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FOREWORD 

Development of t h e  ATLAS i n t e g r a t e d  s t r u c t u r a l  a n a l y s i s  
and des ign  system was i n i t i a t e d  by The Boeing Commercial A i rp l ane  
Company i n  1969. Continued development e f f o r t s  have resulted i n  
the r e l e a s e  and a p p l i c a t i o n  of s e v e r a l  extended ve r s ions  of the  
system t o  aerospace and civilian structures. Those c a p a b i l i t i e s  
of t h e  c u r r e n t  ATLAS v e r s i o n  developed under t h e  NASA Langley 
Contract No. NAS1-12911 i n c l u d e  t h e  fo l lowing:  geometry c o n t r o l ,  
thermal stress, fu91 generatiorVmanagement, payload management, 
l o a d a b i l i t y  curve  gsne ra t ion ,  flutter solution, r e s i d u a l  
f l e x i b i l i t y ,  s t r e n g t h  des ign  of composi tes ,  thermal  fully 
stressed des ign ,  and i n t e r a c t i v e  graphics. The moni'qr o f  t h i s  
contrac t  was G. L. Giles. The i n e r t i a  l o a d i n g  capability was 
developed under t h e  A r m y  C o n t r a c t  No. DAAG46-75-C-0072. 

T h i s  document is one volume of a series of documents 
describing t h e  ATULS System. The remaining documents present 
d e t a i l s  regarding the i n p u t  data and program execution,  data 
management, system design, and the engineering method used by the 
computat ional  modules. 

The key responsibilities for development of ATLAS have been 
w i t h i n  the  In tegra ted  Analysis/Design Systems G r o u p  of the 
S t r u c t u r e s  Research Unit of BCAC and the ATLAS System Group of 
the Boeing Cmputer Services Company (BCS) Integrated Systems and 
Systems Technology Unit, R, E. - M i l l e r ,  Jr, was the Progran~  
Manager of ATLAS u n t i l  1976 a f t e r  which K. H- Dickensm dssurt~ed 
t 3 i s  pos i t i on .  The cur ren t  ATLAS System is the result ot the 
combined efforts of many Boeing engineering and prosrc~.minq 
personnel .  Those who cont r ibu ted  directly to t h e  current version 
of ATLAS are as follows: 

B- F, Backman 
G, N- Bates 
L. C, Carpenter 
r( , E- Clemnons 
R, L- Dreisbach 
W, J. Erickson 
S , H. Gadre 
F, P.  Gray 
D- W. Ralstead 

H .  B .  Hansteen 
B, A. Harrison 
J, M. Held 
M. Y. Hirayama 
J. R. Hogley 
H. 2 .  Huffman 
D. W. Johnson 
A. S .  Kawaguchl 

3- Mounier 
C. Nelson 
C .  Redman 
A -  Sdrmel 
Tamekuni 
von Limbach 
0. Wahlstrom 
A ,  Woodward 
K. Yagi 



ABSTRACT 

This document i s  one of  a series of documents describing the 
ATIAS System for structural analysis and design. This volume 
describes a set of problems that demonstrate the variaus analysis 
and design capabil i t ies  of the ATLAS System proper as  we11 as  
capabilities available by means of interfaces with other computer 
progr ama . 

Input data and results  for each demonstration problem are 
discussed, Results are compared to theoretical  solutions or 
experimental data where possible, Listings of all input data are 
incladed. 
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10 1. INTRODUCTION 

This document desc r ibes  t h e  set of ATIJLS System demonstration 
problems. A l is t  of t h e  problem decks and a b r i e f  desc r ip t ion  of 
each are presented i n  t a b l e  101-1, 

The 200-series s ec t ions  of t h i s  document d i scuss  the problem 
used t o  denonstra te  c a p a b i l i t i e s  of t h e  ATLAS System proper, 
whereas t he  300-series s ec t ions  d i scuss  s eve ra l  a n a l y t i c a l  
c a p a b i l i t i e s  a v a i l a b l e  t o  ATUIS use r s  by means of i n t e r f a c e s  wi th  
o ther  computer programs . 

The d i scuss ion  of each demonstration problem is camprised cf 
t h e  following pa r t s :  

Descr ipt ion of t he  ana lys i s  (model, loading,  ana lys i s  
performed, etc.) 

Presenta t ion and discuss ion of r e s u l t s  

L i s t i ng  of  Control  Program and inpu t  da t a  

The f e a t u r e s  demonstrated by each deck are summarized i n  
t a b l e  10 1-2. Reference 10 1-1 should be consulted f o r  
descr ip t ions  of system c a p a b i l i t i e s  and input  d a t a  formats . 

Other documentation of ATLAS usage i n  production environments 
include t h a t  presented i n  references  101 -2 through 101 -7. The 
stress ana lys i s  of a l a r g e  s p o r t s  stadium (3Q00 nodes, 9600 
elements, 20 000 freedoms, 70 m i l l i o n  words o f  s to rage ) ,  and a 
d e t a i l e d  three-dimensional stress ana lys i s  of a gas  t u rb ine  
engine blade (3200 nodes, 350 s o l i d  elements, 9500 freedoms, 15 
mi l l ion  words of s torage)  a r e  described i n  re fe rences  101-2, 101- 
3 and 101 -4, r espec t ive ly ,  in terms of problem d e f i n i t i o n ,  
so lu t ion  approach, d a t a  nanagernent and c o s t ,  The automated 
s t r eng th  r e s i z i n g  of an arrow-wing supersonic  c r u i s e  a i r c r a f t  
( r e f .  10 1 -5) wi th  approximately 20 00 0 design va r i ab l e s  
demonstrated t h e  p r a c t i c a l i t y  of using ATlAS in t h e  earliest 
s t ages  of t he  i n t e r d i s c i p l i n e d  a e r o e l a s t i c  design process.  Use 
of those  methods implemented i n  ATIAS during its continued 
development t o  automate t h e  s t r e n g t h / s t i f  f nes s  ( f l u t t e r )  
a e r o e l a s t i c  des ign  process f o r  m e t a l l i c  and composite s t r u c t u r a l  
components are described i n  r e f e rences  101-6 and 101-7, 



Table 101 -1. Description of Demonstration Decks 

- , ,. - ,- , -,-. -.--, --- 
Deck I DOC;~: I 

Description 
, . .- -., 

Substructured stress and vibration analyses 
of an SST 

Non-substructured stress and vibration 
analyses of an SST 

Ful ly  stressed design and composite 
optimization 

Flut ter  analys i s  of an SST 

ATLAS t o  F'LEXSTAB interface  

FLEXST.'& to ATLAS interface 

NASA-bI (C  Configuration Program interface 
to ATLAS 

Xormal node analyses of  cantilever beams 

ATLAS-PU'ilSTRAN in ter faces  

S tre s s ,  vibration and f l u t t e r  analyses 
of a delta wing 

Substructured stress and vibrat ion 
analyses of a transmission tower 

Stress analys is  of a rotat ing d i s k  

Frame buckling and superposit ion 

Flutter analys i s  of a T- ta i l  a i r c r a f t  

Vibration d n a l y s i s  of the FIREBEE Drone 

Fael and payload managenent 

Thermal f u l l y  s tressed  design 

I Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

'1 5 

16 

17 
i 

Section 

204 

203 

269 

211 

30 1 

30 1 

30 3 

206 

30 2 

202 

20 1 

2 13 

207 

212 

20 5 

208 

210 



Tab1 e 10 1-2. Summary o f  Capab i 1 it i es Demonst rated . 

STRLlCTURE DEFIII ITION 

-- - 
S ~ R S ! R Y P J ~ E E ~  

BY fkss  PRSCESSOR:  

-- . . - - - - - 
. 

Table cort inrwd om n e r t  w e  



, - Tab1 e 101 -2. S u m m a  of Capabi l i t i e s  Demonstrated (Conttd. ) 
CAPABILITY 

lJLL6 ldU!o'bLf< 

I !  2 3 1 4  5 ! 6 ? !  d 9 110 I1 I? / 1 3 ! 1 4  ' 1 5  1 6 1 1  

BUCKLING I I -- I 1  I I X I  I 

INPUT x 
I 

FLESA I R OUTPUT j ! x  1 1  
, I T i . ! 1 

FLUTTER i l l  I : 1 1 1 1 , 1  

Table continued on next page 
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20 1 , SUBSTRUCTURED STRESS AND VIBRATION ANALYSES 
OF A TRANSMISSION TOWER (DECK 1 1) 

20 1-1 DESCRIPTION OF ANALYSES 

The s t r u c t u r e  analyzed i n  t h i s  demonstrat ion problem is a 
power t ransmiss ion tower a s  shown in f i g u r e  201-1, 

The s t r u c t u r a l  model c o n s i s t s  of fou r  subs t ruc tu re s  as shown 
i n  f i g u r e  201-2. The i n t e r a c t i o n  tree is shown schemat ical ly  i n  
f i g u r e  20 1-3- The l egs  of the tower w e r e  modelled with BEMY 
elements, t h e  diagonals  wi th  ROD elements. Masses are obta ined  
from the  s t i f f n e s s  f i n i t e  elements. A l l  t r a n s l a t i o n a l  freedoms 
a t  the base are supported. Nodal loads  are appl ied  a t  t h e  s i x  
hanger poin ts ,  

The v ib ra t ion  ana lys i s  f o r  n a t u r a l  f requencies  and mode 
shapes is  performed on the t o p  level subs t ruc tu re  us in9  reduced 
s t i f f n e s s  and mass matrices. A l l  t r a n s l a t i o n a l  freedoms (except 
T2 a t  t h e  i n t e r s e c t i o n  of the bottom panel  diagonals)  are 
re ta ined ,  The reduced mass matrices f o r  the lowest level 
subs t ruc tures  a r e  ca l cu l a t ed  d i r e c t l y  by t h e  Mass Processor-  

To ob ta in  an a l t e r n a t e  so lu t ion ,  a NASTRAN ( r e f .  201- 1) model 
of the same s t r u c t u r e  was made and analyzed. ROD and BAR 
elements w e r e  used f o r  t h e  s t r u c t u r a l  m o d e l .  A l l  mass was 
spec i f ied  as concentrated masses. The NASTRAN model w a s  not 
subst  ructured . 
20 1.2 RESULTS 

Nodal displacements, element stresses and r eac t ions  from t h e  
ATIAS ana lys i s  agree  exac t ly  with t he  corresponding q u a n t i t i e s  
from the NASTRAN analysis, 

Natural  f requencies  obtained from ATLAS a r e  compared with the 
corresponding NASTRAN values  i n  t a h l e  20 1 - 1 . 



201.3 LISTING OF CONTROL PROGRAM AEJD DATA 

B E G I N  CChTRCL PROGRAM DEMO1 1 
PROCIEP I C ( C E M C I 1  - SbBSTRUCTURED S f R E S S / V I B R A T I C N  ANALYSES) 

PURPOSE TbE P R l k C I P A L  C b P A B i L I T I E S  OEHONSTRATEC 8 Y  
T H I S  GECK ARE 

1. S L B S T R L i C T L ~ E D  STRESS A N A L Y S I S  
20 SLBSTRLCTUREO V l  BRATION A N A L Y S I S  
3. EXPLODE0 GEOMETRY PLOTS 

bL;THOR M .  TAMEUUNI 

CORE 1 3 0 ~  ( O C ~ L )  

** l t * * *******0****+*8*******1****************8************1*  

T H I S  EXARPLE REFRESENT3 AH ATLAS R U h  T O  PERFCRP STRESS 
A h 0  V l e R A T I C N  AhALYSES FCR A T R A N S M I S S I O N  TOhER h H I C H  
I S  MOCELEC AS FCUR SUaSTCUCTURES. 5 5 - 1  TO 40 S S - 5  I S  
FORMEC BY INTERACTING SS=A 10 C- 

1 1 * 
T k E  E X E C U T I C N  SEQUEhCE 1 S  

1 1) R f b f  I N P L T  ...-.o.-. THE I N P U T  ObTA ARE 
1 PREPROCESSED* AND hR I T T E k  1 

GN THF D A T A  F I L E *  SS-1  10 4 
a ARE D t F  I N E O  AS ST I F F N E S S I M A S S *  

SETS 1 T O  4 .  S S x 5  I S  D E F I N E D  
1 AS SETIS FOR V I B P A T I O N  

A N A L Y S I S -  • 

2)  E I E C b T E  STIFFNESS. CGWPUTE ELEMENTAL S T I F F N E S S E S *  
MASS ANC THE NON-OIACONAL MASS 

. R A l R I C E S ~ C E T N E f i E T A l N E C  
FREEDOMS FOR S E T S  1 10 5. 

8 

31 EXECUTE LCAOS -----. PROCESS L C A C S  FOR * 
SUBSTRUCTURES 1 4WO 3. kO 
LOADS b A E  A P P L I E C  TC 1 

SUBSTRUCTURES 2 AWC 4.  
8 

4) PERFCRM SS-CERCEv 0. FORM GRCSS S T I F F N E S S  ANC LOAD* 
S T I F v L O A O  P A T R I C E S  FOR 5 5 1 1  TO 4.  

1 

51 PERFCRM SS-RECLr REDUCE GRCSS S T I F F h E S S  AND 
S T I F v L C A C  LCAOS M A T P I C E S  FOP S S x l  TO 4.. 

6 )  PERFC'JU SS-PERCEv 9. FORM GRCSS S f I F F N E S S r L O A O S  
S T I F r L C A O v W A S S  AN0 MASS M A T R I C E S  FCR SS=5. 

71 PERFCRC SS-VSOL -.-. COMPUTE R E C L C E D  S T I F F N E S S  AND* 
MASS M A T P i C E S  FOR 5 5 - 5  TO * 
PERFORM SLBSEOUENT V I B R I T I  ON 
A N A L I S I S -  • 

1 . . r) 

8 1  EXECLTE M A S S  .....,. c o n P u r E  M A S S  PROPERTIES FGR 
TOTAL STRLCTURE. ( S E T - 5  J 

1 

9 )  EXECLTE V I B R A T I O N  0. COMPUTE T k E  F I K S T  5 FRECUEN- 
CIES A ~ D  MODES. I 

1 

101 PERFCRM SS-SSGL ...- COMPUTE D I S P L A C E M E N T S  FOR * 
SSrS. 1 

r) 



0 111 PERFCRM ......,..... FROM THE CISPLACEMEhT MATRI -  
SS-PART I T I O h  CES FOR SS-Sc EXTRACT OISPLA-• 

0 CEMENTS AT RETAINEC FREEDOMS 
FOP SS-1 TO 4. 8 

1 2 1  PEPFCRM SS-dbCm ...a PERFORM BACK S U B S l I T U T  I C N  TC 
COMPUTE ALL  01 SPLACEMENTS AND* 
REACTIGNS FCR S S a l  TO *. 

r 1 3  EXECUTE STRESS* .... CCHPUTE ELEMENTAL STRESSES 
P R I h l  STRESSES* AND P A I N T  STfiESSES, 
OISPLACEPENTS C I  SPLACEMENTS bNO REACT IONS 
ANC REACT IONS FOR SUBSTEUCTURES 1 10 4 

+ 1 4 )  P R I h T  I h P b T *  .....-* P R I N T  NOCAL AND S T I F F N E S S  
NOCbL A h 0  I N P U T  DATA FOR SETS 1 TO 4 
S l I f  F k E S S  

1 5 )  E X E C L I E  GRAPHICS e.9 PLOT TOTAL STRUCTLRE ANC 
8 COMPONEbT SUBS TnUCTURES 

10) P R l h T  I N P U T *  ...o... P R I N T  INTERACT DATA FOR 
INTERACT A L L  SUBSTRUCTUP ES. 

1 7 )  P R I h T  OUTPUTI -...-. P R I N T  FRECUEkCIES AhC MOOE 
V I ~ R A T I G L  S ~ A P E S .  

* 
18)  ERRCR PRCCEOCPE .... SAVE GATA F I L E S  I f  A h  EfiROR 

I S  ENCOUNTERED D U R I h C  
EXECUTICh. 

*8*********+************************************************ 

USER CCPMOh I K J  ---- 1) ---- 
REAC IRPCT ---- 2) -- 
00 10 K-1.4 
EXECUTE ' T I F F h E S S  I S E r = K )  
EXECUTE MASS ~ S E T = K . C P T I O N = ~ . C O N D I T I ~ N = ~  J 

10 C C h T I N U E  ---- 3 )  ----- 
EXECUTE LOACS ( S S a I l e 3 J J  ----- 4) ----- 
PERFOPR SS-PEACE ~ S T I ' F I L O A O . S S ~ ~  TO 4 )  - 5 )  - 
PERFORM SS-PECU ( S T I F * L O A O * S S = l  TO Cb --- 6 )  --- 
PERFORM SS-WERCE ( S T I F I L O A D ~ C A S S *  S S - 5  J  ----- 7 )  ----- 
PERFORB SS-bSCL ( 5 s - 5 )  ----- 8 )  ----- 
EXECUTE MASS t S E T ~ S * C C h D I T I O L ~ l I  ----- $ 8  ----- 
EXECUTE V I B R A T l O h  t ST I F ~ K R E D C O S * M A S S ~ P R E D 0 0 5  *NFREOS=5*SET*S)  --- 1 0 1  - 
PERFOPC SS-SSCL ( S S = 5 1  ----- 1 --- 
PERFORM S S - P I R T I T  ICW t SS-5) ----- 1 2 )  ----- 
PERFORM Sf-BCCK l S S = l  TO C I  ----- 1 3  ---- 
CO 2 0  K - l r 6  
EXECUTE STAESSI  5S.U J  
P R I N T  OUTPUI (STRESSeSS=KJ  
P R I N T  G ~ J T P U I ( C I S P * S S - I ~  
P P I b T  CbTPUT(PEACTIChS.ECCHKeSS-KJ  

2 0  CONTINUE -- 1 4 )  ---- 
CO 30 K . l r 4  
P A I h T  I h P t T  thOCAL.SET=KJ 
P R I N T  I h P C l  (ST1FFhESSeSET.K) 



30 C O N 1  I N U E  
c ---- 1 5 )  ----- 

EXECUTE E X ~ R A C T ~ E X N A M E ~ S S ~ ~ L S U B ~ I < G R I O ~ L S E T = ~ ~ E S U B ~ E ~ ~ N S U ~ ~ N ~ ~  
EXECUTE E X T P A C T ~ E X N A W E ~ S S ~ ~ L S U B ~ K G R I O ~ K S E T ~ Z ~ E S U ~ ~ E ~ ~ N S U ~ ~ N ~ J  
EXECUTE EXlRACT~EXNAME=SS3~LSU0-KGhIO~KSET=3~ESU8=€l~NSU8=Nl) 
EXECUTE E L T R A C l ( E X ~ A M E ~ S S 4 r L S L ' B ~ K G A I C r K S E T ~ 4 ~ E S U d ~ E l ~ ~ S U B ~ N l J  
EXECUTE C R A P ~ I C S I G N A M E = G E O N ~ C F F L I N E ~ C A L C C ~ P ~ E X P L G D E ~ T V P E ~ O R T H ~  

X S I Z E 1 1  1 5 r l 5 l . E X N A n E = 4  S S I  ~ S S Z * S S ~ I S S ~ )  1 
EXECUTE G P 4 P b I C S l G N A M E ~ G E O C ~ E X P L O O E ~ T Y P E ~ C P T H ~ S I Z E ~ ~ l 5 ~ 1 5 1 ~  

X T X = - ~ S O . ~ E X ~ A M E ~ S S ~ ~ T X = O . ~ T Y ~ ~ O O O ~ E X N A N E = S S ~ ~  
X TX=SO.. 1 ~ x 0 .  , E x N A M E = S S ~  ~ T X ~ O . * T  Y x - 2 5 0 . ~  
X  E x h A C E = S S 4 1  

c ----- 16) "--- 
P R I h T  I h P b T  ( INTERACT*NOOE * S S = I  TO  5 )  
P R I K T  I k P L T  I I h T E R A C T  * C O N & * S S t l  TO 4) 
P R I k T  I h P L T  ( I h T E P A C T . R E T 4 , S S = l  TO 4) 
P R l N T  I h P U T  ( I N T E P A C T ~ B C I S S = A  TO 5 1  
P R I h T  I h P L T  ( I N T E P A C T I L O A D S I S S ~ ~  TO 5 1  

c ----- 1 7 )  ---- 
P R I h T  C L T P L T  l V I 8 R A T I C N l  
ERRGR P P O C E O L P E  
SAVE F I L E S  
E N 0  C O h T P C L  PPGGRAP 



* /  *************o*******************e************************** I  
B E G I N  lUCAL C A T A  / 

I ~6s.0  148.0 634.5 I 
2 169.0 150.0 634.5 / 

400 ~ ~ 2 . a  1c9.c 96.0 I 
1001 lCC-0 40E.O TO 1003 100-0 1b9.0 600.0 / 

101 1CC.O 100.0 0.0 TO LO6 148-0 360.0 
OF 8-0,7.0.t-C15 00n4-0 / 

401 238.0 *2 406 148.0 190.0 ** / 
106 TO 116 148-0 148.0 600.0 1 
406 416 190.0 ** I  

RECROER Frcn 101 / 
SET 2 / 

* /  **********o*****o******************************************* / 
2 169.C LFOoO 634.5 I  

300 225.2 St.0 I  
301 238.0 *a 0.0 TO 3 0  190-0 ** 360.0 

CF 8-0.7.0*6-0.5-0e4oO / 
401 100.0 *3 406 14d.O ** I  
306 TO 316 19010 190.0 600.0 1 
406 416 148.0 ** / 

RECROER FQCW 301 I 
SET 3 / 

1 1tS-C 148.0 634.5 / 
2 19000 # 

200 225-2 165.0 56.0 / 
2CO1 238.C 408.0 TO 2033 238.0 16900 60000 I  
201 1CO.O 0.0 206 190-0 148.0 360.0 

OF 8. 9 1 .  .6..5.r4.0 / 
301 238.0 *2 306 190.0 ** I  
20 C 10 216 190.0 148.0 600.0 1 
306 316 190.0 ** / 

RECRCER fRCW 201 / 
SET 4 / */ **b****+OO*+*$****O***O**C***O*******************O**********  / 

1 16S.O 148.0 634.5 / 
I C C  6 112.8 FC.0 / 
101 10000 *a 0.0 TO 106 148.0 360.0 

CF 8.0.1.0 6. 5-94.0 / 
201 23C.C 3 256 19OoO ** I  
106 TO 116 l4B0O 148.0 600-0 I  
206 216 19000 ** I 

RECROER FRCW 101 / 
€LC hOCAL "114 / 
BEGfk S T '  -FhESS CATA / 

~ E ~ I N  PRCPERTY C A T A  / 
P I  5-35 C o  0. 39.8 19.9 *= I  
P2 3-15 C- 01 11.2 5.6 5.6 / 
P3 2-11 C o  C. 3.6 1.8 1.8 2-11 0. 0- 3-6 1.8 1.8 111.0 / 
P4 2.11 2.11 / 
PS 1.15 *a / 
P6 3-25 3.25 / 

ENC PROPERTY CbTA I  
BEGIN ELEPENV GbTA / 

~ E A M  re 1 ~ 1  102 +oo p i  TO 105 106 400 8V L 1 o / 
e 4c' 4ct 400 PI TO 405 40a 400 er 1 1 o / 
1 l r  1C7 406 PZ TO 115 116 406 ** / 
L1 407 106 P2 TO 415 416 106 ** / 

416 2 116 P2 I  
116 1 416 PZ / 
4CZ 400 403 P3 / 
I02 4cc 1c2 P3 / 

ROD 401 400 P4 / 
1C1 430 / 
4C3 4CO • / 
1C3 400 / 
4C3 lC3 P5 TO 416 116 / 
lC3 404 2 115 416 BY 2 2 I  
4C4 lC5 2 * I 4  115 ** / 

'i 1 2  P 5 I  
1 416 / 

1001 roe ~6 TO 1003 116 B Y  I 4 I 



40C 6 84 / 
1CS / 
4 0 9  / 

1C02 112  / 
413 / 

lCC3 1 / 
2 / 

fNC ELEMENT CATA I 
SET 2 / */ ***********.****************8*0***************************** / 

BEGIN PROPERTY ObTA / 
~3 2.11 C. C. 3.6 1.8 1.8 2.11 0. C. 3.6 1.a 1.8 111.0 t 
P4 2.11 2.11 I 
P: 1.15 *= I 

ENC PIOPERTV CbTA / 
CEGIh ELEMENT CbTA / 

BEAM CE 3 C i  3CC 3 0 3  P3 I 
BEAC 402 3 0 0  403 P3 / 
ROC 3C1 3G0 P 4  / 
ROO 4 0 1  3CO I 
ROO 3C3 / 
RCO 4C3 / 
RCO 3C3 4 0 2  P5 TO 3 1 6  416  / 
ROO 4C3 3G4 *2 4 1 5  316 e Y 2 2 /  
ROO 3 0 4  cO5 2 3 1 4  415 ** / 

ENC ELEMEhT CATP / 
SET 3 / 

*/ ***OO**++**O**~O*++t*~*0~***80**********0**~******0********* / 
BEGIN PROPERTY CbTA / 

P l  5 -15  C. 0. 39.8 19.9 *= / 
P2 3 -75  C. 0. 11.2 5.6 5.6 / 
P3 2 - 1 1  0. C. 3 -6  1.8 1.8 2.11 0. 0.  3.6 1 - 8  1-8 111.0 1 
P4 2.11 2 - 1 1  / 
P5 1.15 *= / 
PC 3 -25  2.24 / 

ENC PROPERTY DATA / 
eEGIN ELEMENT CATA I 

BEAM HE ZC1 202  2 0 0  P l  TO 205 206 203  BY 1 1 0 / 
3 C l  3 0 2  2 0 0  P 1  TO 3 0 5  306 200  BY 1 1 0 / 
ZCt  2 0 7  306  P2 TO 2 1 5  2 1 6  306  ** / 
3CC 307  2C6 P2 TO 3 1 5  3 1 6  2 0 6  ** / 
Zit 1 3 1 6  P2 / 
316 2 216  / 
202 20C 2C3 P3 / 

8 302 2CC 3C3 P3 / 
RGC ZC1 ZCC P4 / * 3 C l  / 

2C3 8 / 
8 3C3 / 

ZC3 303  P5 TO 216  316 / 
3C3 2C4 315  216  BY 2 2 / 

0 2C4 3C5 2 1 4  315 ** / 
1 Z l t  2 8 / 

2CCl  2C8 P6 TO 2 0 0 3  216 EY 1 4 / 
8 3 C e  8 316  00 / 

2Cq P6 / 
3CS / 

ZCC2 2 1 3  / 
313 / 

ZCC? 1 / 
2 / 

ENC ELEMEhT CATb / 
SET 4 / */ **00~**+++*++*$*+**0**+***0***0*****810*0*0***8***~***~***** / 

BEGIh PROPERTY C A r A  / 
P3 2.11 C. C. 3.6 1.e 1.8 2.11 3. C. 3 - 6  1 - 8  1.8 111.0 / 
P4 2.11 2.11 I 
P5 1.15 *=  / 

ENC PROPERTV CPTP / 
EECIN ELECEtlT CbTA / 

EEAH P E  1 C i  1CC l C ?  P 3  / 
2C2 10C 203 P3 / 

ROO 1 C 1  1CC P4 / 



201 1 0 C  
I t 3  1CO 
2 C 3  I O C  

a 1 C 3  2 C 3  
8 2 C 3  L O 4  
a 1 C 4  2C5 

CNC E L E M E h T  C b T L  
ENC S T I F F N E S S  C A T 1  

* /  
B E G I h  BC CATA 

S E T  1 
R E T b I N  TX TY 1 2  FCR L C 0 1  TC 1 0 0 3  
R E T A I N  TX r Y  FCR 4 C 0  
SLPPORT A L L  FCA 1 0 1  4 C l  

S E T  1 
R E T A I N  TX TY FCR 300 
SUPPORT A L L  FGA 3 0 1  4 C l  

S E T  3 
R E T A I N  TX  TY 12 F C i i  2 C C l  TC 2003 
R E T A I N  TX TY FCR 200 
SLPPORT A L L  FCR Z C 1  3 C 1  

SET  4 
R E T A I N  TX TV FCR 1 0 0  
SUPPORT A L L  FCD 101 2 0 1  

END BC OATA */ 
B E G l h  MASS C & T b  

SET  1 
B E 6 1 N  C O h C I l I G h  0 b T A  

STAGE 1 C C L G I T I O N  1 
E h C  C O N C I T I C h  CATA 

END P A S S  O A T b  
B E G I N  H A S 5  C L T A  

S E T  2 
B E G I N  C O h C I T l C h  DATA 

STAGE 1 C C h C I T I C h  1 
E h C  C O N C I T I C N  CATA 

ENC C b S S  CATA 
B E G I ~  nrss CLTA 

S E T  3 
B E G I N  C O h C l T  I C h  OOTA 

STAGE I C C h C I T I C h  I 
ELC C P k C I T I C h  C b l A  

E k O  MASS C A T b  
BEGI~V nbss C ~ T A  

SET  4 
B E G I N  C O h C I T l C h  CATA 

S T A G E  1 C C h C I T I C k  1 
E h C  C O N C I T I O N  CATA 

ENC MbSS O b T b  
*I 

B E G I h  L O b C S  C b l b  
SET  1 

B E G I N  NGCbL L C b C  CATA 
CASE 1 

CRDER FX F Y  FZ 
l C C l  7C 1 C 0 3  iOOCO.0 *a 20000 .0  

ERC NOOPL  LGAC DATA 
S E T  3 

B E G I N  N O C b l  L C b C  CATA 
CASE 1 

GRCER FX FY F Z  
2 O C l  I C  2 C 0 3  10000 .0  ** 2 0 0 0 0 . 0  

E h C  NGCAL  L C b C  CATA 
EkC LOACS CPTA 
/ 
B E G I k  SUBSET OEF I h I T I C h  

SUBSETS OF S T I F f h E S S  SET 1 
E l  = b L L  
E t  = E l  
kl = L C C l  TC l C C 3  
€5 = G P E L  I h  N l  



E X C L U C E  ES FPGW E 6  
N2 A L L  

s u e s E T s  O F  S T I F F ~ E S Z  S E T  2  
E l  = A L L  
N1 = A L L  

S U B S E T S  C F  S T I F F h E S S  SET 3 
E l  = A L L  
N1 = A L L  

S U B S E T S  G F  S T I F F L E S S  S E T  4 
E l  = ALL 
N 1  = A L L  

E N C  S U B S E T  CEF l k I 7  I O h  
B E G I k  I h T E P P C T  C A T P  

C E F I N E  S S  1 A 5  SET 1 STAGE 1 
C E F I k F  S S  2  4 5  SET 2  STAGE L 
C E F I t r t  SS 3 b S  SET 3 STAGE 1 
C E F l h i  S S  4 A S  SET 4  STAGE 1 
SS 5 
I N T E P A L T  1 2 3 4 
B E G I ~  ec c t n h c ~ s  

S S  5 
P Z F E R E h C E  SS 1 

R E T P I h  1 x  T Y  F L R  1 0 2  TO 1 1 6  
4  .rOZ T t  4 1 6  

* 4  1 2  
P E F E F E N C E  SS 3 

R E T A I h  l x  T Y  F C R  2 0 2  T O  2 1 6  
4 3 0 2  T O  3 1 6  

ENC ec C ~ P ~ G E S  
C E F I N E  H l E l - E S T  SS 5 AS S E T  5 

E N 0  I N T E R A C T  CATA 
ENC FRCBLEW C b T b  



Table 201 -1. Comparison of Natural Frequencies 
for Transmission Tower 

L 

(1) 

Mode 

Number 

(4 1 

( 3 1 - 0 )  x 1 0 0  
(2 )  

6) 

Frequency (Hertz) 

1 

- 
7-783 8 4  7.813 53 ::: 

2 7-8St 53 7.855 62 

3 VmTfi- rW04V4 m- 

L 

(2) 

NASTRAN 

4 

5 

(3) 

A!I!LM 

10,294 0 10.834 8 5-3 

10.320 3 10.862 8 5.3 



Figure  201 - 1 .  Transmission Tower 

2 0 1 .  10 



Substructure m\ 
structure I 

Figure 201 -2. Substructure  Models, Transmission Tower 



F igure  201 -3. Substructure  I n t e r a c t  ion Tree,Transmissi  on Tower 



202- STRESS, VIBRATION AND FLUTTER ANALYSES OF A DELTA W I N G  
(DECK 10) 

202.1 DESCRIPTION OF ANALYSES 

Three analyses of a 450 delta wing a r e  performed in th is  
demonstratiarr problem: 

Normal mode analys is  f o r  symaetric modes 

. F l u t t e r  ana lys is  using symmetric modes and DUBW.T 
aerodynamics 

S t ress  ana lys is  of a cant i lever  wing subject .o 
pressure loading 

The s t r u c t u r e  being analyzed is a small-scale s t r u c t u r a l  
model of a d e l t a  wing a s  described i n  reference 202-1- The ATLAS 
s t r u c t u r a l  model is comprised of mid-surface nodes with SPAR and 
COVER elements. Because t h e  s t ruc tu re  is symmetric about t h e  
plane Y=O only one-half of t h e  s t r u c t u r e  is modelled. A plan 
view of t h e  s t r u c t u r a l  model is shown i n  f igure  202-1. The same 
s t r u c t u r a l  model is used f o r  each of t h e  th ree  analyses. 

202.1.1 Normal Mode Analysis 

The mass model cons i s t s  of the mass of the  s t i f f n e s s  f i n i t e  
elements plus SCALAR mass f i n i t e  elements represent ing t h e  
concentrated weights described i n  reference 202-1. A diagonal 
mass matrix is produced d i r e c t l y  by t h e  Mass Rocessor .  h e  
panels f o r  which weights a r e  calculated are shown i n  f i g u r e  202- 
2. 

Boundary conditions are applied t o  the plane Y=O to enforce 
symnetric behavior. Rigid body t r a n s l a t i o n  i n  t h e  X-direction is 
eliminated by supporting TX a t  node 195. A l l  2-direction 
t r ans la t iona l  freedoms a r e  retained.  

The Vibration Processor is executed using reduced s t i f f n e s s  
and mass matrices. A l l  na tu ra l  frequencies and m o d e  shapes are 
calculated.  



202.1 .2 Fl.ut ter  Analysis 

The f i r s t  seven vihraticm modes obtained i n  t h e  f i r s t  p a r t  of 
t h i s  demonstration problem are used together  w i t h  DUBL.lT 
aerodynamjcs to  obtain f l u t t e r  speeds. The Doublet La t t i ce  box 
gr id  is shown i n  f igure  202-3 along with a flaw c h a r t  of t h e  
f l u t t e r  analysis .  

202.1.3 St ress  Analvsis 

Pressure loading is applied as element loads u i f o n l y  
d i s t r ibu ted  over each COVER. The pressure magnitudes vary from a 
rnaximu.1 a t  Y=16 t o  a minimum a t  t h e  wing t ip .  A l l  freedoms a r e  
supported i n  t h e  plane Y-0. 

202.2.1 Normal Mode Analvsis 

The mass of the  ATLAS model is mmpared t o  t h e  experimentally 
obtained value i n  t a b l e  202-1. Natural frequencies of t h e  f i v e  
lowest symmetrical modes f r a n  ATLAS a r e  compared w i t h  
experfmentally obtained v a l - e s  i n  t a b l e  202-2. The f i r s t  mode 
shape along spa r  2 from this analys is  is compared t o  the  shape 
given i n  reference 202-1 i n  f i g u r e  202-4. 

The r e s u l t s  of t h e  f l u t t e r  ana lys is  a r e  presented a s  ve loc i ty  
vs . damping (V-g) and ve loc i ty  v s  . frequency (V-f)  plots i n  
f igures  202-5 and 202-6. 

202 -2.3 Stress  Analvsis 

Contour p l o t s  of upper sur face  stresses a r e  presented i n  
figure 202-7, Lower sur face  stresses a r e  equal i n  magnitude and 
opposite i n  s i g n  because of t h e  s t r u c t u r a l  s y m e t r y  and t h e  
loading antisymmetry about t h e  wing mid-surf ace, 



LISTING OF CONTROL PROGRAM AND DATA 

d E C f N  CONTROL PROGRM DEMOlO 
PRoaLEn I c t c E n u 1 o  - S T R E S S / F L U T T E ~ ~  ANALYSES OF A DELTA WING) 

PUR?OSE THE P R I N C I P A L  ATLAS C A P A B I L I T I E S  DEMONSTRATEO 8Y 
T H I S  DECK ARE 

1. NGRHAL MODE 4NALYSIS 
Z. P L O ~  OF VIBPA~ION MODE s n r P E  
3. FLUTTER ANALYSIS - D U B L I T  AERODYNAMICS 
4. V-G AND V 3  PLOTS 
5- STkESS ANALYSIS 
6. STRESS CCkTOUR PLOTS 

CORE 1 3 0 ~  (OCTAL) 

METHOU THE SYSTEM I S  EXECUTED 10 DE%ONSTRATE THE 
PkOCEDURE TO 0 9 T A I N  STRESSESnDfSPLICiMENTS. AND A 
FLUTTER SOLUTION FOR A OELTA WING. 

* * * * * *4 *~1* * *UU* I * * *+ * I * *+O*LL+* * * * * *+ * * *OC* * . *+C*++~* *O*8* * * * * *  

T H I S  DECK OEMONSTEATES AN ATLAS A N A L Y S I S  O F  THE 45 DEGEEE 
DELTA UfNG OESCRIBED I N  NACA I N  399.9- 0 

THE PROBLEM TO BE EXECUTEC CONTAINS * * 
117 STRUCTURAL NODES 
154 SPAR ELEMENTS 
1 0 2  COYER ELEMENTS 

**r**++*o++,*********b****~***~m*~*o****~*****~*~******e*********o 

READ INPUT 

PRINT THE STIFFNESS AND LOADS I N P U T  DATA. PLOT GEOMETRY. 

PRINT INPUT (NOD4LnSUBSETS.N l~ INPUT nN2)  
P F i l N f  INPUT t S T I F F N E S S . f U B S E T S r E l O ~ E Z O ~ E 3 O J  
P L l N T  INPUT~LOADSIST~GE=Z)  
EXECUTE EXTlACT(EXNAME~YACAl.LSUB~KGRIDnESUB~E1O~NSUB*NlJ 
EXECUTE G L A P H I C S I G N A M E = R L A N V I E ~ ~ O F F L I ~ Y E * C A L C O M P ~ T Y P E * ~ O R T ~ ~  

X POINT JnLAeEL=Ne S C 4 L E * ~ O S ~ V I E d ~ l O O n F X N A M E ~ N A C A l ~  
EXECUTE E X T R A C T ~ E % N A M E ~ N ~ C A Z ~ L S U ~ ~ K G R I O ~ E S ~ ~ B ~ E Z ~ ~ N S U B ~ N ~ ~ J  
EXECUTE G R A P ~ I C S ( G N A R E ~ R E A ~ S P ~ ~ ; ~ ~ Y P E = O R T H ~ L A B E L ~ N ~ € ~ S C A L E ~ ~ ~ ~ ~  

X V I E W ~ 1 Q 0 0 0 0 O n E X N A M E ~ N A C A 2 I  

GcNEPATE THE fiEDUCE3 S T I F F N E S S  MaTRIX. 

PEAFOWM K-RECUCE .. 
PRINT INPUT (BC) 

GENERATE AND P R I N T  I M E  OIAGON4L MASS MATR1X.PANEL uEIGHT 
MATRIXnIND WEIGHT STATEMENT. 

L 
EXECUTE RASS (OPTfOM=Z) 
PRINT OUTPUT 1MASSrSTATEMENT. SUMMARY 9 MOC=MDC****J 

C 
C GENERATE AN0 PRINT THE MtGESnFREOUENCI ES * G i N E P A L I & E D  M4SSrANO 
C GENERALIZED STIFFNESS. PRODUCE RODE SHAPE PLOT. 
* 



P R I N T  OUTPUTtYI81ATION~SUBSET51(NI~N29~ I 
EXECUTE EXTRACT ~EXNAWE~SPAR2~LSUB~VCU30E~VSET* l  e N S U B = N 2 9 e M O O E ~ 3 ~  

X B SUBr ON1 8 
EXECUTE GRAPklCS(GNAME=MOOES~TYPE=ORTH~SCALE=.l DVX--~.  e 

X VECTORl=VROOErVSCALE~60.  EXNlrME=SPARZi 
C 
f GENERATEePRI NTeAND RLOT THE FLUTTER DATA. 
C 

EXECUTE INTEAPOLAT I O N ( N l = (  SURFSPLINE~CrcOO~~OOF=lOOOJ 
EXECUTE ~ U ~ L ~ ~ ~ C O L D ~ ~ ~ M A C H ~ - ~ ~ K V A L ~ ~ ~ ~ ~ ~ ~ ~ * - ~ D ~ - ~ ~ ~ ~ ~ ~ ~ - O ~ *  

I B R E f = l l t r O l  
EXECUTE A D O I N T l  IO=FCHCUe I N T e  DUBLATe I G A I N ~ 9 e H A C r l ~ - S J  
EXECUIE FLUTTER( GAFID-FCHCK) 
PRINT OUTPUT( F L U 1  TER) 
EXECUTE EXTRACT( EXNANE=fCISE l * L S U B - V G V F l  
EXECUTE GRAPHCCSC GNAWE=FLUTTEPe rVPEsCRAPH* S I Z E - I  l O * l O )  9 

X X ~ V e Y L ? G ~ Y 2 ~ F ~ X M I N ~ J ~ e X M A X ~ 3 O O O . e Y l H I N ~ ~ ~ 2 ~  
X Y 2 ~ I N ~ O ~ e Y l M A X ~ ~ l m Y 2 H b X ~ 2 0 0 ~ ~ E X H A ~ E ~ F C A S E l 1  

C 
C GENERATE AN0 P R I N I  THE ELEMENT STEESSESeNJOAL D l  SPLACEHENTS* 
C ANC REACT IONS. P L O I  STRESS CJNTOUPS. 
C 

PERFORM S ~ R E S S ~ S T A G E ~ ~ ~ ~ U ] ~ ~ ] )  
PRINT OUTPUTl STRESSESeSTAGErZl 
PRINT OUTPUTlOISPLACEeSOAGEtZ) 
P R I M 1  OUTPUT(RE4CTIONSeSfAGE~Z~W3~ l i . 31~EJcWK~ 
EXECUTE EXTRACT( EXNAHE=IACA3eLSUB~SlRESS*ES lJ&=ELO*NSUB=N19 

X STAGEt2r  BSUBsONlJ  
EXECUTE GRAPHICS( GNAHE=CONTOUAS* TYPE=CONTOUReSiZE=t 1 5 9  151 * 

X SCALAR=COVSIGMLU* FLEV=-Z5O-~LLEV=O-  e 
X INTLEVe25.  eEXkA;JE=NACA3 J 

EXECUTE G R A P H l C S ( G N A H E I C O N T O U R S ~ T Y P E ~ C O N T O U R ~ S I Z E ~ I 1 5 ~ 1 5 1 ~  
X SCALAR=COVSfGMAZU.FLEV=-60.eLLEV=30.* 
X I N T L E V r l O .  .EXNAHE=MACA3 l 

C 
C INOEX THE RANCOH ACCESS FILES.  
C 

CALL PRNTCAT 
INDEX F I L E S  
END 



BEGIN MODAL OATA / * STCUCTURAL NOOtS 
15196.0 0.0 0.0 2.72 10 195100.0 000 0.0 2-12 

*+2 -1 0.0 8.0 Odd 0.0 0 -1 0.0 8.0 0.0 0.0 
1 191.0 L1Z.O 0.0 0.B4i TO 193 
1 TO 13 

*+11 16 0 15 
*/ AUXILIARY PANEL NWES 

310 19t. 0. 0. 10 310 LOO. 0. 0 0  
320 l 16. 02 326 l 16- 0. 
330 l 28. *Z 336 1120 28. 00 
340 l 40. *Z 346 1240 40. 0. 
3 50 l 40. 0 2  354 1240 40. 00  
360 l 56. *Z 364 140. 56. 0. 
370 72. + 2  374 5 72. 0- 
380 l 88. 2 382 1720 880 0- 
390 112. 01 

EN3 NGCAL OAT4 / 
PEGIN S T ~ F F N E S S  ad14 I 

aEGIN ELEMENT C A T A  
R I B  ELEMENTS 
SPAR W O l  15r30 0.3254 .O1905 TO h80r195 8V 15e15 
02 14.29 010508 ,03810 TO 179.19* ** 
l 2 13.28 011412 -12355 TO 178.193 ** 

2 12.21 000508 mC3810 TO 162.177 ** 
**9  0.0 - A * - 1  OLO 00 3 -16.-lo 0.0.0 

*2 2.17 02 
*/ SPAR ELEMENTS 

SPAR 1 2 000695 0.201362 TO 3 4 
l 4 5 0.3695 0.474579 TO 14 I S  
l 49 SO Oo0101 0.41?268 TO 59 63 

97 98 0.0218 1.498695 TO 104 105 
o 145 i * b  do0123 0.205169 TO 149 150 

LS3 154 J - O T O b  0.033597 TO 194 195 
1 17 0.0136 0.039397 10 177 193 B V  16 16 

*/ COVER ELEMENTS 
COVER N1001 1 2 17 0.3096 0.0281 0. TO NL166 177 178 193 

B V  ~ 1 5  16 IC l a  
COVER h i002  2 3 18 17 3.0696 O.02dl 0. TO N1014 14 15 30 

-11 0 15 16 *=3 i). 0. 0 -  J 14 I> 0'3 
ENC ELEMENT GATA 

END STIFFNESS DATA 
/ 

BEGIN ac D A T A  
S T A G E  1 

4 E T A I N  TZ FUR 1 TC 195 
SbPPOAr T X  FCR 195 
suPPoar n s r n  IN SURFLCE 2 TH~~CUGII 15 

S T A G E  Z 
SUPPORT ALL FOR 15 TO 195 BV A5 

EN0 BC DATA 
/ 

BEGIN nnss C L T A  
BEGIN YASS ELEMENT OArh 

SCALAR F2 N30c002 2 .003 
SCALAR F2 NOOEC03 3 .033 
SCALAR FZ NOOE034 6 ,003 
SCALAR F2 NODE305 5 -338 
SCALAR F2 NOSE006 o . 0J9 
SCALAR FZ NODE007 7 -012 
SCALAR FZ NOSEJ68 d .01* 
SCALAR F Z  4OJt009 5 -01  7 
SCALAfi F2 NOOEOAO 10 .010 
SCALAR F Z  N03EOll I I .O22 
SCALAN FZ hODEOIL 1 2  .32 5 
S C A L A R  F Z  NGOEOl3 A3 .0iB 
SCALAR F2 NODiOl* 14 .026 
SCALAR F2 NODEJlS 1 5  .i)L 3 
SCALAL FZ NODtOl7 17 .033 
SCALAR FZ N03tU33 33 . OJ3 
SiALAfi F2 NiJOEC49 4 5 -003 
S C A L A R  F 2  NODE050 5 d ,098 
SCALAR F 2  NOOEJ51 5 1 .&I09 



SCALAR 62 NOOE'\SZ S 2 -012 
SCALAR F+ NOOE053 5 3 -014 
SCALAR FZ YOOEOSC 5 4  . O l ?  
SCALAR FZ NUOE055 55 - 0 2 0  
SCALAR F2 NODEOSo 56 - 0 2 2  
SCALAR F 2  NOOEOST 5 7  - 0 2 5  
SCALAR F 2  NOOEQSB 50 . 0 5 a  
SCALAR F 2  NODE059 S t  - 0 2 6  
SCALAR F 2  YOOE060 60 0 1  3 
SCALAR F Z  NODE065 6 5  OO+ 
SCALAR F 2  NOOE081 8 1 OO+ 
SCALAR FZ NODE097 9 1 - 006 
SCALAR FZ NOOE096 9 8  0014 
SCALAR FZ NODE099 9 9 -01 ? 
SCALAR F 2  NODElOO 100 0 0 2 0  
SCALAQ F 2  Y O O E l O l  101 - 0 2 2  
SCALAR F2 NODEAO2 1 0 2  - 0 2 5  
SCALAR F 2  N U 0 2 1 0 3  10 3 - 0 5 8  
SCALAR F 2  NOOE104 1 0 4  - 0 2 6  
SCALAR F 2  N 0 0 E 1 0 5  1 0 5  - 0 1 3  
SCALAR F Z  NODE113 11 3 006 
SCALAR F 2  NODE129 1 2 5  0 0 3 7  
SCALAR F2 NOOE145 14 5 008 
SCALAR F 2  N O J i l + 6  146 .OOB 
SCALAR F 2  N 0 0 E l 4 7  14 7 .OlO 
SCALAR F Z  NODE148 14b 0 0 2 0  
SCALAR F 2  NODE169 1 4 5  -010 
SCALAR F Z  NODE150 1 5 0  * O J 5  
SCALAR ~t V O D E L ~ ~  l a 1  .odd  
SCALAM F2 N 0 3 E l l 7  1 7 7  -010 
SCALAR F 2  N 0 3 E 1 9 3  L 9  3 - 2 9 8  
SCALAP F 2  NODE194 1 5 4  -010 
SCALAR F Z  N 0 0 E 1 9 5  1 9 5  - 2 4 4 5  

EN0 #ASS ELEMENT DATA 
9EGIN C O N C t T t O N  OATA 

S f A G E  1 C O N O I T I O N  1 
PANEL CATA 1 CONDIT ION 2 

ENL CON01 I l O N  CAT* 
B E G I h  PANEL OAT* 1 

1 315 3 1 6  326 3 2 5  TO 6 & V  1 -1 -3 
*+Z 6 A0 14 10 10 0 6 13 *=S 

19 353 3 5 4  364 3 6 3  TO 2 2  ** 
*+l 4 1 0  10 10 1 0  0 4 0 *=5 

2 7  3 7 2  3 7 4  382 381 TO 2 8  8V 1 -2 -2 -1 -1 
29 380 382 3 9 0  

ENC PANEL OATA 
B E G I N  LABEL OAT* 

LEVEL l ** TOTAL NING S T K K T U R E  * 
EK 10 0;  COVER MATERIAL  
E K 3 0  ** R I B  M A I E R I A L  t 
L E V E L 2  * t  SPAR MATERIAL  

E K Z l  ** SP4R 1 ( F S )  * 
EKZZ ** SPAR L * 
E K 2 3  ** SPAR 3 : 
E K 2 I  ** SPAR 4 
E K 2 5  .* SPAR 5 (RS) * 

END LABEL OATA 
E N 2  MbSS OAT4 
B E G I N  LOADS CATA 

STAGE 2 
LOAD CASE I D  AIRLOAO **PRESSUCE L O 4 0  ON E N T I R E  WING S J R F A C E I  
B E G I N  ELEMENT LOAD DATA 

CASE 4 I R L O A O  
O I R E C T I O N  GLOBAL 01 0- 1- 
1 0 1 4  TO 1 1 6 8  B V  14 - 2  
1 0 1 3  10 1 1 6 7  BY 14 - 1 5  
1 0 1 2  TO 1 1 6 6  BY 1 4  -10 

* * lo  -1 0 -A5 0 4 -001 
1 0 0  1 0 0 5  

ENC ELEMENT LOAO OATA 
€NO LOAOS OATA 



BEGIN SUBSET DEFINITION 
SUBSETS OF STIFFNESS SET 1 
I  SUBSETS OF ALL STRUCTURAL N03ES AN0 EI EMENTS 

EL = A L L  
N l  - ALL 
NZ = 300 TO 400  
EXCLUCE NZ FROM N l  

11 SUBSET OF ALL COVER ELEMEkTS 
E l 0  = COVERS 

*I SUBSETS OF e;EnENrs FOR THE WING SPARS 
N2L * 1 TO 193 8 1  I6 1 9 4  195 
€ 2 1  = I N  NLL 
€ 2 2  SLAB X 124.0 

1 0 0 0 2440 
N25 = NOOES I C  €25  

*/ SUdSET OF ALL NlNG SPARS 
€ 2 0  = € 2 1  U 622 U €23 U E24 U €25 

*I SUBSET OF ALL SPAR ELEMEhlS 
EL30 = SPARS 

* I  SUBSET OF ALL NIRG L I B S  
€ 3 0  = ELUJ 
EXCLUOE €20 

*/ RETAINEC NOOES ON S0AR 2 
N29 = 4 5  TO 6 0  

81 d(lUN0ARV SUBSET FCR STRESS CONTOUR PLOTS 
ON1 = 1 TO 15, 3 3  TO 191 BY 151 194. 193 TO 17 9 1  -16 

*! SUBSET FCR MOO€ SHAQE PLGT 
ON2 = 49 * = l l + l  

EYC SUBSET OEF I N I T I O N  
BEGIN FLUTTER DATA 

CASE 1 *t NACA DELTA *IN6 C 
ALTITUOE 500.0 

EN0 FLUTTER OAT4 
.I 
BEGIN Ob8LAT OATA 

BEGIN GEOMETRV OAT& 
L I F T I N G  SURFICE OAT4 
PANEL k ING1 100.0 196.0 130.0 196.0 0.  16.0 0 .  0. 

CWORO OIV 0. 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 ' 

SPAN OIV 0.  1.4 
PAIUEL hING2 100.0 196.9 190.0 196.0 L6 -0  112-0  0. 0. 

CHORD OIV 0-  0.1 0.1 0.3 Us+ 0.5 Q.6 0.7 0.a 0.9 1.0 
SPAN CIV 0 .  9.1 J.2 0.3 3.4 0.5  0.57 3 - 6 4  0.7 0.75 0.8 

0.85 0.88 0.92 0.95 0.93 1.0 
EN0 GEOMETRY OATA 
dEGIN SUBSET DATA 

SUt3SETS OF dOXES 
SUBSET SS 1 TO 110  

ENO SUBSET DATA 
eEGIN MCDAL OAT4 

USE cnoo r l T n  LIFTING SURFACE ss  
EYC ROCAL OATA 

i N D  DUBLAT OAT& 
E%O PROBLEM CATA 



Table 202-9. Mass Comparison far 
Delta W i n g  

Experimental 
(ref, 202-?) 

ATIAS 

.' 

185.330 kg (408,583 Ib) 

I 

185.298 kg (408,514 Ib) 
I 



Table 202-2. Canparison of Natural IZequencies 
for Symmetric Modes of Delta Wing 



SPAR 5 

F igure 202-1. Del ta  Wing Structural  Grid with Node Numbers 



A I RLOAD PANELS 

Figure 202-2. Del ta  Wing Weights Panels 
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Figure 202-3. F l u t t e r  Analysis of Delta Wing 



FREQUENCY = 47.709 HERTZ 

F igure  202-4. F i r s t  F l e x i b l e  Mode Shape along Spar 2 o f  D e l t a  Wing 



Figure 202-5. Flutter V-g Plot,Del ta Wing 



Figure 202-6. Flutter V-f Plot,Delta Wing 



Figure 202-7. D e l t a  Wing Upper Surface Stress Contours - Pressurc Loading 



203- STRESS AND VIBRATION ANALYSES CF AN SST AIRCRAF'C 
(DECK 2) 

203.1 DESWPTION OF ANALYSES 

An SSP a i r c r a f t  is analyzed t o  obtain symmetric vibra t ion  
Budes and stresses due t o  pressure loads applied to the wings. 
Because of s t r u c t u r a l  symmetry only one ha l f  of the a i r c r a f t  is 
model led  - 

The s t i f f n e s s  f i n i t e  element model is shown i n  f igure  203-1- 
Nid-surface nodes with SPAR and COVW elements are used f o r  M e  
wing, wing fin and horizontal  tail, The body is modelled with 
BEAn elements t h e  properties of which are shoun i n  figure 203-2. 
Mass is obtained from t h e  s t i f f n e s s  f i n i t e  elements. 

203-1-1 Vibration Analysis 

Symaetric boundary conditions a re  applied i n  t h e  plane Y=O , 
The degrees of freedom retained i n  the normal mode analys is  are 
shown in f igure  203-3, Rotat ional  degrees of freedom are 
retained only a t  cont ro l  surf aces-  Rigid body t r a n s l a t i o n  i n  t h e  
X-direction is eliminated by supporting TX a t  t h e  aftmost body 
node, The pitching and Z-translation r i g i d  body modes a r e  
included i n  t h e  analysis ,  

The analys is  is performed using a reduced s t i f f n e s s  matrix 
and a reduced mass matrix obtained by Guyan reduction of t h e  
merged elemental mass matrices. 

203.1.2 ;tress Analysis 

Symmetric boundary conditions a re  applied i n  t h e  plane Y=O- 
Rigid body motions a r e  eliminated by supporting X and Z-direction 
t r ans la t ions  and ro ta t ion  about t h e  Y a x i s  a t  t h e  a f t m s t  body 
node. The  pressure loading is  simulated w i t h  nodal loads. 

RESULTS 

Natural frequencies of the f i r s t  e i g h t  m d e s  are given in  
t ab le  203-1. The t h i r d  mode shape is shown i n  figure 203-4; t h i s  
is the f i r s t  f l ex ib le  mode- 



203.3 LISTING OF CONTROL PROGRk"3 AND DATA 

eEc1ru CCNTROL PROGRM DM002 
PROBLEM IC tDEHOO2 - S T R E S S / V I W A T I O l Y  ANALYSES OF AN SSTJ  

PURPOSE T h E  P R I N C I P A L  C A P A B I L I T I E S  DE*ONSTRATED BY 
T n I s  DECK ARE 

A. STRESS A N A L Y S I S  
2. NORMAL nCCE 4 N A L Y S I S  
30 ELEMENT PROPERTV PLOTS 
4. V I B R A T I O N  MODE SHAPE PLOT5 

AUTHOR R.A. SAMUEL 

CORE 15OK (OCTALJ  

RETHO0 THE ~ ~ E S U L T S  OB~AINEO FROM THIS OECN SHOULD a~ THE 
SAME AS THOSE FROM 3ECK OEHbIOA. 

L 
READ INFUT 
P R I h T  INPUT (NJDALb 
PRINT INPUT(  S T l F F N E S S  J 
EXECUTE E l T h A C T I  EXN4ME=GEO%* L S U B = K G R I O * E S U a = E l  * N S U B = N l l  
EXECUTE GNPPMtCS t G t d A M E ~ C E O M E T R V ~ O F F L I N E ~ C A L C O ~ P ~ T Y P E ~ ~ O R T H ~  

X POINT J ~ S I L E ~ ( 2 0 ~ ~ 2 0 0 1 ~ R Z ~ 3 0 0 ~ R X ~ O o ~ l i V ~ Z O ~ ~  
X EXNAWE=CEOH J 

EXECUTE E X l R A C l l  EXNAHE=PROPS*LSUB=KPROP* ESUB=E2e%SU8=N2 J 
EXECUTE CRIP I ! ICS(GNAHE~BOOY~TYPL=ORTH~  S I  LEI# 10 * l o b *  

X SCALAR=BMI  2 l l J  *SSCALE=oOOZm€XNANE=PRGPSJ 
EXECUTE GIAPHICSIGNAME=BODVr  T Y P E = O R T H ~ S I Z E = 1 1 0 ~ 1 O J .  

X S C A L A R x B M A l  1 J  SSCALE-5-  ~EXNANE=PROPSJ 
PEaFORH RECUCE 
PRINT INPUT(8CJ  
EXECUTE V I B R A T I O N  ( S T I F = K R E D * M A S 5 * M R E D ~ N F R E O S ~ 8 b  
PRINT OUTPUT ( V I B R A T I O N J  
EXECUTE E X T R A C T ~ E X N A M E ~ M O D E 3 ~ L S U B ~ V H O O E ~ V S E T ~ A  * M O D E ~ 3 * 0 S U 3 = O N l  J 
EXECUTE GRAPniC SICNAME-VHODE S e t  YPE-ORTH. 5 1  ZE- t  Z O * Z O l  

X R X ~ 0 . ~ R L ~ 2 0 0 ~ R Y ~ Z 0 . ~ V E C T O R 2 ~ V W O D E ~ V S C C L E ~ 1 0 0 ~  r 
x EXNAME=MODE3) 
PURGE F I L E S I S T I F R K F * M E L G R N F  *MASS RNF *NULTKNF.CHOLRNF.VI~RRNF~ 
PERFOCM STRESS( STACE=Zb 
P R I N T  1NPUTl  bClSTAGE=2b 
P P I N T  OUTrr . I L O A O S r S T A C E = Z I  
P R I N T  OUTPUT(STRESS mSTACEr2)  
P R I N T  O U T P U I t O I S P ~ S I A G E = Z )  
P R I N T  OUTPUT(REACTI0NSe STAGEm2e E 9 C H K )  
END COhTRCL PROGRAM 



*I r(OOE2 I 
BEGIN NOON OATA 

*I 
*I 8 0 0 Y  NUOES 
*I 

1 20. 0. 0. 
27 1060. 0. 0. 

* e l  200 0. 65. 0. 
45 

*+ l  200 
55 

* + I  200 
65 2580. 0. 00 
79 3140. 01 0. 

*+1 200 0. 65. 
8 1  3220. 0. 0. 

* + l  200 0. 65. 
83 3300. 00 0 0  

*+ l  200 0. 65. 
a5 3380. 0. 0. 

*+ l  200 0. b5. 
67 %to. 0. 0. 
89 3546. 0. 0. 

*I 
*I Y I NG NODES 
*I 

427 1660. 05. 0. 
435 
445 
455 
635 1380. 180. 0. 
64  1 
655 
841 1620. 265. 0. 
d4 7 
d55 

1047 1S7l. 380. 0 -  
1051 
1059 
1251 2205. 655. 0. 
1254 
12 59 
1454 2109. 538. 0. 
1656 
1454, 
1656 2545- 5940 0. 
1658 
u s a  2710. 680. 0. 
1860 

*/ 
*/ dIhC TLAILlNG EDGE NODES 
*/ 

3001 2500- 65. 0. 
3101 2500. 180. 0. 
3201 25GOe 265- 0. 
3305 2830. 538. 0. 

