
APPLICATION OF GR/PMR-15 TO COMMERCIAL A I R C R A F T  

PROPULSION INSTALLATION STRUCTURES 

J. Pos t lewa i te ,  K .  Po r t e r ,  and D.  McLaren 
Boeing Commercial A i r p l a n e  Company 

Fo l l ow ing  f rom e a r l y  exper ience w i t h  po l y im ides  on t h e  SST program and S h u t t l e  
a f t  f l a p  s t ud ies  The Boeing Company i s  now work ing  on c o l l a b o r a t i v e  programs w i t h  
I t s  p r i n c i p a l  n a c e l l e  s u p p l i e r s  t o  pursue t h e  development o f  Gr/PMR-15 n a c e l l e  
components. 

Two programs a r e  c u r r e n t l y  i n  e f f e c t .  The f i r s t  program i s  d i r e c t e d  s p e c i f i -  
c a l l y  towards t h e  f l i g h t  t e s t  and se rv i ce  e v a l u a t i o n  a t  t h e  e a r l i e s t  p o s s i b l e  da te  
o f  a  747 n a c e l l e  co re  cowl s t r u c t u r e .  The second program seeks t o  f i r m l y  e s t a b l i s h  
t h e  p r o d u c i b i l i t y  and c o s t  o f  a  757 t h r u s t  r eve rse r  " C "  duc t  i n  a  p roduc t i on  
env i  ronment. 

The near  te rm o b j e c t i v e s  o f  these programs i n c l u d e  ( a )  t h e  comparison o f  e s t i -  
mated c o s t  and we igh t  o f  Gr/PMR-15 versus meta l  s t r u c t u r e ,  ( b )  t he  engine t e s t  o f  
r e p r e s e n t a t i v e  composi te s t r u c t u r e ,  ( c )  t h e  p r e l i m i n a r y  des ign  and a n a l y s i s  o f  t he  
" C "  d u c t  s t r u c t u r e ,  and ( d )  t he  p repa ra t i on  o f  c o s t  da ta  and t ime  schedules f o r  t h e  
development and p r o d u c i b i l l t y  program. 

I n  a d d i t i o n  t o  powerp lant  s t r u c t u r e ,  t h e  p r o p u l s i o n  d u c t i n g  system has shown 
t o  be a  s t r o n g  cand ida te  f o r  Gr/PMR-15 a p p l i c a t i o n .  C u r r e n t l y ,  t he  Boeing 747 
Organ i za t i on  i s  e v a l u a t i n g  t h e  use o f  PMR-15 m a t r i x  composites t o  r ep lace  n e a r l y  
,800 l b  o f  t i t a n t u r n  d u c t i n g  per  a i r p l ane .  

BACKGROUND 

For  some years The Boeing Company has recognized t h e  s i g n i f i c a n c e  o f  p o l y -  
im lde  h i g h  tempera t i ve  r e s i n s  f o r  use i n  commercial a i r c r a f t .  E a r l y  s t imu lus  f o r  
a p p l i c a t i o n s  research  was g i ven  by the SST program i n  t h e  l a t e  1960 's .  Problems 
w i t h  t h e  condensat ion t ype  r e s i n s  a v a i l a b l e  a t  t h a t  t ime  prevented f u l l  adop t i on  o f  
t h e  composi te  s t r u c t u r e  concepts. 

