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;;;;:='~T YAN14N10TOG~~M/IG4L eN6PJ, 4E~.Ke:.L.£ y AP/(IL..2. I~ 1780 
PROGRAM PROJ EC T JOB ____ -L-____ -L-__________ --l 

HEAVY loA! SPEc.T~OMe..rE~ SYSTE/v1 - )../IS.s 

TITLE 

Sl/PPo~T CYLINDE~ 

SUMMA~Y: 

/(EePIN6 HEAT LOA-D TO A MINIMUM WIII'-IE.. STILL-

MAINTAINING STRl/CTt..Ifi:.A-L ST~EN6Ti-/ f- IN~£.6~/ry' ARE

T/-IE.. MAIN -C.OA/o/IJERA TION..s t./SE,O PV TIlE.. DE. Sl6Aj OF 

THE... sUP,Po~r CYL..IA.I,DE~ r-o/<. TilE. /-11\5..$ MAGN£. r 
CR.YOSTAT. MATE.~/4L..;s COAITEMPLAT~D FO~. (.,1..56 W£I<£ 

I 
..30~ L.A/ .:5T/fIA.l.L,£SS sr£.e L r- TITAA./IUM ~4L - -$IV. 

J8£.C4Us£. 0;= THe. .AlON- LIN£,/1/(ITY OF Y/EL tJ -.sT~E.s~ 
I r- TIi.E~M-4L coA/;OucTIVITY. /1-5 A r=UNc.r/oA./ OF TEMP., 

A HEWLETT PA-C/(/ffi?£J SYSTEM .<.j"s,6 D.eS/(TOP C{)M"ourE,e., 

. VVA-S USED TO A-NA 1.. YZE- THI..:5" ,P/?DI3 L£'IV1. _. 

~ THE TEMP/5,.RATLlF?c_ ~;e.A£)IEA.lT A-LoAl6 THe. S(Il;:)po/l.. r 

C.y4-/A/L>E,R:.·...$ LEN6T/-I WAS COMPUTED CIS/Nt{-; //VTeGI'<4TloA! 

TECHNIQU.E..s. SY ,KeEPING TNt=- £)~SI6A/ ST/(E"s..5 Or TilL!.. 

CYLIIVDe/<.. COA/ST4A1 T TIiROU6/-1our. TJ-Ie.. T6MPE..RA·rI./Jo!e.. 

GRALJIEA/T, TIfE- C~O.:5S - SECTloA//f-L /f-~EA (I. c. wA-LL 

7HIC!<A..l/3SS) or- Th't::.. SUPPOR. T CYLIA./OE.e... ,rf..:5 A- rI..lAlcrlo./\.j Or 
CYL.IN£)E/Z. LEA/Gl"l-/ COULD .,BE.. DETE~/A.//:ED PO.£.. A 
<$/V.t.:N TEMP£.R!AT(./~EE. ,.eA-I'J6t!E... !-I-/3/V(;,.e J rITE. oprl1V1t.1M 

,D,ESI6A/ OF MINIMUM - AR.eA (ie.. MINIMUM· HEAT ,r.-O/1/)) 

VS. MA-Tc~/A-L ..:sT.R.c.:s..s, 1.::5 A-CfIclveD. 
I 

TfllS EAl61A/€E;<I)Jt; AJoT€.... COMP UTe::, f Pfi.c.$;::IJ TS 

THe. ,cOL/...OWI,vG . DA-TA FO;!<. ,BOTH MA-TE.R..IA--L..:5 FO...e. TI-IE

rwo TIE-M.P£U<A1L1~.e. ~,4A/6cS A./.ee£)eD; JI,...2 D,I< TO eJO of( 

f eJ02 o/<. TO ..:2 70 Q .I< 

I. TOTA-L C.Yi...JAlOER. /-IeAT LO/!D A--.:5 A FUA/CTIOAI OF 

r&MP,E.R.A-TlI~e... RA-AlGe....-.'1 4- i. 

>#1 
.2. 6RAPI-/ 0;= MATIE/</A-LYIELD ST;Rt=SS W. TEMPE./?AltI~E.. 

J. G,R-1-P,4 0;= Tj-I~MA-L Co/../.,oLlC.TIV/TY V-S. TEMpc/::ATU,£E-¥-.2.· 

~~ ______ __ ."i. o~.R.!J~H._ 9E __ j':ti~gM/f''- CONDuCT/Vir Y / Y/.ELD ST/<E.s..s 

VS. TEMPERArq,E?e. 't-¥ 

* INPuT DArA 

..JI If C.4k. C(jLA-T£D /)/( T/I 
L..~ __ ~_~ __ <_ •• _.~~._~_--:-.. _._. ,_,,_. ____ . ____________ . ___________________ --' 
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Y/E LD ST.R..t=..5.s 
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: 6.R..APH Or SUPPOtR-T CYL/ND£;C?:. LEA./6 TN VS. TEMP. Jl1!-
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YS. $UPPO,R. T C YLIND,c..e. .LeAl 6 TI-/. f 1(- I 
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i 
I 

..~CA-I- C L/ LA TIDNS: J. ~. ~'.- .• ~. . .-.- -!. -- •... .-_.. •. , 

: .T/-I£ rOLLO WIN6 .D'eft:.1 VATIO~ WA S LI~ED TO CALCt.lLA-TIE.-

TH£ Aso ve: PAR..A/VIeT~~· : .. 
I ! 
i 

..................... ... 134SIC .. . COA/I.)t.lC.TION H£:AT. T.I(ANSPi3<. .. fE.6)LlATIOA./: 
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! 1 

Q :: )(A' dT I 
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dx , 
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(/"::. 
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A.~. 
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S/A/c.e.. TII.6'<MAL CONDUC.TIVITY ? YIELD Sr~ESs. ,,1-~£ 
IJ FlIA/cTloAf OF T£MPE,R.ATul<,E- ~ TfI£ A.8ov£ eQUATIONS 

." . . i 
__ . ____ ,,_._. __ ._ - .A-/<E.AS __ . POLLOWS -!~-- ---·-----1 -.- -.. --- ----. __ , -- .- ----- .--- "-.- : 

... 

...... 

- --. -'._- -

. .. 

Q= I«r) A di 
ciK 

I I 

Q =r' )«(,) dr 
v(r) <:IX' 

I 

i I 

A;: r 
fT{r) 

i 
I .. --- -.-..... - - ....... " _n_.·._ .. ____ · .... ·. --.------.- .. -.-----.. -- --'-"'-~-'-" ------. "-r-"-' " .... - -_. 

(j)(/x = r j«r) ciT : i 
~{~: i I 1 

I,. i \ 

/A/Tc<!j~A-ThV6 WITH /<ESP,eCT TO ~<X ~ (L..EN6n1l ~'T I (TEMP) 
.--- ........ -.--..•. -- -.. ~ ... ---.---- ... -.--.... -.. --.. -.... .! .. ~ .• -~-.~.-.-.- .......... 'i.-'--"-...... - .. -""-... ~ ., _M.,,_,', ···-·"1----'·-·· ,-- .. . H_! .••• 

- x ~. r;L , ''', Q[ dx : r r: K,{,) CiT bfi..-
'0 !' J~ rr(r) ; 

i 

! 
j ~ \ I! I 

-.--.-------~----.-:~-.-(T.4--j-------.. ----------;-...:.~--------- ----------.-------- --- ----- ~-- .~ 
QL,:; F)-r K,(r) ~T . i' w/)er€-L = TOTI'fL L/EN6rl-l Or 

i _. T, rr(r) i . ,sf../ppo~r c.. YLIA./f)/EIZ.. (//).) i 
l : ' 

T,v ./ 7 ./ 
. - . - ._-- ... --~ 

t X 

! 

_. '.M , .•• 

-TOTAL- HE/fT' 
, 

Q:: r -L·;c 

~ .. nn_""~AA RT.-lI220A (Rev. 6176) 

L. ./ ./ ./ ./ 

~j .-

.-., 

:L 
I , : 

-' 

LOA-D Q :: 

, . 
, 

;:.(r~ ciT 
rr(r) 

./ 

F 
L 

./ (7 ./ ./ ./ 7 I~ 

j I 

; 

t~ I(,(T) dT 
(j" (r)-= T, 

, 

where ST~E.S·j FA c..ro/Z.. 

FO/( TITANIUM 4> AL - "-IV 
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/? YAMAMOTO M,E.c..1-I4A11C.A-L ENG/A..}. IJEIf:X£LEY AP~/L .d2/, 1980 

; , ; 

I 
, i DATA ! 

! I , 
: 

I i ! ! ; 

, TOTAL C.YLIAIDe/-'?. HEA'T LOAD /IS /1 rt.lNCTIDA/ 0;:::' 
-"- ~- _ .. - .. ~ .. ~~.;" 

r, . : .JI,.2 0 I<. i (,J:.U.. 'I/"Qjlh) 
i I 

I , ; 

j' 
! 

~! «'1<) 

7:7 

78 

7:'1 
----- ---'--:---'"8-0 --'-' --.- ----

6/ 
i i 

6.2. 

I 

30,,-/ LA! 

,sTAINL£.SS STEeL 

00.12.; 

00. 9.2.. 
-.- _. - S i. 73 ;"---'--- -

s<:J.51· 
d0 . ..3 7' 

8~ 8~~O; 

TITANIUM 

~A-L: -1.; V 

/3.73; WATr.:s 
I 

'. /.t.j. 0 & ~ 

/ "-/. /.f 0 . 
.-... -- .. FI. 75:-- . 

IS". 09 ! 

/0.",;,-/ ' 

IS: 79 
; 
! 

_0- •. ' 1 

.-----... ----.-- .-.--.~.-. ~"e;.y --- ...... --.- .. ---so. 01 : '--- .. -.. ---- .... ... --/(, .. /5 1
----

, 
35.89 : 

a~. 7~' 
! 8:6 

i 

6~ , 

67 Jlt2 
.. ----------- ........ ---.-.. -." 68--:- - ---------. . .. ----.38. $O~-~.- ---.. --. 

.. . 

<5
1
7 37 . ..39 i 

.90 .L/o . .2.9 INATT"s 

lZeSt./LT.:s f c.oAJCL.L/SION>S 

MA-Tel?/A-L 

SO "-I L.A,! 

STt4IA1.I...ESS STEeL 

TITANIUM 

u,A-L -~l y' 

'..3 ~y '--AI 
o TAIIVL£SS ~rcEL 

13/. 7~ 

1.J.j.75 

! 

I~.S/ : 

1~.88 , 
! 

17.:lS" : 
-- -I 7,-to 2-'---- - .-.. 

I 

17.97 ' 

0.-33333-3 . 

----------------~~~---------------+------~----------~----------
TITANIuM 

~A-L· .l/V 

7600-54240 RJr3220A (Rev. 6/1&) 

0.33333.,3 
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AUTHOR LOCATION DATE 

BE/eI<e..I..SY /lP~/L .1/,1780 .1<. YAMAMoro 

! 

STA-/A/L£S.:5 STEEL WAS CI-/O:5EAi 

rO~ • THE.. rOL/..O W IAJ 6 
. I I 

............ !<..E,4.)oAl . .s.: ... --. - .. ; .... --- ...... _ ...... -.. , -........-.- -.- r -.. --. ---- ..... --- ... ! ... - ......... -.. --. 
! , i I I 

I. i aD~ uJ .sTAINLESS STEeL i I-lEA-T LOAD vu.o6eD 

BAR£/.. Y /fc..cep TA~L IE. . : I I i 

~. !~O~ LN :STItIAlLcsl STIEEI- i MfflCfi!lAL I.:J AV~.LlkJj/"t!-
-· .. ·--·-------· ...... · .. -----·--.. ;=;;(6M· --L/VE/?-MO,.e.E..- 2Ai3 . . - '- .. -.---... -.-- .. 'j - .--

t i 

d. : TJTA--IJIt./M ~ A-L - 41/ PLA-re. HAS A- LeA£) TIMe.. 

WHICH J.:5 LlA//l-CCE:.PTnlJl.../f:- TO Til£. SCI-lt=DUI-e..: 

. 1. :TITA-IV/uM ("A-L - /.IV fft4S ?OT£AlTIA-L 'KIEL,O/N6 

. "'---P/(OtJLeMS .- : '.-.-,--. - ... --.. -.~--'-... -. ----_. -' .. '--, 

.oS: ; TlrA-NJUM 
i 

~A-L - ~/V riA'::; rJeAc..TU~/E. TOCl6/-1IJIE,ss 

PI( oe L t=/1/J..5 A-r CI?YOGEAlIC. TEM AE,R.4TU~e..:5. 

I ! 
I 1 ...... _--.- ........ "-"-'1' -·-··-_· .. --·--·-·-·-·· .. ·1 .. • .. • .. · _ ... - ..... • ~--- -. - •. -.~ - '"'- I" 

i i 
i I 
I I 
1 I 

-"--, 

i -- i 1 

I! i 
. i ' 

--... ---~.-.-.-.- '-.-- ..... -... "" ... --.. ----j. rile.' SiiPPO~T--·"c. 'riiXXOE.e.. . -;-':5 :' A-P.P/<6~/MA-T£L. Y"7..:l.- IN.' 

- . 

IN DIAM£.TE...e... f/9 I);, //1./ LENGTH."! WALL THIO<AlE-5S 
I 

WIL L Be. T/f.P.Pe.,R./E..D rOLLovJlA/6 TII£ G.RAP/-IS OF 

~D$..s - Sec.rION/lL A.R.E,4 Or .:sC/.P~o/?r CYLINDer.:::. ).-(5. 

... .. .. ·,sUP.POK r cYL/A/O~K.. LEA/60TH. A LA/ COOLIA/6 TU;6E. 

W /1..1.. ,8£ WEL,o/E.cJ (o~ /3,€.Az£ p) ONTO Tile. S L/~;OO;(:, r 
CYLI!JD,€-tf!. /J-T A D/oSrANc.£. o,!= rl.8o(JT I I /IV. ;="eOM 

rTiE .L-I4JU lD.. f/ELIU/V1 EAI£) OF Til£" .. C YLIA/OE/!!. TO 

..-.... /<EtJqCe.. - THe. - HEAT .l.OA·CJ. (I:e.. L){j)t../ I£) 'lfeLIUM 

CONSUMPTIOA)) HENCe,) THe: TEMp,C;<.A-/t.I~t= /<h-A./6E5 

WILL 13£ F~oM LHe.. ("I..:2. 0I<) TO LA! TEA-1P (BOoK) 
f r/<DM LA../ TEMf-.'> ( 8 . .2 c/<) CONDUCT/ON LOSc..s) To 

- .. ,,<OOM Te/V1P'( ..J90°1<) " 
, 
i 

I. 

7600.54246 RL-3220A (Rev. ~/76) 
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1.10301 

'l'lDm:,1AI., CONDUCTIVITY' IrITEGHALS 

for FEHROUG ALLOYS 

Source of Data: Data Sheet 3 -301: il'hermaJ. Conduc ti vi ty or Ferrous Alloys. 

Comn:ed.s: In the table or vulues beloW', aJ.l the thennnl conductivity curves 
for l-'erruus Al1uy:.;, vi 1.h the exception or Stainless, ,htlve been extrapo
luted. 0.: the extrupul<..Lted. curves, nll. have been extrupolateu to 4 oK, und 
:;.11 except ~;f.E 10:"''0 UUll SAE 4130 have been extrapolated to 300°1\. It i:.; 
C~; tir..nteJ thut the extrapolated Values deviate no more than 10';J frot:! the 
probable value:.;. 

\..'here: 

A' ~'l'L 
Q = - A dT; 

L \,. To 
L Q-= 
A 

Q ::: heat Ol.~ ~':'o", in watts 
A = cro:.;s sectional area in cm2 
L = lenGth in em 

"T I L A dT 
.~ To 

A ::: thel~ conuuetlvlty in watts/em-oK 
T = tez:l1;erature in OK 
To = initial temperature (4 OK) 

'l'~ll!rr..al COl~-lUL: Li vi ty I!lLcCl'al:; are on the foliowing page. 

"I 
.1 
• , 
t 
j 
t 

I 
.t 

, 
t , 
i 
~ 

1 , 

I Temp. Thermal Conductivity , 
j 
j 

- . 

.. ' \!' . ' 
.' 
~ " 

J • 
~.,.,..- ~'. 

