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T A B L E  7 , BNQ PREFORM CHARACFERIZAT ION IML%

Number 427 Series Pref or ms

Weave Design : 4D 4D
Fiber Type : Astroqu artz ® 552 Rov i ng As troquartz ® 552 Rov ing

Rov ing End Count: 20 20

Finish: BN Prepreg (6) Silane (6)

BN Added BN Added
In,~~jL (~J Pla inji), In Situ (3) Plain (3)

Woven Dimensions (in) 0.6x0.8x15 0.6x0.8x15 0.6x0.8x14 0.6x0.8x12

Average ~oven Dens i ty
(g/cm ) 0.8 0.6 0.8 0.9

Ave rage Fiber Volume
(-2) 19 22 25 42

Average BN Vol ume
( % )  12 1 12 0

2,3 COMPOSrTEDENSIFIcATI0N - 1

The three major objectives unclei’ the ADL—1D6 deissilicatiois task 1110:

1 . To fabricate ADL—4D6 material liv the ‘‘ s tandard ’ process (os’ tuirthei’ charactei’ization
of the baseline material

2. Te) product’ a ‘‘11110 WC~~VC ” vai’ iat iots ol ADl~—1D6 aisd compare its  p t’oI)t.’l’t ics to the
standard nsatcs ’ial

3 . To ilivOs’ lIgate densitication pi’ocess vat ’iatiotss which tssa lead to impi’oved c’Onspositc
p t’ope1’t~ics

2 ,3 .1 STA~~~~AIID DENSIFICATION PIIOCESS

A (‘low diagt’aiss of the statse]ard Al)I,—.-(Dli densilicatiots process is shosvts in l”igure 5 , Pi’ior

svtn’k on thts si l ica—si l i ca s~-stelsi ~nde s- a NASA cols t racb , (NA S 2_ sJ301 , Ret . 7,) ainseel at proelsic—

ing s’ci~- high purity sil ica—s t l i  ca 000slx)sites 101’ i’et lcctive lsc’at shield applications sliowc’d that

the contamination level in Al)l,—-Il )6 e- elnlpsls tes ’ is i’edu -ed liv: I) washiitsg tlss’ Onsniweiave pi’t’—

b ros prior to inf i lt i-atlois wit hs colloidal silica (i’s’s lutccs Na I Ie ’vel u s  preform fI’ons appl’oXitslateily -‘

200 ppm to approximat&’lv 100 ppm); and 2) iols—exe ’liaisgilsg the colloie]al silica sol iss’ iot ’ to use

(reduces Naf in silica solids I t’e)tsI appl-sIsi llIlt ht ’ l \  221) 1)1)111 t~i apbll’OXiflsIst e.’ly 12 d ppns). 
II

These tWo StC1)S ilhive been iiic’OI’ po l’ate ’ sI in to  the Al)l,—tI )6 densiiic’atiot i pI’oc’s’ss os’igitiallv

re ps) rted its Role rence 1.
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’1 ‘~O MNIW EAVE I R .T. IONPRE FORM I EXCHANGE(1 .0 GM/CC ) ,J

WASH IN HCL f ’ ~
” ’”1 ADJUST PH *(1 NORMAL ) TO 9.5 WITH

* 
1Th40H

INFILTRAT ION
RINSE IN NEUTRAL I W ill-I COLLOIDAL
WITH DEION IZED SILICA

WATER

[TEFLON RE~VVA 1 1 180°F 
DRY

50°F - 16 FIRS ) I 6 cyc l es

N cycle s
-

~~~~~ I FIRE (0-5)i~
,
~

0
~1~IJ 1 200°F - 4  FIRS. I

i :t:i LJ~ M~~~~~
Ej

- J 
~~~~~ EN ~~~~~~AT IO N I
LI~~

TM EN T 
f 

-

*1 1  VARIATIO NS STUDIED 
1” ”

ADL_406 JAT THIS STEP IN PROCESS. 

I_ 
~~~~ j

l”igui-c i~ AI)L-4I)a StiiiseIii~ I F:tlsricalj csn l’rot’cies

:10
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in t his stusly lou 1’ ,‘S 1 ) 1 — - I  D~ plates has’s’ he’t ’tt c b 5 1151 Il e’si I l’~ thi is bas elt 115’ p lute ’S 5 : tw e ‘ s tune la id

p i-eto h’ilsS (-U ~ —2 ~uiel 123—3) antI twsi tins’ wea v e pt ’eto t’lits ( -12- i—I ;tnd -12 1—2),  (‘Ito ,‘~ ,‘ ls ’ t ’u i.:il I’ ‘Ii

etata on t hese’ ebe ’ls8 itie’d phirts is shown in Table’ s -

2 , 3, 2 t ’Il(K’ESS ‘s ’AHIA ’l’ION STUDIES

‘l’he’ goal ssf this t ask was to 1 tssprove Al) [ —-1 1)6 (‘onspos itt’ P lOp(’ rIles ICy (‘Vail) hilt h g  (lit’ c- Il o c t

ol e’t’rtsti 0 issodi Ii e’at ions to the’ statida rd d eliS i i i  c-at ion t i’oce’s~ . A t roe CII hi~ l’ati) ol th e  dens ill (‘hI —

t it)ii pl~)t’&’sS 511 i’iOtiottS e’valuated is S iiowii in l”igui i’s’ U. Table ~c lists the 1)111k p55111’1 s-ha i’aetc I’ —

ization data Is’ r all iiaiicls fabricated ill this P1’o(’(’SS VII t’ l lttioil S 11111’,, Each p 1 5 1 5 0 5 5  Va l’ihlt 1(111

evaisiated is sle ’ss ’ l-ilk’d in t he  tollowing sutiss’ s’t lotss (2 .3 .2 , 1 th roltgbl 2 ,3 . 2 .4). The I lexst i’s’ test

i’s -su its to r each pi’oceSs s’at’iatiois are given in subsection 3. 2.1, 2. 2.

2.3, 2. 1 I’i’e’toi’isi llehlt (‘leatlilhg Vu X’iOtiOllS

‘fbi s ptuces s s-si i i atiols Wa S itite’ndeel to e’va llIate? the t’t let’t 0! t’t’sl(Itlhil tot loll (1151511 Oil the

Oltihlt’tZ I ilhitist’litS (pl’ioi’ to initial dcllsiIil,’a tissls)  on Use uilt i tssate conspos ito pI’opei’tit’s through

alto (‘hi tis it is sit the Iii ‘5 ’ i / t h a t ri x I lite (‘this’(’ ,

2 , t . 2 , 1. 1 Delete Heat Clealsilsg (‘Fetioti ileii10~’~ii) Step — ‘(‘he I)U1~~
05e ot th is modification was

to pl’es’ s’ nt iho rough peisetratiols of this’ colloidal sil ii’ ~1 a rticls’s I ts to the tuscel quartz roving

bundles du i’hsg ~ l’ t ’b i t’ni delis ficatioti . ii was felt that this cs,itldl tiOlS isllght i’e’sult 111 higher

co isspos i tt’ st i’eiigths zuid fai In i’e St i’~i,i 155 elite’ to relsut ivt’lv ‘‘soil’’ (pa i’tiallv I nspregtsateei) fibe t ’

t)uIlIdles 115 the titial composite. liv allow log the 10(1011 to l’ellshtlll oiu the I tbe t’s do 11115 lIst’ Ill -st

t\vsi co lloid al silica (tilt) I’egiiat iotss , ii woutid block the c’oiloidhi I pa i t i  cit’s Irons penct rat ~ng the

111)01’ butsdles ansi lead to a isc i ildup ut depos i test silica ~i i’ouiiel each lltllidle , This silica coatt tsg

svou i ld j nhjl s i t  cellloiolztl sills-a penetration into thsc fibs’ 1’ huitsdlcs dui’itsg subsequeult lIllil t rations -

alt hou g ls the tefloii would be re’nsoved h lf te r the 0 1’s Ii ci isg cycle do l’ilsg dells i f k-hit 100. Panel

nuissber - 123—1 ss’as lab i’ icated us lug th is nsu,diflesl pi’ocess . ~ s’ subtt ie cOtiEdit’ 1’ Wa S applied — —

it would not b sisel to tist’ tellOIi , ~itssi t’llilSi ussil sil l s -a coupling to t h e  tibc i’ tiutidles do i-tug 111-s t In—

fi lti’ations ss-as the paraisse’ts’ r under ils5’esti 1’’Ot iOt l , Flexural los t results 101’ tlits piu ’ss 511 1155—

tiots are shosv n iii ‘l’able 14 in  Section 3,

2, :1.2. 1 ,2 I light’ r Heat Cleaning Tensp c i’atu cc’ — One’ pt’efo I’isl , #- 123 —6 , whis ll)lt 1IIII\’ lit-al c’Ic,’atscsi

at t 30”C , the-si dcnsit’ied using  the standard 1~~’oct ’ului ’e . ‘(‘his highet’ tt’isij)t’ i’hilti i’s’ lIlItIal hit’~t 1 (‘105111

(lLiO°C versus stntsdax’d ~ 1 t )°C) insured comp lete’ l’s’nsoval cit the’ teflois I iisish prior to 51151111’ I rent —

mont and issf i It i’ation w i (ti colloidal silica. Wi lbs hIss’ ~is1s1 itiois u il the 511mw’ cou ple i’ , tills conch (ion

pi’swideei the’ issaxinsuiss possible ps’sst’ti’sitiots s t t l t b  bonding bot sS ’c,’ e’ll th e’ 151h)t s’iX aild tli)eI’ . l-’lexul cal

It’ s - I  t- eslllts (‘or this ~~~~~~~ va rintiois sire shioss’ts in ‘l’atste’ 1-1 lii Se’t’t lull) :~ . This e’xl)e’s’l mont eelni —

pk’ted the heat - le ’an iss g variation s t ueh ie’s : iso heat d eals (-123— I). standa rd hcsih c-lean (-I 1 ~—2 ansi

-12:1—3) anti high tetnpt’ i’atsii’t’ heal clean (-423—I).
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Fuu’the’i’ i’t’fincns&’nts of thIs ss’atct ’ th&’st’t isitlzatlots PI’oct’ss , such SLS 11501’(’ St l’j li gs ’ Iit hie’~st

i’&’litssients and si ssso rc t hsoi’ough silztns’ -xposui’e th u t’oughi t’vac’uiit loss and tsa(’kfilling of (‘Iuanul)(’l’ with
st itinc should result its even loss-c t’ loss tangents for t i ’e h t t ( ’sI Af l l , — 4IR nsat&’ risil,

2,4 UNQ (‘OMPOSIT E I)INSII51CATION

2 ,4, I hiM,’ K(ilft )11N1)

‘I’ lse obhect ivo of the I(NQ ds’vt’loptss&’nl task was tsi furtho’ s’ thus ’ dL’vs ’Iopusst’nt of the boI’Oti lu ll- ide—

silk’s hvbnisl eOuiuixsIL’ s tnvusttgatos l in Use PI’evtous A ~stMR(’ progl’atsl (fl s’f . 14. ‘l Ist’ ehs’si rt ’cI ch ar—
acts ’r i s t i c  of these hyt)rid t’onipos-iitos is a~~~e ry  h igh st ra in to failure nelsi&’vL’si by thus’ Use s)f a loss’

strengt h (cu’Us lsablek final rlgislizuition matrix its cotisbination wills a boron nitnisit’ intes’nses liate filler
to ‘‘lubricate ’ ’ Use silica fibers as t he  cotisposite eleforiuis , A h igh hiN solids contetst yarn prepreg
pro(’ess w as  dos’elopesl his tl t ’ fs ’ is ’n5 ’ s’ I, but a proce’ss suItable fs i r ls )ais uf isct u l ’ lts g prefs is’t us 10:115 not

ac hieved ,

In that prior s,vork , the fsi llssss ’ttsg apprslliclles tsi iticorpos’ating boron nitrts le Into a s ihica—b ass ’sl
consposite wore usesI:

I, I ‘so s f  a bs~ ’on nltrlsie—fi lieeh no is—c lus s u’niuig rt ’s l n—p repi ’ s’ggecl Astr oqu artz rsdving fos’ C

Oninisv eave preform fabi’icatisns -

2, Infiltration of -‘s stroqua rtz )t uusiw ea VI’ profo rti i s with fine particle—si ‘it - il boron nit ride during
ss o fls’I ng pi’o c& ’ss , and

3. CombInations sif bot h t hese ts ’chtsiques S

(h’nerally, the hiNQ (‘onspasites fahrit’ateel via Ilsese apps’oaclies had s’ithes’ roltutivehv loss’ fiber

content or los,s’ bs ron niti’ide content . T he’ fibeu’ voluusse decreased s,s ’it ls Increasing borois nihs’islc

ce intent ,

l’ho goal in this program ss’a s IC) inert-u se the f ibL’ r s’ o luuis e and bos’on tsitridt’ esinteist of t ts s ’st’

consposites such that rs’Iativt’Iy snsall ansounts of s’igieiizitsg niats’ix would be required to reduce final

poro-iitv, ‘l’his wsuld allow I ho bos’ots tsitrid&’ ‘‘ lubrication’’ clias’acte’s’istic’ to PhI 5,5’ grt’ates’ iisfluencts

on thit~ toughness and elasticity aspe(’t of tlss’ es iss iposit o propert ies , s,s,’hile the sts’ength and a reason-

able value of Initial modulus (I lI t ) , 000 psi o s ’ mo nt ’ ) would Ps’ assured by the h igh fiber volutsse’

fraction,

2 . -4 , 2 COM POSI’rI: PR OC ~: SStNG

~ ‘s,- s ’r hII  approachs(’~ to fabrIcating th s t ’ i(NQ (‘oisiposites s,s -erc plannesi and are Shi s 5S’fl in 1” igure 1-I.
One basic difference between tspproaches is thit ’s tiisslng of the boron nitride addition in the ccs mposltt-

fabrication sequen ce , ‘l’ he fIrst nseths sl ac id s i l ls ’ borots nitrIde before or sluring tht’ silica preform

42
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fabrication step. I ke borots nitride addition techniques ust t h i s  stags’ in the co mposite ~lrs)e s’ssil ig

art’ the u~~o of a boron nitrisle preprcggesl A stroqu:urtz roving for wens-ing tind ‘Os’ packi tug this’s i~t’ s ’ —

forisi ss’ ith a boson isitt’ids’ esssutsisns during we-living, Rolls of Uis ’s s ’ apps’oachus’s are ehist ’ussss’d utisier

‘‘IINQ Prt’forns l”abrtcatiots” in Sectls’ts 2 .2 . :t ,

‘l’hk’ two techniques invs’stigatesi for :ssisiing boron nItride’ to ten already wov en silica pre ’fo riss

are infiltration with part iculate boron ni ts ’ie ie and chemical s-apor siepositiotu ((‘\ ‘ l )) . l’Ist ’ feilloss-ing

pros-esiurts ss’ as used to infilir~ te wovets preforni s w i th  part iculate boron isitrieis’ .

2 , -1 , 2, 1 Autoc las - e h!s f i l t r t st i ssn sif I’articu itite RN

Tss’o emulsions of 20 percent by weight bors ts isttrido in disti lled ss’ate’r w ere used for thse

infiltratIons . One emulsion used 0,3 micron boron nitride powsis ’r tund the other used a —325 issesh

(-44 inicronsi ixswds’r. This was dotse to check ois any difference in sis’grsdo of ps’fls’tl’:ltlOfl betn’s’s’ rs

these’ part icle s iz es . Secti ons of th e 127 fingerw- s’ave prefortiss, about 3 inc hes long, were is ss —

nses- —’e- sI in the borots nitu’ide eu iiu ls iss n and the coistaiise’r tlie’ii placesi in an autocl:ss- s’ - ‘l’he autocluive’
chamber ss-:is evas’etatesi to 25 ’’ hlg fesr 3 minutes , t heis backt ’ihlesh w i t h  N,, ansi 1000 psi applied for
30 ts s t n utes , ‘rho pressure ss -as s’ s’loasesi ansi Use plsrts 5I 5s 5’~d s ’essse ivesI froiss t he’ etusulaton containes’
and ovess—d riesi at 2ti0~1-’ for 16 hous’s, Nsi shiscernablt ’ differeisce in ss’eight pickup or degree of j .

penetration was evisis’nt bs’tws’ s’n t his’ 0 , 5 micron and —4-1 Iisics’on boron nitride particle emulsions.
The’ atuuount of boro n nitrid e’ iushsk’d to t h u s’ ftngerwe’tuve pu’s’forisis via this procesttts’e raisgeel froiss 5 to

10 percent by weight and ses’tsss to be a function of the originzsl ps’ e’forsss sIs’tss itv and boron nitrisie

content . ‘(‘ hose finger~s’e’as’ s’s w ith a hitghs tTher s’oluusse or a hsighs boron isitris i e content (as isk - si dur ing

weaving) bash the lower boron nIti ’ iche ’ u’eIghst pickups durlisg lx )st—si ’ s’as’s’ itu f iltratiors ,

2 , -I . 2 . 2 ChemIcal Vapor Deposition of ISN

Anot her Issethod for introducing the bos’on tiitrids’ itsto a silie’n fibe’s’ preforiss is chs’sssicui l vhu pos’

depos ition, I’tsfortunately, ,Ie huvs in rs’s’elving thi s ’ h)O5’siii nitrisle pt’ecursos’ mate i’m ) rt ’sluiresi for
t he’ ink-tithed process presented any e’xpe’s’issss ’nts along (his approae’hi.

‘l’his approach takes ssels ’antage of a tessspe’rattu re’ gi’sis iient t h a t  s ’xis ts threntgh thus’ thicktss ’ss of
a sp e’cim en place-si against a heatesl surface’ , l5 s’eceirse r vapors s’sn ta m n i t s g  tht ’ s’ls’ nse’ntal css ussp ss nent s

of th is ’ ,ie’s ir ed deposit are’ passs ’s i acs’os s this ’ cooler , oute’i’ surface ’ of this’ preform . l’hs’ po rt icsii

t hat dl ffi iss ’~ Into this ’ n-en ye deconi poses at I Ist’ I lint’s’ , Ist ’at ee i surf ae’ s’s , gr asi uall%’ ft llhisg thit’ s’ss isl s

against the heatesi s urfac e ansi incr easing this ’ sls ’ IlsIIV. ‘l’hsls iissps’ove’d therussal consluctis-Its- and

the deposition region gradually pass t h rough this ’ thiis’ktss’s~ of this’ speciisse’n , prssgrs’sslvs’Is’ iiss ’s’ens
ing t he’ s le ’ ns ity of the’ part .

An approach of th is t ype’ was attempt s -si with a s i l icts ws sve n st s’ t ue’tti re , fl eft ’ rs’nct ’ 2 , in ss -hic hs

boron nitrIde was sk’posi ted in the interstices 1u sd amoti g filament s its this’ fibs’r bunsils’ ~1~ef , S’i,

44
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lIon-es-ct’ , the rs, lust ivs’ hy highs tensperature s’equ lres i ts i fswns boron iul t u’ids ’ f u’ons h i— t r l e ’ h l s> r c the ’ t ’ t s -z e s h s ’

(lh ,1N ,1 1I.111
(’ l

a
) . i , s’ . ,  1 t OO-1200”C had a siclsslertous s’ft ’s’s’ i on this ’ fiber st re ngths nitho s igh t i t t ’

ch ietsii s rv se-as :iehs ’anttugeous in t hat ~oiid by—pro due’ts , whule ’hs se-ould hut s ’ s’ obstructs-el fui’n:te’e ’ lines

and prohibite’ssh the long infiltration tt s s ses requir es) for high sk’ns ifie’t ition , we ’s ’ e nest fs ir us it ’,h .

H s-cent lv, how s’ver , a less stable co iui pouissl , bel u’a’f ,s ’ne (II I N.1 h I ~_ ) ,  has bs ’e ’o isu t’ sis ’ hI iluibls’ (He ’f .  ~t b

l’roisu si-hi cli bss rsun nit tisis’ s’tin he fsirniesl at quite low Is’ suip s- u’s t uu’es , s’ . g , , 600 —~ 01) 1’ . I’ lusts , it

shoeulsi be’ possible’ to achie’vs ’ h igh infiltration she ’~ sitis ’~ se t t Pout cli vlt r i i’ic ’ati o is e ia i us :t gt - to thus ’ silk’s

fibeu’s -

2 . -I , 2 , 3 Ih’nsi fi ctiti o n fl e’s eilts

‘(‘ able’ 11 l ists t hs’ e’ha racte ’rist t s ’s oh this’ IINQ (‘ssiisposits’ s proce ’ssesl up tsi thus’ r ig ie it zat ion s t e ’p.

It w :15 sis’lgit’iallv planns’si to rigieii’zs’ t his’ IINQ Pu’’ forns s ss’ll)i t he fssllose’ itsg iss hut u’ie’s ’s:

I, S143,’~o sille’oiit’ l’s ’Siii ,

2 , Sj hj s ’:s she -ri veil fre ssi the’ py’resls’si S of SR ISO , hliieh

:1, SIlica frons I ,ets iox (‘(SI loida I silica

‘l he’ l(NQ ps’efo s’n ss with tow fiher votuiw o Irae’tiou-ta were to be dehulked (co isspresseeh in thc

thickness iiirt ’e’tissn) eius’ing rig’lshizaiiein to increase’ this’ fiber fs’act iois in this’ s’igislizesl esiiiiposite.

At  this point , prehinuitsssrys~rk has bee-is dotie se-ills SR35() only, A ss ’r is’s of IINQ s peci iuie ’ns has’s’

be’en rigisi izeel with SR350 rs’sin sm ile-c saris’sh tnsprenation e’ossshi tjs sns in an attempt to arrive at

sat is fac t ss ry fiber, bs iron nit s ’i s ic and rigi si i-ii isg tss h s t r ix cont eists its the’ siensifis’d cons ( iosi e’ , Ike ’

I3NQ sps’s ’ itsu s’tus ss’s’re vacuusii iisipregnatesi ss - tt hs a soiuthsii of 5R350 resin its acetone’, t hen os’e ’n—

si ri etl at I ist i  - I- ’ for 16 hours fol loss’esh by cuu’i ng at -I00”l” fsss’ 2 lsours , ~~e’cl s uie’ns t h a t  sss ’s’ s’ sle’bulke’si

we ’re’ e’sinspre’sss’ e l Its ths’ sie’sire h fitsal thuis’ktse’ss n-ills thus’ sIde ’s e’oiistrn Iii~si sius’ing this’ ‘100 1’ cut’s’.

‘l’able’ 12 lists the’ s’hiaracte rtst ie’s of t hss ’se’ SR350 rmgis itzed IINQ Spee’1uiie’n~~. Spe’e’ime’n -127 — B—I ,

while’ having a slightly low’ fihs’s’ frtiction, htss a gooei s’atio of fihs’r/hIN t u ihu h s ix cs i nte ist s ,
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1 -% hi l I: II hINt) COMPOSI1’h- t ’h I -~R -~(i I- Rl sr k’ s PRIOR I’O RK ; II) l /-t fK )~

vs s-age ’ C buarae’ts’r sti e S
Berets Ni t r is is ’ - tsf i lt ratio ii — - - 

-( ‘, tuht itis ik’ I. fl - h le ’ h s S u t V  I- uti , ’s’ \ sih , ItS \ iii ,I’r,ie’esS 1 ~e’si —‘-‘ - —‘-— - -— — —-——- -- — - ---- —---- —- ‘—— —— ~gtss e’e’I ( I ‘I

127 ‘ s — I  he ’ 6 ps’e’pre’g 0 , 23 ,~

(Ss i St I’, t ’O’e s ’ itsf illu- ,t ts ’

-7 to 9 ps’~’pre’g (1 , ~“ 9 22 1

Pt’ s’ p re ’g
12 7— 15 —1 Is ’ 6 hO 550:51’ s’ jts flIt~’:sts ’ 0,7,’ (9 t3

pos h set ’as s’ itit’ il tu’at, ’

pu’ s-tire s!1 2 7 — 0  7 ho 9 - 0.7-; 21 1 1iii Sc (‘ l Ie ’ is i t i lt r :s t e ’

12 7 — e ’ — ) he ’ 6 psiiSt 55 0:1 ye ’ hlif ihts ’ :i(s ’ (1,93 -II 3

— ‘ 
iii is ‘‘ ;hVs ’ ius f i l t r a ts ’ - S12 . - 5—I ts ” ,‘ - sl , — 9 2 , ’ 12
h o st list il t s ’su te ’

1 -th I 1- I ~ . SR,ico RIl,.Ih)I/F I) liNt) ( O\iPOSfl’F S

,‘~is’s’iiuie ’ts Iie’t isit~’ 1-’ibs’l’ 155 S1l350 Iiss1’ s is i ts ~- - ,, - -‘ - - Hs’t ss:i i’ksI _ I ) , 1gssu s ’s ’S \ o h . - - ‘, i ii , ‘ \ oh ,

127— - I  —I  1 .33 I I  ,s  - I” O s  - s’1135t) soleit ie-tts ~ tssi fss ’,’s COt S—

str :u ii is ’ei siur(tsg cure ,

1 ,67 -11 2 33 (I low his cesisteust
high siu hst r ix css t s t s ’nt - 

- -

1 2 7 — .\ — 5 1 . I. - 55 2 52 11 - 10- . SR:35O seiluhiots ntis) tso ds’bulking

- 127 — A —6 5 . :15 :i~ 2 16 i i  highs matrix hillel low 155 cs s t s t e’ t it

1 2 7 —  1—2 1 . :;.‘ 2 22 :~5 - 514350 ssslu ttics ti :stse i no eie ’beslking

1 2 7 — -I— i  1 ,2:; :;s 2 17 26 highs ssi:u t t’lx :ut s ,i low hIS e’oiite’t it

127— It—I 1 .33 sI 25 19 22 25 ~
- sn:;so Ss’tli t t isiis hind eis ’hiulk - 10-

ciuriisg s’us’e

127 —h i —,. 1 , 7~5 1 1 21 10 -~ i~eisid e’ssssip esil e’ ust i’ : l(hes
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1 tR ‘ss ’i l- 141/ II Il, )\

I’ I I Hi- S-~Mi’ l 1St , \NI1 t ’l i Vt~ \e ’) , t -R l i  -I) ION N IS

l Ists s,’’ ’ e - t t , ’ t h  i iS h t l h i t ’ i _  thus ’ s ls ’s~’ t  t i ’ ’ t o t t  oh ~I I  I~~’ t ’ I s it ’ t s t h5i (- i’ l i te i l is ’t’ hV h e - s- - h u g  i’~ susul t idii’e ’c ’t is s t u —

al i’ s ’ i t s f s i t s ’ , ’ s h s ’ sil s t j S i _—SI te ’ -i s io vs ’ hs ipe - s l s in hh i t s Id! 0~ t 5 f l d .  i’t’si1is’t’ h t i ’ s— ts t  s s ’ h t s ’ t ! t h i s ’ti t s’s — t h is ’

s I t ’ s ’tighlu ;lissh s ’lis ’ t u s t s ’a l  1set t - i (v , t bs s ’ t ’ u i ’ ,i I s - _ h, , hl h t t V  oh’ (( 1i t’ e ’ e’ _ i h lu u gs , Is , - —  ,iI’s ’ s ’ s s ! ! t , i h l t e , I  t t 5  ~ , s ’-

t oll 2 - s h s ’ t - ~ si uh s ls ’ss ’ t ’ i i’t hills, si t ’ t Ile ’ s ’ s ’t ! lps ist te ’ t i ’ l h f l t t I : h l  is’ Ih :st ss l f : i h ’ s ’ ts ’ a t t e , u u .

‘i’hss’ sOi l lOts hss ’g it hs ii tt h ih ’t ,i t l , - eh A l ~I - - h l’O pi _ i t s ’ l,t vout islatis , —i_ hueiss tug flue ’ s~~Is ’ s t  ‘ ‘ i t  oI Is ‘—I

~ stuip le ’~ f t ’ siisu this ’ it, ’ t i s - u h s , ’d sI ,,t i -
~~, ( l i e u ’  s - ss s it ’igllt’hi hse ’ n atssi i i Inss ’sssto t is , hit iel rs ’s ’ s ’ t i i t t s~: this ’ t s h~ it ’

hi h t s ’~~t u , ’t t  h :itss ’l l itsg. ‘ l ’ht — vo t ’ ’, e ’ t t ’ ~ titI s ’ s ’e i t - eh t sug i’h 5h)C e’ i s t t s ’t i  s ih ’ t i , lll hi.is pt’~ vs ’ts i t s — s s l it s ’ iuu

[ i t s ’S isihi’— j)i,ig ’ i n s -  fs i t -  —ui _ h l ’ ut- i-o’—s ’ - ’ is— t h t t s ’ s ’1 ’h, ’ t a t i s s s u  sif 5, -s I  hi l u esl ts _ i l t i ’s h ush vs ’ t - i h t ’ : i t is i t i  e’f

5 15 5 1  sis ’si s i t ’h, - t i t hdh is i t l .  U Sls— s’ s- s t’ s ,‘s as— hi c ’s i i tVd ’ lh t s ’t i t  gs ’aphic tu t :hh , - rhhi l  sh is } ’os i h id ’tt as ’e ’ s it l t hht lhg

sh s ’~ t i ’s ’ p
1” iget s ’s ’s 15 thu s’outghs 1’ 1 s’eslu h a in hIss ’ I - iv out i~l°~~

l-’ig h h l s ’ I ’ shssiss s t his ’ Live -ut 1’I:iti t o t ’  shhlndat ’ el ,\I ‘I — -~ ~ plhh he ’ -I 1’~— 2 .  ‘i\vei 2. 01) isis-li diausse ’(e ’t-

ehis- e’s-- i s Ot i - sithiplis ’sl ireitli Sluis plhhts ’ ~a t t s i  fhis’ ~s s ’s\’ s ’ s h:l tssh:l I ’ sl ps’o&’ e’ss pla te ’ -12-1—2 1 to ,-\~ I~.lh~C fou’

h,’t t - :mda t ’ ( m’assssisiss isi is ts ’shs iu s this’ ( ‘NUS lOtiO k\\ SoLo - h” iIt ’n: ice ’ , e l sls ’ t l l s s , l-’i’hilie’O. ‘I’his ’ss ’

u t  —s ’S Si e ’ It ’ 0! 5’ Ott 1 St’ 5 ’ otis pls ’h s ’ Iv p t oe s’s s s’ch t hu t’ostgh s t  ha lie ’ ss : l ts ’ 5’ s he ’ SOIlS it t !. hit t sin. ‘V Ise ’ sl I-hiss mig

shus ’se s hhs s ’s,e t ’,c i ’ shis s ’s :iuueh t~ss  his ’xul~’ c ’ hat’s its hhis ’ s h :ssu s l:it- sh c ’o ts t ’tgs tu ’ :it ioui uss’ei tu t h i s  ss ’ t ’ i s ’s of 
S

~‘h’ eigt ’hisss s I,’ Is- s-Oh cc i thu hi 3 , S iuscls s ’ ls ’j h  silk’ s ’ (t ou t this ’ te s t s se ’lv tgs ’ s t t t , ’hios.

hts’lsssv hhuis :lt’s’ sltse ’s (c ii’ s t t ’ i s ’ u t s  elt , ’Is ’s’t t ’k’  pt’O l’s ’i’ t\ ’  us U’hlstut ’ s’utls ’ ts hs , cs”tie’d as fes llosvs :

I, es, t ’  ?il s ’ : lst t I ’euh t c ’lO 
-

1-2515— 7u1 N— ba rth - M I’l’

I- ~sI ~i — ~uI (1. 00’ hita. ) 90 CII,’, ~u I’

I”’,I?eI— ’el (1 2’’ I5 ua, 1 2 1  ( 111 , ’ , ~ Ih ’ I’

\ ‘atis h , ( l h ’ - — h ,’ h”Sl s

hThI I 1. —I ’  Ill , Cl- ’ Oh 5l~

,-\ 15115:5 ’ nllulthis ’t ’  sit ’ phi t’ hie ’ Is ’ impac t te st  ~ I ’h spOs ’isi~~’t5s s ue  issdis ’su hs ’ s h it: hw 0 s - i ’ d ’S . this ’ 1. 2,1’’

\ (I .75 ’’ 0 . - l i ’ 
~‘Ls ts’s at’s’ ts’t’ 1 2 ~

i,w3, I lists’ 
~
l 32 :~‘,et - -~ .0-i es’,e’lw’s” stihlmc ’iOi’ pai’i i5’ \ s ’ hos t s  -

‘h Iss ’ s ic ’ ta t les.l l h l \ O i L h  hi ’ I ph~ t e ’ 12 :;—: ; h: lh u i t e _ 9~ a lso — ls, ’ss s-s 1 ,,,’’ 2 ,0’’ \ 1, 11 ’’ t hihs ’k I’! 51’ ,’s ’ ll!’ ,’ItS

sit ’s ignats’sl fss t’ 5 ~ I ~u I (0. 112 i iis ’his ’s I el i~iit~ s’t s ’h’ pa t i is ’ Is ’ t t t t

F’lgsmm’ e’ 2-I shewe s (his ’ Waste’s’ sht sstplilig PISI5 (sit’ eitsusstss s ’ a s s ’ pt’~’fs iu’tsi 1 23. II is- hollu ’w s ’sh h’v

hI lt ’ shs’(aile’sl slt ’ns - - t f is ’si pihOt ’ layout plsim uss to t ’  1’l:ih’~’5 12 :1 - 1 hh it ’ sitigli 12:1—6 . II’ thi s hhss ’ s ’~~s ’ s ’p ht s i 5S s if

- $ 2 3 — i , , i l l  of Ihss ’ss ’ II’,’ pt’ sX’ s ’Ss s’h ii ’ thittsi l i  plsihs ’s ,tiiel shi~~sv hIss ’ fhe\i lh ’ c ’ h’~i t’  s:isit plisig itss ’si , cc ohs

hil’ ds s t s i d s l u  fs s i ’ laIs ’s’  ‘ ‘ IS ’ i ’ i f t s ’ hl hj o t t  sit ’ o t t u , ’ t ’  1, - s t  Spt ’ s ’ t t i ue ’11 5\  ~ s ’s- , s ’ t ’  lb I t et ial fi s h - fus’thsc t’ pu’ s~_ ’ s ’ss

S’hli’i iti s iSS shlts ljs ’s .
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- layouts foi’ fins’ws’as’e plate’s -12- 1—1 :uust -12-1—2 at ’s ’  s hsowii Its F’igu cc’ s 23 ansI 2-1 . SIuh dlI -

hes t sps’clusis ’iis (t’S I-’ P sv s’ i’ s’ tzike ’n ft-otis ths’ss ’ plait-s (oh’ t h e’ fIve’ t’ pInts’ t e sh i iug at 1” ’) ’ I , in h e’iuc ht ’ eh

to e’on ipai’s’ tlis’ shock rs ’s ishati e’ ,’ of this it sass ’ s-am -Lit ion, -pt ’oc ess s ’ei by the’ stam sdai’ si Ilm’(x’e’ss .
to the standat’d WVaV e~ and pt’o cs -s s Al) I —-I Ill; .

t’ tii:ixisi l loaditig te’mision ‘ ‘ ‘ 1 — I ’ ’ )  amid compression (‘‘(‘—1 ’’) specime’tis at-c’ ~i1ss sl es ign ats’s I

for plate -12- I—I .

The follow ing ss ’ c’h iest is  sls ’scz ’j bs’ the ps’m’fot’usiancs’ pt’ope u’ty tsss ’asu rs’nsents. ‘‘7slee’hat iis-:il

Pi’o~~’ t’t ies ’’ hh cc ’ give-n first , its Sect ion 3. 2. Thse’ss’ at ’ s ’ folloss-s’d by ‘‘t b l’hisotsie’ \ls’:iseii’s’nss’nts ’’

(Se’CtiOfl 3.3), ‘‘Shioc k Testing ’’ (Se’ct moo 1 .-I), itichuditig both plate’ amid particle’ isiipact Ic ’s-il ing.

The’ chah’aets’riz:stioti s e - s I  ion comi cl ude’ s sc-ills the’ results of ‘‘Ole’ct i-onsagne—tic Pt’ope’t’t~’ Ts’stitig’’

(Section 3. 5) done’ at ths’ Lihso t’ator’v for lsssul:stiots Ilcse’:ii’ch (LIII) of Ttlhess :ichussetts Inst ituis’
of Technology.

L.. 
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3,2 ADL-4D6 MECHANI(’ilL ( ‘HARMTF KIZA ’l ION

3.2.1 ADL—4D6 DFNS IFICA’I -ION PROCEs s Scltt- :h-:x~~(; FLEXUIIAL 2sIEASt11IEMJ~N’1’S

3.2.1.1 hieview of Tcsh~~~’(’hihjj5i5i5~

For the purpose’ of providing a basis for evaluation of the effects of process variations on
ADL—4D6, fiexui’e tests ivere selected as the primary screening physical measurement. With
this method of test , :sli gnuise’nt , configul-ation and inateu’ial quantity problems are eliminated
and the data cats he’ easily i-educed and s’on1pat’~~h , pi’os’iding all samples are tested under simi-
las’ conditio ns .

A standa rd fle~~ur e specimen confi guration (Ref . 10) was utilized in the tests on ADL—4D6.
This same specimen was ou-iginally utilized in previous Advanced Hai’dened Antenna Window
Materials Studies (lIef. 1). t\’hsile being somewhat small (1.5” x 0.5” x 0.4”), this specimen
config uration off cys sue-h advantage’s as: nsate’u’ial c’onsc- I’s’ation, reproducible test data and ease 

p
of handling, This specimen sc-as Is- s-ted in three-point fis-x-ure with a span length of 1.44” . One
strain gage was mounts-el on the’ tensil e’ fare of the’ specimen to measure strain at room temp—
era ture , Dc-tails of the’ applic:ttion of thc- gage’ are shown in Figure 25.

GAGE AREA - 0.250” xO.1 25”
TYPE : EA -06-250$G- 120
M-BOND 200 AD HESIVE

STRAIN GAGE GRID AREA

~~~~~~~~~~ 1_50 ~~~

Figure 25.  Details nt Flesuire Bar Strain Gage Apphicinion

For the purp ose of scu’eening, lineas’ elastic calculations at-c utilized in the reduction of
all the data. Although inadequate foi’ design usage , due to the large degree of plasticity ev ident
at failure levels , t he results as’s’ sufficient fat’ relative ’ conipat-isons , ~

*The corresponde nce of these fiexural and stisiaxia l loading tensils- test nseasurernents is dis—cussed In detail in Section 4.6.
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l’he’ l’ilos lrmlems of Rupture (I\lOIi) ii- ’ cale’ulated b~’ the following fot’mrmla

:1 i’i.
‘,I, (5 , H, = — —  (il

2~V1”

~vhe’ t s ’

P - IA )ht ( i  (i~O5 Ticls )

l~ Spaii le ’ngtli (it ie’lie’s 1

\\ \\ idt h (imie’ Iis’s)

‘1’ = ‘l’hie’kness (inc-he’s)

Sonic e’oti(’s’ c mi isas hs’s ’ts e’xpi ’esse’i l os-eu- the’ possibility of a high I t’anss- e- t ’se shs’a r lecadit,g I -
due’ to th is geonIe’t s-v of tes t .  The fohlowimig formula nsa be uti l ize’ d for a cale’st lat ion cii s u sax—

isiittis i t t ’ h l t isvs ’ l’s,’ st is’hit’ p
‘S I’She’at’ ~Itt’ss — 

~iW~i’ 
(21

sc lie l’s ’ :

P = I 5exieI (~ otmtids) L
W = Width (ine’he’s)

1’ ‘i’hk-kne’ss (inches)

Cale’sm latiuig ths’ ratio of niaxiuiiumuu tl’ansverse sheat- to modulus of rupture’ yie’lds the

following:

Shear St I& ’ s s  ~t t .  0. II. —4— (3)

is he’s’,’:

T 0.40 inche’s

L = 1. -I-I incise-s

0. 139

‘l’hs’ amount of t t’ansve i- sc sheat- ~vliich the specime’ n s’ x pe i’ien ces is u’s’Iat ivs’lv Iii m cii- amid

i t is the tx-lam’s’ fe-It that hiss’ spec in ieus dc-si gn is a valid Otis’ .

Elastic modtmli a i- c ’ detet’i’msj ne’d fm -om the- linens’ initial pos-iion s-f ths’ st m e s s — s t  i’aiii c ’um’ve.

‘l’he’ nsodultms of m’uptsirs- fom-usitmia lot’ the st tess at the ’ t c’fls iom i su s ’fae’e- is utili-is’d in stuiisoui w i t h

tlus’ strain gags- data to e’:ilcul;ute elast is’ modulus at m’oo m tensps’ratsmu’s’.

