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SUMMARY 

Since 1972 NASA has  pursued a program aimed a t  advancing t h e  technology 
and e s t a b l i s h i n g  a  d a t a  base  s o  t h a t  sound t e c h n i c a l  d e c i s i o n s  may b e  made i n  
the  f u t u r e  regarding long-haul superson ic  c r u i s e  a i r c r a f t  t r a n s p o r t a t i o n  sys- 
tems. This paper reviews t h e  o b j e c t i v e s  and s t a t u s  of the  resea rch  elements 
i n  the  s t r u c t u r e s  and m a t e r i a l s  phase of t h e  program. The o v e r a l l  o b j e c t i v e  
of t h e  s t r u c t u r e s  and m a t e r i a l s  program is t o  e s t a b l i s h  an  expanded technology 
base  which w i l l  permit major r educ t ions  i n  s t r u c t u r a l  mass by resea rch  on 
sdvanced s t r u c t u r a l  concepts,  new light-weight m a t e r i a l s ,  improved l o a d s  and 

i 
a e r o e l a s t i c  p r e d i c t i v e  techniques  and by development o f  e f f i c i e n t  s t r u c t u r a l  
des ign procedures.  

: . , INTRODUCTION 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

NASA RESEARCH ON STRUCTURES AND MATERIALS 

FOR SUPERSONIC CRUISE AIRCRAFT 

by Paul A. Cooper and 
Richard R. Heldenfels  

Langley Research Center 

I 

I n  a d d i t i o n  t o  the  environmental  and economic ques t ions  t h a t  s t i l l  remained 
when the  Nat ional  SST Program was cance l l ed  i n  1971, s e v e r a l  t e c h n i c a l  ques t ions  

I needed s a t i s f a c t o r y  answers. I n  the  s t r u c t u r e s  a r e a ,  the  major unresolved 

problems were r e l a t e d  t o  the  poor f l u t t e r  c h a r a c t e r i s t i c s  of t h e  a i r c r a f t  and 

j 
the  high o p e r a t i n g  empty weight f r a c t i o n  which adverse ly  a f f e c t e d  t h e  economics 
of the  a i r p l a n e .  The Department of Transpor ta t ion  funded a  follow-on technology 

! program t o  complete s e l e c t e d  t a s k s  i n  t h e  a r e a s  of f l u t t e r ,  t i t a n i u m  honeycomb 
panel  development, and f u e l  tank s e a l a n t s .  Advanced s t r u c t u r a l  concepts o r  high 

I 

temperature composite m a t e r i a l s  were not  included and f l u t t e r  i n v e s t i g a t i o n s  :$ 
1 

were l i m i t e d  t o  the  d e l t a  wing-type I o n f i g u r a t i o n s  i n  t h e  Nat ional  SST Program . 4 
I 



I 
c P o l l w i n g  the cancellation of the D. S. National SS'I' Program, NASA was 1 requested i n  1972 t o  i n i t i a t e  a Supersonic Cruise Ai rc ra f t  Research (SCAR) 
-1 program to provide the  f u r t h e r  d a t a  required t o  m;:e r a t i o n a l  decis ions i n  t he  

United S t a t e s  r e l a t i v e  t o  fu ture  development of mi l i t a ry  and c i v i l  supersonic 
c.ru.se a i r c r a f t .  This paper reviews t h e  ob jec t ives  and cur ren t  s t a t u s  of 
the research elements i n  the  s t r u c t u r e s  and materia1.s p a r t  of the SCAR Program. 

:..! 
'.-<.I The SCAR s t ruc tu re s  and mater ia ls  subprogram emphasizes technology advances 
.:;I f o r  achieving major reductions i n  the airframe s t r u c t u r a l  weight of large,  
$ f l ex ib l e ,  high-temperature, long-l i fe  supersonic a i r c r a f t .  The research and 
4; developmental e f f o r t s  have been formulated t o  attempt so lu t ions  t o  s e l ec t ed  
ili 
&.. 

c r i t i c a l  technical  problems i n  the areas  of advanced s t r u c t u r a l  concepts, s t ruc-  
.:I. :; 
Cl 
i il< 

t u r a l  design procedures, a e r o e l a s t i c  loads and response, and mater ia l s  applica- * ' 
,& t ions.  I n  the main, the research programs a r e  independent of s p e c i f i c  a i r c r a f t  

+ configurations.  Bec,.tuse of l imi ted  resources ava i lab le  under t he  SCAR program 

&i in both funds and manpower, only those research a reas  with long term p o t e n t i a l  
8' 
:,a'? f o r  high payoff were i d e n t i f i e d  and pursued. No attempt was made t o  i nves t i ga t e  
. . 
. 1 a l l  s t r u c t u r a l  problem a reas  which would be  encountered i n  the  design and manu- 
.. --% ? 
: ,  fac ture  of advanced supersonic c ru i se  a i r c r a f t  . Furthermore, the  modest funding 

l e v e l  f o r  s t ruc tu re s  and mater ia ls  research, which averaged l e s s  than three  
mi l l ion  do l i a r s  per year  over the  l a s t  th ree  years ,  allowed f o r  the  t e s t i n g  of 
small  s t r u c t u r a l  components only and could not  support any s i zeab le  s t r u c t u r a l  
development ac t i v i t y .  

RESEARCH ELEMENTS 
.-. .::: .k.l . ,. -:'. 
k,,,.T! 

Fundamental research appl icable  t o  supersonic c ru i se  a i r c r a f t  research i n  , :  

. ~ Struc tures  and Mater ia ls  is conducted pr inc ipa l ly  by the Langley Research . , 
Center.wfth contr ibut ions from Fl igh t  Research Center on ground and f l i g h t  t e s t s  
of s t ruc tu re s ,  from Ames  Research Center on f u e l  tank sea l an t s  and from Lewis 

, , 
a ! Research Center on high temperature polymers fo r  use as  matrix mater ia ls  in  

advanced r e s i n l f i b e r  composites. Primary emphasis is placed on the design and 
development of advanced s t r u c t u r a l  concepts t h a t  w i l l  be appl icable  t o  high 
performance supersonic c ru ise  a i r c r a f t  and t o  the development, manufacture, 
and proof t e s t  of advanced ti tanium and composite components i o r  appl ica t ion  
i n  both primary and secondary s t ruc tu re s .  I n  the  a r ea  of a e r o e l a s t i c i t y ,  primary 
emphasis is given t o  the development of both steady and unsteady loads cal-  
cu la t ion  and f l u t t e r  ca lcu la t ion  methodology f o r  l a rge  highly f l e x i b l e  a i r c r a f t  
with emphasis i n  the t ransonic  f l i g h t  regime and t o  the experimental evalua- 
t i o n  of long wave length atmospheric turbulence c h a r a c t e r i s t i c s  expected t o  
influence supersonic c ru i se  a i r c r a f t  design. 1 ' '! 

Table I contalns a l i s t i n g  of cont racrs  funded under the  SCAR s t r u c t u r e s  
I 
I and mater ia l s  program and Table I1 contains the t o t a l  new obl iga t ion  au thor i ty  
I 
I funding support ava i lab le  fo r  the  program from f i s c a l  1373 through f i s c a l  1976. 
i The reference l i s t  includes most reports  published t o  date  llnder rtie program. 
i 
I The t ab l e s ,  references and r e s ~ a r c h  tasks  discussed in  t h i s  repor t  are grouped 
I 

I 1  
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according t o  three fundamental r e s e a r c h  areas: Concept S t u d i e s ,  where s t u d i e s  
have been made of t h e  e f f i c i e n c y  of candidate  s t r u c t u r a l  concepts  under va ry ing  
load i n d i c e s  expected i n  high performance l a r g e  superson ic  cru-se a i r c r a f t ;  
S t r u c t u r e s  Technology, where a n a l y t i c a l  techniques and des ign  methods a r e  devel- 

m p i r i c a l  d a t a  gathered t o  suppor t  the  e f f i c i e n t  des ign  of a  long range 
supersonic  c r u i s e  a i r c r a f t ;  Materials Appl ica t ion,  where candidate  s t r u c t u r a l  
m a t e r i a l s  a r e  eva lua ted  i n  t h e  opera t ing  environment of a superson ic  c r u i s e  a i r -  
c r a f t  from the  s t andpo in t  of long l i f e  performance inc lud ing  t h e  cons ide ra t ion  
of manufacture of s m a l l  f l igh twor thy  s t r u c t u r a l  components, 1 .. 

Concept S t u d i e s  t 

Cont rac tua l  S tud ies .  - S e v e r a l  of t h e  t echno log ica l  a r e a s  t h a t  should be 
i n v e s t i g a t e d  t o  provide a sound b a s i s  f o r  des ign  of superson ic  c r u i s e  a i r c r a f t  
inc lude  a c t i v e  c o n t r o l  systems,  advanced composite m a t e r i a l s ,  development of 
improved aerodynamic conf igura t ions ,  and advanced a n a l y s i s  and des ign  methods. 
To e s t a b l i s h  a  b a s e l i n e  f l e x i b l e  s t r u c t u r a l  model of an a i r c r a f t  f o r  use  i n  
such i n v e s t i g a t i o n s ,  d e t a i l e d  s t r u c t u r a l  s t u d i e s  were conducted t o  o b t a i n  a 
r e a l i s t i c  m e t a l l i c  a i r c r a f t  des ign and an accura te  mass es t ima te  f o r  a  s p e c i f i c  
aerodynamic conf igura t ion .  S ince  superson ic  c r h i s e  a i r c r a f t  tend t o  be l a r g e  
and f l e x i b l e ,  r e a l i s t i c  a e r o e l a s t i c  cons ide ra t ions  based on f  in i te-e lement  s t r u c -  
t u r a l  a n a l y s i s  and s o p h i s t i c a t e d  aerodynamic loading a n a l y s i s ,  both  s t eady  and 
unsteady, a r e  r equ i red  even i n  a  pre l iminary  des ign s tudy  of such a  veh ic le .  
I n  o rde r  t o  o b t a i n  t h e  d e s i r e d  rea l i sm,  two l a r g e  c o n t r a c t u a l  s t u d i e s  were 
undertaken wi th  p a r t i c u l a r  emphasis i n  t h e  a r e a  of a e r o e l a s t i c i t y  (Contracts  
NAS1-12288 - Lockheed C a l i f o r n i a  Company and NAS1-12287 - Boeing Commercial 
Airplane Company.) The s t r o n g  i n t e r a c t i o n  of t h e  va r ious  d i s c i p l i n e s  r equ i red  
t h e  use  of computer-aided des ign methods t o  improve and exped i t e  t h e  a e r o e l a s t i c  
and s t r u c t u r a l  r e s i z i n g  cycle .  Ihus ,  i n  a d d i t i o n  t o  the  use fu lness  of t h e  
r e s u l t s  obta ined f o r  a s p e c i f i c  conf igura t ion ,  t h e  s t u d i e s  provided a  unique 
oppor tuni ty  t o  a p p r a i s e  some of the  computer-aided des ign methods p r e s e n t l y  i n  
use by t h e  aerospace i n d u s t r y ,  and t o  b r i n g  i n t o  s h a r p e r  focus  problems and 
technology a r e a s  r e q u i r i n g  f u r t h e r  s tudy  and development. 

The arrow-wing conf igura t ion ,  a d e r i v a t i v e  of t h e  SCAT 1 5 F  s e r i e s  ( r e f .  2), 
I shows promise from an aerodynamic s t andpo in t .  Both c o n t r a c t o r s  were given the  
i aerodynamic l i n e s  of a  r e fe rence  conf igura t ion  developed a t  NASA and were allowed 
1 t o  vary t h e  conf igura t ion  dur ing an i n i t i a l  conf igura t ion  s tudy  phase of the  

; I c o n t r a c t s .  A s  a r e s u l t ,  Boeing modified the  t a i l  s e c t i o n  and both c o n t r a c t o r s  
made s l i g h t  changes i n  t h e  wing sweep and l o c a t i o n  on the  fuse lage  t o  optimize 

\ t h e  C.G.  l oca t ion .  Lockheed shor tened the  o v e r a l l  l eng th  of the  a i r c r a f t  and 
I both contraccors  used l ead ing  edge h i g h - l i f t  devices  and an a l l  movable s t a b i -  
I l i z e r  wi th  a  geared e l e v a t o r  f o r  p i t c h  c o n t r o l .  The Boeing conf igura t ion  is 
?' shown i n  Figure 1. 
I 

I The c o n t r a c t o r s  were requ i red  t o  des ign t h e  a i r c r a f t  f o r  a  t o t a l  g ross  
takeoff  mass of 750,000 lbm and a  payload requirement of 49,000 lbm (approx. 
230 passengers) .  The a i r c r a f t  c r u i s e s  a t  Mach 2 . 7  and was . t o  achieve a  4200 
n a u t i c a l  m i l e  range i f  poss ib le .  The engir-a c h a r a c t e r i s t i c s  were based on pre- 

t vious  system s t u d i e s  performed by t h e  c o n t r a c t o r s ;  Boeing assumed the  use  of 

- 3 -  
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advanced technology af ter-burning t u r b o j e t  engines  i n  t h e  50,000 lb f  t h r u s t  
3 2-',, *- category; and Lockheed assumed t h e  use  of duct-burning turbofan engines i n  t h e  
. j  ,g 
C 

90,000 lb f  t h r u s t  ca tegory,  

Lockheed used a mul t i -d i sc ip l ina ry  a n a l y s i s  procedure i n t e r f a c i n g  two l a r g e  
computer codes NASTRAN ( s t a t i c s ,  dynamics, and s t r u c t u r a l  s t a b i l i t y )  and FAMAS 
(aerodynamic loads ,  s t r u c t u r a l  response,  and f l u t t e r  a n a l y s i s )  ( r e f .  3). They 
used two-dimensional f in i te-e lement  models of approximately 1050 D.O.F. t o  repre- 
s e n t  s e v e r a l  s t r u c t u r a l  arrangements and c a l c u l a t e d  i n t e r n a l  loads  based on 
s e l e c t i v e  maneuver cond i t ions  f o r  each arrangement. Severa l  a reas  of t h e  wing 
and fuse lage  were used t o  conduct p o i n t  des ign  analyses  and s i z i n g  of candidate  
s t r u c t u r a l  concepts.  The most promising s k i n  s t i f f e n i n g  concepts and i n t e r n a l  
s t r u c t u r a l  arrangements were s e l e c t e d  and re f ined .  