The Boeing Commercial A i r p l a n e  Company, b u i l d i n g  on t h e  background gained f rom 
p a r t i c i p a t i o n  i n  t h e  NASA composites f o r  Advanced Space T ranspo r t a t i on  Systems 
(CASTS), by t h e  Boeing Aerospace Company has extended PMR-15 technology t o  commer- 
c i a l  a i r p l a n e  p r o p u l s i o n  s t r u c t u r e s  ( f i g .  1 ) .  I n  1980, a  program was i n i t i a t e d  t o  
i d e n t i f y  Gr/PMR-15 c h a r a c t e r i s t i c  behaviors,  i n c l u d i n g  degrada t ion  t rends  and f a i l -  
u r e  modes due t o  l ong  te rm exposure t o  temperatures up t o  550 OF. The r e s u l t  o f  
t h a t  program coupled w i t h  f avo rab le  weight t r a d e  da ta  compi led f o r  use o f  compos- 
i t e s  on t h e  powerp lant  i n s t a l l a t i o n  of  t h e  n e x t  Boeing a i r c r a f t  encouraged t h e  
search f o r  methods t o  acqu i r e  da ta  on which t o  base p roduc t  des ign.  I t  was dec ided 
t o  seek o u t  coope ra t i ve  programs w i t h  p r i n c i p a l  n a c e l l e  s u p p l i e r s  t o  f u r t h e r  t h e  
development of Gr/PMR-15 technology f o r  commercial s t r u c t u r e s  ( f i g s .  2 and 3 ) .  
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COOPERATIVE PROGRAM 

The major program c u r r e n t l y  i n  work i s  t h e  design, ana l ys i s ,  f a b r i c a t i o n ,  and 
t e s t  o f  t h e  Thrust  Reverser Fixed S t ruc tu re  I8Ct1 duc t  o f  t he  757 a i r c r a f t  powerplant 
I n s t a l l a t i o n  ( f i g .  4 ) .  Thfs s t r u c t u r e  has s i m i l a r i t i e s  i n  f u n c t i o n  t o  t he  NASA 
QCSEE PMR-15 i nne r  cowl, bu t  i s  q u i t e  d i s s i m i l a r  i n  s i z e  and ope ra t i ona l  requ i re -  
ments ( f i g .  5 ) .  

The func t i ona l  requirements o f  t h t s  s t r u c t u r e  i nc lude  thermal management o f  
the  engine core compartment, acous t ic  a t t enua t i on  o f  fan duc t  a i r f l o w  noise, car -  
r i a g e  o f  normal opera t iona l  and emergency loads w i thou t  excesslve d e f l e c t i o n  a t  a l l  
ope ra t i ona l  condi t ions,  p revent ion  o f  f i r e  propagat ion from the  core compartment 
i n t o  t h e  fan  duct;  and accommodation o f  i n c i d e n t a l  damage and thermal t r a n s i e n t s  
throughout t he  50 000 c y c l e  requ i red  l i f e t i m e  w i thou t  compromising the  f u n c t i o n a l  
c a p a b i l i t y  o f  t he  s t ruc tu re .  

This  cooperat ive program focuses the  resources o f  each par tner  i n t o  t h ree  
tasks:  Design and Analysis,  Test ing,  and Spec i f i ca t i ons  and Manufactur ing. Each 
of these tasks addresses major p a r t s  o f  t h e  o v e r a l l  program. 

The genera l ized schedu le- ind ica tes  the  ambi t ious na ture  o f  t h i s  program, w i t h  
the  f o l l o w i n g  major mi lestones. 

P r o d u c i b i l i t y  Assessment - 2nd Quar te r  1983 

Design Complete - 1 s t  Quar te r  1984 

Fab r i ca t ton  Complete - 2nd Quar te r  1984 

S t r u c t u r a l  Test ing - 1 s t  Quar te r  1985 

MAJOR CONCERNS 

This  program has proceeded w e l l  i n t o  t h e  design and ana l ys i s ,  t e s t i n g ,  and 
p r o d u c i b i l l t y  phases and has exposed some major concern areas. 

Inc luded among these are: 

( 1 )  Long term thermal exposure d u r a b i l i t y  requirements o f  t he  " C "  duct .  These 
appear t o  necess i ta te  use o f  weavable Pi  s ized  f i b e r .  However, the  v a r i a b l e  qual -  
i t y  o f  c u r r e n t l y  a v a i l a b l e  product  i s  producing a  downward b ias  i n  design data 
c u r r e n t l y  being generated. 