The’ strain to failure measut’enn’sut was unobtainable’ fom’ the ma iom - it \ - of slx’cinis-ns due’ to

th (’ In i-ge’ de’grs’s’ of p lastic tle ’ fs um’ni at io ii that oCCtml ’S . In ord c ’u’ So obtain a nieamiiuigful inItial

modu lus the strain scale ’ had to be e’ alib m- :tt ed in a relatively high ss’nsit is-its’ range. It has bc-c-n

fo immid that in this high range hiss- tu’amisdtucs’m’ —am ss plifier be—corns’s sntuu-ated dum’imig th e large’

dc-gre -c’ of plastic defo i’mat iein anti thus i’ende’rs list-If umseless fs’ossi that peisil clii to Intu it’s’.
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I II I s -  0 t ’s’u I’m e ’nc’s’ is ilc ’note ’sl in t lie taW s’s us a ( ‘—‘ I, - gm - s-ate -i ’ than ’ - svml sol , in t lit’ St i’~ j n—to—

l , it htn s ’ ccchs siiii. On hiss ’ Stt ’ c ’ ss — S t t ’ huiii L’t t i’ vI’s , t he’ strain gags’ f;iihcm u’ t’ is sI’ -neits’d hIS a tIi~~ ’sci i

i t t t t m i t v  in s I s - n t is  j n,’t-,’ hms c whil e h it’ si t es s  tll,’ s ’s ’he- s -s t o  failure’ Ic’s-el .

In hUtch I It’ll to the’ is l e_ c ’ ii;en m en I p mope t’tv Hi s ’h I s l i t ’ s -Is is -m i t s of M . 5 ) . II. , t i-hit l i — t o —  tai Itt t - t ’ amid

e I,t s - I  is ’ usi~~hilus . seutiie ashlit iesna l physical nis’:i s utt ’em i is ’ n is s ic i’s’ also susads’ on c -as-h slx’c’inie’ti.

his , Iis’islua I spe c’ t tilt_si dens it is ’s cc c ’ t ’ s - liit ’8S It t’ s ’s t IC) ,
~hl UI ScUl ls ’ ins 1gb I on heat t he 1 cii 1k l e n  s - it s ‘I

t lue ’ pans’l cc , c s  d ish i’ihttts ’d and to  e’iis’e’k for possible ’ ee r i e -laS ions is t th this ’ ts us ’s’I uassss ’aI pt’ cs ps ’ s - I t s - s -  .

- ‘s s w ith hill fib rests composite’s, the’ i’elnfou’e’etsie’ni angls’ is :i tisa)or e’,ssisids ’t’atioss. i o n

e’~is ’h spc ’e’ i nss ’n the sit rfas ’s fihs’i’ p i t ch  angle t Si” P.\ 1 and (lie surfacs ’ tht-ough hiss’ I !sickne ’ss ang le ’

~S I i ’ s )  w s ’i’s ’ nieassuu’e’sl iii ds’ta ii. ‘h lW iiis’aStmI’s ’ts ie ’flts ohtains-d flu’ s’ the as-c’ rage’ of two inds ’pe’ui—

ds ’flt t i ie ’hISU m’ t ’li it ’ii t s  taken iii this’ rs’Sps’ct is’ s ’ cli reel ions. t- ac’h of ths’ss ’ inds’ix’nslc’nt nss’asurs’ssss’nts

i i i  t Iis’tii ss ’Ii’s ’s s’Oiis is is’sl of :i ss ’ i ’ ie ’S s it ii le ’a sS t I’ s ’fli e’i u h s thikt ’fl ht s ’ rOss S he’ 5~~ ’c ’ i meii •

u. Sns ’ es t lse i’ n ls ’astt  t ’ s ’ i i us ’i s t masts’ on s’ae’h of this ’ post —i e ’s ts ’d spccinse’ns is as the hippu’ox isssate ’ p
f rh le ’t t I  l’s ’ shisp lhie’etsis ’iit I’rois s ths ’ point of app lus ’d load, tiorninally t he’ gs’oms’i u-ic ce-titer of the’ ha r. I I

It w a s  tuots ’d that on ths’ tsshsj ot ’ I iV eli spe’ciliie’tsS , t he f i’actut-e on ths’ tensile ss t u ’f ae’s’ was lot-alt-st

.15 least 0. 1 inch assay Irons liii’ app liesi load, The’ fae’i that this disp lace-meat cou’t’s’spomids to

the’ I S inch s’s -Il s t ’ s ’ cii sthunslnl’d ss s ’h ivs ’ ,\ I) L— -l D~ may pt-os-ide ’ sens e’ insight on t he ’  t it ic’u’o—

ssi s’s ha m iteh i  I site’ :ut ’  ( t h i n s  is ’s ’ s- Is a t’at’tt’ t i s 1 is’s of th us ’ t l ih l  Sc ’ i-ia I. - -

Ilotli ps’e’ — IssI ansi post —i t -s t  s-issial exaiii inations of the’ specinis’ns sve’ cc’ made’ and any

usno nuhulis ’s nested, ‘I’hs’ natur e ’ of hiss’ frne’tu m’e sit u’ lace’s w as hi isec nect ed

3, 2. 1. 2 I’ xj cs ’ ri tuss ’ms t : i I  Results

3. -‘ . 1 , 2. 1 AD I — IDe; Stnnda u 0 ‘s’s ens’s’ St:unda I’sl i’i’sit ’e’ss —

‘flu I-cs ’ ph ~i Is ’s of ‘ID I ,—- I 151 ; sI a nda i’d we-a Vt ’ hi  sid sin nsla iii p s-ex’ess were c’h:i i-ac’S e’i’ i ze ’il iht s’i ng

Sl i t s  pi-ogi’ hiti i.

l’I;t ls ’ - 115—2 , ii Isisii sins ds’nsifiesl lot’ the isunSose’ sif pu’odus’itig statsd t l’sl pI’OCs’S$ :\ I) L—-l 55 ;

ni :lte ’ m-tal for sol i I’ f i t  tun e ’ s ’ - part is ’ Is’ impzu ci , and isi Iii Wav e sits’ h’s’t 115 ’ t s ’~ Is , iS hIS sa t l l h I lskl  It t’

51 \ lie’ xi t l’s ’ ha i s  his a cIis’e’I-~ on plait’ qttal i tv.  ‘I’hc i’s’sulis of hiss’ f Is ’xi m m’s ’ S s ’s S  s a i - c ’ g i s t -si iii ‘l’able’

13.

‘l’ he’ fIs’~ urc ’ bar shItisjils’5 fm-onu plate’ - 1 1 5 — 2  ws’ l’s’ so use -sc hat bs’Iow the notsiina l A 1)1,— I  1)6

,h’sss its ’  of • 6 ~ ,
, ~~:‘, The’ t i is’h it i 7ct .0, II. Of 6. 15 Ls i is wit hiti ous t’ t ’s t i ssiat s ’sh stand:u i’d dc-slat lois

of the ’ 6. 1; 1 ksi tsiean M . 0. II, s’e’pouis’d in lIe fe’ I’s’iie’e 1 (p. 971. ‘l’hc st u’aisis —t s c— f;iihmt’s’ ist ’ s - h ig e ’

abos-t’ 1. 0 pe’ m’ c ’eni also Ivpie-aI of t lie shaiida ret niais’ t’ial.

Plate -115- 2 t ’hi ii ae’(’OrdIti~ lV bt e’ot isi s lt’ u ’ s’sl t o  isas - s’ S lit’ lsoflhitifll ti iae’u ’ s’$(’ sipi s’ uss ’s- hanle’al

st t’ engil u of I lie’ - ‘s I) I —- 1 1)6 ma he’ n- ia I is-hose e’isa I n s - Is ’ s - i  za Ste i n is his Is  P° i t s ’st ill lie It’ s-elk’ s’ I 
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I
‘S ite slt s ’hiii c -la ss R~ nuuoeh itlu s is nits ’~t~~iit’e ’d ii) thi s Sth is t lJ h is ’ el fls ’~ u n t - i- tes t is 1. 5~ r c l s - i  is s ’ s -cnn—

pa t’ s -si ( s-c 1. tO 7cIsi ton’ this ’ tis:ite’u’i il ot Rs’fs ’s ’etis’e’ 1.

I11a It’ -12 : —:; , is- lit cii sin s pt ’odttc’s’d fsu’ (lie ’ pit i’pe s c  of supply itsg pa i-I is’ Is’ i sisphic’i 5 ’ n-Os-ion) Ic ’ s-i

- c - i sn ’ns. w~’ cc ’ u s,’ ~~ i-cl c’si ion- tou t’ tic ’ xii n c ’ ha t 5  to s’ lie’s-k 011 pi:ii 5 ’ qsi i Ii lv. ‘i’lis ’ l’ s ul Is c-cf

Iii, ~s ’ tle’xitt’ s’ ic ’s I  s- ii’ s ’ g t c  e’n i iii ‘I’ hiti ls ’ 1:1.

- ‘I g i n U, two c-cut oh fs ii t r of t his ’s c’  spe c ’ inns ’ i ns lii vs uslilsuhi I ly I osv tie’ i t s One s , 1 . 5-h g c ’ t i : ,  -n~ -

Is’ s-t ilt i sig 555c ’h l ns sI .0. R. s-cf 7550 ps I is , hoss ,’s s t . sc si l hiliOi’s ’ this ’ • It ) rin s ’ass of Slit ’ Sth inic ihl i’d

ii) i t e l’ lil n t is ’ fs ’ m’ s ’ ne- c’ 1, ‘I’iis’ s-I 1501’ un s~~t it Ii i l’s ’ 5 ’ y e ’s) iii gist’ t’ t hiheli lii c ’h i si t t s’ch f e r  shhincl i s- ct p1 hi ts ’

- I I  : ‘—2 , cc bile’ this nlie ’histit’e(I 5 5 l’hiIltS i t’s’ t ’qUii’hlls ’sIt to  5I it lclh it ’ sh s in h i ts ’m’ i h i I  s ’a lu ts ’s.

‘I’hs’ tin s’ 1511 i’c ’sl V hi Iits ’ S Of situ ’ fh ue ’s’ fi bs ’ n ’ pit c-Is hind his s’oitghi t liickssc’ ss hi ngle’ 5 suggs ’ St t ls:U (iii s

eisa ige’ in st m’ s’tigtii it isi c ’lasiic sa l ute ’s is hilt u’iht ita t-c ls’ to s e m e ’whhut shallows’u’ c cc ivc ing ic ’s its

Iii Is- 111:1 Se ’ n - t m  I . ‘I’hi is ,- If, ’ ,- I titus I he’ l uke us lisle- c sc’c’oitss( iii s-s -i l ithit isig i-cs - ct Ii this ’ se usis ’e’hi~im)i c-hi I Ic - s- I

Ic s- stlt s asich I lie ’ pa t h e ’ Is ’ issi pact e’ t ’eis ion lost s on (isis pl il e’ . p

Spe c’ iss ic us i’D—S . sc lsie’h is hi S ii~~ls’ slith ul ity cOUt n-al type’, shs ’nsifj s’ii fou’ cs-cnspa t- isos s to pt’oe ’eSs

v i rihi t ie ui spe’c’i iiis’llS 1- _ p — I  it scl l-’P— ’2. 15 50 01st ’ c f  this - hiighis ’si ele’tss ii ic -s . 1, 67 ii’ c’iii 3, T he ’ u’ c’st t lt —

ing M. s ~. H. of 7950 psi, liks ’ tha t c-cf 1- c i h its ’ -52:;— :;, is also ivell hi ii e” vs ’ the’ ~n 10 psi iiss’ati of this ’

sI n nd:u i’d isn hi ts ’ I-t i I i si hi’s’ is’ n’s’ sic’s’ 1 . This’ c l  his t i c ’ t tnodti  h It s Set ’ (hits s ps’s’ i ni en cs- is c ’ s ’ s ’st hi ighis ’ n ’

SIs:sts (lie’ nis ’ uIs V h i ls t s ’ of plul s’ -123 — 3 . ivlsi le ’ (lit ’ tllchi5ili’c’ cl S t i’hliflS hi l’s’ abc’iit( cC5Uii ’ h iic ’us t . The

i t i c : n c  uchttal s it s ’s -s — st rain cut ri- s’s f e-ct’ e’:ie’li sps’e’iusic ’ss s-cf s’ae’ls of this ’ (lii’s’s’ platc~ hi l’s’ ill l-’igu ut ’ e’s

‘ h t - , ’uis ’, bt 2~ ,

:; . 2. 1.2 .2 l-’lvxu u’al St’i’s’eniissg ‘ic ’s-Is: ,\I’ i — - SDc l’m’Ocs’ss \ ‘ :l i-i iIios i Sluches

iSai ’kgt’ouus sh , (‘rile - c i t  f e-c t’ Sc’ n’ ,’s’nu unit , :

Sc’ I t  ii tic’ 5i5 i tie - hit  ion p l es t ’s’ SS Vhi t ’ t hu l ions oh Si hiisdhi I’si ii’e ’h iV s’ ,-\ P I —-I 1)6 s ic ’ m’ s’ sc’n’s’c’ tic -ti h~’ hit Ice ’ —

pc-ct sit fle- xure’ Is ’s- i  luig hi t 1 001)) t e ’s i ips ’ t u t u t ’ s’ ~ (C’ s ’V hult th t t l ’ the s ’ ffs ’e’t of I iss’ pl od s’s s c— hangs’s cs-Is (lie’

c’olniposi ts ’ rn icc’hs husstc ’h.i ~~rope’n’t is ’s . ‘fist ’ pl ’iI5lai’\’ goa l of this AP I —5 Di- pn ’ Oe’e’Ss s’ htr ihi t ie” t i st udy

hzus be’e’n impm’ovs ’us iesst of Is ’tis u s ’ st rc -ligt ii (ci fle’i I’ tiss’ou’s’t i(’htI is ’i’s’l~ . I’or se-cstn e’ asic t’ossss’e’h:uusis ’ul

sis,’cts’ Is of - ‘I Dl - - 51)6 , ha ~e’s1 015 :u eoisi po s i t s ’ fhi ilut’ s ’ s’ t ’ i (e ’ I’ iOU IllS 1515 i tic, s iii e’hi ft lh ins t ’ni ( et is j Is ’

fat iii ’s ’ . th is has hic’s’n s ’ s t in i at e ’d is- c Is-’ as bight is 30. t)t)t) I t - c  - 5 0 , 01st) 5-csi :ussel flcxitt-aI l i s t s  Cm

e’:un’Iv -‘sI) U—-I P6 mats ’ ciii ill fas’t sisoiv e’sl rsi . 0. ii. s’hilu~’s on (Isis Is’vs ’l (Ref. 21, Oilss -u- nss’sets ’ls

has-s’si s ’li ni tt i cc ’ I’ s’s’ c-lit lv  is ’ liii U in It’d iii liii’ s’ nit s’ s ’hhi Isi s 1555 , hini’ 5’ ss ’tt l cci I 91 hi 5- hi h is’ l5s ’hi F 10 , 015 1 psi

l ss ’~
’ Sec’t tots 4- ‘‘ (‘ c ’Iu n p c s n t c ’ ~c i i s ’s ’o nnns ’s ’h taut is ’hul ,- \t iitvs - ns ’ ’ . oi tisis u’ s-ponD . it is elisions Si’os it pu’s’—

S ’ j c ’ h I5  scc ’ i’ k (hat t i n s ’ L ih iSIc ‘II) sil le ’a— si It s ’i & ‘s) iii5 ic ’SIIs ’ ss-stcnun e li) e’~Iiit ’it hi 55 ISIs’ t’ ti5ii~5’Ot i5 i t’ 5’h1i5it 5 ’hi l

I’e )n ,I v i, ’  r - cle ’pt’mw I ing sins ~mu’ c’ Sc’ liii ii en’ e si s ’ils- Ily a i s-I g s \ ’ I l t  s’t i’y , a Oct (1st’ Inst it cc’ c ’t t lit’ lii, ) u’gnl si s ’

~~~~~ 

~ i’lst’ fli t ’ch ti t ilt ’a I p m ops’ ut Is’s sits e’ussioii c ’ I tints ss’c’( tOts , ~U ill ens c’s, u’ c ’ is ’ r s to l’,’e-cns I s’mps’ u’a -

t uns e’ pi’ope t-t it’s.
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.c - t - s - ,’i utnsg ~~~ 5-. ,‘t t ;~ - t ~~~~ ms - - c I ( Ic _ i i ’ . 66 l11 n;Iuscc c’ rcl hIs, - s- I m ’ ecs ug s - II’s’ s - S sO’ list ’ n-t l h i i ls ’ t ’t t t l 5 s l s ’ n ’  shs ’j ’
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c , ’ i n s i s c t t  ccl  A Il l .  -I l ’s , ‘ I’hiis Is -vt -I i s h i is ( ’ t t l  t ic - Is ’s ’ ( hunt sit s - emit —

s c - t n t  issiu:i l , i n u l s ’ i n s t : n  is liisle iic ntc I t , ’ i ’ t I l n ’  h u tch i i i  ( ‘ s i m l t l s h i  t h u d s ’ I,’ Shut ’ ,‘ S t ’t ’s - t l i- s ’ S i -mI t - i lls ’ n-I i’s ’mi~ S hins of sut~imu v
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c i t  ‘‘ I _ t i _ ic ,’ is utsit um h i tsitt ,I S I c’ , t ~ ii ci, n’ s - el .

h is, ’ n_ I t - . c t i t  I,’ I’,ii l mt i ’ ,’ s ’ h ’ n ; t h i s u s h , i t ’ II - ‘ s I ’ h  s l s u ;  hlh is - lc , ’,-m u s ic t ’:i - i i us - ’ ti i t t  I’l,’xu i t ’ :iI It ’ s - S Ss i Is, ins

t ’ \ , ’ C ’ ’ iI cc l  I . (1 pt-n’s-It t , SIn itc , ’ i s - sii ,’utit ’t sS Is’ i b n t l l t n ’ , ’ i t s  t h i s -  1, 11 us - Ii sicil , ’cI icy S lut ’ sh am s int’ l

:~n ci ’ ,’iss , ’ iuS c ’:c ht : i l c l l t t i  nO l Ist ’ ic ,n l l he h ,Ie Iss ’ nsth , ’t h n - I t n b i n l u  c , i h~ I ’ s - .  h Ills- s ’’, S c ’ ,’ s n n c ’I~ highs s l uns ’li h t t s  In ins

5iI5 e0I51 l5 isc i tn l i l t ’th , d c ’s - i  m i ld ,’ 5 5i ’sd 5 st ’i ’t \’ Son’ Sit , ’ s ) c h u h s ’ I’ lhl l  lit liii I,i i ,’s ’ i l c lt’ ~mppIIt ’nih Iedn u. l’ t , ’c u scu is

n ; t tmt hht ’s hui e,I h u t  n - - ’ ,i,I~’ slt ’ust ti isnit i .0,0 SI laS it  s ’csi i lt l Sit ’ g i s ~: n hi’ i lhs ’ n ’ t ’s l ;  t ’ . g _  • lIst ’ t ic ,’ ‘s t _ s i . ii.

.5’, ’ ,’ l i i t s ’ l In ’  g i s t ’ li 1 f t i m h l l  ‘ ‘ ‘iI:ii lsi l t ’ c ’c ’ c ’Ic ’’ ( t s ’t’ I. I. ‘l ’ hilc ls ’ ItIt hlh ici i~uI It mm ’ t ’ nI I I ’ O s I s  ( mu Slit ’ t h i n g s ’ es f

ii, h~
) Its 0, ” ~is ’ n’ t ’s ’ i5S .

‘S c i i : i m 5 t u l S t ’ is:-l l’’ ,I hi ’ I immu i n i , ’ , in , n l i ’ , ’ i t t i ’ It Sn I  ci eb~c c u t  ‘ ‘ s I , ’ l t n c ’ i n n , ’I , ’ i ’ n- t ’ i s  s-I iit , h , c i ’ s I ‘ s I ’ S  — ‘ I 110 s-1 c, ’ c ’i
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I’ALIU 54 . Al)L-41)tu l-’ LEXLJ RAL TEST S. PREF ORM HEAT CLEAN IN C VARIATION
t’RO(’FSS STLII)IES

Approilidnate
S t r ,mnc , - lt, - Fai lure A v e r a ge  A ves - sigeTdt i s C d n , ’ss Delis u t,y M .D. R , Medulus d c i  dire Displacement SFPA STIALl rtsJ nc ’s~ (~/crnJ,j (~~s) (Ms- n ) (:) jjj~cfiesJ (Dsn-jc’e~sJ (P,~~recs-)

I’ i ,ntt’ 4 , 3 - i  ( r e r lo n  renumo v ,it ~ls’ Is- t~ ,i

IA-S’ 0. 401 1.60 6 .09 1.26 >1,44 0.30 45IA-b 0,401 1.58 5, 75 1 . 1 ) >1.43 0,30 30IA- i 0,401 1.57 4,67 1 ,31 >1.45 0,35 45 25IA-s 0.401 1.60 6.01 1.26 >1,43 0,15 34 ,‘4
Plate Mean: 0,401 1 ,515 5,64 1 2 .1 > 1 .4 4  0 ,2 ! 38 ‘4Plate 5,0 .: -- 0.01 0,67 0.09

i’ lj tc.’ - 121- n (650°C (teat Clean)

IA-h ’ 0 . 3 7 4  1 .5 9  3.99 1.25 >1 .4,’ 0.30 41 30FA-2 0,315 1,54 4 . 13 1 ,16 
~ i - 4 d  0 3 0  4 .’ 28FA- 3 0, 3 15  1.5/ 4,01 1 , 4 1  >1. ’) 0 4 0  4 1 34FA-4 0,376 1.53 4.35 1 : 4  > 1 4 1 -  0 2 0  4 7  28IA-S 0 375 1,51 3 . 6 2  1 . 1 0  >1. d n; 1 .5 1) 42 30IA-6 0,374 1,~ n, 4 ,59 1 -inn >1 411 0 .25 4 ,’ 30

Plate Me-an : 1,56 4,11 1 , 1 >1, 40 0,_ I,- 41 ,5 dl )Plate 5,0,: 0.142 0.33 0.14 0 .11 0.5 2.’

- ,le ,c I ’  ) d ’ , c i i s s rs ’ ss ,d ’ t a c ec  • i n  I-c’,’ bunil ltci pal led o u t and se ’ ’ y h i d ) ,
5* 

-5fiber bundle s pulled out, Bundles ,m,’,- very fl u ffy , ,~

‘l’iis ’ s-h t’h i ins-—to— l it hum’ s’, hiowevet’, ii’s’s-c quite’ high. mu s’xc’c’ss of 1. 1  p5’ m’ s’ e’ iut iii all c’ase-s , as

(‘Oi iij shi ccci to the Sthcli(ihti’( i flstfltti4U_ii5 ‘,-a lusy of 1 .0 pores—nt. ‘l’hs’ fn’actui’e ih Lm m’ f tic e ’ S of 423—i in

~ h i i-ti (’tnlhu r ws’l-e- of Sht’ ‘‘ideal’’ composite fu’actui’s’ typo sc’tth (‘x(etssli’s’ libe l’ hitmndle psmll—out ansi
vs i-v fluffy tiutidlc’ te x t ure’ , each f ilanic’nt visible’.

‘i’}s is- s it cii j ul hits ’s - has! this’ highs-’ s- I st i lu t  n—to— fa i lii m’s ’ of zi oy I mui’ s’st ighu t is-I Iii this ’ s-s’ tic - s

‘l’lts’ nioelultts s-cs -si l ts si’s’ m’ s’ iii s’hie ’hi (‘h is - i ’ ii’il h u t  cue s ’s -t i miiats’t t  s-tandhe i- si eis’’s’j tit lon of ths
s-ti c iltihl iil nsa t i’ I’ Ri !.

SI n’ s - s - s - — s - I  r h i n si ( ‘L it’Vt’8 tom’ thI7Ss’ tii -o 1tu’~S-’5’s-s- in i’i~it Ions hi I’S’ givt’n iSs h”igu s_ s’s 2~ ~iuiti 30.

Vi rt su l toss of Co llo nsh ah S n l m ca Ptin-( iels’ ~i,e: ‘I’wo pans ’ ls iv t ’s -e detit-iifjt’d uiids-i’ his S hi rI ut ion.

Panel -123—2 s- hI  S st s’ i is iii ’ ‘ci WI Sb (he s-ma lit’ m’ pa I-S k-Is’ NaIs’uag 2:121; colloidal s- i l ls- u p s - cx’ s ’ s -s I huhu I
cc-an sie’ss-’lops’t i tom ’ i’s ’fl s’c t iv t ’ hiss-it shield uss’ in Retet’ene e 5. The s imi g ls’ sps’e ’ in is t ’m i i- h’— 2 cc as-

pm’o ee’sss’ s i us ing 55 ,500 itiipm’e’gusations of ‘‘ itgg i’e’ gats ’d ’ ’ b it’ ss x ti um us l,i netox his the eis’ i is i tu- m’ . i(ot iu

of I lu s -ss ’ i-ai’in t ions hint lowen’ dens-i t i c - s  Shsuii st :mmidt i rd , h .51 mean 1cm’ 12 :5—2 hO ist Si i,’l’S loic 1. -IS
for F P—2 , des-pits’ 1(s ses’c’ts iniprs’gnsutisunus.

Ues-ulSs fm’ o ni (i t t ’ s - c ’  Is - s In- s  (I’ahIs’ 15) s-how that Ixth particle s i/ s - s  ylt’itt (he’ stin ts ’ lii . 0. 11.
522c )  psi and 52 -t O psi , rt ’s I~’ct ivs ’ 1y, whi c h us Iwo estlnsats’d s-landau-si sit ’s’tats nu s s- loiS- n - n-  Sh ams Slit ’
6t;1 O ps  i of st SIfld :u i’d isstm ts ’ i- ia l .
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I’ln’ niostulus slain shisuw t he uuuis ’~~ps ’et e’d re ’s-unit s)f a sligtuilv highue i n iss ’a nu i’~e1us’ oh’ I - l~ \ ts - l

5 c’s-ti stint s’s! s-ttuisise isi sit-i’ Isitlosis situos’s ’ (hit ’ s-tat isise m’ s! u its’ssui t uf 1. 10 ~st s-i.

‘b’ its ’ 750°C bight fi ii tug SiC Siu~
)t’ i’sit i t t ’ s ’ t b n  II hl lion of plsm (e~ -12 3—-I t’s)itfi i’ntt’ii Slit - e’ x jx ’s ’ Ss ’ nh s ’ ffs ’ t ’ S

ott n’nodtulus . It 11w n’ s ’siss’s i to a ssu s’sUt in lits’ suf 1 67 ~S1 s-i (‘I’settis’ 16 1 ic-i (li st sbsu i’p 0 isp In S its -s i l t

s - I i’a in—to—ta iluu’ s’ to 0. 51 pt’s’cs’ti l — to (his ’ s’xts’ni( (hint this’ foil s-I rsitn gags’s ice u’s ’ sO uls ’ (ci touloic

S tue St t’hl in — let— silt isa nut c ’ — m u I Isu re of (h is ’ f it ’ n-,tt u’ s ’ (chit ’ lt’iusi is’ s-u u’fs u ct’s in sill lusut outs ’ s-c f (lit’ six I, - s-I 5 -
This’ f i ’s ss ’t in m’ s’ sun’ inc s’s-s sc’s’ u’s’ S c  rv obvious- Iv tsiou’e’ It u - l i the— liks - t hseni I its’ s (sitislse i’d iii sits -i-i si I.

1-’igtni- s’ 3-1 sh ows tins ’ v ’ r’~ close gn’su ss 1 iing of (its’ s - Ii ’s ’s-s —51 u-silts cii u’vc ’s • iSt (‘Still is is - I  ho f its ’ t h I s - s  isa’
(lie’ uiiate n’isd ft t’ t ’sl s et (Its’ lows’ s’ t s’s i i 5ut ’ u ’ s e t un n’ s’ -

Th e’ lists-un l’ei. (1. I . was t’cciti&’esl Is’ ‘S. 59 l,s I . ‘\ s h its’ ring I s’uti5te s’s itu h’ s’ 55 h igh hiS 750°C is

i’s ’ i v  Os ’ ft nib.’ 1~’ t hi s ’ ii riot (hut ’ cc - st Is’ p i-suet’s-st (tun ’ I su p roved SI z’c ’n,gl it sn sid cc’ i-S sil ls iv i ts - ct isiip n’ (is ’ S’ s i

f rsu.c,’( lii’s’ l’s ’ s-i stasis’s’ s f thu is- stissl s ’ i’m 1

As,’i sl—StsihilL’,c’cI (‘olloicisul Sills -si : ,‘\ single’ f is ’xs irc’ ttSLn ’ -- sj, ’c ’(I 1di55’( ’iutis’t i l”P— l cc :is 5 c is - cc ’s ’ 55c c1

using six tuiuprt’gnsullouss- s- cf ‘‘ hu( ’lslif ls’ci’’ low s-odi tmsui I,ustox sus- (he ’ dc’S us- if is’ r to cit’(s’t’iitliut ’ Sits’ s’ffct’I

of t’o iloictsul sumsps ’sis-ioui p1! on (he coniposlls’ flcxuu’sil 51 t’s’ssgth. Note’ t hat this s-ps’s’ iuuicsi hsid (his ’

h ighs’s-I dcsisilv of sut It’s-It’d iii this’ s -c m’ies. r

i’hs’ Ic ’s- I t’t ’sutts - (Ta ttle 17 , l’iguu’s’ 35) n-s iuocc ’ a s-f rs t t it—to— ts ii lun ’ c’ nuiuciu gtx’sutc’ r than I. 23

ps’ t’cs’nt - If (its ’ s- I u’s’ss—s(  rsuiui cs-i’ve is ext u’supoIalccl , iusus- t gags’ fsiiiui’s’ to Ott ’ ~ eels! St t e ss  hs’i’ s’l

ht s-I u’ssiti— (o—fsiihuu’c svchl hlhos’ c ’ 2. t) p5’ i’es’uit s’s’srs lus’ j uts’ i’u’ s’d.

It should Itt ’ tss-cted I iiset for this- i sidi s’tdsmal ftc xm l’s’ tusu u’ s-pt’ei r u e - ru , t’ul fr’onss a ‘‘Ii rugs’ i’— s - ’s’ sh c’ t ’ ’’

(‘Imnjwesuve pu’(’fos-ns , 1-lit’ uii&’sisum’ s’d SFI’5\ suns! S i”!’ A are wl(lsin Iwo ds’gi’s’ t ’s- of -55. it Is ain-ss-cst

a pes’fs’etlv t’ttiuis’ -II ’) s’ouiip&usitt’ , h’s ’ thsul uu is ’sessnu ’ s’ hh(  i5’ h isl - 1’ltt’ t’cuusipottttdcsl s’ffs’ct sO iiit ’t ’ s ’h in-- s ’d i

sls ’sssity and isls’seI sc’ s’sii’iC t’onfigunt’hu(ious ob v is uu ms - ly i’ s’s’onis iu s’ nt l t ’uuu’ t iie r luii’ s ’s ( igse l  iOu .

‘i’his’ modulus sisus fsi uns l to S-cs’ 0. 80 ~sIsi his s’ sssuipsure’sl to 1. 10 nisi f o m’ this ’ s(~esis lsi n- si usu s e ( s ’~’isiL

‘i’Ius’ vsulus’ lou’ r d .  0. U. is as sul s-s’ lois’ , 1 • 790 psi sis couispsired (s 6 , 61(5 psi for ( Its’ slsuuss lsiu- sl.

The’ costiblussitisin of t.ht’ exccpl iouisuilv high flt’xui’e s-I s’suin atiel the’ lows’ I’ iuuh (ts ei usicxluuius-

(inds ’ ps ’ns is ’ui l c f  this ’ noui— iint ’s u u’ cu i’s ’at uu’ s’ of ( lie’ s-I s c ’ s - s - — s i  t ’ s ei n c uu rv s ’l su sg g i’sts t hs s i t  ttsi isixlsil

lositting t es t s ti e’ tests- ott this is-si lt ’ risul us-st lx’ i’ s ’ i’y ic’orlhic’hiile’ . This’ siiusu h-si s s-cf s-s’e ’t us”tu - 1.6 ,

which s’smipsu u’s-s Sit’ xu l’ s’ sense! ni silni x isi I Is-cacti mug t s’s- Is suit t h e ’  s-c’ is-si 1cm’ lhi is- . I stilt lit ’s- I hunt s- lg’ttl f lea tuf by

highe s ’ t s ’us s hi e st u’enugt hs s s - m v  be’ Iuitik’su(ed for s-sit-li ui ss e tt ’u’isils — if a suiltebis’ ummisixia l Is ’s- I c hIl i

is-’ conducted.

3.2. l.:l Couicicisions Irosis Pu’cx’t’ss St’ s’s’s’ui iui~ Tests

It s’sun ix’ eons-’ luds ’d list’ is I hiatt (iii s- s-s’s-Is ’s- of -\ I S 1,— i l  56 pros’s’ s-s ia u-ia I ions has miol ssss ’s ’ c ’s’ ~Is ’d iii

finding a pros’s - s-s feur t’t ’ae ’htng the go at! of mien r t hs ’os’ s ’Iieus i ts ’stshl t ’ s - I renglhi s- mat s’ n- R uI n , I. s ’ -
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Figtmm-e 34, Fhe~ura I Str ess -Str a im u , AI)L-4D6 Panel 423-4 . 750°C Firing

r,’tI3 LF i 7 , Al )E-41)6 F ’LEXURAL TEST S, A(’hI) PROCESS VARIAT ION STUI)IES

Appc ’esi,nn , te
~ t r a 1 n — T t ’— r ,,n lure ,\,,-r ,,,ns ’ -iis’’ c,l C

II’,~~k,n,’s’, Densi ty  ~ ‘ R ,  Mts - d t : i t t ~ 131 i t s , , ’ I’ ’ s - s’I,l5.t’s-c’”i s i r s “ ‘‘ -5
~k s n )  1Ms, ’ .5 i 1 c nes - I 3’n’ n ’ ’ c~ ’~ 5 i’C~ rs ’s’ S )

FF’ - l  0, 4 512 l i-i 4 , 5 1  0 15 11 >1 .‘.I O,Od) 4-5 . 5,

10,000 psi. (‘ s rtaii s pu’oee ’ss - i’au ’ issti o ns- set’ s -s ruled out , susc h as this’ 750°C nsiui ls’u’ing (es -s ix’s -si—

t iul ’s’, fo m’ siss y puu’poscs . Ilocvs’c’eu’ , n it -bests of s -ig um if icaus t lv ts s i lou - iusg lhse s-Is-siin— to—fs iiium s’s’ h I l t s!

usioduliss have lus’eii found, ant i the’s-c pa s’sunse ’tt’ rs tsisiy have t i ts’ i  m osc’s s pu ’o iiosu s ice ’s l effs ’eI s- cut oths’ u’

.\ l’SL—41’56 composite pt’rfou’mas’uc c pt’o ps’m’Iie’s su ch sits pau’Iiclt’ s’u’osioss t’s’sls lhuns ’s’ suit! s-jxii l

t ht’ s ’s holsis.

Sinet ’ ousI~’ a minom ’ portion of most of these pm’cueess- plsttcs- has Iues ’ti s’oii s-unied 1w this’ fhs’xsuu’s’

(s ’s -t n- i, sufflcie’nt ssuate’ rial s’s’maimms to sto sisiditiousal supt’i’isssposs’d pi-ot’ s ’ss i-ses ’Iatiouis cii’ tes t ing .

Fuu’tl-se r ssnssh’sis- of this d!h its i • iii pa r’(icumlau’ u s e ’ s - tic ’s-s—st u’siiti ctmi’ves , ss isuv also sumggt’sS s-nil —

axial lon u t ing tensile tests on so u se’ of thes e’ nsat t ’ u’ial i- au m’ialt ons . Acqutisit ion of (hut c latsu is- cciii—

t tngent on su ccessf u l dc~c lopnis’nt of a tensile s-ps’ s-Insets des ign lot - a -5 — D silica—si l ica composite.

Section 3. 2. 2 shsow s pu’Ogi’s’ss in this dl re ’ct loss fou - t he’ f ins’ ic es-us’s’ rd I) I —- 1 1 16 is -nh ’ u’i s tl i t  t i n S  iou ,
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3 3. 1 IN1’ROL)L’C’I’R SN

Ultr ass_snie’ w ays ’ vs ’ le us ’ u t v  ansi ss( Ie’u_sua(ion of niultishi met -lions-i t’ou_s_spos itt ’s s it -c - de~x’ndt’nt ups-nt
is is -mw Is is -ton’s s emeim as - uuuit e’s’lt s-I is ’ , type’ of fIbs’ r ssm ud u_ s us u t n-tx , f lIX’i’ smngle’s smnd st rsuightne’ss
s-nd sueihe’ston of the’ nuslt n - tx It-c the ft be’ u’s . Ile’cs mtm ss ’ of (St is ele’pe’nde’nut ’e’ , ult m’sm s om t ic Iuue’asui’e-nue -nmts-
sun-v use’ ftml is-u- che’t-king (Its’ cuuiifou-t imil of ( I_ sc’ i_ st ats ’ n’ial , ii’he’t,hc’ m within se plate o m f u ’ot _ s_ s pisi ls - to

plsut e’ .

()n’ig insshl . itt this ’ :~ S) I,— 4 1)6 de’ve’lopt_sus’nI work, i_si c’s-s-U n’ e’ nu c ’n s ts cc’ s’ m’ s’ isms ut ts ’ sit su frt’quic’nc’
of 0. 73 0. 03 rd liz. :\t this fm’e’que’nscv this’ tots-i atle’nu,usulion is isight sunti we’ cc -c ’ u-c ’ f i’&’que’t_st iy - -

puslmi uug t hus’ es ups mb ilit y of Il_se equipuuic-ist to n_sms nke’ nsuc ’s-sk un’e’ isis ’ 1st s-s . rclos -t of t im e’s -c ’ s-s in- hen’ sps’t’i —

nss ’ns we n’e on Il_se’ on-sic’ n’ of 1 c - i_ sm li_s t hid-s - us’s-s- i s it ’ Ie ’ss- . \\ ‘hie’ it t_ssm nc ’I i t it icke i spe’c inueims we’ se

nisude’ , for list’ highs ’ s -  tuuspu ise’ lt’ve’l I s ’ s - h u g  t’sf t his pt-ogm’ssnu , the sseleie ’el SsII e ’u_stm sIti e’un nsae hs ’ it i l _ s i—

possible’ to I n ’ s u ius us uit a smse’stniuugfu l sigusul lbs’s-ugh_s (lie’ Spct ’ is_sse ’ums- at 0. 73 ~‘sI iii. sit_sd it bt’t’s mt _sse-

fleet’s-s-SI s-v to change’ lime’ fm ’es imme ’m_ scy c’t mtp love ’d fon’ n_ sse ’s ms - u mt ’e ’ tss c’iut - 1_owe i’ insg Slut ’ fi ’ s ’qut - nse ’v low e ’ rs-

(be’ atte ’m_suat b i t  Stint , ft-cs - the’s-c’ f ist Ic n’ ismh s , is -o m ni ti not Itt ’ e’xpe’t ’te’d Ic -c stgusifieattt lv s-ffect the’

i’e’loclty.

(is s-rOe’ i’ So s ’O m_ sips i ic ’  at tt ’iutnsit isttu dsi 155 , it i s its’s -c ’ s - i s -si rv ti usu t (lie’ t t m t ’ sus tIre times- Is- is-’ mails’ at

the’ sat_sue ’ fu’e’quc’ntey s- l imes ’ th e’ smtte ’nusuti on is- gs’nt’u’scllv vs - u ’ fu’e’que’s_sc’y depe’t_ se ie ’t_ st. For list’ thic k—

t’st s-pt’elnue’ui ms.’as-urs’el (111_I thrs’siugh 6 of Pis ite’ - 123—3 ) II wsLs nec -s ’s -s -sit -v to drop this’ n_se’s isut- e’ —

n_st ’s_st fu’s’qus-isey to 200 kilolue’ n ’ tz in o n-de’n’ to gs ’( a us-isubls’ s- ign usm l sit lime’ m’ c ’c’ e - iv itug t m’s it us eim te ’ s- m’ .

iloweve’ m’ , S he’ aee’umu- iu t’v of [tot hi the’ i’s’ Ioc’ilv situd sit te ’ t_ s mts s ti on nuse-a sun’e’me’st(s- is- ge- u_se’ rally be’ttet’

set hight’u- fs’e’qtte’ncle’s-. Titus (lie’ (him_se’ s’ sp e’ciu _s_ s e’_ s _ss - _si’ e’t ’ e’ _ s _ s _ s s ’su su i ’ s ’el sit 1-cs-Sb 200 sund -100 kilo—

he u’ti (the iou-me’ r foi’ c’ol_s_sps u I- is -ott to  this’ Il_ s ic-k sps’diusms-ius 1. Isu 51 ft’w e ast ’s- • sit ts’nusnl ic-c it nie ’ s msmm n’ t ’—

I_s se ’nts is_ c ’ cc si lso its-ide’ at I). 75 su n_ s d 1. 1) tmle ’g ’ s ul ue ’ t’I7,. ,-~ I S its ’ h ighs ’ n I i’e’s lmtc ’ nit ’ ic-s ( Its’ s igutss I cysts too

distorted to s_slits-Itt steeum ’suls’ c’t’j sx’i(v cisuta biut uis ’_s _sso t ’ust u-site’s t he ’  s’suptil iu_st’u- t ’ssse ’ in sit(e ’nuusitieuts cs-lIlt

f t’ e’qt m&’ iicv liii’ n’ e’slSe’ .

-‘i btiffe’ i’— b lot’k te- e’iunuique’ us-us- s’nmplovu’ tl , sI ts  was- (lie’ c’ s- s- c ’  for 5it’s’\’iOtIs- u_ s_ se’slStt i’ s’ t uie ’lit s (lit-f.

1). Wit h this te’c ’htuiqene’ • sin initisil t rssu _ s sil l i t_ s _ se ’ s- lush sit lt ’ isu nsnto n’ rc’sus hinig a s- s olutsuim’d I’s- I’ ( lie sig-

nal I s’ansn_siIte’d through s ntu  suiet i_ s uinLs mis lnnffe ’ r tslese ’k. ‘l’lue’ Ic ’s- I s-pe’e- ism se ’tu is- the’ts iris-s i Ie el Sit s-s Iii ’s

with this block , rt’suhti tsg in a chsmusge’ in S us- ins- it II umuc ’ I I_si-ottg in tht ’ si-ct ’e’ i t sss ’ nu _ Thus ’ change in

alt ensmatlon is due hot iu So s- 
~~~

‘‘  i uuu e ’ It alt e’ Isis-st j ots sits- I is’s e’ hsungi’s- in it_ st e’ u’fsne ’t m’t’t’lt’c’ lit -cl_ s hsus - s-c’s.

