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Stl (M Y

The .--; t ;‘t - an .l.~ ,c: : : w •  i n  ‘t .i s r (.~M I~ t w a s  designed to (1) inve stigate
the s e v e r i t y  ‘f EX 43 : a ; r ~~ ,t- : and ihip damage cause d by exh aust bl ast during
t~~:4w4 :

’ and inadve t.ant re :itrai r e d RIM li ~ A miss ile firi n gs and (2) investigate
and r eco~~~eni ~~~~~~ ~~~ aMOUnt t ..i i~ .t~ ~e pr )tect ive mater isis t equ i r e d
to prev ent ft f i ! .on .n U .- imp i ngement area.

The pr .’~J rt— ‘.4 . 7 - ; f 4 , -~~..,j ~~ !~~~r~~ ,- ~~~~~~~~~~

~~~.. :• r\ - ‘ K - .- i ’. ; .  ‘ - : i ant’ t ’ .mt :Mpinged ~n the v a r l s .is
- A.~-i. r i- - -r: - .~ ! y f ~r T.. i n i  ‘f h.i~~’- t i als (AS TM Des ignat i’ r.

~
- used ~n .i sc:’’-” ~ p : - a t ” .s to •limi n ate un suitable pro—

t e c~~i v,- ~~~~~ i a s . Th;~ 
- . w,i~ considered iCMS severe than the actual

~~)trl r : :  ~~~ • . , . ‘ w~ - t  n ” !  ‘~~ iminate ~~~~~~~ ~i’: f . f , a t .-
~~ frc ~ con—

sider i’ i .~ n Pi  • - t . t  t r ~:. -r - ’ m at e r  ia~ s, w ’ ~ f f e t ed  sc-me poss ib i l i t y

~f su: .’~~-.ing • • ~- ume . we re •; . - . :. - . ‘.- I .i-; candidates for
p .  I I

P - 1 11 5 t!T~~~~
’ P5 ~

‘ ~~~~ ‘- iS ma c’ : ~~~~ .-.l”cted :‘y Phase I
e - ‘ ‘ .isin~ 

• ‘  V •~ , 
~c • - - ~ ~~ : b :as’ . Phi: ;.— III consisted

‘~ ii Ii • .‘na i ’ i ~~
.
~~- , t o  - i i  no1 i’d ! . iwa~ , aga -: inch ( 30.5 cm)

i .  1 inch (~ 0. ~ ~~i

I. Fr ir  ~i i ’ o i a ; w ere .s ~~~I w i t h  ‘he NK ~t r ’~~~.’ ~~~tnt S 5~~. i . i t 7 f l9
a : - . “.~ - 

- r I • i ‘n i n~~ ‘ ~ . r’ i n  . ~~ i t  ions ‘~f Phase I 11 . Actual
— i . I : 1 4~l • I’ i ~“ 

‘~ i ri I t ~ : we: p ~)n t 1 c ~ ‘- .1 i i  1 ri; t t w’ - mat er isis
• ‘ : - i l ~ r ’ ~‘ r  ‘ ‘h.v . X I I .

. ci i . “ i i .1 -. 1 0 .- .i I ua • . h.-~ - .i ni id a  ‘ mater i a (ol : r es i s tanc e
I ) : ‘~~~~ . .— • f lame .‘ ‘, ~..~~‘“ri ng capahllUie ’ and durabi l it y ...nder

ma • r a ’ -n It • 
• •‘ .. ‘f app it ion and r epa i r abi ii • y • and ava i 1—

~ ~~~~~
• -,

~~ i ef~~.’ ~ ,‘ - ~o - ~ - ,f 1l,r o ia.s . The f ’~ u :  mat erials tested in
P”ase 1 I h i:e b~~.n r e -  ‘imren-ie,I f ‘r t i~ h. r :.i lit  ri ’ ion tes ng for sur v iv—
at- : i ’ - . .i i i~~~. : l i - -  sh i ptw~iar

(s in , w . n f , noi ~~-a ’ . : , f r e ez i n g  and t h a w i n g . e t c . )
m l  iv :,i,i I o .’ .‘~ 

- f  ~ • a~ t i c  ~~
• .— ~.i , • on a n r s  • ‘vi’ r haul • and gen er  a~

vi~~ have i 1” er~~~ a i n ~ ef~~.’-~t n any p: ‘t o ’ ive material used on the launcher
base -

~~~ ship . ~ ure. ‘ ‘-.in~~ .’nt y,  a ne rien of tests are to be conducted
• iw- i- .~ 

p j . :  thc rpt , . -i fhr’ ; ion , v~ h :  a t  in~~, :;h’ek , the rma l expansion .
~~. F~ : .

— ~e’~~~s w : 11 :.. ‘ conducted aga :r lc t  the material after soaking it
i n salt wi t er • ~~~~~~~~ w h. -?n.’r ~. ‘ will ~~~ : or separate .‘xplocively
i -  a rer i~~l ..i .— r expanston ‘r i’ream pr essii e generated by the exhaust
he -i ’  i~~~~. ~~ .- ,:ts w i l l  t~ re pnr r- 1 i~~~;n ‘ -ri p .’ti;n of these tests.

Pha~ . : ‘e n t i ng  a:.’ incl uded ~n Willia m H. B.ar bour
in — 1 ’ ~~

. - 
~i’ 1 . - “ 1’:’ — ,  — . - . . ~~

. • ‘ •‘ 2 “fl Mi •‘ r ~ :~. , Nava l
Su: f a  - ‘ W eap .’n’ ‘ i’n’.’r Te’ hn:’ - i l  Report NS*1 ~~‘ 79—409, Dahigren, VA, (to
he put’ I ç,~.’
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IN1~~ DUC T ION

The RAM Launching System EX 43 ( RAM [.5 EX 43) is designed (Figure s 1
and 2) so tha t , depending on the elevation , the nozzles of the missile s wh ile
stowed in the launcher guide are within 6 to 12 in. (15 to 30 cm) of the
launcher base, or they are as close as 36 in . (91 a~) to the ship  deck .
It is recognized that rocket motor exhaust plume impingement is a major de-
sign consideration of all missile launch i ng systems. Even though th is  pro-
gram was direc ted at sa t i s f y i n g  the RAM LS EX U requirements , the data are
considered applicable to all system s using the Mk 36 rocket motor .
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Figure 1. RAM Launcher , Side View
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Dur ing the se lec t Ion - f  h:~ .ah’.iit’:e rr .a ’e r t , i ln to  tie tented , many can-
didates were found that —n -i ’

~ l be - 2 t t l i 7 e - ~ f~~: p r o te c t  ion from extreme heat.
However , high temp.r .a~ ri’  is -~~~~y p a r t  of the ~‘r”~- lem . The aluminum contained
in the very h. ;h_vr i w - i !y w~~. e t  r~~’t ’ -’ r gases conp xinds ~he e r r o s i v e  e f f e c t:;

o f the high—tempe ratur i’  i-i n f ~~~~.