*I */ WING F IN  NOOES 
*I 

REC MINGFIN 0. 594. 01 
2056 2545. -1 0. 
2058 2625. -1 0. 
2061 2745. -1 0 0  
2063 21125. 91 0-  

*/ 
* I  HORIZONTAL T A I L  NODES 
*I 

RESUME GLOBAL 
279 
281 
283 
285 

EhO NOUIL CATI 



BEGIN STIFFNESS DATA 
UEGlh PPOPERTI DATA 

PA -05  1. * l h I k G  F I N  SPARS AN0 RIBS) 
PZ 2. 0.  0. - 2  - 2  .2 * (WING F I a  ATTACHMENT SEAMS - TYPE 
P3 101 0. 0. 100. LOO. 100- * (UIkG F I N  AfTACHMEkT BiCMS - TYPE 
P4 - 1 5  0 5 0  *(CONTROL SURFACE R I 3 S )  
P5 0. *-2 100. 100. 0. 10. *(BEAMS AT 455 R IB TO PICK UP SPARSJ 

END PROPERTY CATA 
&€GIN ELEMENT CATA 

*I  
* I  WING FRONT SPAR 
*I 

SPAR ns ~ 2 0 0 3  227 42s - 1 2  2 -  
*2 N2205 429 4 3 1  - 1 2  2 -  TO N2605 433  435 

i3V N200 2 2 
*Z h2U05 435 037 - 1 2  2. 
*2 N3007 637 635  012  2, TO N3207 6 3 9  6 4 1  

a v   zoo z 2 
*2 N 3 4 7  641 843  - 1 2  2. 
*2 N3639 843 845 -1Z 2. TO N3809 845 847  

BY N2OO 2 2 
*2 NC009 847 104s 0 1 2  2. 
*2 N4211 1 0 4 9 1 0 5 1  L* 

82 N4411 1051 1253 C+ 

*Z h4613 1253 1254 t+ 

*2 N4713 1254 1*55 *+ 
*2 h4815 1455 1456 ** 
42 N4915 14% 1657 a* 
*2 h5017 1657 1658  +* 
*2 N5117 1658 1855 C+ 

*2 NS219 1859 1860  ** 
*/ 
*/ WING PEAR SPA& 
*I 

SPAR 145 ~ 5 6 0 3  263 463 - 4 0  12. 
*2 N5635 463 663  - 4 0  12. 
02 N5607 663  863 - 3 4  12. 
*2 N56OF 863 1063  034 12. 
*2 5 6 1 1  1063 1263 - 3 0  8. 
*2 NSa13 1263 1463  - 3 0  8. 
*2 h5615 1463 1663 - 3 0  4. 
*2 h5617 i 6 6 3 1 8 6 3  3 4. 

/ 
*/ WIhG IMTERUECIATE SPARS 
/ 

SPAR US h2203 229 425 - 2 0  2. TO N3603 243 443  
BY N2OO 2 2 

2 k3803 245 445 - 3 6  2. 
*2 N4803 255 455 - 6 0  12. 

2 h5003 257 4 5 7  - 2 4  12- TO N5403 2 6 1  4 6 1  
BY N200 2 2 

*2 N3005 437 637  - 2 0  2, TO N3605 443  643 
BY N2OO 2 2 

*2 h3805 445 645 036  21 
*2 h4005 447 647  020 4 -  TO NCbOS 453 653  

BY k2OO 2 2 
*2 N4805 455 655 - 6 0  12. 
* Z  &SO05 457 057 -24  12. TO N5405 4 6 1  6 6 1  

BY N2OO L 2 
*2 N3607 643 843 020 2-  TO N3807 645 845 

a v  ~ 2 0 0  z 2 
2 N4007 647 847 - 2 0  4. TO N4607 653  853 

BY WOO 2 2 
2 hs807 655 855 0 2 0  8. 

* Z  N5007 657 8 5 1  020 10. TO N5407 661  8 6 1  
B Y  N200 2 2 

2 N4209 849 1049  - 2 0  4 TO N4609 853 1053 
av ~ 2 0 0  2 2 

2 N4809 855 1055 .20 8. * 2 ti5039 857 1057 - 2 0  10. TO N5409 861  1061 
BY NZOO 2 2 

*2 N4bL1 1053 1253 - 1 2  4. TO N4811 1055 1255 
BY NlOO 1 1  

. rr.GbSAL PAGE 1s 
POOR QUALW 



NSS11 
NlOO 

N5513 
NlOO 
N5515 
N100 
N5517 
NlOO 

SPARS 

SPAR N5 1.00 LO. TO N3601 
Br NZOO 

1.QO 10. TO M 6 0 1  
BY NZOO 

3.00 60. 
l . Z J  60 .  TG N540l  

a y  ."̂  
&b 0 

2.00 60. 

WIhG CCVERS 

CCVER M5 
*2 

3 Y  NZOO 
.Od 

a 1 4  a20 ** 

ar   zoo 
.oa ** 
.14 . t o  

014 022 
- 1 4  0 2 2  

9Y NlOO 
014 0 2 2  
.14 .22 

a Y  N ~ O O  



*2 N9915 1451 1657 1456 l 08 
*Z  NlOOlS 1451 1657 1658 1/58 008 

Pt10515 1462 1662 1663 1463 8 1  MA90 
a2 NAOll7 1659 1854 1653 008 
*Z k10217 1659 1859 18b0 1660 .O8 

NlOS17 1662 1862 1863 1663 0 Y  NIOO 
*/ 
*/ WING IN-BOCY COVERS 
*I 

COVER M5 N7001 21 227 229 29 -30 
k8601 +3 243 245 45 a Y  N2OO 

*2 N8801 45 245 247 47 -60 
h9601 53 253 255 55 BY WOO 

*2 N9U01 55 255 257 57 .70 
*2 N 10001 5 7  257 259 59 070 
*2 NlJZOl 59 259 261 6 1  1-30 070 1-10 
*2 Pt 1040 1 6 1  261 263 63 I)+ 

*/ 
*/ hING FIN SPACS 
*/ 

SPAR b5 h11001 205b 2256 P 1 
*2 h11003 2256 2450 
* 2  h l l 2 O l  205d 2258 
*2 h11203 2258 2458 
*2 h11501 2061 2261 
*2 N11503 22al  2461 a 
02 %11701 2003 2263 
*2 h l l 7 0 3  2263 2463 

*/ 
*/ YIN6 FIN RIBS 
*I 

SPAR W5 N12001 2256 2258 PA 
*2 N12003 2258 2261 * 
02 N12005 2261 2202 L 
*2 N12291 2456 2456 
*2 N12203 2458 2461 

2 h12205 2461 2463 
*I 
*/ WING FIN COVERS 
*/ 

COVER n5 ~ 1 3 0 0 1  2056 2256 zzsa nosa .os 
*2  N13003 2058 2256 2261 2001 
*Z N13005 2061 2261 2263 2063 
*Z ~ 1 3 2 0 1  2256 2456 ~ 4 5 a  2258 
02 h13203 2258 2458 2 4 a l  2261 * 
02 N13205 2261 24612413  2263 

*/ 
*/ WING F IN  ATTACPRENT BEANS 
*/ 

BEAH 25 NZOOUL 1450 2056 1463 P2 
*l N20033 1458 2058 1463 
02 hZOOO5 1461 2061 1463 * 
*2 k20007 14t3 2063 1461 * 
*2 NZiOO1 1456 1456 P 3 
*L NZLJ03 1458 1461 

2 NL1005 1461 A463 
*/ 
*/ YINS TRAILING ECGE CCNlROL SURFPCE R I B S  
*I 

SPAR R5 NlOl  26A 3003 PC 
**2 0 0 2 200 100 0 

*2 NAOZ 3003 3005 * 
2 0 0 2 100 100 0 

*2 NlO7 1263 3305 8 

*+3 0 0 1 200 100 * 
*I  
a/ HfNG TRAXLING EDGE CONTROL SURFACE COVELS 
*/ 

COVER W5 N151 263 463 3103 3003 010 
2 N153 463 663 3203 3103 l 

*2  NlS2 3001 3103 3105 3005 
*2 NlS4 3103 3203 3205 3105 
*2 N155 1263 1463 3405 3305 * 

*+2 0 0 1 200 200 100 100 * 



*I 
*I l+ORIZONTAL T A I L  SPARS 
*# 

SPAR H5 N14003 
*2 N14005 
*2 N14103 
42 N 1 4  10s 
*2 k14203  
*2 N14205 
*2 R14303 
*2 N14305 

*/ 
*/ l4OIIZONTAL T A I L  R I 3 S  
.I 

2 N14601 679 6 8 1  010 1.2 TO N146OS 6 8 3  685  + 
BY NZ 2 2 

*# */ HOKIIONTAL TALL IN-BODY SPARS 
*I 

SPAR I45 h lCOOl  7 9  2 7 s  050  6 0 0  
*Z h l C l O 1  8 1  2 8 1  025 9.0 
*2 N 1420 A 8 3  2 8 3  925 8.0 
*2 k l 4 3 0 1  65 2 8 5  1.00 13.0 

* I  
* I  HGRIZONTAL T A I L  COVERS 
* I  

COVER M5 h15003  279 4 7 9  4 8 1  2 8 1  0 1 6  
*+Z 0 0 200  2 *=3 0. 

COVER M5 N l 5 0 3 5  479  6 7 9  6 8 1  4 8 1  - 0 7  
*+Z 0 0 200  2 *=3 0 . 

* I  
*/ HORlLONTAL TACL IN-B00Y COVERS 
*/ 

COVER ns h l s o o l  7 9  2 7 5  2 8 1  8 1  080 TO + 
h 1 5 4 0 1  83  2 8 3  285  85 BY NZOO 2 *=3 

*I 
*/ BOCY eEAMS 
*I 

BEAM M5 N lOOl  A 3 5. 0. *=3 16000. LO. 0. *=3 30000. 
*+30 0 0 2 2 2 50 *4  14000. 5. *4 14000. 

2 k1063  63 6 5  160. * 4  450000. 148. *4  416000. 
* + I 2  0 0 2 2 2 -12. *4 -340000-12 .  *i -3400Jo 

*/ */ aEAMS AT 455 RIf !  TO PICK UP DISCONTINUED SPARS 
*/ 

BEAM M5 N36002 1053 1 0 5 4  P5 
*+4 0 0 2 2 2 * 

BEAM M5 N3001A 1063  1062  P 5 
*+4 0 0 - 2 -2 - 2  

EkC ELEMENT OATP 
END STIFFNESS OAT8 
BEGIN HbSS DATA 

BEGIh MASS ELEMENT DPTA 
BEAM 1456 2056 A463 -1 01 8 x 3  
BEAM 1458  z c ~ a  1463 ** 
EEAM 1 4 6 1  2 O t l  1463 ** 
BEAP 1463 2 0 t 3  1 4 6 1  ** 

EN0 M&SS ELEMENT DATA 
END MASS CATb 
BEGIN BC 3ATA 

STAGt 1 *(FOR VIBEATION ANALYSIS) 
URCER HETAIN BY INTERNALID 
SUPPORT ASYM I N  SURFACE 2 
SUPPOAT T X  FOR 8 9  
RETAIN TZ FOR 1 1 13 19 27 4 5  55 63 6 7  73 79 85  a9 
RETAIN TZ FGa 227  237 2 4 5  2 5 5  435 4 4 1  445 4 5 1  -55 
RETAIN TZ FOR 6 4 1  645  b49 655  6 5 9  847 6 5 1  855 855 863  1 0 5 1  *=3*4  
RETAIN TZ FGR 1 2 5 1  1259  1456 1459 1638  1 6 6 1  1855  1860  1 8 6 1  



R E T A I N  1 2  FOR 3003  3005 3103 3105 3203 3205 
R E T A I N  T Z  FOR 3305 3605 3505 3605 
R E T A I N  1 2  FOR 275  479 679 
R E T A I N  TY FOR 2056 Z O t l  2258 2261 2 4 5 8  2 4 6 1  
R E T A I N  T Z  R X  R Y  FOR 263 463  663 1263  1463 1663 1863 Zt35 485 685 83 + 

263 483 6 8 3  
S T A G E  2 * f  FOR S T R E S S  A N A L Y S I S  I 

SUPPORT A s Y n  IN SURFACE 2 
S U P P O R T  T X  T Z  R Y  FOR 89 

E N D  8C D A T A  
B E G I N  L O A D  DATA 

SET 1 S T A G E  2 
L O A D  C A S E  I 0  SYMR * * S Y H M E T R I C  A I R L J A O S *  
a E G I N  N O D A L  L C A O  O A T A  

ORDER FL 
CASE svnm 

3 -2275. 
-6110. 

15 -4970. 
23 -3255. 
3 1 -245. 
39 -54OC. 
45  -380. 
53 -3830. 
6 1  140. 
6 7 -165. 
75 -6365. 
8 3  -3495. 
87  -3160. 
85 -150. 
8 9 -150. 

ORDER FZ F Y  
2056 -125. 12 201 
2456 - l o c o  1365- 
2458 -100. -4  10. 
2058 -125- 955. 
206 1 -125. 1075. 
246 1 -100, 7665. 
2463 -1CO.  -4960. 
2063 -125- -660- 

CROER FZ 
4 3 1  13475. 
231  -8500. 
637  8020. 
237 -7750. 
245 -11770- 
655 -464C. 
255 -5330. 
663 1 5 e ~ .  
263 5445- 
843 364C5. 
645 -207SO. 

1 0 5 1  21130. 
64 9 3435. 

1055 3365. 
1063 1435. 
1450 13820. 
1459 21815. 
1463 6155. 
1860 860. 
1861 14355. 
1863 27t2.  

659 -450. 
1059 -8710. 
1461 -10655. 
1862 -5150. 

279 -5060. 
679 -4040. 
681  -7375. 
261 -5415. 
283 -16200 



683 -865. 
685 -1725. 
285 -3425. 

END NODAL LOAD OATA 
END Lodo GATA 
BEGIN SUBSET DEFtNfTIUN 

SUBSETS OF STIFFNESS SET 1 
* I  SUBSETS FOR GEOMETRY PLOTS 

E l  = ALL 
N l  = ALL 

* I  SUBSETS FOR 30DV PROPERTY PLOTS 
N2 = 1 TO 89 
€2 BEAMS I N  W2 

*I SUBSETS FOP STRESS CONTOUR PLOTS 
N10 * TUBE 227 1860 1963 **8-200 DIRECTION 0 0 1 
N l 1  * SLAB 2 0. 
N12 = N10 I N11 
€12 = COVERS IN  N12 
ON2 = 227 435 641 847 LO51 1254 1456 1658 1859 **4+1 

*=a-200 *=AT-2 */ SUeSET FCR VHODE PLOT 
ON1 = 1 7 13 19 27 227 237 245 255 263 3003 

3105 31C3 463 455 451 445 441 435 641 645 649 
b59 663 3203 3205 3105 3103 463 663 863 855 855 
847 1051 1055 1059 1063 1263 1259 1254 1456 1459 1463 

3305 1263 1463 1663 1661 165d 1959 1860 1861 1863 3605 
3405 35C5 1663 1863 1861 1860 l d 5 9  1658 1+56 1254 1051 

641 435 227 27 45 5 5  63 263 463 663 863 
1263 1463 1459 2058 2258 2458 2461 2261 2258 2261 2061 
1263 1063 663 663 443 263 63 67 73 79 83 

89 435 285 485 685 583 079 479 279 79 83 
285 283 279 479 483 485 

EN0 SUBSET DEFINITION 
END PROBLEM O A T A  



Table 203-1. Natural Frequencies 
for SST Aircraft 

Mode 

No* 
- 

1 

2 

3 

4 

5 

6 

7 

8 

Frequency 

(Hert 2) 

I 

0 ,  

0 ,  

2,754 

3 -627 

5.428 

7.595 

9 -444 

90 -768 



Figure 203-1. SST S t ruc tura l  Model 





0 Retain TZ 

A Reta in  TZ ,RX,RY 
o Retain TY 

Figure 203-3. Freedoms Retained in  SST V ibra t ion  Analysis 



Figure 203-4. Th i rd  Mode Shape, SST 



204, SUBSTRUCrURED STHESS AND VIBRATION ANALYSES OF 
AN SST AIRCRAFT (DECK 1) 

204.1 DESCRIPTION OF ANALYSES 

The SSP a i r c r a f t  described in sec t ion  203 is analyzed using 
substructures- The same v ibra t ior~  and stress analyses are 
perfomled. The half-model of s ec t ion  203 is  modelled a s  three 
scbstrunures:  body, wing and horizontal  t a i l  as shown i n  f i gure  
204-1, These three substructures are interacted in a s i n g l e  s t e p  
to obtain the highest  level substructure (substructure 4) , 

204.2 RESULTS 

Natural frequencies, mode shapes, displacements and stresses 
obtained i n  t h i s  problem are ident i ca l  to those obtained in  
sec t ion  203, 



2 0 4 . 3  LISTIfiG OF CONTROL PROGRAM AND DATA 

a E G I N  CONTROL PROGRM DEMOOl 
PROBLEM I G I O k M 0 0 1  - SUaSTRUCTUkED S T R E S S / V I B R A T I J N  ANALYSES) 

c 
c PURPOSE THE PRIMARY C A P A a I L l T I f  S OEHONSTRITED 9Y T H I  S 
C OECK AGE 
C 1- SUBSTRUCTURE0 STRESS A N A L V S I S  
C 21 SUBSTRUCTURED V I B A A T I O K  A N A L Y S I S  
C 3. EXPLOOEO PLOT Ok HODEL 
C 
C A ~ T H C P  R.A. SAHUEL 

r i i T  ~ O D  STAESS A~UD UI~RATION ANI:YSES ARE P E ~ F O R M E D  ON 4 
SUGSTCUCTURED HALF-A1  R P L A N E  MODEL OF AN SST. 
01 SPLACEME NT Sm STRESSES. NATURAL FACOUENCIES AND 
r o o €  SHAPES ARE CMPALED YITH RESULTS OF A 
NO&-SddSTRUCTURED MODEL. 

USER COMMON( 1 ) 

READ I N P U T  
DO 10 I = 1.3 
P R I M  INPUT(STXFFNESSmSET=I )  
P R I N T  I N P U T  I N O D A L e S E T a I  J 
P R I N T  I k P U T ( M A S S m S E T = I  I 

10 C O N T I N U E  
EXECUTE EXTRACT1 .€XNAUE=SSl  m L S U B ~ K 5 R I 3 e E S U B ~ E l  mNSU0=NlD  
EXECUTE E X T R A C T ~ E X N ~ H E ~ S S ~ ~ L S U B = ~ ( ~ F . I D V ~ S E T ~ ~ ~ E S U ~ ~ E ~ ~ N S U ~ ~ N ~ ~  
EXECUTE E X T R A C T ( E X N A U E ~ S S ~ . L S U B ~ ~ G ~ I D ~ K S E T ~ ~ ~ E ~ U ~ ~ E ~ V ~ S U ~ ~ N ~ ~  
EXECUTE GRAPHICS(  G.YllME=CEOUETfiY . O F F L I  N E = C A I C O ~ P r T Y P E ~ ( O K T M e  

X P O ~ N T ~ m ~ ~ ~ ~ ~ ~ ~ ~ ~ e 2 0 ~ b m ~ ~ ~ ~ ~ ~ ~ m ~ ~ ~ 3 0 0 e ~ ~ ~ 2 ~ ~ e  
X R X ~ O - v E X N A M E ~ S S L e T Y ~ 1 0 0 ~ m E X N 4 M E = l  SSZmSS3b I 

V I C R A T I O N  A N A L Y S I S  

DO 20 1 * I e 4  
P R I N T  I N P U T I ~ N T E R A C T ~ S S = I W N O ~ E S ~ R C T A ~ N S ~ C O N ~ ~ ~ C ~  

20 C O N T I N U E  
00 30 1 = 1.3 
EXECUTE S T I F F N E S S l S E T = l J  
EXECUTE MASS1 S E T 8 1  v O P T I O N = ~ . C O N D I T  I O N = l I  

30 C O N T I N U E  
PERFOLM S S-MERGE1 Sf  I f  vHASS.SS-1 TO 3) 
P E 6 6 0 R M  SS-RECUt S T I F  eHASSm S S - 1  TO 3 I  
PERFORM SS-MtRGEI  ST l F e M A S S m S S ~ 4 J  
EXECUTE UASSISET~4eOPTION~4eCtNOITION~ll 
P Y I N T  OUTPUT( MASSV SCT-4. SUMUARVI 
PERFORM ss -VSOL~  S S = * ~  



EXECUTi VIaRATION ~ S T I F = K R E ~ O ~ ~ ~ A S S = W R E ~ ~ O * ~ N F R E O S ~ ~ ~ S E T = ~ ~  
PRINT OUTPUT 4VIBRATlONj  
PURGE FI IES~M€RGRW~MULTRNF~VI~RRWF~M~SSANFICHJLRNFJ 

C 
C STRESS ANALYSIS 
c 

0 0  4 0  I 11.14 
PAINT ~ N P U T ~ I W ~ ~ R ~ C T I S S ~ ~ ~ ~ ~ E S ~ R E T A I N S ~ C O N N ~ ~ C ~ L O ~ D S I  

CO CONTINUE 
EXECUTE L O A C S t S S ' t l l r  12.131 1 
PERFORM SS-MERGE( S T X F r L O 4 O S e S S ~ L l  TO 13)  
PERFO&# SS-REOU(STlF.LO4OS~SS~ll TO 1 3 1  
PERFORM SS-MElGE(Sf l F 1 L 0 4 O S e S f ~ l 4 J  
PERFOM Sf-SSOLtSS*L4 J 
PLf  FORM SS-PAR1 t SS=14 8 
PELFORH SS-8ACK lSS= l l  10 1 3 b  
00 4 5  I = 1 1 ~ 1 3  
EXECUTE S TRESS1 S f - 1  J 

45 CONTINUE 
CO SO I = 11-13 
PRINT W T P U ~ ~ O ~ S P I ~ ~ * I J  
PRINT OUTPUT ( STAESfoSS-1) 
PRINT OUTPUTILOADSeSS=IJ 
Ph lNT  0UTPUl tREACTI~S .SJ I I )  

50 CONfINUE 
EhD COhfROL PROGR*H 



*I NOOEZ / 
aEGIN NOOAL OATA 

SET 1 *(000Y) 
1 20. 0. 0. TO 2 5  980. 0. 0. BY Z 

27 1060- 0. 0. 30.0 TO *5 1780. 0. 0. 42.5 aY Z 
1 200 0. 65. 0. 0. O ZOO 0. 6s. 00 

45 TO 5 s  2180. O. 0. 31.0 8 r  z 
*+1 200 0 ZOO 0. 650 • • 

5s TO 6 3  2500. 0. 0. 3 8V 2 
* + I  200 0 ZOO 0. 65. 

65  2580. 0. 0. TO 77 3060. 0. 0. 8 V  2 
79 3140- 0 0  3. 3-0 

* + I  zoo 0. 65. 
8 1  3220. 0 0  0. be5 

.+1 200 0. 65. 0. 
83 3390. 0. 0. 7-0 

.a1 200 0. 65. .I 
85 3380. 0 0  0 -  2.0 

*+1 200 0. 65. *. 
* 8 7  3460- 0. 0. 

89 3540. 00  0. 
EN0 NODAL OATA 

BEGIN SlIFFNESS OATA 
BEGIN ELEHiNT OAT4 

*/ 
*/ SOCY BeAus 
*/ 

BEAU U5 NlOOL 1 3 5. 0. *a3 16000. 10- 01 *=3 30000. 
*+30 0 0 2 2 2 5. *4 14000. 5 0  *4 14000. 

*2 NL063 6 3  65 160. *4 450000. 148. *4 4160001 
*+12 0 0 2 2 2 -12. *4 -34000. -12. *4 -34000. 

* f  
*I ~ I N G  IN-aoov SPANS 
*/ 

SPAR Us N200l  23 227 1.00 10. TO N3601 43 243 + 
ar WOO 2 2 

*2 N3801 65 245 1.90 10, TO W 6 0 1  53 253 + 
BY NZOO 2 2 

*2 N4801 55 255 3.00 60. 
*2 NSOOl 5 1  257 1.20 6Ce TO N5401 6 1  261 + 

BY NZOO 2 2 
*2 N5601 6 3  263 2.00 60. 

*/ 
-1 S.O.B. r i le - YING 
/ 

SP&R US N6001 227 229 025 4. TO N6035 261 263 + 
BV N2 2 2 

*/ 
*I WING IN-8OiV COVERS 
*/ 

CGVER M5 N7001 27 227 229 29 030 TO + 
N8601 43 243 245 45 8V WOO 2 *=3 

*2 N8801 45 245 247 47 -60 TO + 
N9601 53 253 255 55 BY N2OO 2 *=3 

*2 N9801 55 255 257 57 070 
*2 NlOOOl 57 257 259 59 -70  
*2 k A0201 59 259 261 61 1.30 -70  1-10 000 
*2 NlOvO1 6 1  261 263 63 8 

*/ 
*/ S.0.8. RIB - HCWIZONTAL TAIL 
/ 

SPAR 5 Nl4iOL 279 281 015 2.OTO N14405 283 285 + 
BV N2 2 2 

*/ 
*/ HOAIZGNTAL TEIL IN-BODY SPARS 
*/ 

SPAR U5 N14001 79 279 .SO 6.0 
*Z Nl4lOL 8 1  281 025 9.0 

2 N14201 83 283 - 2 5  8.0 
* Z  N1430A 85 285 1.00 13.0 

*/ 
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BEGIN ELEMENT DATA 
* 4  
*/ NlNG FRONT SPAN 
*/ 

SPAR I45 N2303 327 429 
*L hi2205 429 431 NL605 

NZOO 

N3207 
NZOO 

IY3809 
NZOO 

*2 N4009 847 
2 hi4211 1049 
*2 N44ll 1051 
2 h4013 lzsa 
2 k4713 1254 
*2 N4dl5 1455 
*Z h4915 lrt5b 
*2 N5017 1657 
*2 N5117 1658 
+2 N5219 1353 

/ 
*/ mlNG R E A R  SPAR 
* / 

SPAR n5 h5603 363 
*2 h5605 463 
* 2  k5037 663 
*2 N5b09 863 
*2 h56ll 1003 
2 h5b13 1263 
2 h5615 1463 
*2 h5b17 1603 

*/ 
*/ dING INTtRMECIATE SPARS 
*/ 

SPAR H5 N2203 329 .20 2. TO 
dV 

036 2. 
- 60  12. 
.24 12. T O  

9 Y 
020 2. TO 

ar 
-36 2. 
.2O 4. TO 

a v 
.a0 I'?. 
.24 1 Ti) 

9 t  
020 2. T O  

a r  
.20 4. Ti) 

B Y  
.20 9. 
.20 10. TO 

a Y 
.20 4. TLI 

d Y 
.zo 8. 
0 2 0  lU. T O  

B Y  
.I2 4. T O  

BY 
.06 4. T O  

BY 
.12 4. 
.0o 4. T O  

8 v 
.06 2. TO 

R Y 
.Ob 2. T O  

B Y  

N4605 
NLOO 

rU5409 
N200 
N48 11 
klOO 
N5511 
NlOO 

N5513 
NLOO 
N55 15 
hl0O 
N5517 
N 100 



SPAR N6 109 435 437 030 

aEnns AT css RIB TO PICK UP OISCDNTINUED SP 'AWS 

dING C O V E R S  

COVER M5 
*2 

BY N200 
.08 ** 
.14 020 

e l 4  022  
. I 4  - 2 2  

B Y  NlOO 
.14 .22 
-14 - 22  

B Y  NlOO 

BY N l O O  

BY NlOO 

M l h G  F I N  S P A P S  

SPAR M 5  
0 2  

2 
2  

*2 
*2 
* 2  

2 



*/ WING F I N  RIBS 
*/ 

SPAR H5 N l 2 0 0 l  2256 2258 
*2 tv12303 225d 2 2 6 1  
*2 N12005 226.l 2203 
*2 N12201 2456 2453  
*2 N12203 2458 2 4 6 1  

2 N12205 2 4 6 1  2463  * / 
*/ UING F I N  COVERS 
/ 

COVER h5 N13001 2056 2256 2258  2053  
*2 N13003 2058  2258 2 2 0 1  2061  
* 2  N13005 2061  2 2 6 1  2263 2063 
*2 N13201 2256 2456 2458 2258 
*2 N13203 2258 2458 2 4 0 1  2 2 6 1  
* 2 N13205 2261  2 4 6 1  2 4 6 3  2263 

/ 
* /  UlNG F I N  ATTACHMENT BEAMS 
/ 

aEAM 25 N20OOl 1456 205k  1463  P2 
2 N10003 1458 2058  1463  * 
2 N20005 1 4 6 1  2061  1463 * 

*i N20007 1463  2063 1 4 6 1  * 
*2  N21001 1456 1458 P 3 

2 N i l 0 0 3  1458 1 4 6 1  
* Z  N21005 1 4 6 1  1463 

* / 
*/ UING TRAILING E C G E  CCNTkOL SUhFACE RIBS 
* / 

SPAF k 5  N lO1  363 3003 P 4 
* + 1  0 0 2 100  1 0 0  0 
* + 1  0 0 2 200 100 0 

*2 N l J L  3003 3005 
*+2 0 0 L 100 100  0 

*2 N107 1263 3305 
*+3 0 3 1 200 100  

* /  
* /  UING TSAILING E C G t  CGNTROL SURFACE COVERS 
* / 

COVER M5 N 1 5 l  363 4b3 3103 3003 
*2 &153 463 663  3203 3103 
*2 N 152 3003  3103 3155 3005 

2 h154 3103  3203 3235 3105 
*L h l 5 5  1263  l v 6 3  3405 3305 

2 0 0 1 200 200  100 1 0 0  
EN0 ;CEMENT OATC 

END STIFFRESS DATA 
BEGIN NODAL CATA 

SET 3 *lHCRIZCNTAL TAIL )  
379 3140.0 65.0 0. 3.0 
479 3252.5 132.5 0. 2.5 
079 3365.6 200.0 O h  2.0 
3 8 1  3220.0 65.0 0. 6.5 
-81  3304. 132.5 0- 4.5 
o d l  3388.0 200.0 0. 2.5 
383 3300.0 65.0 0. 7.0 
483 3355.0 132.5 0. 4 -75  
683 3412.0 200.0 0- 2.5 
385 3380.0 65.0 0. 2.0 
465 ~ 4 0 7 . 5  132.5 0- 1.5 
685 3435.0 200.6 0. 1.0 

EN0 NOSAL DATA 
BEGIN STIFFNESS DATA 
SET 3 *(HClRILCNTAL TAIL )  

BEGIN ELEMENT DATA 
* I  
*/ HURILUNTAL TAIL SPARS 
/ 

SPA6 P5 N14003 3 7 9  475 . l 0  
*2 h14005 479 674 
*2 N14103 381 4 8 1  .55 
* 2  N14105 481  6 8 1  

2 N14203 383 483 .05 



*2  NA4205 483 6 8 3  a* 
*Z k14303  385  4 8 5  020 2.6 
* Z  N14305 485 6 6 5  *a 

*/ */ HORIZONTAL T A I L  R IBS 
*/ 

SPAR N145OL 479  4 8 1  -10 1.2 10 N l 4 5 0 5  483  485  
BY N2 2 2 

*2 N14601 6 7 9  6 8 1  - 1 0  1.2 TO N14605 6 8 3  685  
BY N2 2 2 

*/ 
*/ HORlZONTAL T A I L  COVERS 
*/ 

COVER M5 N15003 379  4 7 9  4 8 1  3 8 1  - 1 6  
*+2 C) 0 200  2 *=3 0. 

COVER 145 ~ l s o o s  479  6 7 9  6 e r  4 6 1  - 0 7  
2 0 0 200  2 *=3 0. 

ENC ELEMENT DATb 
EN0 STIFFLESS DATA 
BEGIN MASS CATA 

SET 2 
BEGIN MASS ELEMENT DATA 

EEAM 1456  2050 1463  01  *=4 
BEAM 1458  2 c 5 a  1463  ** 
BEAM 1 4 0 1  2 O t l  1463 ** 
6EAM 1463  2063 l c 6 1  ** 

ENC MASS ELEMENT DATA 
fNO MASS DATA 
BEGIN SUBSET DEFIh IT ION 

SUBSETS OF STIFFNESS SET 1 
*/ 

E l  - BODY ELEMENTS 
/ 

E l  = ALL 
SUBSETS OF STIFFNESS SET 2 

* I  
/ E l  - UING ELECENTS 
*/ E2 - UING F I N  ELEMENTS 
*/ 

E l  = SLAB Z 0. 
€ 2  SLAB Z -1 TO 500. 

SUBSETS OF STIFFNESS SET 3 
/ 

*/ E l  - HOkIZOhTAL TAIL ELEMENTS 
* / 

E l  = ALL 
EN0 SU6SET DEFINITION 
dEGIN 6C DATA 
*/ 
*/ STAGE 1 FOR VIdRATION 4NALYSlS 
*/  STAGE 2 FOR STRESS ANALYSIS 
* /  

SET 1 STAGE 1 
SUPPORT ASYM I N  SURFACE 2 
SUPPCRT TX FOR 83  
SUPPJAT RZ FOd 227 TO 263 BY 21 2 7 9  TO 285 BY 2 
RETAIN T Z  FOR 1 7 1 3  1 9  27  4 5  5 5  6 3  6 7  7 3  79 8 s  a9 
RETAIN TZ R X  RY FGR 83  

SET 2 STAGE 1 
SUPPORT ALL FOR 4 2 7  3 0 0 1  
SUPPORT RZ FOR 3 2 7  TO 363 BY 2 
RETAIN TZ FOR 435 4 4 1  445 4 5 1  455 
RETAIN TZ FOR 6 4 1  645  6 4 9  6 5 5  6 5 9  047 8 5 1  855 8 5 9  8 6 3  1 0 5 1  1055  1059 1063  
RETAIN TZ FOR 1254  1 2 5 9  1456 1459  1658  1 6 6 1  1859  1860  1 8 6 1  
RETAIN TZ FCR 3003  3005 3103  3105 3203  3205 
RETAIN TL FCR 3305 3405 3505  3605 
RETAIh TY FOR 2058  2 0 6 1  2 2 5 d  2261  2 4 5 8  2 4 6 1  
RETAIN T Z  C X  RY FOk 4 6 3  6 6 3  1263 1463  1663  1 8 6 3  

SET 3 STAGE 1 
jUPPUR1 R.! FOR 375  TO 385 8Y 2 
RETAIN 12 FOR 479  6 7 9  
RETAIh TZ RX RY FOR 483  6 8 3  485 685  



S E T  1 S T A G E  2 
S U P P O R T  A S Y M  I N  S U R F A C E  2 
S U P P O R T  R Z  FOR 227 TO 263 B Y  2 ,  279 TO 285 B Y  2 
S U P P O R T  A L L  F U R  89 

S E T  2 S T A G E  2 
S U P P O R T  A L L  FOR 427 3001 
S U P P O R T  R Z  FOR 327 TO 363 B Y  2 

S E T  3 S T A G E  2 
S U P P O R T  R L  FOR 379 TO 385 B Y  2 

E k O  JC S A T A  
JiGlN L O A C  D A T A  

SET  1 S T A G E  2 
L O A O  C A S t  10 SYMM * t S Y H M E T R I C  A I R L O A D S *  
a E G I N  k O O A L  L O A C  D A T A  

O R D t P  FZ 
C A S E  s y n n  

3 -2275, 
S -0110, 
15 -497G. 
23 -3255, 
3 1 -245, 
39 -5400. 
4 5 -3  80. 
53 -3830. 
6 1 140. 
a 7 -165.  
75 -6365. 
83 -3455. 
a7 -3160. 
a 5 -150. 
dS -150, 

E h D  IkGDAL L O S C  D A T A  
S E T  2 S T A G E  2 
L O A G  CASc ID SYPM * Z S Y t 4 H E T F I C  P I R L O A D S *  
a E C I N  N 0 3 A L  L O A D  J A T A  

O i i C E R  F Z  F Y  
C A S E  SYMM 

2056 -125, 1220. 
, 2436 -100, 1360. 

245 2 - 100. -4100 
2058 -125. 955. 
200 1 -125. 1075- 
246 1 -100. 7665. 
2463 -100. -4960. 
2063 -125. -660. 

OWOtR F Z  
431 13475. 
331 -850G. 
637 8030- 
337 -7750. 
345 -11770. 
655 -4640. 
355 -5330. 
66 3 1565. 
36 3 5445. 
843 3t4C5. 
045 -20790. 
1051 21130. 
64 9 3435. 

1055 3365. 
1063 1435. 
1-56 13820. 
1459 21815. 
14b3 6155. 
L860 860. 
la01 14355. 
1803 Z7t2. 
659 -4 50. 
1059 -8710. 
0 1  -16655. 
1862 -5150. 

E h O  N O D A L  L O A C  D A T A  



SET 3 STAGE 2 
L U A C  CASE I 0  S V M  **SYMMETRIC A I R L O A D S *  

a E G I N  NODAL L O A C  DATA 
CROER F Z  
CASE s v M n  

3 7 s  -5060. 
6 7 9  -6040. 
6 8 1  -7375. 
3 8 1  -5415. 
383  - -1620. 
683 -665. 
685 -1725-  
385 -3425. 

END NODAL  L O A C  OATA 
END L O A D  D A T A  
B E G I N  SUBSET  D E F I N I T I O N  

S U d S E T S  O F  S T I F F N E S S  SET  1 
E l  = A L L  
N l  = A L L  

SUBSETS O F  S T I F F N E S S  SET 2 
E l  = A L L  
N l  - A L L  

SUBSETS O F  S T I F F N E S S  SET  3 
E l  = A L L  

, N 1  A L L  
E N 2  SUBSET  GEF I N I T  I O N  
a E G I N  I N T E R A C T  CATA 

D E F I N E  S S  1 4 S  S E T  1 STAGE 1 * ( 8 0 0 V J  
D E F I N S  S S  2 4 5  S E T  2 STAGE 1 * t k I N G )  
O E F I h E  S S  3 AS  S E T  3 STAGE 1 * ( H O R I Z O N T A L  T A I L )  
S S  4 

I N T E R A C T  1 2  3 
3 E G I N  BC CHANGES 

ss 4 
REFERENCE SS 1 

R E T A I N  T Z  FOR 227 235 2 4 5  255 279  
R E T A I N  T Z  R X  RY F O R  263 2133 285 

END BC ChANGES 
D E F I N E  H I G C E S T  SS 4 A S  SET 4 

END I N T E R A C T  O A T 4  
B E G I N  I N T E R A C T  CATA 

D E F I i N t  S S  11 AS SET  1 STAGE 2 * ( B O D Y 1  
D E F I N E  S S  12 AS S E T  2 STAGE 2 * ( b I I N G l  
D E F I N E  S S  1 3  A S  SET  3 STAGE 2 * ( H G R I Z J N T A L  T A I L )  
S S  1 4  

I N T E R A C T  11 12 1 3  
D E F I N E  H I G H E S T  SS 14 

END I N T E R A C T  CATA 
END PCOBLEM OATA 



Substructure  2 

Substructure I 

F igure  204-1. Oubstructured Model o f  SST 



205. VIBRATION ANALYSIS OF THE FIREBEE DRONE 
(DECK 15) 

205.1 DESCRIPTION OF ANALYSIS  

An ana lys i s  is performed t o  determine symmetrical modes of 
vibration of the FIREBEE Drone. Because of s t r u c t u r a l  symaetry, 
only one half  of t h e  Drone is madelled. The winq model is  based 
upon the  s u p e r c r i t i c a l  wing ( A M - 1 )  ; t h e  fuselage and h o r i z o n t a l  
t a i l  models are based upon t h e  data repor ted  i n  re fe rence  205-1. 

The outboard wing is  modelled us ing SPLATE and ROD elements. 
The wing cen te r  s ec t ion  is modelled us ing  GPLATE and BEAM 
elements and t h e  fuselage and ho r i zon ta l  tail a r e  modelled us ing  
B U M  elements. The t o t a l  s t r u c t u r a l  model is  shown i n  f i g u r e  
205-1. More d e t a i l e d  views of  t h e  model are presented in f i g u r e s  
205-2 through 205-6.  

The number of degrees of freedosr re ta ined  i n  the anal .ys is  i s  
107. 2-direction t r a n s l a t i o n s  a r e  r e t a ined  a t  outboard winq 
upper sur f  ace, fuselage and ho r i zon ta l  t a i l  nodes, Rotations 
about t h e  Y axis are re ta ined  a t  fuselage and hor izonta l  t a i l  
nodes; r o t a t i o n s  about the X a x i s  a r e  r e t a ined  a t  ho r i zon ta l  t : i l  
nodes. S p n e t r y  is imposed on t h e  plane Y=O. Riqid body 
t r a n s l a t i o n  i n  t h e  X-direction is  r e s t r a i n e d  near t h e  cen te r  of 
the fuselage.  

The reduced mass n a t r i x  is a nondiagonal rnatrix produced 
d i r e c t l y  by t h e  Mass Processor. The wing mass is obtained 
exclusively  from the  stif t n e s s  finite elements; t h e  fuselage and 
hor izonta l  tail mass exclusively  from concentrated masses. 

205.2 RESULTS 

The n a t u r a l  f requencies  of t h e  f i r s t  t e n  mdes a r e  presented 
i n  t a b l e  205-1. The first two modes a r e  r i g i a  body modes. The 
mode shapes for  modes 4 and 6 a r e  shown i n  f i g u r e s  205-7 and 205- 
8 .  

The third mode shape c lo se ly  resembles the first mode skape 
o t  a can t i l eve r  wing. The  frequency and mode shape f o r  t h i s  mode 
are similar t o  t h e  r e s u l t s  obtained from a NASTRAN ana lys i s  of a 
c a n t i l e v e r  !+" ?g . 

Modes 4 and 5 are t h e  f i r s t  two fuse l age  bending modes and 
mode 8 is the  first hor i zon ta l  t a i l  bending mode. The  r e s u l t s  
for t he se  t h ree  modes compare favorably with those  repor ted i n  
reference 205- 1. 



20 5 3 LISTING OF CONTROL PROGRAM AND DATA 

e E G I N  C ~ N T R C L  PROGRAM DM015 
PROBLEM C ( 5 E M 0 1 5  - V I a R A T I O N  A N A L Y S I S  OF THE F I C E B E E  DRONE1 

PURPOSE T k E  P R I N C I P A L  C A P A B I L I - + I E S  OEMONSTRATFD BY T H I S  
UECK ARE 

1. GENEAATICN OF NOY-DIAGONAL MASS MATRIX  BY 
MASS PROCESSOR 

2. V I B R A T I O N  A N A L Y S I S  
3. PLOTS OF V I B R A T I O N  MODE SHAPES 

AUTHOR M. TAMEKUNI 

CORE 1 5 0  I( (OCTAL) 

READ I N P U l  
P F l N T  I N P U T  (NODAL) 
P R I N T  I N P U T  L S T I F F N E S S )  
P R I N T  I N P U T  l P A T E R 1 A L )  
EXECUTE EXTRLCTIEXN4HE=J@'AL*LSUB-KtRIDrESUB=ElrNSUB=Nl8 
EXECUTE C R A P H I C S l  GNAME-~tEOMrOFFLINE=CALCOMP* TYPE-ORTHn 

X S I Z E  ~ (20 .920 . )  r V l E W = l O O ~ E X N A M E ~ T O T A L J  
EXECUTE E X T R A C T ~ E X N A K E ~ B O ~ Y ~ L S U B ~ K C R I D ~ E S U B ~ E ~ ~ N S U ~ ~ N ~ J  
EXECUTE CRAPHICS(CNA&E=GEOM~TtPE=ORTH~S1 Z i = l  Z S * Z S ) * L A b E L = N m  

X R V = O r R Z ~ 9 O ~ R X = - 9 0 r E X N A M E = B O 0 Y )  
EXECUTE E X T R A C T I E X N A M E = U P R S U R F ~ L S U B ~ K G R I D ~ E S U B ~ E ~ ~ N S U ~ = N ~ )  
EXECUTE G C A P H I C S l G N A M E ~ G E O M , T Y P E ~ O R T H r S I L E ~ ~ 2 0 ~ r 7 U ~ ~ ~ L A d t ~ . ~ l r r  

X V i E U ~ l O O t E X N A H E ~ U P P S U R F )  
EXECUTE E X T A A C T l E X N A M E = L W R S U R F r L S U 3 ~ K G R I C r E S U B ~ E S r N S U B ~ N S J  
EXECUTE CSAPhlCSICNAME=GEOM, T Y P E * O K T H * S I Z E - ( 2 0 .  ~ 2 0 0  # L A B E L E N #  

X VIEh=lOO*EXNAME=LYRSURF)  
EXECUTE E X T R ~ C T ~ E X N A H E ~ Y N G B ~ V ~ L S U B = K G R I D ~ E S U B = E ~ ~ N S U B ~ N ~ ~  
EXECUTE G R A P H I C S l G N A ~ E ~ G i O M ~ T Y P E * i ) R T H ~ S I Z E ~ l Z O ~ ~ 2 O ~ l r L A 8 E L ~ N + T r  

X V1Ebf=10Or EXNAME-hNGBDY 1 
EXECUTE EXTRACT LEXNAHE=TAI  L r  LSUBmK5i l IOrES119-€3~NSUBmN3)  
EXECUTE CRAPHICS(GNAME-GEOMe TYPE-ORTH* S I L E = i Z O .  *20. J 9 L A B E L - N *  

X V f E U = l O O r E X N I M E * T A I L )  
PERFORM K-R tCUCE 
P R I N T  1 N P U T l B C J  
E X E C U I E  MASSLOPTION-3 )  
P R I k T  OUTPUT ( M A S S * M O C ~ M D C * * + * , S U M M A R Y J  
EXECUTE V I B R A l I O N ~ M A S S ~ M D C 0 0 l A ~ S T I F ~ K R E D ~ V S E T ~ 1 ~ N M O D E S ~ 2 O J  
P R I @ T  O U T P U T ( V I 0 R A T  I O N r V S E T = l l  
EXECUTE EgTRACT ( E X N A M E ~ D R O N E I L S U B ~ V ~ O O E ~ V S E T ~ ~ ~  

X ISUB- ON^ r n O O ~ = l  TO 1 0 1  
EXECUTE G R A P H I C S L C N A M E ~ H O D E S ~ T Y P E ~ O R T H ~ S I Z E ~ l Z O - r 2 O ~ ~ r K Z = b O - ~  

X BY.-35, 9RXmO.r V E C T O ~ ( Z = V ~ O D E ~ V S C A L E . I  1 5 0  e 
X EXNAME-DRONE) 
E h D  COhTROL PROGRIM 

.. 



n55 -28s 
o .ZFOOOOOOE+O~ .318181ez~+oo . ~ ~ O O O O O O E + O ~  0. 

E N 0  MLTER14L D A T A  / 
BEGIN NOCAL C A T A  / 

REC WIhG -1.01 0. 0. 1. 0. 0. -1.01 0. 1. 
1 310.6360000 85.5000000 r.4070000 / 
2 310.6360000 85.50000C3 .9100000 I 

- 3  .+11.852OOJO 15.5000000 1.6630000 / 
c 311.e520000 85.5oooooo .a630000 I 
5 313.8790000 85.5000000 1.9310000 / 
6 313.6790000 85~5030000 .9790000 / 
7 316o2430000 85.5000000 2.1750000 / 
8 316 .LC30000 85.5000000 1~2410000 / 
9 31e.6oaoooo 85.soooooo 2-3940000 / 
10 31C.6080000 85.5000000 1.5980000 / 
11 321~9860000 8 5.500000G 2*5950000 / 
12 321.9860000 85.5000000 2.2870000 / 
13 323.0740000 85.5000000 2.4240000 / 
2 1 304.5500C00 75-2500000 1.3640000 / 
2 2 304.5500000 79.2500000 .71160000 1 
23 305.9200000 74~2500000 1.6310000 / 
ti 505.9200000 75.2505000 ,7440000 / 
2 5 308.2000000 75.Z500000 1.9300000 I 
20 3oe.2oooooo TS,~~OOOOO .3720000 / 
2 7 31C.B7OOCOO 79,2500000 2.21100CO I 
2 8 31C.8700000 75~2500000 111400000 / 
29 313,5300000 79.2500000 2.456"000 / 
30 313~5300000 79.2550000 1.5280(1:0 1 
31 3 1  1.3400050 79.2 500005 2.6550005 / 
32 31 7.3400000 79~2500000 2.3210000 / 
5 3 315.24d0000 79.2500000 2.4395000 / 
4 1 257.8290000 72.3490000 1.3C70000 / 
42 297.3290000 72.3490000 .6630000 1 
4 3 29€.6570000 71.5930003 1 .b320000 / 
'. t 29 L.6570090 71.53dC000 .6175000 / 
i 5 300.0t 5000 '/0.3040000 1.9740000 / 
46 300.0dr0000 70.3040000 .7250000 / 
47 301.~190C00 be. 7260000 2.3230000 1 
48 301.8190000 68.726000c) .9750000 i 
4 9 303.6430000 6 7.0700000 2.5820000 / 
50 30306430000 6 7.0700000 1.3670000 / 
5 1 306.4150000 64~5530000 2.7630000 / 
52 306.4150000 64.5530000 2.3580000 / 
53 30 7.e :90c00 63.tt30000 z.4530000 I 
61 285.C5000~0 63.7470000 : .3680000 1 
62 285.4500000 63.7470000 .5720000 / 
63 250.3530000 62.8920000 1.6950300 / 
64 290.3930000 62.8920000 .4990000 / 
65 292.0140000 6 1.42000OU 2.0760000 / 
66 2r2.0140000 61*4200000 .5870000 I 
6 7 2S3.9920000 59.6240000 2.4190000 1 
68 293.9920COO 5 9.0240000 .8340000 / 
69 296,0670000 5 70 7400000 2.6840000 1 
70 296.0670000 5 7.7400000 1.2720000 / 
71 299.2210000 54.i3760000 2~8070000 / 
72 25S.2210000 54.8760000 2.3480000 / 
73 300.8870000 53.3630000 2.4410000 / 
8 1 281.0740000 5 5. 1450090 1.4420000 / 
8 2 28 1.0740000 55.1430- ' .5280000 1 
83 282.1300000 540136~ 1.8160000 1 
64 282.1309050 54.1 ' y  :i )c. .4C80000 / 
d 5 283.9470000 52.53bOUOO 2.2320000 1 
8 6 283.9470000 52.5360000 .4560000 / 
8 7 286.1650000 50~5220000 2.5640000 1 





306  130. 0. 0. / 
356 140. 0. 0. / 
3 1 0  1>C. 0. 0. / 
312  16C. 0. J. I 
3 1 4  17C. U. 0. / 
311 iao. a. c. / 
3 16  190, 0. 0.' / 
32C 200. 0. 0. / 
322 21C. 0. J. / 
324  22C. 0. 0. / 
326 232. 0. 0. / 
32d  2c1. O. 0. / 
3 3 0  250. 0. 0. / 
332  28C. 0. 0. / 
3 3 4  2SC. 0. 0. / 
330 254.4 3. 0. / 
33d  300.5 00 0. / 
340 312. C. 0. / 
342 315.1 0. 0 -  / 
34- 326. J. 0. / 
346 332.7 0. 0. / 
346 34C. 0- 0. f 
350 34*.2 0. 0. / 
352 350. 0. 0. / 
354  356.5 0. Ow / 
356 359.50 0 .  0. I 
358 366, 0. 3. 
360 370. 0. 0. / 
362 394.5 0. 0. / 
364  400. 0. 0. 
360  408.1 O* 0 -  

*/ HGRILONTAL TAIL NODFS f 
4 0 1  355.56 9.9 0 -  / 
COB 373.411 34.224 0 -  
REC HT - 0 1  403  355.5e F.F 10-0 / 
ANALYSfS F R A M E  HT / 
4 0 1  0. 0. 0.  TO Cod 28. 0. 0. / 
4 1 1  0, .if323 J. / 
* l a ?  +. 2.519 3. / 
413 d. 1,976 0. I 
414  12. l , * l ?  C. / 
4r5 le .  .dd7 C. / 
c i a  20. .1507 0, / 

i 1 7  2 * .  -.5425 0. / 
418  2 3 -  -1.30C 0. / 
t h o  K C C A L  O A l J  / 
6EQIh dC CPTA / 
/ RETAINED FREEOCMS / 
* / W I N G  / 

KETAIY TZ FCR 165 1 6 1  169 / 
r E r l t r v  T L  60s 1 4 1  10 L C J  e~ 2 
AETAIh TL F C k  1 2 1  TO 133 t i Y  2 / 

*+b 0 3 C -LO 0 -20  0 O / 
*/  FUStLAGC I 

RETAIN T Z  FOC 3 0 4  310 316 322 326 
3 3 8  344  352 3 5 6  3CO 

R E f A I h  k V  FO& 3U* 31C 31e 322 329  
138 34- 352 356 360 

*/ HCRIZONIPCTAlL / 
RETaIN TZ FCR 4 0 1  TO 408 / 
RETAIh R X  FOR i d 1  TO 438  / 
6kT;IN h V  F J I  4 0 1  TO i O d  / 
SUPPL;RT JSYP I N  SUXFICE i! / 
SUPPUeT T X  FCR 1 4 7  / 

E h O  BC UATA / 
d€GIN Sl lFFNcSS DATA / 

3EGIN ELEMENT CATA / 
d i A M  n52 Tt00CU N4OOO 

122OOJUOEt01 0. 
- 2 1  100300E+OU .25000000E+OO 

sEan M ~ Z  r t oooo  N4001 . 1220OOOOE+41 0 .  
.2 7100000E+OO . 2 5 0 0 0 0 0 0 E ~ 0 0  



BEAM M52 1+0000 N4002 
A22OOOOOE+Ol 0. 

.2710000CE+00 .L5000000E+00 
BEnM M52 1+3400 WOO3 

122000OOE+Ol 0. 
.Z~LOOOOUE+OO . z s o a o a ~ ~ + o o  

BEAM MSZ T+OOOO N4005 . LBISOOO~E+O~ 0. 
r 577OOOOOE+JO 8790000aE-01 

BEAM ~ 5 2  T+OOOO N4006 
.3125000CE+Ol 0. 

A62POO00E+01 .40?0000QE+00 
B E A ~  ~ 5 2  1+0000 N4007 

.375000OOE+Ol 0 -  
19530000E+01 703000(rOE+00 

BEAM M52 '+0000 N4008 
.31250000E+01 0. 
~l62SOOOOE+01 ~40700000E+00 

BEAM MSZ ~ + 0 0 0 0  NW09 
.31250000E+01 0 -  
.L6280000E+Ol .40700000€+00 

BEAM M52 T+0000 N4U 10 
.312SOOOCE+Ol 0 -  
~16280000E+Ol ~*0100008E+OO 

BEAM M52 7+0000 N40 11 
.31250000E+Ol 0-  
~1628OOOCE+Ol .CO7OOOOOE+OO 

BEAM MSZ T+J000 N40 12 
-31250000E+01 0 -  
0 16280000€+01 .40?000(ME+00 

BEAM M52 f+0000 NCO 13 
.31250000E+01 0. 
.1628000CE+Jl .i0700000E+00 

BEAM M52 T+O0OO N40 14 
~31250000E+Oi 0. 
~1628OOOOE+01 .40700000E+00 

aEAM US2 T+0000 N43 L5 
.31250000E+Ol 0. 
0 16280000E+Cl .007000WE+00 

BEAM M52 T+0000 N40 16 
.31253000i+Cl 0. 
.16280000E+01 .407OOOOOE+00 

BEAM ~ 5 2  1+0000 N40 17  
.3125OOOCE+01 0. 
.1b2S0900i+01 .40700UCOE+00 

BEAM M52 l+C?00 NCO 18 
~12500000E+01 3. 
.6510000OE+00 .26000000E-01 

3EAM I452 T+dGCJd a4319 
.12500000E+01 0. 
.6510000CE+00 .26000000E-01 

~ E A M  452 r-ooao ~ 4 0 2 0  
i25000GdE+01 0. 

.t5100000E+00 .i!6000003E-01 
BEAM M52 T+0000 lu4021 

.31250C4JE+01 0. 

.162d0000E+01 -40700000Et00 
BEAM M52 T+0000 N4022 

.12500000E+01 0.  

.6SlQ000OE+00 ., bU00008E-01 
BEAM R52 T+0000 N4023 

.12500000E*Oi 0. 
.65130000E+00 .26000000E-01 

BEAM M52 T*0000 N4024 
.12500000E+J1 0. 
-0.5 100000E+00 .26OOOOOOE-01 

aEan n52 T+OOOO ~ 4 0 2 s  
~31250000€+01 0. 
.16280000E+Cl ~C0700000E+00 

B E A C  M52 T+0000 N4026 
.1L500000E+01 0. 
065 i00000E+O0 ~ 2 6 0 0 0 0 0 0 E ~ 0 1  



BEAM M52 T+0000 NCO2 7 
12500900E+01 0. 0. 

.b5100000E+00 .26000000E-01 
BEAM M52 T+0000 lv40ZB 

12500000E+01 0. 0. 
.6510000CE+00 .2600000BE-O1 

BEAH MS2 T+0000 NCU29 
.?1250000E+Ol 0. 6. 

l b280000E+01  .4070COOOE+OO 
BEAM ~ 5 2  T+OOOO N40 3 0  

.12SOOOO0Et01 0. 0. 
~ 6 5 1 0 0 0 0 0 E + 0 0  .26000000E-01 

BEAM M52 T+OOOO N4031 
. 1 2 5 0 0 0 0 0 E + ~ l  0. 0. 
.65100000E+00 .26000000E-01 

BEAR t i52 ~ + 0 0 0 0  N4032 
125000OCE*OA 0. 0. 

.65lOOOOOE+00 .260COOOOE-01 
BEAM M34 T+0000 N8OOO 

.40000000E+01 0. 0. 