‘l’he’ c’(’lO(’ity susd sle’tmslty c lst (si a ‘ c ’ its -eel I t -c e’s i lct t hsit t ’  Slut ’ i i_s l t ’ r i s uc ’s ’ n’ t ’tlc’c ’l lots it ’ s - s - c’s- so thstl the’

ruth’ nuat lot_s itt the’ spit ’ I n_se’n c_ si ii is-’ slot s _ n - t im i ti ed . Vt’ lets’ liv is sIt’ te s - itt iiueci liv nue’sssu ring the’ I m’ans it

lin u s’ of Site ’ signal thrt nmg hi th us ’ s -pt ’s - it_ si ts - i  unsiisg Site ’ scc ’vep sle ’hsuv of a ‘(‘ e LI roists- os-s’ihle’sse ’opt’ .

_ _ _ _ _  ~~- --



The calibration of the sweep delay was checke d against a erystal-controllt’d tints- ms-i-k ge-use’ m’-

at or- to assure nusixin _su m accuracy. Attenuat ion_s mestsuresm ents were’ ss usude ’ Imy t i _se’ s -as of sn ‘ s n  Ii —

bi’su tcd atten uator (1 decibel step s , 122 dB n_saximu m att cnuu at ion) .

3 .3 .2  EXPERIM ENTA L RESULTS

3.3 .2 .1 Parttc le Impact Specimens

Ultrasonic velocity and attenuation measurements we- re- made’ on particle in_spa dt s -p e’ ci u_ s _ s e- ns

from plates 423—3 and 418—2 . These were both standau-d pm-oct’s-s A1)L-4l)ti n_sat e’ u’ial. Fom - 423-3 - -

the surface through the thicimess angle (STTA) was low but for 418-2 the’ STT,\ was i_son_sinai.

The results of the measurements are given in Tables 20 and 21.

An Initia l attempt at measurement of 423-3 specimen s was made at a frequency of 0.72 ~c11lz 
- -

-

on spe cimens P1-il and P1—12 before the final impregnation step (i.e . ,  the sil as_se wate m- dc ’s -ens -i-

t ization treatment). The attenuation was so high (m-oughl y 50 dB/em) and the signal so badly

distorted that meaningful measurements were not possible. It was , the r-efore , decided to defet-

additional measu rements until processing was complete . This final processing increased densily

about 2 percent.

Measurements after final pi-ocess ing were again attempted at a frequenc y of 0. 72 1\lHz. L

On the thicker’ spe cimens (P1-i thro ugh —6) it was found that although the ’ inpu t signal f i-equency

was 0. 72 MHz, the s ignal which emerged through the specin_s en was only 0. 21 MHz. This

fr equency shift phenomenon occurs in carbon-carbon composites also and since the shift resu lts

in data of dubious value , we have prefe r i-ed to limit n_seasu i-ements in such cases to lowe s- f r-c-

quencies whe re such shifts do not occur. It was found that i_so shift occ uni-n’ed at 200 Kliz in at_sy

of the A DL—4D6 speci mens ; and sit 400 KHz no signifies -s it si _s ift was appa l-eu_st in the thinne r

specimens ( i .e.,  P1—li through —24) .  The n_seas urenients were thet’efon’s’, lin_silc’d to (uu e ’ s - s ’

frequencies.

The 423—3 specimens may be divided into three groups , accot-ding to th_siclmess , and the

measured velocities within any grou p ai’e reasonabl y consistent but t them-c is a significant c-sit- i-

ation in velocity fron u one gi’oup to anoth c’ s- . The’ ti_sickest spccims’i_ss (appi’oxin_sate ly 25.4 niss_ s)

generally bad rather low velocities (appu-ox i_s’nately i.59 (mt/s suvc ’ i-age’). Exc(’p( Ion’ 01_se’ s-pe’ci—

men , all of the velocities for this group were lower than those ’ i ’e ’ pon -te -d in Hef t ’ t ’en Ce- 1. l’hse-

thinnest spec in_sens (appm ’oximat c ’ls- 11.4 mn_s thick) also s ’xhib ite’d low velocities (appt’oxinusm t e ’lr

1.80 km/s ave rage) but are generally within the lows-u - quartile of the’ s’siu’lier da Is - .  The’ third

group of specimens (approximately 12.7 au-u_s thick) has stn s uv c ’n-st ge’ v s ’l ot ’ i ty of 2, 10 kn_s/s ,

which is close to the average of the earlier data (2.19 kn_s/s) .
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TABLE 20, ULTRASONIC VELOCITY ANt) A11’ENUATION 1)ATA STANDARD ADL-4t )b , PLATE #423-3

Measurement Wave - -

Spec i men Dens i~y T hi ckness Fre quency Veloc i ty Attenua ti on Notes
Nun~ er ~~/~~j  ~~~~~ ~~~MH z~~ ±kitI/s) _~~~~~jrt

P 1-I 1.56 25.46 0.20 1.57 5.7 1 Measure men ts made at
P1—2 1.57 25,45 0,20 1.55 6.0 200 kHz only due to
P 1—3 1.56 25.42 0.20 1,79 5.0 ~‘ frequency sh i f t  which
P1-4 1.55 25 .42 0.20 1.60 5.9 occurs at higher fre-
P1-5 1.55 25 ,41  0,20 1, 5 7  6.6 I quencies (See Text).
P1-6 1.57 25 ,44 0.20 1.47 4.9

P 1 - i l  1.59 11 .45 0.20 1.84 2 .7
P 1-i l 1.59 11 ,45 0.40 1.70 25.0
P1-1 2 1.61 11,45 0.20 1 ,71 5.9
P1— 12 1.61 11 ,45 0.40 1,92 25.7
P1- 13 1.58 11,38 0,20 1.83 5,7
P1- 13 1.58 11 .38 0.40 1,79 25.4
P1- 14 1.58 11,3 5 0-20 1,69 6,6
P1- 14 1.58 11 , 35  0 4 0  1,62  2 6 , 6
P1-15 1,58 11 ,3 5 0.20 1.76 5.9
P1-iS 1.58 11 ,35 0.40 1,87 26,6
P1—1 6 1.59 11 , 3 7 0-20 1,98 5 .3
P1-1 6 1.59 11 .3 1 0,41) L83 19,4

P1- 17 1.57 1 2.73 0-20 2 ,3 2 ’  7.5
P1-17 1.57 12,73 0-40 2 , 1 1 17 ,1
P1-18 1,55 12,45 0.20 1.~~ 9,9
P1-18 1.55 12,45 040 2.04 26,0
P1-1 9 1.56 12.74 0,20 2,27 6.8
P1-19 1.56 12 .7-1 0.40 2,09 20,2
P1—20 1.59 12,t, $ 0-20 2 3 3  5.2
P1-20 1.59 12,63 0.40 2,10 13,3
P 1—21 1.59 12 .67 0-20 2,21 7 ,.’
P1- 21 1.59 12,67 0-40 .7.03 16.4
P1— 22 1.56 12 ,69 0 .20 2 . 2 7  -~.3
P1-22 1.56 12,69 040 2,06 19.4
P1-23 1.60 12./0 020 2 ,02  5 ,3
P1-23 1.60 12,70 0,40 2,00 20.1
P1— 2 4 1.58 12,t-”1 0 .20 L90 4 , 1
P1-24 1.58 12,69 0.40 1. 20 19,6

P1-18 1.55 2 , 4 4  0 .20 2,10 14 ,0 1 Reii~ asus’ed at a
P1-1 8 1.55 12. 44 0,40 2,01 20,01 later date , See
P1—19 1.56 12. 7-1 0 .20 ‘.23 12,0 - Text ,
P1—1 9 1.56 12,74 0. 10 2 .2 3

— __________ -~________ - ‘  ~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~



TABLE 21. ULTRASONIC VELOCITY AND ATTENUA IION DATA, AL)L-40(u, PLATL 41 8-2

leleasuremeni
Specimen Densj 4y Thickness Frequ cm_scy Velocity Attenualion Fibe’r Angie’s

(g/enn’ ) (cm.) (MHz) (kn_ s/ s) (db/eru_s) (slc’grees)
______ _______ __________ — 

~~~~~~ ti. ’ ia I.LItr SFPA S’i”VA
P1—25 1.59 (.017 0.20 2. 11 12 -~~ .Iff

0.40 2.05 SO
“ ‘ 0.75 — - (7

1.00 — 58
—26 1.58 1.018 0.20 2 .09 13 42 38

0 .40  2 . 0.1 11
1.00 — 59

— 27 1.60 1.016 0.20 2.02 13 -15 40
0.40 2 ,04 11

—28 1.59 1.016 0.20 2.04 13 45 40

“ “ “ 0 . 4 0  2 .02  11

—29 1.57 1.017 0.20 2 .08 ~ 
45 :35

0.40 2 .06 12
—30 1.57 1.014 0 .20  2 .15 13 ‘15 35

0. -10 2 .10 12

—31 1.57 1.015 0 .20  2 .06 13 ‘~~~ ‘~°

- ‘ 0.40 2.04 13

—32 1.60 1,01-i 0.20 2. :12 -(2 35

0.40 2.27
- ‘  o.m — 2$-. - ‘  ‘ i.oo - 59

—33 1.61 1.019 0.20 2.17 (3 -
~~~ :38

0.40 2 .11
— 3 4 1.59 1.014 0. 20 2 .12 13 -(2 35
-, ‘‘ ‘‘ 0.10 2. I-I I -

_35 1.59 1.01$ 0.20 2 . 10 15 (2 35

0.10 2 .07 13

—36 1.58 1.018 0. 20 7.21) 13 -10 38
- , - , 0 ,- t O 2. 11 -~

- 1L- .~ --.- ~~~~~~!
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TABLE 22, ULTRASONIC MEASUREMENTS ON I- LY ER PLATE SPECIMENS

Measurement W ave
Specimen 0ens i~ y Thickness Frequency Veloc i ty  Att enuation
Nunter (g/cm-’ ) (m) 

~~~~~~~~~~ 
(km/ s ) (db/cm)

ADL-4D6 , Plate #424- 1, Fine Weave

US/FP-1 1.61 10.15 0.20 1.66 8.8
0,40 1.65 18,4

US/ FP-2 1.60 10.15 0.20 1.59 10.9
0,40 1.61 20,7

US/ FP-3 1.62 25.42 0.20 2 , 16 3 - 8
0.40 2.08 7 3

US/FP-4 1.62 25.41 0.20 2.17 4.4 ;i
0.40 2.11 6.8

ADL—4D6, Plate #424-2, Fine Weave

S—6 1.57 10.1 8 0.20 2.25 8.0
0.40 2.16 15,0

S-7 1.57 10.18 0.20 2.26 12,0
0.4 0 2.15 18,0

S-8 1.54 10.18 0.20 2.21 14,0
0.40 2. 13 20.0

S-9 1. 57 10.18 0.20 2.43 9.0
0.40 2.24 13.0

88
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3.4 SHOCK TES1’IN ;

3. -i. 1 iN lilt_sD IC It t _ s N

‘l’hls section_s c e_ st _s tains a desct- ip tlot_ s of (lie plzntc impact and partic le Impact Se ’s t i t _ s -,~ per—

form_s_sod sit Effc’et~ ‘I’e’c !_ smu o lc mg_s , It_se. for i’vs il us mtio t_ s of ,-\i) L— -1D0, The plate In_spact tests were

pe rformc’d on spec h_s_sens- trot_ s_ s the fine—cc-cave plate’s 424 — 1 and 424-2 for comparison cm’tth the

standard-mve’ave x_ s _ s site ’t ’j aI . Exploding foil plate impact ti-st techn_slques have’ beem_s discussed in

deta il in a previous _s’ oport (ulef. 2). Ti_sc t_s :nrtlc le (fl ips-ct t i’s- Is were perfo rmed ut_s standard —
cves e_s,-e specImens, Sn_sai l glass sphere’s were flu-ed sulot_ sg a t i- si j e ’ctory 100 to the surface of
the specin_se’ m_ s , ‘I’he metl_sods used for launching the particles are_s gives_s it_s si separate paper 

-

‘

(Ref . 11).

Eight of the plsute’ iniipsuet tests w’ei’e’ pe m’ formed using carbon piezoresistive stress gages

on the i_saps_set surf_s_see to m_s_s s_saseu re time’ magnitude of tI_se imps_set s t ress ,  ‘I’I_sis in_sfo rm_s tion was P

used in con j_s_sncti on_s cvith the (nips-ct velocity and equs_st ion—of—s ts ite of ti_se’ impacting material to -~~

obtain_s equatk_ st_s--of— st :ste’ data whic i_s We ’ _ s’e’ c-on_spa_s-ed with the equation_s—of—state data on the

standard -cve’ave’ A DL—4D6 ti’s-te ’d previously. (L_sge’s ‘a-crc also used on the rear sum-face In order

to measure- t i_s t_s lrat_ssn_sit tee l s-tl’e’ss sum_sd thus deters-nine the attenus_stive properties of the material

In the stress- u’ s -g il_su e c_ s f ir iti-m’e’st for c- it ln_serabilitv su_sa lys is -’ ‘I’I_s e results of the equation—of—state

and attenuation test .s vi s ’ld _s’sslttabl e’ insigh t  to the inte rpretation of the resistance of this class

of matc ’ris il to elni_sisige’ by in_s i_suls-ive los_sd itg. The data Indicate thsut the_s s t ress—w ave response 4

Curv e’ for the’ fine—weave’ n_ s a te _ s - i s - i  follows ti_ se s-coSts-t ie ’ response’ line up to :30 kb_s_sr s-i_sd then

l’ Ise’s above’ the stanmd s ui’d—wcz ive_ s :\DL—4Dti curve,

A se_s m’ ie ’s- c_sf six t i-sts we’re’ Pe_s’fO i’nit’d us ing 1-1 miS Mylar flyer plates- to determ ine the ex-

tent of daun_suge vs’i’sets m ips-ct ve locity for three’ differen t th ickt_se ’sse’s c _ s f the material. l’l_se

equatiom_s—smf—s-tsmte data were us-i-it to calculate ti_se’ de-lic’ered impulse’ for t’suclm flyer plsute impact

velocity . ‘l’he it_s_ sp eils - c’ csilculsuti’d it_s ti_s is- way s_ s_ say t ie’ considc ’t’sil_s ly different fu’ ot _s_ s either the

Initial f’lye_ su - p1_ sit e’ tnemm s’t _ st t un um c_ sr time’ m i  put 1st’ cs-Ic-it Is-ted by n_ si (‘ 511_s_st c _ s f liii’ si e’o ust ic si ppi’e)Xit ii atioti.

‘Fh_se dat_suage resu lts are’ e ’o t u_ sps u m’e’d with i-i’s-tilts obts i it_ se’d pt ’s -c’ious ly on ti_sc standard —_sc- c’s-re’

mater ial.

3 . 4 . 2  EQUA I’ ION — (_s F- S 1 , -V I E  ,\N D .\ l ” S ’ EN I . -\ [ ‘ION

Dete_sm’eiu_s ation c_ s f the’ c’quat ion—of— s t s i l s ’ fo i t i_se flm_sc’— cm’e’suve ,-\DL —4D0 w_sns ba~~d on t _ s _ s e’as -mt re - —

meats of Impact s-t i-c ’s-s s_sn_sd velocity as d i scus s - c _ sd in_s fte’fe’re’t_s ce’ 2. i’s-lag time equis_st ioi_ s—o I— sts ite ’

of the impact ing tm _ s ate ’ i- is - I  suid times-c’ nue’asut’e_sd ius_ s_ s’Set _ s_se’tc’_s’s, pc_stats os_s the s-Ire’s-s c-c u’s-us particle

velocity c-ui-c s’ sire’ de’te’rminc_sd. ,-\ eh eii t iot _sa i ela t_se useful it _s c’vsmlusmtlng thi’ s- t u’e ’s -s- svav e’ response

of the material am-c’ given in Table 23. Acomns t le lmpe’dc’nce’ (obtained as the’ product of density

and ultrasonic’ ms- si c- c’ c ’e’ lc_sc ity) g i c i s -  ni_s inItial c ’s- t in_ sate’ c _ s f time’ re ’s 3 _ sos _s s - e ’  of the ms_stei’ial in the

Si)

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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FABL E 23 . % t - ~T FRIAL PROPERTIES FOR FIM- -%S I- . -~V I- At)L-4D6 SPLCIMl-~~S ISIS ) O~EQUATION OF STATL- U s i S

r _ s \ - - t ~~_s N _ s  U_s R \ - ~ ’ N _ s ,
‘5 \ ,~~ H _ s  i _ s ! } N 5 _ s i N - _ s t _s TH i K _ s _ s -~- F _ s _ s _ s 5 _ s _ s \ _ s  \ , s 1 _ s ~ ~~~~~~~~~~~ \ L _ s ’,_s \ _ s _ s , \

_________ _______ 
kg_ s - H ç ’ _ s H - \  ,-

~ ~~~ 
,-~‘_s _’ 

- ‘, - - c- 5~ -

— i  US is -— i 1 , _ s _s 5 _ H -  . 5  .u ~ i 
- , : -  -

, : - , —1  _s~~ ci’ —: 1._ s ,5 1, 1 - ’ _s_s . : _ s _ s  , 1 - ,’_s ‘ , : - .

I — cm’ — I _ o _ ’ ,_s — : , : m  S . ,_s It’ 5 , - ,c _s -

- , — .5 S — 5  i. ’ 5 — I S 5, .55 . .5 .. _ — 55.  —i

P

- --5

low st_s-es-s regtn_se. t’ltrasoi_sic attt_snuat lou_s , while not -t i _ s -c- c- th y cou_s_spars ible to si_seek cs _ st_ s-c s i t tc ’ s _ s _ s t—

smtie _ s t _ s, pi’c m viti _s,’s s_s check on the variability of the n_sate rial as we ’ll as a pc_ s te ’t_s tl a l c’c_ s_s ’ relsu tin_ sg

parsun_seter for plate impact and particle Impact elsumusige’ - ~ l’e’st coi_sel itie_st_ss smt_sel i’e’s - e t l t s -  fro m_ s_s time’
equsutio tu—e_sf—statc s- t me _ s ts - sure seuuiu_s_sar lzed li_s Table 24. Me’sisureel stress-c’s sure pIe_st Ied \ ‘et’sUS

velocity su_sd con_spared with the prevlously —obtsuined dat _ s_ s c_sn stsu_sdard—we’su~’e t_s_s sute’ri.eI is_s Figetm’ e’

1-1 .

,-\ i_s_sore useful representsutlot_s of ti_se data is time’ s-tress c- i’m’s-us- part icle’ s’eloc’ity c’Ut ’vc’ , l’iue’

s- I t’ i’s- s- vs’m’seus- tn_sp act c ’e ’ ls_se i ty data nu_suy be’ i’oi_ svc’rlc’ii te~ stress ye_s’s-us psirtie’Ie v c l c_ s c i ty  by

t_ s_ s c’sU_ss of time- Ra_s_skl t_s e_s— ll ugo n_ s loS e’x pre ’s-s- loi_ ss fe_s i’ c’s_ s i ms- i- rc’s s t hmi _ s c _ s f m _ su cs u_ s _ s t’n_stun_s , s _ s _ ss ms s - su_s sl c’t _ s e’ rg _ s

as- cllscttsse_sd It_s Reference 2. \‘smluc’s- of ti_se’ shot- k cc- _ si _ s e 1-nim’s_su_setem’s derived f_s’ s_ st_s_s time’ i _sm e s u s -_ s ur e’ -

i_sucnts on (lie_s fine— -eve_si re’ iuu_s _ste’m’itul s_ s_ s ’e’ given_s li_s I’si t_ sl e ’ 2~ . 1)_ sit _ sm in_ s ti_ se’ Isis-I e’t_ stu ’y s-hue_s_sc ~u_sos_ s_ ss ilen t s - —

Is’ low stress-, pc_ssslbly due’ to t i_ se presence’ of su ~-oiel t_ se ’s_ s r ti_se surf_suet’ oS time’ i_s_ s_ site’ i’i sul , I’l_sc ’

results fe_sr the two fin _se’ —we ’ _ ss _ s e’ p1_si te’s sire’ coi_s_spari’ei wi ll_s ti_se’ re’s-tilts from _ s_ s tI_ se’ s -ts u nd_suu’ cI —we ’ s -y e

iu_s sut e ris m l in Figur e’ -l :_s , ‘l’h_se s-t s’e’ s-s c-c’ n’s-its ps_si-tic le’ c’s’le_se’tty Cu cm -e s - fe_si’ time’ l~le’xigl sis suti ti Mv I.is-

fl yer i_slate’ n_s_ssutc’risu ls- are_s showm_s it_s i- ’iguu’ e’ -Iti. ‘l’Ime’ curs-es- in _s t ime ’s - i’ t_sv c_s f iguu’ t’s- w c ’u’e tist’ii Ic_ s i-i-li_s --

putte’ the’ sSres - s - e’s sn_sd delivered ii_s_s penl s-es c_ st _ s ti _sc ’ _ s t _ si siu sige (c’s-i s- dise ’us-s-i’_st in_ s t i_ se’ follc_ssc iimg sc’c t t i _ s l i .

•j ltu’ sms - o i m tc data were n_sot sic _ su n st _ s i c’ for ti_ se’ thte’ke’ u’ s I_se’c’it_smc ’t_ ss - dune to tuu c ’_ s ts um ’e’u_ suc ’ i mt pu’c_s b lc ’ i_ s us
nhi s - s ’us-sc’ii in Section :1. 3. As _s _s res-ult, s’om’ re’ Is t ti os m ss’It,Im plate iumupstet t i _ s i t _ s m _sv. is- i_sot possible’
at_sd on ly ulmited correlation_s e’ i_st ulth be pe’rfc_ si’u_s ms’d cs’ltlm psurtic It’ lu mps -ct cli tsi .
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/ Standard Weave
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IMPACT VELOCITY , V(cni/~sec)

Figure 44. Results of Equation of State Tests on ADL-4D6 Fine Weave Material and Compariso n
with Standard Weave Response

TABLE 25. EQUATION-OF-STATE DATA FOR FIN E WEAVE ADL-4D6

IMPACT STRESS SHOCK PARTICLE VELOCITY
VELOCITY a (Kbar) U (cni/usec)
V(cm/p see) p

0 .247  72. 7 0.124
0 216 55.3 0.115
0.150 27.6 0.096
O 100 18.4 0 058
0.072 12.4 0.044
0.072 12.2 0.044
0.254 30.8 0.191

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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The values of rear surface stress we ic  ct)rn) )ared with the ini t ia l  stresses to &k•te rn~ I no the

extent of stress wav e att enuation in the m a t e r i a l  For nominal impact stresses of 12 kbar to

73 kbar , the nominal  ~ittonuat ion rate ~ as tound to be 6. 2 ± 0. . 11) (lB/cm for fine —wea v e A1)L—

41)6 under shock loading. Tb is quantit y will be use ful in estimating rca r surface s tresses for

the d~unage threshold tests

:1.4 .3 DAMAGE ltESI~ l’ANCE

Plate Impact  tests were pe r formed on two thicknesses of p late 424 —2 and one specimen

fr ont t~iate 42 1—1 in onic•r to evalu ate the t e s i s  lance of the ma t er i a l  to dam age by impulsive

loading. 11w thIcknesses , densities ~u~l ultrasonic properties of the specimens used on these

tests  are listed in Table 2 t .  ‘ le st  conditions and r esults for the dam age tests are given in i’ab le

27. Impact stresses were obtained using the equat ion—of—st ate  curves for ADL—4D 6 and My la r ,

as discU sse(t prev iou sl y.  T)cliver ed impulse 18 defined by the stress—time Integral

I fodt (4)

which , for the case of thin f lye r  plate impact may be calculated from the (‘Xi)fl’SSiOI1

I (5)

where the pu lse duratIon , r , is g iven by

~L [2 
(6)

In this e~ p ressiofl , X is the f ly er  p late  thickness and I and F are the shock velocity andf ~f pf
particle velocity ,  i t ’sp vct t ve  lv ,  in the f ly e r  p late m a t e r i a l  at the ini t ial  st ress C~~. l’he pulse

duration is j ust  the I inie required for the shock wave to t rave rse the thickness of the fl yer

pla t e . re f lec~~as a ra ref act io n wave and return to the specimen f ly er  plate interface . The form

of E quation (6) takes into con si t le r a tk on the fact that the release wave travels through the coin —

pressed fIve r p late mater ia l  which is there fo re , reduced In thickness. It should be emphasized

that this expression assumes that the st 1’(’55 relieves to ie t o  upon arr ival  of the rarefaction

wave at the Impact su r fac e . In cases whore the shock impedance of the fl er mater ia l  is

greater  titan the shock impedance of the specimen , the si ress will not 1’&’li(’~’t’ completel y afte r

the first  ref lec t ion.  In those cases , the ca lcula t io n  s imp l y gives the ‘prompt impulse , i . e.

the portion of the impul se associated with the f i r s t  double—tr ansit  of the shock wave through

the flyer . The remaining po~’tion of the Impulse is delivered over a period of time which de—

pends on the relative impedances of the specimen and flyer p lnte mater ia ls .  11w total  inte-

grated momentum delivered to the specimen (after many stress wave reflections) will be equal

to th e fl yer plate momentum wheneve r the shock impedance of the f ly er  mater ia l  is greater than

the shock impedance of th e specimen. .~s d isctIsse (i  iii ilefer ence 2, onl y the prompt port ion of

- —— —~~~~ - - - - —~~~~~~~.~~~~.‘. -~~~~~~~‘-  ::... ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ —~~~~~
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ti~u’ 15.1151’ Ii A A ’ll ~. 1 A i A ’ I  ( ‘ A t  lit t ill ’ da i t ta g i  l i la  II si~~. t~~’& ’:iu ~~i i t  ii- . . l : 0 , I l i i l l ’ ( i  that  l i l tAs t  of tie d . in t ag ~
II ’ tit i ’ ii i: i lcti.iI is .e~~~A ’A l ~i t e l I  \% t Ilt t i ti ’ hi g itis t St  l A s s  l A \ - A I , which i i-, mainta ined 1 ( 11 th  A I : L 1 ’ ing
t lt ; t t  p~~t t t o t t  A l t  tlit ’ i s t l i s i ’ . l i i i ’  , ‘ I I A A t  et  llti . i s s t l t t l j l l IOf l  lii t i t i  l a St ,  Of ti t i ’ t t l l ( ’ tl l ’~ l l A ’ l t t a t c ’ t i : i I
Is lit at the ra t  to ‘f del i~ t ’ i l  ‘A t  morn en t u l t i  to ft Ix’ t  p1 a tt ’  iii  ci 111 111 (l i l t  I i ’ l i l t ’ ‘A .1 l i i  l i ii  11111111 A ll  abA 1111

in tlt t’ .~ — 7 Li lo t ap t a t i g A ’ .

-i ~. tv itt t u e  st ;U1A I I I I  —w eave itt ate i i  a I , the pr in t  I t ~ (1 1111 Igi ’  111 A~~Ie 111(11 entoi l t~l t ite 1 h i t  age
tes Es tt as t t o t ~~ ~u i t  l e A ’ crushing,  and i t t i  ge ( A  I l i t  is IA ‘t nt wa~ set ’tl at del lye red tin pu 1si
ll ’h cis ,the~ c ;t pp tox tmi t t e  Iv . 7 kile taps . \ A ’  c ru su tin g  ( l an tage  was oitsi ’ rs’et l at a 1e~e I of 3. 7
is A I A ( t : l l lS . l it is result ot av bA (‘(1 111 1 i re~ I to the sI a itd ird —we ave ot ito rEal which e’xhtbl ted A ’ t l l  e
f r o n t  SUE face c rus it tog and s l i gh t  inc re I S A ’ in Ut L’knes s (I ike i t  due to In to r ita I spa Iii at -I . ~ ki lo  —

taps . [‘he Ale i~tx ’c A~t crushing dau’iage IA I S  nt~AcI e l a t e  at  t h e  :1 . k t l t s t ap  level , and was conf ined
to the regIon t ’  i i  t ie  si t  i t  I S A ’ , 11 1 1 1 i A l \  l i l t  ate iv 1 111111 All ’i’ 

~
1 .

“A t  a Ale I L\ d I A l  in t i su l  sc o I I~ I k I lot aps , lb c c rush ing  IA .1S S (‘V A ’ ri Ittit c et i f ine d  to a reg 11111
app roxtut ate Is It .~ ~- nt Lb teL at t h e  f r o n t  S I t i t l A d . l l t t ’ t’xten t of d ant age te the spec it t i e t i  in
this Ics t  is v is tbk’ in the photographs et l”igurt ’ 17 . .’A slut l Iar  result IV ls lll)t flhttt’d with t itt ’

S I l t l t ’  inl i ta t  t (‘011(1 it ions ot t i ll ate 124 — I . I.’ rus h in ~ 1 ’t (he tnt pact surface extended t ~‘ a dep th
of i pp L O X  l i i i  a to 1 . 0 ciii , i is t  00 IX’ i t’ sur face ii tm agt ’ tv ls 111)51’ cv eti . floUt ~ pee tnt ens we re

2. :1 (‘Itt thick , md exhibited sp ill cracking t i a dep th of ap p r o x im a t e l y  ti . 5 to I cut front
the rear  su r t a c ’. Pite t t t a t c r i ii  i t t  t r t l n t  of ~1t ’  s it a l le i l  sect ion f r ac tu red  I ; i t et ’ a i l v  and (r ag—
li l t ’  l l t t ’i I t O l i t  1’ X t i lt I tt’it I i’lt P I t A ’i I l l  l(~i I A,It ’t (‘ l i lt In a ( i t  ( I t  t l f  t i l l ’ A l t ’ptit 0 t c ru sh log. (~0 the has Is of

these tx’s ul t s , it is ~‘en~’ Iuded Lb at the t It ye 51111111 level  t o t ’  Al A ’g rad iI b i t  A l t  Ut t ’ in a U’ ii a I In f ron t

I I I ’ 1’ Ens It tug is t p p I A 1 X  it ti at e I s 5 . 7 ki t  ot ;lps . tt ’tt j t ’li i s I~t~ l O x  1111 III (~l~ lit i ’ 5 :11 th ’ its Ut i ’ VII ltti ~
fositid to r Iii d Ut resho Id (A ’  I i’ t’tisit trtg 1sf t h e st and ii sf - —Wi ’ a l t ’ Ut  at  e l i  ii  . l iti’ pe i’ft ’ ru t ance et
l ute —weave p I ties 424— 1 and 42.1 -2 was A ’SSA ’t t t  i i  1 It ble n t lea I at  till ’ th t’esttold condition.

I’he tht~’sholtt for sp ;tli fa i lu re  lppe ;Irs to l~’ ne at ~l , l Isilot ap s IA ’i’ both of ’ titi ’ fin i’ — w e a v e

a los In ilit ’ 2. ‘ u t  cii Lb te k i t e  ss . “A s men I I I  A l te ti  , bou t showed spa Ii A ’ I l l ’ l~ 1 i , it this level . I’I alt ’
was t ( ’s t t ’ ( i  at ltotit hi ghei ’ l i l A 1  IewA ’i’ t n tpulse  h ’t i t s . . ‘A t 11.2 kll etap s , coit tpiete spa li

O h s  &slt ~ t ’ rt cii;  i t  . ‘ . 7 Li lo ta pa  no spa II cracks tvt ’t’e t ’y tdeui . Vltesi ’ results place the S i l l  I I
pt ti o rot a ltec A ’I the 2 . s cut —lit ! cIt fine —weave in a tt ’ i i  il W i lIt in ti to unce t i,t lit U h ill i t s  ~1st a iitetl to t
the 2 . . ‘ (~Ill — t lt t  ck s t aitll a i~I —Wi ’ ave nt lIe l i i  I

I li( tWO li st S p~ i’te r it ted On t cut — thick specimens llr;tL ’kt’ted tltt’ Sp al I tit t~’sitol1t to t  th a t

thickiw’.i \l 5. 7 kilotap s , ~ on t lt l e t i ’  sp i l l  was s l i lse  i’vi ’i i .  ‘A t :1 . 7 kti ot ztp s t itt ’ sp ecim en was
tt iitl ai ii aged . l’he ~x’ rio rot ance of (it e I cm —ti tle k fit I t ’ - Wi ’ Its ’ Iii a ii ’ t i  :iI~ caitito t 1w.’ t ’t ’tti p t  red

dt r o c t l s  witit t u e  staitd:trd weave , s ince p l A ’vious t e st t i t g  of the st ;uw. i % r d —w ( ’:t\ ’ l ’ ma ter i a l  did

fl oE tit ~’ Ititli ’ s l t i s i s  wlt ic?t p1’l~~1iit ’(’d i tI(’f iith t O sp tl t. l10WO~’Oi’ • It i~~ 1A ’ It ’s t it Il t  tilt ’ I 5.’ttt thit’k

lint’ —weav e ut ate vial is sent t ’tvil at we I ts  A ’ V l it nit t lI t ’ 5 t i  11( 1 % t~l - w e  lvi ’  lit a U’ r in I b it to ruts of 
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delivered impulse r equired to i r x l u ce  spa il diunage. The best estimate of perfo rm ance I s

shown in Figure 48 , whIch indica te s most probable spa il thresholds of 4 . 7  kilotap s for 1-cm

th ickness and ti . 1 kilotaps for 2. 5 cm thickness. l’es t data for the standard-weave mate rial

Ar t ’ shown for comparIson.

3. 1 4  PAR ’l ’I CLE 111 PAC ’l T E S ’i ’I NG

Specimens from two plates of s tandard-weave ADL—4D6 wo re subjected to impacts at 100,

using 1 2 mm and I turn glass pa r t t ck’s in order to characterize the erosion performance of

this nt at er ial . Variations in mass Loss clue to particle size , impact velocity and test temper—

attire were investigat ed .

Midway throug h the test series , variations In specimen density and acous ti c attenuation

we re noted. Th ose variations appeare d to have significant influence on the mas s loss data ,

which showed wid e scatter und er sotne test cond itions (1 mtn particles at 12 kft/sec in particu-

lar) ,  It b( ’(’ : I I t le  evident t it a t a larger nwnbe r of rep licat e tests at these cond itions would be

required for an acceptable degree of precision. :\s a result of this finding, and In view of

difficulties encountered with launching large particles , the orig inal test plan was modified;

testin g with 5 nun particles was dropped from the nt atrL x and additional tests wIth 1/2 and 1 mm

particles were scheduled to further investI gate these effects.
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Figure 49. Velocity Dependence of Mass Loss Ratio for ADL-4D6
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For a ntore detailed d iscussion of the particle impact test results , includin g crater

“ maps ” and raw data , the reader is referred to the classified addendum to th Ea report (Ref.

I I ) .
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Figure 54, Notation in Standing Wave Measur ent eiti s
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735 2,70,; . 00 120
7 90 1, 709 . 00131
~‘35 2 . 7 14 . 00114
‘173 2 . 72i ;  , .14.1151
1 100 2 . 736 . 0031
117 ~ 1. 7 4 1  11036

1. 4 1, 7.t~ ,(‘1040
11:50 1.77 .0045
1, 11! 1. 7 9  , 004S
1-100 2, 512 .0057

NI.’) IT: Measured llV the ’ dIelectric e’avitv filled method :
specimen heated to 150°C In a i r  furnace’, the n
encapsulated in plat inum (ott helde’r fetr measure—
merd . , Measurement made after previou s run to
640°C by standing wave method , 1

I l l ;
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: , , , 2 .2 M I I I I t I K ’ t e ’ t ’  ~ \ : A I ; , .  2 - I l I i i .  I I l i ’ I l ’ t ’ t t ’ I i ’  ~lI A ’ I l S U 1 ’ 1 ’t t I ( ’ I I t  h) e ’sitlts

I’t v , A  - I 1 I I I I A I A ’s ill :11)1,— I 1 )1 ’ ItItltd ’t ’lIIl II i t t ’ t I F A ’ h l ” I l l ’ e ’iI II I 2-l ~~l I z  15 t i l t ’ sth t i l ( i iI l g  WU V e ’ tu to t h od , ‘

It 1( 115 A A I ’ i 1 4 l t I I t l l \  l I l 1 i I I I t e A l  I ’  p e ’ l ’ I I A I ’ l l I  I l I t ’.”c 1110117114 l’ t ’I I i , , ’ I I t s  Ic, til l.’ t’ ( ’ s l l t l l l t l t  c a v I t y  fliI, ’thO d ; lint tht ’

i’al tgc’ t I t’ll t ’ illtl A ’Ii I l l  t i lt’ ( 111 1 1 , 1  I ’ l l -  Ut  117—10111 (A l A s  b U i l d  II,) It ,.’ t e A l )  1:111~(’ to 311(1W llC(’Uj ’lltt ’ f l le ’Us U h ’e—

i t l t ’I t t s  l , t ’  tills td ’ ( ’ illtll(ll , ’

Hoo n i 10111 110 l’Ii ti l t i , ’ 113 11511 I’A,’l t A C t l t S  Al (‘I’d’ lIIh ttli,’ Oil till.’ Spe’e,’i Itll.’ilS 115 i’l l ’ ,,’ it’ed . tc ’ith the I n t —

p t’ii ’,’i’ii si lt ine , ’ t I ’I lt t ’t ’ l i i ’7i ) ’ I I 7 - l t l  .11 1101) 1t ’l l ( ’ ( ’Ss . 1 1111, 1’ sthuldi ilg I l l lh i I )1 J1 ’l t t ol” , ’ I l t t I I ) i l ’n t  a i r  101’ a

till Ill Ill it Ill Ill tAt e) I I A \

1111,’ I’l’ ’FII IS 01 those ’ t l l e O S F l l ’ ( ’ I I I I ’ t lt S  1110 L ’ . l V (’I )  lte ,’lo~t’ III ‘I’a l I lo  33 ,

T - I B L I ~ .13 ROOSI I l % l I q R .-Irt R I  ( 2 ,i°( I I ) I I : t . I - t ” l ’R I ( ’ U-ti -I ON S F ’ t N i ) .-’tR[) .INI)
I- I \ t - i ~ I t \  I- At ) L , .4 1)6 11 14 t ;Ii ,

Bulk
l t l 1 F , I l V

5 i i l 1 ’ ~~0’ 1”~’ . 1411: 1 ’ - )  l- ’:u’, :01 ,1:1cc I’. tail dl,’Itll

-1 ~~— l3’e ’ , ’ i t  I ’ l l

1 I l  2 .901 0. 1107 5
( S I I A I F I I . 1 l ’d  1,1,’! 1. 2 .5- l i )  0 ,11 1155 0
Ii i ’Itl’ U I 2 hI  2 . 4 ) 1 5  0 , 1( 07 51

1, 2,~ -(.t 0.0105

42 1—1 1 H 2 . 1:12 0.0092
(Finl ’we’livc) 1. Si; 1. 2 . 1412 0.0097

2 11 2 , 936 0. 0092
1, 2. 592 0, 11 05

. \t ’It ’t’ 1 ~~‘ ‘ t :  1 ) 1 1 1 : 1 1 4  to 1:150C l l\~1 - t ’ 1114 111

I 1”-~.~ 1 II  2 , 8 1 4 7  0 , 00,5 5
I,  — SoS 0.01)70

42 1- 1 1 II 2, 5 (1 , 111)551
1. 2.811 0,005 7

‘ ‘ I I ’ ’  and ‘ ‘ l . ’’ t I c ’s 2 1 1 0 1 t 1 I 1 5  sla util lit u’ ‘ ‘ 111 14 h ’ ’ 1111(1 ‘‘ lott ’ ’’ mi ’asitu’ e’d values , 115 12,0111,’ 11110)1

by 1W tat toi l  i ll t hi ’ ( ‘A 1 1 1 1 ( 1 1 1 5  I t t ’ $Iti tljt le lit the’ Wat’ogu itt e’ , ‘Flit’ ‘ ‘(“ 1101,’’’ did ’s ig’tlll t I OIl ro le i’s to 1110115 il ut ’ —

i l l O t i t s  w i t l t  ( ‘11(11 of tile’ ovl 1111101’ 1 1 1 1 ( 7 .  plhlt’l’d I t 1 4 I i i I l s t  tltc’ slat i’tod eu id al ( lie ’ wav e’g’uiele . 0 n iea— :1

Sil 1,0 o~ 11111k’ 11111 11111 l i t  1 11111% - ,

,-\ f t e  t this me ’asst l’( ’l t t , ’f l l  , tIte spe,.’ i l i t en s  a t ’ re he’Ilted to 1115°C at , .  I’ll ight to l’ome ’s\’e I VIl t e l ’

vapor. The die’lec’tri c i l I i ’ I I S A I  i ’en t cnts  lI t’ re’ 111011 pI ’oflt pt Iv i’e’pe ’a t ed . ‘I’ht c ’ i’esct lts are give tt in

the se’coltd pa t’t u i  T ab le ’ 33 ,

‘I’heso data ~ hcstt’ t it e in ’.’ 1 0 1 1 7 1 , 1 1  S jtt n ll li’Iitlee of atssot’bctl whIte i’ at the 2.1(31hz f re ’que’ticv, his

compare’d I the ’ s’. 5 (111? .01,1 2,,0\I I Ii ’ t t n ’ : A s l I i ’A ’ I F l l ’ I I I  fi ’odlilolte ’it ’s it’hit,’i’c loss tangen ts  of as —

t’e’e’e’ive’iI A D l . — - I U A  e hie l  I l l I t  e ’\ ,  0,11 1 , 0)11, ,

IIilhh~~~~l~~~ IIh1li5 .~ -- -- - ‘  - ‘ 
117 

-
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I ’ltt ’ ii i v  spt’ d’ i n t e ’ns were then eIie’apSUllttC(i in the ’ s ilv t ,’ i’ high tcnipei’atu t’e’ sai t t l l l e ’  Itobles t ’

an t I i t I ez t su t ’enic ’n ts were ’ peI’iot ’me’d to 800°C . Both sam it le .’s we’ i. e. ot ’ie ’ nte eh in (It o hi g lt e ’  t’ t I l d e ’, ’ —

( l i e ’ constant di i’ee’t ie)it .

‘I’he t’tiseilts of these tticasu renteitts a rt’ gi veti i t t  Table’ 31 ,

‘I’Ite sIiee’i fli esl i &A We’ ye itilowesd to t’ool in the’ I ii st rutt te ’nt and in t ’at ’It ease  e’hee’k t t t ea s i t  u’ , . ’ t t A ( ’ t I t s

we’ i t ’  made iteat’ l’OOtil 101111)0 rtttu i’e , showing ninoh i lowe t’ loso tangents ill ~Ic ’ u’ b ight  t C’i it I )C t~it t dI i’C 
‘ 

‘

e’xI )ose l ye . Sitice 800°C is not a h igh eltot ighi It ’IiI I iCI ’it tU I’~ t el I I t S e ’ the e’t )llO iehltI S illeat (flat I’ I X ,

although it is known l’rotti i~i’oe’ess studies to c ause l t t c ’ i ’ t’~~se’jI sin te ,’t ’in g . i t  is obvious that ( lie s

of loct  o f  It 14 1Vt ’ l t  qitantitv of absoi’bed t itoisture is ntue ’h t i tot’ e’ s igit i t i t ’aitt in the’ j it i l l in i ot c i ’  wave

band tIt an itt conventional raeiat ’ frequencies . Although the loss L’utgcu it rt ’ht Ins  to o i’c’lati vel3’ ‘ 
* -

low V aloe ~it I ’t ) e) it l tentpet  ratet ye ’ (0 . 002—0 , (1(13) alter  800°C (Os ts , the iIt t I ’i  nsi c loss ta n ge’nI ui

tlt cs t I  u ’ t e ’d c’onipt is i t e ’ is s t i l l  s igrt i i ic:tnt ly above the coittpat’alde valet i, ’ nie:tsu red at S . S ~ I I z ,

(I , O t I U M I ,

TABLE 34. I ) IE’ L t -CTR iC CO NSTANT ANI) LOSS TANGE NT AT 24 GUi OF AI)L.41)6
STA NI)AR I ) ANt ) FINE WE AV I’ , BY STANDING WAVE METHOD TO 800°C

:4
418—2 424 - 1

K tan delta T°C K tan delta

.2.1 2. 878 • 0072 25 2. 866 .00816

117  2 , 8 78  .0055  1.1’) 2.866 .00357

2 17 2. 85(, .0039 lA t S 2.862 .00244

271 2 .841 .0 0 2 3  282 2 . 8 50 . 0 011 0

320 2 .833 , oo I6  3 148 2 . 84 5  . 00085

404 2 . 8 2 3  .0018 112 1. 840 •000 ’) 8
111(1 2. 813 . 0020 464 2. 637 . 0 0 1 52

15 2. 80’) . 1)021 532 2 . 83 6  . 00233
(1 58 2. 707 .0022 665 2.846 .0023

750 2 .793 .1)023 71) 2 2 . 85 1  . 1) 1)21

800 2. 700 . 1)023 733 2 . 854 . 002( 1

2 . 8 2 2  . 002t) 80t) 2. 8(’ . 002 1

1 311 .1.811 .002 14’)

118
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- - -~, A

A
A

‘I A

I A I 1 I 1

Al , ’’ , 1 1 1 1 1 t l I ’ ’ A l - I t ) ‘ - I ’ ’ ~l ‘ t A

I I I , ’’ , ‘ , ‘ . A , A I A ’ \ I ’ ’.’ l \ ’ t ’\  l\

I’ i,gur e’ 5 8 .  1’ t fee ’( nt I I  ut ut ~ i~il h ’ e’it sinn Spt’t’flt it ’n I i i  iek ni’s,t initl I”, pe’ on Me’tisun’d
( I l t in t ale’ Stre’n~ flt i t t  .11 ) 1 - 41) i

The ’ l oot att gtt I It i’ 5 Pe ’e’ l i l t ,  • its gene’ t a b  lv s heitt’ It b ight ’ r sI rc ’Itgi hi I c ’v e ’ I I Ii in I Itt ’ i’eatii e l
5~it ’t ’iiiie’ii s hI l l e l  the’ St i’e’ngt h liii ’ i’(’l t sd ’S ‘,e - i I I t  t h t e ’kn, ’ss ,

.1 , l”o i’ I he’ l’ utufltl 51100 liii I ’lis • ( lii’ e I (t j i u  ‘si te ’ ti e ’ l lI t  I’ (dii’  (5 cbS j ’l I t \ ’ d ’eI 1 51 i’ e’ng t It eh e’e ’ i’,’O Sc ’s I t s
e ’ l’d) SS 51’d ’ ( ( c i i i  (I t t ’ ro:t s I tI ,

1’ Ito gc ’lt e ’ I’ ll I t ’ elit e ’ Iti s (otis l’ e ’ga i’el t ng (lie ’ i ’ l l  c ’ e ’ Is e~f $ 
~~~~~ 

