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I 3troductton Mech¿nleel properties and. therul ex¡nnslon né€,8ür€-

r prevloug n¿terlal develop.ent conducted. by sen- ments for the longltudlnel anil elrcunferentlal dlrec-

| ::" vith chcnfc"l llapo" deposited. fcr¡di-"*p."it""-- 
tlong and theml eonductlvlty for the petpendlculsr

I ,r, re¡ultecl ln ¡uccessf\¡r atnoapherlc reeqtrry of 
(raallal) d'lreetlon were obtalned et ¡oom and elevated

I rrbonfzed felt/carbon n¡trix ¡eater¡ier¿¡ .6-,ál-cw¡ tenperatures.

! lcft conicel ehepeo ¡re n¿d.e by ftret fobrlcetlng a Regulte anil Dlscusslon
| -etlled rayon felt substrate, wblch ls eubeequently
! rrbonlzeil and cr/D hfiltratéd to the destred ¿enslty. llre three tlfffercnt tlrl¡es of conee had slnll¡.r
f 

we¡¿ss us¡¡o¿vr' physleal prol¡ertiee (netallurgical, x-ray cllffractton
t Conical ahepee had pr.evlouely been fabrlcated <lenelty, NDE).
I :d tyo ceparate rayon flber orlentatlons ¿e lllua-
| :ntea fn ffgure f. Thc tno conflguration8 U,e?e Figure I shows the tenslle strength ln the lon-

! ,-bccd ror cütthg conlc¡l battg witl, or aero¡s the gttucltnal dlrectlon for the conea Ba a functlon of

I 31bcr orlentatfon ag ahown ln the flgure. Ttre pref- temperature. Tt¡c longltudlnal strengths of the con-

I :r¡eatfal alilnnent of ¡hort rayon ftüers in the two blnatlon ty¡n cones are approxlnately equel to the

I rfferent fl.üer orlentatlons rásulted tn atrength strength of the tlrpe 2 cone' rhe type I cone' al-

I ilffcrcneec as noted fn lable I. Ttre type 2 conftg- though havlng a lo¡rer longltudinal strength then the

I :r¡tlon b¡s been u¡ed. for all ]¡ter reentry teetlng. other two cone tlrpes er¡aluated ln thts studyr had ap-
I prox{mtely seventy pe¡cent greater strength than
I Op¡mal süreaseg producecl durlng leentr1r ere r cones nade pr.evlouely ae tlrye I (IBbfe I). Ttre rea-
t :rltlcel peraneter for CVD/felt neterlale. ft¡e fac- son for this anonaly-ls betng stuclled. Tl¡e room
I 

'.ore of eefety of the t¡rye 2 cone d.urlng a t¡ptcaL temperature circumferenttal strengths of type I and
t -entry are ahown ln Flgure 2. As noted, the faeto¡ the two eonbln¿tlon cones were approxLnately the
I :f eafety for the e1¡cumferentlal dlreetlon 1s lower sane (28.6-29,\ lñ/#), and tle t¡rye 2 strength was,
I :h¿n the longttuillnal directlon. If the clreunfer- as ex¡rcted, loner (Zl+,8 t'fll/n¿).
I cntlal strength of the type 2 cone could be lnproved
I :v-".iulii"g'iie-¡ruet orientationg shown in Flgure Figure 4 shows the the:oar ex¡ranslon of tlrl¡es 1

t :, tt was tñeortzed that the elrcumferentlal factor and 2 constructLon and one of the conblnation t¡rye

I :f safety could. be lncreased.. ltrls paper descrlbes cones for the J.ongltudlr¡8l anil clrcumferentlel cllrec-

t "o "*p""ir"ntal 
etuity that re¡ acconptfsted to in- tlons. The ty¡ne I and 2 constructlon h¿ve them¿l

I veetllate the effeet of cllfferent flber o¡lentatlons expansLons ln the longltud'lnal ancl clretnferentlal

t cn thE carUon-carUon eonpoelte propertles. dlreetiong whlch ¿re the rer¡e¡ee of each othert
t 

- 
nhe¡eas the the:mal expanslon for the conbln¿tlon

| 
3xeerfnental ty?e of constructlon ls between tlreee r¡alueg.

