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SUMMARY 

The purpose o f  t h l s  repo r t  I s  t o  present the  St ruc tures  and 
Dynam I c s  D l v l s l o n ' s  research p lans f o r  F Y  1987 and 
accompllshments f o r  F Y  1986. The work under each branch I s  shown 
ay RTR ObJect lves,  F Y  1987 Plans, Approach, Ml lestones,  and F Y  
1986 Accompllshrnents. Loglc cha r t s  show elements o f  research and 
rough r e l a t l o n s h l p  t o  each o ther .  This ln format lon I s  use fu l  I n  
program coord lna t l on  w l t h  other government o rgan lza t lons  I n  areas 

f mutual I n t e r e s t .  

ORGANIZATION 

The Langley Research Center I s  organized by d i r e c t o r a t e s  as shown 
on f i g u r e  1 .  The St ruc tures  D l rec to ra te  Includes S t ruc tu res  and 
Dynamics D i v i s i o n ,  M a t e r l a l s  D l v l s l o n ,  Loads and A e r o e l a s t i c l t y  
D l v i s l o n ,  and. Acoust ics D l v l s i o n .  The S t ruc tu res  and Dynamics 
D i v i s i o n  c o n s l s t s  o f  four branches as shown on f i g u r e  2 .  There 
has been one s l g n l f l c a n t  change I n  the  organ lza t lona l  s t r u c t u r e  
o f  t h e  D l v l s l o n .  M r .  Brant ley R. Hanks was se lec ted  Head, 
S t r u c t u r a l  Dynamics Branch. D r .  La r ry  D. Plnson a l s o  I s  
c u r r e n t l y  Ac t lng  Head, Impact Dynamics Branch. 

FUNCTIONAL STATEMENT 

The D l v l s l o n  conducts a n a l y t i c a l  and experimental research t o  
achieve s t r u c t u r e s  which meet func t lona l  requirements o f  advanced 
atmospheric and space f l l g h t  veh lc les .  Provldes experlmental 
data and a n a l y t l c a l  methods f o r  p r e d l c t l n g  s t resses,  
deformat lons, s t r u c t u r a l  s t rength ,  and dynamic response. 
Inves t i ga tes  l n t e r a c t l o n  o f  s t r u c t u r e  w l t h  p ropu ls ion  and c o n t r o l  
systems, landing dynamics, crash dynamlcs, and r e s u l t i n g  
s t r u c t u r a l  response. Develops and evaluates s t r u c t u r a l  
c o n f l g u r a t l o n s  embodylng new mater ia l  systems and/or advanced 
deslgn concepts f o r  general a p p l l c a t l o n  and f o r  s p e c l f l c  c lasses 
o r  new aerospace veh lc les .  Develops advanced s t r u c t u r a l  ana lys l s  
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methods and computer programs. Uses a broad spectrum of test 
facllltles and develops new research techniques. Test facilities 
Include the Structures and Materials Laboratory, Structural 
Dynamics Research Laboratory, Impact Dynamics Research Facility 
and the Alrcraft Landlng Dynamics Faciilty. Data are a l s o  
obtained and analyzed from fllght investigatlons. 
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i i  F A C I L I T I E S  

The St ruc tures  and Dynamics D i v i s i o n  has four major f a c i l i t i e s  t o  
support i t s  research (shown i n  f i g u r e  3). 

The Structures and M a t e r i a l s  Laboratory equipment includes a 
1,200,000 I b  capac i ty  t e s t i n g  machine f o r  t e n s i l e  and 
compressive specimens up t o  6 fee t  wide and 18 fee t  long; lower 
Capacity t e s t i n g  machines o f  300,000, 120,000, 100,000 and 10,000 
i b  capac i ty ;  t o r s i o n  machine o f  approximately 60,000 in .= ib  
capaci ty ;  combined load t e s t i n g  machine; hyd rau l i c  and pneumatic 
p ressu r i za t i on  equipment; and v e r t i c a l  abutment-type backstop f o r  
suppor t ing and/or anchoring large s t r u c t u r a l  t e s t  specimens. 

The impact Dynamics Research F a c l l i t l e s  cons is t  o f  t he  A i r c r a f t  
Landing Dynamics F a c i l i t y  (ALDF) and the  impact Dynamics Research 
F a c i l i t y .  The ALDF cons is t s  o f  a r a i l  system 2,800 f t .  long x 30 
f t .  wide, a 2 . 0  Mibs. t h r u s t  propuls ion system, a t e s t  ca r r i age  
capable o f  approximately 220 knots,  and an arrestment system. A 
wide v a r i e t y  of runway surface cond i t ions ,  ranging from d ry  and 
f looded concrete o r  asphal t  t o  s o l i d  Ice, can be dup l ica ted  i n  
the  t r a c k  t e s t  sec t ion .  I n  add i t i on ,  unprepared surfaces such as 
c l a y  o r  sod can be i n s t a i l e d  f o r  t e s t s  t o  p rov ide  data on 
a i r c r a f t  off-runway operat ions.  

The impact Dynamics Research F a c i l i t y  I s  capable o f  crash t e s t i n g  
f u l l - s c a l e  general a v i a t i o n  a i r c r a f t  and h e l i c o p t e r s  under 
c o n t r o l l e d  condi t ions.  Simulat ion I s  accomplished by swinging 
the  a i r c r a f t  by cables, penduium-style, i n t o  the  ground from an 
A-frame s t r u c t u r e  approximately 400 f t .  long x 240 f t .  h igh.  A 
V e r t i c a l  Test Apparatus i s  attached t o  one leg o f  the  A-frame f o r  
d rop- tes t ing  s t r u c t u r a l  components. 

