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POREWORD 

A «o™"8 Pr°8ram is •■ extension of the X-20 (Dyna-Soar) structural 
developnent In the area of high tenperatun, wind^s.    S pr^n wL 
sponsored by the Air Force Flight Dynamics Laborato^r ?A?F^)f ^seSch 

riy^ffilR^a ^ P0rCe SyStem8 Con^and, UrutedlUte^ IiT 
STlJSW^ä T*** Pr0jeCt NUmber 620A' Ta8k Numbe- 620A; S!?.^g?-?-?> y^-fg* «■ acconplished under Contract AF 33(61$ - 
2013, Project Number 1366; Task Number 136802,  .window Systems Concepts". 

by mfl^olS?** ÜÜÜÄÄÜ X-20 ^a-soar) was fabricated 
SA omff^SS?* A?rosPace ^vision, Seattle, Washington under 
EWA 0011U.    Vibration, air, and thermal load tests were^cfonmlished by 
the Structures Test Branch (FDTT) at AFFDL, Wright-Patters^S! Ohiof 

. The/irst test of the series was conducted on 20 January 196«; with 

ÄteLTSSS ^ XP^19^ dUrinß Test No- 3^7tie w^ railed during heating.    The tabulated data on all tests perfomed are 

sÄfÄsrssirBranch (nm)' ** s - ^^ 

Ä.Ä!8 Lab0rat0,y f0r 8UPPlyl,le Phot^raph^. drawi,^: d^riptione 

DocJ^t !rS3Rll5 F1""?**?* »"thor 1. August 1965 under Boeing 
uoeument No. D2.81310-1 for publication as an RTD Technical Report. 

of iFSiZSTjLZSi rep0Tt d0eS not constitute Air Force approval 

FREDERICK C.   Kl 
Colonel USAF 
Chief,   Structures Division 
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ABSTHACT 

This document presents the results of testing an X-20A (Dyna-Soar) 
high temperature side window assembly under vibration, air, and thermal 
loading. 

The purpose of this program was to experimentally verify the I-20A 
side window assembly and provide experience for improved window design. 
The objective of this program was to verify the structural integrity of 
an X-20A high temperature window design in the I-20A flight environment 
ana provide test data to evaluate the design analysis and development 
procedures utilized. 

The X-20 side window provides pilot vision throughout all phases of 
flight, and is exposed to all flight environments. The side window is 
triangular in shape (28 inches by 2h inches by 16 inches) with rounded 
corners. The window assembly includes three separate glass panes of 
fused üilica, seals fabricated from Hastelloy-X wire mesh with foil 
covering, Superalloy Rene» Ip. mounting springs, fairing, and frame. 

The window was subjected to a low-level boost vibration environront, 
limit boost pressure of -7 pounds/inch2 (gage) and a simulated re-entry 
heating time-temperature history. 

The window failed during the re-entry temperature cycle. The primary 
cause of failure was the high temperature gradient through the depth of 
the window frame of approximately Ö^OOp which exceeded by a factor of 2 the 
ultimate design value. The extreme themal gradient caused thermal curvature 
of the window frame which induced glass curvature in excess of allowable. 

Measured temperatures and deflections are presented and compared with 
analytical values. A thermal analysis is presented and compared with test 
values. Deficiencies of the X-20 window design as determined from the test 
program are pointed out and suggested methods of improvement are given. 
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NOMENCLATURE 

A 

C 

CP8 

DA 

IB 

DC 

DD 

DE 

P 

g 

I 

I.P. 

J 

pel 

P 

P8 

PV 

Poo 

PSD 

Q 

Alumlnua plat« thermocouple 

Control Thermocouple 

Cycles/second 

Deflection Indicator - section A-A 

Deflection indicator - section B-B 

Deflection indicator - section C-C 

Deflection indicator - section D-D 

Deflection indicator - section E-E 

Pairing thermocouple 

Acceleration - 32.2 ft/sec2 

k 
Moment of inertia - in 

Infrared 

Polar moment of 1 lertia - in 

Bending moment - in.lbs./inch 

Pressure  lbs/in 

Load lbs or lbs/in 

Surface pressure - lbs/ft2 

Vent pressure - lbs/ft2 

Pree stream pressure - lbs/ft2 

Power spectral density - ^/CPS 

Shear lbs/in 

Amplification factor« g's output/g's input 

Root mean square 

I 
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HOMBTCIATORE    (Continued) 

v^ • Rotation - radians 

T ■ Thermocoupl« or temperature-0F 

TM ■ Themistor 

TCPL ■ Thermocouple 

T ■ Shear — pounds 

z ■ Vertical deflection - Inches 

(r**'(rh - Stress - lbs/in
2 

Tr* ■ Shear stress - lbs/in2 
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1    HfTRODÜCTIOH 

1.1    GENERAL EESCRIPTIOH 

~ioc1«
1:.,^si:itr6rild

,^hT
rTSJ.,Ä s^s» jrsü' ?. 

approach and landln«. nie left^ ^-K?^J^V plL,t ^ ""^ a Tl8uftl 

l.lon througCrin pSte. S maS^Lj vlndows are provided for pilot 
-nt., booatthrou^wSJ. ^, ** ** •Xp08^ t0 ^ fll^t •tt^«»- 

shape approxlmtely 2^ inches by 28 inch«« W^T«SÜ S!v triangular 

ncttlnaUsr olMmed im .t as «~_iv        ,>    T     '"TO»4 in HMtelloy-x foil 

8 pound, per llSJ InS^^rJ^     CU^d * »""^ 0f '■      '    '» 

*?.•**'-*»*■» »m««» «,«*!, 1, directly adjM«rt to the "cold" 

U^no.rtl^poS^l^^*^S!!lt'0^;.10,'-,,II,«,'lon' 

piiot. ««MM. s "e^ ..„^»J: Wyr-ijrÄrÄt 

tteiaocoupl«. for ■.uurrnmt of tb. «ndo» ^^L'SLrT? """'L 
v^^nnar.., Ua Mruetlon gae«. for ■euurnant of wlndo» and 
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1.1 GENERAL DESCRIPTIOH (Continued) 

cab txamm translation» and/or rotation«. The window test setup is instnasnted 
to asasurs net pressure on the window and leakage rates through the seals 
during the boost air load test lo. 2. All instrumentation data is recorded, 
reduced, and is docussnted herein. 

An outline of the test plan as prepared in Reference k    is shown en page 3 • 
The planned test series «are not completed due to the failure of the glass 
during Test Condition 3.- Re-entry Themal cycle. Although the full planned 
program of teats «as not coaqpleted. United tests were run for each of the 
three design enrlromaenta—pressure, -vibration and teaperature. 

This report presents the results of the tests conpleted and a coaparison 
with analytical data. A the mal and stress analysis of the window assenbly 
is included. The cause of the window failure is discussed and methods of 
Inproreeent are suggested. 

Developaental testing and stress analysis for the X-20 "hot" side window in 
support of X-2QA drawing release has been documented in Reference 5. 

( 



i

-i!ii
U X

e» *0 >"M3 ^ 3
Ml
«

i ^ s I
uttt

o 2

SI
>

* ?i n z p
“ i"S ji!!i IS

Mi ^ iii <6

45ri
Si'

SI

8
gt

?

f“ I ^ yMmW\ ii
^ 31 ^

" S

V?..; £ - '2? 
i' f-i

,5k"

9
e!
■p

I
IT
•r
»

2
I
8



2   TEST SPECDCQI 

2.1 OESfERAL DESCRIPTION 

l*e window t««t speelatn as shown in the photograph on page 5 Is defined In 
detail \iy the window test assembly drawing (25-66200) uhlch Includes three 
trlangalarly shaped flat glass panes with rounded comers, a retaining fraas, 
■ountlng seals, counting springs, snd retaining fnoM support bearings. A 
portion of the glider cab fraae was Included to correctly siMulate the support 
conditions at the three bearing locations. A special yacuua box was also 
fabricated to allow for the application of air loads without structural 
Interactions. 

2.2 WINDOW PANES 

The three glass panes are Coming fused silica Code Number JSkO.   They wem 
fabricated by the Coming Glass Works, Coming, New York per The Boeing 
Coapany specifications as outlined In Reference 7.  The window panes am of 
a triangular shape appmxlaately 2^-lnches by 28-lnchBs by 16-lnches with 
rounded comers. The outer pane was .65 Inch thick except In the rebate 
area where It was aaehlned to a thickness of A5 Inch. The Inner two panes 
wem of a constant thickness of .18 Inch. An Infm-md reflectlm coating of 
etannous oxide was applied on all surfaces of the panes except on the moat 
outer surface for the purpose of decreasing the radiant heat transfer 
through the panes. The Infra-red reflectance fro« each of these coated 
surfactes WM equal to or greater than the values shown on Plgure 3  page *• 
The actual thickness of the stannous oxide coating was not determined. 
During the coating process It has been found that a wasumMnt of the 
electrical resistance of the coating Is a good Indication of coating perfom- 
•nce. It was found that an electrical resistance of approxlastely kO ohms 
per square (square - Jfgg*) would glre a satisfactory coating. Final 
acceptance was made by »easurlng the reflectance between 2.0 to 16.0 nlcrons 
to meet the requirements of Figure 3  page 6. 

The requirements of Reference 7  Paragraph 3.1.2.1.1.6, Optical Deviation; 
P«»«rsph ».3.2, Test Specimen Samples; Paragraph ^.3.2.2, Degradation of 
Glass Coatings Test; and Paragraph V.3.2.3, Optical Inspection, wem deleted 
for the test specimen. 

2.3 TBEFMI8T0RS 

Thermistors wem fabricated and Installed by the Coming Glass Works, Coming, 
HewYork on both sides of all fused silica window penes to measure glass 
tc^eratures. The Infrared coating was removed l/8 Inch fro« each side of 
the thermistor and Its leads. See photograph on page 9* 
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2.3   THETKISTORS    (Continued) 

?^r!?li!*C0?I*Cii0,x of ^"»"y MMltl^ wslrtor.) «n» electrical 
£1?^ l^U f^rd 0f i0lld •"ducting «terla^i vhlch aJTS^Ser- 

■~ux«»nt l. based on the direct or Indirect d^«lnatloa of the reel.tance 
^LLiSJ     ^UuT^4 *■ Sf «^«»««t Vhose te^eratuw 1. to S 

Thln^Li^Sh^^fl1? re8i,t*ae* l»r «»th-accordlng to aost data), 
S^S^n ^1   «reat te^erature ieneltlTlty (^ tolO tl». the 
ÜTi^S^f JÜ rSLftlÜ?? ^«'■"^»■■) SOI thermistor respoa^ 
SÜ.   ^ ordÄ'Ofv«illl"coiid..   Accuraclei of O.lf are not umumlaL 
S^T   ^ Ä CUrrent tlmw*, ^ ^»i»tor "u-t ho lifted to a TSSTthlch doe. not increaw It. te^erature by re.Ltant (ISR)™^:0 ' ^^ ^^ 

t^^LT ***** under Air Force Contract AF 33(657)8922 to l^rwe 
2S£t5?S 8?rfRC# t9m^ntm mmxmmntB of tran^ntWterlS. 

^TS^ ^J0^' U!lng "^ "^^Mi tin oxide fll« doped with 
ü^f!^ **•*»« • W«J ***** te^eratu« coefficient .^1. Jll-. 
Zlw»£L^ • 1?*1!-C- 5? ^c«- «^tti for a te^eratuxfrSge 
SSk^/jSiS.1! 0f Pririy C0,1Ceni ^ W"M^ •IrcraftTAt thl.^olSt errort vas .hlfted to a noble astal boloaetar. 

m-^^h^n^ B,q,e?,,ent^ I*>oratorle. bad conducted tests on thin 
ü^uSL^ Lrr,^i/0r ^ ^ the ***** «»d »bock tunnel..   Such fll«. 

!i?Jii^;P     ^1!!!' ^^ »^ ^^ fl1- ^«d« inrtalled on fSed 
^SJ^LrSi^f!rtbeCornln«01jul,Worfa'-    It lia. evaluetedVthe Experimental Uboratorle. end found to -easure tai^eratur.. vlth acc2a^! 

The bol<»eter aade for special application by Coming Glass wort. 1. a 
Sr^x^S'iäS/CIrn^ ? ^ ^- -urfac^aid A^Z i t^apera- 
!^Jl!       * 0f 1200^•   ^ thln ^ S014 ^«d« •« wll a. the .lUcon- 
platlnua sensor are ^pUed In the for» of a paste by a .llk.arlm -.SS* 
The platl«. .en^r 1. flrmd on fim, follo^ 8L ^4 iST SSS* 

^£?JLS*<?Zl ,,1i1Cm*   S8 ,lCtuftl ***** t-veratur. d-rpend. to T large extent on the end use and the glas, substrate. 

fÜC^i5Lrt#fial «^ ^ • relatively thin fll« the actual resistance of 
mtJ^r^^T^rK!1* ***** 0r •qUM1 *^ ^-    (A SST lenatb ) Platlnua generally vlU have a reelrtlvlty of 10 ohas/squar.. wlÄlr 

S^^SiU- ^f"11 tbl^ol«»tar to be cc^letely «table to Mf» on 
SSefo1^! SJ?;   «f'••1-t«c*/t««>erature curr. 1. a rtralght line 
bjtween^ •«* ^00 y.   The temperature coefficient In parte/allllon   1. 
1200 (irSf x W6)-   Oo" "1- u~d for lead, to the .eSor/hairSen^ry 
mieee..ful. 



2.3    THERMISTORS    (Continued) 

W^! ^ ^ t:fPe ^ ^^ «-* <» the x.15 and r.«ched f^eratu«. of 

2.^ C1?* 4° r"16^2, ^ <*•* M# be*t flux on external tensors la .horted 
out iv ionised gwe. st high te^erst««,. effectively a SSlloSÄ. 

These sensors hsT> been cohered sgsinst plstin« disc type sensors end irtth 

!^!?   f J1* gU*i-   «»7 «tsy on ss long ss the glass retains its inte«^ T*e ther«lstore are not adversely effeetld >nr ««♦^•T^i  ™*ins ixs integrity, 
hut can he da-aged hy^n*^ ^ 9PtlC*1 glA•• ClÄanlng ,,ethodÄ 

A total of eight (8) thermisxors are used to Beasun the alass te>ne»tui« 

SJ!«S^!l•. "fining two are located on the exterior surface of the 
external glass P«ie, «nd the InterMil surface of the internal glHs psnT 
Figure   17 on page 27    shows the locatioü of all the«lstors. 