.~. 
I. r 

~ 

4 
6 
8 

10 
15 
20 
25 
30 
35 
40 
:,0 
t.JO 
'fO 
76 
80 
'10 

leo 
l~-Q 

JI.o 
100 

100 
~;X) l c~O 
;~;() 

SAE 
1020 

.030* 
o-Q* . )'-' 

.cd5* 

.115* 

.100-

.24 * 

.28 
·32 
.37 
.40 
.48 
.')3 
·')7 
·')9 
.60 
.61 
.03 
.lIj 
.t,)5 
.65 

.65 

.65 

.65 

.65 

MILD SAE 
O.l~ C 1095 

0')-* . ~) .011* 
.0)0* .019* 
.073* .027* 
.100* .035* 
.1')7 .000* 
.22 .000* 
.Z{ .108 
-31 .130 
.34 .157 
·37 .100 
.42 .22 
.4:3 .~>6 
.51 .29 
.53 ·30 
.54 .31 

.57 ·33 

.59- .34 

.60* .J{ 

.Go* .30 

.60- .40 

.60* .41 

.60* .43 

.60* .4~~ 
• 60 it .45* 

watts/cm- oK 
SAE . 410 4~ Al 

4130 

.0075* .0045* .0045* 

.013 * .0070* .0070* 

.018 * .010 * .010 * 

.023 * • 013 .. .013 it 

.040 it .020 * .020 

.060 * .035 * .033 

.078 .050 .045 

.100 .070 .054 

.120 .090 .060 

.137 .108 .066 

.170 .135 .080 

.195 .157 .092 

.22 .rn .100 

.23 .183 .115 

.24 .19 .120 

. ·27 .20 .135 
.27 .21 .150 
.30 .23 .160~ 
.32 .24 .180·· 
·33 .25 .190* 

.34 .255 .20 it 

.35 .26 .21 * 

.35 • Z7 .22 ... 
·35 .28* .23 ~ 

* Extrapolated Values 
89 

13i Cr Stain- 24i Ni Quenched less 

.0032* .0024 . 00 li3 * 

.0055* .0039 .0033* 

.0080* .0057 .0050* 

.010 .. .0077 .0067* 

.0165 .0132 .0115 

.024 .0195 .0165 

.032 .020 .021 

.01lO .033 .02) 

.048 .040 .0~?9 

.056 .047 .032 

.070 .0',)8 .039 

.082 .068 .Ol~ 'J 

.095 .076 .0')1 

.100 .080 .054 

.105 .083 .057 

.113 .090 .062 

.120 .095 .068 

.140* .103 .077-

.150* .110 .OJ5" 

.160* .120 • (}.,jO* 

.165* .123 .100* 

.17 it .13 .107* 

.18 * .14 .l::':;j~ 

.19 * .15 .1ju.c· 
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1300 -200 -100 -400 

4.t 1<" I tf~~TEMPERATURE (OF) 
gD/( 

o 

THERMAL CONDUCTIVITY OF 6AI-4V TITANIUM 

POIN7S P C.OM f1 C E 8 --

100 



BW4350 M5511 Page 12 
INPUT PARAMETERS AND RESULTS: 
APRIL 21, 07:12 and 55 sec. 

THIS OUTPUT IS FOR 304 LN STAINLESS STEEL 

THE TEMPERATURE RANGE IS BETWEEN 4.2 deg K AND 80 deg V 

THE FORCE EXERTED ON THE SUPPORT IS 2550000 LBS 

THE LENGTH OF THE SUPPORT IS 11.12 INCHES , 
THE YIE(D STRESS FACTOR IS .666666 

THE NUMBER OF YIELD STRESS INPUT POINTS 

THE NUMBER OF THERMAL CONDUCTIVITY INPUT POINTS IS 18 

THE TEMPERATURE INCREMENT IS .765656565657 

THE FINAL INTEGRAL FROM 4.2.TO 80 deg K IS 9.22347949517E-05 

THE HEAT LOAD ON THE SUPPORT IS 31.726478731 watts 

. . 



," 
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----'--,.--

,'-" 

c 

* C 

cn 
Ul 
W 
u:: 
f-
en 

1 2 Or' .7 [) 

1 [10e ::.lCl 

Booe ··1 

f; [lor "1 

[1 

AF'PIL 21, 07:1:::: 
IHF'UT DRHl: 

T E t'l F' r F.: AT U F.: E 
dE'';! K 

0.013 
77.00 

::::00.00 

BW4350 M5511 Page If 

'o( I E L [I C T R E '-' '-' " .. c-,_I '" ._I,..J I,' ,_I 

TEr"1PERRTURE 
1.30.(j LA! STAIA/LE.SS STE.12L-

0 °,// 710 / '\ .:300 0 I( 

'--~I·'---------+-------~--
5[1 100 25[1 15[1 

(de'~l r<) 
.::tnd 5~:1i~=.;-E·-;:-O:~. ----------:--~.-..:.~---------

TEr"'1F' 

'lIELD ~3TPESS 

lb/in*in 

1121300.13013 
90000.000 
42000.000 

-+._---< 
',::::[1[1 



. ' .. ' 

"-', , 

....... 

c 

Ii) 
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. ..,..:' 
f1:t 

.4 

'::01::' 
• • ..) ._1 

~, · ~ 

.25 

· 2 

· 15 

• 1 

· [15 
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._------------_._-----------_ .. _-----
TH[PI"-lRL COI'J[I 

V~=; TEI'-1PEPRTUPE 
<SCJ.t.j STAIA..I~E-S.s STee.L 

OoX TO ...JOCJQ,K. 

-+-------+--------4--------
513 1 [H] 1 5 D. 2[1[1 :::: [1[1 

TEI··-lP (deEl 1'<) 
A P F.' I L 2 1, 07: 1 4 an d 30 ;:- E- 0: • 

HWUT DATA: 

TEt-lPEPATUf<:E 
dE-';:! K 

0.00 
10.00 
20.00 
::::0. 0'~1 
40.00 
50.00 
60.00 
70.00 
:::0.00 
90.00 

100.00 
120.00 
140.00 
1t~O. 00 
1:::0.00 
;:00.00 
~~50. 00 
::::00.00 

THEPt'lAL COt-HI 
i .• .I.~t,. t ;:.- i n./dE-'~ K 

0.00000000 
.01960000 
.04950000 
• 0:3:~:SOOOO 
• 119400(1)3 
.14730000 
.17270000 
• 19:~:00000 
• 21 O:::~:WOO 
.22:::60000 
• 241 :~:OOOO 
.26160000 
.27940000 
· :~:0480000 
.31240000 
.33020000 
• ::::'5560000 
.381000\)0 
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r-----r---.-----,-c--~--

. DDF 71(J25 

THEF't"1RL COt"JD .. ' 
YIELD ~;TFT~3~3 

V'=' TEt"lF'E~:RTURE 

00~ LA.! oTAIA.!L£.s..s STEEL 

~o'Z0.l< TO ~oX 

Ul 
cn 
w 
LY 
~--WDC1r-::- 71[11 
....... 

z 

J ~-----~1-C-1---4-2-0----4:-3-D-----~4-.. -D------~ 
TEt"lF' (d e !~1 ~<) 

APF.: I L :? 1, 07: 15:.nd 2::: ::·€·c. 
CALCULATED DATA: 

TE t'lF'EF.:AT UFiE 
d€'o;) K 

5.7:313131::':1:;: 
6.49t:::9696970 
7. :;:626262626 

9.5595959596 
1 (,1. :325252525:~: 
11.090'j090909 
11. :::5656~56566 
12. 62;;:'2;2~~2222 

14. 'j 1919191'3;;: 
15.6:::4::=:4:;:4:::49 
16.4::;05050505 
17.2161616162 
17. '3:::1:::1:::1:::1::: 
1::::.7474747475 
19. :;1:::1:::131:;:1 

THERMAL COND / YIELD STRESS 
watts-in/lb d€'o;) K 

• (j(10000074:~: 
.0000000::::::0 
.000000101::: 
.0000001156 
· OO~~1000 1295 
• 000t100 14:::4 
.0000001574 
• (1000001715 
.0000001:::::::7 
.0000002101 
• 0000002:~: 16 
.0000002532 
.0000002748 
.0000002966 
.000(100:::: 1 :34 
.000000::::404 
.0000003624 
• OOOOOO:~:::;45 
.0000004067 
.0000004290 
• ~3000004514 

I -i-----
?C1 Bel 



.• ' 

21. fJ444444445 
21.8101010101 

2::::. :3414141414 
24.10707(17071 
24. :::727272727 
25.6:3:::3::::;:::::;::::4 
26.404134041341 
2?169696969? 

2::::.701(1101010 
2';".4666666667 

::n.2949494950 
:34.0606060606 
::;:4. :::26262626:3 
::::':~. !.:i91 9191 '319 
:36. ::::575757576 

:37. :::8::::::::::::::::::89 
:::::::.6545454546 
39.-4202020202 
412:1. 1 :::5:::5:::585'3 
40.9515151515 
4i.71717171?2 
42.4:::2:::2:::2:::29 
43.24:::4:::4:::4:::5 
44. (1141414142 
44.77979797'3::: 
45.54!54545455 
46. :;: 111111111 
4? (176767676::: 
47.:::424242424 
4:::.60:::0:::0:::(1::: 1 
49. :37.:;::737:;:73::: 
50. 1 :~:';:'39:;:9::::94 
50. 9050::'~O~,05 i 
51.6707(170707 
~52. 4:~:6::::6::::6:~:64 

5::::.2020202020 

54. 7:;:3::::33:~::3::::4 
5~':'. 49:::'3:::9:::990 
56. ;264646464? 
57.0:;:030313:'::03 
57. 7'~595'35960 
5:::. ~i616161616 
~I';'. ::::27272727:::: 

61.6242424243 

63.9212121212 
64 II 6:36:::6::;:6:::69 
65.4525252526 
66.21:::1::::1:::1:::2 
66. 9 ::: :::: ::::3 ::::;: ::: :::: 'j 
67.7494'349495 
6:::.5151515152 
6'~. 2::::0:::0:::0:::0::: 

• (H}(1(1 (H) 4 751 
.1)000005130::: 
.0000005267 
• (1(1(11)005527 
.0(101)01357:::::: 
• (100(H3(16049 
.0(11)0006312 
.0(1(100(16577 
.0000006:::42 
.0(100(1071.0::: 
.1)(1(10007:;:75 
.00(10007644 
.(1000007914 
.000000:;:1:;::7 
.0(10(1130:::469 
• 01~1000(1:::752 
.0000(1(190::::6 
.0(11)0009:;:21 
• (1 0 00f)lY36 0:;:: 
.130000(19:::95 
.00000101:::4 
.013(H~H)10474 

.0000010766 
• (1000011059 
.0000011 ::::5:;: 
.000001164::: 
.000(H311'3::::0 
.0000012169 
.0000012409 
.0(11)0012650 
.00000128'32 
• (1[10(1(113136 
.000001:::::;::::0 
.0000(11 ::::625 
.00(11)(11 ::;:872 
.0(1000141i9 
.0000014:;:68 
.000001461::: 
.1)0(1(1014869 
.0(W0015117 
.0000015:'::50 
.00000155:;::5 
• (1(11)(1015:;::21 
.0000016057 
.00(11)(116295 
.0000016534 
• OOOCH~116774 
• 000001 ?Ci1~5 
.00013017257 
.00000175JJO 
.00000177'44 
.00(11)017990 
.000001 :::23 1 
.000001:;::43::: 
.000001 :;;:645 
• (1(1(1001 ::::::53 
.000001906:::: 
.0000019273 
.0131300194:::4 
.0000019697 
• 000001991 ~J 
• 0001~1020 124 
.00013020:340 
.01300020556 
.0000020773 

BW4350 M5511 Page 16 



.~ 

713.0464646465 
70.:::121212122 
71.577777777::: 
72. :;:4:34:34:34:35 
73. 10'3[190'31391 
73.874747474:::: 
74.64(14040404 
ni.40606r::16fj61 
76.171717171::;: 

79.2:34::::4:;:4344 
::::[1. (1000000~)OO 

• 0lHjlll)20'~'3l1 
• l1(lIj00211 :::9 
.0000021 :;::::8 
.0000021589 
.000(1021790 
• 00fH3021 '~'~:::: 
• ~3000fj221';"6 
• tH)0013224~)0 
• (11::11',10(122606 
• f1l::100022::: 12 
.00(1(11323[107 
.0013002:32[11 
• (1(1(113023396 
.00f1l)(123591 

BW4350 M5511 Page 17 
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.0017 

• C1L](7 ~1'3 

• De1L7 ~? 

,'-', 
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I DC](7 71::1 
I~I) 

+j 
+) 

fDLl@7 14 
'g-

f- ____ _ 
ZUDL"'i"l:3 
f-i 

CO I"l D /~; T R E '=; ~3 
rl'··JTEGRRL 

V'3 TEI"1PERRTURE 
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-..30"/ LA) -sTAIA./LESS STEEl

.y: 0< oJ< To ~o°l< 

~ .•. / 
• 0[117 711 ........... . 

l'l -~;::--------------/+-I ----+-1 ----.!-----4--.--+------!--. 
(1 10 2[1 

nJ..-= -= 7i.L--:-_________ . 

APRIL 21, 07: 16 and 38 
CflLCUUHED DATA: 

T EI'lF'ERATUF.:E 
dE'9 K 

4.2000000000 
4. '~656565657 
5.731:;:1::::1313 
6.49696';:'6970 
7.2626262626 
:;::.02:::2::: 2::::2:::3 

9. 559~59513596 
1 (1, :3252525~:::53 

11.0909090909 

12. 622:;-~22222:;-~ 

14.1535353535 
14.9191919192 
15. 6:34 ::::4:::4 :::4 9 
16. 450~;050505 
17.2161616162 
1 I' • ':l:::: U:: 1 ::: 1 ::: 1 ::: 
1:::.7474747475 

I tHEGF:AL 
1.,,I.::tt.t.::.- in."" 1 b 

0.000(1000000 
. [H~100000621 
.0000001:'::4:::: 
.00000021 :::0 
.000000:::: 11 ';:. 
.13000004163 
.0000005315 
.0000006574 
.000000795::;: 
.000000':)4 79 
.13000011170 
.0000013026 
.0000015047 
.00000172::::5 
.0000019589 
.0000022111 
.0000024:::02 
.0000021'661 
.0000030691 
.00000:;:3::::90 

40 50 ?O 
TEt"'1P (d e 9 ~( ", --------_ ... _--_ .. 



, .' 

1 9 • 5 1 :;: 1 :;: 1 :;: 1 :3 1 

21.0444444445 
21.8101010101 
22.5757575758 
23.3414141414 
24.1070707(171 
24.8727272727 

26.4(140404041 
27. 161~E,961~6'?7 
27. 935:3535:~:54 
2:::. 7~:110101010 
29.4666666667 

::::3.2949494950 
34.0606060606 
::::4. :::26262626:::: 
35.5919191'319 
:;:6.:3575757576 

:;::::.6545454546 
:39.4202020;;-:02 

4[1.9515151515 
41.7171717172 
42.4:::2:::2:::2:::29 
4:;:. :;:;4:::4:3484::::5 
44.(H41414142 
44.7797'37979::: 
45.5454545455 
46.3111111111 
47. (17676? 6 ?6::! 
47.:::424242424 
4:3.60:::0:::0:::0::: 1 
49. :37::::7:~:7:;:7 :;:::: 
0;:;0.1::;:9:;:939::;:94 
50.9050505051 
51 • 671~17070707 
52.4:;:636:::6:;:64 
53.20;:;:0;:;:0::;:020 
~~:;:. ';t676767677 
!:,4. ?:3:::: 3:::::::::;:::::::;: 4 

56.2646464647 
5?0::::0::::0::::0::::0:;: 
5"1.7959595'3'6(1 
5:::.5616161616 

61.6242424243 

63. 1555~S5~15~56 
6:;:.9212121212 
64.6:::6:::6:;::6:::69 
65. 4~5252525::;:t. 
66.21::: 1::: 1 ::: 1 :::? 
66. '~::::;::::3:::3:::39 
6?749494'94'35 
6:::. ~5151~S15152 

• ~300(10::':7261 
.0000040:::08 
.013(7)0044544 
• liH::1I) 0(14 ::: 4 7 8 
.00013052610 
• 0 (1I~1I:il3 5 6 9 4 1 
.000006147:;: 
• OOO~~1066205 
• (211)(11)071140 
.001313076277 
.~)0000:::1617 

• O~:H)0087162 
• '2H:H:H:W92911 
.13(10009:;:;::;:;:67 
.0[1(1171 1 050:;: 1 
.0130011140::: 
.00[10118001 
.131300124:310 
• (100~) 1:;: 1 :::38 
.00001:;:90:::4 
.000[1146551 
• O~7100 154238 
.0[100162146 
• [100017027::: 
.000017:::6:::::::: 
.00001:::7212 
.~)00019601::: 

.00[11:1205044 

.0000214270 
• ~7100022::::679 
• 0~:I~W2:;:3272 
• ~300~)24::::051 
• (100025::::015 
· (W0026:::: 166 
.000027::':504 
.00002:::40:;:0 
• 0~3(10294 746 
.0000:305652 
.0000:31674::: 
.000(1:;:2:::0::::6 
.00[10:;::;:9516 
.0000351179 
· 0000::::6:~:(122 
.0000375045 
.0000:;::::724'=-' 
.0000:;:99634 
.0000412202 
.0000424953 
• (10004::::7::::::::: 
.000045100::: 
.0000464314 
.0000477:307 
.00004914:::7 
· 00005~:1535:;: 
.0000519::::91 
.000[15:::::::::,:::::: 
.0(11)054794:::: 
.0000562459 
• 0000~,771 ::::5 
.0000591'372 
.OOOOE:06972 
.00006221 ::::4 
.0[1130637461 
.0000652951 
.000066:::607 

BW4350 M5511 Page 19 



69.2808080808 
.70.0464646465 
70.8121212122 
71.5777777778 
72.3434343435 
73.1090909091 
73.8747474748 
74.6404040404 
75.4060606061 
76.1717171718 
76.9373737374 
77.7030303031 
78.4686868687 
79.2343434344 
80.0000000000 

.0000684429 

.0000700417 

.0000716565 

.0000732864 

.0000749317 

.0000765924 

.0000782685 

.0000799602 

.0000816674 

.0000833904 

.0000851291 

.0000868832 

.0000886521 

.0000904360 

.0000922348 

BW4350 M5511 Page 20 
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~3UF'F'OPT H){ I ':::; 

LEr'JGTH 'v"::; 
TEr"'1F'EPATUPE 

BW4350 M5511 Page 21 

o..3CJ.t.j.LA) oSTA/A/Lco.:s -STc.e L 

~<>< D~ TO 8()°1< 

, .. l' 
, .. l 

/" 

,.
,.-

+- "---1-1----
2[1 ][1 4[1 5[1 6[1 7[1 ::: [1 

TEt"'1F' (d e. q 1-( ", 
APRIL 21, 87: 17 and 35 sec. 
CALCULATED DATA: 

TH1PERATURE 
dE":;! K 

4.2000000000 

~3. 731:3131::::13 
6.4969696970 
7. 2626;;:~62626 
8.0282:=:2:::2:::3 
:::. 79::::9:;:9:;:'~:;:9 

10.3252525253 
11.0909(190909 
11.8565656566 
12.6222222222 
1 :~:. 3:::7:::7:~:7:::?9 
14. 15:35:;:53535 
14.9191919192 
15.6:::4::::4:::4:::49 
16.4505050505 
17.2161616162 
17.9:::1:;::1:::1:::1::: 
1 :::. 74 7 4 7 4 ? 4 ? ,:; 

SUPPORT AXIS LENGTH 
; nchE';::, 

0.000000 
.807491 
.016251 
.0262::::5 

.050195 

.0640:31 

.079261 

.1142:::5 
• 134669 
.157041 
.1:31410 
.2(177:=:4 
.2:;:6170 

.2';.09016 
• :::::;:3491 
.:370012 
• 4 0:::: 5::: ? 