The S t r u c t u r a l  Dynamics Research Laboratory i s  designed f o r  
c a r r y i n g  ou t  research on spacecraf t  and a i r c r a f t  s t ruc tu res ,  
equipment, and m a t e r i a l s  under var ious environmental cond i t ions ,  
inc lud ing  v i b r a t i o n ,  shock, acce le ra t ion ,  thermal and vacuum. 
Equipment i n  the laboratory  Includes a 55 - f t .  ( i n s i d e  diameter) 
thermal vacuum chamber w i t h  a removable 5-tOn crane, a f i a t  f l o o r  
70 f e e t  from the dome peak, and w h i r l  tab les .  
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I l l  IMPACT DYNAMICS BRANCH 

RTR 505-63-11-06 Composite Crash Dynamics 

OBJECTIVE: 

T o  o b t a l n  a b e t t e r  understandlng o f  response c h a r a c t e r l s t l c s  
o f  gener lc composlte components subjected t o  crash loading 
cond l t l ons .  

F Y  1987 PLANS: 

o Conduct 
Impacts 

o Conduct 
frames, 

o l n l t l a t  
i mpac t 

o Develop 

o Support 

APPROACH: 

I n  F Y  1987 

a n a l y t l c a l  s tud les o f  var lous t ranspor t  crash 

var lous  s t a t i c  and dynamic t e s t s  o f  composlte 
subf loors ,  and energy absorber concepts 

t e s t s  a 
oads 

ana I ys I s 

f u l  I-sca 

the  maln 

d anaiys ls  o f  sca le model beams under 

t o o l s  f o r  composlte crash dynamlcs 

e crash t e s t s  o f  ACAP he l l coDte rs  

focus w l l !  be developing a data base and 
l n s l g h t s  on behavlor o f  composlte components t o  crash load- 
ings.  Develop In-house tes t  method, procedures, and 
apparatus t o  conduct s t a t i c  and dynamic comblned bending 
and a x l a l  toadlng t e s t s  on representa t lve  composite s t ruc -  
t u r a l  elements. Assess Impact data t o  evaluate e f f e c t  o f  
comblned a x i a l  and bending loads on g lobal  response, 
s t l f f n e s s  and res ldua l  s t rength a f t e r  f a l l u r e  and develop 
new a n a l y t l c a l  techniques t o  p r e d i c t  both g loba l  and local  
responses. I n s t a l l  these new a lgor l thms on Computatlonal 
S t r u c t u r a l  Mechanlcs software testbed. Support lve contrac- 
t u a l  e f f o r t s  w l l l  be used main ly  t o  f a b r i c a t e  composlte 
components r e q u l r l n g  special t o o l l n g .  

MILESTONES: 

o Conduct metal subf loor  water drop t e s t s ,  November 1986 

o Conduct s c a l i n g  s tud ies on var lous composlte beams, 
November 1986 

o Procure gener lc fuselage s h e l l s  from Beech A l r c r a f t  and 
p lan  f u l l - s c a l e  crash t e s t  m a t r l x  
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o Perform nonsymmetric ana lys i s  o f  C I D  us ing  updated 
Boelng model, January 1987 

o Develop Analys is  f o r  p r e d l c t l n g  sca le  beam response t o  
crash loads, January 1987 

OBJECTIVE:  

Advance the technology f o r  safe,  economical a l l -weather  
a i r c r a f t  ground operat ions inc lud ing  the  development o f  
new landlng gear systems. 

F Y  1987 PLANS: 

o Contlnue development o f  t i r e  contac t  a lgor l thms 

o Develop data base on r a d l a l  and b l a s  p l y  a l r c r a f t  t i r e s  

o Demonstrate a c t i v e  c o n t r o l  landing gear technology 

o Develop f r l c t l o n  and wear models f o r  S h u t t l e  main gear 
t I r e s  

o Examine t i r e  technology requirements f o r  Nat iona l  Aero- 
space Plane (NASP) 

- 

o Develop i n t e r s e c t i o n  and crush i n i t i a t o r  concepts f o r  
energy absorbing composite subf loors ,  March 1987 

o i n l t l a t e  s t a t i c  t e s t i n g  and dynamic t e s t i n g  o f  l n t e r -  
sec t lon  and crush i n i t i a t o r  concepts, September 1987 

F Y  1986 ACCOMPLISHMENTS: 

o Publlshed 7 papers on C I D  experiments 

o Fabr lcated sca le  beam specimens 

o Defined benchmark dynamlc problems f o r  scaled composite 
s tud  I es 

o Conducted t e s t s  and ana lys i s  on I n i t i a l  composlte frames 

o Publlshed summary paper on G / A  seat research conducted 

I 
a t  Langley Research Center 

RTR 505-63-41-02 A i r c r a f t  Landlng Dynamics I 
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APPROACH: 

In FY 1987 the main focus wlil be deveioplng high-speed 
frlctlonal and mechanical property data base in support of 
Industry and Shuttle landlng operatlons. Coordlnate In- 
house research, grants, and contracts with U . S .  tlre 
industry experlmental effort to carry out National Tire 
Modeling Program. Conduct detailed studies of forces and 
moments In statlc and roiilng tire footprlnts. Develop 
algorlthms for tlre contact to include friction and roiling 
tire footprlnts. Develop algorithms for tire contact to 
include frlctlon and roiilng effects for National Tlre 
Modeling Program and install these algorithms on Computa- 
tlonal Structural Mechanics software testbed. Develop 
experlmentai methods for measurlng materlal properties of 
tire constltuents. Define ratlonai tlre wear crosswind 
limits for Space Shuttle Orbiter. Obtain frlctlonal and 
mechanical property data on type H and radial ply alrcraft 
tires. 