I Conlcel ehapes were febrieeted for this study_ Abtetlon results fro arc plaana teste lnatlcateal
I bccause lt hacl been found. frm prevlous stu<ttes LJJ thet elt natetialo were slnll¿r ln ablatlon perfor-
I 

t"h¿t CVD/felt flat plates do not produce representa- tnanee. No stgnlftcant dlfferenees ln thern¡l con-
f tlve propertlee of eonieal shapes. The seamlese d.ucttvlty wer€ noted..
I rayon felt cones were produced by applying batta of
I l"lala-i"it-ilil"ur over a nanttret-inil needtlng wt¡1le detatled the¡mal etress calcul¿tlons (ae

I eaeh applled. batt untlr the clealred thlckneee and acccmpllshed for the clata preeentetl ln tr'lgure 2) nust

I aenerty were oütalne¿. the fert eones hevlng an be perfomed to fully asaeaa the thernal- strcse e¿-

I average butk densliy ár áoá i"-i4ó-is7ri-i;3s1" pablLttv of the cvD/feLt naterlar, a the¡mal stress

I .Zttó-'gt""i-r"i"-f.brlcatecL fron !.! henfer, O.ó38 flgure of nerlt r¡elue 1g e ueeful technl'que fo¡ con-

I retcr"(i.5'rnct¡) long viacoee ra¡ron flbers. conl.cal 
pertng dlfferent tyf¡es of the saüe naterlal' Tt¡ts

I -*o iúí"" *í" fsbrlcated to represent trrpe¡ r f;lgure of nerlt can be d'efined aa:

J rntt 2 of Flgure I, and a cobln¿tlon of theee two (lbnetle Strength)(Tt¡er¡al Conduetlvlty)
I t¡rpea ueing alternate pllee of t¡ne I and 2. ft¡e !* =

I eoncr rrcre aubsequently earbonizecl anrt^lnflltrated
| ¿;;.ppi"ir""i"'-¿l,i"ity li-igió-kJi¡-?i:8i-;i;"¡ rncreaslng r¡alueg or thl¡ parameter ¿re a ncasure or
I ty ttrc tiothcrml CVD technlque. Heat treatoent to lnereaslng the¡:nal etrcss reslstence' Ittc flgure of

3á73"x for tro hours follored the lnflrtratlon. one nerlt r¡arues shown ln Ftgurc 5 for the longltutltnal

cach of the t¡rpe I and t¡rpe 2 cones and two of the and clrcunfercntlel dlrectlons were obtalnetl for

eobfn¿tfon t¡pea r|"re uscd ln thls eveluatlon, 
prolrrtles at 22OO"K. Ilrc flguree of nerlt ln each
dlrectlon for the conblnatlon t¡rye of cone eonstnrc-

Sa.nples were eut fro tbe flnlshed ehapes for tlon ¡re nore equal th¿n for the t¡rye 2 constn¡ctlon
er¡alu¡tlon ¡nd. clest¡uetlr¡e te¡tg. fn adrlltlon to and are hlgher than for elther the t¡rpe 1 or tyl¡e 2
non-ilestruettve er¡aluatton (fog) of the cones, erral- eoneo. ttre hlgher flgures of nerit for the cmblne-
u¡tloa anil teetlng lncludeil nctalurgleal cn¡l¡¿tlon tlon tlrpe cones lndlcate that the hlgher clreumfer-
of tbe CVD natrix, x-ray d.lffractlon, abl¿tlon teet- entl¿l etree¡ noulcl be lorrcred rltt¡out ralelng the
1ng, tenalle and compresslve teetlng, and them¿t stress ln the othcr tllrectlon.
eoniluctlvlty and themal expanslon neaeurenents.
¡__-

Tl¡1¡ work nae aupported by the U. S. Alr Force and U. S. Enerry Researeh anit Developent Adnlnlst¡atlon.
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Concluslon

CvDheIt cones were sueceesfirlly fabrleated with

tr¡o ctifferent fiber orlentations (t]ryes I and 2) and

wlth a ccmnblnatlon of t¡pes I and 2. Slntlar physl-

cal propertieg were obtalnetl for all lnffltratetl
conea. lhe prol¡erties obtalned frora the co¡nblnatfon
ty?e of cone constructlon lntlicate that the calcu-
lated themal st¡esses were lower than ln the ttr¡pee

I and 2.
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rIfl,RE 4. $rEnMAL ExpANsroN oF cvD/rELT coN¡s
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I. SmErfCÍII OF TI?ES I & 2 CVD/IELT
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Ftcr,rRE 2. FACTOR OF SATEIY IYFE 2 CVD/FELT COI{E
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