" 

'. 

19.51:3131::::131 

21.13444444445 
21.8101010101 

2:3.3414141414 
2 4. 1 ~).7 0 7 (1 7 (1 7 1 
24. :::727272727 
25. 6:3:3::::::::~:::::;::::4 
26.4040404041 
27.1696969697 
27. '3:3535::::5:354 
28.7010101010 
2 13.4666666667 

:30.997 13797'3:::0 
31 • 76:36:~:6::::637 

:::::3.294949495[1 
::::4. [16060606(16 
34. :::26262626:;: 
:;:5. 59191'~ 1919 
:;:6. :3575757576 

:37. :::8:::::::::::::::::::::'3 
:;::::.65454:54546 
::::9.4202020202 

40.9515151515 
41. 7171717172 

43.24::::4:::4:::485 
44.0141414142 
44.7797979798 
45.5454545455 
46.:;:111111111 
47. ~)76767676::: 
47.8424242424 
4:::.60:::080:::08 i 

50. 1 ::::9::::';':~:9::::94 
50. '3050505051 
51.6'107070707 
52.4::;:636::;:6::;:64 
5:;:.2020202(120 
53.9676767677 
54.7:::::3333:::::;::;:4 
55.49:::9::;: 9:::99 (1 

56.2646464647 
57.0:;:0::::0::;:0::::03 
57.7959595960 
5:::.5616161616 
~59. :~:27272727:;: 

60.0929292930 
E:O. :35:::5::::;:::5:::6 
61.624242424:::: 

63. 15555~55556 
6:~:. 9212 L;:: 1212 

67.7494'3494';'5 
6:::.5151515152 

.44'3226 

.4919:::'3 

.5:37(131 

.5:::4457 

.634275 

.6:::6496 

.741129 

• E:57673 
.919605 

1.120158 
1. 191964 
1.266278 
1.34::::155 
1.4226:;:7 
1.5047:36 
1.589462 
1.676:::27 
1.766:::42 
1.859519 
1.95486::: 
2.052';"01 
2.15::::631 
2.257(168 

2.472046 
2.5832('4 
2.69671:3 
2. €: 12:37::;: 
2. 9::::(126:~: 

~:. 17277:;: 
3.297414 
::;:.424324 
3.55:3515 
3.684995 
:;:. E:l8??? 
3.954:=:6:=: 
4.09:;:265 
4.2:::::3::::::6 
4. :;:76666 
4.521617 
4.668748 
4.818[16::: 
4.9695:::7 
5.123316 
5.279265 
5.4::;:7443 
5.5'37861 
5.76052';) 
5.925457 
6.092634 
6.261 :::7::: 
6.4::::::::0::;:2 
6.606105 
6.781106 
6.95:::044 
7 I 1 :36'~27 
7.:;!17765 

7 I 68~~344 

7. :::72102 
!::. (16(1:::5:~: 
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'. 

" 

69.2:::13:::(18(1:::0::: 
70.13464646465 
70.:::121212122 
71.57?77?777S 
72. :N:3434:3435 
73. 10':H")90'j091 
73.8747474748 
74.6404[140404 
75.4060606061 
76.1717171718 
76. 9:37~:7:37374 
77. 70303030:::: 1 

?'3. 2343434~:44 
80.0000000000 

8.2516(15 
:::.444362 
:::.639(1:;:7 
:::.8:35550 
9.033913'3 
'3.234122 
9.436199 
9. ':,4014'3 
9.845981 

10. 0537~]4 
10.263326 
10.4748130 
10.6::::8[168 
10.9(;)::::1 32 
11. 1213~)00 

tiW4j~U M~~I I ~age £J 
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'=;TF~:E::-;,=:::-;r:=;=;--;-\I-;-::'~:::-'----------- --------.-------
~;UPP()F:T RXIS r30-<; LN rSTAIA./Lc..sS ,sTEEl-

LEI".J(:;TH "'I.~ 01<. 10 C30~ 

? [1~) 0 p"-'-"--' ----
----.-----------

E; [1()C?l ---~--~------------------___ _ 

c - -'1"7.-' ,-,UUw"l 

~ - -IO'~' .-: 1"'1 l .. 'l l· ,"1 _ t:... _ ","' 

1 - - i:'1~' UUbJ 

l-::-j 
I--~--~--------------------------------------~ 

[1 

APPIL 21,07:18 .3.nd 41 ::;.E'C. 

CALCULATED DATA: 

SUPPORT AXIS LENGTH STRESS 
inches lb/in*in 

LEI",JCiTH (i n c h e. s ) 

0.000000 73866.5928 
.007491 73720.7536 
.016251 73574.9144 
.026285 73429.0752 
.037598 73283.2360 
.050195 73137.3968 
.064081 72991.5576 
.079261 72845.7184 
.095883 72699.8792 
.114285 72554.0400 
.134669 72408.2008 
.157041 72262.3616 
.181410 72116.5224 
.207784 71970.6832 
.236170 71824.8440 
.266578 71679.0048 
.299016 7'153::::.1656 
.333491 71387.3264 
.370012 71241.4872 
.408587 71095.6480 

1 C1 



.44'n26 

.4'31989 

.5::;:712131 

.5:::4457 

.6:34275 

.6:::6496 

.741129 

.79:3185 

.857673 

.919605 

.9::::;:'389 
·1.050837 
1.120158 
1.191964 
1.266278 
1.343155 
1.4226:;:7 
1.504736 
1.589462 
1.676:::27 
1.766842 
1.859519 
1.95486::: 
2.052'301 
2.15::;:631 
2.257l':J68 
2.36:;:224 
2.472046 
2.5:3:3274 
2.696713 

3. 17277:;: 
:;:.297414 
3.424324 
3.553515 
3.6:::4'395 
3.81:::777 
~:. '3t54:368 
4.093265 

4. :;:76666 
4.521617 
4.66:::748 

5.12:;:::::16 
5.279265 
5.4::;:7443 
5. 51~7861 , 
5.760529 
5.925457 
6.09;;-:634 
6.261878 
6.4::;::::032 
6.606105 
6.7:::1106 
6.958044 
;.'.1:;:6927 
7. :~:17765 

7.6::::5344 
7.£:72102 
:::.060:::53 

70949. :30:::8 
7080:3.9696 
7065:::.1304 
705 1 2 • 2 '3 1 2 
70:366.4520 
70220.6128 
70074.7736 
6992:::.9:;:44 
6',78:;:. (1'352 
696:;:7.2560 
6'3491.4168 
69:345.5776 
69199.7384 
6905:;:.89'32 
68908.0600 
6:::762.22(1::: 
68616.3816 
68470.5424 
68324.70::;:2 
68178. E:64(1 
6::a):::::;:.0248 
67::::::7.1:356 
67741.3464 
67595.5072 
67449.6680 

67157. ';":::'36 
671:112.1504 
66866.3112 
66720.4720 
66574.6328 
66428.79:36 
662:32.9544 
66137.1152 
65'391.2760 
65845.4368 
656'39.5'376 
65553.75:::4 
65407.9192 
65262.0800 
65116.24(18 
64970.4016 
64:::24.5624 
64678.7232 
64532. ::::::40 
64::::::7.044::: 
64241.2056 
64095. :3664 
6:3'349.5272 

63512.0096 
63:366. 1704 
6:;:220. :;:312 
63074.4920 
62928.6528 
62782.8136 
626:';:6.9744 
62491.1352 
62345.2960 
62199.456::: 
6205~:. 6176 
61907.77:34 
61761.93'32 
61616.1(100 
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8.251605 
8.444:;:62 
8. 6~:90:37 
:::.8:35550 
'3.03:;:909 
'3.234122 
'3.4361'39 
'9.640149 
9.845981 

10.053704 
10.26:3:326 
10.474800 
H1.68:::068 
10.90:::132 
11.120000 

61470.26(1::: 
61324.4216 
6117:::.5824 
61 (1:32. 7432 
60886. '3040 
60741.0648 
60595.2256 
6044'3. :3:::64 
603(1:;:.5472 
60157.708(1 
613011. :36:38 
59899.0568 
59789.1:369 
59679.3170 
59569.4472 
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RFTH or ~=;UF'F'ORT 

o"t3 R):~ IS LEr'-J(iTH 
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0()~ "-AI S//4/A.!L.ES..s STE.EL 

~ 02 l) /< TO 60 0.1<. 

4[1 
-------"---------~------------

...... ---
---.-----------------------~ 

:30 

.'-" 

:t: 
C 20 

-----

1 [1 

----------l-------
D 1D 

LEr'--JC;TH (i nche::::) 
---~~:--------~~- -------------ApF.:IL 2 ~ 6~i-: 2:;-~ -:::t.nd 2:~: SE"C. 

CALCULATED DAH1: 

SUPPORT AXIS LENGTH 
i no: hE-s 

0.00000 
.Otf?49 
.01625 
.0262', 
.03760 
.05020 
.06408 
.07926 
.095:::::: 
.11. 429 
· 13467 
· 15704 
.1:3141 

.2:;:617 

.26658 

• :~::;: ::;: 4 9 
.371301 
.40:::59 

AF::EA OF SUPPOPT 
in*in 

34.521695 

~:4. 658552 
~:4. 727:::::::::: 
34.79649:':: 
:34.865::::::4 
34. '335547 
35. (1054:::9 
::::5.07~5712 

35.146217 
:;:5. 217(H)5 
35.2:::8(1:::0 
:35.359442 
:35. 43109:~: 
35. 5[1:;:O:~:6 
:35 1575271 
35.647:::00 
:;:5.72(1626 
:35. 71~::::750 
:~:5 II :::67174 



-. 

. '. 

·4492:3 
.40;.1'3'7 

.5:::446 

.63428 

.68650 

.7411:3 

.79:::18 

.:::5767 

.91960 

1.050:'::4 
1.12016 
1. 19196 
1.26628 
1.34315 
1.42264 
1.50474 
1.5:::946 
1.676::::3 
1.766:::4 
1.85952 
1.954:::7 
2.0529(1 
2. 15:36:3 
2. 257~Z1? 
2.36:322 
2.472(15 
.-} C"o":,'-)-' 
a:.. • ._1 ,_" '_' ~ ( 

2.69671 
2.81237 
2.93026 
3. C1503'~ 
3.17277 
:3.29741 
3.424:'::2 
3. 55:~:51 
3.6::::500 
3. :;: 1 :::78 

4.09:3;;-:6 
4.23:::::;::9 
4.37667 
4.52162 
4.66:::75 
4.81::::07 
4. 9695'~ 
5.12:::::'::2 
5.27926 
5.43744 
5.5'37:::6 
5. 76(15~: 
5.92546 
6.0';"!26:3 
6.261:::S 
6.43:;:(1:;: 
6.60611 
6.7::::111 
6.95:::04 

7.31?7? 
7.5(1057 

7.:::7210 

35. 94(1'~(1C1 
36.0149:30 
36.0:3'3265 
36.16:3908 
36.23886(1 
36.31412:':: 
36.389700 
36.465592 
36.541801 
36.618:':::'::0 
:;:6.6'75179 
36.772:352 
36.849850 
36.927676 
37.0058:31 
37.084:317 
37. 16~::t 37 
37.24229:3 
37.321787 
37.401621 
:37.4:317 137 
37.562:317 
37.64:3184 
37.724401 
:37. :::(15'~6:3 
37. E:87889 
:37.970166 
38. ~Z152:::(11 
~::::. 1 :35"796 
38.219154 

:':::::.471429 
38.556263 
:;:8.641471 
38.727057 
38. ::: 1302:;: 
:38. 8'~9:'::71 
38.9:::6105 
3'3. (173226 
39.160737 
:~:9. 24:;::641 
:;:9. :::36941 
3';'.4256:39 
39.5147:;:::: 
39. 6~)4240 
39.694149 
:39. 7:::4467 ' 
:39. :::7511~7 
39.966::::42 
40.057904 
40.149:::87 
40.24229:::: 
40.335126 
40.4283:::7 
40.5220:::2 
40.616211 
40.710779 
40. :::057:::::: 
40.901241 
40.9';l714:;: 
41.09:3495 
41. 1 ':H::13 0 1 
41.287564 
41. :3852:::7 
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::: .,25160 
:::.44436 
8.6:'::'304 
8. ::::;:~,55 
':l.0:::::;:'31 
'3.2:;:412 
9.-4:;:6213 
9.64015 
9.:::4598 

10.05370 
1(1.26::::::;::;: 
10.474:::0 
113.6:::::::07 
10.9(n1:;: 
11.1201313 

41.48:3475 
41.58212', 
41.6812~,:::: 

41.780:::52 
41.8:::0927 
41. '3814:3:3 
42.08252:;: 
42.184051 
42.286070 
42. 3885t::.:: 
42.491595 
42.571622 
42.64'3852 
42.728371 
42.807179 
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INPUT PARAMETERS AND RESULTS: 
APRIL 21, 07:24 and 41 sec. 

BW4350 M5511 Page 30 

THIS OUTPUT IS FOR 304 LN STAINLESS STEEL 

THE TEMPERATURE RANGE IS BETWEEN 82 deg K AND 290 deg V 

THE FORCE EXERTED ON THE SUPPORT IS 2550000 LBS 

- / 
THE LENGTH OF THE SUPPORT IS 2.908 INCHES 

THE YIELD STRESS FACTOR IS .666666 

THE NUMBER OF YIELD STRESS INPUT POINTS IS3 

THE NUMBER OF THERMAL CONDUCTIVITY INPUT POINTS IS 18 

THE TEMPERATURE INCREMENT IS 2.10101010101 

THE FINAL INTEGRAL.FROM 82 TO 290 deg K IS 1.B4B86149458E-03 

THE HEAT LOAD ON THE SUPPORT IS 1369.08500621 watts 



.00/ 
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r-----.----------~~~~~~~~~--------.---------------------------------COr"JD,/STPE~;~; .. 

.'-'., 

..... 

It"HEGPAL 
VS TEI"'1PEPRTUF:E 

-..304/./JV -sTA-JA..! LESS STEeL 

8..) ox TO 0290 oJ< 

(I) 

-r:' 
.ooos~, 

,000/ 

fO 
-, 
=.' 

z 
H 

10Cl 150 200 251] 
TEt"'1P (d e E1 f<) 

'::-::-;:-r:~-C:--;----::-=-~----:-~::--------------==-----------'-------'--
RPr.:! L 21, 07: 2::: .3.nd 10 ;;:·E·C. 

CALCULATED DATf;: 

T Et'lPEF: ATUF:E 
dE'l~ K 

::::2.0000000000 
84.1010101010 
:'::6. :;:020202020 
8::::. ::::0::;:030::::0::::0 
90.4040404040 
92. 5~)5(15~}5051 
94.6060606061 
96.7070707071 
98.8080:::0:::081 

100. ';"090909090 
103.0101010100 
105.1111111110 
10? 212121:::120 
109.313131::;:1::::0 
111.4141414140 
1 1?; . 5 1 5 1 5 1 5 1 5 (1 

115.6161616160 
117'.7171717170 
119. :::;:181:::1:::1:::0 
1;;::1.9191919190 

ItHEGf':RL 
1.,.1 at t ;;:.- ; n,/ 1 to 

0.0000000000 
• (1000051221 
.0000103594 
.00(1(11571 :32 
.0000211 :::22 
• 000(1267~,4 7 
· OOO~::q24212 
.0000381826 
• [1130[1440401 
.0000499917 
.0000560319 
.0000621577 
.0000683701 
.0000746701 
.0000810586 
.0000:::75::;:65 
.0000941 [149 
.000100764::: 
.0001075172 
.000114:::599 



-. 

