A M ( J , J )  - ( A M E l ( 1 )  - A M E 2 ( I ) )  
480 CONTINUE 

I F  ( INDFPD eGT. 1 GO TO 5 4 0  

PROCESS THE NONCONTACTING FOOTPAD MASS CONTRIBUTIONS 



A M ( I , K )  = 0.0 
4 9 0  A M ( K , I )  = 0.0 

DO 5 3 0  IFP=l ,NFTPDS 
I F  ( I N D F P C ( I F P 1  .GT* 0  GO TO 5 2 0  
DO 5 0 0  I = l r  3 

C  SET UPPER-RIGHT HAND CORNER OF THE MASS MATRIX 
A M ( I , 4 ) = A M ( I , 4 ) +  AMFP(IFP)*(-DC(I,2)*ZFP(IFP)+DC(I~3)*YFP(IFP) 1 
A M ( 1 , 5 ) = A M ( I 9 5 ) +  A M F P ( I F P ) * (  DC(I,l)+ZFP(IFP)-DC(I~3)*XFP(IFP) 1 

5 0 0  A M ( I , 6 ) = A M ( I , 6 ) +  AMFP(IFP)*(-DC(I,~)*YFP(IFP)+DC(II~)*XFP(IFP) 1 
C  SET LOWER-LEFT HAND CORNER OF THE MASS MATRIX 

A M ( 5 r l )  = A M ( 5 9 1 )  + A M F P t I F P )  * Z F P S ( 1 , I F P )  
A M ( 6 9 1 1  = A M ( 6 9 1 )  - AMFP(1FP) * YFPS(1 , IFP)  
A M ( 6 9 2 )  = A M ( 6 9 2 )  + AMFP(1FP) * X F P S ( l r 1 F P )  
I F  ( I N D F P C ( I F P ) . L T .  0  GO TO 5 3 0  
I N D F P C ( I F P 1  = -1 
AK = AMFP(1FP) 

5 1 0  A  = Y F P ( I F P ) * Y F P ( I F P )  
B = Z F P ( I F P ) * Z F P ( I F P )  
C  = X F P ( I F P ) * X F P ( I F P )  
A M ( 1 9 1 )  = A M ( 1 9 1 )  + AK 
A M ( 4 9 4 )  = A M ( 4 9 4 )  + AK*( A  + B 
A M ( 5 r 5 )  = A M ( 5 9 5 )  + AK*( C  + B 
A M ( 6 9 6 )  = A M ( 6 9 6 )  + AK*( C  + A  ) 

A M ( 5 9 4 )  = A M ( 5 9 4 )  - AK* X F P ( 1 F P )  * Y F P ( 1 F P )  
A M ( 6 9 4 )  = A M ( 6 r 4 )  - AK* X F P ( 1 F P )  * Z F P ( 1 F P )  
A M ( 6 9 5 )  = A M ( 6 9 5 )  - AK* Y F P ( 1 F P )  * Z F P ( I F P 1  
GO TO 5 3 0  

5 2 0  I F  ( I N D F P C ( I F P 1  e G T *  1 ) GO TO 5 3 0  
AK = - A M F P ( I F P )  
I N D F P C ( I F P 1  = 2  
GO TO 5 1 0  

5 3 0  CONTINUE 
A M ( 2 9 2 )  = A M ( 1 , l )  
A M ( 3 9 3 )  = A M ( 1 9 1 )  
A M ( 4 9 5 )  = A M ( 5 9 4 )  
A M ( 4 9 6 )  = A M ( 6 9 4 )  
A M ( 5 9 6 )  = A M ( 6 9 5 )  
A M ( 4 9 2 )  = - A M ( 5 9 1 )  
A M ( 4 9 3 )  = -AM(6,1)  
A M ( 5 9 3 )  = -AM(6,2)  

C  
C  I F  NECESSARY, DEFIND THE MASS MATRIX INVERSE 
C  

CALL MATINV(  AM(1 ,1 ) ,  A M I N V ( 1 , 1 ) 9  6  
5 4 0  CONTINUE 

C  
C  SET UP THE FORCE/TORQUE ARRAY 
C  
C  LEG FORCE/TORQUE EFFECTS 

DO 6 0 0  I = 1 9  6  
6 0 0  F T S ( 1 )  = F L T L ( I )  

C  PLANET GRAVITY EFFECTS 
F T S ( 1 )  = F T S ( 1 )  - GCOSZT* A M ( l r 1 )  
F T S ( 3 )  = F T S ( 3 )  + GSINZT* A M ( 1 9 1 )  



I F  ( INDFAR oEQ. 3  GO TO 6 1 0  
F O ( 1 ) =  -WX*(WZ*CBIXY-WY*CBIXZ)-(C-B)*CEIYZ-WY*WZ*CIZZYY 
F 0 ( 2 ) =  -WX*(WX*CBIYZ-WZ+CBIXY)-(A-C)*CBIXZ-WX*WZ*CIXX~Z 
F 0 ( 3 ) =  -WZ*(WY*CEIXZ-wX*CBIYZ)-(0-A)*CBIXY-WX*WY*CIYYXX 

C R I G I D  BODY I N E R T I A  LOAD EFFECTS 
F T S ( 4 )  = F T S ( 4 ) + F O ( l )  
F T S ( 5 )  = F T S ( 5 ) + F 0 ( 2 )  
F T S ( 6 )  = F T S ( 6 ) + F 0 ( 3 1  

6 1 0  CONTINUE 
I F  ( NMODES eEQo 0  GO TO 6 4 0  

C  I N E R T I A  LOADS DUE TO E L A S T I C  MODES 
DO 6 2 5  I = 1 9 6  

6 2 5  F E ( 1 )  = OoO 
DO 6 3 0  I = 1, NMODES 
F E ( 1 )  = F E ( l ) +  ( P Y Z ( I ) + W N X ( I ) * G C ( l , I )  ) * G C D ( l , I )  
F E ( 2 )  = F E ( 2 ) +  ( P X Z ( I ) + W N Y ( I ) * G C ( l , I )  ) * G C D ( l r I )  
F E ( 3 )  = F E ( 3 ) +  ( P X Y ( I ) + W N Z ( I ) * G C ( l r I )  ) * G C D ( l , I )  
F E ( 4 )  = F E ( 4 ) +  ( P Y N Z 2 ( 1 ) +  W N Z N Y ( I ) * G C ( l , I )  )*GC ( 1 9 1 )  
F E ( 5 )  = F E ( 5 ) +  ( P Z N X 2 ( 1 ) +  W N X N Z ( I ) * G C ( 1 9 1 )  )*GC ( 1 3 1 1  

6 3 0  F E ( 6 )  = F E ( 6 1 +  ( P X N Y 2 ( I ) +  W N Y N X ( I ) * G C ( l , I )  )*GC ( 1 ~ 1 )  
F E ( 4 )  = F E ( 4 )  + WX*( F E ( 1 )  + F E ( 1 )  1 
F E ( 5 )  = F E ( 5 1  + WY*( F E ( 2 )  + F E ( 2 )  1 
F E ( 6 )  = F E ( 6 )  + WZ*( F F ( 3 )  + F E ( 3 )  1 
F T S ( 4 )  = F T S ( 4 )  - F E ( 4 )  
F T S ( 5 )  = F T S ( 5 )  - F E ( 5 )  
F T S ( 6 )  = F T S ( 6 )  - F E ( 6 )  

6 4 0  CONTINUE 
C  
C  CALCULATE THE CENTER BODY ACCELERATIONS AND ANGULAR RATES OF 
C  CHANGE 

DO 6 7 0  I = 1 ~ 6  
A H O L D ( 1 )  = 0.0 
DO 6 7 0  J =  1% 6  

6 7 0  A H O L D ( 1 )  = A H O L D ( I ) +  AMINV(I,J)'*FTS(J) 
XSDD = A H O L D ( 1 )  
YSDD = A H O L D ( 2 )  
ZSDD = A H O L D ( 3 )  
WXD = A H O L D ( 4 )  
WYD = AHOLD(5)  
WZD = A H O L D ( 6 )  
IF( INDFXDoNE.O)XSDD=O*O 
IF ( INDFYDeNEeO)YSDD=OoO 
IF ( INDFZDeNEoO)ZSDD=OoO 
IF ( INDFXReNEeO)WXD=O*O 
IF(INDFYR.NE.O)WYD=OoO 
IF(INDFZR.NE.O)WZD=O*O 
I F  ( NMODES r E Q *  0  GO TO 7 5 0  

C  DRAG STRUT 
C  TOTAL GENERAL FORCES 
C  ELASTIC-ROTATIONAL COUPLINGS (GFO) 
C  M A I N  STRUT 

DO 7 3 0  I = 1, NMODES 
G F O ( 1 )  = A* (  P Y Z ( I ) + W N X ( I ) * G C ( l , I ) ) +  B*(PXZ(I)+WNY(I)*GC(l,I)) 



1 + C * ( P X Y ( I ) + W N Z ( I ) * G C [ 1 , 1 ) )  L L E X 5 5 6 0  
G F ( 1 )  = G F O ( I ) + G F ( I )  L L E X 5 5 7 0  

C L L E X 5 5 8 0  
7 3 0  GCDD(l~I)=(GF(I)-W2GM(I)*GC(l~I) 1 / G M ( 1 )  L L E X 5 5 9 0  
7 5 0  C O N T I N U E  L L E X 5 6 0 0  

I F  ( I N D F X D  .NE. 0 GO TO 1000 L L E X 5 6 1 0  
C A L L  I N T E G  ( XSDD, XSD 1 L L E X 5 6 2 0  
C A L L  I N T E G  ( XSD XS ) L L E X 5 6 3 0  

1 0 0 0  I F  ( I N D F Y D  ONE. 0 ) GO TO 1 0 1 0  L L E X 5 6 4 0  
C A L L  I N T E G  ( YSDD, YSD L L E X 5 6 5 0  
C A L L  I N T E G  ( YSD 9 YS 1 L L E X 5 6 6 0  

1 0 1 0  I F  ( I N D F Z D  O N E *  0 GO TO 1 0 2 0  L L E X 5 6 7 0  
C A L L  I N T E G  ( ZSDD9 ZSD ) L L E X 5 6 8 0  
C A L L  I N T E G  ( ZSD 9 Z S  1 L L E X 5 6 9 0  

1 0 2 0  I F  ( I N D F X R  *NE. 0 1 GO TO 1 0 3 0  L L E X 5 7 0 0  
C A L L  I N T E G  ( WXD 9 WX ) L L E X 5 7 1 0  
C A L L  I N T E G  ( P H I D ,  P H I  ) L L E X 5 7 2 0  

1 0 3 0  I F  ( I N D F Y R  .NE. 0 ) GO TO 1 0 4 0  L L E X 5 7 3 0  
C A L L  I N T E G  ( WYD 9 WY 1 L L E X 5 7 4 0  
C A L L  I N T E G  ( THTADI THTA 1 L L E X 5 7 5 0  

1 0 4 0  I F  ( I N D F Z R  ONE. 0 GO TO 1 0 5 0  L L E X 5 7 6 0  
C A L L  I N T E G  ( WZD 9 WZ 1 L L E X 5 7 7 0  
C A L L  I N T E G  ( P S I D I  P S I  1 L L E X 5 7 8 0  

1 0 5 0  C O N T I N U E  L L E X 5 7 9 0  
I F  ( NMODES .EQ. 0 1 GO TO 1 0 7 0  L L E X 5 8 0 0  
DO 1 0 6 0  I =  1, NMODES L L E X 5 8 1 0  
C A L L  I N T E G  ( G C D D ( 1 9 1 ) ,  C C D ( 1 , I )  1 L L E X 5 8 2 0  

1 0 6 0  C A L L  I N T F G  ( GCD ( 1 9 1 1 9  GC ( 1 9 1 )  L L E X 5 8 3 0  
1 0 7 0  C O N T I  NU€  L L E X 5 8 4 0  

c +++Y++**+#**Y**%**QW)t*t****X***t*****%***%**~*%******LLEX5850 
I F  ( I P T A T L  .EQ* 0 1 GO TO 2 0 1 0  L L E X 5 8 6 0  

C L L E X 5 8 7 0  
C CHECK FOR A V A R I A B L E  PAST  OR AT I T * S  CUTOFF VALUE. L L E X 5 8 8 0  
C L L E X 5 8 9 0  

C A L L  CUT L L E X 5 9 0 0  
C J C U T  V A R I A B L E  AT  CUTOFF L L E X 5 9 1 0  

I F  ( J C U T  .GT. 0 1 GO TO 3 0 0 0  L L E X 5 9 2 0  
I F  ( J C U T  eEQ. 0 1 GO TO 2 0 1 0  L L E X 5 9 3 0  

C J C l J T  V A R I A B L E  PP.ST I T * S  CUTOFF V A L U E  L L E X 5 9 4 0  
DO 2 0 0 5  I = 1 9 4 5  L L E X 5 9 5 0  

2 0 0 5  T I M H S A ( 1 )  = T I M H S C ( 1 )  L L E X 5 9 6 0  
DO 2 0 0 6  I = 5 2 ,  L T I M H S  L L E X 5 9 7 0  

2 0 0 6  T I M H S A ( I 1  = T I M H S C ( 1 )  L L E X 5 9 8 0  
I N D B P U  = 1 L L E X 5 9 9 0  

C L L E X 6 0 0 0  
C RESET  FOOTPAD CONTACT I N D I C A T O R  I F  THEY WERE J U S T  CHANGED L L E X 6 0 l O  
C AFTER THE C A L L  TO UPDATE.  L L E X 6 0 2 0  
C L L E X 6 0 3 0  

I F  ( I N D I V R  .EQ. 0 ) GO TO 1 L L E X 6 0 4 0  
DO 2 0 0 7  I = 1, I N D I V R  L L E X 6 0 5 0  
I F P  = I N O U T V ( I 1  L L E X 6 0 6 0  

2 0 0 7  I N D F P C ( I F P 1  = 2 L L E X 6 0 7 0  
I N D I V R  = 0 L L E X 6 0 8 0  
GO TO 1 L L E X 6 0 9 0  

2 0 1 0  C O N T I N U E  L L E X 6 1 0 0  
c *+ ) tY++**+++++**Ql * tX* i (H** * *93tY3t * *Q** *~9f * * *~*~**%*~*LLEX6110 



I F  ( I F I N  eNE* 0 GO TO 2 0 0 0  L L E X 6 1 2 0  
I F  ( IVARH aEQa 1 ) GO TO 1 9 1 0  L L E X 6 1 3 0  
I F  ( I V A L  eLTe 0 ) GO TO 2 0 0 0  L L E X 6 1 4 0  

1 9 1 0  I F  ( I N D I V R  eEQe 0 GO TO 1 9 2 0  L L E X 6 1 5 0  
DO 4 2 4  I K =  l e  I N D I V R  L L E X 6 1 6 0  
I F P  = I N O U T V ( 1 K )  L L E X 6 1 7 0  

C T H I S  FOOTPAD HAS JUST LEFT THE LANDING SURFACE. REMOVE LLEX618O 
C I T 5  DISPLACEMENT, VELOCITY, AND ACCELATION VARIAPLF5 L L F X 6 1 9 n  
C FROM THE INTEGRATION L I S T  L L E X 6 2 0 0  

J = I N D F P I ( I F P 1  L L E X 6 2 1 0  
K = J+9 L L E X 6 2 2 0  
I F  ( K eGTe IPTOTL ) GO TO 4 2 1  L L E X 6 2 3 0  
DO 4 2 0  I = K9 IPTOTL L L E X 6 2 4 0  
LOCNAM( J ) = LOCNAM(1) L L E X 6 2 5 0  

4 2 0  J = J + l  L L E X 6 2 6 0  
4 2 1  CONTINUE L L E X 6 2 7 0  

I P T O T L  = I P T O T L  - 9 L L E X 6 2 8 0  
C SET XFPS AS A CUTOFF VARIABLE L L E X 6 2 9 0  

CALL L O C ( ~ ~ O + ~ * I F P ~ A T T H ( I F P ) + ( ~ ~ + G P A V E * ~ . ~ E - O ~ ) * C U T € R R ~ ~ )  L L F X 6 ? n b  
C L L E X 6 3 1 0  
C UPDATE THE INTEGRATION VARIABLE POINTERS L L E X 6 3 2 0  
C L L E X 6 3 3 0  

DO 4 2 3  I = 1, NFTPDS L L E X 6 3 4 0  
I F  ( I N D F P C ( 1 )  .LEI 0 GO TO 4 2 3  L L E X 6 3 5 0  
I F  ( I N D F P I ( 1 ) a G T .  I N D F P I ( 1 F P ) )  I N D F P I ( 1 )  = I N D F P I ( 1 )  - 9 L L E X 6 3 6 0  

4 2 3  CONTINUE L L E X 6 3 7 0  
I F  ( I K  eEQa I N D I V R  ) GO TO 4 2 5  L L E X 6 3 8 0  
K = I K  +1 L L E X 6 3 9 0  
DO 4 2 2  1 = K 9  I N D I V R  L L E X 6 4 0 0  
J = I N O U T V ( 1 )  L L E X 6 4 1 0  
I F  ( I N D F P I ( J )  .GT. I N D F P I ( 1 F P I )  I N D F P I ( J 1  = I N D F P I ( J )  - 9 L L E X 6 4 2 0  

4 2 2  CONTINUE LLEX64'30 
4 2 5  CONTINUE L L E X 6 4 4 0  

C UPDATE THE CUTOFF VARIAELE POINTER L L E X 6 4 5 0  
I N D F P I ( I F P 1  = I P T A T L  L L E X 6 4 6 0  

4 2 4  CONTINUE L L E X 6 4 7 0  
c +**~***K++*****H************************************LLEX~~~O 

1 9 2 0  CONTINUE L L E X 6 4 9 0  
C IPRNT eEQ* 0 EACH T IME THE VARIABLE ( T I M E )  I S  A MULTIPLE L L E X 6 5 0 0  
C OF HMAX* L L E X 6 5 1 0  

I F  ( I P R N T  .NEe 0 ) GO TO 2 0 0 0  L L E X 6 5 2 0  
KPTCNT = KPTCNT + 1 L L E X 6 5 3 0  
I F ( I F P P R T e E Q e 0 ) G O  TO 1 9 9 9  L L E X 6 5 4 0  
I P R I N T = I P R T F P (  1 )  L L E X 6 5 5 0  
DO 1 9 9 8  I = l s N F T P D S  L L E X 6 5 6 0  

1 9 9 8  IF(IPRTFPII)eLT~IPRINT)IPRINT=IPRTFP(I) L L E X 6 = 7 0  
1 9 9 9  CONTINUE 

IF(IFPPRT~FOeO1IPRINT=IPTCNT 
I F ( K P T C N T ~ L T ~ I P R I N T ) G O  TO 2 0 0 0  
KPTCNT = 0 
T IMTST = TIME 

C 
CALL OUTPUT 
I F  ( HZ aLTs l o E - 3 2  STOP 

C 
C CHECK FOR TIME MAX* 



I F  ( T I M F - G E .  T I M A X  GO TO 3 1 1 0  L L E X 6 6 8 0  
C CHECK FOR S T A B I L I T Y  L L E X 6 6 9 0  

I F ( I S T A B e N E e 0 ) G O  TO 3 1 1 0  L L E X 6 7 0 0  
c **+*+**+++X*+*++~*Y*************X***Y**************~LLEX6710 

2 0 0 0  C O N T I  NUE L L E X 6 7 2 0  
I F  ( I F I N  eNEe 0 1 GO TO 2 0 6 0  L L E X 6 7 3 0  
I F  ( I V A R H  .EQ. 1 GO TO 2 0 6 0  L L E X 6 7 4 0  
I F  ( I V A L  .GE. 0 ) GO TO 2 0 6 0  L L E X 6 7 5 0  

C I F  THE I N T E G R A T I O N  I S  G O I N G  TO B E  BACKED UP TO REDUCE THE L L E X 6 7 6 0  
C S T E P  S I Z E ,  THEN THE T I M E  H I S T O R Y  COMMON MUST B E  BACKED L L E X 6 7 7 0  
C UP AT T H I S  T I M E  L L E X 6 7 8 0  

2 0 2 0  C O N T I N U E  L L E X 6 7 9 0  
DO 2 0 3 0  I = 1 9 4 5  L L E X 6 8 0 0  

2 0 3 0  T I M H S A ( 1 )  = T I M H S C ( 1 )  L L E X 6 8 1 0  
DO 2 0 3 1  1 = 5 2 9  L T I M H S  L L E X 6 8 2 0  

2 0 3 1  T I M H S A ( 1 )  = T I M H S C ( 1 )  L L E X 6 8 3 0  
I N D B P U  = 1 L L E X 6 8 4 0  

C RESET  FOOTPAD CONTACT I N D I C A T O R  I F  THEY WERE JUST CHANGED L L E X 6 8 5 0  
C AFTER THE C A L L  TO U P D A T E *  L L E X 6 8 6 0  

I F  ( I N D I V R  oEQ*  0 1 GO TO 2 0 6 0  L L E X 6 8 7 0  
DO 2 0 3 7  1 = l r  I N D I V R  L L E X 6 8 8 0  
I F P  = I N O U T V ( I 1  L L E X 6 8 9 0  

2 q 3 7  I N C F P C I  I F P )  = 2 L L E X 6 9 0 0  
I N G I V R  = 0 L L E X 6 9 1 0  

C L L E X 6 9 2 0  
C C A L L  I N T E G R A T I O N  UPDATE L L E X 6 9 3 0  
C L L E X 6 9 4 0  
c + Y * * Q * Y * + ~ Q * ~ Y * * + * * * ~ * * * * * * * * ? ~ . ~ ~ * ? ~ . * ~ * * * * * * * * * * * * ~ * * * L L E X ~ ~ ~ O  

2 0 6 0  C A L L  UPDAT L L E X 6 9 6 0  
I F  I I F I N  .NE* 0 GO TO 1 L L E X 6 9 7 0  

I N D I V R = O  L L E X 6 9 8 0  
DO 2 0 7 0  I F P  = 1, NFTPDS L L E X 6 9 9 0  
I F  ( I N D F P C ( I F P 1  eLE. 0 GO TO 2 0 7 0  L L E X 7 0 0 0  

C CHECK TO SEE I F  FOOT PAD HAS L E F T  THE GROUND L L E X 7 0 1 0  
IF(XFPS(l,IFP).LT.ATTti(IFP)+2.*CUTERR) GO TO 2 0 7 0  L L E X 7 0 2 0  

C L L E X 7 0 3 0  
C SAVE AND UPDATE I N D I C A T O R S  FOR I N T E G R A T I O N  V A R I A B L E S  TO RE  L L E X 7 0 4 0  
C REMOVE FROM THE I N T E G R A T I O N  L I S T  I F  T H I S  S T E P  L L E X 7 0 5 0  
C I S  ACCEPT BY  THE CUTOFF R O U T I N E  AND THE V A R I A B L E  STEP L L E X 7 0 6 0  
C S I Z E  O P T I O N  L L E X 7 0 7 0  
C L L E X 7 0 8 0  

I N D I V R  = I N D I V R  + 1 L L E X 7 0 9 0  
I N O U T V ( I N D 1 V R )  = I F P  L L E X 7 1 0 0  

C S E T  THE CONTACT I N D I C A T O R  L L E X 7 1 1 0  
I N D F P C ( I F P ) =  0 L L E X 7 1 2 0  

C RECALCULATE THE F.P. LANDER COORDINATES L L E X 7 1 3 0  
C LANDER COORDINATFS = D C * * ( - l ) * ( S U R F A C E  COORDINATES F.P. L L E X 7 1 4 0  
C - SURFACE COORDINATES C.G.1 L L E X 7 1 5 0  

A = X F P S ( 1 , I F P )  - XS L L E X 7 1 6 0  
B = Y F P S ( 1 , I F P )  - YS L L E X 7 1 7 0  
C = Z F P S ( 1 , I F P )  - Z S  LLEX718C)  
X F P ( I F P ) = D C ( l , l ) * A  + D C ( 2 * 1 ) * B  + D C ( 3 , 1 ) * C  L L E X 7 1 9 0  
Y F P ( I F P ) = D C ( l r 2 ) * A  + D C ( 2 * 2 ) * B  + D C ( 3 , 2 ) * C  L L E X 7 2 0 0  
Z F P ( I F P ) = D C ( 1 , 3 ) * A  + D C ( 2 , 3 ) * B  + D C ( 3 r 3 ) * C  L L E X 7 2 1 0  

