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INTRO DUC TI ON

Candidate fire barrier systems were tested at the Naval Weapons
Center (NWC) , China Lake, Calif. to evaluate barrier system capabilities
for use in aircraft. The test program was conducted as part of an F— 14A
Aircraft Fire Protection Modifications Testing Program performed under
NAVAIR cognizance. However, due to the paucity of information relative
to aircraft fire barrier materials and systems , data was obtained as a
result of the test program that is applicable to all types of aircraft.

In—fligh t aircraft fires , whether the result of direct hostile action
or the result of operational failures , are a major cause of military
aircraf t losses . Efforts to date to reduce this hazard have concen-
trated on fuel system containment. Where fuel containment and ignition
prevention fa ils , f ire propagation through an aircraf t w ill of ten fail
a f l ight critical component , such as flight controls , in an ui’saccep tably
short time period. The effort herein described has been directed toward
developing barriers that will compartmentalize the aircraft interior ,
thus protecting critical components until the fire burns out or is
actively extinguished.

An aircraf t fire barr ier test simulator was designed and fabr ica ted
at NWC to be used as a realistic screening apparatus for candidate fire
barrier systems. The subsequent tests were directed toward obtaining
thermal data and determining the fire— retention capabilities of a variety
of foam— type materials in representative system concepts.

Requirements for retrofit installation capability and for barrier
pene trations by necessary aircraft equipment were two major considerations
in the test and evaluation of system concepts. Initial emphasis was
directed toward barrier materials installation in existing aircraft
using a building—block approach to installation . Therefore , the acqui-
sition of data concerning the effect of joint desi gn and gap closure
under simulated aircraft fire conditions was pertinent to barrier syst.enss
evaluation . The use of intumescent paints as a closure medium for bar-
rier gaps was tested. (Intumescent paints swell upon exposure to heat
and flame thereby providing a gap—closure capability.) Problems asso-
ciated wi th the b u i l d i n g — b l o c k  app roach such as comp l icated sha pes ,
d i f f i c u l t  i n s t a l l a t i o n  and main tenance , f a s t e n i n g s , and a v a i l a b i l i t y  ci
m a t e r i a l s  led to l a t e r  emphas is  be ing  d i r e c t e d  toward m e t a l l i c  b a r r i e r s
comb i ned w i t h  o f f — t h e — s h e l f  i n s u l a t o r s  and s e ala n t s .

A po r t i on  of i proposed F— 14 i i  ro h a r r i e r  i n s t a l l a t ion  i s  i~hewii i n
Fi gure  1. The number  and v a r i e t y  of e q u i p m e n t  t h a t  pt ’isot  r a t e s  t h e  h . u r r i  or
is r e p r e s e n t a t i v e  of prob l ems e nc o u n ter e d  in  i n s t i l  l a t  i i i  of I i r e  b a r n  er
m a t e r i a l s

PB~c~DI1G ~‘AGE EJ..A~~(N(iT ~IIl.~~D
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T h e  p rob lem of b a r r i e r  p e n e t r at i o n s  was a l so  i n v e s t ig a t e d . Two
t y p e s  of p e n e t r a t i o n s  r e p re s e n t a t i ve  of t hose  encoun te r ed  in an a i r c r a f t
w e r e  used.  These c o n s i s t e d  of (1) an e l e c t r i c a l  wi re  bundle , an d ( 2 ) a
Lt in—w a. l Ie d  aluminum t ube  t y p  ical. 01 a fue l ven t  l ine .

- .___.= ~~~_~~._._ “, ~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

BARRIER MATERIALS LINE PENETRAT ION ‘ WIRE BUNDLE
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I l( 1. ‘RI  I . Typical Penetrat ions in a I irc Barrier  Ins ta l la t ion .  - 
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OBJECTIVE

The pr imary  ob j ec t ive  of this effort was to test candidate fire
barr ier systems and to document their response to the predicted thermal
env ironment. Additionally, a lightweight barrier material was t o  be
developed and evaluated to serve as an example system . (This effort
is described in Appendix A.) Secondary objectives were identified as
foll ows:

1. To identify the particular problem areas of aircraft structure
and eq uipment peneLration through bar r ie rs , clearance requirements , and
f l ight induced loads while irs a fire environment.

2. To develop criteria for an aircraft fire barrier specification
containing realistic and attainable acceptance criteria.

I
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ACCEPTANCE CRITER iA

In general , t h e  1)asic acceptance  c r i t e r i o n  demands that the b a r r i e r
sy s t em n e i t h e r  burn  t h r o u g h  nor  let the  t empera tu re  of t i l e  air sp.lc~
measured  15 cm (b i n . )  normal to the b a r r i e r  un exp osed  f a c e  exceed
205 ° C (400° F) f o r  10 mm when tested in a f i r e  b a r r i e r  t e s t  s i m u l a t o r .

C o n s i d e r a t i o n  was g iven to tes t p a r a m e t e r s  a p p l i c a b l e  to  p r e p a r a -
t i o n  of a s p e c i f i c a t i o n  covering ligh t w e i g h t  f i r e  b a r r i e r  sy st ems . it
was deemed important that specimen sIZe , weigh t , jOint configuration .
and in t un le sce n t  c o a t i n g s  of the  specimens be held to close tolerances
to avo id  i n c o n s i s ten c i e s  in  t e s t  r e s u l t s .  Uni form b lock  s i ze  held to
close t o l e r a n c e s, wei g ht  measured to t en t h s  of a m i l l i g r a i : i , t ile absence
of m ec ha n i ca l  f l a w s  and s u r f a c e  voids , and comp l e t e  and u n i t  orm in t u —
m e s c cn t  c o a t i n g  were  a l l  seen as i mp o r t a n t  c o n s i d e r a t i o n s . ln addition ,
t h e  deve lopment  of e n v i r o nm e n t a l  tes t r e q u i r e m e n t s  c o v e r i n g  i tems such
as sh oc k , v ib r a t i o n , t empera tu re , h u m i d i t y ,  e t c . , would  be r e q u i r e d .
A s p e c i f i c a t i o n p repa red  on t h i s  basis could  be a p p l i c a b l e  to b o t h
m i l i t a r y  and c i v i l i a n  a i r c r a f t .

I,
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TEST l)ESCRIPTION

REQU IREMENTS

The fire barrh’r simulation test requirements were based upon the
need to genera te  a tempera ture , pressure , a i r f l o w , and heat f l u x  en-
v i ronmen t  d u p l i ca t i n g  p red i c t ed  f i r e  c o n d i t i o n s  in an i n— f l i g h t ,  envi ron-
ment  f o r  a per iod of up to 10 mm w i t h o u t  b u r n t h r o u g h and w i t h o u t
allowing temperatures , as measured 15 cm (6 i n . )  normal  to the  b a r r i e r
unexposed face , to exceed 205°C (400 °F)

The conditions established for evaluation of candidate barrier
systems were as follows :

1. A h eat rate of approximately 11.35 W/ c m 2/ sec  (10 B T U / f t 2 — s e c )
uniformly across the  tes t  specimen l ace .

2 . An a i r f l o w  v e l o c i t y  of a p p r o x i m a t e l y 5 m/sec (10 kno t s )  across
t h e  t e s t  s p e cim e n f a c e .

.3. A n o m i n a l ly  f u e l — r i c h  f i r e  typ ica l ~ f tha t  p o s t u l a t e d  to  ex i s t
in a typ i c a l  a i r c r a ft  acc iden ta l  on—boa rd [i r e .

TEST SI M ULATO R DE SI (; N

Design criteria were based upon the  r e q u i  r ement  to reproduce the
temperature , pressure , a i r f l ow , and h ea t  f l u x  envi ronment  p r e d i c t e d  f o r
an i n — f l i g h t a i r c r a f t  w i th  an in te rna l  f i r e . Specime n v i s i b i l i t y  and
a c c e s s i b i l i t y  were  also required to facilitat e testing o p e r a t i o n s  and
obse r v a t i o n s .

l ’hie t e s t  simulator consists of a t u n n e l  t h r o u g h wh ich  a c o n t r o l l e d
ai r st . ream is d i r e c t e d  over  a f i r e  sou r c e .  The ups t ream p o r t i on  of the
tunnel con~. ist s  c i  an axial—flow fan shroud to dire ct and shape the
J i r s t  ream , a fue l  pan , and a f lame d i f f u s e r .  The dowus t reani s e c t i o n  of
the  tunne l is ang l e d  at 30 dog to the f o rw a r d  sect  ion to cause  impinge-
ment  01 t h e  • i i r — d r i v c n  f l a m e  . lcr os s  th e  t e s t  spec imt ’n.  A h u l l e r  p l a t e
u p st r e a m  of t l i t  f ue l  part acts  as a f lame h o lder , d i f f u s i n g  and shap ing
a uniform t lame acr oss  the sp e ci m e n .

A 5 0—cm (~~2() i i i . ) — d i a i n e t e r  a x i a l  1 10w fan  pow e-ed  b y a u n i v e r s a l
m otor vi t hi  speed c o n t r o l is used to p rovi do the  fu n  ‘1. iii r I I ow . ‘l’he
fa:i prov ides  an a i r f l o w  v e l o c i t y  el app r o x i m a t e l y S r n / s ec  (10 k n o t s )
Icr os s  the  sp~~cImen  fa ce . A p r e s su re  d i i  fe r e n t  lal  of up t o  35 gm/cm~

7 -
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( 0 . 5  ps i )  can be o b t a i n e d  (when necessary)  by mount ing  a cowled exhaus t
fa n  over  t he  back (open)  s ide of the tes t specimen.