124. 02~~12:020200 
12f,.1212121210 
12:::.222222222(1 
130.32:32::::2:3230 
132.4242424240 
1 :34. 525252~525t1 
1 ~:6. 62.62626260 
1 :;:::!. 727272727(1 
140.8282:::2:::2:::0 
142.9292'3292'30 

,-/145.0303030300 
If' 147.13131:31310 

149.2::::23232:::20 
151. 33:3:~:::::3:3330 
153.4:H:3434::::40 
155.53535::::5:35(1 
157. 6:36:;:6:~:636(1 
159. 737:~:7::::7370 
161. :33:::::::::::::::::3:::0 
16::::. '3:;:':l:;:'3393'30 
166.0404040400 
168.1414141410 
170.2424242420 
172. :3434343430 
174.4444444440 
176.5454545460 
178.646464647(1 
1 :::0.7'474747480 
182.8484::::4:'::480 
184.9494949490 
187.0505050510 
189.1515151520 
1-:'11.252525253(1 
1'3::::. :35::::5353540 
195.4545454550 
197'.5555555560 
19 13. 656~i6565 7(1 
2(11.75757575:::0 
20:::: II 85:::: 5:::5:::59~:1 

20:::.0606[160610 
210.161616162101 
212.2626262630 
214. :::6:;:6363640 
216.4646464650 
21:::. 56565E;566(1 
22~J. 666666667(1 
222.76767676:::0 

2:?9. 0707070710 
2:31. 1I'171?1720 
2:3:~:. 2727272730 
2:;:5. :37::::?:~:7:::7 40 
2:~:7. 4747474750 
2~:9. 5757575760 
241.6767676770 
24:'::.7777777780 
245. :::~?87:::7:::71;a(1 

2'50.0:::0::::0:::0:::: 1 0 
252.1:::1:::1:::1:::20 
254. 2:::2:::2:~:2::::~:O 

• (11;:11) 1212906 
.000128:31 (11) 
.0(11)1354191 
• ~3()o 1426189 
.0001499 U35 
• (H~1I) 1572949 
.0(10 164 77~:2 
.0(1131723466 
.0001800204 
.0001878(16'3 
.0(101'357142 
• (1(11)20::::7'437 
• ~300211 :::96'3 
• ~3~30220 1753 
• ~)002285804 
• 00(12:3711 :~:'3 
.00(12457772 
.0002545721 
.0(1026:34762 
.0002724f,::::4 
.0002815315 
• (112102906::: 14 
.0002999142 
.00030'32:::: 10 
• (1(11):3186::::28 
• (1(113328120::: 
• (100:::::;:76961 
• ~;:1I210:34 7:3659 
• (1I3~21~:5714:::0 
.000367054::: 
.000::::770880 
• (1(10:387249:::: 
.0(i(1:;:975405 
.0(W407'36:;:3 
.00041 ::::5197 
.0004292114 
.0004400405 
.0004509977 
.0004620715 
.00(14732613 
.0004:::45689 
.0004'359'360 
.000507544:::: 
.0005192157 
.0005:::: 1 0 120 
.0(105429::::52 
.0005549:::71 
.00056716'37 
.1)005794850 
.0005919::::52 
• 000604522:~: 
• (1(11)6172485 
.0006301160 
.00064:::: 127:::: 
.0006562:::4:::: 

.0006:::::::0460 

.0006'366555 

.0007104209 

.000;:'24::::447 
• 0007:~::::429::: 
.00075267:::'3 
.0007670949 
.0007::: 16:::05 
.0007964'::90 
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" 

26(1.5:::5:::5:::5:36(1 
262.6:::6:::6:::6:37(1 
264.787:::7:::7::::30 
266. 8:::::::::::::::::::3'~O 
26::::. '3:::'?:::9:::9';:J0C1 
271.09139090'31 C1 
273.19t"91'31920 
275.29292'329:;:0 
277. :;:9:::'3:3'~:3';t40 

,,~279. 4949494950 
r 2:::1.5959595960 

285.7'37'37';'798(1 
2:::7. 89:::9:::'~:::'3'~O 

• (113(1::: 11 :37:~:3 
.0008264866 
.1)00:3417:322 
• (1130:3572633 
• 0t1~3:::729:335 
.0008::::::7963 
.00(1904:::553 
.0009211142 
• (1(1~)9:;:75768 
.13009542472 
• (113097112'3:3 
.1)1309::::::2275 
.1)011)055459 
.001132313:::90 
.001040:::615 

. 
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-'.0 

/.D 

0./ 

. .-., 

I;'j 
III 
.L 
(J 

c 

I 
f-
C'J 
Z 
W 
.-J 

SUF'F'OPT H- \i T ,= . 
.. '\ J.. "_, 

LEr\JGTH \i~; 

TET'·1PEPRTUPE 
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cJO~ LA.) STAIA/LE,sS' ..sTeeL 
8c:2. ()I< TO c:J'10 01< 

100 15[1 20[1 25[1 3[lC 
TEr"1P (d e tl t<) ----------=------------_._-_._--_._. 

APRIL 21~ 07:29 and 87 sec. 
CALCULATED DATA: 

T El'lPERAT UF.:E 
de,;} K 

:::2.0000000000 
:::4.1010101010 
:::f,.202l1202020 
::::::. :;:0:;:0:;:0:;:1330 
90.4040404040 
92.505(15(15051 
94. 60606~~16061 
96.7070707071 
9:;::: • f: ~3:3;:1 :::: (1 :::: (1 :::: 1 

100.90';:'0'::;0';:'1390 
10:3.0101010100 
1 0:;. 1 1 11 1 1 11 1 0 
107.2121212120 
109. ::::131::::1::::1::::0 
111.4141414140 
11::::. :,151515150 
115.6161616160 
117.?171717170 
11'~. 81::::1:'::1:::1:::~J 

121 • 9191 9191 '~IO 

SUPPORT AXIS LENGTH 
; nches. 

0.00(1000 
• (0)14::::10 
.0;;-:8942 
.04::::900 
.059180 
.07474::: 
.09057'9 
.106676 
• 12:;:041 
.1:;:9669 
• 156544 
· 17:365';:' 
.1911315 
.20:::616 
.226465 
.244563 
.262914 
.2:::1521 
.3003:::6 
.:31950:3 



'. 

./ 

,~ .. 

124.02020202130 
126.12121212H:1 
12:::.2222222220 
1 :30.32323232:30 
1 ::;:2.4242424240 
134.525252525(1 

1 :;::::.727272727(1 

142. 9213292'329~3 
145. r:nO:30::;:0:300 
147.1::::1313131[1 
149.2:;:23232320 
151 • ~::3:~::~::;::::::3:330 
15::::.4343434340 
155.53·5:35:35:;:5£1 
157. 6:36:~:636:~:6~Z1 
15';.c.7373737::;:7(1 
161.83:::::;::::38::;:::W 
16:3. 9:;:9~:';.c~:9390 
166. (1404~;:140400 
168.1414141411~1 

170.2424242420 
172. :34::;:434::;:4:30 
174.4444444440 
176. 545454546~1 
17;::.6464646470 
1::W.74747474:::0 
1 :::2.84::::4:::4:::4:::0 
1 :::4.9494949490 
187. 050505~)51 0 
189.1515151520 
191.25252525::;:0 

195.4545454550 
1 '37. 5~555'55556~) 
1'39. 65t';:i6~:'657l1 
2[11.7'575757580 

2 ~15. t;':~ 9 5 '3 5 96 (1 [1 

20:::. 06C1606061 (:1 
210.1616161620 
212.26262626:30 
214. ~:6::::6:;:63640 
216.4646464650 
218.5656565660 
220. 666666667~~1 
2~~2. 76767676:::0 

~'26. 969f~9~'::97[1(1 

22'~. 070707071 [1. 

2:31.1717171720 
23:;:.27272727:30 
2::::5.3737::::7374 (1 

2:37.474747475(1 
239.5757575760 
241.6767676770 
2'43.77777777:::0 
245·. ::: 7 :::"? ::: 7::: 7 9 (1 

247.979797'9:::00 
250.080:::0:::0:::: 1 (1 

25:;:'. 1 ::: 1 ::: 1 ::: 1 ::::20 
::~54. 2:::2::::2::::2:::::::0 
256. :~:::::~:8:~::::'::::::40 

• ::..::;:8867 
.35:::478 
· :378339 
• :;:98454 
.418826 
.439457 
• 46~1:350 
.481509 
.50294::: 
.524702 
.546794 
.569227 
.5'320136 
.615134 
• 6:3E:61 7 
.662458 
.686662 
.711234 
.736110 
.76121';.c 
.7:::6554 
.:::12117 
.837912 

• :::90209 
.916717 
• 94~:469 

.997:::14 
1.0254'32 
1.05::::523 
1.081912 
1. 110664 
1.1::::9784 
1.169277 
1.19914::: 
1.2294(13 
1.26(1015 
1.290'354 
1.:=:22216 

1.3857:;::3 
1. 417';.c97 
1.450605 
1 • 48:~:562 
1. 516:::74 
1.550545 
1.5:::4581 
1.618988 
1.65::::772 
1.68:39:;:::: 
1.7244'3:::: 
1.760443 
1.796794 

1. :::7(1726 
1. 90:::321 
1.946344 
1.9:34:::02 
2. 02:37(1:~: 
2. 06~:054 
2. 102:::64 
2.143140 
2.1:::3:::90 
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, . 

./ 
J 

260.5858585860 
262.6868686870 
264.7878787880 
266.8888888898 
268.9898989900 
271.0909090910 
273.1919191920 
275.2929292930 
277.3939393940 
279.4949494950 
281.5959595960 
283.6969696970 
285.7979797980 
287.8989898990 
290.0000000000 

2.266847 
2.309071 
2.351804 
2.395056 
2.438836 
2.483154 
2.528020 
2.573445 
2.619439 
2.666014 
2.713180 
2.760949 
2.809334 
2.858347 
2.908000 

BW4350 M5511 Page 36 



'. 

. 
BW4350 M5511 Page 37 

6 [H]Q] 
...... 

..... , 
'" '-.... 

~;UF'F'ORT RX I ~3 
LENGTH 

. ....................... ...... 

5 [,1 L] Q 1 --~.-. 
-. .... _-.... , 

......... _-.. 
~~ 

-.30.l.j.i..N .s TA I AI LESS S TEe L 

8.;2 ~ TO 0< fo oJ< 

,'-.. 
-~--~-.'~---.......-.. ---.-

4 [H] Q~l ---__ 
--._----._--------

....... 

Sl 

---------------------------
3 [1 [10 ~1 --------__ _ 

co 
en 
LLJ 
g: 2 [1CHJ.~l 
cn 

----tl---+---------+,---------+,----------+---------+---------4I·- ------+ 
.5 1 .5 2 

LEr'··JGTH (i n '::: he::;: ) 
2.5 .-, 

.':1 

APP I L 21, 07: 30 -.a,-I-p-;"'j -1:-:;;:'=-" -::-.e-·c-.-----------------------------·-
CALCULATED DATA: 

SUPPOPT AXIS LENGTH 
inc hE'::· 

(1.000000 
.014:310 
• (12:::942 
.043'300 
.059180 
.07474::: 
.09057'3 
• 1.366;76 
.12:3041 
• 139669 
.156544 
.17:;:659 
.191015 
.208616 
.226465 
.244563 
.262'314 
.281521 
.30[1:;::::6 
• :;:1950::: 

STPESS 
lb/in*in 

592:::2.4519 
58980. '~62~~1 
58679.4721 
5::::~:77. '3:::21 

57775.0022 
57473.512:3 
57172.0224 
56:::70.5:;:24 
56569.0425 
56267.5526 
55966. ~)626 
55664.5727 

5476(1. 1029 
54458.6129 
54157.1230 
5:3:::55.6:;::;: 1 
5:~:554. 14:~: 1 



.. 

.35:::478 

.378339 

.39:::454 

.41 ::::::26 

.439457 
".460350 
.48150'3 
.5lf294::: 
.524702 
.546794 
.569227 
.592006 
.615134 
.63:::617 
.662458 
.686662 
.711234 
.7:36110 
.761219 
• 7:::6~i54 
.812117 
.837912 
.86:3942 
.8913209 
.916717 
.94:346'3 
• 97~:::14:::5 
.997814 

1.025492 
1.135:3523 
1.0::::1912 
1.110664 
1. 1 ::::9784 
1.169277 
1 . 19914 ::: 
1.22940:;: 
1.260015 
1.290954 
1.:322216 
1.35380::: 

1.417997 
1.450605 
1.48::::562 
1.516874 
1.550545 
1.5845::: 1 
1.61:::988 
1.653772 
1.6::::::93::: 
1.72449:3 
1.76044:::: 
1.796794 
1.8:::::;:55:3 
.1.87(1726 
1.90:::321 
1.946::::44 
1. '384::::02 
2.02:370:::: 
2.06::::054 
2. 102:::64 
2.143140 
2. 1 :::::::::::90 
2. 2;~512:~: 

53252. 65~:2 
52951 • 16:~:2 
52649.6733 
52348.1834 
52046.6';":;:4 
51745.20:;:5 
5144:3.7136 
51142.22:;:6 
50840. 7~::37 
5(1539.2437 
50237.7538 
49936.26:39 
4'~6:34. 7739 
49333~2840 

49031.7941 
487:30.3041 
4842c:.8142 
48127.3243 
47825. ::::34:3 
47524. :;:444 
47222.8544 
46921.3645 
46619.8746 
46318. :;:846 
46016.8947 
45715.4lf48 
45413.914::: 
45112.4249 
44810.9349 
44509.4450 
44207.9551 
4:;:906.4651 
4:;:604.9752 

43001.995:3 
42700.5054 
42:;:99.0154 
42[197.5255 
41796.0356 
41494.5456 
4119::::.0557 
41~1891. 565::: 
4059lf.075:::: 
4(12:::8.5859 
:;:9'3:::7. (195'3 
396:::5.6060 
:;:9:;:84. 1161 
3'3lf82.6261 
:38781. 1362 
:;:8479.646:;: 
3::: 1 78. 156:::: 
::':7:376.6664 
37575.1764 
:'::7273.6:::65 
36'372. 1';'66 
36670. 7~366 
36::::69.2167 
36~)67. 726::: 
::::5766.2::::6::: 
35464.7469 
~:516:;:. 2570 
34861.7670 
:;:4560.2771 

:33957.2972 
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2. 266:::47 
2. ::::0'j(171 
2. 351804 
~, 

"- . 395~356 
') 
<... 4388~:6 
.-, 
.::;.. 483154 
2. 52802(1 
2. 573445 
2. 619439 
2. 666014 

~, ~, 

.::. . 7131:::(1 
2. 760949 
2. 81:::19:3::;:4 
..... .:;.. 858347 
~, 

<-. 90::::000 

~::3655 .. 
:3::::354. 
33052. 
32751 . 
32449. 
32148. 
31:::46. 
31545. 
31243. 
:30942. 
3064~j • 
30339. 
3(1(137. 
29736. 
294:34. 

8(173 
317~: 

8274 
3:375 
84;:-'5 
oj c;'''' .-._,._1 ( t . 

:3676 
3777 
8El?:=: 
:397:::: 
9079 
4180 
92:::0 
4381 
9481 
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- " ,. 

" 80 

70 

60 

,.-'. 50 

::j:: 

L 40 

2[1 

10 
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R~~EF1 OF SUPPORT \10</.t..A.! ST/4/NL..£..S.:s oSTE..£/_ 
V.S R>:::r S LEr'··JCiTH (3~ D/( TO c::)90 0;< 

... ~ ..... 
~~ 

/'-"-'. 

--.......--,-... -.~-.~ 

.... -.-_./".,-_., 

.-.. -..,...------
~

/ 

-----'--
~'-- . ..----.-

~ ... --.--...---.--
_/" 

-.~-.--.--... -----

.• -*" 

-*--_ •• -

~-·---+-----t-I ----t-I ----1----+---. ----~----
.5 

APRIL 21, 07:31 and 07 sec. 
CALCULATED DFiTA: 

SUPPORT AXIS LENGTH 
inc ho::·s. 

0.00000 
• [114::;: 1 
.02894 
.04:;:90 
.0591::: 
.~)7475 

.0905:;: 
• 1066:;:: 
• 12:304 
.1::;:967 
· 15654 
• 17:366 
.19102 
.20:::62 
.22646 
• 244~i6 
.26291 
.28152 
.3(3039 
.::::19'50 

- ~ c ~ 1 1.5 ~ ~.~ ~ 
LENGTH (i nche::::) 

A!"EA OF ':;UPPOF:T 
in*in 

4::::.014415 
4::::.2::::4290 
4:;:.456424 
4::;:.6:::0:::52 
4::::.907611 
44. 1 :;:67::::6 
44. ::;:6:::265 
'l4.6022::::5 
44. E::::::::687 
45.077659 
45.319192 
45.56:::::327 
45.:::10106 
46.059574 
46.::::1177:3 
46.566750 
46.824549 
4?0S5219 
4 7.34 :::::::07 
47.615::::64 



, .. 

