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INSULATIONYOR USE WITHIN ROCKET MOTORS - A SURVE Y 

SUMMAR Y 

A survey has been made of materials t hat have been considered or 
used as insulation for rocket motors during the past twenty years. The 
requirements for t his type of application are discussed and illustrated 
mainly by reference to American practice. The results of B literature 
survey is presented and was made by combining relevant 'in-house' data 
with that from an ES A document Search by DRle. 

For convenienc e much of tl1e information obtained has been 
summarised and is presented as seven appendices in the following way:-

Ap pendix 1 

2 

3 

4 

Summar y of the ES~ document search 

Some typical American vent uris and blast pipes 

A summary of relevant Technical Report s from 
Bristol Aerojet Ltd. 

Addltional Briti s h data 

5 Canadian data 

6 Synopsis o~ 51 papers highlighted by the 
ESA Search 

7 A survey of man made fibres 
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Ie FOREllJUR~ 

Although it i s hop ed that this surve y may have genDral ut ility, 
if only 8S a reference pap er, its m3in purpose was to pro vid e the 
back ground data needed i n a programme which s ough t an alternative 
material to Bshestos fi bre. · The mai n objecti ve in this s urvey WBS 

therefore to as certain from published data what other mat erials , and 
particularl y fib res, have be en used or consi dered for use as rigid 

. and fl exi ble in s ul ati ons in rocket motors within roughly t he past 
twenty year s so that an appraisal mi ght be made of their potenti al 
as alt ernati ve s for asbestos should legi slation, or at her facto rs, 
preclud e its use at some futur e time. 

2. REQUI RE~1EN T FOf~ AN INSULAN'f 

It is well known that th e meta lli c materiels from whic h ro cket 
motors are usual l y made have to be pro tected against the effect of 
i nt ense heat for short pe rio ds of time if the structure is to retain 
its strength and geometry and so be c apable of performing its . mi ssion. 
Polymeric materials have been used, wid ely. to p~ovid e this protection 
85 they BrB relatively poo r conductors of heat and also absorb 
appreciable amounts of t h2rmal energy as th ey pyr ol yse. Under the 
environment of a rocket motor firi ng t ills decomposition occurs at an 
extremely rapid rate and Is usual ly accompanie d by unacc eptabl y high 
e~o sion losses. These defect s ca n , ho wever, be partly mitigated by 
l oadi ng the polymer with suitable fillers, often of a refracto ry 
nature, en d by accepting that an appreciable portion of the insulstion 
wi ll st i ll ablate away as the motor fires. 

Ap art from bei ng subjected to t emperatures which can of ten be as 
high as 3500 K, the insul ation ma y be in direct contact wi t h the 
pr op ellant and t herefore must be compatible with it and not react 
c hemically with it under world wi de env ironments of use and s t orage ; 
i n addition there is often s need f or the charge and insulation to be 
bond ed together strongly so that burning c annot Dccu r prematurely at 
this interface. 

Density is a further factor affec tin g the choice of an insul ant, 
because of its effect on payload. but as space wit~in the motor case 
may also be at a premium, compromises may have to be made betwe en the 
density of a material and its efficiency as an insulation in order to 
achieve 8 minimum accep table thickness fo r the insulation. 
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3. SCOPE OF THE REVIEW 

This report sets out to summar ise the data that was available 
on rigid and elastomeric insulati on that has either been us ed, or 
has been und er consi deration, for us e in rocket motors essentially 
within a period spanning 1958 to about 1976; it has been confined 
to insulation used as protection against the effect of elevated 
t emperatures and alt l10ugh cryogenic applications are important for 
liquid fuelled root.ors, they were no t con8idE~red in UI8 survey. 

4. TH E LITERATURE SEARCH 

Two sources of literature were used but only 'unclassified' or 
'restricted' material was examined. The first covered in- house 
references , abstracts ~nd documents whil st the second still more 
comprehensive search used the ESA Docu~entation Service of Defence 
Re search I nformation Centre ( DRIC ) . The author i~ deeply indobted 
to Mr . Brian Clasby of this latter cent re f or his assistance iri 
providing abstract print-outs from their data base Bnd also to 
Mrs. S. Dibb of Bristol Aerojet who supplied the actual articles, 
pap ers and prints from mi crofiches etc. , used i n this Survey. 

App endix 1 is a brief resume of the basis for the DRIC search. 

5. THE AMERICAN SCENE - THE U. S. A. 

5 .J. General 

As might Ilave been expected a considerable proport ion of the 
relevant literature examined originated from the U.S.A. and 
reflects the importance they have attached to defence and attack 
mis siles and to the explorat ion of outer space. 

Thes e l atter applications involve mission tim es which are far 
in excess of those required even for inter-continental ballistic 
mi ssiles and therefore ne ed insul ation to a standard which mi ght 
have relevance to a future gEnerati on of rocket motors. Same 
idea of t he expos ures encountered in space flights can be 
obtained from Figs.1 and 2 . Fig.l s ummarises the temperatures 
that occur at various stages 1n the singl2 mission of the Mercury 
capsule and lists some of the materials that we re being considered 
for t his project in about 1960. 

Mo re recently the concept of B sp~ce shuttle has introduced a 
need for insulation which cannot be met easily by the ablating 
types of insul ation which have been us ed s uccessfully for years 
an man ned space flight projects. In t his new application the 
vehicle will have to withstand rep eated entries and exits through 
the earth's atmosphere sOo ideally, to be economic, the insula tion 
us ed should have the same life as the vehicle. An alternative but 
l eGS economic solution of this probl em will be to use lane off 
miss ion' ins ul ati on luhich can ,not only, be produced cheaply, but 
can also be replaced easily and quickly between flights. 

RESTRICTED U.K. EVES (8 ) 
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Some idea of the areas.o n a space shuttle vehicle that need 
pr ot8ct i on and the temperatures they ~re expected to reach 
may be obtained f r om Fig.2 which summarises North American 
Rock~Jell's design req uir ements for their High Range Cross 
Orbitor Vehicle. 

5.2 Types of I n s ul atio~ that have been used 

The surve y has confirmed impressions t hat a wide range of 
th ermal insulation f1 8S been and is currently ,being used in 
rocket motors. This range covers simple insulations such as 
sheet cork on Minuteman ( to protect its structure during launch 
from its silo ) or the l aminated wood and metal structure of the 
nos e cone of t he secon d stage of the Polar is A3 mis s ile, and 
8)'1\ tends to include di fficul t to produce and 'process materials 
such 8S refractor y oxvc arbides of zirconium, hafnium or 
tan talum etc. Vario us types of graphites either DIo ne or in 
conjunction with high melt ing point metals such 8S tungsten 
and molybdenum sre also being widely used in American rocket 
motor venturia especially in the arduo us areas of their throats. 

Th e majorit y of these insulants were deve loped up to 20 ye ars 
ago but as Appendix 2 will show, they are sti ll in current use 
on f ro nt line defence missiles and for outer space explorations. 

A range of insulants is gen era lly used in combination an d 
Appendix 2 is introduced to sho wp by means of diagrams, the 
construction and location of the insul ation within the nozzles of 
13 well know~ AmB r ic8n rocket motors or missiles. Nozzle 
construct ion has bRen select ed for this purpose because their 
materi als of construction, and especially the insulation, are 
usually subjected to the maximum effects of the combustion of 
the propellant. Between 65% and 75% of the total vehicle 
thrust 0evelops withi n the throat of the nozzle as the ch amber 
products accelerate to sonic velocities, with the balance of 
this thrust being developed within the expansion cone of the 
noz zle. 

Although some of th e noz zles shown in Appendix 2 are no longer 
in production, all of them that are used on miss i les were still 
in curr ent deployment in 1976; they range from the simple law 
cost nozzle used on the Sidewinder IC mis s ile to the mo re compl ex 
movable nozzles that are used for achieving thrust vector cont ro l 
fo r the first st age of the Poseidon C3 missile. 

In addition to these examples p Table 1 has been pr.oduced to 
prov ide B reasonab ly brief summary of past and currGnt American 
applications for temperature r asis ting materials in t heir rocket 
motors. 
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For convenience, American terminology is used in this table 
and is based on the foilowing definitions:-

A TH[R~1AL LINER 

AN INSULATOR 

THROAT INSERT 

6. EUROPE AN PRACTICE 

Material which form s the aerodynamic con tour 
with it s s urface directl y exposed to the 
exhaust of the bur ning mo tor. 

Is B material placed behind a liner to serve 
as a th ermal ba r rier to prevent the under
lying structure from reaching an excessi ve 
and un acceptable temperature. Sometimes a 
single mate rial can serve BS liner as well 
as insulator and in some instances can also 
form the structure. 

Is a special erosion resistant l i ner placed 
in the throat region of a no zz l e to kee p 
incre3ses in its diameter by erosion losses 
at a minimum. 

Apart from the possibilit y of a lan guage barr ier probl em causing 
8 low abstraction from Continental l itera tu re, the survey s howed t hat 
there has bpen muc h l ess publication of r elevant informa t i on 1n 
Europe than in America. In pa r ticular any useful det ail ed data an 
practice in the USS R was no t ob tai ned from the survey. An impression 
has , how ever , been f orm ed that the rest of Eu r opean practice resembles 
or even fol lows Am erican tec hn i ques close ly despite its gener al lower 
fund ing. 

In Great Britain the Ministry of Defenc e has sp ons ore d work at 
Bristo l Aeroj e t Ltds, an a variety of insul ants so a digest of related 
r epo rts has be en prep ared to fo rm App endix 3 of this reporta This 
app endix spans t he years 1958 to 1977 an d presents data in th e following 
way: -

i'\oulding compounds fo r One component filler Sheets 1-3 
compression, transfer or Combinati on s of fillers Sheets 4-5 
disp l acement moulding 

Other insulation topics Edg ewise tape winding Sheet 6 
Glass fibre ov erwinding 
Carbon cord/ asbestos 
tape. Asbestos/carbon 
end plates. 
Sil icone ni t ride Sheet 5 
Elas tomeric cDmpounds 

- ._---

Appendi.)( 4 cDntains a summar y of othel' data from U.K. sources. 
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7. CANADIAN PRACTICE 

Some brief comments of the Cana dian s cene is introduced 8S 

App endix 5, because of an early use~ th ere, of cast in situ liningse 

8 . GENERAL FINDINGS 

Appen dix 6 contains a brief synopsis of 51 papers hi ghlighted 
by the literature s ur vey and which are t hought to be of relevance 

. to the purpo se of t his report . Mat er ials that are mentioned in this 
App endix, and which could be considered when planni ng development 
work on insulation, include:-

Appendix 6 
I tem Ref. 

Rigid Compo sites Carbon-cerban 14, 50 s 51-
35, 36 , 46. 
31, 32, 33. 
48. 

Fibres 

Foams 

Elastomerics 

~1i seell aneous 

9. MAN MADE FIBRES 

wi th additives e.g. inhibitors 
Borides 
Quartz-phenolic 

Alumi no silicates from 
Carbor undum Coo 

Mulli te fibl'e·s 
in combinat ion with Kaawo ol 
Magn esi n fibres 
Cer amic foams 

DC-93-1 04 proprietar y material 
Dual layer i nsulation 

Qdditi on of ammonium salta, 
( e .g. sulphate , benzoate), or 
pot assium titanate to moulding 
compounds and elas tomers . 

Pyrocarbide fo r mati on 

Deposition of fi lms onto 
insulants by pl asma spray. 

47 

46 
46 
23 
45 

43, 1 .. 9. 
39 

28 

22. 

A general survey based on information available about these 
types cf materials s and which have either bee n applied in insulation 
or could be considered fo r this purpose. is given in the two sheet s 
that form Appendix 7. This data is presentgd in the fallowing way:-

Sheet 1 
and 2 

Sheet 5 -

Sheet 1 details information about a lumino-silicates 
produced dir ectl y f r om naturally occurring minerals; 
Sheet 2 gives data obout known s yn t heses of sili cates. 

Lists t he other types of man made fibres t hat have or 
could be considered for use in insulation and for the 
sake of completeness includes the well known glass~ 
carbon end nylon f ibres. 

RESTRICTED ~ U.K . EYES (8 ) .1 
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10. CONCLUSIONS 

Although it is difficult to provide well defined conclusions 
from a summary of this typ e , several opinions have been formed; 
they are:-

1. The predominance of literature found was of Americ an origin 
and although funding of work an rocket propulsion has been 
gre ater than elsewhere, it would ap pear also t hat their work 
has received wid er publication th an comparable UK and 
European research. 

2. There seems to have been a considerable reduction in the rate 
of progress in the USA since abo~t 1968 and marlY of the 
insulants used in the motors of currently d~ployed mi ssiles 
were developed much earlier. 

3. Although many materials which have been developed in the USA 
have a lso received attention in the UK, practical evaluat ion 
here, by actua l or clo se ly s imulated rocket mo t or firings, has 
lagged behind USA prac tice. 

4. Some af the American deve lopment has been with r elative l y 
sophi s ticat ed ma t erials but UK references to any wo rk with such 
materials wer e not fo und . 

5. There are a few r efr actory fibres r e.g . mul lites and var ious 
ather aluminas which do not appear to have been examined i n 
the UK for rock et mo tor applications. 

6. Carbon/carbon compo sites hav e been reported to be promising 
insul ants especi al ly for space s hut tle applicatio ns and are 
being dev eloped in Am p-rica for th is use becaus e existing 
ablative insulatio n is t hought to be inadequate for such 
applicat ions. 

RES TRICT ED - U. K. EYES (8) 
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Phenolic resin combined with reinforcing 
~at e r i al s such as carbon, graphite, silica, 
~Sb es tos, or glas s has been used extensively 
with s uccess and can be regarded as the 
standard 11ning for most nozzles. 

Epoxide resins are less widely used although 
there are several examples of overwrapping 
with prep regs of these resins and can 
sceetimes be attractive because they do not 
involve high pressure in their curing 
proceedures. Epoxy novolec resin. have bRen 
used for thla reason. 
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Graphite/phenolic 
and 

Carbon/phenolic 

SH1ca/phenolic 

AsbestoB/phenollc 

Glass/phenolic 

Carbon/phenolic 
Graphite/phenolic 
SHica/phenolic 
Aabestos/phenolic 
Glasa/phenolic 

TABLE 1 

---
TABLE I 
Sheet I 

Both materisls are used regularly as flame barriers for lining blsst tubes, throat approaches and throat extensions, i.e. immediately u,stream and downstream of the throat,and are used almost .excluslvely 1n these locations when the throat diameter exceeds~ Bbout 250 mm. 
Graphite cloth/phenolic is preferred whenever erosion will be severe and whenever thermal stability is important and has been used almost exclusively on the very large motors of recent time. ' 

The lower cost and lower thermal conductivity of carbon cloth can m~ke it attractive beceose thinner sections can be used and back-up insulstion may not ' be needed. 
Either type of material has especial application if condensation and deposItion from exhaust products on to the thermal surfaces of the nozzle ('slaggingl) can occur shortly after ignItion when these surfaces are still cool (such deposItion can change the aerodynamic contours, alter the heat transfer into the lining snd may introduce an irregular thrust trac,; it can also lead to an unsatisfactory function of movable nozzles . 
Stacked layers and rosette lay-ups are widely used with a stacked layer often being built up 1n conlcal form from individual patterns cut from prepregged broad goods, 8S angles greater than 150 to the axis can be obtained easily in this way. Rosette or petal lay-ups, also with precut patterns, allow edge orientations to be presented to the gas flo~ so that a portIon of each individual petal may remain unaffected by the firing. 

Often used when the exp ansion ratio i9 between 2 and 4 because it 1s cheaper than elther graphite or carbon cloth; it has even been used 89 8 throat l1ning for short burning time motors ( <lOs) which do not develop pre.suOes much above 100 Ib in-2 and which use either a low flame temperature propellant ( <2700 C), or a highly oxidising one. 
Silica/phenolic material is sometimes also used to insulate the vulnerable areas of a .teel motor case and quarter circumferential moulding. sre bonded into forward and aft closures and/or to wing rings for this purpose. 

The main application ia a. 'back-up' insulation behind highly thermal conductive . liners such oa pyrolytic or polycrystalline graphite. There are some examples of asbestos/phenolic being used as the throat lining of nozzles on short burn time, low flame temperature motors where its low cost is attractive. 
Glass/phenolic is widely used on large nozzles as 'gore strips'. In this weight saving application triangular shaped cut outs the length of the cone, are laid flat along the exterior of the liner/insulation combinetion end are then overwound with 8 glass roving or tape at each end. 

There ere also 8 number of examples, but mainly 1n outer space activities, where glass/ phenolic material has been used as the main structure (of HS 303 A .stellite motor of Sheet 28 of Appendix 2.) 

80th materials, together with silica/phenolic, have widespread application as the only lnsulation of area s of low erOSion , such 8S the 8'ft portions of exit cones. Their low cost end relatively low denSity has also made them attractive" for use 8S materials of construction for the exit cones of massive rocket motors such 89 B NASA solid propellent alternative for their Saturn projoct. 

All these materials are used either independently or 1n combination 89 8 more economic way of using fabric especially for nOZZl es having a diameter greater than 16 inches. Composite liners are produced by overwrapping debulked inner linings with a tape insulation and then curing the two materials 1n one operation. 

Any type of tape can 'be applied 'straight' i.e. cut parallel to the weave pottern - or 'biaa' so that outting is at an angle to this pattern • 
Most tapes are used as prepregs. There are many examples (see Appendix 2) of their use to produce basic structure when a 11ght weight conatruction is essential but glass/phenolic tapes aeem to have been exploited more in this way than the others, possibly becouse of their low cost and earlier availability. 
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T ~=L~ 1 (cont'd) 

GRA PH!TES 

6~LK OR 
F, Ot~OL i TH! C 
r CR~~S 

P\'RC:LYSED 
RE!i,F QR CED 
PL I'.S TICS 

Polycrystalline 
graphite 

Pyrolytic grap hite 

Pyralytic graph ite/ 
i nfused wit h sili c on 
carbide . 

Ca!'bon/c <J r bon 
cor.tposites . 

r---

(the ~einfo ~c ement can 
be a faori c , fibres 
or a felt of either 
c ar bon or grap hite) 

T ')'': _ ~ 

Sr. =- ::. 

Gener~ l ap?licaticn is for nozzl ~s of< 8 inch :hr oat diamete r 2nd is 3: tractive bec=~se Lp to zs~ u : 

25000C the strengt~ increases wi~h temperature rise . Compa nsnts are ~=cduced eit~ e r : ~ c :- ~~ ? s5 ic ~ 
w.o ulci~g o~ ext ru s ion . 

r~ain appl ic ation is wnere a low cast ~2t2ri21 wit h nigh r es ist a~c e to e r osicn : s n eJ2Q ~s :n ~'rC 2 : 

3p~ r c aches , th~aat extensions an~ blast pipes . O~ten used in tne tnr~ a t i~ elf ~~ t h: ~ ~ ! w 3 1 : y ~n 

combina:ion with a hi gh mel ting point meta l, e . g. tungsten or mclybcenum - n52rt n :;'2 rc:: es : ~:e25; 

there are , hcweve:, sev er al s mall motor s wh ere it is the on l y insulation en fo r~ s t ~e : h=02:. 
(cf 5pa~ rcw noz zle - s nee t 13 Appenjix 2) . 

T~ e main pr oblem ex pe ~ienced i s it s rel at ively brittle n atu ~G ~hich CEn l ead : 0 s a ir el c !2 : k ~~:J et 2 ti ~n 

especiollv during the initial f iring s t age s ; but t his p~oblem C6n scm e t~ m 2s ~~ : ~e=: c~ e tv s e;~2~:~~; 

the liner i n the a r eas of inCipi ent crack ing or by us ing it in ri ng or ~ as h ~ ~ fcr~ . 

Used whenever the era s ion r es i s t anc e end/o r the st r ength of pa l ve~ y s t811 ne gr uc~ite : 5 in2de:~ 3 :E . 

Fr eQuent ly use d as a stack of wQ s hers ~itn t he t hickness of e ~ individ~a ~a~~er nc ~ eX: E =ai n~ t inc h 
but with a tight thickness tolerance being 5 pec i fi e~ o~ly for t he a3 ~ e:.b 20 and c C~~Le5s e= s t2C~ . 

Ma in d r aw~ack is the ~aterial's hi gh therma l diffusitivitv wh ich usu311 y r esult~ in a n:2Q fc~ 
back i ng insul ation. 

8ecoming mor e ~i d ely used beca use of its h i gh e ff i e en cy and li ght ~ei; h t 4 Re cen: ~ ~ ojec : z = :~ : : ~ :: ans 

h2v e i ncluded the noz zles of SR~~ (Lockheed P~ap uls on selid fuelleo ~o:c~ fo~ a S~Q~t ~e~g~ a ~ :~ c~ ai~ 

to ground missile) and Trident 1, C4 miss ile whe re t is being useD as st3ckea ri r. ; s . 

This use of rings is common and they have been used r ore and aft of pyrolvtic was n e~ s :.Jnich ro=-' tfi e 
throa t . 