. . , . 
As shown i n  Figure  2 ,  t h r e e  s t r u c t u r a l  conf igura t ions  c o n s i s t e n t  wi th  an : ' I  

assumed 1980 technology read iness  were i n v e s t i g a t e d  as  primary L a d  ca r ry ing  
.k - 
. i  a l t e r n a t i v e  concepts f o r  t h e  wing and can be categor ized under two genera l  types  

,,.. + a s  : (1) Monocoque - b i a x i a l l y  s t i f f e n e d  pane l s  (2) Semimonocoque - u n i a x i a l l y  
T* s t i f f e n e d  panels .  The monocoque cons t ruc t ion  has  b i a x i a l l y  s t i f f e n e d  pane l s  
, , which support  t h e  p r i n c i p a l  load i n  both  t h e  span and chord d i r e c t i o n .  Two types 
,5 

A of semimonocoque concepts were considered; panels  suppor t ing l o r  is i n  t h e  span- 
g;,, 
4' 

wise d i r e c t i o n  (span-wise s t i f f e n e d )  wi th  a m u l t i r i b  s u b s t r u c t u r e  and widely 

t:3, spaced s p a r s ,  and pane l s  suppor t ing loads  i n  t h e  chord-wise d i r e c t i o n  (chord- 
fr. . 
%. . wise s t i f f e n e d )  wi th  a mul t i spar  s u b s t r u c t u r e  and widely spaced r i b s .  The chord- 
i 

t., , wise s t i f f e n e d  concepts make use  of s t r u c t u r a l l y  e f f i c i e n t  beaded-skin des igns  
which, when proper ly  o r i e n t e d  i n  t h e  a i r s t r e a m ,  provrde accep tab le  aerodynamic 
c h a r a c t e r i s t i c s  and allow thermal expansion, thereby minimizing thermal s t r e s s e s .  

-4 Of t h e  t h r e e  conf igura t ions ,  t h e  chord-wise s t i f  fened approach o f f e r e d  the  max- 
imum mass saving p o t e n t i a l  when coupled wi th  s e l e c t i v e  reinforcement of t h e  bas ic  
m e t a l l i c  r i b  and s p a r  caps wi th  u n i d i r e c t i o n a l  boron-polyimide composites. This 
s t r u c t u r a l  arrangement was used a s  the  primary design concept f o r  t h e  wing with 

, I  
t h e  exception of t h e  outboard wing panels  where, because of s t i f f n e s s  requ i re -  

L i ments, monocoque aluminum brazed t i t an ium honeycomb panels  weie used.  T..c b a s i c  
! m a t e r i a l  was Ti-6A1-4V t i t an ium ~ l l o y  . 

5 

A more d e t a i l e d  three-dimensional f in i t e -e lement  model conta ining approx- 
imately 2200 D.O.F. was developed f o r  t h e  f i n a l  s t r u c t u r a l  analyses .  S t reng th  
s i z i n g  and one r e s i z i n g  were conducted a t  s i x  wing regions  and four  fuse lage  
regions .  F l u t t e r  c h a r a c t e r i s t i c s  were determined on the  s t r e n g t h  designed 
s t r u c t u r e  f o r  t h r e e  Maph numbers ( - 6 ,  . 9 ,  and 1.85) and a d d i t i o n a l  s t i f f n e s s  
was added t o  c o r r e c t  f l u t t e r  d e f i c i e n c i e s  by use of a method of f l u t t e r  optimiza- 

, t i o n  employing computer graphics .  
1 

I Boeing used a mul t i -d i sc ip l ina ry  a n a l y s i s  procedure depending mainly on the  1 ATLAS Program f o r  s t a t i c  s t r u c t u r a l  a n a l y s i s ,  s i z i n g ,  and dynamic behavior (see  
the next s e c t i o n  of t h i s  paper f o r  a b r i e f  d i scuss ion  of the  ATLAS code.) S t a t i c  

I a e r o e l a s t i c  loads  were determined i n  t h e  FLEXSTAB Program ( r e f .  4) using e l a s  t i c  

j p r o p e r t i e s  and geometry suppl ied by the  ATLAS code i n  a d i r e c t  i n t e r f a c e .  Boeing 
depended on t h e  r e s u l t s  of t h e  Nat ional  SST Program t o  supply design concepts 

i 
i c o n s i s t e n t  with a 1975 technology base  and the  concepts were i n i t i a l l y  s i z e d  
1 based on design loads  and environmental cond i t ions  from previous  s tudy r e s u l t s  

! (SCAT 15F s tudy) .  The b a s i c  s t r u c t u r a l  concept s e l e c t e d  was aluminum brazed 



t i tanium hoceycomb. With s t r u c t u r a l  concepts s e l e c t e d ,  Boeing generated an 
ambitious 8500 D.O.F. three-dimensional f in i te-e lement  model a s  shown i n  Figure  
3. The ske tch  i n  t h e  upper p a r t  of t h e  f i g u r e  d e p i c t s  t h e  complete model where 
t h e  wing and ad jacen t  fuse lage  s t r u c t u r e  a r e  modeled with two-dimensional e l e -  
ments and the  remainder of t h e  a i r c r a f t  simulated wi th  beam elements. For dynam- 
i c  analyses ,  approximately 250 degrees of freedom a r e  r e t a i n e d ,  

The Boeing Company f e l t  t h a t  a model of t h i s  complexity was needed f o r  
d e t a i l  i n  the  s t r u c t u r a l  modeling of t h e  engine beams, leading and t ra i l ing-edge  
con t ro l s ,  wing secondary s t r u c t u r e ,  landing-gear and wheel-well cu tou t ,  and wing- 
mounted f i n s  as w e l l  a s  wing primary s t r u c t u r e  t o  a s s u r e  a meaningful a n a l y s i s .  

I The wing was r e s i z e d  us ing  an automated f u l l y  s t r e s s e d  r e s i z i n g  a lgor i thm employ- 
i n g  i n t e r n a l  f o r c e s  based on t h e  i n i t i a l  loads  eva lua t ion .  A check of t h e  s i z e d  
s t r u c t u r e  showed t h a t  t h e  s t r u c t u r e  had a f l u t t e r  de f ic iency  which was p a r t i a l l y  
removed by r e s i z i n g  based on eng ineer ing  judgment. A more complete d e s c r i p t i o n  

I of work performed under t h i s  c o n t r a c t  is given i n  re fe rence  5. 
I 

The group mass s t a tements  of t h e  f i n a l  a i r c r a f t  a r e  shown i n  Table 111. 
I n  making comparisons, t h e  reader  should b e  cautioned t h a t  t h e  conf igura t ions  
were s l i g h t l y  d i f f e r e n t  and whereas Boeing was r e s t r i c t e d  t o  1975 technology, 
Lockheed was allowed t h e  freedom t o  p r o j e c t  and use  a 1980 technology and a s  a 
r e s u l t  could u t i l i z e  composites t o  des ign l i g h t e r  s t r u c t u r a l  concepts.  The 
major c o n t r a c t u a l  e f f o r t  i n  both  c o n t r a c t s  was appl ied t o  the  wing s t r u c t u r a l  
des ign and thus  t h e  wing mass va lues  a r e  more r e f i n e d  than t h e  o t h e r  va lues  
shown on the  mass s ta tement .  The s t r u c t u r a l  concepts were evaluated us ing mass 
and range incremencs as merit func t ions  and t h e  t o t a l  ranges a s  given i n  t h e  
t a b l e  a r e  highly  dependent on p ro jec ted  engine e f f i c i e n c i e s  which a t  t h i s  time 
a r e  h i )  h ly  specu la t ive .  

.4 

The genera l  design c o n s t r a i n t s  of t h e  wing cover f o r  the  Boeing design a r e  
shown i n  Figure 4. The wing schematic shows t h r e e  d i s t i n c t  zones d i v i d i n g  both  
t h e  upper and lower s u r f a c e s  of t h e  wing according t o  t h e  t h r e e  des ign re.quire- 

I r 

! ments t h a t  d i c t a t e d  s t r u c t u r a l  s i z e s .  The t i p  s t r u c t u r e  was s t i f f n e s s  c r i t i c a l  

; t and s i z e d  t o  meet the  f l u t t e r  requirements.  The af t box was strength-designed 
t o  t ransmit  the  wing span-wise and chord-wise bending moments and shears .  The 

? forward box s t r u c t u r a l  s i z i n g  r e s u l t e d  i n  minimum gage s u r f a c e  panels  and sub- 
s t r u c t u r e  components. Foreign o b j e c t  damage was the  governing c r i t e r i o n  f o r  

$ i s e l e c t i o n  of minimum gage. 

5 
The Lockheed design evidenced t h e  same s t r u c t u r a l  c h a r a c t e r i s t i c s  wi th  a I 

w 

s l i g h t l y  l a r g e r  t i p  a r e a  def ined by s t i f f n e s s  cond i t ions  and a s l i g h t l y  smal le r  1 
a r e a  def ined by s t r e n g t h  cons idera t ions .  Both a i r c r a f t  des igns  have a l a r g e  
wing acreage designed f o r  minimum gage making t h e  arrow-wing conf igura t ion  a 
r e l a t i v e l y  i n e f f i c i e n t  s t r u c t u r e  on a mass b a s i s  a s  is t h e  s i t u a t i o n  f o r  most 

f 
! low aspec t  r a t i o  conf igura t ions .  

f 

,I 
For the  Boeing design,  a more d e t a i l e d  breakdown of the  mass of t h e  l a r g e s t  

component, t h e  wing, i n d i c a t e s  t h a t  of a t o t a l  mass of 95,800 lbm, 46,000 lbm 
of m a t e r i a l  (48 percent)  is a c t u a l l y  required t o  support  t h e  imposed load.  
About 24,400 lbm ( 2 6  p e r c e n t  ) r e p r e s e n t s  non-optimum mass such a s  s k i n  pad- 

i ups, core ,  b raze ,  e t c .  The l ead ing  edge and t ra i l ing-edge  s t r u c t u r e s  account 

z 1 f o r  t h e  remaining 24,400 lbm ( 2 6  p e r c e n t )  Forty-eight pe rcen t  of t h e  wing i. 
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cover a r e a  is designed by minimum gage c o n s t r a i n t a ,  44 pe rcen t  is s u b j e c t  t o  
s t r e n g t h  c o n s t r a i n t s  and t h e  remaining e i g h t  pe rcen t  is  s t i f f n e s s  c r i t i c a l .  

These des ign s t u d i e s ,  u s i n g  l a r g e  complex models, provided an opportl lni ty 
t o  appra i se  t h e  e f f e c t  of t h e  use  of an  advanced computerized s t r u c t u r a l  des ign  
system on deslgn methods. Such a des ign system should be used a s  e a r l y  as pos- 
s i b l e  11,. the s tudy  t o  reduce manpower requirements.  Moreover, f o r  t h e  arrow- 
wing aupersonLc c r u i s e  conf igura t ion ,  s t a t i c  a e r o e l a s t i c  e f f e c t s  and f l u t t e r  a r e  
important  and should be considered a s  e a r l y  a s  p o s s i b l e  i n  the  des ign process  s o  
t h a t  s t i f f n e s s  cons t ra ined  members a r e  not  unnecessa r i ly  r e s i z e d  f o r  s t r e n g t h .  
Generation and v a l i d a t i o n  of a  l a r g e ,  complex f in i t e -e lement  model is a  major 
i t e m  i n  the  s t r u c t u r a l  ana lyses  e f f o r t ,  and t h e  use  of automated modeling meth- 
ods and sophisticates graphics  c a p a b i l i t y  a r e  h i g h l y  d e s i r a b l e  t o  decrease  bo th  
manpower expendi ture  and flow t i m e  f o r  t h i s  t a sk .  Automated s t r e n g t h  r e s i z i n g  
dur ing t h e  des ign cyc le  i s  much f a s t e r  than manual methods, The l a t t e r  p o i n t  
was i l l u s t r a t e d  i n  the  Boeing s t u d y  by t h e  f a c t  t h a t  automated r e s i z i n g  of t h e  
wing elements was accomplished i n  an overnight  stress run,  whi le  manual r e s i z i n g  
of t h e  f u s e l a g e  elements r equ i red  an a d d i t i o n a l  t h r e e  man-weeks of e f f o r t .  
R e a l i s t i c  automated s t r e n g t h  r e s i z i n g  i s  an important  f a c t o r  i n  reducing des ign 
cyc le  time because t h e  f in i t e -e lement  model can b e  genera ted more quickly  by 
us ing unref ined i n i t i a l  e s t i m a t e s  of member s i z e s .  Also, cons ide r ing  t h a t  t h e  
mass a d d i t i o n  necessary  t o  prevent  f l u t t e r ,  which i n  t h e  Boeing s tudy  was on 
t h e  o rde r  of 10,000 lbm, may be an apprec iab le  f r a c t i o n  of t h e  payload,  e f f i -  
c i e n t  automated s t r u c t u r a l  op t imiza t ion  f o r  f l u t t e r  is d e s i r a b l e  i n  computerized 
des ign  systems. References 3 and 5 - 7 a r e  r e c e n t  p u b l i c a t i o n s  summarizing t h e  
major a c t i v i t i e s  under t h e s e  s t u d i e s .  