The gold thex«istor leads are  .002 inch thick and art parallel to •**>> «tw 

An extern«! «Uetrlcal connection 1« mde jilng   • .mo dlMeter Jr,irt w,™ 

it flattened to a thickness of  .001 to .002.    The flAtt^n^i *** T. ♦K^J/ 

SL^otofSi on P««e U.    The gold »Ire U tneuUt«! rtth i»f».ll tSJ« 
eioept for the le«d> of the outer pane vhich «ait tie seel«d     »tth7. w^™ 

The photograph on page 9    thovt one thermistor lead viis after th*.        -    -'- - 
connection W «de Süi the other lesd hat wÄ^S ZSS^ 

t* t£ ^M^'H.1116^08^ 5 »» ^ thovt a cl^TnS^er 
t^rSJ«??^ ^ ^^ b^n C0^lÄt^- W*~ 5? pe««nML2rtov. ho/tS ther^ttor lead vires sert routed through the window SeTand teal toi7 
four lead connectiont occur^d at thTit location, h£^ *   ^ 

. 
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2.1i   WINDOW FRAME 

The lower frame portion 1« a r^t.!™^ 7 •6f5-lnch fabricated from Rene' la. 
The lower »JTSUTA ftlTJÄS/iTiC ;5?-inCh Wid9 ^ ^ZU-inch. 
bearing blSoka.    The be^^l«ta™°^.^tv^• H*"^ of the three 

is renoved.    Hie two IV«™. h.i^T   »Pli" this portion of the frame that 
3A6 inehliam.Ä^rtr^rLa^o^

,lnterb0re
1

d,and rtv«ted ^^"»er with 

(•f   WINBOW SEALS 

i^S'aSTe^L^ ? «f*«11^-1 "^ *«« "«"factnred by Johns- 
«SS^m JS^S Ü,^ EPS! 0f Ha8telloy-I foil which is !m inch 

Plane to restrict"S floTf? S^l'JKÜT!! C<,Tering to '** *> * "«1 
seal, a« wra^i iTa^wket SL^I "JST J"*?.^ fU8ela«e •w*^    «»» 
between the ZTl« «1^5?!*!^*^* lnch ,'ide «"«Pt <*« seal that is 
that is .60 in^h widTS S?.^2»fi^I S™3*    Ihis "^ ta« a *■*•* ""th 
to assure •ÄTSJIÄ'^rS 5nnSLfP^ing

t?
et,'een the8e glas8es 

approodmately .a inch toUlSSPtStSi P^   Ihrations.    The seals are 
B/üS offer a «Sumti ttf S^s n^,^. ^ r""*1'"" P<»ition.    The 
layers of the windw fr^e     iSff „^ «s they are clamped between the 
to obtain thei^p^n« ™u JStt/SLIT S th!1

Hlndo" S8al configuration 
This information ir^J^Lnn ^. »     Lr1"*"0" "J "^ temperature, 
showing the SSuto'SSfS ^ **" APPendl?,<»' P««s 181.    A photograph 
posiuU striss.1»^«^ S5.a J12 Sh~ 
2.6 WINDOW SPRINGS 

entiy and approach vibrations.    TWo sets of^h«^.      withstand re- 
are fabricated from $ layers if   (SBI-LI I!      Jüf fP1^8 are U3ed-    "^ 
travel is .OL inch     Th« ilf^ - 1        !?     ^ mat6rial- The maxijnum spring 
.05 inch u^der^ liadS^ ^ ^T flatt#n to ^ overa11 thickness of^ 
eSibit Äi cÄÄS^^ SP^8 
ture.    The seals are ■■*—i—<i%- 1« -       -/M P0^lncft of length at room tempera- 
temperatux,.    B^JTS^SSElS S 35 ^^ per lineal ** * ™™ 
presse of ap^SL^lyTpoS Z i^«? JEf"!! retain * Clanped UP assembly. "T ^      P ^ lineÄl inch of Periphery in the window 
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riaüRB 8     WIHDOW AMD FRAME ASSMBLT - N<»enclature 

•■.■.•.•.•.'.■i'i-.-i 
> i i T T « ».•.'.»■'■'■•.•.»:..•...■...!..♦...... ..«.>4*^- 

XSS3SS^S&^S3SS33SSS3SSSSSS3ab 

Fmlrlng 

Thermistor Leads 

Side Positioning 
Springs 

Frsae - Spacer Block 

Leaf Spring 

Back Up Strip 

Rene' Ul Rivet 
Praae To Fraise 

Side Positioning 
Springs 

Spacer Block 

SblBS [£>► 

Shlas reaored vhere leads axlt. 
Ho tabs on seal «hers leads exit. 
Hastelloy X wire assh enclosed in Hastelloy x foil. 

Leaf Spring 

Back Up Strip 

Hi 



FIGÜHI 9  WINDOW AND FRAME ASSEMBLY - Dimensiona 
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2*6   WIHDOW SPRIUGE    (Continued) 

K?!^ i-^lf 1^*^ Ä «^^ *"■ c<MlD« ft»« ^»n th« fnnt «zpuds unter 
MgMl^MrtMl cooditlon..    It U to W noted that the coemclwt tf 
tlriiml expw.ioo of th« R«»' IH ^ndow fr» 1. wpron«UlT 25 tim. as 

SS!~i JK   ^Ü:   f^ '^ 1,tl<te<1 to «>• P*«k of tht tide sprlnn and 
«Und through ths site of tbs frs«s.   This sllows • -ethod of wtScUng 
tSir1^ S!in8.S?l0,r lMtitllJrtl0,1•   «» -Prlngs « gold plntS\t ****ß** ***• thsy c«s Into contact vlth the edge of the glass to 
prorlte a low frlctloa sUdlng surface and adequate baarlng surface.    The 

2.7   WHDOIf SUPPORTS 

2SL!j^v:r!r i' •5Port«d •* «»«^ locations around Its perlphszy hy 
spharlcal hearings,   ma haarlng hlock assemblies ax« also deslisdlo wx^lt 
lÄS^ryfof the ¥1,idow ft— «d tb. cÄ f«« in S^SLVSr 
S^nT^.1^!?1 r^UlldMt forCe ^•t~-    This is acccs^nSLS h^ allowing certain hearing shafts to elide longitudinally and/ortranswselv 
i^J? g^^NH^i of the baarii^blc^Äuss rÄtl^^ 
cab frsas ara aboan on pages 20-22.   This -ethod of attachasnt also^O^rs 
SSJSSS     ^'Jrl?1<W ft,0■ tbt outgld* of tb» Ä11^' ^Id» ws a design 
M^i^1 v, T5!J!1??OW 5! ftr-8 Msaabiy can ha unbolted frosi the hearing 
block assembly fro the outside of the glider for naoral and refurblsh-entT 

2.8   GAB FRAME 

?^Cab/?■l,• ? mhawa •! !•■■ 20     *■ f*brtca1»d fr« ractangulsr Rene' hi 
5Ä g-5 i»^» ^ W ^<* ^ .09 inch).   The cab f««^£iStn~he 
Sfei^Ü"1^ ? f^I 5 prOTld* pr9per »"W01^ conditions for the window 
£S£££;. ^ S! ^^^ J0 ft" ««t the thex«l elongations and 
^! ^JS   mm. Ä ^^ "^ * ^"^ lnt0 ^ ^^ow structure 
«^ ?%?! !??clal ««^-Point window suspension systaa.   A .05 Inch thick 
Rene« kl fairing extends fn» the cab fra«e around the window^pecisn 

2.9   VACUIH-PKESSURE BOX 

A vacu«-pressure box was fabricated fro« Rene' 4l for the ^»plication of 
air loads to the window speclaan In both the hot and cold conditions.   A 
photogrsph of the TOuos-prsssurs ha. is shown on pegs 23.      The vacuu.- 
pressurs box was designed with an expansion bellows and special foil seal to 
prawant strurtural interactions with the window specl»n.   A Mylar seal Ws 

%tt L0^ ^J1!1!?4 "A1!! pr*MW •^ S oonASSTwa^rT !^!^!^ WM^^rtlg 1» ta^ermtura due to pr«atuiw glass fallux*. 
It waa planned to wake a continuous saaa wald of the foil seal to the vacuum- 
pressure boot for the hi^i tsaparatux« load condition. ^ w ^ ^o«« 
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2.10 ASSaffiLT AND WIBDOW IHBTAILATK» 

Itims desired to detenolne the glass iMMM Induced by InstsiUetloo 
Procedures     D^ i^iulws wre fArlcsted fro« 6061^6 kl^n«^ 
aotojUjtlc plestlc m* bonded to the outside of the ouS^Sel^^t 
installetion stresses could be detenlned 1^ photoelsstlc mthods     The^ 
instelletlon precautions nei« taken as . gSsi had been bxSen^ thl^It 
during a vindow edge attacteent deTelpj^Ste.t forthe J!?S »Lw*1^ 
J-^nglnstallatlon    Large l-ÄKTS^^ÄÄ'Sßr^ 
fSr^TLf SÜ^1 Sf^! ^^ lMt^Äd-   Significant defiectlon of ? 
^äfr^r^^^^L?0!^^-    ^ ««^tt^ w^ nonuiilfo« arouL the 
periphery of the glass which lead to the severe Installation stressesThs 
?Jir2 Caar Jl tbftt the —^ ■^ thictor ** S a hlSer SS^'raS^ 
^i^S "JiT1 fSsS 25 d*8lgn ^^^ hl^r «^^ fS^s^^rJSunds per Inch.    These differences In seal thickness and sprlL rates «*T» e««*«.^/ 
for by adding shls» under the ftdrlng and bactoTstSr^ 2™ «^T ^ 
Thejddltlon of the shl«, hoee^/Sd ™ ^^^nllTut^^o^Zäl 
vashers under the retaining nuts.    The deletion of the vwh^as nJ? 
considered deterlaental to the vlndow Installation.   BoITt^uS; *** 
Wnd^n^'T :,ltabli?b-4 t0 "^M the installation iSSSm StE 
^TSSL^1!! ^n^18-    *****"<** or ^la^lng forces versxui shl. thlSness 
v^S^T ^jy191 •   •• flnftl «!*•• laitallatlon «as .ade at WrlshT«^ 
Se^?LC2M3rJ?T,0nti'    *• «—I«» ^ connections ie^Sa^f thevlring vas routed as show on page lU ,     since k of the thendsto/l^d 
connections occurrsd at the sa» fraae location, an overall Increase in 
gggg 0fcu™d •<^ to the thickness of thi lead eSi. a^^ai?! 
Insulation tape pads.   BUs increase in thickness sas atmroxSaJlvOS ^.h 

n^iS*   ^»WMrtNl »Mt» ^re locked by spotwlding Hastellw-X foil 
to the nut and shank of the bolts to complete thTlnstallitlo^ 

i 



3    IHSTRUKKRTATION 

f-I'ü'-'F"?*"*» »'»«l'tor», thermocoxpX«», dtfltctloo gut«, pressure an 

3*1   ACCEUERGNITBRS 

^1^^rtS05St^,tal.Plei0tlÄCtriCtypt-   Control accelTo^fr. 

3*2   1BEHMI8T0R8 

•Igbt thentlstors art uued to aeasure the glass tsmsritSsT   six thsmi^tor. 
•re locat^ on ths inside «d outside surfSes 0^^ mSi.l* 

ZT^rT* S1 ^^ f tht •xt#rlor >^» of thr«te?nel giSI pane and tbe internal surface of the Internal glass pane.    Flgurs 17     ^pLT^' 
shows the locations of all thermistors. ^^ ^^ 27 

3-3    THERMOCOÜPIZS 

A total of 19 Befrasll-lnsulated, 22 ga«e. Type 1 fehrMel.ai««i ^ ♦*-«« 

SL teSL V! "JL^fr fr-1,B 0uUr ftllrln«' 6 « the^ndov^^S 
^L^ST^S'^ t5LWi?d0W imm * th# llu-' «-««^ *** ring, an" % on the cab flaw. See figure 17 page 27 'or locatlona. ^ 

ÄtSiirS1^haJ!J^d ^ •■tabll»h ^«Vratures and gradients of the 

wSLSSS&2?£S* JU?Ctl00 15 ^"^ ^ «Patneldlng the IndlTldual 
l/ITS^ilS IK! ^.^^ Pmll•1 ^ «^ "ther^nd approxl«teljr 
Vn^Sj*^' £T£* lncludln« • ««H ••ctlon of the Rene'^1 speclasn 

u^hi^UUT^    .9,Tf*(t,~!* T* for a ■"^ «^ »olutlon mnufactursd tj ths PennsjrlTanla Salt Ocavaoy) to Inhibit raveling. ^^^ 

3.4   CBPLECTK» QAGES 

J».!?Ü ^ d,fUctlon «Mur^sirts seze aade as shosn In Plgoxes   17 
^Sf-iliT1, 27

+^
cwf 37    for heat and load test condS. " 

2IÜ13?i2^g|i0,, !ll^m!J.•Xptt■l0,I q,,M^, "^ ^ conjunctioo vlth strain 
SS^IiÜ^ eÜ^L^^fl0; t~»du~r «"^ ~ usid for an deneaiSn 
!f« !f^ ll 'J* ,Wn*<rt'100 transducer derlce. eers swmfactursd by 
Structure, feaneh ITOT at the fll|ht E(yne«lc. Ls^oratoiy. ^^ ^ 

i 



3-5    PRESSURE QAOE AHD ILCMfflTER 

Prjtropj and flow MMureMiits for the pressure box test fixture vere 
üü^^iS,^ following equipMnt:   Merim Leainar Flow Meter Eleaent - 
^iJ^LlJ!1- S;1^?fl

,toa0,l,t#r " H**1 **** 3U; MerU- Mercury Pressure MenoKter - Model 33^ end Air Te^reture Sensor mnufectured ** 
the Structures Branch (POTT). «"««.vurwu ^ 
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nODBB    18     DEPLBCTION DIDICATOH LOCATIONS 

TEST NO. 2    SECTION A-A 

OAU 

»ECTIOM      A-^ 

*-»  
^              1 K          1 .          ^ 

k^ 

f Air 

tMITIAL« DAT! NKV av 
INITIAL« OATI TITk« MODI L 

CHKI 

A*0 X-20 
AffO 

28 
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FIQUHB    18     DEFLBCTIOH INDICATOR LOCATIOHß    TEST NO, 2    SBCTP» B-B 

055 

SECTION    Bb 

* » » 

CAtC 

CMKK 

APfO 

INITIAL« DAT! HIV   •* 
INITIALS DAT! TITLt MOOIL 

X-20 



r riOUHE   18      DEFLBCTiai DIDICATOB LOCATIOHS    TEST NO. 2    SECTION C-C 

CMC 

CHICK 

Afro 

APfO 

5CCTIOKJ   C-C 

IMITI ALS OATI RBV my 
INITIAL» OATI TITL« MODfk 

X-20 
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FiaüM   18     DEFLBCTIO« INDICATOS LOCATIOIS    TEST NO. 2    SECTIOI h-J) 

DO«. 

„^      SECTION   D-D 

*IM 
•        ill 

CAIC 

CMICK 

AffO 

AfPO 

INITIAL« OATI niv my 
INITIAL« OATI TITL« MOOiL 

X-20 
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nauw; is   DmaTioH HIDICATOB LOCATIOKS TEST no. z  SBCTIOH 

DCI 

B-E 

IL 
W^J 

SECTION 

* t » 

INITIAL« 

CAIC 

CHKK 

*WO 

OATI HIV   «v 
IMITIALS OATI 

Dfct 

0t> 

1.05 
^ 

TITLf 

i.cts 

MOOCL 

Z-20 
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nCTOHE   19      DEFLBCTIOW INDICATC2 LOCATIOWS    TBST HO. 3    SECTION A-A 

OAfe 

SECTION      A-A. 

CA1C 

CNICK 

AMO 

AtfD 

INITIAL« OATB MV  MV 
INITIALS OATI TITLt MOOCL 

X-20 
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FiaUKE   19     DiTMCTiai WDICATOB LOCATIORS    TEST NO. 3    SBCTIOK B-B 

D»5 

SECTIOM     B   ft 

CAIC 

CHICK 

APfO 

APfO 

INITIAL« OATl RIV  BY 
INITIALS DAT! TITLI MODEL 

X-20 

  



riOTRl  19      DEfUcnOM HfDICATOB LOCATIOIS   TIST NO. 3   SKTIOK c-c 

dECTlONJ   C-C 

CAIC 

CHICK 

APfD 

wo 

INITIAL« DATK NtV   BY 
INITIALS DATK TITLB MODEL 

X-20 
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riauRE 19 nnrujcTioM INDICAK» LOCATIOHS TEST MO, 3 SJCTIOH D-D 

DDI 

SECTION   O-D 

CAIC 

CHICK 

AMD 

APPO 

INITIAL« DAT! ntv BY 
INITIALS OATt TITLK MOOIL 

X-20 

— 
7v\r 



FIOTOl    19     DmJCTIOl INDICATOR LOCATIOIIS    TEST NO. 3   SBCTIOI E-E 

SECTION     Et 

t » 

CAIC 

CHICK 

APPO. 

APPO 

INITIAL« OATB RIV   BY 
INITIAL« OATK TITLI 

37 
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^ TEST PROCEDURES AND RESULTS 

k,l   TEST COWDITIOH HO. 1 (BOOST VIBRATIOl) 

^.1.1 TEST COHDITIOH HO. 1 PLAH 

Thl» tot condition WM planned tn yrity the «tructur»! integrity of the 
X-20 vindow assembly when aübjected to the boost Tibretioo environaent. 