MILESTONES: 

o Present paper on water spray Ingestion at SAE AeroTech 
'86 Meetlng, October 1986 

o Publish paper on Space Shuttle Orblter cornerlng and 
spln-up wear characteristics, December 1986 

o Publish paper on tire contact algorithms, December 1986 

o Conduct close range photogrammetry measurements of 
Shuttle nose gear tire deformatlons, February 1987 

o Conduct track studles of F-4 raidal tlres, March 1987 

o Publlsh reports on NASAIFAA tlre tractlon program, 
March 1987 

o Measure forces and moments in rolllng tlre footprlnts, 
June 1987 

FY 1986 ACCOMPLISHMENTS: 

o Phase I Shuttle spin-up wear and cornerlng test completed 
and crew trainlng simulators updated 

0 Paper on tl i t  steering presented at AeroTech '85 Meeting 

o NASAIFAA snow and Ice tests completed wlth 8-727 
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o Session on Tire Modeling at Tire Society Meetlng heavily 
supported by National Tire Modellng Program participants 

o Completed spray ingestion tests on G/A nose gear tire 
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IV STRUCTURAL CONCEPTS BRANCH 

RTR 506-43-41-02 Advanced Space S t ruc tu res  Concepts 

OBJECTIVE: 

Develop deployable and erec tab le  s t r u c t u r a l  concepts and 
associated design technology fo r  antenna and r e f l e c t o r  
s t r u c t u r e s  and f o r  Space Sta t ion .  

F Y  1987 PLANS: 

o 3 rd  generat ion j o i n t  des 

o Conceive MRMS fo r  operat 

on and eva lua t ion  

sur faces 

o Develop space s t a t i o n  cons t ruc t ion  scenar io  

gn, f a b r l c a t  

on on curved 

o Develop r e f l e c t o r  t russ  cons t ruc t i on  scenar io  

o Continue t o  support Mast program 

o Continue deployable r e f l e c t o r  t r u s s  study 

o Develop deployable she l te r  

APPROACH : 

I n  F Y  1987 a maJor mi lestone w i l l  be the  complet ion o f  a 
ground t e s t  Mobi le  Remote Manipulator System (MRMS) f o r  
conduct ing 1-g cons t ruc t ion  t e s t s .  The r o l e  o f  automation 
I n  the  cons t ruc t i on  process w i l l  be Inves t iga ted  as p a r t  
o f  t h i s  a c t l v i t y .  Studies w i l l  cont inue on developing 
deployable t russes f o r  antenna s t r u c t u r e s  and a 36-element 
deployable t e s t  a r t i c l e  w i l l  be fab r i ca ted .  E f f o r t s  w i l l  
con t inue on d e f i n i n g  on-orb i t  cons t ruc t i on  scenar ios and 
associated f l i g h t  experiments. 

MILESTONES: 

o Procure CAD te rmina ls .  October 1986 

o Complete ground t e s t  MRMS hardware, November 1986 

o 1-g t e s t  o f  MRMS, February 1987 

o Fabr ica te  deployable 36-element t r u s s  model, March 1987 

17 



FY 1986 ACCOMPLISHMENTS: 

o Conducted ACCESS flight test in November 1985 

o Completed Erectable Joint Concept Study 

o Designed and began fabrication of th i r d  generation 
erectab I e jo I nt 

o influenced Space Station decision to baseline 5-meter 
erectable truss through an extensive trade study and 
the ACCESS flight experiment 

RTR 481-32-23-02 Space Station Erectable Structures 

OBJECTIVE: 

Develop technology for a 5-meter composite truss for the 
Space Station. Develop and demonstrate a technique for 
constructing the truss from the Space Stat'ion. 

FY 1987 PLANS: 

o 3rd generatlon joint design, fabrication and evaluation 

o Development of payload attachment fixtures 

o Complete development of aluminum clad composite struts 

0 Fabricate and test 2 bays of composite truss hardware 

o Fabricate and test 10-bay aluminum 

o Studies to reduce EVA assembly houl 

APPROACH: 

in FY 1987 the main focus will be to 
composite struts for the truss and to 

truss 

S 

dentify suitable 
develop an on-orbit 

construction technique. Specifically, plans are to conduct 
an extensive study of various techniques for fabricating 
hi g h  stiffness, tough, graphite/epoxy struts and fabricate 
a 4-bay beam for testing. An in-house and contractual study 
will be conducted to develop and demonstrate an on-orbit 
construction approach. 