Ma teri al s of denSity around 1400 kg m- 3 h3ve been used ma inly to date, oeC2 USS of ~vE ~! ab~li ~\ :L ~ 
oens iti as of 2QOO kg m- 3 are n o~ 3vai l abl e 3~ C hcv ~ be~t e ~ r es istanc e : 0 2 ~o s ic~. ~n t h: s c~r.:: t y 
i~ is n o~ often pr eferred to plycry3 t =1!i ne grapr.:te and is ~~p i~ ly r E~~~= ing c a =bc;,/p~~~G l i: ~ r. c 

gr aphite/phenolic lining ir. no zzles w~ieh have throa t diameters>S i n:n despitei:5 ~~c~ ni g ~ ~ = COSt . 

There seems to be t wa ma in manuf actwri ng techni Ques : -

(i) Chemical vap our deposition of pyrolytic carbon , fr om vapowr , into the ~ e i~fa ~c e~ent . 

(i i ) I mpregnation of the r einfo rcement wit h li q~id res i n and/or pitcn, fol!0~2C by 
car~o~isat i on . 1nis p~o c ess is r e?eateo sev er2 l times unti l ,the r2Qu:r ec 
denSity is a ch:ev ~ d . Th e ma t eri31 i s the n py ~ o l sed f : nally at 243 2 _ 27500: 
(45 00 - 50JOoF) to graphitise the ~3trix c ar bo n pertiallY a 

Centres of ~xp e rti s e in these techniQu2s exis t 6t S a ~ci 3 Labor 2tc r v , Alberquerque , ~ . Mexi =c, 
Sup ert emp Co ., Santa Fe Springs , Ca lif, Lockheed Aerospace and ~any c~hers. A ~iOe r sn ~ e c f ~2 : =!X 

r esin( s )/im?reg nan t s have been cescrited and tnere are seve~al tec~niques for apclying t~2m . 
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ELASTOMERS 

REF RACTORY 
MATE Ri ALS 

Sheet or 
Mouldings 

Cast abI e s 

Me tals 

Ceramics 

T~=L~ 

Sh9E~ 

Al t hough the r e has be2~ past usage of elastomers as l inings in no zz l es , tnev ha ~e ~~en con~inea to ~ e i~, ~ 

of l ow mach numbe r ( 0. 2 ) whe r e eros ion i s na t a serious problem . Typica~ 2xam~!e heve be en t~2 lE~ er 
en d o f conve r gen t - di ver gent nozz l e in lets or on the cha~be r s i ee of submergea noz z les ; . t ney have 21~ be~n 

used to pr ovide fl exible sea l i ng on movable no zz les . 

The ~ajo = app lica tion ha s bee n for heat and pressu r e cu r ed ma t eria l s p rod uc ed by compr es sicn or autoc : ave 
techn i ques , ana con tai ni ng either chopped 'fi bres or powders of carbon, silica or g12SS 1 usee Eith2~ 3!J~e 
or in co~b i nat i o n . 

Bu t adiene acr yloni tr il e f ormula tions W2r e wi dely used as C2St li ning and seve r al types 'of si l iccnes hzve 
als~ De En used whe ~ e hi ghe r t emp2ratur e resistance h~s been r equired . 

10 1 r in gs ere ~icely used be tw e2 n componen t s to preven t gas f l ow and also tD prEve~t nor. =~n~2j er~3S fr~~ 
becoming p=eEsur i sed • . 

Lew te~p ~ r at ure exposu r e . s uch as en ou terspac e v eh i~ les , has often inhib i tEd tne USE or rEs~ricted ~ ~2 

choi c e of c om p aun d ~ 

It is kno~n th~t a t l eas t t wo projec t motors have thei r in ternal insul a tion applied by a c2sti~;!s~in~i"g 
te chnique i n wn ich the c azes are sp un 2t relative l y slow spa ds in a vErti:21 PQsiti~n to ~2;05it a 
l i qui d rubber preparat i on an to th 2 c lo 3ure areas; diff eren speeds I (t~r ee e: e ~:~~o~) 2~e ~sed :J 

cant ur the t hickn ess sp r ead and with some degree of clJre be n9 2p pl ic~ be:~2~n eac~ CC 3 ~~r ; . 7ne 
insc a:ian cn the para l: el po rt ion of t he motor is t hen a~pl eo by spinning t he mater i ~ s ~cr~ :a ~ tBl 

pos t en (3 0~e~hat simila r t echniqu2s have alse been developed by GREV at V2lc2rt~e ~ in Can2C~). 

Malybd2num ana t un gs t en an d i t s all oy s are widely used as t hroat i nserts to echieve the m ini ~ c~ ~OS Si~!2 
er osi on losses in this critica l a r e2 . Tungste n cr i ts a l leys in forged extru~EG. or in ~ress:d ~;.j 

s i ntered fo r~s a r e use d ~or e widely in this way tnnn molyndenu~; fc~;ings and extrusio~~ s r J ~c~ev~:, 

prefe =red , des pi t e th e ir nigher ca s t, f o= highEr fiame t empe ~ atu r es b~t si!ver and copoer i~ ilt2~ed 

tungsten a~e pr efer r ed whe n s t i ll h i gh~ r t2m~2r3 t ures of 3316 - 3593 DC ( 6DOO - 6500UF)' ha ve a be = ~sis: ec . 

The cur r en t l imita tion of app lic a t io n seems t o be a t a 7 . 5 inch throa t diameter . 
eithe= O~ fQr~s Dr as surf ac e coat ings by f l Q~e sp r ay i ng t hese metals , ~3ve ~ een 

fnrost l i n~~~s p=Qj~=Ej 

wse=. 3l~~uu~h r. o: ~:CE:Y . 

I t seems to be gene r al pr actic e to co a t the fa ces of tung~ten inser ts unich m2y be ~ n contact wi :h 
carbonaCEO US m~te r 1a l s to pre ven t tn e f or mstion of eutec t ics so t~in f i l ms of t an tnlum ~2 t al 0: :nori9 
are co~mon l V app lied . 

Ge nerally cons i ce r ed in t he past t o be t ao brittle fer most mi s s i le appl:catio~s but t~2 me ~ ~ ir.su1 2 ~i o ~ of 
tne Bullpup mi ss ile c ase w3S of tnis ty~ e . There have been frequent li:erature referenc= t~ inves :i ;a ::crs 
of ceramiCS, s i mple as well a s comp l ex , for use in mi ssi l es as ins ulati on , of t en as l in i n.gs for nozzle 
t hro at s .. 

Cer am ic s an d fo ame d c er amics a r e be ing used in cu r r~nt des i gns of spac e shut tl e vehi : les 25 on2 solu t ion 
of t he pro bl em of provid i ng insul a tion which c an withstand r epee t ed r e- ent r y condi t i ons . 
( F1g . 2 of this r eport shews tne t emp2ratu=e p at te~n of such a vehi cl e) .. 
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RESTRICTED- U. K. EYES (B) FIG. I 

EXIT, 704 
ORBIT, 93 TO-32 
RE ENTRY, 452 

SHOCK WAVE 
5260 AT START 
OF REENTRY 
4 150 AT MAX.q 

EX I T,37 1 
OR B 1T,6 6 TO-56 
REE NTRY, 538 

EX IT. 66 
ORB I T. 38 TO - 18 
REENTRY. 343. 

CABIN AIR 
EX i t 29 

AIR 
ORB IT, 4 1 TO 32 
RECOVERY, 39 

EX IT, 18 
ORB IT. 18 TO 24 
RECOVERY, 29. 

SHOCK WAVE " 

ABLAT IVE 
GASEOUS 
PRODUCTS. 

POROUS CHAR LAYER· 

14"------ VOLATI LE LOSS LAYER. 

. · __ 1 NTACT SOL ID BODY. 

BOUNDARY 

REPRESENTATIVE TEMPERATURES 
F OR MERCURY SPACE FL IGHT 
CONDITIONS. 

Figures are estimated °C 

( Thi s fig ure appeared or iginally in a 
paper by S. Spe i I . Johns-Manvill« 

Researc h & Eng i n~ ~ring C~n t(lr, 

Manv ill ~ . N. J . ) 

Ab lating pl ast ic composit~ 
d uring th~ re-entry heat ing. 
(GI <:Iss - 1 i br~-re i n f 0 rc ed phil noll c 
res i n snvlld as the ablat i ng 
mode l ) 

( A II these f igures appeared originally 
in a paper by D.L.Scmldt . Modern 
P lastics . Nov. 1960. ) 

2000 GRAPH I TE....lt 
ATJ 1:1 A ABLAT ING MATERIALS THAT WERE 

BE I NG CONS IDERED IN 1960 FOR 
MERCURY SPACE FLIGHT MI SSIONS. 

u. 
0 

~1500 .. 
c ... 
X. 
EIOOO 

" .. 
" .. c 
!: 500 
1/1 

.Q 
~ 

\/I 

0 
0 12 24 36 48 60 

Exposur~ t im~ s~c . 

Substrat~ t~mperatur~s in various 
ablating mahrials . T~st facility: 
EI~ctric air arc ; Initial flux : 400 
B.t .u./ft2 s~c ~ Thermocouple: 0·25 
in. from original stagn.ation point . 