Sinusolial Tihretioo scans wire planned as shovn on page 39 conducted nomal 
to the plane of the window (Axis "A") and in the plane of the window (Axis "B") 
Resonant responses of the window assembly could thus be detex^ined between 
50 and 2000 cycles per second by using traTelling acceleroaeters attached 
with double-backed tape. These asasureaents could be analyzed to show 
resonant frequencies, resonant bandwidths and saplification factors, and 
ode shapes for all iseasurablc resonances. 

After the sinusoidal Tibration testing was coapleted it was planned to 
subject the window assembly to two roon teeperatuie randan ribratlon tests, 
one in the A*-axis direction, and one in the ^"-axis direction. The 
planned test envelope is shown on page 1*0.  Input to the shrtosr wMle 
supporting the speciasn could be liaited at specific frequencies as necessary 
so that resonant responses of the window assembly would not exceed the upper 
tolerance of the test envelope. The test duration of 10 minutes for each 
axis was planned. A record of the acceleration power spectn» and overall 
acceleration applied in each axis at each monitor point could then be 
prepared. 

V.l.2 VIBRATION EQUIPMENT 

The largest shaker system available for the vibration testin* at the Pliaht 
EQmaalcs Laboratoxy consisted of: 

Ling Electronics 

A-300B Shaker, Naxiaum Load - 300 Pounds 

PP20/35 Pofwer A^>lifier 

R1003C Sine Consols 

R1001-2 Random Console 

ASD-20 26 Channel Analyzer 

E8D-20 Equilizer (Band Width varies from 17 eps at 100 cps 
to 100 at 700 cps and on) 

Since the weigbt of the window test speciasn assemble' was approadaately 
100 pounds, the test fixture weight was limited so as not to exceed the 
aaxüaa load capability of the shaker. The test fixture consisted of a 
two inch thick aluminum plate. 

38 
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^.1.3 TEST PROCEDURES 

fb»  folloifla« parmgraph* are a record of the rlbratloo teet« as conducted. 

The window tnm «M rigidly attached to the taet fixture end a Ling Model 
A300 Tlhratloo exdtar. Vibration was flret applied ^artlcally, perpendicular 
to the plane of the glaaa. 

For preliminary infozvatloo. Initial scanning was accomplished for the fart leal 
direction by perfomlug a sinusoidal frequency «naap fr« 5 ope to 2000 ops. 
The sweep rate »as lees than 2 octaTae/aiirate. The input doable snplitude 
ime 0.025 inch fro« 5 cps to 23 cps and 0.2 g fro« 23 cpe to 2000 eps. 

Rather severe resonances «are found to exist in the A-frame ■nbars «hieb 
overhung the edge of the fixture. Consequently, the two projecting aeribere 
aere removed at the fixture edge by means of a high speed cutting «heel. 

•B»e fixture without the window test specimen «as Installed on the shaker 
and a complete dynamic survey was conducted on the fixtuia alone. An 
eaplification fhctor (Q) of 56 vas noted at one point on the fixture 
(2 g input gave 112 g's on plate). This data indicated that the fixture 
did not have sufficient stiffness to accurately control the vibration levels. 

The fixture and specimen were then instrumented to determine the resonant 
nodes of the upper glass pene and the frame unit in ahlch it was installed. 

ttw window was again mounted on the fixture end a complete dytiaale survey 
of thc fixture and specimen was aeccaplished. The Q of the fixture had 
dropped from 56 to 15 at the most severe point. The outer .65 inch thick 
window had a Q of approximately 30. Vide band random vibration m* then 
applied to the specimen, perpendicular to the plane of the glass. The 
random vibration input was applied at extremely low leval, 0.001 PSD —I—1 
in lieu of 0.1 PSD as reeomwnded by Boeing Document D2-81293, Window Test 
Plan, Reference i»#  The test plan leval is shown on page U0# The response 
of the upper glass was monitored and the input vibration leval was reduced 
so that the response of the glass would not exceed twice the input PSD value. 
A recording and analysis of this data was made so that It could be cosmared 
with data planned to be taten after the heat teet. 

The specimen and test fixture «are next mounted on an oil film table, 
oriented so that vibration was applied horizontally, along the "B" exis, 
as shown on pegs IJt,  Initial scanning was accomplished for this direction 
by means of a sinusoidal frequency •wsep from 5 eps to 2000 cps, with an 
applied double amplitude of 0.025 inch from 5 to 23 cps, and 0.2 g from 23 eps 
to 2000 ept». Resonant responses of the upper glase naae and fiame were 
recorded. 
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riOÜHE 22  RESONAFf RE31>OIBES . VERTICAL DIHBCTTOH 

ACC. #2 - INPUT CONTROL 

FREQUENCY (cpa) 

ICC. 

1 135 293 1*29 619 

2 0.2 g 0.2 g 0.2 g 0.2 g 

16 0.66 2.5 1.6 2.0 

17 0.75 1.5 3.0 0.7 

18 1.2 0.9 0.5 1.5 

Notti For 135 ops, «mplif; cation began at about 120 ops, and extended 
to approximately 150 ops. 

For 293 ops, amplification began at about 265 ops and extended 
to approximately 315 ops. 

For U29 ops, amplitioation began at about 1*15 ope and extended 
(to approximately Ii52 ope. 

For 619 ops, ajimiificatlon began at about 609 ops and extsoded 
to approximataly 629 ops. 

1*2 



4.1.3   TBT PROCIDÜRB    (Cootlnutd) 

pluntd to b« taken after the heet tTIt. co^»pl.on with data 

th. iJ^^SSr^ir^E^t^^m^M .IM ll^tatloa., 
tasting at these frtquencle" ^ ^^ "^ *** ••rlou» •»- 

(the two lover glass panes) that S™^ yT^Jt^ a1*0 ****• of the «»Pecl^n 
Points vlll not Uac^U.^! l««tr«ented so contn>l at these 

in short periods of overterti^   Td« SffSTtS STSÖ 5 "'^ 
«mess it wr. a dynamo slmlftion onh.^!cJl*hl,^e T*1* not «• 
• fector of 5 difference " rfcTflrtMe M.fff! T?'   ?eP• U !■■■"■'■Mil 
fixture alone and the flxtuie^ithtirwJS       Cmtl0n f*for b6twn thÄ 

Q - 15 with specleer^ST)^111        ^,,d0,, ■0Unt<Mi-    (Q " ^ unloaded, 

Jär^ue^e^rst^^^" yyrsi: r-^ - ^- 
Äar132 ^ ä Jirjhe^araid0 o^t.^ 
4.1.4   TB8T RESULTS 

k-1-'>-1 gP5! "«OWCIIB - VBRAHO» APPLIED «RPHrorcoMH «, ouss - 

■ö resonance, eere detected below 120 cps. 

mm of tif .2^ gÄ ^J ZEL?« 2 T1*'^ Ü —- 
WM observed at 135 cps? ThirSatSirSr^    * * *?•• ^   »««1~ chatter 
fttctors as high M^TlLmmLSTSSJ^Si r,,ult*d ln «Wllflcation 

1 
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k.l.k.l   RBBORAMT FREgUEHCIES - AXIS "A" (Continued) 

e. To*  oolor resonancee of the upper glass pane for which a aode shape 
could be drawn were observed at 293 op« and ^29 cps. The frequency of 293 cps 
was attributed to a fixture resonance. The frequency of te9 cps is the only 
authentic glass pane resonance found. (See Figure 22 pege U2 )• It has an 
amplification factor of 15 at the center of the glass. 

k.l.k.2 RBBOMAWT PREOJHICIES - VIBRATIOK APPLIED HORIZOHTALLY IH A PABALLEL 
PLANE WITH GLASS - AXIS "B" 

I 

e. A very gradual buildup In sagpllfloatlon for acoeleroaeter locations 
on the glass began at around 70 cps. For location 2a, Flguie 23 page Ui 
the gradual rise reached a MUCIBUS asqpllfication of 3.25 at 190 cps, 
3.0 at 2kO cps, continuing et 2.5 up to 275 cps, dropping to Input le-vel 
«t 350 ops. 

b. For location 2b, Figure 23 page Uh   Initial s^pllflcatlon began at 
around 70 cps, with a gradual rise to a ■axln» of 3.0 at 190 cps, 2.25 et 
220 cps, 3.25 at 2kO cps, continuing at approximately 2.5 to 280 cps, droroln« 
to Input le^el at 350 cps. ' ^ 

c. For location 2c, Figure 23 page 1^initial as^lification began at 
around 70 cps, with gradual rise to a aaxinun of 2.75 at ikO cps, 3.5 at 
190 cps, k.O at 2kO cps, 3.75 at 270 cpe. dropping to Input level at 
365 cps. 
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^.2 TEST CONDITION 2 

^.2.1 TEST CONDITION 2 PROCEDURE 

The vlndow specimen was pressure loaded with air at roo« temperature to a 
negative 7 pel (outward acting). This pressure slaulates the x-20 boost 
limit pressxire and Is the limit load design condition for the window. 

The window was mounted securely to the test stand. The pressure-vacuum box 
was mounted on the window. Kylar was Initially proposed to seal the pressure 
box to the window frame for this test condition. The mylar was Installed 
but did not provide a satlsfactoiy seal. It was removed and zinc chramate 
putty was used to make a satisfactory seal. A photograph of the test set- 
up Is shown on page 52, 

Pressure was applied to the specimen as shown on pageli? # The pressure 
leakage rate, and window and cab frame deflections were recorded for all 
test times. 

A schematic of the apparatus for measuring the air leakage is shown on pageU? . 
Prior to the test, the vacuum line was capped off at the test specimen. 
The valve was clotied and the pump shut off to MWfli that no leakage existed. 

The procedure followed during the test was to close Bleed Valve B until the 
pressure manometers read the correct pressure In the pressure box and then 
read the Merlan» Flow Meter. This Indicated the amount of air flowing back 
to the vacuum pump and thus the amount leaking Into the pressure box through 
the window seals. The flow meter was calibrated to read up to 1.6 SCPM 
with water In the manometer. When It became apparent the leakage was going 
to exceed 1.6 cfk, mercury was substituted for the water In the Inclined 
manometer to extend the range. 

Following the test, a valve was Installed at the test specimen end of the 
vacuum line and a series of flow versus pressure readings were made with 
the valve opened to different amounts In order to verify the linearity of the 
flow meter up to the flow value measured during the test. 

U.2.2 TEST CONDITION 2 RESULTS 

U.2.2.1 WINDOW SEAL LEAKAGE RATE 

Tfce target leakage rate as defined In Reference 2  Is 1.17 x 10'^  ft2 per 
foot of seal with a corresponding leakage rate of .55 x 10-5 pounds/second 
per foot, for choked flow at standard condition». These target requirements 
were set-up to control the design from the standpoint of aerodynamic heating. 
The above sealing capability was desired at the time of high heating during 
re-entry In order to seal the hot gas plasma from heating the Internal 
fuselage cavity. Fortunately the msx<mam pressure during the critical heating 

1|6 



FIOURE   24      VACUUM SYSTEM SCHEMATIC    TEST CONDITION 2 
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k.2,2.1 WIMDOW SEAL LEAKAGE RATE (Continued) 

perlol during r*-entry  is quit« low. The pressuz*« should not exceed 
.50 pound/inch2 durii.g the significant heating period for the X-20 side 
window during re-entry. The following calculAtions were asde to determine 
the target leakage rate: 

LENGTH OF SEAL - 5.58 Feet 

TAHOET LEAKAGE RATE - 5-50 (-55 x ID'5) - 3.06 x 10'5 pounds/second 
AT .5 PSI 

- .OOI636 pounds/minute 

- .OOI836/.0766 - .02U cubic f«et/«inute 

TARGET LEAKAGE RATE - .&  cubic feet/minute 
AT 7 P8I 

Thm  leakage rates recorded during the test are shown on page U9»    It is 
seen that the recorded leakage rates exceed the design target value by a 
factor of 10. Since the thermistor lead wires ran across the seal as 
outlined on page 24, it is believed this resulted in the high leakage rate. 
Therefore the leakage rates are not considered conclusive of the sealing 
qualities of the seals as the flight article would not have these thermistor 
leads. 

^.2.3 .DEFLECTIONS AND ROTATIONS 

Deflection and rotation locations for Test No. 2 are shown on pages £0 
through $1 •  The test deflection and rotation aeasureaehts were corrected 
for rigid body moveaents as outlined in the Appendix on page 19£. These data 
were then ccapared with calculated values. The calculated values were 
determined from an analysis based on the direct stiffness method as programed 
for the digital JM 709*» ccaputer by The Boeing Company. The analysis is 
shown in the Appendix on page 195. B* coaparison of window frame rotations 
(torslonal angular twist) with analysis values are shown on page $0,    It 
is seen that the test values lie in moet part between the fixed and pinned 
analysis cases. The comparison of vertical frame deflections are shown on 
P«ge 51 •  Reasonable agreement between test data and analysis exists. it 
is concluded that the good agreement between the analysis and test data is 
evidence that the window assembly has no structural weakness. Extrapolation 
of this data to ultiaate load Indicates that the window assembly could 
withstand the ultiaate load without failure. 

The window frame to glass gaps mere recorded before and after the teat as 
shown on page 121 • 
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FIGURE 25 TEST HISTORY - TEST CONDITION 2 (BOOST PRESSURE) 
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TABLE 1       fiOTATIOH COMPARISON AT -7 LBS/IN2 PRESSURE 

| WINDOW FRAME ROTATION - RADIANS 

POINT 
ANALITIC DATA L> TEST 

DATA FIXED PINNED 

A 

B 

C 

0 

1 

-.002552 

-.002^30 

♦.001072 

-.001553 

-.000821 

-.009152 

..008if62 

♦.005617 

-.001055 

-.00612'* 

-.0037^3 

-.005619 

-.00071*» 

-.00*028 

^ 

^ 

+1 
3^ ] 

SION CONVEWTIOH (TYPICAL SECTION) 

[r^>. ANALYSIS ASSUMES BOTH A FIXH) AND PINNED BOUNDARY FOR 

GLASS TO FRAME-SEAL CONNECTION.       REF.   r. \%o 

[£> DATA INVALIDATED BY NON-PARALLELISM OF ROTATION 

DEFLECTION MEASUREMENTS. 

CAIC 

CHICK 
Hfc^tlML 

APPO 

Ar»o 

INITIAL« DATI RtV   BY 
INITIALS DAT! TITLB MODtL 

ROTATION COMPARISON 
TEST ▼•rsus ANALYSIS 

TEST CONDITION 2 - LIMIT BOOST PRESSURE 
X-20 
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M    TEST CONDITIOII 3 (RE-EMTRT THERMAL CTCLl) 

^.3.1    TEST CONDITIO» 3 PROCEDURE 

The wlndw tpeeliien WM to be hea^d as .how In Figure   29    page 51*. 
S SS"ÄlfS g^gygy* * ««5 cycle vhlS .iMUates 
IrJZ^JT^ Z1 ran«^pe-«nt*7-    Figure 30     p^ 57     is a photograph 
of the teet IMH»,   The test epeclaen .upport condition, are shown on 5» 

Efflclencytests conducted prior to the actual test Indicated the silicon 
Slif .^"i '"'r1^ Per tbe ^ Plan («*•■•• * )      over the su^ce 
SL^iSfJSSS ^i1 heatlng CftU-d the gUM to ^ ■-* ^ «pi^. The silicon cartlde powder was removed with a vacuum cleaner, which ieftT 
saall residue, for the actual test. 

ü8^ i2   P^8  &   ,how• th« "PPer »u- face laap layout and also the location 
of the four control thermocouples (Ci, C2, C3, Ck) and the two ?alrtn«^e£L 
coupLj. US and F2).   The deflection and rot^tioS «asure^nt locÄ ^ 
Test No. 3 are shown on pages   33 through 37, 

S'tSi'SSSLS1!! 92***U. the la^,s in each control area was determined 
^LSi f ructufe8 »f 5«^ (TOTT) Heat Rate Computer which matches thT 
J^^f6"1^ 0f the COntPo1 ^"MM^to or thermistor with the 

tSSÄÄ* pr08ra~d OR ft ***** ^ ^adJU8t8 ^ ^ 
^.3.2    TEST CONDITION 3 RESUI/PS 

S fi"0^07 HÜ rr conducted • *»»• test specimen to check out heating 
!*•»:    ^e8e insisted of applying a constant voltage to all heat la^s «d 
SSSSSSi^SSSTl ^ ftl1 tbe ^"■"■"^■l and themistors and^J deflections.    This data is on file at the Structures Branch FDPT of   he Air 
Force Flight E^namics Lahoratoxy. «^«i run or    ne Air 

^S^U -^ ^^ Un?Är Seriftl Wo- 206 •" the temperatures and deflections 
ZSS^SS \fUn ^^ ^"^ ^ "^^ "^ S tten Ported when the Ignitrons malfunctioned.    The plotted data for this rapid rate heat^ l. 