-. Oi' 

.35848 

.37::::34 
• :'::',:345 
.4188:;: 
.43946 
.46035 
.4:3151 
.50295 
.52470 
.54679 

.59201 

.6151:3 

.63:::62 

.66246 

.68666 
• 71123 
.7:3611 
.76122 
.78655 
.81212 
.8:'::791 

.89021 

.91672 

.94:347 

.9704::: 
• '3'~n:t 

1.02549 
1. (15:352 
1.08191 
1.11066 
1.1397::: 
1. 16'32::: 
1.19915 
1.22940 
1.26002 
1. 2';H) 9.5 

1. :35:-;::;: 1 
1. :;::3573 
1.41 :::00 
1.45061 
1.48356 
1.516:::7 
1.55l154 
1.5:::45::: 
1.61:::99 
1.65:377 
1.6::::::94 
1.72449 
1.(6044 

1. ::::::::355 

1.90:::32 
1.94634 
1.9:::4:::0 
2.02:;:70 
2.06305 
;:::.10286 
2.14314 
2. 183::::9 

47.884938 
48.157582 
48.4:33349 
48.712292 
48.994467 
49.27'3'330 
49.56:::7:'::9 
49.86(1'353 
50. 15663:~: 
50.455840 
50.7586:;:9 
51.0650"4 
51.375272 
51.689241 
52.0(17071 

52.654603 
52.984454 
53.31:::463 
53.656711 
53. 99';.t277 
54. :;:46246 
54. 61377~:12 
55. ~~15:;:7:3~3 
55.4144:30 
55.779885" 
56.150191 
56.525447 
56. ';'&(15753 
57.291211 
57.6:::1926 
58.07:::(1(17 
58.479565 
58.886715 
59.29'3574 
59. 71:::26~: 
60.142906 
60.57:3632 
61.010571 
61 . 453:::6~~1 
61.9036:;:::: 
62. :-;:6004::: 

6:3.770572 
64.255035 
64.74691:, 
65.246:3::::::: 
65.75:361 ::: 
66.26:;:::::00 
66. 792L=-:O 
67. ::':2:;:771 
67.86:;:95:3 
68.41287:;: 
68. 97~)74 7 

70.114240 
70.700::;:25 
71.296290 
71 • 9~~12:;::::::: 
72.518:::8(1 
73. 1460::::4 
7::::.7:341::::1 
74.4::::::::45:;: 
75.094:;:16 
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2.266:::5 
2.:30907 
2.:3518(1 

. 2. :39506 
2.438:::4 
2.48:;:15 
2.528(12 
2.57345 
2.61944 
2.66601 
2.71:318 
2.76095 
2.809:;::;: 

2.908(Hj 

75.767013 
76.451872 
77.149224 
77.859416 
78.582804 
79.319760 
8(j.070669 
80.835'332 
81.615963 
82.411196 
8:3.222077 
84.049074 
84. 81~267:3 
85.753:377 
86.6:31714 
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INPUT PARAMETERS AND RESULTS: 
APRIL 21, 07:35 and 15 sec. 

THIS OUTPUT IS FOR TITANIUM 6AL-4V 

THE TEMPERATURE RANGE IS BETWEEN 4.2 deg K AND 80 deg K 

THE FORCE EXERTED ON THE SUPPORT IS 2550000 LBS 

THE LENGTH OF THE SUPPORT IS 11.12 INCHES 

THE YIELD STRESS FACTOR IS .333333 

THE NUMBER OF YIELD STRESS INPUT POINTS IS 25 

THE NUMBER OF THERMAL CONDUCTIVITY INPUT POINTS IS 21 

THE TEMPERATURE INCREMENT IS .765656565657 

THE FINAL INTEGRAL FROM 4.2 TO 80 deg K IS 2.14332426733E-05 

THE HEAT LOAD ON THE SUPPORT IS 14.7450063323 watts 



-. 

~-'. 

* c 

2SCH}11] 

\ 
'\ ... 

........, .. ,., . 

\'1 ELD STRES~=; \i~-; 

TEr"'1F'ERRTURE 

....... 

200C1t10 , ...... .... ...... 
~, 

........ 
' .. '-.-"--..~ 

~--..... ----------._---
1 5 0 C1 ~llJ -----------
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TITANILIM 4,AL - 4 V 

0°1<. To -soo oX 

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

----.~------------------.---
....••. 

..Q 

,-.' 

i~rn 1 [lOCI JO L.I '.:..1 

W 
IL 
f
en 

5000.J 

Jl -----T---------~----------~--~----t -----
50 100 150 200 

'=-~.rT-T1-..,.c.7-;-::.c-:-::-:;-:;-::::----=----------T-=E~r'.·~1 F_' ( de !~1 f<) 
H PI<: I L 2 1 ~ 07::::: 6 .:s.t"t d 1 2 s· "" c • 
ltJPUT DAHi: 

T Et'W E R AT U RE 
dE'9 K 

0.00 
5. :;:::: 

10.94 
1 t,. 49 
22. (15 

27.60 
33. 16 
38.72 
44.27 
49.E:3 
55.38 
60.94 
66.4'3 
72.05 
77.60 
:::::::.16 
:::8. ?2 

116.49 
144.27 
172.0'::, 

'r' I ELIt STRE:;::; 
lb ..... in*in 

245000. [11)0 

237000.000 
22'3CH~10. 000 
22:~:OOO. 000 
21 :::1300.000 
212000.000 
201'000.000 
20:~:000. 000 
1'3'3000.000 
19:,000.000 
192000.000 
18:::0lll~1. 000 
1 ::::5000.000 
182000.000 
179000.000 
177000.000 
174000.000 
164000.000 
15:,000.000 
145000.000 

+--------+---
250 ::1[1[1 



199.83 
227.60 
255.38 
2::::3. 16 

140000. (100 
1:35000.000 
1:::0000.000 
125000.000 
12200(1. (1130 
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---·.---..-----T-H-EF=:i .. :r:::l'·';=;O-HL--:::C::-:::: C::-7J1,"7,··J[;::"I----------

''y''~; TEI'.lPEPATUPE T / TAN/LIM (PA-L - "/V 

"-" 

....... 

L 

(I) 
~, 

~, 

flj 

',-,' 

0°1< To ...300 it< ,-, 
• c. 

.16 

· 14 

· 12 _ 

· 1 

· D8 

.04 

o 50 
---+1-0-El-----if--~-+---·--l----·---t-----

TEr
-IF' 150 200 250 300 

.. _=-_02 ( d e !~1 1<) 
AP PI L 21 ,([~1 i~· ::::::0: ?~.:t~r;Clljj"[oi11~:S~E'~C-=-.-----:":"""'~-~=~"':"'::'~-----·--------'·----
IHPUT DATA: 

T E t'1 P E F: t1 T U P E 
dE'9 1< 

0.00 

12. ~:3 
19.27 
26.22 
3::::.16 
40.10 
47.05 
5:3.99 
60.94 

74. 8:~: 
::::::.72 

116.49 
144.27 
172.05 
1139. t::;: 
2~~7. 60 
2'55. ::::::: 
2:::::;:. 16 

THEF.:t'lAL COllI! 
(,.I.:it.. t s- i n/d€"l;l t< 

0.00000000 
.01050000 
.02;..::90000 
• O~: 120000 
.04090000 
.04920(H)o 
.05540000 
.062:::0000 
.06940000 
.07470000 
.0::::040000 
· O:::~570000 
.09540000 
.11030000 
· 12:~: 1 0000 
.13490000 
• 14:::5(1000 
.16040000 
.17270000 
• 1 ::::6:;:0000 



.1'3510000 
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~----r--------------'~~~~~~-------------------------------------'----'----THEPI'1AL COr'JD /-

.ODC,J003 

en 
cn 
w 
0:: 
I
m 
" •. OOC 7JOCJ2 
o 
z 

. 000;]0[11 

I 

YIELD STPE'::;S 
'.,"'=; TE~'lF'EPATUPE 

I I 

10 20 30 

I 

40 

TI T/lAJIUM &,AL - "I V 
~ .:) 0)( TD C30 0)( 

I t-
50 6~?1 70 

TEr"'lF' (de.S.1 k) 
APRIL 21~ 07:38 and 04 sec. 
CALCULATED DATA: 

TEMPERATURE THERMAL COND / YIELD STRESS 
deg K watts-in/lb deg K 

4.2000000000 .0000000343 
4.9656565657 .0000000408 
5.7313131313 .0000000478 
6.4969696970 .0000000531 
7.2626262626 .0000000592 
8.028282828j .0800000653 
8.7939393939 .d000000715 
9.5595959596 .0000000777 

10.3252525253 .0000000841 
11.0909090909 .0000000904 
11.8565656566 .0000000967 
12.6222222222 .0000001023 
13.3878787879 .0000001068 
14.1535353535 .0000001112 
14.9191919192 .0000001157 
15.6848484849 .0000001202 
16.4505050505 .0000001248 
17.2161616162 .0000001293 
17.9818181818 .0000001338 
18.7474747475 .0000001384 

:::0 



19.51:3131:3131 
2(1.27:37:::7878::: 
21.0444444445 
21. :::10101(1101 
22.575757575::: 
2:;:.3414141414 
24.1070707071 
24. :::727272727 

26.4(1404(141341 
27. 1696'36'36':;7 
27.93535:35354 
2:::. ('010U;:11010 
29.4666666667 
:~:tI. 2::::2:::2:~:2:;:2:::: 

30.99797979:::0 

32.52929292'33 
3:3. ;~949494950 
34. 06(1606~3606 
34.826262626:::: 
:;:5.5919191 '319 
36.3575757576 

37.8:::::::::8:::8:389 
:;:8. £0545454546 
:;:9.4202020202 

40. '3515151515 
41.7171717172 

43.24:::4:::4:::4:::5 
44.0141414142 

45.5454545455 
46.::::111111111 
47.076767676:::: 
47.8424242424 
48.60:::0:::0::::(181 
49. :37::::7:~:7:;:7:;:::: 
50. 1 ::::93',::::'3:::::94 
50.90"50505051 
51 • 670707lt71~(? 

53.2020202020 
5:3. 13676767677 
54. 7:::::;:::::~:33::::34 
55. 4989:;:98';t90 
56.2646464647 
5?0303030:;:03 

5::::.5616161616 
59. :~:27272727:::: 
6(1. 0'~29292930 
60. :::5:::5:::5:::~5:::6 
61.6242424243 

6::::. 1555555556 
63.9212121212 
64.6::::6:::6:::6:::6';1 
65.4525252526 
66. 21:::1E:1:::1:::2 
66. ';"::: :~:::: :::::: :;! ::: 3 1

;' 

67.7494949495 
6:3.5151515152 

• (10000014:~:2 
• (I~H)OO() 14:::5 
.000(1001538 
.00(11)(1(11592 
• (113(1[1[101647 
.0(1(11)[10170:3 
• OOO~)uOl 759 
• (1(I~WOO 1815 
.0000001 ::::72 
.000(H301928 
• 0(I~jOOO 197::: 
• 00(1000202'~ 
• 000000207'~ 
• O(HHW(1212'~ 
.0000002i80 
• 0l::HJOO~)22:31 
.0000002282 
.0(1(10002:3::::4 
.0000002:3::::4 
.0000(11)2423 
.000(1002463 
.00(11)00250:3 
.0(1130(11)2543 
• 00~)00025::::::: 
.000(H)02624 
• ~)0(10002665 
.IZH3000(127(16 
• 000~ZH)02748 
.0(H3(H)02796 
.0000002844 
• 0~300002:::9:::: 
.013(10002941 
• 0(10(HJ02'~91 
.000000:;:040 
• (11)00003090 
• 0(1(11)00:;: 13'~ 
.000000:::: 189 
.00000032::::5 
.00(1(100::::2:::2 
.000000332::: 
.OOOOOOJ374 
• ~)000003419 
.0000003464 
.000000:;:509 
• 0000~)03554 
• 00000cn59'~ 
.0000003637 
• (1130000:;:676 
· 00000cn71 7 
.0000003759 
.000000:::::::00 
.000000:;::::42 
· 00000I~13::::::4 
.000000:;:926 
.000000::::969 
.0000004011 
.0000004054 
.0000004096 
.000000413';'1 
• 00000041 ::::~: 
.0000004225 
• 000000426'~ 
.0000004:'::12 
· 000(1004:~:56 
.0000004::::9::: 
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69.2808080808 
70.0464646465 
70.8121212122 
71.5777777778 
72.34:34:3434::::5 
7~:. 113'30'3189(191 
73. :374747474::: 
74. 64~)4040404 
75. 4~J60606061 
;"6. 17171?1?1::: 
76.937:;:7:;:7:374 
77.7030::;0:3831 
78.4686:36:36:::7 
79. 2~:434:H344 
80.0000000(100 

• 000lh:1I)444 (1 
.0000004482 
.01300004524 
.130130004566 
.0(1IJ0004609 
.00000134651 
.0(1IJ0004694 
.00000047:;:7 
• €H300004?79 
.0000004::: 19 
.0000004860 
• (10(10004'3101 
• 00000G49~:8 
.0(1(1IJ004976 
.00130005014 
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-, 

.T. 0[1~7 711 5 

.... , 
C 

(,-) 

+' 
~-OCW -:::11 
IU 
3 

',-" 

z 
H, 

~] 

co r-'·J D .,/ "::; T F: E ~=;S 
H'.JTECiRRL 

'v'S TEr"lF'EF:RTURE 
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TITANIUM (PAL - ~ V 
.y-: c:J 0.x TD 60 oJ< 

-+ --+----
10 20 3[1 4[1 5[1 ?C1 [3[1 

TEr-·1F' (d e ':J K) 
fWF:: I-L--L2'-1-,-0-7' ::-;:::::-;-:-~:::-. -,;.-. r-pj-:-, -:1:-'4:--5-"'-·0:-.-----------=-------------'----

CALCULATED DATA: 

TEt-1PEPATUF.:E 
dE·g f::: 

4.200(;0013131313 
4. ·:'~656565657 
5. ('::::1::::1::::1::;:1::=': 
6.4969696-;l70 
7. 26:;-~626262E, 
:::.02:::2::::2:::2::::::: 

9.5595'359596 
1 [1.3252525253 
11.0909090909 
1.1 . 8S65E.56566 
12. 6;;-:2222222~::: 

14.9191919192 
15.6:::4::::4::::4::::49 
1 i':'. 4505050::;05 
17.::::161616162 
17.9:::1;:::1:::1::::1::: 
H:. 7474747475 

ItHEGF.:AL 
[-).:it. t. ~.- i n/ 1 to 

0.0000000000 
.00000002:::::: 
.000130130624 
.13000001007 
.00000014:;:7 
.0000001913 
.00000024:37 
.000000:;:00::: 
.000000::::627 
.0000004295 
.00000050 1~::: 
.0000005774 
.0000006574 
.0000007409 
.000000:::277 
.00000091 :::: 1 
.000001011::: 
.0000011091 
.000001209:::: 
.000001 ::;: 140 



. . 

19.51:;:131:31::::1 
2(1.27:::787:'::78::: 
21.0444444445 
21.81(1101(1101 
22.575757575::: 

! 2:3.:3414141414 
'. 24.1070707071 

24. :::727272727 
25.63::::3::::3:3:;:84 
26.4040404041 
27. 1696%9697 

28.701010101(1 
29.46666666,67 

3(1.9'37'3797980 
31. 76:;:6:3636:37 
32.529292'32 13:3 
33.2949494950 
34. (1606060606 
:34.826262626:;: 
:35.5919191919 
36 .. 3575?575?6 

38.6545454546 
:39.4202020202 

4~]. 9515151515 
41.7171717172 

43.24:'::4:::484:::5 
44.0141414142 
44.77979797 138 
45. ~':'454545455 
46.3111111111 
47.076767676::: 
47.8424242424 
48.608(1:::1;:180:':: 1 

50. 1 ::::'3 39 ::::9:~: 94 
:;0. '30505(15051 
:;1.6707070707 
52.436:;:6:;:6364 
53.202020202[1 
5::::.9676767677 

56.2646464647 
~i7. 030:;:030:;:0::': 

5:::.5616161616 
5';'.3272727273 ' 
60.09292929::::0 

61.6242424"243 
62. ::::8989:::9899 
6:3.1555555556 
6::::. 92121212L:": 
64.686:::686:::6.';1 
65.4525252526 
66.21 ::: 1 ::: 181 :::2 
66.9:::::;:::::3:::3::::;:9 
67.7494949495 
6::;:.5151515152 

.0(10001421E: 

.(1000015335 
• (1(100016492 
• (1130001769(1 
.000001:=:';'31 
.0(1(10020213 
.0000021538 
.13130(1(122906 
• O(1~H3024318 
.000(n325773 
.0000027268 
• ~300002:::803 
• ~]00(10:;:0~:75 
.0000031986 
• 00000:3~:636 
.130000::;:5:324 
.0000(1:;:7052 
.00000:;:881'3 
.13000040626 
• ~)0(H3042466 
.0(1130044::::36 
.00000462::::7 
.000004:3169 
• 000005~31 :;:2 
.OfW(H352125 
• (1(n](11354150 
.0000056206 
.000(1058294 
.13000060416 
· (11](10062575 
• O~)00064 772 
.00000671")05 
.0000069276 
.0000071 !5:=:5 
.000007:;:'331 
• 0~3(W0762,16 
• (1(1000787:;:9 
• 0(1I](IIJ::: 11 9B 
• (IIJ000:::::3693 
.00000:::6224 
.00000:':::3790 
.0000091390 
.0000094025 
• (W00096694 
.0(W0099:;:9B 
.0000102136 
.0000104'306 
.0000107706 
• OO[1(:H 10537 
• (1000113:399 
.0000116292 
.000011921::: 
.0000122176 
.0000125166 
.00001281 :'::B 
.00001:31243 
.00001 :343:;: 1 
.00001::;:7451 
.0000140603 
.0000143l:39 
.000014700::: 
.0000150259 
.0000153545 
.0000156:363 
.0000160214 
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. ' 

70.0464646465 
7(1.8121212122 
71.5777777778 
72. 34:j4:::~43435 
73.10909[190'31 
73.874747474::: 
74.6404040404 
75.4060606061 
76.1717171718 
76.93737:37:374 
77. 70:30::::0::::0:::: 1 

79.234:34::::4344 
8~J. (H300000000 

• 000(116:35'~::: 
.0000167013 
.0000170461 
.000017:3941 
.0000177453 
• 000(11 B0'~'?::: 
.00001:::4576 
• (10(101 :::::: 1 :'::6 
• OO(H3191 :::29 
• ~;W00 1 '35504 
.00(H319'n09 
.0000202946 
.00(1020671 :::: 
• (10(HJ21 050::: 
• 00002143~:2 
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-----r-----~:_::::~::_:::__=___=_:_:_::=_=_---------------- ---------------

SUPPOF~T R>:: I~:) 

10 

.'-', 

(I) 

1]) 

s:. 
u 
c 

',-,' 

I 
~
C'J 
Z 
W 
-1 

I-

10 

LEI",JGTH VS 
TEr"1PEPRTURE 

20 

TI TAN/UM &;tL - "-IV 
"9:0< Ox TO 60°1<. 