T h e  a x i a l  f l o w  f an  (household type )  was selected to p rovide tunne l
a i r f l o w  because of i ts  c o n s t a n t  v e l o c i t y  c h a r a c t e r i s t i c .  W i t h  t h i s  t ype
tan , once the  des i r ed  a i r f l o w  v e l o c iL v  is set , the ve loc i t y  remains
f a i r l y c on s t a n t  even i f  downs t ream f low area is reduced.  Fans such as
t u r b i n e  or s q u i r r e l  cage types wi l l  a t t e m p t  to hold a given mass f low
1w in c r e a s i n g  v e l o c i t y , a f e a t u re  not  des i red  In this test f i x t u r e .
An assemb ly d rawing  of  t he  tes t s i m u la t o r  is presented in Figure 2 .

EXHAUST

1T~~~’1 ._ 

- . 

S P E c I M E N  BOX

H ~~~~~~~~~~~~~~~~~
~~~~~

HOO D PAN

FI GURE 2. Aircraf t  Fire Test Simulator . Plan View.

I NSTRUMENTATION

In s t r u m en t a t i o n  used t o r  tise f i  r i  h a r r i e r  t e s ts  i n c l u d e d  a l~eut
r a t e  sensor , Type K ch romel alumel ( C — A l )  thermocouples , a two—channe l
s t r i p  c a r t  recorder , and a pho tog rap hic  camera . Data  r e c o r d i n g  was
accomp lished  us i ng the i n s t r u m e n t a t i o n  assembled  as shown i i i  F i g u r e  .3.

8
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M E R C U R Y  IN GLASS T H E R M O M E T E R

A 
REFERENCE AMPLIF IER

THERMOCOUPLE O<~<

TWO CHANNEL
RECORDER 1 00H A

HEAT RATE TRANSDUCER I

NULL VOLTMETER /AM P LI F IERH

[I1II~iHEAT TRANSFER /COOLER

FIGURE 3. A rai l  Fire Test Simulator Ins t rumenta t ion . Block Diagram.

Basic i n s t r u m e n t a t i o n  consis ted  of a t o t a l  heat  c a l o r i m e t e r
(a sympto t i c  type)  mounted  ups t r eam of the spec imen and thermocoup les
mounted on the  unexposed ( bac k f a c e )  s. de of the spec imen.  S peci me n
thermocouples were mounted to a 2—cin (0.7~ 5—inch)—diameter aluminum
disc of 0.16 cm (0.062 inch) thickness. For general specimen ackfaec
t e m p e r a t u r e  measu remen t s  the  thermocouple  assembl ies  were bonded to t h e
specimen b a ck f a c e  w i t h  hi gh — t e m p e r a t u r e  adhesive . Clearance  gap the rmal
da ta  were o b t a i n e d  w i t h  bare thermocouples  p laced  d i r ec t l y in the gaps .

During p r e l i m i n a r y  t es t s , the  heat  r a t e  sensor was mounted in t h e
t es t  samp le jus t p r o t r u d i n g  past  t h e  face . It  was q u i c k l y found tha t
out gas s ing  of  t i l e  foam v ol a t il e s  and mi g r a t i o n  o t  t h e  in tumescen t  pa in t
as i t  began to r t l c t  would b lock th e  s e n s i t i v e  area of the sensor.
U p s t r e a m  r e l o c a t i o n  of t hi~ sensor remedied t h i s  p r o b l e m  w i t h o u t  intro-
d u c i n g  s i g n i f i c a n t  measurement  e r r o r .

l e n p e r a t u r e  m e a s u r e m e n t  was accomp l i shed  by an un re f e r enced  C—Al
t h e rmocou p le  m o u n t e d  at  t h u  f i r s t  u p s t r e a m  gap or j o i n t  b e t w e e n  b lock
samp les. Thi  is pos I ii a was f e  I t to l ie  t h e  predominantl y w e a k er  p o i n t
s I n e t  o u t ga ss i rsg w ou l d  t e n d  t c  p r ey  i d  i cool gas  b u f f e r  be tween  t h e
f I ant and the foam h I e ck  downstream . A l s o , t h i  i s PUS t i o n  a Ilowed a
mt . ,-ls i r t  o f t h i t  t i m &  i t  t ook t h e  ~~~~ t i  sel l. To accomp l i s h  t h i s  on
t e st s  w her e  . i  p r e s s il  d i  I t e r e t i t  L i i  was i lo t  app l i e d  t o  t h e  t e s t  spi  i —
miii , is e x i t  of  thi t a t  t i x i s i r e  was b i ked  I t  s t a r t  c i  t h e  t e s t .  

~~ ,.. —_ ._ .. . . .._.__.
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l i s t I an low f i r e  t h r o u g h t h e  gap be tween  spec insert b locks  , wi i o u  was
su b s e iu e n t  l v  s o i l e d  by t h e  foam of t ’.o r e a c t i n g  intumescent paint.
Upon ;eali li ; of the specimen gaps , t h e tunn el  e x i t  b lockage  was r - 1 ~s .oa
to  i i  ow f r e e  fiL / of f i r  ic ross  t h e  spec imen  f a c e .  D u r i n g  I d L er  t es ts
i pressure dit fe cat ial. was accomplished by l o w e r i n g  t i le  pr a ur . On thi~

u nexp o se d  specimen f a c t  us i ng t i l e  intake s ide  of  a hi g h — p  r — c s u r e  b l o w e r .

A still camera ~ x 5 graphic camera wit h a l’olaroid back) wa-
used to record visual events during t he test. An initial p icture was
L ik e S  of t h e  mounted  s p e c i m e n  samp le to r eco rd  assemb ly procedure and
sp e c i m a l  b lock  d a t a ;  F igu rt 4 is  a typ i ca l  exa mp le.  Addi  t i o n al  photos

w e r e  L ik e n  when ev e n t s  ot  i n ter e s t  o c c u r r e d  such as s w el l ink  01 i n t o —
mescen t  p s i  at  out  of t h e  gaps , genera l  ch ar across  th e  s pe c i m e n  samp le ,
and wh e n  f i r e  broke  t h i  roug h i t h e  sam p le .  A t  Ler tIle t e s t  a p icture wa s
taken  of L i l t  f i  r e — e x p o s e d  face  of t u e  spe c  i Lien t o show eros ion  a i i d  ~or
f a i l u r e s .  A typ ical t e s t  s e t u p  i s  shown in  F i g u r e  5.

~ 
/

d .‘

I I t I Rh 4 . ( . t iab I k I  i Itt t i er Sp c c t i i t e i i  Pi L p.tl Cu I i  \ i  I I I  I l i e  l i i  t i e r  S i r i t u h i l  i I est ag
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I - I ( t R I  ~ ~ii ci~ l I I t i c  Sin su l.itoi I e~ t S e t u p .

I cope r a t u r  - i i  thu iL i e nt  air was measured us i tig a me rc u r v  — i n— g 1 .iss
t h i e r t i l o m e t  i~ r . In  d ,it ~i is~~ - ssmeilL th is value was then used is t h e  r e t  e r—
t i l e  I t i u p u r a t u i t  of t i l e  t h t e r i u co u p l. e .  i h i e  m i l l i v o l t  re i d i n g  o b t a i ne d
was t h e n  o i i v e r t e d  to  t h e g i e t s and t i l l s  v a l u e  added to t h i ~ r e f e r e n c e .
ftc tIu ~~ i r i d  t t ip  r a t  l i f t  a c e i s  r a cy  I o r  th e se  t is  ts was no t  e xt e n s  ive
th u s , i hi I g h i — a c u r i  v F i t  e F e l i c e  sys  tern was not warranted.

\1 ~ Il  R I A L S  I I  SI - I  I )

b o t h  o r g a n i c  and i i i
.
g , t i i ft m ,iteti j 1~ wi- ri- t e st e d  and e va l u a t e d .

Or g i ~i ic  n s i t e r i , i l s  i u v t t l g  i t i d  co i i ~~i s t  1 01 v a r i o u s  t o r i nu l a t  i ons  o t
psi viirt t li iiie , c l o s e d  ~~~~~~ r i  ~id  i i i  . l nii i~~. i i i  I cs t e s ted  w i r e  f h t x i h  le

i i i  i l l  ais h u l . t im i i i  s I 1 I i- I  I - l g I d i  zed mat e r iii i s  . Add i I i sisal l y , m et a l  I i cs
comb i l ie d  a i l i  I t h i  o r  g ill i -ni d  i t o  rga i l  h i n s  u l i t  er a  wi ri t e s t e d  . A
det i i  l e d  I i s t i l i C  i t  i h i  i : i , t t  - n t i s  md e n i h i r t i t  i ons I n i a t e r i a l s  tested
i s  j i - - en L t d  i i i  F. ib h e  I

11 
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Preliminary materials testing was performed at the NASA—Ames Research
Center , under NWC cognizance , to develop a data base for the fire barrier
sys tem concept .  The purpose of this test effort was to investigate thermal
cha rac t e r i s t i c s  of various mater ial  formula t ions . Thes e tests provided
a means of de t e rmin ing  physical variables wi th in  the  fo rmula t ions  and
detailed thermal data for each formulation . These data were subsequently
used in the development of candidate barrier systems for aircraft fire
simulator tests , and as a base f o r  a NASA—prepared draft of a proposed
aircraft fire barrier process and systems specification . Tests conducted
at NASA—Ames Research Center are presented in Append ix A.