Advanced Composite Appl ica t ions .  - The Soeing c o n t r a c t  has  been extended 
t o  provide an in-depth e v a l u a t i o n  of mass reduc t ions  t h a t  might be  achieved by 
u t i l i z a t i o n  of advanced composite m a t e r i a l s  and s t r u c t u r a l  concepts t h a t  w i l l  
b e  a v a i l a b l e  i n  t h e  1980's .  Previous  s t u d i e s  have i n d i c a t e d  t h a t  a  r educ t ion  
i n  OEM (Operating Empty Mass) of about n ine  pe rcen t  (32,000 lbm) can be  achieved 
i n  t h i s  way through a p o t e n t i a l  r educ t ion  of 1 8  pe rcen t  i n  s t r u c t u r a l  mass. L t  
is be l i eved  t h a t  f u r t h e r  refinement and/or  s u b s t a n t i a t i o n  of t h i s  e s t i m a t e ,  by 
a p p l i c a t i o n  of t h e  i n t e g r a t e d  a n a l y s i s  ?nd des ign  t o o l s  t h a t  were used i n  t h e  
des ign s t u d i e s ,  w i l l  provide g u i d e l i n e s  f o r  r e sea rch  planning on advanced mate- 
r i a l s  a p p l i c a t i o n s  and concept development. D e t a i l  des ign  and concept s t u d i e s  
wi l l .  consider  r e p r e s e n t a t i v e  s e c t i o n s  of major components of the  b a s e l i n e  s t r u c -  
t u r e  s o  t h a t  r e s u l t s  of t h e  s tudy w i l l  be d i r e c t l y  comparable t o  those obta in-  
ed based on t h e  1975 technology b a s e l i n e  t i t an ium s t r u c t u r e .  

C r i t i c a l  des ign  loads  w i l l  b e  r ev i sed  t o  r e f l e c t  the  e f f e c t s  of r ev i sed  
s t r u c t u r a l  s t i f f n e s s  and mass d i s t r i b u t i o n .  S t r u c t u r a l  members w i l l  be s i z e d  
based on t h e  rev i sed  c r i t i c a l  des ign  loads  and the  b e s t  a v a i l a b l e  a l lowable  
s t r e s s  da ta .  The f l u t t e r  c h a r a c t e r i s t i c s  of t h e  r e v i s e d  a i r p l a n e  w i l l  be eval -  
uated.  

Trade S tud ies .  - P a r a l l e l  s t r u c t u r a l  concept t r a d e  s t u d i e s  a r e  be ing  per- 
formed a t  the  NASA Langley Research Center  w i t h  a i d  from LW eng ineer ing  

i personnel  ( c o n t r a c t  NAS1-13500) us ing l a rge - sca le  computer-aided t o o l s .  The 

? major i ty  of t h e  work t o  d a t e  has  been performed us ing t h e  SAVES system of com- 
p u t e r  codes deve;-ped a t  Langley. (See the  nex t  s e c t i o n  of t h i s  r e p o r t  f o r  a  

, - - 6 - 



b r i e f  d i scuse ion  of t h e  SAVES code.) An i n i t i a l  s tudy  has  been publ ished i n  
re fe rence  8. During one r e c e n t  i n v e s t i g a t i o n  t h e  arrow-wing conf igura t ion  was 
s t r e n g t h  s i z e d  us ing  t h e  SAWS system f o r  s t r u c t u r a l  a n a l y s i s .  However, a f t e r  
f l u t t e r  a n a l y s i s  of t h i s  f u l l y - s t r e s s e d  design,  i t  was found t h a t  t h e  s t r u c t u r e  
d i d  n o t  meet t h e  f l u t t e ? :  requirement. I n  f a c t ,  t h r e e  d i s t i n c t  f l u t t e r  modes, 
a s  shown i n  Figure  5, f e l l  wi th in  t h e  requirement envelope. A s  an  a i d  i n  t h e  
understanding of t h e  f l u t t e r  behavior,  s t i f f n e s s  was added s e p a r a t e l y  t o  t h r e e  
d i f f e r e n t  a r e a s  of t h e  a i r p l a n e  and t h e  s e n s i t i v i t y  t o  movement of each f l u t t e r  
node boundary was measured i n  increased speed p e r  pounds of m a t e r i a l  added.. 
From t h e s e  r e s u l t s ,  and a  c e r t a i n  amciunt of engineer ing judgment, a l e a s t  weight 
f l u t t e r  f i x  f o r  t h e  arrow-wing can be  approximated by a  jud ic ious  mix of s t i f f -  
ness  add i t ions .  The main emphasis of t h e  t r a d e  s t u d i e s  is c u r r e n t l y  d i r e c t e d  
towards a p p l i c a t i o n  of f i lamentary  composite m a t e r i a l s  i n  t h e  design of super- 
s o n i c  c r u i s e  a i r c r a f t .  

i 
f.. i S t r u c t u r a l  Technology 

i : 
Analyt ic  techniques ,  des ign methods, and empi r ica l  d a t a  required f o r  t h e  

h s t r u c t u r a l  des ign  of a  long-range a e r o e l a s t i c  supersonic  c r u i s e  a i r p l a n e  a r e  
Fm t being developed t o  provide f o r  an improved design i n  l e s s  time, Analyt ic  tech- 
*' 
5 ,  niques  f o r  p r e d t c t i n g  s teady  and unsteady t ranson ic  loads  a r e  being developed 
,, , . and compared wi th  wind tunnel  d a t a ,  and landing load a l l e v i a t i o n  techniques f o r  b . , '% I high ly  f l e x i b l e  a i r c r a f t  a r e  a l s o  being developed. I n - f l i g h t  measurements of 
:j. 'I atmospheric turbulence,  important t o  supersonic  c r u i s e  a i r c r a f t ,  a r e  being made 

by B-57 a i r c r a f t ,  and f l c t t e r  a n a l y s i s  and exper imental  techniques a r e  being 
improved through a s e r i e s  of theory developments and wind tunnel  t e s t s .  Pro- 
ceduros f o r  t h e  copside. a t i o n  of c r i t i c a l  s t r u c t u r a l  des ign problems, inc lud ing  
design f o r  f a t i g u e  anu f r a c t u r e  prevent ion,  thermal s t r e s s ,  and f l u t t e r  preven- 
t i o n  a r e  being advanced and consol idated i n t o  computer codes t h a t  can reduce 
des ign cycle  time by one-half t o  one-third.  Some d e t a i l s  ~f  these  programs 
follow, 

Advanced Design Codes. - Two major 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 
design codes and a  s tudy code a r e  c u r r e n t l y  being developed t o  a i d  i n  t h e  pre- 
l iminary des ign of supersonic  a i r c r a f t .  

The f i r s t  code c a l l e d  ATLAS i s  an 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 design 
system developed by the  Eoeing Comnercial Airplane Company ( r e f .  9 ) .  This mod- 

I. u l a r  system of computer codes is i n t e g r a t e d  w i t h i n  a  common execu t ive  and d a t a  

1 base  framework t h a t  is o p e r a t i o n a l  on t h e  Control  Data Corporation (CDC) 66001 
CYBER computers. System c a p a b i l i t y  is under cont inuing development and r e f i n e -  
ment i n  a  cooperat ive  e f f o r t  by Boeing and t h e  Langley Research Center under 
Ccntract  NAS1-12911. These c a p a b i l i t i z s  may be grouped i n t o  three  c a t e g o r i e s :  
execu t ive ,  t e c h n i c a l ,  and d a t a  handling.  

I 

I The ex tens ive  execu t ive  c a p a b i l i t y  d e r i v e s  from the  use of the  c o n t r o l  
module and s e v e r a l  precompilers which permit  use r  c o n t r o l  of t h e  des ign  process  
by s p e c i f i c a t i o n  of t h e  sequence and mode of execut ion of s e l c c t e d  computational 
modules. Design process flow is presc r ibed  through a  c o n t r o l  deck t h a t  may be 
inpu t  wi th  t h e  problem d a t a  o r  obtained from a  previously  s t o r e d  f i l e .  The 

~ ~ ~ , ~ J , ~ U ~ ~ L . . * ~  1 o*, A*. . 
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c o n t r o l  deck c o n e i e t s  of ATLAS system s ta tements  f o r  d a t a  d e s c r i p t i o n  and proc- 
ess flow ~ ~ . r t r o l w i t h  s t andard  FORTRAN p r o g r a m i n g  a v a i l a b l e  t o  t h e  u s e r  t o  8 

perform a d d i t i o n a l  f u n c t i o n s  such a s  i n t e r f a c i n g  w i t h  an e x t e r n a l  program. 
t 

B 
The t e c h n 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  i n  ATLAS inc lude  modules f o r  s t i f f n e s s ,  
stress, mass, s t r e n g t h - r e s i z e ,  v i b r a t i o n ,  and i n t e r p o l a t i o n  c a l c u l a t i o n s .  
Recently,  modules f o r  unsteady aerodynamics and f l u t t e r  c a l c u l a t i o n s  have been 
added t o  t h e  code. The d a t a  handl ing c a p a b i l i t i e s  i n c l u d e  d a t a  s t o r a g e  i n  a 1 

$ - 
d a t a  base  a c c e s s i b l e  t o  a l l  system modules, d a t a  t r a n s f e r  t o  and from e x t e r n a l  3 

: 1 
programs, d a t a  t r a n s f e r  t o  and from r e s t a r t  t apes ,  and p l o t t i n g  and o t h e r  forms 

.(, . , of ou tpu t  p resen ta t ion .  The u s e  of a common d a t a  base  provides  automat ic  com- 

_.;: j p a t i b i l i t y  of d a t a  among moduies, r ap id  access  t o  d a t a  on d i s c  s t o r a g e  and 
r e q u i r e s  t apes  only  f o r  a r c h i v a l  s to rage .  

- -- 

. . 

I 
The second des ign  code c a l l e d  SAVES was developed a t  t h e  NASA Langley 

Research Center ( r e f .  10) t o  c a l c u l a t e  f l e x i b l e  aerodynamic loads  and s i z e  t h e  
I .. l i ,  

s t r u c t u r e  f o r  s t r e n g t h .  I n i t i a l l y  the  program was organized i n  t h e  convent ional  

1 design sequence as shown on t h e  l e f t  i n  Figure  6 where t h r e e  i t e r a t i v e  loops 
were employed t o  a r r i v e  a t  a  converged f u l l y - s t r e s s e d  des ign.  I n  Loop A, the  
aerodynamic loads  were i t e r a t e d  u n t i l  cqnvergence; i n  Loop B,  t h e s e  loads  were 
then app l i ed  t o  t h e  s t r u c t u r e  u n t i l  a  c. iverged s e t  of r e s i z e d  elements was 

1 

! obta ined.  These loops were loca ted  w i t h i n  a l a r g e  one, Loop C ,  and were passed 

I through u n t i l  t h e  loads  and r e s i z e d  members were bo th  converged. This  method 
1 .  

ir,' 
proved time consuming and c o s t l y .  Therefore ,  t h e  SAVES program was r e s t r u c t u r e d  
i n t o  t h e  p a r a l l e l  i t e r a t i o n  a r c h i t e c t u r e  shown on t h e  r i g h t  i n  t h e  f i g u r e  s o  

. . 

.' 
1 t h a t  t h e  aerodynamic loads  and s t r u c t u r a l  r e s i z i n g  were c a l c u l a t e d  a t  t h e  same 

.. 1 time ( r e f .  11) .  The same s t r u c t u r a l  a n a l y s i s  was used f o r  both  opera t ions .  I n  

I 
t h i s  arrangement t h e r e  e x i s t s  only  one loop and t h e  a i r l o a d s  and element s i z e s  
converge simultaneously.  Because of fewer i t e r a t i o n s  and ana lyses ,  a  sav ings  
of approximately 80 percent  was achieved i n  computer CPU time. Convergence is 

i achieved more qu ick ly  and t h e  r e s u l t s  a r e  more accura te  wi th  t h e  cont inuously  

I updated a i r l o a d s .  A review of t h e  des ign  procedures under development and some 
advances i n '  t he  computer so f tware  a s p e c t s  of t h e  SAVES code a r e  given i n  r e f e r -  

! ence 12. 