2 0 7 0  C O N T I N U E  L L E X 7 2 2 0  
I F  ( NMODES oEQ. 0 GO TO 2 0 9 0  L L E X 7 2 3 0  



DO 2 0 8 0  I = 1 9  3  L L E X 7 2 4 0  
2 0 8 0  A M E l ( 1 )  = A M E Z ( 1 )  L L E X 7 2 5 0  
2 0 9 0  CONTINUE L L E X 7 2 6 0  

DO 2 0 9 5  I = 1, L T I M H S  L L E X 7 2 7 0  
I F  ( INDBPU .EQ. 1 ) GO TO 2 0 9 5  L L E X 7 2 8 0  
T I M H S C ( 1 )  = T I M H S B ( 1 )  L L E X 7 2 9 0  

2 0 9 5  T I M H S B ( 1 )  = T I M H S A ( 1 )  L L E X 7 3 0 0  
I N D B P U  = 0 L L E X 7 3 1 0  
GO TO 1 L L E X 7 3 2 0  

c +*H**X****t*++******Y********)C**********************LLEX7330 
C L L E X 7 3 4 0  
C MAKE SURE T H I S  T I M E  POINT I S  PRINTED L L E X 7 3 5 0  
C 

3 0 0 0  I F  ( T IMTST .NE. T I M E  CALL  OUTPUT 
T I M T S T  = T I M E  
I = ( I A D ( J C U T I  - 1 4 0 )  

C F I N D  THE SUBSCRIPT OF THE FOOT PAD 
C ADD X-Y-ZFPS(1 /4 ) ,  X - Y - Z F P S D ( I / 4 ) r  AND X - Y - Z F P S D D ( I / 4 )  
C TO INTEGRATION L I S T  

C A L L  INUPD(  1 4 0  + I ) 

J = I / 4  
C 
C UPDATE THE CUTOFF VARIABLE POINTERS 
C 

DO 3 0 0 5  K = 1, NFTPDS 
I F  ( I N D F P C ( K 1  .GT. 0 ) GO TO 3 0 0 5  
I F  ( I N D F P I ( K 1  .GT. I N D F P I ( J ) )  I N D F P I t K )  = I N D F P I ( K 1  - 1 

3 0 0 5  CONTINUE 
C UPDATE THE INTEGRATION V A R I A B L E  POINTER 

I N D F P I (  J ) = I P T O T L  
C A L L  INUPD(  1 6 0  + I ) 
C A L L  INUPD(  1 8 0  + I 
C A L L  INUPD(  2 0 0  + I 
C A L L  INUPD( 2 2 0  + I 1 
C A L L  INUPD( 2 4 0  + I ) 
C A L L  INUPD(  2 6 0  + I 
C A L L  INUPD(  280 + I 1 
C A L L  INUPD(  3 0 0  + I 
A = WY * Z F P ( J )  - WZ * Y F P ( J )  
B = WZ * X F P ( J )  - WX * Z F P ( J )  
C = WX * Y F P ( J )  - WY * X F P ( J )  
X F P S D ( 1 , J )  = XSD + D C ( l , l ) * A  + D C ( l , Z ) * B  + DC(1 ,3 ) *C  
Y F P S D ( 1 r J )  = YSD + D C ( Z , l ) * A  + DC(2 ,2 ) *B  + D C ( 2 r 3 ) + C  
Z F P S D ( 1 r J )  = ZSD + D C ( 3 r l ) * A  + D C ( 3 , 2 ) * B  + DC(3 ,3 ) *C  
I N D F P C ( J )  = 1  
I = JCUT + 1 
I F  ( I .GT. I P T A T L  GO TO 3 0 1 5  
DO 3 0 1 0  K= I r I P T A T L  
I A D ( J C U T 1  = I A D ( K )  
X S I ( J C U T 1  = X S I ( K )  
I N D ( J C U T )  = I N D ( K )  
X M N l ( J C U T )  = X M N l ( K )  

3 0 1 0  JCUT = JCUT + 1 
3 0 1 5  CONTINUE 

I P T A T L  = I P T A T L - 1  



CHECK FOR SIMULTANEOUS CUTOFF VARIABLES 

I F  ( I P T A T L  .EQ. 0 GO TO 3 0 3 0  L L E X 7 8 2 0  
C A L L  CUT L L E X 7 8 3 0  
I F  ( JCUT .GT. 0 GO TO 3 0 0 0  L L E X 7 8 4 0  
I F  ( JCUT eLT. 0 GO TO 3 2 0 0  L L E X 7 8 5 0  

C L L E X 7 8 6 0  
C RESET THE INTEGRATION P R I N T  AND STEP S I Z E  CONDITIONS L L E X 7 8 7 0  
C L L E X 7 8 8 0  

3 0 3 0  CONTI  NUE L L E X 7 8 9 0  
C A L L  SETUP L L E X 7 9 0 0  
DO 3 0 4 0  I = 1, 6 L L E X 7 9 1 0  

3 0 4 0  T I M H S A ( 1 )  = T I M H S B ( 1 )  L L E X 7 9 2 0  
DO 3 0 4 5  I = 4 3 9  4 5  L L E X 7 9 3 0  

3 0 4 5  T I M H S A ( 1 )  = T I M H S B ( 1 )  L L E X 7 9 4 0  
DO 3 0 5 0  I = 5 8 9  L T I M H S  L L E X 7 9 5 0  

3 0 5 0  T I M H S A C I )  = T I M H S B ( 1 )  L L E X 7 9 6 0  
DO 3 0 6 0  I = 1, L T I V H S  L L E X 7 9 7 0  

3 0 6 0  T I M H S C ( 1 )  = T I M H S A ( 1 )  L L E X 7 9 8 0  
INDBPU = 1 L L E X 7 9 9 0  
GO TO 1 L L E X 8 0 0 0  

c * * * * + * * * + * * * + * * * X * * ~ X * * * * X * ~ ~ * * Y * * * * * * * * * * * * * * . R + * * * * * L L E X ~ O ~ O  
C L L E X 8 0 2 0  
C END OF CASE L L E X 8 0 3 0  
C L L E X 8 0 4 0  

3 1 1 0  CONTINUE L L E X 8 0 5 0  
C L L E X 8 0 6 0  

I F (  I B O T M e N E - 0 ) C a L L  OUTPIJT LLEXEO70 
C L L E X 8 0 8 0  

C A L L  SllMMRY L L E X 8 0 9 0  
C L L E X 8 1 0 0  

RETURN L L E X 8 1 1 0  
3 2 0 0  CONTINUE L L E X 8 1 2 0  

WRITE ( 6 , 3 2 1 0 )  L L E X S 1 3 0  
3 2 1 3  FORMAT(52HOTWO VARIABLES PASSED CUTOFF AT THE SAME T I M E  POINT,  L L E X 8 1 4 0  

1 44H AND BOTH COULD NOT GE SUCCESSFULLY CUT BACK L L E X 8 1 5 0  
C A L L  OUTPUT L L E X 8 1 6 0  

9 0 0 0  RETURN L L E X 8 1 7 0  
END L L E X 8 1 8 0  



SUBROUTINE FTPAD 

T H I S  S(JBROCIT1NE CONTAINS THE L O G I C  FOR DETERMINING THE S O I L  
FORCES AND LANDING GEAR STRUT FORCES 

FOLLOWING NOTATION USED - 
S.C.S. - SURFACE COORDINATE SYSTEM 
L.C.S. - LANDER COORDINATE SYSTEM 

THE FOLLOWING INFORMATION I S  RETURNED FOR THE LANDING GEAR UNDER 
CONSIDERATIONe 

STRUT FORCES ON CENTER BODY I N  S.C.S. 
STRUT FORCES ON FOOTPAD I N  S.C.S. 
STRUT TORQUES ON CENTER BODY I N  L.C.S. 
GENERALIZED FORCES 

D I M E N S I O N  X F P S ( 4 9 5 ) v  Y F P S ( 4 s 5 ) v  Z F P S ( 4 r 5 ) ,  
1 X F P S D ( 4 s 5 ) g  Y F P S D ( 4 9 5 ) y  Z F P S D ( 4 r 5 1 ,  
2  XFPSDD(4,5) ,  Y F P S D D ( 4 s 5 ) s  Z F P S D D ( 4 r 5 )  

D IMENSION G C ( 4 9 5 ) 9  G C D ( 4 r 5 ) ,  G C D D ( 4 r 5 )  
COMMON / T H I S V /  T I M H S A ( 1 1 ,  ATTH(5)rAM(6,6),AME1(3),INDFPI(6), 

1 I N D F P C ( 6 )  9 

2 STRPDS(101 ,  STRPMS( 519  I P O C D S ( 1 0 ) s  IPOCMS( 5 1 9  URCDS ( 1 0 1 ,  
3  URTDS ( l o ) ,  URCMS ( 5 ) 9  URTMS ( 5 1 9  S E T C D S ( l O ) ,  S E T T D S ( l O ) ,  
4  SETCMS( 5 1 9  SETTMS( 519  I N D C D S ( 1 O ) v  I N D T D S ( 1 0 1 ,  I N D C M S ( l O ) ,  
5  INDTMS( 5 ) s  PRFCDS ( 1 0 ) r  PRFTDS ( l o ) ,  PRFCMS ( 5 ) s  PRFTMS ( 519  
6 I P R D S  ( l o ) ,  IPRMS ( 5 ) ,  F R V D S C ( l 0 ) r  F R V D S T ( 1 0 ) ,  FRVMSC( 51 ,  
L  FRVMST( 5 1 9  I P O T D S ( l O ) ,  IPOTMS(  5 )  

COMMON COMINT( 4 0 0  ) 
EQUIVALENCE ( COMINT(  3  1 ,  IBOTM 1 
EQUIVALENCE ( COMINT(  4  1 ,  XSD ) 

EQUIVALENCE ( COMINT(  1 2  1s YS 1 
EQUIVALENCE ( COMINT(  1 6  1, YSD 1 
EQUIVALENCE ( COMINT(  2 4  ) t  ZS 
EQUIVALENCE ( COMINT(  2 8  1s ZSD 
EQUIVALENCE ( COMINT(  4 4  ) r  WX 
EQUIVALENCE ( COMINT(  6 0  ) r  WY 
EQUIVALENCE ( COMINT(  7 6  1s WZ 
EQUIVALENCE ( COMINT(  8 4  1 ,  GC 
EQUIVALENCE ( C O M I N T ( 1 0 4  1 ,  GCD 1 
EQUIVALENCE ( C O M I N T ( 1 2 4  1s GCDD 
EQUIVALENCE ( C O M I N T ( 1 4 4  1, XFPS 
EQUIVALENCE ( C O M I N T ( 1 6 4  1 9  XFPSD 1 
EQUIVALENCE ( C O M I N T ( 1 8 4  1 9  XFPSDD ) 
EQUIVALENCE ( C O M I N T ( 2 0 4  ) 9  YFPS 
EQUIVALENCE ( COMINT1224  ) r  YFPSD 1 
EQUIVALENCE ( C O M I N T ( 2 4 4  1 9  YFPSDD ) 

EQUIVALENCE ( C O M I N T ( 2 6 4  1 ,  ZFPS ) 

EQUIVALENCE ( C O M I N T ( 2 8 4  ) s  ZFPSD f 
EQUIVALENCE ( C O M I N T ( 3 0 4  1 ,  ZFPSDD ) 
EQUIVALENCE ( COMINT(  3 2 4 1 ,  T I M E  1 
EQUIVALENCE ( COMINT(  3 4 3  t I F I N  
EQUIVALENCE ( COMINT(  3 6 1  1 ,  I P T C N T  ) 

EQUIVALENCE ( COMINT(  3 6 4  ) ,  XS ) 
C O M I N T ( 3 6 4 - 3 6 7 )  USED BY XS 

FTPD 1 0  
FTPD 2 0  
FTPD 3 0  
FTPD 4 0  
FTPD 5 0  
FTPD 6 0  
FTPD 7 0  
FTPD 8 0  
FTPD 9 0  
FTPD 1 0 0  
FTPD 1 1 0  
FTPD 1 2 0  
FTPD 1 3 0  
FTPD 1 4 0  
FTPD 1 5 0  
FTPD 1 6 0  
FTPD 1 7 0  
FTPD 1 8 0  
FTPD 1 9 0  
FTPD 2 0 0  
FTPD 2 1 0  
FTPD 2 2 0  
FTPD 2 3 0  
FTPD 2 4 0  
FTPD 2 5 0  
FTPD 2 6 0  
FTPD 2 7 0  
FTPD 2 8 0  
FTPD 2 9 0  
FTPD 3 0 0  
FTPD 3 1 0  
FTPD 3 2 0  
FTPD 7 3 0  
FTPD 3 4 0  
FTPD 3 5 0  
FTPD 3 6 0  
FTPD 370 
FTPD 3 8 0  
FTPD 3 9 0  
FTPD 4 0 0  
FTPD 4 1 0  
FTPD 4 2 0  
FTPD 4 3 0  
FTPD 4 4 0  
FTPD 4 5 0  
FTPD 4 6 0  
FTPD 4 7 0  
FTPD 4 8 0  
FTPD 4 9 0  
FTPD 5 0 0  
FTPD 5 1 0  
FTPD 5 2 0  
FTPD 5 3 0  
FTPD 5 4 0  
FTPD 5 5 0  



EQUIVALENCE ( COMINTI 3 6 8  1, CURDT 1 
COMMON 

1 CRMASS9 CBIXX 9 CBIXZ 4 CPIYY r C B I Y Z  9 C B I Z Z  r FPMASSrCBIXY, 
2 D C ( 3 r 3 1  9 X F P ( 5 I r  Y F P ( 5 ) 9  Z F P ( 5 1 ,  W N X ( 5 ) r  WNY(5) ,  
3 W N Z ( 5 ) ,  P X ( 5 )  P Y ( 5 )  4 P Z ( 5 )  r G M ( 5 )  9 OMEGA(5) 9 

4 GRAV r GRAVE 9 ZETA 4 FTS ( 6 )  r F S X S I ( 5 )  9 

5 F S Y S I  ( 5 )  9 F S Z S I I 5 )  r S O I L X ( 5 )  9 

6 S O I L Y ( 5 )  9 S O I L Z ( 5 )  9 P M S X ( 5 r 5 )  9 

7 P M S Y ( 5 4 5 )  9 P M S Z ( 5 9 5 )  r P D S X ( l O r 5 )  9 

8 P D S Y ( 1 0 9 5 )  9 P D S Z ( 1 0 9 5 )  r FLXS r FLYS r FLZS v 
9 TLXL 9 TLYL r TLZL r SLO 9 XMSCB15) 7 

C YMSCB(5 1 4 ZMSCB(5) 9 XDSCB(101 7 

D YDSCB(10)  r Z D S C B ( 1 0 )  4 I L E G  r IMS 9 

E FSTX 4 FSTY 9 FSTZ r PVCBX PVCBY t PVCBZ 9 

F PVFPX 4 PVFPY 4 PVFPZ 9 NOLEG r SLOMS(5)  9 

G SLODS ( 1 0 )  
COlvlMOhl 

1 PFCMS ( 5 ) r PFCDS ( 5  9 P F T D S ( 5 )  9 

2 PFTMS ( 5 r SRCDS(5)  9 SRCMS(5) 9 

3 S R T D S ( 5 )  r SRTMS ( 5  r COEFDSr COEFMS, GAMDS r 
4 GAMMS 9 SRUCDS, SRUCMSr SRUTDS, SRUTMSr SCMXDS, SCMXMSI 
5 STMXDS, STMXMS, CDCDS(5)  r CDCMS(5) 9 

6 CDTDS ( 5 9 CDTMS(5)  9 FRICDSY FRICMS, I R E T 3 S r  
7 IRETMS, S T R O K E ( l 0 )  r STRKDS(10)  r STRKMS( 5 )  9 

8 LENGTHrCDXSrCDYS9CDZS NTYPE r R A D ( 4 ) p  S S ( 4 )  r A T T H C K ( 3 ) r  
9 ATTPRS(31  r ADIST r S O I L P ( 3 )  r NMODES r 
A COEF 9 GAMMA 9 F R I C  9 SCMAX r STMAX r C D C 1 5 ) r  C D T ( 5 ) r  
B S R U L T , S R U L C , S R T ( 5 ) , S R C ( 5 ) r P F T ( S ) r P F C ( 5 ) , G F L E G S ( 5 ) r  
C CURMSV, CURbISLr INDFXD, IIJDFYD, INDFZDr INDFXR, INDFYR, 
D INDFZR9 TIMAX DRAGST, I F P  

COMMON 
~ C M S ~ C D C O N T ~ S O I L N U I S L R H O ~  N O O U T r X O U T ( 1 0 ) ~ Y O U T ( 1 0 ~ ~ Z O U ~ I 1 0 ~ ~  
~ M O D E I N ~ P O U T X ( ~ ~ S ~ ) ~ P O U T Y ~ ~ O ~ ~ ) ~ P O U T Z ~ ~ O ~ ~ ~ ~ P C G X ~ ~ ~ ~ P C G Y ~ ~ ~ ~  
3PCGZ(5)rAEI19AEI2,FORM5(5),FORDS(lO)rFORCE~NFORC9SAVMSX(5)r 
~ S A V M S Z ( ~ ) ~ S A V D S X ( ~ ~ ) ~ S A V D S Y ( ~ O ) ~ S A V D S Z ( ~ O ~ ~ I Q U O U T ~ G S I N Z T ~  
5GCOSZT?STAB,STABVL9ISTABgJCKSAB4VELXrVELYrVELZrSAVMSY(5) 

2 SMXDSC( lO) ,  TMXDSC(10)9 S M X D S T ( 1 0 ) r  TMXDST(101 
3 r S L N G P S ( 5 )  r S L N G D S ( 1 0 ) 4  CURDSLr INLEG 9 I F P P R T r  
4 I M P A C T ( 5 )  , I P R T F P ( 5 ) r  KOUNT(5)  rANGXr ANGY, ANGZ 

SUEROUTINE I N I T I A L I Z A T I O N  

IF(NM0DES-EQ.OIGO TO 11 
DO 1 0  I= l rNMODES 
GFLEGS(I)=O.O 

1 0  COfrlTINUE 
11 CONTINUE 

* * * * *  
DETERMINE LANDING GEAR STRUT LOADS 
* * * * *  
* * * * *  
M A I N  STRUT 

FTPD 5 6 0  
FTPD 5 7 0  
FTPD 5 8 0  
FTPD 5 9 0  
FTPD 6 0 0  
FTPD 6 1 0  
FTPD 6 2 0  
FTPD 630 
FTPD 6 4 0  
FTPD 6 5 0  
FTPD 6 6 0  
FTPD 6 7 0  
FTPD 6 8 0  
FTPD 6 9 0  
FTPD 7 0 0  
FTPD 7 1 0  
FTPD 7 2 0  
FTPD 7 3 0  
FTPD 7 4 0  
FTPD 7 5 0  
FTPD 7 6 0  
FTPD 7 7 0  
FTPD 7 8 0  
FTPD 7 9 0  
FTPD 8 0 0  
FTPD 8 1 0  
FTPD 8 2 0  
FTPD 8 3 0  
FTPD 8 4 0  
FTPD 8 5 0  
FTPD 8 6 0  
FTPD 8 7 0  
FTPD 8 8 0  
FTPD 8 9 0  
FTPD 9 0 0  
FTPD 9 1 0  
FTPD 9 2 0  
FTPD 9 3 0  
FTPD 9 4 0  
FTPD 9 5 0  
FTPD 9 6 0  
FTPD 9 7 0  
FTPD 9 8 0  
FTPD 9 9 0  
FTPDlOOO 
FTPD1010 
FTPD1020 
FTPD1030 
FTPD1040 
FTPD1050 
FTPD1060 
FTPD1070 
FTPD1080 
FTPD1090 
F T P D l l O O  
F T P D l l l O  



C  * * * * *  
C  

I M S = l  
C  
C CENTER BODY STRUT ATTACH POINT I N  LOCOS.  
C  

XT=XMSCB( IFPI  
YT=YMSCB( I F P )  
Z T = Z M S C B ( I F P )  
IF(NM0DESoEQoO)GO TO 1 0 1  
DO 1 0 0  I=l,NMODES 
XT=XT+PMSX(IFP9I)*GC(I,I) 
YT=YT+PMSY(IFP,I)*GC(l,I) 

100 ZT=ZT+PMSZ(IFP,I)*GC(l,I) 
1 0 1  CONTINUE 

XTMS=XT 
YTMS=YT 
ZTMS=ZT 

C  
C  CENTER BODY STRUT ATTACH POINT I N  S.C.5. 
C  

PVCBX=XS+DC(191)*XT+DC(l*2l*YT+DC(l~3)*ZT 
P V C B Y = Y S + D C ( ~ , ~ ) * X T + D C ( ~ S ~ I * Y T + D C ( ~ ~ ~ ) * Z T  
P V C B Z = Z S + D C ( ~ ~ ~ ) * X T + D C ( ~ Y ~ ) * Y T + D C ( ~ ~ ~ ) * Z T  

C  
C  FOOTPAD END STRUT ATTACH POINT I N  SeCeS. 
C  

PVFPX = X F P S ( 1 r I F P )  
PVFPY = Y F P S ( 1 , I F P )  
PVFPZ = Z F P S ( 1 r I F P )  

C 
C  SET UP LOAD-STROKE CURVE 
C  

DO 1 1 5  1 ~ 1 ~ 5  
P F C ( I ) = P F C M S ( I )  
P F T ( I ) = P F T M S ( I )  
S R C ( I ) = S R C M S ( I )  
S R T ( I ) = S R T M S ( I )  
C D C ( I ) = C D C M S ( I )  
C D T ( I ) = C D T M S ( I )  

1 1 5  CONTINUE 
COEF=COEFMS 
GAMMA=GAMMS 
SRULC=SRUCMS 
SRULT=SRUTMS 
SCMAX=SCMXMS 
STMAX=STMXMS 
FRIC=FRICMS 
SLO=SLOMS( IFP)  

C  
C  SET UP INDICATORS 
C  

STRP= STRPMS(1FP) 
SPNGC= URCMS(1FPI  
SPNGT= URTMS( I F P )  
D I S T C =  SETCMS( IFP1 



P F O R T =  P R F T M S ( I F P 1  
FOREVC= F R V M S C ( 1 F P )  
F O R E V T =  F R V M S T ( I F P 1  
I P O S C =  I P O C M S ( 1 F P )  
I P O S T =  I P O T M S ( 1 F P )  
I NDULC= INDCMS ( I F P  
I N D U L T =  I N D T M S ( 1 F P )  
I P R E V =  I P R M S ( 1 F P )  
I RET=  IRETMS 

C  
C A L L  STRUT(STRP,SPNGC,SPNGT,D ISTC,D ISTT~PFORC,PFORT~FOREVC~ * FoREVT,IPOSCIIPOST,INDULCPINDULTIIPREVYIRET~~F~) 

C  
C  S A V E  I N D I C A T O R S  
C  

I F ( I B O T M . N E . 0 )  RETURN 
S T R K M S ( I F P ) = S T R O K E ( I F P )  
F O R M S ( I F P ) = F O R C E  
IF (T IME IEQ.O*O)  GO TO 117 
I F ( I F I N e N E . 0 )  GO TO 117 
S T R P M S ( I F P I = S T R O K E ( I F P )  
S L N G M S ( I F P ) = C U R M S L  
U R C M S ( 1 F P )  =SPNGC 
U R T M S ( I F P 1  =SPNGT 
S E T C M S ( I F P 1  Z D I S T C  
S E T T M S ( 1 F P )  = D I S T T  
P Q F C M S ( 1 F P )  =PFORC 
P R F T M S ( 1 F P )  =PFORT 
FRVMSC(  I F P )  =FORFVC 
F R V M S T ( I F P 1  =FOREVT 
I P O C M S ( 1 F P )  = I P O S C  
I P O T M S ( I F P 1  = I P O S T  
I PDCMS ( I F P  ) = I  NDULC 
I N D T M S ( 1 F P )  = I N D U L T  
I P R M S ( 1 F P )  = I P R E V  

C S A V E  MAXIMUM STROKE 
IF(STROKE(IFP).GT.SI~!XIYSC(IFP))GO T 3  1 1 8  
S M X M S C ( I F P I = S T R O K E ( I F P )  
T M X M S C ( I F P ) = T I M E  
GO TO 117 

1 1 8  IF(STROKE(IFP).LT.~MXMST(IFP))GO TO 117 
SP-IXMST ( I F P )  =STROKE ( I F P )  
T M X M S T ( I F P ) = T I M E  

1 1 7  C O N T I N U E  
C  
C  S A V E  FORCES AND TORQUES 
C 

FX=-DC(l,l)*FSTX-DC(2~1)*FSTY-DC(3~I)*FSTZ 
F Y = - D C ( ~ , ~ ) * F S T X - D C ( ~ V ~ ) * F S T Y - D C ( ~ V ~ ) * F S T Z  
F Z = - D C ( 1 , 3 ) * F S T X - D C ( 2 ~ 3 ) * F S T Y - D C ( 3 ~ 3 ) * F S T Z  
IF (NFORCmEQ.0 )  5 0  TO 116 
SA'JMSX ( I F P )  =FX  
SAVMSY ( I F P  ) =FY 
S A V M S Z (  I F P ) = F Z  



1 1 6  CONTINI 'E  
F S X S I  ( I F P ) = F S T X  
F S Y S I ( I F P ) = F S T Y  
F S Z S I  ( I F P ) = F S T Z  
FLXS=-FSTX 
FLYS=-FSTY 
FLZS=-FSTZ 
TLXL=YT*FZ-ZT*FY 
TLYL=ZT*FX-XT*FZ 
TLZL=XT*FY-YT*FX 
IF(NMODES.EQ.O)GO TO 1 2 1  
DO 1 2 0  I = l r N M O D E S  

1 2 0  GFLEGS(I)=GFLEGS(I)+FX*PF1SX(IFPsI~+FY*PMSY~IFP~I)+FZ*PMSZ~IFP~I~ 
1 2 1  CONTINUE 

C 
C * * * * *  
C DRAG STRUT 
C * * * * *  
C 

I MS=O 
DO 2 5 0 0  I I I = 1 9 2  
N N N = 2 * ( I F P - l ) + I I I  
SRBENDZO l 

r - 
C CENTER BODY STRUT ATTACH POINT I N  LeCoSe 
C 

XT=XDSCB(NNN) 
YT=YDSCB(NNN) 
ZT=ZDSCB(NNN) 
IF(NM0DESeEQoO)GO TO 2 1 0 1  
DO 2 1 0 0  I=l ,NMODES 
XT=XT+PDSX(NNN,Il*GC(l,I) 
YT=YT+PDSY(NNN,I)*GC(l,I) 

2 1 0 0  ZT=ZT+PDSZ(NNN,I)*GC(l,I1 
2 1 0 1  CONTINUE 

r 

CENTER BODY ATTACH POINT I N  S.C.S. 