I i1 iu’ t i  ge ’t~m e ’t t’v ’.i nil I It ie ’ ktt e ’s s t ipei lt

t , ’nsil e’ st t’e ’ngt ii is shiott - u u t i t  I” igit I’ d ’ ‘51 l i e ’  ye ’ 1( 111’  it~ti I oel t e l  I l t l t e ’lil i i i  i tg I e ’e ’ llttiqete’ 5; ‘‘ , g
I , ’, ’ (s  cit lit I tt ’ I t i i i  I itg tile ’ 5( 1 ,  ‘e ’ I ut d ’t ls ott fib1 ’ t’ e ’eml inn tI t , lit t i l ’ uhe ’ I’ to lila c ’ lt i fit ’ ii i t ~unel e’ i’eiSs

SI ‘t ’ ( 11111 , :1 g l’ t ’It t  to’ itu iit t s ’ r etC l i t ’ , ’ t ’ , l i ~t~ e’l tt l e t  sh,i ii ei’ I e ’ngt It s , It’ll I h’ i i i  a i’eo I lt lt g ti III i’ e ’ ross

Sc ‘e ’t leMi It I l l  i’gi ’ i ’ clog y e ’,’ t O e u  ,tt l inn (t~ ,‘vus I a ~lnt ’ fl ’i ’e ’t (I’ , ’ fl1~t~ i’ I t ’ngt I t ) .  I’ I t t u s a l’e ’ulUe ’l 1,11 1 Itt I Ito

e ’ I i~ e’t i t t ’ I , iI (el  t O l  I’S I itg e ’ 11(111 lii lI t ~’ u I ’ I lI e ’ Sj I u ’e ’ l i l t ’  ‘It e’ nub ci tie ’ It I I i , i  I n tl oth t e l  e ’i It t’ilie ’ i’s ,
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:11, I~,’t . I ) .

It c hI li be’ s ’e ’ut in I’al ihi ’ 0 1’ tltat II (A , , 11 - “ :Ie ’(1 t I l h ~ 
1 1 1 1 , 1  l’,ti ’ , ‘:le ’li 11 I I I , ’ I , ‘sl sb l e ’ t ’ t l l I u ’tis ( I l l : .

h, ’c ’ii t ’ h I I e ’% l h h l t c ’dl b l S $ t t l l t i tig 1(11 l i t u ’l ’t ’, ’t ’t i’, ’, ’ I , ’it g l h i  e ’ f  0 , o~; i u te ’li , Not e ’ I h a t  ( I i , ’ t u l t  filial,’ i , ’u t s i l , ’

sI i’,’itg th is # t t u l t t t i l : l u ’ I , ’ , ’,I  ( i t  ‘Fable ’ :)~; a i ’ e ’ 1 1 1 1 5 1 ’,)  tilt t h t c ’ hte ’ttl Itl 0 l’t ’sS SI ’s ’ ( i t ’ I l h I I  I I1 ’l ’hi ~‘I (Itt’ lost

Sh It ’e ’ i l t t c ’ i t , l ’h ie ’t’ u ’I , l t ’ ,’, t h t e ’ t i l l  i n i a l e ’  sI i’ , ’sst ’s plet l l e ’,I ill 1”ig’iti ’ e ’ IS O l i l el t l t l l t t l h l ( , ’ h l  i l l  h ’ I l l l l , ’ 1i . ’5
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r.
i l l ,  ‘ti t ’ l OSS 5 e’c’ t ie i(l  ill flle ’tt$ (e t t I  . ,-\a c’’,Itt lie ’ s~’,’tt t’t’,tiit I” igu t ’ c ’ , ‘t~ , I ha’ e t’lu’ t ’I tI g ,‘o li l , ’t 1 ’’, ~‘it

- u l t i n t l l t , ’  st t ’ e ’ngt lt it.t ’,lpl ihii ’,’ntl\- s t i l l  e’lea u ’l~ t’ I s i h t l , ’ ,

.1 fte ’i’ ft t r t b te ’i ’ Il it ’ u ’u’t I i g h l t i e t i i  e t f  ( I t , ’ I’,’stII(S sh ioan in (“(gave ‘5 , 0 ‘st ICs elc ’tc ’t’~~tj i t e ’el t h a t  I i’,  A l

e l i l l e ’rc ’ii l el e ’ti s( I ’ie ’aI ion I1I ’ l~~’
,’sSI’s 1101’ ,’ d ’ t l t l l l l t v e .,l . e li te ’ l o u ’  lit, ’ , ‘i t ’ , ’t t lhi t’ sl lc ’e ’i i i t i ’it s in t l  :t , l i f —

he ’ ri ’nt bli ’oe ’c’ss l’,ii ’ t i l e ’ l’ u ’e’t i l t ~ ’t t l I I  t’ spu ’e ’ I l i t i ’uls , h ’h t t ’ i ‘e ’t il ~t I’ x l ”” ’  I ilIe ’Il$ 1 1 1 1 ’,’ I l l ’ l i S I  I’It ’el l u l l

pl’es’i’s$ ‘‘ ,\ ‘ ‘  lt ’Iii e ’li inl’ u tb l ’ d ’el t i t f i l t  1 1 1 1  ( l i l t  l i t  lIt,’ :111 It ’ll I,t lllIttI l A ’ : I t  A ’ tu i lu i’ i e ’ 111111 d ’ t l l l d t i e l h t ( si R e ’s

:111 t ’t~ t h e  I ,‘l’I t it i  i’, ’ti t e t v a I  (i i ’ eic ’ ( ’ss ; I l - h i l l , ’ t i le ’ i’ ,’e ’t l l i i g’I t l u i  i ’ s~te ’u ’ I l i i c ’ltS I l l ’ u ’ , ,I ,’ut s I I i , ’ ,l tIll I’  I ’ I l t ’ h ’Ss
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u ’ , ’uliutI ’ I t l  h i l l e l  l t i ’ i e l l ’  Ii i lIt,’ I i  i’st elu ’its ifie ’hi t h e i ll  A ’’, A ’ I,’, ,\ d ’A l i t t l 14 l  I ’ISe tu t  , t t  I It,’ i t i , ’ , t t i bu s ,il i i t ( l I I u  I’~’
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, ‘‘ I ’ l l ,  ‘ h I A  A\l ‘ 1 1 1 1  I C

11 i i i
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I ’ ) ‘ ‘ I I ’ , ‘)

Figure hO, Results ut l” ie~ural Screening Tests to t )efrrnti ne the Effe c t of Silane
Coup ler on the Strength of ,“tt )L-4 Db

It should ah sø bt’ ix_Iint ed out that F’igui’t’ 5$ cont ;t lns R’ns ih’ st i’t’ngt h d lt t a  fe l l ’  bias test spt ’c l—

nte ’ns . Typical eh(ffe’t’ e’nee ’s In I t x ih t l  ;tnel bias du’e’ctio li ntoduhts ht t t’asui ~t ’nte’nt s should show appr oxl—

flthl t ( ’ h’ zt 10 lX’I’Ct’flt Inc i’t ’I t S& ’ In hi l t s  eli i’e’&’ t (out i ttodtt ltts e) t ’ d ’i’ II XLII I  modulus, -1 s imilat’ e’ontpit i’(son

of me’asuu’t ’d eI i f fe ’ l’c’uice’s in tO rc’ngths fou’ these’ two dl ye ’c’I (oils Is iiiol’e’ eh ( f f (e’ul I t o  ce_ It ltp tt le ,  Int l it 
A

t s  e’stiniatt’d (hI l t  (In’ (t i l ts  eli r eel iou st l’ e’ngt lt shottltl he etn he’ ot’ ele’t’ of 15— 21) Ix’ l’ce’lit h ighe ’i’ that i

(lie ’ it x i a l  st i’e’ngth , h~e’ft ’ (‘once 17. The’s,’ p0(11(5 we u ’e’ not int ’Iude’d iii the ’ t’e st t lts sh own in F’igtui’e 59,

lit CeittClttS(e1it , it ntaV l.te ’ st I t t t ’tI that (lie’ pt’e”s’ iousl’,’ u.it it ’e’stt lve ’tI t ’t’fee ’t of te ’u islle spe’e’inte ’li

g, ’einie’t (‘V (e’l t’e’ul~i I’ VO t ’Stls l’e’(’t l t itgt lhhl i’ )  Oh the ’ It t ( ’I ts t t  rod te ’nsI be ’ st t’e’ngth i etC (hi is ntatoriah has

Ite ’e’hl sho’,t’n It t  11, ’ of se,,’etuida l’v iflipot’t itltt ’o lIt e’ouiipl( i’Iseti t ( t i  t h e’ I tl’ ili i h( i’\’ e ’ffe ’e’t of [list e’t ’iti I s

pi’octlss (ng p it i ’I t u il ( ’t I ’ ys :iu iel se’zitt t ’ t ’ in the’ elat a for t he ’se’ .

The re~ tauiguhai’ tensile ’ spec intoli  tiocs ShieW,’ :t li m c  i’e’ase’ Iii Iutttic’a te ’et #0 re ’uigtl i up tet ( lie ’

0 , 40 Inch thickness dinionslon used, set thts is cet’taird~’ a minimunt tlth’kne’si+ to h u h ’s c_In using

fetr additional AI)l —4l)~ uni&xlal tensile’ tt’stliig,

The’ th(t ’kne’s~ e’t’t’ee’t (“ii the’ i’l’le01iShil’Od I , ’nsIl , ’ strengt h of the ’ t’ e~~i lieI 5 ( t ’ t ’ h i t t c ’u t s (‘ e’l ii l tI ns t i l l—

resol v ed aitel con’tplicate’d 1~ the ’ proe’oss d It ’fu ’i’ e’nt’,’ hi ’tw,’on the se’ts of spe’cinv ins used in

Refert ’nc e I , Should use’ of this goomet I v  be agaIn elos(re ’el (fe lt ’ high tu ’n ihte ’I’atu i’e’ t ( ’ltsIIe ’ test-
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I 10011! to C-h ’,’ numlioi’ cml ’ fibe r buneiles which lu t is t  lie’ ~iIao~’d in the n t a t e r i l e l  , it iS 0115’, let 5’,”,’

‘s’s’Ii~’ t’cist iS It  Stroll7- fun c’titiit of the fineness cml ’  lii’,’ We’Il’s’t’.

in 3—D eit’titogetnlt I it t lI t ’ ,’ I ’j lt is Ote’ LI l t it oeII is I ” ,’IIdI iv def ined f l ’ , lit’,’ ‘sd”,’hl’s”,’ Sp:R’I 117-. :1

t’epd ’httcng ‘s’t lunt ’,’ ‘, ‘Iornent, c m l’  ciii it coil , is e:es il ’ s iei’,’tttif(’,’ti as shown iii h”I g’ttt’e 7 S . 1 lei’s’s’e’s’e F ,

in I —D tuzit’,’t’(a Is 11 is h ot possible (di t” , ’lllemv ’,’ a l’u’p elltitig veilum ’,’ elc ’itt’,’nt elf simple’ dimeltsi ons .

Exlent (n i n g  Figure 77- 1 • it is c lear  Ol I l t  cmli’,’ cllnnd it elra ’sv It sbtip k’ 15’t’Ilel tg le ’ which encontpllssl’s

the four fibe,’t’ imu :tdles . .-~S OA 1e fc mhlem ’s ’ s ’s (it ’,’ fiber bandIt ’s tht t ’ej ug h the titickness , 1”i gui’e 79 , it

is ‘,‘l’,’lII’ 01111 i t  I t $11111111’ u’ec.’llllt ,2,U l l l  I’ shilipe we’ i’e chosen to outl ine femur ((bet’ bunul les , t it eui  I tS

t i t le ’ pe ’i t ’,’t t ’atOs C-ito mhitt’ I ’jIl I , b~- (Ito Unte tlt’,’ sllfllu ’ buiid I’,’ pl tt t t ) l ’tt  is l’~’p(’1ttOd , Oh’,’ top bundles

‘st’em lIlll lilt ’s”,’ ‘,‘x(tciel th’,’ l’e’(’tl tllg’U h l l I’ II l’ele 11117- tic ,”sv bultdles ‘s’s’etuhcl itave ‘,‘t’tt’,’t’etl , ‘l’h’,’i’efo t’e , ~
si,tt ’tp l’,’ de.’scnt pti ein emf C-ft c’ ‘,‘olt L’s’,’t ld’SS cm l ’ a 4—I) ‘s’s’eaye’ wlti’,’h cot’re,’spt,tlld$ to II unIt ‘,‘eli cl~’se’t’i p—

tiott IS tt ,,’it ht d ts  s ibi ’,’

‘4—’ I —•,-‘~ ~~~

~ 
4*”~

” 
‘4 

~

I ”i iz i t rt’ “ S 3-I ) ( ( n i t  ( ‘cli

l . \- I

I ,
—
.-,‘ —‘ .~~~ ._ ,O’ - ‘l~~- -

— - ‘ - - -  - -‘- 

4. The dlelectnj~ prOp cr tft ’s of standard and lu te ’ wc’tvc Af l l  4L4th or atory for tfl sula ti on Ilesean ch of MI T in X— ban~ (8 Cliz 
~
- 1)6 we’re nlc’a su l’e’d at the ’

(24 GlJz). The’ X k ~~~ •,,.,,, - - 
• I ) arid itt (lie rnhhil n it ’t e ’r ‘sd - a t e ’  hand
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~~~~~~~~~ ;( i l I tnhi’nun ~. i t u s emI’aluat loli shotu lel ine’h ~itte ’ (lie’ I ” t t h tm ont 99 I x ’t”, ’e’ni :ll li l’Ia— Illutti  111 11 f l i t  v



it [5 fl’,” ,” ,’SSl tI ’ V th’,’It tem ci’,’ fit ’s ’,’ II dlt fl ’sd’i’eSldll ’ s  %,c’t t ( d •t t  ‘svi II lid’ It d’thai’ li ’ ,’t c,’i’iSti ’,’ ell i ii d ’ttlA I A ‘I t  , l i  h i t ’

(‘dull  I’se,’It’,’ ss (if fill,’ ‘et’d’ I I’,’(’ , , -\ eIdI  it id i l t  a l l y  , It ci (01 e’n 51cm Ii slte ’’,t Id lit ’ c’Iios en su’,’it 01 at i t  C ItS be’ idt ’tt —

tille d front the sUt’il t’,’o c mi the pan el wit lt euu t t ’d ’e l L t i t ’ i n g  si 10(117- e l f  nt l u ( c ’ l ’ l a l .  h’Ie ’Ve ’l’ I A I  111111,1II S

exist whj ’,’t’s ‘svtLI It’,’ t ( I 5 A _ ’~ A s5d ’ci bclet’s’s’.

h” dir fite,’ 5—i ) f llht t et’ i Il I SIId ) ’sh’l l ill 1 17-li I A ’ 7-h , (itt ’ dl d utt ’, ’dI lines ‘,‘le ’lIi’IV iltdi(’It t’,’ the clt ;t  u’lI(’t’,’ l’is —

I e,’ t l j l tt ’, ’t tsie lliS of t ltt’ we’ll ’s”,’. ‘l’ll’,’$ e,’ ci j f l td ’liS ld 1i15 wciuLcI Li’,’ It l t l I l l t I ’ It L ‘,‘ltoie ,”,’ S ( i t ee ’ Ot ev F’,’pt ’e’s c’I lt

a’ ‘L te l  / A.p’.c’,’lttg. 1 hem ’sve”s”,’ r, if (It ,,’ 1, bu itel k’s IV’,’ Fe’ t” ,’ttio ’s” ,’el hOld l ’e(ml h tc e ’d with e t i l t g d m l i I l h  film ’,’ i’s ,

‘s’s (C-hoot ‘,‘it :utgit lg lut \’ bond !’,’ ci ilitc ’its (cu ts , cmii ’,’ I l l ’  A ’ i ’s’e ’S I t t  F’(gui’e 73. If Ote ’ sante’ (‘1111 I ’II( ’I ’, ’ I ’iS tie,’

d i l t t e i l l t i e u u  ‘sVO l”,’ Itpp hIe ’d let l”i gcti”,’ 73, i t Is fem e t i t tl  fil let tile ’ l’esul l i117- II t” ,’lI (‘e tA i t I t i l i s  I”eVei d ’ li’,’it eif

C-Ito el i l lge m llhl l  filter Imuttulles , IUldl not cut ’,’ .

It II~’Ipt ’1tl ’S II I i f i I ’o l ’I I ’ I l t t I , ’ le t  ( It t !  l / d ’ sI ,” s e ’l’l l l  ‘,‘it l l i’ II( ’l’,’ I ’ iSti ’,’ d i I l i l e ’l tS Ie tnS , dc,’Ii’,’ndh il tg tt f lOIl  (lie’ t\ ’pd’

‘svea’s’t’, Fcu~ It •I —D ‘s’s’t ’1evl ’ the dlUn elt S idmlt  1e( ’t ’OSS 11 (1,1(1’ ‘,‘If d l l tgdm lh lt l s  is both ‘, ‘ l tsj iy id’,’ntj fj ~ t1 1115-1

:1 c l i  l”,’e’l i t t e ’IlSUI’I,’ et i  the,’ ‘/t ’II Fse ’lleSS e l I  tlt ’,’ ‘svea’s’~’, see’ 1”i giir ’,’ 77. Th is d i m c’nS ieul t 15 , in fh5- ’t ,

the tIit i t d ’l tS (cmli  I Ic ’t ’ I l SS lIt’,’ I e m e Ij ms d l f  11t’Ii e) lt  lit ’,’ sl t r f l l ( ’e euf (ito p l t t t d ’I . .‘\ I tl tougi t It squal’e’ af (ii is

‘,llIt’s’,’Itsietfl doe’s not ‘,‘tt ’,’lem se ,’ 1111 idiO t’ fitt ’,’i’ buiteli’,’s, it 1 s t  dui ” ,”,’t l’tt’,’list,tl’c’ of the sj,’e’ cif the

ilbe’ F liunellos :tnu l A s  thus II  nt~,’asut’e of the 1’Olll’Se’iteSS cm! (ito ‘sl’(’lt’s’d’ .

i l l  the ‘,a s  e ’ ,‘l ( b I l l I e ’ Is ye,’ itt fo I’ i’’,’eI ill a fi fti t di I t ’d’ I ta l l  elF lI l t  m l” ,’, tj tc ’ slit ’’,’ ( fle ’ztt b i ts s h cm it Id in —

‘, ‘hutl ’,’ Ut’,’ ‘,‘e’itte ’ F t el d” ,’lit’,’l’ siil tc i t tg  e l f  hit , ,’ lI d l d I t t a L I l I  I l’(’il t i O l ’ e” ,’ill c h l l I  bu l ldt l ’ ,’s Its  well 115 the eh inlc ’lt —

5 l t ) l t Il ’,’I’e’SS II lxi i i’ cit dl l ag emnl t i  I l i me ’I ’ Lm t t i t c i le ’s.

,\s in the d ’l tse el f  l l t e ’lI s i i l ’ i l l 7 -  f l u e’ i’ et l ’ld ’it t l l tj c) l t s  fro f l t  t i le ’ s t I l ’f l t I . ’e of a pan’,’l . C-Itt’ ye Is saut e

t1fl ’,’Ot ’t I i l f ltV 1”,’ 111(1%” ,’ le t  the l ’Olh t l  ( c m t t s l t i p b’,’t”s’s”,” ,’l t t i lt ’ e l in tc ’ns~ oit It ’,’ FOSS It S Lt l ’ f l I L ’d’ lcxmp h ll td th ’,’

I I ’,’ [1,111 1 ci (l i t ,  ItS (cul t  l i t .’ I t ’s  S Ii (ill It’ e5 f cli 117- em Il I l l  flit’,’ i’s . ‘i’lte ’ II d ’c ’ Al F lid ’’, e’uf Ill e’ 1)50 Cl 117-, Iii is di llt ’,’Ii t i dA li

fi’cmni the su r fa e ” ,’ shem u lel I t’,’ ‘,‘hte’,’kc’el . I’It(s ‘,‘lut hi’,’ cloth ’,’ It t c_h’,’ S an te ’ t u l le’ as ti’s’,’ lllt7-i’,’ t’s’s’,’IiSUI”,’—

lile’lltS Ii i.e e’h’,”,’k e’d Li ’s Ill  e’lIS h t t ’ i I t 7 -  Ot’,’ dis I 11001,’ lIe ’ t ’diSS h it’ s01’flll,”,’ loops Ill (It’,’ so t ’ f l t ’ ,’d’ l l l t el then

i’A_ ’i t t A ’ V A I I g  Ut’,’ sUI’fll’,’d’ i tt l l t ’ ,’ i’(l I I 1t1’it i I’c’ltle ’IlS Lt l ’( I lg  l,Ite d l l t t t l ’I tS leilt .

-1. 5, 1 \‘.\RIAIMLI’I’Y

“i c’ofltp lt’tu.’ outd o i ’st lutell flg of t i l e ’ p l’c m h td’I ’ t ic’ t  tif ()hl t lt i ’svd ’hive’ pl lh tt ’h S I’c’qUi t’e’S seAttle’ hitum ’svIe~cig’c’

of the’ ‘ s I t  l ’il Ii t II il ’ s elf tlt ’,’ ‘s’s’ea’s’e. I u l c ’a i iv , (ii’,’ S t l t t i s  h e ’ll I pre lpd ’I’I id ’s el f d’l tc ’ht ,if tile ’ pe’ I’tilte ’Itt

p11 rant et u ,’ i’s , fU me’ I’ ‘s’dm l t u lle ’ I t’ll c’t jem li  , f i lm , ’ 1’ c ii’ ie ’ t t t  III  iu ml t  , l Illei e’’ ‘II 1St ’ lId ’ SS e m f ‘s’,’d’li’s’c’ slle tt l  lu l  itt ’

knei’svn. l”emr the ‘,‘tiI’l’ t ’ l t t  t i t l t he ’l’il Il  eic ”s’ e’h o jt l t t d’I l t  pt’ e’I g I’ l I I t l s  . It’ i ’i i1I1iS t i l e ’ c’fftii ’( I’ee)ttt t’e’el It ” t ie’fbne

C-h’,’ statistical ~‘ai ’1libliltv cii tu e ‘s’l l l i I il lS ~t 1 ll’ l t l t te ’t ’,’t’S Is uIlt ’s’I I l ’ l ’ l l l t t t ’e l ,  i lem’s%’et’e l’, I I I  II l lt i l l l i t t Ul t t ,

lilt ltttu.’flt pl shici~i id lie’ lit lid ’,’ I c ’  e’it II I’l l  tIc ’ I I , ’ c ’ e’hl c ’it hiluid ’ I Liv tic ’ h i t  i l lS  lhc ’ flld ’hI, fl value ’ att ei l’lI l lge ’ cii

ea’,’h pltl’ hi iitd ’t ’,’ I’ . lIt is (‘lilt lw i lte iSh  0115 i l ’ s  hi t ”,’dt li t~t i l S I t e ’cl il t  ie ’F fllS elf flbot ’ t m t ’ld ’il tl tt ldm llS Al It 1

‘s’,’(’IIt’ I,’ Cd ’I l tl’S ’, ’lid’SS .
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‘I’h e ‘st”, ’leV i l Ig process Sctlit l.’t iitt ’,’s i’esults (ii II ‘s ’ar ia t (c iut  (Ii flbd ’l’ 11117-IC ’S ‘svhic’ll IS fIll rh it oh  —

femt’ni titt’ouglt the,’ thickness , but ‘s’ I l l ’ It ’S 11A, ’t ’ t) SS (lt L~ plUie’I , Sem itic d’,’flnjtlott at this ‘s’l l r i : c l i e u I  is

t’e’eiui i’u,’ei I t l c mt tg  with j ei ’,’nt l f i ’,’Itt l ein e1 1 the’ IO’,’ltt iOui ‘svlt’,’i’e spe ’,’lnte ’ns Ill”,’ r’,’utt ei ’s’e’eh ,

At C-h ’,’ ‘,‘Uri” ,’Iit St l t g c ’ (if lut te u l ut l t  win dcmw iltatt ’r iaI  devel’,mpm’,’nt , It is iilth ietl ’tlU tt (em Adle ’ ll t I fV

lit’,’ Sett,ti’ e,’t’S eif t t tat ei ’(al % ‘l t l ’ i l tb l l i tV ,

The’ 4—D and 3 —D po t ’t(oAts of pi’efem rm Net . ‘426 Will E At ’ used Its  101 ,,‘xhut t h m l ’ , ’  cli hctw Ott ’ Otitn i —

s’s’eav’,’ mate ’  I’ i l l  I should be s ie’c ifieci . Tli’,’ pr ’,’fot’nt (hells ities ha’s”,’ 1,1 1 \“ ,‘t b’,”,’n liie’IIS itt ’eel , but

‘st i l l  be lt ssUmc ’dt 1dm be 1. 0 gm ‘,‘c for fit’,’ purpeist’ of i l IU st I ’ I t t bd ml t .  Si n ee the fib’,’t’ ck’utsiiv is 2,2

7-ni ‘c, this imp lit’s that  C-h’,’ pi’u,’fornts (A),  (I) ) , and (C) elicIt ‘,‘otitai n a t c u t a h  of 4 5,  4 PC t” ,” ,’li(

f(bt ’rs by volume .

‘i’h’,’ 4 —D poi’tioti of this panel , 4 2 6 — A , dosc i’(bed in TIebI ’, ’ 2 ‘,‘ottta ln s till’,’ —fo u rth  of Ill’,’

fibers in each of the tIilIgOliltl dui’et’tions, titus it Is a bht lan ’,”,’d 4 —D ‘s’s”,’av’,’ ‘,‘ot t thi itbt~ ‘15 . 4 p’,’r~

‘,“,‘tit f ibers  by ‘s’olum e’. ‘l’ht ’,’ thi’ought (he th(ckn’,’ss fil ,m’,’r ang leS ‘sv’,’r’,’ not ‘,‘Ieterm(ned [It l’Itbl (’ 2,

thus the fibe r ol ’ientat(ol t  ean oul ’s’ be describe d :es lta ’s’ln g pr ’,”ject ’,” ,l fIbe r ang les (in Ut’,’ plOt ’,’1

surface  of 3S percen t ,

The 5—D section , ‘42 6— B , c’,itt(aiu ’is 40 t’ovln g ‘,‘li(is [It i’aclt of th’,’ diagonal  direc(Ic”tts  lfli el 12

i’ovin g ‘,‘ncis In the fifth ehirec t (on , Titus , a r’,’pe.’atln g c’,’ll ‘,‘e’,nthljn s 172 y arn ends. ‘i’ltis ‘sv’,’htv t’

is deflnt’d by StIlLing thIlt it ‘,‘OIt t l t (lts 45. 4 Pt’ i”,”,’nt flbe’ i’s ni lit hi fiber dist ribut ieiti cm f 23 . 26

pe u’cent in ‘,‘ztch of the ~l —D dir’,’ct it ’m t ts  arid ~~, ~~ pe t’c’,’ttt  in th~’ f i f th  ehir ’,’ction, ‘l’lt’,’ diage ’Alt l t ls

have a projected 1017- It Ott the surface of Ut ’,’ pIUt ’,’l of Si p’,’I” ,”,’i t t .  Aga(n , the fibe r orie ’nlatioit

through the thickness of the panel is not given in 1’lthle? 2,

‘l’he final 5 —D s’,~c’I t aAl , 42 6—C , ‘,‘eiutt ,alns 40 t ’oving ‘,‘tttls ill t’I I ’ ,’lt t l i agemn l ll  el j t” ,’l,’tj c ’ili :iiiei 20 rot’—

Ing ends in the’ fifth (i(I ’c’ctiOil , ‘I’httis • C-h’,~ j” ,’pea tut 7-, cell s OaA lt l t l l i  1 SO \‘ht t’ii ‘,‘utd ~ , This ‘sve ’,u’s e’

is ciefin’,’d liv sI ,ilittg tltat it ‘,“ ,int ltuis .15 .4  p’,’l’0~’utt fibet’s ‘svi(it It fibe’l’ chis( i’ tbuti at i  eif 2,~. 22 1me v—

c’,’nt In each cii lit’,’ 4—1 ) directions anti I I .  12 Ime t’cu.’tt t iii the’ fifOt eiir e ’ctj ait , ‘l’ltt ’ et i htgcm n als  htziv ’ ,’

It pi’ojectcm’ ang le tilt the su1’fhlc’,’ of 30 elc_’gl”,’~’s. ‘l’It’,’ fibe r ol’ie’n tat iemt t tltI’OUg il thc’ (i li ’,’kl tc ’SS c’f

the’ panel is riot givu ~ui in ‘l’abh’,’ 2.

:~Iong with the, ’ ltbem ’s’e data , th’,’sc’ ‘sV’,’It ’s’l,’S shtoul ci be,’ fu l’hiti’r sp’,’cifieci liv cit’fit’uing Ott’ spac i tig

ltci’ass the dlltg(ihtal p~ui’s ‘,mI fib’,’ i’s as well  115 lit ’,’ SpIt’,’ltt gs h’,’tt’s’e’,’n the fhlt ’,’r liui’uciI ’, ’s lit lit ’,’ fi ftit

dir ’,’ction.

The above’ charactei’izat ,it in d iS tI l  1$ t abulht t ’,’tI ill l’~tbl ’,’ 41 1110117- with (li’,~ l i de i i t i d lh i l t l  cl3 ( 1i  l’c’—

quired to full y characterize these weaves ,
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i’ AElt,E’ 4 1 , (‘HA RA (’h ’I ~R I / , -~ I I Or’i 01 OM N I w I- , -~v t  I’ RL I ”ORM NO , 42 1m

4 ,2 t’
1 , 1 1 . i n I ,  t o ’ , ’  -‘c B C

We , i ’~’ c’ Des L c t f l  4— It 5—D S—D

Fibe r Typ e A ll  o A jU a  rt .: ‘I’v l t’ 5 ~‘ 2 Pc ’\’ 1 flA t

Rev I lt~~I End ~~OU f l  t 40 40 / 12 40 20

Fibe r F in i s h  Tel ion
pc ’~~1 1 Si I~~ ’ —

D 1 . i O c ’Tl , l  I s  ( m m )  3

5—D Yarn S1 ,ic 1 1 I . (  (m a t)  — T B D - TBD ‘I’BD ‘TIM)

I’so~’~ n D 1 : I I I ,’ I t A ~~1O f l S  (nuit) t .3x4 .5x12 1 .tx4 .5x10 1,8x4,5x4 1 ,

\c ’lUnie ~ (Cu. tn .) 70 72 32

As Ice .’, ‘ t t  Bu 1k
Densi I ‘~

‘ ( A i l l I  C C)  1 .0* 1.0* 1.0*

it~,’,i’,’,’ I”.l,,’l ’

!L’t l t  A I I I i t ’ ( D e e . )  3 80 31° 30°

A v e .  Ic, ’, m\ ’ e ’ ‘Fht’o u~ h
‘l’h l c k l I ’ ,’ss

1,1 It Anq 1~’ ‘rI ll ) ‘NI B T1ID

To c_ al i i b~ t ’  \o ltiit ,,’
F r . m ( ’t l O n ( V o l  % )  4S .4 4~ . 4  ‘i ’ m .4

F’ iii,’ t’ C t t , ’ I t t  a t  ~i I I  I
4 — ~) ( T o t a l ) / 5 — o  1 0 0 ’ , - A ) 3 Q 2 %  o , °8% 88.88 /11 .12,
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4 h OMNIWI’ A’e ’ i -  t IN l’ t ” NN~% W INI)OW M- ’ t l ’ I- RI. t l  r.hI -t ’II~%NI( -AI I l-si - lINt ; I h I~’hiNIQ LII-S

‘Fbi ’ ho s t  l t t e ’hi t otis  e ’u i’l’ e ’ l l l h v  h ’e ’h i ig e t h h l i z e ’ u h h o e ’ t ’ l t h t l l l h , ’ i l t e  I t i t h u ’ i i l t l l  tt t i i , I t i i t  i l l , l l . ’ i ’ t l t i s  h i l t ’ s , ’

lic ’e ’ii i’e’s’he’we ’ui . l i t  i~~l i ’ I t t ’ l i l 1 l i ’ . f l i t ’  i t su ’ i t t h i t oss uu t ’ I’It ’~aui ’ t ’ l~’~ h h i t g  1111, I i , ’v~ I t u l u h i ’ u ’ ,,sc ’, I .  St i l l , ’

eI t IIe ’i’oitces hue’t’s’s’e’eit t’1ex~ui ’ e’ 1111(1 t ens I l e ’ h o sh  ell i h l l  h i t ’ s .  ‘c c l i  l’ , ’i i u i i ’h l ’ c I  I ’d l l ’  l i l t ’s . ’ l l l l t l e ’ t ’ I ; l I s , h u t s  —

l l l I t k I l t g  II tie ’s hi’ I iI i I e heu eh. ’he ’  I ’ l l l I i t t ’  Ii lit . ’ ch I l e ’ i’eitc ’e ’s ti e ’ i’ d ’ i ’ , ’i eh i t t i e h e ’ l i l A I t I h I ’l’t ’ u’ , ’ I t d ’( ’S I l l ’  si i t t i i i ’ s ’

81) 1) 11 i’ t ’ llt i l l  lie ’ t’ e’i tc ’t ’s it’h t ht ’ Ii i’e su l l  u’.l h’i’etuii h e ’ sl h u’e’ Ili tl eiiie’i-c .