The proposed matrix of tests for organic materials Included the
fo l lowing  var iab les :

Specimen t h i cknes s  2 .5 , 5.0, and 7.6 cm
(1, 2, and 3 in.)

Gap spacing 3.2 , 6.4, and 9 .5mm (0.125 ,
0.250 , and 0.375 inch)

Joint type lap and but t types
Coatings in tum escen t  p a i n t s , nine d i f f e r e n t  types

A c o n s t r u c t i o n  t e c h n i q u e  o r i g i n a l ly proposed  by Grumman Aer ospace
Corpora t ion  was to cast  the foam in t h e  des i red  shape . T h i s  g i v e s  t u e
foam b lock  a h i g h — d e n s i t y , t h i n  sk in  vls i cis is t h o u g h t  to st  r eng th ie n  the
char  aga ins t  the  abras i veness of the a i r — d r i v e n  f l ame .

TEST SPECIMEN PR LI’A R ~~TION

As—received s pe c i m e n  m a t e r i a l s  came in various sizes and thicknesses .
The materials were cleaned to remove mold release materials used in prep-
aration of the samp les . Specimen samp les were cut to fit t h e  s p e c i m e n
holder , if  needed , and candidate intumescent coating was app lied and
cured as r e q u i r e d .

Three basic mounting techni ques were emp loyed f o r  SI)ecime n t e s t i n g .
These were ( 1) use of c o n t i n u o u s  b locks  to o b t a i n  t i l e  therma l r e s i s t a n ce
data , (2) use of three individual blocks b u t t e d  t o g e t h e r  to  d e t e rm i n e t h e
e f f e c t  of b u t t  j o i n t s , (3)  usc of i n d i v i d u a l  i n t u m e s e e n t — c o a t e d  b locks
sized so tha t , when ins t a i l ed  in t i le  mount  ing  f i x t u r e , des I red gaps
cou ld he es tah l i sh i ed  be tween  t i l e  h -d ocks . Gap spac i ng was  accomp l ished
u s i n g  s teel  spacers of the  d e s i r e d  t h i c k n e ss  p laced  at  t h e  bottom and
top  s ides  of t l i e  b l o c k s  ins  t s l  [led iii t he  m o u n t  I t i g  I I XL nr c . The c o m l a l e t  ed
assembly was then  moun ted  m t  a f r a m e , pos i I i  oned in  t h e  a i re r a i l  I i re
s imu 1, - i t  o r  and i it s t runwnt  a t  ion sensors we rI a t  t a ched  as req u i  r i d

1 -i 
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TEST PROCEDURE

A given test specimen was mounted in the aircraft fire simulator
and thermocouples were installed. Instrumentation calib ration was con-
duc ted on the amp lifier/recorder combination using a substitute voltage
source. This was followed by photographic documentation of the pretes t
configuration .

Time was kept by the recorder , as its motion is by direct drive
using a synchronous motor. The recorder rate error was less then 5 sec
in 5 mm , which was adeq uate for the accuracy desired.

To initiate a test , fuel was introduced into the fire pan and ignited.
Airflow was initiated and the fuel flow rate was adjusted to give a full
flame over the sample. Burner pan fuel flow was regulated to stabilize
heat flux at 11.35 W/cm 2 (10 BTU/f t2—sec) with thermal buildup according
to th e schedule shown in Figure 6. Recorder time zero was noted when
flame first reached the test specimen. In tests with gapped specimens ,
intusnescent initiation was aided by back—pressuring the tunnel exhaust
or by lowering the pressure at th e unexposed specime n face.

Tests were continued for 15 mitt or until specimen burnthrough ,
whichever occurred first. During one series of tests, specimen strength
while exposed to fire was determined by conducting the s tandard  burn
test for 5 mitt , then initiating and gradually increasing the pressure
differential across the specimen until failure occurred , if at all.
During another series of tests , backside still—air temperature as func-
tions if t ime and distance (measured normally from the specimen) were
obtained front 5.1 to 34.3 cm (2 to 13.5 in.) from the samp le.

‘~ 10

x
3

I,
I

4 -

2

o 1 I I I ~~~~~~~~~~~ - I
(1 1 2 3 4 5 5 7 H 1 10

TIMI MI N I IT IS

lit I It I t I ~pICaI I lt’,it I - I i i ~ Si_ hie~h iiIt I \ i i  i l l  l i i i ’ Si i i iul . i l i i i  I
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TEST RESU LTS

R e s u l t s  of all t e s t i n g  is summarIzed  in  l a bi c  2 .  In  th e  f i r s t
s e r i e s  of t e st s , con t inuous  spec imens  were e v a l u a te d  to d e t e r m i n e  thermal
toughines-i wi th no gaps or p ressu re  d I f f e r e n t i a l  load i ng app l ied . Normal-
i z ing  the  resu lt s  to installed weig ht ( g l e n 2)  r e q u i r e d  f o r  each m i n u t e
of thermal protection showed that th e 5F14RS material provides a given
level of p r o t e c t i o n  at  the  l igh tes t weight tsr t h e  materials tested.
Thiese data are shown in Table 3.

The second se r ies  of t e s t s  measured  spec ime n s t r e n g t h  wh s i l e  exposed
to f i r e .  Clearance gap intumescent  seal s t r e n g t h  e v a l u a t i o n  was inc luded
to d e t e r m i n e  ove ra l l  b a r r i e r  sys t em r e s i s t a n c e  to p r e s s u r e  loading .
lri tuxnescent chars of 477GF and 1600 materials failed at 3.55 and
7 . 6 2  cm— 1120 (1.4 and 3.0 in . — 11 20) , r e s p e c t i v e ly .  T u e  5A~~+ 3 and tile
5FI4RS foam chars failed at 15.24 and 19.05 cm—I120 (6.0 and 7.5 in.—h120)
pressure differential , respectively, without reachsing t h e  failure point
for the 313 I ntumescent char. These data are presented iii Tab le 4.

Resistance to hurnthroug hs for gap—filling intuinescent char unde r
no—load conditions is showm in Figures 7 and 8. The M— i(I material was
not tested under these conditions ; however , results of tue load tests
indicate that the M— 30 material is comparable to the 1200 in tumescent
flexible sheet. Additionall y, several comb i nation intumescent coating
schemes were investigated. The 1000 m o d i f i e d  app lied ove r the  1200 shieet
burned through in 6.0 mm at 5.1 cm (2 in.) foam thickness; 1000 ove r
1200 sheet burned throug h i n  10.0 mm at t h e  same specimen thickness.

in later tests the operating procedures were modified to include
f orc i ng flame t h r o u g h  foam b lock  gaps to a c ce l e r a t e  t h e  gap sealing rate.
I n i t i a t i o n  of in tuln e scen t  action was rap id , but as the gap closed ,
ou tga s s ing  t n h i h i t i d f i n a l  c losure  r at e .

One series of tests was de vo t e d  to i n ves t i ga t i ng  b a r r i e r  penetra-
tions . Aluminum tub i ng , stainless steel  t u b i ng , and e l e c t r i c a l  w i r e
bundles passing through seve ral ot the barrier types were tested .
Sealing agents used in th e se  tests eons is t ed  of i n t u m esc eu t  paints ,
s i l icons , ce ramics , f i r e s h i h e l d  c l o t h i , and w i r e  c l o t h .  Tj b l e  5 d e ta I l s
the  spec imen c o n f i g u r at  i o n s  tested and presents thu ne ’sul t s. Melting
of the p e n e t r a t i n g  mcd i unt was t u e  p redomi nant fail t ir e  mode;  where  this
did not occur , a u t u i gn i  L i o n  of  t h e  i i  reshi I eld and wi  re c l o t h  s i al a n t s
occurred 45 sec into t h e h a t  and t h e  silic on sealant i g ni  t ion  at  about
5 m i n u t e s .

I ,
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rAli L l- 3. Air~tat t I- ire Simulator I)ata on Thermal Resistance of (‘andidate
%I a ic r i a l s  Without  l’icssure Differentia l [A adiIig.

- . . Mate r ia l  re—lest specimen description Face coating Burn—
qui red per

Thickness Density 
— 

Th i ckness th rough 
minute pro—

Designation 
cm in. kg/mi lb/ft 3 “~~~ mm 

g~~~~
’
~~~~ft2

5A43 5.08 2 69 4.30 None ... . . . 4~~5b
5A4 3 7 .62  3 77 4.80 1200 0.51 0.020 13.0 0.045 0.09
Silicon 5.08 2 320 19.98 None ... .. . 14.0 0.125 0.26
W1’R felt 2.54 1 400 24.97 None ... ... 20+ 0.041 0.08
5FI4RS 5.08 2 71 4.43 None .. . ... 6.81!