CANTILEVER GEAR 

FOOTPAD END STRUT ATTACH POINT I N  S.C.S. 

DELzCURMSL-DRAGST 
I F ( D E L e L T e O e 0 )  DEL=OaO 
PVFPX = XFPS( l , IFP)+CDXS*DEL 
PVFPY = Y F P S ( l r I F P ) + C D Y S * @ E L  
PVFPZ = Z F P S ( l r I F P ) + C D Z S * D E L  

M A I N  STRUT BENDING 



DX=PVFPX-PVCHX 
DY=PVFPY-PVCBY 

I 
DZ=PVFPZ-PVCBZ 
SSL=SQRT(DX*DX+DY*DY+DZ*DZI 
SX=DX/SSL 

3 SY =DY /SSL  
SZ=DZ/SSL 

I SDOTM=CDXS*SX+CDYS*SY+CDZS*SZ 
S l ~ @ T N = l ~ O - S D O T M * * 2  
SN2=SDOTN**2 

1 D2=DRAGST**2 

I D 3 =DRAGST**3 
A A A = ( D 3 + D E L ) / ( 3 * C U R M S L ) * ( l . - D R A G S T / C U R M S L )  

1 BRB=D2*(D2/CURYSL-D3/(3.*CURh1SL**2)+CURPSL/3.-DRAGST) 
SREEND=l./(SN2*((AAA/4EI1)+(13BB/4EI2))) 

2 000  CONT I NUE 
C 
C SET UP LOAD-STROKE CURVE 
C 

DO 2 1 1 5  1 ~ 1 9 5  
P F C ( I ) = P F C D S ( I )  
P F T ( I ) = P F T D S ( I )  
I F ( I L E G * E Q * O )  GO TO 2 1 1 4  
IF(AEI1~LE.O.O.OR.AEI2*LE*O~O) GO TO 2114  
S R C ( 1  )= (SRBEND*SRCDS( I  ) ) / ( S R B E N D + S R C D S ( I )  
S R T ( I ) = ( S R B E N D * S R T D S ( I )  ) / ( S R 3 E N D + S R T D S ( I )  
C @ C ( I ) = C D C D S ( I ) + P F C D S (  I ) / S R B E N D  
C D T ( I ) = C D T D S ( I ) + P F T r l S (  I I I S R R E N D  
GO TO 2 1 1 5  

2114  S R C ( I ) = S R C D S ( I )  
S R T ( I ) = S R T D S ( I )  
C D C ( I ) = C D C D S ( I )  
C D T ( I ) = C D T D S ( I )  

2 1 1 5  CONTINUE 
COEF=COEFDS 
GAMMA=GAMDS 
SRULC=SRUCDS 
SQULT=SRUTDS 
SCMAX=SCMXDS 
STMAX=STMXDS 
F R I C = F R I C D S  
SLO=SLODS(NNN) 

C 
C SET UP INDICATORS 
C 

STRP= STRPDS(NNN1 
SPNGC= URCDS(NNN1 
SPNGT= URTDS(NKN1 
D I S T C =  SETCDS(NNN1 
D I S T T =  SETTDS(NNN1 
PFORC= PRFCDS(NNN) 
PFORT= PRFTUS(NNN) 
FOREVC= FRVDSC (FINN 
FOREVT= FRVDST(NNN1 
I P O S C =  IPOCDS(NNN)  
I P O S T =  I P O T 3 S ( N N N )  



INDULC= INDCDStNNN) 
INDULT= INDTDS(NNN1 
IPREV= IPRDS(NNN) 
IRET= IRETDS 

C 
CALL STRUT(STRP9SPNGC9SPNGT,DISTC9DISTT9PFORC~PFORT~FOREVC~ 

9 F O R E V T ~ I P O S C ~ I P O S T ~ I N D U L C ~ I N D U L T ~ I P R E V ~ I R E T ~ N N N ~  
C 
C SAVE INDICATORS 
C 

I F ( I B O T M e N E ~ O ) I F P = N N N * l O O  
IF(IBOTMoNE.0) RETURN 
STRKDS(NNN)=STROKE(RNN) 
FORDS(NNN)=FORCE 
IF(TIMEeEQeO.0) GO TO 2127 
IF(IFINoNE.0) GO TO 2127 
STRPDS(NNNI=STROKE(NNN) 
SLNGDS(NNN)=CURDSL 
URCDS(NNN1 =SPNGC 
URTDS(NNN1 =SPNGT 
SETCDS(NNN) =DISTC 
SETTDS(NNN1 =DISTT 
PRFCDS(NNN1 =PFORC 
PRFTDS(NNN) =PFORT 
FRVDSC (NNN) =FOREVC 
FRVDST(NNN1 =FOREVT 
IPOCDS(NNN1 =IPOSC 
I POTDS (NNN) =IPOST 
INDCDS(NNN1 =INDULC 
INDTDSINNN) =INDULT 
IPRDS(NNN1 =IPREV 

C SAVE MAXUMUM STROKE 
IF(STROKE(NNN).GT.SMXDSC(NfJN))GO TO 2128 
SMXDSC(NNN)=STROKE(NNN) 
TMXDSC(NNN)=TIME 

TMXDST(NNN)=TIME 
2127 CONTINUE 

IF(1LEGaEQmO)GO TO 2119 
C 
C SAVE FORCES AND TORQUES - CANTILEVER 
C 

F X = - D C ( l r l ) * F S T X - D C ( 2 9 1 ) * F S T Y - D C ( 3 9 1 ) * F S T Z  
F Y = - D C L 1 ~ 2 ) * F S T X - D C ( 2 9 2 ) * F S T Y - D C ( 3 9 2 ) * F S T Z  
F Z = - D C ( 1 , 3 ) * F S T X - D C ( 2 9 3 ) * F S T Y - D C ( 3 9 3 ) * F S T Z  
IF(NFORCeEQ.0) GO TO 2118 
SAVDSX(NNN)=FX 
SAVDSY (NNN ) =FY 
SAVDSZ (NNN) =FZ 

2118 CONTINUE 
FLXS=FLXS-FSTX 
FLYS=FLYS-FSTY 
FLZS= FLZS-FSTZ 
TLXL=TLXL+YT*FZ-ZT*FY 



T L Y L = T L Y L + Z T * F X - X T + F Z  
TLZL=TLZL+XT*FY-YT*FX  
I F ( N M O D E S e E Q e 0 ) G O  TO 2 1 1 7  
DO 2 1 1 6  I=11NMODES 

2 1 1 6  G F L E G S ( I ~ = G F L E G S ( I ) + F X * P D S X ( N N N I I ) + F Y * P D S Y ( N N N ~ I ) + F Z * P D S Z ( ! ~ ! ~ I ~ ~ ~ I )  
2 1 1 7  C O N T I N U E  

FA=FSTX*CDXS+FSTY*CDYS+FSTZ*CDZS 
FAX=FA*CDXS 
FPY=FA*CDYS 
FAZ=FA*CDZS 
FLX=FSTX-FAX  
FLY=FSTY-FAY  
F L Z = F S T Z - F A Z  
RAT2= (CURMSL-DRAGST) /CURMSL  
I F ( R A T 2 e L T e O . O ) R A T 2 = 0 . 0  
R A T l z l e - R A T 2  
FSXSI(IFP)=FSXSI(IFP)+RATl*FLX 
FSYSI(IFP)=FSYSI(IFP)+RATlwFLY 
FSZSI(IFP)=FSZSI(IFP)+RATl*FLZ 
FXX=FAX+RAT2*FLX  
FYY=FAY+RAT2*FLY  
F Z Z = F A Z + R A T Z * F L Z  
FX=DC(l,l)*FXX+DC(1,2)*FYY+DC(l~3)*FZZ 
F Z = D C ( 3 , 1 ) * F X X + D C ( 3 , 2 ) * F Y Y + D C ( 3 9 3 ) * F Z Z  
F Y = D C ( ~ , ~ ) * F X X + D C ( ~ , ~ ) * F Y Y + D C ( ~ ~ ~ ) * F Z Z  
IF(NFORC.EQ.0)  GO TO 2 1 2 2  
SAVYSX(IFP)=SAVMSX(IFP)+FX 
SAVFISY ( I F P  ) =SAVMSY ( I F P )  +FY 
SAVMSZ ( I F P )  =SAVMSZ ( IFP) +FZ 

2 1 2 2  C O N T I N U E  
F L X S = F L X S + F X X  
F L Y S = F L Y S + F Y Y  
F L Z S = F L Z S + F Z Z  
TLXL=TLXL+YTMS*FZ-ZTMS*FY  
TLYL=TLYL+ZT;.lSxFX-XTMS*FZ 
TLZL=TLZL+XTMS*FY-YT14SQFX 
IF(NMODES.EQ.O)GG TO 2 2 0 1  
DO 2 2 0 0  I = l r N M O D E S  

2 2 0 0  GFLEGS(I)=GFLEGS(I)+FX*PM<X(IFP,I)+FYY) 
2 2 0 1  C O N T I N U E  

GO TO 2 5 0 0  
C 
C S P V E  FORCES AND TORQUES - I N V E R T E D  T R I P O D  
L 

2 1 1 9  C O N T I N U E  
FX=-DC(l,l)*FSTX-DC(2~l)*FSTY-DC(3~1)*FSTZ 
FY=-DC(1,2)*FSTX-DC(2,2l*FSTY-DC(3,2)*FSTZ 
F Z = - D C ( 1 , 3 ) * F S T X - D C ( 2 ~ 3 ) * F S T Y - D C ( 3 , 3 ) * F S T Z  
IF(NFORC.EQ.0)  GO TO 2 1 2 3  
S A V D S Y ( N N N ) = F Y  
SAVDSZ I NNN)  =FZ 
SAVDSX ( N N N  =FX 

2 1 2 3  C O N T I N U E  
FSXSI(IFP)=FSXSI(IFP)+FSTX 
FSYSI(IFP)=FSYSI(IFP)+FSTY 
FSZSI(IFP)=FSZSI(IFP)+FSTZ 



FLXS=FCXS-FSTX  
F L Y S z F L Y S - F S T Y  
F L Z S = F L Z S - F S T Z  
TLXL=TLXL+YT*FZ -ZT*FY  
TLYL=TLYL+ZT*FX-XT*FZ  
TLZL=TLZL+XT*FY-YT*FX  
I F ( N M O D E S e E Q c 0 ) G O  TO 2 1 2 1  
DO 2 1 2 0  I= l ,NMODES 

2 1 2 0  GFLEGS(I)=GFLEGS(I)+FX*PDSX(NNN,I)+FY*PDSY(NNN*I)+FZ*PDSZ(NNN~I) 
2 1 2 1  C O N T I N U E  
2 5 0 0  C O N T I N U E  

C 
C * + a * *  
C D E T E R M I N E  S O I L  FORCES 
C * * * * *  

3 0 0 0  C O N T I N U E  
IF(XFPS(1rIFP)-ATTH(IFP)eGT.O.O)GO TO 5 0 0 0  

C 

C FOOTPAD IMPACT P R I N T  CONTROL 
C 

I F ( I F P P R T a E Q e 0 ) G O  TO 4 0 1 0  
I F ( I F I N e N E e 0 ) G O  TO 4 0 1 0  
I F ( I P T C N T . E Q . 1 ) G O  TO 4 0 1 0  
I F ( I M P A C T ( I F P ) . N E m O ) G O  TO 4 0 0 0  
I M P A C T (  I F P ) = l  
I P R T F P (  I F P ) = l  

4 0 0 0  C O N T I N U E  
I F ( I M P A C T ( I F P ) e E Q . 2 ) G O  TO 4 0 1 0  
K O U N T ( I F P ) = K O U N T ( I F P ) + l  
IF(KOUNT(IFP)OLE~IFPPRT)GO TO 4 0 1 0  
I P R T F P ( I F P ) = I P T C M T  
K O U N T (  I F P ) = O  
I M P A C T ( I F P ) = 2  

4 0 1 0  C O N T I N U E  
C 

C A L L  S O I L  
C 
C CHECK MAGNITUDE O F  I N  PLANE S O I L  FORCE 



S O I L Y ( I F P ) = C F F Y * F F  
S O I L Z ( 1 F P )  =CFFZ*FF 

3 2 0 0  CONTINUE 
RETURN 

,C 

C * * * * *  
C FOOTPAD OFF GROUND 
C * * * * *  
C  

5 0 0 0  CONTINUE 
S O I L X ( I F P ) = O . O  
S O I L Y ( I F P ) = C e O  
S O I L Z ( I F P ) = @ . O  

C  
C FOOTPAD IMPACT PRINT CONTROL 
C 

IF( IFPPRT.EQ.OIG0 TO 5 0 2 0  
I F ( I F I N . N E e O ) G O  TO 5 0 2 0  
I F ( I M P A C T ( 1 F P ) e N E m l ) G O  TO 5 0 1 0  
K O U N T ( I F P ) = K O U N T ( I F P ) + l  
IF(KOUNT(IFP).LE.IFPPRT)GO TO 5 0 2 0  
I PRTFP ( I F P ) =  IPTCNT 
KOUNT( I F P ) = O  

5 0 1 0  I .PPACT( I F P l = O  
5 0 2 0  CQNTI NUE 

RETURN 
E N D  



SUBROUTINE GEOM GEOM 1 0  
C  T H I S  SUBROUITNE DETERMINES THE D I R E C T I O N  COSINE MATRIX AND GEOM 2 0  
C  DETERMINES THE T I M E  DERIVATES OF THE EULER ANGLES GEOM 3 0  

COMMON C O M I N T ( 4 0 0 )  GEOM 4 0  
EQUIVALENCE ( COMINT(  3 6  ) r  P H I  ) GEOM 5 0  
EQUIVALENCE ( COMINT(  4 0  ) r  P H I D  GEOM 6 0  
EQUIVALENCE ( COMINT(  4 4  ) ,  WX 1 GEOM 7 0  
EQUIVALENCE ( COMINT( 5 2  ) r  THTA GEOPI 8 0  
EQUIVALENCE ( COMINT(  5 6  ) r  THTAD GEOM 9 0  
EQUIVALENCE ( COMINT(  6 0  ) r  WY GEOM 1 0 0  
EQUIVALENCE ( COMINT(  6 8  1, P S I  ) GEOM 1 1 0  
EQUIVALENCE ( COMINT(  7 2  1 ,  P S I D  GEOFI 1 2 0  
EQUIVALENCE ( COMINT(  76 ) r  WZ ) GEOM 1 3 0  
COMMON GEOM 1 4 0  

1 CBMASS, CBIXX 9 C B I X Z  r  C B I Y Y  r  C B I Y Z  9 C B I Z Z  r  F P M A S S ~ C B I X Y I  GEOM 1 5 0  
2  D C ( 3 9 3 )  GEOM 1 6 0  

COSPHI = COS( P H I  GEOM 1 7 0  
S I N P H I  = S I N (  P H I  GEOM 1 8 0  
COSTHA = COS( THTA ) GEOM 1 9 0  
S I N T H A  = S I N (  THTA ) GEOM 2 0 0  
COSPSI  = COS( P S I  ) GFOM 2 1 0  
S I N P S I  = S I N (  P S I  ) GEOM 2 2 0  
D C ( 1 9 1 )  = COSTHA * COSPSI GEOM 2 3 0  
A  = S INTHA * COSPSI GEOiJl 2 4 0  
B  = COSPHI * S I N P S I  GEOM 2 5 0  
D C ( 1 9 2 )  = S I N P H I  * A - B GEOM 2 6 0  
C  = S I N P H I  * S I N P S I  GEOM 2 7 0  
D C ( 1 9 3 )  = COSPHI * A + C GEOM 2 8 0  
D C ( 2 9 1 )  = COSTHA * S I N P S I  GEOM 2 9 0  
D C ( 2 9 2 )  = S INTHA * C + COSPHI*COSPSI GEOM 3 0 0  
D C ( 2 9 3 )  = S INTHA * R - SINPHI*COSPSI  GEOM 3 1 0  
D C ( 3 9 1 )  = - SINTHA GEOM 3 2 0  
D C ( 3 9 2 )  = SINPHI*COSTHA GEOM 3 3 0  
D C ( 3 r 3 1  = COSPHI*COSTHA GEOM 3 4 0  

C  +Y-#***+++* GEOM 3 5 0  
I F ( A B S ( C 0 S T H A ) - O . 1 E - 1 0 )  1 0 0 ~ 1 0 0 r 2 0 0  GEOM 3 6 0  

2 0 0  CONTINUE GEOM 3 7 0  
P S I D  =(WZ*COSPHI + WY*SINPHI )  / COSTHA GEOM 3 8 0  
P H I D  = WX + S INTHA*  P S I D  GEOM 3 9 0  
THTAD = WY*COSPHI - WZ*SINPHI GEOM 4 0 0  
RETURN GEOM 4 1 0  

1 0 0  CONTINUE GEOM 4 2 0  
P S I D  = 0.0 GEOM 4 3 0  
P H I D  = WX GEOV 4 4 0  
THTAD = SQRT(WY*WY+WZ*WZ) GEOM 4 5 0  
RETURN GEOM 4 6 0  
END GEOM 4 7 0  



S U B R O U T I N E  S T R U T ( S T R P ~ S P N G C , S P I d G T 9 D I S T C ~ D I S T T ~ P F O R C P F O R T F O E V C  STRU 10  
1 F O R E V T ~ I P O S C ~ I P O S T ~ I N D U L C ~ I N D U L T ~ I P R E V ~  STRU 2 0  
2  I R E T 9 N N N  ) STRU 3 0  

C  STRU 4 0  
C  T H I S  SUBROUTINE  GETERMINES THE FORCES I N  A  T Y P I C A L  STRU 5 0  
C  L A N D I N G  GEAR STRUT STRU 6 0  
C  STRU 7r! 
C  T H E  STRUT FORCES A C T I N G  ON THE FOOTPAD I N  THE SURFACE STRU 8 0  
C  COORDINATE SYSTEM ARE RETURNED STRU 9 0  
C  STRU 1 0 0  

D I M E N S I O N  G C ( 4 9 5 ) 9  G C D ( 4 , 5 ) ,  G C D D ( 4 9 5 )  STRU 1 1 0  
D I M E N S I O N  X F P S ( 4 , 5 ) 9  Y F P S ( 4 9 5 ) y  Z F P S ( 4 9 5 ) ,  STRU 1 2 0  

1 X F P S D ( 4 9 5 ) y  Y F P S D ( 4 , 5 ) 9  Z F P S D ( 4 , 5 ) ,  STRlJ 1 3 0  
2  X F P S D D ( 4 * 5 ) 9  Y F P S D D ( 4 r 5 1 9  Z F P S D D ( 4 9 5 )  STRU 1 4 0  

COMMON / T H I S V /  T I M H S A I l ) ,  ATTH(5)rAM(696)9AME1(3)9INDFPI(6)* STRlJ 1 5 0  
1 I N D F P C ( 6 ) r  STRI I  1 6 0  
2  S T R P D S ( 1 0 ) g  STRPMS(  5 1 9  I P O C D S ( 1 0 ) ,  I P O C M S (  5 ) 9  URCDS ( 1 0 1 1  STRI-I 1 7 0  
3 URTDS ( l o ) ,  URCMS ( 5 1 9  URTMS ( 5 1 9  S E T C D S ( 1 O ) r  S E T T D S ( l O ) ,  STRI I  1 8 0  
4  SETCMS(  5 ) 9  S E T T M S (  5 1 9  INDCD. ' ( lO ) ,  I N D T D S ( 1 0 ) ,  I N D C M S ( 1 0 ) g  STRiJ 1 9 0  
5  I N D T M S (  5 1 9  PRFCDS ( 1 0 ) ~  PRFTDS ( l o ) ,  PRFCMS ( 5 1 9  PRFTMS ( 5 ) 9  STRU 2 0 0  
6  I P R D S  ( 1 0 1 9  I P R M S  ( 5 1 9  F R V D S C ( l O ) ,  F R V D S T ( 1 O ) r  FRVMSC(  5 1 9  STRU 2 1 0  
L FRVMST(  5 ) 9  I P O T D S ( 1 0 ) 9  I P O T Y ' 5 (  5 )  STRU 2 2 0  

COMMON C O M I N T ( 4 0 0 )  STRIJ 2 3 0  
E Q U I V A L E N C E  ( COE.iINT( 3  1, I B O T M  1 STHU 2 4 0  
E Q U I V A L E N C E  ( C O M I N T (  8 4  19 GC 1  STRU 2 5 0  
E Q U I V A L E N C E  ( C O M I N T ( 1 0 4  19 GCD ) STRU 2 6 0  
E Q U I V A L E N C E  ( CO lb ; INT (124  19 GCDD ) STRlJ 2 7 0  
E Q U I V A L E N C E  ( C O M I N T ( 1 4 4  19 X F F S  ) STRU 2 8 0  
E Q U I V A L E N C F  ( C O b i I N T ( 1 6 4  19 XFPSD ) STRU 290 
E Q U I V P L E M C F  ( COPAINT(184  1, XFPc.DD ) 5.TRI~J 300  
E Q U I V A L E N C E  ( C O b I I N T ( 2 0 4  1, Y F P S  1 STRI I  7 1 0  
E Q U I V A L E N C E  ( C O F i I N T ( 2 2 4  19 Y F P 5 D  ) STRU 3 2 0  
E Q U I V A L E N C E  ( C O M I N T ( 2 4 4  19 YFPSDD ) STRU 3 3 0  
E Q U I V A L E N C E  ( C O M I N T ( 2 6 4  1 9  Z F P S  ) STRlJ 3 4 0  
E Q U I V A L E N C E  ( C O M I N T ( 2 8 4  ) r  Z F P S D  ) STRU 3 5 0  
E Q U I V A L E N C E  ( C O M I N T ( 3 0 4  19 ZFPSDD ) STRIJ 3 6 0  
E Q U I V A L E N C E  ( C O M I N T ( 3 6 8  ) ,  CURDT ) STRIJ 3 7 0  
COMMON STRIJ 3 8 C  

1 CBMASS, C R I X X  9 C B I X Z  9 C E I Y Y  9 C S I Y Z  9 C S I Z Z  9 FPMASS,C"XY* STRU 3 9 0  
2 D C ( 3 9 3 1  9 X F P ( 5 ) r  Y F P ( 5 1 9  Z F P ( 5 1 9  W N X ( 5 ) 9  W N Y ( 5 1 9  CTRU 4 0 0  
3  W N Z ( 5 ) 9  P X ( 5 )  P Y ( 5 )  , P Z ( 5 )  9 GP,1(5) 9 0 ? 4 E G A ( 5 )  9 STRU 4 1 0  
4 GRAV 9 GRAVE 9 ZETA 9 F T S  ( 6 )  9 F S X S I  ( 5 )  9 STRLi 4 2 0  f 