«d^d^e0^^^.        POllWinÄ thi' - the '^* S i"Pected 

The final test was texminated after 38O seconds when it was observed that 
thr top glass had broken.    From the data it appears the break occurred after 
35^ seconds.   A photograph of tbe failed glass is shown on page 6lV^ An 
!»?*•.****** »W glass is shown on pag. 63 .   ^£ tent si?.up 
!? L!     fn. r*ilXU* iB •h0Wn ^ Pa«* 62 .     Only the top glass failed and 
no apparent damage was sustained by the rest of the teet specimen. 
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FIGURE 29  X-20 HOT SIDE WINDOW - TEMPERATURE HISTORY TEST PLAN 3 
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M.2   TEST OONDITIOII 3 RffiUI/TS    (Continued) 

STteliSr^r i^^0n!fO1 t0Oe ^^ ^^ the «!"• «nd controlled 

t^SLlTTe^r^!. ^i^1 ^T,2 f0r Hemt C00^1 Zone 1 to folSl 

the cycle. beating vas not programed until later in 

gnp «easuramnt^ 5   ^^^ 120    PlgUI,e ^7     I»«« 121   show, the vindoe 

■ 
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FIGURE  37       WINDOW OAPS 

A 5/64 
B 7/64 
0 5/64 

A 11/64 
B 13/64 
0    9/64 

A 12/64 
B 13/64 
0 13/64 

A 5/64 
3 6/64 
C5/64 

2.0 

FAlRiMG I HI- GikP 

>/iUOOW V 

A    BEFORE TEST 2 
B    AFTER TEST 2 & BEFORE TEST 3 
C AFTER TEST 3 

INITIALS DATE HIV  BY 
INITIALS 

U3   403S  0OOO MCV     10 04 

DATK TITH 

WINDOW OAPS X-20 
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h.k   DETERMIMATIÜll OP VISIBLE LIGfHT TRANSMISSION FACTOR 

k,k.l    INTROIXJCTION 

It was requested that a separate investigation of the light transmission 
factor of the window assembly be measured before and after heating the window. 

Aderice for saking this measurement was obtained but found to be inoperative. 
The Structures Test Branch (PDTT) instrumentation personnel assembled a 
device to attempt to obtain reedings so the test could continue. 

Following the heat test a second set of readings was obtained with a different 
photoconductor. This was followed by a thiiM set of readings Which were 
obtained using a standard Photo Research Spectra Brightness Spot Meter. 

A doubt exists as to the validity of the readinge obtained from the first 
2M2lT SS 1° Jf?k 0f lnfon,,Btion "Kiting current drop'to attenuation of light in the visible spectrum. 

^.2 TEST SET-UP AND PROCEDURE 

a. Figure 38 is a sketch of the apparatus made by FDTT and used for 
the preheat and post heat measurements. 

,..     1\k current reading was made without the window in place 
Ithrough air). The window was then placed between the light source and the 
photoconductor and a second rtsding was made. 

_  ** Wgure 39 is a sketch of the standard apparatus used to make the 
third set of readings. A aeries of readings were mate with different light 
intensities through air and then through the window. 

VA.3 TEST RESUI/TS 

a. Before heat test with POTT apparatus with RCA 7163 Photoconductor. 

Window in 
TABLE 2 

Thru Air 

.210 amps 

Light Intensity Increased: 

.280 

Thru Window 

.125 amps 

.165 aaps 

Ratio Window out 

.595 

• 509 

122 

— 



nm 

4A.3   TEST RBSÜI/Tß    (Contlnuad) 
TABLE 2 (Continued) 

conductor^" ^^ MrP ftHparatuB ^^ I*yf«tt« MB 791 Photo- 

Thru Air 

Light Intensity Increased: 

.770 

.245 

«mi Windov     Rmtio B^ ln_ 
  Window out 

A90 

.142 

.636 

.590 

OBl/2!* After ^^ l,il Vlth Ph0t0 ne8earcb Speere Brightness Spot Meter 

Thru Air 
Ft-Lejsberts 

1000 

500 

2k0 

150 

Thru Windov 
Ft-Leäberts 

650 

310 

120 

100 

Ratio Window in 
Window out 

.50 

.67 
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FIQORE   58 FDTT UQHT TRANSMISSION APPARATUS 

1.35 V 

—'WW 
1200 A 

^> 

PHOTO CONDUCTOR 
PCA '(0.63 BSPORE HEkT 

LAFAYETTE MS761 
AFTER HEAT 

J 
TUBE 

^L_ 
FROSTID GLASS - 

0 
0 
0 

PHOTO CONDUCTOR 

 , n  rr 

3P 250 W - 110 V 
LIOHT SOURCE (WHITE) 

<-WINDOW 

nOURE   59 STANDARD LIOHT TRANSMISSION APPARATUS 

PHOTO RESEARCH SPECTRA 
BRIGHTNESS SPOTMETER ÜBH 

i 
b> 

250 w - no V 
LIGHT SOURCE 
(WHITE) 

CAIC 

CHECK 

AMD 

APfD 

INITIAL« OATC RCV  BV 
INITIALS 

DATE T'TLt MODEL 

LIGHT TRANSMISSION APPARATUS 
X-20 
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5 ANALYSIS OF WINDOW FAILURE 

5*1 THEPMAL DEFLECTIONS 

It ie well known that a flat plate of uniform thlcknese "t" and of any shape 
will nomally assuae & spherical curvature with radius t/o^^T   when subjected 
to a thickness temperature gradient. That ie, on« face is at a unifom 
teoperature "T" at;d the other face is at a unlfo.ra temperature T + /^T, 
the teaperature gradient between the faces being linear, where 06 l* the 
coefficient of thermal expansion. No thermal stresses are involved provided 
that the deflections are not restrained. The X-20 hot side window frame is 
designed on this principle. The three point suspension system as described 
on page 16 gives the window frame freedom to deflect thermally and also 
prevents thermal or load distortions of the cab frame from being induced 
into the window frame. 

The .65 inch thick outer glass would require a thermal gradient through its 
depth of approximately 10 times that of the 1.62 inch deep Rene' 41 frame 
in order to have the same thermal curvature. This is because the coefficient 
of expansion of the Rene' kl  frame is approximately 25  times that of the 
fused silica glass. In actual test measurements, however, the thermal 
gradient through the depth of the glass was insignificant. Therefore the 
window panes want to remain essentially flat during the temperature cycle. 

The stiffness (El) of the frame is approximately 50 times that of the glass 
at the point of maximum span. Therefore the constraint offered by the glass 
to the frame is small. 

The vertical frame deflections that were recorded during Test No. 3 were 
plotted versus the recorded frame temperature gradients. The data were 
plotted for both the short time rapid heat pre-test condition and the actual 
Test No. 3 condition. The short time-rapid heat deflections are shown on 
page 126 • The actual Test No. 3 condition is shown on page 127.  The test 
data has been corrected for rigid body movements as shovn on page 190» 
In both of the test cases it can be seen that the receded framb deflections 
agreed very closely with the theory discussed. 

The actual deflection at the time of glass failure was obtained by extra- 
polation since some of the deflection indicators were inactive at that time. 
This deflection data is shown in Figure h2  on page 128.  In Figure U2 
page 128 the allowable glass curvature is shown based on the assumption of 
rigid seals. 

Reference 5, Side Window strength Cheek Notes, page 1.13.11, predicted an 
allowable frame temperature gradient of 260*F/inch wich would be equivalent 
to 260 (1.62) « k20*T  for the total frame. 
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FIGÖRE 42 

GLASS THERMAL CURVATURE COMPARISON 
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5.1 THERMAL DEFLBCTIOHS (Contim»d) 

i«p«r«ture gradients ware greater than the allcwahle  iw- <«.♦.„„ 
Section D-D show, a gradient of UU5' - 1?!' - 9^'p!'    ln,t«c«. 

5*2 THERMAL ANALYSIS 

nealMctmd     -nhi« .«-i« 7- -^ atw.nanx, i,«., conduction can and should be 

2 J?8" T" ■»>»»«• The reaults an .horn on WguraU. oa» ill 

^'^^IXurtZ^'i,?*?:^**  "A »« tta co".a.tloo betaeen 

^e,riSr^:,,:f^
C
0^ ^ t0 « — «—«1 »Ä ^S «'tS 
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rrauRi 44 THEPMAL ANALYSIS or TEST NO. 3 

1*00 

1200 

1000 

hi 
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naURE 45       THEHMAL ANALYSIS - REVISED TEST SET-UP 

I600 

1400 

1200 

1000 

IN 

ilium    i     I 
10 
  

20 30 

TIME - MINUTES 
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5.3 THERMISTOR I2ADB 

Upon «xaMinatlon of tht crack pattern of the vlndow pan« as shown in Figure 35 
page 63, it is erident that the crack originated at the location «her« four 
thenistor leads exited through the window seals. The wedge pattern of the 
crack near the thenistor Leads indicates the outer surface of the glass 
was in tension as expected. The fissures indicate the crack traveled from 
the thermistor leads across the window then rebounded to a location approxi- 
mately midway between the supports. 

A secondary cause of failure is believed to be the hard point in the seals 
caused by the thermistor instrumentation leads running under the window 
seals as discussed on page 2lu  These leads would not be present on flight 
hardware, however. 
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6    CONCLUSIONS ARD RBCOM4ENDATIONS 

An X-2QA (Duma-Soar) high toqwrature tide window assembly was fabricated 
froa superalloys and fused silica panes.    Hie window asseably was subjected 
to a series of tests eiaulating the X-20 enviroantnt to experi»»ntally verify 
the design and to provide experience for improved window design.   The window 
asseablor successfulXj- withstood a preliminary vibration survej  and limit 
boost airload pressure.   The outer window^ pane fractured during the simulated 
re-entry temperature cycle.    The major csuse of the window pane failure was 
the high temperature gradient through thr   depth of the window frwne.    The 
frame temperature gradient produced frame curvature which exceeded the allow- 
able curvature of the «jlass.   Although the full planned program of tests 
was not completed, limited tests were run for each of the three design 
environments—Tibration, pressure, md temperature.   The following specific 
conclusions and rrcommendations were made as a result of the limited tests 
and the analysis conducted on the window assembly: 

6.1 INSTRUMENTATION 

a. The hard point In the window seals caused by the thermistor instru- 
mentation leads running under the window seals is believed to have caused a 
stress concentration which added to the cause of failure. This, however, 
is considered to be a secondary factor. In future window testing it is 
'•co^'^nded that methods be designed to prevent stress concentrations caused 
by the instrumentation leads running through the window seals. It is possible 
that grooves could be manufactured in the seals but this also may cause some 
stress concentrations, and would prevent sealing the outer window. With scat 
development it is envisioned that the gold thin film thermistor leads could 
be continued around the edge of the glass. The contacts could then be made 
on the edge of the glass and thus not alter the seals. The present X-20 
frame design does not have sufficient clearance for this application, howeverr 

6.2 TESTING 

a. The test bed fixture weight for the vibration test was limited so 
as not to exceed the maiMmum load capability of the Ling A-300B shaker. 
The test bed fixture consisted of a two inch thick aluminum plate. High 
amplification factors were recorded during preliminary testing which indicated 
the test Jig mounting plate had marginal stiffness. 

It is reccnmended that future vibration testing of window specimens of 
equivalent weight and size be performed on a shaker of larger capacity so 
that the test bed could have a much greater stiffness. Such shakers as 
the Ling 2k9,  L200, or MBC210 are recommended. 
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6.2 TESTDIG (Continued) 

b. The he»t control zone ieparmtion for the test was not sufficient 
to gXy  Ideal flight slaulstlon. Results froa Test lo. 3 Indicate that 
sufficient heat fro« Control Zone 2 vas entering Control Zone 1 to heat the 
center of the vlndow pane to the prognuaad levels. Thus the outer window 
pane regions wer» possibly hotter since they were closer to the energy source. 
This effect wmy bare contributed to the window failure In a alnor degree. 

Future testing of window specimens should consider special baffles or close 
laap spacing to the specljesn (this would require separate test set-up for 
tests run with and without Tacum-pressure boot for clearance reasons) sad 
■ethods to prevent la^> reflector overlaps. 

 f • ■■ lasufflclent separation of the heat control zones required the 
reaoval of aost of the silicon carbide powder fro« the outside window pane 
In order to prevent overheating. This allowed sow direct penetration of 
tht *••• **■» radiant energy to th*  Interior regions of the window systea. 
Since flight plasaa radiation is Insl^ilfleant In the side window region 
such penetration Is less than Ideal flight slaulatlon.. This effect did not 
contribute to the window failure as It actually reduced the frmm thenal 
teaperature gradient slightly. 

6.3 STRHIGTH AHALrSIS 

a. The caparison of window fraas rotations (torslonal angular twist) 
and vertical deflections due to Halt boost air load with analyses based 
onthe direct stiffness asthod as progransd for the digital IBM 709»* 
Ccmpater show good corrtlatlon. In aost cases the values lie between the 
fixed and pinned glass to fraae analyses cases. 

It is concluded that the good agreeaent between the analysis and test data 
for boost Halt airload is evidence that the window asseably has no structural 
weakness. Brtrapolatlon of this data to ultlaate load Indicates that the 
window asseably could withstand the ultlaate pressure load without failure. 

6.k    THERMAL AIAUSIS 

•• Th* ■•«»ured thermal deflections can be approzlaated with reasonable 
accuracy by elsaentaxy theory. 

u. ^   ^ vlndow fraae design was based on Interface theraal conduction 
which resulted In low overall fraae theraal gradient predictions. A new 
theraal analysis based on radiation heat transfer only across the Interfaces 
agrees with the test data and predicts the high theraal gradients that were 
aeasured, and was the prlaary cause of the window failure. 
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6.k   THERMAL AHALY8I8    (Continued) 

acro.s tht flr«^^rf•c^(mrlnJ^, ^ tei,peratu~ *** <***• 

6.5    VOHDOW DEBIOr 

imLtiLSSlS^ **£*"<* T*~ of tht X-20 .Id. vlndow fr« 

dlitortlooe fro« heing Induced Into the vlndoir fraae   ^he 
alloi^d reUtlY. «ove^nt of the irlndw f^aoTJL clTrS^?   J^ 
of the vindov without Inducing ~dund^t f^.^^.^ ^^ ^ ^he plane 

- b*   ■"S.* ^ "■•"•■^ *• coneldered a eultable »eterlal for irt«^«-. 

PR)ced^! ^ Poeltlonln« springs are considered good design 

d.    ite air leakage rate through the vindow mmmlm •»^•H-^ ♦W. .I^ * 
target Talue by a factor of lOr^hl^rSSa^ «t! fT^ft!^ J!?1? the thermistor- i*** **—.      a «"««»r xeaxage rate Is    attributed to 
*r. ««♦ ?I     .    nr*s I*"1"« •««>•• the window seal.   The leaka*» »t«. •r« not considered conclusive of th# «««Hn» «.^14*4        * ^^      ^eeicags rates A« +K. rn^+ —*.4  ^«cAu»iT« or xot sealing qualities of the window seal« 
?Je'SL^£! ^l1Cl" ,,0?ld I51 ""^ ^^ tbexmistor leads.   STML^T 
thjjjetello/.x wire «sh high teaperature seals is cocsidensd^^.^ 

for I^J^I^JSySigg ******* m fAA tecbaolo^ 
2SÄÄ5S " ^ ^^l^oSfraJÄ fgn^ tht 

SSTSÜ0^*!!! ? tbt cxS»rt»nce of this -,est prora.   »e^w^asi« 
n^l     ^JfÜfr1 •! ?" •n^«-°tal testJ^f^nnlT^^f 
J^iuxT1^^1^^:^ -* • P-^. ha. ^LcaticoT^^gh 

pentation of the outer fairing (x^tainer) 
«PMd diffepentiallor.   The other porticos 
M continuous and hoaogeneou. as po..ible. 
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STRUCTURAL ANALYSIS 
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STTOCTURAL AHALTSIS 

This MelOD preeents the deflection and internal load« analyala of the x-20 
external side window for the critical design condition, boost ultimate net 
pressure of 10.5 P"i- 

A description of the window and vlntov enrlroeueent, and tbs construction of 
■sthenatlcal er del for structural analysis are presented. The stiffness 
■ethod as progranad for the digital .cm 109k by The Boeing Co8q>any, and 
called "Cosnos", is used for analjr ;x8. 