A computer code c a l l e d  WIDOWAC (Wing Design Optimization With A e r o e l a s t i c  
Cons t ra in t s )  used t o  s tudy  s y n t h e s i s  procedures has  been developed under Grant 
NGR 52-012-008. The WIDOWAC computer program is  a pre l iminary  des ign resea rch  
t o o l  used t o  develop an a c c u r a t e  minimum-mass s i z i n g  c a p a b i l i t y  f o r  f i n i t  .- 
element wing models t h a t  must s a t i s f y  m u l t i p l e  des ign c o n s t r a i n t s .  The r igorous  

1 
math programming s i z i n g  a lgor i thm used i n  WIDOWAC h a s  t h e  g e n e r a l i t y  t o  a l low 
any number of d i f f e r e n t  k inds  of d s s i g n  c o n s t r a i n t s  t o  be imposed dur ing  t h e  
des ign process.  Mult3.ple f l u t t e r  (subsonic  and superson ic ) ,  s t r e s s ,  s t r a i n ,  
displacement,  buckl ing and minimum gage cons t r a i n t s  can be imposed, a s  w e l l  a s  
d iscont lnuous  o r  "tL~rnp" mode f l u t t e r  c o n s t r a i n t s .  Minimum-mass des igns  can be 
obta ined f a r  m u l t i p l e  mechacical ,  thermal ,  and i n e r t i a l  loading cond i t ions .  
Kernel func t ion  aerodynamics is  used f o r  subsonic  cond i t ions  and second o r d e r  
p i s t o n  theory is used f o r  supersonic  cond i t ions  (see  r e f s .  13 - 17) .  j 

! Design Syn thes i s  Procedures.  - Three s t u d i e s  a r e  underway t o  improve - 
s t r u c t ~ l r a l  s i z i n g  procedures.  A r e c e n t l y  completed s tudy (NAS1-12121) examined 

1 some of  t h e  component processes  involved i n  s i z i n g  s t r u c t u r e  t o  meet f l u t t e r  
requirements. These included euamina . ;  an of e f f i c i e n t  f o m s  i n  which t o  c a s t  



r unsteady aerodynamic parameters f o r  use i n  r e p e t i t i v e  f l u t t e r  c a l c u l a t i o n s ,  
e f f i c i e n t  method8 f o r  perf  onning t h e  f l u t t e r  c a l c u l a t i o n s  themselves,  and t h e  
c h a r a c t e r i s t i c s  and e f f i c i e n c y  of s e v e r a l  procedures f o r  minimizing s t r u c t u r a l  
mass s u b j e c t  t o  f l u t t e r  c o n s t r a i n t s  (see  r e f s .  18  - 20). 

An e x i s t i n g  weight e s t i m a t i n g  computer program has  been modified under 
Contract  NASl-12506 t o  inc lude  f r a c t u r e  and f a t i g u e  s i z i n g  modules. The module 
c a l c u l a t e s  a l lowable  s t r e s s e s  which a r e  used t o  s i z e  t h e  s t r u c t u r e .  The allow- 
a b l e  s t r e s s e s  s a t i s f y  f a t i g u e  l i f e ,  crack-growth l i f e ,  and r e s i d u a l  s t r e n g t h  
requirements chosen by t h e  u s e r ,  A f in i t e -e lement  program is  a l s o  be ing  devel- 
oped under Contract  NAS1-13605 t o  analyze  cracked a n i s o t r o p i c  s h e e t s  and a gt m t  
t o  s tudy  f r a c t u r e  of advanced composites NSG-1228 has  been i n i t i a t e d .  

t. An improved f u l l y  s t r e s s e d  des ign a lgor i thm has  been developed f o r  s i z i n g  

, " { simple s t r u c t u r a l  members sub jec ted  t o  combined thermal-mechanical loading.  
1' ,. 

I d  The a lgor i thm has  been shown t o  converge i n  fewer i n t e r a t i o n s  than o rd ina ry  
$ f u l l y  s t r e s s e d  des ign f o r  s i t u a t i o n s  where thermal s t r e s s  a r e  of comparable 

- 1~ a + magnitude t o l o r  dominate t h e  mechanical s t r e s s e s  ( r e f .  21). 
$ 

F l u t t e r  Technology. - Experience i n  the  des ign of superson ic  a i r c r a f t  
i n c r e a s i n g l y  emphasizes the  need f o r  adequate cons ide ra t ion  of a e r o e l a s t i c  
e f f e c t s  dur ing  e a r l y  s t a g e s  of the  des ign  cycle .  This  need is p a r t i c u l a r l y  

1 

11 apparent  f o r  l a r g e  f l e x i b l e  a i r c r a f t  wherein t h e  s t r u c t u r a l  des ign o f t e n  is 
! d i c t a t e d  on the  b a s i s  of s t i f f n e s s  r a t h e r  than s t r e n g t h  requirements.  I n  such 

i cases  a e r o e l a s t i c i t y  p lays  a prominent r o l e  i n  o t h e r  d i s c i p l i n e s  such a s  s t a -  

1 b i l i t y  and c o n t r o l ,  performance, and aerodynamic loads .  In  pa r ,  c u l a r ,  consid- 

i e r a t i o n  of t h e  dynamic a e r o e l a s t i c  i n s t a b i l i t y ,  f l u t t e r ,  is of p. ramount 
importance throughout t h e  des ign  cycle .  The g o a l  of achieving an advanced 
f l u t t e r  methodology by 1980 is being pursued both  t h e o r e t i c a l l y  and exper i -  1 mentally.  Con t rac tua l  e f f o r t s  (NAS1-13002, NAS1-13986, IAs1-13613) a r e  under- 

\ way t o  develop and e v a l u a t e  s o p h i s t i c a t e d  unsteady aerodynamic modules f o r  
f l u t t e r  p r e i i c t i o n  programs (e.g. r e f .  22) a s  w e l l  a s  programs t o  i n v e s t i g a t e  
through in-house wind tunne l  s t u d i e s  t h e  f l u t t e r  c h a r a c t e r i s t i c s  of superson ic  

! c r u i s e  a i r c r a f t .  . 
/ The weakest l i n k s  i n  t h e  chain  of unsteady aerodynamic t h e o r i e s  is i n  t h e  

1 Mach number range where l i f t i ~ l g  s u r f a c e s  a r e  most prone t~ f l u t t e r ;  t h a t  is ,  

i i n  t h e  t r a n s o n i c  range. Therefore ,  t h e  advanced t r a n s o n i c  unsteady t h e o r i e s  
c u r r e n t l y  being developed w i l l  be  v e r i f i e d  by means of a p p r o p r i a t e  e x p e r h e n -  
ta l ly-determined o s c i l l a t i n g  p ressures .  To o b t a i n  t r a n s o n i c  unsteady p r e s s u r e  
d a t a ,  a  3-dimensional s i d e w a l l  mounted o s c i l l a t i n g  model.wing wi th  l ead ing  and 
t r a i l ing-edge  o s c i l l a t i n g  c o n t r o l s  is be ing  f a b r i c a t e d  under Contract  NAS1- 
12984. The model, which is scheduled f o r  wind tunnel  t e s t i n g  i n  e a r l y  1976, 

i w i l l  be used t o  measure p ressures  as the  wing o s c i l l a t e s  i n  p i t c h  and r o l l .  

Under Grant NGR-22-004-030 a g e n e r a l ,  e f f i c i e n t ,  and u n i f i e d  unsteady 
I .- 1 aerodynamic c a p a b i l i t y  bared on f in i t e -e lement  po ten t i a l - f low theory ,  a p p l i c a b l e  

t o  complete a i r c r a f t  configu.:ations i n  s t eady  o r  unsteady motion a t  subsonic  o r  . ? 
1 superson ic  speeds ,  is being developed ( r e f s .  23  - 27). .. . 

F l u t t e r  Tes t s .  - Three s e r i e s  of f l u t t e r  t e s t s  have been parformei t o  d a t e  
under the  SCAR program. To permit  euccese fu l  t e s t i n g  of models nea r  Mach 

,, . 



numbere of 1.0, wind tunne l s  must be  designed wi th  some type of wall  opening, 
nonllal ly s l o t 8  o r  p e r f o r a t i o n s  (ho les ) ,  i n  t h e  t e s t  s e c t i o n .  The degree of 
openness o r  w a l l  p o r o s i t y  is u s u a l l y  i n d i c a t e d  a s  t h e  percentage of open w a l l  
a r e a  r e l a t i v e  t o  t o t a l  w a l l  area .  To e v a l u a t e  t.he e f f e c t s  of tunne l  s i z e  and 
poros i ty  on the  f l u t t e r  c h a r a c t e r i s t i c s  of models, an SST-type semi-span f l u t t e r  
model was t e s t e d  i n  t h r e e  d i f f e r e n t  tunee l s  having v e n t i l a t e d  t e s t  s e c t i o n s  
( r e f .  28). Cooperative t e s t s  i n  t h e  French Modane S2 tunne l ,  i n  ~ h i c h  t h e  tun-. 
n e l  p o r o s i t y  could b e  v a r i e d ,  were suppor ted  by Contract  NAS1-119S7. The Modane 
s t u d i e s  i n d i c a t e d  t h a t  w a l l  p o r o s i t y  e f f e c t s  on t h e  f l u t t e r  dynamic p r e s s u r e  
were apprec iab le  a t  Mach numbers from 0.8 t o  a t  l e a s t  0.92  and t h a t  t h e  e f f e c t s  
of poros i ty  a r e  more pronounced a t  t h e  h igher  Mach num+ :rs, p a r t i c u l z r l y  a t  the  
lower va lues  of poros i ty .  The p o r o s i t y  e f f e c t s  a r e  p r ~ o a b l y  accentuated by the  
s i z e  model t e s t e d  which was r e l a t i v e l y  l a r g e  f o r  the  Modane f a c i l i t y .  

I n  another  s tudy,  a  1150-scale model of an  arrow-wing was t e s t e d  t o  o b t a i n  
experimental f l u t t e r  d a t a  f o r  c o r r e l a t i o n  wi th  a n a l y s i s  and t o  determine t h e  
l o c a t i o n  and magnitude of t h e  f l u t t e r  speed d i p  i n  the  t r a n s o n i c  region.  The 
b a s i c  wing (without engine n a c e l l e s )  was modified by c u t t i n g  a  s l i t  a long the  
r o o t  chcrd t o  ob ta in  a  lower bending a i ~ d  t o r s i o n  s t i f f n e s s .  The r e s u l t s  show 
t h a t  t h i s  type wing has  a  r a t h e r  s e v e r e  t r anson ic  d ip  i n  t h e  f l u t t e r  dynamic 
p ressure  and t h a t  by lowering t h e  bending and t o r s i o n  s t i f f n e s s e s  the  f l u t t e r  
boundary was reduced throughout the  Mach nunber range s t u d i e d  wi thout  substan- 
t i a l l y  changing t h e  r e l a t i v e  magnitude of t h e  t r a n s o n i c  d ip .  The a d d i t i o n  of 
engine n a c e l l e s  t o  t h e  modified wing d r a s t i c a l l y  chanqed t h e  shape of t h e  bound- 
a r y ,  s u b s t a n t i a l l y  r a i s i n g  i t  subson ica l ly  and f u r t h e r  lowering i t  superson- 
i c a l l y .  The minimum f l u t t e r  speed was a l s o  s h i f t e d  t o  a  h igher  Mach number, 
These r e s u l t s  emphasize t h e  extreme configu -n t ion  dependency of the  f l u t t e r  
c h a r a c t e r i s i i c s  of t h i s  type king.  

1 Take-off and t r a n s o n i c  a c c e l e r a t i o n  mdneuvers of large. superson ic  c c m e r -  

1 c i a 1  a i r c r a f t  r e q u i r e  l a r g e  t r i m  changes wl-ich convent ional ly  a r e  provided by 
, t he  h o r i z o n t a l  t a i l  and e l e v a t o r .  For these  a i r p l a n e s ,  t a i l  des igns ,  c o n s i s t i n g  
i of all-movable h o r i z o n t a l  t a i l s  w i t h  geared e l e v a t o r s ,  hsve been proposed t o  

reduce the  t a i l  s i z e  and requ i red  t a i l  d e f l e c t i o n s  (and, t h e r e f o r e ,  t h e  t a i l  
a c t u a t o r  system reqc ements). A s tudy  was undertaken j o i n t l y  by t h e  B o e i ~ g  
Company and NASA t o  provide  exper imenta l  t r a n s o n i c  f l u t t e r  c h a r a c t e r  is t i c s  of a 
t y p i c a l  advanced geared-elevator conf igura t ion  f o r  l a t e r  c o r r e l a t i o n  wi th  anal -  
y s i s .  The e l e v a t o r  gear  r a t i o  i s  de f ined  a s  t h e  angular  d e f l e c t i o n  r e l a t i v e  t o  
the  f r e e  s t ream f o r  t h e  e l e v a t o r  d iv ided  by t h a t  f o r  t h e  main t a i l  s u r f a c e .  
Tes t s  r e s u l t s  show t h a t  a t  Mach numbers from . 9  t o  1.1, an inc rease  of t h e  gear 
r a t i o  t o  2.8 r a i s e d  tho dynamic p r e s s u r e  required f o r  f l u t t e r  about 1 7  percent .  

Loads Technology. - The Loads Technology program is comprised of t h r e e  
subelement a reas  which i . lclude resea rch  i n  t r a n s o n i c  loads ,  landing loads ,  and 
acoust , ic  loads .  The long range g o a l  of each of t h e s e  a r e a s  is  t o  provide  aero- 
e l a s t i c  load p r e d i c t i o n  methodclogy, a c t i v e  landing gear  des ign methodology, 
and improved a c o u s t i c  f a t i g u e  l i f e  p r e d i c t i o n  me thodology , r e s p e c t i v e l y .  