30 40 50 7[1 
TEt"'lP (de!~l ~<) 

APF:IL 21,07:40 ,Oind 11 ::;,E'O:. 

CALCULATED DATA: 

TEt'lPEF.:ATUPE 
dE'g K 

4.2000000000 
4.965656,5657 
5.7:'::1::::131313 
6.4969696970 
7.262626262G 

:::. ?9:;:'33939::::'~ 
9.5595959596 

10.:3252525253 
11.0909090909 
11. ::::565656566 
12.6222222222 
1 ::::. :::::~7:::7:::7!37'~ 

14.9191919192 
15.6:34:::4:::4:::4'3 
16.4505050505 
1?216161616:~ 

1 7 • 9:3181::: H: 1 ::: 
1:::.7474747475 

SUPPOPT AXIS LENGTH 
; no: hE':=:, 

0.000(1)0 
.014920 
• 0:32:~:66 
.052252 
.074542 
.09925::: 
.1?6425 
• 156064 

.222:352 

.260022 

.299561 
· :'::411392 
.384384 
.429452 
.476:'::0::: 

.575423 

.627676 

.6::: 17:'::5 



19.5D1313131 
2~). 2787:::7878::: 
21.0444444445 
21. :::::101010101 
22.5?57'575758 
2::::.::::414141414 
24.1070707071 
24.8727272727 
25. 638:3::: :::: ::: :;::::4 
26. 4040404~J41 
27. 1696'369697 
2,?9:3535::;:5:354 
2:::.7010101010 
29.4666666667 

30.99797'37 ';":::0 
:31. 7636::'::6::::6:37 
32.5292':"292';&:3 

34.0606060606 
34. :::26262626:3 
35.591919191 '? 
36. ~:57.5?5?576 

:37.8::::::::::::88::::::'3 
38.6545454546 
:;:9.4202020202 
4(1. 1 :::585:::5859 
40.9515151515 
41. 7171717172 

44.0141414142 
44.779797979::;: 
45.5454545455 
46.3111111111 
47. (176767676::: 
47. :::4:;::4242424 
4:::.60:::0:::0:::0::: 1 
4 13. ::::7::::7:;:7::::7::::::: 
50.1393939394 
50.9050505051 
51.6707070707 
52.436::;:6:36364 
~i:3. 2[120202020 
5:::: a. 9676767E. 77 
54. 1'3:33::::;:::3334 
55.49:::9:::9:::990 
56.2646464647 
57.0:30::::[1::::0:30::;: 
~57. 7959595960 
5:::.5616161616 
5'3. ::::272727273 

6(1. :::5 :::5:::5 :::5:::6 
61.624242424:::: 

63.1555555556 
63.9212121212 
64.6:::6:::6:::6:::69 
65.452525252,:; 
66.21 ::: 1::: 1 ::: 1:::2 
66. '3':::3::::3::::;:::::~:9 
t.7.7494949495 
6:::.5151515152 

.737655 

.7'35586 

.917816 

.982156 
1.04:3692 
1.117445 
1.188434 
1.261675 
1.337152 
1.41474(1 
L 494334 
1.575 1323 
1.659506 
1.745094 
1.8:;:27(1:::: 
1. '322344 
2.014032 

2.20:;:212 
2. 3~j(1262 
2. 39::::::'~5 
2.499118 
2.60(1940 
2.704:;:70 
2.809417 
2.916090 
3.024411 
3.1:;:4521 
3.24654:;: 
3. ~:6~J487 
~:. 476:365 
:3.594187 
3.713964 
:;:.835707 
:;:.959425 
4.08512::: 
4.2127:38 
4.342181 
4.47::::467 
4.606587 
4.741505 
4.878200 
5.016679 
5. 1 ~i6950 
5.299020 
5.442754 
5.5::::::017 
5. 7::::4:::64 
5.8::::3:;:4::: 
6.0:;:3479 
6. ~:::5266 
6.3:38719 
6.49:3::::4 7 
6.650660 
6.:::09159 
6.969:342 
7.1::::1216 

7.627052 
7.795762 
7.966200 
:::. 1 ::'::::::::74 
:::. :;: 12250 
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6'3.2:::13:::0:::0:::0:3 
7(1.0464646465 
70.8121212122 
71.577777777:::: 
72.3434:;:434:;:5 
7:3. 1090909091 
7::;:.8747474748 
74.6404040404 
75.4060606061 
76.171717171::: 
76. 937~:737~:74 

7:::.468686:::6:;:7 
7'3.2::;:4:;:4:;:4344 
8(1.00I:hJ000000 

8.4877:::::: 
8.6649:37 

9. 0243'~9 
9.206627 
9.390547 
9.57616'(' 
9.76:3495 
9.952497 

113.143127 
U3.335:3:::0 
10.529252 
10.724676 
10.921590 
11. 12(11:HJO 
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" 

STF~E~;~;:; \,.";:; 
SUPPCIPT A)n ~;:; 

LENGTH 

... ---. 
.... --.. .. _------
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TI T,4IJ/UM 6.,1L - '-/ V 
-</. ..< ~ TO 80 oJ< 

----------------------------------------~--
c 

* c 

co 
co 
W 
et::: 
f
U) 

o 
LEt',JGTH (i nche::::) 

A P F.: I L 2 1, 07 : 4 1 ,:in d 1 ::: ::. EO:. 

CALCULATED DATR: 

SUPPORT AXIS LENGTH 
; nche';:, 

0.000000 
.014920 
.0::::2:;:66 
.052252 
.074542 

.126425 
· 156064 
.188200 
.222:352 
.260022 
.299561 
.:341092 
· :;::::4:;::34 
.42 '3452 
.476:;:0::: 
• 5~~4966 

.627676 

.6817:3!5 

S TF.: E ::; ::; 
lb/;n*in 

795:::4. :::027 
79205.2955 
7:38:31.4257 
78464.2047 
78096.98::::6 
77729.7626 
77362.5416 
76995. ::':206 
7662:::. O'~96 
7627:::.8754 
76002. ':':1634 
7~;727. 0514 
75451. 1 :394 
75175.2274 
74899. :::: 154 
7462::::.4034 
74::;:47.4914 
74115.5:::4':':1 
7:;::::-::::6. (171 7 
7:365':;;.55:36 

If] 



.7:37655 

.7955:36 

.8556:36 

.',17816 

. ',82156 
1.048692 
1. 117445 
1. 188434 
1.261675 
1.3:;:7152 
1.414740 
1.494334 
1.57592:3 
1.659506 
1.745(194 

1.922:344 
2.014032 
2. 1 f177:;:5 
2.20:3212 
2.300262 
2.39::::::'35 
2.49'3118 
2.600'340 
2.704370 
2.:::09417 
2.916090 
3.024411 
3.134521 
:.;:. 24654:~: 
:.;:. :360487 
3.476:365 
3.594187 
:;:. 71 :~:964 

3.95-:"425 
4.085128 
4.2127:~:8 

4. :342 H::1 
4.473467 
4.606587 
4.741505 
4.878200 
5.016679 
5.156950 
5.299020 
5.442754 

5. :::::::;:::::4::: 
6. 0::;::~:4 79 
6.185266· 
6.:33871·~ 

6.493:::47 
6.650660 
6.809159 
6.969:'::42 
7.131216 

7.46006:;: 
7.627052 

7.966200 
:3. 1 :~::::::::74 
8.:;:12250 

73427.0455 
73197.5324 
72968.0192 
72738.5061 
72477.1320 
72201.2200 
71925. :~a:::180 
71649.3'360 
71373.4:::40 
710'37.5720 
70821.6600 
713566.13705 
70:336.5573 . 
7(11(17.0442 
69877.5311 
69648.0179 
69418.5048 
691f:8.9917 
68967.5690 
687:33.95:35 
68600.34:::0 
68416.7:375 
6823:;:. 1270 
68049. ~5165 
67865.9(16(1 
E.7682.2'355 
67498. :;::::25 
67314.4411 
671:;:0.4998 
66'~46. 55:::5 
66762.6171 
66578.675::: 
66:'::',4. 7:';:45 
66211.0134 
661327.4029 
65:::43.7924 
65660.1819 
65476.5714 

65109.3504 
64944. 1 ::::::;:4 
64806.2324 
6466:::.2764 
64530. :;:204 
64:392. ::::644 
64254.40:::4 
64116.4524 
6:'::'371.401:;: 
637:::7.790::: 
6::;:604. 1 :::0::;: 
6::::420.569::: 

62686.1278 
62543.3172 
62405.:;:612 
62267.4052 
62129.4492 
61991.4932 
6185:;:.5372 
61715.5:;:12 
61577.7852 
61440.0774 
61302.3695 
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8.6649:::7 
8.84:3:355 
9.024399 
9.206627 
9.3913547 
9.576167 
9.763495 
9.952497 

10.143127 
10.3353813 
10.52'3252 
113.724676 
10.';"215913 
11.1213000 

611EA.6616 
61026.95:37 

613751.53:::0 
61361::3. 7:~:50 
60475.7790 
60337. 82~aJ 
60199.c:670 
60061.9110 
5992:3.955(1 
5';:'785. ';J';"';"(1 

59654.25:;::::: 
59562.44::::13 
5':;14 7f3. 642::: 
59378. :::375 
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.. 
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r------..,.-----:::-=-=-:::c-~::__~_=_:::__=_--------.----------.----.-
RREH OF ~~UF'F'ORT 

40 

,l 

--

.. -., 

:t 
C 2[1 + 

II 
l.J.J 
(t 
II 

10 __ 

••.. ~ 
/ ....... 

V~; RXI~; LENGTH 

-----------....--.,-----.. ~ 

-------- . 

TI TA-IJIt./M 

-<j. -2°1( To 

._----------------------

-----------------

r __ .L.f71<--_t--____________ . ______________ +--_____ _ 
o 10 

LEr'·JC;TH ( inches:) 
L:------.L---___ ------------------------------------.--._-
APRIL 21, 07:42 and 16 sec. 
CALCULATED DATA: 

SUPPORT AXIS LENGTH 
inch",'::;. 

0.00000 
.01492 
· 0:;:2:37 
· (15225 
• 07454 
.09926 
· 12642 
• 15606 
· 1 ::::::2(1 
· 221 2:::5 
.26002 

.:34109 
• ::;:::::43::: 
.42945 
.47631 
.52497 
· !57542 

AF:EA OF ::;UPPORT 
in*in 

:32.04129:::: 
:~:2. 194:::; 1 (' 
~;:2. 3475(16 
::::2.498896 
32.651709 
:32. ::a)5967 
:32. ';"616:::1~ 
::::3.11:::::::96 
33.277610 
:;::;:.42996:3 
3:3. 551 :32:~: 
~::;:. 67:35t:'::: 
:33.796706 
:3:;:.920749 
:34.045705 
:34.1715:::5 
:;:4.29:::400 
:34.405719 
:34. 512~594 
:;:4.6201::::5 



.. ' 

'. 

.7:3766 

.7'3559 

.85564 

.91782 

.98216 
1.04869 
1.11745 
1.18843 
1.2616::: 
1.33715 
1.41474 
1.494:3:;: 
1.57592 
1.65951 
1 • 7450'~ 
1.83270 
1.92234 
2.'.:H403 
2.10774 
2.20::::21 
2.3lH)26 
2.39889 
2.49'312 
2.60094 
2.70437 
2.80'342 
2.91609 
3.02441 
:3. 1 ~:452 
3.24654 
3.3604'3 
:3.476:;:7 
3.5941'3 
3. 71:~:"36 
3.83571 
3. '3594:3 
4.0851:3 
4.21274 
4. ;;:4218 
4.47::;:47 
4.6065'3 
4.74151 
4.8782(1 
5.01668 
5.15695 
5.2'3902 
5.44275 
5.5::::::02 
5.7:34:::6 

6.03::;:4::: 

6.493:::5 
6.65066 
6.8091'6 
6.96934 
7.13122 
7.29479 
7.46006 
7.62705 
?79576 
7.9;'=:620 
:::. 1 :3::::;:7 
8.31225 

34.728348 
34.837240 
34.946817 
35.0570:::5 
35.18:::511 
35.31796:3 
35.453446 
35.5:::9972 
:35.727554 
35.866204 
:;:6.0059::;:4 
36.136347 
36.254262 
36.372',50 
36.492417 
36.612671 
~:6. 7:3;;:721 
36.855574 
36. ",7~:90t1 
37.0725'37 
37.171 :323 
:;:7.271581 
:37.371 :::77 
37.4727D 
37.574095 
:;:7.676027 
:37.7786::::3 
37.8:::1916 
37. '3:::5715 
38.l1%HJ83 
38.195028 
38. :3~~H)551 
38.406660 
38. 5132:3~3 
38.62(1:329 
38.728024 
3B.8:;:6323 
~:8. 94522::: 
:39.054746 
39. 1648:::2 
39.2644:33 
39. :34::a:167 
:39.4:32008 
:39.516::;:0::: 
;;:9.600969 

39.771383 
39.:::61562 
39.976302 
40.091704 
40.207775 
40. ::;:24520 
40.441944 
4l1.560054 
40.678857 
40.771742 
40. :::61874 
40.952405 
41.l143338 
41.134676 
41.226422 
41.31.:=:577 
41.411038 
41.503:::54 
41.5970:::7 
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'. 

.. 

8.4t:779 
8.66499 
8.84386 
9.02440 
13.2(166:;: 
9. ~:9055 
9.57617 
9.76349 
9.95250 

113.14313 

10.52925 
1 (1 .7246::: 
10. ',2159 
11.12000 

41.691374(1 
41.784815 
41.879:317 
41.974246 
42.06';"673 
42.165641 
42.262048 
42.358898 
42.456192 
42.553934 
42.652127 
42.746323 
42.81220', 
42.8782',';" 
42. ',445'n 
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INPUT PARAMEtERS AND RESULTS: 
APRIL 21, 07:44 and 05 sec. 

THIS OUTPUT IS FOR TITANIUM 6AL-4V 

THE TEMPERATURE RANGE IS BETWEEN 82 deg K AND 290 deg K 

THE FORCE EXERTED ON THE SUPPORT IS 2550000 LBS 

THE LENGTH OF THE SUPPORT IS 2.908 INCHES 

THE YIELD STRESS FACTOR IS .333333 

THE NUMBER OF YIELD STRESS INPUT POINTS IS 25 

THE NUMBER OF THERMAL CONDUCTIVITY INPUT POINTS IS 21 

THE TEMPERATURE INCREMENT IS 2.10101010101 

THE FINAL INTEGRAL FROM 82 TO 290 deg K IS 2.07966022482E-04 

THE HEAT LOAD ON THE SUPPORT IS 547.09135589 watts 
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-------------~~~~~~=-~-------------------------------COI'··m/STRE~;S 

I NTEGRRL TI TAA/IUM c;,A-L - ~ V 

VS TEr'1F'ERRTURE C302 01< TO .;). 70 0;<. 

--

....... 

C 

(I) 

+' 
,0001 +' 

,00001 

f(f 

3 

I-
z 
H 

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

r-----~~-~--~-/r~-~---------_+----------~I~·~----------+--------~~I--
1 [1[1 150 200 250 30E 

TEI"'lP (d e El f-<) 
~-~~~I~L~~-7.~~--~~~--------------------~~------------------------------
HP~ 21~ 07:47 and 10 sec. 
CALCUUHED DATA: 

TEI'lPEF.:ATUPE 
de9 f::: 

:::2.0000000000 
:::4.1010101010 
86.2020202020 
8 :::. :;: 0 ::;: (::1 ::::0 3 (1::;: 0 

90.40413404040 
92.5050505051 
94.60613606061 
96.7070707071 
9:::. :::O:::O:::O!::O::: 1 

100.90909090';:'0 
10:3.0101010100 
105.1111111110 
107.2121212120 
109. :31:31::;:1~:130 
111.4141414140 
113.5151515150 
115.6161616160 
117.7171717170 
1 1 '3 . ::: 1 ::: 1 ::: 1 8 1 :::: 0 
121.91919191';:'0 

ItHEGPAL 
(,.tat t ;:.- i n/ 1 b 

0.0000000000 
.00130010:::57 
.0000021953 
.00000::::329::: 
.0000044:::67 
• ~~10000566:30 
· 000006:=:5:::~: 
.0000[1:::0726 
.0000093062 
.0000105592 
.0000 11 :::~: 1:3 
.00001:;:1241 
• (H)OO 144365 
.00001576:39 
.0000171217 
.00001:::4950 
.000019:::::::::9 
.0(100213030 
.0000227::::5'3 
.0000241874 



-, 

;J .. 