5  F S Y S I  1 5  ) 9 F S Z S I ( 5 )  9 S O I L X ( 5 )  9 STRU 4 3 0  
6  S O I L Y ( 5 )  9 S O I L Z ( 5 )  9 P M S X ( 5 9 5 )  9 STRU 4 4 0  
7  P M S Y ( 5 9 5 )  9 P M S Z ( 5 9 5 )  9 p D S X ( 1 0 ~ 5 )  9 STRlJ 4 5 0  
8  P D S Y ( l O 9 5 )  9 P D S Z ( 1 0 9 5 )  9 F L X S  9 F L Y 5  9 F L Z S  9 STRU 4 6 0  
9  T L X L  9 T L Y L  9 T L Z L  9 S L G  9 X M S C B ( 5 )  9 STRlJ 4 7 0  
C  YMSCB ( 5  1  Z M S C B ( 5 )  9 X D S C B ( l 0 )  9 STRU 4 8 0  
D  Y D S C B ( 1 0 )  9 Z D S C B ( 1 0 )  9 I L E G  r I;4S 9 STRU 4 9 0  
E  F S T X  9 FSTY  9 F S T Z  9 PVCBX PVCEY 9 PVCBZ 9 STRU 5 0 0  
F  PVFPX 9 PVFPY 9 P V F P Z  9 NOLEG S L O M S ( 5 )  9 STRU 5 1 0  
G  SLODS ( 1 0 )  STRU 5 2 0  

COMMON STRU 5 3 0  
1 PFCMS ( 5  ) 9 PFCDS ( 5  9 P F T D S ( 5 )  9 STRU 5 4 0  
2  PFTMS ( 5  9 S R C D S ( 5 )  9 S R C M S ( 5 )  9 STRU 5 5 0  



3 S R T D S ( 5 )  9 SRTMS(5  9 COEFDS, COEFMS9 GAMDS 9 

4 GAMMS 9 SRUCDS, SRUCMS, SRUTDS, SRUTMS, SCMXDS, SCMXVSt  
5 STMXDS, STMXMS, C D C D S ( 5 )  r C D C M S ( 5 )  9 

6 CDTDS ( 5  C D T M S ( 5 )  r F R I C D S r  F R I C M S 9  I R E T D S ,  
7 IRETMS,  S T R O K E ( 1 0 )  r S T R K D S ( 1 0 )  9 STRKMS(  5 )  9 

8 LENGTH9CDXS,CDYS,CDZS r N T Y P E  r  R A D ( 4 ) r  S S ( 4 )  r A T T H C K ( 3 ) r  
9 A T T P R S ( 3 )  r  A D I S T  9 S O I L P ( 3 )  r NMODES I 

A COEF r GAMMA F R I C  9 SCMAX r STMAX r C D C ( 5 ) r  C D T ( 5 ) r  
B SRULT  SRULC r S R T ( 5 l r  S R C ( 5 ) r  P F T ( 5 ) ,  P F C ( 5 ) p  G F L E G S ( 5 ) v  
C CURMSV, CURMSL, INDFXD,  INDFYD,  I N D F Z D ,  INDFXR,  INDFYR,  
D INDFZR,  T I M A X  DRAGST, I F P  

COMMON 
1CMS9CDCONT9SOILNU9SLRH0, NOOUTrXOUT(10)rYOUT(10)rZOIJT(10)r 
~ M O D E I N P P O U T X ( ~ ~ ~ ~ ) ~ P O U T Y ~ ~ O ~ ~ ) ~ P O U T Z ( ~ ~ ~ ~ ~ ~ P C G X ~ ~ ~ ~ P C G Y ~ ~ ~ ~  
3PCGZ(5)sAEI19AEI29FORMS(5)~FORDS(lO)rFORCErNFORCrSAVMSX(5)~ 
4SAVMSZ(5)rSAVDSX(lO)~SAVDSY(lO) rSAVDSZ(lO)rIQUOUTrGSINZT9 
~ G C O S Z T ~ S T A B ~ S T A B V L , I S T A S ~ J C K S A B ~ V E L X Y V E L Y ~ V E L Z ~ S A V M S Y ( ~ )  

COMMON 
1 S M X M S C ( 5 ) 9  T M X M S C ( 5 ) r  SMXMST(51 ,  T M X M S T ( 5 ) r  
2 S M X D S C ( 1 0 ) r  T M X D S C ( 1 0 ) r  S M X D S T ( 1 0 ) r  T M X D S T ( 1 0 )  
3 r S L N G M S ( 5 )  , S L N G D S ( ~ O ) Y  CURDSL, I N L E G  r I F P P R T r  
4 I M P A C T ( 5 1  , I P R T F P ( 5 ) ,  K O l J N T ( 5 )  ,ANGXr ANGYr  ANGZ 

C 
C I N I T I A L I Z E  SUBROUTINE  
C 

DX=PVCBX-PVFPX 
DY=PVCBY-PVFPY 
DZ=PVCBZ-PVFPZ 
SLNGTH=SQRT(DX*DX+DY*DY+DZ*DZ)  
CDX=DX/SLNGTH 
CDY=DY/SLNGTH 
CDZ=DZ /SLNGTH 
STR=SLNGTH-SLO 
A B S T R = A B S ( S T R )  
V E L S T = ( S T R - S T R P ) / C U R D T  
A B V E L = 4 R S ( V F L S T )  
I F ( I M S . N E . l ) G O  TO 1 0  
CDXS=CDX 
CDYS=CDY 
CDZS=CDZ 
CURMSV=VELST 
CURMSL=SLNGTH 

1 0  C O N T I N U E  
IF(IMSeEQeO)CURDSL=SLNGTH 
I J K C =  I POSC 
I J K T = I P O S T  

C 
C D E T E R M I N E  S T R O K I N G  D I R E C T I O N  
C 

I F ( S T R e L T e 0 m O ) G O  TO 5 0 0  
I F ( S T R e G T a 0 e O ) G O  TO 4 0 0  

C 
C * * + * *  
C ZERO STRUT STROKE 
C * * + - E X  

C 

STRU 5 6 0  
STRU 5 7 0  
STRU 5 8 0  
STRU 5 9 0  
STRU 6 0 0  
STRU 6 1 0  
STRU 6 2 0  
STRU 6 3 0  
STRU 6 4 0  
STRU 6 5 0  
CTRIJ 6 6 0  
5 T Q U  6 7 0  
STRU 6 8 0  
STRIJ 6 9 0  
STRU 7 0 0  
STRU 7 1 0  
5TRU 7 2 0  
STRtJ 7 3 0  
STRU 7 4 0  
STPlJ 7 5 0  
ST911 7 6 0  
STRlJ 7 7 0  
STRlJ 7 8 0  
STRU 7 9 0  
STRU 8 0 0  
STRCJ 8 1 0  
STRU 8 2 0  
STRU 8 3 0  
STRU 8 4 0  
STRU 8 5 0  
STRU 8 6 0  
STRlJ 8 7 0  
STRU 8 8 0  
STRIJ 9 9 0  
STRU 9 0 0  
qTRIJ 9 1 0  
STRU 9 2 0  
STRU 9 3 0  
STRU 9 4 0  
STRLl 9 5 0  
STRU 9 6 0  
STRU 9 7 0  
STRU 9 8 0  
STRLJ 9 9 0  
STP IJ lOOn  
S T R U l O l O  
STRCJ1020 
S T R U 1 0 3 0  
S T R l J 1 0 4 0  
S T R U 1 0 5 0  
S T R U 1 0 6 0  
S T R U 1 0 7 0  
S T R U 1 0 8 0  
S T R U 1 0 9 0  
S T R U l l O O  
S T R U l l l O  



L 

C  + * * * +  
C STRUT I N  T E N S I O N  
C  * * * * *  
C 

4 0 0  C O N T I N U E  
I F ( A E S T R R G T T S T M A X ) G O  TO 5 0 0 1  

C 

C WAS P R E V I O U S  STEP ON COMPRESSION S I D E  
C  

IF ( IPREV.EQ.O)GO TO 4 0 2  
I F ( I P R E V . N E . - 1 ) G O  TO 4 0 2  
IF(PFORC.EQ.O.OIG0 TO 4 0 2  
I P R E V = + l  
I F ( I R E T * E Q * l )  GO TO 6 5 1  
GO TO 6 2 6  

4 0 2  C O N T I N U E  
I P R E V = + l  
I F ( A b S T R . G T . D I S T T ) G O  TO 4 0 1  
FORCE=OeO 
GO TO 2 0 C 1  

4 0 1  C O N T I N U E  
I F ( S T R e L T . S T R P ) G O  TO 4 2 5  

C 

C STRUT L O A D I N G  
C 

IF (SPNGT.EQeO.O)GO TO 4 0 5  
FORCE=SPNGT*(ABSTR-DISTT)  
I F ( F O R C E . L T e F O R E V T ) G O  TO 2 0 0 1  
FOREVT=OeO 
I NDULT=O 
SPNGT=O.O 
I F ( I J K T e E Q . 1 ) G O  TO 4 0 7  
DISTT=CDT(IJKT-1)-PFT(1JKT-l)/SRT(IJKT) 
GO TO 4 0 8  

4 0 7  D I S T T = O * O  
4 0 8  C O N T I N U E  

I F  ( F O R C E . L T . P F T ( I J K T ) ) G O  TO 4 0 5  
F O R C E = P F T ( I J K T )  
IF(ARSTR.LT.CDT(IJKT))GO TO 2 0 0 1  

4 0 5  C O N T I N U E  
4 0 6  I F ( A B S T R a L T e C D T ( 1 J K T ) ) G O  TO 4 1 0  

DISTT=CDT(IJKT)-PFT(IJKT)/SRT(IJKT+l) 
I POST=  I P O S T + l  
I J K T = I P O S T  
GO TO 4 0 6  

4 1 0  C O N T I N U E  
FORCE=SRT(IJKT)*(AESTR-DISTT) 
IF(FORCEeGT.PFT(IJKT))FORCE=PFT(IJKT) 
GO TO 2 0 0 1  

C  
C  S T R U T  UNLOADING 
C 

4 2 5  C O N T I N U E  

452 



I F ( I R E T e E Q e 1 ) G O  TO 4 5 0  
I F ( I N D U L T e N E e 0 ) G O  TO 4 7 5  

4 2 6  SPNGT=SRULT 
I F ( P F O R T . N E e P F T ( I P O S T ) I S P N G T = S R T ( I P O S T )  
FOREVT=PFORT 
GO TO 4 7 0  

4 5 0  C O N T I N U E  
I F ( I N D U L T e N E m 0 ) G O  TO 4 7 5  

4 5 1  C O N T I N U E  
FOREVT=PFORT 
IF(PFORTeEQePFT(1JKT))GO TO 4 6 5  
SPNGT=SRT ( I J K T  
GO TO 4 7 0  

4 6 5  C O N T I N U E  
SPNGT=SRULT 
I F [ ( I J K T + l I . G T . 5 ) G O  TO 4 7 0  
S P N G T = S R T ( I J K T + l )  

4 7 0  C O N T I N U E  
I N D U L T = l  
DISTT=ABS(STRP)-PFORT/SPNGT 
I F ( 1 P R E V m E Q e - 1 ) G O  TO 6 0 2  

4 7 5  C O N T I N U E  
FORCE=SPNGT* (ABSTR-D ISTT)  
IF(ABSTR.LT.DISTT)FORCE=O.O 
GO TO 2 0 0 1  

C 
C * * * * *  
C S T R U T  I N  COMPRESSTION 
C * * * * *  

5 0 0  C O N T I N U E  
IF (ABSTReGTeSCMAX lAG0  TO 5 0 0 0  

L 
C WAS P R E V I O U S  S T E P  ON T E N S I O N  S I D E  
C 

I F ( I P R E V e E Q e 0 ) G O  TO 6 0 2  
I F ( I P R E V e N E . + l ) G O  TO 6 0 2  
I F ( P F O R T e E Q e O e 0 ) G O  TO 6 0 2  
I PREV=-1  
I F (  I R E T ~ E Q I + ~ ) G O  TO 4 5 1  
GO TO 4 2 6  

6 0 2  C O N T I N U E  
I PREV=-1  
I F ( A B S T R e G T a D I S T C l G 0  TO 6 0 0  
FORCE=OoO 
GO TO 2 0 0 0  

6 0 0  C O N T I N U E  
I F ( S T R e G T e S T R P ) G O  TO 6 2 5  

C 
C S T R U T  L O A D I N G  



SPNGC=OeO 
I F ( I J K C . E Q . 1 I G O  TO 6 0 7  
DISTC=CDC(IJKC-1)-PFC(1JKC-l)/SRC(IJKC) 
GO TO 6 0 8  

6 0 7  D I S T C = O e O  
6 0 8  C O N T I N U E  

IF(FORCEeLT.PFC(IJKC))GO TO 6 0 5  
F O R C E = P F C ( I J K C )  
IF(ABSTR.LT.CDC(IJKC))GO TO 2 0 0 0  

6 0 5  C O N T I N U E  
6 0 6  IF(ABSTReLTeCDC(1JKC))GO TO 6 1 0  

DISTC=CDC(IJKC)-PFC(IJKC)/SRC(IJKC+l) 
I POSC= I P O S C + l  
I J K C = I P O S C  
GO TO 6 0 6  

6 1 0  C O N T I N U E  
FORCE=SRC(IJKC)*(ABSTR-DISTC) 
IF(FORCE.GT.PFC(IJKC))FORCE=PFC(IJKC) 
GO TO 2 0 0 0  

C  
C  STRUT UNLOADING 
C  

6 2 5  C O N T I N U E  
I F (  I R E T e E Q . 1 ) G O  TO 6 5 0  
I F ( I N D U L C e N E e 0 ) G O  TO 6 7 5  

6 2 6  SPNGC=SRULC 
I F ( P F O R C e N E e P F C ( 1 P O S C )  ) S P N G C = S R C ( I P O S C )  
FOREVC=PFORC 
GO TO 6 7 0  

6 5 0  C O N T I N U E  
I F ( I N D U L C . N E . O I C 0  TO 6 7 5  

6 5 1  C O N T I N U E  
FOREVC=PFORC 
IF(PFORC.EQ.PFC(IJKC))GO TO 6 6 5  
SPNGC=SRC ( I J K C  
GO TO 6 7 0  

6 6 5  C O N T I N U E  
SPNGC=SRULC 
I F ( ( I J K C + l ) . G T . 5 )  GO TO 6 7 0  
S P N G C = S R C ( I J K C + l )  

6 7 0  C O N T I N U E  
I N D U L C = l  
D ISTC=ABS(STRP) -PFORC/SPNGC 
I F ( I P R E V e E O . + l ) G O  TO 4 0 2  

6 7 5  C O N T I N U E  
FORCE=SPNGC*(ABSTR-DISTC)  
I F ( A B S T R * L T * D I S T C ) F O R C E = O . O  

C  
C  U P D A T E  I N D I C A T O R S  
C  

2 0 0 0  C O N T I N U E  
PFORC=FORCE 
GO TO 2 0 0 5  

2 0 0 1  C O N T I  NUE 
PFORT=FORCE 
GO TO 2 0 0 5  



2 0 0 2  CONT I MUE 
PFORC=OeO 
PFORT=OeO 

2 0 0 5  CONTINUE 
STROKE(NNN)=STR 

C 
C DETERMINE F R I C T I O N  AND CAMPING FORCES 

C 

C TOTAL STRUT FORCE 
FORCE=SIGN(1.,STR)*FORCE+FRIFOR 
FSTX=CDX*FORCE 
FSTY=CDY*FORCE 
FSTZ=CDZ*FORCE 
RETURN 

C 
C STRUT EOTTOMED OUT ON COMPRESSION S I D E  
C 

5 0 0 0  CONTI  NUE 
IROTM=-1 
RETURN 

C 
C STRUT BOTTOMED OUT ON TENSION S I D E  
C 

5 0 0 1  CONTINUE 
I BOTM=+l  
RETURN 
END 



S U B R O U T I N E  S O I L  

T H I S  SUBROUTINE  DETERMINES THE S O I L  FORCES A C T I N G  ON 
A  FOOTPAD 

THE E V A L U A T I O N  OF THE FOOTPAD A T T E N U A T I O N  SYSTEM FORCES 
I S  A L S O  I N C L U D E D  HERE 

T H E  S O I L / A T T E N U A T I O N  FORCES A C T I N G  ON THE FOOTPAD I N  THE 
SURFACE COORDINATE SYSTEM ARE RETURNED 

D I M E N S I O N  G C ( 4 9 5 ) r  G C D ( 4 r 5 ) r  G C D D ( 4 r 5 )  
D I M E N S I O N  X F P S ( 4 , 5 ) r  Y F P S ( 4 , 5 ) 9  Z F P S ( 4 r 5 ) r  

1 X F P S D ( 4 9 5 ) v  Y F P S D ( 4 9 5 ) r  Z F P S D ( 4 r 5 ) r  
2  X F P S D D ( 4 9 5 ) y  Y F P S D D ( 4 r 5 ) r  Z F P S D D ( 4 r 5 )  

COMMON / T H I S V /  T I b ' H S A ( 1 ) r  A T T H ( ~ ) ~ A M ( ~ ~ ~ ) , A M E ~ ( ~ ) ~ I N D F P I ( ~ ) V  
1 I N D F P C ( 6 1 ,  
2  S T R P D S ( 1 0 ) v  STRPMS(  5 1 9  I P O C D S ( 1 0 ) ,  IPOCMS(  5 ) r  URCDS ( 1 0 1 9  
3  URTDS ( l o ) ,  URCMS ( 5 1 1  URTMS ( 5 1 9  S E T C D S ( l 0 ) r  S E T T D S ( 1 0 ) g  
4  SETCMS(  5 1 9  S E T T M S (  5 1 9  I N D C D S ( 1 0 ) r  I N D T D S ( l 0 ) r  I N D C M S ( l O ) ,  
5  I N D T M S (  5 1 9  PRFCDS ( l o ) ,  PRFTDS ( l o ) ,  PRFCMS ( 5 ) r  PRFTMS ( 5 1 9  
6  I P R D S  ( 1 0 1 ,  I P R M S  ( 5 1 9  F R V D S C ( 1 0 ) ,  F R V D S T ( l C ) ,  FRVMSCi  5 ) r  
L  FRVMST(  5 )  9 I P O T D S ( 1 0 1 9  I P O T M S (  5 )  

COMMON C O M I N T ( 4 0 0 )  
E Q U I V A L E N C E  ( C O M I N T (  8 4  ) 9  GC 1 
E Q U I V A L E N C E  ( C O M I N T ( 1 0 4  ) r  GCD ) 
E Q U I V A L E N C E  ( C O M I N T ( 1 2 4  19 GCDD 1 
E Q U I V A L E N C E  ( C O M I N T ( 1 4 4  ) r  XFPS  
E Q U I V A L E N C E  ( C O M I N T ( 1 6 4  ) r  XFPSD ) 

E Q U I V A L E N C E  ( C O M I N T ( 1 8 4  ) 9  XFPSDD 
EQ lJ IVALENCE ( C O M I N T ( 2 0 4  1, Y F P 5  1 
E Q U I V A L E N C E  ( C O M I N T ( 2 2 4  ) 9  YFPSD 1 
E Q U I V A L E N C E  ( C O l Y I N T ( 2 4 4  19 YFPSDD ) 

E Q U I V A L E N C E  ( C O M I N T ( 2 6 4  ) r  Z F P S  1 
E Q U I V A L E N C E  ( C O M I N T ( 2 8 4  ) ,  Z F P S D  
E Q U I V A L E N C E  ( C O Y I N T ( 3 0 4  1 9  ZFP'iDD ) 

E Q U I V A L E N C E  ( C O M I N T ( 3 2 4  ) r  T I M F  1 
E Q U I V A L E N C E  ( C O M I N T (  3 4 3 1 ,  I F I N  1 
E Q U I V A L E N C E  ( C O M I N T ( 3 6 8  ) 9  CtlRDT ) 

COMMON 
1 CBMASS, C B I X X  9 C B I X Z  9 C B I Y Y  9 C B I Y Z  9 C B I Z Z  9 F P M A S S r C 2 I X Y r  
2  D C ( 3 9 3 )  X F P ( 5 ) ,  Y F P ( 5 ) r  Z F P ( 5 1 ,  W N X ( 5 ) r  ' : lNY(5)9  
3  W N Z ( 5 ) s  P X ( 5 )  9 P Y ( 5 )  9 P Z ( 5 )  9 G M ( 5 )  9 O M E G A ( 5 )  9 

4  GRAV 9 GRAVE r Z E T A  9 F T S  ( 6 )  9 F S X S I ( 5 )  9 

5  F S Y S I  ( 5  9 F S Z S I ( 5 1  9 S O I L X ( 5 )  9 

6  S O I L Y ( 5 )  9 S O I L Z ( 5 )  9 P 1 4 S X ( 5 9 5 )  9 

7 PfviSY ( 5 9 5  1 9 P M S Z ( 5 r 5 )  9 P D S X ( 1 0 9 5 )  3 

8 P D S Y ( l O 9 5 )  9 P D S Z ( 1 0 9 5 )  r F L X S  r F L Y S  r F L Z S  r 

9  T L X L  9 T L Y L  9 T L Z L  r S L O  9 X M S C B ( 5 )  9 

C  YMSCB ( 5  ) 9 Z M S C R ( 5 )  r X D S C B ( 1 0 )  r  
D YDSCR(I~) z c s c ~ ( 1 0 )  ILFG , IMS 9 

E  F S T X  F S T Y  F S T Z  9 PVCSX 9 PVCBY 9 PVCBZ r 
F  PVFPX PVFPY 9 P V F P Z  r PIOLFG S L O U S ( 5 )  9 

G S L O D S ( 1 0 )  

S O I L  10  
S O I L  2 0  
S O I L  3 0  
S O I L  4 0  
S O I L  5 0  
S O I L  6 0  
S O I L  70 
S O I L  8 0  
S O I L  9 0  
S O I L  1 0 0  
S O I L  1 1 0  
S O I L  1 2 0  
S O I L  1 3 0  
S O I L  140 
S O I L  1 5 0  
S O I L  1 6 0  
S O I L  1 7 0  
S O I L  1 8 0  
S O I L  1 9 0  
S O I L  2 0 0  
S O I L  2 1 0  
S O I L  2 2 0  
S O I L  2 3 0  
S O I L  2 4 0  
S O I L  2 5 0  
S O I L  2 6 0  
S O I L  2 7 0  
S O I L  2 8 0  
S O I L  2 9 0  
S O I L  3 0 0  
S O I L  3 1 0  
S O I L  3 2 0  
S O I L  3 3 0  
S O I L  3 4 0  
S O I L  3 5 0  
S O I L  3 6 0  
S O I L  3 7 0  
S O I L  3 8 0  
S C I L  3 9 0  
S O I L  4 0 0  
S O I L  4 1 0  
S O I L  4 2 0  
S O I L  4 3 0  
S O I L  4 4 0  
S O I L  4 5 0  
S O I L  4 6 0  
S O I L  G 7 0  
S O I L  4 8 0  
S O I L  4 9 0  
S O I L  5 0 0  
S O I L  5 1 0  
S O I L  5 2 0  
S O I L  5 3 0  
S O I L  5 4 0  
S O I L  5 5 0  



COMMON 
1 P F C M S ( 5 )  9 P F C D S ( 5 )  P F T D S ( 5 )  9 

2  PFTMS ( 5  9 S R C D S ( 5 )  9 SRCMS(5  9 

3  S R T D S ( 5 )  9 SRTMS ( 5  ) r COEFDS, COEFM5r  GAMDS 9 

4  GAMMS 9 SRUCDS, SRUCMS, SRUTDS, SRUTMS, SCMXDS, SCMXMS, 
5  STMXDS9 STMXMS, C D C D S ( 5 )  9 C D C M S ( 5 )  I) 

6  CDTDS ( 5  1 9 C D T M S ( 5 )  9 F R I C D S ,  FRICMS,  I R E T D S ,  
7  IRETMS,  S T R O K E ( 1 0 )  9 S T R K D S ( 1 0 )  9 STRKMS(  5  1 9 