~FI4RS 5.08 2 75 4.68 None . .. . .. 15+ 0.026 0.05
SF14RS 5.08 2 67 4.18 313 0.25 0.010 13.3 0.026 0.05

a Installed unit area.
b Edge f a i l u r e  r a t h e r  than a c t u a l  b u r n thr o u g h .

TA BL E 4 . Gap-Filling In tu inescent  Cha r Strength During Burn lest -

Specimen d e s c r i p t i o n  Cap c o a t i n g  M a x i m u m  pressurea
Thickness  - Thickness dif t eront ia lDes igna tion  — ‘lype -,cm in.  mm i n .  kg/ cm .-  l b / i n . -

5A4 3 5.08 2 N—3D 5.5 ’~ 0 . 2 2  0 . 4 2  5 .97
BX352— P 7.62 3 1600 1. 51) 0.06 0.21 2.98

h X 3 5 2 — P  7 . 6 2  3 4 7 7 G F  l . ’l)  0.06 0 .60 1 .42

5F I 4 R S  5.08 2 M— 30 5. ) ’) 0 . 2 2  0 . 5 3  7.5 13

a Load app lier. ! 5 m i n u t e s  a l t e r  b u r n  i n i t i a t i o n  and
g r a d u a l l y increased to f a i l u r e .

18
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backside s t i l l — a i r  temp e r a t u r e  d a t a  as f u n c t io n s  of t ime and d i s t a n c e
for the TBS— 7’S s i l i c o n — c o a t e d  stainless steel sh e e t  are p resen ted  in
Fi gure  9 .  i i t r . -  205°C temperature requirement at 5 mm (reduced time
requirement) measured 15 cm f r o m  t i m e  backf ac€- was jus t met w i t h  t h i s
barrier c o n f i g u r a t i o n .  Me tal—backed silicon joints , butt and lapped ,
were tested . l’hii ’ but t jolut failed at about 4 mm into tile burn test.
The lap joint (5.1 cm overlap) failed after 4.7 mm of fire exposure .
One burn tr.’sl was conducted with th~ silicon insulator faced on both
sides with impregnated fiber glass. This test specimen included a lap
joint. Rapid erosion of the fire—exposed fiber glass occurred with
j o i n t  f a i l u r e  at 60 sec after start of t u e  burn.

Samp les of the 5FI4RS organic foam were prepared at th icknesses  of
.1 .5-  cm (1 inch) and 5.1 cm (2 in.). The- foam was edged w i t h  0 . 2 5  cm of
M— 30 i n tu rn e s c e n t  sheet  m a t e r i a l .  The fire-exposed face of the foam was
covered  w i t h  0 . 5 1— in n — t h i c k  20 24 a luminum and the  backface  was covered
with i 0.51—nm 1321 stainless steel. The 2.54—cm—thick test specimen
sti ll — ,m i r  temperaL~~re 15 cm (6 in.) from the backface exceeded 205°C
(-400 °F) -. .5 m m a f t e r  start of burn test. The 5 . 1 — c m— t h i c k  specimen d id
n o t  e x ce ed  t h e 205°C temperature criterion during an entire 1 5 — m m  t e s t .
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11-1ST OBSERV~~TIONS

POLYt’ 1’i1-~N El FO-~\1S

Foam specimen anomalies had a noticeable effect on test results.
In  c~m s t i n g  re f I l l  i ve  l v  l a r g e  blocks of f i b e r — r e i n f o r c e d  pol y u r e t h a n e  t y p e
10.11)15 , t i l e  m i x e d  ingredients are injected into the bottom of a mold and
then al Iowed to free—rise to til e top . Tb is process not u n i v  tends to
o r i e nt  t i m e  r e i n f o r ci n g  f i b e r s  w i t h  tile rise direction , hut also creates
homogeneity variations wit’~ toam density being greates t at tile bottom
of a casting block and gradually decreasing toward til e top . Color
variations in some of time specimens indicated that some of tile isocyanate
mad not comp letel y reacted. These process variations allowed fI)r til e
presence of excessive voids in some of  t i m e  samp les , resulting in prema-
ture failures. No attemp t was made to nondestructively measure foam
Ilomogeneity . The use of “soft ” X—rays or acoustical techniques may
provide t h is capability.

Of t h e  polvuretimane foam types investigated , tile 5FI4RS loam
(basically time 5A43 formulation modif ied by reduced catalyst , s u b s t i -
t u t ion  of silica fibers for glass fibers , and addition of a hi gh—
t e m p e r a t u r e  reacting additive) was clearly superior in terms i’f th erma l
resistance. Indeed , it could often prevent burnthrough for in  excess
of  Ii ) t : i in  with no supp lemental intumescent coating protection. Howeve r ,
it must be noted that th is was a special  l abora tory  h and—mixed  foam wi th
till product ion experience behind it. Any of tile other leS  Led p o l v u r e t h i a n e
foams could be made to resist burnt lirougim under time tested condi tions
with) tile aid of a p r o p e r  in tume scen t  coat 111g .

I n  app l h  c al lous  where a pre dominan t  f low d i r e c t i o n  e x i s t s  fo r  t he
f i r e — e xp o s e d  s ide  of p o ly u r e t h a n e  foam t y p e  b a r r ier s , t u e  f oa m lo c a t e d

mos t  up s t r eam w i l l  receive time greates t heat load. Tills occurs because
foam smoke o u t g a ss i n g , when exposed to t i r e , t r a v e l s  downs t ream f o r m i n g

- m thickening boundary layer for p r o t e c t i o n .

blveu w iti m intumescent coat ing  p r o t e c t i o n , tile pol y u r e t h a n e  foams
b u r n  down to their his i c carbonaceous char form within about  S mm ,i l  t er
expuoure to fires of tim& test In t e n s i t y .  Little actual ti-st or measure—
mont d,ita of ph y s i c a l  ch l , lr a c t e r i s  t i c s  of these char~; a temperature
exis t. ‘f i i e i  r a b i l i t y  to wi  t h l s t a n d  i n t e r na l  ai  r c r . mf t  ai i f l o w  g e n e r a t e d
md v i h r a t  l i i i  L v p i -  I l l i d S  l i t  unkn own and must  be d e te r m i ned l i n e)  to

- i n  , m ~ t ua i  I mic o  r j ) u  r a t  it ’l l into ai rc raf t . In t ime  l i m i t e d  t e s t s  - o u d u c  t ed
wi  l i i  p r e ss u re  d i i  f e r e n t  j u l  app l i e d  loads  the  f o a m  f a i l e d  at  relativel y
l~’W levi’ I s ;  t h i s  s i i g g t - s t s  t h a t  me t a l  i i c  hacks  i lie r e i n f o r c em i ’ n L  w o t i l d
ii roltah l y  be r e q m i h  r i d  t o  meet  e n v i r o n m e n ta l  c r i  t o r i  a du r i n g  t in  I I t u a l  f i r e . 

- -  ~~~~~~~~~~~~~~~~~~~ —- - ~~~~~~~~~~~~~~~~~~~
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S i 7 i n g  f o r  a i r c ra f t  installation and methods I f  r m e t i i , t i m L a l  i a t l - l l i I l g

of tIme foams was no t  in v e st i ga te d  in this effort , but e i t h e r  of Itiest -

factors could serious ly affect the practicalit y of a g i v e n  installation
desi gn. lioweve r , bo :idi img of the foams to thin me tal ,tm~ ets , with all
mechanical fastening b e i n g  accomp lished throug tm the s eeLs , would appear
Lu s i mp l i f y t h i s  p r o b l e m  a r - -a .

IN T U \ I E - St I - N T  PA 1~~TS

Lntumesc ent paint performance was also influenced by quality contro l
of time particular coating and in i t s  app lication process. Intunmescent
c h a r a c t e r i s t i c s  found desirable for thermal barrier app lication included
f o r m a t i o n  of a mec h an ica l l y s t rong  insulating char (but of not especially
large  volume)  on the exposed foam s u r f a c e s  w i t h  rap id  i n i t i a l  r i se  fol-
lowed b y m a x i m u m  ~t aint adhesion in the gap—filling app licati on. Improper
adhes ion  was somet imes  n o t e d  b y d e t a c i m m e m i t  of p o r t i o n s  of  tile c o a t i n g
upon in i t i a l app lica tion of heat. Residual traces of r i - leas ing  agent
on the v i r g i n  f oam b locks , f r o m  the c a s t i n g  o p e r a t i o n , p r i o r  to  c o a t i n g
app lication was the suspected fault for this f a i l u r e  m e c h a n i s m .

In  t h e  e:- . p - s~ 1i foam surfai-es app lication , 1000 modified (with good
d d t t i C s i O f l )  and t h e  1200 flexible sheet wi re f o u n d  to be cli- arlv superior
to t h e  o t he r  i - o a t i i ig s  t e s t e d .  ‘I’he N— 30 s e m i f i e x i l l i -  sheet , t i l Oug i m i t
t u s  ted for th is app lication , has laboratory—proven performance indicating
t h a t  i t  is  a t  l e A s t equal to t u e  1200 t y p e  c o a t in g . The shee t  i rmat  is
desirable because thickness and bonding quality co’it rol are greatly
s i m n p l i l  ioU when compared to s p r m v - -  ap~ l i e d  c o a t i n g s .