For the  des ign of l a r g e  f l e x i b l e  a i r c r a t t ,  acc . : ra te  a n a l y t i c 2 1  t c  .iliques 
a r e  r equ i red  f o r  t h e  p r e d i c t i o n  of aerodynamic load d i s t r i b u t i o n s  inc lud ing  
aeroe1,as t ic  e f f e c t s .  The problem of a c c u r a t e  l a a d  p r e d i c t i o n  becomes p a r t i c u -  
l a r l y  a c u t e  when c r i t i c a l  des ign cond i t ions  occur i n  the  t r a n s o n i c  and supersonic  



speed regimes. I n  these  regions ,  a t  t y p i c a l  des ign angles  of a t t a c k  and con- 
t r o l  d e f l e c t i o n s ,  t h e  p r e d i c t i o n s  beccrme more d i f f i c u l t  due tc  non l inear  e f f e c t s  
caused b;l f l a v  s e p a r a t i o n ,  l ead ing  edge v o r t e x  s e p a r a t i o n  as shcwn i n  Figure  7, 
shocks and mixed flow. The degree t o  which t h e  i n t e l l i g e n t  a p p l i c a t i o n  of t h e  
b e s t  state-of-the-art  t h e o r e t i c a l  techniques o r  combination of theory and exper- 
iment can account f o r  t h e s e  f l w  condi t ions  is  k n m  i n  only a few circumstances.  

For t y p i c a l  low aspec t  r a t i o  conf igura t ions  and/or t r a n s o n i c  f l i g h t  con- 
d i  t i o n s  where va r ious  nonl inear  phenomena become important,  no s a t i s f a c t o r y  
methods of incorpora t ing  experimental  d a t a  from r i g i d  models i n t o  a e r o e l a s t i c  
s o l u t i o n s  have been developed. U n t i l  a v a l i d a t e d  a n a l y t i c a l  o r  e m p i r i c a l  
approach has  been developed, t h e  need f o r  expensive and time-consuming ,*mind 
tunne l  t e s t  programs s imula t ing  f l i g h t  design cond i t ion  on t h e  f l e x i b l e  
a i r c r a f t  w i l l  remain. 

A wind tunnel  test program of an arrow-wing-body conf igura t ion  employing 
both  a twis ted  and a f l a t  wing, as w e l l  as a v a r i e t y  of leading and t r a i l i n g -  
edge f l a p  def lec t ion-  has  been conducted under Contract  NAS1-12875 t o  provide 
an experimental  p ressure  d i s t r i b u t i o n  d a t a  base  f o r  -,omparison wi th  t h e o r e t i c a l  
methods. The purpose of t h i s  comparison was t o  d e l i n e a t e  cond i t ions  under 
which t h e  t h e o r e t i c a l  p r e d i c t i o n s  of p r e s s u r e  d i s t r i b u t i o n s  a r e  v a l i d  f o r  aero- 
e l a s t i c  c a l c u l a t i o n s  and t o  explore  t h e  use  of e m p i r i c a l  methods t o  c o r r e c t  t h e  
t h e o r e t i c a l  methods where theory is d e f i c i e n t .  The conf igura t ion  s e l e c t e d  t o  
o b t a i n  experimental  p ressure  d a t a  i s  a h igh ly  swept t h i n  wing on a s l e n d e r  body. 
Two complete wings were const ructed,  one w i t h  no  camber o r  t w i s t ,  and one w i t h  
no camber bu t  a span-wise t w i s t  v a r i a t i o n .  Both wings were designed with a 
full-span,  25-percent chord leading-edge segment wi th  t h e  wingespan measuring 
39.4 inches from t i p  t o  t i p .  The s t i n g  mounted model was t e s t e d  i n  t h e  Boeing 
Transonic Wind Tunnel ( f i g .  8) where seven Mach numbers were t e s t e d  from 0.40 
t o  1.11, with ang le  of a t t a c k  varying froill -8' t o  +16O. 

A comparison of experimental  and t h e o r e t i c a l  s u r f a c e  p ressures  a t  an angle  
of a t t a c k  of 8" f o r  a low aspec t  r a t i o  wing wi th  t w i s t  is shown i n  Figure  9 f o r  

: M = 0.85. The p o t e n t i a l  flow t h e o r i e s  used a r e  based on i n v i s c i d  theory and 
a t t ached  flow. The p ressure  d i s t r i b u t i o n s  descr ibed by t h e  s o l i d  ; inel  were 
ca lcu la ted  using a u n i f i e d  subsonic /supersonic  panel  technia*:.a conta inca  i n  t h e  
Boeing computer code FLEXSTAB. The d i s t r i b u t i o n s  d e s c r i b ~ d  by t h e  dashed l i n e  

: were ca lcu la ted  based on an ana lys i s  employing a panel s o l u t i o n  t o  the  exact  
incompressibie p o t e n t i a l  flow equat ion s a t i s f y i n g  haundary cond i t ions  of t h e  
exact  conf igura t ion  sur face .  This ansly .. :s is  Incorporated i n t o  the  Boeing 

1 computer code TEA-230 and is  l imi ted  t o  subsonic  Mach numbers. Comparisons a r e  
a l s o  shown i n  t h e  f i g u r e  f o r  an inboard wing s t a t i o n  where the  t w i s t  is lo and 

( near  th-  t i p  which has  4' tvist. The t h e o r e t i c a l  p ressure  d i s t r i b u t i o n  com- 

( pares  very w e l l  wi th  the  experimental  d a t a  at the  most inboard wing s e c t i o n .  
t 

i Proceeding outboard,  t h e  formation of t h e  leading-edge v o r t e x  hecomes q u i t e  

i evident  as  shown by t h e  experimental  d a t a  oc t h e  f i g u r e ,  The FLEXSTAB and TEA- 
230 r e s u l t s  do not  compare w e l l  with the  experimental  da ta  a t  t h e  outboard 
s t a t l o n .  The presence of the  leading-edge v o r t e x  has completely changed t h e  
na tu re  of t h e  flow over most of t h e  wing and t h e  actached p o t e n t i a l  flow theo- 
r e t i c a l  method cannot p r e d i c t  t h e  experimental  r e s u l t s  ( see  r e f s .  29 and 30). 



Attempts t o  in t roduce  empi r ica l  c o r r e c t i o n s  t o  account f o r  e l a s t i c  defor- 
mations and thus improve s u r f a c e  p ressure  d i s t r i b u t i o n  p r e d i c t i o n s  have been 
unsuccessful  t o  d a t e  s i n c e  t h e o r e t i c a l  c o r r e c t i o n s  a r e  l i n e a r  and work only i n  
those  s i t u a t i o n s  where t h e  a c t u a l  flow changes due t o  a e r o e l a s t i c  d i s t o r t i o n s  
a r e  a l s o  l i n e a r .  I n  t h e  s tudy  descr ibed above, t h e r e  were s i g n i f i c a n t  d i f f e r -  
ences between t h e  flat-wing d a t a  t h e o r e t i c a l l y  cor rec ted  f o r  t w i s t  and t h e  
twis  ted-wing r e s u l t s  a t  t h e  outboard s t a t i o n s  s i n c e  t h e  t w i s t  changed t h e  loca- 
t i o n  and s t r e n g t h  of t h e  leading-edge vortex.  

The impact pF, - se  of t h e  ground-air-ground c y c l e  of a i r c r a f t  opera t ions  and 
t h e  l a r g e  scale roughness f runway and taxiway sur faces  impose l a r g e  s t r u c t u r a l  
loads  on t h e  a i r £  r e  of a1 :craf t  dur ing takeoff , landing,  and t a x i i n g  opera- 
t i o n s .  Problems r e s u l t i n g  from landing loads  w i l l  be  magnified i n  supersonic  
c r u i s e  a i r c r a f t  because of the  a i r c r a f t ' s  g r e a t e r  s i z e ,  increased f l e x i b i l i t y  , 
and htgher  takeoff and landing speeds. The a p p l i c a t i o n  of a c t i v e  c o n t r o l  land- 
i n g  gear  systems i n  the  des ign  of supersonic  c r u i s e  a i r c r a f t  could r e s u l t  i n  
a i r c r a f t  which have longer  o p e r a t i o n a l  l i v e s ,  s a f e r  ground handl ing character-  
istics, and more acceptable  r i d e  q u a l i t y .  A pre l iminary a n a l y t i c a l  s tudy  of 
a c t i v e  c o n t r o l  a p p l i c a t i o n  has  been conducted f o r  a se r i es -hydrau l ic  c o n t r o l  
a c t u a t o r  i n  s e r i e s  wi th  a modified vers ion  ( increased s t r o k e  and pneumatic 
volume) of a pass ive  gear design.  The a c t i v e  c o n t r o l  gear  reduced t h e  wing 
f o r c e  by 26 percent  wi th  an  i n c r e a s e  i n  s t r  .t s t r o k e  of 15 percent .  The reduc- 
t i o n  i n  wing fo rce  would i n c r e a s e  t h e  f a t i g u e  l i f e  f o r  an aluminum wing s t r u c -  
t u r e  by a f a c t o r  of approximately 4.5 times t h a t  of the  pass ive  gear.  A t e s t  
program is  underway t o  v a l i d a t e  the  a c t i v e  landing gear  s tudy r e s u l t s .  A com- 
p u t e r  code f o r  takeoff and landing analyses  wi th  a i r c r a f t  f l e x i b i l i t y  e f f e c t s  
has been formulatea under Cont rac t  NAS1-13259 ( see  r e f s .  31 and 32). An exper- 
imental  v a l i d a t i o n  of t h i s  code has  been i n i t i a t e d  based on instrumented read- 
ings  of takeoff and landing loads  from a NASA YF-12 a i r c r a f t  f lawn a t  t h e  NASA 
F l i g h t  Redearch Center. 

I A j o i n t  NASA-Lockhezd test was conducted i n  t h e  Langley anechoic f a c i l i t y  
i n  August 1974, t o  s tudy community n o i s e  s h i e l d i n g  wi th  overwing engines and t o  : 1 

: j determine f l u c t u a t i n g  p ressures  i n  the  engine jet impingement a rea .  Resul ts  of 
the  t e s t  ind ica ted  t h a t  both  t h e  maximum f lyover  no i se  and the  no i se  exposure 
time can be reduced using overwing engines ( r e f .  33). Future t e s t s  naw being 
prepared inc lude  measure~nent of f l u c t u a t i n g  s u r f a c e  p ressures  j.n the  j e t  

3 !  impingement a reas  of the  wing and fuse lage  f o r  an engine having a j e t  Mach 
number of 1.4. I n  a d d i t i o n  a Contract  NAS1-13978 was i n i t i a t e d  i n  June 1975 t o  

?, 
develop methods of p r e d i c t i n g  f l u c t u a t i n g  pressures  on f u l l - s c a l e  arrow-wing 
conf igurat ions  us ing model r e s u l t s .  

Atmospheric Turbulence. - A program t o  t leasure atmospheric turbulence is  
currer.tly underway a t  NASA-Langley Research Center ( r e f .  34). The goa l  is t o  

L I obta in  measurements of g u s t  v e l o c i t y  over a wide a l t i t u d e  range and i n  d i f f e r -  
I 

3 1 
i 

e n t  meteorological  condi t ions .  P r i n c i p a l  meterological  condi t ions  of i n t e r e s t  
. I i nc lude the  j e t  stream mountain waves, and f l i g h t  a t  low a l t i t u d e  (or i n  t h e  

; j e a r t h ' s  boundary l a y e r ) .  The same inst rumentat ion and d a t a  reduct ion procedure 
is t o  be employed f o r  a l l  measurements covering a l t i t u d e s  from near  s e a  l e v e l  

;i t o  about 60,000 f e e t  and the  va r ious  meteorological  condi t ions .  The o p e r a t i o n a l  
i i plan f o r  t h i s  program is t o  l o c a t e  atmospheric turbulence assoc ia ted  wi th  

.: i 



s p e c i f i c  meteorological cond i t i ow ,  t o  sample i t ,  and t o  study the  r e su l t i ng  
t i m e  h i s t o r i e s  and spectra .  For samplings up t o  50,000 f e e t ,  t he  instrumenta- 
t i o n  system is i n s t a l l e d  on a B-57B a i r c r a f t  ( f ig .  10). The a i r c r a f t  seats a 
NASA t e s t  p i l o t  and a meteorologist  f l y ing  as an observer.  The meteorol.ogist 
performs post f l i g h t  analyses t o  def ine  meteorological conditions encountered 
during the  f l i g h t ,  makes turbulence fo recas t s  and asseuhles meteorological in- 
formation from repor t s  from the  National Weather Service and Turbulence P lo t  
messages fromi3orthwost Ai r l ines  a s  w e l l  as p i l o t  repor t s  through FAA Air 
T r a f f i c  Control Centers. 

.1 . 
\ ..,- 
&. . - ? 3 I n  the Von Karman descr ip t ion  of atmospheric turbulence spec t ra ,  a value 

kk++? J 

L e s sen t i a l l y  def ines  the loca t ion  of the  "knee" i n  a curve of power s p e c t r a l  
I. dens i ty  vs. frequency. Thus i f  the  i n t e n s i t y  l e v e l  a and L a r e  known, t he  

. .  . . ,. C ... + _ power spectrum is completely defined. For SCAR-type a i r c r a f t ,  va r i a t i ons  i n  L 
a. .- ,'< 
, , I{ below values of about 2500 f e e t  have a pronounced e f f e c t  on a i r c r a f t  response. 

I -  Thus a knowledge of appropriate  L values is needed i n  t h i s  range. A pr inc ipa l  
I 

, , \:. '3 . li 
objec t ive  is t o  determine i f  the Von Karman equation is appropriate  f o r  c l e a r  

-"-> . I .  