8  LENGTH,CDXS9CDYS,CDZS 9 N T Y P E  9 R A D ( 4 1 ,  S S ( 4 )  9 A T T H C K ( 3 ) v  
9 ATTPRS ( 3  9 A D I S T  9 S O I L P ( 3 )  NMODES, 
A COEF 9 GAMMA 9 F R I C  r SCMAX 9 STMAX , C D C ( 5 ) ,  C D T ( 5 1 9  
0 SRULT 9 SRULC 9 S R T ( 5 ) g  S R C ( 5 1 ,  P F T ( 5 1 9  P F C ( 5 1 9  G F L E G S ( 5 ) r  
C  CURMSV9 CURMSL, I N D F X D 9  I N D F Y D ,  I N D F Z D ,  INDFXR,  I N D F Y R 9  
D  I N D F Z R ,  T I M A X  9 DRAGST, I F P  

COMMON 
~ C M S ~ C D C O N T I S O I L N U , S L R H O ~  NOOUTrXOUT(10)~YOIJT~10~~ZOUT(1@)r 
~ M O D E I N ~ P O U T X ( ~ ~ ~ ~ ) Y P O U T Y ~ ~ O ~ ~ ) ~ P O U T Z ~ ~ O ~ ~ ~ P P C G X ~ ~ ~ ~ P C G Y ~ ~ ~ ~  
3 P C G Z ( 5 l ~ A E I 1 ~ A E I 2 ~ F O R M S ( 5 ) ~ F O R D S ~ 1 O ) ~ F O R C E ~ N F O R C ~ S A V ~ ~ S X ~ 5 ~ ~  
4SAVMSZ(5),SAVDSX(lO)~SAVDSY(lO) ~ S A V D S Z ( ~ O ) P I Q U O L J T ~ G S I N Z T Y  
~ G C O S Z T , S T A B ~ S T A B V L Y I S T A ~ ~ J C K S A E ~ V E L X , V E L Y + V E L Z ~ S A V M ~ Y ( ~ )  

COMMON 
1 S M X M S C ( 5 ) r  T M X M S C ( 5 ) r  SbqXbqST(5), T M X M S T ( 5 ) 9  
2  S M X D S C ( 1 O ) r  T M X D S C ( l 0 ) r  S M X D S T ( l 0 )  r T M X D S T ( 1 0 )  
3  9 S L N G M S ( 5 )  r S L N G D S ( 1 0 ) 9  C U R D S L Y  I N L E G  9 I F P P R T ,  
4  I M P A C T ( 5 )  r I P R T F P ( 5 ) 9  K O U N T ( 5 )  9ANGX9 ANGY, ANGZ 

C 

C  S U B R O U T I N E  I N I T I A L I Z A T I O N  
C 

K J I = 1  
I J K = 1  
P I E = 3 . 1 4 1 5 9 2 6 5  
P I E 2 = P I E / 2 .  
D E P T H = X F P S ( l , I F P ) - A T T H ( 1 F P )  
A D E P T H = A E S ( D E P T H )  
F P S T R = A T T H ( I F P ) - A D E P T H  
I F ( D E P T H e G E e 0 e O ) G O  TO 2 0 0 0  

C  
C  F O O T P R I N T  AREA 
C  

I F ( F P S T R m L E e S S ( 4 ) )  GO TO 1 0 1  
1 0 0  I J K = 1  J K + 1  

I F ( I J K s G T e 4 1  GO TO 101 
I F ( F P S T R e L T e S S ( 1 J K ) )  GO TO 100 
I F ( F P S T R e E O . S S ( I J K ) ) G O  TO 1 0 2  
DRDD=(RAD(IJK)-RAD(1JK-l))/(SS(IJK-1)-SS(1JK)) 
R R = R A D ( I J K ) - D R D D * ( F P S T R - S S ( 1 J K )  
GO TO 1 0 4  

1 0 1  R R = R A D ( 4 )  
GO TO 1 0 3  

1 0 2  R R = R A D ( I J K )  
1 0 3  DRDE=OeO 
1 0 4  AREA=PIE*RR*RR 

I F ( N T Y P E - E Q - 0 )  GO TO 5 0 0  
C  
C  * * * * *  
C  SFCONDARY S O I L  MECHANICS  

S O I L  5 6 0  
S O I L  5 7 0  
S O I L  5 8 0  
S O I L  5 9 0  
S O I L  6 0 0  
S O I L  6 1 0  
S O I L  6 2 0  
S O I L  6 3 0  
S O I L  6 4 0  
S O I L  6 5 0  
S O I L  6 6 0  
S O I L  6 7 0  
S O I L  6 8 0  
S O I L  6 9 0  
S O I L  7 0 0  
S O I L  7 1 0  
S O I L  7 2 0  
S O I L  7 3 0  
S O I L  7 4 0  
S O I L  7 5 0  
S O I L  7 6 0  
S O I L  7 7 0  
S O I L  7 8 0  
S O I L  7 9 0  
S O I L  8 0 0  
S O I L  8 1 0  
S O I L  8 2 0  
S O I L  8 3 0  
S O I L  8 4 0  
S O I L  8 5 0  
S O I L  8 6 0  
S O I L  8 7 0  
S O I L  8 8 0  
S O I L  8 9 0  
S O I L  9 0 0  
S O I L  9 1 0  
S O I L  9 2 0  
S O I L  9 3 0  
S O I L  9 4 0  
S O I L  9 5 0  
S O I L  9 6 0  
S O I L  970 
S O I L  9 8 0  
S O I L  9 9 0  
S 0 1 L 1 0 0 0  
S O I L l O l 0  
S O I L 1 0 2 0  
S O I L 1 0 3 0  
S O I L 1 0 4 0  
S O I L 1 0 5 0  
S O I L 1 0 6 0  
S O I L 1 0 7 0  
S O I L 1 0 8 0  
( ;O IL1090  
S O 1 L 1 1 0 0  
S O I L 1 1 1 0  



C  CHECK MAGNITUGE O F  S O I L  FORCE 
C  

SOILCR=FPMASS*(GCOSZT-XFPSD(l,IFP)/CURDT)-FSXSI(IFP) 
IF(SOILCR.LT.0.O)SOILCR~O~O 
IF(SOILX(IFPl~GT~SOILCR)SOILX(IFP)=SOILCR 
P R E S S = S O I L X ( I F P ) / P R E A  

1 5 0  C O N T I N U E  
VBAR=SQRT(YFPSD(l,IFP)**2+ZFPSD(l~IFP)**2) 
I F ( V B A R ~ L T o O o 0 0 0 0 0 1 ) G O  TO 2 0 0  
C O E F = S O I L P ( l )  
CY=COEF*YFPSD(19IFP)/VEAR 
CZ=COEF*ZFPSD(l,IFP)/VEAR 
GO TO 2 1 0  

2 0 0  CY=O.O 
CZ=Q. 0 

2 1 0  CONT I NIJE 
SOILY(IFP)=-CY*SOILX(IFP) 
SOILZ(IFP)=-CZ*SOILX(IFP) 
GO TO 1 0 0 0  

C  
C  * # * * *  
C PR I MARY SO1 L FIECHAN I CS 
C  * # * * *  
C  

5 0 0  C O N T I N U E  
VDAR=SQRT(XFPSD(19IFP)**2+YFPSD(1~IFP)**2+ZFPSE(l*IFP)**2) 
VHOR=SQRT(YFPSD(l,IFP)**2+ZFPSrl(lfIFP)**2) 
THETALzO.  
I F ( V E P R . G T . 0 ~ 0 n 0 0 ? l ) T H E T F ~ L = . F \ ' I N ( V H O R / V R A R )  
I F ( X F P S D ( l , I F P ) . S T . @ . ) T t - I E T k L = P I E - T H E T A L  
C O S T = A E S ( C O S ( T H E T A L ) )  
S I N T = S I N ( T H E T A L )  
ATHICK=RR*AEEPTH 
AT t iTA=AREA*COST+AT t i I  C K * S I N T  
APERP=AREA*S INT+ATHICK*COST 
F P H I z 1 . - 2 * * T H E T k L / P I E  
A L A M  = . 2 5 * ( A P E R P / A T H T A ) * ( l . - E X P ( - 5 0 . * T H E T F t L ) ) * ( l - + S I N T )  
I F ( T H E T A L . L T o P I E 2 )  GO TO 5 0 5  
FPC?I=O. 
A L A M  = * 5 * ( A P E R P / A T H T A )  

5 0 5  C O N T I N U E  
IF(THETALOGT.[~.*PIE/~*))ALAM =0.0 
CD=.8+CDCONT*RR*RR*FPHI 
AAA=CD*SLRHO#ATHTA*VBAR*VBAR 
E38=3.*SOILNU*RR*RR*DRDD*((ATHTA/AREA)**l~5)*VBAR*VBAR*COST 
CCC=CMS*SLRHO*GRAV*ATHTA 
FAP=CCC*ADEPTt i+AAA+BBB 
I F ~ V 6 A R * L T ~ 0 ~ 0 0 0 0 0 1 )  GO T O  5 1 0  
I F ( A H S ( X F P S D ( 1 ~ I F P ) ) ~ L T ~ O ~ O O O O O 1 )  GO T O  5 0 6  
SGN=XFPSD(l,IFP)/ABS(XFPSD(l,IFP)) 



GO TO 5 0 7  
506 SGN=+l.O 
5 0 7  C O N T I N U E  

C X = X F P S D ( l , I F P ) / V B A R  
I F ( V H O R o L T e 1 e E - 1 0 )  GO TO 5 0 8  
C Y = Y F P S D ( l , I F P ) / V H O R  
C Z = Z F P S D ( l , I F P ) / V H O R  
GO TO 5 0 9  

5 0 8  C Y = O - 0  
CZ=O.O 

5 0 9  C O N T I N U E  
CH=VHOR/VBAR 
FH=(CH+CX*ALAM ) * F A P  
SOILX(IFP)=(-CX+SGN*CH*ALAM ) * F A P  
I F ( S O I L X ( I F P ) e L T ~ O ~ ) S O I L X ( I F P ) = O ~ O  
S O I L Y ( I F P ) = - C Y * F H  
S O I L Z ( I F P ) = - C Z * F H  
GO TO 5 2 0  

5 1 0  C O N T I N U E  
CY=O.O 
CZ=0.0  
S O I L X ( : F P ) = F A P  
S O I L Y ( I F P I = O . O  
S O I L Z ( I F P ) = O . O  

5 2 0  C O N T I N U E  
P R E S S = S O I L X ( I F P ) / A R E A  

C  
C * * * * *  
C  FOOTPAD A T T E N U A T I O N  
C  * * * * *  
C  

1 0 0 0  C O N T I N U E  
I F ( F P S T R . G E . A D I S T I G 0  TO 1 0 0 1  
IF(PRESSeLEeATTPRS(3))RETURN 
A T T H ( I F P ) = A T T H C K ( 3 )  
RETURN 

1 0 0 1  IF(FPSTR.LT.ATTHCK(KJI))GO TO 1 0 0 2  
C R P R E S = A T T P R S ( K J I  
GO TO 1 0 0 4  

1 0 G 2  I F ( K J I . E Q . 3 ) G O  TO 1 0 0 3  
K J I = K J I + l  
GO TO 1 0 0 1  

1 0 0 3  C R P R E S = A T T P R S ( 3 )  
1 0 0 4  C O N T I N U E  

I F ( C R P R E S a G T e P R E S S )  RETURN 
S O I L X ( I F P ) = C R P R E S * A R E A  
IF (NTYPEmEQ.O)GO TO 1 0 1 5  
A D D = C R P R E S / S O I L P ( Z )  
GO TO 1 0 2 0  

1 0 1 5  C O N T I N U E  
I F ( V B A R . L T e 0 . 0 0 0 0 0 1 )  GO TO 1 0 1 6  
FAP=SOILX(IFP)/(-CX+SGN*CH*ALAM) 
ADC=(FAP-AAA-RBB) /CCC 
GO TO 1 0 2 0  

1016 A D D = S O I L X ( I F P ) / C C C  
1 0 2 0  C O N T I N U E  



IF (ABS(A3D) .GToADEPTH)ADD=ADEPTH 
IF(IFINeEQ.O)ATTH(IFP)=FPSTR+ADG 
SOILY(IFP)=-CY*SOILX(IFP) 
SOILZ(IFP)=-CZ*SOILX(IFP) 
RETURN 

C 
C FOOTPAC OFF SURFACE 
L 

2000 CONT I NUE 
SOILX(IFP)=O.O 
SOILY(IFP)=O.O 
SOILZ( IFP)=C.O 
RETURN 
END 



S U B R O U T I N E  I N I T U P  ( I Y D ,  CUTVAL,  I D I R T  ) I N I T  10 
COMMON / I Z Z Z R M  / I P T A T L ,  I P T O T L ,  LOCNAM( 9 0 )  I N I T  2 0  
D I M E N S I O N  X S ( 8 ) 9  I A D ( 8 1 ,  I N D ( 8 )  I N I T  3 0  
COMMON COMI N T  ( 4 0 0  I N I T  40 
E Q U I V A L E N C E  ( C O M I N T (  3 2 9  ) r  XS ) I N I T  5 0  
E Q U I V A L E N C E  ( C O M I N T (  3 4 4  1 ,  I A D  1 I N I T  6 0  
E Q U I V A L E N C E  ( C O M I N T (  3 5 2  ) r  I N D  I N I T  7 0  
ENTRY LOC I N I T  8 0  
I P T A T L  = I P T A T L  + 1 I N I T  9 0  
I F  ( I P T A T L  e L E e  8  ) GO TO 3 I N I T  1 0 0  
W R I T E  ( 6 9 1 )  I N I T  110 

1 FORMAT ( 6 5 H  ---------- JOB TERMINATED,  MORE THAN E I G H T  C A L L S  TO L O I N I T  1 2 0  
*c---------- I N I T  1 3 0  

STOP I N I T  1 4 0  
3  C O N T I N U E  I N I T  1 5 0  

I A D ( 1 P T A T L )  = I Y D  I N I T  1 6 0  
X S (  I P T A T L  = CUTVAL  I N I T  170 
I N D ( 1 P T A T L  ) = I D I R T  I N I T  1 8 0  
RETURN I N I T  1 9 0  
ENTRY I N U P D  I N I T  2 0 0  
I P T O T L  = I P T O T L  + 1 I N I T  2 1 0  
I F  ( I P T O T L  .LE. 9 0  ) GO TO 4 I N I T  2 2 0  
W R I T E  ( 6 9 2 )  I N I T  230 

2 F O R M A T ( 6 7 H  --------- J O B  TERMINATED,  MORE THAN N I N E T Y  C A L L S  TO I N U P I N I T  2 4 0  
*D---------- ) I N I T  2 5 0  

STOP I N I T  2 6 0  
4  L O C N A M ( 1 P T O T L )  = I Y D  I N I T  2 7 0  

R E T U R N  I N I T  2 8 0  
END I N I T  2 9 0  



S U B R O U T I N E  RKCUT (YD,  Y  I 
COMMON / I Z Z Z R M  / I P T A T L , I P T O T L ,  L O C N A M ( 9 0 )  
D I M E N S I O N  X(8),XMN1(8)rXS(8I,IAD(8I~IND(8I~Y(4)rYD(4I 
COMMON COMINT  ( 4 0 0 )  
E Q U I V A L E N C E  ( C O M I N T (  3 2 4  1,  T  I 
E Q U I V A L E N C E  ( C O M I N T (  3 2 5  I, HMAX I 
E Q U I V A L E N C E  ( C O M I N T (  3 2 6  1,  H M I N  
E Q U I V A L E N C E  ( C O M I N T (  3 2 7  I ,  E M I N  I 
E Q U I V A L E N C E  ( C O M I N T (  3 2 8  ) ,  EMAX ) 
E Q U I V A L E N C E  ( C O M I N T (  3 2 9  1 ,  XS 
E Q U I V A L E N C E  ( COMINT  ( 3 3 7  1 ,  HZ I 
E Q U I V A L E N C E  ( COMINTC 3 3 8  1, CUTERR)  
E Q U I V A L E N C E  ( C O M I N T (  3 3 9  1, I P  1 
E Q U I V A L E N C E  ( C O M I N T (  3 4 0  I, I V A R H  ) 

E Q U I V A L E N C E  ( C O M I N T t  3 4 1  1, l M T H  1 
E Q U I V A L E N C E  ( COMIMT(  3 4 2  ) r  I P R N T  I 
E Q U I V A L E N C E  ( C O M I N T (  3 4 3  ) r  I F I N  ) 

E Q U I V A L E N C E  ( C O M I N T (  3 4 4  1,  I A D  1 
E Q U I V A L E N C E  ( C O M I N T (  3 5 2  1 ,  I N 0  I 
E Q U I V A L E N C E  ( C O K I N T (  3 6 0  ) ,  J I 
E Q U I V A L E N C E  ( C O M I N T (  3 6 3  1 9  I V A L  1 
E Q U I V A L E N C E  ( C O M I N T (  3 6 8  1, H  1 
E Q U I V A L E N C E  ( C O M I N T (  3 6 9  1, X M N l  ) 

C  X M N 1  USES COMINT  ( 3 6 9 - 3 7 6 )  
ENTRY SETUP 
I E R R O R  = 0 

1 I P T 2 = 2 * * I P  
I P T l = O  
L I ST=O 
I NDUPD=O 
H Z = H M A X * 2 . 0 0 * * ( - I P I  
H D 2 = H Z / 2 . 0 0  
H = H D 2  
I A L P = 4  
I PRNT=O 
I F I N = O  
I V A L = O  
I S C N T  = 0  
I B I 1 = 4  
I B I 2 = 2  
I B U 1 = 1  
I F (  I V A R H ) 3 , 2 9 3  

2  I B U 2 = 2  
EMAX= A b S ( E M A X I  
E M I N =  A B S ( E M 1 N )  
R E T U R N  

3  I B U 2 = 1  
RETURN 
ENTRY I N T E G  
GO T 0 ( 6 0 , 5 5 , 5 5 , 3 9 )  , 1 6 1 1  

3 9  Y ( 4 ) = Y ( l ) + H * Y D ( l I  
I F (  I B I 2 - 1 ) 5 0 , 4 1 , 5 0  

4 1  ER=  A B S ( H Z * ( Y D ( l ) - Y D ( 3 ) ) )  
I F ( Y ( 1 ) ) 4 3 , 4 4 , 4 3  

4 3  I F ( E R - E R /  A E S ( Y ( 1 ) ) )  4 4 9 4 4 9 4  

RKCT 10  
RKCT 2 0  
RKCT 3 0  
RKCT 4 0  
RKCT 5 0  
RKCT 6 0  
RKCT 70 
RKCT 8 0  
RKCT 9 0  
RKCT 100 
RKCT 110 
RKCT 1 2 0  
RKCT 1 3 0  
RKCT 1 4 0  
RKCT 1 5 0  
RKCT 1 6 0  
RKCT 1 7 0  
RKCT 1 8 0  
RKCT 190 
RKCT 2 0 0  
RKCT 2 1 0  
RKCT 2 2 0  
RKCT 2 3 0  
RKCT 2 4 0  
RKCT 2 5 0  
RKCT 2 6 0  
RKCT 2 7 0  
RKCT 2 8 0  
RKCT 2 9 0  
RKCT 3 0 0  
RKCT 3 1 0  
RKCT 3 2 0  
RKCT 3 3 0  
RKCT 3 4 0  
RKCT 3 5 0  
RKCT 3 6 0  
RKCT 3 7 0  
RKCT 3 8 0  
RKCT 3 9 0  
RKCT 4 0 0  
RKCT 4 1 0  
RKCT 4 2 0  
RKCT 4 3 0  
RCCT 4 4 0  
RKCT 4 5 0  
RKCT 4 6 0  
RKCT 4 7 0  
RKCT 4 8 0  
RKCT 4 9 0  
RKCT 5 0 0  
RKCT 5 1 0  
RKCT 5 2 0  
RKCT 5 3 0  
RKCT 5 4 0  
RKCT 5 5 0  



4 ER=ER/  A B S ( Y ( 1 ) )  
4 4  I F ( E R - E M A X I 4 5 r 4 6 ~ 4 6  
4 5  1 F ( E R - E M I N ) 5 0 ~ 4 8 9 4 8  
4 8  I V A L = l  

GO TO 5 0  
46 I V A L = - 8 3 0 0 0 0 0  

I F  ( HZ .EQ. H M I N  1 I V A L  = 1 
5 0  Y D ( 3 ) = Y D ( l )  

RETURN 
5 5  Y ( 4 ) = Y ( 2 ) + H * Y D ( l )  

Y D ( 3 ) = Y D ( 3 ) + 2 * 0 O * Y D ( l )  
RETURN 

6 0  Y(4)=Y(2)+H/6.00*(YD(3)+YD(l)) 
Y D ( 3 ) = Y D ( l )  
RETURN 
ENTRY UPDAT 

1 0 0  I F I N = l  
I B U 3 = 1  
I F ( I P R N T ) 1 1 0 ~ 1 1 5 r 1 1 0  

1 1 5  I P T l = I P T 2  
I B U 3 = 2  

1 1 0  I F ( 1 A L P - 1 ) 1 1 8 ~ 1 2 0 ~ 1 1 8  
1 2 0  I P T l = I P T l - 1  

I A L P = 4  
H = H D 2  
I F I N = O  

1 2 1  DO 1 2 2  IMVER = l r  I P T O T L  
KMVER = LOCNAM( IMVER ) 

1 2 2  C O M I N T (  KMVER = C O M I N T (  KMVER + 3 ) 

1 5 0  I P R N T = I P T l  
I B I l = I A L P  
I V A L = O  
RETURN 

1 1 8  I A L P z I A L P - 1  
GO T 0 ( 1 2 5 r 1 2 6 , 1 2 7 ) r I A L P  

1 2 6  I F ( I B U 2 - 1 ) 3 0 2 ~ 3 0 1 r 3 0 2  
3 0 2  I B I 2 = 1  

I B U 1 - 2  
3 0 1  H=HZ 

GO TO 1 2 1  
1 2 5  T=T+HD2 

GO TO 1 2 1  
1 2 7  GO T O ( 1 3 0 r 1 3 1 )  r I B U 1  
1 3 0  DO 1 3 2  I M V E R  = I t  I P T O T L  

KMVER = LOCNAM( IMVER 
C O M I N T (  KMVER + 1 ) = C O M I N T (  KMVER 

1 3 2  C O M I N T (  KMVER ) = C O M I N T (  KMVER + 3 ) 

T=T+HD2 
GO TO 1 5 0  

1 3 1  I F (  I V A L ) 1 3 5 , 1 3 6 r 1 3 5  
1 3 6  I F ( 1 S C N T - 1 ) 1 3 7 , 1 3 7 , 1 3 8  
1 3 7  I S C N T = I S C N T + l  

GO TO 1 3 0  
1 3 8  H I P T l = I P T 1 / 2  

X I P T l = I P T l  
X I P T l = X I P T 1 / 2 - 0 0  

RKCT 5 6 0  
RKCT 5 7 0  
RKCT 5 8 0  
RKCT 5 9 0  
RKCT 6 0 0  
RKCT 6 1 0  
RKCT 6 2 0  
RKCT 6 3 0  
RKCT 6 4 0  
RKCT 6 5 0  
RKCT 6 6 0  
RKCT 6 7 0  
RKCT 6 8 0  
RKCT 6 9 0  
RKCT 700 
RKCT 710 
RKCT 7 2 0  
RKCT 7 3 0  
RKCT 7 4 0  
RKCT 7 5 0  
RKCT 7 6 0  
RKCT 770 
RKCT 7 8 0  
RKCT 7 9 0  
RKCT 8 0 0  
RKCT 8 1 0  
RKCT 8 2 0  
RKCT 8 3 0  
RKCT 8 4 0  
RKCT 8 5 0  
RKCT 8 6 0  
RKCT 8 7 0  
RKCT 8 8 0  
RKCT 8 9 0  
RKCT 9 0 0  
RKCT 9 1 0  
RKCT 9 2 0  
RKCT 9 3 0  
RKCT 9 4 0  
RKCT 9 5 0  
RKCT 9 6 0  
RKCT 9 7 0  
RKCT 9 8 0  
RKCT 9 9 0  
RKCT lOOO 
R K C T l O l O  
R K C T 1 0 2 0  
R K C T 1 0 3 0  
R K C T 1 0 4 0  
R K C T 1 0 5 0  
R K C T 1 0 6 0  
R K C T 1 0 7 0  
R K C T 1 0 8 0  
R K C T 1 0 9 0  
R K C T l l O O  
R K C T l l l O  