Results of the digital solution include translation and rotation, and . 
loads in the glass pane and the window frane. A discussion of the stresses 
and strains in the critically stressed region of the glass pane la included. 

Ertemal Loada 

Brternal loada are tetaan froai VP.~dllk2,  "X-gO Boost, Hypersonic, Approach, 
and Air Launch Phase Load Conditiona". The aide window outer glass pane is 
critical for the boost en-rlronnent. The critical condition during boost 
results in a net air load of 10.5 pal nltiaate on the external aide window. 

The curve of page ikO shows hatch area boost pressures corresponding to the 
critical condition. 
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Internal Loads 

The side wlndov outer glass pane Is critical for the boost environment. 
This Includes effects of air load, vibration, and Installation. This 
paper deals with the effects of air loads on the glass. 

n^tJf!^1 10&d8 S the glÄ88 P™ are aff«ct«d *  "veral design features of the window assembly. *ct»vuixrB 

1) The window frame Is supported at three points. This tends to 
concentrate the load In the glass at the three support regions. 

2) As the window frame Is stiffened, the tendency for the stress 
trajectories to concentrate at support regions Is reduced. 

3) Support of the window by a system of seals and springs In 
series cushions the window edge as It Is clamped In the frame. 

k)    ^S^l  ^L0? Ü Wind0W frta*  throu«h the 8eal8- V*  center or action of the bearing force Is conservatively estimated to 
be -92 Inch from the shear and torsion center of the window frame. 
(See Figure U7  , page Up ) Torsion moments are applied to 
the window frame when air load Is transferred from the glass 
to the frame. The torslonal rotation of the frame under these 
moments will force the glass to cany »ore of the airload toward 
tne frame support points. 

5) Springs around the periphery of the window are designed to fill 
the gap between the window pane and window frame. These 
springs position the window for all times during flight of the 
X-20, cushioning against vibration and Inertia loads. 

na 
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Idealization of the X-20 Sid« Windov for the Stress Analysi« 

StttSTSSSS f^v S'f 8l,wlÄt" «" structural behavior of the 
X-20 side windov Is shown In Klgure   U?     , pa« e    lii3      The model i7 

SVSfiS Jra 0f 'f^ elLitrSMchToget^r Site8 

trtJuw «i ^ ^^ f6*1 8tructure-    W *« quadrilateral and 

.65 inch thick fused silica glass pane.    Quadrilateral plates are used 
SLS^TJÄ 22 a Cban8e in 8l2e of ^^l^teral ele^n^s desired    or where geonetxy of the real plate Is such that It Is 

^J^^f"* ^ free<1<Ä beiUB «l«wnts an! used to simulate the window 
SSL^TS!1 rd t0r8l0n 8tlfftl«"- T^y also have SIJAtro? 
SS^S ÄJT,    .0f.tbC Center8 0f 8hear «« to"^ to lie aJa^ 

ElTSS/SSl !^vi0a 0f the COuplln« of torsion^nd bendS In the window fnune with the load transfer fro« glass to fraae. 

Ttoe spar elements are used to force displacement compatlbllltv betw^n 

2T2ÄSr f1*:8 "Ji'T* •    E888Qtl8^ the siar elementrare used 
SJ rrÜ! w Plnn,lng the glA88 t0 the frm-    Spar elements may be 
?or s^r e^^s'lf a^t8eal Slü ^^^"y .^The one InclTle^th for spar elements Is arbltraxy as long as axial area Is adjusted accordingly. 

The actual assemblage of window pane and window frame with seals Is shown 

Nodes may be defined as points In the Idealized structure at which loads 
^ SUSS ^ ÄTÄ! !H *• 8^Port^, deflections a^dStiuons 
^^+! T88 ""^ be

x
obtain^. continuity between the co^on^tJucS^ai 

elements w* (or -ay not) be enforced (at the user's dlscret^n". 

^S» «STJfLÜf!! S ^TÜ1 beam elefflent3 •»• located one Inch 
SSZ £J£Z?™ S £ rlate elÄ-8nt8-    «■ ft» nodes are obtained 
?te Üa^.Si^?.^   ? 2! corr:8Pondin« ^ow boundaxy node number. 
™L?ll JUT        sl-ulatlng seal stiffness connect the window boundaiy 
nodes to their corresponding frame nodes. "unoaiy 

lh2 



I^alitatloD of th» x-20 81<to wiodov for th^ at».,, ^^j,    (cootlmi^) 

J^iJ^i   * ! th0 "C1 ^ P^   ^   .   These support polntiTars not 
r!Üd^ frW,e n0de8 but' ln,t#Äd' at the csntiTof Jhssr anTtowloo 

^i«?! ^^ S0"18 ^PP01^- ?■ *• -Ptclfisd only st nodes, the support 
ZOtUSL the f "■«•«» 1^* to f««s nodes 201, 287, «»d 296. 
Appropriate aonents ere then spplled at these fraise nodes to correct for 
the ■HI I of the support points to the fnw rtodes!^ 

Fused Silica 
Pane 

Glase "Rebate 
Area 

Seals 

Leaf Seal Springs 

3/16 Bolt 

Window Fairing 

Side Leaf Springs 

ACTUAL STRUCTURE 

FiaURE 47 

Plate Elements 
Simulating Window 
Glass, i.e., #48 
and #55 

i.e. 
Node #53 

1.0" 

SIMULATED STRUCTURE 

Spar Element Simulating 
Seal and Seal Spring 

Shear & Torsion 
Center of Window 
Frame Simulated by 
Beam Elements 
i.e. #2^7-253 & 

#253-261 

11*3 
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The following figure shows the arraogSBtnt of structural elnwnts 
for the stress and deflection analysis of the X-20 side window. 
Also shown is the coordinate systee and sign convention for 
displacement and rotation at the nodes. 

An illustration of the simulation of the 
on page 143. 

and pane is shown 
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RONERCLAIURB 

1. Hod« nuabers for the glass plat« elments are masbered 1 through 229. 
2. To obtain window fro» beam «iMMnt nods nvasbers, add 200 to the node numbers 

assigned to the glass plate periphery. 
3. All panel -auabere are underlined.   Panels mabered 1 thru 121 represent the 

side window outer pane,   .65 inch thick.   Panels numbered 122 thru 163 are 
used only for proper allocation of airload on the window fairing to notes. 

*• — Indicates beaa eletnts representing window freas.   This line coincides 
.     with the locus of points lying on the window fraas shear center. 

5»   -(H- Indicates locations of three support points for window fraas. 
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•Use right hand screw rule 

(T^»-These node deforaations are tero for this analysis 

1U5 

. 



through 229> 
) to the nod» nvanbere 

u 121 represent the 
122 thru 163 are 
fairing to nodes. 
This Una coincides 

shear center. 
low 

aero for this analysis 

11*5 5L 
FIGURE   43 
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Description of Mathematical Model Structural Properties 

The window glass is supported around its periphery by the window frame 
which, in turn, rests on three spherical bearings at the three support 
points. The glass bears on the frame through the seals and seal springs. 
The center of action of the bearing force is conservatively estimated to 
be .92 Inch from the shear and torsion center of the frame. 

A soft window frame in bending or in torsion will force the glass to carry 
more of the air load toward the window frame support points. Bending and 
torsion stiffnesses of the window frame are calculated on page 176. 

Use of soft seals and seal sprinfp around the edge of the glass results 
in a more uniform transfer of load from the glass to the frame. Becuase 
of the non-linearity expected for seal spring rates, seals and seal 
springs are simulated to be approximately 2$  times stiff er than is expected 
at rcora temperature. Flexing of the window frame protruding flanges is 
conservatively neglected in calculating seal stiffness. 

Elastic properties of Rene1 Ul and fused silica glass are presented in 
the Appendix on pages 203 to 215. 

External Loads for the Idealized Structure 

A net uniform pressure of lu3 p«i is applied to thf mathematical model. 
The pressure is applied in the positive z-dlrection. For other pressures 
a direct ratio may be employed as this solution is not non-linear. I.e., 
for the boost ultimate net pressure of 10.< psi, external loads, internal 
loads, deflections, etc. may be obtained by multiplying the results presented 
here by the ratio of 10.^A.3 ■ 2.hh2. 

External loads can be applied to the mathematical model only at node 
points. To accomplish the transformation of uniform pressure to node 
loads, the surface of the window is simply divided into air load panels, 
and the resolution of load to the nodes is performed using principles cf 
statics and engineering judgment. 

Deflections 

Deflection patterns of the glass pane and window frame when subjected to 
a uniform air load are shown on pages 1M9  and 1$1  respectively for 
z-axis translations. Translation vectors drawn slanting upward and to 
the left are in the positive z-direction. 

Translations and rotations of all nodes for a uniform air load of U.3 psi 
acting in the positive z-direction are tabulated on pages 1$3 through 162. 
The right hand screw rule Is followed for rotations. See page lh$  for 
pictorial presentation of deflection sign convention. 

To obtain translations and rotations of the window structure when subjected 
to boost ultimate not pressure of 10,$ psi, multiply by 2.UU2, 
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TABLE 3   ROTATIONS AND DEFLFJCTIONS - PINNED CASE RT = ©y - RADIANS 
Pressure = ^.3 pel RX = dx - RADIANS 

NODE^ ^FREEDOM NODEx    /FREEDOM Z = AZ - INCHES 

IRV                         -2   -.10309921 17   2 -2   ♦.41737234 
IRX                         -3  -.10008610 1BRY -3  -.87060937 
1   Z                         -3  ♦.59392566 18RX -3  -.13587298 
2RY                         -2   -.102635A2 18   Z -2   ♦.40351832 
2RX                         -4  -.75697320 19RY -3  -.86751173 
2   Z                         -3   ♦.89787785 19RX -3  -.16833000 
3RY                         -2  -.1030 7034 19   I -2   ♦.38457096 
3RX                         -3  -.12229998 20RY -3   -.85654965 
3   Z                         -3   ♦.68795080 20RX -3  -.17271722 
4RV                         -2  -.10024731 20   Z -2   ♦.3645^800 
4RX                          -4  -.53730180 21RY -3  -.62627717 
4   Z                         -2   ♦.16451625 21RX -4   ♦.46174014 
5RY                         -2   -.10181153 21   Z -2   ♦.53869758 
5RX                          -4   -.706C9816 22RY -3  -.67815602 
5   Z                         -2   ♦.15749265 22RX -4   ♦.32485974 
6RY                         -2   -.10254908 22   Z -2   ♦.54256A00 
6RX                          -4   -.98444681 23RY -3  -.7064^380 
6   Z                         r2   ♦.14812860 23RX -4  -.16039641 
7RY                         -2  -.10237956 23   Z -2   ♦.54097900 
7RX                         -3   -.12571457 24RY -3  -.72406521 
7   Z                         -2   ♦.13578398 24RX -3  -.14135247 
8RY                          -2   -.10144813 24   Z -2   ♦.52092281 
8RX                         -3  -.14083086 25RY -3  -.71632650 
8   Z                         -2   ♦.12119790 25RX -3   -.18638586 
9RY                         -3  -.93087357 252 -2   ♦.50128611 
9RX                          -4   -.27537489 26RY -3   -.68701922 
9   Z                         -2   ♦.30729662 26RX -3   -.19547176 

10RY                         -3   -.96043775 26   Z -2   ♦.47260937 
10RX                          -4   -.53679347 27RY -3   -.41748154 
10   Z                         -2   ♦.29944174 27RX -3  ♦.12709813 
11RY                          -3   -.97064738 27   Z -2   ♦.61132206 
11RX                          -4   -.93476823 2BRY -3  -.50111958 
H   Z                         -2   ♦.29023760 28RX -4   ♦.83829669 
12RY                          -3   -.97039144 28   Z -2   ♦.62863291 
12RX                         -3  -.13328395 29RY -3   -.53507935 
12   Z                         -2   ♦.27786387 29RX -4   ♦.12977^59 
13RY                          -3   -.95404546 29   Z -2   ♦.63277687 
13RX                         -3   -.15894785 30RY -3   -.55318845 
13   Z                         -2   ♦.25106772 30RX -3  -.15381867 
14RY                         -3   -.80702765 30   Z -2   ♦.61537906 
14RX                         -5   ♦.40839874 31RY -3  -.53523647 
14   Z                         -2   ♦.43312814 31RX -3  -.22046^64 
15RY                         -3  -.833C1001 31   Z -2   ♦.59520029 
15RX                         -5  -.21248197 32RY -3  -.48052887 
15   Z                         -2   ♦.43197529 32RX -3  -.25076304 
16RY                         -3  -.85411555 32   Z -2   ♦.552CC559 
16RX                         -4  -.36964402 33RY -3  -.20192301 
16   Z                         -2   ♦.42689141 33RX -3   ♦.24800835 
17RY                         -3  -.86781731 33   Z -2   ♦.64959300 
17RX                         -4   -.86817950 34RY -3  -.32764988 
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TABLE 3  ROTATIONS AND DEFLECTIONS - PINNED CASE (CONTINUED) 

34RX -3 ♦•15001886 
34   2 -2 ♦.68923364 
35RY -3 -.36457602 
35RX -4 ♦•46533804 
35   2 -2 ♦.69819922 
36RY -3 -.38009824 
36RX ■*3 -.17133888 
36   2 -2 ♦.68419038 
37RY -3 -.35975929 
37RX -3 -.27184229 
37   2 -2 ♦.66109669 
38RY -3 -.26474787 
38RX -3 -.35774896 
38   2 -2 ♦.59581754 
39RY -6 ♦.21925155 
39RX -3 ♦.36473948 
39   2 -2 ♦.6526 7010 
40RY -3 -.10192926 
40RX -3 ♦.31716936 
40   2 -2 ♦.69913317 
41RY -3 -.16703102 
41RX -3 ♦.214C1341 
41   2 -2 ♦.72561017 
42RY -3 -.20812735 
42RX -4 ♦.84016229 
A2   2 -2 ♦.74036001 
43RY -3 -.22430736 
43RX -3 -.19214028 
43   2 -2 ♦.72841124 
A4RY -3 -.19976423 
44RX -3 -.31949539 
44   2 -2 ♦.70196886 
45RY -3 -.15202709 
45RX -3 -.41655161 
45   2 -2 ♦.66428757 
46RY -4 -.70248733 
46RX -3 -.^5293559 
46   2 -2 ♦.60620146 
47RY -3 ♦.17066587 
47RX -3 ♦.56088387 
47   2 -2 ♦.62026625 
48RY -4 ♦.20399831 
48RX -3 ♦.43364610 
48   2 -2 ♦.70475454 
49RY -4 -.8768 3460 
49RX -3 ♦.13146668 
49   2 -2 ♦.76189357 
50RY -3 -.10491385 
50RX -3 -•22115402 
50   2 -2 ♦•75229362 