7 
E . ?  

a i r  turbulence i n  various meteorological condi t ions,  and i f  so, t o  def ine the  

-. . I: 
appropriate  L values. Figure 11 shows a pawer spectrum of ver t ica l .  gust veloc- 

" 4 
'* .. . ..- . :  i t y  from a f l i g h t  a t  43,000 f e e t  i n  wind-shear assoc ia ted  turbulence. The Von 
=. 
,%,- - i Karman equation with L taken as 1000 shows exce l len t  agreement with the measured 
P .  

I r e s u l t s .  Seventy-six da ta  runs from a t o t a l  of 46 f l i g h t s  a r e  present ly  a t  
:'r 
?=a i: some s t age  i n  processing. Resul ts  from t h i s  program should a s s i s t  i n  c l a r i fy ing  

.$%: , , 
the  na ture  of the power content of atmospheric turbulenct  a t  l o w  frequencies 

y, '/ 

and w i l l  be pa r t i cu l a r ly  i m ~ o r t a n t  f o r  design s tud i e s  of supersonic c ru i se  a i r -  
I 

G., , 
- i 

: . . {  c r a f t .  Future plans a r e  t o  i n s t a l l  the  instrumentation i n  a B57-F a i rp lane  f o r  
< 

'1 measurements above 50,000 f e e t  . 
. I .  

Materials  Application 

The use of new rnatertals o f f e r s  the  g rea t e s t  p o t e n t i a l  f o r  reducing the  
s t r u c t u r a l  weight of supersonic c ru i se  a i r c r a f t .  I f  advanced composite mater ia ls  
co t~ ld  be  used extensively,  s t r u c t u r a l  weight reductions up t o  25 percent could 
be achieved compared t o  a s i m i l a r  t i tanium s t ruc ture .  Successful appl ica t ions  
of new mater ia ls ,  however, require  extensive and de t a i l ed  da ta  on mater ia l  per- 
formance under the  long-tirce, high-temperature environment of supersonic c ru i se  
f l i g h t  and the development of economical and r e l i a b l e  manufacturing methods. I n  
t h i s  program, some new mater ia ls ,  pa r t i cu l a r ly  f u e l  tank sea l an t s ,  a r e  under d e  
velopment and environmental tes t ing,and fatigue and f r ac tu re  t e s t i n g  and advanced 
f ab r i ca t i on  and jo in ing  process development f o r  t i tanium and advanced composite 
mater ia ls  a r e  underway. The manufacturing technology program is producing smal l  
wing sk in  panels ( f o r  the YF-12 a i rp lane)  t h a t  a r e  subjected t o  extensive ground 
t e s t s  and l imi ted  f l i g h t  s e rv i ce  evaluat ions.  

I Advanced composite mater ia ls  a r e  very a t  t r a c t i v e  f o r  a l l  s t r u c t u r a l  appli-  
cat ions because of  t h e i r  lw densi ty  and high s t r eng th  and s t i f f n e s s .  Very 
l i t t l e  da t a  was ava i l ab l e  a t  the i n i t i a t i o n  of t h e  SCAR program on the  su i t a -  . .- 
b i l i t y  of these mater ia ls  fo r  supersonic c ru i se  appl ica t ions .  Theref ore ,  * 

inves t iga t ions  of the environmental res i s tance  of represen ta t ive  fiber-matrix 
I 
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F 

coubinat iom under simulated supersonic t ranspor t  environments were i n i t i a t e d  
t o  e s t a b l i s h  the, temperature, and stress c a p a b i l i t i e s ,  I n  addi t ion,  some 4 ; 

i 
$1 .,~- ~ 
, . '. 
- . .; 1 1 The mater ia ls  appl ica t ion  program is inves t iga t ing  both t i tanium a l loys  
. . -  and advanced composites; however, fu ture  emphasis w i l l  be  on r e s i n  and metal 

1 :  
< ., 
;.:$..w .j i 1 

.i ft ..,"? , I  matrix composites. Test ing of t i tanium w i l l  continue t o  completion but  no new 
p .  - 5 ,  :..! 
U . 
k. - 'X . t i tanium a c t i v i t y  is planned at present.  \ T,  j p. '. ,[ - c 6  

New Materials.  - Two areas  of new mater ia l  development a r e  supported i n  I 
t h i s  program. The f i r s t  is the  deb-lopment of long-l i fe  high-temperature f u e l  
tank sea lan ts ;  the  second is the  development of long-life,  processable polyi- 
mide r e s in s  f o r  the  matrix of high-temperature fi lamentary composites. 

The ob jec t ive  of t he  f u e l  tank sea l an t  program is  t o  provide fl ight-proof,  
f u l l y  character ized,  p red ic tab le  f u e l  tank sea l an t s  and includes the  synthes i s ,  
charac te r iza t ion ,  formulation and curing of t he  new elastomer candidates (NAS 
2-7331, HAS 7-100, NAS 2-7112, NAS 2-7981, NAS 2-8103). The sea l an t s  program 
is described i n  reference 35. Degradation mechanisms of candidate s ea l an t s  
have been i d e n t i f i e d  including reversion, which is character ized by shrinkage 
i n  j o i n t s  above 400°F; low t e a r  s t rength ,  caused by the  formation of cracks and 
a r e s u l t a n t  loss i n  t e n s i l e  s t rength  at high temperatures; and poor adhesion t o  
t i tanium ( re f .  36). Actual-ti= simulated tank s tud i e s  have been conducted at 
Boeing under Contract NAS2-7341. The experimental f luoros i l i cone  (DC 77-428) 
s ea l an t  was i n s t a l l e d  i n  a t e s t  chamber and subjected t o  pressures  and f l i g h t  
cycle  temperatures. The tank was constructed t o  examine the th ree  types of 
s e a l s  nornal ly  found i n  a i r c r a f t  f u e l  tanks. I n  February 1975, t e s t  s p e c i m e ~  
of DC 77-028 were i n s t a l l e d  i n  the  No. 5 inboard wing tank of t he  NASA test 
YF-12A. The f l i g h t  tests a r e  a coordinated e f f o r t  among NASA-Ames, NASA Fl igh t  
Research Center, Boeing, Lockheed, and JPL. In  addi t ion t o  these t e s t s ,  new 
perf luoroether  s ea l an t s  a r e  being developed ( r e f .  37 and 38) with higher tem- 
perature  s t a b i l i t y  than the  state-of-the-art s ea l an t  (DC 77-028). 

One of t he  most promising c l a s s  of r e s in s  f o r  high-temperature composite 
s t ruc tu re s  a r e  polyimides. These mater ia l s  have the  p o t e n t i a l  of performing 

! 
s a t i s f a c t o r i l y  f o r  long per iods a t  temperatures i n  the  450°F t o  600°F range. 
Considerable d i f f i c u l t y  has general ly  been encountered i n  t he  appl ica t ion  of 

I 
these mater ia l s  because of var iab le  p rope r t i e s  and complex processing manu- 
fac tur ing  problems. No la rge  s c a l e  appl ica t ion  of polyimide-type composites 
has  been demonstrated success fu l ly  t o  da t e  i n  an aerospace appl ica t ion .  

i 
i 1 

Because of the d i f f i c u l t i e s  associated with the appl ica t ion  of polyimides, I 
I $ .  a contract  e f f o r t  was undertaken by t h e  Langley Research Center with t he  General 

E l e c t r i c  Research and Development Center (NAS1-12079) t o  exp lo i t  t h e i r  newly- 
! 

j 
! 

discovered polymer ca l l ed  polyetherimide. This mater ia l  appeared t o  possess t .  
i 
i t h e  proper t ies  t h a t  would make i t  amenable t o  s t r u c t u r a l  appl icat ions.  It is  1 

i an aromatic yolyetherimide t h a t  is so luble  and can be processed i n  an autoclave i 
I a t  nominal temperatures and pressures.  I n  addi t ion ,  i t  can be made i n  required 
I quan t i t i e s  from economical, r ead i ly  ava i l ab l e  s t a r t i n g  mater ia ls .  . 
! 

4 I .* 

. . A promising new high temperature polyetherimide r e s in  has been prepared 
i 
! 
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t h a t  appears to warrant f u r t h e r  optimization and thorough evaluat ion on graphi te  
f iber .  Also, the  cure reac t ions  developed i n  the  l a t t e r  phase can be  e f f ec t i ve ly  
used with poly~~henylquinoxal ines  and o the r  polymers such as polyethersulfones I 
whose weak pojrrt is t h e i r  t h e m p l a s t i c  na ture  a t  e leva ted  temperature. During 
t h e  next  year  fur ther  e f f o r t s  w i l l  be made t o  optimize t h e  polyetherimide and 
to conduc: -2 r ~ a t e r i a l s  evaluat ion program on a l imi ted  number of graphite- 
polye the c i a .  c .i specimens. 

Studies  on high-temperature r e s i n  development were a l s o  undertaken by the  
Lewis R e s ~ a r t h  Center with the hope of improving processab i l i ty  and r e t a in ing  
use fu l  mech:inlcal p rope r t i e s  t o  60O0F. Emphasis was placed on development of 

?. -$ autoclavab le polyi&des and polyphenylquinbxalines (Gs3-16799, NAS~-177 70, 
i -,. 

F. 
NAS3-17'824). 

- -  . a  
I*~-housc. s t u d i e s  a t  L e w i s  Research Center have resu l ted  i n  the  development 

of a c l a s s  o i  highly processable, high-temperature r e s i s t a n t  polyimides, knawn 
as PFI: iEolym\?rization of Monomer Reactants) ( re f .  39). Tests  of the 600°F 
f lexurai  s t rengths  of HTS graphi te  f i b e r  composites fabr ica ted  with a PMR polyi- 
mide sho+lted tha t ,  a f t e r  600 hours of exposure i n  a i r  a t  600°F, the  f l exu ra l  
s t rength  of tl.e PMR composite was 50 percent higher  than tha t  of a composite 
made with a commercial polyimide. Of even g rea t e r  s ign i f icance  is the broad 
a p p l i c a b i l i t y  of the concepts e d o d i e d  i n  PMR polyimides t o  o ther  polymer sys- 
terns ( re f .  40). The PMR polyimide is  cur ren t ly  being inves t iga ted  f o r  possible  
app l i ca t i c?  to  s t r u c t u r a l  panels f o r  the YF-12 a i r c r a f t  panel program discussed 
l a t e r  i n  t i ~ i s  report .  

Envirtnmental Effects .  - The res i s tance  of s t r u c t u r a l  mater ia ls  t o  long- -- - 
t i m e  s e r v i ~  e a t  e levated temperatures is  a v i t a l  f ac to r  i n  s e l e c t i n g  mater ia l s  
f o r  a supel sonic  c ru i se  a i r c r a f t .  Extensive t e s t i n g  of t i tanium a l loys  was 
conducted ouring the Nat3~-.la1 SST program and some of t h i s  work is continuing 
under the SCAR program. A major SCAR a c t i v i t y  has been the  i n i t i a t i o n  of 
s imi l a r  resea l  :h and t e s t i n g  on advanced composite mater ia ls  t ha t  could be  
used on a supersonic t ransport .  

The p r inc ipa l  environmental study, including fa t igue  res i s tance ,  of 
ava i lab le  compcsites mater ia ls  is  being done under cont rac t  by General Dynamics- 
Convair (NAS1-12308). In a two-phase e f f o r t ,  phase I evaluated e x i s t i n g  da ta  
f o r  the base l ine  l la ter ia l  in each of f i v e  c l a s se s  of composites and conducted 
environmental simdlation - - r  cumulative exposure t o  10,000 hours followed by 
mechanical property tei:ts and mater ia l  evaluat ions to  determine exposure e f fec t s .  
I n  phase 11, the e x y r  mental and a n a l y t i c a l  charac te r iza t ions  w i l l  be extended 
t o  cumulative! e x p o s u e  up t o  50,000 hours. The fi laments and matrices se lec ted  
a s  base l ine  are ,A follows for  the f i v e  mater ia l  c lasses :  4 m i l  boron/5505 
epoxy; AS graph-ce13501 epoxy; 5.6 m i l  boron/P 105A polyimide; HTS graphite/710 
polyimide; 5.; m i l  boron16061 aluminum a l loy ,  d i f fu s ion  bonded. A t  t h i s  time 
the  B / P I  e r i a l   as been removed from the  program because of excessive var i -  
a b i l i t y  r ; ~  matri:: contro1le.l p roper t ies  and rapid degradation of B / P I  specimens 
during bhort  t i m c  expostlres. 

The complex f l i g h t  simulation equipment shown i n  f igure  12, i n  which both 
accelerated and ..eal time tests a r e  conducted, appl ies  random load spec t ra  on 



4 a f l i g h t - b y - f l i g h t  b a s i s  and programed temperature h i s t o r i e s  wi th  independent 
load and temperature l e v e l s  f o r  each o f  t h e  m a t e r i a l s  systems under t e s t ,  Up 
to 100 specimens can b e  t e s t e d  s imul taneously ,  The s t a t i c  exposure and accel -  
e r a t e d  f l i g h t  s imula t ion  d a t a  a r e  used i n  ana lyses  based on modified wearout 
concepts t o  p r e d i c t  m a t e r i a l s  behavior  a f t e r  long f l i g h t  s imula t ion  exposures.  
If t h e  50,000-hour exposure d a t a  c o r r e l a t e  wi th  t h e s e  p r e d i c t i o n s ,  e s i g n i f i -  
c a n t  advance w i l l  have been made toward e f f i c i e n t  des ign o f  advanced composite 
components f o r  lon,.-time, e l e v a t e d  temperature a i r c r a f t  s e r v i c e .  