In time gap—fi ll ing app licat i , M— 30 f o l l o w e d  by 1200 shee t  were  t ime ’
most  e f f i c i e n t .  H o w e v e r , initial swelling action for bot h of these
materials i s  re la t i v e l y st o w  an d L i m e -  a~l~~l i c a t i o n  ( I f  a l i i i  11 o u t e r c a t  ing
of - i fa s  I — r i s i n g  m at e r i a l  , - U I  h i as 0( 10 m o d i f i e d , is recommended .

14-wv o f  L i m e  i n t u me s c e n t  m a t e r  ials - t m t  f o r  f r o nt  an env i r o m ’) n i e n t a i
“leaching out ” ~ 1 l e ct whlici l t e n d s  to  s t a i n  adjacent structures. WhiLe
this staining agent is u o n cor r o s iv e  and time per formance of  the mat erial
is not  m ea s u r a b l y a t  f e c ted by t h is p r o c e s s , I t  is  mindesi  r a bl e  and caii
be p r e v e n t e d  by ap p l i  I t i o n  of  a I h i l l  o u te r  coat  h u g  (10 n i l )  of sa ran .

I n t i m i a i ’s11 ’n t  p a i n t  313 e x h i b i t e d  t - r r a t i l  p e r f o r m a n c e - . P r i o r  labor , i  -

tory t -s t ing i n d i l , l t , l t h is w i -  a b i g ht - i - f f i c it -u cy material. While no
oft ort was made to  de t e r m i n e  why tills irre gult -Ir u - n  ‘flU e t oc c u r r e d ,
it i s suspe t i - U  that insufficient mec hian ic il mixi ng of t i t i  I I ( b r l - d i c I l t s
and  t i m i -  i n c o m p l e t e  r emova l  et  ro l eas h u g  agen t  t rom u t i m & ~ t o - t i t m  -~~e- irte lt- ~
- ~i~ib I m mm ’ d t - 1 1 1 ( 1 S t  t i  i S  IhlI ltI ltI I y
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INO RG-\ N I(’ \I .~~ I I -  RI  .~ LS

L i m i t e d  t e st i n g  was c o n d u c t e d  w i t h  two inorganic  mater ia ls , a flex-
ible s i l i con  f oam and a r u i ; i dized  ceramic  felt (designated WPR—X—AQ)
Altimough h i g h  in dens it . ’ wile !) compared to polyurethane foams, both
m a t e r i a l s  e x h i bi t e d  hig h thermal  r e s i s t ance .  Time s i l i c o n  foam d id
s u f f e r  f r o m  s i g n i f ic a n t  d i s t o r t i o n  p r i o r  to b u r n t h r o u g i m  and con t i nued
to b u rn  f o r  a number of m in u t e s  a f t e r  tes t s h u t d o w n .  ‘l’bis vigorous
s e l f — c o m b u s t i o m i  c h a r a c t e r i s t i c  indicates that tu e s i l i c o n  could  act  as
a fire religh t source  a b o a r d  , mn aircraft. Ti m e ceramic  f e l t  (v i sua l
i n s p e ct i o n  suggests  t i la t  it is a dense mat of s i l i c a  f i b e r s  r ig id ized
w i t h  a c e r a m i c — t y p e  b i n d e r )  p roved  to he almost  to ta l ly i n e r t  in the
thermal t e st  e n v i r on m e n t .  Steam generation during tile first S win of
fir~- exposure indicated that the felt had absorbed a significan t amoun t
of w a t e r .  L a t e r  l a b o r a t o r y  t e s t s  sh owed tha t , a f t e r  oven d r y i n g ,  t u e
c e ram i c  t e l L  d e n s i t y  was 320 k g/ rn 3 (20  l b / f t 3) but could be increased
to 1,120 k g /n3 (71) lb/ ft 3) by wate r  iumm ers ion w i t h o u t  ch anging dimens i ons .

Th ese two i n o r g a n i c  m a t e r i a l s  r e p r e s e n t  but  a sample of a f a m i l y
f sit - h i  i m i s u t a i o r s  c u r ren t l y  a v a i l a b l e .  As such , they are i n d i c a t i v e

‘ 1  t h er m a l  res i st am ice , but do not necessaril y represent tIm e most

~ i f i c i e ’ i m t  I n  o p t  m u m  ino rgan ic  m a te r i a l  to be used for t h i s  pa r t  i c u l a r
1 1)1)1 icat ion .

B~~RRII - .R P1 - N I  I R \ U I O N S

Iii t i t , - t e s t  co i l d u c L e d  to determine eLects of aluminum t u b i n g  and
- ri cal wir e bundle penetration of a f i r e  b a r r i e r , t i le  weak link

I l u r e  f l i t  pr t’domi nated. I ’hmc- t h m i i i — w a l  I a lum i ri um tube  was p r o t e c t e d
w i t  Ii 1 . 2 7  miii ( 0 . 115 0 m c i i )  of  313 intumescent paint where it protruded
h t ml r’ Lime fire stream . Once- t i  no pc -net  r a t ed  a weak spot  i n  the tube- ,
I id l i led  p r o p .m g a t i  en f r o m  t i e  ins ide rap i J ly  m e l t e d  out  t hu res t  of t i m e
t u b e , t hus Jet  - - m t  l u g  al l  ‘ t i t e r  t h m & - r m a l  p r o t e c t i o n , vi  tii Lilt- t ube  a c t i n g

a conduit f~ r r,-a~- i1I ng the t i r e  b a r r  i cr .  Tb Is phenomenon di d h o t
o c c u r  w i t h i  L a -  v i  rc h u m l d l  o . Al t h o u g h  i t m e l  t e d  w h er e - i t  was di ree l  l y

~ p ose’ U to  t i le  t I r i  s t r eani , I lame- fa iled to p e n e t r a t e  t h e  b a r r i e r
during Lim e 1—m m burn test.

i h e  c. - r ; lmic  i n s u l a t i o n  m a t e r i a l  f o r  a luminum tube protection
proved to be’ tile most i - i  f e et  i vu , w i t im h u r n t i i  roug h ) t i itie e x t  ended to l i V e  r

~ i ha u teit . ‘Ih e si  l i c o i i  m a t e r i a L  was m a r g i n a l  I n  ( h i s  app licatio n , but
t h u  i~ e- r col t i ngs m I - u t  0.5 cm) should p F o V e  a d e q u a t e - . b f , i - k s j d e  a u t o —
i g n  i tio mi I t h e  v a r i o u s  a t - a l  m i t t  m a t e r i a l s  p roved  to b -  a p r o b l e m  wiicii

i i ’  - ,  - - t  rat i m I; med ion r i - I ;  is t e’d t u r n  t i m  rough . Alt t u ough sus t a m e d  corn—
l o m a t 1 1 ) 1 1  o f  tiit’ S~ 111 ( 111 - ; , m l t i m t  occurred as ea r l y is -~ .5 mii i ii burn test
th u r - m t  t O O , a t  m m m l  hml r llt im r o u g il I t  t i m e  h a r r i e r  a t  t i l t -  p e n et r ~m t  h I l l S d i d

m e t  o cct mr umi t i I i t m I  ~ m i l l  bu rn  t ime . 

~~- - - ---—--- —- _ ------~~~~~ - — - —-----— ---- - —----- --
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In any fire barrier sclmem e , i l l  e l e m e n t  t h u t  ‘ m r n i e ’ r and adjacent
equ ipment  and s t r u c t u r e  mus t be cons idered  in - - r t i i t to  r e a l is e  an ~1 f u i -
Live system . Selection of a-tual nmate ri~~1s i- use- i n  t i r e  b a r r i e r s  is
a com p l i c a t ed  decis ion ba se-d  on s l u t t:Oi W I  i g h i t  a I  l I w u m m I l  1 5 , avai i i i t y
of m a t e r i a l s , f a b r i c a t  b i t  and qu~ I i t v  111 ro l  r t - I u i  rer -m emm ts , iviron memmt al
co n s ide r at i o ns , ins t a l  lat  i l i m a  , m m I ~ p l - c t  i sa , and  r i - tn- v i i  p r o i t - lu i res as
we l l  u s  thr- niittl 101-i i s  t S h i - i C~~ U AiI  I i i  tv

l I m i s  e’ I ! i r t  c t n m c e m i t r z m t e d  on a tire b m r r i e r  sy s t e m  f o r  a p p l i c a t i o n
in one r t -g i w l  o l  S sp i - i t  c c  a i r c r a f t .  11 was not  t i m e ’  ob u - c t i v e  o f  t h i s
s t u d, - to  recommend m m m v  one  o t  time mate-rita ; a , ttu t mer e l y  to test t h e m
and r i - p o r t  tht- re-sn I t s .  W hmi  I i-  semi- of tim e - m a t  t r i a l s  were ’ c l e a r l y
s u p e r i o r  to t i m e r s  i i  a we ight b a s i s , a l l  co im l d be made- to meet time
has ic time- nnal p r o t e ct  ion I- r i t o  t i  a. F’inal decision t or an a i  rc  t a t  t
app  I i i-a t  ion  aim s t be’ hu ms c- ti  on all c-i  t l i t -  a bu v e - — mu e’nt i oned I i i  tors  p l u s
add i I i  ona  i l a r g e — s c u m  ii - I i’S t i og

hIt is p I gr ,l I Im i m s  ~ 1 e m r l y r e v e a l e d  t i m e  i t t - U  t t  mote ’ a - -  t- mn c il ili t e
tie - v t - l o p i n g  a t a m i l ’~ of l i g i m t w e i g i m t  , p r - c  t i c i l  , rugged , ~t :ud o i l  i c i e n t
f i ne - b a r r i e rs  s m i i t a t i l e  f o r  s u I t - c t  ~ i lm c t l rp or mt i on into t- :’ i i-- ti img and
f u t u r e  a i r c r a f t .