A sea rch was ---on ! ; c e f  t ’’ lo c a t e  rrri ’ .-’: i.a li “ .it coul-i withstand rocket
motor b1.v~t c o n d i t i - n’~.. Sviip lec . 1  candid.i ’’  r r i t e i  ials 4 x 4 x 0.125 in.
( 10 x 10 x 0 1 2  ~‘11L we re  inc-i in an ~ni ia l  -~x :-arety1ene scr eening test
(Phase I) . Cost irad if - - nen- .’  of i ’I ’en t ~ ; nrc ip.a i~~n a l  Saf e~ and Health
A d m i n i c t r a t t o n  ( - ~ SHA requ1.ation s~ w e r e  also consic )erat iortn . f4 .a ter ials for
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TEST DESCRIPTION

The • - -  ‘
~~~. -ie:.nrihed h e r e i n  have been sep a r a te d  in to  -i r oups according

~~~ ~~~~~~~~ ‘f the ab la t i ve sample f rom the rocket motor nozzle and the
angle ,it -ah~~,-h ~~~~~~~~~~~~ plume impinged on the  sample. The ang les noted
w e re  :n.- i -  : 1 . 1  f rom .a plane pe r p en d i c u l a r  I ‘ II..- rocket motor p1u~~ (F i g u r e  3 ) •
The r ocket motor hi m t  mmp in~~ement .an-~l.- -; and -I istances selec t ed f o r  th is
test w e r e  based on siluatton s that could occur in nor mal elevat ion angles
of Ii ~:;- h

I. TI s- 6 in. (15 dr 900 c i i n I i t l - ’ r- ~~ iu l.i s imulate a high—ang le launch
wi the 0 -

~ exha ust impinging on ‘hi. - .ar i .a-~ e base r ing

2.  The 12 in. (30 cm) ~2 . 5 ° and ~~~ in. (9 1 cm) ~ c Q 
condition s would

simulate an impingement on t he launcher ;t ,a ’ ’I and t 1e deck ad~jacent
• - the l,a~incher .

3. The 36 ~n . ~~ . n a r K t i t l o n  would smm u lat ’ an impir ;ement on shi~*oard
•~~ :mpne n mounted in close proximi ty t - the launcher.

0 50
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Pu ire 3. Rocket M - t ’ir Rl ,an.t Impingement A ngles
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SAM PaIS ~O. O M P A Ø I S , ” . III ? ( ~‘.~ WI U )  1611*. ‘‘I’M YMI *4 - 1* 0 4  h A t  ,MPI’.OIMIN! 4,004-4-. INO*SII4-d *4,0K!
ç a a , , M’ . ’. OS 145( 4- 64-! A C T U A L  M A T P R , A a  *4,04-I ’S *,41-t *4 - I  ‘ . ( f T  N04-MALL1’I D

F i q u r e  6. Various Si7.--~ of M at ” :  i i l~~ Tc-~~t ’d
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T it le 1. Rocke ’ t’k tor 1-1k 36 Test:;

Relative Performance
1.Ocatt on  M ,j t ’ - r t . i l  Mass Loss Recession”

1 f t  (‘~l.4 cm), QO 41—N .1.a!’.l’l.’ 1) 1.0 1.0
41—N :;t~~p lo 2) 0.95 1.11

0.30 Burned Through
0.17 Burned Through

F R— l 0 .4  1.07
MXBE-350 — -— 1.26
MX II — 360 1.28 1.11

0.61 1.58
Fo n 1;:-~ ’.’ o  X f( — 1 1. 35 1. 18
- ( ‘ : r .in M.m ’’’ r i a l  1.24 1.04

Stee l 2 . 0 1  0.91

1 ~ t p0.5 c m ) ,  90 41-N 1.0 1.0
0 .3 0

FR— 0. ”~- 1.07
M) 11F1-: — ~~0 1 .3 0

0. r q

0 .~~ R -m rned  Through
1.29

~ . 11 L9 5
1.1 5 1.34

f l i 4 -- - ’  Q . 7 A 1 .51
FR— ) 0.~~2 1 . 17
41 N 1.10 1.00
FR—2 1. 0- -~ 1.98

0.91 1.83
2 . 0 8

0.5 ~~ ( 1 5 . 2 c m ) ,  ‘~ 0- 41 - N  1.0 LO
MX1I(- - 1 3 - 1 0 -  1.31 1,38
FR— i 0.42 2.13

2 .~~2 1.72
0.~~ 1.55 

Ma ’’-: i a l  1 . 2 4  1.11

tC-i ~~ i ir ”  r - r ~’ - i ~~- ’ (  ‘ 1 2 . 0  x 12 . 0  i n .  (30.5 ‘~ 30.5 cm) sample.

‘‘ ~ -i 1 :~~o l r r - - i t o r than 1.0 i n l i ; ’.i r’ t ” -’ t t o r  p e r f - : . ,mnc o .
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‘-‘A ’( I? T , \ ’ . - HM~~ ‘:‘ :i~ 1 1 T 1  -s

,- :3 - i ’’-: ~.a15 t,’:; ’ .- ‘. F:;.) the p- t I n s - n t  ‘ a n t . ’ nm-..i t Wfl - - n - s t  n ’an~ each foli ,w;

— (1 .a ,‘ ,- -C ‘ . t~ os - In ‘.s  1 ’ -: - 1 - . , W : 
~ ‘ 1’.’ 1 ~tU  i t s ’

- i i - - — :  4I ‘. :13 .1 IC: I. - - a - -  tI le-cl - a - - ’~ ~-~os ’ n- - 1 - - -.ir ;a.’’ I’ ,a : . ‘‘ - t ’ ~.a: , the
- - ‘- n i  1 - - . ‘a S ‘ CS ! . -:  :- . - , -a I -a ’ : . ((,i - V - ’’ 4 - N was ~is- vs - i -pc as a re—

- :  -~ a - ‘ — ;  4 ’, ( ~ n ‘h ‘ -a ‘ . ‘~ t i: . ~- , - : .t  C ) . I ~t~i - - .-d a cta.a t ied
C: : - ‘ ‘ -~~n- - ’ ’’~~a’  to t • -  - - ‘ t I l l and s ’x t . i b ited  a .‘r r ’,’ , ‘~~ .ta Ii’. a - - : ;

-, — _ ‘-: — 
~ , - -  ‘ . ‘ : :  — , • -~ :r.,--~ — 2~. : -  Tni t I~ I .s - -_ : -  ‘.‘,.t 

~
‘ h,ii 1 . and 1t i a  ava a I able

~~0- (~~ •‘t 1 ‘0-,  — - : 0 - ;  —

.1. “ .‘ (l- - ’ u ;  i’: i : a ~~’’ C : : . ,  A ’ a n r. l , Mi : : ’ - :  ‘ -a

a 3’- 0 s , -t ;’~:; ‘I :C : • -  - - 1; 7’,I s ’  a at  t. a ’ ‘n’.~~t : :, 0-k i 11 -:3 1 ~ 1’-t and ‘as
t o  -~~~~I ! : . - ’j:; .1 . r ,a:.t r o r : en ’ ” t , 1 .1:1.~’ , : ,  ~ ‘a ber mat. it

~.i .‘ - :0 . ’  r — a 1 ~~-.i - - r 15’  1 Cs -
~ in nsu a ’ - :  . Tt. is n - a s- ‘a a produced

i - t . -a : ,‘- ‘‘ “ — ~: .‘ ‘: “ - -  — .1 - ~, a ’  ( - : t I . a ’ . - ira C ti : ‘w. t a v. r ‘j I -

a t  1 - - -; a ’ • -  ‘an a l l  ~‘t . a ‘-5 • 0’- ‘‘ :0 . t a  d r.i t er ‘a a 1 ,
- - t ’ I ’ ’  - an ’I a ; :  i . ,  - it t ’- -~ r.I’3’ an  p : s - t - - i - ..’- i  - - - ‘ ‘ : -

3 ( 5 . - I  3 ’ S : ’ . F I I : 1 . - ‘ p . ,  W ;n 0 .I , ~~~~~~ - ‘ .