PHENOL IC PJ 
NYLON LJ 
P HEN-p'J-IC~ 
~~~~dllc P77l E 
SI LICA -uLJ 
PHENOLIC~ C 
GLASS. 
PHENOL IC t77n D 
ASBESTOS ~ 
NYLON~~ 
~1~~~~kUM--VffiW//1 
~~I~CESS--f%/~ 

• , I , I , I , 

o 0·02 0 ·04 0·06 
Stagnation po int l inear 

ab lative rate. in / sec . 

L inear abla t ion of various mat~r i als 
in high tem~ratureair! I S ) .Tut facility: 
I megawatt ~Iectric arc;Gas composition : 
air; Gas ~nthalpy:~8000 B. t. u. /lb ~ 
Gas temperature Aoll5-1000oF 1-9- 538° C); 

Gas velocity: 2500 ft / sec; Initial heat 
flux: 1950 B.t.u./ft 2 sec; Exposure 

duration: 3 o seconds. RE STRICTED-
SPACE FL IGHT CONDrTION S . U. K. EYES (B) F I G. I 
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. RESTRICTED-U,K.EYES (B) 
This f igure ap pcared originally 
in SAE Prepr int No. 700771 

"Development of non metallic external 
insulation thermal protection systems 
for space shuttlcs." 

UPPER SURFACES 
538 ° C 

1204°C 

482°C 

LOWER SURFACES 

FLIGHT CONDITIONS REQUIREMENTS 

o 

ABOVE 10930 C High temperaturc 
( 2000° F ) properties. 

BELOW 10930 C High t~mp~rature 
propcrt ies. 
Minimum weight 

Resistanc e to oxidation 
Cost. 
Satisfactory margin of 
reserve erformance. 

1316 0 C 

999°C 

CANDIDATE MATERIALS 

Reinforced pyrolysed 'plastics 
~ g: carbon /graphite composi tes. 

Any re-usable cxternal insulation 
which wi II wi th stand temperatures 
up to about 1000 0 C. 

SHOWING WHERE THERMAL PROTECTION SYSTEMS WILL 

BE NEEDED ON THE NORTH AMER ICAN - ROCKWELL HIGH 

CROSS RANGE ORBITER 

RESTRICTED -U. K. EYES (B) 

FIG.2 

FIG.2 



{ 

I 

I. 

RESTRICTED-UK. EYES (B) 

,APPENDIX I 

. RESTR ICTED"- U.K. EYES (B) 

x 
o 
z 
UJ 
a.. 
a.. 
« 



L 

11IU-TII • IV, '1-197[1 RESTRICTEO - lJ . I ~. E V ES (8) - ----
IIPPEND!X I 

SUMMARY Of ESA DOCUMENT ATIO N SERVICE SEARCHES 

II 

Three s8 rrch es were made with eBch p 1n turn~ becoming more selective. 

5 (~ar ch No e 1 

In thi s lnitial bro ad search B wide range of descriptors was used o 
whi ch in the event were in~ufficien tly di scriminating . For examp le th e 
word 'insulation' recalled data concerned with refr.igeration as well as 
too wide an appli cation of insulation against hea t despi te its modific ation 
by ' r ocket moto r '. 

The sea rch programme provided by ESA 1s attached as Table 1. 

Despite t hese limitations p useful abstracts were fou nd amongst the 
105 print ed out , they include examples such as 

(1) Ro le of silica and qua r tz phenolics in ramjet engines 

( ii ) Fund ament al studies on t he nature and properties of 
ce r"e rn ic f ibres 

( iii ) Fl exible the rm81 insul ation for use in heat shields 

( i v) Me t21 1ic ceramic composite insulating coatings on caoled 
hy drogen-oxyg ell rock ets 

( v) Mi neral filled fibrous composites. New fam ily of ref ractory 
products 

(vi ) Manv ot her, some of whi ch are already kno wn and available at 
Benwell .. 

Sesre t1 No .2 

More selective descriptors were used in thi s next se arch to give 
54 further abstracts. The search pro gramme wh ich 1s attac hed as Table 29 
gave furthe r useful data. 

Search No.3 

For this further and fin al search carri ed out the sets employed wer e 
reduced s electively t o 22 8 5 sho wn in the ESA programme th at appears as 
Tabl e 3 to this appendix . By this means a further 134 abstracts were 
obtained .. 

The tot al number of abstracts produced fo r scanning by these three 
surveys was ther efore 293 . (Defence control12d literature was not 
included in any of thes e surveys). 

Complete articles, or microfiches where avail able, were then ob tained 
on the basis Df these abstracts and many of them have be en summar ised as 
Appendix 7 of this report. 

RESTRICTED - U.K a EYES (8) 
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llI\.J- TIl. /\1,7 - 1970 

Set 

1 
2 
.3 
4 
5 
6 
'7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
-19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

RES TRICTED - U.K. EVES ( 8 ) 

FIRS')1 E. S . A. SEARCH 

Items 

o 
1278 
450 

8134 
2 

21903 
17355 
2356 
9830 
1302 

43 
2226 

2 
46 

2241 
43 

334 
5392 
828 

4 
1254 

48 
1178 

8 
13753 

46 
101 

11 53 
20502 

9449 
121 

11 331 
79 
55 

226 
213 

o 

SEARC H HISTORY 

De3cri pH on 

DCC FILE 2 77-337 
NONE,l!/l'ALLI C 
E6-E8, )!:10-E14 NON1ilETAL 
E6-E16 Ii'lLL 
( 2+3 )*4 
THERI\iAL 
THEHLiAL (80 ) 
E8, E1 3 rl'I{JElU!lAL 
E2-E10 INSULATlbN 
9* (6+7+8 ) 
10 * 4 
ASBESTOS 
AS]l';S'l'OS 
E6 , E7 CROCIDOLITE 
12+1 3+'1 ~ 
11 - 15 
IJATiiICES 
E,ATHIX 
IIIA'l'RIXES 
( 2+3) * (1 7+18+19) 
10 - 15 
21 * (2+3+4+17+18+19) 
EG-E9 ROCKET 
23 * 21 
SILICA 
21 -)I; 25 
22+24+26 
21 - 27 
GLASS 
GLASS (83) 
21 x' ( ;:;'9+30) 
E6, E9 CERAMIC 
21 -x- 32 
16+24+99 
26+31+33 
35 - 34. 

Key: exclude 
+ or 
* as well as 

RESTRICTED - U. K. EVES (B ) 
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Ell\:)-m. 847-11378 RESTRICT ED - U.K. EVES ( 0) 
APPj~i'JDTx. 1 ---

Set 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

. 25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

SECOND E. S. A. SEAl~Cn 

SEAI1CH mS'l'ORY 

Items pescriptjon· 

o 
355 
37 

1678 
719 
137 
850 
201 

1098 
58 

1241 
78 

121 
1301 

326 
11 49 

631 
2150 
1523 

215 
5056 

267 
24Yf 

15 
34 

119 
2928 

76 
23 
51 

110 
61 
51 

227 
7436 

551 
2445 
3276 
1956 

2 
2 

57 
4994 

32 
6 

44 

BCC PILE 1 77-337 
ABLA'I'ING MA'r~RIAL 
ABLA'I'ING HOSJ~ CONE 
ABLATION 
ABLA TI V1~ I,lA 'l'ERI ALS 
ADLA'l'IVE: NOi.:iE CONES 
HEAT mUE.LDING 
HE}.;:ra'HY SHIEI,DINU 
HEm,JTRY VBIlI CLES 
HOCKET NOSE COlTES 
SlIIELDING 
NOZZLE INSBHTS 
PYROLY'rIC r,iA~\EHIALS 

HEI,'HAC'l'OR Y I.li1.'rEHIALS 
rl'!:lERl'.lAL C ON'I'i.WL C OA'rIW;S 
THERi\W~ l)RO'l'ECTION 
RIGID 
E6 - E8 I l\Sut,A'rION 
'l'llEm.rAL n;;:,ULNl'ION 
ASBES'l'OS 
COT:;POSI TE r.1A'l'ERIALS 
LUITNGS 
PH OfJ'EC 'IT OH 
NOllLE INSERr], 
J\'OZt~LE ViALL 
NOZ;!'Ll:~ V!AL1,S 
E6 , E18 NOZZLE 
E6 , i'.,7 BEG PLA'l'E 
LINI NG 
ROCKET 1INIIWS 
CASING 
I NSEH'l'S 
SHEA'l'HS 
E5, E6 ]\) ONFE'I'ALLI C 
E7, E 1 0 , E1 -1 :rIG!! T 
HIGH 'l'EI.;PEHATUl11<; lifNl'EHIAL 
2+3+4+5+6 
7+8+9+10.t- 11 
37 - 38 
n * 19 
17 * 18 
19 ." (35+36) 
11+1 2+22+24+25+26+27+28+29+30+31 
43 ·x- 19 
44 ->!- 42 
39 -x· 19 

Key - Exclude 
+ or 
* as wel l as. 
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Set 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

.17 
18 
19 
20 
21 
22 

RESTRICTED - U. K. EVtS ( 8) 

rrIIIHD E.S.A. SEARCH 

SEAHCII [lIS'raRY 

I t erns 

o 
676 
208 
208 
150 

23 
436 

1472 
16B 

2 
1847 

7 
231 
666 

1145 
647 

12 
1847 

9 
506 

33 
54 

- exclude 
+ or 
* as Vlell as 

:Boe FIL.~~ 6 77-337 
TlLE,'RL1AL I N SlJLA'l'l ON 
ASBES'1'0S 
ASBES'l'OS 
HEAT SHI ~~LDI NG 

HEEWrRY SIIIELDI IW 
RIGID 
HIGH TELi.PERATUHE 
ROCKET lJOZ~LE:S 

DUAL rrHRUS'I' NOZZLES 
R3-R15 ROCKiT NOZZLBS 
2 ·K· 7 
4+6 
2 - 13 
IlliENTRY 
14 - 15 
16*8 
9+10+1 1 
16*18 
E6- E1 () A}3LA'l'ION 
18·*20 
17+1 9+ 21 

RESTRIl;TE D - U ~K. EVES ( 8 ) 
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~rSTnICTED - U.K. EYES (8) 

APP ENDIX 2 

SOME TYPIC AL AMERICAN VENTURI S AND BLAST PIPES 

FOREWORD 

Th e information contained in this appendi x was Rbstrected from a 
NASA document on design c ~it eriB far solid rocke t nozzles - NASA SP 8115 
published in June, 1975. 

Each of t he thr ee s heetG of diagrams that form t his Appendix ha s a 
separate s ub-she et outlining the main features of each venturi and the 
way it is ins ulated . 

Th e follow ing considerutions apply throug hout these sheetse 

Polycrystalli ne gra~hite - are fine grade bulk or monolithic graphites 
produced either bV compression moulding or 
extrusion. 

Carbon , silica, asbestos - After consolidation by rolling, ta~es are 
or gl ass phenolic tapes usually moulded in a hydroclave typically 

at 1000 Ib.in- 2 for about 2 hours at 154°C 
(310°F). These tapes may be either straiqht 
tapes or CDn be bias cut when the plying at 
a high angle to the centre line, whilst 
remaining plan ar r is needed. 

Graphite phenolic was hers - are produc ed from Pvrolsed grap~ite. 

I"'louldings of 

graphite- phenolic 
silica - phenolic 

asbes t ns~phenolic 

- are all die moulded partss made t ypically under 
a 2000 lb~i n-2 prr~ssure; they mClY be produGed 
fr om moulding flocks but the original reference 
did not give this information. 

Two basic nozzle configurations are shDwn~ The fi rst is the 
classical convergent-divergent de Laval nozzle fitted externally to the 
combustion chamber but in the s8cond 9 part or all of the exit i s 
canti18vered into the combusti.on ch amber dthcl' to reduce the overall 
length of the mo tor or, to use space more effectively in volume limited 
systems. A Bubmerged nozzle is generally more complex in construction 
because much of its external surface is also sub jected to the hot gases. 

Apart from this difference in location the exit configuration can be 
either a simple truncat ed cone or may be contoured to turn t he exhaust flow 
so that the gases exhaus t in a more axial direction than . wQuld occur with 
the conical arrangement. Contoured exits, therefore p give t he lower 
divergence losses but 8S migh t be expected usuRlly result in an incres88d 
erosion of the liner forward of the exit plate. 

Some details are given on sheet 4 about the miss i les, their purpose 
and size on which the nozzles shown in Shee ts 1 and 3 are U9B~. This 
data has been abstracted from Janes Weapon Systems 1977 Pub. Janes 
Ye ar Books, London. 

RESTRICTED - U.K. [ YES (8) 



f' 



::0 
fT1 
tn 
-I 
:0 
H 
C"J 
-I 
fT1 
o 

c 
• 
:1' 
• 
fT1 
< 
fT1 
tn 
,.... 
CD ...., 

3;l.': _ 7~ . c47-1S7a 

con:~ • •• •• • from sheet ;;, 

CO;1str..!::'tion 

EDGEW ISE TAPE 

O VERWI NDING 
BLAST? I?E S mD 
NOZZ LES WITH 
GLASS FIBRE 

CA?BON CORDI 
A.S~ESTOS TAPE 
COMBINATION S 

ASB :STOS/CARBON 
FIBRe CO!v.BINATiON S 

Repor t Reference 

S>'J- TR . S27- 1970 

eAJ- TR . S71- l971 

SAJ- TR . 709- l974 

8;l,J- TR . 630-:'972 

-- -------"---, 

Synapsis 

Thi s r ep~rt s uw.mari ses developments on th:s topic a t Benuell; it concludes that on value aralysis :he most 
apprQpri~t e ap~ ~i~atiQn is fer prQducin ~ compon ents only whe n the pe:fc~m ance c=h i BVeG i s 3dven:a~ ~c~s or 
~he~e tn components produ ced would ~ equ ire large capacity presses an~ t he use of expensive :Jali~g . 
Amc ng~t n~ a~v2~tages cit2d is its suitability for l one- offl or pro:ct ype product:cns , 2r d e~:na~:s2 s ~~3t 

bath des gn a nd the manufactu~ing parameters 3:e of the ut~o s t i mpo rtance fo r achiev~~; a succ2ss~ ul j~j. 

Revie~ed the gl ass overwinding of nozzles and blas t pipes a nd 5 ugg~sted t~~t tnzre wcs cor.sid~r ab12 2V!~enC9 

that a pn enolic imp regnat! ng ~ es in should r eplace the epo xi de sys tem whic h had been in U~2 fc ~ ~cru~h : V ten 
years . Twer.t y t wo in stances of overwinding were cit2~ an d in.:lu ~ed th2 follo~ing pro~ect5. 

Ex pansi o,'1 
Cane T Tail ~ipe 

Blackcap Falcon 

Contra v25 motor Ma gpie 

Cuckoo II 

K~strel 

Pheasant 

Phoer.ix 

Rav e n 

Rook, 

Stonechat 

T2il pipe/ 
excansion cor,e 

Linnet 

Siskin LWT 

Ven twris 

Kestrel :-:!.1.IT 

ljagtail 

:Jwi' . .'elling 
nozzles 

L!nne~ 

Slas : ;J:cp 

PhOenix 

Ledvtird 

Severa l t Est 
i.Iot::::rs 

SLt:,e :- geo 
'"'C2: ~2..:.~ 

!..i2XL..i;i~ 

:':'?F::'.)!J\ 
S:, :! ;? ~ 

1 
I 
i 
I 

S;;-,2111 oor e bl es t pipes were produce:; cxperi:nentallv _ These ccmj:oncnts we r e m~de by '..J!'c ;:l :: ing a Cu~ t .:'"': :;:;: t: c:J rc 
~r:Jdwced fram 7ype III c~n:inuo~s c ar bon fiDre r.:ving a rou nd a s te~ l ~a~dre l consol i d3: : n; anc c _rin; :t ~ Ef~~E 
aV2rwr~pping it w:th seve r al l ayers of pr eimpregnst ed Fo~t ex,a~bes tcs tap e . Tha ~~ole 2sse~b l v W2 S :nEn 
Tecur ed to give the final compo~ e nt r eady fer ma c hini ng to leng t h etc. 

Developrnent of a high perf r ma nce non met a lliC , lig~t weight rock e t nozzle is descr:bed. Th e c arbo~ fibr~ 

ma t ~ri21s con5ide~ed inclu ed ali gned short staple c arbon fibre felts proauceD Dy P E~M ~ at ~21 th ~~ ~~b~y 2nd 
co n tinuous carbon fibre fi 8ment tous . 

The ini tial 0251gn based on the Lapwing no zzl e assembly indicated 2 possible 30~ ~eight s2vin ; its p== ~~ =ti c~ 
demonstrat ed that a c areful orientation of the fibr e5 J so th at they wer e subjectea to t~e ~pp ieo i : resses in t he 
best possible manne r, CQuld lead to a compo nen t which was c apable of fulfilling tne 5truc :u ~ a ~EQuireoen : 5 of t~is 
end plate . 

End ~f , Ap~e~:i x ~. 
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THE MAIN FEATURES OF THE NOZZLE DESIGNS ON SHEET 20 ARE 

ALL ARE SUBMERGED NOZZLES 

601-1 ORBITAL BOOST 

APOGEE MOTOR 
HS 303A SATELLITE 

ASROC EXTENDED RANGE 

SURVEYOR 
MAIN RETRO ROCKET 

260 SL 3 
DEVELOPMENT MOTOR 

• 

A simple small diameter nozzle utilising 
polycrystalline graphite in the throat area 
and a carbon/phenolic tape elsewhere as the 
insulation. 

Metal weight has been kept low and has been 
reduced to B minimum bV the use uf aluminium 
~lloVB. The tilroat 1s a carbon/phenolic ~nuld in g 

with an insert of tungst en in its critical area 
to reduce erosion to almos t zero. 

The exit is contour8d instead of having the 
usual truncated cone form and is insulated by a 
glass cloth/epaxide lining. 

Has thrust vector con trol by liquid injection into 
this exit cone. The main insulation is a silica! 
phenoli c mouldina with an insert of pDlycrvs talline 
graphite in the thro at area. 

Is a furth er lightweight design for a lOf lQ 

burning motor having a throat lnsulation matje Lip 
of a carbon fabric/phenolic resin ro se tte lay-up 
containing B polycrystBlline graphit e insert. 
The main structure is a glass /ph enolic resin 
Imninatif.l n a r ound a ca:r bull phenolic moulding 
reinforced locally by a glass epoxide filament 
liJindin~}; par ts of it art"! 31so ll.!ound externally 
with an asbestus/ phenolic tope. 

In 1965 this was one of the largest diameter 
no zz les that had been built and t es ted. 
This nozzl e is a complex lay- up of phenoltc 
impr e gnated tapes produce~ from carbon, silica 
or glass with the car bon tape bei ng used aD the 
pri mary insulant~A sllicB/asb8otos fibre 
ftlled NBR rubber is also used at t!'e head end 
region of the motoru 
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SPARROW 
MK 38 MOD.! 

SIDE WIN DER 
I C 

PHOEN iX 
MODEL 60 MOD.O 

CONDOR 

!A?P :. Nu IX . 2 SHEt:. 1 I B I 

T HROAT 
THRUST 7085 I t> in-2 

THROAT DIA. /·67io. 
THRUST 2700!b in- 2 

ST~~L 

4 5 I 2 I 3 

* 

RESTRICTED - U.K. EYES (B) 

KE Y TO INSULATION 

I Porycrystallin~ grophilt: 

I ASbestos/phenolic moulding 

2 Polycrynolinf: graph Ite 

tf·;········l .. ~ 
fPolycrysto lrin<!' grcphitc:: 

2 ?yro ! y~ i c c;roph it ~ wosnt:rs 

3Cor!:>or: Iph4r nolic t o plZ' 

4Corbon Iphcrnolic moulding 

5 Sili co Iphenoli c tape 

STEEL 5 I ALUMI NIUM 

T HROAT DIA. 2·18 in 'S 
T Hi,UST 100 0 -5000 Ib io- 2 

STEEL 

THROAT DI A .I· 12 ins 

THPl:ST 0- 1000 Ibin - 2 

STEEL 

\ 

/~I 
, / I 3 
I 2 

I Pol ycrystol!i nll grophih: . 

2 Py rolytic gr ophit lZ' wosh~r s 

3 Silico IphlZnolic mou l ding 

4 Asbcstos /phcznolic mo uldi ng. 

*SUBMERGED N OZZLE 

T HERMAL !\,; SULATiON M ATER lA,- S AND THEIR LOC,'\ TiO N S 

iN VENTUR! 5 / BLAS TP IPES OF AMER iC .~ N ROC i< [T MOTORS 

RESTRI CTED -U.K. EYES I B) 

OPER AT IN G CONDI T 10 NS 

Flame temp. 

Burn in g t im" 

Mex. pr~ SS1Jrc 

Flom~ t~mp. 

Burni :"l9 time 

Max.. pressure 

Fiamc temp . 

3vrnir'9 ~im c: 

Mox. pr~ss.ur~ 

F l ame temp. 

Burning ti:ne 

Mex . pressure. 

295 0· C 

3 · 04 u:cs 
1280 Ib i n- 2 

28 16° C 

5·2 1 sees. 

1500 - 2000 Ib io- 2 

2 980 - 31·1 9°C 

20-30 sec s. 
- 2 700 - 1000 Ib i n 

2982 - 3149·C 

100 - 2 00 ~ccs 

700- 1000 Ib i n-2 

ALL THESE ~OTOi'S 

A RE FUEUED W! TH 

AP/PBCT/AI 

PROPELLAN T. 

AU the- diagrams in th is cp?~ n~ i x 

cppc-orcc originally in Jur:c i9 75 in 

NA SA DES IGN CRITERIA SPBI IS 

Sol id Ro-:ket Mot t) r Noz z ic s 

, 
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MAIN FEATURES OF THE NOZZLE DESIGNS ON SHCET 18 ARE 

SPARROW MK 38 Mod.1 

SIDEwINDER lG 

PHOENIX MODEL 60 Mod.O 

CONDOR 

Possibly the simplest decign in use in which 
t hE! ~DIvcrlj~tolUne graphi te is retained wi th:l. n 
a steel 3hell which i t self forms part of the 
rocket motor CBse. 

I s B simpl e submerged nozzle whi ch uses 
polycrystalline graphite as the insulation for 
t he more ar duous areas and a resinated asbes to s 
moulding i n the fina l exit areas. 

Although t his is a re l atively small nozzle it 
i s complex and comprisas 8 blast pi pe which is 
in tegral with the nozzle. Polycrystalline 
graphite is used in bulk and also as washers,and 
phenolic resin impregnated tapes of both carbon 
an d silica are also used. 

Th e blast pipe lining is produced from a carban/ 
phenolic moulding material. 

Th e nozzle and b~nt blast pipe are intpgral . 
Polycrystalline graphite is th~ main insulatiDn 
but has to be replaced by py r olytic graphite , in 
the form of wash ers in the t hro at to reduce th 
erosion that would otherwise occur in this critical 
area. Both types of graphi te are backed by 6 

resinated asbestos leyer between t hem and the s hell. 

The exit cone insulation 1s moulded from 8 sillca/ 
phenolic compaund o 
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1972 

:3'::'': - T~.34?- lS72 

~2fe:-ence 

F.F :: :=,~=c:- : 55/5 
(:::: .. :... is .. =: r) 

S~5 ~eport 57/ 19 
(M. J . Ch3se ) 

~P E Te=h. r/ ~~c L~6 

(.:4 . c . ?a :-r.12 e ) 

~ ar=ne 5 ter University 
~S C Tnesis 

.. Ke:-s h&u) 

1970 P:-o . ~OY 4S0C . 

~ .. ; 9 32 - ~t.. 

(~ .: ;:;le n:1Y) 

~o~p2ri50n of tr.e:-~2 1 ins~lGtio n 

fo: solid pr ~p 2llant rocket motc:-s 

Visit to ~llegenv 53111sti ~ s 

Lab~r~torv during USA tO U:-4 

~at2 :1al Develcpments for 
:" ocket nozzles . 

Ablati~n St~c : es of Composite 
r-: ate:ials 

Fibrous Reinforced Metallic 
Mat :ics 

Synopsis 

~?c:::~.; !X ~ 

Sil2?t :. 