.20000000E+O3 . i0000000E*03 
ROD n 5 3  T+OOOO ~ 2 0 0 0  1 
R O D  M53 1+0000 NZOOl 3 
ROD n 5 3  ~ + O O O C  NZOOZ 5 
R C D  M53 T+0050 Y2003 7 
HOD 1453 t + 0 0 0 0  N2OO4 9 
RGC M53 T+0000 N2005 11 
RCO 1453 ~ + 0 0 0 0  ~ 2 0 0 6  13  
ACD M55 T+4COG NZOO7 12  
COD M53 T*0000 NZOOB 1 0  
ROO n53  r + o o o o  NZOOJ a 
ROD M53 T+OJOG NZOlO 6 
GOO R53 T+000G N2011 + 
RUO n5.3 ~ + o o o o  %2012 2 
ROD U53 T+JJOC N2013 2 1 
LCD ~ 5 3  ~ + 0 0 0 0  ~ 2 0 1 4  2 3 
1703 M53 T tJ00C N2015 25  
a00 M53 T+OOOC N2Olb 2 7  
RCO 1453 T+OOOC ~ 2 0 1 7  2 9  
A 0 3  MS3 T+O0OC NZOL8 3 1 
900 I453 T+090C N2019 3 3 
RCD M53 T+0000 NZO2O 2 2  
RC3 M53 T+0005 NLOZA 3 0  
RCS 5 T+OGOC NLO22 2 6 
ROC N53 T+OJOS NZd23 26 
ROO n53 T+000C N2024 2 4  
RCD 1453 ~ + 0 0 0 0  ~ 2 0 2 5  22 
ROD M53 T+0000 NZOZb 4 1 
RCO M53 T+003C N2G27 43 
RCD M53 T+odOO N202d 4 5 
k t 9  1453 T+OJOO ~ 2 3 2 9  4 7  
ROD 5 3  T+050C NZ030 49 
RCJ M53 1+0000 N 2 0 3 i  5 1 
RUD 1453 T+OUOO ~ 2 0 3 2  53 
ROC M53 T+0000 N2033 52 
ROO R53 T+0000 P!L03, 50 
ROD M53 T+0003 N2035 T a 
RCO M53 T+000G N2036 46 
R C O  ~ 5 3  T+OOOO ~ 2 0 3 7  44 
ROO M53 T+0000 NZO38 42 
ROD ~ 5 3  T + ~ O O C  ~ 2 5 3 9  6 1 
RC3 M53 T+0004 NL040 0 3 
R G 0  U53 T+OJOC NZ041 65 
ROD M53 T+i)COC N2042 67 
2CD M53 T+OCOO N.2043 c 9 
RCD n53 T+000G N2044 7 1 
ACO M53 T+0000 NZG45 7 3 
ROO n53 T + O ~ O O  ~ 2 0 4 0  72 
P O 0  M53 T+OOOC N20s7 7 4 
ROC n53 T+OOOO ~ 2 0 4 a  68 
I G D  M53 ~ t 0 0 0 C  N2041  66 
PO0 M53 *OOOO NL050 6 4  



R O O  
R O D  
R t o  
ROO 
ROO 
ROO 
RCG 
R C D  
RGO 
ROO 
R t o  
ROO 
R C D  
ROO 
ROO 
R 0 3  
K O 0  
600 
AOJ 
R O D  
COO 
ROO 
ROO 
aoc 
ROO 
ROO 
ROO 
ROO 
RCO 
R E 3  
a00 
ROO 
P O 0  
R d 3  
A 0 0  
R O D  
ACID 
RCO 
ROO 
ROO 
R C D  
RCO 
R o c  
R o o  
RCO 
k00 
P GO 
POC 
$LC 
ROD 
ROD 
ROC 
LCD 
ROO 
R J O  
ROO 
ROD 
6 3 0  
k O 0  
RCO 
R C 3  
K C 0  
ROO 
RCO 
ROIJ 
ROO 
RCO 
ROO 
ROO 
ROO 
RCO 
NO3 
ROO 



ROO 
ROO 
I d0  
ROD 
ROO 
A 0 0  
RCO 
ROD 
RGD 
ROD 
R 0 3  
ROO 
AGO 
ROD 
ROO 
ROO 
P O D  
ROO 
ROO 
R O D  
RCO 
ROD 
ROO 
R o d  
ROO 
ROO 
(7GG 
RGO 
ROO 
RCO 
ROO 
ROG 
ROD 
ROJ 
RCO 
RCO 
a00 
R C S  
ROD 
a 0 3  
R C D  
A 0 0  
aOD 
RCO 
R CD 
RGO 
ROO 
iioo 
RCO 
R C D  
ROD 
tic0 
ROC 
a30 
ROO 
ti00 
a00 
a00 
ROO 
P O 0  
ROO 
ROD 
ROO 
ROC 
R J D  
3 0 0  
k S 0  
ROO 
ROD 



. . 
ROD 1152 T+OOOC ~ 2 2 6 4  148 150 .43900aOOC-01 / 
ROO H52 T+OOOO N2265 4 148 .45800000E-01 / 
ROO M52 7+0000 N2266 144 1+6 .4680W00E-O1 / 
ROD M52 T+OOOC N2267 142 144 .36100owE-01 / 
ROO M52 T+000C N2i82 165 167 .747OOOWE-011 
ROO M52 T+OOOO N2283 7 169 .71100QOOE-01 / 
ROD M52 T+OOOC N2284 168 170 .7AlUOOOOE-01 / 
ROD T+OOOO ~ 2 2 8 5  166 168 .747000WE-01 / 
ROD M55 T+0000 b2301 25 45 ~11600000E400 I 
ROD M55 T+0000 N2302 45 65 e13900000E+00 / 
ROD M55 T+0000 N2303 6 5 85 ~16300000E400 / 
ROD M55 T+OOCO N2304 85 105 . .18700000E+00 / 
ROO ~ 5 5  1+0000 ~ 2 3 0 5  LO5 125 .21400000E+00 / 
ACD M55 T+OOOO N2306 125 145 .24300000E+OO / 
ROD M55 T+0000 N2307 145 165 -277OOQOOE+00 / 
ROO ~ 5 5  T+OOOO ~ 2 3 1 1  2 6 46 e11600000E+00 / 
ROD M55 T+0000 h2312 46 66 ~13900000E+OO / 
ROO M55 T+0000 N2313 66 86 el6300000E+00 / 
RGD 1455 ~ + 0 0 0 0  ~ 2 3 1 4  86 106 .18700300E+00 / 
ROD M55 T+0000 N2315 106 126 ~214OOOOOE*00 / 
ROD M55 T+0000 N2316 126 146 ~24300000E+00 / 
ROO M55 T+0003 N2317 146 166 .27700000E+OO / 
RCO ~ 5 5  ~ + 0 0 0 0  ~ 2 3 2 1  29 49 ~13700000E+O0 / 
ROD M55 T+OOOO N2322 49 69 .15500000€+00 / 
RJD ~ 5 5  ~ + 4 0 0 0  ~ 2 3 2 3  69 89 ~1720000OE+O0 / 
ACD H55 T+OOOO h2324 89 109 ~19000000E+00 / 
WOG I455 T+0000 N2325 109 129 ~20700000E+00 / 
ROO M55 T+0000 N2326 129 149 .22800000E+00 / 
RCD M55 T*0000 N2327 149 169 .ZSOOOOOOE+OO / 
RCD f455 T+0000 N2331 3 0 50 .13700000E+00 / 
RCD M55 T+0000 N2332 50 70 ~155000OOC+OO / 
ROO M55 T+0000 N2333 70 94 ~17200000E+00 / 
RCD W55 T+0000 N2334 90 110 ~1900W)OOE+00 / 
RCD M55 T+0000 N2335 110 130 +20700000E+OO / 
ROO M55 T+0000 N2336 130 150 ~228OOOOOE+00 / 
ROD US5 T+0000 N2337 150 170 ~25000000E+00 / 
GPLATE M52 T+LJOO N5500 243 223 225 245 

.2SOOOOOOE+OC *25000000E+00 0. / 
GPLATE M52 T+0000 N5501 223 203 205 225 

.Z5OOOOOOE+00 e25000000E+00 0. / 
GPLATE ~ 5 2  T + O ~ O O  ~ 5 5 0 2  245 225 226 246 

~Z5OOOOOOE+00 25000009E+00 0. / 
GPLATE M52 T+O000 N5503 225 205 206 226 

-25 COOOOOE+00 .25000000€+00 0. / 
GPLATE M52 T+OOOO N5504 246 226 227 247 

*25Cb000CE+b0 .25000000E+00 0- / 
GPLATE M52 1+0000 h5505 220 206 207 227 

~25000000E+00 ~25OOOOOOE+00 0- / 
ROO M53 T+O000 N3000 1 2 .10000000E-01 / 
R,, 1453 1+0000 ~ 3 9 0 1  3 C .10000000E-01 / 
ROD ~ 5 3  ~ + 0 0 0 0  ~ 3 0 0 2  5 6 .10000000E-01 / 
ROD 1453 r+oooo n3oo3 7 8 . ~OOO~OOE-01  / 
RCD M53 T+0000 N3004 9 1 0  ~10000OOOE-O1 / 
ROJ M53 T+0000 N3005 11 12 .1001)0000E-01 / 
RCD M54 T+0000 N300b 2 1 22 .10000000E-01 / 
ROD M54 :+0300 N3407 2 3 24 .10000000E-01 / 
ROO M54 T+0000 N3008 2 5 26 .1000WOOE-O1 / 
ROD M54 T+0000 N3009 2 ': 28 . 1 0 0 0 ~ 0 0 ~ 0 1  / 
ROO 1154 ~ + 0 0 0 0  ~ 3 0 1 0  29 30 .10000000E-01 / 
ROD M54 T+0000 N3011 3 1 32 .10000000E-01 / 
600 M54 T+0000 N3012 4 1 42 .10000000E-01 / 
ROD M54 743000 N3013 4 3 44 .10000000E-01 / 
ROD M54 T+0000 N3014 45 46 .lOOCOOOOE-01 / 
RCD R54 T+0000 N3015 4 7 48 .lOOOOOOOE-01 / 
ROD M54 T+0000 N3016 4 9 50 ~lOOOOOOOE~01 / 
ROD M54 T+0000 83017 5 1 52 .10000000E-01 / 
ROO M54 T+0000 N3018 6 1 62 .10000000E-01 / 
ROD M54 Tt0000 N3019 6 3  64 .10000000E-01 / 
ROD ~ 5 4  T+OOOO ~ 3 0 2 0  65 66 .10000000E-01 / 
ROD W54 Tt0000 N3021 6 7 bd .10000000E-01 / 
ROO M54 T+0000 N3022 69 70 .10000000E-01 / 
ROO R54 T+0000 N3023 7 1 72 .10000000~-01 / 
ROD W54 T+0000 N3024 0 1 82 .10000OOOE01 / 



no0 M54 T+000U N3025 
ROO M54 T+0000 N302b 
ROD H54 T+OOOO N3027 
ROO M54 T+0000 N3028 
ROO HS+ T+0000 N3029 
ROO M5c T t 0 0 0 0  N3030 
ROO M54 T t 0 0 0 0  N3031  
RGD M54 (+0000 N3032 
ROO H54 T+OOOO N3033 
A 0 0  ~ 3 4  T+0000 N3034 
R C D  M54 T+OOOO N3035 
ROO M54 T+0000 N3036 
ROD M54 T+0000 N3037 
ROO M54 T+0000 N303'd 
PO0 M54 T+0000 N3039 
A 0 0  M5c T+0000 N3040 
ROO M54 T+OOOO N3041  
ROD M54 T+000O N3042 
RCD W54 T+0000 N3043 
R t O  C54 T+0000 N3044 
A00 M54 T+0000 N3045 
ROO H54 T+0000 N3046 
t iOD M5c T+0000 N3047 
6 0 0  M55 T+0000 N3052 
ROC 1455 r+oooo N3053 
RC3 M55 T+0000 N3054 
ROO ,455 T+OO00 N3055 
ROD 1455 T + O ~ O O  N3056 
1703 n55  T+0000 N3057 
aoo 1455 T+OOOO N3062 
RCD M55 T+0000 N3063 
ROD M55 T+0000 N3064 
ACD U55 T+0000 N3065 
ROO ~ 5 5  T+OOOO ~ 3 0 6 6  
$00 M55 T+0000 N3067 
SPLATE n 5 1  r + o o o s  ~ l o o o  
SPLATE M51 1+0000 N i O O l  
SPLATE M51 T+0000 H1002 
SPLATE ns i  r + o o o o  ~ 1 0 0 3  
SPLATE n s l  ~ + o o o o  ~ 1 0 0 4  
SPLATE I451 T+0000 N l 0 0 5  
SPLATE M51 7+0300 1506  
SPLATE T+QOOO A O O ~  
SPLATE n s i  r + o o o o  ~ 1 0 0 8  
S P L A T E  n s i  r + o o o o  N L O O ~  
SPLATE M51 T*OOOJ N l O l O  
SPLATE M51 T+OOOU N1011  
SPLATE US1 T*0000 N l O l 2  
SPLATE M51 T+0000 NlOZO 
SPLATE M51 T+0000 N l O L l  
SPLATE M51 T+0000 N lO22  
SPLATE H 5 1  T+0006 N1023 
SPLATE M51 710003 N1024 
SPLATE MSl  T+OOOJ N1025 
SPLATE NS1 T+0000 N1026 
SPLATE M 5 i  T+0000 h1027  
SPLATE t451 T+0000 N l O l 8  
SPLATE M51 TtJOOO N1029 
SPLATE I451 T+0300 N1030 
S P L A T E  ~ 5 1  r tacou ~ 1 0 3 1  
S P L A T E  ns1 r + a o o o  r ~ 1 0 3 2  
SPLATE M51 T+0000 NlOCO 
SPLATE M51 T+S003 N1041 
sPLarE n s l  ~ + o 0 0 0  ~ 1 0 4 2  
SPLATE M51 T+0030 N1043 
SPLATE H 5 1  T*0000 N1044 
SPLATE M51 T+0000 N1045 
SPLATE I451 T t d 0 0 0  N1046 
SPLATE N 5 1  T+0000 N1047 
SPLATE M51 T+OCOO N1048 
SPLITE M51 T+OuOO N l W 9  
SPLATE M51 T*0003 N1050 
SPLATE K 5 l  T+0000 N1051 



S P L A T E  
S P L A T k  
S P L A T E  
S P L  AT E 
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T  E  
S P L  AT E 
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T  E 
S P L A T  E 
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L  A ;  E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S ? L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T  E 
SPL A T  E  
S P L A T E  
S P L A T E  
S P L A T  E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L  A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T E  
S P L A T  E 
S P L A T E  
S P L A T E  
S P L A T i  
S P L A T E  
S P L I T €  
S P L A T E  
SPL A T E  
S P L A T  E  
S P L A T E  
S P L A T E  



SP8.ATE M52 T+OOOO Nl220 8 1 
SPLATE M52 T+OOOO N1221 8 3 
SPLCTE M52 T+0000 Nl222 85 
SPLATE MSZ T+OOOO N1223 8 7 
SPLATE M52 T+0000 N1224 89 
SPLATE M S ~  T+OOOO ~ 1 2 2 5  101 
SPLATE M52 T+OOOO N1226 103 
SPLATE M52 T+0000 k lZ27  105 
SPLATE n52 T+OOOO ~ 1 2 2 8  107 
SPLATE H52 T+0000 N1229 103 
SPLATE ~ 5 2  ~ + 0 0 0 0  ~ 1 2 3 0  121 
SPLATE M52 T+OOOil  N1231 123 
SPLATE M52 T+0000 N1232 125 
SPLATE M52 T+0000 N1233 127 
SPLATE M52 T+0000 N1234 129 
SPLATE M52 T+0000 k l235  141 
SPLATE M52 T+OOOO N1236 143 
SPLATE M52 T+0000 N1237 145 
SPLATE M52 T+0000 N1238 147 
SPLATE M52 T+OOOO N1239 165 
SPLAlE M52 T+0000 N1240 167 
SPLITE M55 T+OOOO h i 3 0 1  45 
SPLATE H55 T+O000 N1302 6 5 
SPLATE ~ 5 5  ~ + 0 0 0 0  ~ 1 3 0 3  8 5 
SPLATE M55 T+0004 N1304 105 
SPLATE M55 T+0000 N1305 125 
SPLATE Y55 T+0000 N1306 145 
SPL~TE 1'455 T+0000 k1307 165 
SPLPTE M55 T+0000 N1311 49 
SPLATE N55 T+0000 N1312 69 
SPLATE 1455 ~ + 0 0 0 0  ~ 1 3 1 3  89 
SPLATE M55 7+0000 N1314 109 
SPLATE M S S  ~ + 0 0 0 0  ~ 1 3 1 5  129 
SPLATE M55 T+0000 N1316 149 
SPLATE ~ 5 5  ~ + 0 0 0 0  N1317 169 
GPLATE H52 T+OOOO N5000 202 

o250000COE+01 o25000000E+01 0. 
GPLATE ~ 5 2  T ~ O O O O  ~ 5 0 0 1  20 1 

.25OOOOOOE+00 .2500000QE+00 0. 
GPLATE M52 T+0000 N5002 2 02 

~25GOOOOOE+00 ~ 2 5 0 0 0 0 0 0 E ~ 0 0  0. 
GPLATE M52 T+OOOO N5003 202 

~25OOOOOOE+00 25000000E+00 0. 
*/ ADOIT IONAL ELEMENTS / 

ROD Y53 T O  N7303 5 6 a01 / 
ROO N7004 9 10 - 0 1  / 
ROO M54 TO N7005 25 26 -01  / 
ROD M54 T O  N700b 29 30 - 0 1  / 
SPLATE N7OOl 5 6 2b 25 .1 I 
SPLATE h7002 9 19 30 29 - 1  / 
P L A T E  M54 T O  N7007 11 12 13 .05 / 
PLATE NlOO8 31 32 33 -05 / 
PLPTE N700S 5 1  52 53 .05 / 
PLATE N7010 71 72 73 -05 / 
PLATE N7011 9 1  S2 93 cO5 / 
PLATi h7OlL 111 1?2 113 005 / 
PLATE N7013 131 132 133 -05 / 

*/ FUSELAGE BEAMS / 
BEAM M54 T O  N6OCl 304 308 0. *=4 9.524 
REAM N6402 308 310 0. *a4 52.381 
aPAM N6003 310 316 0 .  *a4 59.524 
BEAM N6004 316 320 0. *=4 80.952 
BEAM Nb005 220 322 0. *=4 126.190 
BEAM N6006 322 326 C. *a4 106.101 
BEAM N6007 326 328 0. *=4 61.905 
~ E A M  N6008 3Zd 242 0. *=4 100.000 
a c ~ n  ~ 6 0 0 9  242 213 0. *=4 106.625 
BEAM bib010 243 246 0. *a4 123.810 
BEAM NO011 246 247 0. *14 116.667 
86 A M  N6012 247 334 0. * = 4  164.28~ 
BEAM N6013 334 338 0.  *=4 169.046 
BEAM N6014 338 340 O. *a4 ldl.548 
aE A M  ~ 6 0 1 5  340 344 O. *=4 195.238 

.50000000E-01 / 
~ 5 0 0 0 0 0 0 0 E ~ 0 1  / 
.50000000E-01 / 
.50000000E-01 / 
*50000000E-01 / 
05 0000000E-01 / 
.~0000000E-01 / 
.50000000E-01 / 
.50000000E-01 / 
.50000000E-01 / 
.saoooooo~-01 
-5 0000000E-01 / 
.50000000E-01 / 
.~0000000E-01 / 
~ 5 0 0 0 0 0 0 0 E ~ O l  / 
.50000000E-01 / 
.50000000E-01 / 
.50000003r '1 / 
.500000COE-0: / 
.8OOOOOOOE-01 / 
.80000000E-01 / 
.10000000E+00 / 
.10000000E+00 / 
.10000 000E +00 / 
.10000000E t o 0  / 

10000000E+00 / 
10000 OOOE +00 / 

.10000000E+00 / 

.10000000E+00 / 

.10000000E+00 / 

.10000 000E +00 / 

.10000000E+00 / . lOOOOOOOE+00 / 

.10~00000E +00 / 

.10000 000 E +00 / 



aEAM N 6 0 1 t  344 348 0. 8-4 140.476 0. 0-4 33.333 / 
BEAH k b 0 1 7  34tl 352 0.  * -4  33.333 0. *a4  47.619 / 
BEAM N6018 352 356 0. 4'84 41.619 0. *=4 33.709 / 
BEAM N6019 356 358 0. *=4 33.709 0. **4 21.429 / 
~ E A M  N6020 258 365 0- *a4 21-*?9 0. *** 26.191 / 
BEAM Nb02 1 260 364 0. 884  Zb.191 0 4 9.526 / 

*/ HORIZONTAL TAIL BEAMS / 
BEAM M54 TO N8OOl 356 4 0 1  0. 0. 0 0  100. 0. 100. / 
B E A M  N8002 4 0 1  402 0. 0. 0. 1.330 0. 05635 

0. 0. 0. 1.033 0. a427 / 
BEAM N800? 402 403 0. 0. 0. 1.033 0. - 4 2 7  

0. 0. 0. -7418  0.  .2949 / 
BE AM N80C4 453 404 0. 0. Om 0 7 4 1 8  00  92949 

0. 0 0  0. a4873 0. 9181 / 
BEAM NBOC5 404 405 0- 0. 0. .4873 0. e l 8 1  

0. 0. 0. -2825 0. a0981 / 
dEAM NB006 405 406 0. 0. 0 0  e2825 0. 0 0 9 8 1  

0. 0. 0. .1575 0. .Or856 / 
BEAM N8007 406 4 0 7  0. 0. 0. -1575 0. -04856 

0. 0. 0. a0775 0. 902286 / 
BEAM N8008 407 408  0 -  0. 0. -0775  0. 002286 

0. 0 .  0. - 0 3  0. .00762 / 
END FLEMENT CATA / 

END STIFFNeSS OATA / 
BEGIN MASS CATb / 

9EGlN CONCITION CATA / 
STAGE 1 CONOITION 1 0 0 1 / 
END CONOITlON DbTA / 
BEGIN M A S S  ELEMENT OATA / 

*/ FUSELAGE MASSES / 
SCALAR F2 N326 326 29.3 / 
SCALAR F2 N328 328 35.7 / 
SCALAR F2 N330 330 42.6 / 
SCALAR FZ N243 243 56.5 / 
SCALAR F2 N246 246 30.2 / 
SCALAR F2 N247 247 30.3 / 
SCALAR FL N332 332 18.0 / 
END MASS ELEMENT OATA / 
BEGIh CUNCENTRATEC MASS DATA 1 / 

* FbSELAGE WEIGHTS / 
CM302 304 302  2.4 / 
~ ~ 3 0 4  304 304 27.2 
CM306 304  306 11.3 / 
cnma 310 308 16.4 
CM310 3 1 0  310 18.5 / 
~ ~ 3 1 2  310 312 19.0 I 
CM314 316 314  24.8 / 
CM316 316  316 18.7 / 
C M ? A B  310 318 18.2 
c n 3 z o  322 320  21.8 
CM32i  322  322 29.6 / 
CM324 322 3 2 4  36.8 / 
CM336 338 330  10.8 / 
CM338 338 338  221.0 0. 57450. / 
CM342 344  342 1A.O / 
CW346 344 346 11.8 / 
CM350 352 350 16.1 0. 0 0 1  1 
~ ~ 3 5 4  356  354  17.8 
CM35C 356 356 15.6 / 
CM360 360 360 36.1 0. - 0 1  / 
CM362 3 6 4  362 12.9 / 
CM36C 364 366 5.9  1 

*/ HGRILONTA. TAIL WEIGHTS / 
~ ~ 4 1 1  4 0 1  4 1 1  I=HT 1.920 11.406 2.56 I 
CM412 402 4 I t H T  1.580 A90544 2.12 / 
~ ~ 4 1 3  403 413 I=HT 1.335 15.368 i.7a 
CM414 4 0 c  414  I=HT 1,080 11.482 1.44 / 
cnc i s  445 415 IAHT 0.868 8.627 1.16 / 
CM416 406  416 1aHT 0.732 4.623 0.94 / 
CM417 407  417 I=HT 0.553 4-98? 0.74 / 
CM418 408  41"aflT 0.245 1.662 0.33 / 
ENC CONCENTRATED MASS O A T A  / 

END MASS OATA / 



BEGIN SUBSET DEFINITION / 
SUBSETS OF STIFFNESS SET 1 / 

N1 = ALL / 
N2 242 TO 247 302 TO 366 FUSELAGE NODES 
N3 4 0 1  TO 418 352 TO 360 / WORIZ. TAIL NODES 
N4 = 1 TO 169 BY 2 / UPPER YINC SURFACE 
NS = 2 TO 170 BY 2 13  TO 133 BY 2 0  / LOWER WING SURFACE 
Nb = 174 TO 217 / WING-BODY 
E l I A L L  / 
E2 = CLOSEO I N  N2 / 
€3 = CLOSED :N N3 / 
E4 = CLOSED I N  N4 / 
€ 5  CLOSEO I N  N5 / 
EL = CLOSED I N  Nb / 

ON1 = 304 310 316 322 328 165 145 143 141  TO 1 BY -20 + 
3 TO 143 bY 20 145 TO 5 BY -YO 7 TO 167 BY 20 + 
1 6 9  TO 9 BY -20 11 TO 1 3 1  BY 20 133 TO 13  BY -20 + 
11 TO 1 BY -2 2 1  TO 33 BY 2 53 TO I.! dY -2 6 1  TO 73 BY 2 + 
9 3  TO 8 1  BY -2 1 0 1  TO 113 8Y 2 + 
133 1 0  1 2 1  BY -2 141  TO 149 0\ 2 169 l b ?  165 328 243 109 243 + 

247 338 344 352 356 360 364 360 356 401  TO 408 / 
EN0 SU8SET C E i i h l T I O N  / 
EN0 PROBLfN DATA / 



Table 205-9. Natural Frequencies 
for FIREBLE Drone 

* d e  I Frequency 

2 I 0 ,  I Rigid bodv 

No- 1 (Hertz) 

Rig id  bC:.:y 

Description 

Wing bending 

mse lage bending 

Fuse rage bendin.g 

wing bending 

I 

Wing twis t ing  

Horizontal t a i l  
bending 

Coupled wing, 
fuselage and tail 

wing twisting 



Figure  205-1. Total FIREBEE Structural Model 



F igure  205-2. Fuselage Model . FIREBEE Drone 



Figure 205-3. Wing U p w r  Surface Model, FIREBEE Drone 



F igure 205-4. Willg Lower Surface Model, F I R E  BEE Drone 



Figure 205-5. Wing-Body Intersect ion Model, FIREBEE Drone 



Figure 205-6. Hor izonta l  T a i l  Model, FIREBEE Drone 



F igure  205-7. Four th  Mode Shape, FIREBEE Drone 



Figure  205-8. S i x t h  Mode Shape, FIREBEE Drone 



206. BEAM VIBRA!t'ION (DEK 8) 

206.1 DESCRIPTION OF ANALYSES 

This  problem demonstrates the va r ious  ATLAS mass rnatrix 
generat ion c a p a b i l i t i e s  Sy using models of two can t i l eve r  beams: 

A beam with  a s t r a i g h t  e l a s t i c  a x i s ,  
uniform s t i f f n e s s  p rope r t i e s  and 
concentrated masses o f f s e t  from t h e  e l a s t i c  a x i s  

A beam of constant  width and 
l i n e c r l y  varying depth along its span 

206.1.1 Beam with Offse t  Concentrated Masses 

The s t i f f n e s s  of this s t r u c t u r e  is modelled i n  two ways, both 
employing BE?L. s t i f f n e s s  f i n i t e  elements and corkcentrated masses: 

S t r u c t u r a l  nodes are loca ted  a t  t h e  concentra ted mass 
loca t ions  and t h e  BEAMs a r e  off set t o  t h e  elastic 
ax is .  This model, SET I ,  i s  shown in f i c ~ u r e  206-1 

S t r u c t u r a l  nodes are loca ted  a long the elastic a x i s  
and the concentrated masses are o f f s e t .  This model, 
SET 2 ,  is shown i n  f i g u r e  206-2 

Four d i f f e r e n t  mass matr ices  a r e  ca l cu l a t ed  f o r  each of t hese  
s t i f f n e s s  models and a normal mode ana lys i s  performed with  each. 
The mass matrices used are: 

Guyan reduced mass matrix consider+-ng only the 
concentrated masses 

Guyan reduced mass matrix consider ing only the mass 
of t h e  s t i f f n e s s  model 

Guyan reduced mass matzix considerinq both concentrated 
masses and s t i f f n e s s  element mass 

Reduced mass matr ices  p r o d u c ~ d  d i r e c t l y  by the Mass 
Processor considering only the concentrated masses 

I n  all cases  t h e  re ta ined  freedoms are +he t r a n s l a t i o n  i n  t h e  
Z-direction and r o t a t i o n s  about t h e  X and Y axes. 



206.1.2 Tapered Beam 

The s t r u c t u r e  analyzed is shown i n  f i g u r e  206-3. The 
s t i f f n e s s  of t h e  s t r u c t u r e  is modelled i n  two ways: (1) with 
BEAM elements and (2) with 20-node E&ICK elements. 

The BEAM model, SET 3, is shown i n  f i g u r e  206-4. Three 
d i f f e r e n t  mass matrices are ca l cu l a t ed  us ing the mass of the 
s t i f f n e s s  elements and normal mde analyses  performed- The mass 
matrices used are: 

Guyan reduced mass matr ix  

Diagonal mass matr ix  produced d i r e c t l y  by t h e  
Mass Processor 

Nondiagonal mass matr ix  produced d i r e c t l y  by 
t h e  Mass Processor 

For a l l  t h r e e  analyses  t h e  r e t a ined  degrees of freedom are 
t r a n s l a t i o n  i n  the 2-d i rec t ion  and r o t a t i o n  about t h e  Y ax i s .  

The bRiCX model, SET 4,  is shown in f i g u r e  206-5 .  The mass 
matr ix  is obtained by Guyan reduct ion from t h e  merged cons i s t en t  
elemental  matrices.  The r e t a ined  degrees  o f  freedo- are the X- 
and 2-direct ion t r a n s l a t i o n s  a t  t h e  BKfCK corner  nodes. 

206.2.1 Beam w i t h  Offset Concentrated Masses 

F i r s t  mode f requencies  for t h e  e igh t  v ib ra t ion  ana lyses  are 
presented i n  t a b l e  206-1, I t  can be seen t h a t ,  as expected, 
i d e n t i c a l  r e s u l t s  a r e  obta ined from SET 1 and SET 2 when t h e  same 
procedure is used t o  genera te  the  mass matrix. Requenc ies  f o r  
t h e  beam without concentrated masses are compared wi th  exact  
va lues  i n  t a b l e  206-2. The f o u r t h  mode shape f ~ r  this case  is 
compared with t h e  exact  shape in f i g u r e  206-6. Exact values  f o r  
frequency and mode shape were obtained using t h e  methds of 
re fe rence  206-1. 

206.2 -2 Tapered Beam 

Frequencies obta ined from t h e  t h r e ?  BEAM element analyses and 
t h e  BRICK element ana lys i s  are compared with exact  va lues  given 
i n  re fe rence  206-2 i n  t a b l e  206-3. The mode shape f o r  t h e  t h i r d  
mode is shown i n  f i g u r e  206-7 for the BEAN element s t i f f n e s s  
model and Guyan reduced mass matrix. 



206 -3  L I S T I N G  OF CONTROL PROGRAM AND DATA 

B E G I N  COF'TROL PROGRAM DEMO08 
PROBLEM 1 0 l O E M 0 0 8  - V I B R P T  I O N  ANALYSES W I T H  V A k l D U S  MASS M A T f i I C E S J  

PURPOSE THE P R I N C I P A L  C A P A B I L I  T I E S  OEMONSTR4TED 8Y T H I S  
DECK ARE 

1. DIAGONAL REDUCED MASS M A T R I A  GENERATED BY 
n A s s  PROCESSOR 

2. NON-OIACCNIL  ;EDUCED MASS HATR.1'. GENERATE0 
BY MASS PROCESSOA 

3. GUY~N-RECUCED nnss MATRIX 
4- V I b R A r  I O N  AN,%LYSE S U S I N G  8CTH REDUCED 

S T I F F N E S S  AND REDUCED F L E X I B I L I T Y  M A T k I C E S  

AUTHOR F- P a  GWAY 

CORE 1301'. I O C T A L I  

REAO I N P U T  
C 

C U N I F O R M  B E A M  U I T H  O F F S E T   ASSES ' 
C 

P R I N T  I N P U T l N O D A L )  . .  • 

P R I N T  I N P U T (  S T I F F N E S S I  
P R I N T  I N P U T l U A S S )  
E X i C U T  E E x T R A C T I  EXNAHESSET l ~ L S U B = K G R I  D * E S U 9 = E l  * N S U 3 = N l B  
EXECUTE GRAPHICS(  CRAME=GEON~OFFLI  NE*CACCOHP*VI  E k s l d O * T Y P E = O R T h *  

X S I Z E = 1 2 0 -  ~ 2 0 . 8  rLPBEL=N+E *EXNAWE=SEf 1 I 
c 
C GUYAH REDUCE0 M A S S  H A T R l X r  S T I F F N E S S  ELFRENTS ONLY 
C 

PERFORM R E C J C E t  S E T - 1  J 
P R I N T  I N P U T ( B C I  
EXECUTE V I B R A T I O N I S T l F ~ K R E D ~ W A 5 S ~ ~ R E 3 ~ N F i l E O S ~ l O ~ S ~ T ~ l l  
P R I N T  O U T P U T ( V 1 B R A T I O N I  
P R I N T  I N P U T (  NOOAL * S E T 1 2 1  
P R I N T  I N P U T  ( S T I F F N E S S e S f  T I 2 1  
P R I N T  I N P U T l H A S S * S E T ~ Z b  
EXECUTE E X T R b C T t  E X N A M E ~ S E T Z * L S U B = K G R I  D I U S E T * ~  D E S U 9 x E l  * N S U E = N l )  
EXECUTF GRAPWICS(GNPHE=GEO?4q V I = - 1  *TYPE=ORTH.LABEL=N+E* 

X S I Z E - (  20, r2O.t r E X N A P I E ~ S E T 2 1  
DERFORM R E C U C t l S E T = Z )  
P R I N T  I N P U T ( B C v S E T = Z )  
EXECUTE v I a n n T I O N ~ S T I F Y ( R E O t n A S S f n R E O , N F R E C S = 1 0 . S E f = Z r V S E t = Z r  

X SUBSETS=NZ 
P R I N T  O U T P ~ T ( V I B R A T I O N P V S E T * ~ I  
EXECUTE E X T R A C T ( ' X N A M E ~ M O O E C ~ L S U a f V ~ 3 0 E ~  VSET*Z*NSU@=NZoHODE*4*  

X b r U B = O N l  J 
EXECUTE GRAPHICS~GNAME=~ODES~TYPE-ORT~,VECTORZ=V~OOE~SCALE=O.~~ 

X V S C A L E ~ l S r V X - 5 . V Y * - 7 O * E X N A M E - M O D E * I  
t 
C SAME A N A L Y S I S  U S I N G  REOUCED F ' F X I I I L I T Y  R 4 T R t X  
C 

EXECUTE CHOLESKYlDECO~Kf iED=DUdEDj  
EXECUTE CHOLESKY~IFOR~DIRED~DFCEOI 
EXECUTE M u L T ~ P L Y ~ F ~ E O = [ D F R E D I  T J * O F R E S j I  
EXECUTE V I B R A T I O N ( F  LEX*F  RED*MASS*MREDqNF F E O S * ~ O V S E T ~ Z D V S E T ~ ~ ~  
P R I N T  O U T P U T ( V 1 B R A f  I O N I Y S E T S ~ J  
PURGE F I L E S ( H A S S R h F  I 

C 
C GUYAN REDUCED MASS MATRIA* CGNCENTRATED M4SSES OhLY 

-Al PAGE IS 
QUALITY 



PERFURM REOUCEI  S E T - l e  [ i )=c** STIFELEM~O], 
1 [M~SS]=[MASS*CCNH~SS~~)I 

EXECUTE V I B R A T I O N ( S T 1 F  ~ K R E D ~ W A S S = M R E O ~ N F P E Q S = l O ~ S E T = l b  
P R I N T  O U T P U T l V I B R A T  l U N l  
PERFORM R E O U C E I  SET=ZIC~]S[C* STIFELEM=O], 

I C M A S S ] = ~ M A S S ~ C O N ~ A S S = ~ ] I  
EXECUTE V I B R A T ~ O N I S T I F ~ K R E O ~ W A S S ~ U R E D * N F R E C ~ ~ L O ~ S E T * ~ ~ V S E T = ~ ~  
P R I N T  OUTPUT ( V I B R A T I O N * Y S E T = Z  I 
PURGE F I L E S ( M A S S R N F 1  

GUYAN REDUCED MASS M A T W  XI S T I F F N E S S  ELEMENTS + CONCENTRATED MASS 

PERFORU R E O U C E I  S E T = l *  CMt SS]=CMASS *CONMASS= 111 
E X E C U T E  v ~ ~ R A T I o N ( ~ T I F ~ K A E O I M A S S = ~ € ~ ~ N F R E Q S ~ ~ O ~ S E T ~ L ~  
P R I N T  O U T P U T ( V I 0 R A 1 i O N )  
PERFORM R E C U C E I  SET=Z*CMASS;= [MASS*CONUASS=~]J  
EXECUTE V I ~ R A T I O N ~ S T I F = K R E D ~ M A S S ~ M R E D ~ E ~ F R E Q S ~ ~ O ~ S E T = ~ ~ V S E T = ~ )  
P R I N T  O U T P U T ( V I B R A C I O N I V S E ~ ~ Z ~  
PURGE F I L E S (  MASSRNF I 

D I A G O N A L  MASS M A T R I X *  CONCENTRATEO M 4 S S E S  ONLY 

PERFORM K-REOUCE 
E X E C U T E  MASS(  S E T a l r  O P T I O N = 2 1  
EXECUTE V I B R A T I O N ( S T I F ~ K R E D ~ M A S S ~ W D C O O l A ~ N F R E P S r l O ~ S E T ~ l l  
P R I N T  OUTPUT(  V I B R A T  I O N )  

NON-D IbGONAL  MASS M A T k I X r  COhCENTRATEO MASSES ONLY 

PURGE F I L E S ( M A S S R N F 1  
PERFORM K - R E D U C E ( S E T = 2 l  
E X E C U T E  MASS(  SET=2,  U P l I O N = j l  
EXECUTE V I d l A T I O N i S T 1 F ~ K R E D ~ M A S S ~ M O C c ) O l B ~ N F R E O S ~ l O ~ S E T ~ 2 ~ V S E T ~ 2 l  
P R I N r  O U T P U T ( V I B R A T I C N * V S E T . Z Z ~  

T A P E R E D  B E A M  

dEAM ELEMENTS - GUYAN REDUCCO MASS M A T P I X  

P R I N T  I N P U T  (NODAL 1 S E T S 3 1  
P R I N r  I N P U T I S T I F F N E S S I S E T ~ ~ )  
EXECUTE E X T R A C T I E X N A M E = S E T 3 t L S U B ~ K G R I O * K S E T * 3 *  E S U ~ = E ~ V N S U ~ = N ~ )  
EXECUTE G R A P H I C S (  GNAME=GEOM, V I E W = l O O *  T V P E = L R T d e L A B E L * h *  

X S IZE=(20 . r2O ,J  .EXNAf lE=SET3)  

PERFORM REDUCE4 S E T = 3 )  
P R I N T  I N P U T (  OC* S E T = 3 )  
EXECUTE V I a R A T I O N (  S T I F = K R E D * M A S S ~ M R E D *  k F R E O S ~ l O v S E T = 3 ~ V S E T ~ 3 )  
P R I N T  O U T P U T I V I B G A T  I O N * V S t T = 3 1  

BEAM ELEMENTS - D I A G O N A L  MASS M A T R I X  

EXECUTE M A S S 1 S E T s 3 r O P T I O N ~ Z )  
EXECUTE VIBRATION(ST I F = K R ~ O ~ M A S S = ~ D C ~ O ~ C ~ N F R E P S = ~ O ~ S E ~ = ~ ~ V ~ ~ ~ = ~ ~  
P R I N T  OUTPUT I V I B R A r  I U N v V S E T = 3 )  

BEAM ELEMENTS - NON-DIAGONAL MASS Y A T P I X  

EXECUTE MASS(  S E T r 3 r G P T I O N = 3 )  
EXECUTE V I B W A T I O N ~ S T I F ~ K R E D ~ I ~ A S S ~ M D C U O ~ C ~ N F I F ~ ) S ~ ~ O ~ ~ ~ ~ ~ ~ ~ V ~ E ~ ~ ~ ~  
P R I N T  O U T P U T ( V 1 B G A T I O N r V S E ~ ~ 3 ~ N O G S T I F ~ N O l i 2 1 A S S )  
EXECUTE E X T F A C T ( E X N A M E ~ H O ~ E ~ ~ L S U ~ = V M L ) O E ~ V S E T = ~ ~ C I O D ~ * ~ * ~ S U ~ ~ O N ~ ~  
EXECUTE G R A P H I C S ~  G N A M E ~ U O O E S ~ T Y P E ~ ~ ~ R ~ H ~ V I E W ~ ~ O O O ~ V E ~ T ~ R ~ ~ V ~ O ~ ~  

X SCALE*P . l *VSCALE=25 .  ~ E K N A M E = M O C E 3 l  

B R I C K  ELEMENTS - GUYAN REDUCED MASS M A T i t I X  

P R I N T  I N P U T ( N 0 D A L  * S E T * 4 )  
P R I N T  I N P U T ( S T I F F N E S S * S E T I 4 )  
EXECUTE E X T R A C T I E X N A M € ~ & E T ~ ~ L S U B ~ K G R I D ~ K S E T ~ ~ ~ E S U B ~ E ~ ~ N S U B * N ~ ~  
EXECUTE G R A P H I C S ( G N A Y E ~ G E O M t T Y P E ~ O K T H ~ L A B E L * E t  S I Z F a t  2 0 e 2 0 1  t 

1 f i Z = 6 0 * R X * O t R Y = 3 0 r E X N A M E = S E T 4 1  



PERFORM R€CUCELS€T*41 
PRINT INPUT( eC* f €1-4)  
EXECUTE VIBRATIONLST lF=KRED*WASS=MREJ,NF P i a S - l O ~ S E r = 4 ~ v S E T = ~ ~ 9 J  
PRINT O U T P U T ~ V ~ B R A T I O N I Y S E ~ ~ F ~ I  
CALL PRNTCAT 
INDEX F ILES(0ATARLF e"It3RRNF) 
END 

*/ * / 
* / U N I F O R M  B E A M  r r ~ n  O F F S E T  M A S S F S  
* / 
*/ SIliUCrURAL NODES AT CONCENTRATED MASS LOC4TIdNS 
* / 
BEGIN NOOAL OATA / 
1 0. 0. 0. TO 15 70. 5- 0.  / 
21 0-  8. 0. / 
22 4. 7. 0. / 
23 11. 7. 0. / 
2 4  17. 4 .  0. / 
25 23. 6. 0. / 
26  26. 4. 0. 4 
27 31- 3. 0. / 
28 34. 7. 0. / 
29  39. 6. 0. / 
3 0  4 7 -  4. 0. / 
2 1  51. 3.  0. / 
32 54. 2. 0. / 
33 60. 4. 0. / 
34 66. 6. 0. / 
35  71. 6. 0. / 
END NCDAL DATA / 
BEGIN STIFFNESS DATA / 
BEGIN ELEMENT OATA / 
BEAM 2 1  LZ  1 2 1. 0. 0 .  e l 5  .15 -20 TO 3 4  35 I 4  15  / 
ENJ ELEMENT DATA / 
EN0 STIFFNESS DATA / 
BEGIN MASS OATA / 
BEGIN CONOITION DATA / 
j T A G E l C O N O I T I O N 1 0 0 1  I 
END CONOIT[ON OATA / 
@ € G I N  COhCENrCATEC MASS DATA 1 / 

2 1  1.0 * = 3  / 
2 2  2.5 4. 4. 4. / 

? e l 3  10.1 *a3 / 
;NO CGNCENTPATEC MASS CATA / 
ENC MASS CATA / 
9EGiN BC DATA / 
SUPPORT TX t Y  TZ RX K Y  LZ FUC 2 1  / 
RETAIN TL RX R Y  FOR 22  TO 3 5  / 
END BC DATA / 
/ 

/ S7AUCTURAL NODES ALONG ELASTIC AXIS 
I 

BEGIN NODAL CATA I 
SET 2 / 
1 0. 0. 0. TO 1 5  70. 5. 3. / 
2 1  0. 8. 0. / 
22 4. 1. 0. / 
23 11. 7. 0. / 
2 4  17. 4. 3.  / 
2 5  23. 5 .  01 
26 26- 4. 0. / 
27 31. 3. 0. / 



28  34. 7. 0. / 
29 39. 6. 0. / 
30 47. 40 0 .  / 
3 1  51. 3. 0. / 
32 540 2. 0. / 
33 60. 4. 0. / 
34 660 60 0. / 
35 71. 6 .  0. / 
E N D  NOCAL O A S A  / 
B E G I N  S T I F F N E S S  D A T A  / 
SET 2 / 
B E G I N  E L E M E N T  O A T 4  / 
B E A M  1 2 1.0 0. 0 .  e l 5  015  - 2 0  T O  1 4  I S  
E N D  E-EWENT D A T A  / 
END S T I F F N C S S  D A T A  / 
B E G I N  MASS D A T A  / 
S E T  2 / 
U E G I N  C O N O i T I O N  D A T A  / 
S T A G E  1 C O N D I T I O N  1 0 0 1 / 
ENC C O N D I T I O N  OATA / 
9 E G I N  CONCENTRATED M A S S  D A T A  1 .' 

1 2 1  1.0 *=3 / 
2 22 2.5 4. 4.  4. / 
* + I 3  1 1 -01 *a3 / 
EN; CONCENTRATED MASS D A T A  6 
E N 3  M A S S  D A T A  / 
B E G I N  0C D A T A  / 
S E T  2 / 
SUPPORT TX T V  T L  AX hY RL FOR i / 
R E T A I N  TZ  A X  R Y  FOR 2 13 15 / 
E k D  B i  D A T A  / 
* / 
* /  
* / T A P E R € @  B E A M  
* /  
*/ B E A M  E L E M E N T  MODEL 
/ 

B E G I N  NOUAL C P T A  / 
S E T  3 / 
1 0 0  0. 0. 0. TO 120  100. 0. 0. 
EldC NOCAL D A T A  / 
@ € G I N  S T I F F N E S S  D A T A  / 
S E T  3 / 
e E G I N  ELEMENT D a T A  / 
BEAM 100 1 0 1  10. 0. 0. 0. 0. 83.3333 9.6 0. 

101  -02  5.6 * 4  73.728 F.2 
102 103  S . 2  * 4  64.8967 8. b 
103 104 8.8 * 4  56.7853 8.4 
1U4 105 8.4 * 4  49.3920 8.0 * 105 106 8.0 *4 42.6667 7.0 
1 0 6 1 0 7 1 . 6  *4  36.5d l3  7.2 
1 0 7  108  7.2 * 4  31.1040 : .d 
LC8 109 6.8 * 4  2 b 0 2 0 2 7  L.4 

* 1 0 9 1 1 0 6 . 4  *4  31.8453 6.0 
110  111 6.0 * 4  1d.0000 5.6 
111 112 5.6 * 4  14.6347 5.2 
112  113 5.2 *4  11.7iT3 4.8 
113 114 4.8 * 4  9.216 4.C 
114 115 4.4 *4 7.0987 4.0 
115 116  4.0 * 4  5.3333 3.6 * 1 1 6 1 1 7 3 o 6  * 4  3.8880 3.2 

* 117  i l 8  3.2 * 4  2.7207 2.8 
* 118 119  2 - 0  * 4  1.0293 2.4 

119 120  2.4 * 4  1.1520 2.0 
END EL.EMENT C A T A  / 
E N 0  S T I F F N E S S  D A T A  / 
b E G I N  8C D A T A  / 
S E T 3  / 
R E T A I N  T Z  R V  FOR 102  TO 1 2 0  B Y  ? / 
S U P P O R i  TX T Y  Y Z  R X  R Y  R L  F U R  rOO / 
E N D  B C  D A T A  ,' 
B E G I N  M A S S  OATA / 
S E T 3  / 



BEGIN CONOlTION DATA / 
ST AGE 1 CONDITION 1 1 
E N 0  CONOITION OATA 4 
EN0 MASS DATA / 
*/ 
*/ BRICK ELEMELT MODEL 
*I 
BEGIN NODAL OATA / 
SET 4 / 
REC JUNK 1. 0- 0- 2. 0. 0. 04 0. 1. / 
100 0. -.> 5. TO 120 100. -.5 1. ,, 
200 0- - 5  5- TO 220 103. - 5  1. / 
300 0- a 5  -5- TO 320 100. 05 -1. / 
400 0- -.5 -5. TO 420 100- m.5 -1. / 
500 0- 0. 5- TO 510 100. 0. 1. / 
600 0. .5 0. TO 610 LOO. .5 0. / 
700 0- 0. -5- TO 710 100, 0. -1. / 
800 0 .5  0, TO 810 103, 0.5 0. / 
ENC U' C '. OATA / 
B E G I k  5;IFFNESS DATA / 
SET 4 / 
BEGIN ELEMENT DATA / 
BRICK ICO too 300 COO 102 202 302 402 500 600 701.1 aoo 

501 601 701 801 101 ZUl 331 401 / 
*+9 0 2 * = l  1 ex7 2 * = 3  / 
ENC ELEMENT CATA / 
EN0 STIFFNESS CAT& / 
BEGIN dC DATA / 
SET 4 / 
OfiDER R E T A I N  BY IhTERNALIO / 
a E T A f N  TX 1L FOR 102 TO 1 2 0  BY 2 / 
*+3 0 *=3 100 0 LC0 0 0 / 
SUPPORT TX TV TZ R X  R Y  P Z  FOR 100 TO 800 BY 100 / 
SUPPORT TV FOR 100 TO lOOC / 
ENO ac DATA I 
BEGIN SUBSET D E F I N I T I O N  

SUBSETS OF STIFFhESS SET 1 
hi1 = ALL 
E l  = ALL 

SUBSETS OF STIFFNESS SET 2 
N1 = ALL 
El = ALL 
NZ = 1 TO 1 5  
ON1 = 2 TrJ 15 

SUBSETS OF STIFFNESS SET 3 
N1 = ALL 
El = ALL 
ON1 = 102 TO 120 9V 2 

SUBSETS OF STIFFNESS SET 4 
N l  = ALL 
E l  = ALL 

ENC SUaSET O E F I N I T I O N  
EN0 PROeLEM CATA / 
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Table 206-1. P irs t  Mode Frequencies for 
Unit o m  Beam with Off set Pfasses 

Frequencies i n  Hertz 

Mass Matrix 

4 

Sti f fness  Model 

a 
9) 
0 
3 
w x 

2 ;  2 s! 
3 u 

SET 1 

- 5.518 179 

10.182 4 1  

4,852 565 

5.518 f79 

Concentrated 
- masses only 

St i f fness  elements 
only 

Concentrated masses 
+ St i f fness  elements 

S E T 2  

5,518 179 

10.182 4 1  

4,852 565 

5,518 179 
Concentrated masses only 
produced by Mass Processor 



Table 206-2. Natural Frequencies of  
Uniform Beam without Concentrated 

Masses 

(4) 

Difference 

(3)-(2) 100 

(2  

(5 )  

0 -0 

-0.3 

-1.1 

-2 -3 

( 1 )  

Mode 

No. 

1 

2 

3 

4 

Frequency (Hertz) 

v 

(2) 

Exact 

10.181 5 

63,806 4 

178 -660 

350.104 

(3) 

ATLAS 

10,182 4 

63.584 6 

176.658 

34 1,924 



Table 206-3. Natural Frequencies of Tapered Beam 

BEAM 

8EAfl 

B R I C K  

Diagonal 
Lumped 

Non-Oi~pondl 
Lumped 

Guyan 

Guyan 

Frequency (Hertz)  

Mode 1 
fexaCt=39.5196 

ATLAS 

39.1177 

%Error 

-1 .O 

b d e  2 
fexact=144.931 

39.5951 

39.5294 

ATLAS 

138.441 

node' 3 
feXact1339. 566 

0.2 I 
0 . 0  

%Error 

-4.5 

ATLAS 

307.584 

144.394 

1 1 4 4 . 5 6 6  

%Error 

-9.4 

4 1 .4888 

-0.4 

-0.3 

332.875 

336.253 

-2.0 

-1 .O 

347.329 
-- 

6.2 k 0 . 1 1 3  
- 

2.3 
- 

3.9 



Mater i a1 =MI  

Figure 206-1. Beam Model with Structural  Nodes a t  Concentrated Mass 
C.G.'s (SET I )  



Mater i a1 =MI  

Figure 206-2. Beam Model with Structural Nodes at  Elast ic Axis (SET 2 )  



F igure  206-3. Tapered Beam 

Material =HI 



Figure 206-4. BEAM Element Model o f  Tapered Beam (SET 3 )  



Figure 206-5. BRICK Element Model of Tapered Beam (SET 4 )  



Figure 206-6. Fourth Mode Shape, Uniform Beam without 
Concentrated Masses ( SET 2 ) 



Figure 206-7. Th i rd  Mode Shape, Tapered Beam f SET 3 )  



207. BUCKLING AND SUPERWSITIUN (DECK 13) 

207.1 DESCRIPTION OF ANALYSES 

Two sepa ra t e  analyses  a r e  performed i n  t h i s  demonstration 
problem. The f i r s t  is a bucklinq a n a l y s i s  and t h e  second i s  a 
stress ana lys i s  demonstrating t h e  ATLAS superpos i t ion  c a p a b i l i t y .  

Buckling loads  a r e  ca lcu la ted  f o r  a plane frame with equal  
concentrated loads  a t  t h e  colurrm tops .  The model and loading a r e  
shown i n  f i g u r e  207-1. Trans la t ions  i n  t h e  X and Y-directions 
and r o t a t i o n  about t h e  Z a x i s  a r e  r e t a ined  a t  a l l  nodes except 
where a freedom i s  supported. 

Superposit ion is demonstrated by performing a stress ana lys i s  
of the s t r u c t u r e  i n  f i g u r e  207-1 loaded a s  shown in f i g u r e  207-2 f i n  t w o  ways. The f i r s t  ana lys i s  is performed using t h e  t o t a l  I 

model and t o t a l  l a d s  as s h w n  i n  f i g u r e  207-2. The second 
ana lys i s  t akes  advantage of t h e  symmetry of t h e  s t r u c t u r e .  SET 2 
i s  def ined as shorn i n  figure 207-3. STAGE 1 is defined t o  have 
symnetry on sectim A-A with the symetric load components 
applied.  STAGE 2 is defined t o  have antisymnetry on s e c t i o n  A-A 
with t h e  antisymmetric load components appl ied,  The t o t a l  
so lu t ion  is  obtained by adding 5 times the so lu t ion  from STAGE 1 
to  2 times t h e  so lu t ion  from STAGE 2. 

I n  add i t i on  t o  t h e  two ana lys i s  c a p a b ~ l i t i e s  descr ibed a' 
t h i s  problem is  used t o  demonstrate t h e  c a p a b i l i t y  t o  produc,, 
graphs of element s t r e s s  vs .  load case  and p l o t s  of 
displacements. Faur loadcases were added t o  SET 1 t o  demonstrate 
stress vs. loadcase qrdphs ( B m 1 ,  BEAM2, B m Y 3  and BEAM4) . 
These cases  c o n s i s t  of d i s t r i b u t e d  loadj.ng along p a r t  o r  a l l  of 
the hor izonta l  beam. T o  d e m n s t r a t e  displacement p l o t s  loadcase  
MOVC1 was added. This case  c o n s i s t s  of a u n i t  d i sp lacenent  i n  
the X-direction a t  node 1. 

207.2 RESULTS 

C r i t i c a l  buckling loads  for t h e  f i r s t  s i x  modes were 
cd lcu la ted  and are presented i n  t a b l e  207-1. Also presented a r e  
a n a l y t i c a l  so lu t ions  obtained using t h e  techniques of r e f e rence  
207-1 . The buckled shape f o r  the t h i r d  mode is shown i n  f i g u r e  
207-4 along wi th  t he  shape obtained using t h e  techniques of 
reference 207-1. 

Nodal displacements and element stresses ca lcu la ted  by 
superimposing STAGES 1 and 2 of SET 2 are i d e n t i c a l  t o  those 
ca lcu la ted  from SST 1 within  t h e  accuracy of t h e  computer. 



Figure 207-5 prc 7ent.s a graph of bending moment a t  the left 
end of the beam vs. iixIlcase for loadcases BEAM1 through BEAY4. 

Displacements due to motion of the l e f t  support are shown i n  
figure 207-6. 



207.3 LISTING OF CONTROL PROGRIIY AND DATA 

BEG I N  CONTR9L PROGRAM DDMOI3 
P R o a u n  I O ~ O E R O L ~  - SUCKLING rho s u P C n P o s t T t o N )  

c 
C PURPOSE T w f  P C I N C I P A L  C L P A B I L I T f E S  OEWrUSTRATEO BY T H I S  
C OECK ARE 
C 1. BUCKLIlvG 
C 2. SUPERPGSI T l O N  
C 3. PLOTS OF BUCKLING MODE SHAPES 
C 4. PLOTS CF STUESS VS. LOADCASE 
C 5. PLOTS OF S t 4 T t C  DISPLACEHENTS 
C 
C AUTnOR Ro 4. S A W E L  
c 
C CORE 1 3 0 s  IOCTAL) 
L 

READ INPUT t MCOEZ J 
P R i N T  INPUT 6hODAL) 
P R I N T  INPUT(ST1FFhESSJ 
P R I N T  INPUT (NOOALeS ET=2) 
P R I N T  INPUT( ST I F F k E S S e S E T r Z I  
EXECUTE EXTRACTIEX~~ME=IOlALeLSU9=~GR10~ESUa=El~NSUB=Nl) 
EXECUTE CPAPHICSlCNAME~CEJRE TRYwOF F L I  NE=CALCOnP. V I E N ~ l O O *  

X T Y P E ~ O R T ~ ~ L A B E L ~ N ~ E ~ S l Z E ~ t l O ~ l S J ~ E X M H E ~ T O T 4 L 1  
EXECUTE E X T R b C T t E X N A W E ~ ~ A L F ~ L S U a = K G R I O . E S U a ~ E I ~ N S U B ~ N l e X S E T s Z J  
EXECUTE GRAPhICSIGhAf4E=6EOME I R Y * V l  Eh=lOO. TYPE=ORTMe LA6EL=N*E* 

X S l l E = l l O e  1 5 1  eEXNAYEaHALFJ 
C 
C 6UCKL IWG A N 0 S T R E S S  a N A L Y S E S  
C S E T  1 
C 

PERFORM &-STRESS 
P R I N T  INPUT l BCJ 
P A I N T  OUTPUT~LOADSILZ=L~I )  
P R I N T  OUTPUTtOISPJ 
P R I N T  OUTPUT l STRESS) 
EXECUTE EXTRACT t E x ~ U ~ ~ E = B E A U ~  e L H I B = S l U E S S * L C = B E 4 M l  TO aEAN4. 

X ESU8=EZrNSUB=hlJ 
EXECUTE G R A P k I C S t G N A U E ~ M O U E N T ~ T Y P E ~ G R A P H . X * L C ~ Y 1 ~ 8 M W Z t l J ~  

X X M I N = l ~ X ~ 4 X ~ 6 r Y l M I N ~ O O * ~ 1 ~ A X = ~ O o  S I Z E s I  l O * l O 8 *  
X EXNAME=~EAMCJ  

EXECUTE EXTRACT l E XNAME=DEFL* L S U B s D I  Sir& I D * €  S U B = i l  *NSUB=Nl*  
x LC-MOVEL) 

EXECUTE G R A P h I C S ~ G k A M E ~ D I S P L ~ T Y P E ~ O R I H ~ S C A L E ~ ~ Z ~ V I E d ~ l O O e  
X V E C T O k Z ~ D I  S P * V S C A L E = l  * e  EXNPf lE=DEFLI 

EXECUTE STIFFNESS(LC=COL?ILO~B5ET=lJ  
EXECUTE MERGE~GSTIFIBSET = ~ v R G Z Z = Z Z I  
EXECUTE BUCKLING6 ST I F ~ U R E O R G * K G Z Z . ~ S E T ~ ~ I  
P P l N T  OUTPUT(BUCNLINGIBSET=L~ 
EXECUTE E X T k A C t ~ E X h A ~ E = ~ O O E 3 ~ L S U B = B ~ I ) O E ~ 8 S E T = l ~ M O D E = 3 ~ B S U 8 = O h l J  
EXECUTE GRAPHICS(GhAME=BUCKLINt.  T VPE=ORTH* V IEws100.  

X S C A L E = A Z ~ V E C T O R Z = B R ~ ) O E *  V S C A L E ~ ~ O ,  
X EX~AMEOMOOE 38 

c 
C S T R E S S  b N A L I S I S  - S E T  Z 
C I S U P E R P O S I  T I  O N )  
C 

PURGE FlLESlRERGRNFr*ULlRNF~tHJLRNF J 
PERFORM StRESSf SET=LJ 
P R I N T  INPUT6 BC* SET-Z* STACEs lb  
P R I N T  OUTPUT ( L O A D S e S E T = l r L l ~ L l l  J 
PURGE FILES6 RERCRNF IRULIRNF*CHOLRNF I 
PERFORR STfiESSt SET*ZISTAGE=Z J 
P R I N T  XNPUT( BClSEl=2eSTLCE-2 1 
P R I N T  O U T P U f ~ L O L D S ~ S E f * l r S f A G E ~ 2 ~ L l ~ L l 1 J  



EXECUTE S t R E S S t S E t ~ 2 r  S W S  TAGE.3) 
PRtNT O U T P U T ~ O ~ S P ~ S E T ~ Z S S T A G E . I ~ ~  
P R I N T  O U ~ P U T ~ S T R E S S ~ S E I T ~ S S I A G E ~ ~ ~  
E N 0  CONTRGL PROGRAM 

B E G I N  NODAL DATA 
SET 1 / COMPLETE M 0 3 E L  

1 O. O. 0. to  o. 12. o. 
4 TO 8 25.  12. 0.  
8 10 &1 24. 0. 0. 
REORDER FROM -1 

SET 2 / HALF MOOEL 
1 0. 0. 0. 10 6 0. 12. 0. 
4 TO 6 12. 12. 0. 
RLOROER FROM -1 

END NOCAL OATA 
a E G l N  S T I F F N E S S  DATA 

SET 1 / COMPLETE MOOEL 
B E G I N  ELEMENT DATA 

BEAM N l  1 2 11 lo000. 1 J  TO N3 3 4 11 
8EAM N4 4 5 11 10000- Z I  TO N 7  7 8 11 
BEAM N8 8 9 1 10000. I. TO N 1 0  10 11 1 

END ELEMENT O A T b  
SET 2 / H A L F  MCOEL 

0 E G I N  ELEMENT C4TA 
BEAM N l  1 2 6 10000. 1 4  10 N 3  3 4 6 
BEAM N 4  6 5 1 10000. 2 r  TO NS 5 6 1 

END ELEMENT OATA 
E N 0  S T I F F N E S S  OATA 
B E G I N  BC OATA 

S E T  1 STAGE 1 / BC FOR BUCKLING AND STRESS AN4LYSES 
SUPPORT TX T Y  FOP 1 11 
R E T A I N  1s TY R Z  FOR 2 TO 19 
R E T A I N  R Z  FOR 1 11 

SET z STAGE 1 / S Y ~ M E ~ R ~ C  ac 
SUPPORT TX TY FOR 1 
SUPPORT ASVW I N  SURFACE 1 THROUGH 6 

SET 2 STAGE 2 / ANTISYf4METAIC BC 
SUPPORT TX TV FOR 1 
SUPPORT SYMW I N  SURFACE 1 THWOUGH 6 

EN0 BC OAT4 
d E G I N  LOADS CATA 

SET 1 STAGE 1 
LOAO CASE IC COLHLLY **UNIT LOAD CONDITION FOR B U C n L I N G  ~ ~ A L Y S  IS; 
LOAD CASE I D  TOTaL  **LOAD CASE FOR SUPERPOSIT ION O E Y O N j T P A T I O N t  
L O 4 0  CASE I D  BEAM1 * * A  L B I I h C H  LOAD ON UEAM 4 * 
LOAD CASE I D  9EAMZ * * A  L B l I N C H  LOAD ON BEAMS 4 4ND 5 + 
LOAC CASE I D  BEAM3 * S 1  L B I I N C H  LOAO ON d E I M S  +r  5 AND 6 t 
LOAO CASE I G  BEAH4 * e l  L B / I N C H  LOAO ON BEbMS +r 5. 6 AND I t  
LOAO CASE I 0  MOVE1 + * U N I T  X D I S P L A C E Y E N 1  AT NODE I* 
BEGIN NODAL LOAD DATA 

CPSE c o L n L o  
4 8 FY -1. 

CASE 1 0 I D c  
4 FA 1. FY -3. 
8 F X - 3 .  FY -7. 

ENC NODAL LOAO OATA 
B E G I N  ELEMENT LGAO OAT4 

D I R E C T I O N  0 .  1. 0. 
CASE BEAWL 

4 1. 



CASE BEAM2 
4 5 1. 

CASE 8EAM3 
4 5 6 1 .  

CASE LIEAM* 
4 TO 7 1. 

ENC ELEMENT LOAC OAT4 
B E G I N  SUPPOAT C f  SPLACEHENT 0 0 1 4  

CASE novci 
1 TX 1. 

EN0 SUPPORT C1SPLACEMENT OAT4 
S E l  2 STAGE 1 
LOAO CASE I D  SYMPAkT * * S Y M E T R t C  PART CF LOADCASE TOTAL* 
BEGIN NODAL L O I O  DATA 

CASE SYMPART 
4 FX r 4  F Y  -1. 

ENC NOOAL LOAD C A l A  
SET 2 STAGE 2 
LOAD CASE 10 A S P P U T  **ANrISYCII(ETRIC PART OF LOA3CASE TOTAL* 
a E G t N  NUOM LOAO o r r A  

CbSE 4SNPART 
4 FR -,5 F V  1- 

ENC W O A L  LOAD OATA 
t N 0  LOADS O4TA 
9 E G I N  S lRESS DATA 

SET 2 
SUPSTAGE 3 

TOTAL 1 S . S ~ M P A R T ~  z Z.ASMPART 
LOAD CASE ID TOTAL .;SAME AS LOADCASE TOTAL IN s E r  L t 

EN0 STRESS DATA 
SECIN SUBSET O E F I N I  T I O k  

SUBSETS OF STIFFNESS SET 1 
E l  = A L L  
€2 = 4 
N 1  = ALL 
ON1 = 1 * = l o t 1  

SUBSETS OF STIFFNESS SET 2 
E l  = ALL 
N 1  = ALL 

EN0 SUBSET OEF I N I T I O N  
t N D  PLOBLEM OATA 



Table 207-1. Crit ical  Load Values 
for Plane Frame 

( 1) 

Mode 

Number 

1 

2 

3 

0 

5 

6 

I 

(3) 

K 

(A- ) 

1,349 558 

3.591 686 

4,t18 577 

6.638 602 

7.073 246 

10.654 702 

(2) 

K 

' -ef . 207-1) 

V.349 553 

3.590 681 

4,111 616 

6.566 837 

6.992 352 

9,625 433 

A 

(4) 

3 100 
(2) 

0 -0 

0.1 

0.2 

1 -1  

1-2 

10.7 



F:gil..e 207-1. S t r u c t u r a l  Model and Loading f o r  Buck1 ing Analysis 

(SET I ) 



Figure 207-2. Loading f o r  Superposition Demonstration 



STAGE I 

f " Ant isvmmetrv 

STAGE 2 

F igure  207-3. Hal f-Model s f o r  Superposit ion Demonstrat ion (SET 2 )  



Ref MODE SHAPE NO. 3 
* 

Figure  207-q. Buck1 ed Shape f o r  Th i rd Mode o f  Frame 



For Beam 4 

Figure 207-5. Bending Moment a t  End o f  Beam 



Case BEAMU 

F igure  207-6. Frame Displacements Due t o  Support  Motion 
( Loadcase MOVE I ) 



208. FUEL AND PAYLOAD MAWLGEMENT (DECK 16) 

208.1 DESCRIPTION O F  ANALYSIS 

This problem demonstrates the ATWLS c a p a b i l i t i e s  f o r  
c a l c u l a t i n g  weights  based upon u s e r  s p e c i f i e d  management 
sequences f o r  f u e l  and payload. 