~ 
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LI GH TWEIGHT F IRE BARRIER MAT ERIALS I) LVELOP M EN T

FOR AIRCRAF T
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FIRE BARRIER \I ATLRIALS TESTING

Fire barrier material optimization was p u r s u t - d  at tile NASA—Ames
Rciseiarcim L~-mi Ler , Ch emical Research Project Office under cognizance of
t h e  Naval We apons C e n t e r , C h i na  Lake , Calif. Th is work is herein J o —
st - n i b e - d  f o r  i n f o r m a t i o n  purposes  and w i l l  b e- p u b l i s h ed in  detail ,

~ei u m r a t e lv  by NASA . NASA previous ly dc - v t - l op ed  pol y u r c - L h u u a z u e -  foam for
- m ircr sf t ballistic protect ion app lic a tion.

1-ORMU L-\T IONS

Ten I o rnnulaLioums we-re loves L i g a t e d  in t he rma l ly  op t imiz ing  p o ly u r e—
th umm i - foam, hi m rt-i - Potentially 5 ig ri i t i catmt variab les were addressed within
t i l t - se f o rm u l a t  i ons , n a m e l y  (1) basi c  foam d e n s i t y ,  ( 2 )  a l t e r n a t e  high—
ic -t ape -ratmu re— rcs i s t u m n t  ic - m t r c i t u g  f i b e r s , and (3) po t a s s ium f l o r o b o r at e
(;i b i

D e n s it y  v a r i a t i o n  of thic basic pol yurethane foam (5A43) , flight—
qm m u m l i t i e d  arid used to reduce  ballistic damage , was easily c o n t r o l l e d
witim t ime  a m o u n t  of  Freon b l o w i n g  agent used. Silica fibers were chosen
t o  c o m p a r e  vi  t im con v en t  j on a l  g l a s s  f i b e r s , because the silica has tu e
idv um ii t — mge - s of good strength amid stah l ii ty at high temperatures . Effects
of adding K h F .  were i n v est i g a t e d , because  it has previously been found
to be e mm dothe ’ rmni c at . h y d r o c a r b o n  f u e l  f l ame  tempera tures  w i t h  the  boron
react ing wi tim Lime carbonaceous char to form a more thermally stable
netw ork and h y d r o g e n  f l u o r i d e  (i-IF) ac t ing  to reduce the  fla able species
- it t im e  I o u m — c i m a r  s u r f a c e .

l I m e  exacL foam f o r m u l a t i o n s  used arc c o n t a i n e d  in Table A — I .  The
i n g r e d i e n t s  were mixed  one at a t i m e  in the  order given , except that t u e
~- 1Ii; 41) polyo l and t I m e  Freon l i q u i d  were t h o r o u g h l y  mixed toge ther  p r i o r
to addition t o  the ingredients preceding them . Tue final chemical , 33 LV ,
time- catalyst age n t , was mixed  d i l u t e d  by an eq ual amoun t , by volume , of
F i t - m i .  l m m n a e d i a t e l v  - i f t u r  ad d it io n  of  the catal y s t  and ra pi d m i xi n g , the
t i n s  I t r I < h l i c t  was p o u r e d  i n t o  the b o t  torn of a waxed (releasing agent )
m o l d  , m m i d  m h l o w e t d to free—rise- to the top of the mold. Mold dimensions
we re- : i i cj  g lu t  m l  cm ( l b  in.) , w i d t h  41 c mii , t h i cknes s  5 cm (2  i n . )  . T h e
f o , u n m  was t i m e r m  -m llowe -d to  cu re  for  24 hours prior to removal from the  mold.

‘ 1—1
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TA I3LI -  A -I  - Po lyureth ane l -oamn h - t i - I 4 , iu i ie r  1 - t u m  m i t u l . a t m t u m i  I v ia luimicd.

Fo rmu la t i on  parts I)y d ry  we i gh t .

Components  1 2 3 4 5 6 7 8 9 lii

Momidur f.fl{ 100 .0 100.0 100.0 100.0 100.0 100.0 100.0 100 . ) 100 . i i l O O . i i

Saran  113 16.5  16 .5 16.5 16.5 16.5 l b .~ 16 .5 lh .5 1° .5 16 . 5
KBF3 . .. ... ... 16 .5 16 .5  16.5 16 . 5 lo .5
Fyro l 2 10 .0 10.0 10.0 10.0 10 .0 10.0 10.0 10. 1) 10.0 10.0
l’WG 440 65.0 65 .0  65 .0  65.0  65.0 65 .0  65 .0  o 5 . 0  6 5 . 0  1~ 5 , l )
Freon 11 35.0 30.0 40.0  80.0 80.0 80.0 100.0 7 5 . 0  7 5 . 0  7 5 . i )
“ C ” glass 25 .0  25 .0  25. 0 25.0  . . . . . . . . . . . . . . .
R e f r a s i l  ... . . . ... .. . . ,. 6 . 5  25 ,0 6 . 5  1 . 5 6 . 5

1/8 inch
Rcfrasil . . . . . . . . . . . . 25.0 18.5 . . . l~ - .5 18.5  18.5

11+ inch
DC 195 2 . 1) 2 .0  2 .0  2 .0 2.0 2.0 2.0 2.0 2 .0 2.0
33 LV 8 .0 8.0 8.0 3.5 3 ,5  3.5 3.5 3 .5  _3 .  5 _3 . 5

THERMAL SCREEN I NG TEST PROCEDURES

The te st specimen foam blocks were cut to 30.5 cm (12 I n . )  squa re
by 5 cm (2 in.) thick. The blocks were’ mounted in j~ htr-~ t t S frame -s am id
t i m e  unexposed f a c e  in s t rumented  w i t h  chm r o me l—a lum e l t h a e n n o e ou p l c s  si -u

shown i n  Fi g u r e A — I .  A 43—cm ( l 7 — i n c l m )  c u b i c  s t a in l e s s  s tee l  box
s t r u c t u r e  was used i n  t i m e  las t  f o u r  t e s t s  w i t h  t i m e  spec i men m o u n t e d  ~
i t  was exposed in omie~ wall  of the box f i x t u r e .  Ins i de , mounted 15 cm
(6 i n . )  normal  f r o m  the  unexposed s p e c i m e n  f a c e  was a still-air t iic ~~mmo-
coup le.  l i m e  f i v e  s i d e s  of the  box s p e ci me n  t h a t  were  no t  e ’xp - sod t o
the  fu rnace  w e - r e  i n s u l a t e d  wi th 2 . 5 4 — c m ( l — i m i c h i ) — t h i c k  b l u i m i k e t  t v 1 t-
silica insulatio n material . The test setup is shown in F i g u r e  \ -~~~

r ime  NASA 1— 3 f i r e  t e s t  f a c i l i t y  was used to provide  11 . 35 W . cm 2 —s ~
(10_ hlhI 1 / ft~ _ sec ) ot total heat flux wit h a cold wall temperature of
u mppr ox  imat e ’  ly 900 ° C. When t i m e  oven was stab ii i  sod mt  t i m  i s  heat f lux
rate ’ , t ime ins t rument ed specimen was exposed t o  the f l a m e  am id t i m e  t h i e r m o—
coup le- recorder (Esterline—Angus D—2020) started. 1-a chu individua l test
was t e r m i n a t e d  wh en th e  hackface temperature of  t ime spec im en exceeded
205 ° C (400 ° F ) .
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TE ST RESU LT S

TH E R~l - ~L R1 - SI ’ONSI -

Firs t inve st i g a t e d  was t ime e f f e c t  of density on t h e  thermal  r e s p o n s e -
of t ime  basic iA4 I p o l y u r e t h a n e  foam . As can be seen fro mi m F i g u r e  A — 3 , a
n e a r — I  in e ar  r e - la t  i coull i p e x i s t s  w h m e n  c o n s i d e r i n g  t ime I t t  a g iven  h a c k fac e
tempe rature mo a I u n c t  i ni ot  d e - m m s i  t y .  l ’i ie pol y u r e t h a n e  foam acts as an
e f f i c i e n t  t h m c r n u a l  5 m b i s t u r  w h u i  Ic decompos i imp , to t i m e  basic cimar  st r u c t u r e
o f f u z ed g L ass I i o~-r  a rid c a r h U n .  ‘l’his is t i m e - m i  f o l lowed  b a r a p i d  I i , se
to e le - v a tc d  t e - n m p e - r a t u m e - s-u a t  an a p p r o x i m a t el y u n i f o r m  a mu d r ep e a t a b l e  r a t e
due to  t u e  ch a r  m m m l  r i x  t he rmal  c o n d u c t i v i t y  b e i n g  abou t  an o r d e r  ol
m a g n i t u d e ’ gr e -a t cr  t h a n  t i me  v i r g i n  foam .