A nw~~ e :- a~ insulan t s w21'e ~vallJ~~2j 85 1~ n i ng5 for blast pipes an: enG p!2t2S cy 5~et ic fi~~~ ~ i n 
the ~n~ ~urning 20 3 m~ SC test mc .. o:- at ~estcott .. 

Al l the ca:bc n weol/phenolic , C2r~Qn ~aol/graphite/~hen~lic ~nd silic3/~hen~iic ~~u!c~n~ s tea:2~ 

had be~t2r re3ist~nC2 to 2:osio ~ th Jn res!nated aso2stos but the letterts Tesis: cr.=e WC S 7;:C\2= 

i f i t ~as used as an edgew:se t ape so th ~ t i~s fibr es" tended to ~ e Q ~i2nt~:ed ~: :2 nO:~21 y t~2n 

usua l to t he ga s strea~ . Two silica/phenolic ma terials we:e EX2~ine~, 0'2 bei~g mcul ae ~ :C ' 
fleck and t~e other fr ~m cicings of a prep reg~2d fabric . 

CJ~Oonen ts wound f rom ca r con or si lic a strings were superior in tM e firi n;s :~ :~CS2 ~!: 2 f:c n 
as=estos stri~g . 

~Sb2StOs/p~2nolic mate : ia l s were conside:ed to te reli ab l e i~sul a ticn 5~ f~:th~~ de~elc~~~~t _23 

n~t necessn:y . 

qubbers contai ning 30 pphr of 8sbes to3 we re in use as ca~E linin Qs ~ nd it ~2S be lieved t ~~ :, in a 
firing , the asce~to s acted as a c: a c~ing c 2t 21ys : to enSU:2 the p:~~uc~i~n cf 1~~G c ~2i n ~=ca_::5 

frc~ the pyrolysis of this insul an t. ' 

Silica, nick el po~ce: ~n~ nicke l ace t ate were a ls~ tn=u ~ ht to have 3 s i ~ il~~ 2ffec : du~i~~ ~ r :3 

~yrolvsis . 

Hi~h ener;y ~l umi n1 se~ propellant s were li mi:ing th e cheic of ~btar i 2 1 s ~~= nc:z:~~ c ~~ ; : 3?~~te ;, 

t~n9 s ten and r2f~2ctorv carbides were a : t r a ctive ~ Fy raly t c 9 ap hite U~ 2xcel: 2nt ~ o r t~~s 

~L~ p o5e also , ~ n d had rn 2rkedly inproved ~ e~ is .. ence to e:05 on up to 20 ol G ~2:tEr ) ~ver :t~er 

fc=ms c f gra~hites ; it ~a s 5atisfactory ~o= free s:3ncing sne Is as ~21 a s 6: 3:keC jisc CE s~;n5 . 

?y:alyti c gr~pni te compared fav~urablv witn TunG5~en . 

Oxyacetylene torch tests ~ere ma~e usin g a r ig desi~ned a~d ~3d e ~ y t~ e 3L~~Jr f ~r 2x2-i~i n; 

tubu l ar sp2c:mens wlth a t inc~ thick ~all , 9 inches lQ~g , l~ inch c / : ~ A:l te~t i~ g u~s 
ca~r ~ ec out ~ith a neu tra l 1:1 g~s ~ ixture . 50~e t est resu1:s 0~t 6 ined ~2re :-

Ci1ur \ i e ld Fibr e ::an~[':1 : ij . w. 
,.. wt 1a55 TG qao o::; n ~t K: r.'l - 3 

Silics/;Jhenol i c 18 . 3 77 ~ 5 SB . e I E:72 

~aowo~l/phencl~c 19 . 5 8 3 . 4 ~o .... 13 ",,:; 

( - gl ass/phenolic 19 . 7 Cu . ... 60 . 0 i2 .. J 

~s~ ~s tos/CS . 203 phe no li c 23 . 7 73 . 4 63 . 2 15C'J 

hsoe ;to"/XVlo~ 210 23 . 7 70 . 5 GO . l n:[ 

D,jr~stos RA . 51 25 . 0 71.0 63.Q 174;:; 

FiDrous reinfor ced metals and alloys were exami ned against 2 possibl2 ~Jse in tu::~n e s ~ ~ 2~C~ t 

ac~oc con t lr.uously . 

CO:"lt:::! .... .. _ ;::r. ~r-, eE: 
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R.r.rencI 

1976 RPE L.D1Y. Popu 
LOP ~7176 
(f. E. IIlcoU) 

U ..... ted SRS Ropo.' 
(II. ~. CheN) 

COIJ'buIUon Chaltbar lining. for • 
pockogod llquld propoUon' too' 
engin •• 

InlulllUan for .olld propell.n' 
rocklt Mtorl. A.quitlltn."t., 
currIn' pracUe ..... ,,,turl 
v_o. 

Synopsis 

APPU,:)1X 4 
Sheet 2 

Oelcrlbea Dn 2)1(omlnstion of chamber . 11n1ngB moulded at Benwell from glass fibres Dr &l11CII r\~n. 
01' • combination of them wUh e pl"lenollc resln. It ..... 89 concluded that the 50:50 Qhs. fibre/resin 
II1x we. promhing for thle application. The moter1eIs eX8~lned wen:-

118 Gloss rtbra F'7S Rehodl Phenolic resin Xylok 210 
cho 1n 5 cho Dln 9 J.l011H J.l004H J.220OS 

50 50 
60 40 
60 40 
60 40 
60 '0 

)0 )0- 40 

This report 19 belleved to hove been prepared for presentation to II working porty; It 11 iii reviN 
report. 01otlnction WD8 mede lUI to whether the insulation is in physIcal contact or not wi th the 
propellant becou811! In ereal or the firet tYPIt there lola. 8 need tor the Itrll!ngth, It_pension Ind 
bonding prop.rUr. at the In.uhtlan to bft .lmUer to the propellint III will '1 • rlQvlrltflllnt 'or 
chernlcol competibl1i tv. Insuhtion at other Breel 18 usunlly prone to ....... re .rol1on eo ralnrorcld 
plasUcs ere pretll!rred to the elaGtomer!c meterloh needed In the first category application. 
Graphi h 1. also •• usroctory al ternaU ..... to rltlnforced plastics especa1l1y for short bvrn tim. 
Wlotorl. 

In thlt instance of eleotomeric insuletion the acU .... ation energy or the polymer ulSed he. Ihown lOll' 
corr.lation loJith the performance or the insulat10n and thll! following figures were Quohd:-

Experimental acU .... ation energy of decompo,i tion Kcaln/mol. 
)1-35 100 eo 61-66 55- 60 45 26-)0 

Fluorocarbon E.P. T. Polyetherurethane 
Butyl 

Hypelon 

Sllicone Neoprene Ni trUe Natur_l 
EP copolymer Polylsopren. Polyurethane 

S8R 

Ua.tul in5ulation by e188tomerlc polymers is only obt a ined by uee at sultable nUlrs end thr •• 
poasible types that Ci'ln be used, usually in combination, were cited; thus:-

De composing Below 
degradi a tlon tP.mpereture 

Boric acId 
Potassium olCelete 
Antimony trioxide 

Decomposing Above 
d~gr adation temperature 

Calcium hydroxide 
MB gneslum hydroxide 
Le nd chloride 

~on OecO'Tlp05ing 

finely divld.d 
alllc8 

Reintorced plo9t·ic insuletlon u5ually in .... olve9 " high ribre content and III peredoJIC exist. bRcau •• 
although the y may be orlentoted either for madmom resistance to erosion or for ",,,d,,,,," strength 
an orientation normal to the go" flow, to reduce erosion to III minimum, th.n r.5ults In thRfWlal 
conductlvl ty through the 1nsulation wall being at 1 ts medmum rote .. 

Aabe Btoll 1. probably the mo ~t II/idely used tibra bp.:ceuse of Ita low C05t, low conductivity _nd Ita 
abl11ty to ebl"orb energy bV 1088 or closely bonded loJeter IIlolll!cules at ebout 700°C but sIllca, low 
modulus carbon end graphite rIbre, are uBed at the upen_a of strength and conducthlt't' wh.nRvRr _ 
higher re81atence to eroolon 1& easential . The followl"O tlgure& from .tatie motor firIng teat. 
Illu"trated theaR chaTocterllltlca:-

Attack rate "'"' s-l 
Eroeton rste ~m a- l 

Asbe s tos 
~ 

51 

Silica 
To) 
-)) 

(5wollen) 

Gra?hi t. 
290 
n11 

Phenolic re5ins are the more wtdely used matrices in theae reinforced pl8!1tics, because of their 
aroma tic strllcture end composi tes mode ",1 th them have strain velue s of O.2-0."~ at breek unh S8 
modtried by oddit1ons or elastomeric or thermoplastic polymere. Fabrication method. mainly inyolv. 
the ule or matched metel mould tooh 1n compression, transfer or displaCEment techniQues end high 
length to d!emeter retio components can be produced s eparately or directly moulded 1nto etructura1 
components or around throat 1nserts. The review ga .... e !II short account or practice 1n the USA In which 
It is pointed out that the large component, be1ng produced therR h8 ..... to bR tabricated b't' string 
and/or tepe wind1ng Dr hand ley-up methods because matched die tool. not only become gic;entlc In ah. 
end coat but '.w pr.ssel .det 1n th. world wh1ch lin large enough lind aufficiRntly robust, to handle 
the... Th. ett.ched flgur. we. u •• d \0 Ihow haw cDfflposlte/cDft'lpollt. t.chn1que. _r. u.ed In roclitlt 
motor d •• lgn. 
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ALUMIN IUM 
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CLOTH / PHENOLIC 

CARBON CLOTH / PHENOL IC 

APPENDIX 4 
FIG.I 

..... t--fr-- GR APHITE OR 
ASBESTOS FLOC K/ PHENOL IC ---j~"/ GRAPH ITE CLOTH / PHENOLIC . 

SIL ICA TAPE / PHENOL IC . 

TYPICAL ROCKET MOTOR NOZZ LE SHOWI NG USE OF 

COMPOSITE - COMPOSITE ASSEMBLIES. 

SPECIF IC EXAMPLES OF THIS TYPE OF ASSEMBLY ARE GI VEN IN 

APPEND IX 2 OF THIS REPORT . 
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NOZZLE S 

CASE LlNIN CS 

I 

F1 3me temo e ratwre up to 2750 K 
and burning times up to 15 s . 

~hen flame te~pera ~ur es may be 
up to 3300 K. 

A.? ?C: :\9:ZX 5 

5ristol Aerospace WiGnipeg use Either Spee r e9GS or U~ion Ca rbi de ATJ grE~hit2s ~a : li~:n~ 

t ne s t ael St =u~ture in the tn:o at a: 22 . The steel Expansicn cone is CJ8tej . i~: e rnallv 
with sp=ayed alumina a~ pl ied by th2 Rockite p roce~s . 

The graphite l ini ng has a second a ry in culati on formed by a s ilica/p heno lic ~o~lci n g 

prod uc ed from diced squares or fabric ~=epr2g . Lnsuppo:ted silica/phenolic = O-8 ~3i:e 
h2S beEn used successfully as the expansion cone a t tnese tE~per~tu:es fo r noz:les·~i~~ 

di~ensio n s of obout 430 mm l er.gth ~nd 3QQ mm di~m 2 ter . 

~" :l!" ~t De f2 nce Res e a ch Establishment V ~lca~ti e r (OQEV) t he s t ~nd rt ~ol!lE 
~o:a: ha s a nozz e mould ed from ch:ppea glas s(p~enolic (FibEr :e I S771) 
Sp e er 890S gr~ph : e tn:aa t inser t . Th ~ mOtor has a t ypica l f ~in g t i ~ e of 

~u: 

:. r e := CR\" 7 
Ioo i:h c 

2. 5 :; 5:'lC 

uses a hi~hlV alumini sed propellan~; its len~th is 34 i nchas and i t has 8 ~ inc~ di8::1Et!1f . 

D R~ V have bee~ conSide ri ng the replacement of thi s nozzl e by en asbest~s phenoli: fleck 
sucn as Dure z 23639 and have al s o examined a ~e t graded ~sjest~5 ~oul~ing ~a:2~ i a l 

~~ oju c e d by Bristol Ae ro je t Ltd . 

!n 1962 DREV r2~ort C ~ RDE TM 575/2 ~5ve a de~cr i ~t iDn of the i~ un:versnl spi nni~ ~ m ~ cnine f~~ s pp ying eve~ levers of ~ e :rictor t~ t he 
inGer perallel por t io ns of r ocke : engines . An cver all o. esc :0 o. oao t hickn ess was apel i ea in th s ~aV to d 12 c ~ 8: 2nt I I ~i:h a~ 
3cditional thic~ne 55 of 0 . 020 inch ap ~lied over a ~hre2 foot l ength a t its nozzle end (this restr ctor is a~ insu!2t~ng ~ye = c~ ~~e= ~ 

~3 : eriel ~o u~icn t he propellent will bend c he~ ic ally) . 

Th e res~r~ctcr was a pclY~: 2~h2ne containing 1 . 3~ of mic a pow~2r and based on ~ polypro yl ene gl yco l mo=if i e= wi ~~ ~i - 2 et~yl ~exy l 
~z212te end cro ss l inked ui~~ 2- ~ - 5 tc lyle~e d isc=yanate (tn i s m~t e ria l i s kno~n as : ARO flex and has a·s i ~i!~r =c ffio ~ s i~i~ n b2 !2 : J 

C~~~E A24RX5 p=op ellant) . 4 i~= h di~~ete r rna c= cas e s S ft . in l e ng:h had been coated u :h a 0 . 100 i nch th~=~nE5~ of this : YOe ~f 

l ining to have a t= l e r ance of ± 0 . 002 incn uS ng ro t aticna l speec5 of 500- 7QO rpm . 

This type of materi ~ l and teChnique has since been uGe d by Uri s to l Aero s pace in t ~ eir 15KS 25~OO motor which nas a ~l ~m e tE~~ e~o : Lre 

of 2750 K; th~ir techniq~e inVOlves ~ n in i tial sp:eading a t 50 - 75 :pm felloue: by h~~d C~ushing at a slower ~~eeo to ~iV2 3 co=e 
unif~rm film, ~nc tnen curing f~= a~ ou t 30 min . w~ilst bluwi ng· not air into the r~tat:ng case . 
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8AJ-TR.847-l978 

Date Title 

1958 Phenolic/fibre combinations 

1959 [valuation of plastica for 
rocket motor nozzles. 

1960 , Behaviour or plaatics in 
re-entry environments 

Reference 

Gruntfest and Schocker 
SPI Conference 
February 1958 

G.Epstein and H.A.King 
Paper SP.TP.16 
Am Chem Soc Symposium 
September 1959 

D. L. Simmonds 
Mod. Plastic. 
March 1970. 

Synopsis 

APPErWIX 6 
Sheet 1 

Fibres examined were Nylon, ~la~s and asbestos and ranked in that order when assessed using flux 
densities of 430 8TUs/sec/ft for 60 seconds exposure. The high resistance of ~ylon to erosion was 
attributed to the high rate of evolution of hydrogen at 6000/12,0000F. 

Assessments made by liquid fuelled test motor (SPAR) at Aerojet General concluded at 54000F test 
condition high melting point, refractory reinforcements perfomed better than organic or other low 
melting temperature fibres. Thin refractory coatings were not found to be beneficial. Spar ratings 
of materials we re:-

Highest Resi s tance 
5 2 <2 <l 

Stainless Zircon1a powder Silica/phenolic Rockhide Cr2 Ni B4 

Silice/phenolic- Fibrefrax/epoxy 

Rockhide A1 203 Molybdenum 
an eluminium 

Metco Al 203 (Metco) steel mesh Magnesium oxide 
Asbestos mat powder si11cone Flbrefrax/melamine [-glass/epoxy 

Glass/copper 

Arc plasma jet evaluations by 10 second exposure • 

Fibre % Thermal Efficiencv BTU/lb 
Resin ~t 40 55 70 75 Tvae 

Silica 7000 7800 7900 

Nylon 7200 7600 6400 
Phenolic I Glass 6000 5800 4900 

As bestos 5600 5900 

Silica 6900 7900 
Melamine I Glass 3800 3900 4600 

S11ica All delaminated 
S11icone I Glass 6000 

% 
pbw 40 

5.84 

5.66 

6.90 

7.27 

10.89 

RM.9517 

Wei'lht loss 

55 

5.29 

5.38 

7.01 

7.45 

5.91 

10.54 

Magnesium oxide/ 
,glass fibre 

Phenolic micro 
balloons 

Ib x 10-~ 

70 75 

5.18 

6.37 

8.37 

5.18 

8.84 

All delaminated 

6.79 

Order for rate of substrate temperature rise was (in decending order.) 

Graphite, graphite/phenolic, glass/phenolic, asbestos/phenolic, silica/phenolic. 
All the reinforced plastics took 5 to 6 times longer than the graphite to reach 
the same back face temperature. 

contd •• • ••• on sheet 2 
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Ti tle 

Xcz zl e sys:em for hybrid 
Dropu15io~ syste~ 

~~lc~iv2 elasta~ eric 

in sul~tio~ mz t e:ials 

----------_._---- ---_._---". 

~eference 

~'\ . J .. q ob inaon , 
A. L. M c~ l e xander 

G. J .. !.:Jy GI'O 
NAVUEPS Repor t 7902 

R. E .. Head:::k 
Wri g~t Patte~son Air 
F'orc 2 ::252 
Repor t ASO - TOR - S2- 400 

Synopsis 

A.C~:: " . '):X 6 
S"1aE-c 2. 

Re~u iremen t was for 61uminised p::o~ellant with I RF~A injected durin ~ firin; . The ~ct~21 ~12~e 
t2m~er2t u re ~a5 34270C (S20JoF) and pressure of 1000 psi for >3 0 5 2 c~nd s and ~~t h ccnj e,s~~ 1 2 soli~s 
of >25~ by weigh t . ~aterials exa~1n ed w2r2 :-

W/CU,. U/A1 20 3 , ~/BeO , 8 5~/15 ~I Ct ~/Z r 02 

Grannite cl cth , G r 2~ hite 

Stai nless steel film 
ZrD/Pheno liC 

SO TallO W 
SO Te/10 U + gra~hite cloth 
XF . 202 cletr. 
Thin walled ~ ~ ar T2 

Cancl\..JdEC W imp:'cgnat ed wi th Cu gave bE ~t pl?rfa~8~nce :n plasr.12 arc neat so..: :-:e bu t pr~;:· '3:r.;:-, ~ L. ":'S 
said to be being extenc ed t o incl ude press ~r e u~iven li quid me tal ~ooli ng t ~ ~ oug~ ~ and ~ : ~~hi Le 

ma trices . 

Sought alternati ves to the 
these meteri a ls we re: -

to l O~ elongation/ elas t ome r ic insulaticns ir. :., .. i Ge use at t ht' !".i:T'c; 

r""~ 100 pb", 

Ph2~oli= resin ~ O tc 120 
Fill e " 100 to 2:0 

AS5ess~ ent was bV an ea rly poss ible ~5 TM tarcn ~est us i ~g ~ 2 x 2 x i inch 5 eci~e~ ~ ~ j ~ - ~le-2 
i mo ingement ~~t wa s not edopt ed in tne fin al spe cification tes t. Pl cs~a to ~ r. t=st ~~s e S ~ ~~s: . 

Tna N~ R cam~cu~ds were on l y r a ted f a ir by t hese tests when cC8p e r e j with s ~l cone, pol ys~ ~ni~e e~: 

viny l Pv :,id ine acrvlonit~i l e ~o~~au~d= al l of whicn gave be~ t Er : he r~a l prctecticn . 
The pc l v~ er5 exam in2o , i n 21 phabe tical oreer . w2re :-

ACliprer.e 
~rc~ in a t 2d butyl , Hyc~r 220 2 
5u:y1 RC Enjuy 325/S? 2055 

Enj~v 325/Alt~x . THTOE . Sulphu r 
C 5 4 pDlybut2 ci ene 
e nIcro buty l cy~nosilane MD 551 
Ethvlene ~~D~v l ene ERR . LO 
Ethy l ac:,yla te Hycar 4J21 
Ft1;. (If 4) 
Fluo ro 5 i lico~e L 563 
:31~ n:'hone 5 
hypolor. 40 
K21 f 5500 

r. 2::...:ra : 
,~l::R F~=ilC :' 0 

P:H 2Cl' l:; - .e::. 
!\:eop:'ene L.:R 
Pol l/ : s ~:q:: r ene 

53R Sty~:l 10~J 
Silicone RTV 

Unio n Ca r Di :e n . : u~=~ 

Thi =k ol ST 

V inyl -P yridin~ 

Vito~ a 

cantd . .. • ••• or. Sne~ ! ~ 
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Ti"12 

e perfarmence of sel ected 
p:astics ~atErials in a 
hign te1i.D ==atu fa envi =onmer.t 

iief2 r ence 

A. Fisher zt 21 
Nava l Ordnance L abor2 tc~y 
Repor t N ~V~EPS No . 7390 

::.::::::. .J::x. :, 
S,-'Ee~ .3 

Synopsis 

aas is of = o~oarison w~s Index 3f Pe~f~=mance by ~5T~ torc h test (19 62 ver5~~n) . v2r~a~s fille~5 ~e: e 

added to ~bR/~hBnoli c re s in co~~oun d in amounts.of nil , 20 , ~C , SO ~~c IG~ ~~= lCO ~art~ b~ _E:;~: c~ 

the resin ccnsti ~ uent . Increasing t he cancentr~ticn of the lc~ mel:ing ~Qin: fillers =~:=22se= : .~ 

amou nt of phena l ~ c available ana resulteD in a reducticn of the amo unt of t2~= 2rEt_r~ res~~: ~n t :~E= 

the coolant gases ro ~ uced . The intr~dJ=tion of sup er refracto r ies e . g . ZrC Z ~nh2n~~c :he :Esis~ a ~c e 

to eros i on but no nstar.ce was f ound of any particular inorg2nic ref~2Cto;y fi~;e en~~ncin; : 1e 
re5is~~nce ~o eras on as well as siving an i~prov e d IP value . 

If phenol~c mi cra balloons ~ere used to ~ncreasa tn e pc~e 5t;uC~~re by p 2 jet~r~inE~ ~~J_~t~1 the 

~~:~~~~~~~~t~fs~~~i~!~:a~n;c~: :~~u~~u~:U~~ ~~2i:~~:~~:di~u~~~~!~~:!~S~n ~~!~~~~Y~~~~~~~l~~~~! to 
ho~oge~ous pore system had been bLilt up by increas~o aCdi:icns of mic:c :cllo:ns . 

Varying ; a t es of PEA to phenoli c resin we=e eX2~ined as unfillej :o~~cuncs . W9S s ~!~:~~~ 

~~cp ;ene w:~ T were also s ~bstituted for this ~atrix ~~en considering :~:2 es t he ~il12~ . 

Re levunt da~2 given i n this report i8 : -

UNFILL:"D C r.:,\~t-;GUJDS 

P5~ Hyc ar ! C~2 pbw 
Phenolic Durez 12527 P:lo.i 

Time :0 ;e~c h JOOo S 

Erosion rat2 mi l s/sec 

Index of Pe~for~~ncc 

PHEr.CLIC i1TCRO 2ALLC015 

lJO pow PG~!90 Duro " 12587 
Pne nolic Mic ro Bollccns pbw 

.~ of r:ll x 

Ti~e to re Dch 200
0 C se=s .. 

Erosion ~a:e ~i l s/s2 c .. 

Index of Performance 

~:F FE ~ErIT POLY~' ERS 

f",o ~rix 

100 PSA : 90 Durez 12687 

Neoprene I..lRT 

jlJeop rene WR T 

Silicone 1..:96 

2 pt phenolic Dwr ez 1069 4 

lea 50 25 1Q 
Ni 1 5C 75 SO 

10 . 0 39 . 1 35 . 0 44 . 0 

25 . 3 4 .. 3 4. 2 3 .. 3 

505 22 24 15 

100 100 100 
fJ il 20 1.0 

G 16 . 7 28 . 0 

51. 0 59 . 5 43 . 6 

3. 3 4 . 4 4 .. 4 

13 15 20 

ZrCz Time to r23ch 
Addi:ion ZOOoC ( s) 

51 .. 0 
Nil 

g . O 

1 3 . 0 
280 

11 .. 5 

400 30 . 9 

iJ:i: 
S5 l C::J 

~J . 1. 39 . S 

4 . 5 

23 

100 
60 

37.5 

5C . 5 

4. 0 

15 

~ .. ~ 
22 

lOa 
l JC 

50 

45 . 7 

3. 5 

17 

Ero sion r ? :2 
mils/s 

3 . 3 

22 . " 

42 . 0 

25 . 0 

4. 2 

~n.:: ~x cf 
Perfof::-::t;Ce 

13 

560 

6 ... 5 

1..35 

27 

2~:j 
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D.t. T1tl. 

27. 119&8 Structural d •• l;" and 
thll'lQl propel"l •• at 
po1yooora. 

28. Rlvl ... or allloilvi Itudl .. 
or Intltr •• ' '0 nlval 
eppl1caotlono 

R.r.r.nce 

G.F. d'Alello 
ACS 01 v.Organlc CoaUnul, 
Pl.,Ucl, Che"lltl'¥ 
lA - 1 l' <19&8) 

r .J. tliDubeck, 
ACS Dlv.Orgonlc eooting. 
Pl •• tici 
Ch .. lauy lA - 1 a-1~(l9&8) 

Synopde -, 

, 
" 

Author dllUngulahed between subUming end charring ablators thuI:-

