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Appl j-cati-on Environment

Miss i le  and space launch systems using
sol id  propel lants are set t íng demanding new
requirements on materials to be used in
nozz les .  M iss i l e  sys tems  a re  p ro jec ted  to
use propellants with gas stagnation teÍrper-
atures exceeding 6000oF and h ighly  reducing
const i tuency.  Design chamber pressures of
1000 to 3000 psi  are common in advanced
systems.  At  the other  ext reme, the Space
Shut t le  Inter im Upper Stage and var ious
sol id  propel lant  space motors are incorpo-
rat ing re lat ive ly  benign propel lants wi th
long burn times. The current premium on
rel iabi l i ty ,  weight  savings and potent ia l
per formance gains is  substant ia l .

Carbon-Carbon Nozzle Programs

I t  has been suggested by El l is  ( I974)
that a carbon or graphite reinforcement in
a carbonaceous matrj-x (carbon-carbon com-
posi te)  could prov ide a near opt imum nozzle
mater ia l .  The ta i lorabi l i ty ,  potent ia l
ablat ion res is tance and probable h igher  re-
l iab i l i ty  of  a one p iece c-c nozzle compared
to complex mul t i -p iece nozzles made the
proposal  at t ract ive.

A subsequent program. sponsored by the
Naval  Sur face weapons Center ,  (NSWC) '  was
conducted by Chemical  Systems Div is ion (CSo)
of  Uni ted Technologies,  Inc.  to  invest igate
the c-c Integra l  Throat  and Entrance ( ITE)
concept .exper imenta l ly .  The four  c-c ITErs
were examined at the micro- and macro-struc-
ture leve1 to determi-ne what material and
surface character is t ics potent ia l ly  af fected
ablat ion per formance.  Addi t ional ly ,
mechanical and Lhermal properties were de-
termined to the extent  possib le consider ing
mater ia l  quant i ty  l j -mi tat ions.  These
invest igat ions were conducted at  Aerospace
Corporat ion and Southern Research Inst i tu te.

Current  ef for ts  in  carbon-carbon nozzle
components and ITEs are in progress under
the sponsorship of both NSI{C and the Air
Force through a series of joint AFML/AFRPL
programs.  The Carbon Nozzle Opportuni t ies
(CNO) program is  f i r ing both mul t ip iece and
ITE nozzles wi- th a nominal  seven inch I .D.
throat section. The NSI¡IC program and USAF
C/CAN ef for ts  wi l l  f i re  a var iety  of  nominal
1 .96  i nch  th roa t  d iame te r  subsca le  nozz les .
Selected mechanical ,  thermal  and sur face
removal phenomena characterizatj-ons are in
progress on the CNO and C/CAN programs with
similar efforts planned for the new NS!ÍC
program.

Observations to Date

The amount of characterization to date
has been l imited due to the small  number of
f i r ings  and the  ava i lab i l i t y  o f  mater ia ls
and funds .  Suf f i c ien t  work  has  been done,
however ,  to  deve lop  a  ser ies  o f  observa t ions
and hypotheses on relat ionships between con-
s t ruc t ion  parameters  and process  charac ter -
i s t i cs  (such as  na ture  o f  poros i ty ,  perme-
ab i l i t y ,  e tc . )  and thermo-mechan ica l  o r
ab la t ion  per fo rmance.  In  add i t ion ,  work  in
recent  years  on  c -c  mater ia ls  fo r  nose t ips
and heat  sh ie lds  has  y ie lded da ta  and in -
formation on the impact of construction
anomalies relat ive to mechanical and thermal
behav io r .  The s t rength  o f  a  c -c  in  a  g iven
d j - rec t ion ,  fo r  example ,  can  be  t ied  to  the
extent and type of damage experienced by
the  re in fo rcement  dur ing  weave and process .
F i lament  b reaks  and k inksr  |a rn  wav iness
and mala l ignment  as  we l l  as  mat r ix  to
f j- lament bonding have correlated to modulus,
s t rength  and thermal  expans ion  anomal ies .

On ax is  tens i le  and compress ive  pro-
per t ies  a re  d i rec t l y  re la ted  to  the  proper -
t ies  o f  the  re i -n fo rcement  fo r  the  th ree-
d imens iona l  o r thogona l  cons t ruc t ions .
There fore  cons t ruc t ion  anomal ies  o f  any  ex-
ten t  can  a f fec t  the  on  ax is  p roper t ies .  For
example ,  in i t ia l  compress ive  fa i lu re  a t  1ow
tempera tures  occurs  as  a  resu l t  o f  1oca l
buck l ing  o f  yarn  bund les .  Th is  buck le
precedes shear  fa i lu re  and occurs  a t
nomina l  s t ress  leve ls  less  than one-ha l f
those where  tens i le  fa i lu re  normal ly  occurs .
T f  these are  bowed,  wayy ,  o r  k inked re in -
fo rcements ,  then the  s t ress  leve ls  a re
fu r ther  reduced.  Th is  cou ld  become an im-
por tan t  cons idera t ion  in  mater ia ls  w i th
cy l indr ica l  weaves  where  the  success fu l
manufac ture  o f  par ts  w i thout  wavy  c i rcumfer -
e n t i a l  y a r n  b u n d l e s  i s  d i f f i c u l t .

The wavy circumferential yarn bundles
in  cy l i -ndr ica l  weaves  can a lso  have a  pro-
nounced a f fec t  on  the  hoop tens i le  s t rength
o f  these mater ia ls .  Recent  da ta  have shown
tens i le  s t rength  reduc t ions  o f  75E and
greater  on  cy l indr ica l  mater ia ls  w i th  weave
d is to r t ions  versus  mater ia l  w i th  re la t i ve ly
s t ra igh t  yarns .
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