51RY -4 -•32809761 
51RX -3 -•51381425 
51   2 -2 ♦•67737799 
52RY -4 ♦•90026937 
52RX -3 -•63013775 
52   2 -2 ♦•58122235 
53RY -3 ♦•28259008 
53RX -3 ♦.74444868 
53   2 -2 ♦•55994278 
54RY -3 ♦•19218273 
54RX -3 ♦.67799352 
54   2 -2 ♦•63305202 
55RY -4 ♦.98269913 
55KX -3 ♦.54585299 
55   2 -2 ♦•69502193 
56RY -4 -•13621109 
56RX -3 ♦•17655541 
56   2 -2 ♦•76829990 
57RY -4 -•31082725 
57RX -3 -•24503373 
57   2 -2 ♦•76126374 
58RY -4 ♦•45110592 
58RX -3 -•60347797 
58   2 -2 ♦•67556442 
59RY -3 ♦•11975667 
59RX -3 -•72497398 
59   2 -2 ♦•60890620 
60RY -3 ♦•19336330 
60RX -3 -.7762 9087 
60   2 -2 ♦.53545007 
61RY -3 ♦.33352270 
61RX -3 ♦.93237685 
61   2 -2 ♦.48215083 
62RY -3 ♦.20666553 
62RX -3 ♦.82262A14 
62   2 -2 ♦.60258567 
63RY -3 ♦.12069840 
63RX -3 ♦.65937919 
63   2 -2 ♦.67784908 
64RY -4 ♦.12155835 
64RX -3 ♦.22296612 
64   2 -2 ♦.76722962 
65RY -5 -.49049096 
65RX -3 -.26675640 
65   2 -2 ♦.76281545 
66RY -4 ♦.70369760 
66RX -3 -.69327376 
66   2 -2 ♦.66599^91 
67RY -3 ♦.13978958 
67RX -3 -.84929786 
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TABLE 3 ROTATIONS AND DEFLECTIONS - PINNED CASE (CONTINUED) 

67  I -2 ♦.58841393 84RX -2 -•10847418 
68RY -3 ♦.24960614 84  Z -2  ♦•56260579 
68RX -3 -.94872858 85RY -4  ♦•28519461 
68   Z -2 ♦.47053329 85RX -2  -^12593830 
69RY -3 ♦.30761772 85   Z -2   ♦.4^961270 
69RX -2 ♦.11893346 B6RY -4  ♦•96947350 
69   Z -2 ♦•38861536 86RX -2  -.13666565 
TORY -3 ♦.15698143 86   Z -2  ♦•30136A69 
70RX -3 ♦.97805571 87RV -5   ♦•14578138 
70   Z -2 ♦.57271875 87RX -2  ♦•15203237 
71RY -4 ♦•60133190 87   Z -2  ♦•23258860 
71RX -3 ♦•77330908 88RY -4 -^65209238 
71   Z -2 ♦.66104437 88RX -2  ♦•13789223 
72RY -4 -.16574134 88   Z -2  ♦•43512320 
72RX -3 ♦.27018857 89RY -3 -•11372473 
72   Z -2 ♦•76630638 89RX -2  ♦.11842522 
73RY -4 -.33601539 89   Z -2   ♦•56415816 
73RX -3 -.28537647 90RY -3  -•1537U27 
73   Z -2 ♦.76466944 90RX -3   ♦.93914265 
74RY -4 ♦.29736617 90   Z -2  ♦.66880729 
74RX -3 -•78285876 91RY -3  -.20926967 
74   Z -2 ♦.65682915 91RX -3   ♦.34690268 
75RY -4 ♦.90436687 91   Z -2  ♦.79834668 
75RX -3 -.98110553 92RY -3  -.23221889 
75   Z -2 ♦.56813674 92RX -3  -.29917855 
76RY -3 ♦.22711385 92   Z -2  ♦.80356660 
76RX -2 -.11801937 93RY -3  -.21937623 
76   Z -2 ♦.38164026 93RX -3  -.89545207 
77RY -3 ♦.18690543 93   Z -2   ♦.68385667 
77RX -2 ♦.13788087 94RY -3 -.19768953 
77   Z -2 ♦.29995273 94RX -2  -.11501650 
78RY -3 ♦.12028893 94   Z -2   ♦.58133918 
78RX -2 ♦.12797^91 95RY -3  -.16855103 
78   Z -2 ♦.43693718 95RX -2  -.13438476 
79RY -4 ♦.43718634 95   Z -2   ♦.46115996 
79RX -2 ♦.11003543 96RY -3  -.11148242 
79   Z -2 ♦.55648584 96RX -2  -.15115433 
80RY ~4 -.16769635 96   Z -2  ♦.24156549 
80RX -3 ♦.86855803 97RY -3 -.23005770 
80   Z -2 ♦.65543180 97RX -2   ♦.16503145 
81RY -4 -.95146873 97  I -2  ♦.19064429 
81RX -3 ♦.31205117 98RY -3  -.25798275 
81   Z -2 ♦.77433093 98RX -2  ♦.14441735 
82RY -3 -•U458066 98   Z -2  ♦.4565JJ37 
82RX -3 -.29718720 99RY -3 -.27883916 
82   Z -2 ♦.77579797 99RX -2  ♦.12363087 
83RY -4 -•73450568 99   Z -2  ♦.59133140 
83RX -3 -•85268815 100RY -3 -.29760279 
83   Z -2 ♦•6599 2005 100RX -3  ♦.97889290 
84RY -4 -.28775979 
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100   Z -2  ♦.70277603 



TABLE 3    ROTATIONS AND DEFLECTIONS - PINNED CASE (CONTINUED) 

101RY 
101RX 
101 Z 
102RY 
1C2RX 
102 Z 
103RY 
10MX 
103 Z 
10ARY 
104RX 
104 I 
105RY 
105RX 
105 Z 
106RY 
106RX 
106 Z 
107RY 
107RX 
107 Z 
108RY 
108RX 
108 Z 
109RY 
109RX 
109 Z 
11CRY 
11CRX 
110 Z 
111RY 
111RX 
111 Z 
112RY 
112RX 
112 Z 
113RY 
113RX 
113 Z 
114RY 
114RX 
114 Z 
115RY 
115KX 
1X5 Z 
116RY 
116RX 
116 Z 
117RY 
I17RX 

-3 -.32925882 
-3 ♦.37156929 
-2 ♦.83853352 
-3 -.35210505 
-3 -.29141563 
-2 ♦.84691139 
-3 -.36218503 
-3 -.90681322 
-2 ♦.72681395 
-3 -.36270267 
-2 -.11732768 
-2 ♦.62280780 
-3 -.357831A9 
-2 -.13846206 
-2 +.49991595 
-3 -.35C49306 
-2 -.16103003 
-2 ♦.22247795 
-3 -.AA72C769 
-2 ♦.16539388 
-2 ♦.2^270626 
-3 -.4A493815 
-2 ♦.14594174 
-2 ♦.50980650 
-3 -.43801882 
-3 ♦.998C9C57 
-2 ♦.75703633 
-3 -.^830631 
-3 ♦.38677681 
-2 ♦.8969A664 
-3 -.4694870^ 
-3 -.27453681 
-2 ♦.90821192 
-3 -.50193895 
-3 -.89755844 
-2 ♦.79149691 
-3 -.5^151128 
-2 -.13822511 
-2 ♦.56788C74 
-3 -.58230963 
-2 -.16419A07 
-2 ♦.24357952 
-3 -.60352242 
-2 ♦.15763146 
-2 ♦.40329389 
-3 -.60626241 
-2 ♦.14343C18 
-2 ♦.58731989 
-3 -.56525872 
-3   ♦•98552745 
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117 Z 
118RY 
118RX 
118 Z 
119RY 
119RX 
119 Z 
120RY 
120RX 
120 Z 
121RY 
121RX 
121 Z 
122RY 
122RX 
122 Z 
123RY 
123MX 
123 Z 
124RY 
124RX 
124 Z 
125RY 
125RX 
125 Z 
126RY 
126RX 
126 Z 
127RY 
127RX 
127 Z 
128RY 
128RX 
128 Z 
129RY 
129RX 
129 Z 
201RY 
201RX 
202RY 
202RX 
202 Z 
203RY 
203RX 
203 Z 
204RY 
204RX 
204 Z 
208RY 
206RX 

-2   ♦.83218078 
-3   -.55599718 
-3   ♦.39372980 
-2   ♦.97205053 
-3   -.57632198 
-3   -.25168300 
-2   ♦.98692706 
-3   -.62376069 
-3   -.86055209 
-2   ♦.87629667 
-3   -.69433246 
-2   -.13357959 
-2   ♦.66102191 
-3   -.76358078 
-2   -.15881^89 
-2   ♦.359C2887 
-3   -.69921002 
-2   ♦.13232745 
-2   ♦.71075109 
-3   -.73877188 
-3   ♦.92513917 
-2   ♦.98599394 
-3   -.73202226 
-3   ♦.390^0131 
-1   ♦.114C5212 
-3   -.76895763 
-3   -.20986233 
-1   ♦.11788369 
-3   -.83686511 
-3   -.76470302 
-I   ♦.10978C80 
-3   -.8807AA59 
-2   -.12077A01 
-2   ♦.86712C15 
-3   -.86753212 
-2   -.U510742 
-2   ♦.59181687 
-3   -.6A759A03 
-3   -.121A9032 
-3   -.5951M64 
-3   -.10A85621 
-3   ♦.20761655 
-3   -.61485^60 
-3   -.14208567 
-4   -.236^8766 
-3   -.61864796 
-4   ♦.36923770 
-3   ♦.74907559 
-3  -.64565829 
-3   -.27973752 
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TABLE 3  ROTATIONS AND DEFLECTIONS - PINNED CASE (CONTINUED) 

?C8 Z 
209RY 
209RX 
209 Z 
213RY 
213RX 
213 Z 
214RY 
214RX 
214 Z 
220RY 
220RX 
220 Z 
221RY 
221RX 
221 Z 
226RY 
226RX 
226 Z 
227RY 
227RX 
227 Z 
232RY 
232RX 
232 Z 
233RY 
233RX 
233 Z 
238RY 
238RX 
238 Z 
239RY 
239RX 
239 Z 
246RY 
246RX 
246 Z 
247RY 
247RX 
247 Z 
252RY 
252RX 
252 Z 
253RY 
253RX 
253 Z 
260RY 
260RX 
260 Z 
261RY 

-3 ♦. 
-3 -. 
-3 ♦. 
-2 ♦. 
-3 -. 
-2 -. 
-2 ♦. 
-3 -. 
-2 ♦. 
•2 ♦. 
-3 -. 
-2 -. 
-2 ♦. 
■3 -. 
-2 ♦. 
-2 ♦. 
•3 -. 
•2 -. 
■2 ♦. 
•3 -. 
•2 ♦. 
-2 ♦. 
-3 -. 
-2 -. 
-2 
-3 
-2 
■2 

♦ . 

♦ . 
-3 -. 
-2 -. 
-2 ♦. 
-3 -. 
-2 %. 
-2 ♦. 
-3 -. 
-2 -. 
-2 ♦. 
-3 -. 
-2 ♦. 
-2 ♦. 
-3 -, 
■2 -. 
-2 ♦. 
-3 -. 
-2 ♦. 
-2 ♦. 
•3 -. 
■2 -. 
•2 ♦. 
•3 -. 

26721636 
75433048 
77490611 
21200754 
80056968 
10118558 
14836553 
75108536 
15304324 
35044945 
81378595 
1B162990 
28310174 
70474838 
22572339 
46028554 
78061163 
25544239 
39401040 
63165675 
29207156 
53126081 
71861664 
32509736 
«»7358515 
54329042 
35265288 
56651571 
64427326 
3878 7092 
51160388 
45065335 
40680815 
55501044 
56854842 
44365730 
51549821 
36536874 
45674087 
52256525 
50407526 
49065028 
47163452 
31104715 
49342390 
43738387 
46215428 
52940942 
41232772 
29476332 

261RX 
261 Z 
268RY 
268RX 
268 Z 
269RY 
269RX 
269 Z 
276RY 
276RX 
276 Z 
277RY 
277RX 
277 Z 
286RY 
286RX 
286 Z 
287RY 
287RX 
296RY 
296RX 
297KY 
297RX 
297 Z 
306RY 
306RX 
306 Z 
307RY 
307RX 
307 Z 
314RY 
314RX 
314 Z 
315RY 
315RX 
315 Z 
322RY 
322RX 
322 2 
323RY 
323RX 
323 Z 
324RY 
324RX 
324 Z 
325RY 
325RX 
325 Z 
326RY 
326RX 

-2   ♦.52143168 
-2   ♦.33986681 
-3  -.46079500 
-2   -.55883835 
-2   ♦.32834739 
-3   -.34191876 
-2   ♦.53675856 
-2   ♦.22294201 
-3   -.53879294 
-2   -.57684551 
-2   ♦.20301300 
-3  -.48000417 
-2   ♦.53628380 
-2   ♦.10054137 
-3   -.72235043 
-2   -.57509751 
-3   ♦.91046006 
-3  -.72901386 
-2   ♦.51628381 
-2   -.10515973 
-2   -.55262027 
-3   -.94551972 
-2   ♦.47888486 
-3   -.70829647 
-2   -.13236503 
-2   -.51821007 
-3   -.19352098 
-2   -.109M918 
-2   ♦.3790798A 
-4   -.42390452 
-2   -.14336570 
-2   -.46073052 
-4   -.70692254 
-2   -.15374946 
-2   ♦.24807035 
-2   ♦.21785628 
-2   -.15962569 
-2   -.34347008 
-2   ♦.14730404 
-2   -.25095706 
-2   ♦.11619V86 
-2   ♦.62720933 
-2  -.32883755 
-3   ♦.40968389 
-2   ♦.94375602 
-2   -.33964935 
-4   ♦.79131575 
-I   ♦.1071A711 
-2  -.35401477 
-3   -.24578806 
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TABLE 3 ROTATIONS AND DEFLECTIONS - PINNED CASE (CONTINUED)" 

326  Z -1 ♦.11245380 
327ftY -2 -.36938127 
327RX -3 -.56045034 
327  Z -1 ♦.11001143 
328RY -2 -.31767382 
328RX -3 -.98896342 
328   Z -2 ♦.85973899 
329RY -2 -.22434835 
329RX -2 -.19804522 
329   Z -2 ♦.48608930 
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TABLE k      ROTATIONS AND DEFT.RfmORS - FIXED CASE 
Presaure = ^,3 psi 

NODE*   /KHKEnOM NODE N ^'RKEDOM 

18RY IRY -3  -.95399749 
1RX -5  -.79689990 18RX 
2RY -3  -.93058870 18   Z 
2Rr -6 -.30525402 19RY 
2  Z -«-3   ♦.20156564 19RX 
3RY -3  -.93157497 19  Z 
3RX -4   ♦.14182351 20RY 
3  Z -3  ♦.17621992 20RX 
^RV -3  -.86296A15 20  Z 
4RX -5  -.42780251 21RY 
4 z -3   ♦.79556379 21RX 
5RY -3  -.90065696 21   Z 
5RX -4   ♦.13582426 22RY 
5  2 -3   ♦.60290130 22RX 
6RY -3  -.91557047 22   Z 
6UX -5  -.80484200 23RY 
6  Z -3   ♦.79804663 23RX 
7RY -3  -.90134364 23   Z 
7RX -4   -.2998 1052 24RY 
7   Z -3   ♦.76853149 24RX 
8RY -3  -.86757003 24   Z 
8RX -5  -.86261377 25RY 
8   Z -3  ♦.72774473 25RX 
9RY -3  -.73470877 25   Z 
9RX -4   ♦.99458392 26RY 
9   Z -2   ♦.19518753 26RX 

10RY -3  -.64440306 26   Z 
10RX -4   ♦.42889/59 27RY 
10 z -2   ♦.20557820 27RX 
11RY -3  -.85587845 27   Z 
11RX -5   -.76986401 28RY 
11   I -2   ♦.20580354 28RX 
12RY -3  -.84715978 28   Z 
12RX -4  -.58368794 29RY 
12   I -2   ♦.20148593 29RX 
13RY -3  -.74113403 29  Z 
13RX -3  -.10610203 30RY 
13   Z -2   ♦.18616260 30RX 
14RY -3  -.59638211 30  Z 
14RX -3   ♦.20974969 31RY 
14   Z -2   ♦.29287463 31RX 
15RY -3  -.706767 72 31   Z 
15RX -3   ♦•14143378 32RY 
15   Z -2   ♦.30832730 32RX 
16RY -3  -.73838777 32  I 
16RX -4   ♦.76172529 33RV 
16  Z -2   ♦.31656394 33RX 
17RY -3  -.75283040 33   Z 
17RX -5  ^.82662610 34RY 
17   Z -2   ♦.31708206 34RX 