SUBLIMING 

CHARRING 

Have porous refractory continuous phase 
lIIatrh: filled wi th 8 materiel whith gasHlea 
at II h1gh temperature and thus delay a 8 »181! 
In the surface temperature or the matr1)( long 
.nough to prevent 1t meltlnQ during the ",19110n. 

Genereh a 1arOt! amount of chlr r.!Ildul under 
hype rthermel condl Uona to ect 88 the binder 
ror reinrarcl!ment(.) enbedd.d 1n. 1t. 

ASTM Ablatiye Torch Te 51 Re s ults ALPHA ROO Test Results 

Flllor 
u 
:::,!; 
o ~ 
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J:: 
Go 
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~ I~ J:: 0 

~ ~ '" ~ 
Q. '" 

"I'" '" '" Q. Q. 

'" '0 

~c: 
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Flller 

.. 

APPENDIX & 
Shlt.t ., 

Typical I!!'x8tTlplea life polvmer. 
which depolymerlse qua.,U tativ.lw 
and rever5sbly 9uch as poly

'ethylene, polystyrene, PTFE' 
80me nylons end sev.l!!'ral poly
urethanes. 

Gene'rllly the hlc;her the thermal 
.tebll1 ty or the polymer the 
greeter the yield of char. 
Fil1us include nylon, 8sbIUtO'. 
01 ••• , IIUca or.phi te. 

~ 
J:: 
Go 

i 
J:: 

~ 
" CD 
Go 

. 
c 

~ 
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c 
.. 0 
0_ 
~'" 

~!~ 
m DO 
XOU 

1.2 1 G I---- TOphi t8 Cloth 1.60 SIUca rebi-lc 12100 

~ 
J.~ 

t--
J.6 

t--

Gren Graph1 tit 

Al SUlcate 

Pot OxDlllh 

Asbe"to8 M"t 

SiUcete cloth 

Asbestos fibre 

Aebesto8 ribre 

1..1. Asbes to. fibril 

".6 Ceremic fibr. 

5.7 Quartz fibril 

6." Asbesto. fibr. 

11.6 SlUc. powder 

13.9 Cork 

14.1 Cork 

14 .3 SlUca pow~er 

15.6 Nylon Cloth 

J.05 Pot Oxalate 9015 

J.52 Asbestos fibre 7950 

J.77 Asbutoll .It 8'00 

4.31 Borlc ecid 66'0 

6.66 Asbeatoa fibI'. 5660 

lJ.B Pressed cork 5970 

15.0 Cork '120 

19.8 Nylon 3'20 

The following det. we. aleo given: 

Dlnolty 

ASTM Torch InBulation AndIe •• 
Tl •• to 200 C back reci ".-plr.lYre 

Al.PHA REO Chor dltruo1 thUy ~oooC. 
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. 29. 

30. 

31. 

pate Title 

969 Structural synthesis of 
composite materials for 
ablative nozzle 
extensions. 

Opacified fibrous 
insulation. 

Study of charscteristics of 
refractory materials under 
high velocity flight 
conditions. 

32. I 1970 Boride composites •• A new 
generation of nose cap and 
leading edge materials for 
re- usable lifting re-entry 
systems. 

0;, 

33 

34 

Heat Shield 
Materials 

Moulded glass/phenolic 
inserts replace graphite 
in Astrobee 0 low cost 
sounding rocket 

- --~-.. ------_._---- ----.~.-
,~ ~.-=--

Reference 

E.R. Scheyhing and 
G.O. Summers 

(origin not ~uoted) 

W.E. Grunert et 81 
AIAA 4th Thermophysic9 
Conference. 
San Francisco_ 

AfML Report TR.69-54. 

Synopsis 

APPENDIX 6 

Sheet 8 

Primary structural element of nozzle (skirt) of Stage II of Tritsn III is a glass/phenol~c 
honeycomb sandwich protected by sn asbestos/phenolic prepreg tape wound st an initial 45 to 
the mandrel. 

The exterior of this skirt has to be protected by silica batt because it is exposed to the plume 
from the roll control nozzle. . 

Details about construction and materials used are given. 

Protection against rediant hest obtainable by partially replacing some of the fibre in a multi 
layer fibrous insulation, thus:-

Fibre replaced Present Replaced by Recommended max. 
service temp. or 

Glass Al fo11 Al flakes 900 

Quartz [;u foll [;u flakes 1400 
Ni foll Ni flakes 1700 

Materisls containing solid oxides showed lower erosion in hot gas/cold wall conditions than in a 
cold gas/hot wall exposure for the temperature conditions used. 
The following materials were exsmined:-

Silica plus 35%, 60% or 68% vol: vol of tungaten 

Zr or Si graphites 

A rsnge of coated metals 

Hf 8, with or without 14% Si[; 
Hf8 plus 20% or 35% Si[; 
Zr8 alone or with 5% carbon 

L. Kauffman Materials for use as composites for long exposures in oxidiaing environments at 2500-5000oF; they 
AIAA Mtg.Feb.1960, include: 
Florida on Advanced Space Hf 8 Hf 8 Hf 8 + 20% or 35% Si[; vol: vol. 
Transportstion. 2.1 2.1 

Info sheet A-40-70, Def. & 
Res.Div. 

Staff 8ritiah Embas sy, 
Washington. reporting on 
USAF Materials Symposium 
Florida, May 1970 

Aviation Weekly & Space 
Technology 3 No.9) 
July 1970 -

Zr 82.~ 20% Si[; vol: vol 

Zr 82 + 14% SiC + 30% [; vol: vol 

Evaluation was by hot gas/cold wsll plasma arc and cold gas/hot wall furnace methods showed the 
performance of this type of material was , unrivalled by any known materials. 
Materials are formed into shapes by conventional hot pressing methods, such as those used for 
producing body armour and helicopter seats but is at present limited to components within a 
6 inch to 12 inch range. 

N. American Rockwell evaluating Haynes 188 proprietary material, zirconia felt, Zr 8r , 
silicon coated columbium, thori9 dispersed Ni/Cr alloy, for use BS insulation protectfon 
1n advanced projects. 

Nozzle of this 6 inch diameter 44 ft long rocket has a moulded glass/phenoliC nozzle, ~hich 
is deaigned to ablate in flight to give a controlled regulation of chamber pressure. 

contd •••••••• on Sheet' 
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35 . I 
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c o ~tc ••••• •• from Shee t 5 
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vat:! 

1970 

1971 

1572 

Ti:le 

gevelc~~en t ~f ~on me:el lic 
2x:ernal i~sulaticn thermal 
~rote ct ion sys t em s for 
S;JE. =B s huttl es 

DevelcD~ 2r. t S': 2 tUS of re
usa ble non me t ellic tnermal 
protec ticn 

Reference 

P . ) . Gorsuch a t 21 
SAE Reprint 700771 
Spa ce Technolo 9Y Fo~um 
of N ~SE , Mee tin g Lcs Amgeles 
Octcber 1970 

D. Gre ens hild s et ?l 
F ape ~ 1 . Symposium 
~ASA Lengley .qesear ch 
Center 1971 

Ablztiv2 ~hermal L. F. Vaster & C. M. ?cblman 
p rot2~ti cn sys:ems Faper 5 . Sympcs ium ~~3 ~ 

. ' L2nGley ReSEa rch Center 1971 

Ev aluation of R3! ma ter ials C. W. Ki ttl e r et al 
Batelle Co lumbus Labs . 
Re port 1972 

Synopsis 

':'FF::: :.G i X S 

Sheei: 3 

Ferform2nce of py~QlyseG c om~Dsite5 was i ~prove d by t he ~ddi:ion of cS~Ji~ ma :erials 
R. 120 grapnite f ab =ic was grHphitised a fter 3dd ition of Si, 5i/~~ ; Si/5, 5 /3i C. 
Inhibitors a:lde d as well incluc ed a ZOr

2 
+ 14~ 5i: + 20A. C. sv,;;te:ns ar:c an f c + :. svs:e-:'l . 

Artic l~ alsc mentione~ devel o~men t of REI silica end R ~ I mulli:e coatings ty Gsn . Ele:::~: 

6 5 well as hybrids of these ~ateri als wi th or wi~ hou t tne 2dditio~ c = Zr G
2

. 

Oxid 2 t~ o n resistant ca rbon - carbon l ami nates were bei ng cons i de re d fer sp2ce s ~lu: :l e e~J!~ 

ca tion s 2nd '.lith tne su rf ac e of he carton cloth/polymer being ~=e e t Eo u~:n Gi Jr Zr :2¥J:e 
pyrcly s i~ . rn e c a~b i d e surfec2 o=mad alth6ug h mu cn weaker ~han the sutst:ate h~J ; ccd 
r esist an ce to Gxid~ tian . Compos t es of this natu re exa~i n ed Le : e : -

qeinfol'c~:-te.,t Hatrix Go!vr::eT Inhioi t,:):;:, Pne~cl ic and e 0 ices ~~~= sci~ :c =e 
tne p=efer : ed n ti!l tin~2 =, _ ~:n ar 
wi thout an aod on of E r ef r 2c:: : ~ 

Grap hite cloth 

Careon cloth 

Carbon ya.rn 

Graphite filament 

Ca rbon fila:nent 

Phen:Jlic Si 

Epoxi de 25r
2
/5i 

Furfu~vl resins Ti/Si 

Fi~C h ii /S i 

Che~ical vapo ur deposi 
~i on of Zr Si cr Hf/Si 

'Commercially ! av a ilable ma t 2rials were : 

LOckhEed Miss il es & Sp ac e Corp . L. llSOO 

McDannell Aerospace Carp . nSF 

ox ine . 
Chemical v3paur ~ pc on ~f t~ 

in r.ibi tc~, af t er r.i ~s 5 , ~1 2.S: 

been useO and ~~t ~~ u ~ yl 

a lcc ~c l h~ve ce 2~ ~£e ~: ~~2 

pores ~efcre f~=tner ~~rolysi5 . 

Silica fi bres tonded w:t~ a sili c a te ~i:n s 
c~ating of Cr?O~ ; ssia t~ C2 r2- u52~1~ u~ :3 
lS3J K ~ -

~ullit e fibres bo~d2j 0 a s ! lic2, tc~e5:1ic2t~ 

luss , pMosphate m:xt~ r ~nd wi : ~ a Cc: S~:f~=2 
~r ni~n e~i :: a~ : e; 52 d : 0 J2 re - wsa:la ~~ :~ 

G~G K. 

Althou gh lon g t erM r e s stant protections were being develop ed as a lt e r n~t i ves , this pa?~~ sn ~ .~s 

t h2 t the f ~asiailii:V a usin g cheap and eas ily reclaccd 3b 13tor p3nels of l:w QeAs~:y ~ren~lic

nylon comp osites a nd f lIed s i licon elastome:s was not jeing i~nore~ . 

Although thi s r eport de~lt ~~ inly ~ith m2thods for evalu3tinO ~cn ~et3!1:c i~G~1 3~ing ~B:E~ ~ !lsl 

ment ion was mace of thre2 commer ci a l proc~cts te s ted :- (ref~~encE to tnese .pr:du:tS no ~ given) 

General Electr i c 

Lockheed 

McDonnell Douglas 

Ha rd brittle failwre at stow: 52 0 ~ 

Survived l3b7 ~ ~ithout fei lure 

Softened ~ t abou t 1089 K 
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Date Htle 

Advanced solid propellant 
motor insulation 

40.11973 MC MI 02 Composites. 

41. 

A new the~al insulator 

Refractory chamber materials 
for N20~/smine propellants 

Reference 

P. L. Smith snd R. F. Russ 
Aerojet Solid Propulsion Co. 
Sacramento 
Report CR-11413 July 1972 

R.E. Riley and J.M. Teub 
Los Alamos Lebs.Unlv • 
California, Report 
LA 5136 Feb.1973 

J.G. Campbell 
AFRPl Report TR-73-31 

Synopsis 

APPE NDIX 6 
Sheet 10 

Basic objective was to provide an improved light weight 
Aerojet General space propulsi on motor. The target was 
4030 EPOM used at the time, screening by t he laboratory 
propellant motor. 

insulation for a low thrust long duration 
a two fold improvem ent on the Gen Gerd 
Insulation Test Evaluation (LITE) solid 

Binders examined included 

snd the fillers examined 
included 

EP R, NBR CTPB, HTPB, PBAN Phenolics 
as pr emoul dl ng9 as mastics as hard plastics 

Alum i nium silicate 
Ammonium benzoate 
Ammonium s ulphate 
Antimony oxide 
As bestos 
Hexa methylene triamine 
Kaowool 

Micarta (paper reinforced phenolic) 
cru s hed and ground 

Microballoons (borosilicate glass and 
FOT 202 high strength 
silica) 

Phenolic powder 
Refrasil 

Two promising materi als both based on PBAN, reference IBT 122 and IBT 124 were evaluated as insulation for a SVM2 chamber. 
The overall conclusion was that a dual layer of IBT 123 inner with an IBT 124 outer layer was at leas t 1.6 times better than Gen Gard 4030. 
The us e of ammonium benzoate, ammonium sulphate or hexa methylene tri amine Dr coolants bV their thermal deg radation to ammonia and then to hydrogen was of particular interest. 

Development or refractory metal carbide - metal oxide composites for use ig high temperature insulation within the Rover nuclear reactor where it has to withstand 2000 G 1n a hydrogen atmosphere l It is believed these materials operate by forming oxycarbides of general formula MM CXO y where M, Ml can be Ti, Zr Hf, V, Ni, Ta, .Th and U. 

Composites examined liated were: 

Zr02 ZrC NbC 

75 25 with & without Go. stabilisation 
50 50 

25 75 

25 75 

50 50 

75 25 

U0
2 ZrC 

75 25 

50 50 

75 

50 

HfC 

25 

50 

25 

50 

Hf0
2 

75 

50 

. 
~ Evaluation of passi vely coated nozzles by test firings at 400/600 Ibf in • Edgewise orientated wa s hers of zirconium pyrocarbide and Hafmium pyrocarbide aroded badly if compared to pyrolytic graphite. Pyrolytic graphite coated Carbitex (Carborundum Co.) gave low erosion rate of about 6 mils/sec. The lowes t erosion rate was obtained with zirconium dibromida (Man Labs) made in two segements to resist the shock of thermal expan s ion at firing. 

Melting points quoted were:-
462 00 G 
4690 
4860 
4g80 
5070 
5282 
5970 

Be 0 
Ca 0 
Zr 02 
Ce 0 
Mg 0 
Hf02 
Th02 
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BAJ-T~ . 947-1978 

Date T1 tle 

42.11973 

43.11974 

Reliability and effective 
thermal condu~tivity of 
three metallic-ceramic 
composite insulating 
coatings on cooled 
hydrogen-oxygen rockets 

Performance of materials 1n 
8 ramjet environment 

'-.. 

Reference 

H.G. Price Jr. et al 
NASA T.N. 07392 

L.S. Cohen et al 
AIAA/ASMf Conference 
Boston July. 1974 

Synopsis 

APPENDIX 6 
~I"u)",t 11 

.;.. 

Grade coatings on the inside of a LOX motor thrust chamber were examined by static motor tiring 
tested. (Grading was employed to o.ercome the sharp tran8ition introduced in a single coating 
and coatings were applied by plasma spray). 

La er La ers 2 3 and 4 La er 5 Survived • 

Mo 3 off Mo/Zr02 of HfOlZr02 17 cycles for a 
varying composition total of 213 s. 

Mo off Nichrome/M
2
0

3 
A1

2
03 6 cychs for a 

total of IB2 s. 

Mo 2 layers only 6 cycles 
Nichrome/A1203 

• All coatings were thought to be capable of further cycling. 

A gaseous propane/air flame was used to test blast tube~ 3.82 ina diameter and 16 inch length 
against mission requirements of at least 200 s. at 2300 or 3700 F. Candidates were to be used 
to replace the 60/85 mils thick zirconia liner in an air launched low volume ramjet. Materials 
examined were:-

parts by weight 

Ref. 1 Resin and Silica SiC Asbestos Carbon I Zr02 catalyst Powder Microsphere Fibre fibre fibre 

DC93.104 46 50.siC 4 

GE 655 65 20 6 4 

JM 700 40 60 

Fiberi te 40 60 
FM.2222 

United A/C 
Labs DC 40 

I 
50 

I I 
4 

Formulae 71 17 12 

70 20 6 4 

GE 42 

75 11 10 

I I I 
4 154 

JMI 69 19 12 

DC 93.104 was found to be the more promising ablative material for all 3 of the ALVRJ missions 
and although considerable erasion occurred , swelling of the char resulted 1n 

GE 655 

little change in throat area. 

was lnferior and would have to be used as a much thicker layer than DC 93.104 
but did not swell or fissure in the throat area. Flberite 2222 could be 
attractive if the flame was hot enough to c.a~se . melting. 

contd •••••• on Sheet 12 

::tl 
fT1 
tIl 
~ 
::tl 
H 
C'l 
~ 
fT1 
0 

c 
• :A 

fT1 
< 
fT1 
tIl 
,..., 
OJ 
~ 

, 
f 

I 
t 

I 

f 

i 
l 

\ 
I-

,i 

I 

I 
I , 



1 

I 
I 
1 
l 

} 
1 
t 
I 

I 
" 

I 
1 

1 

I 
j 

I 
I 
I 

::0 
(T1 

Ul 
-t 
::0 
H 
C'1 
-t 
(T1 
o 

c 
• 
:A 

(T1 

< 
('T\ 

U1 

..... 
CD 

'"'" 

~ -n-:;-• .,-- ___ --

contd ••••••• from Sheet 11 

3~J-TR .a47-1 978 

Date 

44.11974 

45. 

46.1 1975 

Title 

High chamber pressure 
blast tube and nozzle 
material evaluation 
Vol.l 

Cast able thermal insulation 
for use as heat shields 

Development programme to 
produce Mullite fibre 
insulation 

47J furnace Insulation 

Reference 

W.A. Stephen et al 
United Technology Corp. 
Report 241D-fR 

A.J. Mountvalar et al 
Ceramic Bull. 21 No.ll 
1974 

W.G. Long, 
NASA report CR.134B03 

J. M. Bellacque 
Jl. Canadian Ceramic Soc.44 
~-n -

.;:!....~.::. ";''::' 

APPE~OIX 6 
Sheet 12 

Synopsis 

A summary of results obtained between 1971 and 1974 when evaluating effect of propellant 
chemistry, solids loading and blast tube configuration upon nozzle materials in high chamber 
pressure motors within the 2500/3500 lb in-2 range, using the UTC Hippo motor. 

Materiels tested ~ere:-

As blast pipes Carbon, polycrystalline graphite, carbon/carbon 
composites, silica, hybrids of carbon and silica, 
phenolics 

As aft closures Glass phenolic or elastomers 

All three carbon/carbon composites tested failed by ejection of the liner. 

Recommendations made were:-

Aft closure 
Fwd.entrance cap 
Aft entrance cap 
Throat insert 
Exit cone 

Durez 16771 glass phenolic or R.155 EPDM/asbestos 
flat laminate of MX.4926 (carbon/phenolIc) 
Graphitex G.90 
Techmet wire wound tungsten 
MX.4926 or 
FM.5055 

Formulations of low density ceramic foams using Zircon (Zr 02.Si02) as the major constituent 
bound by either aqueous potassium silicate or mono aluminium dihyarogen phosphate, snd foamed 
with egg albumin are given. In some instances refractory fibres such as Fibrefrax or fillers 
such 9S alumina were added. . 

5 Hybrid blankets of Mullite and Kaowool were made by wet laying processes from stable fibres . 

Kaowool 

Mulli te 
Il~O 90 

10 

70 

30 

55 

45 

25 

75 
10 I 
90 

Additions of Mu11ite > AO% impro~ed the dimensional stability and the refractiveness of these 
blanketa at either 1250 or 1371 C. 

Analysis of fibres given was A1
2
0

3 
510

2 B203 

Mulli te 77 17 4.5 

Keowool 45 52 

Two new ceramic fibres have been produced for insulating furoaces:-

50:50 alumins/silica for continuous service up t~ 2300~F' -
. . ~ . '0 . 

62:38 alumina/silica for continuous service up to 2600 C 

P
2

0
5 

-FeO Ti02 

1.5 

1.3 1.7 
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1.1 1962 Meto1-phono.yaldoh~do 
polYllera 

A. J. Landry, et ,I 
NAVORD Report ~D.619D 

[xl!lmincd metal phcnoxv-oldehyde high IJolymc r e end In particular Mg2_Nl phenoxy. a8 possible heat 
r2!1hting lnsu18tlon ror rock e t motor components. 

8. 

9. 

10. 

11. 

Rerractary additiv •• to 
rubber rol'ltUlaUDna 

196) laboratory hCMlquea 'O~ 
atudylng theraally 
ablative pl •• ticl. 

SUico/phonollc ... uldlno 
.. torlola 

us Rubber Co. report to 
Bur Navll Weapan. 
Octobor 1962. 

H. S. Schwartz 
IIaroopo .. 1! No.~D ' .... 80 

"cOonna1l Alrcraft 
Ropart Na. 11.151 

Ther_l protectlDn of racket E. P. Bartlett 
-.olor atructur.. Airoepeci Eng. 

Jon.1963 86-89 

Effect or replacing the Dot88elum oxolete fUler 1n a nitrile/phenolic re9in compound wea examined. 
This low tempereture decomposing filler' was replaced by selected refrectoriea limiting the addition 
..,,,de 50 that the elongation at brellk of the cured compound we5 not laas then 5" to accommodate the 
)~ elongation needed to meet the 1nc reege 1n motor caee diameter that occur a in firing. 

Only 'Ulera were exemined because it was conaidered that the polvmfr .hould commence decOfltposln9 
andothermicolly about 20lt°C (C.OOOf) to ensure that the interrace between the cas. end the insulation 
do •• nat reech elevated tempereture until eU the insulation thick" ••• he. pyroly •• ci • . 
".t.rl.1. aICl!imined 1n prat'err.d order ",Int-

Zlreonia, graphite, Plria! ••• (,.I.gne.la) fUnt, S11icon C.rbide, &111eo" N1trld., Titan1.,.,.. Sulphld •• 

Author dl.Ungul.h,d between three categories of materials, thU8: -

Unr.inrorold. Cot.l 

Cot.2 

Rainr'arced. Cot.3 

Materhh L&Jhlch decompose Into ga ••• 
when heahd to leave almost no char. 

Decompose to produce chsrs 88 wall 
liS gllgee. ' 

Category 2 plastics containing re
inforcements of' nylon, cotton, olasa, 
asbestos er sHicD fibrea or 
combinationa of them • 