The mass model is shown i n  figure 208-1; no s t i f f n e s s  element 
model is  used. Locations of the fuel t anks  and body cargo  holds 
are shown i n  f i g u r e  208-2. Passenqer seating is two a b r e a s t  i n  
the half a i r p l a n e  model spaced a t  1.02 m (40 i n )  . 

The f i r s t  f u e l  management sequence is as fol lows:  

The t anks  a r e  loaded u n t i l  n o t  q u i t e  f u l l  such t h a t  t h e  
weight r a t i o  of t anks  11 and 12 i s  4:3 and tanks  21 
and 22 is  1:1 

Fuel is used from t anks  11 and 12 i n  propor t ion t o  
t h e i r  weights  u n t i l  their  t o t a l  equa l s  the t o t a l  of 
t anks  21, 22 and 3 1 

. A l l  fuel i n  t ank  12 i s  t r a n s f e r r e d  t o  tank 11 

Fuel is  used from t anks  11, 21 and 22 a t  rates i n  t h e  
r a t i o  of 2: 1: 1 until t h e  weight of f u e l  i n  t a n k  21 is 
6803.9kg (15 000 l b )  

Fuel is  used from t anks  11, 21 and 31 in rough 
propor t ion t o  t h e i r  weights  u n t i l  a l l  a r e  empty 

The second sequence loads  a l l  t a n k s  u n t i l  f u l l  t o  demonstrate the 
system's a b i l i t y  t o  c a l c u l a t e  f u e l  c a p a c i t i e s .  

The payload sequence s p e c i f i e s  t h a t  t h e  cargo holds are 
p a r t i a l l y  loaded from t h e  bottom w i t h  the forward hold being 
loadeu before  t h e  aft hold. Passengers are loaded from each end. 

I n  a d d i t i o n  t o  t h e  f u e l  and payload sequences desc r ibed  
above, two loading sequences are def ined  f o r  the purpose of 
genera t ing  a l o a d a b i l i t y  diagram. In t h e  f i r s t  of t h e s e  
sequences passengers a r e  loaded from f o r e  t o  a f t  with a l l  window 
s e a t s  loaded before  any a i s l e  s e a t s .  Cargo is a l s o  loaded from 
f o r e  to a f t .  The second sequence is s i m i l a r  t o  t h e  f i r s t  excep t  
t h a t  loading occurs  i n  the a f t  t o  forward d i r e c t i o n .  



208 -2  RESULTS 

The loadabi l i ty  diagram resultin; from the l a s t  two loading 
sequences is shown i n  fiqure 208-3. 



208.3 LISTING OF CONTROL PROGRAM AND DATA 

0 E G I N  CONTRCL PROGRIM DEMO16 
PROBLEM I C(OEMOl6  - F U E L  AND PAYLOAD MANAGEWENTJ 

L 
C PURPOSE THE P R I N C I P A L  C A P A B I L I T I E S  OEMONSlRATEO BY T H I S  
C DECK ARE 
C A. FUEL AND PAYLOAD MAkAGEWENT 
C 2. L O A D A B I L  l T Y  DIAGRAM GENERATION 
L 
C AUTHOR R .  A* b000YARO 
C 

C COkE 1 3 0 K  ( O C T A L I  
c 

READ I N P U T  
P R I N T  I N P U T f Y O D A L )  
P R I N T  I N P U T ( W A S S l  
EXECUTE E X T R A C T ~ E X N A M E = M ~ S S G P D ~  L S U B ~ H G R I D ~ E S U B ~ E ~ S U  . , 

EXECUTE G ~ A P H I C S ~ G N P M E = C E O M ~ O ~ F L I N E = ~ A L C O ~ P I T Y P E = ~ O R ~ H P ~ ~ , ~ I ~ ~  
X S t  Z ~ = t 2 0 e t O  J ~ R Z ~ ~ O I R X ~ O ~ R Y ~ Z O ~ L X N A N E ~ H A S S G R D J  

EXECUTE MASS tOPTION=AJ  
P R l  N T  OUTPUT ( W A S S ~ P U E L ~ T A ~ L E S ~ T  A N K S * Z ~ ~ P A Y L O A O ~ ~ Z ~ ) ~ D C * H D C * * * A ~  
EXECUTE EXTRACT ( E  X N A M E ~ L O A O A B ~ L S U B ~ L O A O A B ~  PCONOIZOe PCOND*30r  

1 C C ~ N D * ~ O ~ C C D ~ D ~ ~ O ~ F C O N D ~ ~ ~ I F C O N D ~ ~ ~ )  
EXECUTE GRAPHICS(CNAME.LOAOA8eS I Z E = I  1Oe L O 1  e 

1 LULNE.S40000.e Y T I N C ~ Z O O O O ~  eFCGLNE=b. rLCGLNEm3b-e  
2 DITUH=ZA. r C G l N C = 3 -  ~ L E M A C m 1 b O O * e n A C = L A O O * e  
3 H I E L F A C ~ ~ . ~ P I S S F A C = Z ~  r C L R G O F A C - Z - ~ C C T O L = l o ~  
6 O E U F A C ~ 2 * e E X k A M E ~ L O ~ O A B e  l Y P E * G R A P H l  
END COhTROL PROGRAM 



*/HOOE2/ 
BEGIN NOOAL CATA 
1 20. 0. 1 • TO 9 340. 0 .  65 BY 2 
1 0 1  20. 0. -1. TO 109 340. 0. -69 a~ 2 
2 0 1  200 1. 0 .  TO 20s 343. 65. 0. 8Y 2 
11 420. 00 65. 1 3  8 3  3300. 0. 65 5Y 2 
111  2 0. -65. TO :69 3540. 0. -65. a~ 2 
2 1 1  420. 65 .  0 • CO 225 i d 0 0  6 5 0  0. BY 2 
265  25800 65. 0. TO 277 3060. 65. 0. BY 2 
287 3460. 65. 3. TO 289 35490 65. 0. BY 2 
*/ klNG COOROINATES 
227 10600 65. 0. 26-25 TO 245 1780. 65. 0. 36.35 BY 2 
245 TO 255 2180. 65. 0. 28.6 BY 2 
255 10 263 LJOO. 6s. 0. 12.0 a v  2 
327 1060. 65. 0. 26.25 TO 3 4 1  1620. 265. 0. 8.85 B V  2 
445 17r)o. 155. 0. 22.65 TO 455 2180.  195. 0. 20.15 a v  2 
5 4 1  1020. 26s. 0. ~ . 8 5 ~ o s s i  2205. CSS.  0. 5.75 a Y  z 
4 5 1  2205. 455. 0.  5 - 7 5  TO 656  25450 5940 0. 3.2 
756 2545. 554. 0. 3.2 TO 760 2875. 765. 0. 095 
700 TO 763 2995. 765. 0.  1.85 
34 A t o 3 5 5  2180. 255. 0. 20.15 a v  2 
355 TO 363 2500. 265. 0. 11-25 BY 2 
55; 1 0  5>9 2525, 455. 0. 10.0 
559 TO 563 2685. 455. 0. 5.0 
65 6 TO 655 2665. 5940 0. 4-85 
659  TO 6 6 3  2825- 594. 0. 2.45 
*/ HORlZGN,AL TAIL 
279 '140. 65. 0. 1.80 
779 - .40. 6s -  0 .  1.80 T O  979 336s. 200. 0. 1.25 e v  l o o  
281  3220. 65. 0. 4.25 
781  3220. 65. 0 .  4-25 TO 981 3388. 200. 0. 1.75 BY 100 
283 3300. 6 5 0  0 0  4.55 
783 3300. 05. 0. 4.55 TO 983 34120 200. 0. 1.60 BY LOO 
285 3380. 65.  0. 1.40 
785 3380. 65. 0 -  1.40 TO 985 3435. 200. 0. - 8 0  HY 100 
*/ VERTICAL TAIL 
REC R E C l  0. 0-  0. 1. 0. 0. 0- -1- 0. 
85 3380. 65- 0. 3.25 
87 3460. 65. 0. 2.40 
1085 3460. 140. 0 .  1.50 
1067 3500. 140. 0 .  1 - 8 0  
*/ C I N G F I N  
1156 2545. 0 1  - 5940  2.40 TO 1356 2830. 1000 -596.  l a d 0  BY 100 
1158 2625. .1 -594. 2.40 TO 1358 2842. i d 0 0  -594. 1.90 aY 100 
1161 274s. .i -594. 2.ao TO 1361 zes9. roo. -594. 1.95 SY loo 
1163 26251 - 1  -594. 2.80 TO 1363 2E700 100. -5940 2.05 8Y 100 
kESUME GLOBAL 
89 3540. 3. 6 5 0  
*/ AlRLObC PANEL NOOES 
11 eoov 

5100 0. 0. 0. TO 5112 35640 0. 0. 
5251  0. 26.1279 0. 
5252 297. 26.1279 0. 
5253 257. 63.5215 0. 
5254 554. t3.5215 0. 
5202 594. 65.1 0. TO 5212 3564. 0 5 1  0. 

*/ WING 
5400 741. 65.1 0. TO 5405 2715. 65.1 0. 
5410 lQ17.7530 146.t 0. TO 5415 2705.9945 146.6 0. 
542C 129*.1665 228. 0. TO 5425 2697. 228. 0. 
5430 16770885* 3410 0. TO 5435 2722.8855 3Cl. 0. 
5440 2065. 455. 0. TO 5445 2749. 455. 0. 
5450 24870 594. 0. TO 5455 2874.059 594. 0. 
5460 2689.47 696. 0. TO 5465 2965.8289 6960 0. 
5470 28840 794. 0. TO 5475 3054. 794. 0. 
HOR TAIL 
5500 3124. 65.1 La 10 5502 3417. 65.1 0 .  
5510 3255.0804 146.0 0. 10 5512 3440.5144 14606 0. 
5520 3386. 228. 0. TO 5522 3464. 228. 0. 
VEWT hING F I N  
5313 2467. 594. 0. TO 5315 2880. 594. 134. 
5316 2680.5 5940 J. TO >3!8 2910. 594. 134. 
5319 2874.059 594. 0. TO 5 1  2940. 594. 136. 



*I bEtGnt PANELS - 0001 
6001 O m  0. 0. TO 6016 3564. 0. 0. 
6021 0- 65. 0. TO 6036 3564. 6 5  0. 
MElGHl PANELS - YING 
6100 741.0 65.0 0. 10  6220 2 ~ 8 7 . 0  594.0 0. 
6 100 TO 6260 2487.0 594.0 0. 
6180 1 0  6240 2487.0 594.0 0. 
6260 TO 6320 2884.0 794.0 0. 
6110 2715.0 65.0 0. TO 6170 2715.0 329.5 0. 
6109 2715.0 329.5 0- TO 4249 2874.0 594.0 3. 
6266 2874-0 594.0 0. TO 6326 3054.0 79+.0 01 
6100 TO 6110 

*+ 3 20  0 20 
6180 10 6189 

*+ 3 20  0 20 
6260 TO 6266 

*+ 3 20  0 20 
* f  hE1GMTPANEt.S-HCkTAIL 

6 4 0  3124. 65.1 0. TO 6403 3417. 65.1 0. 
6410 3386. 228.0 0 -  TO 6413 3464. 228.0 0. 

* I  uEIGHT PANELS - VERT F I N  
6501 3374.t 0. 92.8 
6502 3472. 00  92.6 
6503 3*5807 0- 149.8 
6504 3514.6 0. A4908 

of dEIGb~TPANELS-YINGVERT F I N  
6601 2487. 594. 0- 10 6603 2880. 594. 134 
660+ 2874.059 594- 0- TO 6606 2940. 594. 134- 

*/ NODES FOR CARGO HtirOS I 
700 1 40Co O w  -55- 
7002 4CO. 201 -55. 
700 3 SCO. 50- -23. 
7004 400. 0. -201 
I005 650. 0- -55. 
7006 650. 2 0- -55. 
7007 650. 50. -201 
7008 650- 0. -20- 
701 1 2800. 01 -55. 
7012 2800. 201 -55. 
7013 28001 500 -20. 
7014 280C. 0. -20. 
7015 2956- 0- -550 
7016 2950- 20. -55- 
101 7 '950. 50. -20. 
7013 2950. 0- -20- 

Eh3 NOGAL ObTA 
BEGIN MASS O A T A  
aECIN CilNClTlON OATA 

PINEL GAT9 1 CONOITION 1 11  11 0 
PAhEL CAT& 1 COkOITIOh 2 I 2  11 0 
PAhEL OATA 1 CONOITION 3 20 12 0 
PAhEL DATA 1 COhDITlON 4 20 13 0 

iND CONOITIOh GATA 
8 E G I N  MASS ELEMENT O A T A  

PLAfE F Z  d-1 C O O 1  6002 6022 3495- 
PLATE F Z  8-2 6092 6003 6023 6022 5955. 
PLATE FZ 6-3 6003 6004 a024 6023 2589. 
PLATE FZ 8-4 6004 60C5 6025 6324 3440. 
PLATE F2 8-5 6035 6006 6026 6025 5420. 
PLATE FZ 0-6 6006 6007 6027 6026 3280. 
PLATE FZ a-7 6007 6008 6028 6027 3306. 
PLhTE F2 8-8 6008 6009 6029 6028 4346. 
PLATE FZ 0-9 6059 6010 6030 6029 4507. 
PLAlE F2 8-10 6010 6011 6031 6030 4486. 
PLATE FZ 8-11 t o l l  6012 6032 6031 3619. 
PLATE F2 3-12 6012 6013 6033 6032 4730. 
PLATE FL 6-13 6013 6014 6034 6033 3982. 
PLATE FZ 8-16 6014 6015 6035 6334 947. 
PLATi FZ d-15 6015 6016 6036 6035 1796. 
PLATE FZ VT-1  6501 6502 6504 6503 600. 
PLLTE FZ h-1 610C 6101 6121 6120 768. 
PLATE FZ h-2 6 l J l  6102 6A22 21 1151. 
PLATE F2 W-3 6102 6153 6423 .,22 1667. 



P L 4 T E  FL 
PLATE F2 
PLATE F2 
PLATE FZ 
PLATE F2 
PLATE F2 
PLATE FZ 
PLATE ~2 
P L A T E  FZ 
PLATE FZ 
P L A T E  6 2  
P L A T E  FL 
P L A T E  F2 
P L A T E  FZ 
PLATE F2 
P L A T i  F2 
PLATE F2 
PLATE F L  
PLATE FL 
P L A T E  F 2  
P L A T E  FZ  
P L A T E  FZ 
PLATE F2 
P L A T E  FZ 
P L A T E  F.! 
PLAT=: 62 
PLATE F 2  
P L A T E  FZ 
P L A T E  F2 
P L I T E  F 2  
P L A T E  ~2 
PLATE FL 
P L A T E  62  
PLATE F; 
PLATE FZ 
PLATE FZ 
P L A T i  F2 
P L b T E  FZ 
PLATE F2 
PLATE FL 
PLATE FZ 
P L A T C  FL 
PLATE FL 
PLATE F L  
PLATE F2 
P L A T i  F2 
PLATE F2 
P L A T €  F 2  
PLATE FL 
PLATE FZ 
PLATE F2 
P L A l E  F2 
PLATE F2 
2 L A T t  F2 
PLATE F2 
PLATE FZ 
3 L 3 T E  FZ 
P L A T t  F.2 
?LATE FZ 
PLATE F2 
PLATE FZ 
PLATE FZ 
 PLAT^ F2 
? L A T ~  F Z  
P L A T t  6 2  
PLATE F2 
PLATE F L  
P L 4 T E  F i  
P L 4 T i  FZ 
r ' L A T i  FL 
P L A T i  f i  
PLATE F2 
V L I T E  F Z  

Y-4 
*-5 
Y-6 
r - 7  
Y-8 
n -F 
w- 10 
b-11 
* - I 2  *- 13 
w-14 
h-15 
w-16 
w-17 
Ir- 18 
Y-19 
*-20 
w-2 1 
1-22 
w-13 
h-24 
h-25 
Y-26 
r -27 
h-18 
m-29 
h-30 
N-31 
n-32 
n-33 
n-34 
b-35 
h-36 
w-37 
b-38 
h-3F 
1-40 
h-4 1 
h-GL 
w-43 
h-44 
w-4s 
d-46 
w-c7 
h-48 
h-49 
1-50 
h-5 1 
1- 52 
1-5 3 
h-54 
n-5 5 
1-56 
h-57 
h-50 
h-59 
h-60 
h-6 1 
n-02 
r -b  3 
w-64 
h-6 5 
*-66 
w-07 
n-68 
n-49 
h- 70 
h-71 
w- 72 
h-73 
k-74 
n-75 
hT-1 

6153 6104 6 l Z 4  b i z 3  
6104 6105 6125 6126 
6105 6106 6126 6125 
6106 6107 6121  6126 
6 1 J I  b lO8 b128 6127 
e l 0 8  6109 6129 6128 
o l d 9  6110 6130 6129 
t l 2 O  6121 6141 6140 
6121 0122 6142 6141 
6122 6123 6143 6142 
6123 6124 6144 6143 
b12* 6125 6145 0144 
612> 6126 6146 6145 
6116 6127 6141 6146 
0127 o l 2 I  &A48 6147 
6128 6129 61c9 6148 
0129 b13J 6150 6149 
e l 4 0  6 l c l  6161  6160 
6141 6142 6162 6161 
b14d 6143 6163 b162 
6143 614* 6164 6163 
6144 6145 6165 616* 
6145 6146 6166 0165 
6146 6147 6167 6166 
t i c 7  01ca 6168 6167 
6148 0149 b i b 9  b l b 8  
6149 6150 6/10 6163 
61dO O A R 1  6201 6200 
6181 6182 6202 a201 
6182 61d3 6203 6202 
0183 0164 6204 6203 
0184 0185 0205 6204 
61d5 61d6 6206 6205 
6186 6187 6207 6206 
6187 6188 6208 6207 
b l d d  a109 6209 6208 
Oc?OO 6ZGA b221 6220 
C231 620.2 6222 0221 
0202 62C3 6223 6222 
6233 6204 61.2, 6223 
6204 6205 6225 6224 
b2J5 6236 6226 6225 
t206  6207 6227 6226 
0207 6208 6223 6227 
6208 6239 6229 6228 
6220 b 2 2 l  6241  bZ43 
6221 6222 6242 a241 
6222 6223 6243 6242 
$223 b224 b2+4 6243 
6224 6225 6215 6244 
6 2 2 5  6226 6246 6245 
cZ26 6227 6247 6246 
0227 6228 6248 6247 
422d 6229 6249 6148 
6260 6201 6281 6280 
0201 &ZCZ 6282 6281 
6262 6263 6283 6282 
6263 6264 0284 6283 
0264 bLo5 6285 a284 
02b5 0266 6286 b i d 5  
6230 6 L d l  6301 6300 
c 2 d l  62d2 6302 6301 
cZJ2 62dJ 6303 6302 
-5283 6224 6334 6303 
~ 2 6 4  6265 6305 a304 
6235 6286 6306 6305 
SJJ0 6301 6321 6320 
c301 6302 b322 a321 
6302 6303 0323 0322 
6303 6304 6324 b323 
t3Oe 6305 b325 6324 
6305 63Ob a 2 6  b325 
b+OO 6*Ol  6411 6410 



P L A T E  FZ MI-2  6401 6402 6412 6411 212. 
P L A T E  FL HT-3 6432 6603 6413 6412 522. 
P L A T E  F2 hF-1 t b O 1  6602 6605 66C4 500. 
P L A f E  FL d F 2  6602 6603 6606 0605 4000 

END M ~ S S  ELEMENT C A T A  
t E G f N  FUEL C4TA 

T4NH 11 
POLYGON 20 95. PERCENT 

237 337 339 239 r0 263 343 345 245 BY 2 2 2 2 
445 345 347 +47 TO 649 349 351 451 BY 2 2 2 2 

fANK 12 
POLVGON 20 97. OECCENT 

451 351 353 653 
453 353 355 455 
255 355 357 257 TO Z b l  361 363 263 BY 2 Z 2 2 

TANK 21 
POLVGON 30 90. PERCENT 

347 547 5$9 369 TO 353 553 555 355 B Y  2 Z 2 2 
TANK 22 

PGLVGON 3 0  90. PERCEhT 
355 555 557 357 TO 301 561 563 363 BY 2 2 2 2 

TANK 31 
POLYGON 20 d5. PERCENT 

553 653 654 554 TO 562 662 663 5b3 
MANAGEMENT SEQUENCE 10 

LOAO TANKS 2A 22 U N r  l L  70000. 
L O 4 0  TANKS 11 12 31 R A T I O  6. 6. 1- U N T I L  220000. TOTAL 
LOAC TANKS 3 1 U N T I L  31 
USE TANKS 11 12 R A T I O  1. -75 U N T I L  11 12 EQl 'ALS 2. 21  31 
TRANSFEW 100. PERCEhT 12 TO 11 
USE TANKS 11 21 22 R A T I O  2. 1. 1. U N T I L  22 15000. 
TRANSFER ~5000 .  Faon zz ro 2 1  
USE TANKS 11 21 31 R A T I O  30 2 .  1. U N T I L  60000. 
USE TANKS 11 21 3 1  R A T I O  3. 2 -  1. U N T I L  0. TOTAL 

MANACEMENr SEQUENCE 20 
LOAD I A N K S  11 12 21 U N T I L  11 
LOAO TANKS 22 31 U N T I L  22 

C O N O I T I O N  11 180000. 10 
C O h C I T I O N  12 120000. 10 
C O k C I T  i G N  15 lC0003. 10 
CON01 1 I O N  20 J*  20 

END FUEL CATA 
B E G l k  P I Y L U A U  CAT4 

B E G I N  SEbT L C C A T I O N  OATA 
101 -00- -LO. St. TO 160 3000. -10. 54. 
251 4OJ. -10. 34. TO 2bb 3000. -10. 34. 

ENC SEAT L O L A T I O N  CATA 
h O L S  1 S A I C U  -05 

7501 7002 7JOj 7004 TOO5 7006 7dO7 700d 
HOLD z B R I C K  -05 

7011 7012 7013 TO14 7015 7015 7417 7018 
LOAGING SEdUENCE I 

LOP0 SEOTS 101 166 201 266 TO 133 134 233 234 dY 1 -1 I -1 
LSAC CARGO HOLO 1 I h  O I R E C T I l l k  + Z  U V T I L  13000. LOAOEO 
LCbO CAAGO HOLC 2 I N  O i A E C T 1 0 N  +Z U N T I L  5000. L04OEO 

L O A D I N G  SEQUENCE 10 
L O I O  SEATS L O 1  TO 106 
L J A O  SEATS 201 13 266 
LOAO CARGO HOLO 1 I N  D I R E C T I J Y  * X  U N T I L  F U L L  
LOAO CARGO nOLO 2 I N  O I R E C T I O N  + X  b N T I L  F U L L  

L O A C I N S  SEQUENCE 11 
LOAO S E A i S  l b b  TO 101 BV -1 
LOAO SEATS 264 TO 201 BY -1  
L O I O  CAPGG HOLD 2 I N  O I I E C T I S N  - X  U N T I L  FULL 
LOJO CbdCO MCLO 1 I N  O I R E C f I O N  - X  U N r l L  F U L L  

C O N C I T I O N  11 SkSUENCE 1 80 14000. 
C O N C I T I O N  12 SEUUEhCE 1 132 0. 
C O N O I T I O N  13 SEQUENCE 1 0 15000. 
C O h O I T I O k  20 SEQUEbCE 11  132 2*50O- 
C O N O l T I O k  35 StUUENCE 10 132 24500. 

EN3 P I V L O A O  OATA 



O E G t N  PANEL CAT& 1 
*/ OUOV 

MASS SUBSETS 1 
FUELIPAVLCAC 

O I R E C T I G N  1 
1 5100 5251 5252 5101 
2 5101 5253 5254 5132 
3 5202 5203 5103 SAC2 TO 12 */ Y I N C  F I N  

MASS SUBSETS 2 
O I A E C T I G N  V 

13 5313 5316 5317 5314 
I* 5316 5319 5320 5317 
15 5314 5317 5318 5315 
l b  5311 5320 5321 5318 

V I h C  
N A ~ S  s u a s E T s  3 
FUEL. PAVLOAC 

D I R E C T I C N  L 
17 5400 5401 5411 5410 TO 21 

** 6 5 1 0 * = 3  0 5 
hOR T A I L  
n A s s  S U ~ S E T S  4 

O I R E C T I C N  Z 
52 55UC 5501 5511 5510 TO 53 

*+ 1 2 10 *=3 0 2 
EN0 PANEL CATA 1 

END R 4 S S  O A T 1  
Y E 6 i N  SUBSET G E F I k I l i O N  
SUaSETS OF M4SS SET 1 

N L  = 6001 I G  0036 6501 TO 6506 
€1 = A L L  I N  N 1  
kZ = 6601 TO b606 
E2 = A L L  I N  N 2  
h3 = 6100 t 0  6325 
€ 3  = ALL I N  Y3 
N4 = 6400 TO 6413 
E 4  = A L L  I h  N4 
a5 = bJ01 10 6636 
ES = ALL  I N  N5 

END SUbSET C E F I N I T I O N  
E N 0  P Y O B L t n  3 4 1 4  



F igure 208-1. Wars Yodel for Fuel and Payload Demonstration 



Parrwger Seating - Y Abreast. 1.02 6 (04 in.) Spacing I 

Figure  208-2. Locat ion o f  Fdel Tanks,Cargo Holds and Sea t ing  
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Figure 208-3. Loadabi 1 i t y  D iagram, Fuel and Pay1 oad Demonstrat ion 



209. FULLY-STRESSED DESIGN AND COMPWITE OPTIMIZATION 
(DECK 3) 

209.1 DESCRIPTION OF PROBLEM 

T h i s  problem demonstrates t h e  fu l ly-s t ressed  design and 
m e s i t e  optimization c a p a b i l i t i e s  of t h e  Design Module. The 
s t r u c t u r a l  model, shown i n  f igure  209-1, is t h e  same as t h a t  
described i n  sec t ion  203 with t h e  addi t ion  of severa l  CCOVER 
elements (element subset  200 as shown i n  f igure  209-2) . These 
CCOVERs have upper suxfaces only with a stackup of (0/+45/90). 
The symnetric loading described i n  sec t ion  203 is factored by t e n  
t o  obtain t h e  design loading condition (except as shown i n  table 
209-1) . 

A l l  t h e  CCOVXE3 elements c o n s t i t u t e  a s ing le  optimization 
problem. A separate  execution of the Design Module produces an 
optimized lay-up based upon the s t r a i n s  i n  a subregion cons is t ing  
of one element. 

The subsets used t o  def ine  t h e  design problem a r e  shown i n  
t igures  209-2 and 209-3, The design options employed are 
summarized i n  tab7.e 209-1. 

209.2 RESULTS 

Two resize cycles were executed. The t o t a l  weight a t  each 
c y c l e  is shown i n  f i g u r e  209-4. A s  an example, u-pper and lower 
surface basic  p l a t e  thicknesses before and a f t e r  r e s i ze  are shown 
i n  f igure  209-5 f o r  element subset  121. Margins of s a f e t y  f o r  
t h i s  subset f o r  t h e  two cycles  a r e  shown i n  f igures  209-6 and 
209-7. 

The composite optimization converged a f t e r  7 l oca l  and 2 
global i t e r a t i o n s  producing t h e  number of layers  shown i n  t a b l e  
209-2. 



209.3 LISTING OF CONTROL PROGRAM AND DATA 

B E G I N  CONTRCL M A T R I X  PROGAAR OEM003 
PRcl8LEM ti.( OEIIIUO3 - FULLY-STRESSEJ  DES I G N / C O q P O S I  TE OPT 1 M 12AT I O N J  

C 
C PURPOSE THE P K I N C I P P L  C A P I B I L I T I E S  DERQNSTRATEO e Y  T H I S  
C DECK A R E  
C 1. FULLY-STRESSED D E S I G N  
C 2. COMPOSITE O P T I M I Z A T I O N  
c 3. STRENGTH ~ A ~ G I N  3~ SAFETY PLOTS 
C 
C AUTHOR 8 JURh LACKMAN 
L 

C CORE 170K (OCTAL)  
c 

I N T E G E R  eEGCYCL*  ENDCVCLICURCYCL 
D I M E N S I O N  C O N V E R G I I I J  
USER COMMON (BECCYCL*ENDCYCLICURCYCL~CONVE~~GI 1 S E T * I S T A G E *  I P O S  J 

C 

BEGCYCL-1 
ENOCYCL*Z 
i l E A D  I N P U T  
P R I N T  I N P U T  ( NODAL J 
P R I N T  I N P U T (  S T I F F W E S S I  
P R I N T  I N P U T (  BCI S T A G E r Z J  
E X k C U T E  EXTRACT(  EXNAME=tOTALvLSUa=KGkIOeESL1Bf E l  D N S U B * N l  b 
EXECUTE G R A P H I C S ~ G N A M E ~ G E O M . O F F L i N E ~ C A L C O M P ~ f i Z * 3 O ~ R X ~ O ~ R ~ = 2 0 ~  

x T ~ P E J I O C T ~ + P O I N D  .SIZE=( 2 0 1 2 0 )  PEXNPME=TOTALI 
PERFORM D E S I G N  4 S T I C t = Z l  
P R I N T  I N P U T ( C E S 1 G N e S E T - 1  J 
EXECUTE D E S I G N ( H ~ S T O ~ Y ~ S E ~ = ~ ~ S T A G E = ~ D ~ Y ~ L E ~ ~ ~ ~ ~ J  D I E L N = (  1 1 3 ~ 1 6 ~  1 0 ~  

1 1 9 * 2 1 ~ 2 9 l )  
EXECUTE DES IGNLCOMPUSITEm S E T = I t S T A G E = Z a C Y C L E z 3 )  
P R I N T  O U r P U T ( O E S I G N e S E T + l J  
P R I N T  OUTPUT( C E S I G N ~ H I S I O W Y P  S E T = l l  
EXECUTE EXTRACT(  E X N A W E = M A R G I N S * L S U B = S M S * S T A G E = ~ D C Y C L E = (  1 9 2 1  * 

X E S U d = E l Z I  . N S U B = N l 2 1  J 
EXCCUTE G R P P H I C S ( G N A W E ~ D E S I G k ~ T Y P E ~ O R T H . S I Z E ~ f  1 5 e  1 5 1  

X V I E W = l O O r  S C A L A f i = C O V S M S t S S C A L € = l O O ~ E X N A ~ 4 E ~ H A f i G I N S  J 
E N D  COhTROL PROGRAM 





* I  HORIZONTAL T A I L  &ODES 
+I 

RESUME GLOBAL 
2 79 TO 
2 8 1  TO 
283 T 0 
z a 5  T O  

END NODAL DATA 
BEGIN STIFFNESS OATA 

BEGIN PROPERTY DATA 
P1 -05  1. *(WIN6 F I N  SPARS 
PZ 2. 0. 0. .a .2 .2 
P3 10. 0. 0. LOOA 100. 100. 
P4 015 0 5 0  
P5 0. *=2 100. 100. 0 .  13. 

EN0 PROPEArY OATA 
BEGIN tLEMENT DATA 

/ 
*/ WING FRONT SPAR 
*/ 

SPAR ~5 ~ 2 0 0 3  223 429 
*2 N2205 429 4 3 1  

2 N4009 847 1049  
*2 N4211 1049 1 0 5 1  

2 N4411 1052 1253  
2 N4613 1253 1254  

*2 N4713 125+ 1455  
*L N4815 1455 1456  
*2 N4915 1456  1657  
*2 N5017 1 6 5 1  1658  
*2 N5117 1658 1855  

2 N5219 1859  1860  
/ 

*/ WING REAR SPAR */ 
SPAR M5 N5603 263 463  

2 N5605 463 6 6 3  
2 N5607 663 863 

*2 N5609 863 l o b 3  
*2 N5611 1063 1263  
*2 N5613 12a3 1463  * 2 N5615 1463 1663  
*2 N5617 1663  1863  

+/ 
*/ bING INTER#EOIATE SPAKS 
*/ 

SPAR MS N2203 229 c 2 L  

AND RIBS)  
* I  WING F I N  ATTACHMENT BEAYS - TYPE 1) 
*tWlNG F I N  ATTACHMENT BEAMS - TVPE 2 1  
*(CONTROL SURFACE RIBS)  
*(BEAMS AT s55 R I B  TO PICK UP SPPRS) 

. I 2  2. 
e l 2  2. T O  N2605 433 435 t 

B Y  NZOO 2 2 
012  2. 
- 1 2  2. TO N3207 639  6 4 1  4 

BY N2OO 2 2 
.lZ 2. 
.12 2. TU N3809 a45 0 4 7  4 

B Y  NZOO 2 2 
.12 2. * 

*I 

** 

N3603 
N2OO 

N5403 
N200 
N3605 
N2OO 

N9605 
NZOO 

N5c05 
N200 
N3807 
N200 
N4607 
NZOO 



N5401 
NZOO 
N4009 
NZOO 

N5409 
NZOO 
k481 1 
NlOC 
N5511 
Nl0O 

N5513 
N100 
Ft5515 
NlOO 
h55 17 
NlOO 

/ 
* I  WING IN-BODY SPARS 
*/ 

SPAR I45 NlOOI 1 - 0 0  10. TO h3601 
3V N2OO 

l e d 0  10. TO N4601 
BY NZOO 

3 - 0 0  60. 
1.20 60 .  TO N54Ol 

av ~ 2 0 0  
2.00 60. *2 NSbOl 

*I  
*/ WiNG RIBS 
*/ 

SPAR M5 NbOOl 

*2 N6426 1053 1054 - 2 0  4-  TO lM6435 
2 N6629 1456 1457  0 1 2  2. T O  NbC35 

* Z  N6833 1860 l d b l  - 3 0  1.4 TO N6835 
*I  
*/ UlhG COVERS 
/ 

COVER M5 N7003 229 425 227 . 06 
*L N7203 229 425 4 3 1  2 3 1  .06 

Neb03 243 443 445 245 B V  N200 
CCOVER 770 N27203 229 429 431 2 3 1  0. A0 TO L 1  COl A-45. A45. 

10 N21b03 243 443 445 245 BV N2OO 2 *=3 
COVER M5 N8803 245 445 447 247 012  - 0 0  TO + 

~ 9 6 0 3  253 453 455 25s av NZOO 
*2 h9803 255 455 457  257 - 1 0  - 1 4  
*Z N10003 2 5 1  4 5 7  459  259 
*2 NlO203 259 459 401 2 6 1  026 . I 4  022 
*2 N10403 2 6 1  461 463  263 * 
*2 h7805 437 637  435 . Ob 

2 N8005 933 637 639 39 - 0 6  
~ 9 6 0 5  453 653 655  -55 a v  NZOO 

*2 N9805 455 655 6 5 7  457  - 1 0  
*2 N10005 4 5 1  657 659  459  00 
*2 N10205 459 659 661  4 6 1  026 - 1 4  - 2 2  
*z NlO405 461 6 6 1  6 6 3  463 00 

Z N8407 643  843 6 ~ 1  . 06 
*2 N8607 643 843 8 ~ 5  645 .06 

N9607 653 853 845 b55 BY N200 
*2 N5807 655 855 857 657  e l 0  .08  
*2 NlOOo7 651 857 859  659  
*2 N10207 658 859 801 6 1  e30 e l 4  - 2 0  

2 NlO407 661  661 863 663 
*Z N5009 849 1049 847 .06 
02 NF239 849 1045 1051 851 - 0 6  

N9609 853 1053  1055 855 dV N200 



2 NO809 
*2 N10009 
0 2  NlOZO9 
8 2  N lO409  
0 2  N9411 
*2 N9611  

N k O S l l  
*2 N9713 

2 N9813 
N10513 

*Z NF9 15  
*2  N10015 

N10515 
*2 N10' \ 7  

2 N 1 0 d ~ 7  
N10517 

*/ 
*/ Y1hG IN-BOCY COVERS 
*/ 

COVER US N7001  
N8601 

2 N8801 
N9601 

2 NS801 
f! N 1000 1 
2 N lO201  

*2  N10401 
* / 
*/ Y I N G  F I N  SPARS 
/ 

SPAR M 5  N11UOL 
*2 N11003 

2 N l l 2 0 1  
2 N11203 

*2 N11501 
+ 2 N11503 
*2  N i l 7 0 1  

2 N11703 
* /  
*/ d I N G  F I N  RIBS 
*/ 

SPAR H5 N l 2 Q O l  
* 2 N 12003 

2 N12005 
* z  N  1220 1 
*2 N12203 

2 N12205 
*/ 
*/ d I N 6  F I N  CUVEKS 
/ 

COVER M 5  N13001 
2 N13003 

*2 N 13005 
2 N13201 
2 N 13203 

*2 N13205 
*/ 
* /  U I N G  F I N  ArTAChMENT BE 
/ 

B E A M  Lj hZOO0l 
2 N20003 

*2 N20005 
2 N20007 

*2 N2 LOO 1 
l 2 N21003 
*2 NZ1005 

/ 

0 1 0  e08 
o *  

0 3 0  0 1 4  020 ** 
0 3 0  0 1 4  022  
0 3 0  0 1 4  - 2 2  

BY NlOO 
0 3 0  0 1 4  - 2 2  
l 30 l 1 4  022  

BY NlOO 
.38 
l 08 

BY NlOO 
08  
l 0 8  

,'V NlOO 



*I WING TRAILING EDGE c m t n o L  SURFACE Rres 
*I  

SPAR M5 N l O l  263 3003 P 4 
2 0 0 2 200  1 0 0  0 

*2 N 102 3903 3005  
*+2 0 0 2 106 100  3 

2 N108 1463 3405  z 
++2 0 0 1 200 100  * 

*/ 
*/ WING TRAILING EDGE CONTROL SURFACE COVERS 
*/ 

COVER M5 N l 5 l  263 463  3103  3003 e l 0  
*z N153 463 663 3203 3103 
*2 N152 3 0 0 1  3103  3105 3QJ5 
*2 N 154  3103 3 2 0 3  3205 3105  

2 N156 1463 1 6 6 3  3535 3C05 
**l 0 0 1 200 200 1 3 0  LOO 

/ 
*/ HORIZONTAL TAIL SPARS 
/ 

SPAR t45 ~ 1 4 0 0 3  279 475 . lo  1.2 
*2 N14005 479 679  *r 

2 N14103 282 4 8 1  005 1.0 
*2 N ~ 4 1 0 5  4 8 1  6 8 1  ** 
*2 h i 4 2 0 3  283 483 0 9 5  1.6 
*Z N14205 4 3  683 8* 

2 N14303 285 485 .?O 2.6 
2 N14305 485 685 0 

*/ 
*/ HORIZONTAL TAIL  R i d s  
* / 

SPAR R5 NICCOl 278 2 8 1  e l 5  2.0 TO h l 4 4 0 5  283 285 
BY N2 2 2 

*Z N14501 479 4 8 1  .13 1.2 TO N14505 $83 4d5  
a 7  N2 2 2 

2 N l 4 6 0 1  678 6 8 1  a13 1 - 2  TO R14605 583 685 
9 Y  N2 2 2 

r / 
* /  HJRLZONTAI. TAIL IN-dODY SPARS 
* / 

S P k P  PS N14301 79 279 .50 6.0 
*L N l 4 1 0 1  d l  2 8 1  .25 9.0 
* 2 N l 4 2 0 1  83 283 .ZS 8.0 
*2 N14301 8 5  285 1 - 0 0  13.0 

* / 
* /  HOKlZONTAL TAIL  COVEKS 
*/ 

COVER M5 N15003 276 479 481  2 8 l  . I 6  
* + 2  O 0 200 2 *=3 0. 

COVEP H5 N l 5 0 0 5  479 679 6 d l  - 8 1  - 0 7  
* * Z  0 0 200  t -3 0. 

*/ 
* /  HORIZONTAL TAIL  IN-BCOY COYEKf 
*/ 

COVER n5 ~ 1 5 3 0 1  79 279 2 8 1  91 - 8 0  TO 
N15+01 83 283 285 85 3Y NZOO 2 *=3 

*/ 
*/ BOLY BEAMS 
* /  

BEAM M5 NlOOl  1 3 5. 00  *a3 16000. 10. J. * a 3  30000. 
**30 0 0 Z 2 2 5. *+ 14003. 5 .  *4 14000. 

2 N1063 6 3  6 5  160. *4 450000. 148. *4 416COO. 
r t l z  o o L a z -12. *+ -34500. -12. *4  -j~000. 

/ 
*/ BEAMS AT 455 R I B  1 0  PICK 9P OISCONTINUEJ SPARS 
i 

BEAM H5 N30002 1053 1054 P 5 
++4 o o 2 a t  

dEAM H5 N30011 1063 1062 P 5 
*+4 o o - 2  -a - 2  e 

EN0 ELEMEN1 OATP 
EN0 STIFFNESS CATA 



0EGiN BC DATA 
STAGE 2 

suProRt  Asvn  IN SURFACE z 
SUPPORT TX TZ RV FOR 89 

ENO ac OAT* 
9EGIlN LOAO CATA 

SET 1 STAGE Z 
LOAD CASE 10 srnn * ;s rweTntc  AtaLoAos* 
3EGIN NOOIL LOAC OITA 

ORDEk F L  
CASE svnn  

3 -2275. 
9 -6110- 

1 5  -497C. 
23 -3255. 
3 1 -245. 
3 9  -5400. 
* 5 -380. 
53 -3830. 
6 1 l+O. 
o l -165, 
15 -6365. 
83  -34FS- 
d7 -31600 
8 5 -150. 
8 9 -150. 

OROER F L  F V  
2056 -125. 1 2 2 0 ~  
2456 -100, L360b 
2458 -100. -4  10- 
2058 -125, 955. 
206 1 -125. 10754 
2461 -100. 7665. 
2463 -100. -49606 
2063 -125. -6604 

OROER FZ 
431 13475. 
231 -8530. 
63 7 8030. 
237  -7750- 
245 -11770. 
655 -464C. 
255 -5330. 
66  3 1565. 
26 3 5445. 
843 364CS. 
645 -20750. 

105 21130. 
6 4 9  3435. 

1055 3365. 
1063 1435. 
1456 l?d20 .  
1459 21815. 
1463 6155. 
1860 860. 
1861 14355. 
;863 2762. 
659 -450. 

105Q -8710. 
1461 -1CbSS. 
1802 -5150. 

275 -5060. 
679 -4040. 
681  -7375 .  
281 -5415. 
283 -1620. 
683 - a b s .  
685 -1725. 
285 -3425. 

END NODAL LOAC DATA 
EN0 L O I D  D A T A  



*/rOoEL / 
BEGIN SUBSET DEFINITtON / 
SUBSETS OF STIFFNESS SET 1 / 

/ f 
* I  SUBSETS FOR GECMETRY PLOTS / 

E l  * ALL / 
N l  = ALL / 
*I  / 
*/ELEMENT SUBSETS FOR OESIGN / 
*/ALL SaasETs ARE IN T n t  RANGE ELOO TO EI+J / 
* I  / 
* I  / 
* I  / 
*/ / 
*/ G R O U P  1 I 
* /  BODY SUBSET / 

€100 = 1027 TO 1073 av 2 I 
l / / 
*/ G R O U P  2 f 

bING SUBSETS / 
*/STARTING YITH THE SPAR ELEMENTS REPRESENlINC SPARS / 
*/BEGINNING AT FRONT SPAN A M  CONTINUING AFT / 

E l 0 1  = 2 0 0 1  2 0 0 3  2205 TO 2805 B I  200  3007  TO 3407  81 2 0 0  
3609  TO 4009  BY 200 4211  4 4 1 1  4613 4713 4 d l 5  4915 
5017  5117  5219 / FAJNT SPAR 

c l O 2  = 2 2 0 1  2 2 0 3  2401  2403  2681 2603  2801  2903 / 1 TO 4 I N 1  SPARS 
E l 0 3  = 3001  10 3005 BY 2 3201  TO 3205 BY 2 3401  TO 3405  3Y 2 

3601 TO 36C7 BY 2 / 5 f O  8 I N 1  SPAR 
E l 0 4  = 3 8 0 1  TO 3807  BY 2 5 0 0 1  TO 4007 BY 2 4201  TU 4209  dY 2 

4*01 TO 44CS dY 2 / 9 TO 12  I N 1  SPAR 
~ 1 0 5  = a01 TO 410s 3v 2 4601  TO *do9 aY 2 5001 TO 5009 SY 2 

5201  TO 5 2 0 s  BY 2 5 4 0 1  TO 5409 9Y 2 / 1 3  TO 17  I N 1  SPAR TO F I N E  4 i 1 0  
E l 0 6  = 5601  10 5617  BY 2 / REAR SPAR 
€107 = 4 6 1 1  TO 5 5 1 1  a v  103 4813 TO 5513 ev  l oo  

5015 TO 5515 BY LOO 5217 TO 5517 BY LOO / OUlBOARO I N 1  SPARS 
/ / 

* /SPA6 ELEMENTS REPKESENTING RIBS / 
*/BEGINNING INBOARO / 

€105 = 6001 TO 6035 BY z / SIDE OF BODY P I a  
E ~ O O  = 6109 TO 613s  S Y  2 / FIRST o u T e o ~ m o  RIB 
€110 = 6215 TO 6235 BY 2 / SECUND C U T B O ~ L D  wra 
E l l 1  = 6+25 TO 6435  / ThIkl !  MIliiOARG RIt3 
E A  12  = 6629 TO 6635 / FounTn OUTBOARO A I ~  
~ 1 1 3  = 6833 TO 6 8 3 s  / TIP Ria 
*/ / 
*/AUXILIAAY BEAMS / 

E l l 4  = 30002 TO 30011 / &EARS AT THIRD R I B  ( 4 5 5  R IB)  
€115  = 20001  TO 20007 BY Z 21001  TC 21035 aY 2 I F I Q  ATTACHnENT dEAR 
* ,  1 

G R O U P  3 / 
nlNG COVERS / 

OlSlARTIlUG INBOARD / 
€116  = 7001 TO 10401 BY 2uO / CENTER SECTION 
E l l 7  = 7003 TO 7603 b y  ZOO / S I R S 1  BAY FS 1 0  I N 1 4  
E l l 8  = 7d03 TO 84C3 BY 200 7805 TO 8405 BY 200  8407 / IN14 TO IYTB 10 FS 
E l 1 9  = 8603 TO 9203 dY Z O O  8635 TO 9205 6Y 200 

8607 TO 9207 BY 2 0 0  9309 9209 / I h T 8  TO I K T l 2  TO FS 
€120  = 9403 TO 9803 BY 200 9 4 5  TO 9805 BY 200 

9405 TO 9805 BV 200  9607 TO 9307 BY 200 
9409 TO 9805 BY 200  / fNT1Z TO I N T I 5  1 0  Ria C 5 5  

E l 2 1  = 10003 10 1C403 BY 2 0 0  10005  TO LO+US BY 200 
LOO07 TO 10407 BY 200 10009  TO 10409 BY 200 / IN114  T O  fiS TO 453  

N121 = NODES I N  E l 2 1  / 
E12' = 9411 TO 10511  dV 100 9513 TC 10513 BV 1 0 0  / 2 dAYS OUTBOAPt 4 5 5  
E l 2 3  = 9915 TO 10515 BY rO0 10117 TO 10517 BV 100 / 2 CUT604PO BPYS 

a /  / 
*/  r A O U P  4 / 
* /  CGNTROL SURFACES / 

€124  = 107 TO 110  155 TO 157  A OUTBUARO 
€ 1 2 5  = 1 0 1  TO 106  1 5 1  TO 1 5 4  1 INaOARO 
*/  / 



*I G R O U P  5 I 
*f € 0 0 4  I S  f n E  ~ O l l I Z O N T A L  1 A I L  / 
*I EOOZ I S  THE VERl lCOL WING F I N  I 

EZ 0 SLAB r 594. I 
€4 m SPARS COVEIS TUBE 79 2 7 9  679 685 8 5  01116,: '9N 0. 
*I € 2 0 0  AND € 2 3 1  U C  CJRPUSITE SUBSETS 1 
E2W 27203 10 28603 BV 2 0 0  I 
€ 2 0 1  = Z I Z O 3  I 
€NO SUBSET D E F I N I T I O N  / 
BEGIN M A T E R I M  OA lA  / 
I451 0 1 6  I 
6 0  1. * a l l  LIO.63 lb8.EZ 166aE3  1*O.E3 1 3 d e E 3  1 3 6 r E 3  

5 0 - € 3  *ad I 
1 2 0  0 1 2  1650E3  163.53 l b l i t 3  135.E3 133.E3 131.E3 

C8oE3 0 -8  I 
ZOO * I 2  '6OmE3 158.E3 1 5 6 b E 3  130.E3 1 2 d * E 3  LZ6oE3  

46.E3 * a 8  / 
5 0 0  *L2  130.E3 lLB.E3 126.E3 100.E3 99.E3 96.E3 

26.E3 *=8 / 
R 5 2  0 1 0  I 
5 0  1 1 90.E3 88.E3 dboE3  1 0 - € 3  68.E3 0 6 - 6 3  

1 3 - € 3  * I d  / 
2 0 0  e l 2  80.E3 78.E3 7 6 J t 3  bOeE3 5d.E3 56.E3 

12.E3 0 - 8  I 
6 0 0  *12  )ODE3 6 8 . ~ 3  bb.i> 50.E3 4 d a E 3  ~ 6 . E 3  

11.E3 * a d  / 
END MATERIAL OATA / 
BEGIN CESIGN CATA / 
moo€ I / 
BEGIN TABLE CATA / 
B C j l  6 0  .O4 - 0 8  . I 2  - 3 0  110.E3 115.i3 120.E3 1 3 0  
6C51  1 2 0  * 4  105.E3 110.E3 115 . i 3  125.E3 / 
BC5L 2 0 0  * 4  100.E3 105.E3 2 1 3 - E 3  120.E3 / 
9 C 5 l  5C0 * 4  80aE3  850E3  90.E3 103.E3 / 
BC52 60 ** 50.E3 52.E3 54.€3 55.E3 / 
BCSZ 2CO *+ 48.E3 50.E3 5 2 - 5 3  530E3  / 
BC5Z 5 3 0  * 4  25.E3 2 6 - E 3  27.E3 27.5E3 1 
a s 5 1  60 r 4  70.E3 7b.Ej a3.E3 133.~3 
$ 5 5 1  1 8 0  *4 00.E3 ~ 5 . E 3  10.E3 72.E3 / 
0 5 5 1  5 1 0  *4 30eE3 35.t3 +d.E3 41.E3 / 
8S5L 6 0  * 4  35.E3 32.5€3 43.E3 41.5E3 / 
eS52 1 8 0  ** 30.E3 32.5E3 35.E3 36.E3 / 
0S5Z 5 1 0  *c 15.C3 17.5E3 20.E3  ZO.iE3 / 
END TAdLE OATb / 
SET 1 / 
eECIh PPUPCCTY D A ~ P  / 
8EAMS -5 / 
tNC PROPERTY OATA / 
%GIN  F IXED OATS / 
E l 1 7  0 3 . 3 4  - 0 2  0 0 3  O 3 - 0 4  - 0 3  .03 / 
ECO F I N E 0  OAlA / 
BECIk  LOMER BOUNC CATA / 
E l l $  O J . O O O O O J  ,135 3 O /  
€ 1 1 9  Q O - 0 6  0 O O O 0 0 6  O 0 / 
E l 2 0  0 0 .07 - 0 4  0 0 0 .06 - 0 3  0 / 
E l 2 1  .5 3 .Oa -04 0 .5 0 .06 - 0 4  0 / 
€ 1 2  - 5  C -09  0 0 0 0 - 0 9  0 0 / 
€ 1 2 3  0 4 .045  0 C 0 0 .0*5 0 0 / 
SPPRS .3c .7 *=3  .5 / 
EN0 LOkER BOUND DATA / 
BEGIN UPPER aDUND OATA / 
EL23  0 O . I S  0 0 O 0 - 1 2  0 0 / 
END UPPER 8OUNO CATA / 
BEGIN M4RGIN 0Al.l / 
€ 1 2 0  .15 / 
E 4  SPARS .LO / 
Fcb833 .J5 / 
END n r a c l t u  D A T A  
BEGIN SIZING OATA / 
ns / 
M S l  E l 2 1  dC51  8 S 5 1  -5 1 
M52 E l 2 2  BC52 6 - 6 5  
ns i  SPARS a d s 5 z  / 
FkD S I Z I N G  DATA I 



8 0 G 1 N  R E S T R A I N  S I Z I N G  DATA / 
E l l 6  / 
E l 2 5  / 
€ 4  COVERS / 
B E A n s  I 
E l 2 I  / 
€2  I 
E N 0  R E S T R A I N  S I Z I N G  OAT4 / 
B E G I N  O P T f n l z A T I O N  DATA / 
CCOVEC € 2 0 0  € 2 0 1  / 
ENC OPTI~IZATION DATA / 
STAGE 2 1 1 / 
BEGIN LOAOS CAT A I 
CASE smn 10. / 

CASE svnn 20. 1400  ELL^ 
CASE s m n  1s. 1 3 5 0  5122 / 
CASE SVM* LO. T3CO E l 2 3  / 
CASE s v n n  1s. € 1 0 5  / 
CASE SVMM 30. E l 0 7  / 
CASE svnn 30. E ~ O C  I 
CASE s r m n  2000. EZOO I 
EkO LO4OS O A T 4  / 
B E G I N  SUPEAPOSIT ION OAT4 / 
CASE PEAVY 1s. svnn IS. s v M n  € 1 0 6  / 
EN0 SUPERPOSIT ION CAT4 / 
E N 0  D € S I G N  OAT4 / 
ENO P a o a L E n  DATA I 



Table 209-1. Summary o f  Des:gn Options Used 



Table 209-2. Optimum Number of 
Layers per Lamina 

- 

Fiber  

Angle 
t 

00 

-.. -. - u 

Number of 

Layers 

10 



Figure 209-1. Structural  Mode1,Design Demonstration 



Figure 209-2. Element Subsets for  Design 



F i g u r e  209-3. SPAR Element Subsets f o r  Design 



(Total Weight) i 
(Total Weight)o 

Cycle 

FIGURE 209-4. Total Weight vs.  Cycle,Design Demonstrat ion 



Thickness i n  mm 

F igure  209-5. Surface Thickness Changes,Element Subset 121 



Figure 209-6. Margins of Safety,Cycle I .  Element Subset 121 



F i g u r e  209-7. Margins of S a f e t y , C y c l e  2 ,  Element Subset 121 



2 10. THERMAL FULLY SIVESSED DESIGN (DECK l ? j  

2 10.1 DESCRIPTlON OF PROBLEM 

This demonstration problem c o n s i s t s  of a thermal f u l l y  
s t r e s s e d  desiqn of t h e  well-kqown 25-bar transmission tower. The 
model and loading are based uyan the information shown i n  
reference 210-1. The loading c o n s i s t s  of nodal l oads  a t  four  
nodes and thermal loads  a t  each node. T h e  model is shown i n  
f i g u r e  210-1. 

The design is performed i t e r a t i v e l y  a,?d terminated when the 
r e l a t i v e  weight change is less than 5%. h e  s t a r t i n g  po in t  f o r  
t h e  design va r i ab l e s  is u n i t  a rea  f o r  a l l  25 ROD elements. 

210.2 RESULTS 

The ana lys i s  s t a b i l i z e d  a f t e r  two i t e r a t i o n s  t o  a r e l a t i v e  
weight change of l e s s  than 5%. The t o t a l  weiqht compares q u i t e  
favorably with that repor ted i n  re fe rence  210-1. A p lo t  of 
w e i g h t v s .  des ign cyc le  is shown i n  f i g u r e  210-1. Thermal 
margins of s a f e t y  f o r  t he  eiements on me face of t h e  tower a r e  
shown i n  f i g u r e  2!0-3. 



210.3 LISTING OF CONTROL PROGRAM AND DATA 

r F G I h  C C L I S C L  M A l U I X  PRCGPAW C E K O I ?  
PRCCLE* I t ( 3 E M O l l  - THERMAL C E S I G N  O F  A  25-RAU I C U S S I  

C 
(. PJFPCSE THE PRIYCIPAL CAPA~ILIIIES OEKCISIPAIEO B Y  TPIS 
c CECK APE 
c 1, T h E ~ C A L  C E S I G L  
C 2. PLDlS OF THEQMbL  C A R G I k S  CF S A F E I V  
C  
c rt,r+cr SJCPN R A C K V A N  
L 

C C C R E  1 4 5 K  I O C T A L l  
C 

U S E R  COl.PON I S E G C Y C L S E N C C Y C L S C U P C ~ C L S C C ~ ' Y E ~ G S I  S E T S  I S T A G € *  I P C S )  
I h T E G C Z  t f G C Y C L  rn CUFCVCLsCZOCYCL  
C I M E h S I C F  C O h V E c C ( l 7 J  
CCNVEPC(  IS) - . C f  
C C N V E P G t 1 6 1  = 1.C 
EACCYCL  = 3 . 
R E A D  LNPUT 
P P l h l  l h P U T ( h C D A 1 )  
P q l h T  I h F U T ( S T I F F Y E S S 1  
E X E C U T E  ~ x T R L C T ~ C X N A M ~ = C E C N S L S L ~ = K G ~ I C ~ ~ S I ~ ~ ~ C ~ . ~ S U M = A ~ I  
E a t C u I F  C P A P ~ ~ C S ~ C N A ~ ~ E = ~ E C ~ S C F F L I K ~ = C ~ L C C ~ ~ P . T V P E = ~ P T U ~ S ~ Z E = ~ ~ ~ . ,  

& 1 5 . l t L ~ B E L = N s ~ Z = 2 0 .  m F V a l C .  . R X = C C  sEXh4"E=GECw)  
I C - ( ~ ~ C C V C L  .LT. 11 BEJCYCL-I 
I F ( E h 0 C Y C L  .LT. PCGCVCL 1  ENCCYCL=CEGCVCL 
C J R C Y C L  8 E G C I C L  
I F ( C E G C Y C L  ,EC. I J  GO T C  7 C C C l  

C 
c T ~ I S  IS J c E s r n n T s  
C L C b O  PAkCDM F I L E S  FPCM S A v E S S 4  
C 

L C A D  F I L E S ( S A b E S S 4 = R F n 1 N O J  
S A V E  M A T F I X (  S L b ' E S S C = P E h I N 3 s H E F G f N F ~ 3 3 1 1  
GC TC 7CCCZ 

?OCCi l  C C h T I k U E  
C  
C  BEGCVCL  s I r  
C  C C P P U T E  A%C P C l h l  I h 1 1 1 A L  h E l C k T  
C  

E U ~ C U T E  P A S S (  s E r  =I) 
?3C3' CCNT I k U E  

C L L L  GESCGNS 
I F ( C U F C Y C L  .EG. C J  C A L L  E f l l  

C '  
C Z t S I G L  C Y C L E S  EEGCYCL  I bRCUCk  ENCCVCL 
C  
70CC J C C k T  

E x E C L T t  S T I F F N E S S t S E T x I . L L ~ P = C . C J  
EXECUTE r f l G E 4 S T  IFFNfSS.SET=ltSTAGE=l.Kll=1l . K 1 3 = 1 3 ~ K 3 3 = 3 3 1  
E X E C U I F  L C A C S ( S E T = l r  S T A G E = l ~ l C ~ A L L ~ ~ A l E C 1 A l = C C h S T A h ~ J  
C X E C U I E  C C ~ C f ~ L @ b O S ~ S E ~ ~ l ~ f f ~ C E ~ l ~ ~ l l ~ 1 1 ~ L 3 1 ~ 3 l I  
IFICUFCVCL .GT. 1) GO rn l c c c c  

C  
C  F I L L T  C Y C L E *  6 t U G E  ANC SALE  S L P P O R I  O I S P L A C E C E h T S  
C .  

E A E L U T E  V E ~ C f ~ c ~ ~ P L A C E P E ~ S L T ~ l ~ ~ f A i r ~ ~ I ~ C 3 1 ~ 3 l J  
S A V E  H b T F l X ( S A V t S S 4 = P F U I N C ~ . Y E C G R K F s O 3 1 J  

! d o 3 4  C C h T  I t i U f  
EXECUTE V U L T I P L V ~ T E W P = [ L  11-1(13*031]1 
E X E C C T E  C ~ O L C S K V ( S O L V E ~ K ~ ~ ~ ~ I ~ ~ I E ~ P I  
I F f C U K C Y C L  . to .  E N D C V C L J  GC TC 1 C C C S  



C 
C I h T E P P E C l A l E  C V C L E *  ASSEMCILE D I S * L A c c H C h l S  Ah0 
C C C P P J T E  S T P E S S E S  I- I N t E a & A L  CQOER 
C 

E*€CUIE STP€SS~SEf~lrSlltEfl~IN~L,Rh'Al*OI~CI1*Li3~C3ll 
GC r r  7COOo 

I'JOCS CGNf l h U €  
C  
C  L 1 S l  C V C L E *  A S S f M 8 L E  C I S P L b C E p E N f S  AhiO 
C  C C P P U T i  STPESSES lh  USER CRCES 
C  

E u E C b T E  SIPESSlSEf=l~STACE=l~i!l=Ol1,O~=C3I) 
73036 C C h T l % U E  

E J t C C b I E  c F S I C N I  ~ E t + l ~ S I A C F ~ l ~ C V C L f = C L P C ~ C L ~ F E G C F C U ~ E ~ 1  *TGS!'sNCFSab 
E f i I C U T E  P A S S ( S E T = I )  
C A L L  OESCCNS 
1 F t c u r c v c L  .CE. ~ K C C V C C )  cc rc I C C O ~  
P ~ k i l  f I L k S I Y t E G & N F *  CHCLP;\Fo: L L T C h F *  S f  I F R h F * L C A C B % F . S T G k Q h F  

U  P A S S R Y F I  
CCAC F I L E S 1  S L V S S S ~ + R € n I N C  J 
CJLCVCC = C L P C I C L  + 1 
GO f C  TCC03 

10531 C C h T  l h U E  
c 
C  L I S t  CVCLE. 
C CCYPUTk  P E b C T l O h S  A h C  P R E P 4 R E  SAVESSC - - 

C 
E ~ E C U I F  ~ u L T I P c v ~ ~ s ~ = [ - L ~ ~ * I ( I ~ ~ T ~ * o ~ ~ ~ ~ ~ ~ ~ o ~ ~ ] )  
S A b C  P r l P I X l ~ b v E S S i e P L L T C h F ~ P 3 1 J  
SCVF " ~ T Q I X ~ S ~ V F S S I I ~ A S ~ U ~ F ~  I C T L h T * )  
SAVE & l L E S (  SAVF55 i .OATPNXF.CCC I 3 N F  v L C A C P h F  e S T R E R h f )  
P A I X T  JLTPUI ( C E S I C N  J 
P E I Z T  U L T P U T t  C E S  I C k r  ~ l S I C ~ t ~ C ~ C L E = ~ E C C V C l  TC E h C C V C L )  
EXECLJTC E X T i b C r t  is.u4nE=nARCIh.LSu~=TMSrCvCLt=t1 0 2 ~ 3 1  *CSU3=€2. 