18 



MILESTONES: 

o Deflne a structural flight experiment, December 1986 

o Select composite strut design, March 1987 

o Develop construction technique, March 1987 

o Fabricate construction fixture, September 1987 

o Fabricate 4-bay beam, September 1987 

FY 1986 ACCOMPLISHMENTS: 

o A second generation erectable Joint with 3-D growth 
capability was designed and fabrlcated 

o A full scale and 1/4-scale 7-bay beam was built for 
test I ng 

o A third generatlon erectable Joint was designed and Is 
currently being fabricated 

o identified 20-bay beam as potential flight experiment 

RTR 906-55-62-01 Flight Experlment Definltlon 

OBJECTIVE: 

o Provlde integration support for the 5-meter erectable 
flight experlment with the Space Shuttle 

FY 1987 PLANS: 

0 Continue fllght experlment study 

APPROACH : 

An in-house and contractual effort will be conducted to 
Integrate the &meter erectable fllght experiment with the 
Space Shutt,ie system. The study will include hardware 
integration, EVA handling conslderations, pallet mountings, 
and Instrumentation Integration. Detalled drawings of  the 
hardware wlil be made and 1/8-scaie and full-scale mockups 
will be built to verify the designs. 
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MILESTONES: 

o Complete f l i g h t  experiment d e f l n l t l o n ,  November 1986 

o i n l t l a t e  l n t e g r a t l o n  c o n t r a c t ,  December 1986 

F Y  1986 ACCOMPLISHMENTS: 

o 20-bay, 5-meter s t r u t  e r e c t a b l e  t russ  i d e n t l f l e d  as 
basel lne  for  f l l g h t  experlment 

o Pre l lmlnary  in-house studies  conducted on beam construc- 
t l o n  scenar io ,  dynamic behavior ,  and o r b l t a l  decay 

20 
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V STRUCTURAL DYNAMICS BRANCH 

RTR 506-43-51-01 Vlbratlon Reductlon 

OBJECTIVE: 

Accomplish valldated capablllty for on-llne structural 
parameter ldentlflcatlon and active and passlve vibration 
attenuatlon for large flexlble space structures. 

FY 1987 PLANS: 

o Conduct mlnl-Mast dynamlcs tests 

o Demonstrate 3-body slewing control 

o Develop recurslve Elgensystem Reallzatlon Algorithm 
system ldentlflcatlon method 

APPROACH : 

In FY 1987 the main focus wlll be the experlmental verlflca- 
tlon of control and system ldentlflcatlon technlques. The 
use of member actuators for reduclng the response program 
wlll be conducted at both element and system levels using a 
truss beam as a focus. Physlcal elements such as Jolnts, 
actuators, and electronic components wlll be analyzed 
lndlvldually and as parts of systems. Laboratory tests of 
hardware w l l l  be conducted to verify and Improve analyses. 
Studles of advanced system ldentlflcatlon algorlthms whlch 
Incorporate latest technlques Into small-core, high-speed 
appllcatlons wlll be Inltlated. Completlng tests of the 
15M hoop-column antenna wlll be accompllshed under this 
RTR. 

M I LESTONES: 

o Demonstrate 3-body closed-loop slewing control, 
December 1986 

o Complete dynamlc tests of  15M hoop-column antenna, 
February 1987 

o Verlfled open-loop model of 20M truss beam lncludlng 
effects of Jolnts, June 1987 

o Demonstrate closed-loop control of multlple-member- 
actuator truss-beam segment 

23 



F Y  1986 ACCOMPLISHMENTS: 

o Atmospherlc effects In slewing experiments quantified 

o Development of telescoplng member truss beam segment 
I n I t I ated 

0 Frequency domaln version of Elgensystem Reallzatlon 
Algorithm developed 

RTR 506-43-51-02 Advanced Spacecraft Dynamics 

OBJECTIVE: 

Develop and valldate methods for predlct ng and experi- 
mentally verifying the coupled structura dynamics and 
control of multl-body space structures w t h  flexible 
components, Interfaces, dlsslpative mechanlsms and large 
amplltude responses. 

F Y  1987 PLANS: 

o Begln 3-D LATDYN 

o Integrate 2-D LATDYN into Computational Structural 
Mechan I cs 

APPROACH: 

in FY 1987 the maln focus wlll be the continuatlon of 
development of a three-dlmenslonal computerlzed simulation 
of controlled dynamics of multl-body flexlble space struc- 
tures as encountered In deployment, slewing and robotic arm 
manipulation. Included In this thrust Is the development of 
Improved modularlzed translent algorithms for concurrent 
computing, and realistic verlfled models for joint and 
Interface damplng mechanisms. In addltlon, advanced siewlng 
control analyses wlll be studled and test suspenslon methods 
for large space structures will be analyzed. 

MILESTONES: 

o Establish computational approaches for analyzing non- 
linear contact and sliding dynamlcs In spacecraft 
Interfaces, December 1986 

0 Incorporate nonllnear truss Jolnt characterlzation In 
translent response of space station keel truss, 
January 1987 
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F Y  1986 ACCOMPLISHMENTS: 

o Mul t l -body synthes ls  o f  gener lc space s t a t i o n  model 
comp I e ted 

o P re l lm lna ry  dynamic behavlor o f  suspended space s t a t i o n  
sca le  model es tab l i shed 

o Cont ro ls  and be r th ing  c a p a b i l i t y  incorporated I n t o  2-D 
LATDYN 

o Nonl inear J o i n t  cha rac te r l za t l on  documented 

o Subst ruc tur lng  c a p a b i l i t y  I n s t a l l e d  I n  BUNViS 

o Computerized procedure fo r  d l s c r e t e l y  changing c o n s t r a i n t s  
developed and documented 

RTR 542-06-11-06 Beam Dynamics Ground Test 

OBJECTIVE: 

V a i l d a t e  ground t e s t s  technology and conduct t e s t s  necessary 
t o  demonstrate f l l g h t  readiness f o r  the  Mast experlment. 