124.0202020200 
126.1212121210 
128.222222222(1 
130. :3232::::~:3230 
132.424242424C1 
1 :34. 5252~52525(1 
136.6262626260 
138.727272727[1 
140.82:::2:::2:3280 
142.92'32929290 
145. (1:30:;:030::::00 
147.1::::13131:310 

151 . :::: 3:;::;: :::: :::::3 :;::;: (1 

. 153. 434~:434340 

163. '339:;: '3 ~!9 :::: 9 ~3 
166.0404040400 
168.1414141410 
170.2424242420 
172. ~:434343430 
174.4444444440 
176.5454545460 
178.6464646470 
1 ~31). 7474747480 
182. :::48484:::480 
184.9494'34949(1 
187.0505050510 
189.1515151520 
191.25252525::::(1 
1'3::::. :;:5:;:5:353540 
195.4545454550 
197.5555555560 
1';"3.656565657(1 
2~) 1.7575757580 

20:::.0606060610 
210.1616161620 
212.2626262630 
214.36::::6::::6::::640 
216.4646464E:50 
21:::.565656566(1 
22(1.6666666670 
222.76767676:::[1 
224.86:::6:::6:::690 
226. '36969697~30 
22'3.(1707070710 
2:31.1717171720 
2:;:::::.272727273(1 
2::::5. :37:;:737:;:74(1 
237.4747474750 
~:3·3. 5757575760 
241.6767676770 
24::::.777777778(1 
245. :::787:::7:::79[1 

250.0:::(1:::0:::0::: 1 0 
'252.181:::1:::1::::20 
254. 2:::2:;::2:::~::::::::0 
256. :3::::;::33:::3:340 

• fH300256576 
• (1000271465 
.0(1I}1}2:::6545 
.0000301::: 16 
• (1I:H'::1I:f;: 1 7 2 ::: 0 
.0000:33293'3 
.0001}348794 
.0000364:::47 
.0000:3811(11) 
.I}0003';l7555 
• (1[1I}0414213 
• I}0004:;:1 074 
.0(1I}0448141 
.0000465414 
.1}(lI}04:::2:::97 
.00005005'32 . 
• 0(1(11)518499 
• 00005~:662:3 
.0000554963 
• [II}0057:::524 
.0000592:;:0:3 
.0000611315 
.01}006:30550 
• 0001}65[1I} 11 
.0000669686 
.0000689563 
.0000709641 
.0000729923 
.0(10(1750409 
.0000771100 
.0(1130791'399 
.0(10081 :;: 104 
.0000:::34419 
.0000:::55944 
.IJOOO:::77679 
.0()0[1:::9';1627 
.000092178::: 
.0000944155 
.000096671 '3 
.00009:::94:::0 
.00010124:;:9 
• (10010:::5599 
• 000 10~S895::: 
.0001082520 
.00011062:::4 
.00011 :;:0252 
.0001154426 
· (1001178:::05 
.000120:3393 
.00012281:::8 
.0001253195 
.000127:::417 
.0001::::03855 
.0013 1 :;:29512 
.0001::::55:38::: 
.00013:31484 
• (11313 1407802 
• (1130 14~:4~:43 
.000146110::: 
.00014::::::099 
.00[11515316 
.0001542762 
.0001570437 
.000159::::347 
.0001626501 
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'. 

OZ.O 

1.0 

0./ 

,,-.. 
1/1 

0) 
.£. 
() 

C 

,-" 
I 
I-
L') 
Z 
W 
.-J 

SUF'POPT AX I~; 
LEr'"JGTH' 'v'S 

TEf'-lF'EPATUPE 
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TITAN/UM C:>A-L -"!V 
6'02 ex TO 02fO /( 

--~I---'----------'--~ 
1 D[l 15D 2C1L] 25[1 :3CH:: 

API': I L 21! 07: 4::: .""nd 07 s,,;:·c. 
CALCULATED DATA: 

TEr'·'lF' (d e 9 1<) 

TEMPERATURE SUPPORT AXIS LENGTH 
deg K inches 

82.0000000000 0.000000 
84. HlI010n310 . (1151:::2 
86.2020202020 .030697 
88.3030303030 .046560 
90.4040404040 .062738 
92.5050505851 .079186 
94.6060606061 .095899 
96.7070707071 .112879 
98.8080808081 .130129 

109.9090909090 .147649 
103.0101010100 .165444 
105.1111111'110 .183515 
107.2121212120 .201866 
109.3131313130 .220498 
111.4141414140 .239413 
113.5151515150 .258616 
115.6161616160 .278108 
117.7171717170 .297881 
119.8181818180 .317918 
121.9191919190 .338214 



260.5858585860 
262.6868686870 
264.7878787880 
266.8888888890 
268.9898989900 
271.0909090910 
273.1919191920 
275.2929292930 
277.3939393940 
279.4949494950 
281.5959595960 
283.6969696970 
285.7979797980 
287.8989898990 

.290.0000000000 

.0001654905 

.0001683559 

.0001712466 

.0001741627 

.0001771044 

.0001800717 

.0001830649 

.0001860842 

.0001891295 

.0001922013 

.0001952994 

.0001984244 

.0002015768 

.0002047573 

.0002079660 
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,,"' ,. 

~' 

124.0202020200 
126.12121212113 
12:::. 222222222~) 
130.32:;:2323230 
1:32.4242424240 
1 ~:4. 5252525250 
136.626262626H 
138.727272727(1 
14(1.82:::282:::280 
142.92';'292';'290 
145.03fI30:30::::00 
147.1:313131:310 
149.2:;:232::::232(1 
151 . 3:~::3:3:::::3:::::3:3(1 

155. 5:3:,:;!.5:3535 £1 
157.6:36:36:;:6::::60 
159.7:37:37:37:37[1 
161.8:38:::::::::::::::380 
16:3. 9:39::::93';:' :390 
166.041')4040400 
16:::. 1414141410 
170.2424242420 
172. ::::434:3434:;:0 
174.444444444fl 
176.5454545460 
178:6464646470 
180.74747474::::0 
18;;-~. 84:34:::48480 
184. '3494949490 
187. 05050~5051 0 
H:9.1515151520 
191 . 252~,2525:30 
19:;:. ::::5:35:353540 
195.4545454550 
19("'.5555555560 
199. 656565657~~1 
2(11.75?57575:::0 
2(1:;:. :::58585:::59(1 
20~,. 9595959600 
20:::.0606060610 
210.1616161620 
212.26262626::::0 
214.36::::636::::640 
216.4646464650 
218.5656565660 
220.6666666670 
222.76767676:::0 
224. :::6:::6f:6:;::6':!0 
226.'3696'369700 
229.0707070('10 
2:;:1.1717171720 
~::;::~:. 272?2727::::0 
2~:5. :37::::7:~:7:3740 

237.4747474750 
239. ~i7575(5760 
241.6767676770 
24::::.77777777:::0 
245. :::7:::787:::790 
247.979797'3:::00 
250.0:::0:::0:::0::: 1 (1 

252. 1 ::: H: 1 ::: U:::20 

256. :~::::3:::3:::3:::40 
25:::. 4 :::4::: 4:::4 :::50 

.358771 

.379591 

.400677 

.4220:31 

.443654 

.465550 

.48772(1 

.510168 

.532894 

.55590:::: 

.579196 

.60277:::: 

.626638 

.650792 

.675238 

.699'380 

.725020 

.776008 

.801962 

.82:::227 

.854806 

.8817131 

.90:3914 

.936426 

.964219 

.992295 
1.020655 
1.049:;:01 
1. (1782:;:4 
1.107456 
1. 1 :36968 
1. 16677:3 
1.196871 
1.227264 
1.257 1;'5:;: 
1.288941 
1.320217 
1.:;:51768 
1.383595 
1.415699 
1.448138:3 
1.480747 
1.51369:;: 
1.54692:3 
1.58043::: 
1.614240 
1.6483:30 
1.682710 
1.717::::82 
1.752::::49 
1.787617 
1 .8 2 :;: 1 ::: ::: 
1.859064 
1.895246 

1.9685:37 
2.005649 
2.04:31:175 
2.0:::0816 
2.118:::75 
2.157252 

2.2:3497:=: 
2.274345 
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260.5858585860 
262.6868686870 
264.7878787880 
266.8888888890 
268.9898989900 
271.0909090910 
273.1919191920 
275.2929292930 
277.3939393940 
279.4949494950 

•. 281.5959595960 
283.6969696970 
285.7979797980 
287.8989898990 
290.0000000000 

2.314062 
2.354130 
2.394551 
2.435327 
2.476460 
2.517953 
2.559807 
2.602025 
2.644609 
2.687560 
2.730882 
2.774579 
2.818660 
2.863133 
2.908000 
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---·r-----;~=:-;~T-;f.:;~:-;:'E:::-;~==:-;'::::=;-:-\,~l~::-;-~--------- .----------------
TITANIUM ~AL - ¥V 

"-', 
c 

"-/ 

cn 
co 
W 
LL 
f
en 

400 7 

::::0[10.,'1 

1 Oe17 ,'1 

SUPF'OPT R)< I::;; 
LENGTH Cl02 0)< TO 0.290 Ox ' 

,-----f- .----f---~I__----+------f---

.5 1 1. 5 2 
LEt",J(:;TH (i nches) 

APRIL 21, 07:49 and 12 sec. 
CALCULATED DATA: 

SUPPORT AXIS LENGTH 
; ne hE'S, 

0.000000 
.0151:::2 
.0:30697 
.046560 

.0791::::6 
• ~~1'35:39'3 
• 112::::79 
.130129 
.147649 
• 16':'444 
• 1:::3515 
.201 ::::66 

.25:::616 

.27::: 1 0::: 

.297:::::: 1 

.::::1?91:::: 
• :;:::3:::214 

STRE:::;S 
lb,/;n*in 

591 ::;:':1. ~)2';l6 
5::::::::30.6 ';14 7 

5:::074.9::;:65 
57797. :::CH)S 
57~,45. 60'~2 

5729::::.4176 
57041. 2~;60 
56789.0:::':45 
565:;:6. :::42'3 
562:::4.651 ::;: 
56~3:~:2. 45'37 
557:::0.2682 
55528.0766 
55275. :::::;:5(1 
55(12::::.6'3:34 
54771.5019 
54534.0::::::2 
54::;:07.1975 
540:::0.3('16::: 

'-1 C' 
C. • ,_, .-:' 

'-' 



.. 

,-

.37'35'31 
• 41:H~1677 
.4220:31 
.44:3654 
.465550 
.4:37720 
.51016:3 

.5559(13 

.579196 

.6\::12773 

.6266:38 

.65(1792 

.6752:3::: 

.6999:30 

.725020 
• 75~Z1362 
.77600::: 
.8(11',62 

• E:548(16 
.881701 
.9(18914 
.936426 
.96421', 
.9'32295 

1.02(1655 
1.049:301 
1.07:::2:34 
1.107456 
1.13696::: 
1. 16677:;: 
1.196:=:71 
1.227264 
1 . 25(··95:~: 
1.28:;:941 
1.:320217 
1 • 35176::: 
1. :3:::::::595 
1.415699 
1.44:::08:::: 
1.4:30747 
1.513693 
1.546923 
1.5:::04:3:3 
1.614240 
1.648:330 
1.682710 
1. 71 (':3:::2 
1. ?52:349 
1.7:::7617 
1.82:::: 1 t:::;: 
1.:::59064 
1 • :::9~5246 
1.9::;:1736 

2.00564';" 
2. (143f175 
2.0:30:::16 
2.11::::::75 
2.157252 
2.195'j51 

2.274:;:45· 

5:385:3.4161 
53626.525:;: 
53399.6:::46 
53172.743';J 
52945. :::5:32 
52718.9625 
52492.071:3 
52265.1:::11 

51:311.39'36 
51575.3:'::60 
51323.2852 
51071.1:::44 
50:'::19.0:'::37 
50566.9:::29 
5(1314. ::::321 
5!:W62. 7::: 13 
49810.6:;:05 
49558.57 137 
49:306.47:::9 ... 
49054.37:=: 1 
48802. 277:~: 
4:3550.1765 
48:315.6:'::04 
481:39. 6~:00 
4:'::(16::::.5796 
47'337.52,,2 
47:'::11.478::: 
476:::5.4284 
4755'3. ::::780 
474:3:3.3276 
47:307.2772 
47181.2268 
47(:155. 1764 
46929.1260 
4680~:. 0756 
466?7.0252 
46550. ',::::32 
46424.8::::74 
4629:::.7416 
46172.6458 
46046. 55(H~1 
45920.4542 
457 134. :35:::5 
45668.2627 
45542;1669 
45416.0711 
452:::9. '375:3 
4516:3. B7t~~:' 
45(1:37. 7:::~:7 
44911.71,,7 
447:::5.669:;: 
44659.61 :39 
445:;::3.56:::5 
4440('.51:::1 
442:::1.4677 
44155.4173 
44029. 367~3 
4390:;:.3166 
4:3777.2662 
4:3651.215:3 
4~:525. 1654 
4~:3';"9. 1150 
4:;:27:~:. 0646 
4::;:147.0142 

BW4350 M5511 Page 71 



" 

2.:314062 
2.354130 
2.394551 
2.435:327 
2.476460 
2.517953 
2.559807 
2.602(125 
2.644609 
2.68756(1 
2. 73~J::::::2 
2.77457'3 
2.:318660 
2. 86~:13:~: 

4:3020.96::::::: 
428'~4. 9134 
42768. 86~:€1 
42642.8126 
42516.7622 
42390.7118 
42264.66,14 
42138.611(1 
42012.5606 . 
41886.5102 
41760.459:3 
41634.7:::::::5 
4150'3.9755 
41385.2126 
41260.4496 
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~'---I~'~~· ---~t---------~------------~~------------
',.J AF:ER OF '3UF'F'OF~T 

~i [1 I-

........ / 

40 --
r·, 

C 

1[1 _"-

VS A}:: I S LEI"JC;TH TITAAJIUM 

~---------------------. 
--

--------.--------~---
--------

..----~---
~..,.... 

....--------
-~~---.----.. -

n r-·--~---r---------_+--------~i----------~----·----~----
.5 1 1. 5 2 

LEI'··JCiTH (i n c h e. ::;: ) 
.-. 
.::.' 

___ ._____________ _ __ ---..J 

APRIL 21, 07:50 and 08 sec. 
CALCULATED DATA: 

SUPPORT AXIS LENGTH 
inc h",·s. 

0.00000 
.01518 
.133070 
.04656 
.06274 
.07919 
.0';)590 
.1128~: 

• 1301:';: 
.14765 
• 16544 
· 18352 
.20187 
.22050 
• 2:~:941 
.25:::62 
.27:::11 
.21:;a'?:::::! 
• ::;:1792 
• :~:::;::::21 

AREA OF ::;UPF'ORT 
in*in 

4::;:. 11 :::73:::: 
43. :;:44720 
4::::.6249::::[1 

44.119326 
44.312677 
44.5877:31 
44.784509 
44.98:;:0:35 
45.10:;:332 
45. :;:05424 
45. 509~:~:5 
45.71509[1 
45. '322714 
46 •. 1322:3:::: 

46.75'3744 
46. '355102 
47.1521399 



., . 

• :;:7959 
.4006::;: 
.4220:3 
.44:365' 
.46555 
.48772 
.51017 
.53289 
• 555'~~3 
.57920 
.60277 
.62664 
.65079 
.67524 
.69998 
.725(12 
.7513:36 
.776131 
.801'36 

.:::5481 

.88170 

.9tH::91 
• 9~:643 
.96422 
.99229 

1.02065 
1.049::;:[1 

1.10746 
1.1::=:697 
1.16677 
1. 1968? 
1.22726 
1.25795 
1.2::::::94 

1.35177 
1 • :~::::359 
1. 4151'(1 
1.44:::0:::: 
1.48(175 
1.51:369 
1 • 5469~:::: 
1.58044 
1.61424 
1 • 64::::::::~: 
1.6:::?71 
1.717::::::: 
1. 752:35 
1.7:::762 
1.:::2319 
1.85906 

1.'3311'4 
1 • 96:::~54 
2. 130~~65 
2.04::'::07 
2.881382 
2. 11:::::::7 
2.15725 
2.19595 
2.2:;:498 
2.27435 

47.35(1757 
47.5510'35 
47.7531:36 
47.956'3(11 
48.162412 
48.36'36'32 
48.578765 

.48.789652 
49.002:::7::: 
49.21696::: 
49.4421:::9 
49.6851]50 
49.9:31]::;:0'3 
50. 17:::(1013 
50.428162 
5(1.6:::13:::30 
50. '3:36(143 
51.1938413 
51.45425'31 
51.717341 
51.98:;:12:3 
52.251660 
52.522981 
52.777897 
52.91594'3 
53. (154725 
53.194231 
5::::.3:;:4472 
53.475455 
5:3.6171:::6 
5::::. ?5966';.t 
5~:. 902912 
54.046920 
54.191700 
54. :;:37257 
54.4::::359'3 
54.6:30731 
54.77:::709 
54.927494 
55.077091 
55.2275(14 
55. :37:::742 
55. '5::::0::: 1 13 

55. 8:~:7465 
55.9'32066 
56.147525 
56. ::::13::=::::51 
56.461134'3 
56.61'3121' 
56. 77805:~: 
56.9:;:7'856 
57.098562 
57.26131 ?7 
57.422('0':'< 
57.586167 
57.750558 
57.915:::91 
5:::.082172 
58.249412 
58.417617 
58.5:::67'36 
5:::.756959 
5:::.928112 
59.100266 
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.. 