X X S U 6 = N i )  
E X E C U l E  < P A P P I C S t G ' u A ~ 4 E = . U ~ ~ C I h : . T Y P E = O E T H  0 5 1  t E % ( Z C . , 2 0 . J  * 

1 SCALd f i  = a C T u S e S S C A L E  = 3 * V V = - l  r E X h A . Y F = F A C G I . ~ )  
E h 3  C C h f  bCC P E C G P L M  



BEGIN MbTERlbL OATA 1 
ns l  -101 

0 l g E 7  - 3  3-8E6 0- 1.E7 - 3  3.8ES C. 1.E7 03 3.8Eb -0 
'00-€3 *a17  / 

5 0 0  lmE7 -3  3 - 8 t b  be*€-) l e E 7  - 3  3.6E6 6.4E-3 1.E7 0 3  3.8E6 
6-4E-3 49.E3 *-A7 / 

in13 n r r E n I r L  OATA I 
BEGIN NODAL CATA / 
1 0. -2s. 200. / 
2 0- *25- ZOO. I 
3 -37.5 37.5 100. / 
C 37.5 37 -5  LOO. I 
5 37.5 -37.5 100. 1 
b -37.5 -37.5 l C 0 -  / 
7 -100. LOO. 0 -  / 
8 100- 100. 0. / 
9 100. -100. 0. I 

10 -100. -100. 0. / 
tND NOCAL OATA / 
~EGIN STIFFNESS o A r r  
dEGIN ELEMENT DATA / 
ROG US1 N l  1 2 1- / 
ROD M51 NZ 1 4 1- 1 
POD M51 N3 Z 3 1. / 
n u 0  ns1 ~4 1 ,5 1. 
ROD n f l  N5 2 b 1. / 
LOO nS1 ~6 2 4 1. / 
ROD US1 N7 2 5 1- / 
fioo nsl NB 1 3 1. / 
R O J W 5 L N 9  1 b 1. / 
aoc  MSI NU 3 6 A. / 
ROO n 5 1  ~ 1 1  4 5 I. 
ROC US1 N12 3 4 I. / 
PC0 W51 N13 5 b 1. / 
&OO M51 N l 4  3 10  1. / 
ROC C51 N l S  6 7 1- / 
i O C  N51 N l b  4 9 1. / 
CUC n51 N17 5 i 1. / 
ROO H51 N18 4 7 1. / 
Q00 n 5 1  N19 3 8 i. / 
:OC M j l  NZQ 5 LC 1. / 
QG3 M51 W l  b 9 1. / 
4UC * 5 l  h 2 2  0 10 1. / 
iLC 3 5 1  N23 3 7 1. / 
d00  W51 N24 5 9 1. / 
6 G D  M 5 i  NZ5 4 d i. / 
EbO ELEMENT CATA / 
EN0 STIFFhESS DATA / 
3EC1N aC D4TA / 

SET 1 STAGE 1 / 
SUPPORT T X  T Y  TZ FOR 7 3 9 10 i 

EN0 BC DATA / 
dEGIN LOACS CAiA I 

SET 1 STAGE 1 / 
dEGIN NOOAL LOACS UATA / 

FREE30M F X l  F Y l  F Z I  FX2 FY2 FZ2 FX3 FXb / 
1 1000- 10030. -5903-  1 O O J -  10000- -5000. 500. 500. / 

ENC NOOAL LOACS DATA / 
8EGIN hODAL ThinnAC LG4OS 04TA / 

CASE 2 / 
1 2 100. / 
3 TO 0 30- / 
7 TO 10  -35. / 

END NCOAL THERRAL LCADS SATA I 
END LOADS DATA / 
BEGIN SUBSET O E F I N l f I U N  / 

SUBSETS OF STIFFNESS SET 1 / 
E l  = ALL / 
N l  = ALL / 
ht2 = 1 5 6 9 1 0  / 
€ 2  + ALL I k  NZ I 

END Suds € 1  DEF IN1  f ION / 



BEGIN OESIGN DATA / 
MOO€ 1 / 
SET 1 / 

BEGIN S l L f N G  OATA / 
ns1 I 

EN0 S t f  I N G  DATA / 
STAGE 1 1 0 TMl  / 
8E.GIN THERMAL OAIA / 
CASE UFF U 1. 1 1. 2 I 
&NO TnEanrL OATA / 
€NO DESIGN DATA I 
EN0 PROBLEH OA7A / 



Figure 2 10-1. 25-Bar Transmission Tower Model 
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Figure  210-2. Total  Mass v s .  Design Cycle, 25-Bar Transmission Tower 
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Figure 210-3. Thermal Margins o f  Safety.  25-Bar Transmission Tower 



211. FLUTTER ANALYSIS OF AN SST AIBCRAFT (DECK 4) 

211.1 DESCRIPTION OF ANALYSIS 

F o u r  sepa ra t e  f l u t t e r  analyses  of an  SST a i r c r a f t  are 
perfqrmed i n  t h i s  demonstration problem. The s t r u c t u r a l  model, 
shown i n  f i g u r e  211-1, is the same a s  t h a t  descr ibed i n  s e c t i o n  
203. The same degrees  of freedom are r s t a i n e d  i n  t h e  v i b r a t i o n  
ana lys i s ;  only t h e  syrmnetric modes are considered. 

The m a s  is modelled us ing  mass p l a t e  elements a s  shown i n  
f i g u r e  211-2. The mass of t h e  s t i f f n e s s  elements is ignored, 

The v i b r a t i o n  a n a l y s i s  is performed using a reduced s t i f f n e s s  
mat r ix  and a non-diagonal reduced mass matrix produced d i r e c t l y  
by the Mass Processor,  

A l l  f ou r  f l u t t e r  analyses employ t h e  same set of general ized 
coordinates  which a r e  equivalent  t o  t h e  f i r s t  twer ty  f ree- f ree  
symnetric v ib ra t ion  modt s. The f i r s t  f l u t t e r  ana lys i s ,  performed 
a t  Mach 0.8, is based 011 an  aerodynamic model of  t h e  wing and 
t a i l  us ing only t h e  t a i l  o s c i l l a t i o n s .  Doublet L a t t i c e  a i r f o r c e  
theory is used. Aerodynamic in f luence  c o e f t i c i e n t s  are obtained 
f o r  four  reduced frequencies,  They a r e  produced by FLEXAIR t o  
ob ta in  two s e t s  of genera l ized  a i r f o r c e s ;  t h e  f i r s t  set inc ludes  
t h e  e f f e c t s  of t h e  f l e x i b i l i t y  of t h e  t runcated h igher  frequency 
modes of v ibra t ion ,  w h i l e  t h e  second set does not .  V-g and V-f 
p l o t s  are obtained for both sets of genera l ized  a i r f o r c e s .  This  
ana lys i s  is shown schemat ical ly  i n  f i g u r e  211-3. 

The second f l u t t e r  ana lys i s  is a l s o  based on t h e  Doublet 
L a t t i c e  theory, bu t  inc ludes  the wing, body and t a i l  in t h e  
aerodynamic represen ta t ion .  only t h e  f i r s t  t e n  general ized 

oord ina tes  a r e  used i n  t h e  f l u t t e r  ana lys i s .  This ana lys i s  is  
shown schematically i n  f i g u r e  211-4, 

The t h i r d  f l u t t e r  ana lys i s  is performed a t  Mach 1.526 using 
Mach Box aerodynamics including t h e  aerodynamic in f luence  of t h e  
wing upon t h e  t a i l .  ihlly t h e  lowest t e n  v ib ra t ion  modes are 
used. A cons i s t en t  f l u t t e r  speed and a l t i t u d e  cons i s t en t  with 
the Mach number (matched point)  i s  ca lcu la ted .  This ana lys i s  is 
shown schematically i n  f i g u r e  211-5. 

The fou r th  f l u t t e r  ana lys i s  is performed a t  Mach 0.8 using 
RHO3 aerodynamics f o r  the wing and c o n t r o l  sur faces ,  Doublet 
L a t t i c e  aerodynamics a r e  used f o r  the t a i l  with i n t e r - su r f ace  
aerodynamic i n t e r a c t i o n  i9.1ored. The f l u t t e r  a n a l y s i s  is  
performed f o r  s eve ra l  combinations of general ized coordinates .  
This ana lys i s  i s  snown schematically i n  f i g u r e  21 1-6. 



RESULTS 

Results of t h e  flutter analyses are presented as V-q and V- f  
p l o t s .  Results of t h e  f i r s t  analys is  are presented i n  f iqures  
2 1  1-7 t o  211- 10. RESULTS o f  the second ana lys i s  are presented i n  
figures 211-11 and 211-12. 

BOXING COPMERCIAL AIRPLANE COMPANY 



211.3 LISTING OF CONTROL PROGRAM AND DATA 

BEG 1 N colur ~ C L  PROORM DEMO04 
P R O U L ~ ~  t o (  oEnoq't - FLUTTER ANALYSES OF AN S S T  AIPCRAFTJ 

PURPOSE THE PH1Nr:PAL C A P A B I L I T I E S  OEMONSTAATEO BY THIS  
DECK APE 

1. DUDLAT AERGDYNAMI CS 
2. RESIDUAL F L E X I b I L  I TY (FLEXAIRI  
3. HACH8OX AERODY~4AMICS 
4. RHO3 AEROOYkAXICS 
5, FLUTTfiR ANALYSES 
6. V-C AND V-F PLOTS . 

CORE Zb3K (OCTAL 1 

READ INPUT 
P k I N T  lNPUT(NO0AL) 
PRINT lNPUT(S1  IFFNESS) 
P f i  I N T  INPUTINASS 1 
EXECUTE EXTRACT( E x : J A ~ E ~ U C R ~ O ~ L S ~ ) ~ ) = K C P  I O r E S U B r E l  rNSUB=Nl)  
EXECUTE G R A P h I C S ( G S A R E ~ G E J . ' 4 r O f F L  INE=CEPRER r  

X TYPE=(ORTH*PDINT) r S I Z E = 1 3 0 r 2 0 1  rRL=31)eRY=23rPX~Or 
X EXNAHE=KGR I D )  

EXECUTE E X T R A C T ~ E X N A ~ ~ E ~ Y G R I ~ ~ L S U B = M C R I D ~ E S U ~ = E Z . N S U S ~ ? J ~ ~  
EXECUTE G ~ ; A P H I C S I G N A N E ~ C E O H ~ T Y P E ~ [ O C T H ~ P O ~ ~ T )  r S I L E ~ ( 3 3 r 2 3 ) r  

X R Z ~ 3 3 * R Y = 2 3 r R X = O r E X t 4 A n E = M t R  I O J  

CQLCULATE NOKflAL MODES 

PERFORM K-REDUCE 
PRINT INPUT lBC)  
EXECUTE MASS (OPTION=3) 
PRINT UUTPUT [MASS, HDC=MDC+***) 
EXECUTE VIaPAT ION ( S T I F ~ U R E O v Y A S S ~ ~ O C O O l A  .NF REOSI16r  

A S U B S E T S = ( N 5 l r ~ 4 Z , ~ ~ 3 ~ N 5 3 r N 4 4 ~ t i 4 S r N 5 5 r k C a ~ N 5 6 ~ ~ 5 7 * N 6 7 r N b 2 r N 9 9 l )  
PRINT OUTPUT ( V l e Z A T  ION* 

A SUBSETS=(N51.~42r~43rN~3rN~4~~45~N55rN4brN56rN57rN67eNbZrN99~) 

INTERPOLATE MODE SHAPES 

EXECUTE INTEFP (Nb2=(BEAMSPLINErCO62) r  DOF=lCOOr BEANO=NOb4r 
A BEAM = (NOG3,NObSrN06bJ r  BEAU1 = ( I4060 TO N o 7 0 1  NO61) J 

EXECUTE INTEPP ( 
A N 5 l ~ ~ U O T I O N A X I S ~ C f l l r O O F ~ 1 O O ~ r O E F N P T S ~ ~ 1 ~ 8 9 ~ ~ A N ~ L E S ~ ~ 9 ~ ~ O ~ 9 ~ - C ~ e  
B N42=(  SUPF SPLINE JrDOF=L003r 
C N 4 3 r 0 0 F  +1000e 
0 N53=HOT l O N A X I S ~ W F ~ l l I 3 r U E F N P T S ~ ~ 8 3 r 2 L I 3 r 4 8 3 r G 8 3 ~  e 
E N44=SURFS PL I N E v 0 3 F ~ l O O O O ~  
F. N 4 5 r 0 0 F = l O O F I  

EXECUTE INTEKY l 
6 N S S = ( ~ O T I O V A X ~ S ~ C S S ~ ~ D O F  ~ I ~ ~ O ~ D E F I ~ P T S = ( Z G ~ ~ & ~ ~ )  r 
H N 5 6 , ~ 0 ~ = 1 1  lO,DEFNPTS=[ 1 4 6 3 , 1 6 6 3 r 1 8 b 3 )  r  
I ~57~30F.lllS*0EFNPlS=[Z85.f*6s~r 
J ~ 4 b . t  SUQPSPL I x E  ,C4bI t 0 0 F  ~ l O ' J i r *  
K N ~ ~ - ( H U T I O Y P T I ~ D ~ F ~ ~ ~ ~ ~  
Z J  



EXECUTE I N T E C P  ( 

L  N ~ ~ = ( P U L Y I Y U \ ~ I A L ~ C ~ ~ ~ ~ H O O E ~ A O O = ~ . O ~ M U ~ , E ~ ~ C I D E ~ A ~ O = ~ ~ . ~ ~  
EXECUTE I N T F M P  ( A I C = N 9 9 ,  

A  N42=1 L r  CAG'I, D O F = 1 0 3 9 ,  
D  N G 3 = ( l t C A 4 3 1 r  O C F = 1 0 3 0 1  

C  
c F L U T T t R  A N A L Y S I S  U S I N G  OUt4LAT K I T H  AND h I  THOU1 F L E X A I a  

E X E C U T E  DUBLAT ( C A S E r 3 ,  %ACH=O.B* K V A L  6 ( .035, .002 e.OP36r  .0001 B J  
E X E C U T E  F L E X A I H  I l D s F L O 1 ,  O U U L A I r  C A S E - 3 ,  ALT=(O.Oc  10323.0), 

A FKEEOOMS= I T 2 2 1 3 ,  R Y 2 6 3 )  r SUBS€ T z N 9 9 1  
P R I N T  OUTPUT l F L E X A I k r  t D ~ F L 0 l q  &LT=C.3r  K V A L z  ( - O S S o r 0 9 2 ,  - 0 0 0 L J  I 
E X E C U T E  F L E X A I R  ( I D - F L 3 2 r  DUBLAT,  CASE.3, 

A FLUTFSEQ=O.O,  F R E E 3 0 S S = (  T Z Z b 3 ,  R Y Z 6 3 )  * S U 3 S E T t t i 9 9 1  A L T = O O O )  
P R I N T  OUTPUT I F L E X A l h r  I D = F L 0 2 1  
E X E C U T E  A D D I C T  ( I O = A F D ,  I N T ,  F L E X A I R = F L O l )  
E X E C U T F  F L U T T E k  I G A F  I D =  AFOI COND=Cs V N A X = 2 3 3 3 . 9 )  
P R  I N 7  O U T P U T  ( F L U T T E R  r C A S E = L *  COND=GJ 
E X E C U T t  EXTRACT l t X N 4 ' 4 E = F L P L 4 D r  L S U a = V C V F  , C O V O = G I  
E X E C U T E  G R A P H I C S  I G N A Y E = F L P L C O t  T Y P E = C R A P l i r  XmVr  Y l = C r  Y Z = F v  

1 XMIN=C.O,  XHAX=lOdO.O,  Yl.'lIN=-.1, Y l X A X = . l ,  Y 2 K I N = ? . D e  YZHAX=9.0*  
2 S I Z E =  ( 6 1 6 1  , E X h A n E = F L P L 4 D J  

E X E C U T E  A O O i N T  ( I D = A F E ,  I N T t ,  F L E X A I R = F L 0 2 )  
E x ~ c u T E  F L U 7  TEk  (GAF I D =  AFE, CO?i0=5.  V H A X = 2 0 3 5 . 0  I 
PR I N 1  OUTPUT ( F L C T T E F  I C A S E = l r  CO&U=5)  
E X E C U T t  EXTRACT lEXFJAt?E=FLPL4E I L S U b = V C V F  I C O N D = 5 )  
E X E C U T E  G F A P H I C S  L G N A n E = F L P L C E r  TYPE = G h A P t l r  X z V r  Y l t G v  Y 2 l F  m 

1 X t i I N = O . O *  X H A X = l 0 3 0 . 0 *  Y ~ H I N $ - . ~  r Y l I I A X = . l r  Y 2 K I N = 3 . 0 ,  Y Z t 4 A X = 9 o 3 *  
2 E X N A M E = F L P L 4 E  8 

F L U T T E R  A N A L Y S I ~  U S I N G  DUBLAT FOR WING, T A I L *  AND BODY. 
ADO1 T  IC N A L  A  I R F O S C E S  FROM A D D I N T .  

P R I N T  I N P U T  I D U B L A T m  C A S E s 2  J  
E X E C U T E  D U B L A T  l C A S E = 2 '  , NACH=O.B, B R E F = l O O O . O t  Q U A S I  = d T r  

A K V A L =  (5.0, 2 - 0 9  1 . 0 ~  0 . 6 ~  0 . 2 ) )  
PR I N 1  O U T P U T  I O U B L A T ,  CASE=2,  L E V E L =  ( l r 2 , 3 , 4 r 5 ) )  
E X E C U T E  A O D I N T  ( I D  = AFO, I N T  *DUDCAT,CASE=L n G E T = 7 3  J 
P R I N T  U U T P U T  ( A D C I t 4 T v  I D S A F E *  r(V4l.s (2 .0 ,  1.2~ 3.6, 0 . 3 ) )  
E X E C U T E  F L U T T E a  (GAF I D = A F B ,  CONDaZ , 

A ST I L L  r t J M O D E S = l O r  ITE~=3rDENSITf=.O52C482) 
P R  I N 1  OUTPUT ( F L U T T E  Q r  C A f E = l r  C O N D r 2 )  
E X E C U T E  EXTRACT ( E X N A H E = F L P L C S *  LSUO=VGVF I C C N D f Z J  
E X E C U T E  C R Q P H I C S  l G N A M E = F L P L 4 B ,  TYPE:GRAPHI X z V r  Y l x C *  YZ'f 9 

1 X H I N = O .  1 XHAX=lJOO.w Y L H I N i -  I r  r Y l M A X = l .  q Y Z M I N s J .  r Y Z H A X = l O - r  
2 E X N A M k = F L P L 4 8 )  

F L U T T E P  A N A L Y S  I S  U S 1  N C  MACHdOX FOK 2 NON-COPLANAR SURFACES 
W I T H  S U B S O N I C  L E A O l N C  EDGES 

P R  I t4T  I N P U T  ( t l 4CHi )dX  1  
E X E C U T E  NACHBUX ( RACH=1.5 ,  C O : i D = l r  t lPEF= lOC>.O p 

A U V A L  = ( 10.0, 2 -01  1.0, 0.4 r 0 . 1 5  J I  
P R I N T  OUTPUT ( H $ C t i d n X ,  L E V E L = ( l r 4 1 )  
E X E C U T E  ADDINT I I O J A F C *  I U T , ! ~ A C H ~ O X V  I G E T = l 4 ' 3 I  
P R I N T  0 3 7 P U T  ( A D O I N T  I D = A F C J  
P R I N T  I l d P U T ( F L U T T E 2 1  
E X E C U I E  F L U l T t R  ( G t s F I D = A F C r  C O & D = 3 ,  

e E V E C = F L U T T C F ,  a v E c - F L u T r E P ,  
A N ~ O O t 5 = 1 0 r ! l ~ F = 4 3 ~ t 4 P S = 5 0 3 C . 0 r N E L T = 3 J  

P k I N T  UUTPUT ( F L U T T E P  , C A S E z l r  COt43=31  
E X E C U T C  EXTRPCT ( E X ~ A Y E ~ F L P L C C I  L S U S z V G V F  r C U k 0 = 3 1  
EKtCUT E G R A P H I C S  I G N A H E = F L Q L k C ,  TYPE:GRAQHI X = V *  Y L = C ,  Y Z a f *  ' 

1 XH114=4ZC. ,XYAX=ZOL)O. , Y l H I * i = - . 2 3 7 , Y l H A X = . 5 6 8 r V 2 K I t : = 1 .  r Y 2 3 A X x S . r  
Z E X N A X E = F L P L 4 C  1 



C FLUTTtR 4hALVSIS USING AH03 FOR b1NG k l T H  CONTROL SUPFACES 4ND 
C DUBLAt FOR TAIL. RESULTS COMBINED USlhG ADJINTo 
C 

PRINT INPUT (AHO3J 
EXECUTE EH03 ( MACH 8 0.1r 

A KVALUES = I 0.0051 0.902, 0*001# 0.0007r 0.0004eO-0001J 1 
PRl NT OUTPUT ( R  HO3 J 
P R I M  INPUT ~ D U ~ L A ~  J 
EXECUTE DUSLAT ~ M A C H ~ O o 8 ~ K V A L U E ~ ~ 5 . 0 ~ 2 ~ o ~ ~ o o r 3 ~ f  e0.4r30 11  v 

A BREF*1300o3r CUASI*TO J ' 

PRINT OUTPUT IDUBLAT r LEVEL= (1121 SJ 1 
EXECUTE AOOlhT I ID* AFA,43011Nf r R H 0 3 r D U B L L T ~ l G A t N ~ 2 5  J 
PRlNT OUTPUT I ADnlYTe 10=AFA, KVLL* ( .305r 0001v  .0?37be -0902SJ 
EXECUTE FLUTTER IGAF lD*AFA9 DPkSlTY=.f323282, CCROSS*t.O3r .Ov.OS), 

A VHIN* 500.3, VnAX=lS30.0r FYlN*Z.Be FWAX=J-Sr 
A EV4L*t 1 10 1 2 6  BY 201 r EVEC*(FLUTTERr l e  5 1 r  101J r  AVEC=FLUTtERj 

PRINT OUTPUT ( FLbTlERa CONO=lJ 
EXECUTE EXTRACT I EXNAME=FLPL4A; LSUB* VGVF ,CONO=l J 
EXECUTE GRAPHICS fGNA!4E~FLPL4Ar TYPE=GPAPH, X=VI V I = G I  YZ=Fv 

1 XMIKaO., XHAXxZCOO* YlMlN=-.Lm YlHAXa. 1, Y2MINa3-r YZH9X*10.0* 
3 EXIAYE=FLPL4A J 

EXECUTE CRA*HfCS fGNA!iE=FLPL4Alr TYPE*CRAPHI XSVI  Y l=C*  YZsF, 
1 XHIN=5C0.rXHAX= 1 5 0 0 0 r Y 1 ~ I N = - ~ Q 5 ~  VlHAX=.35* YZHfN=2.8 * YZNAX=3.Sr 
2 EXNAHE=FLPL44 J 

E8.J COY1 ROL PROGRAM 



@/ MOOE2 / 
BEGIN MACt100X DATA 
LABEL Utl4Oh'STPA I ICi4 P R O X  EM - BOTH SURFACES 
BEGIN GEtrrr 
BOX 12 XCEaTER 2710.C 
SURFACE 1 
LEADlPi(i EOGF 510.5 3.3 741.0 65.1 2065.3 455.0 2'enT.O 594.0 2904.0 1 ) Q . O  
TRAILING EPGF 2715.1) 0.3 2715.3 65.1 2697.C. 220.0 2149.0 455.0 2R74.059 594.0 + 

3054.5 794.0 
SURFACE 2 0.0 20.0 0.2 
LEADING EUGE 2985.6 9.C 312r.0 65.1 3386.3 228.3 
TRAILING EDGt 3400.0 0.0 3417.0 65.1 346't.O 228.5 
END CEOM 
BEGIN YIJLIAL DATA 
USE C062 W I T H  SUMFACE 1 
USE GO53 WITtl SURFI~CE 2 
END MODAL DATA 
END MALt4UC)X O A T A  
BEGIN R t I U 3  DATA 
BEGIN GEOMETRY O A T A  
MAIN SURFACE ns l  
LEADItdG EDGE 510.0 0.0 741.0 65.1 2065.0 455.0 2487.0 599.0 2884.0 794.0 
TRAILING EDGE 2715.0 3.5 2715.0 65.1 2497.0 228.3 2749.0 455.0 2074.C59 594.0 + 

3054.0 734.0 
OOWNW&SH BAR t 

CHORD 0.2 -0.86 -3.64 -3.7 9.3 0.64 0.86 + 
CHORD 0.45 -0.86 -0.64 -3.3 C.3 0.64 0.96 t 

CHORD 0.65 - C . S 6  -0.04 -0. J 9.3 3.64 3 -86  t 

CHORD 0.78 -0.86 -0.64 -0.3 C.3 0.64 3-06 + 
 CHOP^ 0.88 -0.9a -3.64 -3.3 3.3 0.64 3.ah + 
CHORD 0.95 -0.86 -0.64 -0.3 0.3 0.04 0.80 
CONTROL SURFACE CS1 HIN5E 2530.7 65.0 25C0.0 265.9 + 

MODE 1 0.0 0.9 0.0 0.0 + 
MODE 2 6.P 3.3 C . O  3.0 + 
MODE 3 0.0 0.0 0.0 3.3  + 
MODE 4 9.O 0.9 0.C 0.0 + 
MODE 5 0.0 0.0 ,3.3 3.0 + 
MODE b 3.0 0.3 3.0 '3.9 + 
MOOE 7 0.0 0.3 0.0 0.0 + 
MOUE 8 0.0 C.0 0.0 C.3 + 
MOOE 9 0.0 0.0 J.0 3.0 + 
MODE 10 0.0 0.0 ?.C 3.0 + 
MODE 11 0.0 0.3 0.0 3.0 + 
MODE 12 0.0 '2.0 0.0 0.3 t 

MOOE 13 0.6 0.0 J.9 0.0 + 
MOO€ 14 0.0 0.C 0.C 3.3 + 
MOOE 15 0.0 0.7 C.0 0.0 + 
MODE 16 0.0 0.3 i . 0  0.0 

CONTRUL SURFACE C;2 HINCE 2769.7 538.0 2995.0 765.0 
END GiOYETaY O A T A  
BEGIN MUUAL O A T A  
USE COG2 WITH MAIN SURFACE 
USE C55 WITH CCNTROL SURFACE C S 1  
USE CO56 WlrH CONrCOL SUKFACE CS2 
END MODAL O A T A  
BEGIN OPTION DATA 
LABEL .OEtIONSTRAT ION PRGHLEY - TWC)  C(1NTROL SUPF ACES 
SFCT IOlJAL FnkCFS 
PRLSSUHC REPC2T 
VELOGlrY PROFILE DLEl 1. O T E l  1. 0.0 1.3JC01 0.5 I.JC30L 1.9 1.3 
END Ot'TIU!i ' T A  
ENDRHU3 b.4 4 
BEGIN DUOLAl DATA 
C A S E  1 
BEGII ' I  I ;F#J : IFT i (Y  DATA 
LIFTING \ U I * F A C E  DATA 
PANEL T I  2985.1 33Cb.C 3386.0 3446.0 3.0 228.0 0.0 3.0 



CHORD DIV 3.0 0.2 3.4 0.6 0.8 1.9 
SPAN DIV 0.0 0.25 3.5 0.7s 1.0 
PAtdEL T2 3365.0 3405.9 3446.0 3464.0 0.0 2Zb.Q 0.0 0.0 
CHORD t)IV 0.2 1.0 
SPAN DIV 0.0 3.25 0.5 0.75 1.0 
END GEflHFrRY DATA 
BEGIN SUBSET DATA 
Sl .,SETS OF BOXES 
SbBaEl 1 1 TO 20 
SUBSET 2 21 10 24 
END SUBStiT OATA 
BEGIN MOUAL O A T A  
USE C353 UITH L I F l l N G  bURFACE 1 
USE C057 WITH L IFTING SURFACE 2 
END NODAL DATA 
CASE 2 
BEGIN GtflHETfiY DATA 
LIFTING SUCFICE DATA 
PbYEL W 1  741.0 2500.0 1419.8 2530.0 65.1 265.0 0.3 0.3 
CHURD DIV 0.6 0.25 3.5 9 - 7 5  1.3 
SPAN OlV 0.0 1.3 
PANEL HZ 1419.0 25C3. , 2329.0 2553.0 265.3 329 .5  0.3 0.3 
CHORO D I V ' 0 . 0  0.25 O b >  0.75 1.0 
SPAN DIV 3.0 1.0 
PANEL W Z A  2500.0 2715.0 2503.0 2715.0 265.0 329.5 0.0 0.C 
CHORO DIV 0.C 1.3 
SPAN DIV 0.C 1.t' 
PANEL H3 2C28.O 25C3.Q 2487.0 ~ 8 2 5 . d  329.5 594-0 5.0 C 3 
CHORD DIV 0.0 V-25 0.5 C.75 1.0 
SPAN DIV 3.0 C.4 0.7 f.9 1.0 
PANEL W3A 250U.O 2715.0 2825.0 2874.0 329.5 594.0 0.0 0.0 
CHORO DIV 0.0 1.0 , 

SPAN DIV 3.0 0-4 9.7 0.9 1.3 
PANEL WO 2417.3 2825.0 2884.0 '3323.087 594.0 794.0 0.0 0.0 
CH3RO DIV 0.0 0.25 3.5 0.75 1.0 
SPAN DIV 0.0 C.5 0.8 1.0 
PANEL CS1 2590.3 2715.C 2509.0 2715.0 65.1 265.0 3.3 0.0 
CHORD DIV 0.0 1.0 
SPAN DIV 0.0 1.0 
PANEL CS2 2825.0 2874.0 3G23an87 305'.0 594.3 794.0 0.0 5.0 
CHORO DIV 0.C 1.0 
SPAN OIV 0.C 0.5 9.8 1.0 
PAREL WF 2487.0 2874.0 28d0.0 2940.0 594.9 594.0 0.0 134.0 
CHORD DIV 0.0 0.5 1.0 
SPAN OIV 0.0 0.65 1.0 
PANEL TA 3124.0 3330.0 3386.3 34C6.0 65.1 228.0 0.C Q.3 
CHORO DIV C.0 0.5 1.0 
SPAV O l V  0.d 0.7 1.0 
PANEL T 2  3385.0 3417.0 3446.9 3414.3 65.1 228.0 0.C 0.0 
CHORO 01V 0.0 1.0 
SPAY O I V  0.0 0.7 1.0 
INTEHFCRENCE SURFACE DATA 
BODY B l  
PANEL 8 1  0.0 6CO.J 594.3 603.9 0.0 65.1 -65.1 0.0 
CHORD DIV 0.0 1.0 
SPAN O I V  0.3 1.C 
PANEL HZ 0.5 bCO.5 594.5 6C?.O 0.0 65.1 65.1 0.0 
CHOW3 OIV 0.9 1.0 
SPAN UIV 3.0  1.0 
PAN'L 8 3  69C.3 3654.0 6 3 3 . ~  3CS6.3 0.0 65.1 -65.1 0.0 
CHURO O I V  0.0 C.1 0.2 C.3 0.4 0.5 0.6 C . /  0.d 0.9 1.0 
SPAN DIV 0.0 1.0 
PANEL R4 600.0 3654.0 6'73.0 3654.3 0.0 65.1 65.1 0.0 
CHORD DIV 0 .6  0.1 '2.2 '2.3 0.4 0.5  0.6 0.1 0.8 0.9 1.0 
SPAN DIV 0.0 1.0 
DOUBLET DATA 
BODY 8 1  LCOUBLET 
AXIS DIV 0.0 600.3 3564 .0  
RADI I  0.0 65.1 65.1 
END GFOHETRY DATA 



BEGlN SUBSET CATA 
SUBSETS OF BCXES 
SUbSET 8 1  1 TO 4 &  
SUBSEl dZ 4 2  
SUBSET 8 3  4 3  T O  4 5  
SUBSET B4 4 6  TO 49 
SUBSET B5 SC TO 5 3  
SUBSET 8 6  5 4  TO 5 5  
SUBSETS OF STRIPS 
SUBSET 5 1  1 1 5  
END SUBSET DATA 
BEGIN MODAL DATA 
USE CO42 U I T H  L I F T I N G  SUIFACE 81 
USE C053 WITH L I F T l N G  SUPFACE 65 
USE COG4 U l T H  L I F T I X G  SUfiFACE 8 4  
USE COG5 WITH L I F T l N G  SURFACE 8 2  
USE C 0 5 t  U I T H  L I F T I N G  SURFACE 8 3  
USE C057 W l T H  L I F T I N G  SUKFACE B6  
USE C51  WITH 8GDY DOUDLET B l  
USE C51 u i T H  INTERF BODY B l  
END NOCAL DATA 
BEGIN OPTI(?tl DATA 
VELOCITY PEOF ILES 
PROFILE P I  C.0 1.0 0 . 3  1.2 0 - 6  1.1 1.0 1-0 
USE P I  ON 5 1  
PRESSURE CORRECT IONS 
USE 0.85 0.0 AS SCALAR ON 83 B 4  
END OPTIUU DATA 
CASE 3 
BEGIN GEO:4ETaY DATA 
L IFTLNG SUPFACE OPTA 
PANEL W 9  51C.O 2 7 1 5 - 3  741.0 2115.0 0.0 65.1 0 - C  0.0 
CI(ORD Q I V  0.0 0.2 0.4 3.a 0 ,8  1.0 
S P I : . l  DIV 0.0 L.0 
PANEL k l  741 .0  2715.0 2055.0 2749.0 65.1 455.0 0.C 0.2 
CHORO D I V  0 - 0  0.2 C.4 C . 6  0 . 8  1.9 
SP4% OIV 0-6 5 - 3  '3 .5 0.65 0.G 0.9 1.0 
PAtdEL WZ 2065.0 L749.0 2 4 6 7 - 0  2874.9 455.C 594.0 0.3 9.6 
CHORD D I V  0.6 C.2 0.4 C.6 0.8 1.0 
SPA14 D I V  3-C P.4 0.7 d.9 1.3 
PAkEL u3 - b t  7.0 2074.C 2 8 a i . 0  3354.n 594.0 794.0 0.3 0.3 
CHOQD DIV . O  C.2 0.4 0 - 6  3.8 L.0 
SPA;J U I V  0.0 0 - 4  C.7 C.9 1.3 
PAhkL TS ? 9 E > - C  3400.3 3124.0 3417.0 0.0 65.1 3.0 5.3 
CHORC D I J  0.0 0.2 0.4 3.6 0 . 8  1.0 
SPAX OIV 0.0 1.0 
PAhEL 11 3124.9  3417.0 3366.0 3464.0 65.1 228.0 0-3  0.0 
CHOp.0 O I V  C - 3  0.2 C.4 C . 6  0.8 1.0 
SPAN DIV 0." C.4 0.65 3 - 9 5  1.0 
END GEJ;4ETSY DATA 
BEGIN SUbSET SATA 
s u e s E r s  OF B J X E S  
SUBSET WING 1 TO 7 5  
SUBSET T A I L  76 TO 100 
END SUBLET DATA 
BEGlN MODAL DATA 
USE C943 WITH L I F T I N G  SUSFACE T A I L  
ENG MODAL DATA 
END DUBLAT DATA 
BEGIN  FLUTTEP CATA 
CASE 1 
ALTITUOE 0. 10000. 
o.wPIr:C O. 0. 0.02 0.02 9.05 
C A S E  2 
RSET 1 1 2 3 4 5 6 7 8  
RSET 2 1  2 3 b 5 6 7 8 9 1 0  11 11 
RSET 3 i 2 3 4 5 6 7 8 9 10 11 1 2  1 3  1 4  1 5  Lb 1 7  1 8  19 20 
R S E T 4 3 4 5 6 7 8  
CSET 1 * &  NUYINAL C A S E  & 
R S E l  1 2 3 C 



ALT 10000 90 50300.3  
CSET 2 *c utrti ADDED s i  IFFNESS IN n o o E s  3 ANO 4 t 
S T I F F  SS 3 3 TO 6 4 BY 1 I 1. 2 
RSET I 
END FLUTTER DATA 

BEGIN NOOIL OArA 
*I ./ 8 0 0 Y  NODFS 
*I 

1 20.  0. 0-  TO 2 5  980 .  0.  
2 7  106Oo C. 0.  30.0 TO 45 1780- 0 -  

* + I  200 30 6 5 .  0. 0. 0 2 0 3  0 .  65. 
4 5 TO 5 5  2180.  0. 

**I 200  0 2 0 0  c. 65. 
5 5  TO 6 3  2500.  0. 

*+I 2 0 0  0 2 0 0  0. 65.  
6 2580.  C. 0. TO 77  3060.  0 .  
79  3140.  C- 0. 3 - 0  

*+1' 200  0. 45 .  
81  3220 .  C. 0 .  6 . 5  

* + I  230  0 .  65 .  8 * 
83 3 3 0 0 -  C. 0. 7.0 

* + I  200  0 .  as .  80 
8 5  3350.  C. 0 .  2.0 

1 200  6. 65. ++ 
87 3465. C. 0. 
89 3540. C- 0.  

/ 
*/ WING &UDES 
*/ 

4 2 7  LCb3- 65 .  0. 30 .0  TO 4 3 5  1380- 189. 
435  TO 4 6 5  1762- L8P. 
4 4 s  TO 4 5 5  2180.  1BQ. 
455  TO 4 6 3  2500.  183 -  
6 3 5  1380- 18Co 0 -  17.5 TO 6 4 1  1620.  265.  
6 4  1 TO 6 5 5  218C- 265 -  
6 5 5  TO 6 6 3  25CO. 265.  
841 1620.  265 -  0 .  10 .0  TO 8 4 7  1971. 380. 
847 TO 8 5 5  2291. 333- 
855  TO 8 6 3  2611.  380. 

1047  1C71- 38C- 0.  9.3  TO 1051 2205. 455 .  
1051 TO 1059  2525. 455 .  
1059 TO 1063  26d5. 455 .  
1251 2205.  455. 0. 8.5 TO 1254 2409.  536.  
1254  TQ 1259 2609.  538.  
1259 TO 1263  2769.  53d. 
1454  2409.  538. 0 .  6 .5  TO 1456 2565.  594. 
1456  TO I 4 5 9  2605. 594. 
1459  TO 1463  2025.  594. 
I656  2545. 594. 0 .  5 . 0  TO 1658 2719. 68C. 
lb>C 1 1003 2913.  68C. 
1858 2710. 6s:. 0. 3 .0  TO roec 2e75 .  7bb. 
1060 TO 1 8 6 3  2995.  765. */ *.' WING T R A I L I N G  EDGE NUOES 

/ 
3001 2500. 6 5 .  0 -  13 -5  TO 3305 2715. 65. 
3101  25'30. 16'2. 0 .  13 .0  TO 3105  2715. 180. 
3201  2500.  2 6 5 -  0 .  12.5 TO 3205  2715. 265.  
3405  2874. 594. 0. 1.0  TO 3605 3027.9  765. 

BY 1 0 0  OF 86.  85.  
*I 
*/ Y ING F I N  NOGES 
*/ 

REC WINGFIN  0 .  594. 0.1 1. 594.  0.r  0 .  -1- 0. 
Z( 56 2545. 0 1  0 -  3.5 TO 2456  2830. 109. 
2058  2625. 0 1  0 .  3.5 TO 2 4 5 8  2642.  LOO* 
2061  2745. 0 1  0 .  4 .0 TO 2461  2859.  1OC. 
2063  2825.  - 1  0 .  4 .0 TO 24b3 2870.  100. */ 



*I HORIZONTAL TAIL  NODES 
*I  

RESUME CLOHAL 

2 7 9  TO 6 7 9  3305. 20C. 9. 2 - 0  BY LOO 
. 2 8 1  T O  6 8 1  338e .  200. 9. 2.5 ** 

283 TU 6 3412. ZOO. 0 .  2.5 ** 
28 5 TO 6 3 5  3435. 200. 9 1.0 ** 

/ 
/ W E l L t t l  Y A N L 1 N U I ) f S -  BODY 
*/ 

6 3 3 1  0. 0. 0. 10 6 0 1 6  35b4. C. 3. 
6 0 2 1  3 -  b5. 3. 1 0  6C36 35hu. 65.  0. 

* I  
/ Y E  I G l l l  PALEL NOIIES -' Y INC 
*/ 

6 1 3 0  741.3 05.0 0-  TO 0 2 7 0  2 6 C 7 . 0  596.11 C-  MY 23 
6 l O Q  TO 6 2 6 0  2487.3 594.3 . MY d 3  
6 1 8 3  TU 6 2 4 3  7487.9 596.2 d. BY 23 
6 2 6 3  TO 0320 2ecc.o 79;.3 O. BY 20 
6 1 1 0  1715.3 65.3 3. 1 0  6 1 7 5  2715.3 329.5 C. BY 2 0  
6 1 6 9  2715.9 379.5 0. TO 0 2 4 9  257y.0 594.9 O. BY 2 0  
6 2 6 6  Z F 7 4 - 9  5'34.C 0. 10 6 3 2 6  3CSC.0 796.0 0. 8 Y  2 0  
6 1 C J  T L I  6 l l C  

*+3 20 0 20 
6 1 8 0  TO 6 1 8 9  

*+3 2 0  0 20 
6 2 6 0  TU 0 2 6 0  

* t 3  2 0  0 20 
/ 

WFIGHT P d ? J t L N O D C S - H O R I l l l N T d L  TAIL  
/ 

6 4 0 3  3 1 ? 4 -  1 0- Ti1  b 4 0 3  3 4 1 7 -  65.1 0. 
6 4 1 3  3 3 8 6 .  22G.J 0. TU 6 4 1 3  3464. 22e.3 3. 

/ 
*/ WEIGtiT $ANEL NJDfS - VtRTICAL TAIL  
*/ 

6 5 o L  3374.h 0. 92.d 
6 5  3 - 7 2 . 5  2. 92.9 
6 5 0 3  3 ~ 5 6 . 7  2. 14Q.8 
6 5 0 4  t  0. 149.8 

*/ 
WEIGIIT PANfL N 1 U F S  - A I N G  F I N  

*/ 
6 6 9 1  2487.0 5-94. 0. TO 6 6 0 3  28CO-0 5 9 4 -  134. 
660C 2874.;?Q 5 9 4 -  0 .  TO 6 6 3 6  2S4C.O 5 9 4 -  134. 

END NOOPL DATA 
BEGIN ST IFFNFSS DLTA 

BEGIN P F U P E h T Y  DATA 
P I  .CS 1- *I W I . 5 ; ;  F I %  SPAR5 AtlD R IRSI  
P2 2. 0. 9. -2 -2 -2 * ( h I & C  F I N  4TTACHUEYT BFAYS - TYPE 11 
p 3  10- 0. 0.  100. LOO. 100. * ( h l h t  F I N  ATTAC!iMtkT dEAHS - 1YPE 2 1  
P4 - 1 5  - 5 5  * ( C C K T R G L  SUfiFACE R I 9 S )  
P5 0. *=Z 1.20. 100. 0. 10. * ( B t A Y S  AT 4 5 5  9 1 3  10 PICK UP SPARS1 

END PRclPfRTY DATA 
BEGIN ELEMEXT DATA 

*/ 
*/ WINS FRONT SPAR 
I 

SPAR M 5  N2003  227  4 2 9  

2  N2205  4 2 9  4 3 1  

211. 10 

. .' .. . ' .  , -  ., ' I,' 



*2  Y4411 '1051 1253 * 2 N 4 b l 3  1253 1254 
*2 N4713 1254 1455 
*2 N4815 1455 1456 
* 2 N4915 1456 1657 

2 NS017 1657 1658 
*2 N5117 1658 1059 
*2 N5219 1 8 5 9 1 8 6 0  

*/ 
* I  UlNG R E A a  SPAR 
*I 

SPAR HS N5603 263'  453 
*Z N5605 463 663 
*2  N5607 663  863 
2 NSo09 863  1063 

*2 N5611 1063 1263 
*2 N S b l 3  1263 1463 
*Z N5615 1463 1663 

2 NSb17 1663 1863 
*/ */ dING INTEfiHEDIaTE S P P R S  
* I  

SPAR H5 N2293 229 429 

N 4 6 O S  
NZOO 

N5405 
NZOD 
N3837 
N2C 3 
N4607 
NZOO 

N5437 
Y203 
N46 19 
NZOO 

/ 
*/ WING IN -800Y  S P I f i S  
*/ 

SPAR M 5  N2031 27  227 



*I */ Y ING R I B S  
*/ 

SPAR ns 

2 
42 
*2  

2 
*/ 
*/ WING C O V E R S  
+/ 

COVER M5 
*2 

*/ 
*/ k I N G  IN -BOOY 
*I 

C O V E R  M 5  





*/ HORIZONTAL T A I L  P l b S  
*/ 

SPAR H 5  N l 4 4 O l  2 7 9  2 8 1  m15 2.0 TO N14405 2 8 3  2 8 5  
I V  N2 2 2 

2 N l 4 S O 1  4 7 9  4 8 1  -10 1.2 TO Nl4SO5 4 8 3  4 8 5  
92 N 1 4 6 0 1  6 7 9  6 0 1  -10 1.2 10 N14635  613 68% + 

BY NZ 2 2 
/ 

*/ H U P l Z O N T A L  T A I L  IN-803Y SPARS 
*/ 

SPAR M5 Pl14931 7 9  2 7 9  .SC 6.0 
2  N l 4 1 O l  3 1  281  - 2 5  9.0 

* 2  N1423  1 8 3  283  - 2 5  8.9 
* 2  N 143C 1 8 5  2 8 5  1 - 0 0  13.9 

*/ 
*/ t lOCIZO?JTAL T A I L  COVEFS 
/ 

COVFP H5 N 1 5 0 0 3  2 7 4  479  4 8 1  2 8 1  .16 
* * 2  0 0 2 0  C 2 *=3 C. 

C S V E 4  HS N l 5 d 2 5  4 7 9  6 7 9  6 8 1  4 0 1  - 0 7  
* + 2  0 C 2 0  0 2 * = 3  0. 

*/ 
*/ H O R I L O N T A L  T A I L  I N - e 3 D Y  COVERS 
*/ 

COVER H5 blL500 1 7 9  279  2 8 1  8 1  - 8 0  T J  + 
N 1549  1 8 3  2 8 3  2 8 5  8 5  BY N2OO 2 *=3 

*/ 
*/ BODY DEANS 
+/ 

BEAM H5 N l O O l  1 3 5, 0. *=3 160CO. IC. 0. * = 3  3COC3. 
*+30  0 0  2  2  2  5 -  * 4  1SC33. 5 .  *4  14030-  

* 2 N1063  6 3  6 5  160. *4  45000C. 149. *4 416039. 
*+12 0 0 2 2 2 - 1 2 .  *4  -34000. -12. *4  -3439.1. 

*/ 
*/ SEAMS AT 4 5 5  R I B  TO P I C K  UP D I S C O N T I N U E 0  SPARS 
*/ 

B E A M  M 5  N 3 0 C 0 2  1 0 5 3  1 0 5 4  P  5 
* * 4  0 0 2 2 2 * 

8EAI I  M5 V3531  1 1 0 6 3  1062  P 5 
* * 4  0  0  - 2  - 2  - 2  

END ELE'-lENT CATA 
END STIFFNESS CATA 
B E G I N  MASS DATA 
B E G I N  i O N C  I T  I C N  0 4 T A  

S T A G t  1 CUNDJT 15'4 1 
END C O N O I T l O V  CATA 
P E G I K  ?(ASS E L f P E N T  2ATA 

P L A T E  F2 8 - 1  6 9 0 1  6 3 0 2  6 0 2 2  3495. 
P L A T E  8 - 2  6 0 0 2  6C93 6 3 2 3  6022  5955. 
P L A T E  8-3 6,103 6 0 0 4  6 7 2 4  6P23 2589. 
P L A T E  0-4  6'294 6 0 0 5  6 3 2 5  0 0 2 4  3440. 
P L A T E  8 - 5  6 3 3 5  bCOa 6 0 2 6  6 3 2 5  5420. 
P L A T E  8-6  6 3 0 6  6 2 5 7  6 0 2 7  6 0 2 6  3283. 
P L A T E  8-7 6 3 0 7  bOC8 6728  6 0 2 7  333b. 
P L A T E  0-8 6 3 0 8  6C09  6 0 2 9  6'220 434b. 
P L A T E  0 - 9  6 3 0 9  6'310 6 0 3 0  6 0 2 9  4507. 
P L A T E  B-10 6 0 1 0  6 0 1 1  6 9 3 1  6 3 3 3  440b. 
P L A T E  8 - 1 1  6 3 1 1  bC12 6 0 3 2  6031  3619. 
P L A T E  8 - 1 2  b 3 1 2  6 9 1 3  6 0 3 3  6032  4730. 
PLA'E 8-13  6913 6 6 1 4  6 9 3 4  6C33 3982. 
P L A T E  8-14 6 0 1 4  6 0 1 5  6 3 3 5  6 9 3 4  947. 
P L A T E  6-15  6315  6C16 6930 6 0 3 5  1788. 
PL AT E  V f - 1  6531  6 5 0 2  0534 65 -3  600. 
P L A T t  U-1 b l O O  b 1 X  6 1 2 1  b l L C  766. 
P L A T  t W-2 b i 0 1  6132 6122  6 1 2 1  1151. 
P L A T E  W-3 h102 6103 6 1 2 3  6122  1667. 
P L A T E  W - 4  a103  61% 6 1 t 5  6 1 2 3  i l l 2 .  
P L A T  L W-5 6104 6105 6125  6 1 2 4  1190. 
P L A T E  U-6 6195 1 1 0 b  6126 6115  1659. 
P L A T E  U-7  a I C 6  6 1 3 7  6127  6 1 2 b  i9drJ.  



P L A T E  
P L A T E  
P L A T E  
P L A T E  
P L A T E  
P L A T E  
P L A T E  
P L A T E  
P L A T E  
P L A T  t 
P L A T E  
P L A T E  
P L  ATE 
P L A T E  
P L A T E  
P L A T E  
P L A T E  
P L  AT F 
P L A T E  
P L 4 T E  
P L A T E  
P L A T E  
P L A T E  
PLAT t 
P L A I E  
P L A T E  
PLATE 
PLATE 
P L A T E  
P L A T E  
P L A T E  
P L A T E  
P L A T E  
P L A T E  
P L A T E  
P L A T E  
P L A T E  
P L A T E  
P L A T E  
P L A T E  
PLATE 
P L A T E  
P L A T E  
P L A T E  
P L A T E  
P L A T E  
P L A T E  
PLATE 
PLATE 
PLATE 
P L A T t  
PLATE 
PLATE 
PLATE 
PLATE 
PLATE 
P l A T E  
PLATE 
PLATE 
PLATE 
PLATE 
P L A T E  
P L A T E  
PLATE 
PLATE 
PLATE 
PLATE 
P L A T E  
P L A T E  
P L A T E  

W-8 
W- 9 
W- 10 
w-11 
W-  12 
W- 13 
W- 14 
h- 15 
W-16 
W-17 
W-18 
W- 19 
W-20 
W- 2 1 
H- 22 
W-23 
W- 24 
W-25 
W- 26 
H- 2 7 
d-28 
H-29 
W-3c 
W-31 
W-32 
n-33 
W-34 
W- 3 5 
n-36 
W-37 
W- 38 
W-39 
W-40 
w-4 1 
W-42 
W-4 3 
W-44 
W-45 
W-46 
W-47 
W-48 
W- 49 
W-50 
W-51 
W- 52 
w-53 
w -54 
W-55 
W-56 
W- 5 7 
W- 58 
k'- 59 
W-63 
W-61 
k -62  
W-63 
W-64 
W-65 
W-66 
W-6 7 
W-66 
W-69 
C1-7C 
W-71 
W-72 
W-73 
W-74 
W-75 
HT- 1 
HT-2  



P L A T E  H T - 3  6402 6403 6413  6412 522. 
P L A T E  Y F - 1  6601  6602  6 6 0 5  bb34 500. 
P L A T E  UF-2 6632  6603 6 6 0 6  6 6 3 5  400.  

*I P L A T E S  R E P R E S E Q T  INC F U E L  
P L A T E  FZ F-1 6192 6103  6123  6122 129.6 
P L A T E  F-2 6 1 0 3  6134  6124  6123  8637.2 
P L A T E  F-3 6 1 0 4  6105 6125 6124  12852.9 
P L A T E  F-4 6 1 0 6  6107  6127  6126 5531.1 
P L A T E  F-5 6 1 0 7  6108 61L8 6127 6919.3 
P L A T E  F-6 6108  6139 6129  6126 107.1 
P L A T E  F-7 t l 2 4  6125 6 1 4 5  6144  442-8 
P L A T E  F-8 6 1 2 5  6176 6146 6145 5650.7 
P L A T E  F-9 6126  6127 6147  6146 6537.6 
P L A T E  F-10 6 1 2 8  6129 6149  b140 2634.5 
P L A T E  F-11 6 1 2 9  6130  6150  6149  4911.2 
P L A T E  F-12 6140  6141 6161  0100 5702.0 
P L A T E  F-13 6 1 4 4  6145 6165 0164  1128.9 
P L A T E  F-14 6 1 4 5  6146 6166  6165 2470.2 
P L A T E  F-15 6 1 4 7  6148 6168  61b7 1825.8 
P L A T E  F-16 . 6 1 4 8  6149  6169  6168  4994.1 
P L A T E  F-17 6 1 4 9  6150 6170  6 1 6 9  2341.4 
P L A T E  F-18 6 1 8 0  6l-81 a201  6 2 3 0  3598.6 
P L A T E  F-19 6 1 8 4  6185 6205 6 2 0 4  268.5 
P L A T E  F-20 6 1 8 5  6186 6 2 0 6  6235  1691.6 
P L A T E  F-21 6186  6187  6237  6206  3248.9 
P L A T E  F-22 6187  6188 6208  6207  2531.0 
P L A T E  F-23 6188  6189  6209  b23d 4235.0 
P L A T E  F-24 6 2 0 0  6201  GZZl 6220  715-4  
P L A T E  F-25 6204  6205 6 2 2 5  6 2 2 4  457.0 
P L A T E  F-26 6 2 0 5  6206 6 2 2 6  6225 1199.8 
P L A T E  F-27 6 2 0 6  6207 6227  6226 1393.2 
P L A T E  F-28 6207  6298  6228  6227  1591.2 
P L A T E  F-29 6 2 0 8  6209  622  6 2 2 8  1555.2 
P L A T E  F-30 6 2 2 0  6221  6 2 4 1  6240  140.4 
P L A T E  3 a224 6225 6243  0244  54.0 
P L A T E  F-32 6225 622b b24G 62-5 442.8 
P L A T E  F - 3 3  6 2 2 6  6 2 7 7  6247  6246 658.8 
P L A T E  F-34 b227 b21E 624C 62-7 64E.O 
P L A T E  F-35 b228 6229 b249 6243  5d3.2 

*/ P L A T E S  P E P E E  J T I N G  P A Y L O A D  
f'Ll\TT F 2  1 6q02 6'193 6023 6C22 680. 
P L A T E  P-2 6303 6ClL"t 6024 6 2 2 3  2295.  
P L A T E  P-3 623.4 6 C t 5  6'225 6,224 3585. 
P L A T E  P-4 63C5 60C6 6026 6 ~ 2 5  2200.  
P L A l E  P - 5  bCCb b?C1 b?27 bO26 3 3 9 0 .  
P L A T E  P-6 6907 6C"J 0028 6027 3475.  
P L A T F  P - 7  0208 6CC9 6929 6CZS 2465. 
P L A T E  0-8  6309  601C b030 0029 2G49. 
P L A T E  P - 9  6310 h C l l  6931 6C3C 2125.  
P L A T E  P -  0011 6911  6032 6031 2125 .  
P L A T E  P-11 6912 6013 6033  6032 1190.  

END MASS ELE.'4FNT D A T A  
BEGIN F A C T O R  O A l A  

E X C L U D E  S T 1  F F N E S S  E L E M E N T S  
END F A C T O R  D A T A  
E N D  * A S S  D A T A  
B E G I N  S U S S E T  D E F  IhIT I L N  

S U B S E T S  O F  WODAL S E T  1 
/ 

*/ s u a s E r s  FOR P L O T S  
* / 

N1 = 1 I C  36C5 / N O D E S  F O R  S T I F F N E S S  MODEL 
N2 = 6 0 0 1  T O  6606 / N O D E S  F O R  M A S S  H O D E L  

*/ 
/ S U B S E T S  FOR A E R O O Y h A ' I I C  S  
*I 

N51 = 1 7  13 19 27 45  55 63 67  75  79 83 85 8 9  
N42 = 227 237 245 2>5 263 435 441 445 451 455 463 641 6 4 9  6 5 5  6 5 9  6 6 3  + 
847 851 855 859 e63 1051 1C55 1059 1063 1254 1259 1263 1 4 5 9  + 

1463 l o 5 8  1661 1663 1859 1669 1861 1363 

ORIGINAL PACE a 
OF POOR QlJAWy 



N4J = 2 7 9  2 8 3  2 8 5  479  403 4 8 5  8 7 9  b 8 3  6 8 5  
N53  = 8 3  2 8 3  4 8 3  6 0 3  
N44 = 2 0 5 8  2C61 2201 2 4 5 8  2461  
N45  = 2 6 3  3CC3 3CL5 4 6 3  3 1 0 3  3105  6 6 3  3 2 0 3  3 2 9 5  
N55 = 2 6 3  4 6 3  6 6 3  
N4b = 1 4 6 3  3 4 0 5  1663  3 5 0 5  1 8 6 3  3 6 0 5  
N5b = 1 4 6 3  1 6 6 3  1663  
N57 = 2 0 5  4 0 5  6 8 5  
N67 = 9 8 5  
N 8 1  = 3C03 3 1 0 3  3 2 3 3  
N82  = 3CC5 3 1 0 5  3235 
N83  = 3405  3 5 0 5  3605 
N91 = 6 4 1  6 4 9  6 6 3  

N99 = N 4 2  U N43  
Nb3 = 663 8 6 3  1 0 6 3  1 2 6 3  1 4 6 3  1 8 6 3  
Nb4 = 6 5 5  8 5 5  1055  
N65 = 4 3 5  6 4 1  847 1 0 5 1  1 2 5 4  1 4 5 6  1 6 5 8  1 8 5 9  
Nb6 = 6 5 9  6 5 9  1059  1 2 5 9  1 4 5 9  
N61 = 6 3  2 b 3  4 6 3  6 6 3  
N68 = 5 5  2 5 5  4 5 5  6 5 5  
N69 = 2 4 5  4 4 5  
N7O = 2 2 7  4 3 5  
N62 = N b 3  U N64  U hL5 U Nbb U N61 U N t 8  U N69 U N 7 0  

S U O i E l S  O F  SI IFT. ' iESS S t T  1  
* / 
* I  S U U S E 7 S  FOC P L O T S  
*/ 

E l  = A L L  
SOBSCTS OF M A S S  S E T  1  

+/ 
/ S U B S E T S  FUR P L O T S  
*/ 

€ 2  = A L L  
END SUDSET D E F I N I T I O N  
B E G I N  8C D A T A  

STAGE 1  * ( F O R  V I J ~ A T I J N / F L U T T E R  A N A L Y S I S )  
OknEF R E T 4 I N  BY I I : T E R I J A L I D  
S U P Y U R T  ASYX I N  SURFACE 2  
S U P P G R T  T X  FOR 8 9  

R E T A I t 4  T L  FOR 1  7  13 1 9  27 4 5  5 5  6 3  6 7  73 7 S  6 5  8 9  
R E T A I N  T Z  FOR 2 2 7  2 3 7  2 4 5  2 5 5  4 3 5  4 4 1  4 4 5  451  4 5 5  

R E T A I N  T L  FOP 6 4 1  645 t 4 9  6 5 5  4 5 9  9 4 7  851  8 5 ?  859 8 6 3  1051 1 3 5 5  1 0 5 9  l o b 3  
R E T A I N  T Z  FOR 1 2 5 4  1 2 5 9  1456  1459 1 6 5 8  1 6 1 1  1059 1 8 6 0  1 6 6 1  

R E T A I N  T Z  F O R  3 0 0 3  3CJS 3193  3 1 0 5  3 2 0 3  3 2 0 5  
R E T A I N  T L  FOP 3305  34?5 3 5 0 5  3605  
R E T A I N  T L  FOR 2 7 9  4 7 9  679  

R E T A I N  T Y  FOR 2 3 5 3  2 0 6 1  2 2 5 5  2 2 6 1  2 4 5 8  2 4 6 1  
R E T A I N  T i  P X  R Y  F O R  2 6 3  4 6 3  6 5 3  1 2 6 3  1 4 6 3  1 6 b 3  1 8 6 3  2 8 5  4 8 5  6 8 5  8 3  + 

2 8 3  483 6 3 3  
EN0 BC D A T A  
E N D  P R U d L E M  DATA 



Figure 21 1 - 1 .  S t ruc tura l  Model fo r  F l u t t e r  Demonstration 



Figure  21 1-2. Mass Model f o r  F l u t t e r  Demonstrat ion 



COEFF l C l ENTS 

Figure  21 1-3. F i r s t  F l u t t e r  Analysis,  Mach = 3.8 Using 
Aerodynamic In f luence C o e f f i c i e n t s  
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Figure  21 1-4. Second F l ~ t t e r  A n a l y s i s ,  Mach- 3.8 
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F i g u r e  21 1-5. T h i r d  F l u t t e r  A n a l v s i s ,  Mach = 1.526 



Figure 21 1-6. Fourth F l u t t e r  Analysis, Mach- 0.8 



Figure  211-7. V-g P l o t ,  F i r s t  F l u t t e r  Analysis  Including 

Residbal F l e x i b i l i t y  Ef fects  



Figure 21 1-8. V-f P l o t ,  F i r s t  F l u t t e r  Analysis Including 
F l e x i b i  1 i t y  Ef fects 



Figure 211-9. V-g P l o t ,  F i r s t  F l u t t e r  Analysis Without 

Residual F l e x i b i l i t y  E f f e c t s  



Figure  21 1-10. V - f  P l o t ,  F i r s t  F l u t t e r  Analysis Without 
Residual F l e x i b i l i t y  E f f e c t s  
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F igure  21 1 - 1  1 .  V-g P l o t ,  Second F l u t t e r  Analysis 
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V f L O C l l T  I K l O T S  T A O  I T  ALT = . 00 

F i g u r e  211-12. V-f P l o t  Second F l u t t e r  Ana lys is  



212. FLUTTER ANALYSIS OF A T-ZAIL AIRCRAFT 
(DECK 14) 

212.1 DESCRIPTION OF ANALYSIS 

This problein demonstrates t h e  subsonic f l u t t e r  ana lys i s  of 
t h e  enpennage of a T- t a i l  a i r c r a f t ,  t h e  YC-14. The s t r u c t u r a l  
model, shown i n  f i g b r e  212-1, is campriseti of BEAM and ROD 
elements. A l l  mass i s  defined as  concentrated masses and a 
nondiagonal mass matrix is produced d i r e c t l y  by t h e  Xass 
Processor. The X-Y plane i s  defined a s  a plane of anti-symmetry 
and t h e  empennaqe is  cant i levered from t h e  forward end. The 
model is described i n  more d e t a i l  i n  r e fe rence  212-1. 