150 , ~ s~- :n — .~~ ~‘
- .~~‘ - ‘ , :5 a : at t-.~r— ~-. .ii ‘. ied a l a : ; :; ; - t s - n - l ic

‘.a ’ - - : i l. 1’ ~~~~~ I’ .’3 ~~
- - - “- - i i  ‘ 1: ‘‘‘!~ . - ‘ I ~.’:0 t a n ::. :;.:1.-at ,)( anti sh~~ ed

.1 ~‘ — ~‘‘ r a  ‘‘ ‘I i ’ ‘C- . ~~‘
, :t ; ‘ -

~- : - t . ’ ’ : - - ’ - -  • 71- ’ ’ : I .  ‘- - T t . ’ a n  -‘. t !  ‘r i a i  ‘as
al  so v’’:’, :. .a: I - .‘‘ _ - .‘ ‘‘ — h . ’ :  ~t .  a t  t w ’ ~ -S~~. - I 1  ‘a ’ ’  and a I :  1~ 

- -

s a .  a 1 a: - ‘‘ - ‘- I’,’ in  , : e - 
~~ .‘ - t S’’ - : 0 - -

4. F’~’ — I ;  F l a t ~‘ a~~ ’ - r 1 . a ’,: - 1”, c _ ,  “ a ( ( a t - : - t , Mu: ; . ’

I: I:; .i0 - , I t l .’, l V4 -  0 - 0 - i t  ‘- 1 131 af l i  a . - . d  S i l t  .0_i

i’o : - ‘- ‘ n - - I  ac : •‘r, In . he i’~a 
- ‘ - i 1 :s a l S o  ,i’.’-a ‘a 1 a: 1- ~~

- :0 a ‘a ‘n ‘abe r jo:; i ~m n a t  r-d

- . ,. . _ . i ”s u in. ‘ a ’  i u  I a n t  ; ‘ t . a d . a - -o.i a t - a r r ~~i ‘ - f t . ’ — t  
- i ‘ - a - i - ’ . - : t - 1 . a - - . T h i s  — a ’ .-’ r ’ a .-al  :1t . -

~~ - -  : a r e l a t i v l ’ l y
a s I i ’ m t ’  r i ’ I n  ‘~~~

- - ‘ ‘ ‘‘“ ‘ p er t  - :  “ .- - t . .i ’ o - a i l . u t  I ’’  ‘an ; - r s ’ a’ - ’:med - ‘ - -  ‘a r.:- ,
a — , x • : .-  ‘ - - - an  - : -w ” ted ‘a n ’ - - a r - - a - -n . ’  -~ - : I ace , - m a t  i n  a r i g i d

5. FR— ; F a . — “ a ’ ’ r ia ls C - -
• , R a t (a’ t - :  ~ , ‘- t a i n t ’

- - c i lbon . :  “ : s  :n l ’ a c - ; : t ’ . . 5 t h - a  ‘an  FR—I. It a s -  an
-i l l  a’ ‘a ’;~ ’ —

~
i a - - : al a’o i i - ’  a’ -a ’; a n n - a lit - t  _ 1’ t- - t  ~ ‘t’.t a - ‘  - t ed  , - t  i o t

w 1- . --’n —‘ xp- .‘-  a - ‘ ~~ ~~ - - ‘ : hi - . This a ‘ I  :.i l as i’.’ . i i  l i t - I t ’  in
- .  t ’) r . n ;  ‘a n i m .x - h i ’ C.ifl ~ ~ ~~~t ’ ’ , P ’ ( 0fl - ‘ .a - . :hc ’ ’ . ”d r- .a r face,

in in -a r : a u

1 ~

- .  ~~~~~~~~~~~~~~~~ - - - S -- -- --S--S- - - - - ~~~~~-



_  -

6. FR— I; Fibe r M.~t ,’r i,,l:;, 1’ :. - ., (~ I - ( , ( ’ ’ I - r - t , M , a ’an o

FD—3 1:: cci~apose-d - ‘ !  ~- .at  - -a : t a t . - :  preform , i :; r i - - i n  i mp r e g n a te d , and
is vacuum ~‘aSt . It ‘as an it la: i ’ .’ t -  ~. i t s ’ r ‘a.a and acts a:; an ‘ a n n - j I _ i t ’ r  •
mate ri al showed a re1a~~ive1y low , t- l . a t ion 3 - a t o  and is a v a i l a b l e  only In pre—
f o r me d panel s .

I~~FG; F’ahct Mato: ‘aals In; - ., B ’a .i.lo t ‘Ni , Ma i ne

1~~FI,1 15 .1 c a r t ~ -ars n a rbo n  cosa p o s u t ’ a - ’n w i t h  t t ; o  t ’ . . ’ :ma l c t a : a c t e r i s t i c - s
‘t a .0-’’a ‘ c t - ar . I t  is a s ; a t - l ’ a m ’ a r a -a t ’ ,’~)0 0 - 0 - 1 ! s ’  ~~ii~ an’l ~a”i ’a( a very low
:; a t J  ‘a lt _ i t ion  r a t . - ’  wtaen ,-x ;- -’ ’ns- ’ t o  t he  - a~’k o t  rr, - : b l a ’ - ’ - However , the heat
tr a n s f e r  cev’(t’icient i n  t a - i t s  ,and ‘h e  ‘ ‘ - ‘ ; - . ‘ :  i t - a r - ’  r u n ”  at  the m ate r ’aal—bac kpla te
in t e r  face- :s an , i , ’s  1: l 1 e :n ta ‘a ~ .a ;- ~’ l ’ a . . a ! on

8. 3—0 1 3 1 !  ; F :t --: ~ a s Inc  . , P:  - ( - I ”  t o r - i , Ma in c

1— ~ ~‘-.:.art z :5 .a ! h r e e - t a ~~.’n : : 1 - ’n.i l l - a _ i r 7 ( ‘ a l _ i r n e n t  weave a ’r -anated
w i t h  :‘h”0 -~~l ’a c  r i - s i r . . I ’  a ~~‘ 1 t i nq ‘ - .‘1a-- ’  . a t — l a t i v o  lt.” o r ’ a . a l and ti ,a~ the
hs’rma l ‘ h a r , a :’t. Sr  : n t  a - -s -a l an t n r ~u i . i t ’: - I t  ‘ ;t . - ’~ ” - t .a v o : y  low ablation rate

*.-N on s’~~p - - a n oai to ’ .a ~~~ . - - ‘ ‘~‘ ‘ : l i s t . r’ -- m a ! s~ r a .a I i:; ve r y t , , i r . t  and in available
an l.’ : n  pr a- ’ i ‘r1r9 ’ t Co - !  a - - a r ’ s .

~~~. M a : ’v te ; Pr,’’;s’ 1 - ’  ~~: t (  - - ‘s , I rnr’- ’ -. -t -~~- ,, ; t .  ~ ‘‘- a : - : , M’ann o;a t ‘a

• : “ IC an t’
~~

- ‘C : C . 0 - l  - -  r o  0 - S I n 1 1 it ’- ~~ i ‘ to t a  : s ’ - !  s: Ii ca , a r - i  : t  car.
be _i p~- a l ’ a e d  t-’y pou r ‘ a -- a  - a r : ‘w’-’ l I ’ ; - C .  I ’  a - ~ t t . .’:r.a ’- ch a r . a - t o r  a ” - !  a c - n  of
an ‘ a n n u l  a t  or and oxt - . a t  a ‘-‘a -i a ‘ a t :  at l a !  n: : a ’ . ‘.a’ • - n  C X~~~OSC-i to a direct
I - - a ’.t’’ ~ . ‘ ! r  t I _ _ s .

10 . ~“.‘ Ia :  a F. I. ~~
- :~ 

- -
~~~~ N.--a :s & Company