( 2 )  Current  methods o f  ob ta in ing  h igh  temperature design data p rov ide  r e s u l t s  
which a re  sub jec t  t o  excessive v a r i a b i l i t y ,  and a r e  obta ined a t  h i g h  cos t .  

( 3 )  Too l ing  techniques f o r  b u i l d i n g  such a  l a rge ,  complex s t r u c t u r e  a re  pres- 
e n t l y  unproven. 

E f f o r t s  t o  a l l e v i a t e  these concerns a re  now underway among the  p a r t i c i p a n t s  i n  
t h i s  program, w i t h  encouraging r e s u l t s  betng obta ined.  



TITANIUM DUCTING ALTERNATIVES 

The 747 Engine Start and Thermal Anti-Icing Duct system has been identified as 
a very promising application for high temperature composites (fig. 6). 

The current system, composed of tltanium duct work, ranges from 2 to 7 in in 
diameter, and weighs upwards of 800 lb. Indlvidual ductwork sections range from 
simple, 8 ft long pieces, to highly complex branded sections with varying diameters 
(figs. 7 and 8 ) .  All sections require end couplings and many sections have one or 
more bossed takeoffs (fig. 9). 

The general design and objectives requirements of the composite system are as 
listed below. 

- 50 psi maximum pressure 

- 450' maximum temperature 

- 50 ft/s maximum air flow 

- 50 000 hr service life 

- accommodate normal handling and service damage 

- be repairable. 

Due to the very long service life requirement in the 350 to 450 OF temperature 
range, PMR-15 matrix composites are considered to be prime candidates for this 
application. However, the considerations of material properties and manufacturing 
cost will provide a strong influence on the final choice of material. 

At present, this project is in the early stages of feasibility assessment. 
One approach being considered is developing the manufacturing base concurrently 
with the investigation of the long term characteristics of the candidate materials 
operating in the duct system environment. Another important aspect of this appli- 
cation is that having demonstrated proper function, weight savings, and cost effec- 
tive manufacture, composite ducting would be implemented imediately on new 747 
aircraft, and on selected 747's on a refit basis. Similar applications exist on 
the 757 and 767 aircraf t models as well. 

CONCLUSION 

In conclusion, Boeing Commercial Airplane Company is making conslderable for- 
ward strides in the application of PMR-15 technology to commercial alrcraft. This 
progress is a direct result of highly productive cooperative development programs 
with principal suppliers. With the current state of the commercial aircraft Indus- 
try, the enthusiasm and comltment that these cooperative program members have 
shown must be applauded. Even as the program meets the challenges of developing a 
new material for propulsion systems, additional applications such as the 747 duct- 
ing have come forward, raislng the possibility for further cooperative composite 
development programs. 
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F igure  1 .  - Development o f  PMR-15 f o r  commercial applications. 

Boeing Program in Work 

Thermal AnU-Ice DDuct 

F igure  2.  - PMR-15 candidate components. 
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F i g u r e  3 .  - Weight es t imate  - propu ls ion  i n s t a l l a t i o n  
PMR-15 composlte usage. 
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Bonded PMR-1 YGR structure 

F l g u r e  4 .  - Schernatlc of  Thrust  Reverser F ixed S t r u c t u r e  I1C1l 

duct  o f  7 5 7  aircraft. 
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Figure 5 .  - Size  comparison versus QCSEE inner  duct.  

747 Transport With GraphiteIPMR-15 Ducting 

500 Ib PMR-16 CompodldAirplane 

300 Ib s.vMAirpl.nr 

gure 6 .  - P o t e n t i a l  near term a p p l i c a t i o n s  o f  PMR- 



Straight Duct Section 

Figure 7. - 747 pneumatic duct. 
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Figure 8. - 747 pneumatic duct. 



Duct coupling and bossed take-off 

F igure  9 .  - 747 pneumatic duc t .  