N e x t , t i m e -  p o t en t i a l  b e n e f i t s  o f  s i l i c a  f i b e r s  is t i m e  r e i n f o r c i ng
a g e n t  wcrm.i d e t e r m i n e d .  A f t e r  t ime  a b l a t i  on p r o c e s s  bad he -e u comp b Led ,
the rena i f l i n g  s i  I los char  exhul b i  ted c l e a r l y  s u pe r i o r  t h m e r n m a l  p r oh t e r t  i es
as compared to t I m e  g lass  char. Figure A- -t presents tim e’ results as t i m e
v e r s u s  t em p e r a t u r e  d a t a .  Time s i l i c a  fo rmed  a whit e blanket—like- surface
to t h m e  I ire , l o we r i n g  t ime foam i n f r a r e d  z m b s o r p t i v i  ty , timus redu c i rig time-
e t t e c t i v u  i e I ~ tr - tuis f e r coefficient of  t hm ~- b a s i c  c h m a r  s t r u c t u r e .

[Itt I inc Vt ’ r sus  It- mo p e- r a t  u re  elu i t  a f o  m t ime -  po lv  ure th ummi e ’ fitain , vi thi
and w i t l t e c u t  - L I P - s  nei l i t  I ye j~ p r e s e n t e d  in  F i g u r e - A — S .  DI I I  e- re- m I t e- 1m m
i n i t i a l  a m b ie n t  t e ’tfi; t - r  m t uie t i n e-  can  e -> ,~~l , m i m i  time’ ~m ppa r e-ml t re-duct ion
i m i  p e ’ r f o r o m u i u i e e- t l t  t h e -  l o m i ; i  w i t i m  t i m e -  a d d i  t i v e . [lie KB F -5 d e e ’s n o t  s i g —
m i l l i c , m m u t  I v  c u t e r  I n t o  t i m e -  r 5 i e : t i o m t  a n t i  I i t  i s  , m t  e l e v a te d  t e m p e - i s t u r e s
(600 ° C) . I i t  ‘-~ e V C  r , i t m p p  e i  r i-u 1 1 nc rease I h u e ’  ~~~ .m r e n t  foam t he  u’mal
c o n d u c t i v i t - .- I m n I  i h  S t i t  t i c i t - i i t  f t m . i ; l t  I t i e -s o f i t  i r e - dee -~’muup ~ shng ( i n  t h i s
t C-i - u t case-  v i m c - m i  t l m e ’  I - i L  I a - t - t em il p e- r i  l i r e  m as re ach e’d ab o m i t  1 50 ° C )  . At
t h i s  p o i n t  t i m e  l in t m p p a r e m i t  e s t u m im m e I i  c i t y  ci s i t  , m i u e - d  to l e - ~~s t h m a m m  Lime ’
h u m s i -  su i t - u  m u d  - i r h i o m u  t i a r  t~i , i t r i ~ u .

Ic-O t s coit iutct e l  W i  t i m  t i m e ’  f le X -0 1 l i c e  e l f  t Ime ’  b au m spec im e -i m c m i v  h o - - e d
in m h ex  s I r e  t u r e - w i  t I m  t ime ’  ~ t i l i — - m u  i- L t - u - u i e - r ; i t u r e -  r e - c o r ded  a r e  m t  r e - p E e -  -

s e m m t m t h v e ’  ci t  soc m u t u a l  _ m i  r c m ~ m t  t s t m i m e - t i i m e - t h er m a l m e - u p - l u - c -  t o  t i m e  h - m r —
n c r .  ~‘l t s - - u t i m e - s t r i i c t m m r e ’ , c t )~m t  iuig;; , d i s l , i u m c e -  f r o m  t i m e  h i a r r i e ’ m  , V i e w
f u n  t u l t ; , - m i r  l - u t s h l \ ’ , m t u d  a i r  i,’e- l o e - i f y  f l u t i s t  . u l l  be ’ cons i d e r e d .  l m w e - c e - r ,
i t  i s  - i n  u m e l i - a t i t m i  that a i r  i ;  ‘i i i  t -~~~~- l l e ’ m i (  i n s u l a t o r  an el  c r i t e - r i a
l i m i t  i m m g  t i n ’  t o n ; i  h i - k I  sui t t e -n i p t - r . m t i m u t - L u ’  . ‘ l I l ) ’C Sic’ e x t r e m e l y
t h v & ’ . F h u - ; ~ - e l - i t t - m t ,  e - . tn t u i j u i , -d i r i  I t i l e - \ ,‘ . ‘ r a t t l e  A — i  p u t  s -m m t s  a
- ; m j J ’ l m . m r ,- o f  t I m e -  i~~- o u i l t : ;  f rom cac t i  i i m e h i v i d i u . m i  t . &’’, t  . i ) e ’ t a i  ~ s - f  t h e  ~~ A i - \

t i r e  t e  - i t  I i i 1 t ’. m m  ~
- shtsi~ m t i i i  ~ i ) - - m m  e A — I t .

I L

- -
- — ~~~~— ---- ----
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1 AB LI -  ~~~~~~ l i mmme - m o ’ I emu pe ru m m u r e Data for P01) ure t hane Fenm mm i t - o r m mm u la t ioums.

- Ti mime to ~05° C St ill—air Foam dens i ty
Fortoulat ton

No . ~~~~~~~~~ temperature , kg/rn3 l b / f t 3
mo r n  I,,

1 4 . 7 5  . . . 53.35 3.33
2 6.50 . . . h 4 . 7 2  4 . 0 4
3 3.17 . . . 39.57 2 . 47
4 6.00 . . . 6 5 . 2 0  4 .07
5 3. 5 0 C  . . . 69 .2 1  4 . 3 2

8 . 6 7  . . . 6 4 . 5 6  4 . 0 3
7 5 .33  103 45 .66  2 .8 5
8 7.00 78 5 9 . 4 3  3 .71
9 8 .75  78 56 .55  3 .53

10 9 . 3 3  96 6 4 . 7 2  4 .04

~ Spec i nm em i  b a c k f a c m - .
Thermocoup le l o c a t e d  15 cm (h  i n . )  normal f r o m

b~ ckt aie - of spec imen .  Tempera tu re  at 10 mm bu rn  d u r a t i o n .
C Excessive voids in spec imem i .
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M I - ( l 1  \N  K’ ~ L P ROP Io R [f tS

,\1 I 11I1- s2)m1l fl iCill p r cp~ - rt  es tes t iu g  was conducted in ,iccordanp e w i t h
the ‘rccc-d1 r 2 -s an d rt -q u i r e m e nt s  ot t h e  Amer ican  S o c i e t y  f o r  Test imi g and
M a t o r i a l s  (A SIN )  . Tab le  A— 4 p r e s e n t s  t h e  r e s u l t s  01 omese t e s tS  f o r
t i l e  s~t a n d ar d  5A4 3 po ly u r c t l i a n e  foam , f o r  the 5A4 ~3 fo am cas t  in molds
( ck - s i g m m a t e d  5F1 !s ) , and fo r  the SF14 foam w i t h  KBF~s added and silisa
f i l i - - r s  s u b s t i t u t e d  i c r  g lass  f i ber s  (des i gnat ed  j F I — s R S ) .

Ih e  5A4 f, am is n o r m a l l y mi x ed and a p p l i e d  t h r o ugh a sp ray gun
in m u l t i p le passes , th e r e b y  o r i e n t i n g  the  r e i n f o r c i n g  f i ber s  in a
r c l : i t i v s -’ly random fa s h i o n .  l’Iie 5F14 foam prepared  f o r  these  t e s t s  was
sj ’ r l\- — g u n  app l i e d  i n t o  a c o n f i n i n g  mo ld , r i-- s u it i n g  in  a inu re  p r e f e r e n —
t i a l  o r i e n t a t i o n  p a r a l l e l  t5 the rise d i r e c t i o n .  The 5Fl .~Ry foam was
h a n d — m i x e d  and p o u r e d  i n to  a c o n f i n i n g  mold wi th much t he  same r e s u l t i n g
f i b s --r  or  i i - - u t  at  i o n  as t h e  5F 1-+ f oam . H o w e v e r , t h e  s i l i c a  f i b e r s  were
on l y  oni - -—~ t i ar t e r  as t o m -mg as the  g lass  f i b e r s  and had  lower t e n s i l e
s t r e n g t h .  M5 ’l di  ng of pol y u r e t h an e  foam crea tes  a Ui in  t oug h s k i n  on all
o u ter  s un  aces i n  d i r e c t  c on t a c t  wi Ui t h e  m o l d .  Thi -se  s k i  us w e r e  re —
m ) - v 4 - d f o r  t i i m ’ -  n i e ch i an i c a l  p r o p e r t i e s  t e s t s .  D e p e n d i n g  on geome t ry , t h e
p re sen c e  u t  t I - iso s k i n s  can mo re t h an  doub le  the  m e c h a n i c a l  s t r e n g t h  of
2) (cO il block ami d  f r i a b i l i ty  is  r educed  to z e r o .