RT -*7 i RADIANS 
RX = 9x ■ RADIANS 

Z -4z — INCHES 

-.74157756 
-.91096547 
♦.30975214 
-.71027529 
-.15418230 
♦.29437892 
-.60317158 
-.22262791 
♦.27426890 
-.42865405 
♦.33078446 
♦.36706^37 
-.56138557 
♦.20759720 
♦.40098663 
-.59925816 
♦.10247112 
♦.41436728 
-.6030 7090 
-.12282832 
♦.40871488 
-.57187177 
-.22509494 
♦.388^5596 
-.44359216 
-.34238141 
♦.34919386 
-.25039452 
♦.47076178 
♦.41240133 
-.40536900 
♦.26705374 
♦.47167335 
-.43794745 
♦.131520^1 
♦.49098235 
-.44349532 
-.154095JO 
♦.48604375 
-.41402874 
-.28744833 
♦.46288020 
-.26950181 
-.48300926 
♦.39768868 
-.70854083 
♦.60518884 
♦.42656231 
-.23931535 
♦•33016901 
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TABLE k ROTATIONS AND DEFLECTIONS - FIXED CASE (Continued) 

34 I —2 ♦.51875354 51RX mi 1 -•65141184 
35RV •3 -.27330471 51 Z "i ! ♦•48805492 
35RX — 3 ♦.16056428 52RY -: I ♦.21705140 
35 Z -2 ♦.54264179 52RX —3 1 -.90671860 
36RY ■>] -.27751803 52 Z -2 ! ♦.35985409 
36RX «] -.18432819 53RY -3 > «.34819015 
36 I -2 ♦.53913758 53RX -2 ! ♦.10653785 
37RY —3 -.24886867 53 Z — 4 1 ♦.29624968 
37RX -3 -.35228061 54RY -3 ♦.19780194 
37 2 -2 ♦.51165842 54RX -3 ♦.90024611 
38RY -4 -.91418547 54 Z -2 ♦.39464671 
38RX —3 -.61906225 55RY -3 ♦.14656964 
38 Z -2 ♦.41425317 55RX -3 ♦.71686572 
39RV —3 ♦.10795766 55 Z -2 ♦.47658605 
39RX -3 ♦.74453524 56RY —^ ♦.77661927 
39 Z -2 ♦ .4070682!> 56RX -3 ♦.24491154 
40RY -4 -.50156996 56 Z -2 ♦.57404824 
40R* <-3 ♦.56572200 57RY -4 ♦.73989791 
40 Z -2 ».49466316 57RX —3 -.26553606 
41RY -4 -.92499468 57 Z —2 ♦.57^37999 
41RX -3 ♦.39078115 58RY -3 ♦.13355034 
41 Z —2 ♦.54268547 58RX —3 -.72451464 
42RY —3 -.12234798 58 Z -2 ♦.47333770 
42RX .3 ♦.18984875 59RY -3 ♦.18069495 
42 Z -2 ♦.57162^20 59RX -3 -.8990 7983 
43RY ••j -.12748392 59 Z —2 ♦.39205871 
43RX —3 -.21300316 60RY -3 ♦.31723509 
43 Z -2 ♦.56863010 60RX -2 -.10477657 
44RY —3 -.10317546 60 Z -2 ♦.29889563 
44RX .3 -.41062566 61RY -3 ♦.38308025 
44 Z —2 ♦.53697268 61RX -2 ♦.12130981 
45RY —4 -.66838596 61 Z -2 ♦.21376813 
45RX —3 -.58042900 62RY -3 ♦.22250625 
45 Z -2 ♦.48674079 62RX -3 ♦.99300286 
46RY "4 ♦.79274812 62 Z —2 ♦.36245561 
46RX — 3 -.74992652 63RY —3 ♦.17111548 
46 Z -2 ♦.40067327 63RX -3 ♦.78093287 
47RY -3 ♦•24899802 63 Z —2 ♦.45222543 
47RX .3 ♦.91067032 64RY — 3 ♦.11295719 
47 Z —2 ♦.36535954 64RX —3 ♦.26865569 
48RY .4 ♦.64964136 64 Z -2 ♦.55858219 
48RX .3 ♦•63855361 65RY —3 ♦.11093550 
48 Z -2 ♦.49361212 65RX —3 -.28701128 
49RY .5 -.28184712 65 Z —2 ♦.55723465 
49NX •3 ♦•22026676 66RY -3 ♦.16561666 
49 Z -2 ♦•58046151 66RX -3 -.78581393 
50RY "5 -•76072481 66 Z -2 ♦.44989712 
50RX .3 -•24241437 67RY -3 ♦.21419226 
50 Z .2 ♦•57816043 67RX -3 -.98758332 
51RV -4 ♦•48662954 67 Z -2 ♦.36110332 
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TABLE k KOTATIORS AND DEFLBCTIOHS - F] 

68Ry ., ♦.35T69393 
68RX -2 -.118T1152 
68   Z -2 ♦.22060533 
69Ry -3 ♦.32906450 
69RX -2 ♦.13616048 
69   Z -2 ♦.12663122 
TORY -3 ♦.1T380125 
70RX -2 ♦.10T04354 
TO  Z -2 ♦.33075313 
TIRY -3 ♦.13688726 
TIRX -3 ♦.83853635 
Tl   Z -2 ♦.42698085 
T2RV -A ♦.943694T0 
T2RX -3 ♦.28869615 
T2   Z -2 ♦.54064692 
T3RV -4 ♦.92339A58 
T3RX -3 -.30374092 
T3   Z -2 ♦.53936189 
T4RY -3 ♦.13153597 
T4RX -3 -.84146753 
T6   Z ■'2 ♦.42427547 
T5RY -3 ♦.16739727 
T5RX -2 -.10617942 
T5  Z -2 ♦.32875009 
T6RY -3 ♦.30272141 
T6RX -2 -.13318396 
T6   Z -2 ♦.12452557 
TTRY -3 ♦.16988413 
TTRX -2 ♦.14616502 
TT   Z -3 ♦.47159345 
T8RY -4 ♦.66509617 
T8RX -2 ♦.13199035 
T8   Z -2 ♦.18859123 
T9RY -4 ♦.5524^975 
T9RX -2 ♦.11271656 
T9   Z -2 ♦.31176669 
80RY -4 ♦.42504887 
80RX -3 ♦.87326893 
80   Z -2 ♦.41211760 
81RY "A ♦.26321178 
81RX -3 ♦.30134666 
81   Z -2 ♦.53015963 
82RY -4 ♦.19468759 
82RX -3 -.30915359 
82   Z -2 ♦.52933691 
83RY -4 ♦.23375014 
83RX -3 -.87042358 
83   Z -2 ♦.41068^75 
84RY -4 ♦.31920374 
84RX -.11142613 

- FIXED CASE    (Continued) 

84  Z -. 2   ♦.31117350 
85RY - ^  ♦.36024119 
85RX - I  -.1289582T 
85  Z -, 2  ♦.19505480 
86RY - 3   ♦.12501004 
86RX -, Z  -.141T8349 
86  Z -, 1  ♦•43818525 
87RY - * -.12T11160 
8TRX -( I  ♦•15010656 
88RY -" 5  -•13653978 
88RX -i I  ♦.13201073 
88  Z -; I  ♦•19637168 
89RY -: )   -.11263511 
89RX •J I   ♦•11110460 
89  Z < 

I   ♦.31857062 
90RY -* 4  -•90711373 
90RX -: 1  ^86730955 
90  Z I  ♦•41591587 
91RY •4 k  -•72609993 
91RX i 

1   ♦.30492329 
91   Z i 

"4 I   ^.53375066 
92RY mi k  -• 87421608 
92RX -: \ -•29683897 
92   Z -; I  ♦•53470474 
93RY -■ \ -•13025157 
93RX ~] \  -•85255049 
93   Z -J i   ♦•41941629 
94RY -! \  -•16157232 
94RX -J !  -.10921892 
94  Z -J !   ♦•32197502 
95RY -2 \   -•19344274 
95RX -j I  -•12775642 
95   Z -; 1   ^20792220 
96RY -■ \  -•22320398 
96RX -j !   -•14309760 
9TRY -' \  -•42568345 
9TRX -j !  ♦•14790102 
9T   Z -4 ►  -•42552099 
98RY -3 1 -•31425910 
98RX -J !   ♦•12449073 
98   Z -i 1  ^22887764 
99RY -3 I  -•25408918 
99RX -3 ♦•10523429 
99  Z -3 ♦•34432211 

100RV -3 1  -•20968188 
100RX -3 ♦•82727623 
100  Z -J ♦•43885583 
101RV -3 -•17005658 
101RX -3 ♦•30120150 
101   Z ♦•55224593 
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TABU k 

102RY 
102RX 
102 l 
103RY 
103RX 
103 Z 
104RY 
104RX 
104 £ 
105RY 
105RX 
105 Z 
106RY 
106RX 
106 Z 
lOTRY 
107RX 
107 l 
10RRY 
108RX 
108 Z 
109RY 
109RX 
109 Z 
110RY 
110RX 
110 z 
111RY 
111RX 
111 Z 
112RY 
1I2RX 
112 Z 
113RY 
113RX 
113 Z 
114RY 
1URX 
114 Z 
115RY 
115RX 
115 Z 
116RY 
116RX 
116 Z 
117RY 
117RX 
117 Z 
11SRV 
118RX 

ROTATIONS AND DEFLECTIONS - FIXiD CASE (Continual) 

-.19034770 
-.26891086 
♦.55568197 
-.26308711 
-.79706541 
♦.44877859 
-.32046528 
-.10207467 
♦.35783415 
-.38632891 
-.1199 3646 
♦.25124997 
-.53207751 
-.1368 3681 
♦.13133920 
-.6075 5492 
♦.13904404 
♦.69111637 
-.41875998 
♦.11445198 
♦.28430631 
-.30563332 
♦.77486975 
♦.47715542 
-.26732493 
♦.29588217 
♦.58537698 
-.29004101 
-.23188165 
♦.59181568 
-.37192404 
-.72127184 
♦.49660626 
-.51334081 
-.10823735 
♦.31956082 
-.73064109 
-.12896709 
♦.66033475 
-.6948<»340 
♦.12428589 
♦.21642043 
-.52421848 
♦.10366528 
♦.35357168 
-.41601539 
♦.71665998 
♦.53098116 
-.37665292 
♦.29100*45 
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118 Z 
119RY 
119RX 
119 Z 
120RY 
120RX 
120 Z 
121RY 
121RX 
121 Z 
122RY 
122RX 
122 Z 
123RY 
123RX 
123 Z 
124RY 
124RX 
124 Z 
12SRY 
125RX 
125 Z 
126RY 
126RX 
126 Z 
127RY 
127RX 
127 Z 
128RY 
128RX 
128 Z 
129RY 
129RX 
129 Z 

♦.63344082 
-.39477293 
-.19306829 
♦.64339842 
-.47260729 
-.63684074 
♦.56029441 
-.60324843 
-.95939975 
♦.40364167 
-.84365233 
-.11716590 
♦•18600349 
-.73448214 
♦.96237187 
♦.46184269 
-.71334924 
♦•61043558 
♦•66180489 
-.66384828 
♦•26481599 
♦•76838745 
-•68568933 
-•97148760 
♦.79671528 
-.76802809 
-.45250329 
v.74792722 
-.84701058 
-.78710416 
♦.59118946 
-•87817168 
-•10074193 
♦.38294418 
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01*«« Brodlng nomnt» and Sb»%r 

Bending mount pattern« In the glas« MM for II_ m*iA M_ «^^   -v. ^ * . 

To obtain glass banding mamnU for the boost ultlmta net prauun of 
10.5 pel, «ultlplor by 2.^.    olass bending stresslsir* Vl^l 
OU.« rebate bending stress Is 2.O85 x &*!**£•*. 
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McBftnts here result froi airload 
being applied in the +z direction, 
i.a.   toward the reader. 
Positive Moswnts result in tension in 
the glass on the side toward the 
reader. 

1 
-•-♦■ 
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FIGURE  51 

MOMENT DIAOMMS ^ M^ AND M^ 

Plnii«d Cas« - Airload - U.3 Lbi/ln 



W1 

BtUU .tr... . 2.OÖ5 x gu.. .t^,. 
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KOÜRE   32 

M0MHIT8 M, AlfD My - IH.lÄj/lH. 

Pinned Case - Alrlo^t - 4.3 Lbf/m2 

i 



SZuZäTi^ear? ^ and 5r 0n elaas eleraenta corresponding to a net air load of 4*3 pai on the glass surface, acting outward f♦ zJirL??^ 

Jo^^ruTt? l0^1^ ^ 8i8n ****** S SS   Sheals for "^ 10.5 psi ultimate boost net pressure are 2.Z|42 times larger. 

Shear Vector Away 
Froa Reader 

Shear Vector Toward 
Reader 

-H^ ~ Lb/m 

♦^^ Lb/in 
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nouFi55 
OOT-OF-PUHE SHEAR OH PUTE 

Plnn«d CAM - Airload - »i.3 Lbs/in2 
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Olaas Torsion 

Torsion moment M^. for plate elements when subjected to a uniform net 
air load of U.B psi In the ♦ «-direction is shown along with the sign 
convention fcr torsion moment. To obtain glass torsion moments for 
the boost ultimate net pressure of 10.5 pel, multiply by 2.1iii2. Olaas 
shear stress due to torsion is Ik»2  x glass torsion moment. 

^M- 
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Tonloa oa plat« Elawnt* ~ In .Ul/ln. 

171 



net 
•ign 

►/in. 

171 2* 
FIGURE 34 
*OMBfT Mjjy (TORßlO») OH PUTE ELWENTS 

Pinned Ceee - Airload - I».3 tbt/ln2 



Window Frame Bending foment and Shear 

Bending momenta and shears in the side window frame for U#3 psi net air 
load acting outward on the window are shown together with the moment and 
shear sign convention, Kaxlmum bending momenta and shears, occurtlng 
during boost when a net air load of 10.5 pel boost is applied to the window, 
may be obtained by multiplying by 2.UIi2. 

(Bending Noatnt) 

Rode "b" is always counterclockwise around the 
Bendlug Monents are written at nodes. 
Shear is written between nodes. 

fro« nods "a-. 
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I *r*ri**_9*€* wt bl—k, thwfor» not tiVm*.    j 

2. 
55 

WTMDOW FRAME SHEAR AND BERDIWC MOMEIfr 

Plan»! CaM - Alrlo«l - I».3 Lbg/m2 



8M>I LMdi 

The Mai and Mai «prlng stlffneas 1« 8l«ulated by the epar elements as 
dlscusMd oo page   1]^  .   The axial loads In the spar eleaente represent 
the load transferred from the glass to the frame. 

Spar element axial loads are tabulated below.    Axial load In a spar Is 
positive when the epar Is subjected to tension.    See page Un    for a 
pictorial representation of the spar element. 

TABLE 3     Spar Rode Axial 
Itxabers Load 

86-206 58.5 

87-267 64.7 
96-296 67.2 

97-297 72.7 
106-306 67.2 

107-307 68.7 
Uh-ilk 69.7 

115-315 51.6 
122-322 56.9 

123-323 23.2 
12U-32U 11.7 

125-325 19.2 
126-326 1^.1 

127-327 0 
126-326 2.1 

129-329 29A 

Spar Node 
Numbers 

Axial 
Load 

1-201 16.5 

2-202 19.2 

3-203 19.8 

k'20k 2k.9 
8-208 26.3 

9-209 26.5 

13-213 28.6 

1U-21U 23.0 

20-220 22.6 

21-221 21.8 

26-226 21.8 

27-227 22.1» 

32-232 21.8 

33-233 23.1 
38-238 21.k 

39-239 

H6-246 

Vr-247 

27.1 

25.2 

27.2 

52-252 30.5 

53-253 

60-260 

61-261 

66-268 

69-269 

3^.1 

3^.2 

39.6 

39.5 

46.1 

76-276 49.7 

77-277 55.4 
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AHALYSIS 

FRAME SKTIOR 

T^J**— ••ctl<» i« oot  «tres« critics but la <kfl»ctlon crltlCÄl. Thlt 
U because email deflectloo« can lead to hlgb stresses In the glass. The 
3/16 Inch dlMter fraae clamping bolts In Class I holes do not develop 
sufficient ft-ictioo between the freae eleaents to prevent unwanted shear 
slipp^e. The internal freae elewats are riveted together with l/k Inch 
disaeter Rene* kl rivets to provide shear continuity. 