I itt i l  it4~ rita I.’ i’ lal eh’’s’c leu h i l t l . ’  i th p i’og I’ll I l lS  I t Is  1I ( I t ’ t l  itt age’t uu s t ei 1111’s’ t ’ sl tiqult ’ Ic ’ St I ‘,‘e’Ilttld hlee’ 5

n-Iilt’h I’l ‘u~ti h t o sitt ~i II ‘sa l u nIt ’S cii 111111 e’ i’I Ills , ~‘et e’lt it pro’s’ lek ’ i’ , ’II sell  1111 ,1 , ’ ,‘sh h li t a he ’s cii c h I t  t i e ’

p i’emp~’ i t it’s and st l ong ) Its . Eli ‘iv I t l i t  I’ I l i t l l  WI itclow i t l l t  he ’  i’ ha Is ‘see’ ic’ Ii t’h II he ’ w I t  Ii It C d ’  i’’1’ S i l l l t  I I

sI i’ll lit I tu 11th Iii it ’ . ‘i ’h t its . fit ’ Ni t l u ’ l u s t s  e’ffe’ i’ tt it el Oe t i t e u l i t  he’ tt  I i l I u ’ I I  ils cmi t i1 ‘t t t l u I  h g  i t t e ~ l i t lits It h u h

SI i’ t ’i~~~t Its he ’ I’ l i i i  5 c ’ Il l cm i 11111 he’ i’h :e I. ‘l It . ’ l’e ’fti I’d’ , lie’ M t Fe’ I esh 5 ‘s’s-u ’ I’d ’ l i i i  h i t t  l iv  III I I I ; , ’, I hit lu ll d ’(’ 4 1

of t , ’iis t u m t t  t u ’s ts  hi t  I i i , ’ c ’ I t i ’ IV  lll t It’ilitll ‘s ’s’hi te le u ’s ’s - i l t a l e ’ I ’ h I t I  s t t ue l he ’s (I. e ’. Iii’ h h I h , ’ i t t l e h l ’ l ’ h l t l s ).  h ie m ne ’ ’ s ’e’r ,

I t s  I lit ’ uh’’s’e’ I eiptttt ’itl of I itt’s.’ 11111 he’  l i l A  is I’ l ’el7 - l u ’ s  Sc ‘.1 , C-lie’ sI t~~ i tgl It ItS ‘,ve’ II I t s  I itt ’ sI i’~ h i t  t o  fli t l e t  ti’

•hills ibt ’e ’il t ’oit h I it iill l i v I l t t l i i ’ ttt ’ e ’u I . .

I
II Is app rap t’i lil t ’ Il l ( i t t ’  c’t i i t o  ill sIll 

~t’ cmi 11110 e’ I I  I l l  uh’’s’’,’ leii i lt ld h it (  h em i t ’ d ’ XII nil Ut’ (lit ’ ill Id e’ i ’ ( Ie l

P l ’ e ’I~~’ i t  it ’s um i t I t t  hued h i t  t ’oetg it f lu ’ M t I c ’ It ’s Is Ill I hg it h cii t ite h it tp  i ’e m ’l’e ’u I sh l I t  in It t  hI t  I let t’ e ’ . ,-~~dhs e’u s SI emit ‘~~

cmi h i t ’ use’ of t it e ’ fiu’xui’e ’ ( t ’~~t lu s  l I l t  l u i i i I i ’ c t x h n t a h l e m l i  ( cmi ’  st th i sh  b l i t h e ’ )  t e l  h i t ’ h e ’it s h t m n  lt ’sh Is ui h su ’e iss u ’e I  •
‘ -

hit the ieuh Io’se’ l u g  l i l t  t’ llg I’ll  h ilts .

‘l’he $cS’L’M tl’,’xtet” ,’ les t (L ~ e’t ’ . 10’, c’t ’t~ 1i’sath’ elc”s’t’le’spc’tl tot’ pil ls)  i c ’s . I s ‘tie’c’e i t t t hi t g l t le t l ’ e’ h itch ‘: - -

nut  vi’ e’otit ittou thv eused hem utt ,ti sit u t ’ I lie’ fhe ’Mt i c ’ i i t t iu het  let s tt i t ci lie’ M t It ’ 51 i’t ’ltgl it cm f fl lie’ r ic ’ I it ftu i c e  ‘ci

e’oitupos h h e ’ nt 1111 ’ i’i:e Is wi th  c’h lI lt ‘ s C ’  el I ii, ’i’ c ’ il l (anti ~e iut t t ’h  I r i t e’s it em i t l  I i t u ’~t I ’ )  sI i’ d ’s s — s l i t  It t c ’tt i t t ’ s  inteie ’

I oIls ton leiaels h h ta u t  untIe ’ r c’emi t tp i’ e’s s ( cult  I e ih tu i s  . Sh e’ll it tlt he ’ t I l l  I a II u’e’ c’u iui s Ic Ic ’ t ’ , ’ u l  i t i t i  i l l  t i t t u di t  his *

i l t h l t , ’ i ’ l l I i S . Ke’~’ I l u t l l l l t h l e i i t s  tu l’ h i t . ’  .-‘,S’i ’~’,i fh , ’ x u t I ’ t ’ le a c h I I I ’ e ’ : It) i t I tp h i e ’ I l t ~h c ’ onl~’ hem l l t l e t d ’l ’ i I i IS  t’,’i tti

h he sIlu t tO nto de i l i t s  it i t ,h ’i’  h ic i t i t  t c ’ i i s l eu i t  au th .‘eull t ii t’ e ’Sshe mi l  I e i t t u ih i t g , t i t u l  i t )  ihlttilt ’tI I c ’  t t u t t t ’ i ’ h : e l s  fei i ’

‘st’h hc ’it lii i’ s l i t ’s s Is I hn. ’h I I’ll’ PI ’t t i i e t l ’ h he i i l l t  I h o sh itt hut  up he m (It . ’ liemI ill cmi l ’ i t i i h e u  it ’ 1111.1 him ’ t ’s’hthe ’!t I it, ’

sI i ’ l I h l i s  t t ~e~ sut t a l l ,  If hi s ’ 11110’s’,’ hwem c ’ l ’ I t c ’ i ’ I I I  l I l t ’ l l t t ’ (  • hh t , ’it h I t , ’  i mi ’ em p e h i ’h IO s e i l i l h l h i l e ’,I fi’ cmni i t

hlt ’xut ’e’ he sh  e~aii ii, ’ i’e ’Ia te ’u I let  t on s i l, ’ I , ’sh u ’ u ’ s it l ( s .

‘ I ’h t e ’ s I~ttt, Ia i’d AS - I ’M lIe’ MI It’ I c ’s I h i ’  ii i  1151 It ’ 111111 (‘ i ’ i l t  Is (i I t ’ f. 10), IS I hi l t  I eu II  i ’ e’t ’h II itg’ti it tt ’

e’ i’oss set’ I b i t  tmt ’~ ill s i lhmI , ’ e ’ he’d h u t  u ’ t I l t . ’  U a S — h tm l i i i  ci F II ‘I — h ell i i i  I t’ll 1 1 5 1 1 ’ l O u ’ 1 t i l I u l  . If h it, ’ I. ’ lis Bin

a il e i t’eui ttiil ’I’$sluu it i ue iu le i l l  I t i ’ ,~ I itt ’ 511111, . Ih tu ’lt h i l t ’  f I t ’ X % t l ’ t ’ i t t , i u l e t i i t s  I s  II  l - I ’ u Ieu l l u i a i t h  l I l t ’ t  htie i liii’

itt t,asu rI rig liii ’ ‘l’ouIitg ‘a t t i ex iu Ins • :t itd i i  l i t , ’ t outs Ie u i t SI It ’ itg lit Is e’uIil l’s A It ’ Iii I ci I tIc ’ ‘,‘,illl;i I’d’ SS hem A

sl i’e ’i~~t it , I ht’it the’ fit’ NO i’:iI SI i’e’llghl t Is II i’ e’ uli uiid :i I ll WI I V cii ill( ’I t s e l l ’  trig I lie ’ I t u s h  he ’ sI I’ d’ l tg( B of I Bc ’

lt l l l h t ’ I ’ t l i I .  IC lit , ’ i i lodhii lh 1111 ,1 l i i ’  st i ’ e’ltl,ii hs i i ’ , ’ , i b f f e ’ i ’ e ’ i t t  h I t  h , ’i t s le in  hOtel u ’c l l t l I i l ’ c ’ssl u l l l , h h i t ’it hi ~,’

fie ’ieti i’: t i  sh i’ e ’n gh it t ’ti le ’i t i l t t ’ t I  ‘s’s-l Ilt hi t ’ ,“,S’Ftii e ’u l u l lhho i t s  Is n t ’h hh tc ’ t ’  lIt , ’ e’o ntpi - c ’ss iv , ’ sI i’ c ’i ig t l t  neil’

t h e ’ teuis Il , ’ sI vu’ e~it l’s. ‘l ’htt s . (he’ I tilt’ i ’l ie ’ e ’l I I I  d l i  cml ’ I l ’sc ’ hi h ih ul i l’(’lil fit ’ Nit I’ ll 1 s l i t ’  rig l it Is u l I h’iI cult (cmi’ ‘

flt iifl% ’ utia l o i’ha Is.
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’ ui ilt’ ii gd ’d le l ld ’t  I’ S’ h i l l s  Iu ’, ’t ’it 1111,1 lv ‘c ’ tt I t ’ s  I A a 111 01’ it s  ‘ s h I l l  dii V l u ‘I  I he ’

follei’s’sjng h w u  (‘1151 ’S:

1. Tens j c u tt It rid c’cu l l i h i  I’d’s S I t t I l  it iot l t t  Ii 1155 t l l t t e ’u i  (‘ch Il l  I It lie I l ii  e’ 0 ( 1 , 1 . 1, is II i te’ hi i’ iv It I’ t i~Xi I ’I 1011111
ho sh i ’ I e I i t ‘sip h o lI l t ’ h5 m ii l h  t t i  i ’ e l i i h l i i u ’ I le t t d l

2. Tc ’u t shle ’ I t l i t i  e’ e l l l l l m i ’ e ’ sS t l  A ’ utieuthttli 8 s St l I l l d ’ el u l t h ’I’, ’i ’ c’ Ill , IS  wt ’I l  115 I t e i l t lil tt ’ltl ’ SI lO s s— s t l’htjl t

l’t’5~~(’ll’sS~ ‘s’st (it ’s~ t’s\i !ct c ’) ’lill.

‘I’o he ld  I l l  lltc’ c ’ I ’ t ( I c ’ l I I j u I l i  cii l I t . ’ I , ’ sI  sIx ’e ’ i l h I c ’ it  h tm l ’  i i , ’ t ’sc ,m t ’ I A S d ’s h l l e ’n ( j c m it e t i  h th idt i ,’t’ • It f lt t i te ’

c’lc’ntent nto eit ’l cii l i l t ’  SIR ’ e ’ i l t l d’ i i  Il lS l i i i  I I , ’ c ’ , I  ( ‘ ‘ ‘ I ’ i” i gtti’ t ’ 52) . h ’ c ’at  1 11115 u sing li i, ’ S, ’t , \ t’l h u l l , ’

e’lt ’titc ’n l c’oi’stpu(c’t’ t u l l e ’  ‘se c ’ l ’e’ t h I l l u I c ’ t l S i u t g  t V l t i c ’ l l h  I h P  111111 u ’ I ’ i l t h  I 1 I ’ e l I k d l ’I t , ’s .  I,’e ’st t II s  l e m l ’  lii. ’ I’se cm

Clis t ’  S It Ic ’ S ittmtt -n I I I  1” ug’u I’ d ’ SO , 110 I ie ’I l ( I  I rig ~ I l ’ ’ a ~. - ‘ s c ’i’ sus I It I d ’ktl c ’ 55 I t t  I lIe ’ c’e ’u t l e’ I’ cii I he s~x’e’ I nu ’n

C l OS S  sect lciit . II ( ‘II II l ie ’ see’ II I’ i’~ m e t  l” ug et I c ’ ~ : I (11111 lit , ’ 11111 Xi 1111 t 111 It ’ll Sl I t ’ s t i ’c ’s ~ h~ 
u’,’ei let e ’ei liii’

e’ II itt’ i’ of I he ’ I t’s~~l 0 1 1 5 1 ’s ‘sI c ’ I t ’  i’s’Il lit It ~t I 0 lit ’ I t ’ c ’l tt em i 111111 e ‘ I t  lt ’tt l 111c c I us tl l~’, t t t ’ li l i i  i lie ti u ’ s ’  (hi s S i l l i t h  rig

t’qiilll Ie ’lt sh le’ I l l id I  e ’ I I l l l l t l I ’s i . ( ’ s  A ’ i l I c i A h l i l i ) .  i i t m ’ s ’c , ’’s c ’ , I I  sht t ’st lc l  tm , I t ot d’di  (111(1 t h tu ’ u i l t t d ’l ’ i l e l  li i ’O lt—

c’ i t  he ’s ‘st’c’ l’e IdSS t t l i t d ’dh I ci Iiu ’ 11110111’ c’ l, l s i I , ’ 1,1 hh t j h i t l ’ d ’ . ‘h ’ l tc ’ l , ’f cu l t ’ , I Itu ’ i’ c ’st ull  i-t c il ’ I”igul ’e’ 5:i i i i ’ ,’

Itoh t tX) 50 t ’ii i t  Si it g . ‘I ’ltt ’ 1)1 1 I j e t  I’ t l’ d ) l i l e ’  I ll It t’ i St ’s u ’s It . ’ i t  I lt t ’ o I l ’ , ’ 10-’ ‘- I t  i i i  I’ c’ SjiOt t St’ h o I I It. ’ 111 1 11 e ’ l ’ I I I  I

is V e ’ t ’v lt Olt l I l ld ’l e r . I- e l I  h I t i s  t h O u ’  lh t t ’ c’qi t l t h i u ill 115C c1 (ci A l l  Ic ’t t l : i  - ‘ Ihte ’ e’ - ‘s I l O  5 cml ’ I”su p t i l u’ t ’ ( a  1- l I t ( i l ’

‘s’so lo’s’sgc’i’ I’scutcls tt’u ’s’ . Sin’s’ ,’ tl~u ’ c”sti’ t’e’l’s) ‘si’ll ’A l O l ’ ( l ’ s I S  1110’ h O t  ‘‘ S ’S I .111.1 ‘e ’lL Vi ’ A I i I f t ’i’ t ’ l lh lS ’  I l l

tt’flS 1011 ltuid 00111 p I.e’s sic ‘ut , II I S t’e ’ d ’et l l t  1111’ l le i e ’ei t 11111 h u ’ Its i ciii t c s t s  ‘ I ’  I I I  III - ct fc i i ’  (It,’ lilt I’ h tt ms e ’ of

ohl lt i t l i l t g  th ic ’ hells j eu n it i ci t i i t h ’ sus hItch sI i’ e ’i tg’ (I i ‘sI hit hu ’ I lIe ’ f I l ’ X t i I ’ c ’ l e ’oi t t c ’ i l l  ii I , ’u ’c I h I S  Ii dh lIh e h ll V d ’di li t  101

I c’S I fat’ I lie’ d’va hillel ion oh’ il l lIt ’ I t ’  l I t  tie’tts I i i l ’ldl I dill Ii lo d e ’ 051 ’S , Ii e’ XLI I’d ’ Ic ’s Is c,’ldlt (it ’ UI iii ,‘c ’cl le t

p i’o’s’idc’ It ~~r ih t  ii III  I it’d ’ l ’Iellkil t g cml ’ I lIe ’ u ’ I c ’ c ’i a em f  eli l’I ’c ’ I ’ c ’ I l l  p lOX’ ( ‘55 t ’ t ’IOS . 11,111 e ’ ‘ s e ’ 1’ , eillc , ’ I t .ie lt5 I —

f icat ion pi’ol.’(’ss is se’ie’clc ’cI , s u f i i c ’ I c ’I t l  I t l l t I c ’ I l I I l  si tc i t t l e l  I’,’ i I i h h l ’ i d ’l l I e ’d (cm liu ’ l ’l t t h l  S i I I h l c I h l I ’ eI I , ’ I t s I t u i l

~tuid ( ‘Oltlpt’ t ’S sld”it t . ’Sh ‘,}l e ’t ’ I l i t e rS. he -i lic ’ 11 1 (11 ‘e l I t e l  emlt l I l I I I  , ‘lI g III , ’c ’ I i  I l~ I 1I’ ut l x’ i’l ic’s eil ’ l Ilt ’ r i l h i l e ’  11111
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4, 7 t’ON I,’IAISIONS F ROM Mk’ROMR’IIANk’S .ANA I.YSIS

‘l’his shttd~’ of te’sh ttte’thods , ( ‘(iutst itueflt pt ’opel’ties , hUl d tViil ’lOtV mit ei’ltth t’hai’ltct,’ l i s h i t ’ S

111(5 yielded the following conclusions:

1, ‘l’ht’ (h u t’ i’(’flt’i,’S Iuetwt’e” n sqUa u’e Ititel t’oUitd cross section gc’cilite’t t’hes ‘svhiclt ‘s’s i ’. thtctuglit
to be s igitifk’ant in (itt’ previous pt ’og I’ICit t , we l’e’ not . Tht’ cli hic’ l’enee’ s lIt (e~ st dat Ii ‘st- c’ l’e’
(iU(’ to pl’o(,’d’)isi flg dh ff e’rc’nct’s e)f Iii.’ spc’eitiien tested with only lx’i ’ltltps Ve’i ’V S i l th t l l
specimen geometry e’l i’’ e’ls .

2 . Datht t’Ol’i’t’IhttiOflS wit lt Ut .,’ pi’e’s’ious Al) 1~— ’il )( SpCt’ifltt’i’LS ‘st’d’l’e’ i’e’ :tsdmtth t lul i i’ ccmltsIs l t ’u t l
and i’e~~~l( e ’d in It bet ter  elefit t it iou of eoitst it ’st&’i’tt h int u ’b x pl’OpeI’tte ’s.

~~. The st u’e’itgth pzt t’timt’t t i c  studies hhLt’(’ pi’Ot’idt’tl hi fOUI td1(t ion fi’oitt tt’lt k’h VS u ’icn t ~ te ’s(

data on colttposltc’s (‘hi lt he ‘sil I l i 2 t ’ t i  to define ’ (l id’ ifldi ’s’idult l c’ottsl i tuc’nt St t ’eitghiis. ‘I’ht’
hl ’s’Iti lILbk’ (e ’Sl c lztta lye ’ I’d ’ Lit i i i  i t’d to (‘Stifllht td’ cousl ituen ( si i’eltg ths, ‘i’ile’ resu l t s  iutd ica ( , ’
tha t inipu’ove lt ’sen(s iii composite ILX ihtI sI r’u’ttgtlt ChI li lx’ achic”s’ed by hlitp l ’o ’s’ing hite fjlmt ’i’

bundle shell u’ St i’e’ng(,h .

The’ sign u fichinl l’e ’stilh S of the ’ SI i’etigti i Pltl’Ii~nld lh i’ic’s ‘ss’hichi hi lt ’s ’,’ bt’c’it gd ’i)t ’t’ Iet t ’el i t~
,, 111111

One ca it define i’e’lt tt it’ e Il T liOl ,lflts of coflst i (u& ’ut stt’ei ’tgtlt impl’ovenle’n( s ‘svht ich c’h en
cfiet ’ti ’s ’e’hv Ii,’ u t i l ized ho iit ci’c’ase conipos itc’ strt ’nglit.

4 . The -l — I l  class of (‘1111111 ~‘clt’sO’ conf ig’ u i’ations ii:ti’e’ been i’ei’hc’u’t’d CS l’l’fIthl3’ I t l i d l  i’ c’CO l l t —

i’ii(’t ’tdhltiOfls hlt\’e’ bc,’et’s lliltde fou ’ t t ta t ei’j a l  St x’cifichL t ton tvhic’h ‘st ill  pt’l’lili( It t ’Oi t ip lt ’(e’

id c’ flt lf ic’It( io tt of (it. ,’ ‘sve’avc’ in to i’n’ss of Ilbt’ r con(e’l’st , ot’l e ’ utt l t (  ion 1(11th ‘sve:it’e’ c’cu h t i’Sei lt ’sS .

~~. The’ results of (Ito evahuletion of C 1I1 ’i’Cfl t t es t ing (& ‘i’ltllitiut’S indicate’ 111111 fle’X ’sil ’t ’ (, ‘sls

5110111(1 itt’ titt l ii.t’d ho quh ’slit at i ’s’eIv i’attk (he effects  of var ious  dc’ns ificat ion pl’emct’sse’s

whe n shi lh t l h  anto ui’s(s of mtttet’ial zti’c It ’s ’iUlhLtilI ,’. rt lIL(c’ I’ ial tl ( ’siglt dht lhe  and t’ttgittc’et’ing
pt’o~x’ ulit ’s should be’ otifleilte ’d Il t i ’emug lt t lu’ niot ’t ’ COit ’s’e ’hi h 1011111 te ’nsilc’ and (‘(it it }t l’ession

test specntlt ’tts.

IIr

1tTh/ 1flI~

-.  -- ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ .~~ ~~~~~~~~~~~~~~~~~~ . ‘



t —

I 152

5. PART I: Mu~ T lnl R l- ’t’r loNA L REINFORCE I ) FIBROUS COMPOSUI’ES -

(OM’LUSIONS ANI) RECOMMENI)AT IONS
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1 ,:i

5 . I’ -%R I I: M U L r I I S I R E ( , ’ I O N A L  REINFOR(’EI) FI B ROUS (‘OMPOSI’l’i-S(‘ON(’ LUSIONS -~Nl) RE(’OM’ I~~NI)ATIONS

5 I (‘ON( LUSIONS

1. Particle impact te ’sts with 0.5 SlId 1 , 0 ni i l l i n ’set ct’  glltss spheres at 10 degree incidence’
111ev.,’ sho’st’n the’ slIt It eilt i’d A l)i~— 4 1)6 Si l i c ’I t — Si lj c h t  cOflihXiSitt ’ to It li t’ e ’ th c’ h ighest ei’osioht I’ e’ Sist altce

in the S to 12 Kfps I - ’ SNI’~ I IT\1I ) h  ‘s’e ’lex’ilv l’ItIige of 1(115’ hardened lut tenna ‘st ’indow’ nm at & ’i ’h l t l .

2. :\ ‘‘fllie ’ We ’l tt ’t’ ’’ ‘c t ’S le t l I  of the’ A sl t’ (X lLtI Ll’I 1’, fuseel silica 41) pa’cfoi’nt has I ) d ’( ’ll  pi’oduced
Liy the Onini’sve’at’e pu’cx’c’Ss. l”I tbl’ iclet iot i  of this f tte ‘sVd’ h tt ’c ’ ‘svith 12 end yIuI’n in p111cc’ of the
standai’d 20 ends pu ’e’set ited no eli spt ’opot’tionate difficult -v . Pl’c’fol’ms ‘svith major cell dintens ion
of 2mm (Its compat ’eci to 3ntni for  the Sthendai’ d wt’at’e’~ were dt’nsified by the standard AI)L—.1D6
pe’ocess.

I1’le Xl,li’al st l’c’Itg’tli hc ’sts shi cmtved e’qul’s’It lent  nlt ’( ’It lt l -iIcIel S I rengt h lend elastic pt ’iipe i- h it ’ s corn—

phtI’ed ho the st an dat ’cl w c’l lv e’ I t t l t ld ’ 1 11(1 1 t t ’lllhe’ Uhi h t X Iht l  loadtng tl ’IISll( ’ t es t s  showed an IiiIpI ’overnehtt

of 40— 60 pe I’cettt in nlu ,’lt sul’ed vltluc , est let ih ishin g I~ 11101111 ill e\l,’(’S s of 5000 psi.

Flyer plhttd’ ilfl1xict Ie ’slS sltotvt ’d impI’ovt’cl Sli lth l i ’t’sis (ltIiec ’ , flOfltifl lt ll5’ 9 , 000 iaps for the

threshold of backfacc’ spail dlttltagc’ .

3. A cornpu’ehc’nsh ’s’e sIu d ~’ of A l ) I . — .I I M d lc ’I l s i f Ic l t t ioh t  pl’oceSs ‘s’aI’ ihltiO llS has bt’t’n ( ‘hil ’I’i&’ ei

out to assess lIt ., ’ e ffect (it fiLi ( ’I’ SLil ’f l( d ’t’ pi’ d ’pIiI ’ I e t i t i lt , colloidal silica densifi t ’t’ par t ic l e ’ size hind

chemistry, and hieltt t i’e’h t t i i l e t t t  t ( ’t t l pt’I ’IL(itI ’ (’ . Using t lt’Xtl I ’ILl St rc’ngt h tests  Its thc’ p l’irn~tt ’ d is—
C l’iflhllthtflt , Ito ilflpl’O’s’e’hil t’flt Ill St i’e’utgt h h I tS  li c’e’n do l t lOnst  t’It t e’tI  0’s’t’ I’ titt’ SthlIi dhi I’d A Dl .— -I
iithitt’ i ’iah .

llo’st’et’c u ’ , (lit’ i n,flue’ttc e’ of Se ’vc ’ tI l l I m i ’ (m c ’ c ’sS ‘s’S t’llet ilt’ s dill the SI i ’ a i n— l o— fa ihu t ’ e  and composite
fi’act ’strc fl t t ’Clth t I lj S l i l  is c ’viclc’tit

— Dehetioit of (lit ’ lotion coa ling step bc fo t’c m i t  lId colloidal si l ica i nfi lh rat ion t’csttlte’d
in compositt’s w i t i t  ‘‘ic l , ’h ll  ‘ ‘  f l’ltC’lLul’(’ SLtI ’fltct ’S hint l It t’lc’x ’strtt l h e ’ l lsh Ohl  SLtl’fhic e St I’ll i11 (O—
f a i l ur e  it -elI itt t ’Nt ’e’SS cii 1. .!~! ~x’ I’( ’t’ l tt .

— ,-\ spec intc’n dc’nsiflecl liv h it’ ac ie l—st a t i i l i zed  process had It fk ’xural tension sut ’face
stI’al f l—t O—f 1eil1I I ’ t’ tt ’hicit htppa u’t ’nt l ’,’ c’xcc’e’dc’ ch 2. 0 ix’ i’et ’tt t .  A highi c’r cotilpOsite ’ bulk
den sity of 1. el - h , lit i’ottt 1 1181 h(i the ’ 110111111111 1. 61), tt’hiS also achie”s’ed.

Thc’se s( t’ltitl—tO—f hiiltIi’(’ lihid (‘Oltiposile ’ f l e i h t  I’e ’ t i td’chhtl l isTli  in lp l ’tm ’sbeit ie i t t s  hate’ tltt ’i i’ gI’d’a(es

ifllp l t C hl t tOfl  iou’ envii’onmental Ix’ l’ftm i’ttlllll(’ c’ I)I ’oP(’I’tie ’S such Its h iat t ’  51)1111 hin d p lt u ’ticl e ’ ii i iptLd’t .

The’ effect of densit y 011 phl I ’tlc ’lc’ e rd isie) lt eif A1)L—4D6 hI l l s  11150 beeti dlontonstr htted,

167
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4 . The dielectric pr operties of standard and fine weave ADL- -1D6 ‘si-crc measured at the
Libor atoty for Insulation Research of MI T in X-band (8.5 (‘, Hz) and in the millimeter wavt’ band
(24 (3Hz). The X—band mcasul’emt’nts confirm the low loss prope rties found In previous Vt’oh’k ;
i. e . ,  loss tan less than 0.006 . The 24 (3Hz measul’enients however show increased sensitivity
to absorbed moisture , with loss tangent rang ing front 0.008 to 0. 010. This higher loss appcai’s
to be also intrinsically present in the high purity silica; but the principa l contribution to raising
the loss tangent value to the benchmark level of 0. 01 is water absorption. Furthe r development
work f or  millimeter wave applications must address this problem.

5,2 R ECOMMENDATIONS

1. The densification process variation stud y begun in this contract should be ex’tended and
completed. As a minimum it should:

- Confirm the effect of the acid pH stabilization process on a large r sample of material

— Study the effect of extended use of the stlane coupler agent at each densification stage

- Examine a low cost , minimum process time densification process

- Develop an improved water desensitization process , with emphasis on properties
in the mi l lintetet ’  ‘stave band

The structural capability of the most promising of these densification process variations
should be finally pl’oven by un iaxial loading tensile tests.

2. An improved :‘ DL-4D6 combination of Astroquartz 4D preform cell size and denstftca-
tion process should be selected. As necessary this selection should be implemented by a series
of screening characterizati on tests. This optimum nc’sv ADL—4D 6 formulation should then be
characterized for design level properties.

These tests would include as a minimum:

- Mechanical and therniophysical properties to 1800°F

- Spall threshold and equation of state .

— Particle impact testing for erosion resistance in the projecte d most probable BMDI
cnv ii’oument

- Dielectric property and hot transn -iissioit tests at millimeter wave frequencies.

3. The potential of advanced refractory dielectric fibers should be evaluated for Improved
hardened BMDI mill imeter wave composite antenna windows, with particular emphasis on struc-

tural , erosion resistance and clectrontagnetic t ransmiss ion  pe rformance.

168
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A s It li ttll~hitttli1 • t lt i s  t’t’ltlUlL tiOfl sitoitlti int ,’luete th e’ Du I’oiit 99 ~x’ rcent al pita —I t iunh iu l a  iih~,

IT’’. Othc’ r c’auutidatt ’ fibet’s to be cclnsidt ’ red shoiu lcj iuieltudt ’ s i l ic on ni t  u ’ide and horot i it it i t - ” ’ ,

Cautd ldat e’ it ta t rice ’s should includc’ colloidhel silica , colloidal zeluni ina , alutt t inuiit  l I l t  t’i e le’

s i l icon nit t’Rht’ , boron nit  u’ide hI l le l  combinations of these’.

4. A Ito u’uiatt ’s to ot ’ improved \‘eu ’sions of the state of the hel’t 41) preform wt’Itt’ittg processes

should be OXI’snhined , pt’imat’ilv for theiu ’ potc’ntial as shot ’t I)t’oduction t intc ’ , how cost sourc es of
41) Asti’oquat ’tz pu’e’foi’ms .

Tht’ tt’orth of sttt’lt I l lt e rnat iv t’s  shall be lit&’lLsUl’etI by pi’oduction cosIs , production cycle lend
cornpal’ison of the ’ rnc’chantcal pt’opc i’tit ’s of standard dc’nsificntlon process ADL—4 Dt;  composite’s
pi’odttced front such pz’cfoi’ms.
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I’ -tR I’ I I  I L  I ’ IL -~t h I ( ;H  I ’L ’R I l ” h \ I T RI I ) t ’-B, -~SI I) ‘FK-t %II( ’S

t .  I’ROG R -t”.l 01,1 RVII-is

It I PROGK -‘4A1 P1 - ‘c\

I- b i l l  ~ ~ -l i i  l i O ’ t l h i t , ’S t I l e ’ ‘ t ’e) b t t I i ih I t p ’’ ‘svI t t~’h ‘s l I tS use ’th lo gu ide h i i I e h t ’x’ial d e’vc ’lop nic’utt and

e’vlele tat ,ue ’n of t h e ’ tcoil’ 1-1 ) n i t r i d e ’—h as c’t h cc ’ rit t i l i O s  t’o nsicloi ’ed (‘It tlti s p1’e’gI ’Ie lh t  . T h e ’ solid h u e s

Sh i c’’ce t i  i i h h i ~
- Ie t , - tha t tile ’ I~ l’ e ’ \ L ~ ’t15 t ’ l c ’~ ’ c’SStiii ~ I , ’ I I s ib i l i t v  had lie ’on el e’nIo lIstl ’Stod in cn t r laboratory . I

h o t these’ s\st t’ioS , 1 I ’ , t ’ e~~s e ’ l ’ t l l t i i L I t t i ofl fi ’ettse ’d t i l ) e ) l I  tile ’ pi ’ c’p au ’a t i c ’ti oh  tt lt i ’ It pu r e’ hi ,ll’l l i S  oh ’

d I t c h t n a t e ’t’ cai . I ~‘~‘‘,‘i \t ilil i’,, 00 t’ l’t’l,’ e ’SS de’\’,,’ld ) h ) i i i e ’lIt ‘sl I t S  I t s s e ’( ’ iht lc ’d w ith the ~3’ —S ialon ai~,l

cubi c ’ ts’rout flit t ide’ , b, ’thi c l  ‘se l t t e ’lt ‘si c r c ’ IllIldo al~ ’, tlablt’ to the’ pl’oci,x’am Itt 00 cost. ‘l’hi e’ dotted —

hities in 1-’igui’ c’ I re ’p I’ e’se’nl c’d 1101’s p t O e ’ 055 I t ’S 011 re ’lt l’e ’dl t t i  I’i utg u n i t  i lel l y e’xp lte la te  rv studies to

de ’tu ie e’ \t ’ e ’i ’ i I I e ’ l i t ~i i  p a r a h l l e ’ te ’l ’s l e ’I t d i n O  I ” t i le ’ rcqu tt ’o t I  h t i l i t e ’ t ’ i h l l  l h t ’ e’t’— st s o d i n g  p l a t e s  oh A IN ,

ult rh th ig ht pu1’it~ s’:; ~~ I t~~ ’s’s ~1e ’~ ’~

I n the ease ot llthttc’nials lot \‘s liit ’h Ii }~10~’,’S5 ‘si lt s lell’ e’adv eh c ’~’ e’lope ’ei . the so re citing phase’

‘s’s I tS  b\’1iItsS &‘ct 11151 1111111 c’htht FIte ’ Ic ’ 11, 11 h e ’ll p ut ‘Pe’ I’I i t ’ ~‘ 0 e ’ i’e’ 1111111 eel ill I ely soug ltt u i t h I htc ’ purpose

oh t i l h i h t g  iii gaps i i i  e ’ XI5tiii ~l ltl’oPt ’t’ti e ’s ‘si h i t c h  ‘si O t t ’ (‘i’ it ich t l It ’ t ite I l i i l l i u l l c l ’r W I t ’ s ,’ antenna

I’t’qtl t l’t’flie ’Ot ~- . For c ’th , ’i 0111 c i ’  a is 1su~ h 115 i,’ \D  - S i~~ N ,~ I t iid A IN • ill itt hi l tOt ’ l t i t i l h i t,iOIls ‘sverc

so u’eencd h ot ’ hig he s t  ~‘h, ’ioj t ’~ I p i i t ’ ctv -,it ’td de ’t ’ssj t~ ’ ~i1’jfl i’  10 titial 1i1’ti1i(’I’~~’ chIl l t ’a ct e’ r izati olls

Ai~I1 j li , t h e ’S, ’ t ’hta rIi e’t t ’l- j ,’auot ’ss ‘s’s e’t ’ t ’ pi ’ i e a l ’ i y  hi1l i1c ~d lit RUifig gaps in c’xisting kao~~1edge of

e’ae’h ht ih t t d’ I ’ili l ‘st hiic ’h W hiS }id ’l’ti ll, ’hlI to t i le ’ l l i j l l i h i i e’tt ’t ’ \t lil t ’ app lic l it io l i  I,e’ . c~, . 
, i’hidI i l’ tl’ lensmitt a utce

behat’ to r IlS le tu n e ’ tie ’n  c ’f iI ’ e’qti e’IR ’y Slid t t ’ll ipe ’I-atu I t ’l .

2 S( 1, t %I ~R\  01” RI - SI I I S

‘l’ttblc’ -12 Sh I l l  lU l l  l’ i , ’ e ’s 111 11 jll tblc ’ I’ t~ pe’ t’Iy data oti oach t Chut i (l t l i3te ’ l I L t  l t d . ,’- bhist’d t’t’ t’Iiti i t C , Slid

nI se’ dat It t ’fl a Ott h l i l i l  ,‘ h•0 ill I U I’ ; ttl Is’ t - p i e ’s s c’tI SI 
~ 

N • A tIle ’ t’lt ill I si ioe’k i t ’ Si sthiIlC c ’ Ii gL th’ e’ — t ’ i — h l i  t ’l’ it

has been ce ’t t tpct t eei  for e ’hte ’lI S\’s Ic it i  I t t  1(t e~~1( ’l~ ~~ A IthoughI L( ’l i t ’ i ’ll I c,~at tOILS i u U ~~t bt ’ 11111(1.,’ W i t h

e,ttlLle’II , Cub it ’ bore’n n it  1’ ide ’ is p t ell t ‘tet_l to have’ It Sit  p e l l e t’ i t ’S l S t I I I I c ’ e ’ to lb  e’rhi  Ill I shock (‘0111—

pa t-ed tei otht ’ r eatldiebit e ’s . hI e ’tt e ’t’ c’r , S i , ’ e ’ h ilt Ltlttid ’IIS ~~ 1 0111 d i h i l l l d ’t d ’i’l , iulipe ’Set l Liv the ’

cui’i’ettt state’—t’f—thtc—It i t  to ~upc ’I’ — pt ’ e’ssttt’ ,’ pI’e ’( ’e ’Ss 1110,, ti eitt ld l’ c’e h t t i j ’ d ’ it s hut  l h j , ’ ’,i hj e ’hl I t s  It I I i o S I i i t ’

auite’nna ti l~tlt’w • Its I’ei e ,l l l  - t e ’t l l  Pd ’ I’ll t t i re 111,151’ t t’ I t l is tt\ it t5lit ’ t ’ p1’t’p t’ Fi t ,‘S III ’ e’ e’e’t lipIt l’Ilb t e’ 10 hot —

p1’e’SSee I ~i.1 N~ I l l  2- I  U I II’ , .  A is~’ hi e ’te ”s’, c ’ I’th t ’e iS I i i , ’ 111 ’ rohih t i’dlhl e ’SS Iet e’l 01 .,‘uL’ ic bo i’oei nitric!.,’

w hich is sc’ct’rnI e t i t l i  tel d i l t h i l e ’nd .

Hot—pu’ t’sse’el A ! N • C \ ’I)  Si ,, N 110th l t o t — p u ’ t ’sse ’d Si ,~ N 1 l l l tt ’ e’ cdt li iliI t ‘II t ’Ie ’ Ihet ’lt lal  shock i t ’—

515  13fl(’ e ’ figlt l ’ d ’s ; ttow c’ve ’ u’ • t In ’ t i l t  I ’ ll loti loss tlel lge’!ttS Ic ’ (‘\ ‘  I” Si ,~ N4 
c ’~~ e ’e ’ e ’cI cihh t e ’ r nI le le ’ I ’ i l t l s  by

at le ’I tS t  1111 ol’dt ’u ’ of niltgntlude ’. \ l ’~e~ it oh-n  co t t i ’ s - is t h e ’  l i t S t ’ l Is i I  i l i l~ ’ of loss tht ng t ’u t t I c ’ le’fllp ’l ’ Ie—

tnt’.,’. ~I ‘—SiIl lot~ • ‘s’s-hil’ hI ll ing e’ompa r libh 1- 11 ( 111 r pt ’e’ipe ’l’I Ic’S l et ot lt t ’t ’ (‘I t l ldhi e l l tte ’S ( iv ith  t h e ’  e’xce’p—

t ion of c, ’” , I Si N 
~

‘1 • is p to cli e’t oil I t ’  hhlt ’o 1111(1111 c’fl, ’ — 1 1 11 If tIle ’ I I le ’ 1 111 Id I ii Iicx’k I- es isl It ltc ’e ’ hid ’e’Ie i t s , ’

of its It~i c i -  the’ Filial conctuct(vtt~’.
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1,1,’ tt h r ega rd to sui’I ~~c’t’ vaporization bt ’huvioz’ , d ata collected to da ft ’ In dica te ’ t ha t he it tu A IN
t enet 0 ‘ —Sl it lent lit ay be’ able’ tO t i’t luhlil tt t t  radar h’I’t’quene tea while’ vapo liz titg.  t’etbte tIN w i l l  t u’ tt I ts

t ou’ui t It ’ the ’ ht ’xagonz tl ieir tt t above’ 1 600°C autd should be’ a clean ablato t’. Conver se’I~’ , CVI) 
~*I~”-I

~ti uid pniliahly ho t—p u’t’sst’ei 81a N 4 ) e’ .~hih1t ulout— e”ong1’ue ~nt vapoi ’tztt t lon beihav let r utt u k t itg tht eu t t
t t u t ’stiouiablt~ i n (h e’ll’ ability te~ lranaitt it raciai’ fh’ e’que ’snc(es while ’ the ’ ~u u’isce’ is t ’Itptiriz hut g (wh ich
m a y  e’ CCIII ’ t inning a high ‘s’cloctt~’ uiiisslon) . Syllerglstic sluti tul atto it  ttxp(’l’h u lhe ’Itts (d ’ .g , . tit~It lLitI1e ~i

ablat le iut  and ratta n trautstttltt ance ’) , howe’s’e”r, will be’ roquire~1 to obtain coutc lusht ’ e’ da ta I’e’gttrtlhng
( lit ’ ls~~ue ’ cit ‘‘hot’’ ti’a ut smitt aut ee’ Capabi lIty •

~\ l e ’I ’ e ete’tatle~i dt~ e’tict~~1ciit s e l i  eac h candidate’s Pt’ I ’tO r ltlan c e’ cha ructei’istics te l.e’ glv e’it lul the ”
Ite I lc tt htg se’cUeens
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— SI L I (’O N N I I ’R I l ) I ”

I IN l ’I ~OI ) L i t ’l’k)N

7. 1.1 Ah’I ’l ,ICA’l’tt)N AS A ~lh I IHO E’l’Efl Vt AVL ’ W(NIX )1,V

‘h’Ite’ nie’l’(’ e’(iut%’entieiutah I(’l’ltis ( i f  s tlt cc ’ii n i tride ’ thiol — h n’ e’ssed 11) 1”) , 1’(’I tct ie l l l  5 i l t t e ’ l ’ e’ei ( 115( 1
ce’uld exitibit Se ’I’ it ih t s e,ie’ t Icl c’ltcj e’tc ‘st i t l l  I’ c’g-hi rd to e ’xl t ib i t i it g  l u ( ’cd ’ptab le ’ t t ’ a l l s lt i lt t at t e’t’ le” s’ t ’ls oh ’ 

- 
I

itt i l lj u t i e t e r  wflV e ’  I’ adh eu ’ at te ’ltipt’i ’Iit it l ’os I t I lp l ’c~acI t i u t g  :15 ~ e l  I i l I t , ’  t l t e ’ v:t~xi l’izzi t ioui  range of s i h t e ’c’ ut
n i t  t’ide . This e’onc e’ rut is ti n set h 1111011 1 Ito lad 1-1111 1 I l l  e’tn II it’ I I t t  pu I’ t tv do ul te’t t t$  ill t he’ :theiv 0 ccl un —

Ill t ’i’ctall~- a’s’ailatile ttieidi1’t ’5t,jo1~5 range’ i1’ouIl I ebe ’l tt  t l . ; tte ’i gh it pe’t’c’enl (ti - oh 101’ IISSN ho e’ve’l’
2 .3 ‘st - - e ’ for I IPS N ~Ref, 21), III ~idehit iell l , l te ’t t — l i id ’t l i l l tc  in ip t l t ’i ( i c ’ s  , it~ P~ t’ti~ tt l:t I’. e l \ v g  011 1i 1’e’

p1’t’Se’flt fit 110th cdll t l  utte’t’cbt l l l l Od j h i t ’liI i e l u i s  (1101. 2 2 ) .