As shown i n  f i g u r e  13, aging o f  B/E a t  350°F i n  a i r  a t  atmospheric pres-  
s u r e  f o r  10,000 hours,produces a s i z a b l e  decrease  i n  350°F t e n s i l e  s t r e n g t h .  
S i m i l a r  exposures a t  250°F, atmospheric p ressure ,  and at 350°F, 2 p s i  a i r ,  had 
no e f f e c t  on 350°F t e n s i l e  s t r e n g t h .  The t e n s i l e  s t r e n g t h  degradat ion was 
caused by absorp t ion  of moisture by t h e  epoxy systems which caused a s i g n i f i -  
c a n t  decrease  i n  s h o r t  time e l e v a t e d  temperature s t r e n g t h .  The r e s u l t s  p o i n t  
o u t  t h e  need f o r  a moisture-proof c o a t i n g  when t h e s e  m a t e r i a l s  a r e  s u b j e c t e d  t o  
long pe r iods  i n  anh ien t  environments. S i m i l a r  behavior  was experienced by the  
G/E m a t e r i a l  system. 

S t a t i c  thermal aging of CIPI a t  55G0F i n  a i r  f o r  5,000 hours  produces a 
decrease  i n  550°F t e n s i l e  s t r e n g t h  of  u n i d i r e c t i o n a l  m a t e r i a l ,  b u t  no e f f e c t  
on c rossp ly  material. S i m i l a r  exposures of G/PI st 450°F have produced no 
s i g n i f i c a n t  changes i n  t e n s i l e  s t r e n g t h .  

The SCAR program is c u r r e n t l y  suppor t ing  the  con t inua t ion  of two i tems 
from t h e  DOTISST follow-on program on t i tanium:  (1) environmental  r e s i s t a n c e  
of aluminum-b razed t i t an ium sandwici~ c o n s t r u c t  ion and (2) f l i g h t  s e r v i c e  eval-  
ua t ion  of t i t an ium honeycomb core  s p o i l e r s  f o r  t h e  Boeing 737 a i r p l a n e .  

I n  November 1974 (under Contract  UAS1-13681) NASA assumed r e s p o n s i b i l i t y  
f o r  con t inua t ion  of the  program of long time exvosure t e s t s  on s m d l  t i t a n i u m  
honeycomb-core m a t e r i a l  specimens c o n s i s t i n g  of  l ahora to ry  exposures a t  450°, 
600°, and WOOF, s i ~ b s o n i c  f l i g h t  environment (-40°F t o  160°F) on Boeing 727 
commercial t r a n s p o r t s ,  superson ic  f 1 igh t environment (-40°F t o  'SOOOF) on YF-12 
a i r c r a f t  and engine  exhaust  t o  900°F. Shor t  time exposure t e s t s  c o n s i s t  of 
a l t e r n a t e  exposure t o  a i r c r a f t  f l u i d s  and e l e v a t e d  temperatures  (450°, 600°, 
WOO, and 900°F; corrodents  include sodium ch lo r ide ,  sodium cnrbonntc and 
calcium zrl lphste) .  Coated specimens a r e  a l s o  exposcd with l u b r i c a n t s  o r  s a l t  
spray.  To ta l  program d u r a t i o n  is 4 years .  

Cumulative exposure t imes w i l l  achieve up t o  50,000 hours  f o r  some spec i -  
mens, Mechanical and metal1u:gical t e s t i n g  w i l l  be conducted t o  e s t a b l i s h  the  
e f f e c t s  of  t h e  var ious  environments on the  performance of the  brazed specimens. 

I n  May 1975 (NAS1-13897), NASA assumed responsibility f o r  a f l i g h t  s e r v i c e  
program on t i t an ium s p o i l e r s ,  approximately 22 by 52 inches,  t h a t  weigh 15.4 
pounds, on t h e  B-737 a i r p l a n e .  ' I l~e Boeing Company f a b r i c a t e d  t h r e e  such 
s p o i l e r s  which a r e  approximately 20 percent  11c:lvi c r  than the  cur ren t  praduc t Ion 
aluminum ; p o i l e r  becacse no s p e c i a l  a t tempt  w;ls m d c  t o  optimize the s p n i  lcr  
design.  The t i t an ium s p o i l e r  i s  wedge-shapad i n  c r o s s  s e c t i o n  and was uscd t o  
demonstrate t h e  f e a s i b i l i t y  of b r a z i n g  tapered t i t an ium 1roneycod~-corc s t r u c t u r e  



ut  i l i s i n g  t h e  '3003 aluadnum b r a z e  m a t e r i a l .  Tht? c u r r e n t  c o n t r a c t  is f o r  t h r e e  
pears of  f l i g h t  s e r v i c e  w i t h  annua l  o n - s i t e  i n s p e c t i o n s  by  t h e  Boeing Company 
f a* r  c o r r o s i o n  o r  o t h e r  problems.  Fol lowing  t h e  f l i g h t  s e r v i c e ,  t h e  s p o i l e r s  
w i l l  b e  removed from t h e  a i r c r a f t  and s u b j e c t e d  t.1 n o n d e s t r u c t i v e  e v a l u a t i o n  
and l i m i t  l o a d  t e s t i n g  by The Boeing Company. 

F a t i g u e  and Fractu-re .  - The unknown e f f e c t s  o f  aerodynamic h e a t i n g  and 
l o n g  c r u i s e  times are a pr imary  concern  i n  s t r u c t u r a l  f a t i g u e  r e s i s t a n c e  o f  
s u p e r s o n i c  t r a n s p o r t  materials and s t r u c t u r e s .  For  s u b s o n i c  a i r p l a n e s ,  s t ruc -  
t u r n 1  f a t i g u e  s t r e n g t h  is u s u a l l y  v e r i f i e d  by a f u l l - s c a l e  f a t i g u e  t e s t .  How- 
e v e r ,  a f u l l - s c a l e  f a t i g u e  t e s t  o f  a  s u p e r s o n i c  t r a n s p o r t  would b e  ve ry  expetrs iw 
and t i m e  cot~suming s i n c e  t h e  c y c l i c  thermal  env i  ronment can  b e  d u p l i c a t e d  only  
i n  real t ime.  Consequent ly ,  development of t e s t - a c c e l e r a t i o n  p rocedures  are 
c o n s i d e r e d  neces sa ry .  Two o f  t h e  o b j e c t i v e s  o f  t h e  f a t i g u e  s t u d i e s  i n  t h e  SCAR 
program focused  on t h e  d e t e r m i n a t i o n  o f  r e a l  t ime and the rma l  exposu re  e f f e c t s  
on f a t i g u e  s t r e n g t h s  of  c a n d i d a t e  m a t e r i a l s  and s t r u c t u r e s  and on  development 
of ~ r o c e d u r e s  which would p e r m i t  performance of  a c c e l e r a t e d  f a t i g u e  tests. ' h o  
programs were  unde r t aken  t o  de t e rmine  t h e  govern ing  f a t i g u e  parameters. 

A t  t h e  i n i t i a t i o n  o f  t h e  DOT/SST program, Lockheed-California Company i n  
1965 undertook a s t u d y  t o  de t e rmine  t h e  l i v e s  o f  no tched  t i t a n i u m - a l l o y  coupons 
f o r  b o t h  real-time/ternperature/stress tests and a c c e l e r a t e d  f a t i g u e  t e s t s  ( r e f .  
1 )  NASA assumed r e s p o n s i b i l i t y  f o r  t h e  s t u d y  i n  J anua ry  1972 w i t h  t h e  SCAR 
program under  C o n t r a c t  NAS1-11820. The o b j e c t i v e  of  t h i s  s t u d y  is t o  s u b j e c t  
t i t a n i u m  spec imens  t o  f l i g h t - b y - f l i g h t  l o a d i n g  and h e a t i n g  and t o  app ly  approxi-  
mate ly  3000 real t i m e  f l i g h t s  p e r  y e a r .  Lockheed's t e s t s  employed s i x  t i t an ium-  
a l l o y  m a t e r i a l s  (Ti-8A1-1Mo-1V s h e e t ,  mill, duplex ,  and t r i p l e x  annealed; Ti-dA1- 
1Mo-1V m i l l  annea led  e x t r u s i o n ;  Ti-6A1-4V m i l l  annea l ed  s h e e t ;  and Ti-6A1-4V 
s o l u t i o n  t r e a t e d  and aged e x t r u s i o n )  and f o u r  t e s t  c o n d i t i o n s .  A 1 1  of tlie t c s t s  
were c o n d ~ c t e d  w i t h  f l igh t -by- f  l i g h t  f a t i g u e  loading .  Real t i m e  tests s imu la t ed  
t h e  r e a l  t ime c y c l i c  h e a t i n g  of  wing-skin m a t e r i a l  f o r  a  s u p e r s o n i c  t r a n s p o r t .  
The o t h e r  t h r e e  test  co!lditic.ns ( q c c e l e r a t e d  t e s t s )  n e g l e c t e d  t h e  r e a l  time 
a s p e c t  of  t h e  s u p e r s o n i c  t r a n s p o r t  s e r v i c e  environment  and were  cnnducted w i t h  
r a p i d  c y c l i c  t empera tu re ,  c o n s t a n t  e l e v a t e d  t empera tu re ,  and cons ta ra t  room tem- 
p e r a t u r e ,  

Fa t igue  l i v e s  f o r  r e a l  t i m e  tests were w i t h i n  t h e  range  of  l i v e s  f o r  t h e  
t h r e e  k i n d s  o f  a c c e l e r a t e d  tests ( excep t  f o r  t h e  Ti-6A1-4V s h c e t  which had 
l o n g e r  l i v e s  t h a n  any a c c e l e r a t e d  t e s t ) .  F a t i g u e  l i v e s  f o r  r e a l  t ime t e s t s  
o f  a l l  m a t e r i a l s  were l o n g e r  t han  t h e  l i v e s  from a c c e l e r a t e d  t e s t s  w i t h  cons t an t  
e l e v a t e d  tempera ture .  For most of  t h e  m a t e r i a l s ,  t h e  a c c e l e r a t e d  tests a t  room 
t empera tu re  and t h e  a c c e l e r a t e d  tests w i t h  c y c l i c  t empera tu re  y i e l d e d  f a t i g u e  
l i v e s  which more c l o s e l y  r e p r e s e n t e d  t h e  r e a l  t ime f a t i g u e  l i v e s  t h a n  t h e  
f a t i g u e  l i v e s  from t h e  c o n s t a n t  e l e v a t e d  t empera tu re  t ~ .  ts. 

I n  o r d e r  t o  i n v e s t i g a t e  t h e  i n f l u e n c e  o f  t he rma l  stresses on f a t i g u e  l i f e  
o f  s t r u c t u r a l  e l emen t s  and t o  e s t a b l i s h  t e s t  methods t o  s h o r t e n  and s i m p l i f y  
f a t i g u e  t e s t i n g ,  a c o n t r a c t  (NAS1-12501) was awarded t o  The Boeing Company i n  
1974. The s t r u c t u r a l  e lement  u t i l i z e d  i n  t h e  t e s t  program c o n s i s t s  of  a f l a t  
s h e e t  w i t h  a h a t - s e c t i o n  s t r i n g e r  a t t a c h e d  w i t h  r i v e t s .  Thermal s t r e s s e s  were 
developed through non-uniform h e a t i n g  to  s i m u l a t e  s u p e r s o n i c  t r a n s p o r t  oero- 
dynamlc h e a t i n g  envi ronments .  The f a t i g u e  l i f e  and f a i l u r e  l o c a t i o n s  were 
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e s t a b l i s h e d  i n  t h e  t e s t s .  Repid thermal  c y c l i n g  and load c y c l e s  were employed 
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i n  t h e  tests. The r e s u l t s  of  t h e  c o n t r a c t  are e m p i r i c a l  stress/number-of-cycles ,I 
(S-N) curves  f o r  t h e  t i t a n i u m  s t r u c t u r a l  elements and a n a l y s i s  t h a t  accounts  % 

ft.'--. f o r  thermal soak e f f e c t s .  For informat ion on r e l a t e d  work performed at t h e  
Langley Research Center on real time and a c c e l e r a t e d  f a t i g u e  tests see r e f e r  
ences  42 and 43. The f a t i g u e  l i v e s  from t h e  Boeing a c c e l e r a t e d  tests o f  Ti-6A1- 
4V annealed specimens wi th  c y c l i c  temperature,  were about t h e  same as those  
obta ined i n  t h e  Lockheed r e a l  time tests. 

Desli,n methods and s t r u c t u r a l  concepts a r e  be ing  developed to make composite 
s t r u c t u r e s  t h a t  can t o l e r a t e  s i g n i f i c a n t  amounts of  damage wi thou t  f a i l i n g  catas-  
trophicall .y.  These developments are necessary  t o  make composite s t r u c t u r e s  
" f a i l s a f e "  l i k e  metal  s t r u c t u r e s  i n  c u r r e n t  t r a n s p o r t  a i r c r a f t .  The approach 
t o  ach iev ing  these  o b j e c t i v e s  con ta ins  two major a c t i v i t i e s :  (1) development 
of a f r a c t u r e  theory f o r  c ross -p l i ed  laminates  t h a t  can be used t o  p r e d i c t  t h e  
s t r e n g t h  of damaged laminates  and (2) development of  methods o f  a n a l y s i s  t h a t  
can b e  used t o  p r e d i c t  the  in f luence  of s o f t e n i n g  s t r i p s ,  s t r i n g e r s ,  and o t h e r  
damage t o l e r a n t  f e a t u r e s  on the  r e s i d u a l  s t r e n g t h  o f  damaged s t r u c t u r e s .  