I -\ BI. I \ -4 . Pl ty sical  I’r o p c u t t c  of ( a m m d i d -at c  Fire t3a rr i e m PoI~ u m e i I m a n c  hi_u ri s.

______________ 
Ty p i c a l  va lue

I’ ropert los ‘, S i M [t i lt s  
5 \4 3 

— - 

~~
F’

~~ 
— 

SF 14 R S

Dens- i t (~ 1ppar i ’ ut )  k g / r n  ( l b / i  t 3) 39 .  7 1 ( 2  .-‘sS) ~ 2 .  1 3 ( 2  .h 3)  ~ 1 . t 5 (  2 . t- -3 )
( :om i t . s L r - n g t l m  I , 0- 1 (4 21 k g / c m -  ( p s i )  1.~) 7 ( 2 8 )  1. 0 5 ( 1 5 )  0.~, 0 ( 7 )

1025- i
Modulus I 0— 11s21 kg/cm 2 (psi) h I . 25t (’h(0) 21 . l0( 3001 10. 55(  I 501
[ol mmp . s t  r i-- m i g t i t  11 , 0— 1 21 k g / c u t 2 ( p s i )  I . 0 - i ( 2 0)  -

- 
. 1S( 3 1 )  1 .lOt 1 7 )

i i )  h

S1 ’ ’ , I ) l I~ 1- I I  D — 1 s 2 1  k g / d i m — 1  ( p s i )  70.  3 2 ( 10 0 0 )  8 0 . 8 7 ( 3 1 )  to • 7 , ’ ( 5 ~~0)
I ’ e r is i l i -  s t ren g t h I 0 — 1 6 2 3  k g / c m 2 ( p s - i )  2 . 5  3 ( 3 6 ) l . 0 ’ ) ( - , . I .  -~~( 2 i )
I c n s h i -  s t r c m i g t l i  11 1) - I ’ l l  k g / c m m m -  ( p c i )  1. i ’ t ( 2 - ~) 1. -~~ ( 2 I )  0 . u ’ ( S )
1 , 1 nil t i rig cx v g -i i  . . . I ’~ .7 5  2 . 1 . -

‘ 2 3. 1 1

i n d m ’ - x
Friability (W E . . . . percent 2 2

loss- m t 10 m m )
O u k  ‘- l o c k

0 l o u t  ‘ t d i n g  a pp l i e s )  j o - i p t - n d i ~~u I i i i ’ t o  r i : ; i - -  d i m m ’ - t i o m i  - i
- I ~~~. - ; t 1 ‘ m d  i ~ ; i up p l  I - - I  p . m  r i  ft 1 t o  r i s v - J i t  ~~

- t h u r t  - - t oil -
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I I s . c h j s s -  of pol y u r e t  I o n s _ s  f o a m s  descrih i--d lle r 14- in ar e m i  t i a l  l y
expo~~e- l to ii 4 i r e  they res is t  h I s - - a t  L r a : i s t  s _ - n  i sv  a comb i : m a t i , i n  ci  low
t l i s _ ’r l : ,a ~ d ,d2 d Il C tl VitV , t r a m - m s - p  i r a t ion a l  c o o 1 in g ,  s e m i s i l l e  R a t i n g  Ut

o i m t g e s i ng, b y — p r o d u c t s , b o u n d a ry  L o v e r  c o miv e c t i o n  b lockage , and car l i on
p a r t i c l e  o u t g a s s in g  w h i c h  s c a t t s _ - r s  o p t i c a l  radiation. During t h i s
p r 5 -s - s-~ -s 1 c  rs.- i n f o r c i m g  f i b e r  m a t r i x  s ur v o s  to  m a i n t a i n  i i i -  s t r u c t u r a l
m t - g m  i ty  or  t h m s _ -  d t orring b a r r i e r .  SelL ct  i o n  of r t - i n f o r c  1 mm ~ m a t r i x
oat  s_ n a )  a lso  ,leterm h mit’ s t h e  f o am  n’s i s -L a n c e  to w ar p ogs - -  :mi i u  i t s  m ccli—

~m n i c m 1  st r ~- n g t h s  w l t i l e  e x po ed to L i i ’ . f i r e . A f t e r  dep l e t i o n  oi  t h e
v i l a t  u s - -s  , Nea t f ow through the barrier is sit- i t-nds - ’:it upu :m th is -- c o n d u c —
L i v e  l i - a t  t r a n c E  -r  co i l f i c i e n t  of t i m e  r e ma i n i n g  c O o n  s t r i i c t  i r s - - , u t - o u t
1)) t L i i u -. t~~~it of thmsi virg in loam .

!:s--c m t  ing of LIis - - - m i r space beyond t h i s -  s o r r i e r  un e x p o st - d  f a 5  i- o s _ c u t s
L i t  i~ ‘ u g h a comb i c i t  i in of convec t  i v-i and r z m d i a t  iv e -  m e a t  t rans I o r
C ,-c l i t  on , b e i n g  .m t u n c t i o n  of t e m p e r a t u r e  to the f o u r th  powe r . ra n id lv
N t -  u t - S  t h e  p r i m a r y  m ode of hea t  t r a n s f e r p r o v i d i n g  hu r n t l i r o u g ls J’ i-s
no t occur. Lm -mi ssivitv and view factors b o t h  r eg u l a t e  r a d ia t i o n  h e a t i n g
r a t s _ s .  ho we - i -n , I f s - -  s L i l l — a i r  t e mp e r a t u r e  da ta  i n d i c a t e  t h a t  205 °C
( - + t ) 0 ’F) 0 i s _ . m s l m i e !  15 cm (o i n . )  f r o m  the b a r r i e r  m a t e r i a l s  w i l l  no t  he
exceeded  dun ig th e  I D—m m test  fo r  any of the formulations evaluated.

:ot ic  lus h oti s a b ou t  L i m O s  foams t i -s  L i - -si are  as f o l l o w s - : 
—

~~~~ - - - -

1. 1 l m s - ’ rrnal i n s u l a t i o n  c~ipahi 1  i t y  increases di r s_- c t ly  w i t h  i m i c r e~~s h u g
‘l~~t i s  i . 

-

2 . Si l l -:m f i h i - r  r e i n f o r c e m e n t  reduces  foam w arp age  Ou r  ing  Ims - - a t I mm xi
by t lea- i t 50. when compared to glass f i i -  rs-

3 .  After Js--p le tio n of volatiles , glass—reinforced ‘ m u m a l low s  a
I s - c temporal u n :  r i - i t :  o f  app  r -  -x m ate lv 100°C (‘12 °F) 5 c r mi nute

x l i i i ’  t h e- s i l i c a  I i  sirs , m l l  L ’W a r i se  r a t e  ci abou t  Jp .4 [ ( C l u ° F)  j - c r  m i  i lu t e

-
‘ . 2 , 1 , 1 1  t i o n  of  po t  ass [u rn f l o r i h s s u r : m t e  i f l c in ’ . i i ) i s  t h e ’  s i l t  s_ a I t h o r

b~m 1 o ’e  1 ’  ~ii e r a t u i r e  r i  ~ ‘ l i t - to m p p r o x m r n a t t l v  6(3 ° C ( I ,I ) I”~ pe r f l m i n u t t -
u n t i l i 50 °C (300°F) tI me - n th &- r i s e  r a t e  decreases  t o  2 0° C (68 F) ‘or m i l i u l t - .

5 .  l i m e  p u t  s m u t s  I 1 , u r c h o r ~m t e  a d d i t i v e -  i n s r eases  this ’  1 l U l l I t o g

m , i - ~- . Fm omn ‘ ‘  . S t o  2 3 . 2  SZ , th u s  i t i c  r t - , ms  i r ig t h e -  I cant r es I - .t  .111 5 t , ’  d O i i i I ’ i i --

‘ui smi d  I I - t i t le  re - - i - I .

- u i S s t I l i l t  i - s i t  o t  ci I i c i  I i N c t s .  j i m  t i m i -  l s - i t g t  IS  t & - s - t t i d 1 1 ) 0  . 1 , l s i i t  I ‘II I

- 1 s I - t - - I so I icr ho u s )  ‘ - r - , l m m , i’s- t I ’ e-  1, 5 1 - ;  I1~~L’ I m i m I .  - V ill t il t I t -I l l I 5 I 4 , t I S - I t )  t h i
N v m l ’ -  c t  m l )

3 : 3

_______ 
-—-— - - - ------  - —-------- — 
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l - : i t h m i - ’ r - t  L I m e  t W s i  h i s - i ,  j I j t t  I ’ t i l i m l m t  i on s  W i l l  meet  t h e  L : I e - r m m i , i ja, ~ t - j s t . m u m  c r j t - n j . s  : :-:- - s- - p t  i o n  m e ch a n i c a l  s t r s - - : i g t i m , th e- 5Ei -5 i~~f o r : : , i m h o t  i on  is c i - i r l y - m E u r i r  to  th i -  F l - ,  1 ’ r m u l a t i o n .  M t - c h ~j m m j s - - 0 ls t r e n g t h  r e q u i r i --m:, m m l s  m a ’ s- not b e - c u  d e t s - - r i : i h micd ; t b e-refor- s-- , t i te l F I ~~k5I s-u mn m i u-i r , comli me tu d u U f o r  odd i t  i s-~m ma 1 test i ug and eva I ui_u t ion
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