7 , 1 , 2 C lhI ’ : r ch I C A l I V \ ‘APOR DEI ’OSI ’l ’ I”,i) SII  l(’t )N  N I ’I ’l l I D I ;

Silieolt uti U ’ide (Si:1 N 4 ) , PI ’elt it reel by t it e’ e l l o l l i  ida h ‘sapot ’  elope’s ittoll nie’t .lltid , “ i t t ’ t’S ’.ttt

~tlt e’i’ttativo (‘e) l i soltthli tioli tt ’t ’luilt itte’ ‘s’s l t t t ’lt liFe~ h 1tc’e’S lheeet’ e’ti e’hi i l \ ’ — eIelise~ to t i n s  of Si.1T\ of pI ’t ’—

v ieeus h y ultatt aitia b lc ’ tthtr :t  —hig h p u r i t y  It ’.’ e’Is • i_ ’ lldc ’i’ eo l l l h l l lu t r  aute l gilt ’el’n i l l t ’u t t  spe’nso reel

researc h (ii e’f. 20) . proce ss i rig III e’t heelS lilt’s’ e’ 1 ieen ci ~~ 0 hc’p e’d l’ &’Su It ing it t I he’ ft r tt t  at  ion elf itea t’—

thetii ’e’tical ly deflse p late’ ‘stitit ne’g li gtttlt ’ ~‘st ’t ’s1Iit’ impot’ it Icy e’Is 1111(1 ‘CXvge’lt i Il l  lilt I’h l’s’ 1ev e’l 5 115

lo’st ItS (1 . 36 ‘st , ci . llcut I l l  t c’u~ I Pt’ I’f l t t t  Fe ’ u ’I l t l I i  I’ I1U ‘II Si t I’t’l t t  t’lt ts a I h O ; I I  den sttt ’li dope Sit s  p rodttt’ e’ - -

loss tange ’ult  h e’s’ e’hs at  I ( ‘It St S It o I’eh’I’  ‘I 11111 gll i t  t i t l e’ lott e ’ t’ t lIt I t  e’, ‘i l l  li t e’ I t ’ th e I I —~i’s ai ha tile ’ bet I ~~Ft ’5 Se l l

Sb1N4. As ivu II he’ ti i se ’usseet cut suliSt ’q tte ’nt se c t  10115 oh I t t i s  l’e’pe’I’ I . this I notie l oh SUfle’ l’je’l’ 1-11(111

~) t’t~~10 ~‘tt  c ’~ tot’ (“ VD —Si :) N4 (e’e’nI lilt re~I tt ‘ e’(l ll t l i t  t’l’ ( ’ ill I 1111 ul i I i  ( ‘I l l  I t ’l l  S I (‘(lil t  I t a t e ’s Ii, ‘lIt at e ’ I e’v at etl

t t ’l ltpe ’t’It tu  I’ d’s Itlici ( l V ( ’ l ’ Ii i’a llgO c i  t’lidItt’ frt’ ct ue ’fle ’ie ’s t i’ t l tl i  ~ .5  it ’  2-1 1 I I~-

7.2 ( ‘HFNII ( ’kI ,  V APO R 1)I’ I’OSITION OF I - R I - l - S r - 1 , N I )~ N ( ,  Pt 1 , 1 1

7.2.1 I’IIOC ESS DKSCIUI”l’l(eN

The gene’ I’ll 1 proc e’tiet i’ t’ iti I’ t el  l’t it ing t_’\’ I) N 13 N~~~ e ’Ol \ — h  ‘~ Is c’ I Il ls  1110, Ii 111 i \ t u b  cit 1 hij Ill’ - Il ‘ 1_ t i , ’

p l’ee’Ul’SOj’s I 1110 Ii (‘1111 lit he ’ u’, It e i ( td It  II c u’ c’e’ hI ~ 
, \‘s t h i n  ‘st hi lt ’ hi the ’ Il l’  e ’,’el l - s, ’t’ o react It u t t l  h e ’ nil

dl d ’h l e l 5 i t t e l u l  s p ec i e s . ‘l’Ite’~ e’ the ’n It (IIbe’l’(’ I, ’ the’  hi c - .i l , ’~I s tuhl s l  r~ Ie ’ h i l l e l  e l ’ s  s l I t  l i t , ’ , ’ . I t s’ h ’ i ’ t ’c ’ ,’SS is

C’’’ Il t t l t i t  cut t t III , i  I c I t ’s i t o ,  I I Ittc kt n’s st ’s I t I ’ 0 l i e ’ hi t ”. eel • ‘I’ he ’ e’h ie ’i ii t~~ h i ’’, h ilt1 et e ’I~ t i ,  ut (111115 te e t ill h I l t  ‘It

p t ’ t ’ I ’ess t ’s  (dle ’ I e i t l u l t f i l a l i l l u l . cry sta l g u - o ’ s t t l t . t ’tc . I cu lt , ‘lt ’ etl t u t  t e C r u l l h t l i o l l  of h t ’ j l ’ s u t s  , ‘h ee ’I’ tj t in
e’hal’a e’td’l’lst,i e’s let ’ e’ at pre ’se’u lt  i t t h t ’t’t’ e ’ih pl ’ i i l l I l  i i  k t l t u ’ *tglt 1111111’s S i S  ‘h t h e’ t i i I i I ( ’ u  I s I s  hine l e’e ’l ’u’ ( ’II t

t ie -at ‘st it l’t l~-1e’ ci e’iios I ( I t ’ l l  e’ te i t d it toi ls (1 e ’ut l  PC I’ ll l i t  u t ’ , P u t ’ s  si i t ’ d ’ , 11,115 ((‘Ott 1 111 C ’ tt ntl ~‘ t ”i 1 e ’ Cl’s! t’at-l ,’lt , 0,115

flow elyllaui lie’ s , S I i l 1 5 h I ’ l t l ( -  e ’ h i I t I I t c ’ h , ’l ’ i - C t I t ’s , , ‘ t c ’ -



- -  -- 
~~~~~~ ~~~

“

Sits’ c ’tt l i l t  I’ id e’ c’ h ifl lx’ f it t’ntccl I re iltt t lit ’ V Ic I t~l t ’ I11tI1S0 ll~ I lit e’ ‘‘hid ’t I dill eel 11111111 on is II F t t t  It s li , ’ ,’ i t

I t l th i t l e ’ ~c ’ . g . , Si lj c ’ciil te ’h t’lit ’Iil ( tt ’itk’ • — fl t tc i i ’iehe ’ eli’ — t ) u’ Ou t l i t l e’ 1, a s i l l en e ’  t ie’ I ’ iVl t t  i\’e’ u’ , g .

OIt IOi ’(lSjllitte ’ SilI~(’l~’ ix Ii , ot’ silaut e’ i t se l f  1 S i I I , 1) . ‘h’ y p it ’al gI’oss I’e ’It e’ t i ,b ns  Ii t ’ e ’

:1 Siii ,1 l N I I ~ ~ Si ’ iN 1 ‘ 12 lI(’I

:~ Si F’,1 ‘ - I N I I 1 sSi.~N 1 12 II  F’

~1 Si ll 1 ‘ h N hl ~ ~ Si.1N4 ‘ 12 11 2

in th is ‘svcei’L , a -Si;IN .l t e la te ’  tVI IS I il’d’ p11 t~ ’eI using tht t ’ SiCI ,1 pi’t ’c c,tI’Se i l’  5 i l t c ’e ’ (11x’ \ ’ i , l t t S  u’e’se’hi I’d Ii

l{e’f, 201 1111(1 sheiwut tluhu t tltis I ) t’t’d U t’Stii’ I b t ’~~’s’ icle ’cI tht e ’ h ighest t h e ’p t l s  it i t l l t l’Iu t t ’  • I l l t ( h  Ih i rge’st IS -

cIt 
~
‘ s itc ’d ih ic ’ kne’sse’ s t Ix’ i’eby eiffe’ ring tlte ’ pcitc ’ult iai fei i’ ~: i re’e’t t’hielli I’ I ) I ’ tiP t’ t’t y It t ’ ‘I IS kt l ’(’ l t l t’flt

n- i l Ii 111 I l l  i 11191 st It , ’ king cif f l l t t  — ti l l ilt’ $ hX ’ e’ i th e’ t IS I ci lit ’ hi e’ve’ do si I’d’ ci SIX ’ ( ’ i lI lt ’ ut t Ide’ k~e’ sse’ ~

‘1c m Ith I l r tx’e’ss runs we ’re’ tx-’ l’fol ’u’tn ’d us ing  Ii feleli ’ t4 I i uie ’It diantet e ’ t’ hot —w :ell tie’ ISiS it tIll

fr i  i’nl te ’c’ t o  th e’ firi c ’ ei 1it I I l l LU tI e elutel iii cats fo t ’ form iut g I It it ’ k , f lat  — h bll t t e ’  , c he ’ 1(15,15 tel tilt b’s —Ii igIl I St i i I V

‘ l , t , ( s S  P~l I’Ii thi e ’t ( ’  I’S e’x 1ilttt ’ed in  t h is Se’ l’lt’S ittd ’ltld( ’d I it’ Ill 1.1’ l ’I i t t t l’ e’ , i l l ’ ( ’sSl tl’d’ , fe’e’et l ’hit i , l S  ilf

s i  l t ’ c)t t zind f l i t  u ’ t lgott , feed chile , t i lhi i t eh1’o l gt’ t iI l le ’t  1’s’ ltflti tk’ 1iosi t i c it i  h i  lIlt’ ,

‘h ’Ite’ the’ 110511 taut sy st o  ut t  etse’d fo r  11115 St ud y cott sist ed of It resist i’s ’e’l y he ht t c ’ tI  gt ’ li~I ht i tc ’  f t t l ’nl ee ’e ’ ,

l i t  “Il l  11111 i t ie ’te ’  I’ Ii’,’ 25 t ’l t h h t igh t h i t ’ eiit ght wh ich re’act ing gllse ’ S passed let re’du,,’e’d pn._’sSur, ’ . ‘1’ he’

dc j ’, ’s ii i , ’l i  c’e ’t’ii t ’l’( ’(h t v i t h in  hi L’e’p lae ’d’hi l l l e ’ g l ’hu p l t i he ’ e’hi l iui lb e’t ’ inserted 1111,1 lI t t ’  ful ’na ,,’e Ite i t  t l l t t ’ ,

‘h ’I I i s  c’ h leu l l l i t ’ r  ‘ s I l l s  h v i ~ i t ’a l l’,’ Ii fc u’ ou’ s i x  51(1011 c’htlinux’ I IttIlele ’ eif gI ’It 1ihi le plltte ’s , tt’ i t h l i n  tVI t ie ’lt

l i t  It li t i (~~t It  I g r~t phI i t t ’  Ill lIlt’  it I t  I’d’ S LI SfI ’ ndeel t e e  t ll’ ei’s’ ide hi III rge ’ t’ i he ’ ‘‘sit iein s tu I ’fhl cc’

I” igc u ~’e’ 55 shows ’,’, tvpit ’a.l do posit h u t  l l i a n t l l ’ t ’l t ’s’ it lt hI Stjdth i fl’ c ’ FOSS —s oot  i , ’f l l i l  I I  I’d’S - I”lot v

t he ’ t i e ‘e ’ I t ’l ’s , S i t( ’ Il 1lS 111111 511 (l’tt ’ti i I i I’ i gtul ’e’ 5 ’  , ‘s’s_c’ I’d’ itS (’ I te l hull i )rO’s’e’ ie ’pt ‘511 1(111 uuii fe e Full  it\’

‘I ’ I l l  ilt ’ I 3 l i s t s  I Is’ t x ;  )t’ I’ i ItS’ 11(111 t’ t i i t t l  it 1,1115 tt s t ’ ci lelte l I Iil lU ,lhli e ’ i~ i’e ’ ii it lt  s I It he ’ I’m S cit tI c ’ ~ 05 it t OIl

l ’I I t t ’ , I l t ’ t l ’ t ’ sS  e ’ f f i e ’ i e ’ i te ’y 1111 ( 1 ( I e ’ ; l o s i t i on  I l I i , ’ I ’ t i s t u ’ t t t ’ t u I ’ e’ , In i t i h e l  e ’XIS’ I’i l t i t ’f lt s  li t t l t i ~ Se ’t ’ ie ’s

)11’t i ’ s ’ I c l e ’t l Ii i l i ( i l ’ tll t t i t l S  i l e ’pe I S itS  ‘s’s’ltie’It t ’ s ’  1 0  Uuii-i hb t i s fa e’ t o u’ y  len- e ’o t i t t i tt’h it ig I t l h t t e ’ t ’ihi l  c ’ l t l t t ’Iu’l c ’ 1 1 , 9 1  ‘II

St eu , I ie ’ S . l’ I ’e’v ious e’’,’l u l l u l t t l o u t S  i n t h j e ’ht ie’d t h at  t h is f ,u I ’u i l  cii SiSN t ,‘xi i i l ’ c l s  t i ( lee i ’  stl ’e’ngt h as (lx ’

i ’e ’se ult  te l i 1~ i’ , ‘5 i i  y I i I t ( I ,‘ i’ ni it ’ roe’ rI le’ he ’d li t h e ’ t ’,lsh ri te’ Iii i’e - ‘1’ Ite ’ 111,1st Slit I S f h i t ’t (1 I’ I t t l i t e ’ I’ he I P~’° 
-

ilIbI ’s’t I  u t t h i s  t ’x ; 1I , l I ’ l l I ~ ’I’V Se’t ’ic’s W I t S  , ‘h t l l l l t e ’t I  front I i e u m t  N~’ , 191 , wlt ie ’Il hll’o’s’hde’ I t h e ’  t h i c ke st

f re e’ - S h I l l l , h i  I t)Z i l e ’ i ’ t ’ S I h  I n t a x i u t l u u l l  tllI e ’I~Ite’SS ‘ I - 111111 1 .

I” igt t u ’s ’ si” sI t t t ’ s t’ i~ It ’s ’, ’  s i l e t t e h i t l g  o -Si ’; N 4 I t l l t t e ’ l i f l e ’ l’ I \ ’ t lh t l ’, ’ I t I  f l ’o t t l  g l ’ l i ) l l t i t e ’  I l l l I I t e l l ’ e ’I S I l y

, ‘x i ,b . t l l , ’ l b  ‘h ’bt e ’ I I’ : l l l S I i i , ’e’ll , ’V of Is ,lt- i’ ,’si l, ’c i ;‘IaIe’ is ,‘It ’:ti’l~’ in e ’Vi , I , ’ i t , ’e ’ I 1’ igit l ’c ’ Sfl 1 i t i i ,

ahtowit is tIle’ t l l i , ’L I t t ’ss ;~~‘ol iIe ’ f ei’ h~ll t t e ’  u t l l t h t ’ u’ i : u l  ‘st’l t ie’h W I t S  u’e’ ullov e ’ ,l by ,‘“, l e l h i t i o n  II ’,iu tt  t h e ’ fl oW

dt’ flt ’e ’ten’ l i l h t u t t h u ’ l’I . i ’,’ I t h e ’ld u ’ h i t I l l i ’  SI X ’ e ’ i u b i t ’ I l s  t~~ t r~ , ’he’d f I ’ t ’nb th l e’ ) l i l i h e ’ t l l l l t e ’ I ’ i I t I  l t u ’ t ’ t h s , ’ shot ’s-Il

h”ig iuuu’ MI~ he’ ll. In ,it ’tle ’ I’ to a I’t ’i ’s ’t’ hit i’(’ t jili u~ ’e1 u ’hitlhel ’ s;~t’ ,’i uttt ’n t h t i , ’ IslI, ’SS( ’S , i t  Wh I M phhiI l i I ’ ,h 10

st :tc k the ’~ e’ , h i i - t , ’s t e i  I t l ’ l ’lVd ’ I t t  e e p t i l t t e u l t l  s ; ’e ’ , ’ i l t t o n  ‘ t u l t f i g t t l ’ ; I t  i , ’ l lS  f,~i- l l i c ’ I l s t i l ’ l ’ I t t e ’flt
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Figure 85, Grap hite 1)epos il ion Mandrel f o r  Forming CVD Flat-Plate Deposits, Also Shown Is
Flow Deflector Rod—- Cell tr allv Located Wit h in Mandre l During Deposition ,
Deposition Plate Area Per Side 5 , 1  x 20,3 cm

7.2.2 PROPERTY CUAIIACTEI1 IZATION

7.2.2.1 Sc’rcening Prope rties

Selection of the highest puri ty  niatei ’ial fr ottu a given deposition experime nt was based upon 
I

previ ously developed correlations relating depo sitieun color to oxyge n impurity content 1Ref .  201

such as shown in Table 44. The Itigilest puri ty  material in this deposit was brown in color and

did not fluoresce wh en exposed to ultraviolet radiatiein of wavelength 3360A. On the basis of

these earlier correlations , radar specimens from Run 191 were selected which were brown u t

color .

7.2 , 2 , 2 Radar Prope rties

Table 45 lists numel’ical ly tht e ’ nine a —Si 3N 4 specintens ~extracted freiltl Run 191e which we’re

submitted for radar property cvaltuati ons at ~, 5 , 2-1 .0 and 90 . 0 GI t z . Where possible , s1’e ’e ’in ieit s

were stacked to achieve t iptin ui t ni  thickne ’sses lot’ Ii given fl ’eqtuency. This stacking techni que ’ ,

however , presented handling prohlcms for  e levated t cntperature me’asure ’nlei~ s and was ne~t

pursue d . Good agh ’eentent was obtained between nt e’asurente’nt s on stacked discs and individua l

discs , howeve r , at room tenip e’raturt ’ . Even though specinten thicknesses were’ not optintunt ,
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T AH LF 44, ( ‘O RR EL AT I ON OF a-Si 3N 4 flEPO SI ’~ COLO R WITH OXYGEN CONTENT AN J )
DECREE ANt ) COLOR OF ULTRAVIOLET FLUORESCENCE - -

Spt ’ciIt ie’lt Des i~~lat iout 139—W i 139-Cl 139-l~5

Visual  Color White Green Brotv n

02 t,, ’outtent , ~ \V ( )  1 .40 0. 92 0.40

1’ r ace’ I u lh pu u ’ities E~t t i ss  ion Spec.)

pptt t Mg 60 20 $it

ppi~t Fe 300 150 350
PP1i1 Al 60 40 1)

~~~lll Ctt 20 10 ND

Fluoresceltc e to 3360 A

~
‘isua1ly Observed Yes ‘V t’s No

Ceilot ’ of l”lttoreseence Pin k I’ehlow—gr een Not observed

‘Nc’tttt ’on Acti ’s-atiolt Analysis

TABLE 45, LIST OF CVD a.Si3N4 SPECIMENS SUBMIT 1’ED FOR RADAR PROPERTY
MEASUREMENT AT 8.5, 24.0 AND QO,0 6Hz .

Spec imen Designat i on Nameter (mm) Thickness (tim ) Frequency (GHz)

191 - 1 25.40 0.483 8.5.90

191 - 2 25.40 0.508 8.5,90

191 - 3 25.40 0.813 8.5,90

191 — A 9,51 0,$26 24

191 - B 9.51 0.965 24

191 - C 9.51 0.686 24

191 - 0 9.51 0.9~5 24

191 - E 9 .51 0.711 24

191 - F 9.51 0,S3$ 24
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stt itjt’ie,-’itt t t t c i t$Ut’t’u tie ’tl t  ace’ul’ae’v hOtel pl’e’cisio n was et bt ’ajnt ’d to pt ’t ’eut it hI t tu eat t ingtu l  assesSment

01 Ihe ptite’tttia l te ’r C\’D a ~S13 ~~~~ 
as h i It i g I t — t en t ~ie’u’atui’e i t i i l l i n i  eter wave ’ antenn a w i ndo’se

Tables 46 and 47 l i s t  the radnu ’ propcl’tv d ata ott CVD a -- St~1N 4 at 5 .5 and 24 .0  61hz ,
i’&’spee.’tivcly . A lso , shown tor cottipa I’iSOlt in Theble 47 ar e dIC t a tot’ a c’olltu llt,’l ’L’ iahlv —a u’ai la b l e

hot—pressed silicon n itr ide mea sur ed at the same frequ ency  over the sante ’ tentperatui’e  u’ange

its ing identie’al eqeti pt t lent

At 2-1 61hz ~‘su hich is neax’ tlt e’ fi’eejt tency 01’ iutt e ’ r t’st lot ’ this progra itt i (‘VD a —Si3 N,1 has hi

s igni  ticantly lower loss tangent  titan coui tnici ’e’ial— gra de ltot—pt ’esse’d S13N4 over the te ’It lpcrhttu i’e

l’aitge f ron t  25 to 800°C . ‘l’huis order of magnitude spu ’ &’ad in loss ta t gent is anticipated to widen

as temperatures approaclt tht e intrinsic vapor i-Lation po itut ot’ Si ’3N4 . At temperatures near

l4000C , the siutterin g aids used to consolidate’ ltot pressed SI 3N4 becottue plastic x’esu lt lutg in

lai’ge dee’re’h tse’s itt l l le’ch lefliehul stt ’eutgt h ( > 1 1b0 ’~ 1.

It is anticipated that th is Itiobile second phase w i l l  hudverse lv h tUt ’ct  the dicle,’cti’ic properties

of hot—pressed Si3N 4 let temperatures beyond 1400°c. Coi ive ’i’s e’ly , it is anticipated tha t the

eul t i-a—low loss tange’nt of C \‘D a —S i.; N4 wi l l  con t inue  to show neg l ig ib le  tenuper tu ture  dependence

up to the vaporizatiott range e’f Si3N 4 ( —  17 00°C) .  —

T.-’eBLF 46, RAl ) ,~tR TRAN S~llTT - ’eNCF I’ROI 1FRTIES OF CVI) u- Si;N 4 AT 8,5 CHz FROM 25 TO 800C C

CV D ~~~~
- Si- ~Na ~ 8.5 GHz

S pec i men ‘ Tempera ture Di elect ri c Cons tant Loss Ta ng ent 

191-1 25 7,64 < 0003

99 7.66 < ,0003

205 7.70 ~.0003

327 7,74 <.0003

408 7.77 ‘~.0003

509 7.81 ~ .0fl03

595 7.84 ~, .0003
704 - 7.88 <.0003

755 7.90 < .0003

800 7.92 < .0003
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~~1
I ABLE 47 , KA I )AR I ’RANSM I ll’ANCE PROPERTIES OF (‘VI) a- Si~ N4 .iNI ) HOT-PRESS E D

SILICO N NITRID E

CV D a - Si N 8 24 GHZ 
- - -~~~~~--~~~~~ ---~~~~~~~-~~---- -- --- 

L ’e ci tI l en Temoei’a ture Dielectric Constant Loss Tangent
Desi g n a t i o n  (°C) (K ) (tan 8)

191-F 25 7. 65 <.0006
62 7 .66 <.0006

133 7,67 <.0006
162 768 <.0006
224  7 ,72 <.0~06
276 7 ,73 <,0006
324 7 , 75  <.0006
399 7,77 

~.0006479 7.80 <.0006
564 7 .83 <. 1)006
618 7,85 <.0006
679 7,88 ~.0006
736 7 ,8q ~,0006
747 7 ,90 <.0006
800 7.93 <.0006 

‘ 
-

‘tac k of 25 7.63 .110043
l’~l - A J ~. C . D . F

Hot-Pressed Si 3N4 8 24 GHZ (Ref. 22)

(Low 0ie1

~

d c Co n st

~

t D i r e c

~

o

~

NC -132 L’2 825 01)40
11)1) S.~~ .01)42
200 8 .28 .0045
300 8,31 ,004
41)0 8
5~0 8. 3(1 ,0049
600 8.1 4 005 1
700 8 ,51 .01)54
800 8.59 ,1)t15t~
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7. 2.2.:~ ~)~~,~‘1’ t ’l I ~~-’~t e ’l t l  l’ t ’t ’ li ’lt t e.S

t Sl ilt ’ 1~’ C ’ t L I I C  t l I t l ’ t , ’~~,’- c ’t h tt ’t’ L)t ’u’l let l t  t h e u ’ t t t o ~’t t y s i e ’ a I  h t l ld  t I t e ’r t t t e ’s t t ’ tt c ’turie i p t ’opi’t’tie’s ol

C \‘D Ct ~~~i3 N~~ lit i t~ c ’ut ’t’ e’ut S (I1C , ( ’ LI I de’vt ’l opttt eltt

7 .2 . 2 ,4 \ Ii~X~ fl”  at, jOll  (, Ita i’iue ’tc r t s t t ~’s

A (htt2l I iLl ye  ill~ ’t ’st i gaUt ’tl t ’I t i le ’ ‘~ he p e’ I- I / l e t  t o l t  behavior of C \‘l) a —S i.~ N’1 as conducted itt

at 1’ us ittg ~e I 5KW C&l Iltsc ’t’ I n ’aIIl Ct ’  c r ea te ’ St t t ’ f ac e  I 0111 1 1c ’i’:t t i L  I C ’S sufficiently higit to indue’e’

5U1’ t8Ce ’ i’Ltl X ’t ’ i~ ’ h tt l O l l  . l O U  I’ f-i I SjiCc ’ iI l I c llS we ’re ’ ova lull ted I t t  t l i t e ’tts it i t ’S I’angillg frol tu 500 to

I(lt)tl i.’e - c ’l l t  tUtch e’\pe’sue ’ c ’ tu t u ’ s  ci t  4 It ’ IS  Sc ’(’c I l l i l S  . l’’tge t t ’c’ 57 sh ow ~ a 11’l)ll ’aI su r face c’c’nd it iott

lot’ sp(’c’ i t l I t ’t II- ill this St ’t ’j e ’S . Ev idt ’tic ’c’ ot  n c i t t - - c ’ollg t ’ tt t ’lIt u’l t p o r h zz t t l c in  is e’oncltestvc . in that

sc’lttl j ~e’cl drop let s of  Si t ic ’t Lli mt ’tlu I cx t ct t s i v  clv cove ’r ti t e SUI’t lece ’ , Also.  11 iv bitt ’ lIi3’t’l’ of S iOo ‘

CS C I c ’ll t’Iv ill C V  L e l c ’l i e ’ c ’ . the pe’t e’Itt i :t I p t ’obh’tti  cit  ‘‘ Iti, -t t ’’ tt ’ lU’LS tt l iSS ie tu t whil e ’ Si1 N4 is u’apo t ’iz ju g

must  be— fui’tlu’t’ j L t v t ’s t u ~l e t ( \ i  liv st itis’1’~~te’tt i s i n t it l l et i o lt  t e s t i n g .

“.3 PREP -iR A lION (11 P1 RI SIL R ON N I  1 1 ( 1 1 ) 1  I ’ O W h ) I - R

i t t  c ’ ~~~i~i 1” ‘let ’ lie ’s L I I I  C ’ lI t ’( ’Il c c  ‘I tS  KI ‘reci it t t hi is ~iI ’og t I C  I l l  to t’ pi’c’pa i’a t it ’ll  ci t ~~Ctl’ e’ , S table .

fiute ’I d iv i d  cii Si! lCc’ll lIlt i’ide powdt ’u ’ . One’ is tc1t~~tti t in  c’otttt’ol It ’d t }t& ’ l’ l t t I t  I dectiittp oslt ioii of the

i’e’hte ’t iOfl lii It’ flit (‘Cl ill t OS t itle I (‘cc’ i t t ’  ill C’ hc’tti it ’ ll  I uhlpe t  I’ dt ’pciS i t  i t ’l l  t ’I S il i~~ot t  1111 i’itle’ t I’OIlt Si I ie’on

tet rhl C’bit ’ridt ’ — h t n L  t i lo l lia  t l I i X t L t i ’ c’S p

Sie ,’1 1 + Ni l 1 *Si CI 1. x NI L ,

~ I — — S i  1~~t D ~ pc’1y t t t e u’~

‘I’h e st ’c’t ’iitl appt’c’lechu is t’:ts cii Ot t  t t i t i ’ ie l i t u g  01 tiuc’l\- div ide-vt , itig it pu r i ty  silicon pei~td e’t’ , he

source’ for  ii h ich t  I tli s u ’ e ’e’ e ’ t t t I ’ , Ii e ’e’ti t o t t I l d  . ~ 
‘1111 ’ 1ihi t’t ic le si. c ’ ci t  this t iuhu t e ’r izu l . w hiclu is pi’epare’el

by I ht e i’ t t t a l  cl( ’C(i t tL l k ) S it  it ’ll cii s t tIll) C ’. lt \ t ’!”.Il~(’s hl t l A • w lt it ’h sht oitld be’ SlItt i l i  c’ticiitg b to per tu t it

total it t i  t’idhc Itt ‘n t a t  lie ’ r tI th e t t  L I I I  I t  it I l  I ’ t ’lt cl cii si l l colt itt I hi’ c cute’ r of the’ ~ht r i it ’ li’ . A lIthO rate ’ t’y —

Sche It ’ l t d  I I ’  itt in fit t’IlLl I t ’ S V si e’l t I ‘ci It S etc ’s ign cii 1111(1 aSs ott  hi eel It t lti s Itit liS c’ c i t  Ott’ p l’ogt’Iem Ittid w i ll

bt’ used iou’ Si ; N .1 powcic ’t’ pl’c’l’ll l’IttiC ll oIl tite ’ l t c ’Xt pi tlese • ‘t th e ’ pl’cig l’lt t ll —

t~~i~ c’ tit t ee’ t Iv , It I t  c i t ’phous sit I t t ’ t i  t i  i t t ’  id~’ ‘ci ~e p i-erIe i’t’d I cy  r ehe e’t ill g It 11111)011 ihi ztnd si l icon

te’trachlo t i de ’ i l l  the It ‘ut i neD c’hOllt  te ’lt I vlept ’ t’ cI &‘ ~ it , S i t  tO ll lit 11111cc’ ItS eci it’ I’ f l it ’  I’ ie’ht t t t l g  I \L t  ~ I I i t ’til)

a it ride pile to l i t  flt (~t~ ill I . I IV I l l  C t e l l  c— t u Ig, P I t ’S S t i l t ’ It t Ith I-es DI c Ite e’ I itt i t ’ ci i  the g~ s ut ixt it  1’ e i t t  the’

fit t’flhlC c . thtc’ ho t I l t  le t  i t ’  t l c i t  ,e l t \ t i l t c i  i ith te’ tlc pti S i t  it Its I i t e’\’ cml cii lellth hi t’eiat Pt ’ t’lv In rgt’ quleti t i tv ~‘ I

peiwdei ’e’tl w i t t t e ’  nit  t ide ’: hi l i l i l t o l t  ill t O t  i~ ii i  t~\ l t I l l ( ’l’ i I e l  w h e S  d~1’c’sj1c’ci i l l  the’ dciwttst r eal lt l’ c ’gic ’I lS cit

th~’ lu nine ’ c’ • ‘I’ his ‘ci 115 cc iii c e ’ I ccl t i t l e ’ is! V i ttich’ 1’ IC I t  i t  t’e’g c’It lii llt)kt’I to t t i  i l l  lt i  t t , ’ 0 h t v t i  00 I’, Si S , pIhi c eel

in I lI e ’ I t t  itiac e ’ Itei t - ‘t t t ’ t in Ii g t ap  it l Ic p Ia tb t I l t  , hI~~~I I t t ’Ii t ti ’t’le tec h be ’ u’ I . S lu c ’u i’S -.e t I 1 51)’ ‘1’ Unti e’ I’ tt

Clebic t’ ’i l,’h e l t l j e’hel t c ’ t t l i i l e u t \ . t : t i I t ’ l ’\ , I’:~
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TABLE 48 , THERMAL . iN I )  Mt ”CH ,iN I ( ’AL PROPERTIES OF (‘VI) a ’S 13N 4

• Density (c1 / c c ~ 3.18
0

• Spec ifi~’ Heat* (cal ) ,  300 K 0.165
(~~~k )

600° 0 .224

10000 0.276

20000 0.326

• Thermal Conductivity 300°K 0.328
( w
~ii~ K) 553

0 0 .241

1103° 0.158

2000~ 0.1 18

• Her d spheri ~~,l I Enil t t a nce *~ 293 °K 0.590

773 ° 0.540

12 73 ° 0.3 40

1773 ° 0 .240

T hermo s t t ’ u c t l t l ’ a  I

• N’ean Ther ma l E\p ,tnsio n Co ef f , t l~~C) (RT -1000 °C ) ,  3 ,07x 10 6

• Young ’ s Modulus ( GNm~~) , RI 3S9~ 6

• F I t’ \u i ’e Strength (t~4nr 2 ) , RT 223 , 2
~ 1 of  - . 10 st”ecitltens)

• F a i l u r e  Strain , 
~

“,)  0.1)6

• Fracture Toughness (MNm 3
~~) 3,2-4.3 (Ref. 20)

• Mi Cl ’ohardness  . Knoop . (kg trni~~~
’! 3780- 4 24 1)

(Sur face 11 to Depos i t. 100 (15’ load ’!

* E s t i m a t e d  frot tt IPRC Dat a

- - 
** Co~puted from Specu lar Re f Iec t a nce [lat,l 

- -  - -  - -
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CVD- S i
3

N
4

400-191

‘1,1-i

1000 W/ctii2 , 4 Sec.

Figure S” Pe st .ie-st Surface’ (‘ou t t l i t i o u t  c l i  (‘VI) o ‘S13N4 After Vaporization ,  Point—loaded at
1 000 %% cu t i ” , 4 sec S% it h II Beluin l)iame’ ier : Speciune ’it Diatt ieter = 0,50,

slo~’c flow of nitrogett at 15 tot ’t’ . ‘i’lte powder charge’ \‘c hiS r c’dttced ‘01 volume considct ’ablv through
loss of antt t touiu .ni  chloride, a ct —b y—product ctihlected ‘c~ith the’ ammin e complex , but re ’tt iaincd
white and powder-v .

Future’ work will  iuivolve’ the’ cousol i dat iot t  of thc ’sc ’ ct lt i ’a— lt igh t ’u r i t v  1x1\i-ders to form

dense’ phase—pur e ’ silicott u i i t r idt - , and 11150 , th e’ it t l l izatj on of these powders to fortn higher—
puri ty  Ø ’ —Stalon plate ’.
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Figure 88. Subsedjn,i of the S~-AI-o .N Phaite I)iagram Showing a SI ;N4- .kIN.,.%I,~~~.SiO ,Isotherni al Plane and the ~t Sj :iloii Phas.t•
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Figure 89 , Schemiitj t’ or (‘urre,if Sii ite ring I’rot ’eat~ tot Forming ( 1 -  12$
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(A)

I ‘ m .  GE— 12 8— 1
- . (25.4ir,n dia . x

4.75 mn)

-. ‘~i s ,. GE-128-2
(9.51 nm dia. x

4.78 nri)

(B)

1TT~ 
Figure 90. Photograp h Showing GE- I 28 Sialon Specimens for Radar Measu rement (A) ,

Also Shown is a Subsca le Radome Fabricated Using the GE-i 28 Sintering Process (B).

TABLE 49. RADAR TRANSM ITTANCE PROPERTIES OF GE-128 ~‘—SIALO N AT
8.5 AND 24.0 GHz

Di electr i c Loss
Specimen Orienta -. Temp . Constant Tangent Frequency

Desi~~~tion tion (°C) (K) (tan 
~ 

) (GHz)

GE- 12 8-l 00 22 7.907 .00305 8.5

900 7.889 .00313 8.5 I’

GE-128-2  700 22 8.470 .0067 24.0

90° 8.450 .0067 24.0
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dielectric constant and loss tangent of commercial grade hot—pressed Si3N4 (NC— 132) at 800~ C

and 24 GHz are 8. 59 and 0. 0056 compared to 8. 02 and . 0025 for GE— 128 a’— Sialon measured on

identical equipment under identical test conditions . Substitution of ultra—high ~ 1rity S13N4 in

the ø’—Si alon process should lead to even further reductions in the loss tangent . Such sub-

stitutions will be explored during the next program phase.

5 , 2 . 2 . 2 Other Physical Properties

Table’ 51 summarizes other pertinent thermophysical and thermostructural properties of

GE — 125 ~3 ‘— Sialon at its current stage of development.

