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1.0 INTRODUCTION

I)uring the previous phases of this program , the

potentia l of the Pyrostrand® concept was observed to be worthy

of continued development. Pyrostrand is a grap hite composite

produced by winding a filamentary carbon or graphite reinforce-

ment on a mandrel in a furnace at 3,650°F , while continuously

depositing a matrix of pyrolytic graphite . Additional features

of this concept include : (1) the simultaneous deposition

of carbides (when desired) to modify the matrix structure ,

(2) the use of filamentary materials of various textile

configurations and mechanical properties and (3) the control

of reinforcement placement and content for increased strength

and greater erosion resistance in very-hi gh-temperature

environments.

The pyrolytic graphite matrix has inherently hi g h

resistance to erosion under rocket motor firing conditions .

A disadvantage of the material is its tendency to delaminate

at moderate or excessive thicknesses. This delamination

tendency can be reduced by causing the pyrolytic graphite to

grow from surfaces other than the substrate , a filamentary

reinforcement for example. The hi gh performance grap hite

yarns have a very h i gh strength/density ratio and thereby

offer the potential for producing composites with a si gnifi-

cant degree of reinforcement . In contrast to most materials ,
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the strength of both major components of these composites

increases with temperature up to near the sublimation temper-

ature of grap hite (6,600°F).

Past progress has  been limited by a small furnace

and a small capacity for handling the filamentary material.

The results were sufficiently promising to indicate tha t

f u r t h e r  work  shou ld  be conducted to sca le  up the  equ i pment

for  the Production of larger p ieces and to solve the problems

identified in earlier studies. The most important of these

problems were: (1) voids inside yarn and at yarn crossing

points , (2) growth of pyrolytic grap hite on broken filament

ends , which prevented smooth windin g in subsequent layers

and (3) insufficient yarn handling capability to prepare

t h i c k  specimens .

For advanced propulsion systems throat inserts

may be required in sizes up to 12 .5 inches throat diameter.

Assuming an outside diameter of 14 inches , a furnace diameter

of approximately I~ inches is ind icated , res u lting i n  a

fourfold cross sectional area extrapolation. Transition to

a fabricat ion sYstem of this size and dernonstr at ion of 7-inch

nozzle fabrication an d t e s t  a r e the objectives of this program.

:\ 1 i scuss  ion oc  t h e  p r o g r a m  a p p r o a c h  was  p r e s e n t e d

in R e f e r e n c e  1. h~or L aec om ~ 1 i sb ed du r i n g  t h e  two m o n t h  r epo r t

p e r i o d  is  d e s cr i b e d  b e l o w .
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2 . 0  WORK ACCOMPLI SIIEI)

M ost  of t he  work a c c o m p l i s h e d  r e l a t e d  to  t h e  p r o c t i ~ c -

ment of equi pm ent requ ired for  t h e  s i z e  s c a l e  - u p .  Com p a n y

funds were received for the p u r c h a s e  of t h i s  e q u i p m e n t .

A n ew a t mos phere  c o n t r o l  chamber  and i n d u c t  ion

coil have been ordered  w i t h  a s chedu led  de l  i ve rv  in  l a t e

Feb r u ar y .  An o b j e c t i v e  in b o t h  t h e  c o n t r o l  chamb er  and

furnace desi gn was to provide a system suitable for tran sition

to production operation , if r e q u i r e d , w i t hout  s i g n i f i c a n t

changes .

The new equ ipment will consist of three major

sections: (1) the vacuum t a n k  to c o n t a i n  the  c o n t r o l l e d

a tmosp here , ( 2 )  t h e  i n d u c t i o n  c o i l  and (3) t h e  f u r n a c e

a s s e m b l y .

The vacuum t a n k  was d e s i g n e d  to  he 7 2 inches in

diameter and 60 i n c h e s  h i g h .  I t  will he constructed from

304 s t a i n l e s s  s t e e l  in  two s e c t i o n s , sp l i t  ho r i z o n t a l l y ,

and p r o v i d e d  w i th f l a n g e s  fo r  v a c u u m  seal  i n g  . O pera  t i o n s

unde r  e i t h e r  vacuum or di f f er e n t  ia 1 p r e s s u r e  cond i t  i o n s  w i i  I

he possible. A rupture disk S stem w i l l  he  i n s t a l l e d  w i t h a

low b l o w - o u t  r a t i n g .  T h i s  w i l l  i n s u r e  an adequate pressure

release i n  the event 01 an inadvertent overpres sure

D u r i n g  rou t  i nc  o p e rat  ions  t h e  l ow e r  h a l  f of  t h e

t a n k  w i l l  rema i n  f i x e d  in  place and o n l y  t h e  upne r  t a n k  l i d

removed f o r  a cce s s  t o  t h e  f u r n a c e  a r e a .
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A sealed yarn box will be constructed and positioned

on a flange outside of the tank . Th e ya rn bo x w il l c onta in

the same pressure conditions tha t will exist in the furnace ,

and also w i l l  permit visual observation of the operations

within the box .

All utility connections will pass throug h the lower

tank wall.

A copper induction coil 33 inches in diameter and

41 inches high is being fabricated . It will be insulated

by wra pping with fiberglass tape and impregnated with hi gh

temperature resistant varnish. Cooling coils will be

located above and below the induction coil to provide for

temperature gradients in the outer furnace area. The inside

of the coil will be lined with alternate layers of refractory

cement and fiberglass cloth. A cooling plate on the bottom

of the furnace will be bolted to the coil and support the

susceptor , work load and lampblack insulation. It will be

possible to lift the entire furnace ~ut of the bottom tank

section. There will , howev er , be a certain amount of

conne ct ions to be taken apar t to remove the furn ace .

Furnace support systems such as gas dryers ,

con tr ol pan els , nitrogen deluge and a closed water cooling

system are being pursued .

4
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Additional operations for future considerations are

as fo l lows:

1. An automatic control device for monitoring

the yarn tension.

2. Utilization of laser beam illumination

to obtain a visual check on the winding

operation.

3 .0  FUTURE WORK

Dur ing  the next  three  month per iod a l l  f a b r i c a t i o n

components should be received and initial check-out should

be underway .

I
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ork continued on process scale-up to permit the
fabrication of filament reinforced graj)flite composites in
sizes up to 16-inchouter diameter. ‘the desi gn of the outer
vacuum container was completed and the container was ordered .
The design of the furnace induction coil was comp 1eted , and
the coil was placed on order. The requ ired scale-up
components should he avai1able~ during the next report
period.

-~~‘I’he scale-up vers  ion i n c l u d e s  several desirable
f e a t u r e s ,’ not  a v a i l a b l e  in p r e v i o u s  f ab r i c a t  ion equ i pment .
These i nc lude  e x t e r n a l  f i l a m e n t  s t o r ag e  to permit ob serva-
t io n o f the f i l a m e n t feed s y s t e m during fabrication ,
suitable view p o r t s  to p e r m i t  l a s e r  beam illumination and
visual observation of the fabrication process inside the
furnace , and various arr angemen t s to  p e r m i t  t he  use  of  t he
e qu i p m e n t  f o r  subsequen t  p r o d u c t  ion r e q u i r e m e n t s .
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