Doublet L a t t i c e  aerodynamics, modified t o  match 
experimentally obtained s teady  s t a t e  aerodynamic der iva t ives ,  a r e  
used. The aerodynamic modelling is shown i n  f i g u r e  212-2. 

RESULTS 

The f i v e  lowest n a t u r a l  f requencies  obtained in t h i s  problem 
a r e  compared with  experimental values from reference  212-1 in 
t a b l e  212-1. F l u t t e r  ana lys i s  r e s u l t s  a r e  presented i n  t h e  form 
of V-g and V-f graphs i n  f i  pres 212-3 and 212-4. The 
experimental f l u t t e r  speed is 123 knots. 



212.3 LISTING OF CONTROL PROGRAM AND DATA 

tJrCl.4 C1JNTRI:L PROGRW DEMOIU 
Pl;llr!L;!4 I U ( U L Y U I - i  - FLUT I  C b  OF SUBSUIdIC 1 - T A I L  A IRPLANE]  

I 

C PLIhIII;jti T I ~ E  P h I N C l P A L  CAP'ASILITIES OEMUYSTRATED BY T H I S  
c DEC& Ah€  
C 1. L)UdLP T A('ROLIYNAM1 CS 
C 2. A t 1  4ERUDYNAMICS 
t 3. F L d T l E U  Ab iALISIS 
c 4. V-G ALD  V-F PLOTS 

L 

C CUiiE 2CO& (OCTAL) 
C 

READ INPUT 
PR 1 0 1  I lrPUT (N03AL  I 
PRINT  I k P U T I S T I F F N E S S I  
PCI'JT I ldPUT(PILSS) 
PP INT  lh rUTI tCr r .uDEOC3ER = INTERNAL I 
E XE;UTE E A T k A i T  ~ i A ~ d A ~ E = E M P r L S U d ~ K G R I O r N S U ~ ~ % C r  ESUasE41  
EXL iUTC G ~ A P ~ I I C S ~ G ~ ~ C M E ~ G E O U ~ O F F L I N ~ ~ G E ~ ~ ~ E R ~  

X l V P E ~ O R T U r S I Z € ~ ~ L O r L O I r k Z ~ l 2 5 ~ k Y ~ Z 5 ~ R X ~ O ~  
A E X N A M E = E  YP]  

i A $ C u l E  M A S S  ( 3 P T I O % = 3 I  
PERFdhM K-PLDUCF 
PR 1 hT OUTPUT (.'AjS.SUnMACCY rHOC=MOC****+) 
EXECUTE V I  bF.i.TIc!i I S T I F = K k i 3 r  YASS=HDCOOlAr NFGFOS=l5 ,  tdYODES=lO. 

X  SJoSETS=&001 TO h 0 0 ~ I  
PK INT  OUTPUT (VIL;PTIOI;) 
E l F C U l E  INTkkPUL-T 1Uh 1 k 0 0 3  = I H U T I U N t X I S r C 0 0 0 3  1s  DOF 0 0 1 1 1 0 1  

A DEFivPTS = L l S O l r l 6 9  1, ANGLES = I 0.10. I I 
EXLCUTE I I d T L h P ~ I L A l 1 0 h  ( hUO2 = 4 HO110NAXIS.CO002 I r  DJF = 0 1 0 1 0 1 ~  

X D i F N P I S  = 1 7 4 r 1 1 2 r 1 1 3 ~  1 2 1  ) rANCL 'S ( - 25 - r - 25 . r - 25 . r - 25 .  I I 
E X t C U T t  INTEk?3LAT IU l r  I h 0 0 1  = ( ML;T1c)KAXISrC0001 I r  OG6 O l O l O l r  

X  LJEFNPTS = [ 5 9 8 7 7  Jr  ANGLES = I 9OerSO. ) 
PhI tdT INPUT (DUUL&T I  
EXECUTE DUBLOT(KACli=O-Or KVALUEx f  ~ 4 r ~ 0 5 r ~ O l r ~ O O 5 1 ~  . 

XY=ArdTI SYUM, L=fsil?:SVYMr 'JAS I = D 1  I 
P h l N T  OUTPUT (3iJ>LAT. LEVEL = I i r Z r 3 r 4 r 5 ) 1  
E X r C t J T t  A021hT (  IV=GAF tMr  I tdTrUUf3LATrMACH=O.Or G€T=ZOO 
P W I k l  IhPUT (FLUTTER I 
EX:CLJIE F L U l T E k  ( G A F I D = G 4 F E M r D E ~ S I T Y = ~ 0 0 2 3 7 6 9 Z ~ S T I L L I  
Phl;qT I & P J T I C k l )  
EXCCUTt AF1 (AVSL-  1.4t - 0 5 r  , 0 1 9  - 0 0 5 l r  Y x A N T I )  
Pf i l t4T UUTPJ l  I A F 1 r  LEVEL= ( 1  r i ! r 3 r 4 r S r b r T I  I 
EXkCUTE ADDINT (:C=GAFAFr P F l r  I G A I h = 2 0 1  
Eh tCUTE FLUTT tH  ( G A F I B G ~ F A F I  t V A L = ( l  TO 6 1  BY 7 1 1  S T I L L *  COND=ZI 
P R I h 1  GUIPUT(FLU1TER I 
EXiCUTE ~ A T v L C T  I ExhAnE=F L D E M 1 0 r L S U B = V G V F r C A S E = l l  
EXECdT t  b h A P U I L S ( G N A M E = F L U T ~ T f P t = G h A P H r S I Z E = ~ l 5 ~ 1 5 l r X = V r Y l ~ G r  

X Y Z ~ F ~ X M I N = O . r X M A X ~ Z 5 0 ~ r V Z M I N ~ O o ~ Y Z M A X = 5 0 . ~  
X YIMlNs-• Z r Y  lf4AX=. I .EXNAUE=FLDEHl8J 

ChD CUhTRCL P U U C R A M  



ZSClJY MAt€AlAl. DATA I 
I491 0.0 I 

79 13.4Eb 033 GOEb 0.0 I 
*/ UOCV AN0 F I N  SPbk #hTEA1AL PROPEkTtES I ' 

RbO 0.0 / 
.. 5.2Eb . 3  2.Ofb 0.0 / 0 5  STlCFNESS f C R  8ODY-FIN 

V S T A Q f L I Z E R  SPAR STlfFNESS / 
nro 0.0 / 

70 10.4IFL. 03 4eOE6 0.0 4 
CNO H4TEk t At, O A t A  / ' 

s BEGIN NJDAL 041A  / 
*I n 10 300v SPAR WOE s - 0 
REC 8r)UYSN 19.0 0.0 12.112 LOO. 0.0 12.112 +9e0 0.0 20. / 

50 0.0 0.0 COO I 
501 9.0 1.C 0.0 / ROO1 NQUE PITCH 
902 1.3 0.0 0.3 1 ROOT NOllE POLL 
503 0.0 0.0 1.0 / R O O 1  NODE YAU 
51 2.24 0.C 0.0 / 
52 4.48 0.0 0.0 / 
53 6.72 0.0 0.0 I 
54 6-91 0.0 0.0 I ' 

55 9.fiC 0.0 0.9 I 
56 11.2C 0.0 0.0 I 
ST 12-86 0.0 0.0 I 
58 14.56 0.0 0.0 / 
001 0.0 3.C -1.0 / 
811 l l e 2 0  0.C -1.C 0 

*/ AFT ROOV SPAR NODES / 
AEC 8:lDVSA 49.26225 0.0 9.360908 63.56 0.0 12.112 49. 0 .  12.112 I 

59 I6.77 0.0 C.0 / 
60 89.98 C.0 0.0 / 
6 1  21.169 C.0 COO I 
62 2.3.399 0.0 0.0 I 
63 25.409 0.0 0.0 0 
64 27.427 0.3 0.0 / 
65 29.444 0.0 0.0 I 
66 31.454 0.0 9.0 I 
67 33.236 C.0 C O O  / 
68 35.01n C O O  C e O  / 
69 36e808 0.0 C.? / 
70 38.503 0.0 e.a / 
71 ro.eo roo c.0 / 
72 12.25 0.0 0.0 / 
73 40.40 0.0 1.36 0 BASE OF F I N  SPAR WCUNf 
74 41.40 C.0 1.36 / 
75  42.25 C.3 i . 3 t  / 

77 45.50 0.0 0.C / 
771 45.50 -3.5 0.C / 
772 45.50 3.5 3.C / 

78 58.55 C.3 -0.6 / 
821 71.359 0.0 -1.C I 
831 3 1 . 4 5 4  0.0 -1.C 1 
841 38.583 0." -1st  / 

F I N  SPARN00a.S / 
RCC FlNSPL 91 -33  0.C 21.905 97.48 0.0 35.094 85. 0.0 35. I 

76 we69 0.0 3.0 / 
101 0.0 0.0 0.0 I' i*: 

132 I . 0 8 7  0.C 0e0 / 
133 1.782 C O O .  C.0 / 
101 2.863 0.0 0.0 I 
105 3e7CO 0.0 0.0 / 
LC6 5.18 0.3 0.3 / 
I G 7  be45 0.C 0.3 / 
108 7.497 0.C Ce3 I 
109 8.27 0.0 C O O  / 
11') 9.14 (2.0 C e O  ' 
111 13.587 C o C  0.0 I 
112 11.44 '2.C C e O  
113 LZ.QC4 $9 C.? / 
114 13.676 0.0 0.3 / 
115 14.552 C e O  O e C  / 



RPC FIqSPU Ql.88C69 0.0 2 4 ~ 1 5 7 1 8  97.4798 0. 35.093C 65. 0. 33. I 
116 ISod24 0.0 COO I 
117 16.574 'J.0 C.0 / 
I 1 8  17.331 CeO F.0 / 
& I 9  tfi-152 C O O  0.0 / 
12'3 19.384 (0.0 0.0 / 
121 19.i75 C.0 3.0 / 
122 11.454 9.0 1.35 I LOhER P l V O T  CGR STAR1LSLER LEAD SCREU 

1221 7 4  3.0 0.0 / ST40 P I T C H  MECH A l l .  10 F1N SPAR. 
123 19.475 1.0 0.C I 
124 19.475 -1.0 0.C / 

*I S I A ~ I L I ~ E R  P1vnT YCCHANSSM I 
RESUMC GLdbAL / 

125 131.850 1.0 43.082 / 
126 lO1oRSn -1.0 43.CBZ I 
l 2 7  101.858 .675 40.082 / 
128 101 -855 0.675 40.082 / 
129 100.758 .b75 4C.002 / 
130 100.758 -0675 42.902 1 
137 100*758 0.0 40.C82 / 
1 3 1  101. 108 0.C 4%!?82 / SlABlLIZEF. ROLL-YAM-PITCH MECHANISM 
132 100.358 0.9 4C.082 / 
133 99.103 0.0 4C.062 / 
I 3 4  99.388 C O O  40.002 / 
135 102.668 0.0 43.082 I 
136 1JZ.6OR 0.0 41.249 / 
360 101.85C ,675 41.082 / 
361 101.856 0.675 41.082 / 
362 132.858 -675 40.002 / 
363 132.P38 - . b 1 5  43.082 / 
36+ 1'11.958 -674 40.082 / 
365 131.858 - -675  40.082 / */ FUSELAG[' SHELL C G S  / 
80 54.67 0.0 12.06 / SECT 6 
8 1 65.95 0.0 12.61  SECT^ 
82 76009 I).') 15.CZ / SEC T 8 
8 3  83.72 0.9 16.53 / SECT 9 
8 4 96.09 0.0 16 -29  / S f C r  10-11 */ SPAR CC, / 
85 54.44 0.0 12.11 / SPAR SECT 6 
86 65.49 0.0 12.49 1 SPAR SECT 7 
d 7 75.97 0.0 14.50 / SPAR SECT 8 
8 8 83 -50  0.0 150'46 / SPAR SECT 9 
89 C9eCC 0.0 17.08 / SPAR SECT 1C-11 

*/ OTHER ITEYS / 
79 98.16 0.0 .17.94 1 TPrM nnrcP 
90 50.79 0.C 9.45 / SECT 6 BASIC WT 
91  68.85 0.0 lC.33 / SECT76 BASIC HT 
92 90.17 0.0 19.55 / 1270-50 BCDY-Flh COkNECTJCN 

*/ F I N  SECTION Ct LdCAIl'lNS / 
203 91-86 0.0 23.21 / 
23 7 96.09 C.?  26.78 / 
212 $6 .56  3 .2  31.77 / 
2 18 100.44 0.0 37.21 / 
221 133.89 C.0 42-31 / 

500 I J f i .  C.9 39. / OPENTATION NODE 
+/ h,)hIr!JNlAL SIABILIZER NUDES / 
R E C  STAH 101.658 0.0 41.2$9 2Ol.058 0.0 61.249 131.858 6.993 i A !  ?bb9 /CANH 
RESUMC GLOBAL / 
150 121.1;'Jl; 0.C 41.249 / S T A B  SPAR R O O T  
HFC tITAI1 101.858 C.0 41.249 201.858 -4.76975 41.249 101.858 6.993 

141.f.iQ / 40€6 A!iHtDF IAL 
4QALYSIS P C A M E  S T A D  / 
1501 0.0 . Z  0.C / 

151 0.9 1.261 0.0 / 
5 0.3 2.698 3.C / 
153 0.3 4.135 0.C / 
154 0.0 5.571 0.C / 
155 0.0 7.C08 0.0 / 
156 0.3 0.059 0.0 / 



117 0.0 9.072 OtO I 
A 0.3 10.162 0.6 I 
199 0.0 11.672 0.0 I 
860 0.3 11.9140.0 I : 

- 1 6 1  0.3 13.105 0.0 / 
'162 QmO 14.016 COO I 
163 0.0 15.137 O e C  / 
164 o . ~ . i e . ' ~ i a o . c  I 
165 0.3 17.169 OeC I 
166 0.3 lfi.221 0.0 I 
167  0.0 19e2i'2 0.0 f 
168 0.3 2!1.3230.? / 

* I 6 9  3.0 21.144 9.6 I 
179 0.3 22.425 3.6 f 

I 171 10.C 15.0 0.0 / ORENT4TION NOOE . . 
*I  STABIL ftER PANtL-SPAR CC NODES f 
REC S I A U C G  0.0 3.0 41.249 100. 0.0 41.249 0 .060993  141.249 / 

" 252 153eo3CO 2.6400 0.0 / 
254 133.4n50 5.9350 0.C f 
257  103.987 0e7Cl 0.0 / 
2 6 1  '104e1930 12.7tCO 0.0 f 
2 6 5  134e210C 16.9200 0.0 / 
269 133.9850 21.0400 0.0 / 

RESUqE GlOPAL I ' 
LNALYSIS kPAHE GLORAL f 

250 101.71 0.3 44.63 / 
PEC M l  ql.33 C.0 21.905 97.4d 0.0 35.094 85.0 0-0 35.0 I 

9999 0. 0. 0. I 
RESUME GLORIL / 
END NCDAL CBTA / 
BEGIN SlIFFYESS OATA I 
BEG1E( PRJPkRTY DATA f 
P1 1.0 o x 2  20.0 1.0 1.0 I RIGID ELEMENT PRGPERTY 
P2 .013 *=2 20.0 0132E-4 **I 111100. l F h 0  RIGID SHELL LIkKS 
P3 1.0 *=Z iJ. 1. 1. 100. / AFT ATTACIIWENT OF BODY SHELLS 
END P3OPERIY C A T A  / 
B C G ~ N  ELEYFNT cara 
* f  ELEMENTS kOP M I 0  BODY SPAR f 
BEAM 2 6 0  NSO SO 5 1  2.6269 **2 e815796 0695927 .568320 

2.6491 *a2 ,816595 o7OSZLO 0599645 / 
*2  N501 5n 531  23. *=2 7.0 5PC. 500. 110. /PITCH SPYING-ROOT 
* Z  N532 55 $ 3 2  20. * = z  2.385 530. 530.  LO. I POLL SPRIKT, root 
*2 N533 50 503 58 Zt .  +=2  6.45 550. 50Q. 110. / :A* S P R I h G  '!G0T 

2 k 5 1  51  52 2.6491 * = Z  e016595 0705229 0599445 
2.6551 4 x 2  .011135 .6995t5 m613247 / 

2 N52 52 53  2,6551 *=2 o017135 -699525 o613247 
2-6330 *'2 on09515 0684153 o 5 3 6 2 8 3  / 

2 N53 53 54 2.6330 *=2 .C09515 06B4i53 .5YG28J 
2.5034 *a2 -737386 o655576 0559569 / 

2 N54 54  55 2.5'234 * = 2  -137996 .055574 ,500569 
2.3637 *=2 0030Vb7 .6S7SlQ 046757b / 

*2 N55 55 56  2.3667 *=2 o630c.7 0647414 0447574 
2.0209 **2 .3"0787 0621932 o356925 / 

2 N5h 56  5 7  1.2526 *a2 ,453169 ~ 6 2 1 6 4 6  e356187 
1.1928 *=2 e423R34 0595791 0325931 / 

2 N57 5 7  5 8  1.1928 *=2 .'*?0!334 0595191 m325931 
1.1235 *=2 0387686 0566946 0294413 / 

*I NllMIN4L A F I  bOOY SPAR ELEYENTS / 
BFAM ZbO N58 50  59  1.3246 *-2 o372fe86 0561341 0296149 

1.2313 *=2 0331 577 e5259,37 o255'1 16 / 
2 N 59 5 9  6 0  1.2313 *a2 -331577 0525937 0255016 

1.1440 *=2 0255293 -479277 .22C401 / 
4 2 N60 6 0  6 1  1-1440 *=2 r245293 .47927t .22+486 

1.6580 *=2 0262771 a432032 -195999 f 
2 N6 1 6 1  62  1.0589 *=2 02bZ l71  -432032 0195993 

09776 *=2 0233375 -389427 olb9773 / 
2 N62 62 63 09776 * s t  -233375 0309427 a169770 

09035 *-2 0237J77 ..3533'tj 0 ~ 4 7 4 b b  P 
* 2  E(63 63  6 4  09035 0-2 0207377 0353343 147466 

e8390 *=2 .1843Pl 0323113 0130994 / 



*2 N64 64 65 08393 8-2 a104401 0323113 0130984 
-7836 em2 0165980 e297177 0117099 0 

2 N65 6 5 ' 6 6  .7836 ++2 .165980 .297177 .117699 
07305 **Z 0197913 a272751 0106052 / 

*Z  Nbb 66 6 7  07335 **2 0147913 a272751 0106055 
00887 **2 0 1 3 j 7 6 6  0254542 -698681 / 

*2 k 6  7 57 6 8  06887 * I 2  0133266 0254542 oC98681 
06554 *=2 0123573 a239385 009100t  / 

2 N6M 60 6 9  07228 *mi? 0118407 a239431 0291145 
069+5 *=2 o l l l b 6 6  0227279 a085127 / * 2 N69 6 9  7 0  06945 *a2 0111666 0227279 0085127 
06688 **Z 0104231 0218352 o090636 / 

*2  M I0  70 71 06680 *=2 -104231 0219352 0383636 
-4620 *=2 -089621 005C947 c077262 / * 2 N71 71 72 04620 0.2 0099521 0054947 0971282 
0455' *a2 oO98J64 0055313 0074358 / * 2 72 7 7  ad745 *a2 091336 030648 000668 / 

*2 77 78  00745 *-2 .31336 009668 000668 / 
*2 77 771 oC4925 ' ~ 2  -00766 0002370 0009113 1 
*2 77 772 094925 *=? 000766 0002370 0009413 / 

/ NOMlNAL FIN SPAR E L E M E N T S  t 
BEAM L6O NlOl  101 132 500 02911 *=? oO20029 -359823 o038493 

02909 * a 2  -023931 0339746 o03d200 / 
* 2  NlOZ 102 133 500 02729 **2 a017623 .0)97tC) -93322:; 

02719 +a2 o017525 o00969,  o03'397 1 
* 2  N103 103 104 500 -4039  *ti? 0016419 o009318 0 0 3 9 1 2 ~ 1  

04015 *02 0016248 0009734 07-37273 i 
* Z  N l 0 4  1C4 105 500 m4015 * = Z  0016248 0209734 0037279 

03990  * * Z  -016377 0309651 a336283 / 
*2 Y105 1C5 106 500 03990  *=Z 0016077 -009651 0034283 

03943 *=2 0015792 o039515 o03424b / 
* 2  YlOC 106 107  500' 03943 * s Z  .315792 .039535 093424P 

03900 **2 .@19567 - '39437 -032b34 1 
* Z  N 1 i 7  1 3 7  LC8 500 03936  9.2 aC14567 .*3?0437 a032534 

.3nag *=z .0154n7 . 9 5 9 3 5 5  . n j iosb  
*2 U155 108 109 500 03089 $37  .0154C2 .319355 -331095 

03805 * . oOl5L08 a059322 o031254 / 
* 2  N109 109 113 500 03865 * ~ 2  -015288 *G07322 -33125'+ 

a 3044 *=2 0315125 . ) 9 9 2 4 L  .!I30768 / 
* 2  N l l b  113 111 500 03EC4 *a2 e015125 o009242 o5307bB 

03015  o x 2  oOlC907 .339145 e033033 / 
* Z  4111 111 112 500 03815  *=2 oFl4937 .OD9145 -630303 

03781 **2 oO1','>37 .00Y033 oC29247 / 
* 2  N l l Z  112 113 500 03781  *=? .014637 .4\39335 -029247 

.3759 *=2  o9144i9  egg8954 .C2864h / 
* 2  N113 113 114 5C3 ,3759 + = Z  m014479 e 3 3 9 9 5 4  oOLQ646 

03744 t = 2  o0143b9 -738922 0023135 / 
*2  N i l 4  116 115 500 o"44 * = Z  0914369 . 9 3 3 1 ~ 2  o029235 

.:-I23 " f Z  .014213 o038844 oO27715 / 
* 2  N l l S  115 116 5J0 a3723 * a ?  oC14213 e308844 0077715 

a3686 e.2 oCi4 '~2V .338409 .OC7266 / 
* 2  Y l l 6  116 117 500 03686  * b - 1  .014329 .038409 .027266 

03541 * - 2  .013Yl7 .008112 -018519 / 
* 2  N l l 7  117 118 500 - 3 5 4 1  e.2 -013917 .309112 .918519 

03466  +=2 0913169 .337849 001564 '  / 
* 2  ti118 119 I 2 2  118 1221 500 a3466 * + Z  .013763 0)?78C9 0315b41 

-3466  * * Z  o013T63 .03?949 0015641 / 
*2  N123 122 119 1221 119 500 .3466 $22 .n13;69 .3>7849 .015641 

c336; *+2  .01'182 .3~15.R oil387HZ / 
* Z  ~ l l r ,  119 120 503 . 3 ~ 6 2  o.2 . o l i ~ e z  . 3 3 7 5 4 ~  . o o a t ~ ~  

. I t 5 0  * - 2  .?78361 . ; ) Y 7 : ( ~ 3  aC33737 / 
$2  ' J l Z O  123 121 500 - 2653  *a2 .OCbiLL 0309103 *433737 / 

*/ E L 1 Y t N T S  Fl11; F I N  SPAR MCJUYT / 
B E A M  L60 71 73 5C0  P1 / 

*2  73 74 p1 / 
9 2 74 75 p1 / * 2 72 75 50C P1 / 

*2  76 101 500 P1 / 
a2 74 7b 500 0378 * *2  e220340 I39333  a1 / ;?lo-SO 

i 



*/ ELEMENTS PUP P I  TCH-ROLL-YAY MECHAN1 SH I 
br4M LbC Y123 121 t23  P l  I 

2 N124 121 12.  P l  / 
* 2 NlZS 123 125 - 2  0.2 moo33470 -0010420 00196670 

-015 *=2 .003000 e001465 e0123800 I 
2 N lZ6  124 126 *12 / 
*2 Y160 121 360 362 P1 / 
*2 N161 128 361 363 P1 / 
*Z 344 363 362 1-0  8.2 -00058 1.0 1.0 10- / 
*Z 365 261 313 100  0.2 ~ 0 0 0 5 0  1-0 1.0 10- 1 
*2 !dl62 127 . S t  360 P1 / 
*2 N lb4  128 363 361 P I  / 
*2 3 6 4 2 6 2  363 l m O * ~ Z - 0 0 3 3 7 1 - 0  1-3 10- / 
*Z 365 363 361 1 - 0  *a2 -C3337 1 -0  1-0  10. / 
*2 Y127 125 26- 1.0 0.2 20. 1-0 1.0 111- / 
*Z N l20  126 365 1 - 0  '=Z 20- 1.0 1-0 I O O U l l l ~  / 

l 2 N129 129 121 oCT4 *=2 00023775 r003309 -00995 
-049  *=2 -001109 e30033395 -0018156 / ROLL CAGE 

Z N130 130 128 e l 2  / 
0 7  130 137 P l  / 
*Z 129 137 P l  / 

2 137 131 P l  f 
2 131 132 P1  / 

i k 132 132 133 -1825 *=2 -004577  -002093 -003624 /PITCH SPRING 
+ 2 ti133 133 134 1.0 *=Z 2 0 - 3  ,125 ,125 / 

ROD 2 6 3 N 1 2 2  122 134 -01615 / LEAD S t - E Y  
BEAM 2t.O 1 3 1  135 -2547 *=2 .066730 -042697 .O11277 /-2 SPRING 

* 2 N136 135 136 530 1 - 3  *=2 20.0 1 2  -125 / 
*2 N l 3 o l  136 150 1 - 9  *=2 20.0 -125 -125 / 
*2 %1351 135 150 1.0 * r2  20.0 ,125 e l25  / 

/ MASS 4TTtiLt:;ENT AC'HS / 
BEAH 21 Y C 2  56 6C P3 / 

*2 N301 33 8P1 P1 / 
*2 801 Sr) 80 PZ / 

2 N 8  1 6 2 8 1  p 3  / 
*2 NS11 8 1  811 P1 / 
*2 811 56 8 1  P2 / 

*2 N82 6 6 d 7  P 3  / 
*2 V821 62  621 P1 / 

2 871 6 2  t'2 P2 1 
* Z  N83 7 0 8 3  P3 / 

*Z NO31 63 e31 P I  / 
2 831 6 6  83 PZ / 

*2 7 7 1 8 4  P 3  / 
* Z  172 64 P3 / 
*2 N841 84 e41 P1 / 

2 041 70 84 PZ / 
*/ STAaIL I Z t - r .  E l  tHENT nATA / 
BEA8 1 7 3  153 1501 171 1.0 *=2 20. 1. 1. / 
BEAM L 7 3  15 ' l l  151 171 1.0 * = 2  25. 1. 1- -2563 c=2 -006348 -03399b -01544 / 

2 N l 5 l  151 152 171 ,2543 *=2 -30b348 e003096 -015440 
-2456 4-2 ,005999 .@Z2715 o013552 / 

*2  Y 152 152 153 171 ,2456 *+2 .'305999 .092715 .013552 
-2445 *=2 -005537 -032316 -911436 / 

2 N153 153 154 171  -2445  *=2 -305537 .002316 e011436 
-2249 * I 2  -005132 o001973 -099342 / 

2 N I 5 4  154 155 171 02249  *=2 -935132 .041973 -0098CZ 
02099 *=2 -054613 -091631 .C08158 / 

* 2 Nl5S 155 156 171  -2098  *a2 rOC4613 .001631 .008158 
-1887 *+2  -303967 .001415 -036221 / * 2 N 156 156 157 171 ,1887 *=2 -003967 .001415 e006221 
,1836 *=z .003253 .001238 - 0 9 7 l i j  / * 2 N l57  151  158 171 01836 *=2 -903253 -391230 0007143 

1659 *'2 .OC2741 .OO1992 -335443 / 
2 N158 158 159 171 -1659  *=2 -302741 .301392 -005447 

-1570 +=z - 3 ~ 2 4 4 6  - 0 o w a 6  , O O C ~ B ~  
*Z N159 159 160 171 -1573  * * 2  .OOZ446 e300986 -036886 

-1494 * ~ 2  eC02200 m030999 -034474 I 
* Z  N160 160 161 171 -1494  *=2 -902230 moo0899 -004474 

-1402 *=2 .031923 e309797 .C03980 / 



* 2 N161 161 162 171 -1402 em2 -001923 -003797 -003980 
-1332 *=L - 0 3 1 ~ 1 1  o000738 .003680 1 

* 2  N l b 2  162 163 171 -1332 * = Z  .O01711 -000738 -003160 
01266 *=2 .DClEZ7 -090682 0003319 / 

*2  N l b 3  163 164 171 *LZbb *mi! 0001527 -0OOb82 ,003389 
-1201 *=Z 0001352 .000625 .30311D / 

2 N164 164 l a 5  171 -1201  *=Z  -001352 -300625 00C3110 
. I 131  *a2  -901184 -003558 m032794 1 

* 2  N 165 165 166 171  - 1 1 3 1  *=2 -301184 *0005S I  o002794 
01071 *=2 -031025 -030526 e002619 1 

2 W 1 bb 166 167  171 -1071  *a2 -0OlOZS -00052b -00261 
01015 * *2  -000903 oOOo4S2 oOC23Ob / 

* 2 N lb7  167 108 171 -1C15 * ~ 2  -3CO933 r03348Z 0902386 
-0953 *sZ -300170 -009433 .032135 / 

2 N160 168 169 171 -2953 *=2 -303718 e903430 .002135 
00936 * ~ 2  -030683 -033401 -001985 / 

* 2 N16Y 169 173 171 -3FOt e l 2  -9d06R3 .0?O43? .C319HS 
-0830 8x2 0000546 -030344 oOJ17JI / 

€YO ELEUfNT 0416 f 
END S I I I ' F ' J E S S  C I T A  / 
B L G I \ I  nc 1)nr.l 
SUPPiII-1 \Y *Y  IN  SUI'FACF. 7 THRObGH 50 / 
SUPPORT T X  T Y  12 P X  PV R L  FUR 5 3  531 502 503 / 
FREt  R X  H V  C Z  f 0 k  53 / 
RETAIk 1V WX R t  FI'R 5 1  53 56 SF 6'1 62 6 4  6 6  c8 70 71 77 7 8  / 
WETAIR T V  R X  F I  TCq OC 81 82 93 34 74 / 
RETl lh  TY R X  k t  FlW lC3 1 C 7  112 118 121 / 
RSTAIEi TX T V  TL FX R V  YZ F39 1501 152 154 157 161 165 169 / 
END nc ~ A T A  
BEGIN M A S S  04;¶ / 
BEGIN C d . ~ O l l l L k  O.\TA / 
S T A G E  I clitmlr II>N I o c I / 
END CriN:) I T IiJN CA TA / 
BEGIN CO?rCkNTSAlFO M A S S  DATA 1 f 
*/ FIPi t4ASS OATA / 

F ltkP1 1J3 262 I ~ i 4 1  e l591  03415 -8'30 -6380 / 
FItdoL 1.J7 207 I=;:1 ,2929 a9505 5.0475 re3955  / 
FIkP3 1 1 2 2 1 2  I = X l  ,2459 07330 4.8115 4.5360 / 
F I N P C  110 Z lE I = N I  .3abb 1.C165 5.7665 5.1225 / 
FINP5 121 221 I = M l  -2 !~43  1.2115 4,4285 3.6400 / 

*/ HUDV :!ASS OATA / 
ABSEC(;Sr! 80 ,3125 15.3625 12.>485 1+.7025 / 
nn;vcrs:c e l  02675 12.5555 11,5425 12.2730 / 
ALiSCC3SH 82 01115 3.3330 2.6840 3.0415 / 
AOSCC9SH 83 01573 3.2900 2.8559 3.2405 / 
ADSCCIOSH C4 01215 1-3395 8.6959 904100  / 
AUStC*iSP 53 0 5  1.4360 07255 14.7140 14.8235 / 
AUSCC7SP 59 F O  -8935 ,9550 9.6910 9.7735 / 
AGSCCdSP 64 8 7  -344C 02473 1.9250 1.8990 / 
AUSECQSP 68 RL3 -2495 -1525 1.092C 1.0865 / 
AU.\FClCSP 71 69 .1210 -0675 4190 .4O25 / 
BASIC6 51 90 1,2965 5-5090 -7155 2.3245 / 
BASIC I kO S1 -284d - 4 ~ 6 5  -3tr15 -1490  / 
VTATT 74 SZ 02330 -8530 -69?)'I -2753 / 
POTllP 73  7" .1SC7 ,0165 -0935 00935 / 
MOTi)C;\VP 77 . lob8 .23025 .5S005 -4913 / 
S tC64T T 56 oOOC5 e07005 -00005 oC0305 f 
SEC7ATT 6 2 -0035 r00005 .00005 -09005 / 
SEC64Tr 66 0005 .03005 30005 .OOOOS / 
S EC9A T T 7'? -0065 o90005 .OOCOS .00005 / 

*I S T A H I I - I L ~ H  M A S S  onrc  
SPAhrE1.O 1>01 2 5 0  . 2 > . i 3 5  . I465 .2634 a23855 / 
SPANFLl 1 5 2 2 5 2  .L47 -269222 1.527759 1.716583 / 
SPbNEL2 L ' J ~  254 . I 8 5 8  -173 1. 088. 4 9  1 169249 / 
SPANEL3 157 257 -2419 -398 1.26 1.56522 / 
SPANtLI. 161 261  . L6C9 .3(~0475 *821968 1.129243 / 
SPANf.15 105 265 e l 9 6 1  -2b9449 -526398 .15934r / 
SPANEL 5 1I.39 Z6q . 1CC9 .2?5112 -342002 -514814 / 

Eli!) COr~Ltt:T~'t.lCf) YASS D A l A  / 
l E G i N  i A C T l l M  I1A TA / 



EXCLUnE 5 1  I f f N C S S  ELEMENTS I 
€NU FALTCR 0 4 t h  / 
P~I) Mass o h r ~  I 

t)EGlN SUtlSFT 111 1 1Y IT1C.N / 
SUOSLIS (If STlfl'kC.SS SET 1 / 
N3Cl = 39 60 62 04 66  6R 70 71  77 / ecOV 
NCOZ = 74 IC3 107 112 118 121 / F I N  
NFn3 = 1531 152 154 151 l a 1  165 169 / STAR 
NU04 = ALL / PLllT SET 

LXCLUUt 500 171 FRidY NOD4 I 
EOO4 = A l . 1  / fLE> I fN l  PLOT SET 
END bUL15IT OEFtNITlON / 
Bf (;lN UIIOLhT L'ATA / 
CASE 1 / 
BEGIN GI.(IYFTRV O A T A  / 
L I F T  INC SI IFFACF r)ATa 
PANtl  141 A I L  9e.135 l lC.454 101-107 107.257 3.0 23,062 41,249 39.6363 / 
CH[IRlJ DIV 0. - 1  - 2  - 4  - 6 2  - 8 1  1.C / 
SPAN DIV 0. - 1  e 2  - 3  - 4  - 5  - 6  - 7  01) - 9  1.0 1 
PANEL TAlLF  53.15 114.37 93-15 113.278 0. OI 43.5 41.2c9 / 
CIIOPD D1V 0. - 1  -2487 ,310 .37r?9 04931 .6275 -7436 08597 1.0 / 
SPAN O I V  0. 0 5  1.C / 
PANEL 1 A l L U  S3.15 113.278 93.15 112. O o  3- 41-249 38-5 / 
CHPEO DIV C. - 1  -2407 ,310 -3709 04931 a6275 -7436 -8597 1.0 / 
SPAN DIV 0. - 5  1.S / 
PAKEL TAILM C3.15 112. 91-55 110.45 0. 9. 38.5 35.094 
CWF C D I V  0-  - 1  -2407 ,310 a3709 .4431 -6275 -7u36 ,8597 1.0 / 
SPAN O I V  3- -5  1.0 / 
PAAFL TA1LL 51.55 110.45 85.404 104.200 0. 0. 35.094 21.905 / 
CHOFO DIV 0. 0 :  .24P? -310 ,3709 -4931  -6275 -7436 08597 1.0 / 
SPA& OIV 0 .  - 1 2 5  - 2 5  ,375 - 5 9  -625 -75  -875 1 - 0  / 
INTECI CHI:JCE SUFFACt DATA / 
BODY A t l U O Y  / 
PAKfL 113P311 6C.Z 111-1 63.2 111.1 0. 1-45 21.905 21.905 / 
CHOFO I 'IV - 0  ,2305 .3919 04952 -5323 -5874 -6101  06327 06780 

,7279 -7709 .4:145 . f . 6 C C  1.0 / 
SPAN DIV 0 .  1.C / 
OAkEL US13E bL.2 I l l e l  60-2 111.1 1-*50 305 21.905 19.855 / 
CHORD UIV - 0  -23t.5 -3919 ,4952 -5323 -5874 -6101  WL327 -6780 

,7279 .7739 etI143 .DbGC 1.0 / 
SPAN O I V  0 .  1.0 / 
PANEL V S I i t  bC.2 1 l l . i  60.2 111.1 3 -5  3.5 19.855 16.955 / 
CI1ORO I I IV  - 0  -33C5 03919 -4952 ,5323 05874 -6131  06327 -6780 

-7273 -7709 e814.3 -8669  1.0 / 
SPAN I I IV 0. 1.0 / 
PANEL L S I O C  6C.Z 111.1 60.2 111.1 3.5 1.650 16.955 14.905 
CHORD O I V  - 0  - 2 3 6 5  -3919 -4952 05323 -5074 -6191 -6327 -6780 

,7279 a7709 .014J .866C 1.0 / 
S P A N  OIV 0. 1.0 / 
PANkL 00T3D 60.2 111.1 60-2 111.1 1-43 0. 14.905 14.905 1 
CHOhO DIV -0 e 2 3 6 5  -3919 -4952 ,5323 -5074 -0101  -6327 -6780 

m7279 -7769 -6140 .6G60 1.0 / 
SPAN OIV 01 1.0 / 
DOUHLkT D4fA / 
ULIDY AllJJY C .  111.247 YDrlUBLFT / 
AXIS I ) IV 60-2  72-34 I 85,404 R7.2Q16 90.0985 91-2556 92.4061 

94.7118 r97.2+67 99-44 101.6917 104.28 111.1 / 
RADII  0.1 2 .  3.5 3.5 3.5 3.5 3.5 3.5 3-5  3.5 3 - 5  3.5 3.5 0.1 / 

END C t G ~ k - I X f  [>AT4 / 
D t G l N  SUt{SFT UATA / 

SUBSETS O F  BOXCS / 
SUHSET S l  1 Tll 6 / 
SUI\SI:T sz 7 T r !  60  / 
SUDSET 1.1 61  TC 10 / 
SU1iSt'T F 2  79 TC 07 / 
SlJDSFT F 3  Un TC 96  / 
SUbSET F4 97 TC 141 / 
SgRSET F >  141 TO l o b  / 
SrrIlSET u ~ f i r ) ~  187 T O  199 B Y  : 
SUNSET IISCIOO 203 TJ 2'12 B Y  L / 
SVHStT SIHUD 213 TO 225 P Y  1 / 



SUBSET LSBOD 2 2 6  TO 238 8 V  1 / 
SURSET B n w n  239  TO 251 BY 1 I 
SUBSETS (16 STV IPS I 
SUBSET SS1 1 / 
SUbSET 5 5 2  2 f 
SURSET 5 5 3  3 / 
SURSFT 554  4 / 
SUBSET ShS 5 / 
SUBSET 5 5 6  6 / 
SUPhET 5 5 7  7 / 
SUBS€! SSB 8 
SUbSET SS9 9 / 
SUOSET ZS lO 1 0  / 
SUBSET F S l  11 / 
SUBSET r:2 12 / 
SUOSET FS3 13 / 
SUHSET FS4 14 / 
SUBSET FS5 15 1 
SUHSET FSb 16 / 
SUBSET F S ?  17 / 
SUBSET f b d  10 / 
S'JBSET .FS9 19  / 
SU83CT FS;O 23 / 
SUHSEt F J l l  il / 
SUBSCi F S l ?  22 / 
SUBSET FS13 23 / 
SURSET FS14 2 4  / 
END LUBSET OATA / 
BEGIN NC)L'$L D A T A  / . 
USE CC007 S I T H  L I F T I k G  SURFACE F l  F2 F3 F 4  F 5  
USE CC003 U I T H  C l F T l N G  SW f A C E  S l  S2 / 
USE CF031 W I T H  1:dTFPF AOL;Y A8ODY / 
USE C3001 bi l T t i  SQDY DUC9t.f l ABOOY / 
END MODAL OATA / 
BEGIN OPTIQN I!ATA / 
VELOCITY PROFILFS / 
PROFILE VP'OH C L E l  160. D T E l  -64 -  00 0 -  .005 9843 - 0 1 2 5  1- - 0 2 5  1.095 
005 1.17 - 0 7 5  1.166 - 1  1 - 1 5 3  - 1 2 5  1 - 1 4  0 1 5  1.14 ,175 1.14 - 2  1.145 
- 2 5  1.149 03 i .150 - 3 5  1.150 -4 1.153 -5 1.127 .6 1.086 - 7  1,039 
- 7 5  1.02 a 8  1oCO5 - 8 5  0 9 9  0 9  - 5 6 4  0 9 5  -C27 0 9 7 5  m954 - 9 9  0 7 4 2  1. 0.  / 
P ~ O F ~ L E  vPCur I :LE~ 160. n w i  -64. 0. 3. . ~ 5  - 7 7 5  . 0 i z s  1. - 0 2 5  1.418 
035 1.234 - 3 7 5  1.192 -1  1.17 0 1 2 5  1.158 e l 5  1.155 - 1 7 5  1.158 - 2  1.162 
-25  1.166 - 3  1 - 1 7  .35 1.17 0 4  1.166 a5 1.14 .6 10C91 0 7  1.044 0 7 5  1.02 
-8 1.005 .85 - 5 7 7  5 9  .538 .9S - 9 0  ,975 - 8 7 7  0 9 9  - 8 5 4  1. 0. / 
USE VPROH ON SS1 hSi! 553 SS4 555  5 5 6  SS7 5 5 6  559 5 5 1 0  / 
USE VPRnF [IN F S l  F92  FS3 FSC F S 5  FSb FS7 FS8 FS9 FSlO F S l l  F S l 2  FS13 

F S l 4  I 
PRESSUkE CORP ECT IONS / 
USE -4092  0.0 AS SCALAR ON 5 1  / 
USE 0 8 9 3 9  G - r !  AS SCAlAM 0% S2 / 
USE - 7 7 5  ('00 A S  SCAlA4 tW F 2  / 
ust . 9 7 ~  -.c A S  SCALAR ON ~3 1 
END ;)PT (O'I DATA / 
~ N D  cunLAr O A ~ A  
BEGIN A F l  CATA / 
CASE 1 / 
*JEGIIJ GEll'tFTFI' ilATA / 
I.IAI!J suqr,IcE ,,TAIL / 
LEAfj ING >DL€ 9 F .  L J ~  0.2 41.2C9 l O I . l C 7  23.062 39.6363 / 
l R A I L l N G  C!'GF 110.63't 0.3 4 1 - 2 5 9  107.257 23.0b2 39.6363 / 
S r R I P  FIIACTITLJS - 1  .Z - 3  .4 9 5  - 6  .7 - 8  - 9  / 
%All4 SURFACE VTAIL / 
LEADING EI)GE $3.15 0 . 2  4305 93.15 0.0 38.5 9 1 - 5 5  0.0 35.094 

R5.404 0 . C  21.9C5 / 
TRAILING EDGF 114.37 3 . 3  43.5 113.278 0 - 0  41.249 1 1 2 - 0  0.0 38.5 

11P.45 7.3 35.354 IC4.2R 0.0 21.965 / 
STRIP DISTANCES 1.1255 3.6255 6.791 10.054b 11.7333 13.3519 15 -00G5 

16.049 18.2978 15.5464 / 
FND GiU:4tTPY DATA / 
8EGIN MODAL DATA / 
USE COO02 U I f H  N A l N  SUPFACE VTAIL / 

.IRIGINAL PAGE R 
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USE COO03 U t l h  M & I N  SUPFACE HTAIL I 
EN0 NODAL OAtA / 
END bF1 011A / 

BEGIN FLUttkP DATA I 
CASE I t 
AllfTUDE 0.0 I 
EN0 FLUTTCR OATA 0 
EN0 PCOBLEM OATA / 



Table 2 12-1. Natural Frequencies, 
YC-14 Empennage 

( 1)  

Mode 

Number 

1 

2 

3 

4 

5 
I 

I 

t4) 

(3)-(2) ,OQ 

7iT 
(XI 

0.6 

-1.9 

-0.7 

7.6 

1.0 

Frequency (Hertz) 

(21 

experimental 

4.87 

6.90 

11.30 

26.60 

41.55 

I 

(13) 

ATLAS 

4.90 

6-77 

11.22 

28.62 

41.98 



Figure 212-1. Structural  Model, YC-lr) Empennage 



Figure  212-2. Aerodynamic Model ing f o r  YC-I 4 Empennage Surfaces 



Figure 212-3- V-g Plot, YC-IV Empennage 



Figure 21L-9. V-f  P l o t ,  YC- I4  Empennage 



213. 3D STRESS ANALYSIS OF A RO'1IATZS DISK 
(DECK 12) 

2 13.1 DESCRIPTION OF ANALYSIS 

A 30 stress ana lys i s  is performed on a r o t a t i n g  disk 
subjected t o  the following loads: 

I n e r t i a  loads due to angular  ve loc i ty  andl acce lera t ion  

. Pressure i n  c e n t r a l  ho le  and on r i m  

Thermal loading 

The d i s k  is shown i n  f i g u r e  213-1- Rotation is about an a x i s  
perpendicular t o  t h e  plane of  t h e  d i s k -  The pressures  act i n  the 
plane of t h e  d i sk  and are uniform through t h e  thickness  of t h e  
d isk .  Two thermal loadcases a r e  applied: a unifoxm temperature 
increase  and a temperature increase varying l i n e a r l y  i n  the 
r a d i a l  d i r e c t i o n  and u n i f o r -  through the thickness. 

A 300 s e c t o r  of t h e  d i sk  is modelled using 20-node BRICK 
elements. Only one-half of t h e  th ickness  is modelled and 
symmetry enforced upon t h e  add-surface, The model is shown i n  
f i g u r e  213-2, 

213.2 RESULTS 

Radial and t angen t i a l  stress wmponents due to  constant  
angular ve loc i ty ,  0 ,  are presented i n  figure 213-3- The s o l i d  
l i n e s  represent  the theory o f  e l a s t i c i t y  so lu t ion  ( re f .  213-1) . 

Shear stresses due t o  angular a c c e l e r a t i o n , O  , are presented 
i n  f igu re  213-4. The s o l i d  l i n e  represents  t h e  theory of 
e l a s t i c i t y  so lu t ion  ( r e f ,  2 13-2) , 

Radial  and t angen t i a l  stress components due t o  pressure  
loading i n  t h e  bore and on t h e  r i m  are presented i n  f i g u r e s  213-5 
and 2 13-6, respect ively.  The s o l i d  l i n e s  represent  t h e  theory of 
e l a s t i c i t y  so lu t ion  (ref 213-1) . 

Element stresses due t o  t h e  urdform temperature increase  are 
zero within t h e  accuracy of t h e  computer. Displacements a r e  a l s o  
exact  w i t h i r ~  machine accuracy. hadia l  and t angen t i a l  stress 
components due to t h e  r a d i a l  temperature grad ien t  a r e  presented 
i n  f igure  213-7. The s o l i d  l i n e s  represent  t h e  theory  of 
e l a s t i c i t y  so lu t ion  (ref - 213-1) . 



L I S T I N G  OF CONTROL PROGRAM AND DATA 

e E G l r v  CCNTRCL PROORAM DEMO12 
PROdLEM I C ( C E M O l 2  - 3 0  S T R E S S  A N A L Y S I S  O F  A  R O T A T I N G  D I S U J  

C  
C  PURPOSE THE P R I N C I P A L  C A P A B I L I  T I E S  DEMONSTRATED B Y  T H I S  
C  DECK ARE 
C  1. 3 0  S T R E S S  A N A L Y S I S  
C  2. THERMAL L O A D I N G  
C 3. I h E R T l A  L O A D I N G  
C  
C  CORE 1 4 0 ~  (OCTAL) 
C  
C  AUTHOR R. A. SAMUEL 
C  

R E A D  I N P U T l C O D E Z J  
P R l N '  I N P U T  (NODAL !  
P R I N T  I N P U T  ( M A T E R I A L J  
P R I N T  I N P U T f S T l F F N E f f j  
P R I N T  I h P U T I B c )  
P R I N T  I ~ P L t T l L O A O S I  
EXECUT E  E X T R A C T 4 E X N A M E s D I S K s  LSU8=KGRIDtESUB=El~NSUB=Nl J 
E X E C U T E  G R A P H l C S ( G N A M E = B R  1  C K S ~ S F f L I N E ~ C A L C O M P ~ R Z ~ 3 O s R X = O s R Y ~ Z O  * 

X f YPE=ORTHISIZE=(  20.  * 200 J * L A B E L S E *  E X N A H E = D I S U J  
E X E C U T E  M A S S ( O I J T I O N = 4 I  
PERFORM S T R E S S  
P R I N T  O U T P U T ( L O A 0 S J  
P R I N T  O U T P U T ( O I S P . C Y L I  
P R I N T  O U T P U T (  S T R E S S  J  
P R I h T  O U T P U T l R E 4 C T l O N S t E O C H ~ J  
P R I N T  I N P U T 1  BC. S T 4 C E r 2 1  
P R I N T  I N P U T l L C A O S * S T A G E = Z j  
E X E C U T E  L O A C S I  S T A G E - 2  J  
E X E C U T E  H i R G E ( S T l F F N E S ~ r S T A C E ~ Z ~ U K l l * 1 1 ~ K K 1 3 ~ 1 3 J  
E X E C U T E  W ~ R G E I L O A C S ~ S T A G E ~ ~ ~ L L ~ ~ ~ I ~ ~ I L ~ ~ ~ ~ ~ J  
EXCCUTE C H C L E S K V t  S O L V E s K ~ l l ~ C C l l ~ L L l l  J  
E X E C U T E  & T R E S S (  S T A G E = 2 s D l = D D l l l  
E X E C U T E  ~ u L T I P L Y ~ R R ~ ~ = [ - L L ~ I ~ K K ~ ~ I T I * o D ~ I ~ J  
P R I N T  O U T P U T ( L D A D S s L l  l ~ L L l l ~ L 3 l r L L 3 1 ~ S T A G E r Z )  
P R I N T  O u T P u T ( t 1  S P I S T ~ t E - Z s C Y L J  
P R I N T  O U T P U I ( S T E E S S I S T A G E I ~ )  
P R I N T  OUTPUT ( R E A C T I C N S s R 3 l = R R 3 1  s E O C H I < v S T A G E ~ Z  1 
PURGE F I L E S ( S T I F R N F ~ S T R E R N F ~ L O L D R N F  J  
E X E C U T E  a T  I F F N E S S f  0 XGBRdCK J  
E X E C U T E  L O A C S  
E I E C U T E  S T R t S S ( O l = D 1 1 1  
P R I N T  O U T P U T  ( S T R E S S )  
P R l N l  O U T P U T ( S T C E S S ~ B 1 G B R I C K ~ N D D A L J  
E X E C U T E  L O A C S I S T A G E = Z J  
E X E C U T E  S T R E S S (  S T A G E = Z S D ~ = O D ~ ~ J  
P R I N T  O U T P U T ( S T R E S S s S T A G E = 2 J  
P R I N T  O U T P U T  ( STRESSISTAGES~I B I G B R  l C K = N O O A L J  
E h D  C O h T P C L  PROGCAM 



B E G l N  M A T E R I I L  O A T A  
n51 . l  
-200 11.3Eb 0 3  4.34Eb -9003 

4 0 0  9.3E6 0 3  3.58Eb - 0 0 3  
E N D  M A T E R I A L  D A T A  
B E G I N  N O D A L  D A T A  
A N A L Y S I S  F R A M E  I N P U T  

C Y L  C A N  0 .  0 .  O a r  5. 0 .  0.v d .  0 .  5. 
1 0 3 7 5  0.  0 .  TO 3 5  30. 0 .  

**2 1 1  0 5  0 .  0 .  0  1 1  .s 0. 0 .  
*+2 11 1. 0. 0 0  O 11 1. 0 .  0. 
*+1 1 1  1 .375 0 .  0 .  0  11 1 .375 0- 0. 

141 0375  0 .  a15 TO 143 .375 30. - 1 5  
*+2 11 - 5  0 .  0 .  0  I 1  - 5  0. 0. 
*+2 1 1  1 .  0 .  0.  0  11 1. 0 .  a. 
* + l  1 1  1.375 C. 0 .  0  l i  1 .315 0. 0 .  

8 -625  0 s  0.  TO 9 0625 30-  0. 
*+I  1 1  . 5  0 .  0 .  0 11 .5  0. '0 .  ' 

*+1 1 1  . 7 5  0.  0 .  0 1 1  .75  0.  0 .  
1  11 1 .  0 .  0 .  0  11 1 .  0. 0 .  
* + I  1 1  1 .125 C. 0 .  0  11 1.125 0 .  0. 

148 - 6 2 5  0 .  - 1 5  TO 149 -625  30. - 1 5  
*+1 1 1  .S 0. 0 .  0 11 .S 0- 0.  
* + I  1 1  075  0. 0. 0  11 075 0. 0 .  
* + l  1 1  1. 0 .  0 .  0 11 1 .  0.  0. 
*+i 11 1.125 0. 0 .  0  11 1 .125 0 .  0. 

7 1  ,375  0 .  e075 T O  7 3  a375 30. - 0 7 5  B Y  2 
*+2 1 1  05 0. 0. 0 11 .s 0. 0 .  ** 
*+2 1 1  1. 0 .  0 .  0  11 I .  0 .  0. ** 
* + l  11 1 .375 0 .  0 .  0  11 1.375 0 .  0 .  ** 
R E S U M E  G L O B A L  

210 0. 0.  -1 .  
211 0. 0.  1 .  

212  -9 .7  - .20 -075 
REOROEC FROM 212 
E N 0  NOCAL D A T A  
a E G t N  S T I F F N E S S  D A T A  
B E G I N  E L E M E N T  C A T b  
d R I C K  M51 1 3 143 141 12 14  154 152 2  73 142 71 13 8 4  153 82 8  9 149 14d 
* + 4  0 0  11 *=19 
B E A M  NZOO 210  211 1  1 .  
E N D  E L E M E N T  C A T A  
E N 0  S T I F F N E S S  D A T A  
a E G 1 N  8C D A T A  

S E T  1 S T A G E  1 / S V ' 4 M E T R I C  PC 
SUPPOCT T Z  FOR 210 

S U P P O R T  T T  FOR 1 TO l c 3  
SUPPORT ASYM I N  SURFACE 3 THROUGH 1 

S E T  I S T A G E  2 / ANTISYMMETRIC ac 
SUPPORT TR F O k  1 TO 198 
S U P P O A T  A S Y M  I N  S U R F A C E  3 THROUGH 1 
SUPPORT T T  FOR 1 TO 3 71 7 3  141 T O  1 4 3  

SUPPORT T i  FOR 210 
ENO BC 
B E G I N  Lc 5 C A T A  

L O A O  L A S E  I0 I N T P R E S  ** P R E S S U R E  I N  H O L E  * 
L O A D  C A S E  I D  R I M P R E S  ** P R E S S U R E  O N  R I M  * 
L O A D  C A S E  I D  OMEGA ** C O N S T A N T  OMEGA = 2000  * 
L O A D  C A S E  I 0  T k E R M  ** U N I F O R M  O E L r A t T J  * 
L C A C  C A S E  I 0  T F R M L I N  ** D E L T A L T J  = 12O*R - 2 7 0  * 
L O A O  C A S E  I f  BEAb?LD ** A X I A L  L C A D  O N  B E A M  * 

B E G I N  I N E R T I A  L O A O  D A T A  
4 x 1 s  2 1 0  2 1 1  

C A 5 E  OMEGA 
2000. 

E h O  I N E R T I A  L O A C  O A T A  
B E G I N  E L E M E N T  L O A D  O A T A  

O I k E C ~ I O N  E L E M E N T  -1. 0 .  0 .  
C A S E  I N T P R E S  

1 1 10000. 
C A S E  R I M P R E S  

5 2 789. 
END E L E M E N T  L O A C  D A T A  



B E G I N  ELEMENT TkERMAL LOAD OATA 
C I S E  THERH 

1 TO 5 zoo. 
END ELEMEhT  THERMbL LOAO DATA 
BEGIN NCOAL T n E n n r L  LOAS DATA 

CASE T k k M L I N  
1 TO 3 71 13 141 TO 143 -225. 
8 9 lid 149 -195. 
12 TO 14 82 84 152 10 154 -16s. 
19 29 15s 160 -135. 
23 TO 25 93 95 163 TO 165 -105. 
30 31 170 171 -459 
34 TO 36 104 106 174 TO 176 15. 
cl r2 181 la2 75. 
45 TO 47 115 117 185 TO LO7 135- 
52 53 192 ?F3 210. 
56 TO 58 126 128 156 TO 198 300. 

E N 0  NCOAL THEkMAL LOAO OATA 
a E G I N  NOOAL L J A O  CATA 

CASE EEAWLO 
211 FZ 1000. 

ENC kOOAL LCAO OATA 
SET 1 STAGE 2 

LOAC CASE I C  ALPHA *: ALPHA = 5000 r 
B E G I N  I h E R T 1 A  LOAC DATA 

A X I S  210 211 
CASE ALPHA 

0. 5000. 
END I N E R T I A  LGAC OATA 

E N 3  LOACS OATA 
aEG1N SU3SET D E F I I b I T I O N  

S u a s E T s  OF STIFFNESS SET A 
E l  = B R I C K S  
N1 = A L L  
EXCLUDE 212 FRO* N1 

EMC S U d S i T  OEF I h I T  IGN 
ENC PRGBLEN CATA 



V = Poisson's ratio 
P = Mass density 
w = Angular velocity 

U = Angular acceleration 

T = Temperature 

0 = Coefficient of thermal expansion 

a =0.00953 m (0-375 in.) 

b = O .  121 m (4.75 in.) 

/ R i m  Radius , \ 

/ Bore Radius v, \ 

Figure 213-1. D i s k  



Figure 213-2. Model of D i s k  Segment 



Figure  213-3. Stresses Due t o  Angular Ve loc i ty  



Stresses Due t o  Angular Acceleration 



F igure  21 3-5. St resses  Due t o  Bore Pressure 



Figure 213-6. Stresses Due t o  R i m  Pressure 



Linear  thermal gradient from center t o  rim, 

AT= Kr 

Figure 213-7. Stressels Due t o  Thermal Loading 



301. ATLAS/FLEXSTAB INTERFACES (DECKS 5 AND 6 )  

301.1 DESCRIPTION OF DEMONSTRATION 

The method used t o  demonstrate t h e  ATLAS-to-FLEXS'AB and 
FLEXSTAB-to-ATLAS in te r faces  is shown schematically i n  f i g u r e  
301-1. The s t r u c t u r a l  model is shown i n  f igure  301-2. The body 
is modelled using BEAMS f o r  t h e  frames, RODS f o r  s t r i n g e r s  and 
SPLATEs f o r  t h e  surfaces. The wing is modelled usinq SPAR and 
COVER elements. A l l  nass is obtained from a separate  mass model 
consis t ing of mass PLATE elements and concentrated masses. The 
mass model is shown i n  f igure  301-3, Symmetric and antisymmetric 
boundary conditions a r e  imposed i n  t h e  plane Y=O. 

A reduced f l e x i b i l i t y  matrix is generated f o r  each boundary 
condition s tage,  A diagonal mass matrix is produced d i r e c t l y  by 
t h e  Mass Processor. The i n t e r f a c e  rout ines  MASSFIL and FLEXFIL 
a r e  then executed t o  c rea te  t h e  FLEXSTAB input tape NASTAP. 

The FLEXSTAB system is executed, producing nodal loads f o r  
two symmetric conditions on t h e  SDSS output tape. These nodal 
loads a r e  read by t h e  in te r face  rout ine  STREFIL and wr i t ten  onto 
t h e  f i l e  DATARNF, The nodal loads a r e  I ead from RATARNF by t h e  
Loads Preprocessor and used t o  perform an AnAS stress analys is .  