Under Contract  NAS1-126 75, s e v e r a l  g r a p h i t e  /epoxy laminates  of  t h e  !0/+45/90) 
family and s e v e r a l  boron/aluminum laminates  of  the  (01'45) family  a r e  be ing  
f a b r i c a t e d  f o r  t e s t i n g  a t  t h e  NASA Langley Research Center  t o  o b t a i n  p r e d i c t i o n s  
i n  t h e  reduct ion i n  s t r e n g t h  of  cross-pl ied  laminates  due t o  crack- l ike  f laws.  
T e s t s  w i l l  be conducted a t  both  room and e l e v a t e d  temperatures.  The e f f e c t  of 
f a t i g u e  loads  on f r a c t u r e  toughness w i l l  a l s o  be eva lua ted  and t h e  mechanism of 
fat igue-crack growth w i l l  be  i d e n t i f i e d .  The r e s u l t i n g  exper imenta l  d a t a  w i l l  
then be  analyzed t o  e v a l u a t e  the  a p p l i c a b i l i t y  o f  e x i s t i n g  t h e o r i e s  f o r  t h e  
es t ima t ion  of the  f r a c t u r e  toughness of va r ious  laminates .  

Manufacturing Technology. - One of the  major a r e a s  of technology improve- 
ment required f o r  t h e  s u c c e s s f u l  under taking o f  a f u t u r e  superson ic  c r u i s e  air- 
plane  is development of  economical and r e l i a b l e  manufacturing methods f o r  metal  
and composite a i r c r a f t  s t r u c t u r e s .  Both in-house and c o n t r a c t u r a l  e f f o r t s  a r e  
underway wi th  p r i n c i p a l  a c t i v i t y  focused on wing s u r f a c e  pane l s  f o r  t h e  YF-12 
a i rp lane .  

Advanced f a b r i c a t i o n  and j o i n i n g  processes  f o r  t i t a n i u m  ( r e f .  44) and high 
temperature composite m a t e r i a l s  a r e  be ing  i n v e s t i g a t e d  wi th  Lockheed-ADP a s  the  
prime c o n t r a c t o r  (AF Contract  FO 4606-73-C-0013) and under Contract  NAS1-13095 
( r e f .  45). Ful l -scale  s t r u c t u r a l  pane l s  a r e  b e i n g  designed and f a b r i c a t e d  t o  
:eplace  an e x i s t i n g  i n t e g r a l l y  s t i f f e n e d  s h e a r  panel  i n  the  upper wing s u r f a c e  
of t h e  NASA YF-12 a i r c r a f t .  The program inc ludes  ground t e s t i n g  and Mach 3 
f l i g h t  t e s t i n g  of  f i v e  types  o f  f u l l - s c a l e  s t r u c t u r a l  pane l s  and l a b o r a t o r y  
t e s t i n g  of r e p r e s e n t a t i v e  s t r u c t u r a l  element specimens. 

For each concept,  element type  specimens a r e  t e s t e d  a t  room temperature 
a f t e r  constant  temperature exposure o r  c y c l i c  exposure. A t  cons tan t  tempera- ! 

t u r e s  of  400°, 600°, 800 O, o r  1000°F, specimens a r e  exposed f o r  up t o  10,000 
I 

hours. For c y c l i c  exposure,  exposure times a r e  l i m i t e d  t o  1000 cyc les  where 
each c y c l e  con ta ins  a temperature ho ld  a t  600°F t o  s imula te  3-hour f l i g h t  times 

. 
of an a i r c r a f t  wi th  2 hours  a t  superson ic  speeds.  Some c y c l i c  exposure t e s t s  
a r e  a t  cons tan t  sea l e v e l  p ressure  whi le  f o r  o t h e r s  t h e  p ressure  is v a r i e d  t o  
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s imula te  f t .  a l t i t u d e  when t h e  specimens 

I Two t i t a n i u m  pane l  concepts  a r e  being i n v e s t i g a t e d  i n  t h i s  program. One is 
a s k i n - s t r i n g e r  pane l  ( f i g .  14) made of weldbrazing,  a j o i n i n g  process  developed 
a t  NASA-Langley Research Center ( r e f s .  46 and 47) which combines r e s i s t a n c e  spot- 
welding techniques  t h a t  c r e a t e s  a c o n t r o l l e d  gap a t  t h e  f a y i n g  s u r f a c e s ,  and 
b r a z i n g  to,  produce a continuous high-s t rength  j o i n t .  Titanium "2" s t i f f e n e r s  
were spotwelded t o  t h e  f a c e  s h e e t ,  aluminum b r a z e  a l l o y  w a s  p laced a long  t h e  
edge of t h e  s t i f f e n e r s ,  and t h e  a s s e d l y  was brazed i n  a vacuum furnace  a t  a  
b r a z i n g  temperature of  1250°F f o r  10 minutes i n  a vacuum o f  10-5 t o r r .  Under 
t h e s e  cond i t ions  t h e  b r a z e  a l l o y  melts and f l w s  by c a p i l l a r y  a c t i o n  i n t o  t h e  

, fay ing  s u r f a c e  gap. The weldbrazed pane l  weighs 8.5 l b . ,  the  same as the  i n t e -  
g r a l l y  s t i f f e n e d  pane l  it is designed t o  rep lace .  One panel  has  experienced 
approximately 200 f l i g h t  hours  w i t h  60 hours  above Mach 2.6 of  which almost  47 
hours  were a t  Mach 3.0. No exposure and 100-hour exposure tests a t  room temper- 
a t u r e  and a t  600°F were conducted as "proof of  design" be fo re  beginning f l i g h t  
s e r v i c e  of a panel .  The t e s t s  a f t e r  c y c l i c  exposure (1000 c y c l e s  a t  atmospheric 
p ressure )  and 10,000-hour cons tan t  temperature exposure showed no degradat ion i n  
s h e a r  s t r e n g t h .  

" 
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! The second t i t a n i u m  panel  concept t e s t e d  under t h e  f l i g h t  t e s t  program is 
, . a Rohrbond honeycomb-core panel .  Rohrbond is a Rohr I n d u s t r i e s ,  Inc. t i t an ium 
i* 
? G .  j o i n i n g  method t h a t  uses a p r o p r i e t a r y  l i q u i d  i n t e r f a c e  d i f f u s i o n  process.  The 
h. components t o  be jo ined  a r e  s e l e c t i v e l y  e l e c t r o p l a t e d  wi th  s e v e r a l  l a y e r s  of  
r 

A : , : '  
m a t e r i a l  which a c t  as an e u t e c t i c  t o  a i d  d i f f u s i o n  bonding. The pane l  c o n s i s t s  

>: 7 of a t i t an ium frame f u s i o n  welded at  t h e  corners ,  t i t a n i u m  honeycorb-core, and 

:- i 9 .  t i t a n i u m  face  s h e e t s .  The Rohrbond panels  weigh 12 pe rcen t  less than t h e  weld- 
,. - brazed and i n t e g r a l l y - s t i f f e n e d  panels.  The f l i g h t  s e r v i c e  pane l  has  experienced 
8 .! 

+ ( I  47 f l i g h t  hours wi th  1 4  hours  above Mach 2.6 wi th  a lmost  8 hours logged a t  Macn 
3.0. 

Three composite panel  concepts a r e  being i n v e s t i g a t e d .  The schematic rep- 
r e s e n t a t i o n s  of t h e s e  concepts a r e  shown i n  Figure  15. McDonnell Douglas 
As t ronau t i c s  Company-East is s tudy ing  b r a z i n g  and manufacturing methods f o r  
pane l s  w i t h  boron/al;aL~num face  s h e e t s  and a t i t a n i u m  honeycomb-core. NASA- , f 

Langley Research Center is s tudy ing  f a b r i c a t i o n  methods f o r  borsic/al.uminum 
panels  wi th  t i t a n i u m  honeycomb-core ( r e f .  48) a s  w e l l  a s  pane l s  wi th  g r a p h i t e /  
polyimide f a c e  s h e e t s  and glass /polyimide honeycomb-core. Weight s a v i n g  e s t i -  
mates f o r  the  composite panel  des igns  compared t o  the  o r i g i n a l  YF-12 t i t an ium 
pane l  vary from 30 percen t  f o r  t h e  metal-matrix des igns  t o  55 percent  f o r  the  
graphi te /polyimide design.  Fabr ica t ion  processes  f c r  t h e s e  panels  a r e  be ing  

i developed. Reference 49 summarizes r e s u l t s  t o  da te .  

i A s tudy  a t  NASA-Langley Research Center  has  been i n i t i t a t e d  t o  develop 

I 
.j optimum s t i f f e n e d  compression panel  des igns  based on e l e v a t e d  temperature 
I ope ra t ions  (450°F) us ing  borsic/aluminum metal matr ix  composite m a t e r i a l .  The 
I m a t e r i a l  has  boron f i b e r s  coated wi th  s i l i c o n  ca rb ide  t o  a l l e v i a t e  chemtcal 
1 r e a c t i o n  of t h e  boron wi th  t h e  aluminum matr ix  a t  e l e v a t e d  temperatures.  Five 
I 

, f 
d i f f e r e n t  c o n f i g u r a t i o n s  have been eva lua ted  a n a l y t i c a l l y  over a range of load- 
ings  inc lud ing  h a t  s t i f f e n e d ,  corrugated s t i f f e n e d ,  open cor ruga ted ,  honeycomb 
sandwich and h a t  s t i f f e n e d  honeycomb sandwich panels ,  Study r e s u l t s  have shown 
t h a t  a more than 30 pe rcen t  s t r u c t u r a l  weight dec rease  over  corresponding 
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t i t an ium pane l s  may b e  o b t a i n a b l e  w i t h  a n  op t imal ly  designed s t i f f e n e d  b o r s i c l  
alurmnum noneycomb concept. 

.&a .. . .. :.) 1 
. , Two exper imenta l  p r o g r a m  to  complement t h e s e  s t u d i e s  a r e  c u r r e n t l y  i n  the  

# 

,8 ";- 
planning s t ages .  The f i r s t  is a materials c h a r a c t e r i z a t i o n  program t o  e v a l u a t e  

{ , '7  -; 
z4 b. i 

the t e n s i l e  and s h e a r  p r o p e r t i e s  of va r ious  borsic/aluminum layups f o r  tempera- * 
+*. . : 1 t u r e s  up t o  45O0F, The second is a buck l ing  a l los lables  program f o r  s t i f f e n e d  i $ 
y' 
. ( .  a 
4.s !- borsic/aluminum compression panels  a t  bo th  room and e l e v a t e d  temperatures.  \ ..- " 

Primary emphasis on composites because o f  t h e i r  h igh p o t e n t i a l  f o r  reduc- 
i n g  both  weight and c o s t  of f u t u r e  superson ic  c r u i s e  a i r c r a f t  s t r u c t u r e s .  Deter- 
mination of t h e i r  long-time r e s i s t a n c e  t o  e l e v a t e d  t e m p e r a t u r e s  a n d  o t h e r  
environmental  f a c t o r s  w i l l  have continued suppor t  wi th  a d d i t i o n a l  m a t e r i a l s  and 
t e s t s  be ing  added p e r i o d i c a l l y  t o  the  time-temperat'ure-stress i n \ ? s t i g a t i o n  t h a t  
is expected t o  cont inue i n t o  t h e  mid-1980's. D e s i g n  technology, f a t i g u e  and 
f rac tu re , and  manufacturing processes  f o r  composites a l s o  w i l l  b e  included.  

'., '\ .; 
i i  F 1 FUTURE EMPHASIS - 

Next, cont inuing suppor t  f o r  development o f  b e t t e r  a n d  f a s t e r  computer- 
a ided  a n a l y s i s  a n d  d e s i g n  t e c h n i q u e s .  This includes  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 systems, such a s  f u r t h e r  growth of  systems s i m i l a r  t o  ATLAS; 
a n a l y s i s  m o d u l e s  f o r  c a l c u l a t i o n  of  s t eady  and unsteady loads ;  and des ign 
modules t h a t  provide f o r  automated, optimized des ign t h a t  inc lude  cons ide ra t ion  
of f l u t t e r ,  f a t i g u e  and thermal s t r e s s .  A l l  t hese  computer codes w i l l  handle 
composite s t r u c t u r e .  

I . . 
%li 1 
. i. 

TC*? . . 
.i. .. . . .. - F . , 
"k - . -. . 
" . : .. . 

F i n a l l y ,  a s  funds permit ,  cont inue t o  advance o t h e r  technology areas such 
a s  p r e d i c t i o n  of non l inea r ,  aerodynamic loads ,  a c o u s t i c  loads  and l and ing  loads; 
new s t r u c t u r a l  concepts and m a t e r i a l s ;  f l u t t e r  t e s t i n g  and a n a l y s i s  i n  the t ran-  
s o n i c  speed range; and continued in-house t r a d e  s t u d i e s  based on computer-aided 
des ign systems. 

Future  emphasis i n  t h e  SCAR s t r u c t u r ~ s  and m a t e r i a l s  program w i l l  be ,  as 
now, on high payoff a r e a s , p a r t i c u l a r l y  those  t h a t  can be used i n  t h e  long term 
(1990 technology readiness) .  The scope and depth o f  a c t i v i t y  w i l l  d e ~ e n d  on 
funding a v a i l a b l e  w i t h  t h e  fo l lowing g e n e r a l  o r d e r  of p r i o r i t y :  
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