Slippage will occur at 
these faces when friction 
forces are exceeded. 

Shaded Area Moment of 
Inertia: 

I « l/12(.50)(l.i*2)3 

= .1193 in4 

Thej/IÄ inch disaeter elaaping bolts and counterbores for the lA inch 
diaaeter rivets reduce the stiffness of the fraae section by Ml.   The flanges 
(outer faring and inner back-« strip) are oolj partially effective in 
bending because of the Class I holes.    Using the effectiveness based on 
flange friction with bolts tor<iued to 20-25 inch-pound torqus (TOO pounds/ 
bolt) and A   •  .*0 gives an Increase in stiffness of 250. 

PHAL PRANE NQMBrr OP DfEFTIA 

I - .1193 x  .96 x 1.25 -  .1^32 inch^ (Computer Analysis used .1397) 

PRANK TORSIORAL STTPFVEBS 

J     -ab '[T -'•* = (-£)]-•<»** inch 
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STRESS ANALYSIS  (Continued) 

OIASS SECTION (continued) 

For 10.5 psl airload: 

Q*" - 5000 psl 
Allovable 
In Bending 

M.S. 
Max 
Stress 
Theory 

5800 , 
1193 x 1Ö.5 " 1 - .991-^- 

Bxaalne the stress In the rebate - pinned boundary. 

The shear to rebate Is maxlmn at elsasnts 87-97-107 

2 beans 

1.5 In V8A7#/ln for ^.3 psl 

-   U8A7 x 2M2 - 110.li#/ln for 10.5 psl 

The bending stress, using a stress eooeentratioa factor ef 1.2, lei 

USA x 6 x 1.2 .   MBg x " fag   .   U209psl 
1 x .V52 

HeallstlcaUy, the force V irlll act at 2/3 of 1.02 or .68 Inch 

^ I x 4209 - 2603 psl (does not Include Installation stress) 

It Is noted that rebate Is critical since Installation stresses are Largest 
In ♦be rebate area and are unknown. 
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APPENDIX II ' 

WINDOW SEAL AND SPRING TESTS 
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II.      WINDOW SEAL AND SFRINO TESTS 

FURPOSE 

The purpoM of thtM tests vaa to obtain stress relaxet Ion end loed-def lection 
dete for one vlndov sesd configuration. ««-oeriecxion 

TEST SPBCIMHIS 

Test_l:    TWO foil-Jacketed "HasteUoy-X" «ssh seals (per nrawln« 25-8620^-1^ 
Kl >.leaf Rene« kl spring (per Drmvlng 25-63079-1)' SUSMS !■ 

MJS ssifisr n*"t'u*'r' •* ^thr-|— IQ
 ^^ 

SHLS: 3Ärr ii9,h ^ ^no ^^th^iaci-in ^^ 
nSTRlMaTEATTON 

Speclasn denectloas «ere measured by recording the amount of head travel on 
the universal test mchlne. *«"«x wu 

^^^r^8 ^ --g11 U8ln« chroa»l-alumel themocouples spot 
welded to the test specimen as shown In Flgui» 56   page 182, 

TEST SETUP 

The test specimens were Installed In a 120,000-pound Baldwln-Llaa-Hamllton 

ij^l^^06' Refer t0 n*m>**  57   «I 58 for the test setup of each 

TEST PROCEDURE AHD RESULTS 

Testl: The seal specimen was compressed at room temperature to e load 
of 90 pounds and a thickness of 0.28 Inch was recorded. The load was 
then Increased to 105 pounds and a thickness of 0.2? Inch was recorded. 
The load was again Increased to 220 pounds and a thickness of 0.22 inch 
was recorded. The specimen was unloaded and then compressed again to a 
thickness of 0.22 Inch under a load, of 225 pounds (refer to Figures 60 
«ad 6l#i  The heat cycle was then applied per Figure^ .  The seal thick- 
ness was held constant and load decay was continuously recorded during the 
heat cycle (refer to Figure 6l).  Load and heat were removed and thTseal 
thickness measured was 0.2^ Inch. 
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FIGURE 56   TEST SETUP - TEST 1 

REATKR ASSDffiU 
(ALL AROUND) 

TEST MACHINE 

T/C li" FROH EITHER END 
OF PLATE 

RENE 41 PUTE 

SEAL 

SIMULATED QUARTZ WINDOW 

SEAL 

SPRING 

RENE 41 PUTE 

T/C Ik«  FROM EITHER END 
OP PUTE 
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FIGURE 57 TEST SETUP - TEST 2 

> 

H1ATKR ASSEMBLI 
(ALL AROUND) 

TEST MACHINE 

RENE U PUTE 

SEAL 

RENE 41 PUTS 

T/C li" FROM HTHER END 
Or PUTE 
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FIGURE 58 TEST SETUP - TEST 3 
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FIGURE 59 TIME - TQ1PERATURE CURVE - TEST 1 AND 2 
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fIOÜRE 60    WINDOW SfiL AND SPRING TEST - TEST 1 

ITiON :r££T - OOMPOSITB aPBpU!^ 
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FIQDRE 62    WINDOW SUL AND SPRINQ TEST - TEST 2 
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TEST PROCEDURE AND RESULTS (Oontliutd) 

Te8t2: The eeal tpeciiMn was compreased at roo« teaperature to a thlcknea« 
ofOTn Inch at a load of 22Ö pounds. The load decayed to 210 pounds before 
heat was applied (see Plgure 62 ,  With the thickness held constant at 
0.11 Inch, a heat cycle was applied (refer to Plgure 59) and load decay 
continuously recoiled (refer to Figure 63 •  After 15 minutes at l600oP 
teeperature, the load was reduced to 0 pounds and then reapplied until the 
seal thickness was 0.11 Inch. The load was again reduced to 0 pounds when 
the heat cycle reached 800#P. The load was reapplied until the specimen 
was 0.11 Inch thick again and the heat cycle was conpleted. Seal thickness 
after the load and heat were removed was 0.11 Inch. 

Test 3; Tbß test specimen was compressed at roon te^erature to a thickness 
ofOTll inch and a load-deflection curve was recorded (refer to Figure 6h)» 

COilCLüSIOH 

Similar load-deflection data were obtained for all specimens at roon tc^era- 
ture. 
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APPENDIX  III 

TEST  DATA REDUCTION METHODS 
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Ill, TEST DATA REDUCTION METHODS 

VERTICAL DEFLECTION COMPARISON 

Test data and analytic data wera adjusted to the same reference 
for comparison as follows: 

1. TEST DATA 
The vertical deflections were corrected for rigid body 
rotation, 

Corrected = V ' VD + Rxx(7) + Ryy(I) 

V    = Vertical deflection data    - Inches 
/ertical d< 

DA6 - DB6 

VD = Vertical deflection at point D (DD6) - Inches 

xx 
DA6 + DB6 

- Inches/Inch 

DD6 - 

yy - Inches/Inch 
T9^1 

X = X-Distance from point D - Inches 

Y = Y-Distance from point D - Inches 

2. ANALYTIC DATA 
The vertical deflection at the rode was corrected to the 
deflection gage, 

V = V + Rd 
z 

Vz = Vertical deflection from analysis - Inches 

R = Rotation - Inches/Inch (see page $0  ) 

d s'Öls'tance from node to point - Inches 

DCFLCCTIOKJ 

] 
-NOOt 

which is then corrected for rigid body movement 

Corrected = V " VD + Rxx(?) + Ryy(7) 

V = Vertical deflection at gage - Inches 
V = Vertical deflection at gage (point D) - Inches 

V - V 
Rxx "    14,88      - Inche8 

V    + V V     -AR R       =    D        i a    I 
yy 2 - Inches 

19.81 

X,Y = X- and Y-Distance from point D   - Inches 

19$ 

l Pr«Tiou« p«c*« ««r« blank, therefore not filM*d, 



ROTATION COMPARISON 

Teat data and analytic data were adjusted to the same reference 
for comparison as follows: 

1. TEST DATA 
From D. and D. find R, 

1    2     frame 

Rframe = 1 * 3   " Radians. 
L 

which Is then corrected for rigid body rotation. 

Rframe corr. = Rframe " (Rxx G0S* " Ryy B1K^ '  RADIANS 

n    DA6 - DB6 
Rxx " lh.7 ' ***** 

P  _ DD6 - (DA6+DB6) 
Ryy =        2       RADIANS 

2. ANALYTIC DATA 

From Rx and Ry analysis data find components to 
determine R«    , 

frame 

Rframe = ^ cos ♦ - Ry SIN ^ - RADIANS 

xu-. + R< VfRAHc 
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THEKMAL DEFLECTION COMPARISON 

Test data and emalytic data were adjusted to the same reference 
for comparison as follows: 

1. TEST DATA 
The vertical deflections were corrected for rigid body 
rotation. See page 19$ • 

2. ANALYTIC DATA 
The vertical deflections were calculated based on the 
assumption that the window frame assumes a spherical 
shape of radius d/ATot. 

d = Frame depth - Inches 
AT = Frame depth temperature gradient - 0F 
oC  =  Coefficient of thermal expansion of Rene' kit 

Inch/Inch/0F 

With points A, B and D fixed at Z = 0; determind Z C 
and Z from the equation of a sphere: 

(X - h)2 + (Y - k)
2 + (Z - I)2 = R2 

where (h,k,l) is the center of the sphere. 
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GLASS THERMAL CURVATURE COMPARISON 

The allowable bending of the glass was compared with the 
extrapolated thermal deflection analysis assuming rigid seals 
and a spherical shape as follows: 

1. ALLOWABLE BENDING OF THE GLASS 
The allowable radius of curvature of the glass 

R = -v- = 588, Inches 

C = .'525 Inches (half the thickness of the glass) 

E v  10,5 x  10 PSI (modulus'of elasticity) 

f = 5800. PSI (allowable bending stress) 

and the allowable frame temperature gradient (AT) was 
calculated 

A T = d/ROC = Jfkk 0F 

d  =1.62 Inches (frame depth) 

R = 588,  Inches (radius of curvature) 

OC = 8. x 10'    Inches/Inch/0F (coeff.  of expansion) 
(Rene» kl) 

The glass vertical deflection along the X-axis was 
calculated  from the equation of a sphere.  See figure 1*2 
page 128 . 

2,    TEST DATA AT FAILURE 
The frame depth temperature gradient  (&r) = 757 0F 
at the time of failure with a resultant radius of 
curvature 

R =d^T      = 289.  Inches 

d =1,62 Inches (frame depth) 

AT = 757 0F 

o<- = 7^ x 10"> Inches/Inch/0F (coeff. of 
expansion - Rene' '♦I) 

The glass vertical deflection along the X-axis was 
calculated from the equation of a sphere. See figure 1*2 
page 128, 
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APPENDIX IV 

TEST SPECIMEN DRAWING LIST 
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FIGURE 66  X-20 SIDE WINDOW TEST SPECIMEN DRAWING TREE 

25-86206-1 
VACUUM BOX ASSY 

I 
25-86200-3 
WINDOW ASSY 

25-83879 
SPRING ASSY 

25-83862 
BACK-UP STRIP 

25-86201 
WINDOW 

4 25-86203 SEAL J 
25-86204 
RETAINER 

I 25-86207 
I TEST SET-UP DWG 

25-86200-1 
WINDOW INSTL. 

  25-86200-2 
FAIRING 

 I 29-82662 
BEARING BliC 3 

_| 25-86202 
CAB FRAME ASSY 

29-82672 
PIVOT 

29-82674 
SLEEVE 

-i 
29-83203 
SHIM 

26-81761 
WASHER 

] 
29-82678      1 
SLEEVE   J 

Zl 

25-86206-2 
SEAL ASSY 
VACUUM BOX 

I 25-86200-4 
I SPACER ASSY 

25-83879 
SPRING ASSY 

25-83861 
SPACER D- 
25-S3862 
BACK-UP STRIP! 

25-86203 
SEAL 

[25-83860 
I SPACER 
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APPENDIX V 

MATERIAL PfiOPERTIES AND ALLOWABLES DATA 
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FIGURE 67 
PHYSICAL PROPERTIES 

THERMAL PROPERTIES 

RENE* 41 (IMS 7-95, »MS 7-96, RMS 7-119, BMS 7-120) ALL FORMS 

| 

5 

I 
I 

'> 
u 

6 

PRIOR ENVIRONMENTAL CONDITIONING«      NONE 

BUM 
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FIOÜRE 57   PHYSICAL PROPERTIES  (CONTINUED) 

BASIC MECHANICAL «OPERTIES 

mm 4. m 7.W, ^S f*. .MS Mit. ^S 7-120, 

^^Vc^^1^^^ QUENCHED; AGED AT 1650-F FOB 
I HOUR, AIR COOLED; AGED AT 1400-F FOR 10 HOURS, AIR COOLED 

PRIOR ENVIRONMENTAL CONDITIONING:   CONDITION A (ALL CYCLIC CONDITIONS) 

TEST CONDITION:    .2 HOUR EXPOSURF M. EXPOSURE STRA|N RAn:    >002. 005 ,N#/iNyM|N 

' 
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FUSCO SILICA 

GENERAL NOTES 

FuMd illlco li an «xtranwlv pur« 100% SIO? glaM 
2880*F icff «olng point I« in» highmt »«i^Mratur« , 
blllty of ol' »ho matorlolt commonly comldcrod for cU- 
eroft glazing. 

Tho 
copo- 

MANUFACTURING   FROaSSES 

Regular glom cutting mothodt may bo uMd to cut Hth 
ma» «f la I. 

THICKNESS COSVlN2 

V^B- S3.7S 
1/4- 141 
ye- 6.50 
\/2m 7.80 
V8- 8.60 

2/4" 10.30 
7/8- 11.70 
1- 12.8S 

FIG   68 PHYSICAL   PROPERTIES 

FROCUREMENT JN FORMAT ION 

Fmod illlco produced by Coming Glow Works It datig- 
no»«d No. 7940 and U monutacturod In Induttrlal, 
optical, and ultratonlc gradoi. It It ovolloblo In dlo- 
motorauptoMinch«. Meat I Ittod or« typical for tho 
optl«. 

Density 

Softoning P»»!nt 

.0796 It/ln3 

2880*F 
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riaüRE68 PHYSICAL PROPERTIES  (CONTINUED) 

 FUSED StllCAi   LOW ANO  ELEVATgD TEMPEHATUHE  LINEAR  THERMAL  EXPANSION 

8 ^ ^ 
Linear Thwmal Expantion, Perc«n» 
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FIQÜHE 68 PHYSICAL PROPERTIES (CONTINUED) 

iv 

FUSED  SILICAi   ROOM AND  ELEVATED  TEMPERATURE THERMAL   CONDUCTIVITY 

Z 

6 

> 

I 

6 
3 

1000 

Temperatur«, *F 

2ÖÖ0 
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FIOÜRE 68 PHYSICAL PROPERTIES  (CONTINUED) 

SPECIFIC HEAT 

FUSED SILICA GLASS (CORNING GLASS WORKS NO. 794Q) 

PRIOR ENVIRONMENTAL CONDITIONING.    NONE 
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rXO, 69   MECHANICAL PROPERTIES 

•ASIC MECHANICAL PROPERTIES 

WHO $|L|CA GLASS (CORNING GLASS WORKS NO. TWO) 

MATERIAL PER SOURCE CONTROL DRAWING 1041001 

PRIOR ENVIRONMENTAL CONDITIONINGi    NONE 



HQ.  69 MECHANICAL PROPERTIES  (CONTINUED) 

FUSCD SILICA:   KOOM AND  ELEVATED  TEMPERATURE  MODULUS  OF  ELASTICITY (E) 

1000 1250 1500 1750 2000 

T«np«rotur«f *F 
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