, 2 . 2 , 3 Vaporization Characteristics

A qualitative investigation of the vaporization behavior of GE— 128 ~3’— Sia1on was conducted

in a ir using a LiKW CO2 flat—top beam to create surface temperatures sufficiently high to

induce surface vaporization . Three (3) specimens were evaluated at intensities ranging from

250 to 500 \V/cnl 2 and exposure times of 7 to 30 seconds . Figure 91 shows a typical surface

condition for specimens in this series. Unlike CVD a-.Si3N4, no evidence of solidified

droplets of silicon metal was found . Thus , (3’—Sialons may vaporize congruently. Similar

to CVD a -Si3N 4, a white oxide layer was found which is probably a mixed oxide (probably

TABLE 50. RADAR TRANSMITTANCE PROPERTIES OF GE-128 13’—SIALO N AS A
FUNCTION OF FREQUENCY AND TEMPERATURE MEASURED ON A
PREVIOUS AFML PROGRAM ( Ref . 21 )

Specimen 8.5 0Hz
Des i~ n a t iom

T eninerature D i e l e c t r i c  Constant  Loss Tangent

‘ 

- ( ° C ) ~~~~~~~~ ( K )  ~ ( t a n s )

GE - l 2 ~ - 2 - A F  25 I 7.67 .0014
1(10 7 . 7 2  .00 14

- 200 I 7.70 .0015
7 . 8 5  .0075
7,91 .0015

5(70 7 s1 7 0015
60(7 53.05 I 0015
7110 ‘ 8.13 .0016
811(1 821 .0017
90(1 3,30 0018

1000 8. 10 - 302 1
(11( 1 ‘1. 51 ‘7 5 -
1150
120(1 7 .62 i .0017
I22~ 8 .65
1 25 ” .70 . 0050

- - 

I 2 7~ 
- - 

8. 75 
_~_~_ 

- 10’S:

20

1 - ‘0- 7 -31  25 7.61, .0028
1(10 7 . 67 .0(122
200 7.1.” . 0020
3015 7 . 7 1
4~~Il -

. 
- 7 ; -  - 0026

‘,IlO ‘ 4  . 00 27
bOO 1 ( 1  .0027
1”' 7 , 05 . 0026
:115) 0. 02 .0025 —

~~~~~~~~~~~~~~ _ L .  - ~~~~~~~~~~~~~ -~~~~ -‘- ----~~~~- --- - - __m
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TABLE SI - THERMAL AND ME(’HANICAL PROPERTIES OF GE- I 28 Ø ’ -SIALO N

T HERMOPHYS ICAL

• Density (g/cc~ 3.08

• Thermal Diffusivity (cm2/sec.). 573°K 0.0195 (Ref. 24)

• Mean Therma l Expansion Coeff .
(1/°C), (PT-1000°C), 3.0 x 10.6 (Ref. 24)

• Voung s Modulus (GNII: ”C ), RT 207.

‘1

• Flexure Strer iqth (MNm’), RT 21 6.
(4 ot . , 2 specimens)

a Failure Strain, ( ) 0.10

• Fracture Tou~hness (MN sl 312 ) 2.2 (Ref . 24)

• Mic roha rdness ,  KnoOp (kg mm 2 ) 1~ 6fl
(100 gm load) 

— --- - - — — - — - -— . -- — —~~~- — -- -——-~ ——~~~~~~~~~~ ————

H S14A12N602

GE— 128

250 W/cm2; 30 Sec.

Figure 91, Post-Test Surface Condition of GE- 1 28 a’ — Sialon After Vapo rization. Point Load ed
at 250 W/cm 2. 30 Second s with a Beam Area: Specimen Area Ratio — 0.50

U
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~1

.1 n~u l l t t t ’ ~~slttl solut toni .  A Iso evide nt in the r im of the s1x’elfliefl 5% as a gI :I553 phase. F1n.m-~,

~ —si .  I mis ma otter the potential for ‘ hot’ transnsitt afle( ’ it temper:ItU re’s t ’xi~t ’edlng im n.

~ a1 t , IL .’ t t i’f l  point .

p
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9 . ~I L  MIM %1 NI’ I’RII)F

4 I I\ I IWI)t CI ION

5’ . 1 , 1 A P P I  1C.-\ I’ls .~N AS -5 M I t  I 1MI- ’ l’Eil \V .\\’ I-: 55 INI X )\V

I I ee s ’nt p r oe s ’s si rig i s ’s ea i’e Ii on a Iti ni inu in m i t t - i l - has I~ l’
(~ Ili ~’ ~‘d III at t r i a l  of u np roe etletiteti

IIurit~
- 111(1 S i . ’ ’ to pt’i’iii lt i I ( s ; ( s U i ’ s ’ t l is ’il t of tnt ‘imisi , - 1ihys t t ’:il prope r t i es  (R e f . 21~), Three (3)

‘-haras ’ter isti, -s i ’ ~ u l t r ’:ihig li— 1sti i - i t ~ :~l N (  ‘1 isar ’t ieular i n t e m - ,-st to t h is pi ’ogi’anl t i e :

(1) .5 (N %-:lpOI’i/ Os eongt i ient lv

~2( I t s  t h e r m a l  n ’otid ue ’t i v i t ~’ I t 10( 1 (~ * ‘x s s ’s ’tls 111051 iiisiiI~i t s s i ’ s , approae hing that 01
s p l i t ’ r’ (w i th i n  a fas ’to r -  of 1 ,

(3) It s m ’ ’ s l s t j ’ .’ i t ~ - a t ’ ,’ t ) C is 10 1:1 
~ ~~~~

‘l’ht ’~ t ’ j si’operties s’ou ld t ransl:its ’ into :i m i l l i m e t e r ’  55 iv windos~ w i th  good thermal  shoc k
I ‘s is t : tmh -e , and ss ith the added pots ’iit i:tl ot t i ’ an s n i i t t i n g  m i l l i m et e r  r ada r at tempera ture

‘ve ts :ippi’o:is ’hj ng and li -s o u l the V: lj ’ i lm ’i : ; i t io ii  I- :,zn ~ of A IN  ( - ‘- 170(1 8.’).

P. 1 , 2 I’IUX :SSINC l1 t -S t - :A l~~’Il I’I - S N

‘I’ wo (2 ) app t’o:is ’ ht ’~ ti:t ~-e been ft ‘I lowest to r nI lis ‘ . I -
. in :: I heoret io :rl Iv (101150 til t  r ih igh

purlt~ A I N :

(1) l Iot—pi ’essing of u l t r a h i g h—p u t - i t o  fi ne t l i : i n l s ’t ’ i ’ ~~~~~ powd er U
(2) (‘he ink’ :11 a 

~~~~ 
r d epos it ion of :5 I N

.\ Iso . ;ipOm’ — 3i’ Ins U S I ’S st,i~ s ii (‘l’ s ’ o ts t : i l i t s ’ i l  to es tabli sh  ks ’v j u t r ’ins ie prope rties over t empera—

t i t  i’ t ’ i’a 11(53( 5 p i i  ‘V IOUSIV not s’li:t I lls ’ ti (‘I;’ s d  (Re I’ . 2. ’) -

9.2 I1OT-P*~F SSL U -51 t%tIM’M N I l  1(11)1-

9, 2 . 1 PUCk’ KSS DESCRI P ’l ’RSN - 
-

l’he obtee ’t ( se  of his t ask  55 ( 5 to ~‘‘ iith ’st, ’e 11t’:ii ’ theo~’t ’t 1& ’zitl ~’ dense , nit  rahigh ~*r r i tv

A IN by consolidating the hi ghest t*i i ’ i t ~
- , s’onltne re ia l l v  as ’ailahle posvtlt’r using a eonthinat ion

of eI ev it eu l ent I lS ’ r :l (ii i t  and ext e m a  I p i t ’s su Vt ’ Ii ’ augn l t ’iit so l i d— sta t e  si nt e ii h g .  ‘I’ :rbl e . 2

l i s t s  the  c hu ’nik ’ a I l imI t  t o - s is of I he ti l t  raliigh pu l i l y  .-\ IN powders obt~ tr ied from Ce rae • Ilk ’ .

Si no e A IN powde 15 i’s ‘ ;i ‘1 1 : 1  lii V w i th  air • the powde VS we i’e kept in a dry box to zi 501(1 
—

fliots ture t’ontamtnat ion . 1mset~ rt ’ a hot press run , the s l i t s wer e  fi l led with the poi~i1ers in

the dr~’ box ene’Iosu re and i n m m s ’di:i t s ’I~- t i’ansfei’i’ed to the hot press appa rzitu S , l’he system

was rough pumped and then 1*1 i~~ t ’d wi t  Ii a n i t r o g en  it mosp here .
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I SilL 1- 51 t ’HFMIi. ’ & L ANA L~~SIS til i UFRAC . IN’ .)OF ALUMINUM NIIRIIM
PObfl )FR USED IN Hor-PRI-ssIN(; EXPERIMENTS !‘ 

- 

• T i~A,, t ‘~ 
‘ -5: : ft ( U 5 ’ K ’  ~ 

-

L I  - 2s~ ’

I - i)s~l - (‘5 1

I - - - 1~1~

U1, ‘21
I 

U,: : s’I0s’5i’ -

• ‘~~~‘\ , 505 ~I ~) :L :  :M1’ , ~‘:~~p~~ ~I, ,‘~ -

,l 1 .  51’~ 

-

S ‘, ‘ ( V , I’L’ - ‘,~~(h .  1 ) 5 w  
~

Fhe ps ilS t e~ rs sis ’ re hi-st pressed :iet’ordtng ti’ th e conditions i*it lined In ‘l’able ’ 53 . Futu re

s’xpertnsent s should Inelude addit ional variat ions in die material  (UN l iners )  and type t ’t

s t i t l e  t ing gas fo r  fu rth e’r Improving the i*i ri tv ~ittt1 the density of ht* prt’ssed A I N - Also ,

I s o  ‘i t t  he~t pressing l’ese’a ri’h bs Sa,k :tl ~Ret . 2~ ) will  be’ rev te~ ed since a cri tical  level of t2

~‘ ( ‘llt:ln ii n:rtIi ln (v i . ’ 2 w 511 is as 1~’*tnd to lead to improved densificatlon and flo~urt ’ strength

at more niotlerate temperatures  ~—2000 Cl than those used In this series .

.5 p l~~t ogm -ap h of se ’s-eral of the hot—press ed specimens Is shown In Fl~~m m~ 92 , i’he

sl~ ’S’e mli ’ns .1 Is ’ ti’t’ usgtxl in oi’dev of Inc i’easing density . The temperatu Vt’ end pressure’

p1  raml ’te i’s 5 ’ t the hot pressing am ’ ,’ listed In ‘I’ab(e’ ~s3 .

9 1 2 PROL’ER’l’Y (‘liz5 ltA &’t’ l I8 11.-S l’I& ~N

9. 2 . 2 . 1 So reening Properties

l’,i bte - , I l i s ts  St ’ re’ening pr oper tte’s 1dt ’nsit ~ , color’ , re ’stst lv i t y l  used to isss ’ss I-he’ stil t —

i t ’l l  it v of .i given formulation for fti rther e lsa ract u ’m’l i t  ion . $e’v era! of the ’ hot —pressed spot’ I—

nu ns clinic ’ out of the’ nm black due’ to carbon eontaniinat Ion from the graphite ’ dies and the

gra phite reststane e he’ateet ~tt v t~ace . Moist often , the speetnse’ns could be renewed In alt ’ at

_ _  
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51911 t ’ for an Iii ~ t ii ’ , The’ e’ii leii’ m u ter the l i i ’; t t i , ’:it went V:i i’h’tI I l Oft 11111,’ i s ’  1 111 15  ih’1’,’n,ltii4s I’ l l

( lie’ • ‘s g~ ‘ii t ’tint out , ‘l’ ln’ h u n ’  es’lsn Is sh ie s ( i s  ,\ I ,s le ‘ s’uint a n it ii:ut ion is hit ’  h roan I t s  I r~ ‘f t p i i  ‘;o -

t i s ’ i i  ss l  ~5lN ‘s’s’ttli the gI’a~lhl(I’ s t ie , It is known tI i : i t  , 5 I ’ ~~t ’ i i ;  s s ’ I t i I , I , ’ I I I  \ I N  ~I (i ’i ‘7 )  I ’ t t s ’

post — anne a l  heat I real iiieiit s we i.e b un , I I s ’ s igni ft t ’ant  Ii  1111 1 1 I I  “‘ • i i  ~ h i— l i  ‘ilipe ’ i - : i t  i l l ’ s’ - - I  - -

l i v  i t i  • mis show’ii in ‘I’ ali le ‘-I -

.~ Iss ’ in Fabl e  S i t , th e ’ pr’ opert is ’s s ’I I w o  v : i I i s ’ i ’  — g t i i ’ si I t  l~~’ I ’ s s  i i a I : i l i s  s ’l n I t  i ’ : i l i ig li l ’ u t ’ i t ’i i i

li sted tell’ t’on’sp:se’iieon . Stilt ’ s’ 1*111’ M N  is w:ij s ’i  s ’l,’a r , the :unili , ’i - i i  l i t s s i i  i i  s ’ s s l i ’ t ’  s i t  i ii, ’

S :ips ’l ’ —gi ’osi n speseliiie ’ns could lii ’ dtis’ to N’  i’:ii’ant ’ is ’s 1 t l s ’t , ‘st . 111gb l’ I ’ lIiI ’t i ’ s i I  I I I ’  I l l s ’ s  I ’

bs ’e’ii founsl l’’s V i m , et mu (Ref . ‘9) , e 4it a i i i ing ‘s i b i s ’ s t l t ’s ’ : i t s ’i’ I lumui t  10 13 
~1 —s ~~ m ,

1’ able , ‘t ’ t~ 1 SU mm mi I’S- ot the i ~u al i t  at (ye Ilnot’esc e ’lit ’ 1’ sI : i t : u  ~I~t :i ii ’se’d ti ’oin i i~ ’s~ ‘I ’ ’ t h a t

u ’  i- e i ri ’adt aIeel  w i t h  I l l ‘- t  of ‘s’s :us’ t ’leii~
_
~t Ii ;l~~ 0 ~\ l’Iis ’ Iisil - — III’ e ’5s ’s I 5l’ O~ I11f’1i5 ( ‘0111:4 h u n g

s~ s~ ’ umu’ s t y  ~h liie s ’  I , ’uo i I’ s I I i i i s , ’ , ’si ’oil ‘ s , ’ t l ,w  , ‘s s l i e ’ i  , ‘a’s t h e ’ h i g h  Im m I t i ’ . 15 5’s e i , e ’i ’iu le i i t  ‘ s : u ~ i ’ l’ I l i s ’\ \  it

I l u u i ’iil ’ SI i s ’W i l  i t i s i s t  151 i1iioi’e’se’s ’ i i s ’~ ’ - Slu t ’,’ oxvgeit  li :us a high :it ’Iiiuil ‘s I i su a i’~ I :i I i t i i i i  t u l i n , i t

‘ii i ‘ i ’S t h e’ l at t t ee  us Al 0 i;~ ’s 1 sni t i s l l l u l i n g  liii’ ,-S IN  iit, ’lee ’illes , I - e , , A l ‘s’ :Is ’ :unt ’le ’a a r e  Ioi ’ii is ’ sI

‘i ii ’ pci ’ t h r o e s O’~ atoms R e f .  ti l l - l is ’ ’ ’p le ’s’els sIn e to  llis ’st ’ 1i ii I ~ t I ’i t i s ’s s ’ont i ’ i ln t t i ’ i i ’  lii , ’

Iuimin, ’se ’e’ ne’e’ SliO t ’t i’ mu of -S IN ~Iie’f. OSI . I’li’srs, t Ime I l i ts ’r ’ss - i’ns -e i I:iI:u ‘s’s’lien spi:uii tj l’leiI s ’snilsl

l i i ’ inslle:ut l’s’e of th is ’ type anti quant ity ot ’ t u n j ~ iu’ t tv  pi’ess’fl t - 1.

‘ I i : i s , ’ itlo nI l i l t ’ at ton , ‘I hot — I ‘re’S so, 1 :111 ,1 s’ :u lisl i ’— g u’o’s’sii A IN ira 5 eli s ’u ’k s’iI Ii ’ s N - i ’:~ V i l l  ft r’as ’ —

I i , ’ iu l’alilr’ ~g l i s t s  the anmi lv sis  l i i i ’  t lis’ highest i lens i ly  hot—pi’ ~’ss,’sl MN :uiutl  t lu , ’ ‘ s : I } i s ’ I ’ -— g i ’ s’ ’s’s Ii

- m i s f : t  I - -S Iso sh ow-n lot’ eontp a i’t ssiiu at ’s’ I hi ’ dat a t i l t ’  lb s’ A S u M  at miiitia i’st i~ i l  s o  i v  at ui t i l t s ’

- S IN - V mu vy ing dog roes of pri’fe ’ 1’ t Oi l i’i’i ent at t tUl ml l~O pi’ i ’si ’hit l i s ’ i  ti~: s n i : i i I s  ‘at in h~ it — l i i ’ s ’ s  ;i ll

S I N  intl e’xt i’enss’ in t1~s’ t ’ass’ of vapor— grow-n s - i -v a t  : i l m s  -

- 0 . 2 , 2 flaila r Propi ’ liii’s

• l ’hi l ’s ’, ’ ( I t )  hot — pt ’ e’*sst ’ e l mill et (is o ~2) s’ :‘spoi’—g i i ’s ’ s ’s is ape’s’ i i i ’s s’tls ii’ , ‘i’ s’ msiitsiiil t t i ’d Is ’i’  i i i  ha i’ i l l s ’ S  —

s i i i ’ i ’ uii , ’n t s i t  5 , 1’ , 2 1 , Ii m ind 90 , 0 ( I l ’  - l’:uIlle ‘7 l i s t s  i I : u t : i  on I t i s ’a~ ’ f s ’ i ’ i i i n t i : i t  t u n a  is l ’ i s ’I t  i ’~~
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I ’ABU~ Sb X-RAY I)ATA FOR HOi ’-P R I ’SSEI ) AN I ) VAPOR-UROWN AIN

:\ S’l’?sl 8—2 62 l lP— 27 5%’ — 167 W 151
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2 -19 60 002 2. 19 >100 2, 19 100

2, 572 70 101 2 :17 60

1, 529 20 102 1.5:1 30 1 , 53 60

I , 5.s7 :10 110 1 , 55 20

1 . 1 1.1 20 103 1. 11 75

1 , 5-I s t ; 200

1. 120 15 112 1, 32 Is

1 , 110 1 8 20 1 1. :to 6 I .2 4Si ~ 1 5

I , I 5 ~ 4 202

1, 017 6 203

1 , 019 4 210

. 995 1 6 211

. 9315 6 105

SliS I g 2 53

~t lnmuc ’c’oufltt ’(l line

which is probably i’elmi t s,’et to the sn’sallt’r grain slit ’ mind slightly higher N 2 vat ’ mi ncy t’otitc’nt

(e lmu rkt’ r amber color). Sample s I I P—27 has mu lower love’1 than (lit ’ vap or—gm’ow’n modlfic ’mutie m

I,ut higher t hmun pre ’vlousl~’ hot—pr essed Speclnie’ns . l’hie lower oxygen t ’Onte’ itt el f the 11 P—27

sp(’c’imefl probmubly accounts for the ’ highe r the’rn ial t ’ondue ’t lvity e’onipmi reel to pre ’vlou s belt —

p i’s’ss ings which us& ’el conipmi rat is -elv Impu vu ’ pow’de’r (Re t’. :11).

‘l’hR ’ th e’rmal conduct ivi t i’ etmu t a on hot —pressed A IN matte ’ on thi s  pI’eigratii (II P— 2 7) is

m ul rea ch c’ompa i’mll)le te t (‘S’l) Sit’ , itidicating that mu ‘\‘D form of A IN w he’n synth s’si7s ’eh should

limivi ’ mu sIgnifIcantl y higher the’rmmul t’ondus’t Ivl t v  than (‘5’!) SIC (probably coin pmurable ’ to ‘s’a1~1i’ _

g ross’n A IN shown In Figu i.e 93), It should u s ’ r ioted t hat the ’ at ’ hlt ’venie ’nt of t h is high t he ’ r’mmu l

t ’onsluctivity ‘ss’lIl impi’ove ( lie ’ therm al shoc k figir ye’ of nis ’r it (‘cii’ A IN nimu king It co mparable s ot’

i i  i ’ll su pe’n’io r to C5’l) SIC.

9 . 2. 2 - -I (~~t it ’ mil P rope_rt It ’s

‘Fhe’ avml 1181)11 it of mu I n’ munspiu rent vmnpur—g n’o wn c rvstti I (W— 167) suggested it’s eva lutut Ion as

hi nuil t IniO(le’ wind ow ma t e ’i’lmil . Figir i~e 9’l slienvs the ’ spee’ula n~ I r’ an snil tt ance ’ of A iN in the in—

I u’a r’ee l fr’i’quencr range ’, ‘(‘he abso rpt ion band at 5 , 05 mIcr ons has been Iele ’nt If t ed by (‘eill ifls ,
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, t  ,u I (Re f .  2 Si ,  as th ccc’ times the t ransverse optical mode (i . s ’, , 3’J’ 0). 1” igu i c  9j shows the
s s s t i’t ’sponcing specular i’s’tles’tance of Vapor—g I ’sswn A ! N - The Restst u’:uhli’n i’s’I’lcs t :uic c region
is - . bsiundeel b wavelengths of 10. 9 and 15. 0 mic u’ouis which correspond ac( ’OL ’SIing I s Collins,
i t  a! (Re f .  2S~, to the longitudinal arid t t’Z l f l SV&’rSe optical fi’e’quenc k’s (i . e , , I 0 and ‘F(S),
t’ e’sps ’s ’ t iv s ’ lv ,

9 , 2 , 2 . 5 ~sI i s ’ i’ohai’&in ess

‘I’able (10 lists Knoop niicrohardness data measured on selected hot—JII’ s ’ssssd and ~‘apuI’ —
g I’OWfl niodificat ions , .-\lso shown a i’s’ lits’ i’atu i’s’ data on hot—prs’ssed A iN (R ef . 31),

9 , 2. 2. \ ‘ap or izatio n Charactei’ist ics

~\ qualitative investigation of the vapot’i?ati on behavior of hot—pi’essed A I N  was conducted
in :ii r using a I 5K\~’ t,’o., flat—top beant to c s’eate surface teniperotu i’es suffis’ is ’nt ly high to
induce SU i f  3cs ’ vapol ’i-,ation . ‘I’h~’5~1 (3) Specimens Were evaluated at an intensity of 1000 W ; s m 2
t ot ’ t tn t ~ ’~, ranging from 2 , 1 to 15 , I) seconds Figure 90 shows a typical su i’face coneht h -n  fou ’
specimens in this ss ’ u ’k ’s , Unlike C\’l) a — Si .3 N 1, no evidence of a molten cation (A I) ‘sv:o.
found . ‘es reported in the litera ture (Ref . 34), A IN exhibited visual e’vidcni ’e of congruent

:11i01 5. ’: s t Is ’ s i , a i,’haract s ’ u ’istk ’ which could enable mi l l imeter  wave transmission while f_he
antenn a window is vapos ’i zing.

9 . (‘HE %tl( -~L ~~&POR UE’ POS%TION OF .\LUMINUM NITRIDE

9. ~~ . I ‘l’F ~( ’ilN iCA I , APPROACh

Wttik’ most refractory nit rides (e . g. , those of Si, It , Ti , etc . ) can be pi’epa red fi’oni the

~‘~~ioi’ phase by reaction of the appropriate metal halid e w ith ammonia at temps’s’atu i’es between
al ut SOt) and isoo C or highs’t ’, the ’ pi’epai’ation of aluminu m ni t i’ids’ by the direct approach
oftet’s sonic obstacles This is due pi’incipallv to the difficulty of reducing aluminum chloride’
(I iI’ectlV to form the ink’ t’med late spec k’s required by the deposition process . Silicon , ho rOn
and titanium for exampl e can be i’educed from the chloride by hydrogen to form either a reduced
chior iek’ such as Sk i., Or 1311C12 which conti nues to i’ez us ’t to form the metal species or ammoniat5’d - - -

complexes , from which the nitride is eventuall y produced at the heated deposition surface , The
high stability of aluminu m chlo ride prevents this di i’ect appi ’oach , however , and the deposition
Sp&’cies is usuall y prepa red externa lly from the reaction of Alt, ’ I.~ and an imoniu m chloride
(Reaction 1) in smal l quant ities and vaporized onto a heated disc ti) form a f i lm (Ref . 33) is
shown below:

MCI 3 + N}I 4CI -A I CI 1 ‘ Nfl 3 UCI (React Ion 1) (22)
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t , ’t  ,‘x t s ’llsls ’sI 5 ( t ’1i 5 ’s--. I t s ,

9 7 , 2 t X  1’)- ’ l i l M ~’ Nl’ -\ I -‘e I ’I’R(S,-\i ’ll

I’cco :1 1, 1 , i ’ c i , i s - !ls ’s ‘sc s i’ s ’ t aken  i l l  s ’re ls ’t’ to  ) i t ’ s ’p t l ’ s ’ i- s ’as sinab lv th i c k h i a t t ’s 5 i 7 , t l u n u i n u m  n it  t ide

li v ‘,‘hs’n’si~’at ijiot’ c!e1~~sSi t i s sli , l’he ~j i ’ si s - s sll s i st s ’d s ’t ’ I s i t - t u u l t i s i tu si t ’ I l l s ’ i’s ’,tc ’ ij c  s ’ j i tt s ’ i ’ l tts ’sIi :itt ’

Re ’ac t ion 1) so that it S ’ s m c !  t ie c-a 
~~~ 

i’i .‘ s ’s! Li i i  0 1 e t , ’~ is  is-s i i i  i ’ll t ’sl m c ’ s ’ . 1 1 7 5 1  s I t ’s ’ s il l lps iS s’d is ’ the

flit i’is!e ’ , l’!ls ’ sec ’ s i l l t !  ‘,‘ s ’ l l S I s t s ’ sI  sit t O l ’ l u l , t I h i l t  s ’t  I l l s ’ i’ s ’etU c ’ t ’s! c ’ l ’slor is!s’ i l l  s i t u ,  i , s ’ , ,  in the  s~~ss

It ’s ’s! S’s SIc ’ I ’s ’s tO’s WLs ’tli :11 eI~ bs ’ to l’s’ s’i’st c i i  t i t ~ I he ’ Is ’j s siss it 15’ll - s it ’s  s - , i ns! i’ s ’aet 7 i1I~, i i ‘s’s i t  II t I I I I I l S iII hi II

:1 hs ’:it c ’s! subst i’at s ’ ,

H . 3 . -‘ ~ Ss’p:t 1:0, ’ P i’ecu l’Ss i i’ 1’ i’ejia rat I s S I

A . tis ’as ’ I ion c’s’ it.h N 1 ~,s 
- I . .\ s ’ ha r’s~s’ s it  sI n iii inn n’s to s ’t a! • ~ri ths ’ to I’ ll ’s s ’t 1 Iii nO nit iii ns’s’s!ls ’ s a s

~ eli . i s ’  cut ;ilu intn u tit  i lOi l  cc s’!s!illg I s ’S !, ‘se t s  m i l i x s ’ct cc j Ib  s t l ~ t l i l i ’ s l i l n i l i l  s ’ ! t l s ’i’i sl , ’ i ntl !is ’: i t s ’tl

i’s’s l ’s  untIe ’ t’ a St l’ s ’, t  ill ,‘t sI l’~ .1 f l ims’Il t : i , U s ’as ’t IOU o c t ’11 i’ l ’ s ’s)  at 
~t ’t ’ i”,i \i l l l : t t  s ’ly , 7 , ’H— I Hi 1 C ,

Usua l lv cc- I t h sui t  t i ~- I cut c’ igsi i’ t o  t~ i’ s ’c s lit c’sm nt l’ s ’ I ~ Us! ~‘s i I is~ t ion ot a i ts  s ’ l i i i  I’ i’ e ’Shi c i - S s ’ s  s’ l’;( I

i ’ t t s i i~~ s It sIiIu t it i l l Of th e ’ s’h:trg s ’ ‘sc i t ! l  , t l t t i i u i t i t 1i5)’scs!s’l’ ‘scel ’s ’ l l l : l s ! s ’ , tv, i t  ‘ s ’ si th equal l ’s u i i s : I t i s —

, I s ’t  i it ’ ’s  i’ s ’sti I t s  - 

.,‘ —‘- -
~~~~

‘_- -. .-_, - _—.—-—• ~~~~~~~~~~~~~~~~~~~~~~~~~~
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1000 190 10 —

10 00 5, -I 90
p

1 ’20 ,i~5t~ 50

2 1 - 3  99

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

A tn i ’ths ’i’ s t  t o i ’~ to t l i t i ets ’ t’at ’,’ the reaction rate on ds’s’isn’s itio’s’s ‘sit ;enimci’s\iun’s s’hlortst ,,’

in ’s- cO ’s-cd the U S e ’ s’t :111 exlie ’i’im s’nt :iI htm l cci re’ reactor . In this approach , radiant s’nei’gv from

Iii , ’ c c i i ’ s ’ h s ’ats :111 : i lu i l l i i lunl—aIun loniunc chloride charge tos ’ats’d elit’eetly hens’;eth the ‘sc i i’s ’ .

‘l’he s ’xli e ’e ’t ; l t  ion cc is t lla t I he a luni mum chloi’isle ’ an imine would cap oi’ i -z s ’ :un ! s!s ’compose on the

‘sc i i ’ e ’ to Is ’ i ii ’s an :I lu i l ’si i l ’s un l  nit i’iek ’ deposit . Ag:i ill , however , itu t iat iotc of the i’ s-ac t iOn o,,’s,’u’s’rest

‘sc it h su t’t’icie ’nt g:ts s’volut loll ts i pms ’Ve ’Iit hi conti’sslls’d i’s’;is ’t ion at tl ’se hot ‘sv i i’e .

I i , l i s t s ’! is s i l  I i s ’t ’s’s s ’s ’hl A l( ’l.~ and Xl ~~~~~~~~ cs’On( ! appi ’oach to sep;i i’ Ll s ’ prs’pai’ation of the

hi I l l  t i le’ 
~‘ 

I’ t ’S ’th L’Ss ’i’ S t i l l s i St s’sI t i  I i’ s ’hl s’t ulg hil l ’ s  111 (5 11 iS and I i s ’S h I to i’ll’ s’sl a lun i  ill it iii c blot ’ ide ‘s’aix’ I’

l’h s ’ t ; i t t s ’ I ’ ‘sVhi$ pi’ s ’I izi i’s’s! 13 l’s’act ion sit  aluminu m meta l  and hydrogen s’h lori sle gas at 1St) c,:,
cvith the ’ l a t t e r  I i : i vi  ng been gs’n ei ’ats ’sl Ii’s s l l ’s)pp iilg i’OIlc ’t ’nt i’ats’sl sit I tu mis ’ acid on sli~’ sodium

s’hle risls’. The’ P i’exiuct cons is - i t e’s! of a small amount ot hi gray , glass~ - m iss , is lent if iesi  I”,

i l l t i ’ ar s ’sI I - ps ’s’! l ’OSs ’ si 1i\ IS s’onth i i l l ing  a luminu m s’h ls i i ’is le ’—aiiiiri s ’snui comp lexes IS shown in

Figu l’s’ 97 ins! slesc i’ibcd :is :1 nhixtti re’ oh ‘onip lcxs’s csiiita ining va ms,-ing ;iniounts 0! am ii ’sOIi ihi

comp ls ’x s ’sl t is aluminu m ch ior lsle ’ (Re’f, 11), ‘l’hs’ ceimple ’x flhIX t U me’ cc as then heat t i’e’att ’el hit

- ‘s’s - C It s s !s ’compo se ’ ths ’ highe’i’ ;in inioni;i t s’s to the ’ ms ’snozimn ’son i ;it e’ cvliich is useful for vapor i—

it ion i it s th e’ fui’nac s’ t ’s’ i’ s! s ’l i sis it loll of hi! ii ll i  j UtLi l l  il l  I i ’ide’. ‘1’ he v ir I s !  ts ’ V lb is t ’ l’ s’ s’ e’sS cc s I c ’

i-s i I l i s ’cc h at  slt scou raging In c’lecc- s i ! the ’ ou’t th at  I ’s - I l l ic - el  thick s!e ’1i s~S i t s  01 a luminum nit ru le ’

cc s ’i’ , ’ si*ig ht , in v i s ”sv of this , ths’ :IpI i l’ si :It - 17 ‘sv :t s sls’fe ’i’i ’ s’d fo i’ the pi’ i ’ss’flt , and it ‘sc’hlS c ’Ofls ’ lusts’s !

that the usc of th e se ’s ’ s ine ! nis’thsxl, i - 5’, , to i - i l la t  i t ’l l  sst the redu ced a l u m i n u m e’h’iloi’Ide Ifl Situ

offe red th s’ most j’ i’ s’ nhi  Sc ,

k
— —  — — — - -‘ 

210 

- - - 
-



_ _  -~~ -- - -.- - - - ~~ - - - -- -~~~~~~~~~~

9. :1, 2. 2 In Situ I nts ’ i ’nie’diat s ’ l”o l’t il hi ii 5)11 hI Ill I \ ’ a 1 t5 )  t ’ I )s’~ ins it ion

Sines’ t hs’ rs ’duc lion of h i  In n iinu iii L i ’ is ’hl sn ide c h i l i  l) s’ hi c ’s’ s ~mj  0 is lis t ! I tv l’s’h Ic t ion cc-i th h i ! U mi nu ni
‘s -h ips n’ h Is  shown in TabI s’ 6 1 hW ( I Es1u hit  ion (23) , ds’ito~ it ion of hil u n’s i null’s nit mitts ’ W h i s hIs’c oiTl plishs’d - 

- ‘
by carry i ng salt the ’s reduction in the’ t k ’1~ t sition fu i ’ii h i s’ I ’  in Lbs I ) l ’ ( ’S5 ’li ( ’s’ of am monih i . Th is wa s
accomplis he(t using till’ lhIbOi’hitol’y St’ t 15’ I ! s ’pos i t i s)n  s~’sI t m  siiowiì in Figu i’s’ 98 . A c i’sts s— s s ’r t ionh i l

view of the (lepo sitiolu to I ’nhi (’ s ’s is shown in l” i gu l’ s’ 99 hind the h i lun l inu m ms’tal chh l rge rs’s-s’pthi cli’

is shocvn in Figure 100. ‘l ’h s ’ fit i ’ nh ls ’ c hot -/ ons ’ is 2, ‘~ em x ’20 (‘Ill , , hil ls! hh Is a relatively unifo r m

temperatu m’ s’ profi le . Hence , ths’ only cont ‘ui ocs’i’ fli t ’ h l i u l i lin um  t( ’lll1X’ mature and hence its 
‘

:ipoi’ pl’s’ssui’ s ’ is its location, PIaceIllI,’nt of the h i lu m inum contain s-i ’ dii’e’ctly ahovs ’ t)~’ gas —

inlet zone h I S  shown in F’igu i’s’ 100(11) priic’i(Is’s h i ti’nl~te’ t’atu me sect ’ ma! hundred degrees below thh it

ot the ’ deposition to t ’gs’t , :Ilso shst’sc-lt in F’igu mc ’ ! 00(1 ) ) ,  l oss of I is ’a t both to the cc’atei’—e’ools’d

j ;is ’ket and the incomii’sg g:ress ’s pi’ovide~ tic’s’ ctiLf ’s ’i’s’n% i~ t , hilths)ugh ii is not possible to cont i’oi

hepos it ion tempe ’ I’S Lii i’s’ hi nIl h i lt i  fli 110111 ‘s’ : t i t )  I’ / :1  t to i l  I s lops’ i’ h i! Lii’ s’ in sl& ’j isii slent ly , Ti lt ’s conth i mci’
p

101’ the a luminum is a gl ’hip hite cup, j i I ’oc’ idl ’d cc - j i b hI  gas p;~ss~igs ’ along ths ’ :txis . ‘l’hese (‘UpS

cI ( ‘l’ s ’ PY I ’OiY tR ’aI l Y infi lt t’ ;tt ,’sl with s ’s u’bon I s ,  pi’s.’Vt ’nt l)S’I’ lilt’ h)ti on Of the aluminum into the

g raphit s’ l s i r s ’s ansi fo i’mati t ni of alu l l i inu f i i  ‘ : t  i ’bj sls ’ , ( ‘: Iph i( ’it y is :ippi ’ox ini; its’Iy 5—6 gnu of
-ah i l u n u l n um , 

7 
-

-‘S 1- urn  in t i  Iii s ’hlori sls’  cc’as ( ‘O li t hiifl i ,’I I lii hi t lhI i - i k belocc’ the fi i l ’iih i( ’t’ h i U L !  cc ’h is Chl i’r ied UI) to ths ’

furnace m I s  I by :i ~lo’sv strs ’;i ni of n i t  mogell passing through tl’st’ flask as shown in Figure 101.
‘l’ s ’ flip s ’ i’:i tu l’ s - in t hs - t ’l ask ‘sea s  I l l; l i i i !  hi ine( I :t I t pp i’ox i ni~i ts ’ !y 200 C hi l ls  I h i  hea ting I hi ~~(‘ cc’:iS p i’o

c- is !s ’d to p l’ s ’c ’ ’ ’flt p t’s’ li lhi to i’s’ s’onslens hi t !  OIl i l l  I l ls  - go S 1 ins’s , Iii t h e  s ’h I i ’lv runs , the ’ i’s’ we me ’ prob—

Is ’fllS h i S s - - s M ’ !  113’,! cvi t h clogging hint !  nlh i ints ’tiancs ’ s) f g ;t s f1ow~ -

Dii i - i  ug t h i s’ s - i  ‘ii l’ss’ 0 sl s  ‘posit i on mu us i t  I 0cc- i - i ’ Is’ nipe i’:itti i ’s’s cc-he me I lie’ a In Iliiiiu m cc’a s only

slight I~ ahovs ’ t In ’ m ‘ ‘ I l l  ng 1)0 11)! , th e’ l i i i  I shu 
~
i of ’ hi g r a y ,  gI bisS\ ’ tls’pos it ‘s ’s’ h i s ob~ e t ’ V 5 ‘(I hi i’ound

the upps’si ’ s’sl gs’ s,t lh s’ cup. Sonic ’ of this ni h it  e l i O t  cv ;Is rot  hs ’cts ’d Oil the :issull lption that it ‘sc’his

the Iii U l i t  mu ni d i  II i i ’  ul t ’  hI Il t i l l  C ’ , hi 11( 1 LI S s’sl 101’ till s’ I Is’p( t s i !  iou iii ii ’ ‘l’ h l hIs’ 62 SL1 flhiflhl l’i ‘/S’S tiit’

l ’ s ’sul ts  of ths ’ slepo sition 115115 s’ai’i’i i ’d o u t  thu s t ’ai’ I l l  the prs tgu’ ; iu ~,

‘l’hc (leposit obth linesl in Rut i  I cs)nsistt ’d of hi ch i l t h t  r y~ l low m h t ts ’ i’i~i I founs l di u’ s’ct I above

tilt ’ feed guts  inls’t on the down’sc’a i’s! I t  c’s ’ of I-he (Ie p cisiti on I hi l’gs’t , ys’l low—whit e  whiske’i’s ha i l ’—

‘sc-a up the ’ l’ (xl SLi 1)1)0 i’ti ng the La i’gs’t, 1110 a i’ s I  a ! ic -I  ~ lb ick s’ ‘v sihi I I  ins’ hlh is’k i is’pos it c ’l ss ’~

whs’ u ’s ’ , A II cc’s ’ i. e il Ii ‘nO ft cit :15 cont :i in i ng a In nu l i i i  Ill i l l  I’ ide ’ , wi th  a high ru nt s’ii t of h i hum m iii

sh im’h ide  In the’ hlhi ck sle’posit. ‘l’lic ’ l i l ;u t s ’ i ’ i h I  I fi’om Hun 6 ‘sc - l u sh cv ;t s cc-hits ’ ‘s’s’:ms also i(ls’ntifis’(I

a S hi Iu nu intl ni nit rids ’ , I , lt t’ I’ hit tl l’s’ i.e fs ’ i’ t ‘115 ’s ‘S I l l s  ‘ I l l  i s  in 15)1 h cc lii ts’ hi ill s ‘110cc’ d5’~ 0S i ts his hs’ big

_ _ _  - _ _ _ _ _  
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l’igiirs ’ I Oh .St ’heunat is’ of ’ l) epsm ci t is u um Svsmem to t ( ‘V 1)- ti N Sh owin g Flask (‘onta i iu in g tI( ’I~

chhi i ’acte’i ’istj c s i t  p50’ s’ A IN , ‘Flu e ’ ~ c ’l low colsiu ’ is ill u’ ihc lis ’s l in slOe (‘hi s, ’ (Rs’f . :15) Is, silicon

nionoxisk’ impu i ’i t i s ’s foi’t us’s! I hu’ siug!u l’ s ’hi s ’I ion ‘s Vi t- i l  i l l s ’ Sj II s ’b i sii hst rat s’ , Single ’ c I’ st a ls  pre~
pa i’s’d untie i’ c- c ’ u’ pu i’s’ csm s!it ions , ho’sc-s’c ’ s ’ m’ • cc - i-i - i - l igh t  v s’I b ce- in st -c - ,’ t a t  chis e’i~ (fle’f . 38 , :19 ) ,

Ths’ POSS iI~i I i t ’, IS  al cc’:i ’,’s p i’s’s ciii thu s I s’smt hi u I  i l ) h l ! i  si l l  of Ills ’ s!s~ 105 it I ) ’~ I i’h i cs ’s sif Oxygen cou is!

lead to alu m in stn i  six vnit  i’isie ‘sc’his’h n e t ’s  he c’s-h its ’,

Exps ’i’iene ’c’ c c’ i thi  tI n ’ h i I ) s i c - , ’ mo lt s il t s ! Is ’:its’s 111:11 h i h s t i l u i n t t u i l  l l i t I ’ i s l s ’ s ’ : i t l  In ’ pi’ep :ui’csi by s’he ’mi—

cal c h i l i s i u ’ shs’posit ion , hut : i l s t ,  t h a t  i f  l’s ’h i s s iui ahlv  thlis ’k sh s ’ilou-s i t s  hi t ’ s’ t o he mash, ’ , :i Ss ’pal ’at s ’

s’oflt i’oh for v :Ip oi ’i -, big : t l u m i n u u u u  it knsicc-li : i u i s t  i’s’1ii’ ,isliis’ jhls ’ pi’ t’ssui” s’S cc-ill be’ i’esiu iu’ s’d ,
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si -c ~
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shisic ’s n in I - i g ’i I l ’ s ’s 1113 Ih l I ’ s iclg li l i l T ,

U
CUTTING PLAN — 1/8 IN. PLATES

p

DIMENSIONS : 1/8 )( 6 . 1  )( 4 .6

SPECIMENS ; FLE)(IJRE BARS

I’ i~iu i s’ I 0 . 1 ( ‘u l l I j uu t i  I’l ; iui I S l u s h  h’lale ’,,
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DIMENSIONS : 1/4 )( 2.5 X 3 . 1

‘5

SPECIMENS :

K — KNOOP HARDNESS
T — TENSILE
I.E. — THERMAL EXPANSION

Figure 104 , Cutting Plan — 1/ 4 1n~h I’Iale

DIMENSIONS: 1/2 X 1 .6  X 5.0

SPECIMENS : ULTRASONIC

Figure lOS. Cutting Plan I 2 m d i  Plale
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DIMENSIONS i 9/4 X I . I X 3.5

SPECIMENS : THERMAL CONDUCTIVIT?