The ~~i e : ‘a~~~ o - ; ! ,’ ! : n  an a: I - a ’ ive :-a ’ - ’r i . a i r-I’n ’. a u n a n - ~ K e v l a r  29 c l o t h
w i t h 1 - e : a ’. a : . o r. l - A 4  :“  n , •I ’  :~~ - :  - . - : - . t - ’.’ wei-~’. ’ - Th.~~s m a t e r i a l  acts as

ar_ s i n~~.a 1a ’- ’r  a rxl 5Psow-~~t -a h i a t .  a t - l a ’ 1 - ’ C -  r a t . ’  ~~i t t ;  a c h a r r e d  ef f e c t  d u r i n g
.a ( ‘ a r Or ’ r - - a -~~ e’ —a - — :  1 0 - s .

i i .  Hi’ ~~
-a w R e f r a u l ;  Hi’ ‘ , Dc-fe”. --.’ Pt- s . 1- a ’ - - ’:’ f l’a ’,- ’ a s ’ a - w , C .a : 1r’ rs ia ,  C a l i f o r n i a

Tt-.v’ m a t e r i a l  “c ’ .’ ‘ -- -- -_s • a i n o - a (  30 11-a p e : -.- ’nt  r e s i n  by weig h t , 3.3 a

~- .‘ rcent  ‘xala ’ il.’ - -cn - -_ so- - !s , .arx1 C . a r r i r . a .- t R e f r .-u ’-.i I o ’ I t~ . (t h r’  R o i r — a n u l  cloth
i s  a r e fr y - ta -a r’,’ 13’a 0-. ’ a - S’..i a n  ‘~~ ‘~s !  : 1—  f - r I r ) . I t  is  an i r , n j l a t o r  and had a very
low , ahl  ~~l ‘a rwa I a t ’-’ d - a r  an ’~ the  rocke t  — - a t - -a r i ra’; ’: n p-’rr i-’n t  ; howr’v r- r , some de l a m i n a —
- : - a n  occur red a~ ;e n t - a : a 4 -- - ’ ‘a r t  -a close ;‘r .xi m ’aty t -  t t ”  :-x ~~ot  motor nozzle.
T h i s  m a t e r i a l  (a ’ :  t e~ . t ” - t  ‘ a n  i v a i l - a t 1’- o n I ,’ an . p r — f ’ -arm e d  s e ct i o ns , is very
‘ a r t  a n - I , ‘as  d u f f  lcu l ‘ - - m a c b a n e .

12 W P1-l (F on Iu-Fv r .’) : f l e ’ s ’ a a -. ,-’a-i C~a n c a r ’! o n  Cr ~~~, Santa Fe ~~rings, California

T h u s  ‘as  an .at’ I .a ’a’j -” r - ’r . - - : o ’o - - t o  of m a t e r  u a l  and a c t s  as an insulator .
P ahla t on by a -r.-- P a r a q  p r : ’a .’ss an - (  h_ i s .  -a —- a ( ’ a u m  a b l a t i o n  r a t e . WA— i
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is not  l i . i i ly  un.’al , i s ~ Li; ’- t a  a ‘ t o ”  X t t — l t a a p - , - a ’ . F on dau—Fy a a ’ can t a ’  applied
1”’ n orma l - . - . - n . - : - ’  ‘ -  a;’;’l . a a - n  me ’ - .1 .  -

13. X13— 1 F’ -a n. ( a— ~ ”.’ t , ’ ) ; Il- - n a  ~n .- a I C o n c t a ’t s - ’ s  (‘ a , - s a n t a  Fe t ;- r in g s , Cal ifornia

Th i s  r i t . ’ r u u l  a c  rs - r : L u l l , ’ J s :o a (  as~ -a ‘ - ‘ i  - ‘- i ’ 1 - a r  t a ,, , a — 1  , a f l i  p e r fo r m s
a:; ar. u- ’ ’. .a i t :  . - :  - Th i s  - ‘ . t ‘a ’ s - i  a 15< ’  .at-la a, ’ -; by ~a me l t  a n ;  p r - a ’~~ss and ta ~~’~1’ at
a lo’~~- at  l , a ! ’ a ’ a_s : ‘a ’.’ . ‘ - ,r- - t e  a : - ;  1 1 5 - a l  .in I -s’- . - ! h . — . ( w i ’  a t : cawe l or t b at .

14. r~’.-n , a ! t . a ’ : s n E—~~-i s ~‘i a -  ‘- r  C c : ; - ., : ;— ar ,  .‘ , a l l , ’ _ s ’ , C . I ’ a f ’ r n u . a

a a n r’’~ ’- , r~rs’ :; ( i t  a -a: a - I l - - L ’-  rn_ nu t a ’ . 1 a ’: , F— ~ 4 O war-  u : s .” l  a n  l i o n  < f ‘ t a
t- --- 3 .~0 , a.-t ’ a s t .  a . a : .  -; , ‘ . ‘ . ‘t . ’ (  u :  u i o , , a l ’  . t  ‘ ‘ ; ‘ . ‘ ‘ a , a l Sc: a - n a n - ; ,  t - 4 - a ,i a s o  -t
!‘s’ J f l t . i V °’I l t - i t ’ ~~. ‘ i 5 ’ - ’ i ) - ~ - t . u : . a - ” ’- : ’ a  ‘ a - - s i-I - ‘ 0 .  F _ a 4 0  ‘as a t~~ —pa rt
.-‘p ,-ax-.’ --t u ;” I ,r’rr ;aa ’-: ’a I ‘:0 w ’. ’ t .  ‘h -  l t ; . - c : _ s . , 1  h i :  a - ‘ - - - isa at’s - ‘I _an ‘ a n ’  u l a ’ - :

E” 14 ’  ~~a ‘;o- . a  t o t- . t O i -  - s to a a : .  i t  I a ‘a - a .  r - a.- ’- ’ o x ; - . a t ta ’  - .,—~c a ’ t  r
- o a r :  I — -  t a ; :  ‘t i : :, -  I ‘an -

~ : - - ! -r r r rod  :o - ‘ ‘ a 0 f l 5  -r a n  a n t a x t : a : e  t o  be r - w a - l o t
‘c_s

15. Im - a i — 1 0 4 ;  — -
~ 

. : - - -, --a. - ;  ~ - r ; - . ,  M : , 1 1 u o t , ‘-‘, c t o I a t ’ :

-
‘ - — 1  4 ‘a s  ,- - cr.’,’ - ’ — t  ‘ n a 1 ’ a  c-c --at’ ’, - a t a t .-’r a . - :’ t l : a ; a ~

’: a - ‘ - ‘ a t  a - C R  ‘us ’ a t il l a’

I! ox t a t  ;‘ ‘‘ 
t. _ i ’!.a !: . - t s - I  ‘‘ a-’ t ’ ’ . - -s .. ; - .’ — :a a -’ ~-~ e ~

— a — 5 t I_ i - a . Tt as s

- a a .  u s  a:-. i n s - a l t ’ -: i n - I  - -
~~~‘ - :  a s_s ~. l . ’ : . a :” 1 y ‘ ‘a a t a ’ ’ - ‘ f , ‘u h i , a ’ a - ’” when

- ‘ S  - -  - ( ‘ a s  - - - - 1 Ia ’~~’ I - - 5 ‘ - “‘‘:0.’ 1 0 - t a -  -o-~ a ’ ’  r~~’ - a’ 1 1.- a n t  . 1• ‘ a S  a l ox  i t -  I t a
Ia’ a ’ ‘ - ‘ a a ‘a - m u  ct:. ;.- 0- -

~~~~‘ I oat - :  - - : ,a’ . ”a ’~ v- . ‘, , n ’ ’ :  i s  ‘c  ara’~a ’ p n. l a—a t p: I -

- a;’;’l . 0 _ i t  ‘ or-a ~~~ ‘l-~~~• ’’ 1 . - ! ‘ 0 1  ‘ ( t o n I  an .