F Y  1987 PLANS: 

0 Test COFS-I 20M prototype and components 

APPROACH: 

i n  F Y  1987 the  main focus I s  the  development o f  t e s t  methods 
and suspension technlques f o r  t he  Mast us lng  a 20M t r u s s  
beam (mlni-Mast) .  Ana ly t l ca i  methods o f  l nc lud lng  J o i n t  
c h a r a c t e r i s t i c  and suspension dynamics i n  a g loba l  dynamlcs 
model w l l l  be evaluated. Measured g lobal  dynamlc charac- 
t e r l s t i c s  o f  t he  mlnl-Mast w l l l  be p red ic ted  us ing  s ta te -o f -  
the-ar t  technlques. Evaluat lon o f  suspenslons f o r  the  60M 
t e s t  w l l l  begln.  Assembly and checkout o f  a p o r t a b l e  data 
a c q u l s l t l o n  system fo r  t h e  f l i g h t  a r t l c l e  ground t e s t s  w l l l  
be completed. 

MILESTONES: 

o Complete o u t f l t t l n g  of mobl le  data a c q u l s l t l o n  t r a i l e r ,  
December 1986 

o Begin m o d l f l c a t l o n s  t o  Hangar Annex f o r  ground t e s t s ,  
February 1987 
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o i n i t i a t e  study o f  candidate suspensions f o r  f l i g h t  beam, 
March 1987 

o Complete modal t e s t  on 20M mlnl-Mast, June 1987 

o Complete j o i n t  cha rac te r i za t i on  t e s t s ,  August 1987 

F Y  1986 ACCOMPLISHMENTS: 

o Mini-Mast J o i n t  t e s t s  begun 

o Pre l iminary a n a l y t l c a i  models deve 

o Mobi le  data a c q u i s l t l o n  system def 

oped 

n i t i o n  completed 

RTR 542-06-31-01 COFS i l l  Technology 

OBJECTIVE: 

Develop s t r u c t u r a l  dynamlcs technology f o r  COFS I l l  ground 
and f l l g h t  experiments. 

FY 1987 PLANS: 

o Release RFP f o r  Space S t a t i o n  sca le  model design and 
f a b r i c a t i o n  

APPROACH: 

i n  F Y  1987 the  main focus w l l i  be on i n l t i a t l n g  a con t rac t  
f o r  t he  deslgn and cons t ruc t l on  o f  the  COFS i l l  ground 
experiment model which w i l l  be Space S t a t i o n  o r ien ted  i n  
a n t l c i p a t l o n  o f  on-orb i t  f l i g h t  data. Analys ls  and t e s t  
methods f o r  t he  dynamics and c o n t r o l  o f  muitipie-component, 
joint-dominated s t ruc tu res  w i l l  be emphasized. Desired model 
c h a r a c t e r i s t i c s  as we l l  as f a b r l c a t l o n  requirements and 
c a p a b i l i t i e s  w i l l  be developed. I n  r e l a t e d  technology, 
s tud ies  of the  sca l i ng  o f  model components such as tubu la r  
members and s t r u c t u r a l  J o i n t s  w i l l  be cont inued and In-huse 
t e s t s  and analyses o f  prototype space s t a t i o n  hardware w i l l  
be conducted. A phenomena model t o  examine t e s t  and 
ana lys i s  methods f o r  the  COFS i l l  candidate c o n f i g u r a t i o n  
s t r u c t u r e  w i l l  be designed and fabr ica ted .  

MILESTONES: 

0 Complete t e s t s  o f  114-scale space s t a t i o n ,  November 1986 

o Complete design o f  phenomena model, January 1987 
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o Complete t e s t s  o f  f u l l - s c a l e  space s t a t i o n  t r u s s  model, 
June 1987 

o Award c o n t r a c t  f o r  scale model des lgn /cons t ruc t lon ,  
August 1987 

F Y  1986 ACCOMPLISHMENTS: 

o P re l lm lna ry  model f e a s l b l l l t y  study c o n t r a c t  completed 

0 Study o f  j o i n t  sca l l ng /ana lys l s  l n l t l a t e d  

o Ground t e s t s  o f  1/4-scaie e rec tab le  t r u s s  l n l t l a t e d  

o Model d e f l n l t l o n  study cont rac t  awarded 

o Phenomena model design study l n i t l a t e d  

o Statement o f  work f o r  scale model d e s l g n / f a b r l c a t l o n  
c o n t r a c t  under develoDment 

o Prototype sca le  model composite p a r t s  and s t r u c t u r a l  
j o l n t s  recelved and t e s t i n g  under way 

RTR 482-53-53-38 Space S t a t l o n  Model 
Def ln l t lon /Des lgn  

OBJECTIVE: 

Develop a sub-scale r e p l i c a  model technology f o r  space 
s t a t l o n  a p p l l c a t l o n s  and a methodology f o r  I t s  use I n  
dynamlc development and q u a l l f l c a t l o n .  

