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Fig. 6[1]:  Cruciform structure 



An I-beam structure is shown in Fig. 7 [1]. This I-beam was woven using carbon fibers and 
carbon rods. The I- beam can be used as a structural element in aircraft fuselage.  
 



 
  Fig. 7 [1]:  I-beam structure 



 
 A typical Pi structure [5] with all sides tapered is shown in Fig. 9 [1]. This Pi structure was 
woven from 6K and 12K IM7 carbon fibers. The base and clevis are 8 layers and the upright 
legs are 4 layers. A layer to layer interlock weave based on a plain weave [2, 3, 4] was used. 
IM7-6K carbon fibers were used as warp and IM7-12K carbon fibers were used as fill at the 
base. IM7-12K carbon fibers were used as both warp and fill for the upright legs. The gradual 
tapering was achieved by terminating one layer at a time.  
 
The Pi structure had been woven from carbon, fiberglass, ceramic fiber, silicon carbide, and 
even from metallic wires at Bally Ribbon Mills. This Pi structure has been patented [5] and it 
is widely used in the aerospace industry for structural joints. The base, clevis and upright 
legs of the Pi structure may consist of any combination of layers based on the performance 
requirements. The Pi and double cruciform structures designed at Bally Ribbon Mills were 
used in the NASA Composite Crew Module (CCM) [7].  One of the significant benefits of using 










6 

 

      Fig. 6[1]:  Cruciform structure  A n   I - b e a m   s t r u cture is shown in Fig. 7 [1]. This I-beam was woven using  c a r b o n   f i b e r s   a n d   c a r b o n   r o d s .   T h e I- beam can be used as a structural element in aircraft fus e l a g e .      

 

    Fig. 7 [1]:  I-beam structure 

 

  A   t y p i c a l   P i   s t r u

c

ture [5] with all sides tapered is shown in Fig. 9 [1]. Thi s   P i   s t r u c t u r e   w a s  

w o v e n   f r o m   6 K  and 12K IM7 carbon fibers. The base and clevis are 8 laye r s   a n d   t h e   u p r i g h t  

l e g s   a r e   4   l a y e r s. A layer to layer interlock weave based on a plain weave  [ 2 ,   3 ,   4 ]   w a s   u s e d .  

I M 7 - 6 K   c a r b o n   fibers were used as warp and IM7-12K carbon fibers were   u s e d   a s   f i l l   a t   t h e  

b a s e .   I M 7 - 1 2 K   c arbon fibers were used as both warp and fill for the uprigh t   l e g s .   T h e   g r a d u a l  

t a p e r i n g   w a s   a c hieved by terminating one layer at a time.  

 

T h e   P i   s t r u c t u r e had been woven from carbon, fiberglass, ceramic fiber,

 

si l i c o n   c a r b i d e ,   a n d  

e v e n   f r o m   m e t allic wires at Bally Ribbon Mills. This Pi structure has been p a t e n t e d   [ 5 ]   a n d   i t  

i s   w i d e l y   u s e d   in the aerospace industry for structural joints. The base,  c l e v i s   a n d   u p r i g h t  

l e g s   o f   t h e   P i   s t ructure may consist of any combination of layers based on   t h e   p e r f o r m a n c e  

r e q u i r e m e n t s .   T

h

e Pi and double cruciform structures designed at Bally R i b b o n   M i l l s   w e r e  

u s e d   i n   t h e   N A S A Composite Crew Module (CCM) [7].  One of the significan t   b e n e f i t s   o f   u s i n g  