- ‘ r i ’ :~~
’ ‘. -

il _ s - 5 a’ ira’ • s i-o fl I ~n. , ,a 5 - - - 0 1 1 l ’ i r - . l  0 - .  a. a - - oIl-p t ” ’  ~, j  • ri- lec t

- 1 :  a: I a i ’ ,” - ‘ i ’ - - : ’ a a l n  - :  n’ - x~~’- r . s - a ’ : o  e’:_i I ,u.a ’ a a ~ ” a. Tta a ’  ra’.,a t e r a l j S  se l rr-- t a- t

AV~X~ 4 1  ~~ r 2 J - - - r  Mi ’”: a i l s  I n s — . P t - - I ,  F : t  t ’r  i t . -  - - - a ’ ; - , ‘~~B— ~~
-a , and a ’w

-
- - :- : i n~ a 3 — ~ - 4  , , ‘ a  ;: -a ;-~- u ’ 0 - ; t  i- r n .  ‘ - i~~o r : a 1 n ~~ ‘ h i -  S uh ) P C ’ i--t  - - .1

‘a ’-’: a.~-’ -; - t  : r r ; - a . n a - r.~-:: ’ . 5 -  , a.’t ‘ a - ’  i n s - I  s-t o - I v _ i :  i —n a n a ra-a - S a n . a iomon. t

-i n, t C s - ’~ a n a l  t i s  a::c.-5; I - a’’ -— - - I a - ,- ,~ .‘ -  Iu ’ s  u ra- 3 ~~ ‘ . 0- i~ ’I r , ack a ’ t
-i-. ’ -:  b uj r n : r ;  an I t 1 - ,’ - u w a - , - t’oncl ‘ 1 - r n . t < .a a we: .-’ c c ’i I . - ’ o . - r e l a t  ; - ,- ‘-a ‘ p r o s _ s n -  a r t ’

_s ‘ t ac t :  ‘ f,ar~’a , ‘. - , : i t~~~r i -  - 1  ~~ ‘ .-  r a ’ a t o r i , a l - c -  ‘ ‘ -  t i - —  t a ’ s - - , -a ’.’.— r a i l
u a l  I n c , in I t ’-~. !h : 1  ‘ t a ’  n - a x a l t ;c r  ;. - - a ’ ’ r a t  a - -:: an ’ ‘ 5 - -  samp le. ~~.o r.a-

- a we ri- u-:o,l ‘ - - r’’o.a 1 1 a - a ’ -. ’ n : . . ’ r  ,5t:SV - - an . -  - r  a ’ s - - a : ”  - - h o  ~ o s: .arr-p I a ’ ’: we~
p

C a pi-C I -a ’ - t o  I ‘ - - - ‘ _ - I - I -  I . o - - f •n ‘a ’ : ‘a a -,.- .i .aso - a ( -a — e- -.’.i I a
b a r  c i :- - I a t a ’ ‘- — a ’ o: i i  i n :  ‘ - a  Cf’ m a d  - - - app a - 

‘- , i- .i :;t’ Of t i -p a i r
Wa” ; a ’ - , ~ ‘ I ssa a tY pi- - ; ‘ .a : I. 1’ , .-- ro n  a l t ” of n i r a  o v a l  1 .1 ’ a - a r  .aro - l i’,-r- n in
T- - a t o - I e  4 .
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Table  4 .  ~v a 1 u a t ’ a - a r s  of Phase III Candidates

Map a S .. ! la ss ar’4
tact pit Cos t of las.

D.ptls Wi iqht Poura.1 Ap~
,1 ‘ac-at icwa of Wor.a i I s.d

Mate: 1*1 - ,i a~~~ ~x : •  x 4 •  -~~ N 
~~2~ i1_ — 

T a - t a l  
- -

Usv.q 41-N ‘aO 0 io a 5-.. not. 3 iSO
F i b a r  Mat. : 1.1. r~- ’a  10 ‘a O S ‘aD 5. ’ riOti 3 2 20
F ’ab r t ’ a t .  Pa N— 1~~C in S S 3 5.-. n , ’t e  I 1 0 - .
Da~~ ~‘.a r n i r aq 9 a -  1 0 4  a, a, ac S.. ~~a.  a is.

• IS ~ a ’ a S ’ a T a ,~ ~ 3 c 0 - . - :  • ‘a’0-~ - 5 , 0 - 0 - ,  :~~ ‘swap , ~~~~~~ t s_s. ‘a~~~~ g t.p ’, -. f th  v p f u o . j p
.wa ;  ,.at :. ‘r’. t a - a  - a s  t , - ba ura.’,~..a I Ia’, a - S I  ,.. ; U ,s • a rio r S.a ’a u s  I raq t i c-to ,  of • f . ’ aa t  lv.
15 ,. a ‘*‘ u’ ’ was sa p a ~u r-a . I t - - , . 0 -  a a ‘ ,.‘ cs ’ s .a~ 10.-a p - a  a a t act . a.v. a rio t -
sal:s.,t t a -a t _ s a l ,

WaTt : ~~.-A 0.. A-a ’~~ 1~ r~.j ’a*s;

‘ a .  & 0 - ~~~~~ gas. a !  c-oa t of at- ; I l - - a !  a - ‘ I s  ~~~~wPaa t  5 . t O . ct i v .  and 6s’p.rad,nt
a -a.’- I s ! . ,  ~~~~~~~~~~ t . - t - ” a ~~~..- , a , !  . aa .. i t  as r. ..’ •vaS. aa!.cI . r e l a t a v .’ a y ,
a ;  - — a w a l l  0 - 0 - .  0 - : . . . : c~~~’asa : l a .  a ,  f a  a - a s  a.: a p a - a l , -  a ” 0 t a ’  ‘a D  v i t t a  10
ba arç ‘ ,‘a :-.-at or ~~~ d.sa : a,’ 1, .