Figure I Oô - ( ‘ill IinS I’Ih Ifl 3 4 Inch I’lage 
‘

~
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15 ,  TEST RE SULT S

l S . I  t H E R M A L  EXPANSION

‘l’ her nlai expansion I iieaSur ei liel i ts  ws’i’ t’ made f rom —250 ~ h ” to 15155 )- h- ’ using tcc-o dilatonieh’rs, 
- -

En (he region from —25 0 F to 200’F , a quartz tube d ih a t o l l l e t er  was et iip boyed , ‘l’lits clilato nc c,’ter
cc as calibrated against an N h I S  cei’tilIe(l fused si l ica nta t i c h ars l , ‘I’hc specimens were thie~ run in a
‘‘l’he(a ’’ sh i f fer ent ia l  dlIa(ometei’ agaiuist an N 1)5 c ’crti fiesl Sispph if i ’ e standard . Two in— p lane (X) hilid

two perps,’ndlculai’ to the plane (ZI specimens were IeStc ’cI . ‘t he in—plane or X—di r ect ion sp ecinie-tis

‘s cen e’ cut from a 1/ I  Inch thick p late and measured 1 ~-I x 1/4 x 2 . 01) inches. The Z—d irectic-n or

iierpettslk’ular spectnieuc s were cut from a 1, 0 inch thick plate ansI consis tt ’ II  of two pieces , each
1 ‘~ 1 / 1 x 1 . 00 inch , which were stacked to form a two—Inch long specllilen .

his’ results of the liieasu rem ents are shown in Figures lO S and 109 for the two test dir ections .
I h ers ’ is no s ignif icant  difference betw een (lie two sets of data , which are shown combined in Figure I

:

l i i i , I ’ht ’ tws sets of da ta  were each regr ession—fitted using a cubic polynomial . Nine t y—nine  data

points w-ei’e employed for the X-direct ion data and 130 po ints for the Z —dlrection . ‘rho resultant

equations were then used to calculate expansion (dl/1~ or thern~a1 strain and the slope of the curve ,
w h i c h  is t h e  coefficient of therm al expansion , at several temperatures . These results are given

in Table 05 .

- I 15 ,2 HARI)NESS MEASUREMENTS

Knoop hardness (SI ) gi measurements were made at five point s on each of two plates . Result s
are given in Table (16 , The mean is only slight ly lower th an the value of the 100 given in vendor

data and (ice difference Is probably not significant ,

15,3 U LTRASON I CM E ASUREM E NTS

ultrasonic ve locity measurements werc made to determine the elastic constants of t h e  t iiaterial

under dynamic conditions , Initia l  nieasul’eiiients were ’  made In the longitudinal  mode at several fre—

qcienc’los on specimens from a 0. 500 inch thick plate. Three specimens we re emp loyed , each approxi-

mote l s ’  1 , s~S inches square by 0 .500 inch thick . ‘l’hie direct ion of iiioasu :’emeiit was perpen silcuhar to

the plane of the p lat e . Mea sured density of the specimen s cc’as 5 , 20 g ’cm 3
, determined by water

i l h l S I l c ’ i ’ S l h ~,i , ‘h ’he ul t rasonic measurements sc-ere made Ii~’ the bufferb lock method , using the sw eep

Is ’I ~ c’ of a “rektronlx ” oscilloscope ts measure tr ans it t i me. ‘l’his delay cc-as calibrated using a

c’ rc’s-’thul—esi ntr olled t ime mark  generator to assure accuracy . ‘I’he results of the ini t ia l  measurements

u s ;‘s ’ gi von In Tabl e 07 ,

231
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Ithoug h the c - c: Vt ’ c’elsx’ I tV  Pei’ lk ’I)tiit’UI:fl’ to I u s ’ p l an s’ ~i’ 5 was s, ii l  c- s l i g h t  Ic - ’ t e s s  I it’ll) t h e  I n— p lan e

c - e l  s’s ’I tv I - \‘ i , the sit ffc i ’enee is s itzn 1ff cant at the 99 pert’ s’fl I s’s’nt ’t sk’ f le e  lec ,~ I . -\ I ft  i ’ sI it  c-c- ss

thought that  thi s  indi catesi  a slight aflisot i’opv , hut :~st dit iona l Z— dit ’es’t ion ule ssut’ S’ U\s ’ ic-t s  c -ic-

~pec-’1nc-s~n from I he I , 0 inch  
~~~ . 

3 1 cm~ thick p la te  gave i c - s ’l, ’ s’l l v of 5 , I i kui i  ‘i . It  c - ’ )  S I l I t ’i’ s ’fs ’T ’s ’

Cs~~~’ltid s’ti thf l t  the mat e r l il is t 5 O t 1 ’ oI ’ i s ’ hut  tha t  a S i c - l a S S  p l a l s -  - t ’ ’-- i ’ l U -  , l t f f , ’r s ’ns ’,- in s’lastis - , - , - i i —  - ‘

s t i n t s  exi st~

Stn,,’&’ th~ e l a s t I c  ct i ’ s ’ s s— s t i ’ : i l n  behavior  of an t sotr. ’p is’ s l , : l ( e r j , s I i’ s ’~~ i l l I’ , ’ ’- ‘i l l ’ s’ I cc o eta ’n i ,

t’s,ii’ t ic-t for its description , an a t tempt  \v:I ~’ m isis’ to ,Is ’(s ’i’m ins ’ th e  I o n :  ha - c-c ,s c s c - I - s -i v to

obtain the ~& ‘t ’oii,i c o n s tan t . fhie’  spes’tn ief ls  i n i t i a l l c -  s’nlp ts ’s V( ’s! f o r  I l i i ’ s  p I I r I ’s ’ss’ cc , ‘l’ ’ ~, ‘ 
‘ V

x 3,00 Inches and were CCII f rom 5 0. 23 inch t h i c k  j i l i l e , l il t ’ t ’ i ’ s ’ S ’~~- 5, ’s ’ t i , ’II of I t k ’ ss ’ ‘sp.’s’ i i i t . ’flS

proc -ed to be ’ t ee large fsir Isi ug—h a r Iii e :55)11’s’ Iii O u t S , psi i’t is ’ u l  a u’l c- sit I i i , - i i i  5, 1’ fi’eq sue u s ’ i s ’ -~

.-~ t t e1np ts  cc s-i’,’ i t s,’ made Is )  me:Isure  t , ’i i :~—Ii:ii ’ c-’ el ’’t ’i t ~ eli Si 5~ c’ s ’ i l i l s ’I i  c-c- l lh ’h  cc I s  ~l , 1~’ , ’ sS , s i )

~~ . ~I0 inches in si;~,’, at Ires~u ens ’ts’s Is b c - c  i s  0 , 2d ‘sI l l . ’, b u t  lb..’ r esu l t s  c-c ,‘i’ s ’ not ‘sa l  i ’sla, ’I , ’, ’c-

(I . , ’.~ I ll s ’’,’ c - c c - i ’,’ s5 sIes t iOflSl l ) le l .  It  aj ’ps ’ni’s I I  t i l l S  t h u s ’  t ha t  a shear c- t’Io,’iIc - i11, ’,SSi I l ’ s ’ i)U ’i l I

would probably be the  best c-c ac -  to  obtain the ses’efld si I54 t is ’ s’s)flst :inI ,

—-  
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~~ h I  -‘t S L I R I  ~ II N l S ()r’( / l ” ~I S i l l  ‘di ii

I ION(. l l III) IN’ . l  Is ’.’. I , I I N I ‘.~~I’ . i  S I K - % I~’s~ I ( ) \ I ) I I I l ) ’ % ,s ,

h’ ’I’llt’ llsl t s ’sll:sr I.’ I i i , ’ l ’ l an , ’ .sI thu. ’ )‘l:,i, ’s

\ , c-c- s c . ’ \ , ‘I , ’, ’ i l v 1 5 : i t : i

\ I , ’ :sss

I l’ , ’ 5 1 1e1l, ’’, \ ,‘loc ’iI ’, ’ S N 1: 1:151 , 1 ‘. ‘IIut:IIll , ‘
~ :~ 

- -

~\l i l - c -  5 h i i t  s i  5 1s 151 ‘~l I 5 ’ ( ” I -~~

- 31 51 , 55:1: ’ ii ) I - I , 2 \ I si ’
ci ,; q u , o _ is :sS :‘ . - ‘ i s ’ -
I . s i, ’ I , 1, ’ 5 , 5 5 21 :1 l , ~ , I h I ” I i 

-

- ‘ , :t ~ ~5 , 01 , ’ :5 1 I , s ; 10 1

Ccl I , 59 0 , i l l  s , I I , -
‘ I s

~~S 5 5 )  I , 5) , 55s51 1 1 , 5 ’  \ I 5 ) ~’ -
~~~~~~~

~t ) .’n i - s t t c - ’  of S p ’ ’ i i u ’ui ,,. :‘ , c- in ” , ‘c ’ \V~~t s ’i ’ h s i s n i , ’ , ’ ’ s i , s s s (  - ‘s

ii . \\ s i c , ’ , \ t t , ’ n u l : I t I . ’ l ,  1 1 511:1

N -\ I I  ‘ — l i , , : C  I , . i i  ~— ‘:~c-

~s lI s  ,‘ lu I i

(1 - 5 5 :‘ 1. :’ 5 1 — I
.‘ . s S l) 2 :‘ , 9 S :~,:l

1)), 5 1 5 1  :‘ 7 . . I , - ‘

N I ) : I I : I  1’ , ’ Iu u t s ;  S -- Xl ’ E N — I t  lb ’  I- ’ ’ s l l i i i : , I , ’, f  .slasi - I .s,’ , I 5 5 ,-c 1: 5 1 1 , 11

I I l f i  I ~S t i  I R - ~N U N I ( \ I  I O c I t ~ ~i I- -tSt ~Rl III N t S  - ‘ .1 100 ~% lti
I 4)\ 1 I h 1 ’ l ) I N  ‘.1 II ~~~~ 115 1 i\l-’.l SIR SIN .. ~ M)llK )\S

c-c- s c , ’ N , ’ , , ,j  I- ’
~~u liii: b i d

\ “l,ss ’iI V l~ , i I . i 1 s ’ i i l b .  Sl,s n,l:si’ ,I l i , ’~ L I l i s ’,l— 

( lsl i )  . 1  
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N (In pl:lIu. ’ -I . I I )  1:’ 0, 00:5 19

V ( i i i  pI:IIIe’l I - Is )  I:’ 51 , s 5 5 1 1 1 ,

~
‘ (: ‘,- l” ’ 1’ I I ’ ’~I l : I  i l  5 , is I:’ (I. 51 51 , 5’’ -
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~
‘.‘,‘ s , s i . ’ o , ~, l , - .s - I l - e i i i ., I i  1,1, -h i f b i , ,  I, I ’l l . ’ .
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In I ’ s ’ i c - a i ’ , h to th u s ’ e ’1 :I ~l t i s ’ s’,il l- ~I:Ints I’.’r a u  5,iIl’ s~l~ ls ’ llt: tts ’i’ i,sl , th e ’s s - a u’ , ’ - ‘ t i - l i  s i c  ‘ ‘II si ’s I h i S s ’ - ’ ’ 

I 
-

s ’ , ’Iu ’ - t : ,  s I c , A SI 11, 1 . i S  is (Icc-s slcs’ni ’ t ic -tiditlit ~ . Iii I - i ’m’ of A :iIi ’i S — ~l t i , ’i’ ,‘t : I  “I I , ’ , ‘ , ‘ll  ‘ 5 5 : 5 1 1 1 ’ s  i i ’ ,-

~t t e Is . 12 , t 5 ~l

I’luo s’,’llS t :llIl 
~

‘
11~ 

c- c ’h il s’h 5 :111 h, s ’ :l I , ’ s i l : ~ t s’ , f  t I’ .’ni I i i , ’  ,ls ’~~sttc - - Sl id t l , ~ s i l l i a  ‘s - l i t , - c-s I c , ’ c- i ’ I - - - i s  c- -

A i :~~;

‘I , s i i s i g ’ ’s \ h , ’ shs i lus , f- = s c-3 X ‘ I c - S I  ‘ i A  ‘ c - S c -  -

l’otss,’sn’ 5 l l s i t t o , ‘ A 2~ A St .

a cc i v , ’ c “l”s ’ f t c - ’  e u -I , :5~) 0 , 01 k m c and a ,h ei1 ~ t I c - -  ‘‘1 :~ , 155 g s ’ni , t h i s ’  c t I c , , ’ , ‘I  I I , , ’ , ‘l : s -  i i , -

c’s’tc-StRnt Is

I t  
1 1 . 7 0  0 , 1)7 x I s ) ” lus t .

i, sins ’s thi s c - i t i t i ,’ I s s i ’  I ’ :iuu,i t I S s L I l I l f u i g  c’ s i l ’ I , l l Iss  I ‘el 5~ s, ’ i l ’ 5 i’ : l t  I s ’s , cc . ’ .,‘nn s :Ilt’sslal ,‘ , , - s’ i’ , ’ ’s~’, ’j s ,  I
— Ing c : i l i u s ’ ~ . .f \‘su u ulg ’ s n i s ’ . h u t c u s  au i . l  she sc i’ eccosic -s I~ s _ Ic-s u ng th I s  c- c ,’ su’,uI :51 1 h In ’ l’

~’l h , ’cc I i i ’ 
•1

s \‘c ’utc-g ’ s ~ls, ’:s
Ii S I t l , i  \ I s csht ~Iuii \ l  , ‘,h u l u ’ s

r(1 , 1) t 1 ~~ ’2 ~ i~~ ’ l’~~1 1 . 33 c- I t 5 ~’ psi
0, ste 10 . ~:‘ ~ 10~’ ~c~ i -I - 

2 )  ~ 1 1) 5’ list
0, :t t t 0 . s S I  ~ 10 ” pci 1 , 1) ,, \ I s O ’  psi

cc- Itt he .Ss’,’iu i i i  l a t , ’l’ Socti , ’n s , tl, ’xure :tiisi t en s t t , ’ l a I n  g i c s ’  a PsiI c~~s ’ii ’’: r a I l ,  i ’ t  SOi s u l I t  ~i , ‘9
an, I a Ys’ung’ s nc-c-’s,ku tits of :ih, -s i t  10 , 2 M c i , t hus I hse ’ :itnsc- ,’ s’:i tonI  it l ou ~:t c , - .c ~ Vs ‘Ulig ’ s iicsu dulc i c
cc-b lob i - s  sitiou t Is ) I’e’rs ’ent f u i g h iou’  t h an  th at  obtaine d (rotc-c tIc -t’ cttI ’s,’i’ t es t s  su s s i u m i l i g  l ’, ’i c s , ’ u i ’ s rat ts s -‘

is s5 , 29~,

I ~ 4 t If ldI  I t-IhI ’ I  R - t f l i R t -  L- X I ~ ) StS R t -  i - I - I  I - I  ‘ I S
- 

I r h, , ‘ I ’ l ~~ li su I test p lan  c - s t l  It’si for fl,’~~iui’ ,’ h ’st I ng of t hir,’s’ sp.’,’hiii, ’ns at ,‘oom h’ lil ln ’rsu t su i’e’ :sft e’i’
5 ’\ P”’sii i.e to I ~ i ’O h - . \\ lion I l ls ’  f h i ’ V l I u ’ s ’ 5~~k ’ ’  I l l l s ’ns cc , ‘i’ , ’ i’e ’ e’s ’t ve ’d : t f ts ’u’ l i ia , ’h ln lu i g, thu’ ,’, cc- el ’ s’ ,‘~~

— i’s~’ss~’’ I I , ,  l u g  Ii I e’mpe ’ ra lure c-c-hi Is’ li st ’ i’s’ns ii liii uig c - c s ’ re’ ln’ I ng toss to, I . - I’ t i e ’s,’ f l u ’s ’,’ cc-,’ ri’ 1i h I t ’, ’, I I l l  ‘5~ - - -

sin : l l i l l u c - h u u a  tub e’ , Il’l)I ’OViIlI:tt (’lV I , 5— Inch  iii sII a , sce t e ’i’ :ctcsl iS Itcc ’lcs ’~ tculc -g , ant i heat , ’,f a t  ‘5 1- ~ ‘ - c ’ u
11 s f  il,uI, ’ to h 5 5 1 1 5  h- ~9S:’ ‘Cl , t he~ at l oc-ce ’, i to t ’suol . i’h i’ ii tm sus p ln ’u ’,’ c-c- : ,S i i  1’ , h uu l i ’  I i i ’ ‘sc ci , ‘ i i i  cc a s

~
- ~~~~~ — t h e ’ s t Wiu l t  I t %’ ‘‘ I  ‘ ‘ ‘c - u i - li cc :15 t i i u i l f , ’si . . 11 the ’ e’t i, l ‘‘I I his ite ’:it iucg — c ’ss, ’ l i i c -~’ ~‘‘,‘s ’ I s — , II  c-c si’s l , ’ s i u i , f

th i :c t  Icc o ‘1 I In ’ ‘spe ’, ’i 111 , 1 1— ’ had i’1Ic~~t l e’i’ t’st a n I  the t h ir i l  it ’i.i , l , ’I s’i ’ u, ’i’:iI, ’,I I . ’  t h e  , ‘ \ I s ’ I I I  I h i :it I I  cc ~~~ tuotnI —

I - ‘ p, ’su’~ ’.’ I cc- I t  h Ii s ’~~t$ r.’ I , ‘c t I ng - I ‘of tiV Is ’ I his I e’iilI ~~’ rat ure s’Vinssclrc’, (I Ic-:, ,i lc-,’,’n un.le u’s I, ’. ’.l
fi’ .~u u , c , ‘ i i , I , ’ , ’  ‘ b u s  : u th a t  lb. ’ l i i : i I . ’r t a l  lia sl a suhl ln ia t lon  t~’nuperat ,ur . ’ sou li , ’c- c ln ’i’ ,’ l ’, ’t c c . ‘, ‘ l l  h I i ) l5

111)0 1, ’ 5 2 5 1 1) 5 1 to I I i S s S  1 5;  h u t  th e ’ e’, i I i , h l ~ I , iui  ,s f f l i t ’  ‘sj ’s ’~’l iisi ’Ii’s i i f t s ’i’ I S S i S I -  ,‘‘~‘, ‘s s i i , ’ Pi’o ui ip h , ’,I u i ’ s I , ’

- - - run .1 I - S to ,f , ’t e ’ r nuhuu , ’  th , ’ ,‘~ Ii -i ul , ‘ ( c-c s ’ i g t i t  ls ’’i ’s :15 Si t’t in s ’ t I , i i i  ,, 1 t , ’iii 1 i, ’i ’i i f t ui’ , ’,

‘5’I_ i
-. ____ —- 
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I ~.5 fl ;A RE SU LTS

,\ theruu iogravimctric  anal ysis (‘l’ tS ,-\) cc-as run at an average heating rate of about 12 C  per

m i n u t e  in a nitrogen atniosphero , It was fouuud that the mater ia l  s tar ts  to lose weight at about

150 1,’ and tha t the weight toss becomes c-’el’v rapid at about 1000~C, ‘I’he u ’esults of t luc ‘t’G,\ are

gic-’en In I”igure I l l , together c- cU b t ) i f f eren t ia l  Theruu c - a l  Anal ysis (t ) ’t’A) results ,

‘l’he ‘I’(SA ic--as not included in the original test  matrix , but i t is un fortunate that  it cvas not run

prior to starting the other tests . H indsight , resulting from tIc -c TGA , suggests several changes

that  sluould ha ve been mache ’ in the progu ’am , but the information came too late . Not on ly  c-could the

hig h henupera tur e  exposure’ have been l imited to lowcu’ tenc-peratures , but one must question ev euu

in te rmedia te ’  temperature tests , For examp le , at 501) 1-’ i t  is probable that tlue surfaces of the

flexure specimens lost material  in areas not protected by the s train gages (and a d h e s i v e )  and

hence , probabl y dec-eloped stress concentu ’ations adjacent  to the gages .

I 5 t ~ COLD FLOW TEST S ROOM TEMPERATU RE CREEP TESTS)

‘l’hs’ee flexure specimens c-vere loaded to 2000 psi stress anti held unsler load (at room te uc - c -pera—

t c-ur el for periods of i6 to 72 h ours . At  the end of tile load periods , t luey c-vert ’ unloaded and checked

fou’ any permanent  set , This c-vas done by means of stu’al n gages , the resistances of c-c--hk ’h c-c-’ert-

checked before and after loach iuc-g , No detectable changes in strain c-vas ob se-rc --ed and it c-vas con—

cliudeci that  cold fioc-c-- was negligible at this stress level .

In u’egarcl to cold flow , it should be noted t h a t  such floc-c-- is usua l ly  ic-c -ost rapid iuc - in c - edi sc -tel y

after loading and th eu c - slows sioc-c-’n , Hence , there did not appear to be much  reason foi’ extending

the loathing periods unless one c-c-crc to hols l tIc -c load for sec--crab month s. -\ Iso , it ch it not seem

reasonable ’ ti c-at the mater ia l  c-c-’ould be held at muetu higher stress lec-’els for any .,‘x t enule d peu ’iod

of t ime in end—use app lications .

I S . 7 F L EXURETEST S

l”Iexure tests c-veu ’e run at tenupe ’i ’atures from —250 1” to 100(1°F’ . -\ s e l f — a l i g n i n g  foui ’ point

fixture c-c -as euu ip loyed wi th  a seupport span of 5 , 0 inches an si a load spauu of 2 . 5 i t i t ’h c - -~. ‘l’t ie sh uee ’t

mons of the original set c-c--el-c six inch es  long c-c - - ith nou c -u ina l  c - c - - is l th u  auud th i ckne ss  of 1 , 552 5 and 0. 1311 ,

respectively . ‘I’ht ’ face’s of the specimens c-vere polished to the opt ica l  f in i sh  condition , as supplieti .

‘I’ he cc-It ed ges c-c--crc-’ gu’ound IS ) a 25 inicro inch f inish , Stra in  gages c-c--cl’s’ use’sl for stu ’a in Iu le ’sus uu ’e—

menls at tenc-per atures up to and iu c -cl ud iuc -g 5300°I- ’ but a d ef le ’ctoiuc-eter c-vas e ’uii p tu u ~’esI for the higher

tenup eu’aturc-’ n c-easure ’nis ’nt s.

fl esult~ of the tests are giveu c - in I’ ab le 69 . .-\ t  t empeu ’atures of 500 1” and be’ioc-c--, straiuc-

measur em ents c-c--ore made OIl 1)5) 111 I hue tension auu , l conc-pu’e ssi ,sn s I s I t ’s of this ’ spee’lliien auus l  hi ,~t hi

2539
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I’ ( 9 . I - I  I - \ t Ifl 1151 ’ S  R - S ~ ’l ’ R ~N / IT ’~t S i l l  ~‘, l l ) l

( Spe c lu ihe n s  w i t h  top auitl  b i s i t s u s i s  ‘ s i i i ’ t , j s c - ’ ’ s  i l l  o p t i c a l  I s  ps ’1 15115’ s)

s:or i d i  t i o n  , s i d e s  grou n d  to 25 ni C rs ) l nob ( l i i i sh -

Test Tetus I c_au lilt iiii ~l to Pe) ‘.‘soii  ‘ s Rat ii ’ At
Temp . Specinhen or M. s,) , IL St l’ , i n  Mcdii b u s  ‘ t m ’ ,u t i c -  1 519 1 ‘ 1 1 0 s f
(“~

j  Nuntec’ Cosflp . * ( i ~st  ) ( ) (Ms i ) OS 0 . 05’ 0 . 10

-050 1-1 1 ‘.160 0 , 0 . ’4 1 0 , 1  - -

-25 0 2-3 1 ,s ,5~’9 --  - -

— 25 0 3 — 5  1 ‘/00 0.CL’$ 0 , —) —— — — — —

,‘iS Sl) 0 , O. ’t- 1 0. 9

-250  1 - 1  C 24 u0 0 (12-1 10 . 1  -- --  - -

—250 2— ,S C 2. 5 , 0  0. 0, 5-1 9 ,  — —  —— — —

-25 0 3-5 C 2113 0 0.0.~~ 1 0 . 1  --  - -  - -

.‘0b0 0 . 020 19 .0

R , T ,  2 — 1  1 3520 0 ,03 4  1 0 , 1  9 , 5 1 — —  — —

R. 1. 3 — 3  1 SiSt ~0 0 .0 . 513 10,2  0. , ‘‘~ — —  — —

R J .  4-1 1 ,;3 , ’O 0 , 0 . 5 ,5 10,1 0..’9
s/ 9 o ,o. ;i- lo ,o cc- , ,~

R.T. 2-1 C 3529 0.035 10 ,9 0 2 9  - -  - -

R.T, ,5— ,5 ( ,5$h’O 5) , 03(5 19 , 1 0 , 5 1  — — — —

R.T. 4— 1 C 3320 0,9,5 .5 10 ,0 0 .2 9  — —  — —

35/ i)  0 ,03 5 lOj ) 0 , ,‘i) 
—

250 1- 1 1 6050 0.90, ’ 10 .5  0 . 3 , ’ 0 , 3 3  - -

250 2 — 4  1 5590 0 .055 10 . 5  0 5 ,’ 0. 53 ——
250 ,S - t ,- I 5tu90 0 ,059 10 ,1 ’ 0 .5 .’ 0 . 3 , ’ -. - -

-

~o4o Cs.  OuS 10 ,5 o , 3:’ 0 , 1 .5

2 50 l — ,~ C Ot I SO 0 .00 1 10 , t ~ 9 , 3 , 5 0 ,5-1 ——, ‘5 )  ,‘— 4  C 5591) 0.1154 0 . 7  9, ,53 0. ,54 ——250 3— c _s 1’ 5509 0. 05! 10, 51 9 5 , ’ 0 , 5 ,~ — —

611 10 0. os- I 10.7 0. ,S 0. 54 
- -

500 3 — 4  1 s l O t )  0 . ,~.’ 10 . 0  0 ,2 ~ 0, 55 0. 41
500 4 — , ’ 1 t~, ’, ’0 0,  .‘(‘ l O s- 0. S I ’  0. .5 1  0 , 5 ’

s l s O  0,  .‘~~ 10. 5 0 .5 ,’ 0 , 2 - 1  c- Sc -

500 3 — 4  C 610 1) 0. 29 10. 4 0. .~~ 0,~S I s 0. . 59
500 ‘1 — 2  C ic ,’,’O 0 , , ’ ° . ~ 0 ’ s 0,  ,Sl  0. .55

t-1 t-0 0. .‘ 9 10. 1 0 - ‘0 0 , 23 Cs ,

700 1- .5 — 6 Q’ O 0 ,  55 ‘ 4  - - - - - -

700 2 — 5  — 6190 ~) , 40 9 — — — _ -

700 4 — 3  — 7 3 _’I)  0.5 , ’ ,‘ ,0  - —  —— ——
t~tS $9 ~‘5 , 51 ~

‘ 
- 2

1000 1 — 4  - p909 0 . 5 , ’ 7 , 1 — —  — — — —

1000 4—4 — S ‘1)11 0.51 ’ (11 ’ . ‘1 — —  — —  — —

5990 0 .  5.) . ,s
*Th e si de of the Spec i mnen cm w I c - i s  ti s tm - i l l )  ssss ’a’;isi’ i’ls~’is j’s nose usc - t i e  -

**DCfCC t I ye gage ; no s tra i n  r , ’,,,i I nq -

M , 0 .  R .  — Modulus of Rupture ( S  I ,‘en~~th ls ,s’ss’O on 1in e’,c-~’. e’l.t’
, l i t  , c -n , c l ’, u s c- -

‘ I I
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‘s , ’( s 51 1 I’e’at lings are gi co n In the ~abie . At room t euiipeu ’aturu. ’ and —2 , 51 ) I” this ’ 511’, - s — ‘s t i’ :si n c c _ s i ’s  s ’s

c-c-crc’ linea r to fai lure ansi so ar c’ reasil Ic - - u’opro <hu ct ’sl from thu .’ strength (Modu lus  sc- f h(upi u l’ s’) am u si nu t—

u iu at c ’ s t ra in  data .  At  251) 1-’ the nc-ato t’lal shioc-c-’ed a slight s luc t i h i ty  wh ich  inei’ea scs i  c- c it ii iu ic ’r ea
ts ’niperature and t hs’refore’, the st res s—st ra in  curves for I lie big luer Ic iuiper atuu ’es are repros tuc , ’s I
in l”igures 112 throng lu 115 . l’ hs’ spe’( ’lins’mc - s te ’st e( l a t 700 ‘F’ and 1000 I-’ sl id uissl fa i l , the tes t s
l)e ’iIc-g t ernc - inat es l c-c-hen thi s ’ spechuuiens had sls’flectes l to the hi iu c -  it of t r a c e  h Impos ed bc - the tent  f i xs t u i ’ ,-

PoIsson ’ a ratIo uc -casu re u c-c -s’ists wore ic-u ade f rs u u i i  ros snu teiuip s’m ’aiuu ’e 5 , , , )  0 F’. ,-\ Ii : 5  t s ’ i i s 1 ’ t  c-c :ss

also made to obtain Poisson’s data at —2 50 F’, but tI c-c outputs of this ’ P sd sss ’su g:ig, ’’s we i ’ ’ t ,io t ’r :mt i s ’

i t  t lu i s  t s ’mu c-peu’a ture to pu ’oc--ide r eh1a bh ~’ data ,

C onsldei’ing thi s’ niodulus of rupture data , it c-c--ill be ’ noted t hat  the str e ’ngt Ii I ne’u’ c’a sen sa t lieu’

sc-islslenly between room temiue’i’atu re su i sh 250” F, c-c-hers ’ the ’ nuzutc’s’ial is begiiuuiuig to be’s’onie’ slut’l i l s ,

c-c Is suspected that thi s sc-as an Indication that the low- tenc -p& ’ratur e ( l . e ’ . , H . ‘I’ . ans i — 2 5 ( 5 1- 5
st “C ugt ~is c-c-crc hoc -c--’ , probabl y as a result of the ground f inish  on the edges of time spee’iiuiens , \\ ~‘

th eu ’efo,’e’ contacted Mi’. Robe,’t Donadio of the Raytheon lleseau’c’im Dic-’ision to se ’s’k hi~ idvie’s’, ‘ -

~si r_ l)onadio c-c--as quIte certain tic -at t h e  ground edges mc --eu ’e contributi ic-g to I In ’ lss c - c strengths anti
kindly provided us with six bars of the size c-c--c had alt -cathy tested plus three sic - c - al l  bau’s i lu orsher
that c-ye m ight check for possible size e’ffects . ‘i’hese bars were polished on al l  faces au u sh edges
and the corners (of the cross section) were sli ghtly boc- ’elesl to nm irc -i tc -c-lze possible nicks .

Since we had already acquired the necessary uic -odu lus and Poisson ’ s data , It c-vas dec i sle ’sl t e)

run these nine speciniens c-c ’ithuou t strain gages tIc - or(ier to ac-’oid any possible surface slanc-age from
suclc- additional handling.

l’he three small spec inucuis we ’re tostesi in four point flexui’e at room temperature using spans

of I , 50 and 0. 75 inches. ‘l’c-c--o e’ach of t h ue lau ’ge spe eluuc -esu s c-vere tesho sh  at —230”J-’, roonu heiuipes’a —
ture , and 250 1” , The spans used in t estiu lg c-yea’s’ 5 . 5) am c - d 2 . 5 Inches , ‘l’hiu. ’ results Il’s’ ~‘iven
In ‘T able 70 ,

Comparing the large’ and small specimens , it Is seen that  thus ’ s ic - c - al l  specimens gas’s ’ s t r e ’ngt his

c-c-’htc’h averaged over 2000 psI higher than tic-c’ large specims ’ns , but c’c-’e’n this’ large spc’c’inmens ga ys ’
strengths equal to those listed for the ic-m aterial (I .e . , 7Ss lt ) pa t ) (u s Uav t heou i ll t ei’ atcui ’ s’ 1fle’f, I-I) ,

,~sll of the large spu. ’cinc-ens ha il st r en gt lu s c-c’hichi c- c - e l ’s’ sign I fica n tl y hcighs’r than (hose nhlaine sl
In the earlier tests. The dIffer ence is I Ihti st r ated tu t  l” igc -uu ’e’ l i t ;  and is a th  i’ilmu ’ S’sI to tImc_ ’ s~i’sasic - s l

edge’s on the earlier specimens .

_,_,_,,, 
-



________________________________________________________________ 
~~~ ,.ssaa aa,,ar-,n~s,sa~a-,’..,, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .e,a~~~ — .. ,,,,, —

1’ H
~1\
- :1

w
r~

SS3~L$ ~~nxri,~

2-I:;

- - ‘g —— 

-



_ _ _  
_  

~~~~
-- -- ------ -“ ----

~~~~
-‘---

~~
— -  

~1~~

a

LI,
0,

~

d

LI,
(‘c-i

‘

~~

cc-J

z~~H I—
is

In
— I— ~

~~

LI) -

- -~~ - - 
- 

~~~
- - - 

~ 1
N U) ~~‘ C,, 

~“
,j —

‘~~~I SS3~~j S 3~Jfl X3’1d

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ -~~~ - ~~~~~~~ - - _  ~~~~~~~~~~~~~~~~~~~~~~~ -‘ —~~~~~~



—
~~~~-~~~~~~~~~

--- 
~~‘ ‘5 —- ~~~~~~~~~~~~~~~~~ —

\ \ \
\ \ \
\\\

z LH

— SS3dIS 1Y~~flX314) ~~I ’ O ’ W  L

2-I S

—‘-—--‘-g - ~~~~~~~~~~~~~~ ~~ - -_‘---~~~~~~~~~ ‘
,~~~ ~~~~~~~~~~~~~~~~~~ - - “--- .- -_ ‘ —~‘ —~~~~~~~~~~ -- - ‘ -



_____

r~

\4

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

It,

‘5-,

-~~

is
I-

(5-

‘I-’

is

c’J
(5-

—

C U) (V —

I~~)I SS3~IjS ~YW’~X3U

246 

~~~~~~~~~~ -~~~ - - — -“--- - -- _ _ _ _ _ _



- ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

~~~~~~

““  -

~~~~~~~~~~~
--

I~% !3Ll ‘0. R Ai ” F K ’$.N Zui Se I” Ll ” X IJKI .  I l - S I  Rh - S t  L i  S s  i-~~P R i’t ) l~ I ’ L , O~~I ) I ~\ t .

L Spec i  nse ns wi  t 5  P o l l  5~~ic ’ II S ss ,~’’ U s I S i
Bevel l ed L O i s ’ s , )

u s c - U S e’
Tt-nsper a ture W idt h Thi  Ln,,--’ S L ’ s ’ i i sc - t i i

Number 
- (_“ F) 

- - - ( inJ  (c - r i  - ( is  1) Net s ’s

S-i + / S  0 . 2 7 0 2  0. 1-I ’s’ 1 1 ,01-3  ( 1 )

S-2 + 75 0 .2703 0 1481 9 , , ’ i - c -  ( 1 )

S-3  + 75 0 ,2 704 0~ 1493 9 , 2 s O  ( I )

1-b + 75 0 .6 1 10  0 . 1 15 0  ‘ -1 .0

L-2 + -‘1’ 0.6113 0 1132 -
. i i  ( 7 )

L— 3 — 250 0 , 6 1 1 5  0 , 11 . 1(1 - 
~~~

L— 4 — 250 0 1-100 0,11 _5 _’ ~, ‘ i, I(i ( ‘
~ 

‘ I

1, -S ~‘ 250 0 , s ’ S C )3 0 ,1111 . 1 3 1

1-6 4 .‘I’0 0 6120 O l i N  ~ .0 .’0 k , ’)

( 1 )  Spans = 1 . 5  and 9 , 75 i s ich

( 2 )  Spans 5 , 0  and  2 . 5  i n c h

15 , 5 TENSILE TE~~ S

Since a fl exu t’e test specimen experiences tension ansi compression stresses, t e ’n sile u i c - e c - s U i ’s’—

meats of the ’ elastic constants c-c-ore nc-asic as n check on those ’ obtained ti c - the  flexuu ’ s’ tc ’~5 s , Fhs ’s ’

results are given in ‘l’able 71 and in general , are comic -parable to those sc-bta lne sh fu ’ot i c- thi s ’ f l s ’xisr e ’ te ’stsc- .

15 . 9 1 ’H ER M AL c ’ON DI ,JC fIVI TY

Thermal conductivity measurenc -esc-ts c-s’eu’e uc-ade using a s ine—i n ch sh ia ic - ic t es’ out — bar t’on c-p am ’atos ’. ‘ - -

‘l’ hese reacilts arc’ tabulnts ’si (Ic - ‘l’ abie 72 and is ’ s’ shoc-c- n gu’ap hi icc - ull c - ’ in l- ’igure 117 . II is seeuc- frouc-

the’ figure’ that the in—p lans’ and perpenslis’ular to p lat c-e e o r c - d iuc t ic - ’ i i lu .’s as’s’ es s eu c - t i a l I c - ’  t his’ s am uss ’,

further Indica t Ing that  this ’ muu a t e r l a l  is isotropic .
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15 , 10 SPECIFIC HEAT

~~ecif ic heat measurements were made using a Perk in-Elmer  Model I ) SC—Il d ifferent ial

scanning calorinmeter . Results  of the measurements were as follows:

Specific_I-teat _(BTU lb _ OF )

100 F 250’F 750 F 10051°F

0 ,090 0, 081 0 , 088 0.090
0 .084 0 .0815 0 . 0815 0 . 095

Mean : 0 , 052 0 , 081 0, 057 0.092

These data are shown in FIgure 118, - -

TABLE 7 1, ZnSe ELAST IC CONSTANTS FROM TENSILE TEST S
(ROOM TEMPERATURE)

In  Plane Perpendi cu la r

Modulus Poisson ’ s Modulus Po i sson ’s
Nunter (psi) Ratio (psi) Ratio

1 10.7 0.28 10.3 0.29

2 10.5 0.28 9.8 0.30

3 10.5 0 .27  9.9  0 . 2 9

Mean 10.6 0.28 10.0 0.29

249 
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TABLE 72. T H E R M A L  CONDUCTIVITY DATA

(One Inch  Diameter Cut-Bar  Comparator)  ‘ 
-

Ther ~ a1 Conducti vity
(10 -’ BTU/ft-sec- °R )

Temperatur e
(°F) In  P l a n e  P e r p e n d i c u l a r

- 112 4 . 9 2  --

- 108 -- 4 .61
- 108 — -  4 .64

- 102 5.05 --
96 3.02 --

109 -- 2 . 68

199 2 , 19  -- H
0

260 —- 2.81

416 1,80 --
604 1.26 --
734 1.19 --
758 -- 1.30

763 -- 1.28
778 -- 1.29

993 -- 1 . 27

1000 1.15 --
1002 -- 1.28

250
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16, PART Ill: THERMOPHYSI(’AL AND MECHANICAL (‘HARMTERILAI ’ IONOF “ RAYTRAN” ZINC SELENIDE — RECOMMENUA’f IONS
FOR FUTURE WORK

In the present work the range of tenc-peratureg Invo l vei -i was considerably greater than the ZnSs’
iR wind ow was expected to experience In end use and the number of tests conducted at each teiu c-p ei ’-
ature was therefore , very lIn c- ite d , it is u ’econc-niendesl t ha t  a luc-ore sletailes i stu( iv be mask c c - c - s r  t I i ~’narrower end—use temperature range , ‘l’hi s would include flexcure tests wi th  at least six to ten
sp eciIuuens per temperature to pu’u vide’ a betteu ’ statistical basis. ‘l’ he’ss’ should be tak euc- frs smic-
several lots of material . I)ynamj c determination of elastic comc -stauits over this ilic- ilted t em u m pera t u r s ’
ra nge should also be Included ,

In regard to cold flow or creep, the present c-cork shiowed no detectable effect at roonc- tempera-
tuire and 2000 psi after 72 houu’s exposure , h l owever , if c-c-’indoc-c- clanuping stre sses ar c’ appli esh oc em’
a ps’u’iod of years , some moasureable flow or relaxation could occur .

It is understo~~j that Raytheon curr eu c-t ly has an experimental , higher strength version of the’
“flti s’tran - ’ ‘/.nSe and it is recommended that this be included in futur e work , if available,

25:3/2 s-I
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