a.g. PTFE, polyethylene, 
polyemida. , .crVllcs. 

e.g. phenollcs, phanyl aUanc., 
rUfanea. ap.eial tap a.1da 
rOfmul. tiona end .aaa 
el •• tomer •• 

Paper gove following deta ror • 62% glass fibre )8" phenolic compeai t •• 

Region 0 Residue RaUo bY" weioht 
Carbon/residua 

Undeqraded 28.75 2.15 7.66 0.34 61.60 0.46 

Volatile los8 reolon. 27.77 1.?3 ' 6.87 0.13 63.30 0."" 
27.04 1.59 5.75 0.17 65.45 0.41 

Char Inner 23.32 0.39 1.40 0.12 71..77 0.31 
Middle 26.96 0.16 0.93 0.10 71.85 0.38 
Outer 30.00 0.03 0.20 66.64 0.50 

Reportad rollowing tena11. atrength of mouldlngs produced under various moulding pressure' rro
... J( t Inch sQuare chopped fibre 'rom Rct'rosll HX.26Z5 prep reg. rabrica. 

Moulding Dr.Slur. 
lbr 1,,-2 

250 

500 

750 

1050 

1500 

T.mslle strength a8 " or room tEmperature strengt.h obtained 
for e mouldlnQ made at 1500 Ib' In-2. when tl!sted at 

Room SO QoF 700 0 F 

52 20 17 

54 23 18 

82 29 25 

99 34 27 

IDa 34 25 
(value not given) 

Reviews relative merits or methods ror producing combuetion chambero and nozzle. t'or liquid t'ueilid 
rocket motora and claimed tha t conclusions were opplicable to 8011d 'uelled motors a. ",.II. 
Concluded moat promlalng lightwolght dnlgno would un l1nlnga 0' hl\ih deno1ty, polycryoUll1no or 
pyralyUc grophH .. but tho u .. a' tungatln Dr hntel ... cerbido al throot inllrta ahould bo conoldorod 
.lao becaus. ar tha incr •• lld rll1atanea to era.ion. 

CDft\d ...... 011 Sfta.' S. 
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Date 

12. 1963 

13. 1965 

14 

Title 

Programme to examine 
ablaters 

Fabrication characteristics 
of ablative plastics 
prep reg. tape for construct
ion of large rocket nozzles 

Carbon and ~raphite 
ablative reinforcement. 

Thermal protection of 
Minuteman 

Optimisation of reinforced 
plastics in ablative rocket 
motor nozzle and re-entry ' 
body applications. 

Ferformance assurance for 
orientated fibre ablative 
components. 

Recent advancea in high 
temperature resin blnders
A survey. 

Reference 

D. Caum et al 
NOL-TR-63-100 

w. E. Winter 
Paper 8th National SAMPE 
Symposium Aerospace/ 
Hydrospace. 

R. 8. Millington 
Paper 8th National SAMPE 
Symposium Aerospace/ 
Hydrospace. 

---==:-

APPENDIX 6 
Sheet 5 

Synopsis 
-~-----+---' 

A proposal programme of alpha rod ~nd high pressure plasma arc tests; it listed the systems that ~erR 
in use at the time and which were to be used . Bs standards; they were:-

asbestos filled phenolics 
glass reinforced epoxides 
nitrile & s ilicone rubbers containing asbestos & inorganiC salts 

260 inch diameter nozzle of ~ir Force 623A large booster rocket led to a need to develop tape wrapping 
methods beyond their use for existing medium to large conical components which used Silica, carbon 
or graphite fibres (and tapes) impregnated with phenolic resin. 

Regraphitls8tion or carbon/phenolic structures produced from rayon precursors W8B described; it 
involved the following cycling in an Argon atmosphere:-

Place in furnace at 200°F 
Heat to 15000 F at 500 F/5 min. rate 
Hold at l5000 F for 30 mins. 
Cool to 200°F before removing. 

Material had been assessed for the following projects as -

Sections in the no z zle of Polaris A3 exit cones 
Cone linings of UTC 
Throat approach of Spar mod.II test motor 
Throat and exit s ections of s olid propellant mo tors 
Thrust chambe r linings in Rocketdyne fluorine test firing 

L.M. Harold & E.S.D. Diamont 
Paper 2nd AIAA Aerospace 
Conference 19&5 

Minuteman has an external insulation of sheet cork to protect its structure during launch. 
This sheet ia AC 2755 (Armstrong Cork Co.) and is finely ground cork in a phenolic resin 
matrix. Main research activity was the development of B mathematical model from wbich 
thermal performance of cork under l~unch condltions might be predicted, so the behaviour 
of cork over a wide range of thicknesses and heating intensities was examined. 

W.C. Jones & D.C. Siverta 
Paper "8th National SAMPE 
Symposium Aerospace/ 
Hydrospace. 

R .r"1. Buck 
Paper 8th National SAMPE 
Symposium Aerospacel 
Hydrospace. 

J.T. Trainer 
Paper 8th National SAMPE 
Symposium Aerospacel 
Hydrospace. 

Techniques being considered for nozzles of Titan III, Surveyor and 156 inch large booster 
motors were compression moulding rosette lay-ups as alternative to tape wrapping from 
straight or bias cut tapes. Features of this, then. novel method were described. 

Main feature of paper waB publication of Fiberite's 'Snapcure' prepregs which cured at a 
temperature only slightly above their softening (tacking) temperature. 

Materials available included woven fabriCS, mats, papers or felts produced as prepregs and 
containing fibres such as inorganic oxide (e.g. Zirconia), glass, silicB. asbestos, carbor. 
or graphite and synthetiC. (e.g. Nylon). 

Author cited three main groups for use in three expected exposures - they included :-

Type 1 204 _ 2320 C 

Phenolics 

Phenyl sUanes 

DQW qx 2662 O~phenyl Qx1de 

Htgh temperature epoxides 

Type 2 316 - 3710 C 

Polybenzamidazoles 

Du Pont PI 3301 polymide 

PolybenzoKlzclea 
Polyphenylene sulphide 

- -- --- -.---- .--

Type 3 427 - 4820 C 

Some boron h,<dride based polymers 

Olin Mathieson Pop I 
Pop II 
POp III 

All still in development states 

contd •••••••• on Sheet 6 
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~;'':_P . =L. 7_ 1I:j7a 

rJa';e 

19. 1565 

20. 

21 . 

22 . 

23. 

2<' . 

25 . 1955 

25 . 1967 

T~ tle 

ihe ~3 Polaris nose fairi ng. 
A s!ructL.ral COr.:;losl te o r 
loJ:lod ~:"ld aluminium 

Contir.uous bi as t~pe 
t.!ra~;l1nl; of ablative 
co:npone:1ts. 

Carbon dioxide 1";-05t a9 an 
insulati on for h ypersoniC 
~pececr<:rt. 

OeiJo:.1 ticn o f fUms from 
pla5i.1~ .. 

Impre!;nated foam c~ .. arn1c 
insuleting material • • 

Design of e!:Jlative thermal 
prot.ecUon 9yst~:n5 .. 

A c r1 ti Que of i nt ernal 
insul ation r.u!lteriala for 
60lid pro;lell"mt rocket 
motors •• 

Phaenl x misslll! com;los i te 
th2r:r:~1 insu!6tion system 

Hefer enc e 

f .a. Johns on ~ V. P . P.anone 
Faf:er 8':.n S;:'·\PE 5yr.:;loslum 
Aer os;::;ac ei H yd ro sp uc e 

5. 5alzir.c; er 
Paper 6:h S;.J:PE Sytr.;::. oslum 
,l.ero sPi::l ;:; e/n ydro5;1ace . 

J . P. Cl a y 
Faper e.th 5X':PE S~'m;josi um 

Ae r 0 sp ac el ~ ,,,c:ro ~p ac e 

F .L . P-:c:oit z ct el 
Paper 5th S;.:·;Pt: S)'mposium 
Aero sp": e/Hyd:'o sp ac e 

H. A. Sch:.Jart z 3. T .~ .. Greenl nQ 
Paper 6th SA~~PE Sympos ium 
Aerosp8ce/Hyaros pace 

JoN. Kotanchick & R.B . Erb 
Paper 8th SAr-:PE Symposium 
Aerospace/Hydros;lac8 

V .. f .. Hribar 
J .. Spacecraft 3 1434/6 No.9 

~. A .. Lewis et a1 
P2per 1-2 S~/':PE Symposi um 
on Adv ,J nccs 1n 5tructur a l 
Compost t e9 

...i ynoiJ ::. i :; 

':"=;: ~ : ' ~ :."" 
:::-~ e t f 

Oetai~s ceve10pmf! nt and con :.; tI'ucti on technicues uS2'd fer the ',;t. !on:;n lO:1g ':. y S:" !.nc ·~ c~ :' "T'e:2'; 
basI! monOCO'lue bullp.t shaped s hell used .)n this leaM. 

" 

ComD;:) n c nt~ nl!~t1pd by 1955 coulrt no longer tie ;lroduc2j t:atls f actcrll\' ~ '; .::: -::p :-cssi::n ;;o ~ :i.::!.n:; 
so t <lo P. wra;:l~pd hRr~;.Jare was be tn C) {l.ad!! for Pol;:nis ~3 . a n ajva.:'Iced c2sig:1 c.f :-'. !.:1 ... tc::-C::1. 
Titan II, Titan III and the 156 ar C: 260 in~h solid tooste:- Mo-..or . . 

~ tr;;n s p1rat1onal coolinij by th e· eVil;:lCfCltion of solie car:=cn d~oxi::1e sl..p:l:::rted cn 2 :::l\,.. <: :tz 
wool ba tt wa~ prono sp.d f~r protecting 3 re-usa!:llc hvperson!.c s;I<~::li:c= (lf t f: c~. t!'l~ Err.::':. of' 
a~ro :::lyn<Jmic heating during its exit from the ebrth's 3tr".o~;:lhere. 

Thin In:.ulat1on (11 rr.9 o r silica c on be d(>;:lOsitcC: by pla ~n ", :lr c oj'roI""sis of et1":yl 81. :~.:~-:~ .. 
Met al oxidt!' s or e1. tI':p.r olumlnil. .. m or tentillum c;!n 31so be depo3i t~'j ty .:i s!:Jw c!.~cMa:-;e !..-I 
tho p:es ence of OXYQcn . 

, 
De~c;" ~\lr.s Uni't cd Technology Centres' teChni que!;; . Proce ss 1s a t'..::l :::c l! r. .. "1~cl": a c~: = -' lc 

Gko16:on is first produced ano 1,. t hen 1~pregni)!. 2 ::! with a C::Jclar, t ma~ e i~ ::;u c;'!!5 a 
phenolic re 9~n . Tho basic ::;ke1eto:'l ~ s formed fr om 1"i1:(;1':; i:!1".d :3 lir;u!. b " ::!;r (:.;s :.;;!ll'l 
oo C:lur:1 sllicote o r phosphoric acUD ::Ind wottin:;: and foa:TIing <lr;e;~ t;3 a:~ o~ e : a:'~c to :": 1: m1x .. 

Powders us ed to f'o;m t he skclp.":.on hava included 3St.<?3tO!l. o·lumin.J , r.:~:;:'l i! ~ia , si~i:a, 
zirconi a , t itur:\.um nod zirconium c iJ r :! ide ond z!.rccn i ur:\ borl:e , M~ s:'l!.cil al"·C O"1';';:'lEsili 
fibres and micro ba !.!.oons have als o b een used a5 <!jai tional f1l1d:5. 

In gp.neral, sll1ccste bonded foams "had th~ tlest resi s t c!n ce :." O X\'-Qc e ty::' en~ t:rc ,~ ~c ::; : s t:- ': 
a zirconia skell'ton I.mj)relJnatcd ."ith ..ie . I OCB hud wi'.;h:lto;)d p~a~r.·.:1 ~r:: '.;c~t~ .J~ ll . S,; u t:; 
motor f j r1 ng tes ts h e d included tnr-oats and til!"U 5 t cnorn oer lin~n9:'; \o.'~:'ch t': ;,; j 1.1:' t:"\!;t:;!Oj - 2 
60 t o 90 sec . duration exposure to fl eme tempcratL.:res of 70J::' - BUDJ .... i ~t Ie] - l ~O ltf 1., • 

An invr!!it i gotlon made into hOW existing eDlatlvO? COJUn:;s IT'.i;ht oe i:""~r:lvc d rrC:Ti :':'a !> .:' :"':'!:j !n 
thf! ~Jol~(, projects . It was concluoed th~t c ha rring zblatcrs of thO? fillE;:! 2;:;:;..: C'2 t ~ ;:; <: wE:\! 
unli kp.ly to be grf'!cstly i lYl;:lrOved bcyonj t!'le mate;iuls :..: .~i Ci1 hil::1 <:ll re2 c~' :: e~n :.o;!vt: =;:; ;'! :::i f a : 
A::JOllo and which were il:'lp rov pment9 from tho!:lt': ust!d in the r.arl1e . Mt? ;"c ur y S;::;):;I?'C .l ft . 

Effect of !Jdding oilica pouder end Dsbestos fibres to ~~=R (Sun-a r~) 5E .~ (:ur:a 5) ;:,:-::: b ... t ·.' l I..e. ~ 
stud1 r.d , 6cr'·I...n lng by Bt\\UC lIIotor fIring te~lt5 in tnre€: dif"ft'r:,,,t ::1\:;,,:; (S !.n;:r". Or,~ ;.;:; inch 
ruotor:1 lit AllF"Jolly 1j.)ll 1t.tics L~t, the TV13Z motur <.\t Thl c:': ol Corcorat.ion C:i:J ~h!! IT.'' r..:;-t.,r 
"t Heroj2t Generul). 

The r.;fm with Gilieo ond o!)b~:Jtos t;i'lve tho:> bc.>ttcr pl?rf o rm a nce as a C:l :Je l1r.i.~n :'r. :;ulsr. t on.: t :12 
,adC:1t1c:"l or fl!,.o~'~~ltO:J lncrp.;)~I~ d t ~p. ~l trCn !l tn (IS w('ll :l~ t hE!' rr.:Ji ~ ·.<tn':1! t,J ::: !Jl:Jti;::" . !!".t' 

s 1lica <tddlt1un Incre"!3e c.l the rr· l? lt v1sco ~ itv dnd also jT.;nCved ~ h!;! r i!s :':;t !>.~::!: :.:! ~ =~ '~::l""l . 

Sili c a f1lled son h ;I,1 hp.tt c.> r ar,i.nl) ch ;urtC::tt'ristic:l and hB::! 8d"~. nt.lge IJh~" :J "r' . ~ ~' '''a \;c l!.no;? r 
\01;:);' n r.~(h-!d .,nl1 a190 hud 900d COm.Pil t 1 bi U ty 1.11 th dou.ble bnJC pro~(" ll l' n -" w!.:. n l:l..l n 1 t::-.:> 
glycer1ne uptake . Fib r e si z e Dn d orientation wa s mor~ crit1:ol in SS" t hi,l:i in {,::" ce~p.Jut'lCS . 

rJP.w mRtr>ri"lB r.!pnrtr'd O!1 bclr.g unrlr>r develop.":,,,nt 3t AI! .0 !;; P3Ce Co:p:JruUo:1 El 5e;und<! u.t':-P: -

r·JaR - phenoliC wi th ino:g~ni c hydrates 
Dutyl with no~ ~, ss ium titanate filler 
~'ol yp ropy 1 f'nr.: / q:u,"o( i dr- c c,:t>;- our; j:; 

f"': ~ tp.rlals wp rC'! 9J!1/?cteU 1n1;ially by e;.(~on:u!'e to n:~h i n~e:lsitlj ln1"r~ :- a.:! he3'; ~""; cn ~ e\.'e:-:":.'-i:!~l'" 
by !liml..llntsn hiQh fifJP r'd capt1v~ flil)."It concitlans in the N~S"" Lancley hC't f1c~ ~u:"\:1el. 
Nntf'!rinlrl b.~ln(J COrt 'j lclrr el1 IIJPr(': -

Cork 5hp.et (In~ulcork 2755), .c.sbe5<:os p;:'per/phenolic (r-:X.5700), silica pa:::er/~l".er:ol!c 
(:-1:'< .5707) , t .... o ohlQUve coattntjs (T.500- 4 end Xt.3_!.:'). 

The cork shp.et W<l:J round to be the: mor e eff ective of tncse mO":.I!r1:3:s .. me c.,)u1= b.:o u.:a:u 0'1 
alumini um lOad bl?er i ng structure wiV, an ovc:rlay of a r'CI:"ex/e~ox',' l a.":',ir.,,~e (;~~r':"co 57~) tJ 

protect the corK (rom d amilge by norm. l on .lnr-/or 1':'i':1.:t, o:j.llr19t fun~n ! a :; tGCi... :'In;:! .:;'::'t:: to 
reouce 1 -'; 9 u~~or tption of rr.o:!:. .. ture or h;;rt:lful ai rc raft rh .. ids . 
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49. 1 1976 Evaluation of insulating 
materials for advanced 
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W. H. Miller et al 
ASME Intersociety 
Conference 
San francisco July 1975 

R. T. Robinson 
NAVWEPS report NWO TP.5693 
Hay 1976. 

Reviews candidate materials for ramjet engines needing insulstion in the nozzle entrance, throat and 
exit cones. Materials considered by Rocketdyne were:-

Silicone rubber/flbre reinforced 
Asbestos/phenolic 
Silica/phenolic 

Insufficient strength contribution-erratic surface ablation 
Asbestos melts et about 14820 C 
Silica 31500 C 

Quartz/phenolic Quartz 32160 C 

80th silica and Quartz have high viscosity when molten and would not readily wipe off a throat 
surface below about 1800/19000 C .0 fiberite products MX 1646 (21.4%silica) and MXQ.191 (29% Quartz), 
MIL-A-R-9299 prepregs of 581 Astra quartz (99.04% silica), Siltemp 84 (99.99% silica) were considered 
further. 

Latter two materials were used for moulding as ~ in x t in chopped squares which were claimed to give 
almost perpendicular alignment of the fibre to the gas flaw. -2 -2 
MXQ.191 had law resin flaw and had to be moulded at 5000 Ib in compared with 3000 Ib in needed for 
MX.2646 but both required a stepped and lang cure and post cure under pressure throughout. Resin 
glaze was removed from the mouldings by grit blast before the post cure and the long cure and post cure 
were needed to prevent a retention of reaction products which might cause blistering. 
16 nozzles were tested on a sub scale ram burner by Martin Marietta at flame temperatures of 
2056-2389K for timee of between 60-600 secs and pressures of 40-75 Ib in-2 • 

MX.2646 wae thought to be the more practical material. 

Study was concerned with nozzle inserts and used twa different propellants with the following materials 
ae blest tube linings. 

C518 DC 93 .104 (contains 8-10% carbon fibres) 
6 star centred 
CTPB + 15')'. Al 
10 s burn -2 
1,500 Ib 1n 

0.2 mach DC 77.151 (50% volume of the silica in DC 93.104 was repl aced 
by 16-20% volume of carbon fibre) 

0.4 mach 
DC 93 .104 
DC 77.151 

R~ 2 
non aluminised 
star centred 
HTPS 9 s burn 
highly corrosive 
products 

DC 77.152 (as DC 77.151 but with a 50% by volume replacement 
of Zirconia for the silica) 

DC 93.104 
GE 655 resin and silica to a NAVWEPS formula 
R 155 EPT polymer 
GE 655 to DC.104 type of formulation 
Iri s h Refrasil (chromic oxide treated silica) 

The following carbon fibre m~t e ria l s were exami ned as nozzle extensions (ventu r i) linings 

Matrix 

EC 201 
Resin 

Reinforcement 

Rondom CFAi carbon fibr e choppings 
Fabr ic fM 5670 
Diced f abri c + x + inch square 

Precursor 

All I RC rayon 

Random fibre CFC~ . 
Chopped "Quor"s eCA 2-t(+ in ><"·.,t . in.)All E N~~ rsyon 
pNJcho'pped square f In x t ··,n : . 

Conclusions reDched were that the highest fibre content silicone rubber was probably the best for 
C 518 propellant but that Irish Refrasil had the least erosion with RS2 propellent. A NnVWEPS 
formulation of GE 655 was the next best performer and the R155 wae the worst. DC 93.104 eroded 
mare with the C.5l8 than with the RS2 propellant. 
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~a t~ Title Reference 

50 . 11 976 Ev~luat ion of carbon/carbon J . C. Stet son' & J.C .. 5cr.ultz 
campo si te nOS2 tip ma t erials A."~r-iRC R2~ort CTR - 76- 34 

51 Nozzle design with Ri tch 
p!'e=u:,so !'s 

?epe:- 7& .. 692 AIAA/SAE 
12th Propulsion Scnferenc e 
P2.1c ~lto Jw1y 1976 

~.CF :':~)~;( .::;0 

S!'1ee o;: lG 

Synops i s ' 

Repo rts : esul ts of a progra~me wh ich sought ~ b latives for use os plug O~ sh~ ll n~se tips of 3~ 

Advanced T2 rminal Defence !nterceptor ( ATO!) w~ th the secondary n ee~ to fin~ ne~ ~a :e~~ 315 fJ :' 

th 2 next uun era tion Anti Ballisti c Missile s . T~i s asse~smen ~ used ~ . F . Dy n3~i=s L Q~ .. 5G ~: ~ st : 

ar c jet f acility ~t 75- 100 atmospheres stagnat i on pressure or McDonnell ~i=cr~ft hi;n i mp~c ~ 

p=2ssure tes t uni t (165 atmospheres stagnation pressure; . 

CDm~o sites examineo were al l m2~e from ~oven f~br i cs an~ As~land ~. 2 ~ O p~ : ch an~ ~2re cen s ! ~iec 

1 . 90 Mg ~- 3 at 10,000 10 1n- 2 a t Fibre Mater ials Inc . Biddefora M~in2 b~fc=e De~~g g = 2; ni~i 52 : ~ n 
bille t form at 2700 oC. 

Fibres were wove n by Fiee r Material s Inc . from Thornel T. 400(FAfJ) T. 50 or T.2 5 (=: : h ra yen) ana 
Thornel P experimen ta l fiore ~a d e from a pitcn precwrsor . 

Th e effects of r 2infD=ci~g yarn t yp es , ~eave spacin gs and weave ~i~ensions o f l ~ ca=ton/c a ~jon 

ccmpas ite s ~e r e ev~luated to shaLl t ~2t ma ter ials prc du =eo from fine weaves of Tho~~e! s: =~;~, 

yarns in an orthogonal ~eaV2 c onf i 9ur5~ion c=u!d l~ad to B t at l ~ sv~~e trlc al n~se :i~ 5~~~B~ ~n= 

ca~ld 2150 provide tne thermcstr uctura l an d bondi~g load c ~~aciliti Es n~2 j a= for an ~T0 ! ~ : ~s i~n . 

100% of t he virg:n fil am ent strength w~ s a cnieved for ccmpos:tes ~ = cGJc~d fro~ : ~e 2x~eri-e ~ tc : 

P g=ao ya r ns w~ereas only about 6~ of th:s 5tren ~ th wa s l~e~sur2~ f or co~~~ = sble c ~~=CS i: 25 fa = 
Thorne 50 to suggest t ha t the yn rn/matr:x bond had improved ~ a : kedlv wi~h t h:s binder . F~=~~e = 

inves: ga t ion was however . ne eded . 

A higher er~5icn re s i sting ma te=i a l, such 55 tungsten or thori2 , h~wever, is nEeded ~s 2 s~~ 
to meet a save re thund e rs t orm cancition w 

Ma t er ial s we re ev a luated by a= c pl ~sma test s against ~h2~r pO~2nt i 3i s~p l i=at icn 35 !i~~ng for a 
spac e s huttle soild rock e t motc~ application . The 2 . 5 inch d~ Em2 t2= tnr c3t H:PFC mc~~r ~ 9S usee 
in s~3t i c ma:or firings for thi s asses~m2nt Cit burns for 33 5 und deve l o~s QJ~U~ S~Q i~ i~- 2 
c hamber p ~ 2ssu r2) . 

Theprescnt deSig n of thi s thro 6t insu12tion is nyl on fib~2/ph2~=lic enD c anv~s/~h2nclic ~~s a!E ~ 

Oeen consicered . Th e c n ~oon/c arbon compo sit es conside r e d wEre: -

Precursor 1 Comme :'cial r eference (if s; iven) I 
nayon 

Pi t ch i"1 at F iberi te i-\XG l 033F , t'lXG 313F, r.axc2l 4;; ~FQe 

Cloth 

Hyc r id r aye n and pi tC h US Folym~ric FM 5790 