F Y  1987 PLANS: 

o Procure and t e s t  l / lO-sca le  gener ic dual keel  s t a t i o n  

o Perform p re - tes t  a n a l y t i c a l  s tud les  f o r  r e p l i c a  model 

APPROACH: 

I n  F Y  1987 the  main focus w l l l  be on d e f l n l n g  requirements 
f o r  and des lgn lng the  model and on d e f l n l n g  r o l e s ,  pro- 
cedures and t e s t  methods for use o f  such a model I n  space 
s t a t l o n  development. A r e p l l c a  model o f  t he  Space S t a t l o n  
o f  approxlmately one-fourth t o  four - ten ths  sca le  w i l l  be 
de f lned f o r  use I n  p r e d l c t l n g  space s t a t i o n  on -o rb l t  
dynamics. Test suspenslon, e x c l t a t l o n  and inst rumentat ion 
methods w l l l  be s tud led .  l n l t l a l  e f f o r t s  w l l l  be on 
development and t e s t s  o f  an IOC c o n f l g u r a t l o n  I n  t ime t o  
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a s s i s t  space s t a t i o n  CDR. Scar e f f e c t s  on the  IOC con f ig -  
u r a t i o n  r e s u l t i n g  from advanced c o n f i g u r a t i o n s  a l s o  would 
be determined. These funds w i l l  be combined w i t h  design/ 
cons t ruc t  con t rac t  on RTR 542-06-31-01. 

MILESTONES: 

0 i n i t i a t e  d e f i n i t i o n  study con t rac t  f o r  a r e p i  
January 1987 

0 I n i t i a t e  study o f  suspension and t e s t  methods 

F Y  1986 ACCOMPLISHMENTS: 

o Model f e a s i b i l i t y  study completed 

ca model, 

Apr i i 1987 

RTR 483-32-33-03 F l e x i b l e  Body Deployment Analys is  
Deve I opment 

OBJECTIVE:  

Develop, e a r l y  i n  the  space s t a t i o n  program, ver 
a n a l y t i c a l  c a p a b i l i t y  requ i red  f o r  space s t a t i o n  
t i o n ,  maneuvers, be r th ing  and r o b o t i c  arm manipu 

F Y  1987 PLANS: 

o i n i t i a t e  coding o f  3-D a r t i c u l a t i o n  code 

f l e d  
const ruc- 
a t i o n .  

o Perform 2-D s imu la t ion  s tud ies  on s t a t i o n  operat ions 
( e . g . ,  r o b o t i c  a r m  maneuver) 

APPROACH: 

I n  F Y  1987 the  main focus w i l l  be the  cont inued incorpora- 
t i o n  o f  new technology a n a l y t i c a l  methods i n t o  usable 
computer programs which can a i d  the  space s t a t i o n  p r o J e c t  
i n  systems engineer ing and i n t e g r a t i o n .  Emphasis i s  on a 
convected coord ina te  approach fo r  t r e a t i n g  connected 
f l e x i b l e  components i n  problems such as automated assembly. 

MILESTONES: 

0 Es tab l i sh  p ro to type 3-D LATDYN code, September 1987 

F Y  1986 ACCOMPLISHMENTS: 

o 2-D LATDYN theory documented 

o 2-D LATDYN User Manual completed 
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o 2-D LATDYN enhancements for ber th lng  and c o n t r o l s  
comp I e ted  

o 3-D LATDYN coding contract  l n i t l a t e d  
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V I  STRUCTURAL MECHANICS BRANCH 
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V I  STRUCTURAL MECHANICS BRANCH 

RTR 505-63-11-03 Mechanics o f  Composite S t ruc tu res  

OBJECTIVE: 

Develop mechanics technology requ i red  f o r  v e r i f i e d  deslgn o f  
e f f i c i e n t ,  f a u l t - t o l e r a n t  advanced-composite a i r f rame s t ruc -  
t u r a l  components and t o  formulate advanced ana lys i s  methods 
t o  p r e d i c t  u l t l m a t e  s t reng th  o f  composlte s t r u c t u r e s  and 
s t a t l c  and dynamic nonl inear  response t o  aerospace 
s t ruc tu res .  

F Y  1987 PLANS: 

o Complete development o f  non 
ana I y s l s  

o i n i t l a t e  development o f  sca 
s t r u c t u r e s  

o Complete nonl lnear  ana lys l s  
rocke t  booster 

APPROACH : 

near modal l n t e r a c t l o n  

ng laws f o r  composite 

D f  fl lament-wound s o l i d  

I n  F Y  1987 the  maln focus I s  v e r i f y i n g  new f a l i u r e  analys 
f o r  compression-loaded m u l t i - d l r e c t l o n a i  larnlnates and on 
lmplementlng I n t o  STAGS an In-house-developed nonl inear  
modal l n t e r a c t l o n  ana lys l s  f o r  b u l l t - u p  components. 