IF(XIPT1-I~IPT1)130~140~130 
1 4 3  I P T 2 = I P T 2 / 2  

I P T l = I P T 1 / 2  
I SCNT=O 
I V A L =  0 
H=HZ  
HD2=HZ  
HZ=2.00*HZ 

1 3 9  I A L P = 4  
1  B I 2 = 2  
I B U 1 = 1  
GO TO 1 5 0  

1 3 5  I S C N T = O  
I F ( I V A L ) 1 6 0 , 1 6 0 , 1 3 0  

1 6 0  I F ( I P T 1 ) 1 3 0 , 1 6 1 ~ 1 6 1  
1 6 1  I F ( I B U 3 - 1 ) 1 6 3 , 1 6 5 , 1 6 3  
1 6 3  I P T l = O  
1 6 5  I P T l = Z * ( I P T l + l )  

I P T 2 = 2 * I P T Z  
T=T -HZ  
H Z = H D 2  
I F  ( H Z  .LT. H M I N  HZ = H M I N  
HDZ=HZ /2 .90  
H=HD2  
DO 1 7 0  I K V E R  = 1, I P T ~ T ~  
KMVER = LOCNAM( I K V E R  

1 7 0  C O M I N T (  K9XVER ) = C O M I N T (  K M V E R + l  ) 

GO TO 1 3 9  
ENTRY CUT 
I F ( I F I N ) 2 0 0 , 2 5 0 ~ 2 0 0  

2 0 0  J = O  
I E R R O R  = 1 
RETURN 

2 5 0  K = l  
2 6 0  I F  ( K  eLE. I P T A T L  ) GO TO 3 0 0  
2 7 0  I F ( K - l ) 2 8 0 , 2 0 O r 2 8 0  
2 8 0  L L = K - 1  

DO 2 9 0  1  = 1, L L  
KMVER = I A D ( 1 )  

2 9 0  X M N l ( 1 )  = C O M I N T (  KMVER 

I F (  I N D ( K )  ) 5 0 0 1 3 1 0 9 5 0 O  
3 1 0  KMVER = I A D ( K )  

X ( K )  = C O M I N T (  KMVER 
I F ( X ( K 1 - X L )  3 2 0 r 3 2 0 , 4 0 0  

3 2 0  I F (  I V A L ) 2 0 0 9 3 3 0 , 3 3 0  
3 3 0  K = K + l  

I F ( K - 9 ) 2 6 0 , 2 8 0 , 2 8 0  
4 0 0  I F ( X ( K ) - X U ) 4 1 0 ~ 6 @ 0 , 6 0 0  
4 1 0  J = K  

I E R R O R  = 1 
RETURN 

5 0 0  KYVER = I A D ( K )  
X ( K )  = C O Y I N T (  KMVER ) 

R K C T 1 1 2 0  
R K C T 1 1 3 0  
R K C T 1 1 4 0  
R K C T 1 1 5 0  
R K C T l l 6 O  
RKCT 11 7 0 
R K C T 1 1 8 0  
R K C T l l 9 O  
R K C T 1 2 0 0  
R K C T l 2 l O  
R K C T 1 2 2 0  
R K C T 1 2 3 0  
R K C T 1 2 4 0  
R K C T 1 2 5 0  
R K C T 1 2 6 0  
R K C T 1 2 7 0  
R K C T 1 2 8 0  
R K C T 1 2 9 0  
R K C T 1 3 0 0  
R K C T 1 3 1 0  
R K C T 1 3 2 0  
R K C T 1 3 3 0  
R K C T 1 3 4 0  
R K C T 1 3 5 O  
R K C T 1 3 6 0  
R K C T 1 3 7 0  
R K C T 1 3 8 0  
R K C T 1 3 9 0  
R K C T 1 4 0 0  
R K C T 1 4 1 0  
R K C T 1 4 2 0  
R K C T 1 4 3 0  
R K C T 1 4 4 0  
R K C T 1 4 5 0  
RKCT 1 4 6 0  
R K C T 1 4 7 0  
R K C T 1 4 8 0  
R K C T 1 4 9 0  
R K C T 1 5 0 0  
R K C T 1 5 1 0  
R K C T 1 5 2 0  
R K C T 1 5 3 0  
RKCT 1 5 4 0  
R K C T 1 5 5 0  
R K C T 1 5 6 0  
R K C T 1 5 7 0  
R K C T 1 5 8 0  
R K C T 1 5 9 0  
R K C T 1 6 0 0  
R K C T 1 6 1 0  
R K C T 1 6 2 0  
R K C T 1 6 3 0  
R K C T 1 6 4 0  
R K C T 1 6 5 0  
R K C T 1 6 6 0  
R K C T 1 6 7 0  



I F ( X ( K ) - X U ) 5 1 0 , 3 2 0 , 3 2 0  R K C T 1 6 8 0  
5 1 0  I F ( X ( K ) - X L ) 6 0 @ , 6 0 0 r 4 1 0  R K C T 1 6 9 0  
6 0 0  I F  ( I V A L  a L T *  0  GO TO 2 0 0  R K C T 1 7 0 0  

I F  ( I E R R O R  eNE. 0  GO TO 1 0 5 4  R K C T 1 7 1 0  
W R I T E ( 6 * 1 0 5 1 ) K  R K C T 1 7 2 0  

1 0 5 1  FORMAT(lH0,28H********** C U T O F F  P A S S E D  B Y  9 1 1 9 5 6 H T H  C U T O F F  V A R I A B L R K C T 1 7 3 0  
1 E  ON T H E  I N I T I A L  C A L L  TO CUT ********** 1 R K C T 1 7 4 0  

S T O P  R K C T 1 7 5 0  
1 0 5 4  C O N T I N U E  R K C T 1 7 6 0  

H N = H Z / 2 e O O * ( ( X S ( K ) - X M N l ( K ) ) / ( X ( K ) - X W K ) ) )  R K C T 1 7 7 0  
T = T - H Z  R K C T 1 7 8 0  
H Z = H N  R K C T 1 7 9 0  
H G 2 = H Z / 2 . 0 0  R K C T 1 8 0 0  
H = H D 2  R K C T 1 8 1 0  
I A L P = 4  R K C T 1 8 2 0  
I V A L = O  R K C T 1 8 3 0  
I B  I 2 = 2  RKCT 1 8 4 0  
I B U 1 = 1  R K C T 1 8 5 0  
I R I l = I A L P  R K C T 1 8 6 0  
DO 6 4 0  I M V E R  = 11 I P T O T L  R K C T 1 8 7 0  
KMVER = LOCNAM ( I M V E R  ) R K C T 1 8 8 0  

6 4 0  C O M I N T ( K M V E R  ) = C O M I N T (  K M V E R + l  R K C T 1 8 9 0  
I F I N = l  R K C T 1 9 0 0  
I P T l = I P T 2  R K C T 1 9 1 0  
I SCNT=O R K C T 1 9 2 0  
J=-1 R K C T 1 9 3 0  
I E R R O R  = 1 R K C T 1 9 4 0  
R E T U R N  R K C T 1 9 5 0  
E N D  R K C T 1 9 6 0  



S U E R O U T I N E  OUTPUT 
D I M E N S I O N  D I S P ( ~ ) , V E L ( ~ ) ~ A C C E L ( ~ ) , E L ( ~ ) P F L D I ~ ) , E L D D ( ~ ~ ~  

* A V E L ( 9 1 r A A C C E L ( 9 ) r A A ( 3 ) , B B ( 3 ) , C C ( 3 ) , D D ( 3 ) r E E ( 3 1 *  
?+ A O U T ( 3 r l O ) r N A C ( l O )  

D I M E N S I O N  G C ( 4 r 5 1 ,  G C D ( 4 r 5 ) ,  G C D D ( 4 e 5 )  
D I M E N S I O N  X F P S ( 4 , 5 ) ,  Y F P S ( 4 r 5 ) r  Z F P S ( 4 r 5 ) r  

1 X F P S D ( 4 r 5 1 r  Y F P S D ( 4 r 5 ) s  Z F P S D ( 4 r 5 ) r  
2  X F P S D D ( 4 , 5 ) 9  Y F P S D D ( 4 r 5 ) r  Z F P S D D ( 4 v 5 )  

D I M E N S I O N  B O U T ( 7 5 )  
COMMON / T H I S V /  T I M H S A ( 1 ) r  ATTH(5)rAM(6r6lrAME1(3),INDFPI(6)( 

1 I N D F P C ( 6 ) v  
2  S T R P D S ( l 0 l r  STRPMS(  51 ,  I P O C D S ( 1 0 ) r  IPOCMS(  5 ) r  URCDS ( 1 0 ) ~  
3  URTDS ( 1 0 1 9  URCMS ( 5 1 9  URTMS i 5 ) 9  S E T C D S ( l 0 ) r  S E T T D S ( 1 0 ) r  
4 SETCMS(  5 1 ,  S E T T M S (  51 ,  I N D C D S ( l 0 ) r  I N D T D S ( 1 0 ) i  I N D C M S ( 1 0 1 r  
5  I N D T P S (  5 ) r  PRFCDS ( 1 0 ) r  P R F T D S  ( l o ) ,  PRFCMS ( 5 1 9  PRFTMS ( 5 1 9  
6  I P R D S  ( 1 0 ) s  I P R M S  ( 5 ) 9  F R V D S C ( 1 0 ) 9  F R V D S T ( l O 1 r  FRVMSC(  5 1 9  
L FRVMST(  5 ) 9  I P O T D S i l O ) ,  I P O T M S (  5 1  

E Q U I V A L E N C E  ( NFTPDSI NOLEG ) 

COMMON C O M I N T ( 4 0 0 )  
E Q U I V A L E N C E  ( C O M I N T (  3 19 I B O T M  1 
E Q U I V A L E N C E  ( C O M I N T (  4 19 XSD 1  
E Q U I V A L E N C E  ( C O M I N T t  8  19 XSDD 1  
E Q U I V A L E N C E  ( C O M I N T (  1 2  ) r  YS 1  
E Q U I V A L E N C E  ( C O M I N T t  16 ) r  YSD 1  
E Q U I V A L E N C E  ( C O M I N T (  2 0  ) 9  YSDD 
E Q U I V A L E N C E  ( C O M I N T (  2 4  ) r  Z S  1 
E Q U I V A L E N C E  ( C O M I N T (  2 8  ) r  Z S D  1  
E Q U I V A L E N C E  ( C O M I N T (  3 2  ) ,  ZSDD 1  
E Q U I V A L E N C E  ( C O M I N T l  3 6  1, P H I  1  
E Q U I V A L E N C E  ( C O M I N T (  4 0  1 r  P H I D  1  
E Q U I V A L E N C E  ( C O M I N T (  4 4  1 ,  WX 1 
E Q U I V A L E N C E  ( C O M I N T (  4 8  19 WXD 1  
E Q U I V A L E N C E  ( C O Y I N T (  5 2  1, THTA  1  
E Q U I V A L E N C E  ( C O M I N T (  5 6  1, THTAD 
E Q U I V A L E N C E  ( C O M I N T (  6 0  ) r  WY 
E Q U I V A L E N C E  ( C O M I N T (  6 4  ) ,  WYD ) 

E Q U I V A L E N C E  ( C O M I N T (  6 8  ) ,  P S I  ) 

E Q U I V A L E N C E  ( C O M I N T (  7 2  1, P S I D  1 
E Q U I V A L E N C E  ( C O M I N T (  7 6  1, WZ 1 
E Q U I V A L E N C E  ( C O M I N T (  8 0  ) r  WZD 1  
E Q U I V A L E N C E  ( C O Y I N T (  8 4  1 r  GC 1 
EQUIWALENCE ( C O M I N T ( 1 0 4  19 GCD ) 
E Q U I V A L E N C E  ( C O M I N T ( 1 2 4  19 GCDD 1  
E Q U I V A L E N C E  ( C O M I N T ( 1 4 4  ) r  X F P S  
E Q U I V A L E N C E  ( C O M I N T ( 1 6 4  1, XFPSD 1 
E Q U I V A L E N C E  ( C O M I N T ( 1 8 4  ) r  XFPSDD ) 

E Q U I V A L E N C E  i C O M I N T ( 2 0 4  1 r  Y F P S  1 
E Q U I V A L E N C E  ( C O M I N T ( 2 2 4  19 YFPSD 1  
E Q U I V A L E N C E  ( C O M I N T ( 2 4 4  1, YFPSDD 1  
E Q U I V A L E N C E  ( C O M I N T ( 2 6 4  1, Z F P S  
E Q U I V A L E N C E  ( C O M I N T ( 2 8 4  ) ,  Z F P S D  ) 
E Q U I V A L E N C E  ( C O M I N T ( 3 0 4  1, ZFPSDG ) 

E Q U I V A L E N C E  ( C O M I N T (  3 2 4  ) ,  T I M E  
E Q U I V A L E N C E  ( C O M I N T (  3 2 5  1, HMAX 1  
E Q U I V A L E N C E  ( C O M I N T I  326 1 ,  H M I N  ) 

OlJTP 10  
OUTP 2 0  
OUTP 3 0  
OUTP 40 
OUTP 5 0  
OUTP 6 0  
OUTP 70 
OUTP 8 0  
OUTP 90 
OUTP 1 0 0  
OUTP 110 
OIJTP 1 2 0  
OUTP 1 3 0  
OUTP 140 
OUTP 1 5 0  
OUTP 1 6 0  
OUTP 1 7 0  
OUTP 1 8 0  
OlJTP 1 9 0  
OUTP 2 0 0  
OUTP 2 1 0  
OUTP 2 2 0  
OUTP 2 3 0  
OlJTP 2 4 0  
OUTP 2 5 0  
OUTP 2 6 0  
OUTP 2 7 0  
OUTP 2 8 0  
OUTP 2 9 0  
OUTP 3 0 0  
OUTP 3 1 0  
OUTP 3 2 0  
OUTP 3 3 0  
OUTP 3 4 0  
OlJTP 3 5 0  
OUTP 3 6 0  
OUTP 3 7 0  
OUTP 3 8 0  
OIJTP 3 9 0  
OUTP 4 0 0  
OUTP 4 1 0  
OUTP 4 2 0  
OUTP 4 3 0  
OUTP 440 
OUTP 4 5 0  
OUTP 4 6 0  
OUTP 4 7 0  
OUTP 4 8 0  
OUTP 490 
OUTP 5 0 0  
OUTP 5 1 0  
OUTP 5 2 0  
OUTP 530 
OUTP 5 4 0  
OlJTP 5 5 0  



EQUIVALENCE ( COMINT( 3 2 7  1 ,  E M I N  ) 
EQUIVALENCE ( COMINT( 3 2 8  1 ,  EMAX ) 

EQUIVALENCE ( COMINT(  3 2 9  1 9  X S I  ) 

EQUIVALENCE ( COMINT ( 3 3 7  1 ,  HZ 1  
EQUIVALENCE ( COMINT(  3 3 8  ) r  CUTERR) 
EQUIVALENCE ( COMINT(  3 3 9  19 I P  ) 

EQUIVALENCE ( COMINT(  3 4 0  ) r  IVARH ) 

EQUIVALENCE t COMINT( 3 4 1  1 ,  I M T H  1 
EQUIVALENCE ( COMINT( 3 4 2  I t  I P R N T  ) 

EQUIVALENCE ( COMINT( 3 4 3  1 ,  I F I N  
EQUIVALENCE ( COMINT(  3 4 4  1 ,  I A D  1 
EQUIVALENCE ( COMINT( 3 5 2  ) 9  I N D  
EQUIVALENCE ( COMINT( 3 6 0  l r  JCUT 
EQUIVALENCE ( COMINT( 3 6 1  1 ,  I P T C N T  
EQUIVALENCE ( COMINT( 3 6 4  1, XS ) 

C  C O M I N T ( 3 6 4 - 3 6 7 )  USED B Y  XS 
COMMON 

1 CBMASS, CBIXX , C B I X Z  C B I Y Y  , C B I Y Z  r C 0 I Z Z  r FPMASS,CRIXY, 
2 D C ( 3 1 3 )  9 X F P ( 5 1 ,  Y F P ( 5 ) 9  Z F P ( 5 ) ,  WNX(5) ,  W N Y ( 5 ) ,  
3 WNZ(51, P X ( 5 )  P Y ( 5 )  9 P Z ( 5 )  GM(51  , OMEGA(5)  9 

4  GRAV 9 GRAVE ZETA F T S  ( 6 1  r  F S X S I  ( 5 )  9 

5  F S Y S I ( 5 )  r  F S Z S I ( 5 )  9 S O I L X ( 5 )  9 

6  S O I L Y  ( 5 )  9 S O I L Z ( 5 )  9 P M S X ( 5 9 5 )  9 

7  P M S Y ( 5 9 5 1  9 P M S Z ( 5 r 5 )  9 P D s X ( 1 0 ~ 5 )  9 

8  PDSY(10 ,S)  P D S Z ( l O r 5 )  9 FLXS FLYS r F L Z S  9 

9 T L X L  t TLYL 9 T L Z L  , S L O  t XMSCB(5)  9 

C YMSCB ( 5  9 ZMSCB(5)  9 X D S C B ( 1 0 )  9 

D  Y D S C B ( 1 0 )  Z D S C B ( 1 0 )  r I L E G  r IMS 9 

E FSTX FSTY r  FSTZ 9 PVCBX r PVCBY t PVCBZ r 
F PVFPX , PVFPY PVFPZ NOLEG , S L O M S ( 5 )  
G  SLODS ( 10 1 

COMMON 
1 PFCMS ( 5  r PFCDS ( 5  1  r PFTDS ( 5  9 

2  PFTMS ( 5  1 t SRCDS(5)  r SRCMS ( 5  ) 9 

3  S R T D S ( 5 )  r SRTMS(5 COEFDS, COEFMS, GAMDS 9 

4  GAMMS 9 SRUCDS, SRUCMSr SRUTDS, SRUTMS, SCMXDS* SCMXMSI 
5  STMXDSI STMXMS, CDCDS(5)  r CDCMS ( 5  ) 9 

6  CDTDS ( 5 1 t CDTMS(5)  F R I C D S r  FRICMS, I R E T D S s  
7  I RETMS, STROKE ( 1 0 )  S T R K D S ( 1 0 )  r STRY\MS( 5 )  9 

8  LENGTH~CDXSICDYS~CDZS NTYPE 9 R A D ( 4 1 ,  S S ( 4 )  9 A T T H C K ( 3 ) v  
9 A T T P R S ( 3 )  9 A D I S T  9 S O I L P ( 3 )  NMODES, 
A  COEF ,GAMMA 9 F R I C  S C M A X , S T M A X ,  C D C ( 5 ) , C D T ( 5 ) ,  
B  SRULT SRULC S R T ( 5 ) r  S R C ( 5 1 ,  P F T ( 5 ) r  P F C ( 5 1 9  G F L E G S ( 5 ) 9  
C  CURMSVI CURMSL, INDFXD, INDFYDI INDFZD, INDFXR, INDFYR, 
D  INDFZR,  TIMAX r DRAGST9 I F P  

COMMON 
lCMS9CDCONT,SOILNU,SLRHO, N O O U T , X O U T ( 1 0 ) , Y O U T ( 1 0 ) t Z O U T ( 1 0 ) ~  
2 M O D E I N ~ P O U T X ( l O ~ 5 1 , P O U T Y ( 1 0 ~ 5 1 ~ P O U T Z ~ 1 0 ~ 5 ~ ~ P C G X ~ 5 ~ ~ P C G Y ~ 5 1 ~  
3PCGZ(5)rAEIl,AEI29FORMS(5),FORDS(10)1FORCE~NFORC9SAVMSX(5)r 
4SAVMSZ(5),SAVDSX~lO)~SAVDSY~1O)~SAVDSZ(lO)~IQUOUT9GSINZT9 
~ G C O S Z T S S T A B ~ S T A B V L , I S T A B $ J C K S A E ~ V E L X , V E L Y ~ V E L Z ~ S A V M S Y ( ~ )  

COMMON 
1 S M X M S C ( 5 ) r  TMXMSC(51r  SMXMST(5 )g  TMXMST151, 
2  SMXDSC(10)  9 T M X D S C ( l 0 ) r  SMXDST(10)  TMXDST(10)  
3  r S L N G M S ( 5 )  9 S L N G D S ( 1 0 ) 9  CURDSL, I N L E G  IFPPRT,  
4 I M P A C T ( 5 )  , I P R T F P ( 5 ) ,  K O U N T ( 5 )  9ANGX9 ANGY, ANGZ 

OUTP 5 6 0  
OUTP 5 7 0  
OUTP 5 8 0  
OUTP 5 9 0  
OUTP 6 0 0  
OUTP 6 1 0  
OlJTP 6 2 0  
OUTP 6 3 0  
OUTP 6 4 0  
OUTP 6 5 0  
OUTP 6 6 0  
OUTP 6 7 0  
OUTP 6 8 0  
OUTP 6 9 0  
OUTP 7 0 0  
OUTP 7 1 0  
OUTP 7 2 0  
OUTP 7 3 0  
OUTP 7 4 0  
OUTP 7 5 0  
OUTP 7 6 0  
OUTP 7 7 0  
OUTP 7 8 0  
OUTP 7 9 0  
OUTP 8 0 0  
OUTP 8 1 0  
OUTP 8 2 0  
OUTP 8 3 0  
OUTP 8 4 0  
OUTP 8 5 0  
OUTP 8 6 0  
OUTP 8 7 0  
OUTP 8 8 0  
OUTP 8 9 0  
OUTP 9 0 0  
OUTP 9 1 0  
OUTP 9 2 0  . 
OUTP 9 3 0  
OUTP 9 4 0  
OUTP 9 5 0  
OUTP 9 6 0  
OUTP 9 7 0  
OUTP 9 8 0  
OUTP 9 9 0  
OUTPlOOO 
O U T P l O l O  
OUTP1020  
OUTP1030  
OUTP1040  
O l l T P 1 0 5 0  
OUTP1060  
OUTP1070  
OUTP1080  
OUTP1090  
O l l T P l l O O  
O U T P l l l O  
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DUMZ=WX*RADI AN 
DUMS=WXD*RADIAN 
DuM4=THTA*RADIAN 
DUM5=WY*RADI AN 
DUM6=WYD*RADIAN 
DUM7=PSI*RADIAN 
DUM8=WZ*RADIAN 
DUM9=WZD*RADIAN 
A V E L ( l ) = O *  
A V E L ( 2 ) = W Z  
AVEL(3 )= -WY 
AVEL(4 )= -WZ 
A V E L ( 5 ) = 0 *  
A V E L (  6)=WX 
A V E L ( 7 ) = W Y  
AVEL(8 )= -WX 
AVEL(9) 'Om 
A A C C E L ( l ) = O *  
AACCEL(2 )=WZD 
AACCEL(3)=-WYD 
AACCEL(4 )z -WZD 
A A C C E L ( 5 ) = 0 .  
AACCEL ( 6  =WXD 
AACCEL ( 7  1 =WYD 
AACCEL(8)=-WXD 
A A C C E L ( 9 ) = 0 *  
D I S P (  l ) = X S  
D I S P (  21=YS 
D I S P ( 3 ) = Z S  
V E L ( l ) = X S D  
V E L ( 2 ) = Y S D  
V E L ( 3 ) = Z S D  
ACCEL ( 1 )  =XSDD 
ACCEL(Z)=YSDD 
A C C E L ( 3 ) = Z S D D  

,- 
1. 