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APPENDIX 7 

RESTRICTED-U.K. EYES (B) 
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CO l - I 

ORBITAL BOOST 

A?OG~ E M OTOR 

HS303A SATELLITE 

ASROC 
EXI::: NDED RANGE 

SURV;::YOR 

t/ AIN RETROROC KET 

260SL3 

8E'v~LOPMENT M OTOR 

LA FPEND1X 2 Sf-'E:ET 2 8 

THROAT DIA.O·54ino 
THRUST 330 Ib In- 2 

TUNGSTEN 
I 

"ALUMINIUM 

TH ROAT DIA. 2'32 ins. 

THRUST 26201bin - 2 

THROAT DIA. 3 ·26In •. 

THRUST IS.200lb In- 2 

2 

THROAT DIA. 3 · 29 i n,. 

THRUST 7898 Ib in- 2 

3 

2 

ALL 

5 

RESTRICTED - U. K. EYES (B I 

lI0UID 
INJECTION THRUST 
VECTOR CONTROL. 

ALUMINIUM 

2 

~} 

-""~ 

KEY TO INSULATION 

I. Polycrystal lin.t: 9roph i t~. 

2. Carbon/p~ttnOlic top¢. 

Cor 'Jon! phenolic mou ldin c;. 

2 Si Ii cc {phenolic tope. 

Glas~ c!oth!~poxide. 

POl yc rys tollint: gr a phite: 

2 S i fi c o Iphenolic mouldinq 

OPERATING CONDITIONS 

Flo",. tCllp. 29000C 

oLlm ing t..ir.'l(~. 14. 6 ~ec$. 

Mcx. pr~ s:;. u :-:: 1070 II> in 2 

Prop<lI ont AP/P3AAJA I 

Flame t¢rnp. 3230t'C 

Burning tirrwt 17·SSCC 5. 

Max. prcssu~t" 389 tbin2 

Propoilont AP/PBC T/A I 

Flame- te: n';>. 320SoC 

8urni:"lQ tim~ 9·Os~c . 

Max. prtssurc 1350 tb in- 2 

Propollont AP/PBC T JAI 

Pc lycrystoilln. graphite. Flam. te mp. 304 6°C 

2 Cor bon 10bric /phenolic rO$cttt:. Burning ti~ 40 · 5 s~cs.. 

Corbon I phenolic mOU lding. Max. protssurt 55 6 I b in2 

4 Asb<stos/phenolic tapo Propo l l ont f.P/?BCTJAI 

5 Gloss! phenolic lomi not¢ . 

6 Gloss/cpoxidc filament wind. 

Corbon ! phenol ic ta~ 

2 Si lico I pht'nolic tope 

3 Gloss Iphcrnolic tapll 

4 E lo~tcmer N BR 

s ilic a /osbcstos fillcd 

Flam e temp 3056' C 
S:.zrning time SO· 3 secs. 

Mox. pr-¢s$urc 643 1b in2 

Propel lant APJPSt..N f AI 

ARE SUBMERGED NOZZLES. RESTRICTED - U. K. EYES J 
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RESTRICT ED - U.K. EYES r B) 

MINUTEMAN 
WiNG VI SECOND STAGE 

THFWST 30.000 TO 60.000 Ib 10-
1 

4NOZZLES PER MOTOR. 

THROAT DIA. 9·63 ins. 

~,2:~ - R LIQUID 
POR , FO~ T HRU ST 
INJ;::CTIO CONTROL. VECTOR 

3 

.~!(jli#j~ } 

11··~ \ $; GlA'S 
' 2 ;;/j" ~ CLOTH /EPO

v 

~ hY 

\ 27'/ 

f
"y,,--- THROAT ' D.A 6 

STEEL 28,ns 

STE:EL 

THROAT DIA. 4·5 

ALUMIN ! 'JM 

' C~·~··..:.'c.. \ : -I. ::>" .~,. ! ;2 

PERSHING 

FIRST STAGE 
10 .000 TO 30.000 Ib In-I 

POLARIS A 3 
SECOND STAGE 
THRUST 30.000 TO 60.000 Ib in- 2 

PEP. MOTOR. 

KEY TO INSULATION 

I. Po!y!:rystollinc grophit c· 

2 GrophitlZ' /pncmolic. tope.. 

3 Corbon/phenolic moulding . 

4 Silica/phenolic. tope. 

5 Si lica/phenolic. rnouiding. 

6 Asb~stos Iph<!no!ic tcpe. 

7 Elastomer NBR 
~j[ica /csbqsto!'; tiller 

Polycrystollinc graphite 

2 Grcphite !phenolic tope. 

3 Silic.a /phl'!noli c tape:. 

4 AsbcHos I phenolic top¢' 

MINUTEMAN 

Polycr ystallinc graphl tc 

2 Pyroly tic /grophit!l' 'HashC"rs(w~dg~s} 

Graphite !phenolic tope. 

4 Asbestos Ipn ¢n~lic tope. 

S Asbestos I phenolic moulding 

:·.~i;, :;=-=;~~~' "'"""" SElDON C3 " STAGE 
.. ' . , ~. ~"'- "' , PO", E FIR,T _, 
~:>~-...: . ~~.- ... :~'~. .- ~""- .1 . T .. VC NOZ~L TO 200.000 Ib ' n . " .. ',C-, ''-~ .... '"'''00.000 ~ ..... ~n, 

: i ' ii I, I t,,,,, ~.~ , _ r _ UK [E~Y.=.E~S( B~) ___ ~ 3 Ai. L" J OINT 3 ALUMiNIUM .1..""1 STEEL PESTR!C I cD _ 
""'" " ~" --.'--~ 1A.II·OOin, • THROA, 0 

Corbon fabric Iphenolic rosette:' . 

2 Ccrhonfphcrno!;c top~. 

3 Silica fphz:1ollc tape. 

4 Silica /phenolic mouJdin-;. 

3 S1! icon~ rubb¢r. 

L-n~1 ~ ~>1 ~ET:: gl . __ . _ ~~_.,4. ;:. ~~:.. N..J I " :__ _. _ _ ~~. __ . 

.-..... 

OPERATING COND IT; ONS 

Flame t~mp . 3 149 _ 3315° C 

Surnti me 60 - 100 ""c . 

Mox.prf!:ss:.zrc 400-700 It> in2 

Propellont AP/P9CT/Ai 

Flome temp. 2982_ 3149° C 

Burn t i:r.c 30-60 Sc-C~. 

Max . phenolic. 400 - 7000 in 2 

Propq!lont AP/PBAA/AI 

F l c",~ temp. >33 1s<' C 

Burn tit:'lt 60 _ SO soccs 

Max. prq'~surc: < 400 10 ir.- Z 

?ropellon~ AP/HMX/NC- NGjAi 

Flome kilip. 3149_331S o C 

Burn t i me: 60 - 100 ~'CC5-. 

Mox. prcssure. 700- IOOO l b i-;;Z 

Propellont AP/P':.AN/AI 

-
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RESTRICTED-U.K.EYES (B) 
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8AJ-TR.847-1978 

"aterial 

GLASS/PHENOLIC 

\,~~\ 
"{\-..o~\ 

Report Reference 

BA.l-T .R.635-l972 

BA.l-TR.767-l975 

BAJ-PTM.190-l977 
(PTM reports are 
produced for in
house use and are 
not normally 
circulated 
externally) • 

Synopsis 

APPENDIX 3 
Sheet 1 

A report that mouldings of this type were being used in critical areas of a missile by another country initiated ~ork using 
short choppings of a chromo methacrylatochloride ailed fibre that was available commercially in the U.K. at the time. 
(Fibreglass AR.16). 

It was found that high strength mouldings could be produced if the fibre was given a pretreatment with A.IIOO amino silane 
before it was mixed with either B phenolIc resole syrup or B powdered novolak resin. The novolak phenolic resin gave the 
more consistent mixes and it was shown also that a simple ' tumble mixer could replace a sigma bladed machine with advantage. 
Mixing times were found to be relatively critical if glass/resin ratios were to be maintained at the required levels. 

Mechanical properties of moulded test boards were obtained for seven different levels of glass content ranging from 34.5% to 
69.4% by weight to show that optimum tensile atrength was being obtained with mixea containing between 55% and 70% by weight 
of fibre. Various fibre content mixes were •••••• ed also by plasm. arc torch te.t. using sm.ll hollow cylindric.l moulding •• 

Shop moulding trials were then made to produce end plate linings by compression moulding and bl.st pipe lining8 by 
diaplacement moulding. All but the highest glass content mix moulded readily but aome wear of the gating in the transfer 
tool was observed after the higher fibre content materials had been moulded. 

Selected mouldings were 
of material had promise 
used for these linings. 
thickness, seemed to be 

tested in static firing tests in the 203 mm SC test motor at Westcott to demonstrate that this type 
especially the 60% fibre content which eroded less than the resinated asbestos material normally 
Erosion losses fell as fibre content fell but char thickness, and consequently the total affected 

at 8 minimum for the 50% fibre content materiel. 

The original objective of this work was to establish whether part of the glass fibre might be replaced by another filling to 
give an improved performance rocket motor insulation; it commenced using Volan treated AR.16 chopped fibre but as its 
supplier discontinued production during the programme alternatiVES hed to be considered. A newly introduced commercial 
choppings of a fibre which had been coated with a phenolic compatible size was introduced and in-house choppings of silane 
treated E, Rand 5 composition glass ravings were also examined. 

During the work it was established that none of the alternativa chopped fibres needed a pretreatment with A.llOO silane to 
give a high strength test board and that the strength of these board. reflected the strength differences of the original 
rovings from which the fibres had been chopped. 

The supplementary fillers which replaced either 10% or SO% pbw of the glass fibre in experimental mixes were alumina po~der, 
asbestos 50-1 chrysctile fibre, boron nitride powder, calcium carbonate, cobalt linoleate gum , cobalt phosphate, ferric oxide 
~igment, Fibrefrax milled fibre, glass ballotin!, manganese dioxide, nickel phosphate, pumice powder, silicon carbide fine 
mesh powder and zinc oxide pigment. All were added singly and combinations of them were not considered. Mixes were assessed 
by determining tensile strength and elongation at break of mOUldings and by the Banwell ASTM-E285-70 oxy-acetylene ablative 
torch test facility. 

The effect of introducing supplementary fillers was to reduce both the mechanical 'strength and the resistance of the moulding 
to the ASTM torch conditions but high strength mouldinga could be produced from all the 'all glass filler' formulation. 
examined and were appreCiably higher than those obtained for B comparable resinated asbestos material. 

It was concluded that e glass/phenolic moulding materiel mi ght be pursued as an alternative for resinated asbestos moulding 
material as rocket motor insulation and tentative design figures .of 'mean minus three standard deviations' were tabulated 
for formulations that might be considered. 

The Silenka 118 fibre used in previous work had been withdrawn and replaced by another phenolic compatible chopped glass _ 
Silenka A.BO?l. This report des cribes an evaluation of this replacement fibre agoinst its use in a moulding compound from 
which combustion chamber linings for a packaged liquid motor might be produced. Only a 50:50 fibre/resin formulation wes 
considered but the resin us ed was changed from J.IOllH to J.l004H to obtain the faster flowing materiel needed for this 
application (the cup flow time was raised to 6 seconds from the previous 13 seconds). This faster flow was found to lead 
to an increased, and possibly advantageous, fibre flow at one end of the moulded linings during a shop floor evaluation. 
In view of the possible project application four separate batches of each of the two different resin formulations were 
produced and assessed for batch to batch variability using consistency within mechanical properties as the criteria. 
Experimental linings were then moulded for static firing tests in a liquid motor at Westcott. These firing tests were most 
promiSing and the moulding material can now be considered further as an alternativa for the much more expensive silica/ 
phenolic edgewise tape wound lining uaed at preaent in 8 project motor. 

contd ••••••• on sheet 2 
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cont·d ••••• rro~ sheet 1. 

Material 

SILICA/PHENOLIC 

ASBESTOS/ PHENOLIC 

Improvements to 
this wide ly used 
type of insulation 
have been under 
study for several 
year_ at Banwell. 

, 

Report Reference 

Part 2 
BAJ-TR.6SD-1972 

Part of 
BAJ-TR.76B-1975 

8AJ-TR.431-1967 
snd 

BAJ-TR.470-l96B 

BAJ-TR.544-l970 
and 

BAJ-TR.S76-l971 

Synopsis 

APPENDIX 3 
Sheet 2 

Difficulty had been experienced when using an 'all silica' formulation to produce end plate linings by compression moulding 
(these mouldings were being used as controls in the Part 1 work where asbestos/silica mixes were being studied). Changes 
were therefore made In the type and also the amount of resin 1n the mix; . various post curing technique were also examined 
and pretreating the fibre with an amino silane was studied. 

Resin contents were reduced from 49.5 pbw to 39.6, 34.6 and finally to 29.7 pbw to indicate that the limit of mouldability 
of this type of compound was at about a 30% pbw content. Tensile strength fell with decrease in resin contend but the 
higher strength materials would not give crack-free mouldings unless B 4 hour post cure under pressure at 120 C was e~ployed • . 

The silane addition had a beneficial effect and its effect was to incresse the tensile strength of mOUldings for two differing 
resin content formulations. 

Twelve alternative resins were substituted for the novolak phenolic resin used initially and included other novolak as well 
as resole phenolics, Xylok 210 and an aromatic amine cured DGE8A epoxide. The tensile atrength of the mouldings from these 
mixes varied from 10.5 to 50.5 MPa according to direction of the apecimen and reain used and it was concluded that a resin 
change could be desirable. 

Mast of the alternative formulations were then assessed as miniature blast pipe specimens in the Ban~ell plasma arc test 
facility to provide further evidence for a need to change the resin matrix in this type of mix. Although one of the two 
preferred resins was a resole syrup the other resoles tested were less satisfactory than ·novolek phenolic resins under 
this assessment. 

five different resins were used to produce 60:40 fibre/resin mixes from 19 mm nominal length silica fibres for a possible uae 
as the combustion chamber insulation in a liquid motor. Assessment was by mechanical properties of test mouldings and by 
the Banwell ASTM-E-2B5-70 oxy-acetylene torch test. 

All five formulations were found to be superior to a commercially available silica/phenolic compound which had at one time 
been used on this project motor and offered a higher strain compatibility and strength than resinated asbestos material. 
The compound having the highest strength had poor performance in the torch test bot B compromise between these t~o 
characteri stics could be made and 9 formulation recommended. 

Mouldings from all these si lica/phenolic mixes failed In a brittle mode and it would seem that this can be attributed to the 
rapid. disintegration of the fibre into a powder during mixing. It i s therefore possible that either en 'all gla •• ' or a 
silica/glass combination might be a wise choice for the project motor being consider.ed. 

· 'These two reports describe actions taken at Benwell following the cessation of supplies of chrysotile asbestos from Rhodesia 
'needed for the commercial production of Durestos RA.51 moulding flock. Alternative materials were produced from three 
different grades of chrys otile asbestos from Carey Mines, E. Quebec, Canada and evaluated. At the same time a number 
of different types of mi xers were examined and recommendations made that B Lodige Morton machine should be purchased. · 

Initi al productions at Benwell were promising end met most of the DTD.5539 requirements. Firing trial s at West cot t 
showed that it was s lightly superior t o dure s to . RA.51 when tested as a blast pipe lini~g in the 203 mm SC test motor. 

An assessment of fibre allngment that exists in simple compress~on mouldings showed that as bestos fibre in an asbestos/ phenolic 
moulding compound tended to align in the shortest spew direction to give higher tensile strengths and elongation at break 
parallel to the shorter side of a 114 x 279 mm test board. This directionality was negligible for a square board 254 x 254 ~ 

The second report des cribes some early work on the role of the release agent in a resinated asbestos material from which it 
WBS concluded that the presence of zinc stearate reduced the moulded tensile strength 8S it was raised from nil to J.85~ by 
weight of the mix. When graphite powder was added to the mix to improve its flow characteristics, it was found that the 
difference in tensile strength within the two directions of the rectangular test board decreased as the graphite addition 
was raised until it had become 34.7~ by wt. of the total mix. 

Studies were reported also on how prep regs of asbestos yerna could be used to achieve B preferred orientation Dr the f i bre 1n 
a composite using flat sheeta and also a torroidal winding t echnique. A blast pipe of this latter type was produced by a 
stacked ring technique but did not withatand a atatic firing on the 203 mm SC test motor at Westcott. 
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contd ••••••• from sheet 2 

Material 

ASBESTOS/PHENOLIC 
CONTO. 

Report Referenca 

BAJ-TR.677-197J 

BAJ-TR.7Jll-l971. 

BA.".l-TR.777-197S 

Synopsis 

APPE·;OIX J 
Sheet J 

This report review. the nature and sources of chrysotile asbestos fibre and describes evaluations made of a number of 
differing grades of Canadian 'ex the mine' fibres from thp. Carey (E.Quebec), Cassiar (8rit. Columbia) and Clinton (Yu<on) 
mines. The tests made indicated that a shorter than the 50-1 grade of fibre used hitherto could be considered because 
it not only gave comparable strength mouldings but gave a moulding which could be machined to a higher standardof finish. 

With this background work was commenced to explore the feasibility of producing moulding compounds having a greatly reduce~ 
spelk and/or spiccules content, using wet grading techniques that were being develope~ at Waltham Abbey. In this latter 
co-operation it was found that fibres which had been highly opened at the mine were less suitable than the normal grad •• ; 
it also showed that length grading by wet centrifuging was needed in addition to an initial grading by diameter using 
wet hydrocyclones. 

Existing resinated asbestos moulding. did not have sufficient elongation at break to withstand the conditions being 
encountered in a new project motor so a development of a material having a higher strain capsbility was commenced 
and 1s described 1n this report. Two mein approaches were made:-

(i) 5urface treating the fibre to increase its bond to the matrix resin 

(ii) Modifying the resin matrix by adding liquid or powdered rubber or by 
replacing it with 8 conventional rubber gum stock. 

Because of earlier unsuccessful work elsewhere on anionic coupling agents for asbestos, approach No.1 was confined to 
cationic agents and exami ned a standard and two experimental materials all produced by Dow Corning; they were Z603l, 
XZ.B-5069 and XC-B-5456. None of these materials gave a moulding having a significantly increased elongation at break. 
Although oxyazolines were also being considered, evaluation samples could not be obtained. 

Two formulations were developed by the second approach. One had elongation at break of around 1.7~ (almost twice that 
for Ourestos RA.51) and the other about 15%. 80th had good resistance to the ablative conditions of the ASTM oxy
acetylene torch test and either was superior to Dure.tos RA.5l in some aspects of this test. 80th materials were 
formulated from Carey 50-1 asbestos fibres which had been wet graded by PERME at Waltham Abbey and contained 
acrylonitrile polymers to mOdify the phenoliC resin. 

A further formulation (based on a conventional acrylonitrile stoc< having a comparable nitrile content to the liquid 
and solid acrylonitrile used in the other two formulae) had about 30~ elongation at break when produced to have a 3~ 