I n  addi t ion t o  t h e  stress analysis ,  t h e  Mass Processor is 
executed t o  produce panel weights corresponding t o  t h e  FLEXSTAB 
aerodynamic panels- These panel weights, together  with a i r loads  
data  from t h e  SDSS output tape, a r e  used by t h e  rout ine VRMAT t o  
ca lcula te  ne t  shear, moment and to r s ion  a t  various cu t s  along t h e  
wing and body. These ne t  loads f o r  each condition a r e  searched 
by t h e  rout ine VAMSCN t o  obtain t h e  minimum and maximum values a t  
each cut 

301.2 RESULTS 

FLEXSTAB detected no e r r o r s  while reading the  ATLAS-generated 
NASTAP tape. The a i r loads  calculated by FLMSTAB appeared 
reasonable. No e r r o r s  were detected by ATUIS while using t h e  
FLEXSTAB-generated SDSS tape. Displacements and s t r e s s e s  
appeared reasonable. 

Comparison of the  VANAT and VAMSCN r e s u l t s  conf inned t h a t  t h e  
correc t  maxima and minima were found. The body bending moment, 
a s  calculated by VAMAT, is shown i n  f i g u r e  301-3. 



30 1.3 LISTING OF CONTROL PROGRAY AND DATA 

AEGIN CONTGOL N41R I X PROGRAM OEMOd5 
PROBLEM I D  (DEMJCS - ATLAS-TO-iLEX5TA0 INTERFACE1 

PURPOSE THF PRINCIPAL C A P P P I L I T I E S  DEMONSTPATED Bv THIS 
DECK ARE 

1. ATLAS-TO-FLCXSTAB l NTEPFACF 
2. PLOTS OF nnss MCDEL 

PUT HOR F. P. GRAY 

CORE 13CU IOCTAL)  

DIMENSION FET t l O O r  31 s F E T S t S 5 0 )  

R E A D  INPUT 
PRINT lNPUT(N0OIL )  
PRINT INPUT( STIFFNESS) 
PRINT IbPUTIWASSJ 
EXECUTE E X T R A C T I E X N A ~ E = S T ~ F ~ L S U B = K G ~ I L ~ E S U B = E ~ . N S U R = ~ ~ ~ ~  
EXECUTE ' J R A P ~ I C S ( ~ : ~ A M E = G E C ~ ~ T Y P E = ~ O R T H R O I N T ~  r S I Z E ~ t 3 0 . r 2 3 . 1 r  

X OFFLINE=GERBEk eKZ=3G..RX*O.tRYaZO. ~EX I ' JA '~E*S~ IF I  
EXEWTE EXTRACT( EXNAME=VASS.LSU6:PCFlDrESUe~EI  t h F U B = W J  
EXECUTE G F A P H I C S ~ G Y A ~ E ~ G E U H ~ T Y P E = ~ O R T H . P O I N T ) ~ S ~ L F ~ ~ ~ ~ ) . ~ ~ ~ . ~ ~  

X RZ130. t P  X r O .  IF Y*ZO. tEXNAUE=UASS) 
EXECUTE MASStOPTION=Z) 
PERFORM F - P F O U C E I S T A G E = I . ~ K ] = ~ K ~ ] .  FRED]=[FLEKI~J 
Pcaroan F R E D U C E l S T A G E = 1 ~ ( . I = t K Z 1 .  f F R t D I = [ F L E X 2 ) I  
PR lNT INPUT I BC I 
CALL F ~ L E A D O I F E T I M U L T R N F ~ M A S S R N F ~ O A T A P N F ~  
CALL FETID01 SAVESSF tFETS t55Ot IgO .  IWR1 
R EU I N 0  SAVE SSF 
Y= 1 
CALL HASSF I L (  7LMOC301AtNIY) 
CALL FLEXF I L (  SLFLEX 1 1  
CALL FL EXF I L  f H FLEX21 
END 



BEGIN NOOAL DATA 1 
I 20. 0. 1. TO 9 14n. I). 6s. BY z I 
1 0 1  20. 0 -  - 1. TI1 109  340. 0. -65. 8 V  2 
201  20. 1. 0. TO 209  340. 45. 0. 3 V  2 / 
11 420. 0 .  65. m 83 3 3 0 ~ .  0. 65 a v  2 I 
111 4200 C. -65. TO 1 8 9  354C. 0. -65 3 Y  2 / 
2 1 1  420. 65. 0. TO 225  983. 65. 0. 3 V  2 / 
265 2580. 65. 0. TO 277 3360. 65. 9. J V  2 / 
287 3460. 65. 0 -  T O 2 8 9  3540. 65. 0. B Y  ? / 
*/ WING COORDINATES / 
227 1060. 65. 0 .  26.25 TO 245  1780. 65. d. 36.35 B Y  2 / 
2 4 5  TO 255 2180. 65. 0.  28.8 93 2 / 
255 T O 2 6 3  2509. 65. 0. 1 2  3 Y  2 / 
327 1060. 65. 0. 26.25 TO 3 4 1  1629. 265 9. 9.85 3v 2 / 
445 1780. 195. 0. 2 2 . 6 5 T O 4 5 5  2100. 195. P. 20.15 B Y  1 / 
5 4 1  1620. 265. C. d.85 TO 551 2205. 455. 9. 5.75 9 Y  2 / 
6 5 1  2205. 455. 0. 5.75 TO 6 5 6  2545. 594. C *  3.2 / 
756 2545. 594. 0. 3.2 T0 760 2875. 765. 3. .95 / 
760 TO 763 2995. 765. C. 1-65 / 
3 4 1  T O 3 5 5  219C. 255. 0. 20.15 9 Y  2 
355 T O 3 6 3  2500. 265. d .  11.25 9Y 2 / 
551  TO 559 2525. 455. 0. 10.0 / 
559 T O 5 6 3  2685. 455. 0. 5.9 / 
6 5 6  TO 659  2665. 594. 0. 4 - 5 5  / 
659 TO 663 2825. 594. 0. 2.45 / 
*/ HORIZONTAL TAIL / 
279 3140. 65. 0. 1.83 / 
779 3140. 6:. 0. 1.80 10 979 3365. 200. C. 1.25 B Y  l a 6  / 
281 3220. 65. 0. 4.25 / 
781 3220. 65. C .  4.25 TO 991  3388. 290. 0. 1.75 B V  LO3 / 
283 33CO. 65 -  0. 4.55 / 
783 3300. 65. 0. 4.55 TO 983 3412. 2"O. P. 1.80 B Y  1?0 / 
285 3380. b5. 0. 1.40 / 
785 3389- 65. 0. 1 - 6 3  TO 985 3435. 200. C. .a0 B Y  1cn I 
* VERTICAL TAIL / 
REC RECl 0. 0 -  0. 1. C. 0. 3 .  -1. 0. / 
95 3380. 65. 0. 3.25 I 
87 3460. 65. 0 1  2.40 I 
1065 3460. 140. 0. 1.56 
1587 3500. 140. 0. 1. @9 / 
*/ U l Y G  F I N  / 
1156 2545. -1  -594. 2 . 4 ~  ro 1356 2830. ioc .  -594. 1.80 B Y  190 I 
1158 2625. -1 -594. 2.40 TO 1358 2842. 1CO. -594. 1.90 3 V  130  / 
1161  2745. - 1  -594. 2.e9 TC 1 3 b l  2650-  10C. -594. 1.95 9 Y  103 / 
1163 2825. .i -594. z.ec TO 1363 2870. 100. -594. 2 - 3 5  9~ I ~ O  I 

RESUME GLOBAL 1. 
89 3540. 0. 65. / 
*/ u E l G H T P A N E L S - B L I D Y  / 

6 0 0 1  0. 0. 5 .  TO 6016 3564. 0. 0. / 
6 0 2 1  3. 65. 3. TD 6036 3564. 65. 0. / 

*/ WEIGHT PANELS - W I N G  / 
6100 741.0 65.0 0. ~n 6220 24e7.0 59b.0 n. BY zc / 
6 106 TO 6263 24e7.3 594.6 C. 3 V  R q  / 
6180 TO 6240 2487.0 594.0 ?. QY 2C / 
6260 TO 6320 2ea4.0 794.0 n. R Y  2d I 
6110 2715.0 65.7 0. m 6170 2715.3 327.5 0. B V  2 0  / 
6189  2715.0 329.5 C. TO 6249 2874.0 594.0 0 .  RV 20 / 
6266  2874.3 594.0 C. TO 6326 3054.0 794.0 " 9  B Y  20 / 
6 1 0 0  TO 6110  / 

*+3 20 0 20 / 
618'3 TO 6189  / 

*+3 2 0  0 29 / 
6 2 6 0  TO 6266  / 

*+3 20 0 20 / 
*/ WEIGHTPANELS- hnP TAIL / 

6400 3124. 65.1 0. TO 6403 3417. 65.1 0. / 
6 4 1 0  3386. 228.3 0. TO 4413 3464. 228.0 3. / 

END NOOAL DATA / 



9€G1N Sr  IFFNES S DATA / 
BEGIN ELEMENT DATA / 

WING SPARS / 
SPAR M5 227  329 .C6 1. 
SPAR M5 2 4 7  447  .10 2.0 10 253  $93 BY 2 2 
SPAR M5 . 329 3 3 1  .06 1. i9 3 3 9  3 6 1  BY 2 2 
SPAR M5 3 4 1  543  0 0 6  1. 
SPAR M5 543 545  6 1. TO 5 4 9  5 5 .  RY 2 2 
SPAR M5 5 5 1  6 5 3  0 0 6  1. 
SPAR M5 6 5 3  6 5 5  - 3 6  1. 
SPAR M5 6 5 5  6 5 6  .Cb I. 
SPAS MS 6 5 6  757 .0b 1. 
SPAR M5 757 758 - 0 6  1. TO 759 7 6 0  
SPAR Y5 2 6 3  363 - 2 0  6. 
SPAR M5 3 563 917  6 -  
SPAR H 5  562  663  1 5  4. 
SPAR M5 6 6 3  763  .15 2. 
SPAR M5 2 2 9  325  - 1  1. TO 243 343  BY 2 2 
SPAR M5 245  ~ 4 5  a18 1. 
SPAR M5 445  345 .19  1. 
SPAR U5 4 4 7  347  - 1  2. TO 453 353  BY 2 2 
SPAR M5 255 455  - 3  6. 
SPAR M5 455  353 .3  6. 
SPAR M5 2 5 7  357  .12 6. TO 261 3 6 1  BV 2 2 
SPAR M5 343 543  . 1  1. TC 345 545  B V  2 2 
SPAP M5 3 4 7  547  . 1  2.  TO 353  553  B Y  2 Z 
SPAR M5 355  555  . 1  4. 
SPAR M5 357 557  .1 5. TO 361  5 6 1  BY ' 2 
SPAR H5 553  653  .06 2. 10 555 6 5 5  BY 2 2 
SPAR M 5  556 65; .C3 2. TO 562 662  
SPAR Y5 6 5 1  757 .C3  1. TO 662 762 
*/ WING R I B S /  
SPAR M5 4 4 5  447  .17 2. TO 453 4 5 5  BY 2 2 
SPAR M5 3 4 1  343  . 1 0  1.5 TO 361 363 6Y 2 2 
S P A R  n 5  5 5 1  5 5 1  . l a  2. TO 553 555  s v  2 2  
SPAR M5 5 5 5  556 . i O  2 .  TO 5 6 t  563 
SPAR M5 6 5 6  6 5 7  . "6  1. TQ 602 bb3 
SPAR M 5  7a0  7 6 1  .15 .7  TO 7 6 1  763 
*/ WING COVERS / 
COV ER H5 229 329  2 2 7  -03  
C O V E S  o r  229  329  331  231 .33 T O  2 4 1  341 343 243 av 
C O V E R  P J  243 343 445  245 .n3 
COVER 145 445 3 4 5  343 03 
COVER M5 245 247 447 445 rC6  -0  TO 253 255 455 453  BY 2 * = 3  
COVER M5 445  345 347 447 .33 TO 453 353 355 455 BY 
COVER M5 255 455  357  257  .05 .07  
COVER r 5  455 355 357 - 0 5  . 0 7  
COVER N5 257 357  355 259 .P5 .C7 
COVER M5 259 359  361  261  - 1 3  .07  a11  . 9  TO 2 6 1  361  363 263 BY 
COV ER M5 343 543 341  .03 
COVER M5 3 4 3  543 545  345 - 9 3  TO 353 553 555 355 BY 
COVER M5 355 555 557  357 .05 - 0 4  TO 3 5 7  557 559 359 BV 
COVER M5 359 559  5 6 1  361 - 1 5  - 0 7  e l 0  .J TC 3 6 1  561 563 363 BY 
COVER M5 553 653  5 5 1  . I 5  .C7 9 1 1  - 3 6  
COVER M5 553 653  655  555 .15 - 0 7  - 1 1  - 0 6  
COVER MS 555 6 5 5  6 5 6  556 - 1 5  - 0 7  - 1 1  m06 TO 562 a62 603 563 
COV ER M5 6 5 7  757 6 5 6  - 0 4  
COVER M5 6 5 7  757 7 5 8  658  .04 T G  662  762 763 bb3 
*/ HORIZONTAL TAIL / 
S P A R  ~5 279  8 7 9  .05 .6 / 
SPAR MS 879 979  - 0 5  - 6  / 
SPAR M5 2 8 1  8 8 1  - 0 2 5  - 9  / 
SPAR MS E81 9 8 1  - 0 2 5  a 9  / 
SPAR M5 283  883  - 0 2 5  .8 / 
SPAR I45 883 983  .025 - 8  / 
SPAR - ' S  285 885 - 1 0  1.3 / 
SPAR M5 885 985 a 1 0  1.3 / 
SPAR M5 879 8 8 1  .35 - 6  TO 883 885  BY 2 2 / 
SPAR M5 979 9 8 1  a05 - 6  Tfl 983 985  B Y  2 2 / 
COVER M5 2 7 9  879 8 9 1  281 - 0 8  / 
*+2 0 0  2 * = 3  0. / 
COVER M5 879 979 9 8 1  881 eC35 / 
*+z 0 0 2 * = 3  0. / 
* I  WING F I N  / 



S P A R  ns 1156 1256  -025  .s  TO 1256  13sb B V  ~ C O  109 / 
SPAR US 1158 1258  .ozs .5 TO 1258 1358 a~ ~ c o  l o o  
SPAR H5 1161 1261  - 0 2 5  .5 TO 1 2 6 1  1361 B Y  I *O  LO!? / 
SPAR M 5  1163 1263 .025 - 5  TO 1263 1343 6 V  100  1'3Q / 
SPAR M5 1256 1258 .025 - 5  TO 1356  1358 b V  103 100 / 
SPA; M5 1258 1 2 6 1  ,025 a5 TO 1358  1361 B V  100 130 1 
SPAR M5 1261  1263 a025 e5 TO 1361  1363 b Y  100 100 1 
COVER U5 1156 1256 1258 1158 a025 TO 1256 1356 135R 1259 

O Y  100 LC0 100 !CJ / 
COVER M5 1158 l b 5 @  1261 1161  -025  TO 1258 1358 1361 1 2 6 1  

BY 100 100 LOO LC0 / 
COVER M S  1161 1261  1263 1163 a025 TO 1261 1361  1363 1263 

BY 100 100 100 100 / 
*/ V E P T f C A L  T A I L  / 
COVER M5 85 1Je5  1087 97 .O C.C35 / 
BEAH ns 8 s  l o a s  0.5 0.1 c.1 50. 5 .  5c .  / 
9EAM U5 1-5 LC87 0.5 3.1 0.1 50. 50.  50. I 
BEAM Y5 8 7  1087 0.5 0.1 C . 1  50. 5 0 .  50. / 
*/ BODY / 
* S T R I N G E P S  / 
RCD M5 1 3 2.37 TO 23 25 3 Y  2 2 / 
*+2 0 0 13C 100  0. 3 !C@ 100 C C C / 
* + l  0  *=3 C. 0  *=5 / 
POD M5 2 5 2 7 4 .  T O * 3 4 5 t 3 V 2 2 /  
*+2 o o ion l o o  o. o l c o  l o c  c o 
*+A 9 *=3 0. 3 *=5 / 
ROD US 45 47 5.35 TC 6 7  6 9  A Y  2 2 / 
*+2 0 0 i O C  1 0 0  0. 0 LC3 10C 0 C 0 / 
*+1 0 *=3 0. 0  *=5  / 
ROD M 5  6 9  71 4. T O  75 77 R Y  2 2 / 
*+2 0 0  100  1 0 0  '3. 0  LC3 1 O C  C C 0  / 
*+L O *=3 C. 0  *.5 / 
ROO MJ 77  79 2.37 TO 87 89  B Y  2 2 / 
*+2 G o 100 l c n  C .  o L C O  10: o o o / 
* + 1  0 *=3 C. C * = 5  / 
S P L A T E  M5 1 3 2C3 2 0 1  .'?4 TO 2 5  2 7  227  225 B Y  2 a.3 / 
S P L A T E  Y5 201  2C3 103 1 0 1  - 0 4  TO 225 227 127 125 ** / 
S P L A T E  M5 27 29 229 227 .C6 T0 43 4 5  245 243 ** / 
S Y L A T E  M5 227 229 129 127  - 0 6  TO 243 245  145 143 ** / 
S P L A T E  ,XS 45 47 247 245 .38 TO 67 6 9  269 267 ** / 
S P L A T E  MS 245 247 147 145 - 3 8  TO 267 2 6 s  169 167 ** / 
S P L A T E  9 5  69 71 271  269  -06 TO 75 77  277 275 ** / 
S P C A T E  '45 269 271 171 165 - 0 6  7 0  275 2 7 7  177 175 ** / 
S P L A T E  '45 77 79 279 277 - 0 4  TO 87 89 289 287 ** / 
S P L A T E  '45 277 279 179 177 .04 TO 287 28S 189 187 ** / 
*/ 0ODY FRAMES / 
BEAM M5 1 2 0 1  3. '3. 0. 59. 50. 50. TO 2 7  2 2 7  BY 2 2 1 
*+1 0 0 100 0 ?. *=5 3 10C O * = 3  / 
e E a n  ~5 2 s  229  4.5 43. 0. 53. 50. 50. TO 4 5  245 B Y  2 z I 
*+1  0 0  100 0 0. *=5 3 100 C * = 3  / 
BEAM Y5 4 7  247  6. 3 .  C. 50. 50. 5C. TO 6 9  2 6 9  B Y  2 2 / 
*+1 0 0 100 0 0. * = 5  0 100 0 * = 3  / 
BEAM M5 7 1  271  4.5 0. C. 50. 50. 50. 10 7 7  277  B Y  2  2  1 
*+1 0 0  100 J 0. * = 5  0 13C C * = 3  / 
BEAM MS 79  279 3. 0. C. 50. 50. 50. TO 8 9  289  B Y  2 2 
* + L  0 0 100 3 0. * = 5  0 170 C * = 3  / 
BEAM 9 239 14.0 0. 0. 75. 75. 75. / 
*+I o 100 o n. *=5 
BEAM 27 227 14.0 0. 0. 75. 75. 75. / 
* + I  0 100 C 3. *=5  / 
BEAM 4 5  245 62. C . 451. 450. 450. / 
*+1 0 130 C 0. *=5 / 
BEAM 55 255 62. 0.  0. 450. 450. 455. / 
* + I  0  1 0 0  0 0. * = S  / 
BEAM 6 3  2 6 3  6 2 .  9. 3 450. 450. 453. / 
* + 1  0 100 0 0. *=5 / 
BEAM 79  279 14. 0. 0. 75. 75. 75. / 
* + I  0  1C3 C 3. * a 5  / 
B E b H  8 5  285 14. 3. 0. 75. 75. 75. i 

* + I  0  100 0 0. *=5 / 



r/ ATTACHMENT OF Y t r t G  FIN 1 
etrn 2 5 6 5 0  1156 663 i. 9. C. .,I .I .i / 
BEAM 25  b58 1158 563 1. C. C. - 1  e l  .1 / 
BEAM 2 5 6 6 1  1161 663 1. 0. C. .I 0 1  - 1  / 
BEAM 25 663 1163 661 1. 3. C. 1 .1 . I  / 
BEAM 25 656 658 10. 0. 0. 100. LOC. 10''. 
BEAM 2 5  658 661 10. 0. 0. 10C. 1Qc. 130. 
BEAN 2 5  661 663 10. 0. 0. 19'3. !JC. 13C. 
BEAM 25 89 289 0. 0. 0. iCr33. * r L  / 
BEAN 25 189 289 *+ / 
END ELEMENT DATA / 
EN0 S T I F F N E S S  O A T A  / 
8 E G I N  8 C  DATA / 
*/OPOEP BODY I F I N *  Y ING-F I N  , W  I N G  HORIZONTAL T A I L  
STAGE 1 / 

d E T A I N  T I  FOR 3 9 15 23 31 39  45 53 61  6 7  75 83 87 85  1035 1'?07 / 
R E T A I N  TZ T Y  FOP 1156 1356 1358  11S9 1161 1361 1363 1163 / 
@ E T A I N  T Z  FOR 223 331 231 337 237 245 355 255 363 263 

267 543 345 551 349 555 563 656 659 663 
763 761 763 359 559 b61  762 279 979 981  
281  283 983 985 2 8 5  / 

SuPPJRT rx rz R Y  FOP R P  I 
SUPPb'!T ASYH I N  SURFACE 2 THR?UGH 1 / 

STAGECZ 1 
R E T A I N  TY TZ FOR 3 9 15  23 31  39 45  53 61  67  75 83 87 
R E T A I N  TZ TY FnR 85 1085 1C87 
R E T A I f i  f ?  TY I-09 1156 1356 1359 1158 1161 1361 1363 1153 
R E T A I N  t Z  FOR 223 331  231 337 237 2 1 5  355 255 363 263 

267 543 345 551 349 555 563 656 659 063 
76C 761 763 353  559 661  7-52 27? Q79 981 
291  283 983 985 285 

SUPPORT T X  T Y  TZ R X  RY R L  FOR 89 
SUPPORT s r n M  IN SURFACE 2 T n P o u t n  1 

END bC OATA / 
BEGIN nnss D A T A  
B E G I N  CON71T I O N  DATA 

STAGE I C O N D I T I O N  1 7 3 1 
END CONDtT ION DATA 
B E G I N  MASS ELEHFNT DATA / 

PLATF F2 8-1 6001 60P2 6022 3495. 
PLATE F2 8-2 6b02 6003 6023 6022 5955. 
PLATE F2 0-3 6003 60% 6024 0023 2589. 
PLATE F2 8-4 bC'J4 6015 6G25 bPL4 3441'. 
PLATE F2 6 - 5  6005 aSC6 6026 oC25 5420, 
P L A T F F Z  8-6 6 3 0 6 6 Y C l 7 6 0 2 7 b P 2 6  32CO. 
PLAYE FZ b-7 6007 6CdE 6028 6327 33C6. 
PLATE F2  0-8 5OC8 60C9 6929 6328 4346. 
PLATE F2 0 - 9  bQ09 6019 6330 6029 4507. 
PLATE FZ 8-10 15310 6 C l l  6C31 6030 4486. 
PLATE F Z  8-11 b o l l  6C l2  6032 6331 3619. 
PLATE F Z  8-12 6012 6013 6033 6032 473'3. 
PLAFE F2 8-13 6313 6CI4 6034 6033 3982. 
PLATE F2 8-14 6014 6015 6035 6034 947. 
PLATE F2 8-15 6315 6C16 6036 0035 1788. 
PLATE FZ U-1 6100 6101 6121 6120 768, 
PLATE FZ W-2 6131 61'72 6122 6121 1151. 
PLATE F2 W-3 6102 6193 6123 6122 1667, 
PLATE F2 W-4 6103 6104 6124 6123 1112. 
PLATE F2 W-5 6104 6135 6125 a124 1190. 
PLATE F Z  W-6 6135 6136 6126 6125 1659. 
PLATE F2 U-7 6106 6107 6127 6126 19AB. 
PLATE F2 W-8 6107 6108 6128 6127 2467. 
PLATE F 2  W-9 6108 6109 6129 6128 1335. 
PLATE F Z  W-10 b109 b110 6130 6129 338. 
PLATE FZ id-11 b l Z d  6121 6141 6140 795.  
PLATE F2 W-12 6121 6122 6142 6141 1415. 
PLATE F2 Y-13 6122 6123 6143 614 ' 813. 
PLATE F 2  U-14 6123 6124 6144 6143 1259. 
PLATE F 2  W-15 6124 6125 6145 6144 1248. 
P L d T E  F2 #-'I6 6125 6126 6146 6145 1720. 
PLATE F2 U-17 6126 6127 6147 6146 1494. 
PLATE F2 W - l $  6127 4128 6148 6147 13880 
PLATE F Z  W-19 6128 6129 6149 6148 498. 



PLATE FZ 
PLATE F 2  
PLATE F Z  
PLATE F 2  
PLATt  F 2  
PLATE F 2  
PLATE C 2  
PLATF F 2  
P L A l F  F 2  
PLATE F 2  
PLATE F 2  
PLATF F 2  
PLATE F Z  
PLATE F 2  
PLATE F 2  
PLATE F 2  
PLATE F 2  
PLATE F Z  
PLATE FZ  
PLATF F 2  
PLATE FZ 
PLATE F Z  
PLATE F Z  
PLATE F Z  
PLATE F 2  
PLATE F 2  
PLATF F 2  
PLATE FZ 
PLATE F 2  
PLATE FZ  
PLATE F 2  
PLATE F 2  
PLATE F2 
PL4TF F 2  
PLATE F 2  
DLATE F 2  
PLATE F 2  
PLATE F 2  
PLATE Flt 
PLATE FZ  
PLATE F 2  
P L I T F  F 2  
PLATE F2 
PLATE F Z  
P L I T E  F 2  
P. TE FL. 
PLAT€ F 2  
PLATE F 2  
PLATE F 2  
PLATE F 2  
PLATE FZ  
PLATE F2 
PL4TE F 2  
PLATE F: 
PLATE FZ 
PLATE FZ 
PLATE F 2  
PLATE FZ 
PLATE F 2  

*/ PLATES R E P R E  
PLATE F 2  
PLATE F 2  
PLATE FZ 
PLATE F 2  
PLATE F2  
PLATE F2 
PLATE F2 
PLATE F2 
PLATE FZ 
PLATE F2 
PLATE F2 
PLATE F2 
PLATE F 2  

Y-20 
w-21 
w-22 
W-23 
w-2* 
b - 2 5  
b -26  
U-27 
U - 2 8  
Y-29 
d-30 
Y - 3 1  
U-32 
b -33  
u -34  
Y- 35 
W-36 
Y-37 
U-38 
w- 39 
h- 40 
w-41 
Y - 4 2  
3-43 
w-44 
9 - 4 5  
U-46 
u - 4 7  
Y - 4 c  
Y - - 9  
u- 5C 
d- -31 * -<2 
u-53 
h - 5 4  
Y - 5 s  
Y-56 
Y-57 
,-ia 
a-59 
u-60 
w-01 
Irl-62 
U-t.3 
W-64 
i l -65  
h-b6 
W-07 
W-a6 
U-69 
Y- 70 
Y-71 
Y-72 
J -73  
u - 7 4  
Y- 75 
Ill- 1 
HT- 2 
HT- 3 

iSEZJT ING 
F- 1 
F-2 
F-3 
F-4  
F- 5 
F-6 
F- 7 
F-R 
F-0  
F-13 
F -11  
F-12 
F- 1 3  



PLATE f 2  F-14 6145 6146 b l 6 b  6165 
PLATE F2 F-15 b147 6148 6168 6167 
PLATE F2 F-16 6148 6149 6169 6108 
PLATE FZ F-17 6149 615!! 617C 6169 
PLATE FZ F-18 6180 6181 6201 0200 
PLbTE F2 F-19 6184 6185 bTP5 6204 
PLATE F2 F-20 6185 6186 6206 6205 
PLATE FZ F-21 6186 6187 62C7 6206 
PLATE F2 F-22 6187 6188 62PP 6207 
PLATE 62  6-23 6188 6189 6239 6208 
PLATE F2 F-24 6200 6201 6221 6220 
PLATE FZ F-25 6204 6205 6225 6224 
PLATE FZ F-26 6205 u296 6226 6225 
PLATE F2 F-27 6206 6207 6227 6226 
PLATE F2 F-28 6207 62C8 bZZ I  a227 
PLATE FZ F-29 bZC0 6209 6229 6228 
PLATE F2 6-30 6220 6221 6241 62*0 
PLATE F 2 F-31 6224 0225 6245 a244 
PLATE F2 F-32 6225 6226 6246 6245 
PLATE F2 F-33 6226 6227 6247 6246 
PL4TE F2  F-34 6227 6228 6248 6247 
PLATE FZ F-35 0228 6229 6249 6248 

r /  PLATES FEPRFSEYTINC PAYLUAO 
PLATE F2 P-1 6302 6Cb3 6P23 bC22 
PLATE FZ P-2 6603 6034 602* 6023 
PLATE FZ P-3 6904 6005 6025 be24 
PLATE F2 P-4 aOO5 60Pb 6C26 6025 
PLATE F2 P-5 6C06 6307 6627 6026 
PLATE F2 P-6 6307 60?8 6028 6327 
PLATE FZ P-7 63C8 6009 6029 6028 
PLATE E2 P-8 6C09 6 C l C  6?3C 6529 
PLATE F 2  P-Q bJlC 6011 6331 603C 
PLATE F 2  P-10 0311 6312 6312 6031 
PLATE F 2  P-11 6Cl2 6013 6033 6032 

END MASS ELEMENT DATA / 
BEGIi4 CQNCENTRATEO MASS DATA 1 ! 

1156 125. / 
1356 lCO* / 
1358 100- / 
1158 12s. / 
1161 125. / 
1361 10C. / 
1363 100. / 
1163 125. / 
85 150- / 
87 150. / 
1J85 150- / 
1987 150. I 

EN0 CONCENTRAT ED M A S S  DATA I / 
BEGI* LUMPING DATA / 
LUMP r A S S  SUBSETS 1 A T  NODE SUBSET 1 / 
*tZ 0 0 0 1  0 0 0 1  / 
EN0 LUMPlNG O A T A  / 
SEGIN FACTOR DATA 

MASS FACTOR 32-11 / 
EXCLUDE STIFFNESS EL ENENTS 

END FACTOP DATA 
EYD nrss D A T A  1 
BEGIN SUBSET OEFINITION / 
SUBSETS OF NODAL SET 1 / 
k l  = 3 TO @7 / 
N2 = 223 TO 267 331 TO 763 / 
N3 = 279 281 283 295 919 981 983 935 / 
%5 = ALL / 
Nb = 6030 TO 6499 / 
EXCLUDE Nb FROM N 5  / 
N10 = 60C3 TO 6099 1 
N l l  = 6100 TO 6399 / 
MI2 = 6400 TO 6499 / 
SUBSETS OF STIFFNESS SET 1 I 
E l  = U L  I 



SUBSETS OF MASS SET  L I 
E l  I N  NIO / 
€2 I N  N l 1  
€3 - I N  NLZ I 
E4 ALL I 

END SUBSET OEF I N I T 1 0 1  1 
END PPOBLEM DATA / 
BEGIN SLENDER BODY D A I A  I 

0 . 0 .  1 1 1 1 3 1 2 Y L  / 
END OAT A / 
BEGIN V E I I I C A L  THIN B O D Y  OAIA / 

0 .  0 .  0. 1,570796 1 4  14  1 3 1 LC 2 Y  L I 
BEGIN PANEL D E F I N I T I O N  DATA / 

1 2 2 2 3 2 U l ) l  
END O A t A  I 
BEGIN VERTICAL TH:N BODV 0 4 1 6  1 

3.594.  0. 1 . 5 7 C 7 F b l T  1 7  0  8 3  17  ? Y  Z I 
UEGt N P INEL  DEF I N I T I O N  OATA / 

5 3 6 3 7 3 9 3 /  
4 3 3 3 6 3 5 3 /  
1 3 2 3 3 3 4 3 /  

EN@ DATA / 
BEG~'~HOFIZONIAL ~HIN IODY o a r n  / 

0 -  3 .  0. C- 3 33 0 27 19  33 L 1 
BEGIN PAYEL D E F I N I T I O N  DATA / 

1 4 2 4 3 4 0 0 /  
3 4 2 4 * 4 5 4 /  
5 4 4 4 1 3 0 0 4 I  
6 4 1 3  4 1 5  4  d c / 
8 4 1 5 4 7 4 3 /  
8 4 7 4 2 4 * O O /  
8 4 2 4 4 Q 4 1 9 4  / 

1 0 4 4 1 1  4 0 /  
4 4 1 2 4 1 3 4 0  / 

13  6 12 4 14 4  15 4  I 
1 5  4 1 4  4 1 0  4  7 * / 

7  4 1 6  4 2 5  4 2 4  4 / 
2 4  u 2 5  4 1 t  4  0 4  / 
1 4  4  18 4 1Q 4 16 4  / 
1 6  4  19 4 26 4 2 5  i / 
2 5  4  Zh 4 2 P  4  1 1  4  / 
IJ c  2 1  4  2: 4 19  4  
1 0  4  2 2  4 21 4 2 6 4  / 
2 6  4  2 7  4  23 G 23  4 / 

thO O A T A  I 
BEGlY H341ZfNT3L TUIh  900Y J A I A  / 

0. 0. 0 .  . b;? b e  C 8 3 0 3  1  2 / 
~ E G I N  PANFL D C F I X I T I ~  n J r A  I 

1 5 2 5 3 5 c 5 /  
4 5 3 5 6 > 5 5 /  
5 5 6 5 7 5 8 5 /  

END OATA I 
EbD F L E i S l A 8  DATA / 



BEGIN CONTROL MATRIX PUOGR4r( 0Em)Ob 
PROBLEll I D (  DEWOJ6 - FLEIST48-TO-A I L A S  I NTERFACE , VAHAT/VACISCh() 

C 
C PUPPOSE THE Pf i INCfPAC C A P A 8 1 L I I I E S  OEWGWSTPATEO I V  l H I S  
C DECK *RE 
C I l CLEXSTIB-10-4 TLAS I NTFPFACE 
C 2. SHEAR r nC?rFhT AN0 TCRSlCN CALCULATION V 1 4  
C VAWA T 
C 3- SUWWARV OF CE I T I C A L  LCAOS U S f  H; V I r S C N  
C 
C AUTHOR F a  P. GRAY 
C 
C CORE 130* (OCTAL) 
c 

D I M E N S I O N  F F T  t 3 0 0 J m F E T l I  550) rFETZ(SS0B rFET3 t5SOJ mFET+t5S9& 
t 

CALL F ~ L E A O D ( F E T ~ D A T A R N F  1 
C A L L  FFTAOO( Y V E S S F m F  E l l *  SSOm 1, CI I U U I  
C A L L  S T P E F I L  
P R t N T  M A f R l f t 0 4 T A R l y F 1 0 ~ * * * * * #  
REAP I Y P U V  
PERFORM R-STRESS 
PR I N T  O U T P U I ( L O A 0 S J  
P R I N T  OUTPUT( S TRESSES) 
P R I N T  OUTPUT( Of SPLACE J 
EXECUTE MASS 
PRINT OUTPUT (nAss.noc=noco.o*, SUMHAG VI 
C A L L  F I L E A O O t  F E T m O A T A R N F ~ M A S ~ N F J  
CALL FETA001SAVESSF ~ F F T 1 m S 5 0 . l ~ O ~ I R R I  
CALL FETADOf SAVESS1.F € T Z r S S O . l ~ O ~ I R k ~  
CALL F E T  AD01 S C O O S S F r F E T 3 * S S O ~  l * C *  I R R J  
CALL F E l A 0 0 (  S C 3 1 S S F ~ F E T 4 ~ S S O ~ l ~ O ~ I R R ~  
CALL v m r t  
CALL vknscru 
END 



./ MOPE2 / 
BECIY NODAL DATA 
1 20. 0. 1. to 9 34c 0. 1s. av 
101 20. a. -1. TO 109 342. c. -6s. @ v 
201 20. 1. 0. 10 209 340. 65. 0. 9V 
11 420. 0. 65- TO 83 3330. 3. 6 5 0  8V 
111 4200 0. -b50 m 189 3540. 0- -65. 8V 
211 620. 6 5 -  0. TCI 225 983. 05, C. BY 
265 2583. 65. 0 0 TO 277 3060. 65. 0. IlY 
287 3460- 6 5 .  6. 10 209 3540. 65. ?- BY 
*I WING COORO1NAlfS 
227 10600 65. 0.  26.25 TO '45 1780. 65. 0. 36.35 bV 
245 TO 255 ZIBC. 65. 0 .  28.8 av 
255 TO 263 2503. 6 5  9. 12.3 3V 
327 1360. 65. 0. 26.25 TO '41 1620. 265. 0. 8-85 9V 
4iS 1780. 195. 0. 22.65 T3  455 ZlRO. 195. 0. 20.15 aV 
541 lo'?. 265. 0-  8.85 TO 551 L.?bS. 455. 0.  5-75 9V 
a51 2205. 455. C. 5-75 TO 656 2545. 594. 0. 3.2  
756 2545. 594. 0. 3.2 TO 76'3 2975. 765. 3. o'j5 
760 10763 2995. 7a5, C. 1-8!1 
361 :O 355 2 255. 0. 20.15 9V 
355 m 363 2 c. 265. 0. 1 1 ~ 2 5  BV 
55 1 TO 559 2525. 455. '1. 1C.O 
559 TO 563 2585. 455. 0. 5." 
656 19 659 26050 594. 3. 4.85 
a59 TC663 2825. 59*. 0. 2.4; 
=I HOR IzorutaL TAIL 
27" 3140. 65. C. 1-8C 
179 3 1 ~ 3 .  85. 0. 1-90 To 979 3365. 200, C. 1.25 e v  lOc 
161 3223- 651 0. 4.25 
731 322Q. 050 9- 4-25 TO 901 3388. 203- 0 -  1-75 9 Y  1CC 
283 3303. 651 9. 4.55 
763 33CF. 65. 3. 4.55 TO cR3 3412. 29C. 0. 1.do BY ICO 
285 3386. 65. 3. 1-40 
785 3380. as. 3. 1.4C TO $95 3435. 20C. 0. .BO BY 100 
*/ VERTICAL TAIL 
REC REG1 0. 0. 9. 1. 0. 0-  Q- -1. 0. 
35 3380. 65. C. 3.25 
37 3460. 65. C. 2.43 
1085 3400, 160. C. 1.5C 
ICP7 350C. 140. C. 1.!?3 

UIYG FIN 
1lSu Z>C>. .I -506. 2.SC 10 1356 233f'. lOC. -59C. L.HJ 9 V  133 
1153 Z b 2 5 .  - 1  -504. 2.4C V 135e 2942.  100. -594. lo9C S Y  130 
I161 2145. - 1  -594. 2." TTC 1301 2859. 130. -594. 1.95 9 V  LO" 
1163 2825. - 1  - 5 0 4 .  2,PO 77 1363 2371). 100- -594. 2.05 5 V  130 
R E S U M E  GLORIL 
89 3541. 0. 6 5 .  

A I P L I ) A D  PAhEL NOCEb 
*/ 800Y 

5103 0. o. 3. TO 5112 3564. 0.  Q. 
5251 C . .  7b.1279 C. 
5252 2 9 7 .  26.1279 C. 
5253 207- 03.5215 C. 
5254 594. 6305215 C- 
52CZ 594- 65.1 C. TO 5212 3564- 65.1 0. 

*/ YING 
5409 741. 65.1 0.  10 5405 27150 65.1 0- 
5413 1017o7530 146.6 0. TO 5415 2705.9945 146.6 0 .  
562.3 1294.1665 229. 00 TO 5425 2697- 226- 0. 
3 1677.6854 341. C. 10 5435 272208855 4 0. 
544:! 2065- 455. 0. TO 5445 2749. 455. .3. 
5453 2487. 594. C. TI, 5455 2874e059 544. 30 
5465 2669047 690. 0. 10 54a5 2965.829q 6Cb. 0. 
5470 2884. 794- 0. TO 5475 3054. 7c4. 3. 

*I H O R T ~ I L  
5500 3i24. b5- 1 0. TO 5552 3417. 65.1 0.  
5513 3255.0804 146.6 0. TO 5512 3C*3.5144 146.6 0 .  
5520 3386. 228. 0. 10 5522 3464. 228. 0. 

*/ V E R T  WING F I N  
5313 2487. 594. 0. TO 5315 2880. 594. 134. 
5316 2b80.5 596. 0. l i l  5318 29lC. S94. 134. 
5319 2874.059 594. 0. TO 5321 29400 5940 134. 



*/ Y € t G M l P * N L L S -  bl#)V 
6091 0. 0- 0. TO 6016 3561. Co 9. 
6021 0- 65- 0. TO 6036 3561. 65. 0. - 

/ Y E I G H l  PANELS - a I N G  
6100 74l.Q 65.3 C. TO 6220 2407-0 594.0 0 0  81 20 
6100 M 626C 2487.0 S94.n 9- BY 8C 
6183 TO 62*0 2487.0 594.0 0. BY 23 
6263 TO 6323 2884.0 194.0 1). BY 20 
6113 2715.0 65.'' 3. TO 6170 2715.r) 329.5 0. RV 2C 
6189 2715.3 32315 C. M 6249 2674.0 594.0 0. d V  21) 

> 6266 Z874.0 594.0 C. TO 6320 3054.6 4 0  SV 20 
6100 TO 6110 

F - ,  *+3 20 0 20 
6180 TO 6189 

-3 20 0 20 
6260 r0 6266 

*+3 20 0 20 
r' 0 r C I c n r  PANELS - HOR T A I L  
j 6400 3124. 65.1 0- TO 6403 3417. 6501 0. 

6410 3386. 225.0 n. ro 6413 3-4. 228.0 0. 
*I Y E I G ~ T P I N E L S - V E P T F ~ N  

6501 3374.6 C. Q2.8 
6502 3472. C. 92.3 
6503 3458.7 0- 149.8 
6504 3514.6 3. 149.8 

*I U E I G H ~  PANELS - r I N C  vEur FIN 
6601 2487. 5940 0. TO 6603 2880. 594- 134. 
6604 2814.050 594. 0. TO 6606 2940. 594. 131. 

EN0 W D A L  CATA 
B E G I N  STIFFNESS DATA 
B E G I N  ELEMENT OATA 
+/ U I N C  SPARS 
SPAR W5 227 329 .Cb 1. 
SPAR M5 247 447 -1C 2.0 TO 253 453 B Y  2 2 
SPAR M5 329 331 .~6 1. f0 339 341 BV 2 2 
SPAR *S 341 543 006 1. 
SOAR M5 543 545 .~6 L. TO 549 551 BY 2 2 
SPAR ns 551 653 0 6  I. 
SPAR W5 653 655 -06 1. 
SPAR M J  655 656 006 10 
SPAR RS 656 757 006 1. 
SPAR ns 757  75e .c6 10 TO 759 760 
SPA9 M 5  Zb? 363 -2C 6. 
SPAR M5 362 563 017 U. 

SPAR k5 561  663 -15 40 
SPAR n5 66? 763 -15 2. 
SPAR n5 2 2 9  32s .I 1. TO 243 313 av 2 2 
SPAR rr5 24s +45 -1s L. 
S P ~  ~5 445 345 -18 I. 
SPAR n5 447 347 .I 2. TO 453 353 8r 2 2 
SPAR M5 255 455 -3 6- 
SPAR H5 455  353 03 6. 
SPAR 145 257 357 012 6. TC 261 361 B Y  2 2 
SPAR n5 3*3 543 - 1  1. TO 345 545 ~v z z 
SPAR M 5  347 547 - 1  2. TO 353 55' 8 V  Z 2 
SPAR V i  355 555 - 1  4. 
SPAR M5 357 537  0 1  5. TO 361 561 B Y  2 2  
SPAR -5 553 653 -06 2. TO 555 655 B Y  2 2 
SPAR M5 556 bS4 003 2. TO 562 662 
SPAR ~5 057 757 003 1. TO 662 762 

WlNG R I B S  
SPAR H5 445 447 17 2. TO 453 *55 BY 2 2 
SPAR Mj 3*1 343 .I0 1.5 TO 361 363 BY 2 2 
SPAR n5 5st 553 .IC 2. TO 553 555 av 2 2 
SPAR -5 5 5 5  55t 010 2. TO 502 563 
SPAR N5 656 657 -06 1. TO 662 663 
SPAR W5 7bC 761 1 7 TO 762 763 
*/ WING COVEfiS 
COVER M 5  229 329 227 -03 
COVER ~5 229 329 331 231 -03 TO 241 341 343 243 BY 2 * ~ 3  
COVER R5 243 343 445 245 -03 
CLWER M5 445 345 343 - 0 3  
COVER H5 245 247 447 444 -06 -9 TO 253 255 455 453 BV 2 **3 

-. _( L C . '  



COVER M5 445 345 347 447 0 0 3  10 453  353 355 655 
COVER H5 255 455 357 257 005 .07  
COVEA r s  455 355 357 - 0 5  . 0 7  
COVER 5 257 357 359 259 .$5 .C7 
COVER W5 259 359 3 b l  261 013 .07 011 - 9  TO 2 6 1  361 363 263  
COVER M5 343 543 341 .03 
CCV E R ~5 343 543 545 345 om 10 353 553 555 355 
COVER 5 355 555 537 357 .C5 - 04  TO 357 5 5 1  549  359  
COVER M5 359 559 561  361 -15  .C7 .LO - 0  T P 3 b l  561 563 3 ~ 3  
COVER r5 553 653  551  . I S  007  - 1 1  - 3 6  
COVER M5 553 653 655 555 - 1 5  .C7 - 1 1  e06 
COVER M 5  555 655 b56 556 . I 5  eC7 - 1 1  026 TO 562 b62 6 6 3  563 
COVER f45 657  757 656 m04 
COVEa US 6 5 7  757 758 658  - 0 4  TC 662  702 703 6 6 3  
*/ WORIZOlTdL TAIL 
SPAR M5 279  879  005 - 6  
SPAR MS 879  979 - 0 5  - 6  
SPAR M5 281  Cbl  a d 2 5  - 9  
SPAR '45 881 9 6 1  ,325 a 9  

SPAR M 5  283 893  .OLS - 8  
SPAR N5 883 983  ,025 - 8  
SPAR M5 285 885 . l o  1.3 
SPAR ns 885 985  .LO 1.3 
SPAR ns 879 8 6 1  .os 0 6  TO 083 88s B V  2 2 
SPAR MS 979 9 8 1  - 0 5  0 6  TO 983 a05 A V  2 2 
COVER M5 279 @7S 881 281 a08 
*+2 0 0 2 *=3 0. 
COVER MS 879  979  96 1 881 -035  
*+2 0 0 2 *=3 0. 
*/ WING F I N  
SPAR M5 1156 1256 - 0 2 5  0 5  10 1256 1356 8 V  1 0 0  100  
SPAR M5 1158 1258 ,025 0 5  TO 1258 1358 BY I f 0  1 0 3  
SPAR n 5  1161 1261 ,325 - 5  TO I 2 6 1  1361 R Y  109 130 
SPAR MS 1163 1263 ,025 - 5  TO 1263  1363 Bv 105 130 
SPAR Y S  1256 1258 .025 0 5  TO 1356  1358 R v  100 100 
SPAR M S  1259 1261 ,025 - 5  TO 1356 1361 B Y  1CO 100 
SPAR n5 1261 1263 .O25 - 5  TO 1361 I 3 6 3  B V  102 10C 
CCVER M 5  1156 1256 1258 1158 ,025 TO 1256 1356 1358 1258 

UV 100 LOO 100 1'22 
COVER M5 1153 1259 l 2 b l  1161 o C Z 5  TO 1253 1353 1361 1261 

8 V  100 100 1CO 1CO 
COVER HS 1161 1261 1263 1163 .?25 TO 1261 1361 1363 1263 

3V LOO LOO LC0 LC9 
*/ VERTICAL TAIL 
COVER MS a 5  1ce5 1087 87 .c 0,035 
SPAR r s  8 5  1095 6 .  0, . S  .O .J 
SPAR M5 87  LC87 ?. C .  - 5  - 3  .C 
SPAR H5 1085 1087 C. 0 .  - 5  -42 . O  
*/ dODV 
/ STRINGERS 
400 M 5  1 3 2.37 TO 23 25  d Y  2 2 
*+2 0 0 103 1CO 0. 0 1CS 1CC C f' 3 
* + l  Q *=3  3. 0 *=5 
POD ns 2s 27 4. r0 43 45  B Y  t 2 
*+2 O 9 100 102 P. C 1C3 LOG C C 0 
* + I  0 *=3  C. 0 2.5 
ROO MS 4s 47 5.35 TO 67 6 9  a v  2 z 
* + Z  0 3 100 10F 0. 0 1CC 10C 0 0 0 
* + I  0 * = 3  C.  0 * = 5  
400  M5 69  71 4. TO 75 77 9 V  2 2 
* + Z  C 0 IOP 103 9 .  0 153 1GC 0 9 C 
*+1 0 *=3 0. 0 4 -5  
KOO M5 77 79 2.3? TO 87 R 9  O V  2 2 
*+z 9 o 100 I n 0  c. o ICC ~ c c  c o o 
*+I 0 *.3 9. d *=5 
SPLATE MS 1 3 203 201 -34 1; 2 5  2 7  2 2 7  225 @ V  2 *=3  
SPLATE95 2 9 1 2 C 3  i C 3  101 .n+ T 0 2 2 5 2 2 7 1 2 7 1 2 5 * *  
SPLATE '45 27 29 229 227 036  TO 43 4 5  245 243 ** 
SPLbTE Y5 227 229 129 127 .,'6 TO LC1 245 1Q5 143 **  
SPLATE 35 45 47 247 245 .08 rfl 6 7  6 s  269 207 ** 
SPLATE M5 245 247 147 145 .08 TO 267 2 6 9  169 167 ** 
SPLATE 35 69 71 271 269 - 0 6  TO 75 7 7  277 275 ** 



SPLATE M 5  269 2 7 1  1 7 1  1 6 9  0 0 6  TO 275  2 7 7  177 175 ** 
SPLATE H5 77 79  279 277  0 0 4  10 8 7  8 9  289  287 ** 
SPLATE r 5  277 279 179 177 .04 TO 287 2 8 s  189  187 ** 
*/ 8OOY FRAMES 
BEAM ns I 201 3. ,J. 3. so. so. 30. to  2 1  2 2 7  R V  z 2 
*+I 0 0 LOO 3 6 .  0-5 C 13C 0 *=3 
BEAH M5 2 9  229 4.5 9. 0. 500 $0. 5C. TO 45 245 BY 2 2 
*+I 0 0 130  0 0. *=5 3 130  0 *=3 
BEAM MS 4 7  247  6. 0. '?a 53. 56. 5C. TO 6 9  2 6 9  R V  2 2 
*+1 3 0 100  0 0. *=5  C 1JO 0 *=3 
dEAr U5 7 1  2 7 1  4.5 3. C. 50. 50. SO. TO 7 7  277  RY 2 2 
* + I  0 0 IOC 0 0. * = S  0 100  C *=3 
BEA3 M5 79  279  3. 0. 5 .  50. 5C. 50. TO 8 9  269 BY 2 2 
*+l 0 0 13C 0 0. *=5 O 160  C *=3  
BEAM 9 209 14.C 9. 2. 75. 75. 75. 
*+l 0 109 0 0. *=5  
BtAM 2 7  227 16.0 0. 0 .  75. 75. 75. 
*+I 0 100 C 0. *=5  
BEAM 4 5  245 62. C. 3. 450. 450. 450. 
*+1 3 1 0 0  0 0. *=5 
BEAM 5 5  255 62. 0. 0. 450. 450. 450. 
*+I 0 100 0 0. *=5 
BEAM 6 3  263 62. 0. 0. 45C. 45J. 450. 
*+I 3 1 0 0  C a. *=5 
IEAM 79 279 14. C. C .  75. 75. 75. 
**I 0 100 1 0. *=5  
BEAM 8 5  285 14. 0. 3. 75. 75. 75. 
* + I  O 100 C O .  *=5 
*/ ATTACHMENT OF YINC F I N  
BEAM 25  6 5 6  1156 663 1. 0 0  C. - 1  -1  .1 
BEAM 25 658  I 1 5 8  663  1- 0. C. .1 e l  - 1  
BEAM 25  001 1161  663 1. C. C- - 1  -1  - 1  
0EAM 2 5  bb3 1163 b 6 1  i -  3. 0. -1  -1 - 1  
aEAM 2 5  656 658 LC. 0. 0 0  1OC. 100. 100. 
BEAM 2 5  658  6 6 1  10. 00 3. 1?C. 100. 10C. 
BEAU 2 3  6 6 1  663 10. 3. @. 10C. 13" iOCo 
BEAM 25 8 9  289 0. C *  C. LCCCC. *=2 
9EAM 25 189 269 ** 
EN0 ELEMEYT DATA 
END STIFF'4ESS DATA 
BEGIN bC DATA 
*/ORCER BODYr F INvdING-FI%rWING HOP IZONTAL TAIL  
STAGE 1 
RETAlN T2 WR 3 9 15 2 3  31  39 45 53 6 1  6 7  7 5  83 87 9 5  1085 1087  
SET AIN TZ TY FCR 1156 1356 135d 1158  1161 1 3 6 1  1363 1163 
?ETAIN TZ FOR 223 331  231 337 237 245  355 2 5 5  363 269 + 

267 543 345 551  349 555 563 6 5 6  659  653 + 
760 761 763 359 559 6 6 1  762 2 7 9  979 9 8 1  + 
281  263  $83 985 285 

SUPPORT T X  12 RV FOR 39 
SUPPORT ASVP I N  SURF4CE 2 TWOUGH 1 
END RC OATA 
BEGIN LOAD OAT4 
ST 4GE 1 
QE1D NODAL COACS FROM UATARNF C l T d  INOEx ESVKM*+ 
END LOAO OAT4 
BEGIN MASS DATA 
BEGIX CUNDIT ION OATA 

PANEL DATA 1 COVPITICN 1 
EN0 CONDlf ION OATA 
YEGIN MASS ELEMENT DATA 

PLATE F2 8-1 6001  6dC2 6022 3*95. 
PLATE F 2  8-2 6002  6303 6023 6322 5955. 
PLATE F 2  8-3 6003  63C4 6624 6023 2580. 
PLATE FZ 8-4 6094  6005 6025 6024 3**0. 
PLATE F2 8-5 6005  bOC6 6026 6n25 542C. 
PLATE FZ 3-6 6dnb 6307  6027  b"26 3780. 
PLATE F2 8-7 6CC7 6SC8 6028 6927  3306. 
PLATE FZ 8-8 6098 67C9 6C29 b028 4346. 
PLATE FZ 8-9 6009  b910 6030 6429  4577. 
PLATE F2 0-10 6013 6011  6 0 3 1  633C 4486. 
PLATE F2 8-11 6 0 1 1  6012 6032 6931  3619. 
PLATE FZ 8-12 6012  6613 bC33 6032 4730. 



P L A t t  F2 
PLATE F2 
PLATE FZ 
PLATE FZ 
PLATE FZ 
PLATE F 2  
PLATE FL 
PLATE FZ 
PLATE F 2  
PLATE FZ 
PLATE F 2  
PLATE F 2  
PLATE F 2  
PLATE F 2  
PLATE FZ 
PLATE F 2  
PLATE F2  
PLATE F 2  
Pl.ATE F 2  
PLATE C2 
PLATE F2 
PLATE F2  
PLATE F 2  
PLATE F 2  
PLATE F2 
o L A r E  F 2  
PLATE F 2  
PLATE F 2  
PLATE F2  
PLATE f 2  
PLATE F 2  
PLATE F2 
PLATE F2 
PLATE F2 
PLATE FZ 
PLATE F2  
PLATE F2  
PL4TE F2  
PLATE F 2  
PLATE F2  
PLATE F2 
PLATE F2  
PLATE FZ 
PLATE F2  
PLATE F2 
PLATE F 2  
PLATE F2  
PLATE F2 
PLATE F2  
PLATE FZ 
PLATE F2  
PLATE FZ 
PLATE F2 
PLATE F2 
PLATE F2 
PLATE FZ 
PLATE F2 
PLATE F2 
PLATE F2 
PLATE F2 
PLATE F2  
PLATE F 2  
PLATE F 2  
PLATE F 2  
PLATE F 2  
PLATE FZ 
PLATE F2  
PLATE F2 
PLATE FZ 
PLATE F 2  
PLATE F 2  
PLATE F2  
PLATE F2  

8-13 
6 -14  
8- 15 
VT- 1 
u- 1 
W-2 
U- 3 
Y-4 
W- 5 
u-6 
W- 7 
W-8 
W-9 
W- 10 
W - 1 1  
W-12 
W- 1 3  
W- 1 4  
W-15 
W- 16 
W-17 
W- 1 8  
Y- 1 0  
W-20 
W-21 
w-22 
W-23 
W- 2 4  
W-25 
W-26 
W-27 
U-28 
W-29 
W-30 
U-31  
W- 3 2  
W-33 
W-34 
u-35 
n- 3 6  
Y-37 
W-36 
W-39 
u-40 
U-4 1 
W-42 
w-43 
W-44 
W-45 
W-46 
W-47 
W-48 
W-49 
W-50 
W-51 
W . 52  
W-53 
W-54 
W-55 
W-56 
W-57 
W-58 
W-59 
W-60 
U-6 1 
W-62 
Y-63 
W-64 
W-65 
k-60 
W- 6 7 
W-68 
W-69 



PLATE F Z  U-70 6300 63C1 6321 6320 184* 
PLATE F2 W-71 6301 0302 6322 6321 1b'Ya 
PLATE FZ U-72 63C2 6303 6323 6322 126. 
PLATE F2 W-73 6333 63C4 6324 6323 273. 
PLATE FZ Y-74 6304 6305 6325 6324 bbo 
PLATE F2 W-75 6305 6306 6326 6325 66. 
PLATE ~2 nr-I 6400 6401 6411 6410 283. 
PLATE F2 HT-2 6401 6402 6412 6411 212. 
PLATE F2 HT-3 6402 6403 6413 6412 522. 
PLATE F2 - 1  66C1 6602 b605 bbO* 500. 
PLATE F2 WF-2 6bn2 6663 6606 6605 400. 

*/ PLATES REPRESEhT I N 6  FUEL 
PLATE FZ F-1  6102 6103 6123 6122 129.6 
PLATE FZ F Z  6193 6104 6124 6123 8637.2 
PLATE F2 F-3 6104 6105 6125 6124 128SL.S 
PLATE FZ F-4 61G6 6107 6127 6126 5531.1 
PLATE FZ F-5 61n7 6 lC8  6128 6127 6919.3 
PLAlE 62 F-6 6108 b lC9  6129 6128 107.1 
PLATE F2 F-7 6124 6125 6145 6144 442.8 
PLATE F2 F-8 6125 6120 6146 6145 5450.7 
PLATE FZ f-9 b l 2 b  6127 6147 6146 0537.8 
PLATE F2 F-10 6128 6129 6149 6148 2604.5 
PLATE FZ F-11 6129 u130 015O 6149 4011.2 
PLATE FZ F-12 6 i 4 n  6141 6161 6110 5 7 6 2 . ~  
PLATE FZ F-13 6144 6145 6165 6164 1128.9 
PLATE F2 F-14 6145 6146 6166 6165 247C.2 
PLATE F2 F-15 6147 6148 6168 6167 1825.8 
PLATE F 2  F-16 6148 6149 6169 6168 4994.1 
PLATE F2 F-17 6149 6150 6170 b169 2341.4 
PLATE F2 F-18 6183 0131 6201 629@ 3598.6 
PLATE F2 F-19 6184 6185 6235 62C4 25e.5 
PLATE FZ F-20 6185 6186 6206 6235 1691.6 
PLATE F2 F-21 6186 6187 6297 62% 3248.9 
PLPTE F2 F-22 0187 6188 6208 62C7 2531.5 
PLATE F2 F-23 6183 5109 6209 6208 4235.3 
PLATE F2 F-24 6200 6201 6221 6220 775.4 
PLATE FZ F-25 6204 6205 6225 6224 C57.3 
FLATE F2 F-26 6295 6206 6226 6225 1190.8 
PLATE F2 F Z 7  6206 6207 6227 6226 1393.2 
PLATE FZ F-28 6227 62C6 6228 6227 1501.2 
PLATE F2 F-29 620d 6209 6Z29 622@ 1555.2 
PLATE FZ F-30 6223 6221 6241 624C 140.4 
PLATE F2 F-31 6224 6225 6245 0244 54.0 
PLATE F2 F-32 6225 0226 6246 6245 442.8 
PLATE F2 F-33 6226 6227 6247 6246 658.3 
PLPTE F2 F-34 6227 6228 6248 6247 648.3 
PLATE FZ F-35 6228 6229 6249 6246 583.2 

*/ PLATES REPPESENTINS PAYLOAD 
P L A f E F 2  P-1 6 0 0 2 6 0 0 3 6 3 2 3 6 3 2 2  680. 
PLATE FZ P-2 6003 bCO4 6024 6323 2295. 
PLATEF2 P-3 6 0 9 4 6 0 0 5 6 C 2 5 6 0 2 4  3585. 
PLATE F2 P-4 6005 60C6 6026 6325 22Ob. 
PLATE F2 p-5 6006 6007 6027 6026 3390. 
PLATE F2 P-6 6007 66Cd 6028 6327 3475. 
PLATE F2 P-7 6008 6009 6C?9 6922 7965. 
PLATE F Z  P-8 6009 6 c i o  6 2 3 ~  6729 zwn.  
PLATE FZ P-9 6010 6211 be31 6030 2125. 
PLATE F2 P-10 6 C l l  6012 6032 6031 2125. 
PLATE F2 P-11 6012 bP13 6C33 6032 1190. 