S 

MILESTONES: 

o I n i t i a t e  development o f  s c a l l n g  laws f o r  composlte 
s t ruc tu res ,  October 1986 

o V e r i f y  f a i l u r e  ana lys l s  f o r  compresslon-loaded m u l t l -  
d i r e c t i o n a l  lamlnates, February 1987 

o Complete tes t -ana lys l s  c o r r e l a t l o n  o f  s t l f f e n e d  f i lament -  
wound cy l i nde r  and heavl ly- loaded slde-of-body wlng 
J o i n t ,  A p r l I  1987 

o Complete development o f  e r r o r  ana lys i s  f o r  nonl lnear  
p l a t e s  us ing r e c o n t l n u l z a t l o n  method and extend method 
t o  include t ransverse shear and normal s t resses,  May 1987 

o Conduct nonl inear  ana iys l s  o f  filament-wound s o l l d  rocket  
booster, June 1987 
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FY 1986 ACCOMPLISHMENTS: 

o E f f e c t s  o f  cu tou ts  on postbuckl ing behavior o f  uns t l f f ened  
graphlte-epoxy shear webs l d e n t l f l e d  exper imenta l ly  

o C r l p p l i n g  s t reng th  of  compresslon-loaded m u l t l - d i r e c t i o n a l  
laminates determlned by a nonl inear ana lys l s  

o Both th ickness and s t i f f n e s s  d l s c o n t l n u l t l e s  shown t o  
e f f e c t  compresslve s t rength o f  graphlte-epoxy laminates 
w i t h  dropped p l i e s  

o Tests and analyses show t h a t  lncreas lng cu tou t  s i z e  does 
not  necessar l l y  decrease the  buck l lng  s t reng th  o f  compres- 
slon-loaded composlte p la tes  

0 Non-optimum fllament-wound graphlte-epoxy s t i f f e n e d  
c y l l n d e r  tes ted .  Analysls belng conducted t o  he lp  
l d e n t l f y  f a i l u r e  mode 

o New hlgh-order transverse-shear p l a t e  ana lys l s  shows 
t h a t  p l a t e s  w l t h  low wldth-to-thlckness r a t i o s  buck le 
a t  loads below those fo r  c l a s s i c a l  t ransverse shear 
theory 

o Nonl lnear modal l n t e r a c t l o n  ana lys l s  f o r  p l a t e s  developed. 
Analys ls  belng Implemented I n  a general purpose nonl lnear 
s h e l l  code f o r  general s h e l l s  

RTR 505-63-11-05 Advanced Composlte S t r u c t u r a i  (Soncepts 

OBJECTIVE: 

Develop v e r l f l e d  composlte s t r u c t u r a l  concepts and design 
technology needed t o  r e a l l z e  the  improved performance, 
s t r u c t u r a l  e f f i c i e n c y ,  and low-cost advantages o f f e r e d  by 
new m a t e r l a l  systems and rnanufacturlng methods f o r  advanced- 
composlte a l r c r a f t  s t r u c t u r a l  components. 

FY 1987 PLANS: 

o Complete l n l t l a l  an i so t rop l c  t a l l o r l n g  s tud les  o f  h lgh- 
aspec t - ra t l o  lamlnar-f low wlngs 

o Contlnue development and eva lua t i on  o f  new s t r u c t u r a l l y -  
e f f l c l e n t  composlte panel concepts 

o Conduct damage-tolerance t e s t s  o f  new graphlte-epoxy 
panel concepts 
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o Contlnue studles of structural tallorlng and Interleaving 
for stlffened panels 

APPROACH : 

In F Y  1987 the main focus Is developlng new structurally- 
tallored wlng component deslgn concepts and evaluatlng the 
performance of low-cost fllament-wound structural concepts. 
lnnovatlve structural conflguratlons for advanced aircraft 
appllcatlons wlll be developed and evaluated for Improved 
performance, structural efflclency, and damage tolerance. 
The effects of constraints, such as those Imposed by aero- 
elastlc tallorlng, laminar flow, acoustics and control, will 
be Included In the deslgn of new structural concepts for 
alrcraft components. Mechanlcal and pressure loads repre- 
sentatlve of wlng and fuselage structural components will 
be considered. Associated structural mechanics Issues 
pecullar to these new deslgn concepts wlll be studled and 
selected concepts wlll be evaluated experlmentally. 

MILESTONES: 

o Experlmentally evaluate prellmlnary deslgn of geodesic 
stlffened compresslon panel, October 1986 

o Conduct damage tolerance tests of graphlte-epoxy 
fllament-wound and sandwlch panels, February 1987 

o lnltlate fabrlcatlon of transport wlng box beam concept, 
Apr I I 1987 

o Experlmentally evaluate two addltlonal new advanced 
compresslon panel concepts, AprlI 1987 

o Complete lnltlal anlsotroplc tallorlng study of high- 
aspect-ratio lamlnar-flow wlng, June 1987 

o Complete deslgn study of optimum tapered wing-box wlth 
new panel concepts and damage tolerance conslderatlons, 
June 1987 

0 Conduct deslgn and analysis studles of advanced concept 
tapered spars and cover panels and fabricate sub- 
Components, September 1987 

F Y  1986 ACCOMPLISHMENTS: 

0 Open-hole compresslve strength of thermoplastlc lamlnates 
shown to be sllghtly lower than for epoxy laminates 
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o Flberglass edge relnforcements and In-plane tapered Insert 
reinforcements shown to Increase compressive and tenslle 
strength of graphlte-epoxy plates wlth holes 

o Preilmlnary design of high-aspect-ratio swept-forward 
wing with laminar flow airfoil shows that structural 
tailoring with graphite-epoxy materials can provide 
mlnlmum welght wlngs with no twist at ultimate load 

o Welght/cost analysis Identifies new composite panel 
concepts that are both lighter in weight and lower In 
cost than conventional aluminum stiffened fuselage panels 

o Deslgned and fabricated advanced high-aspect-ratio cover 
panel concept uslng damage-tolerant interleaved materials. 
Testing to evaluate concept is under way 

o Baseline and alternate wlng panel and spar concepts 
evaluated for transport wing box beam 
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RTR 505-63-11-07 Computational Structural Mechanics 

OBJECTIVE: 

Develop advanced structural analysls and computation methods 
that explolt advanced computer hardware and develop standard 
generlc software system for structural analysts. 