0. &a ‘a-. -’ i- 41 -N and ~~ N Ia,: - s a c  ~ I i.! ~‘s.ia. a ~~~~~~~~~ an.! , I .v a t . _st tssp .rstur..
•~~~~ .‘~~ a - !,~~ !a.s w a l l  ba a.  t . - a a . - ~ I - f 51 a a c a t .  t~’a p . r  a- ’n s t ’  ~~
c’.~~~’-0 - ,! tc’ T I .  . a , r s : .  ‘as . r ’ - a .  A ~~l 5 ;  I. — ! - a a - - a - t - , . a-. pe ’x’.dur.
i s  .i.sc: a :~~~! a r, a t.  Pit 541V3C-A’I’ ; ~. a.- - .  i - a -a.--- -! a ” ns r .-~x-’ r t  f o r  f at’r uc a t  Ion
of c-a. y’p- a. - S- a ,a, p . a” a s  I s  - t  r wa s c’’n s o1.:..1 ‘art t ,  e v s l u a t ’ a o c t  of
.5.. •ra.I a- - - ‘a’ -f  sp~- . a ’ oa.-a’.

3 ,  k—a -f 0- I . .  ss’.: a s ; .  - a --  t~~ r .paar.sl , it 1.a s t  act a tas~~ar s r y  b a sis , w i t h
9 1 -  I.~4 a - - - 4 N . P’~~- a. a’a- ’ Pa?.- 11 -a~ t~ spa If.’! a-a.- a r i ’ a s t I , . ’ ay  p.r *sr*nt
b a s i s  w~~. 0 -  Va. - - S” a , ‘‘ a. v a l s q a  i s. :  a—. -! f - a  .as. of r .p . a r  • in c’~~ -a-
pal. ,.” .-~~..; f a  a l l  f - ,: 5 , a T . f i a ’a p ,

A s I t o s ; e -~~a . ’n t  : 0 :  ap! :  -al • ‘-n ’ s: w i l l  1w’ : an , and w ’ a  11 lw-a documented when
- - ‘ra’ p la ’ t o - l , t - eval Ia!- ’ t h o n ,o I - a - a :  r a ’ a 0 - e t  a a l s s  r i - l a !  i v a -  t o  t h o a r  b eh avior  when
as ;‘ah 

~
‘ ‘‘ . -  ‘ - t s a- r ‘a - a :  as -at  ‘p s i - i - ’  -s t  -a a’ - e x;~ s a t e  ( i - e • , n w—a , salt water

o- a a I  I , t r a f  I ic , - - t .  a - -. , v u ~ -a : -a ’ ‘ a-- ar , et  ‘ .)  -

REC(~~~ ipt4~~~TI  a INS t

A-; ‘ t i ’  r e n a l !  of the t o a s t  an- i  pr-~ ira~ - i c - a s c r i b e d  here in , it ‘as evident
t h at  t h e r e  ‘as  t~~-a l ’ a t t l e  ufference ‘an t h o  abla tiv e p r o pe r t i e s  of 4 1—N , FR— l,
- ‘ a hV(B—~ - ”Q t - <  w a r r a n t  re -a -ir~a’onding --an’,’ -- no - a !  the !hr-’o m aterials over the

- a t h ea ’  a,#° . However , t ’.-’- .’ a - .a sa-’ of r a ’ s~i l a o n a ’-3- after cu r i n g , i -a s- a’-’ and cost of

app itcat ’a- ’n, a n i  a-’ -ur o  of r epa i r , FR- I .appears t a - a  be the most prc~iuising for
t h e  - ; . - a l . a t i o n  t a t t:o b l , a a s t  i r n p ’a n q e m e ’ -t p rob lem on the c a r r ia g e  b a _ s e  r l nq .

he b a s i c  of t h e  h a - ih r e ce ns i o n  t a l c  of the ~f l - I O4 m a te r i a l  d u r i n g  restrained
a n - I  f l - ’_ i w a y  rocket  motor h I  -a -  ~

‘ , it  wc~j 1d r -an~ l a s t  f o r p ro t ec t  ion of the
t a _ i n c a ’ ’ a n q a  hc -~~e’:er , r e s ’ a l ’a e n c y  after cur ini , ease and cos t sf a p p l i c a t i o n,



-- - - - - -- -- -S - -- - -- - -~~~~~~~~~~ - - — - - -

- at a- ’1 a i  ‘a a I i - t - :  ‘ a - 104 a-rtn t or  ‘a a 1 p 1 i - a ’s -a l  ‘a t  number one as
‘a r , ’ - ’ - paa,”as , ’ : s - l . a  - ic-n 1 at asolv i naj the ret - ‘ -  ‘ i ‘:o ,-

~~~,‘~~ - ; y  t - r ’ a f  1 s’ITt afl las’ back end
c -f  t I ’ ’ a a la ’  and t h a ’ i t t  a ’_ i n ’ a ; t ” f  a ’ l a a ~~’, i r C  - i r a - I  t o :  t S a a ’  dir ,’a-’t blast impingement
‘n t las ’ t ’ a  w a r  I can -;t , ‘r ci

~~,- : , ‘ - - ‘ ‘ 1 - - - ’ ’- I : - r  t~~ .’ ,aw i- ,” ! ‘ a r i a :-~ ‘ .-  - ‘ ‘ a : FR— i and 9 3 — 1 0 4 .
a r . ’ 5 - s a -  -w - ’ i Uj i  t a - - I  M i ’ a s i l a ’  lj iS~ - IA ~, . i - :nc her  i i o a a n t a ’ a I  t a  a I ‘ax t ur-’ t h a t  a l l o w s

t n-  M ,  ‘ ar-  r a ’asn k e !  -
‘ ‘ - s  : -  i l l ar ’ , - - I ‘ - as an ’ a a t ’ ’  ‘I : , ’  RAM .nauss ile) f a a  , i - ’l i o ’_’ o f~ ,‘,

t l ’ a  t I - ’ in  ,q ’ a m - . u i , u ’ ‘ a - a - a n  ‘I a I i a s - : ,  I r E ’  ‘ - a -  ~AM l a a a ’ ; - ’ h a ’ r . ’ Each a mip le r •‘ - - s ‘a v e d
S. - - t i  u : :I t ‘c b a i t  a - ‘ , - ‘  s_sw ! : 5 ; a ’ - a i r  1 1 5  b e t a - n t ari -~~i - ’ s  ; t I a r a : : , a

a i-p r ’  . 5! a ’ I - i n  - !  I I ‘- . uw a ,  - I ‘ a ’  a on:: ,~ a s - ’, I a i ’ s - - I .

The 1 1 — 1 3 4  ,‘n,,a ’ ’’ : u a l S s a a s  a~~’ . ’- -l  z . i ’ • - r  - : a - : ’ a ’ n ’ a— , - ’ -  - a - r a i n fr -* r t t - -  t - - ~~t
a ‘ ‘ .- , !  ; ( .-, ‘ ~

- t ~ ‘- ,-‘ \ —  l~’ ) — S a I l ’ - ; . - - 1 a , - : : ! •-x _ im i n-a ’ ion - 1 s t . .- 1_ i t .a - l a -  -w . ’ - l  t h a t
( I )  ta.”~’,i.a .’ I t a t —c - ’ ’  ‘ s w a t - a t  n . ’ a ’ ; l .- i a , ,  i t , - , ‘ I a ’ ’ 1 - l i s t e t - a s s i n was fla at as

0 ~ . : ‘ a !  ~ a I I i”. ‘‘ .~n ‘a •  - - nc-z z I  a~n 5 ’ . i - I n-aol I a ‘a i ed and r2) the impac t
-t  a!  Icas’  rn’’ p a o - .’ - - I  : “ * ‘~~~~‘ - s  . - ‘ ,‘ ,‘ l’ ’ a ‘.i a ,.- -j a ’ ’- l a - a r a t a’aI r - ’a ’’’:- sj on
in l a-c-a l a :  a :  - t - t s ’ -  ‘s’- a! . ‘ t  i~ll -

T’s. ’ ~‘i- — I s~~a ’ - ‘ a ’  ‘a a l  ‘ . ‘w- - I so i i ’ ‘ 1. ’ a ‘- - ‘ ‘ - . S a  ‘r: a !  - or  each ‘ - I  t I e  1 - s - a i r  t hot  S
S I ;  a! no ‘ - a - - - J : a ’ ’ - n t ~~ w e t . ’  S a~~- n ;  t , -w . ’ -.- a - t , ‘ ‘ - - : . a r ’ - ; a l a ’ - W a ’ : . -  w e a . ; hea-1 a f t e r  each
5I . a 1 . Al  - • 5 5 I t  - ‘ : ‘ , I C  . ‘ ‘ a ’ : S  i on w - - . 1 5 , ’ 1- a ) S 5  W . a : ,  less  t h a n  i - f e

; t  a n ’ ’ I ~-y I ‘ ‘ ‘
~
‘ - a - , a - a n  -t  A l -  , . I ’ ‘as I s - I  ‘ a . - ,’’’ I ‘ S , a ‘ S - ’ ’ n a . ; - - s Ha ’,-~~ 41—N ,

!(ASi— Il -a .’, an I FR— pa’ : t - c ’ ’-d s- a s-is a l~~r 1 - ,’ I i :  ‘ a n - a  t t a  a ’~~~’- -- t r  a a n . - -i r a’xket 1~~ a ’ - a r  I C : : ! -

a- b. ”- .’ w a n ’, I a l n , a a ’ , ’: -a ’ a - s  a s i r n i l  a :  I a s ; h ’a an i u r ’ a : a ’ a I 1 - a - .,a - ,’ t a - - c ’ ’!  ‘ s - ) t a f l  1p - t -a: .

‘ l , a w a . ’ ’- ‘
~~~ w ’ - s . ’ - - - I - , ap l a . n a ’ ’ - t  I : l t a . ’”- t 41—N ,ansi P-V’I I~— 3 6 0 .