rubber content; 1t was inf erior to the other two in the AST~1 torch test. 

Describe s further evaluation of wet graded fibres. Although graded Cassiar AK, Clinton CV, CP and CT fibres were examined 
the main part of the Investigations were to compare tnree large 8anwell production sized batches of Carey 50-1 passing 
30 mesh fraction with three similar sized batches of moulding materi"l produced from ex-the mine 50-1 fibre and also 
with Ourestos AA.Sl. This latter comparison W8S made by mechanical and A5TM torch tests. The tensile strengths obtained 
for the wet graded fibre batches ~ere similar to those for the ex-tMe-mine fibres, but were less scattered. whereas the 
results for the Ourestos RA.Sl covered a wide range; the highest values 1n the series were amongst those obtained for 
Ourestos RA.51 in the 'U' direction of the original moulding but mean resulta in the A direction did not differ 
significantly from means obtained on untreated or treated 50-1 fibre. 

A more consistent behaviour of processed fibre was noted also in the ASTM torch tests which resulted in this material being 
in the upper part of the scatter bands for OurestoB RA.51 for the various psrameters determined by this te.t. 

Some work was carried out to find out whether there might be any advantage in using a more closely controlled fraction of 
graded fibre. Moulding compounda were prepared to compare 'passing 30 mesh' fractions of Carey ~T-l and 50-1, Cassiar ~ 
fibre with the 'passing 100 retained on 30 ~esh' fraction of these fibres; 0 latter type fraction of Clinton CV was examined 
also. The usa of the nerrower cut traction of the ~T-l and 50-1 fibre. gave higher atrength .oul~ings b~t the difference 
was amall for the AX fibre •• 
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Mat.rl.1 

'SILICA ASBESTOS 
PHENOLIC 

SILICA CLASS 
PHENOlIC 

SILICON NITRII;>E 

ELASTOMERIC 
COMPOUNDS 

Report R.t.ranee 

BAJ-TR.5l1t-1970 
and 

Part 1 
IlAJ-TR.650-1t72 

BA.l-TR. 768-1975 

BAJ-TR .600-1971 

IlAJ-TR.WZ-1917 
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Synopa1e 

• 

APPE~OIX l 
Shalt It 

Thl earHer report ducrlbe!i 8n inlthl d.velopment o( thie type of mouldlno compound and the sec ond ,xt,nd. thi • .,.,rk to include other retlos of thl two rlbres. Th. eiz. or betch produced ... 19 Bcaled up In thI. letter love.t10eU·on and thl betches produced were raieed front 0.) to 9 kg by change or mixer without problent; although the larger bulk. ",r. found, generally, to mould to • Mohar .trength In the A dlrect-1on to, that found .,hln ualng the MaUer .1.lr. 
The renge Dr rlbre mh.e, covered by the camplet, invistigation well:-

I % elUce In mix L' Bsbeatol 50-1 1n the mho 

NU 5.0 

~9.6 ~~.6 

9.9 

39.7 

1~.9 

2~. 7 

19.2 

29.8 

2~.8 

2~.8 

3~.6 

15.0 
~9'6J 
n11 

StrenCjlth 1n the A direction or the rectenQuhr tnt bOllrd (the longitudinal) tended to rhe with lncrelUll~ 1n elUc. content IAIhllst In the B direction rell, lind ..,as thought to indlcate I reduced orientatlon or fibre whim mouldlng th. hlQhn elUCI contRnt ",b.'I' ther. 101" Iha loml IndicIUon thlt the .langltio" .t brllk or luch I'll", •• hId alia Increased marginllly. 

Tailpipe 11n1ngs made from., number or mixes were used In .tlttic motor rtrlntpor the We.tcott 203 mn SC test tnOtor. These tests showed that the amount or Insulfttion rema1ning after firIng did not differ apprecIably' from comparlbl, rtgures obtained for the usual resinahod d9bestO!l meterlal. Appreciable swelllng of the 11ning 10185 noted, however, for the IIsbe:sto8/sillca mb.es whenever the "11Ice/asbesto8 fibre ratio exceeded unlty. At thl time, 1t ..,,,. concluded that the much hIgher cost of the ellicil fibre did not justify "urther investigati ons. 

Combinations 0" .Uica end glll!)a fibre were examined age1nst their usc 118 a possible replecement of the mOfe u :penllwe edgewise wound eilica/phenolic tepe being used to produce combustion chamber 11nings for e liquid ruelled motor. 
Mouldings produced from hybrids hed meon tensile strengths which were generally intermediete between tho s e ror comparable ell 91a9s or ell sl11ca rormulatione. Using conventional, contoured, tenslle test specimens the elongation at failure or hybrids did not differ appreciably from that of ell gloss or all .sllica materhls but II newly Introduced test showed that they mIght, nevertheless, hBve possible edl,lBntage. In this test e tepered mendrel was forced up the bore or 11 small cylindrical moulding of the material being examlned until "allure occurred. Failing lood - % diametric stroin diogran'ls produced by this test showed that although an aU 8iUca IfIouldlnQ hid In enhanced load bearing and strain capability, it faUed catastrophically as soon as a crack had initiated. On the other hand 11 fibrous "Uler, such as IIsbestoa, 1Illowed cracking to propagate whllst atill r.teinifll~ some load beering capacity in the composite aD it was IIrgued that the addition 0" a glllss ribre 115 an .dditional riller In an all silice formulation might heve en epvantege not shown by the conventional dehrmination' or .treln to failure which used a unldlrectionolly stressed speCimen. 
A !!Illica/gloss formuletlol'l wa~ therefore 1l1cluded In the 11at or recommended materials for static motor firing te.h. 

A 'state of the art' review report on thls malP-rlel ogoin!lt its possible Uin 811 insulation within. liquid motor; It elsa outlined proposals ror II de velopment progromme for thie Bpplicetion. 

Twelve dH"erent polyme ro eoch contalninQ the aem. level or fUler were examined by determining the weight los. and the thickness change of mlnleturc bhst plpn exposed to a phsma arc internally. All conclusion, muat therefore relate to this test. The tiller used we!) en eQulpert mIx or chryeotlle asbestos end sUics powder with 50-1 end 71":5-1 CjIrades Dr 8ebestos being used 89 alternatives . The rubbers eXllmined In this wey included butyl, chlorobutyl, nitrile, EPDM, neoprene, Hypalon, epichlorohydrin, rluorosll1cone, 5BR, polyurethane end sillcone, lind all were eXlmined with en 80 pphr tote! flller content. Although weight 1089101119 round to be • us.ful screening method, thIckness Changes werl thought to be • better crIterion. SurprisIngly 1111 the haloOtmeted elastomers examined - end especially Hypelon - were Ins .atisfactory than the others end bu'yl was considered to be the beat mllterial examined, the (POM formulaUon 'wae aho h19hly rltld and hod III small advantaQe or low denaity. 

Stronger chafs rormed when 50 .. 1 asbestos fibrea repleced 7MS-l powdera In the formulation. but the "arlationl 'ud. In 'curlng systems and degree or cure did not seem to efrect the resIstllnce or the compound to pl •• ma arc Goodl tion •• The lower n1trl1e content polymer of the two nitrlll!9 eXMined had the better rattno. 

Maximum r.sistance to the teat. was aaooclated wIth. hlQh tiller content ."d 1t .,88 round that the upper limit w •• below 50lS0 pphr by weiQht or the e.beatoa/aUiee riUlre and th,t the "0160 alx .... prob.bly the b •• t all round contprOM1 •• b.tweln red.tanCI to plasma .re and •• 08 af proce •• lng. 
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CARBON WOOLf 
GRAPHITE/ 
?HENOLIC 

Mq3_ 

Repo r t Referen c e 

3~J -TR . 525- 1970 

BAJ- TR . 615- 1972 

AF=:: ~ . Jrx 

:):'i2 e t 5 

Synop!Jis' 

Descri bes tne evaluation of 2 cerbon wool/graphite po~jer/phenolic r es in moul~in g com~ound fr~~ an earl~e: e~ no= 
projuced mix w~ich had shawn pr omise i n static metor fi ring t2StS at PERME ~e5 tcctt despite i ts ex:~e~ely pJ:OUS 
nature . 

During t his developnent t he resin wa changed from the sy ~up ueed cri in ally to a powdEred ~o~Q l ~k to m2~e 
precon~ i tioning a t SOOC before rno ulo ng unnce se ry a nd th e r es in Cont nt v2=i2~_ Mi i~g in ~ 5i;~~ ~: ~2e ~ixe~ ~! 
introd~C E ~ and ~ixtn~ ti~e in this m xe r ~as nv esti gated . During ~h 5 part cf thg nV2s:ig e t~Jn · ~! ~a~ s~c~, t~ 3 

tne~e was a eri :ical upper limit to he amou r. cf mate~ial t ~at c~ ul o be mixea Effie ent1v ~t cn2 !i !~e j :~ u=5 r._: 
l ess than mi~ht have been expected fr om earli er work with a 3 0es~os fibres . 

F ormula~ion cnanges s tudi ed incl uced a partial or a comp l ete TerrG val of t~e ~r2phite cons~itu~nt as ~el! a~ i,:~~~~c~ n; 

various c ho~pings of continuous c ar bon fi~re as a repl ac ement for the c2rbc~ ~aol ! n;r2~i e~t ( nyfil fib~2 ~as JS2: ) . 

~SS2ssments of f ormu l ati on chang e was by a deter~inaticn of m ~ch e~ica l prape~ti ~s of mo~l~ed :est bca~~ 5 , s ~ ·:~1 2 

= o~p ~ E£sion ma uldin ~ tr ia13 end nally stat ic firing trials of e~d ~late ena bi as : pi~2 l1nings in t ne 203 ~~ t Es t 
m~tQ r a t We5 :co~t USing RD . 2427 a um ini sed solid ch ar ~2 propellants . 

Manganese dioxide ~25 introduc ed as an a~jitional fi ll er in the develc~eo for~ulation anD ~id not chan;e t he 
~ec~anic21 properti es of the mouloi ng sign ificantl y ; fi~ing tests were not maGe of ~h:s m: x. 

AS a continuation of the work at Banwe ll. ~ ixin g trials of ~ selec ted mix - 6anuell Ref P~_12~ - we : 2 = 5 :~iec =~t 3r : 
es:ablished that a L~d:ge Morton mixer could be us ed ~nsteed of e sigma blede mixe r i ~ 2=gE ~ ca~cn25 ~Ere ~e~QE:. 

Twelve entry cones fer L a p~ing nozzles were praduc ed fro m a larg e batch ~ix by CG~p~a5S C~ ~oulc!n~ as sno p e x~::ise 

into th e fe2sibility of using a mo ulding to replace the ~s u 21 en~ ry on2 ~nich is ~achined fr~~ a g:~p~ c p ~ef c ~~ . 

An X- r ay exami nation of th ose mo uldi ngs showea l ac k of homogeneity w thin the moulded D!~n~ befcre ~ci=~ Gin; so : ~ r ~ 2 

c o~ponents w~re selec ted en a casis of ' best to worst' scale far sta i ~ motor fi=ings~ 

It was unfortunate that th es e trials W2re not made, as i t hDj been c oncluded thst a ~oulding ~~~ ~ t be e~ e=:~o~ic 2 1:y 

attr ac tiv e al t ernetive if it c ~ ul d be establish ed t hat it perfcrmed ~8tisf2ctor i lv in ~ r~cket m~tcr fi=i~ ~ . 
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l xterno l Di stri bution 

Procurem ~ nt execu ti ve, 
Minis try of Defenc e, 
Propellant, Explos iv es &. 
Hockct Moto rs Esta bl ishment, 
Westcott, . 
Ayl es bury, 
Ducks, HPlB ONZ. 

IlE STllICTC[l - Uoh. EYES (8) 

For th e 8ttcntio~ of 

Supt.Ch emi st rv & /\ppUeu Phydc9 Div . 
Supt.So lid Prop ellan t Motor ~ 

Supt.Liquid Prope ll a nt Divi s ion 
Head of M Bteri~l s & Te sti ng 
T.1.8. 
He ad of Dr awi ng Office 
PS (Dev) /RI'''iE 
Ma na geloe nt Ser vices Group_ 

Defence Res earc h Informatio n Centre, 
Station Squ are House, 

( 2 copies) 

St . Mary Cr ay, 
Orp i ngton, 
Kent, BR5 3RE. 

Pro qurement Ex ec utive, 
Ministr y of Defence , 
P.E.R.M.E., 
Waltham Abb ey, 
Easex , ENg. l BP. 

Manag ~m ent Services 
Mr. N. J. Parr ett 

Cc!E..~_No. 

1 
2 
3 

4 &. 5 ( 2) 
6 
7 
8 
9 

10 &. 11 

24 
25 
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Heat insulation, Rocket Motors, ablation, linings, exit cones, 
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A surve y of mat erials th at have been used on rocket motor and BSSoclsted , 
~tOj8ctS, or have been considered for this purpose during the past 20 years. I 

I The information presented is summar i sed by 7 appe ndic es . 
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APPENDIX 7 
SHEET I 

ALUMINA-S ILICATES FROM MIN ERALS othe r s said to have f:bre forming ch~ra=:~ris:ic s 

I I I I ! 
Kaolinite Tailir.gs from Borax Kvanite 8auxite Chs~ate Silliman ~te Mn~2:~s::E 

A1
2

0
3

· Z5iD
2

· 2H
2

0 Dr. a r e fused "'i,th 31\120 3 · 25i0 2 I I ~12J3 · ScC2 
I Ilmestane an d c o~e . 

The resultan't I glas5~ I Bas2lt (~gneot..:s !"ock) r ---- I 
Holten ~~rifie d Controlled dehydrat ion 

is blown into fibres . 

Secrgia Kaolin Clay and re~oval of silica 

I ex:ruje~ t hroug h 
spine:' e ts 

I 

c:-:;;;~s:'~i.::m 

;'l?O _ 
- > 

SiC-
2 

Fe
2

0
3 

cea 
1\ 2

2
0 et c 

%ut 

45 . 1 

51 .. 9 

1 . 0 

G. l 

0 . 2 

:= n 0 .. 09 - 2- 3 
~;J tra .: e 

F ! Qc~Ced in :r.2 USA by 
Eaccc:k & ~il =ox Co. and 
i n tnE eK un:2r their 
licence b y ~organite 
Refrac:ari Es <Sales) Ltd . 

550
0

C 
2A1

2
0

3
·45i0

2 
Meta Kaoli n 

I 
MI NERAL WOO L 

92S0C 
2A1

2
0

3
· 35i02 

Tvp ical composition ~u t 

Sp inel Phase 

I 
A1 20 3 + 8 2°3 15 

51°2 42 

2A1
2

0
3

· 2S10
2 

CeO + F eO 28 

Transitional mullites MgD 11 

ll oooe I 
~ULLITES 

Pr oduced in USA by 
Borax Co nsoli da t ed 

TY;:Jical2.y 

2A1
2

0
3
·Hsi0

2 
Higher Sili ca 

contents than 

this 2:3 for m 

exist • 

G. Santos e ~ e1 at NASA 'Lewis Res 
Center have ex~lo ~ e d t he micro 
structure of mull ites. NASA repor t 
N. 73- 33479. 

CARAFEl T A~,D 
TH~~MOFL~X 

Typ ical composition 

Ca rafel t 

%utI 
Al ° !t6 .. 3 

2 3 
5i0

2 
53 . 2 

fJa
2

0 0 . 2 

F' e
2

0
3 

0 .2 

Produ c ed in U5A by 
Jahns Ma nville Corpn 

BP 495 654 .ssigne d 
t o TR Hac,;usn a on 
fib~e production 

I Typi c al SiD 

From bauxit~ 
Chamate 

content %ut I 
23 . 8 - 52.4 

59 

essentially en ir on. c31ci ~~, 

rr.2gne si um 21u~ino 5 il~c~te 

Fib r e produc:ion in USSR 
repcrt2d !n Cn2micel 2na 
Engineer in g ~ eus 1573 6 
157, . 

Evaluation prog~3Tme ty 
Su~ra~2~ i 3n €~ 21 ct 
~2sh i n~:cn StQt e L~iver

sity r e~crtE3 1 ~75 . F'i~rEs 
a:2 drawn f=o~ p:~cessej 
basalt in 3n alo;ou5 
manner to glass fic~e 

Rocksil rar.ge of build
r i ng products ~~oj~c=c 

frD~ s h o~t lengt ~ ~i~=eE 

in UK DY C2~e In5~ ~ 2tio~ l :o I 
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APPE ND1X 7 
SH EET 2 

ARTIFIC IAL SILICAT ES 
-- -1 ----------------- I 

. pbw 
rro~ alu~iniu~ grade al~~ina by 
f usi on ~ith ~nit e sand (sili ca) 
and fl :..:.x.es 

From Titani um slag 
by fusion t.Uit 

Silver;nan processes CHITCO) Produced from Silica 50 C e ~ Em ic Fi~r e5 ;.r:lcuceo 
Zircon 40 i n US~ bv ;.~S 
Amosite 5 . I CC:;:;:::;3ny 

3~~2X ;!ass ejdad 

I 
:1"'i~'R~ 
Sl"' ::!"t f :"bre I 

T V~:c ~ l cO~:~ $i:l :n 

So ut 

s1~2 47 . 2 

;11 2°3 51.3 

2/'3 0.5 

~aCi 0 _2 

Zircon (ZrSiD~) added 

Tvpica l mix 

Slag 
Send 
Borax glass 

pbw 
Alumina 42 . 75 
Sand 49 . 75 
Zircon 7 . 5 

F!3RE FRAX 
Lon g fibre 

Ty~ical composition 

% ut 

5i0
2 

45.3 

A1
2

0
3 

51 . 3 

Z"2 2 
3 . 4 

I I 
8A~ IO -ALur~ 1 clO I CAL CIO-ALUMINA I MAGNESlt.! :--1 

SI LICATE I SILICATE ALCMI NO SILI~ATE 

5i0
2 

32 );ut 5i0
2 80 \Cut I 5i02 

81 :4ut 

I A1 20 3 
a % A1

2
0

3 15 % II A1 20 3 
12 % 

8aO 10 % CaD 5 :4 MgD 7 j; 

None of these fi bres are known to have 
become commercially available 

Phenolic res i n 5 I 
f 

Material is moulced and 
th en curnt ou t atl E500e 
1 hour . 

resi n i s r ---r - --l 
for abou: I 

Produced in the USA by 
John Manv ille Corporation 

Alu~ina-~~r~!i2-Sil ieal 2; rcc~~'=~i~i~-:-

~S 312 
~lu~: n ~ - jari2 - 5: : ic5 

Availeb :e co.~7.e!':.ial l y 

in USA F eb =~2 ry 1 ~75 
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OTHER MAN 'MADE FIBR ES 
APPE NDiX 

7 
SHooT 

P.LL~: ~I.!._'1 ex:;) ::: 

P O~ U CE~ Gy s~v2r al 

f:'"e::en -: ;T,et:-::1ds ; 

t 2\j :'n=lu:l e 

: i ) p =Oly5~3 of a 
1y:;: ::, ;J= e c~::-s o!' 

~ x to 122va ~n2 
cxice fi 12~e:n : 

( ii ) ~ xtr~si~n and 
sin: e :ing 21 ~mina 

r:,:r2ta 

(ii i) ~ 21t crawing and 
2xt=L:s::':;n 

(i. .... ) i="::-cm v:E.c::!t..:~ 

alw::1ir.a sa l t 

--, 
1 
1 

I 
I 
I 

'P 
'1 
I 
I 

LO NG STA?LE 
BN FIBRE 

?rodWCEd in USA by 
Ca rccTt..!nd um Ca. 
Supp li ed in 5.7~ 
diaQ . f ibres 2 t o 
15 inch lengths 

I 
Produced i n US~ by 
Johns Madvi lle Carpn 

:::2 al L. ;:i::a 
31-"""3 ': "'~ ~ :: 2:1 f :. l:r:e 
~i2: . ~ = c:~cej by 
Ie! Lt= . 2S s:aple 
fi.j:2 :lr cc~ =e sse:f 

in:.o o!.ar:ke";s 

pr=o uced by Bayer AG 
25 S~l'l 0:2rr, . fibre 
in 32 C~ ~2~ . lengt~ 

Prad~c d experimer.tally 
2nd pu licised by 
Alumin will Co. of Am erica 
but wi hdrewn f rom US 
sel ling ~ange in 1977 

I FYBE] DOL I 

I i 

I
' GT~~~ cc: :n ".0 . 

~~J _ :~~;~~~ _ s ~ l 
- -R - . - - v-·- I r t." ""\ _ -::. I , _ ... .. ~ 

~FFLI ~T!C \ S -,-
P= odu=ed in USA by 
Carba~undum Ca. and 
availnble f r or:i them 
in the U~; it i s a 
17 inch lang fibre 
supplied as a bulk 
s t ap l e w~ich can b 
ccnv8: t ed ir.t~ bat 

Was orcduced in USA 
by Oupan-: as 
O.1/D.16~ dia~ . fibres 

? r ~ducEd in US~ by 
Carbo = u ~ dum Co. o~d 

supp li ed es felts 

APPL!CAi I G>~S 

PROBABLY \VE:...L 
KNo-,\ N 3UT ;,'l.E 
INCLUDEu FO" 
COt,PLETtNESS 

yarn 3 and ~oven ~B r ic s . 

E.P .l.2S6.S24 (1971) r efers 
(Fibr e drawn from 8 melt of 
f usibl e noval ak r es in i s 
p a ssed hr ough form61d~hyde 
vapour n p~esence of a 
ca talys whils t i t is heated) 

? rodu c tion ceased in 
1 974 

"C I. R~C .. r I . ~l _ ampos ltlon Q~PosltlQn 5 ~ ampDs it!on 6e=yl~1~m glasses 
1 I I i 

Availab le f r om Produc ed in Produced in USA E xpe ri rnen ~ al p=a-
B veriety of France by st . 2S 5994 by Owens ouctior. in USA 
s ~ ppl i e rs i n Gobaine Neui lly Corning believed t~ nava 
t he CSA, UK, cEased t~e 'to 
Europe . toxicity/li~ited 

EAJ - iR- 735- 197S de~ano prable~s 

! 

I 
I N YL:)\JS I 
.:t ::' E1:tg~ c~· pel : .}?! '$ 

~72 zv~~la~lE L~~lc 

1..:..:'::'2 . 
s.s e,~ ~.~J ~:: :T~ : S 

~=2 p r~~ ! ~ iy ~~ 2 

': ':-.;;10 r.~S t f:! w::.; :'r 
ir.S~: 6:::~) us~ ~l : y 

as ~QVE~ f~~~ i = s 

· 5 ~rveved ma t 9r i a ls 
eva ilab l e ab out 
1974 

ICARSON FiBRE I 
I 

[ 
AV 3:l ablB combin ed with 
sr:isll zmo unts of Boron, 
Pho sp horu s a nd nitroge n 

[PLUTON B I 
I 

I 
Suo plicd i n US~ by 1~ 

Comp any as waven fabrics 

I 

i -1 

i 
Avail able as t Ows t c.-:::o;: pir..;s 3r:~ in sc '"" c 
inst ances as ~2t f r em Giff~ :2 n: ~~e:_:sc:s 

i r 
PAr~ RHYC;;j :=!::h 

Pr oduced as High St~e~qth 
or ~Gd~lus or i~terlreC is~i 
fibres 1 ~ ~K, Germanv, J apa~ 

and uS;; . 
EAJ- TA - 302- 7S , 
8~~- TR-OJ6-75 an d 
BAJ- TR- 807-76 
Survey position in 1 975 

Ln icn ~ ~ ~:!ce =X~2 ~~ -~r:s _ 

arJ Lc ~~~~cnc :~J ~ ~:: :S' ~n 
C ~:~ U ~2 :~_ s :~ E ~:~ ~ 

of th i ~ tyee Lni :~ : ~ ~~::e 

~ ', .::i.:S 5 :" s ':; 

eV3 ~ lab:e v::,c~ 

~a~~~e~2 

s;:;u=:::es 
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