C CENTER OF GRAVITY MOTIONS 

OUTP1140  
OUTP 11 5 0 
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OUTP1260 
OUTP1270  
OUTP1280 
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OUTP1300  
OUTP1310 
OUTP1320 
OUTP1330 
OUTP1340 
OUTP1350 
OUTP1360 
OUTP1370 
OUTP1380 
OUTP1390 
OUTP1400 
O U T P l 4 l O  
OUTP1420 
OUTP1430 
OUTP1440 
OUTP1450 
OUTP1460 
OUTP1470 
OUTP1480 
OUTP1490 
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OUTP1600  
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OUTP1670  



ELDD(3)=ELDD(3)+PCGZ(I)*GCDD(l,I) 
5 1  CONTINUE 

CALL GMPRD(DC,EL,AA,3,3,1) 
DO 5 2  11193 

5 2  D I S P ( T J = D I S P ( I ) + A A ( I )  
CALL GMPRDtAVEL rEL,AA,3,3,1) 
DO 5 3  I = l r 3  

5 3  B B ( I I = E L D ( I ) + A A ( I )  
CALL GMPRD(DCIBB,CC,~ ,~~~)  
DO 5 4  1 ~ 1 9 3  

5 4  V E L ( I ) = V E L ( I ) + C C ( I )  
CALL GMPRD(AVEL,AA*BBt3,3 d) 
CALL GMPRD(AVEL,ELD,AA,3r3,1) 
CALL GMPRD(AACCEL,EL,CC,3,3,1) 
DO 55 I = l r 3  

55  DD(I)=ELDD(I)+CC(I)+2.+AA(II+BB(I) 
CALL GMPRD(DC,DDsAA,3,3,1) 
DO 56 I=1,3 

5 6  A C C E L ( I ) = A C C E L ( I ) + A A ( I )  
9 0  CONTINUE 

WRITE(6~1001)DISP(1),VEL(l~~ACCEL(1),DUMl~DUM2~DUM3~ 
sc DISP(2)rVEL(2),ACCEL(2)2DUM4,DUM5,DUM6, 
* DISP(3),VEL(3),ACCEL(3),DUM7*DUM8gDUM9 

WRITE(6,10221 
DO 1 0 0  I=l,NFTPDS 
IF( INDFPC(I) .LE.O)GO TO 1 0 0  
WRITE(6,1003)1, 

Y XFPS(l,I),XFPSD(l,I)*XFPSDD(l,I), 
* YFPS(lrI),YFPSD(ltI)~YFPSDD(I,I)~ 
* fFPS(lrI),ZFPSD(l,I)*ZFPSDD(1,1) 

1 0 0  CONTINUE 
C 
C ACCELERATION AND INTEGRATED QUANTITIES 
C 

DO 6 0  I = l r 3  
6 0  A A ( I ) = ( D C ( ~ , I ) * A C C E L ( ~ ) + D C ( ~ ~ I ) * A C C E L ( ~ ) + D C ( ~ ~ I ~ * A C C E L ( ~ ) ) / G R A V E  

IF(NOOUT.EQ.O)GO TO 202  
DO 2 0 0  J=lrNOOUT 
DO 1 0 2  1=1,3 
ELD( I )=O. 

1 0 2  ELDD( I )=O.  
E L ( l ) = X O U T ( J )  
E L ( 2 ) = Y O U T ( J )  
E L ( 3 ) = Z O U T ( J )  
IF(NMODES.EQ.O)GO TO 111 
DO 1 1 0  I=l,NMODES 
EL(l)=EL(l)+POUTX(J,II*GC(lrI) 
EL(2)=EL(2)+POUTY(J,I)*GC(l,I) 
E L ( ~ ) = E L ( ~ ) + P O U T Z ( J I I ) * G C ( ~ ~ I )  
ELD(l)=ELD(l)+POUTX(J~I)*GcD(lrI) 
ELD(2)=ELD(2)+POUTY(J~I)*GCD(lrI) 
ELD(3)=ELD(3)+POUTZ(JvI)*GcD(l,I) 
ELDD(l)=ELDD(lI+POUTX(J~I)*GCDD(11I) 
ELDD(~)=ELDD(~)+POUTY(JPI)*GCDD(~,I) 
ELDD(3)=ELDD(3)+POUTZ(J~I)*GCDD(1,1) 

1 1 0  CONTINUE 

OUTP1680 
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OUTP1940 
OUTP1950 
OUTP1960 
OUTP1970 
OUTP1980 
OUTP1990 
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OUTP2010 
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111 C O N T I N U E  
C A L L  GMPRD(AVEL,EL,BB,3,3,1) 
C A L L  GMPRD(AVEL,BB,CC,3,3,1) 
C A L L  GMPRD(AACCEL,EL,BB,3,3,1) 
C A L L  GMPRD(AVEL,ELD,DD,3,3,1) 
DO 1 2 0  I = 1 - 3  

1 2 0  EE(I)=ELDD(I)+BB(I)+2o*DD(I)+CC(I) 
AOUT(l,J)=(DC(l,l)*XSDD+DC(2rl)*YSDD+DC(3~l)*ZSDD+EE(l))/GRAVE 
AOUT(2 ,J )= (DC(1 ,2 ) *XSDD+DC(2 ,2 ) *YSDD+DC(3 ,2 ) *ZSDD+EE(2 ) l /GRAVE 
A O U T ( ~ ~ J ) = ( D C ( ~ , ~ ) * X S D D + D C ( ~ , ~ ) * Y S D D + D C ( ~ , ~ ) * Z S D D + E E ( ~ ) ) / G R A V E  

2 0 0  C O N T I N U E  
2 0 2  C O N T I N U E  

I F ( N M 0 D E S o E Q m O ) G O  TO 2 2 0  
I F ( 1 Q U O U T o E Q o O ) G O  TO 2 2 0  
I F ( N 0 O U T o N E o O ) G O  TO 2 1 0  

C P R I N T  COG. A C C E L E R A T I O N  AND INTEGRATED Q U A N T I T I E S  
W R I T E ( 6 9 1 0 0 5 )  
WRITE(6rlO07)AA(l),AA(2),AA(3)~XS~XSD~XSDD 
WRITE(6,1008)YS,YSD,YSDD 
WRITE(6,1009)ZS,ZSD,ZSDD 
DO 2 0 1  I= l ,NMODES 

2 0 1  W R I T E ( 6 ~ 1 0 1 0 ) I ~ G C ( l ~ I ) , G C D ( l ~ I ~ ~ G C D D ( 1 ~ I ~  
GO TO 3 0 0  

C P R I N T  CmGo ACCELERAT ION,  SECONDARY P O I N T S ,  AND INTEGRATED QUANTe 
2 1 0  C O N T I N U E  

DO 9 5  I = 1 , 1 0  
9 5  N A C ( I ) = I  

W R I T E ( 6 , 1 0 0 5 )  
WRITE(6,1007)AA(l),AA(2),AA(3)~XS~XSDvXSDD 
W R I T E ~ 6 ~ 1 0 1 1 ) N A C ( 1 ) , A O U T ( l ~ 1 ~ ~ A O U T ( 2 , 1 ) , A O U T ~ 3 ~ l ~ ~ Y S v Y S D ~ Y S D D  
WRITEI6,1012)NAC(2),AOUT(lv2),AOUT(2r2),AOUT(3~2)~2SvZSD~ZSDD 
DO 2 1 1  I= l ,NMODES 
I I = 1 + 2  

2 1 1  W R I T E ( 6 ~ 1 0 1 3 ) N A C ( I I ) , A O U T ( 1 , I I ) , A O U T ( 2 ~ I I ~ ~ A O U T ~ 3 ~ I I ~ ~ I ~ G C ~ l ~ I ~ ~  * G C D ( l , I ) r G C D D ( l r I  
I F ( I I o G E o N 0 O U T ) G O  TO 3 0 0  
II=I 1+1 
DO 2 1 2  I = I I , N O O U T  

2 1 2  W R I T E ( ~ ~ ~ ~ ~ ~ ) N A C ( I ) , A O U T ( ~ ~ I ) ~ A O U T ( ~ , I ) , A O U T ~ ~ ~ I )  
GO TO 3 0 0  

C P R I N T  COG. A C C E L E R A T I O N S  AND SECONDARY P O I N T S  
2 2 0  C O N T I N U E  

WR I TEv( 6 9 1004 ) 
WRITE(6,1006)AA(l),AA(2),AA(3) 
I F (NOOUT.EQoO)GO TO 3 0 0  
DO 96 1=1,10  

9 6  N A C ( I ) = I  
DO 2 2 1  I= l ,NOOUT 

2 2 1  WRITE(6~1014)NAC(I),AOUT(1~I~~AOUT(2,I),AOUT~3~1~ 
C 
C STRUT I N F O R M A T I O N  
C 

3 0 0  C O N T I N U E  
W R I T E ( 6 r 1 0 2 0 )  
DO 2 0 5  I = l , N F T P D S  
I I = 2 + (  I - l ) + l  



1 1 2 = 1 1 + 1  OUTP2770  
C R U S H = S S ( l ) - A T T H ( 1 )  OUTP2780 

2 0 5  W R I T E ( 6 9 1 0 2 1 ) 1 9 C R U S H  ~ F O R M S ( I ~ ~ S T R K M S ( I ) ~ I I ~ F O R D S ( I I ) , S T R K D S ( I I ~ ~ O U T P ~ ~ ~ O  
+ 1 1 2 9 F O R D S ( I I 2 ) 9 S T R K O S (  1 1 2 )  OUTP2800  

C  OUTP2810 
C  CHECK LANDER S T A B I L I T Y  OUTP2820  
C OUTP2830  

C 

C A L L  STABLE 
C 

I F ( I S T A B e N E e 0 ) G O  TO 4 0 0  
W R I T E ( 6 r l O 1 5 ) S T A B , S T A B V L  

4 0 0  CONTINUE 
I F ( N F O R C e E Q e 0 )  RETURN 

C  
C  WRITE T I M E  HISTORY Q U A N T I T I E S  ON TAPE FOR USE WITH LANDING 
C  LOADS PROGRAM 
C 1. NFORC=l RESULTS I N  T I M E  HISTORY TAPE BEING GENERATED 
C  2. T I M E  HISTORY INFORMATION WRITTEN ON TAPE3 
C 

BOUT( l ) = T I M E  
BOUT(2)=HMAX 
BOUT ( 3  =XSDD 
BOUT( 4 )=YSDD 
BOUT ( 5  I'ZSDD 
R O U T ( 6 ) = P H I  
B O U T ( 7 ) = T H T A  
B O U T ( 8 ) = P S I  
BOUT(9 l=WX 
BOUT ( 1 0  =MY 
BOUT( 11 )=WZ 
BOUT ( 1 2  =WXD 
BOUT(13)=WYD 
BOUT( 1 4 )  =WZD 
N S P = 1 4  
DO 4 5 0  I=l ,NMODES 
NNL=NSP+3*I 
B O U T ( N N L - 2 ) = G C ( l , I )  
B O U T ( N N L - l ) = G C D ( l , I )  

4 5 0  B O U T ( N N L ) = G C D D ( l r f )  
NSP=14+3*NMODES 
DO 4 5 1  I= l ,NOLEG 
NNL=NSP+3*I 
B O U T t N N L - 2 ) = S A V M S X ( I )  
B O U T ( N N L - ~ ) = s A V M S Y ( I )  

4 5 1  B O U T I N N L ) = S A V M S Z ( I )  
I I =2*NOLEG 
NSP=NSP+3*NOLEG 
DO 4 5 2  I = 1 , 1 1  
NNL=NSP+3+1 
B O U T ( N N L - 2 ) = S A V D S X ( I )  
B O U T ( N N L - l ) = S A V D S Y ( I )  

4 5 2  B O U T ( N N L ) = S A V D S Z ( I )  
NSP=NSP+3+I I 
WRITE(3)(80UT(I)~I=l,NSP) 



RETURN 
C 

ENTRY SUMMRY 

C T H I S  P O R T I O N  OF THE SUBROUTINE  P R I N T S  THE SUMMARY I N F O R M A T I O N  O U T P 3 3 7 0  
C O U T P 3 3 8 0  

I F ( N F O R C * N E * O ) E N D  F I L E 3  O U T P 3 3 9 0  
C O U T P 3 4 0 0  

W R I T E ( 6 r 2 0 0 0 )  O U T P 3 4 1 0  
W R I T E ( 6 , 2 0 0 6 )  O U T P 3 4 2 0  
W R I T E ( 6 ~ 2 0 0 1 ) ( I ~ T M X M S C ( I ) ~ S M X M S C ( I ) , T M X M S T ~ I ~ ~ S M X M S T ~ I ~ ~ I ~ l ~ N O L E G ~ O U T P 3 4 3 0  
W R I T E ( 6 9 2 0 0 7 )  O U T P 3 4 4 0  

RETURN O U T P 3 5 1 0  
1 9 0 0  C O N T I N U E  O U T P 3 5 2 0  

I F ( I F P ~ G T . 1 O ) G O  TO 1 9 5 0  OLITP353Q 
I F ( I B O T M . E Q . + l ) G O  TO 6 0 0 0  O U T P 3 5 4 0  
W R I T E ( 6 9 6 2 0 1 ) I F P  O U f P 3 5 5 0  
RETURN O U T P 3 5 6 0  

6 0 0 0  W R I T E / 6 , 6 2 0 0 ) I F P  O U T P 3 5 7 0  
RETURN O U T P 3 5 8 0  

1 9 5 0  C O N T I N U E  O U T P 3 5 9 0  
I F P = I F P / l O O  O U T P 3 6 0 0  
I F (  IBOTM.EQ.+l)GO TO 6 1 0 0  O U T P 3 6 1 0  
W R I T E ( 6 , 6 2 0 3 ) I F P  O U T P 3 6 2 0  
RETURN O IJTP3630  

6 1 0 0  W R I T E ( 6 9 6 2 0 2 ) I F P  O U T P 3 6 4 0  
RETURN O U T P 3 6 5 0  

C O U T P 3 6 6 0  
C FORMAT STATEMENTS O U T P 3 6 7 0  
C O U T P 3 6 8 0  

3 5 0  F O R M A T ( / )  O U T P 3 6 9 0  
1 0 9 0  F O R M A T ( / ,  90HO*  * * * * * * * * * * * * * * * * * * * * * * * * * O U T P 3 7 0 0  

** * * * * * * * * * * * * * * * * * * / / 1 5 X , 7 H T I M E  = ~ E 1 3 . 6 ,  O U T P 3 7 1 0  
* 1 4 H  STEP S I Z E  = , E l 3 0 6 1  O U T P 3 7 2 0  

1 0 9 1  F O R M A T ( / / 3 X , 1 9 H C E N T E R  BODY MOTIONS/ /6X,39HTRANSLATION - SURFACE C O O U T P 3 7 3 0  
* O R D I N A T E  SYSTEM, lOX,8HROT4TIOF4/91X,25HVELOCITY AND A C C E L F R A T I O N /  O U T P 3 7 4 0  
* l 6 X , 4 H D I S P , 8 X , 3 H V E L ~ 7 X , 5 H A C C E L ~ 4 8 X t 2 4 H L A D E R  COORDINATE S Y S T E Y /  O U T P 3 7 5 0  
* l O X , 2 H X  r3(1X,E10.3),14X,20HEllLER ANGLES P H I  ,EIOe3,3X,ZHX , O U T P 3 7 6 0  
* 2 ( 1 X , E l C ! . 3 ) / 1 0 X t 2 H Y  , ~ ( ~ X , E ~ O . ~ ) ~ ~ ~ X I ~ H T H E T A  r E 1 0 ~ 3 + 3 X , 2 H Y  9 O U T P 3 7 7 0  
* 2 ( 1 K , E 1 0 . 3 ) / 1 0 X s 2 H Z  r ? ( l X , E 1 0 * 3 ) , 2 8 X , 6 H P S I  , E l Q * ? r 3 X , 2 H Z  , O U T P 3 7 8  0 
* 2 ( 1 X , E l G . 3 ) )  O U T P 3 7 9 0  

1 0 0 3  F O R b ~ k T ( 6 X , 7 H F O O T P A D ~ I 3 ~ 1 3 X ~ 1 X ~ 3 ( 1 X ~ E 1 O e 3 ) ~ l X +  O U T P 3 8 0 0  
* 3 ( 1 X ~ E l U . 3 ) ~ 1 X , 3 ( 1 X ~ E 1 0 ~ 3 ) )  O U T P 3 8 1 0  

1 0 0 4  FORPAT( /3X ,53HACCELERATIONS I N  EARTH G*S - LANDER COCRDINATE S Y S T E O U T P 3 8 2 0  
* P  / O U T P 3 8 3 0  
* 3 0 X ~ l H X ~ 1 O X ~ 1 H Y ~ 1 0 X , 1 H Z )  O U T P 3 8 4 0  

1 0 0 5  F O R M A T ( / ~ X , ~ ~ H A C C E L E R A T I O N S  I N  EARTH G+S - LANDER COORDINATE S Y S T E O U T P 3 8 5 0  
*M,17X,33HCENTER BOCY I N T E G R A T E D  Q U A N T I T I E S /  O U T P 3 8 6 0  
*30X , lHX , lOX , lHY , lOX11HZ,49X ,4HDISP,8X ,3HVEL~7X,5HACCEL)  O U T P 3 8 7 0  

1 0 0 6  FGRMAT(6X , IRHCENTER OF G R A V I T Y  , 3 ( 1 X s E 1 0 * 3 ) )  OUTP '3880  
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1 0 0 7  FORMAT(6X ,18HCENTER OF G R A V I T Y  , 3 ( 1 X 9 E 1 0 . 3 )  9 2 6 X 9 1 3 H C E N T E R  BODY X 9 0 U T P 3 8 9 0  
* 2 X 9 3 ( 1 X ~ E l O o 3 ) )  O U T P 3 9 0 0  

1 0 0 8  F O R M A T ( 8 3 X p l 3 H C E N T E R  BODY Y , 2 X , 3 ( 1 X , E l 0 . 3 ) )  O U T P 3 9 1 0  
1 0 0 9  F O R M A T ( 8 3 X 9 1 3 H C E N T E R  BODY Z 9 2 X 9 3 ( 1 X , E 1 0 . 3 ) )  O U T P 3 9 2 0  
1 0 1 0  FORMAT(83X94HMODE91497X93(1X,El0.3)) O U T P 3 9 3 0  
1 0 1 1  F O R M A T ( ~ X Y ~ H P O I N T  ,12,10X,3(1X,ElOe3) ,26X913HCENTER BODY Y 9 2 X 9  O U T P 3 9 4 0  

* 3  ( 1 X 9 E 1 0 . 3 )  ) O U T P 3 9 5 0  
1 0 1 2  F O R M A T ( 6 X 9 6 H P O I N T  , 1 2 , 1 0 X 9 3 ( 1 X , E 1 0 . 3 ) 9 2 6 X ~ 1 3 H C E N T k R  2ODY Z ~ ~ X P  O U T P 3 9 6 0  

* 3 ( 1 X 9 E 1 0 . 3 ) )  O U T P 3 9 7 0  
1 0 1 3  FORMAT(6X ,6HPOINT  ~ I ~ ~ ~ O X ~ ~ ( ~ X I E ~ O . ~ ) ~ ~ ~ X ~ ~ H M O D E ~ I ~ I ) ~ X ~ ~ ( ~ X ~  O U T P 3 9 8 0  

* E 1 0 0 3 )  O U T P 3 9 9 0  
1 0 1 4  F O R M A T ( 6 X 9 6 H P O I N T  , 1 2 9 l O X , 3 ( 1 X , E 1 0 . 3 ) )  O U T P 4 0 0 0  
1 0 1 5  FORMAT( /3X ,16HLANDER STABILITY/6X92OHSTABILITY ANGLE = 9 O U T P 4 0 1 0  

* E 1 0 . 3 / 6 X , 2 0 H P I T C H I N G  V E L O C I T Y  = 9E10 .3 )  OUTP402  0  
1 0 2 0  F O R M A T ( / 3 X s 3 0 H L A N D I N G  GEAR STRUT INFORMATION/6X ,3HLEG,bX I  O U T P 4 0 3 0  

* 5 H C R U S H s 1 8 X 9 4 H L O A D s  O U T P 4 0 4 0  
* ~ X ~ ~ H S T R O K E , ~ ~ X ~ ~ H L O A D ~ ~ X ~ ~ H S T R O K E ~ ~ O X ~ ~ H L O A D ~ ~ X Y ~ H S T R O K E )  O U T P 4 0 5 0  

1 0 2 1  FORMAT(7X911,4X~E10.3~2X~lOHMAIN S T R U T 9 2 ( 1 X 9 E 1 0 . 3 ) , 1 2 H  DRAG S T R U T O U T P 4 0 6 0  
* , I 2 9  O U T P 4 0 7 0  
* 2 ( 1 X s E 1 0 . 3 ) , 1 2 H  DRAG S T R U T 9 1 2 9 2 ( 1 X 9 E 1 0 . 3 ) )  O U T P 4 0 8 0  

1 9 2 2  FORMAT( /3X ,43HFOOTPAD MOTIONS - SURFACE COORDINATE SYSTEM O U T P 4 0 9 0  
+ /&?X , lHX ,33X , lHY9  O U T P 4 1 0 0  
* ~ ~ X P ~ H Z / ~ ~ X ~ ~ H D I S P , ~ X , ~ H V E L ~ ~ X ~ ~ H A C C E L , ~ X ~ ~ H D I S P ~ ~ X ~ ~ H V E L ~ ~ X *  O U T P 4 1 1 0  
*5HACCFL,7X,4HDISP,PX~1HVFL*7X~SHACCEL) O U T P 4 1 2  D 

2 0 0 0  FORMAT( / /3X,19HSUMMARY I N F O R M A T I O N / )  O U T P 4 1 3 0  
2 0 0 1  F O R M A T ( 7 X ~ 1 2 9 2 X , 2 ( ? X 9 E l O . 3 ) , 2 X , 2 ( 2 X , E 1 0 . 3 ) )  O U T P 4 1 4 0  
2 0 0 3  F O R M A T ( / e 6 X 9 2 4 H E N D  O F  CASE - T I M E  L I M I T )  O U T P 4 1 5 0  
2 0 C 4  F O R M A T ( / 9 6 X 9 3 1 H E N D  O F  CASE - P I T C H  I N S T A B I L I T Y )  O U T P 4 1 6 0  
2 0 0 5  F O R M A T ( / r 6 X , 2 9 H E N D  O F  CASE - YAW I N S T A B I L I T Y )  O U T P 4 1 7 0  
2 0 0 6  FORMAT(3X,26HMAXIMUM M A I N  STRUT STROKES,/ O U T P 4 1 8  0  

*19X~11HCOMPRESSION917X97HTENSION/6X~5HSTRUT~5X~4HTIME~?X~ O U T P 4 1 9 0  
* ~ H S T R O K E ~ ~ X , ~ H T I ~ ' I E , ~ X ~ ~ H S T R O K E )  O U T P 4 2 0 0  

2 0 0 7  F O R M A T ( 3 X 9 2 6 H M A X I M U M  DRAG STRUT S T R O K E S * /  OUTP42  10 
* ~ ~ X ~ ~ ~ H C O K P R E S S I O N ~ ~ ~ X ~ ~ H T E N S I O N / ~ X ~ ~ H S T R U T ~ ~ X ~ ~ H T I ~ ~ E ~ ~ X ~  O U T P 4 2 2 0  
* 6 H S T R O K E 9 9 X 9 4 H T I M E 9 7 X 9 6 H S T R O K E )  O U T P 4 2 3 0  

6 2 0 0  F O R M A T ( / / l O X 9 3 5 H M A I N  STRlJT BOTTOMED ON T E N S I O N  S IDE , /  O U T P 4 2 4 0  * 3 0 X  98HSTRUT = 9 I 2  OUTP42  5 0 
6 2 0 1  F O R M A T ( / / ~ O X I ~ ~ H M A I N  STRUT BOTTOMED ON COMPRESSION S I D E , /  O U T P 4 2 6 0  

* 3OX98HSTRUT = 9 1 2 )  O U T P 4 2 7 0  
6 2 0 2  F O R M A T ( / / l O X , 3 5 H D R A G  STRUT BOTTOMED ON T E N S I O N  S I 3 E s /  O U T P 4 2 8 0  

* 30X98HSTRtJT  = 9 1 2 )  O U T P 4 2 9 0  
6 2 0 3  F O R M A T ( / / l O X , 3 9 H D R k G  STRUT BOTTOMED ON COMPRESSION S I D E , /  O U T P 4 3 0 0  

+F 3 0 X v S H S T R U T  = 9 1 2 )  O U T P 4 3 1 0  
END O U T P 4 3 2 0  



S U B R O U T I N E  S T A B L E  

T H I S  RO lJT INE  CHECKS THF  S T n Q I L I T Y  OF T H F  LANOEP 
T H E  FOLLOWING F L A G  I S  RETURNED 

1. I S T A B = O  - LANDER S T A B L E  
2 .  I S T A R t l  - P I T C H  I N S T A B I L I T Y  
3. I S T A B t 2  - YAW I N S T A B I L I T Y  

D I M E N S I O N  D X ( 5 ) 9 D Y ( 5 1 r D Z ( 5 1 9 S G N ( 5 1  

D I M E N S I O N  G C ( 4 , 5 ) 9  G C D ( 4 9 5 1 9  G C D D ( 4 , 5 1  

COMMON / T H I S V /  T I V H S A ( 1 1 9  A T T H ( ~ ) ~ A M ( ~ ~ ~ ) ~ A M E ~ ( ~ ) P I N D F P I ( ~ ) (  
1 I N D F P C ( 6 ) v  
2  S T R P D S ( l O ) ,  STRPMS(  5 1 9  I P O C D S ( 1 0 1 ,  IPOCMS(  5 1 9  VRCDS ( L O ) ,  
3 URTDS ( l o ) ,  URC?4S ( 5 ) 9  URTMS ( 5 ) 9  S E T C D S ( 1 0 1 9  S E T T D S ( 1 O ) r  
4  SETCMS(  5 1 ,  SETTMSC 51,  I N D C D S ( l 0 ) r  I N D T D S ( 1 0 ) v  I N D C M S ( I . O ) 9  
5 I N D T M S (  5 1 9  PRFCDS ( 1 0 1 9  PRFTDS ( l o ) ,  PRFCMS ( 5 1 9  PRFTMS ( 5 1 9  
6 I P R C S  ( 1 0 1 9  I P R M S  ( 5 1 9  F R V D S C ( 1 0 ) 9  F R V D S T ( 1 9 ) s  FRVMSC(  5 1 9  
L  FRVMST(  5 )  9 I P O T D S ( l O ) ,  I P O T M S (  5 )  