Tb-- f ’ l ‘a -~~~; r~ j I a ‘‘ r-”  s- - s ’  - ‘ a l ’ : a ’ . t  ‘a n  • ‘ o • o - na’s: ’- ” . I i ’ a-o n - a t  t t a - -a FR—
1 ss-a,a ’” r ’ a a l :

1 . ,‘a- ‘ ‘ ‘0-  a :  I raq , - a- VR~ 1 s— a ’ ~
- - a’ a - a l i.- ; - - - ’a’ s ‘a -1 - ’ r i l a l ’ ,’ rsa ’t ’’  r o n  ‘a l a  c-nt  t h a n

a S h e s  4 1  - . - :  ~‘~
- i~— ‘— 0 . Th i s  a’ - a ; — ’ : ’ : - a i i v ” s~ i - -a be t a r  cap abili ty

- a - ‘ a - a ’ • j o ;  a I ; “- : - a ! -; ~‘1 - - I ’: , I n l a - ’  aiaasl I a  on , I ) ,a a i i - t  beams ,

‘e: f l - a  ‘ a s ’  a ’ ’’ I 1.’aw-a \ a- - i - a : i c - a s, r - s - - ’t  n - -I or ’s w ’ a t h
; - r  e v a  - a - ;  - : 1 ‘,‘ ! ‘a : o - I  i*s .’ a’ I a-’ ’; w , ’r o  - i r a - I . At l e a s t  c-nc ’
no; :’, ‘ -  ‘ : - - - - - I.;a ’ I ‘a r S 

~‘! :~ - ‘ r h ’ S :  ,‘and a p 1 5 ’ ’ ’ ’
-‘1 ::i e w a - u  t t . ~~r,-; l — ~ 4 l I - a  ;~~~~a - i - a ’t o - i  t h e  FR—i

a a I c - a i m  ‘a ”  a - a ’ ; I - s —f I a ’ - s I - I - a s is . iqe

~~ . ~~~- ‘ 
- - a ’ 41- ’; is - a I ‘~t-’ s a  a, r n ;  • a. : - a t - - a ” s - ; a r ’ -  and • . - a m p a ’ r a t  a r e  molded ,

FR— i - — - i n be a - a c -  - r n . a x - -- t i~:- l  ‘ r -~~- - l ’ -’- l  in p 1 a - ”- wVt . no st p ecaa ’~ t a P 15 or
s ;-.’ca.a l ‘ 0- ~~~‘ ling “- h n ’ a- i a -’ ’ . 5- ’ ’ - ’1 ’ - a i r s -a F’l~— 1 - i n  t-~ made w i t h  the
rIp ’ ‘ ‘a a n~ a , ic -n c a , p , r a -a -“ ‘ ‘ I - ‘- , a:  a - i  • a’ -w’ ’ I i n- a ’ ” - a  h n  a i’s.

a- .’ ‘- :  ~“ i a - s . ’  I t s - • !3 , sTsp lo  mjx ’an’i and -r ‘w i t — a  l o l s a l r o
‘s’- ’- ”’s t c - t  api ’ ’: u - a ’  i a n  - ‘ 5  t’~i- .  1 ,  ‘ 1°  f ” I  l a - w a n g  procedure

‘ a ;  ~~~~~ as a ;. . t - u i u ’ y f a i r  a p i - I ;  -a ’ , - : (-S~f i- I_se FR— I

a’r0- .~~~o~ i _ i l  ‘ - - ‘ : ‘ -  t , , i ’ :e a’ i r a ’ t -I ’ ’ :’- RAM l . a  a n - f o r

- -  — --



a. Spray surface to  be protected with a release agent
b. Trowe l FR- i on to the desired thickness
c. Al low FR- i to cure to a rubbery consistency
d,  Score c-a cut  though the  FR- I m a t e r i a l  to the base casting into

manageable-sized sections
e. Al low FR— I taa cure ccrapleteiy
f . ‘-~t’p~a rate c-u t  .‘ -ai sect i - a - a n : ;  f r o m  base
- ‘i. Clean release agent from base and sections
h.  Apply  s i l i c o n e  adhes ive  to casting
‘ a .  P l ace  :;,‘ct i aaas ;  in or ig i na l p o s i t i o n s  and w e i g h t  them u n t i l

adhesive  is  set
]. Remove w.’ i q t ; t s  nd f i l l  J o i n t s  between sec t ions  w i t h  FR— i

~ 93—104

This a p p li c a t i o n  t ” c h s _ s ’ a pa” , w h i c h  has been discussed with the Fiber
M.at c- r ’aaI:: repr’-’s.’rit.-’at ’ave , ;:r - -a ’.’iic ’s a sesili ent interface between the base ring

‘ a s t i n - a ;  a n - i  t he  FR— i to a l l o w  ta ar any d ’af f e renti al movement due to different
cod t ’ a a ’ - s ; ’ - :  - - a t  expa ra s ’ aon  - a t  FR-l  , an-I  t h e  -a l u m i n u m  base r i n g  casting . The
F i t - a ” r M a ! a - r a .a l s; r ep r c s en t a ’~~ve ‘ a n , I ’ a c a t e a i  t h a t  a p r i n a e t  could be developed t ha t
w a - a l l  ‘an :’r” ,ani ’ S I . , ’ a l t  m i t - .’ of FR—i t o  a l u m i n u m ; however , use of the silicon
adhesive prov i - i a- ’-s a much b e t t e r  bon.l a n i  takes care of the differential in
oxp.an- ; i - an  ‘a ,.f  f a a ’a s ’f l t S .