EN0 MASS ELEMENT DATA 
8EGlN PANEL DATA 1 

* I  BODY 
MASS SUBSETS 1 

DIRECTlON I 
1 5100 5251 5252 51C1 
2 5191 5253 5254 5102 
3 5202 5203 5103 5102 TO 12 

* I  CllNG F IN  
M A S S  SUBSETS 2 

EIPECTION V 
13 5313 5316 5317 5314 
14 5316 5319 5320 5317 
15 5314 5317 5318 5315 
16 5317 5320 5321 5318 



*f WING 
MASS SUBSETS 3 

DIRECTION 2 
17 5400 5401 5411 5410 TO 21 

*+6 5 1 0 8 . 3  0 5 
HOR TAIL 
MASS s u e s E t s  4 

DIPECTlON 2 
52 5500 5501 S S l i  5519 10 53 

*+ 1 2 10 8.3 C 2 

END PANEL DATA 1 
BEGIN FACTOR DATA 

EXCLUDE STIFFNESS ELEMENTS 
MASS FACTOR 32.17 

END FACTOR OATA 
END MASS O A T A  
BEGIN SUBSFT UEF 1NtT ION 
SUBSETS OF MASS SET 1 

N l  = 6001 r0 6036 6501 TO 6504 
E l  = ALL I N N 1  
NZ = 6601 TC 6606 
€ 2  = ALL I N  N2 
N3 = 6100 TO 6376  
E 3  = ALL I N  N3 
N4 * 6400 TO 6415 
E4 = ALL I N  N 4  

END SUBSET DEF lN IT tON 
END PPOBLEM DATA 
* I  nooEz I 
9EGIN VAWAT CAT4 
BOOY 12 2 2 
F I N  0 2 8 
I I N G - F I N  4 3 2 
dING 3 5 3 3 
HR-f AIL 4 3 3 

5 5 33 1 
6 1. 2 C 24 

13 16 2 5 3 3 
1. 0. .0030 1 
200. 3. .'lco01 
400 0. • 'loof' 1 
600 0. . 'ICOO 1 
800. 0 .  .OO001 
1000. C. . OCC9 1 
12C-3. C. .oooo 1 
1400. 0. .C200 1 
160G. 0. . OOCO 1 
1800 0. . OCO2 1 
2000. 0 • . OCOO 1 
3599. C . 0. 
3400 0. 0. 
3200. 0 .  0 .  
3000 0. 0. 
2800. 0. 0 .  
2600. 0. 0. 
2403. 0 • 0 .  
220J. c . 0. 
ZOCO. C. 'I. 
2985. 793. -99990 
2855.3 696. -9599. 
2720. 595. -9999. 
264108236 594. -9G990 
2718. 593. -9S9Q. 
2609. 525. -9999. 
2475.4 455. - 9999. 
2390. 398 -9999. 
2304.9 341. -9499. 
2220. 285. -9999. 
2136. 228 -9599. 
2030.7 146.6 -95990 
1925.4 65.1 -9999. 



. 3 

--..*.I ..-.-.- - I.. ,.. .... . 

* #  FORE BOOV f ** AFT BOOV # 
* #  OUTBOARO UlNG Z 
* #  WING F I N  f 
w *  I N B O A R C  W I N G  * 

# W O R I L O N T A L  S l A B I L  I Z E R  f 

11 20 2 3 2 4 3 3 3 
3 0 0 0 3 0 0 0 0 0 C 1 2 2 2 2 2 2 2 2 L 2 2 2 2 2 Z 2 Z 2 2 2 L  

14 
17 0 .  18 0. I F  C. 20  0 .  
2 2  0- 23  0- 2 4  0. 2 5  0. 
27 9. 29  0. 2 9  0. 32 C. 
33 0. 37  0 -  
17 51 O m  
5 2  55 0. 

MOCOO l A  
END v m A t  D A T A  
e w r v  VAMSCN onrn 
2 2 1  
1  
Z 1 

*#GROUP I - P A S S  If 
1 2  

*#GROUP 2 - P A S S  lf 

I 
*#GROUP 1 - P A S S  Z f  

1 2  
END VAMSCN D A T A  



CON1 ROL 
AND DATA 

ATLAS a 
FLEXISILITY 

Mhss 
DATA 

NASTAP 0 
, .-- 3#T--5g 

FLEXSTAB 

FLEXSTAB 11 
LOADS 

I ATLAS I 

STRESSES 

Figure 301 - 1 .  Schematic o f  ATLASIFLEXSTAB I n t e r f a c e  Demonstration 



Figure  301-2. Structural Model 



Figure 301 -3. Mass Model 
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Figure  301-4. Body Bending Moment 



302. ATLASrnSTRAN IN.' iRPACES (DECK 9) 

302-1 DESCRIPTION OF DWNSTRATION 

The method used t o  deraonstrate the ATLAS-NASTRAN i n t e r faces  
is shown schematically in f igure  302-1. An A'FLAS model 
consis t ing of ROD, BEAM, PLATE, SPLATE and GPL?iTE elements was 
prepared, Only nodal loads are applied. An ATLAS stress 
analys is  i s  performed and tk da ta  a r e  converted t o  NASTRAN ( ref ,  
201-1) bulk data .  Noncanvertible NASTRAN bulk data cards and t h e  
Executive and Case Control decks are added, This complete 
NASTRAN problem deck is then used t o  p e r f a m  a NHTRAN stress 
analysis .  

The complete NASTRAN bulk d a t a  deck is then processed through 
the NASTRAN-to-ATIAS interface.  The r e s u l t i n g  ATLAS data  deck is 
then used t o  perform a stress analysis .  

302.2 RESULTS 

NASTRAN detected no da ta  e r r o r s  while reading and checking 
t h e  bulk data  produced By the ATLAS-to-NASTMN interface, The 
stress analysis r e s u l t s  of the t w o  ATLAS executions are equal 
within t h e  accuracy of the data being convlerted. The NASTRAN 
stress analys is  r e s u l t s  agree with t h e  ATLAS r e s u l t s  as c lose ly  
a s  expected considering t h e  somewhat d i f f e r e n t  behavior of the 
NASTFUN and ATLAS p l a t e  elements. 



302.3 LISTING OF CONTROL PROGRAM AND DATA 

B L C ~ W  CONTROL MATRI rt P Q O G R A ~  OE~OOP 
PROBLEM ICtCEIY)OP - PACII I* ATLAS-10-NASTRW DATA CONVERSIOIYb 

c - 
c PURPOSE v n ~  PRIIIC~PAL CAPAII LIVIES UEMOWSTCATEO av VWIS 
C O E C I  M E  
C 1. ATLAS- IOINASTRAh 011. CChVEIS ICN 
C 2. NASTRAW-TO-AILAS C A l A  C C W E R S l C k  
C 
c aulnoll a, T A ~ E K U ~ I  
C 

C CCRE IUOK (OCTAL) 
C 

DIMENSION f E T t l O O * 5 j  
QlP4EMSIClN A l 1 2 0 0 1 . A 3 t 2 W 1 ~ A 4 1 2 0 0 1 ~ 4 5 ( ~ ~ 1  * A b t Z O o l  
INTEGER 0 3 1 -  STAGEeSET ' 
~ E A O  rwpur 
P R l  W l  INPUT I NODAL *SET-31 
P R I N T  INPUT(ST IFF I€SS*SET~~J  
P R I N T  ~ ~ P U T ( ~ C I S E T * ~ ~  
PEKFORM sracss ( SET-31 
PRtWT OUTPUT ID ISPLACE* IET=3 )  
P C I N T  OUTPUT (Sl*ESSES*SET-3) 
P R I N T  OUTPUT IRELCT IONS4 SET-3) 

C 
CALL F ~ L P ~ D D ( C E ~ ~ C A T ~ C W O M ~ R G R N F ~ M ~ S S P ~ ~ F ~ S T I F R N ~  r ~ ~ ~ ~ k n ~ )  
CALL FETAOO ( S ~ V E S S 1 e A I ~ Z 0 0 ~ 1 ~ O ~ I R R J  
CALL FETAOO ~ S C O O S S F ~ A 3 ~ 2 0 0 ~ 1 ~ 0 ~ 1 R R b  
c&L FETAbD ~ f C O 1 ~ ~ f ~ A 4 ~ ~ 0 0 . 1 ~ O ~ I R R J  
CALL FETADO ( S C O Z S S f ~ A 5 ~ 2 0 0 ~ 1 ~ 0 ~ I R R J  
CALL  FETACQ ISC33JSFeA6~200~l~O~lRRb 

C 
L O U T I  - SAVESSI 
L l l  - 3 L L l l  
L 2 1  - 3 L L 2 1  
L 3 1  - 3Ll.31 
0 3 1  - 3 1 0 3 1  
STACE - 1 
SET - 3 . 
NCONO 0 
NELEM A 
NlvOOE = 1 
NBCLO 1 
NM4SS = 0 

C 
CALL A ~ N ~ I S E T ~ N C O ~ D ~ W E L E M ~ K N C D E ~ N M ~ S S ~ L O U T ~  ~ ~ ~ ~ ~ ~ 1 ~ 1 1 1 ~ 2 1 ~ 1 3 1 ~ 0 3 1  

X*NBCLOt 
END COkTROL PIOCKAN - 



./ MODE2 / 
. BEGIN NODAL CATb 

SET 3 
1 0. 0. 0. TO 21 ZC. 0. 0. BY 10 
2 0. 10. oe TO 22 20. 10. 0. or L O  
3 0- 10- 10- TO 23 20- LtJ- 10-  8 V  1 0  
+ 0. 0. LO. TO 24 20. 0. AD. B V  10 

END NGGbL OATA 
8ECIN STIFFNESS OITA 
SET 3 
BEGIN ELEMENT DATb 
a00  1 I 1  3. 

. + A  0 1 1 0. 
ROD I1 2 1  2. 

- 3 0  1 1  0. 
BEAM NlOO 11 12 13 1. -2 -3  r 4  .5 06 

N l O l  I t 13 14 ** 
* NlOZ 13 14 11 ** 

N103 14 I 1  12 ** 
BEAM NlO4 1 11 22  *+ 

NIOS 2 12 1 ** 
N136 3 13 1 ** 
NLO? 4 14 1 ** 

NZOl 11 21 2 ** 
+ k202 12 22 1 ** 

N203 13 23 2 ** 
8 NZO* I 4  24 1 ** 
PLATEN110 L 11 1 2 2  -1 

N111 4 14 13 3 ** 
N112 11 21 22 12 -15 
N113 14 24 23  13 -20 
N l l 4  3 4 1C .05 

JPLATE N120 1 11 14 i -35 
N l 2 l  Z 12 13 3 -05 
N122 11 21 24 1% -07 
N123 12 22 23 13 007 

CPLATE k130 21 22 23 2 6  .Cb -06 301 
W4 1150 1131 1 1  12 14 -07  

N132 12 13 14 a01 
&C ELEMENT CATA 
END STIFFNESS 0ATb 
B€GIM BC C A T A  

SET 3 STAGE 1 
SUPPORT bLL FOR 1 TO ; 

END BE 0bT4 
BEGIN LOAOS O A T &  

SET 3 STAGE 1 
a E i I N  NOGAL LOO0 CAT4 
C I S €  CB 

21 TO 24 FX 1000. 
ENC NOOIL LOAD ObTA 

EN0 LGIDS DATA 
EN0 PAOBLEN DATA 



BEGIN CONTROL MATRIX PROGRAM O E M 0 9  
PICELEN IOICENO09 - P A P I  11 o NASTliAN-10-ATLAS 0 4 7 4  CONVERSION) 
DInENSION A1tl000~~A2t1000l~A3tlOOOJ 
CALL FEThCCI S C O O S S f r A l r 2 0 0 0 ~ 1 ~ 0 ~  t R k J  
CALL FETAOCl SCOISSF 1 A 2 n 1 0 0 0 . l r 0 1 1 R R J  
CALL F E T 4 0 0 t  S A V E S S Z ~ A 3 r i O O O * l r 3 ~  I R R J  
LOUTZ = S A V E S S ~  
CML N r s r A T C  ~ L O U T Z )  
END CONTROL PROGRAM 

6 E G l N  CO*~ROL PROGRAM DEMO09 
PROBLEN I 0 1  GEM009 - PART 111. ATLAS STRESS A N A L Y S I S ~  
READ INPUT 
PRINT 1NPUTtNODAL J 
PRINT l N P U T 1 S T t F F N E S S l  
PRINT fNPUTtBC8 
PERFORM STRESS t S E f = l l  
PRINT OUTPUT ~OISPLACE.SET=L 
POINT OUTPUI t S T R E S S E S * S E T = l l  
PRINT OUTPUf (REPCT IONS. S i T = l )  
EM0 CONTROL PROGRIN 
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Figure  302- 1 . Schematic o f  ATLASINASTRAN In te r face  De~nonstrat ion 



30 3. ATLASpASA-LaRC AIRPLANE CONFIGURATION PROGRAM 
INTERFACE (DECK 7 )  

303.1 DESCRIPTION OF DEMONSTRATION 

This  deck demonstrates t h e  d a t a  i n t e r f a c e  between ATLAS a.ld 
t h e  NASA-LaRC a i r p l a n e  conf igurat ion p l o t  program ( r e f .  303-1) 
and t h e  NASA Uero3ynamic Design and Analysis  System f o r  
Supersonic A i r c r a f t  ( r e f ,  303-2). The demonstration makes use of 
two a i rp l ane  conf igura t ions  documented i n  re fe rence  303-1, viz. ,  

. A cambered c i r c u l a r  body SST configurat ion ( f i g .  303-1) 

. A blended winq-body f i g h t e r  a i r c r a f t  ( f i g  . 303-3) 

These examples i l l u s t r a t e  each type of a i rp l ane  component t h a t  
can D e  defined by t h e  LaRC conf igura t ion  program. 

The demonstration proceeds as shown schemat ical ly  i n  f i g u r e  
303-5, The LaRC con£ igu ra t ion  p r q r a m  da t a  f o r  t h e  SST a i r c r a f t  
a r e  processed by t h e  ATIAS l i b r a r y  subrout ine  LRCGEOM t o  produce 
geometry data  i n  t h e  format expected by t h e  Geometry 
Preprocessor. Since t h e  SST is symmetrical about t h e  X-Z plane,  
each LaRC con£ igu ra t ion  component produces two ATLAS geometry 
components ( r i g h t  and l e f t  s i d e s ) .  The generated d a t a  a r e  read 
by the Geo~netry Preprocessor and s to red  on I?ATAiWF. ATLAS nodal 
da t a  defining t h e  model a r e  read by t h e  Nodal Preprocessor which 
in t e r roga t e s  t h e  geometry da t a  t o  o b t a i n  nodal coordinates.  
Surface nodes a r e  def ined f o r  the body and poa co:nponents , and 
mid-surface nodes are defined f o r  the wing, f i n  and canard 
components. The same process is  then repeated f o r  t h e  f i g h t e r  
a i r c r a f t .  

303.2 RESULTS 

Nodal coordinates f o r  both a i r c r a f t  w e r e  p r in ted  by t h e  Nodal 
Postprocessor and compared w i t h  t h e  o r i g i n a l  a i r p l a n e  
configuration datd t o  confirm t h e  c o r r e c t  operat ion of t h e  
interfa.ce. The ATLAS nodal data f o r  t h e  SSF a i r c r a f t  w e r e  
p l o t t a  and a r e  displayed i n  f igure  303-2. The ATLAS nodal da t a  
f o r  t h e  f i g h t e r  a i r c r a f t  a r e  displayed i n  f i g u r e  303-4. 



303.3 LISTING OF CONTROL PROGRAM AND DATA 

B E G I N  CCkTPFI .  M A T R i X  PROSHAY D E M O 0 7  
PRUBLEM I t ) (  O E M 0 0 7  - N A S A I L A R C  CONF I G U P A T I O N  PROGRAM I N T E m F A C E )  

PURPOSE THE PI( I N C I P A L  C A P A B I L I T I E S  0 6 I 4 G N S T P A T t D  BY T H I S  
DECK ARE 

1. N A S A I L A P C  C O N F I C U P A 1  I C N  PROGRAM-TO-ATLAS 
I P i T t R F A C E  

2 .  GEOYE r R Y  P R E P R O L E  SSOR 

AUTHOR W. L. O R E I S B A C H  

CORE 2OCk I O C T A L J  

C A L L  F I L E A D 0 1 A l r  S A V E S S I J  

S S T  C O N F I G U R A T I O N  

C A L L  LF C G F O ~ I  S L  I N P U T  r S A V E S S 1 )  
R t Y I N D  S P V E S S I  
kELD I N P U T 1  I x S A V E S f l J  
REAC 1rJPuT 
Pk I N T  I N P U T  ( N O D A L *  SE T r S J  
EXECUTE F X T k A C T (  E X I J A H E = S E T 5 * L S U B = N O D E  S r U S E T = 5 r N S U B = N 5 )  
EXECUTE CRAPHICSl ;YAME=NUDEPLUT~TYPE=IOPTHrPOIFiT~ * O F F L l N E = C A L C U ' 4 P r  

X R Z = b Q ~ h Y = 4 5 r P X = 3 ~ S I Z E = ( 3 0 ~ 2 0 ~  t E K N A M E = S E T b l  
PURGE F I L t S ( D A T A R N F  I 

C A L L  F ! L € A O D I  A i r  S A V E S S 1 )  
R E W I N D  S A V E S S I  
C A L L  L R C G E O E t  S L  I N P U T  r S A b E S S l )  
WEY l N D  S A V E S S 1  
R E A D  I N P U T  I I = S A V E S S l  ) 
R E A D  I N P U T  
P R I N T  I N P U T I N C D A L I S E T = ~ ~ I  
EXECUTE E N T A A C T ~ E A N A M E = S E T ~ O , L S U B = ~ O O E S ~ K S E T ~ ~ O ~ ~ ~ S U ~ = N ~ ~ J  
EXECUTE G P A P ~ I I C S I G N A M E = N O D E P L O T ~ ~ Y P E ~ ~ O R T H ~ P O I N T  J r S l Z E = 1 3 9 r Z O J  

X R Z ~ - 1 5 9 r R 1 = 3 5 r P X = O r E X h A H E ~ S € T l O J  
E N D  CONTPOL F k O G P A M  



S S 1  CONF IGUF A T  I O R  i l I T H  CANBCNLI)  C IRCCILAC d0r)Y 
A A - 1  1 1 3 0 1 2 1 3  1 1 7 2 6  2 10 3 11) 

9494. 
0. . I  0 6  1C.  23. 30. 40. 50. 00. 70. 
80- 90. 100. 
82.30 3.05 @. 183.10 
93.03 6.60 C. lL6.231 
114.199 9.99 -.45 142.351 
130.629 13.20 -1.40 124.673 
157.98 19.U5 -1.a5 S€.!17c 
~81.20 ~u.4.3 -1.15 7e.510 
202.41 33.00-035 61.241 
221.63 39-69 -1.6O 41.319 
239.18 40.213 -2.86 3t.719 
255.00 5L.UO -3.75 25-55 
269.23 59.49 -4.3C 15.07C 
282.00 66-00 -4.43 7.430 
3.60 3.70 3-90 3.73 2.75 -95  -1.35 -3-45 -5.33 -6.83 
-8.20 -9.10 -9.40 

010 -50 l.?F 2.00 2.10 1-26 -1.85 -3.25 -6.70 
-6.30 -7.70 -0.R.' 

0. -35 - 9 0  1.20 1-35 .70 -.LC -1.23 -2.35 -3.45 
-4.55 -5.75 -6.8C 
0. -165 .72 093 1.0 06875 -15 - .56 -1.35 -2.205 
-3.0 7 -3,937s-4-80 1 
0. .1C 045 063 a72 ,695 060 -5875 a.295 -.7825 
-1-15 -1.685 -2.173 
0. -05 0265 e42 05925 -625 047 -3125 -12 -a10 
-0345 -06175 -.84E9 
0. -04 -1935 . ? 7 ~ 5  03950 04395 a433C -3860 ,3095 -2375 

.0915 -. 0393 -. 1E2O 
0. .CZL5 - 1 C 8 5  .lo9 0249 -2989 a3135 -3040 o279U 02385 

1 5  -1235 e0563 
0. 002 e l055 -1SCO 0248 . -1958  0355 -311  .3OR 02995 

.2045 -2635 .2?85 
0. .Cod5 0349 02695 -1175 -144 e l55  0158 01595 .A505 

-1545 -148 -1398 
0. -0C03 -.il l4 -.?23 -0043 -0561 -0077 -.3Q0 -01035 -0110 
-e l155 -. 1199 -.122+ 
0, -.3C25 -.'I10 -0C17 -.0325-,047 -.062 -a375 -a088 -0103 
-01115 -. 1229 -. 1324 
0. 0304 -491 .JC3 1.0691.280 1.430 1.516 1.550 1.651 
1.162 -67'3 0.0 
0.0 ,265 a423 .710 .962 1.156 1.296 1.373 1,390 1.294 
1.028 -593 0.5 
0.0 ,226 ~ 3 3 8  0635 -889 1.079 1.204 1.272 1.263 1.136 

-886 .506 0.0 
0 • .?C4 0274 ,596 .870 1.074 1 -23  1eL53 1.234 lac83  

,832 ,472 0. 
0. 0144 r175 .!I59 0806 1.111 1.246 1.294 1.242 1.087 

-828 0466 0.0 
0.0 0066 r 0 9  -522 -886 1.145 1.289 1.541 1.205 1.125 

-852 -48 0. 
0.0 -006 0033 -4'35 -880 1.155 1.320 1.357 1.320 1.155 

.Bit0 0495 0.0 
0 .  -306 -033 -495 0880 1.155 1.320 1 - 3 5 ?  1.323 1.155 
- 8 0 0  .495 0.0 
0.0 ' e O 9 0  - 9 3 3  0695 .883 1.155 1.323 1.357 1.320 1.155 
.BOO 9 0. 
U.0 -936 - 0 3 3  ,495 -0U0 1.155 1,320 1.357 1.3Zn 1.155 
. B B O  .495 0. 
O.C .on6 .ON .495 . U ~ O  1.155 1.320 1.357 1.323 1.155 
. B C O  .'t95 0. 
0.0 6 3 -495 -080 1.155 1.329 1.351 1.320 1.155 
0800 e495 0. 

0. 20. 40. 0 , 60. 70.  80. 9 C .  1 123. 
130. 140. 159. 1CO. 190. 290. 229. 233. 249. 250. 
260. 270. 200. ? 3C5. 312. 
7.4 7.4 7.: 7.4 7.4 7.4 7. 6.15 5. 2.5 
1.25 0. -1.3 -2.5 -5, -7.45 -9.2 -9.75 -13. -10.15 
-10.2 -10.2 -10.2 -10.2 -10.2 -13.2 

P. F F A  
XAF 10 
XAF 13 
WAr.OPG 1 
kAC1JRG 2 . 
WAFilQG S 
hAFrlRC, 4 
WAFllPG 5 
WAF LIUG 6 
YAI-IIFC. 7 
MAFltUC 8 
kAFrlRti 9 
w A F i l P G l C  
WAFrtRG11 
WAF31PG12 
TI I !EI )  1 
TLCJWD 1 
TZDE ' )  2 
TZoc ' ,  2 
120P.U 3 
TLGCLI 3 
T I 0 I . u  4 
TZCUi )  4 
TLUfi!) 5 
T l U K O  5 
TLOPI)  6 
T 7 t i R D  6 
Ttrv.,)  7 
Tlurr) 7 
T l O P U  8 
T2Sk.r) 8 
TZl :L7 9 
T z O F n  9 
TCCSO 13 
TZCIHD lr? 
T l O P D  11 
T Z U P I )  11 
I LOPL)  1 2  
T z n p n  12 
k A f I I ! * D  1 
h'AFOQU 1 
c,AFour: 2 
kiAFrlaO 2 
k A F I I I *  0 3 
WAFClRD 3 
WAFCIf'D 4 
WAFI:NL, 4 
WAFrjPD !I 
h A F O P D  5 
hAFUPLi  h 
WAFOlcLl 6 
wAFCIHI? 7 
WAFUPU 7 
WAFORI) 8 
WAFOHD d 
kAf-c;kl) 
hbFnF 
b.Ac('hul? 
h Ak'I ' (0 1 7  
n 4 F O d ' l l  1 
h&f(;'i) 11 
C A F ~ J r ( l l l 2  
WAFird!!lZ 
x t-:1s I " 
xru\  7; 
x r u s  z b  
l C i J s  l ?  
Z k U S  2:. 
ZFUS 26 

It .;  
L2d 



0. 5 4 t t e  15. 93.  96. 9 5 . 5  92.2 95.5 96. 
98 .  100.7 101. qe. 09.5  7s. IS. cn.5 68.5 67.3 
62. 50.5 37. 24. 11.5 0. 
236.0 7.50 -11.55 
0. 4. 0. 12. 16. LO. 24. 2 8 .  32. 34.5 
2.292 2.477 2.644 2.791 2.915 3.612 3.076 3.J97 3.100 ,0130 
241.0 31.75 -3.60 
0. 4. 8 .  12. 16. 20. 24. 28 .  31. 34.5 
2.292 2.477 2.644 2.791 2.915 3.312 3.C76 30J97  3.139 3-10? 
252.0 47.0 -2.95 35.3 205.36 47.0 6.31 4.77 
0.0 10.0 20.5 3C. 40. 30. bC. 70. 90. 103. 
9.0 0.311 Q.5G4 0.759 3.097 5.977 C.999 2.927 C.427 I.? 
277.9 3 .  -6.77 35.3 311.3 0. 2.49 4.71 
0.0 10. 2 0 .  33. 4'2. 50. bC. 7G. 93. 100. 
0 I 3 ,311  C.564 0.759 O.CO7 9.977 C.999 0.927 O.*27 3 .C  
312. 0. -10.' 0. 277.9 3. -6.77 3 5 . 3  
0. 10. 20. 3C. 40. 50. 60. 70. 9r). 100. 
0. 0.311 '2.564 C.759 0.5'17 11.977 0.9(?9 C.927 (1.427 13.0 */ D t : i N T  IL~ I IES I-OH SST CONFlGUMaTlON -- kXbCPLE 1. / 
BEGIN NUOAL DATA / 

SLT 5 / 
*/ UEI-IhrE A LOCAL INPUT FRAYt  FOR i A i l 4  CECMETRY CdMPflhitr\T. / 

RFC H I k G R  0. 0. 0 .  1. 0. 0. 3. 0. 1. / 
R E C  WINGL 0. C. 0. 1. C. 0. '  0. 6 .  1. / 
RFC UCUYA C. C. :J. 0. -1. 0.  0. 0. 1. / 
REC P[r[)A(! 0 .  0 .  . 0. -1. 0. 0. C .  1. / 
RFC P30AL 0. 3.  C. 0. -1. C. 0. 0. 1. / 
RC.C F'I)UI{F 0. 3. 12. 0 .  -1. 0. 0. 0. 1. / 
R t C  PUOPL c. C. C .  5. -1. 0. 2. 0. 1. / 
R tC  F 1NAk 0 Q 6. I. 0. 0. 0. -1. C. / 
R E C  K I N A L  0 .  C .  C .  1. 0. 0. 0. -1. 0. / 
R r C  FINO C .  @ I  6. 1. C. C. 0. -1. C .  / 
R t C  I INC 0 0 2 -  I. 2 .  0. 0. -1. 3. / 

AFUS 13 
AFUS i!'? 
AFUS 21 
PC30kC I 
xwin I 
PI>Uh 1 
runrlliG 2 
kPnD 2 
P L J k  2 
F 1 t.lO!!C 1 
x F l r ;  1 
t !:.,!lYI! 1 
FlMOUG 2 
XF-LIZ 2 
F IUIJ;'L) 2 
r IPiUkG 3 
x F I r i  j 
F I W 7 D  3 

BEGIN EXTkACT / 
DCf I tJC MI[)-SUr'F.?CE VljOES FOR WlKG Cf?:4PGP;ENTS -- 13 NODES PER SFCTIOF: AS 
O E F I k f l l  HY l!al I;E,I?!LT~.Y !)ttT4. 1HI r i O l J t  S AWF LIICATFD SUCY THAT TH4Y 
ClJ lNCI[) t '  \ J I T I ?  Ttdk LLINGITUOINAL COIdTc J L  CUFVES OEFlhEO B Y  THE Fhk l C I 1  DAl  A 
KCCf'FCl I h  T l i i  CFCMCTRY DATA SLT. / 

CI-:YPCINFNT klF: tF / 
MIDSUltFACL r:I:CtS I t .  S F C I I ( N  71. 5-65  -1C. 290. 5 .05  -10. 73. 5.G> 70. / 

1 TO 13 OF .Cl1 - 5 0 5  9094 . I  * = 8  / 
MIDSUPFACF NUCFS I &  S F C T l l N  70. 6.b0 -10.  290. 6.60 -10. 70. 6.63 70. / 

14 TO 76 O f  .CS1 . C O >  -2'34 - 1  * = C  / 
MIOSUHFACF NIJLCS IN s i : t r r n ~ j  7c. 9.90 -10. 290. 9.90 -1c. 73. 9 . ~ 3  70. 

27 TO 3'; nf  .( ; I  . I > >  . C 0 4  .1 * = 3  / 
MIUSUkT.ACE N! lCFS I r d  S ~ C T I U ' J  7  3 -1C. 292. 13.2 -13. 70. 13.2 I C .  / 

40 TU 52 I l l  . C : l  . C ? 5  .O'ift  .1 *=8 / 
MIDSUHFACt NOCES Ih S f i T l ( , r l  70. 19.9 -10. 290. 19.8 -10. 70. lY.d 7C. / 

53 T f l  6 5  i)F .PC1 . C P 5  . ' l f ) 4  e l  * = O  / 
MIDSL/RFACt NIlCES I h  SCCTIOJ 70. 26.4 -1C. 293. 2 6 0 ~  -117. 73. 2 6 . 4  70. / 

b ~ ,  I L I  7 e n ~  . c ; i . a n >  . ~ 9 4  . I  * = a  / 
MIDSUFFACE r4:)l:ES Ih; SLCTIUV 7 C .  35.3 -:O. 2 9 ; .  33.5 -10. 73. 3 3 . 6  7C. / 

10 T O  91 ~ J F  .Ps?1 .01.)5 . L 9 ' t  .I * + d  / 
M1DSI;Rf-ACT NL?CES I F :  SELTICN 7 3 -1C. 29C. 3'7.6 -13. 73. 39.b 7C. / 

92 TI1 104 11r . ! ,^I  - 3 9 5  .374 e l  * = ! I  / 
MlDSUk.f-r,CF NL)OCs Ihc  S iCT I I t ' J  7% 'r6.2 -13. Z ' i C .  40.2 -10. 73. 46.2 In. / 

1 0 5  TO 117 !.IF .I Cl .0 '5 . 174 .1 * = U  / 
MIOSUkFACf. :dbCl-5 I K  < L C T I C h  7f'. 52.d -10. 2 9 3 .  52.3 -1n. 70. 52.6 7C. / 

118 10 l3r! '7f .C'i!l .3@5 .C94 e l  * = d  / 
MIDSUl(FACF N l l I L S  I k  S ' C T I I I J  7:. 59.4 - 1 L .  29C. 57.4 -11). 73. 59.4 70. / 

131 TI: 143 .( c i  .do5 .1?34 . i  * = B  
MlUSUkFACt  l d ~ l L t S  1 ' ~  SLCT IL r i  73. 66.6 -10. 293. 16.0 -10. 70. 66.3 7C,. / 

144 T O  156 O f  . C C 1  a 3 3 5  .G94 - 1  * = 8  / 
*/ / 

C0141'0rlEYT hl fdGL / 
M1DSURtAC.T NOI'FS lh' SI'CT1flt.l 7U. -5.05 -10. 295. -5.05 -10. 70. -5035 70. / 

201 TLI 2 1 3  dk . L C 1  .G55 9094 - 1  * = 3  / 
MIDSUPFACF UUllFS I f \  S t i T I L l %  70. -6.63 -1C. 295.  -6.63 -10. 70. -6.60 13. / 

2 1 4  T l l  2 2 6  O F  . C ? l  .C?35 .Co4 e l  * X U  / 
MlDSUWF4CE NOCES I N  S t L T I [ N  75. -9.90 - L C .  290. -9.90 -10. 70. -7.9C 75. / 

227 TI; 239 OF . C C l  .OG5 -694 . I  * * 6  / 

CWGrNAL PAGE " 

f'$ m r ,  ' ,  . , -  



MIDSURFALE NLlCFS I N  SCCTICN 10. -13.2 -10. 2990 -13.2 -10. 70. -13.2 70. / 
246 TO 252 I IF . C C l  .OJS -094 0 1  *=8 / 

MIOSUFFACE NOCES Ih  S E C l I O N  70. -19.6 -1C. 295. -19.8 -10- 10. -19.8 70. / 
253 TO 265 OF . O C l  .0C5 0994 0 1  *a@ / 

NlDSUWFACE NOCES I N  SCCTl( 'N 70. -26.4 -1C. 290. -26.4 -la.  70. -26.4 70. / 
266 T o  270 01 .c.:i .o05 .c94 .i *=8 

HIDSURFACE NUCES I N  St  CTI[ )N 70. -33.0 -1C. 292. -33.3 -10. TO. -33.0 73. / 
279 TO 291 OF .@Ol -035 oC94 0 1  * = 8  / 

MIDSUPFACE NOCES I N  S L C I l [ I N  70. -39.6 - L C .  290. -39.6 -100 70. -39.6 70. / 
292 10  304 JF .C,I 0035 e094 - 1  * = Y  / 

MlDSUCFACF Nl'CES I N  SL'CTIO:4 70. -46.2 -10. 293. -46.2 -10. 70. -46.2 70. / 
335 TO 317 1JF .OC1 - 0 2 5  0 9 4  1 *a8 / 

MIDSURFACC NODES I N  SECI1l .N 70. - 5 2 . 8  -1C. 2'100 -52.8 -10. 70. -52.6 7Ca / ' 
318 TO ?30 OF .CC1 .03j -094 . l  * = a  / 

Mf0SUf'FAC.E kOLCS I N  S € t : l l [  N 70. -59.4 -10. 293. -59.4 -10. 70. -59.4 70. / 
331 10 343 UF . C Z l  -035 oC94 a1 * = 8  / 

MIDSURFACE NOCtS I N  SECT IL I I ~  7C. -66.0 -10. 290. -66.0 -19. 70. -bo.O 70. / 
364 TO 356 i l k  -0'21 .a05 -094 - 1  *=8  / 

*I / * FEFIhE 30 EPIJAI LY-SPACED NnnES PER SECTION [IF THE BODY. / 
CUMPONEIJT LAI!D'~ A / 

SUMFACE tJODtS I N  SFCTION -6 .  1. -201 b. 1. -20. -6.  1. 15. / 
1001 i ! J  1039 / 

SURFACE YLICTS I N  S I C I I L N  -b. 20. -20. 6. 20. -20. -6. 20. 15. / 
1031 TO 1069 / 

SURFACE NOCES I N  SECTION -be 40. -20. 6. 40. -20. - 6 .  10. 15. / 
1061 TO 1090 1 

SUhFACE RUIJES I N  S f C T I C N  -6 ,  50. -20.  6 53. -20. -be 500 150 / 
1091 1 0  1121) 1 

Sukr-ACE YclCCS 11.1 S l ~ T l C ~ l ' d  -6. 60. -70.  6. 61). -23. -6. GO. 15. / 
1121 Trl 1153 / 

SUhr&CE r<UCES If< SFCTI t  N -6 .  7C. -20. 6. 70. -20.  -be  70. 15. / 

1161 TO 1 2 1 0  / 
SIJUI'ACE IJIICFS I N  SLCTICIN - 6  YO. -23. 6 .  90. -2~. -6. 90. 15. / 

1211 TO 1240 / 
SlJRl A C E  NI1CI.S I N  S i C T I t N  

1241 111 1770 / 
SIIUFACC' ML1l:f S I F 1  S!-CTI l  N 

1271 TO 13CO / 
C U R I A C E  Y O C F S  I N  SCCTIb:d 

1301 TO 1330 / 
SUWFACE L U f k S  Ih SECT ILN  

1331 10 1365 / 
SURFACE UUCES Ik' SCCTIUR 

13b1 TO 1373 / 
S U ~ I ' A C C  Yr:i;r:, IR SLLTII .N 

1391 TO 1423 / 
SURFACE kUC1.S I Q  SCCTION 

1421 TO 1450 / 
SURFACE N[ILES I N  S i C T I (  :J 

1451 TO 148d / 
SURFACE N t l L t S  I N  SICTI(a 'J 

l C D l  T O  1510 / 
SURI'ACF N0L:i.S I N  SfCT1C.N 

1511 TU 18>*0 / 
SULFACF N(?l 'FS I N  SI:CTIC N 

l b u l  10 1630 / 
SURFACE NUCES I N  SECTICN -6. 273. -20. 6. 270. -20. -6. 270. 15. / 

1631 TO 1Gb3 / 
SURFACE N[lCFS I N  S C i T I O N  -6. 280. - 2 C .  6 .  289. -20. -6 .  280. 15. / 

lb61 TO 1690 / 
SUkFACE NUCES I N  S k i 1  16'4 - 6 .  293. - 2 C .  6 290. -20. -b. 293 .  15. / 

1691 111 1720 / 
SURFACE hl:ICES I N  S E i l i O N  -b. 300. -20. 6. 300. -20. -6. 300. 15. / 

1721 TO 1750 / 



SURFACE N O D E S  I N  S E C T I 3 N  -6.  311. - 
1751 TO 17IlO 0 

*I / 
*I D E F l N t  25 E Q U A L L Y - S P A C E D  N O D E S  PER 

COMPONFNT POOAR / 
SUPFACE NUDES I t d  S E C T I L N  -20. 236.0 

2001 TO 7075 / 
S U R F A C f  EIOCFS I N  SECT I O N  -20. 240.0 

2026 TO 2050 / 
S U k k A C t  NODES I N  S E C T I [ N  -20. 244.U 

2051 10 2075 / 
SURFACC NcICES I N  S E C T I b N  -20. L4tl.8 

2076 TO 2100 I 
S U P F A C F  R L l C f S  I N  SECT I? IN  -20. 252.8 

2101 TO ? l Z >  / 
SUCFACk  Nt 'UES I N  S T C f l O N  -20. 226.0 

2126 TO 2150 / 
S U P F A L F  NOUES I N  SCCTIOi '4 -20. 260.8 

2151 TO 2175 / 
S U k F A C t  NIIUES I K  S t C T I L N  -20. Zb4.8 

2176 T O  2209 / 
SURFACF f~ t JL1 fS  I N  S E C T ~ C N  -20. 268.8 

2201 T C  2225 
S U R F A L k  GUCES I N  S C C T I O N  -20. 211.3 

322b T O  2253 / 
COHPONPNT ('ODAL / 
S U R F A C L  h U C E S  I N  SECT IO?4  4. 236.8 

2251 TO 2275 1 
S U R F A C f  I W C E S  IN S E C T I C I J  4. 240.8 

2276 TO 2330 / 
S U P C A C ~  NOCES IN SECTICN 4. 244.8 

2301 TO 2325 / 
SURFACE 1,;OCf.S I N  S C C T I [ t U  4. 248.0 

2326 T O  2359 / 
S U H F A C L  QL!CFS IF i  S E C T I O N  4. 252.8 

2351 TO 2375 / 
SURFACC NUCFS Ik S E C T I O N  4. 256.8 

4370 TO 2633 / 
SUWFAC' h U C E S  Ik  S E C T I C ~ J  4. 260.8 

2401 T U  2425 / 
S U R F b C F  N I i C E S  Ib! S f C T I C t N  4. 264.8 

2426 TIJ 2 ,513 / 
SURFACC 14OCLS I N  S E C T I P N  4. 268.8 

2451 TO 2475 / 
SURF!..;C h ~ l C t ' S  I &  S f C T I ( N  4. ' 271.3 

247b TP 25OO / 
CCMP0NEF;T POI)YP / 
S U W F A C l  N(!C€S I &  S F C T I O t J  -8.0 241.0 

25Cl T U  2525 / 
: SURFACE *!!ICES I N  S E C T I C N  -6.0 L45.0 

2526 iu 2550 / 
SURFACE NL'CFS I f 1  S :  b T I C N  -8 .0  249.0 

2551 T O  2575 / 
S U R F I C E  NOCLS Ih  S F C T I C  N -8.0 253.0 

2576 T U  2 6 C O  / 
SURFACL  NUCFS I N  S C C T I C N  -8.0 257.0 

2601 TO 2625 / 
SURFACF PlfJCES IN S E C T I C F I  -8.0 261.0 

2626 T O  2650 / 
S U P F A C t  I4LJCES fh S E C T l O Y  -5.3 265.0 

2651 rn zb75 
SU~FALI  Y n c c s  IN ZICTION -6.0 Z~I') .CJ 

2676 10 273C / 
SURFACE I I i j C E S  Ill SI.Sll [N - d o 0  273.0 

2701 T U  2725  / . S U R F b C F  NLlCES 1'4 S E t T l l N  -8.3 275.5 
2726 TO 2750 / 

S C C T I C N  OF E A C H  N A C E L L E .  / 

-13. -4. 236.8 -13. --20. 236.8 -2. / 

-13. -4. 240.8 -13. -20. 243.8 -2. / 

-13. -4. 244.8 -13. -20. 244 8 -2. / 

-13. -4. 248.8 -13. -20. 240.8 -2. / 

-11. -4. 252.8 -13. -20. 252.8 -2. / 

-13. -4. 256.6 - i s .  -20. 2ru.R -2. / 

-13. -4. 2GC.8 -13. -20. 263.8 -2. 1 

-13. -4. 264.8 -13. -20. 2b4.3 -2. / 

-13. -4. 268.8 -13. -23. 268.8 -2 .  / 

-13. -4. 271.3 -13. -23. 271.3 -2. / 



COHPONCNT PODOI . /  
SURFACF NlJnFS I N  SECTION 0. 241.0 -30.0 8 . J  241.0 -36.0 0. 241.0 -28./ 

2 1 5 1  TI, 7775 / 
S U L F A C ~  N ( I L ~ S  IN SLCTILN O. 245.0 -36.0 8.0 245.0 -36.0 o. 245.0 - 2 e . l  

2 7 7 6  TO 2 5 9 0  / 
SURFACE N(1CFS I &  SECTION 0. 249.0 ->boo 8.9 249.0 -36.0 0.  249.0 -28./ 

2031 Tr) 2!125 / 
SURFACE NUCES I N  S E C r l C N  C. 253.2 -36.0 G O O  253.3 -360.5 0 .  253.0 -2B./ 

2826 TO 2 0 5 4  / 
SURFACE NUCFS I &  SECTI l 'N  0 .  257.0 -36.0 8.0 257.0 -4be.3 0. -57.C -2!3./ 

2051 TO 2 6 1 2  / 
SURFACf VJCES I N  SECTlUN 3. 261.0 - 3 6 . ~ '  8.J 261.0 -36.0 0. 2 ~ 1 . 0  -2U./ 

2876 T f l  2 9 0 3  / 
SUliFACP I d O C t S  I N  SECT1I.N 0. Zb5.O -30.0 8.9 265.0 -3b.9 0. 205.0 -2C./ 

2901 TO 2925  / 
SURFACL NOCkS I N  SECTI[  N 0 .  269.3 -36.0 8.0 269.3 -34.3 0. 209.C -.?Be/ 

2926 TO 2950 / 
SURFACE NUCCS I N  SECT1i;N 0. 273.3 -36.3 8.9 273.0 -36.0 0. 273.0 -28 .1  

2951 TO 2775 / 
SURFACE NUCES I N  SECT1I:N 0. 275.5 -36.0 8.3 275.5 -36.3 0. 275.5 - Z O O /  

2976 TO 3COO / 
+/ D E F I N F  GIU-SUPFACE NLOES fUR F I N  C1J'4PLVFNTS -- 10 NlIDES PER S t C T I i J h  A S  

UEFIKFI )  UY TItE CEdWETPY i)ATA. THE '.t'CF S AF C LCCATED j U C l l  Tt4AT T t l E Y  
C O I N C I O t  i d I l t 4  THE Lf lhSlT11DINAL CONIk f I L  C U k V t S  OEF INED LY T t l t  ENSICH DATA 
RtCORO I N  THE CECMFTPY OA14 SET. / 

*/ / 
COMPl'NENT f INAH / 

MIOSUWCACE NUOFS IN SECTICN '39. -2 .9 j  -40. 30C. -2.95 -48. 2 5 0 .  -2.95 -45. / 
4001 T U  ti310 OF -1  * = 6  02 - 1  / 

MIDSUkFACf:  N[I*,+ES I N  SECT I l l 4  25'3. 014 -48. 300. 014 -48. 253. e l 4  - 4 2 0  / 
4011 1 0  4529 OF .I * m b  02 e l  / 

MIDSURFACE Y0I:CS I N  SFCTICY 25C. 3.23 -46. 3CO. 3.23 -48. 25C. 3.23 -45 .  / 
4021 T ( !  't333 OF 0 1  t s b  - 2  . I  . /  

NIDSULkACE NUCES I N  SECTII 'N 250. 6 -51  -48. 3CO. 6.31 -48. ?>Urn 6.31 -45. / 
4031 T O  41)40 CF .I * = 6  0 2  - 1  / 

CUMPil9LNT F I N A L  / 
MIDSUYTACL- NllCES IN a t C I I l V  25C. -2.95 4 5 .  300. -2.95 45. 250.  -2.95 48. / 

6041 TU 4050 OF e l  *+6 0 2  -1 / 
MIIISUWFACL: iIUCk'i I N  SLCTIC% 253 .  014  45. 3CO. 014 4 5 .  253. e l 4  4 8 .  / 

4051 10 4069 PF - 1  * = o  .2 .1 / 
MI3SURFACF kUCES I N  STCTIOPJ 259. 3.23 45. 3GC. 3.23 45. 253. 3.23 48. / 

4061 TO 4073 OF .I *nu e L  - 1  / 
MIOSURFACL NUCES IN s t c r i u ~ v  253. 6.31 45. 300. 6.31 45. 250. 6.31 C B .  / 

4371 TO 4080 OF .I * = b  02 e l  / */ / 
CQMPONFNT F I N R  / 

MIOSUWFbCF Ni11)tS If\' SECTI(J:I 270. -6.77 -1. 318. -6.77 -1. 270. -6.77 1. / 
50C1 T(1 5310 OF -1 * = 6  - 7  e l  / 

MIDSURFACE NOUFS I N  SECT llrti 270. ,-3.68 -1. 318. -3.68 -1. 273. -3.58 1. / 
5011 TO 5 0 2 3 O F  . l + e G  - 2  0 1  / 

MIDSUPFALL NOCtS I N  SCCTILN 270. -059  -1. 319. - . 5 9  -1. 273. -059 1. / 
5021 T O  5c30 C f  . I  * = I  -2  - 1  / 

K f O S J R F A C t  NUCFS Ih SECTI [N  270. 2.69 -1. 318. 2.49 -1. 2 7 9 .  2.4% 1. / 
5031 TO 5040 OF 01 * = b  02 01 / */ / 

COMPONENT F I N C  / 

HIDSURFACC NOOFS I N  S F C T I ~ I J  27C. -10.2 -1. 318. - 1 ~ 0 2  -1. 270. -10.2 1. 
3451 TO 5 0 6 0  OF .A * = b  02  .1 / 

MlDSUKFI.(;F FIIICFS lhr Sf'CTlI.pJ 2 1 C .  - ' l o 0 6  -1. 318. -0.96 -1. 27C. -9.qG 1. 
5ObI  T I !  5070  O F  * = b  .2 .! / 

H I D S U ~ F A L L  IJIII.ES IF!  SF(.Tl17ht 270. -1.92 -1. 316. -7.92 -1. 2f3?. -7.9? 1. / 
5 0 1 1  Tf! 5009 PF - 1  t = b  .% - 1  / 

MIDSUWFAL~ N ~ I C F S  IN S t C T l o t ~  270. -6 .77 - I .  316. -0.77 -1. z rn .  -6.17 I .  
5081 TO 5090 CF . I  *=(, -2  - 1  / 

END EXrPALT / 
END NODAL DATA / 
/ / 

a/ DEF1P;t: NCDE S l J R S C T S  FCX PRINT AND PLCT UISPLAYS. / 
S F G I N  SlJdir lT D T . F l N l T I L N  / 

SUBSETS i lk hCVAL SET 5 / 
NS r ALL / 

EN0  SUBSET OFF I N l T f Q N  / 
END P R O B L E M  UATA / 



ATLAS CEO*EfAV IN tERfACE 
S 19 1 10 

C E F A  
50. 60. ?Oo 80. XAF 13 

XAF 13 
bnPC 1 
wwc. 2 
WOkC 3 
troiic 4 
k 0 a G  5 
YnkC 6 
wovc 7 
WCPG 8 
iror(; 9 
k0PC 10 
YOPG 11 

5.0 4.8 4.2 3.2 k G P 0 1  
WORD 1 

3 5  3-36 2-94 2-24 YOU02 
Y W U  2 

3.0 2-88  2.52 1.92 wnwn r 
UOAt) 3 

2-5 2.4 2-1 1.6 WWD 4 
W O W 0  4 

2.5 2.4 2.1 1 6  N i R D  5 
W k O  5 

2.5 2.6 2.1 1-6 hOnD6 
w0fi0 a 

2.5 2.4 2. i  1.6 Y D C U 7  
YORO 7 

2.5 2.4 2.1 1.6 UOFD 8 
trnw a 

2.5 214 2.1 1.6 * O R O 9  
uowi) 9 

2-5 214 2.1 1.6 WURI) 10 
upel; IC 

2.5 2.4 2.1 1.6 hclfii? 11  
YOL!) 11 

20. 24. 28. 32. XFUS 10 
XFUS 15 

3. 3. 0. 0 . V 1 
0 .  d • 0. V 1 
3. J . 3. 0 . 2 1 
0. 3 .  0. 1 1  
.4?6 ,631 ,793 .8a? V 2 
. i24  -661 3. Y 2 
-9221 -0127 -0007 0. Z 2 
-331 0335 0336 I 2  
.985 1.177 1.394 I-+atl  Y 3 
0272 1 3. Y 3 
-0428 -0228 -.022 3. 2 3 

716 -735 0743 I 3  
1.3b3 1.66 1.924 2oaZS Y 4 
- 3 b 3  e l 6 5  3. Y 4 
-.sea -.273 -.367 3. 1 6  
0981 1-02 1-032 Z 4 
2.349 2 - C b b  2.769 2.905 Y 5 . b 0294  0. Y 5 
-.a82 -0473 -.035 0- L 5 
1.581 1,637 l.uS5 2 5 
2.475 1.3 3.0 3.3 Y 6 
0725 035  0. Y 1 

-1.*25 - L . C 5  -.5 0. Z 6 
2.2 2-09 2.95 2 t~ 

2-45 3.3 3.0 3.0 Y f  
-725 - 3 5  0. Y 7 
-1.05 -1.1 - 0 5  0. Y 7 
1.975 2.  2. 2 7 
3.2 3.3 3.0 3 Y 8  
0725 .35 0. Y n 



-2.0 -2.0 -2. -1. -1.95 -1.85 -1.5 1 0  -a5 0. 
5 1-05 1.5 8 5  1 9 5  2, 2-  2 . 2. 

0 a 3 -725 1 1  1 -65  I 3.9 B.2 3.3 3.0 
3.0 3-0 3.0 2 -15  1 6  1 -15  .72> - 3 5  0. 
-2.0 2 -2. -2. -1.Q5 -1.8 -1.5 -1.C4 - 0 5  0. 
-5  1.05 1 1.0 1 -95  2-  2 • 2- ' 2. 
0. - 3 %  7 2  1-15 1-65 L -15  3 - 2  3-0  3.3 3.0 
3.0 3 .0  3.0 2 1  1.G5 1.1') - 729  - 3 5  3. 
-2.0 -2.0 -2 -  - 2. -1.95 -1.6 -1.4 -1.C> -.5 0. 
.5 1.0s 1 . 5  1.8 1-95 2. a. 2. 2. 
0. 3 -I25 1.19 1.hS 2.1: 3.3 3 .0  3.3 3.0 
3.0 3.1' J - O  1 1 -09  1 -19  5 -15 0- 
-2.0 -2.0 -7- -2- - 1 -94  -1.8 - 1 .5  -1.05 -.S 0, 
- 5  1-05 1.5 1.8 1 . 9 ~  2-  ? a  2 • 2. 
0.  - 35  *72> 1.19 6 2 1  2.5 3.0 3.0 3.0 
3.0 3.C 2.5 2.15 5 1 5  - ? 2 5  3 0. 
0 - 2  -21  - 2. -1.7> -1.6 1 4  -1.05 -.5 0. 
- 5  1-05 1.4 1.8 1 9  2-  2. 2 • 2 .  
0 -  - 35  -725 1 -15  1-65 2-15 9.3 2.675 2.95 3.0 
2-95 2.875 2.5 2 lob5  1.15 7 - 3 5  @- 
-2.0 -2.0 -2. -2- -1.95 -1.0 -I.* -.Y75 - a 5  0 -  
-5  -915 1.4 1.8 1-35 2. 2. 2 .  2. 
0 . .  - 3 5  . 7?5  1.125 1.525 1.9 2.25 2 5  2.3 3-3  
2, 8 2-15 2.25 1.9 1 - 5 5  1oILS 2 - 3 5  3. 
-2.0 -2.3 -2. -1.95 -1.8 -1.6 -10275 -.9 - 5  0 -  
- 5  . -9 1.215 1 .  1.9 1.95 2. 2 . i. 
0. - 3 5  -725 1.1.5 1.525 1 - 9  2.25 2-55 2.0 3.0 
2.8 7-55 ? l l , ' ) t 5  l . l ? >  5 - 3 5  0. 
-2.0 -2.0 -2 .  - l . V ! J  - 1 . d  -1.6 - 1 . 2  -.Y -.> .. 

5 -S  1.275 1.6 1.8 1.95 2 .  2- 2.  
53.J?l 0. 2 .  1 . 1  2 1  r. d.CC3 0.129 
0, 10, .??. 3 1. 4 3. 53. o C -  1C.  R?. 103- 
0. . ) I  1 . 2  1.cU 1 9  u 1 .  1.aO 1.23 G .  
62.215 3. 0.4:\3 h.1c15 6 ' c . b C d  ('. 1 - 1 ;  3 .  
0 . I 91 .! 6 . fi. C?. 53. h". 10. C...,. ILC. 
0 -  - 7 2  1.2.; 1.06 1.QZ 2.b 1 1-23 C. 
fi5.7?4 0. -+.4t!k . !J1>.C2b 2 .  - 3 . ' :  J.433 
0, 13.72.' 29.  3 : .  45. 113, 6;. 10. n 6 . 2 7 ~  loo. 
0. 1-49 I i . q P  1 . ~ 9  1 . 4  1 .  1.39 1 . ~ 9  C. 
55-026 0. - l . ' J + t l  : 7 ?. - 2 - + : ~ 5  11 -473 
0. 13.I2C 23. 4:). 42. 530 OD. 1 3 .  A5.279 103g 
0 9 1-69 I '  1 4  1.40 1-69 1-49 1.4': 1.C" 5 .  
53.073 C. - 2 .455  11.*75 5.'.631 C .  2 1L.OGh 
0.  1 i. 122 2C. 33. C?. 50 .  O C -  73. 86.275 1OC. 
0 -  1 -69  1-49 1 - 4 9  9 1-49 1-49 1-99 1.49 0.  
57.4?3 3 - 1  I ) ,  9.3S7 ::b.HtrS I l . . i l t \  3 .  3.413 
0. 10. I ? -  3U. 4'. 53. 60.  70. 80. 130. 
0. .?c' 1 i.hb 1rq.? 2.C 1-92  1.0b 1 3. 
bb.YbR 11.315 J. 3 -41> t.3.115 12.419 0- 1 • 
0. 13. ? 2 .  30. 430 '>0. b i?. 83.  103. 
0 -  - 7 2  1.2C 1-06 1.92 2.3 A i -bf i  1.26 00 */ O i F  l k i  NC:nFS t Oh ALEhlUE3 blN(;-tji':lt f I C H I I  F -- i X A M I ' L t  2. / 

8EGIN NODAL O A l A  1 
sEr 10 

*I DFf. 1st' .l LOCN. IhPUr k f t 4 M C  F ( 1 I J  FACti (;E(.P! 1FY COFIPI;NE?~I. / 
H T C  W I f . ( ( * H  0. 0. 2.. 1. 2 3- t. L. 1. / 
H t C  UlhGl  C .  C. ?. 1. C. 0. C .  O. 1. / 
' - L C  , r , ' r lYA  3. 0. 3. 1. c. C. 0. 0. 1. / 
P t C  t l ; i A  0 .  0 .  C f .  1. C .  S -  C .  - - l o  0.  / 
M E C ~ I W  9 . a . s .  I. o. a. ('.-I. 0 . 1  
R t C  F I N L  3. 0 .  0. 1. * 0. 3. -1. C. / 
RCC fft;11 n. 3-  c ? -  1- 0 .  9 3 1 C. I 
R ~ C  I It!!. o .  C. C. I .  C. o . - 1  O. / 
RCC CA!ii . t )Ph 0. L.. 2 .  1. t l. 0. J. 6. 1. I 
WEC CnFr;DAC 0. 3. :. 1. " .. C. 0 .  1. I 
RLC CANRObP 0.  0. ' 0  1- C *  0. 0- 0 .  1. / 
PEC CAP;HI)BL '2. 0 0  7. 1. C. 0. 0 .  0.  1. / 

Y e  
L B 
v 9 

r 9  . 
v 9 
L 9 
v 10 

V 10 
v 10 
I LC 
Y 11 

v 11 
Y 11 
1 11  
Y 12 

r 12 
Y 12 
1 12 
r L3 

Y 13 
Y I 3  
L 13 
V 14 

v 1 C  
r 14 
L 14 
Y 15  

v 15 
v If, 
? 1 5  
v:.;'t; 1 
X r  I N  
f ; t . : l : t  0 
\ l i b . .  >; 2 
a t  1 %  
t l > , i l : : l *  
vcac. 3 



BEGIN LXTRACT / 
*I DEFINE MlF-SUPFACE &nDES FOR WIt;C COMPOkEkTS -- 13 NODES PEA SFCTIUN AS 

OFFINLO 87 l t l E  GEU9fTLY OAT&. T t i i  ,\1I)DES 4 t C  LCCATFfI SUCY TbtAT THEY 
COlNClUk h lTt4 THE Ll!NGIIUO1NAL cURTR(iL CWVLS OEFINED tJV THE EN8lCH OATA 
RtClrk l )  1k THE GhCYETRY D I l A  SkT. / 

COHPUNENT LtNCC / 
HlDSUdtbCE hCl)ES 1N SECI ION 13. 3.3 -1. 5%- 3.0 -1. 13. 3.0 29- / 

I TO I ?  OF .('05 - 095  01 en7 -93 0 0 5  / 
NIDSU~FACE t ~ c u ~ s  IN SECI tun 13. 4.0 -1. 5s. 4.0 -1. 13. 4.0 20. / 

14 10 26 OF o O t 5  . ( a 9 5  01 *=7 -35 -05  / 
NICSUEF4CE WOES I N  3TCf 10N 13. 5 - 1  55- 5.0 -1. 13. 5.C 20. / 

27 TO 3 9  UF .PC5 0095 - 1  *=7  935 955 / 
HIOSUblFACE NCUES I N  SECT ION 13. 6.0 -1-  55. brO -1. 13. 6.3 23. 1 

40 10 52 OF oCO5 .OYS -1 * ~ 7  005 -0s I 
NIDSUPFACf NODES I N  SrCf lON 13. 8.0 -1 -  $5. 8.0 -1. 13. 8.0 ZC- / 

5 3  V( I  a5 OF .CC> . O ~ S  - 1  *=7 .cs .c5 / 
HlCSUi(fbCC. r4TtOf.b I N  S l C l  IUN 13. 1C.O -1. 550. 13-9 -1. 130 19.0 20- / 

66 T i1  78 IJF w t  CS  0995 0 1  * -7 .C5 .c?'J / 
NlOSuAFACi tJl.UTS IIJ SIC1 I l rV 13. 12.3 -1. 55. 12.0 -1- 13. 1Z.G 20. / 

7 9  111 91 OF . i l C >  .3')> 0 1  a = /  *0> -05 / 
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9L r:1 1i.s C f  0 :  t i  ..?',5 .I *=7 .,-5 .C5 / 
HlCSUbFbCf NCOIS I N  S t L l l l 1 . J  139 16.9 -1-  5>. 16.0 -1. 13. 16.0 201 / 

LC> T1.I 117 tlF 9; c"J - )'?5 - 1  *=7  005 955 / 
HIDS'JdCALf. rili i:t S I N  S C C I  1 0 4  1 1 7  - 1  53.  17.6 -1. 13. 17.b 2@. / 

110  ti 13; or .r .ca8 . ( 05  .I *=7 .CS -9s / 
HlDSURl-Act a~. i ' tS  IN SEL1ICI.J 13. 17.999 -1. 550 17.999 -1- 13. 17.999 Zt?r / 

131 143 OI- . C C >  . C 9 5  r l  *=7 -05 0C5 / 
*I / 

C0HPL;NtiJT k1':tiL / 
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227 TO 2 3 9  7t .OCY - 0 9 5  - 1  * = ?  .O> .C5 / 
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26) TO 252 \ I f -  .LC> -Oc*5  01 *=7 005 - 0 5  1 
HlCSUWFACt '4CUf.S I Y  SriT13'J 13- - 0 . 0  -1. 55. -8.3 -1- 13. -8.0 201 / 

253 TO 265 . I F .  .f j 5  0 '93  - 1  *=7 -95 -05 / 
HlOSUWFALi M O E S  l X  SSCTltl:J 13. -1ti.0 -1. 55.  -13.3 -1. 13. -10.3 LO. / 

26b 1iJ 273 t lF  t:, .0615 .I * = I  * C 5  - 0 5  / 
HlCSUhFACi Nnf>Cb I R  S4-ZTl0V 13- -12.O -1. 55. -12.3 -10 13- -12.0 23. / 

279 10 2 5 1  ' I F  .CC5  w J 9 5  91 + = t  .C5 -35 / 
NIUSUi(FACE hL!)fS I 9  : t c l f ~ X  15. -1%-0 -1- 55. -16.0 -1- 13. -14.0 20. / 

LPi TC, 3Crr I l f  . C ' I ' b  . C 9 5  - 1  *=7 .C5 005  / 
II ICSUHFILL t!CDE\ 14 S F  C l  lLnU 13. -16.0 -10 55. -1f1.0 -1. 13- -16.0 20.  / 
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HIDSURFACE W C E S  I r i  S ! ' C T I ~ ' : ~  13. -17.99~ -I. 55. -17.999 -1. 13. -17.999 20. 

331 TO 313 t!F e C C 5  ,035 - 1  *=7  935 . 5 5  / 
*/ / 
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1149 1 0  110!1 L I  CJr'VCS / 
SURFACE ~ ( . l l t S  I N  S ~ i 1 l l : r  2 3 .  -13. -13. 20 .  1'). -13. 20. -10. 10. / 
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Figure 303-1- SST Configuration 



Figure 303-2. ATLAS nodal Data f o r  SST A i r c r a f t  



Figure 303-3. Fighter A i r c r a f t  Configuration 

Figure 303-4. ATLAS Nodal Data for  Fighter Aircraft 
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F igure 303- 5. Schemat i c o f  ATLAS/ LaRC A i rp l  ane Conf i gurat ion 
Program l nterface Demonstrat ion 
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