E Q U I V A L E N C E  ( NFTPLIS, NOLEG ) 

COMMON C O M I N T ( 4 0 C )  
E Q U I V A L E N C E  ( COb l INT (  4  ) 9  XSD 1  
E Q U I V A L E N C E  ( C O M I N T (  8  ) 9  XSDD 1  
E Q U I V A L E N C E  ( C O N I N T (  1 2  ) t  YS ) 

E Q U I V A L E N C E  ( C O M I N T (  1 6  1 9  YSD 
EQUIVALENCF ( COMINT( 2n 1, YSDD 
E Q U I V A L E N C E  ( C O M I N T (  2 4  ) r  Z S  1  
E Q U I V A L E N C E  ( C O M I N T (  2 8  19 ZSD 1 
E Q U I V A L E N C E  ( C O M I N T (  3 2  ) r  ZSDD 1  
E Q U I V A L E N C E  ( C O M I N T (  3 6  19 P H I  1  
E Q U I V A L E N C E  ( C O M I N T (  4 0  19 P H I D  
E Q U I V A L E N C E  ( C O M I N T (  4 4  19 WX 
E Q U I V A L E N C E  ( C O Y I N T (  4 8  ) t  WXD ) 

E Q U I V A L E N C E  ( C O M I M T (  5 2  19 THTA  1  
E Q U I V A L E N C E  ( C O M I N T (  5 6  1, THTAD 1 
E Q U I V A L E N C E  ( C O M I N T (  6 0  19 WY 1  
E Q U I V A L E N C E  ( C O M I N T (  6 4  19 YYC 
E Q U I V A L E N C E  ( C O M I N T (  6 8  ) 9  P S I  1  
E Q U I V A L E N C E  ( COjMINT( 7 2  ) r  P S I D  1  
E Q U I V A L E N C E  ( C O M I N T (  7 6  19 WZ 1  
E Q U I V A L E N C E  ( C O M I N T (  8 0  19 WZD 1  
E Q U I V A L E N C E  ( COMI I \ IT (  8 4  ) 9 GC 1 
E Q U I V A L E N C E  ( C O M I N T ( 1 0 4  19 GCP 
E Q U I V A L E N C E  ( C O M I N T ( 1 2 4  19 GCDD 
E Q U I V A L E N C E  ( C O M I N T ( 1 4 4  19 XFPS 1  
E Q U I V A L E N C E  ( C O M I N T ( 1 6 4  19 XFPSD ) 

E Q U I V A L E N C E  ( C O M I N T ( 1 8 4  1, XFPSDD 1  
E Q U I V A L E N C E  ( C O M I N T ( 2 0 4  19 Y F P S  1 
E Q U I V A L E N C E  ( C O M I N T ( 2 6 4  19 Z F P S  ) 

E Q U I V A L E N C E  ( C O M I N T ( 2 2 4  19 YFPSD 1  

STAB 1 0  
STAB 2 0  
STAB ?r)  

STAB 4 0  
STAB 5 0  
STAB 6 0  
STAB 7 0  
STAB 8 0  
S T A B  9 0  
STAB 1 0 0  
STAB 1 1 0  
STAB 1 2 0  
STAB 1 3 0  
S T A 3  1 4 0  
STAB 1 5 0  
STAB 1 6 0  
ST40 1 7 0  
S T A 9  1 8 0  
STAB 1 9 0  
S T 4 0  2 0 0  
STAS 2 1 0  
STAB 2 2 0  
S T A 3  2 3 0  
STAS 2 4 0  
STA?  2 5 0  
STAB 2 6 0  
STAB 2 7 0  
STAB 2 8 0  
S T A B  2 9 0  
STAB 3 0 0  
STAB 3 1 0  
STAB 3 2 0  
STAB '330 
S T A 3  3 4 0  
STAB 3 5 0  
STAS 3 6 0  
S T A e  3 7 0  
STAB 3 8 0  
STAB 3 9 0  
STAB 4 0 0  
STAB 4 1 0  
STAB 4 2 0  
STAB 4 3 0  
STAB 4 4 0  
STAB 4 5 0  
STAB 4 6 0  
STAB 4 7 0  
STAB 4 8 0  
STAB 4 9 0  
STAB 5 0 0  
S T A B  5 1 0  
STAB 5 2 0  
S T A a  5 3 0  
STAR 5 4 0  
STAB 5 5 0  



E Q U I V A L E N C E  ( C O M I N T ( 2 4 4  1 9  YFPSDD ) 

E Q U I V A L E N C E  ( C O M I N T ( 2 8 4  ) 9  Z F P S D  1 
E Q U I V A L E N C E  ( C O M I N T ( 3 0 4  19 ZFPSDD ) 

E Q U I V A L E N C E  ( C O M I N T (  3 2 4  1, T I M E  ) 

E Q U I V A L E N C E  ( C O M I N T (  3 2 5  I r  HMAX 1 
E Q U I V A L E N C E  ( C O M I N T (  3 2 6  ) r  H M I N  ) 

E Q U I V A L E N C E  ( C O M I N T (  3 2 7  1 ,  E M I N  ) 

E Q U I V A L E N C F  ( COMIMT(  328  1, EMAX ) 

E Q U I V A L E N C E  ( C O M I N T (  3 2 9  ) ,  X S I  1 
E Q U I V A L E N C E  ( COMINT ( 3 3 7  ) 9  HZ 1 
E Q U I V A L E N C E  ( C O M I N T (  3 3 8  1, CUTERR)  
E Q U I V A L E N C E  ( C O M I N T (  3 3 9  1, I P  1 
E Q U I V A L E N C E  ( C O M I N T (  3 4 0  ) r  I V A R H  ) 

E Q U I V A L E N C E  ( C O M I N T (  3 4 1  19  I M T H  
E Q U I V A L E N C E  ( C O M I N T (  3 4 2  19  I P R N T  ) 

E Q U I V A L E N C E  ( C O M I N T (  3 4 3  ) r  I F I N  ) 

E Q U I V A L E N C E  ( C O M I N T (  3 4 4  ) 9  I A D  ) 
E Q U I V A L E N C E  ( C O M I N T t  3 5 2  ) ,  I N D  ) 

E Q U I V A L E N C F  ( C O M I N T (  3 6 0  1 s  J C U T  ) 

E Q U I V A L E N C E  ( C O M I N T (  3 6 1  1,  I P T C N T  ) 

E Q U I V A L E N C E  ( COMINT  ( 3 6 2  ) r  I D S E T N  f 
E Q U I V A L E N C E  ( C O M I N T (  3 6 3  1 9  I V A L  
E Q U I V A L E N C E  ( C O M I N T l  3 6 4  1 9  X S  ) 

C  C O M I N T ( 3 6 4 - 3 6 7 )  USED a Y  XS 
COMMON 

1 CBMASS, C C I X X  9 C B I X Z  r C B I Y Y  r CE3IYZ 9 C B I Z Z  s F P M A S S r C B I X Y 9  
2  D C ( 3 9 3 )  9 X F P ( 5 ) 9  Y F P ( 5 ) r  Z F P ( 5 ) r  W N X ( 5 ) y  k N Y ( 5 1 ,  
3  W N Z ( 5 ) g  P X ( 5 )  P Y ( 5 )  9 P Z ( 5 )  9 G M ( 5 )  r O M E G A I S )  r 
4  GRAV r GRAVE 9 ZETA  9 F T S  ( 6 )  9 F S X S I  ( 5 )  9 

5  F S Y S I ( 5 )  F S Z S I ( 5 )  r S O I L X ( 5 )  9 

6  S O I L Y  ( 5  ) 9 S O I L Z ( 5 )  Y P M S X ( 5 9 5 )  r 
7  P M S Y ( 5 , 5 )  9 P M S Z ( 5 9 5 )  9 P D S X ( 1 0 9 5 )  9 

8  P D S Y ( l O r 5 )  r P D S Z ( 1 0 9 5 )  F L X S  5 F L Y S  r F L Z S  r 

9 T L X L  r T L Y L  9 T L Z L  r  S L O  r X M S C B ( 5 )  9 

C Y M S C B ( 5  ) ZMSCR(5  ) 9 X D S C B ( 1 0 )  9 

D  Y D S C B ( 1 0 )  9 Z D S C B ( 1 0 )  9 I L E G  9 I M S  r 
E F S T X  r F S T Y  F S T Z  9 PVCBX r PVCBY 9 PVCBZ 9 

F  PVFPX PVFPY 9 P V F P Z  9 NOLEG 9 S L O M S ( 5 )  9 

G  S L O D S ( 1 0 )  
COMMON 

1 PFCMS ( 5  9 P F C D S ( 5 )  9 P F T D S ( 5 )  9 

2  PFTMS ( 5  1 r S R C D S ( 5 )  9 S R C M S ( 5 )  9 

3  SRTDS ( 5 1 9 SRTM'i(5) 9 COFFDSr  COEFMS, GAMDS 9 

4  GAMMS 9 SRUCDS, SRUCMS C;RIJTD< 9 SRI ITMS, SCMXDS 9 SCVXMC 9 

5  STMXDS, STMXMS9 C D C D S ( 5 )  9 C D C M S ( 5 1  9 

6  CDTDS ( 5  9 C D T M S ( 5 )  9 F R I C D S ,  F R I C M S r  I R E T n . 5 9  
7 IRETMS,  S T R O K E I l O )  9 S T R K D S ( 1 0 )  s STRKMS(  5 )  9 

8  LENGTH,CDXSICDYS~CDZS 9 N T Y P E  r R A D ( 4 ) v  S S ( 4 )  r A T T H C K ( 3 ) 9  
9 ATTPRS ( 3  ) 9 A D I S T  r S O I L P ( 3 )  9 NMODES 9 

A COEF r GAMMA F R I C  9 SCMAX r STMAX r C D C (  5  19 CDT ( 5 9 

B SRULT 9 SRULC 9 S R T ( 5 ) ,  S R C ( 5 1 ,  P F T ( 5 ) r  P F C ( 5 1 ,  G F L E G S ( 5 ) r  
C CURMSV, CURMSL, INDFXD,  I N D F Y D r  I N D F Z D r  I N D F X K I  I N D F Y R ,  
D  I N D F Z R ,  T I M A X  9 DRAGST, I F P  

C  
COMMON 

lCMS,CDCONT9SOILNU9SLRHO, NOOkJTrXOUT( 1 0 )  9YOIIT (10) , 7 0 f I T ( 1 0 1  9 

STAB 5 6 0  
S T A B  5 7 0  
S T A B  5 8 0  
STAB 5 9 0  
S T A B  6 0 0  
STAB 6 1 0  
STAR 6 2 0  
STAB 6 3 0  
STAB 6 4 0  
STAB 6 5 0  
S T A B  6 6 0  
STAR 6 7 0  
STAB 6 8 0  
S T A B  6 9 0  
STAB 7 0 0  
STAB 7 1 0  
STAB 7 2 0  
S T A 3  7 3 0  
STAR 740 
STAB 7 5 0  
STAB 7 6 0  
STAB 7 7 0  
STAR 7 8 0  
STAB 7 9 0  
STAB 8 0 0  
STAG 8 1 0  
STAB 8 2 0  
STAE 8 3 0  
STAB 8 4 0  
STAB 8 5 0  
STAR 8 6 0  
STAB 8 7 0  
STAi3 8 8 0  
S T 4 9  5 9 0  
STAB 9 0 0  
STAB 9 1 0  
S T A a  9 2 0  
STAB 9 3 0  
S T A 8  9 L 0  
S T A 3  9 5 0  
STAB 7 6 9  
STAB 9 7 0  
STAB 9 8 0  
STAR 9 9 C  
STAY 1 0 0 3  
S T A B 1 0 1 0  
S T A 3 1 0 2 0  
S T 4 3 1 0 3 0  
S T A E l O 4 0  
STA? 1 0 5  0  
S T A i 3 1 0 6 0  
S T A B 1 0 7 0  
S T A B 1 0 8 0  
S T A B 1 0 9 0  
S T A B 1 1 0 0  
S T A B 1 1 1 0  



2 M O D E I N ~ P O U T X ( 1 0 ~ 5 ) ~ P O l J T Y ~ 1 0 ~ 5 ) ~ P O U T Z ( 1 0 ~ 5 ~ ~ P C G X ~ 5 ~ ~ P C G Y ~ 5 ~ ~  
~ P C G Z ~ ~ ) ~ A E I ~ ~ A E I ~ , F O R M S ~ ~ ~ ~ F O R D S ( ~ O ) , F O R C E ~ N F O R C Y S A V ~ ~ S X ~ ~ ~ ~  
4SAVMSZ(5)rSAVDSX(lO),SAVDSY(lO) ,SAVDSZ(~O)~IQIJO!JT~GSINZTY 
~ G C O S Z T , S T A B , S T A B V L ~ I S T A B , J C K S A B , V E L X , V E L Y , V E L Z Y S A V M S Y ( ~ )  

COMMON 
1 SMXMSC(51 ,  T M X M S C ( 5 ) ,  S M X M S T ( 5 ) ,  T M X M S T ( 5 ) r  
2  S M X D S C ( 1 0 ) ,  T M X D S C ( 1 0 ) ,  S M X D S T ( l O ) ,  T M X D S T ( 1 0 )  
3  ,SLNGMS(5 )  , S L N G D S ( l O ) ,  CURDSL, I N L E G  I F P P R T ,  
4  I P P A C T ( 5 )  , I P R T F P ( 5 ) ,  K O U N T ( 5 )  ~ A N G X Y  ANGY, AYGZ 

C  
C  S U B R O U T I N F  I N I T I A L I Z P T I O N  
C  

DO 5 0  I = l , N O L E G  
5 0  ANG ( I ) = 2 0 0 0 a  

ANX=GSINZT*YSD 
ANY=-(GCOSZT*ZSD+GSINZT*XSD)  
ANZ=GCOSZT*YSD 
AMAG=SQRT(ANX**2+ANY**2+ANZ**2)  
ANX=ANX/AMAG 
ANY=ANY/AMAG 
ANZ=ANZ/AYAG 

C  
C  D E T E R M I N E  FOOTPAD P O S I T I O N S  R E L E A T I V E  TO PLANE OF VOTIOM 
C  

DO i n 0  I=~,NOLEG 
D X ( I ) = X F P S ( l , I ) - X S  
D Y ( I ) = Y F P S ( l , I  1-YS 
D Z ( I ) = Z F P S ( l , I I - Z S  
D D O T N = A N X * D X ( I  ) + A N Y H D Y ( I ) + A N Z * D Z (  1 )  
S G N ( I ) = S I G N ( ~ * Y D D O T N )  
IF(ABS(DDOTNl~LC.1.E-O5)SGN(I)=0~ 

I n 0  CONTINUE 
L 

C  D E T E R M I N F  S T A Q I L I T Y  ANGLF 
C 

DO 2 0 0  I Z l r N O L E G  
I F ( S G N ( I I e N E . O e ) G O  TO 1 1 0  
XL=DX ( I ) 
YL=DY ( I  1  
Z L = D Z  ( I )  
GO TO 1 2 0  

1 1 0  I l = I + l  
I F ( I . E Q . N O L E G ) I l = l  
A S G N = S G N ( I ) * S G N ( I l )  
I F ( A S G N e N E . - 1 o O ) G O  TO 2 0 0  
ANUM=ANX*DX( I )+PMY*DY(  I ) + P N Z * D Z ( I )  
ADEN=ANZ*(DX(I1)-DX(I))+PNY*(RY(I1)-DY(I))+ANZ*(DZ(Il)-DZ(I)) 
ALAMR=-ANlJM/AGFN 
XL=DX(I)+ALAMB*(DX(Il)-DX(1)) 
YL=DY(I)+ALAMB*(GY(Il)-DY(1)) 
ZL=DZ(I)+ALAME*(DZ(Il)-DZ(I)) 

1 2 0  C O N T I N U F  
GDOTL=-GCOSZT+XL+GSINZT*ZL 
A N G ( I ) = A C O S (  GDOTL / ( G R A V * S Q R T ( X L * * 2 + Y L * * 2 + Z L * * 2 ) ) )  
GCLDN=GSINZT*YL*AP<X-(GCOSZT~ZL+GSINZT*XL)*ANY+GCOSZT*YL*ANZ 
ANG(I)=ANG(I)*SIGN(l.,GCLDN) 

S T A B 1 1 4 0  
S T A B 1 1 5 0  
S T A B 1 1 6 0  
S T A B 1 1 7 0  
S T A B 1 1 8 0  
S T A B 1 1 9 0  
S T A B 1 2 0 0  
S T A B 1 2 1 0  
S T A B 1 2 2 0  
S T A 5 1 2 3 0  
S T A B 1 2 4 0  
S T A B 1 2 5 0  
S T A B 1 2 6 0  
S T A B 1 2 7 0  
S T A B 1 2 8 0  
S T A B 1 2 9 0  
S T A B 1 3 0 0  
S T A B 1 3 1 0  
S T A 9 1 ' 3 2 0  
S T A B 1 3 3 0  
S T A R 1 3 4 0  
S T A B 1 3 5 0  
S T A B 1 3 6 0  
S T A B 1 3 7 0  
S T A B 1 3 8 0  
S T A R 1 3 9 0  
S T A B 1 4 0 0  
S T A B 1 4 1 0  
S T A B 1 4 2 0  
S T A B 1 4 3 0  
S T A B 1 4 4 0  
STAf i145Cl  
S T A B 1 4 6 0  
S T A E 1 4 7 0  
S T P B 1 4 8 0  
S T A B 1 4 9 0  
S T A B 1 5 0 0  
S T A B 1 5 1 0  
S T A B 1 5 2 0  
S T A B 1 5 3 0  
S T A B 1 5 4 0  
S T A B 1 5 5 0  
S T A B 1 5 6 0  
S T A B 1 5 7 0  
S T A R 1 5 8 0  
S T A B 1 5 9 0  
S T A B 1 6 0 0  
S T A B 1 6 1 0  
S T A B 1 6 2 0  
S T A B 1 6 3 0  
S T A S 1 6 4 0  
STAY 1 6 5 0  
S T A B 1 6 6 0  
S T A B 1 6 7 0  



2 0 0  C O N T I N U E  
C 

C  D E T E R M I N E  LANDER S T A B 1  L I T Y  
C  

KOUNT=O 
DO 3 0 0  I = l r N O L E G  
I F ( A N G ( I ) . E Q e 2 0 0 0 . )  GO TO 3 0 1  
I F ( A N G ( I ) m G T e O . ) G O  TO 3 2 0  
GO TO 3 0 0  

3 0 1  KOUNT=KOUNT+l  
3 0 0  C O N T I N U E  

I F ( K 0 U N T  eEQeN0LEG)GO TO 3 1 0  
C  P I T C H  I N S T A B I L I T Y  

I S T A R = l  
R E T U R N  

C  YAW I N S T A B I L I T Y  
3 1 0  C O N T I N U E  

I S T A S = 2  
RETURN 

C LANDER S T A B L E  
3 2 0  C O N T I N U E  

STAB=ANG(I)*57.295779513 
R O T X = D C ( l , l ) * W X + D C ( 1 , 2 ) * \ r ! Y + D C ( I 9 3 ) * W Z  
R O T Y = D C ( 2  $1 ) *WX+DC ( 2  92 *\iIY+DC( 2 3 3  )*IJZ 
ROTZ=DC(3 , l ) *WX+DC(3 ,2 ) *b !Y+DC(  3 9 3 ) * W Z  
S T A B V L =  (ROTX*AMX+ROTY*Ar~JY+ROTZ+FAPJZ ) * 5 7  - 2 9 5 7 7 9 5 1 3  
STABVL=SIGN(le,(STAe-PRSTAE) ) * A E S ( S T A R V L )  
IF(TIME.EQeO.OISTABVL=O.O 
PRSTAB=STAB 
RETURN 
END 



SUBROUTINE MATINV ( A, 8, N ) MATV 1 0  
C MATV 2 0  
C COMPUTE THE S I M P L E  MATRIX INVERSE OF A AND STORE I T  I N  R MATV 3 0  
C A I S  NOT ALTERED MATV 4 0  
C A MUST BE NON-SINGULAR MATV 5 0  
C A SHOULD HAVE DOMINANT DIAGONAL ELEMENTS AND BE OF MATV 6 0  
C SMALL ORDER- I F  THESE CONDITIONS ARE NOT MET, MATV 7 0  
C THEN A DIFFERENT INVERSE ROUTINE SHOULD 6 E  USEII. MATV 8 0  
C A = MATRIX OF ORDER ( N 9 N )  MATV 9 0  
C B = INVERSE OF ORDER (N,N) MATV 1 0 0  

D I M E N S I O N  A ( N , l ) s  B ( N 9 1 )  FlATV 1 1 0  
C COPY A TO B MATV 1 2 0  

DO 1 0 0  I = l r N  MATV 1 3 0  
DO 1 0 0  J =  l r  N MATV 1 4 0  

1 0 0  B ( I 9 J )  = A ( I , J )  MATV 1 5 0  
C MATV 1 6 0  
C CONVERT B TO INVERSE BY G.E. ON €51 WHERE I I S  OVER B MATV 1 7 0  
C MATV 1 8 0  
C I P  = THE COL. BEING REDUCED TO ZEROS MATV 1 9 0  

DO 4 0 0  I P  = 1 9  N MATV 2 0 0  
H - - B (  I P I I P )  VATV 2 1 0  

C FROM HERE ON CONSIDER THE I P  COL. OF B TO BE THE I P  COL* OF I MATV 2 2 0  
B ( I P 9 I P )  = 1 -  MATV 2 3 0  

C REDUCF DIAGONAL FLFMEMT OF n TO 1, UPDATE I MATV 7 4 0  
DO 2 0 0  J = 1 9  N MATV 2 5 0  

2 0 0  B ( I P , J )  = B ( I P , J )  / H MATV 2 6 0  
C REDUCE THE I P  COL. OF R TO ZERO MATV 2 7 0  

DO 4 0 0  J = 1 9  N MATV 2 8 0  
I F  ( J eEQ. I P I G O  TO 4 0 0  MATV 2 9 0  

C UPDATE I P  COL. OF I MATV 3 0 0  
H = B ( J 9 I P )  MATV 3 1 0  
B ( J , I P )  = 0.0 MATV 3 2 0  
DO 3 0 0  K = 1, N MATV 3 3 0  
B (  J,K) = B ( J , K )  - B ( I P , K ) * H  MATV 3 4 0  

3 0 0  CONTINUE MATV 3 5 0  
4 0 0  CONTINUE MATV 3 6 0  

RETURN MATV 3 7 0  
END YATV 3 8 0  



S U B R O U T I N E  GMPRD(A,BrR,N,M,L) 
C 

C T H I S  SUBROUTINE  M U L T I P L I E S  TWO GENERAL 
C R E S U L T A N T  M A T R I X  
C 

D I M E N S I O N  A ( l ) r B ( l I , R ( l )  
C 

I R = C  
I K=-M 
DO 1 0  K Z 1 9 L  
I K = I K + M  
DO 10 J = l , N  
I R = I R + l  
J I = J - N  
I B = I K  
R (  I R ) = O  
DO 10 I = l , M  
J I = J I + N  
I B = I B + l  

1 0  R ( I R ) = R ( I R ) + A ( J I ) * R ( I R )  
RETURN 
END 

GMPD 10 
GNPD 2 0  

M A T R I C E S  TO FORM A GENERAL GMPD 30 
GMPD 4 0  
GMPD 5 0  
GMPD 6 0  
GMPO 70 
GMPD 8 0  
GMPD 3 0  
GMPD 1 0 0  
GMPD 110 
GMPD 1 2 0  
GMPD 1 3 0  
GMPD 1 4 0  
GMPD 1 5 0  
GMPD 1 6 0  
GMPD 170 
GMPD 1 8 0  
GMPD 1 9 0  
GMPD 2 0 0  
GMPD 2 1 0  
GMPD 2 2 0  
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