T’ . ’- r e  ‘as l i ’  t ic ’  - i a - a - m ~ -t ‘b a t , in . i : 1 - l i t  ion to b l a s t  p r o t e c t i o n  for  [.5 EX 43 ,
the - ; a s ’r o t ’,’pa’ - - a t  p r - a t ” ’! i - - a n w i l l  be ns ’cs - s sa ry  f o r  s h i p ’ s structure and ancillary

~e -~r an  close prox aa ’n ’at’~’ i - a  i -b c ’ l a u n c h e r . Th i s  is espec ia l ly  t r u e  in the case
- i  t h e F’.’ ioa’.al ~( c ’Ia a t - I a  ad ~ er a ’ra ,~ nv ’ s (FRG ’ s - )  Fast Patrol Boa t (FPB). Only
a- ”s”ra i n f o r m , i t i - i n  ‘a ;;  a . ’ . a ’ a l~~i t a i c ’  r e la tive to FRG s F l 2 2  F ri ga te and FPB class

_s’ca-:;sels. C - aa n ;a-a t . a o n t i y ,  no ‘a pa’a ’ific recomnacnciat ions will be made in this report
r o l .atave t - -a nhapboard aI~slica ’iora . It as considered pertinent t n  indicate that
!“ -, !c- .mr ab lat ’a ’,’a’ mat e r i a l _ s  - a t - s a - ’ a s t s ’ -ai ta - a the final series of tests are , in

~ena- ra I , the l ’s ’s; ! ‘a n t h e i r  c l a s s :  r at those tsosted at NSWC . Therefore , they
should be likely c- n- ia hate : :  for st-aipboard application .

A sample of F’-I w a s :  ‘o:~~a-a - a i u s in g  thi- Mk 36 rocke t  motor at a 1 ft and 900

‘a ra p in g e m en t .  No o th e r  f i r  i n - a l  t - ’ s : t s  wet- - run against the FR-2 material. The
p a ’ a n ’ . a r y  d ’a f f o a ’ e ,-ace t’o t w,’on FR- i a n - I  FR - 2 ‘as’- the filler m aterial. FR— i contains
s i l i c o n I i t ~ -’ r - s , wI --a r e a -an , FR— . :‘- a - n ’ - s ’ a n s_ s c u r l - -an fibers. Thr ’ mass loss and erosion
iop ’ t _ s  .a- x pe r i o r — ’’ I ‘an  t ‘- ‘-a FR- sample rh-- awn an appreciable improvement over the

FR— I s_ s a n p l o s _ s  t o n i c - a-i . I Ia ’wc ’ -.’or , is time did not p erm ’at additional firing tests
-a! the FR— 2 n a o r ’ a , a l ,  a f i r ’ r r ’ - - - a ~~~enda ° ion for th is m aterial cannot be made at

i - h a s  ‘ u_ sw— , I t  ‘as I%”l ’ae --”-a i ‘ t a t  she FP- ma t e r i al ‘an better than the FR— i materia l;
h - we’: e r , ,a’l’i ‘a a :  - n a  I t -‘r a- a n- i w ‘a 11 be a c’ ;u ‘a a c - i  to  S ai l s . ini  i ate this position -
FR— ‘as al’- ;! 5 It-a I t ’ l ’ a a t or  th an ~~ — l  and ‘ a n  somewhat cheaper; thus , if the
add i t  ‘ a - a - a n a’. ,~~t a  I a • ‘a v” a - ap ~at ‘a l i t - ,’ ‘a~~ ion  ‘a red , f - a r t t er t e s t  u rag should be done .

~.a’c-r a - a l -: - a ’ s ’; t  was -no of th e  pr ime f a a - S - a r ; used ‘an the or ’aqlnal selection
- (  c a n j j i a t e  mat c - r ’ aal- s, as w a_ s ~hr a ’ - l u m u n a t i o n  of any mat erial containing
asbes t-a-ac. Theac- could be rta~an-/ more  exotic materials and some containing
j r l - c - r - a - a n  un t h e i r  na~ o-up ; however , the original prem i se established in the

nc - l e a - t a - a - a r  of t h e  candidate ma t c- ra a ls elimina t e d those fr a ’ira. the competition.

*4
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1’ ‘ s  I i  s~~- n o t . - d  t f , u t  i - w a  - ,,ia’sa~ - 1 , ’ :: con’ a i n ’ a n q  -i hu gh percentage a - I  ,~a ; l ’s’ a - -a

w e r e  ‘. a ’ : ; !  ‘ f . I’t : a ’ ’  - is’. a - a l e : ;  w . - a  ‘‘ I a t  n i shed  ta y FRG , I : t . a t , ’ : ; - - ’ recommended
5 - c -  a - ; -  t a ~~: LS EX 43_ 1a . -  resu lt ; : at !i; ’;.* t , ’ s ; t s ; ar’ jncljai.~ai ‘an the 1 d ’ 2’
Of ‘ t s a s  r - ‘ ‘~~‘r ’. a n a l , ira p ’ r ; , - u  ,al , are - - i r p a r  a - a l - I - ’  S . ’ 4 1  — N , FR— i , and MX I3— 360 .

~i W  ~“.A 5Ii IALS

- a ’- -:i. i ls l i . - . - 1 . - i  s~ a ’ . ’ t a  1 : - a - i t t ; ! ‘ , - -a i - t a -  a t t ~ ’r i t ’a o n  - a - f
a- -aa s -~- ’. :: I 

~
‘ F ‘ a : . -  a’ M .i~ ‘ - : , , a  Is Inc - F M I  ) . N- - testing -t ts.ese mat ‘‘r ia l s  has

I ‘ , . b_s’ N - . -, -
‘ 

: 5  s H -  c l - _ s a m:: s a ’ s . i -1 . -  f- a_ s FM! can be s ;at  - ; t a s - _ s - a . a ~’e - 1

‘,, c o n ; a i - I - ’ r a t  i a n  .‘a ) U l  I - • i ’ a~ ’ ’n  t a  5 5 ; ’ ’ ,! use ‘an a.’ al.aa ’ing tl ;, ’ a - I t ’ - : - ! .

- t  r a - ’ , e ’, tt!o’ a :  1 1 a ;I a l a  — a:  ‘ - - a : :  - !  a’ I:. ’ I a u _ sot . -’ , hip, ana l  a n c u  11 ~ ‘a-’

:‘ ‘ .a :  - a - aI l , i;’’’n! ~~~~~~~~~~~~~ l .u ; s _ s a ’I ; ’ ’t  . Tt ; .  -
‘ a : - -  ~‘x ~ w - r a n ’ - n t . a 1 m a t , ’ r i , i l n  t h a t  should

5.- ! ‘ -  - - ‘‘ a l ; a ’ - - I  1. - I c - r e  a ’ - , ! a ~~l- j  ‘t i c - n a : , !  - S I ;. ’ RAM a - s - — a ’  am. N a -  m at ’-r ’aal
- , s  I - - !  - -  I a- o I . -a r - c- s - ‘ a t  u ‘,‘e c-a s am a - i a r mater i a Is.

I .  F i r - ’  Re ’ a s - l a ’ s ~‘ - - a .ir- — - — l t . a s a  ma!. - : 1,1 1 ca:; 1.’ mide a r _ s  p ra ct ’aa- .all’,’ ar - v
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