FY 1987 PLAS: 

o Award task asslgnment contracts for testbed, methods 
research, and appllcatlons studles 

o Demonstrate capability for routine nonlinear global/local 
analysls of composite structures 

o Demonstrate UNlX version of CSM testbed on NAS for large 
flnlte element problem 

o Integrate parallel equatlon solvers Into CSM testbed and 
demonstrate on FLEX or NAS 

o Demonstrate parallel dynamlc analysts 

APPROACH : 

In FY 1987 the maln focus w l l l  be upgrading lnltlal testbed 
(NICEISPAR) and developlng analysls capablllty for multl- 
processor computers. Methods research wlll emphaslze 
procedures that exploit computers having rnultlple prccessors 
and a concurrent processlng capablllty. To ald In the 
methods development research, a testbed system wlll be 
created. It wlll consist lnltlally of  software for Langley's 
VAX and Cyber computers and a comblnatlon of software and 
hardware for concurrent processlng. A standard generlc soft- 
ware system that can accept appllcatlons modules will be 
developed. Thls software system will be aimed at the 
computers and aerospace structural analysts problems of the 
late 1980's and beyond. 

MI LESTONES : 

o Award task asslgnment contracts for analysls testbed, 
methods research, and appllcatlons studles, October 1986 

o Demonstrate parallel equation solver and parallel elgen- 
value solver In NICE/SPAR, December 1986 

o Demonstrate geornetrlc nonlinear flnlte element capability 
of NICEISPAR on multlprocessor computer, March 1987 
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o Demonstrate UNIX version of NICE/SPAR on NAS for large 
flnlte element problem, March 1987 

o Demonstrate capability for routine global/local analysls 
of composite structures, July 1987 

o Demonstrate error analysis capablllty on composlte sub- 
scale problem, September 1987 

o Develop translent algorithms for multiprocessor super- 
computers, September 1987 

FY 1986 

0 

0 

0 

0 

0 

ACCOMPLISHMENTS: 

Converted NICE/SPAR testbed to UNIX; Installed on slngle 
and multiple processors of FLEX 

Installed shear flexible elements, geometrlc nonllnearlty, 
and laminate utlllty In NICE/SPAR 

Documented study of error analysis techniques 

Documented study of global/local stress analysis for 
composite panel with dlscontlnuous stlffener 

Parallel Lanczos elgensolver demonstrated to be efflclent 
on FLEX 
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RTR 506-43-41-04 SRB J o l n t  Concept Study 

OBJECTIVE: 

This  RTR I s  t o  conduct an Independent assessment o f  deslgn 
procedures f o r  development o f  a SRB ( S o l i d  Rocket Booster) j o i n t  
f l x ;  and t o  evaluate a l t e r n a t e  deslgn f i xes .  To se t  up analyses 
o f  S R B  deformat lons us ing  advanced ana lys l s  t o o l s ;  and t o  I n v e s t i -  
gate a l t e r n a t e  concepts us ing experience I n  gas leak problems 
I n  wind tunne ls  and f l l g h t  vehic les.  The e f f o r t  repor ted here in  
a re  t h e  r e s u l t s  o f  a team e f f o r t  by personnel o f  the  S t ruc tu res  
and Dynamlcs D l v l s l o n ,  M a t e r i a l s  D l v l s i o n ,  and Systems Englneer- 
ing D l v i s l o n .  

MILESTONES: 

o I n i t i a l  request t o  l nves t l ga te  f l e l d  j o l n t  concepts, 
February 1986 

o Complete assessment o f  MSFC (Marshal l  Space F l l g h t  
Center)  concepts, May 1986 

o Complete development o f  LaRC (Langley Research Center)  
a l t e r n a t e  concept, August 1986 

0 P a r t l c l p a t e  i n  SRM Pre l lm lnary  Deslgn Revlew, September 
1986 

F Y  1986 ACCOMPLISHMENTS: 

S t r u c t u r a l  Concepts 

o Developed and analyzed a l t e r n a t e  b o l t e d  design concept 
f o r  SRB J o l n t s  

- S R M  Analys ls  

0 Developed 3-D models o f  51-L j o i n t  and c o r r e l a t e d  w l t h  
re fe rence t e s t  

0 l d e n t l f l e d  p l n  ho le  clearances as key parameters I n  
c iev l s - tang  j o l n t  analyses 

o Performed I n e l a s t i c  3-D analyses o f  51-L j o i n t s  showing 
res idua l  p l a s t i c  deformatlons under proof  load 

o Developed 3-0 ana lys l s  of I n te r fe rence  f l t  capture tang 
des I gn 

0 Developed SRM s h e l l  model 
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O-Ring Studies 

o Developed resiliency data for various temperature levels 
on candidate seal materlals 

o Developed test fixtures and provided dynamic sealing and 
failure data to MSFC on candidate materials 

Therma I Design 

o Developed concepts for sealed thermal insulation of field 
Joints 

o Performed thermal analyses of sealed and vented cavities 
to determine effects of cavity configuration 
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V I  I ACCOMPLISHMENT HIGHLIGHTS 
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3 .  
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5 .  
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7. 

8 .  
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