2.314l16 
2.:::5413 
2. :39455 
2.4:;:5:33 
2.47646 
2.5179:. 
2.55'3:31 . 
2.60202 
2.64461 
2.6E:756 
2.7:;:0:3::: 
2.77458 
2.81866 
2.86::::1:3 
2.90800 

59.27:342::: 
59.44760:3 
59.622815 
59. 71313~]57 
59. ',76:345 
60.154687 
6(1.334093 
6(1.514572 
60.6961 ::::4 
60. 8787:3'~ 
61.062546 
61.246'3:32 
61.4::::1017 
61.616211 
61.:::02526 
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10 INPUT "DOES THE COMPUTER HAVE A REAL TIME CLOCK?U,Rtime$ 
20 ItlF'UT U HWUT THE 1'1 A >0:1 I'WI'l TEI'lPEPATUPE Hj d'::I~ K", Tma>:: 
:::: 0 I tl F' IJT U I t·w U T THE 1'1I IH t'1 U 1'1 T E 1'1 P EF.: A T U PEl tj d E 0;) K U , T min 
4 13 I IW U T U I I·JP U T THE \' I E L II :::;T F: E S ::; F ACT 0 R .' K ... 1\ • I::: 
50 DIM X1(20),Yl(20),Zl(20),22(20),Xx(101),Yy(1131),Yyl(101)jYy2(101),Int(100) 
,Thermo(20),Dx(100),Ax(100),Yx(100) 
60 DIM X(101),Y(101) 
61 PRIIH uDO '.'OU HAtH A HARDCOP'l OF THE INPUT PAF.:AI'lETEF.:::; At·HlF:E:~;ULTS?" 

62 
63 
64 
.- .". 
b·J 

66 
70 
:::0 
90 
1 00 
1 1 (1 

1 20 
1 ~:O 
1 40 
1 50 
1 60 
1 70 
1 80 
1 '3(1 

200 
.-, 1 0 c: 
:;-~2(1 

2:;!~~1 

240 
25[1 
260 
270 
2:::0 
21~(1 

:30D 
:=: 1 0 
:320 
:::::;: 0 
::::40 
::::50 
~:60 

3?0 
:3::::0 
3'30 
400 
4 1 0 
420 
4::;:0 
440 
4!:IO 
460 
470 
4::::0 
490 
500 
51 (1 
0:-._' 1 1 
C" ._, 1 2 
520 
530 
540 
5~50 

560 

INPUT An:;.I,JE·t-$ 
IF (An:::.I,JE·t-·$="'{E::;U) 01': (Ansl.,JE·t-·$=uy u :) THE~J GOTO 66 
An=0 
GOTO 70 
An"'l 
F=2.55E6 
L=11.12 
A=O 
F.:EAD N 1 
FOF: 1=1 TO IH 
I':EAD ZI(I) 
t·jE::·::T I 
FOF.: 1=1 TO IH 
READ'll(l) 
t·jE::<:T I 
READ t~2 

FOR 1=1 TO N2 
READ 22(1) 

. l·jE::·::T I 
FOR 1=1 TO Ij2 
F.:EAD ThE·t-·mo C 1 ) 
l·jH:T 1 
Xn=(Tmax~Tmin)/99 

FOF.: 1=1 TO 100 
Xx(I)=Tmin+(I-l)*Xn 
FOF.: ..1=1 TO tH-l 
IF (ZlC..1){XxCI» AND (Xx(I)(=ZI(..1+l» THEN GOTO 300 
GOTO ::::10 
YylCI)=Y1(..1)+(Yl(..1+l)-Yl(..1»/(ZI(..1+l)-ZIC..1»*(Xx(I)-ZI(..1» 
I·j E ::.:: T J 
t~E::<T I 
FOF.: 1=1 TO 10(:1 
FOP J ::: 1 T 0 t·j ;;:: - 1 
IF CZ2(J)(Xx(I» AND (Xx(I)(=Z2(J+l» THEN GOTO 370 
GOTO :::::::0 
Yy2(I)=Thermo(J)+(Thermo(J+l)-ThermoC..1»/(Z2(J+l)-Z2(..1»*(X«I)-Z2(J» 
1·1E::·::T J 
t·jD::T I 
FOF.: 1=1 TO 1.00 
Yy(I)=Yy2(I)/Yyl(I) 
\'::« I )=\'::..'1 (I ::'*K 

Int,(l)=O 
FOR 1-;:::2 TO 100 
Int(I)=lnt(l-l)+(YyCI)+Yy(l-l»*Xn/2 
I-1D:T 1 
FOF.: 1=1 TO 100 

A>:: (I::' =F./\'::<':: I::' 
11E::::T I 
IF An=1 THEN PPINTEP IS 0 
IF An=O THEN PPINTEP IS 16 
G010 7:;0 
PF.: an "ItWtlT DfHA:" 
PF: I tH "" 
F'F: I tH "TEI'1PEPATUPE \' I ELD ::;TF.:E::;S" 
F'F.: r IjT" dE·'~ K J b/ in·:':' in" 



, .,. 

570 
!58(,1 
5'jO 
600 
610 
6:;:0 
640 
65(1 
660 
670 

,') '. 6:::0 
690 
700 
710 
720 
740 
750 
760 
770 
771 
772 
7:::(1 
790 
BOO 
:::1(1 
t:20 
B:30 
840 
850 
:360 
87(1 
8:=:(1 
890 
900 
9P3 
920 
9::;:0 
940 
95~:::1 

9617.1 
970 
9:::0 
990 
1000 
1020 
1030 
1040 
1050 
1060 
1070 
10::::0 
1090 
i 1 elO 
1 1 10 
1 130 
1 140 
1 150 
1 160 
1 170 
1 1 :::0 
1 190 
1200 
121 (1 

1 :;-:~~O 
12,10 
1 ;;:: ~50 

PR 1 tn "" 
FOR 1=1 TO til 
PRINT USING 600;Zl(I},Y1(I) 
IMAGE XXDDD.DDXXXXXXXX,DDDDDDDD.DDD 
HE>':T I 
GOTO 3190 
PRItn "ItlPUT DATA:" 
PR I tH "" 
PR I tn "TEt'lPERATURE 
PF.:ItH" dE9 f( 

PRItH "" 
FOR I = 1 T 0 1·12 

THEF.:t'lAL CGtm" 
~.I.El.t, t. ::;.~' i n/dE'9 K" 

PRINT USltlG 710;Z2(I),Thermo(I) 
IMAGE XXDDD.DDXXXXXXXX,DDD.DDDDDDDD 
t·1E>-n I 
GOTO :31 'jO 
PRItn "It-lF'UT PARAt'lETEF.:S Atm RE::;UL H;:" 
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IF (F.:t.ime$="'r'E::;") OR (F.:t.ime$="'/") THEt·l GO::;UB F.:t.ime 
PRlt·jT "" 
PRltH "THI:3 OUTPUT IS FOF.: 304 Ul STAIt'lLES:::; ::;TEEL" 
PRHH "" 
PI': I tH "THE TH1PEF.:ATUF.:E F~AtlGE I:::; BEHlEUl il ; Tril in; il de';) f:' At-lD"; TTli3.::·::; "dE',;} f<" 
PF.:ltH "" 
PF.:ItH "THE FOF.:CE E)<EF.:TED Otl THE ::;UPPOPT IS"; F; "U:::;" 
PRIHT "" 
PI': lIH "THE LEt·1GTH OF THE ::;UPPOF.:T IS"; L; "WCHE::;" 
PRIHT "" 
PR I tH "THE '/1 ELD ::;TRE::;::; FACTOP I::::"; f< 
PF.:IHT "" 
PRIHT "THE HUMBER OF YIELD STRESS IHPUT POIHTS IS";Hl 
PRIt·jT "" 
PRIHT "THE HUMBER OF THERMAL COHDUCTIVITY IHPUT POINTS IS";N2 
PRIHT "" 
PR I tn "THE TEt'lPERATUF.:E INCREt'lEtn I:::" ;::::n 
GOTO 1460 
PI': UH "CAL-CULATED IiATA:" 
PPIHT "" 
PI': ItH" TH1PERATUPE THEF:t'lAL COHD ..... \' I ELD ::::TF.:E::::::" 
PF.: I HT " dE'';1 V 1.,.I.::"t. t.::;.- i n/ 1 b dE"~ f<" 
pF.:Itn "" 
FOF~ 1=1 TO 1(10 
PRIHT USIHG 990;Xx(I),Yy(I) 
IMAGE DDD,DDDDDDDDDDXXXXXXXXXX,DD.DDDDDDDDDDXXXXXXXXXXXXX 
HDn I 
GOTO :;: 1 'jO 
PRIHT CALCULATED DATA:" 
PF~ ItH 
PRIHT TEMPERATURE I tHEGF:AL" 
PRIHT de';1 K ~.i.EI. t. t ::;. - in"" 1 b " 
PF:ltH " 
FOr.:: I = TO 1 C:H:) 
PRIHT USING 1100;Xx(I),lnt(I) 
IMAGE DDD.DDDDDDDDDDXXXXX,DDD.DDDDDDDDDD 
t·1E::·::T I 
GO TO 3190 
PF.:lt1T. "Cf'1LCULATED DATA:" 
pF.:lt·n "" 
PF.:ItH" TEt'lPEPATUPE ::;UPPORT A::-:;I:::: LEtIGTH" 
PRIHT " de';} f::: ; nches." 
PF:lt·jT "" 
FOP 1=1 TO 100 
PRIHT USIHG 1210;Xx(I),Dx(I) 
IMAGE DDD.DDDDDDDDDDXXXXXXXX,DDDD.DDDDDD 
1·1E::::T ! 
C;OTO 3190 
PF:ItlT "CflLCULATED DATA:" 



1260 F'PII'lT "" 
1270 PRINT "SUPPORT AXIS LENGTH 
12:::0 PRIIH" i nch€'s 
12'~0 PR I IH "" 

FO/<: 1=1 TO 100 
PRINT USING 1320;Dx(I),Yx(I) 

STF.:ESS" 
lb/;n*;n" 

IMAGE XXXDDD.DDDDDDXXXXXXXXXXXX,DDDDDD.DDDD 
HEi::T I 
GOTO :31'30 
PF.: HlT "CALCULATED DATA:" 
PRI~lT "" 
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1300 
1310 
1320 
1 :3:;:0 
1350 
1360 
1 ::::70 
1 :;::::(1 
1390 
1400 
1410 
1420 
14::::0 
1440 

P R I IH " SUP F' 0 F: T A ::'; I S L E 11 G T H AF.:EA OF ::;UPPORT II 

PRIIH " ; nche's in*in" 
PI': I NT "" 
FOF~ 1=1 TO 100 
PRINT USING 1430;DxCI),Ax(I) 
IMAGE XXXDDD.DDDDDXXXXXXXXXXXXXXXX,DDDD.DDDDDD 
HD(T I 

145(1 GOTO 3190 
1460 PRItH 1111 

1470 PR ItiT "THE F I tlAL IIHEGF.:AL FROt'l"; Tm in; "TO" ; Tf:I.:">::; "de";;l f::: 1::;"; I nt (100) 
14:;;:0 PF.:ltH II" 
1490 Q=F*IntC1(0)/(L*f:::) 
1500 PRItH "THE HEAT LOAD 01-1 THE SUPPORT IS"; Q; "I .. .i.::ttt::," 
1501 PRINTER IS 16 
1510 1,1 A IT ::;:000 
1520 Npl6t=1 ! DEFAULT VALUE FOR THE HUMBER OF PLOTS. 
1530 N=I'll 
1540 t'lAT >;=21 
1550 t'lAT V=V 1 
1560 Tit 1 E' a:;: = "'/ I ELD ::;TRE::::S VS" 
1570 Tit, 1 eb$=" TH1PEF.:ATUF.:E" 
1 5::: 0 ;:.; 1 .:..b €' 1 $ = " T E to, P .:: d E";;l K)" 
1590 \'1 abE' 1 $=" :::TF.:E::;S (1 b/ i n* in) " 
1591 A=1 
1600 GOSUB Graphics 
1610 H=I'12 
1620 t-IAT ~'i=22 

1630 MAT Y=Thermo 
1640 Tit. 1 E·.:t:$:=" THEF.:t·'AL COt·m" 
1650 Tit. 1 Eb:$:= '''-/::; TEt-1PEF.:ATUPE" 
166~] ~,; 1 .:..b.~·1 $=" TEt-'P (dE'q K)" 
1670 '/1 .:..be·1 $=" COt·m 0:: ~'l.:..t t ::;.- i n ..... K;. " 
1671 A=2 
16:::0 GOSUB Graphics 
1690 t-l=100 
1700 t'lAT )<:=it< 
171 (1 t'lAT \'= ..... V 
1720 Tit 1 e·.:..$=" THEPt'lfiL COtlI! ..... " 
1730 Tit,leb$="\'IELD ::;TF.:E::;8" 
1 74 0 Tit. 1 E'': $= '! ',i::; Tn1F'EF.:ATUF~E" 

1750 \,1.:1[.",·1 $= "COI1D ... ··::;TRE:;:;::;" 
1760 ::.:: 1 .:l.bE] $=" TEt'IP (d""q f::' ') " 
1761 A:=:3 
1770 GOSUB Graphics 
17:::0 1'1= 1 0(1 
1790 
1800 
1:::10 
1 :::20 
1 :::::::0 
1 :::40 
1 :::50 
1 :::51 
1 :::60 

t'lAT i<=;:';x 
t'l AT'!' = I n t. 
Tit. 1 E·.:i$=" COI·m .... ·::;TPE:::8" 
Tit. 1 Eb:$=" I IHECF:AL" 
Tit] E'C $=" ',i:::; TEt'lPEPATUF.:E" 
::-:; 1 .:..be·] $=" TEI'lF' .:: dE9 K::''' 
\']:..b E' ] $::: " I t·1 T .: 1 .. .1 at. t ::. - in."" ] b ::. " 
·li=4 
GO::;UI: Gt··.:..ph i C:E· 



1:::70 
1880 
1 :::90 
19(10 
1 91~) 
1920 
19:31) 
1940 
1941 
1950 

'. 1960 
1970 
198(1 
1990 
2000 
2010 
2020 
2(1::::0 
2031 
204~3 

20513 
2060 
2070 
2080 
2090 
210(1 
21 10 
2120 
2121 
2130 
214(1 
2150 
2160 
2170 
2180 
2190 
2200 
221[1 
2220 
22::::0 
2240 
225(; 
226(1 
227(1 
22E:~~1 

2290 
2::::00 
2:310 
2320 
2::;:30 
2::;:4(:1 
235(1 
2360 
2370 
23:::0 
2390 
2400 
2410 
2420 
2430 
2440 
2450 
2460 
24?O 
24:::0 

1,1= 1 00 
t'l A T >::= >~ >( 

HAT .... ·=D:x: 
Tit 1 E·.:t$=" :::UPPOF:T A;:':: IS" 
T if, 1 E·b$=" LEI·IGTH '· ... S" 
Tit I EC $=" TEfolPEPATUF.:E" 
Xlabel$="TEHP (deg K)" 
''(1 ab E' I :t = " L E II G T H (i n C hE' ::. )" 
R=~, 

GO:::UB Gr·.::tph i e::· 
1'1= 1 00 
t'lAT ;:'(=D)( 
t'lRT \'='l>:: 
Tit"l€'a$=" t:TPE:::S ',"'S" 
Titl€'b$="8UPPOPT AXIS" 
Tit I E'C $=" LEI·IGTH" 
:": I ab""1 $=" LEt·IGTH (i top: he::·) " 
V I .:tt, e I $:::: " S T F.: E :::: ::: (I b./ i n * in) " 
A:::: 6 
G03UB Gt~aph i c::· 
1-1= 10(1 
t'lAT ::<::::D::< 
t'lAT Y=A::< 
Tit 1 "".:i$=" AF.:EA OF SUPPOPT" 
Ti t 1 E'b$="\"::: A:''';I:=: LEI·IGTH" 
Tit. I ee$::::" " 

).;] abe 1 $=" LHIGTH (i nc h",'::')" 
\' 1 .:ib E' 1 $ = " APE A (i n'~ in) " 
A=7 
GO:::UB Gto·.:iph i c::· 
STOP 
Elm 

Graphics: Cod€'$="Graphics" 
\'m.:i).;;= .... ' ( 1 ) 
' .... 11'1 i n=' .... C 1 ::0 

I III a::.;; = 1 
Imin=1 
FOP 1-=1 TO t·l 
IF YCI»Ylllax THEI-I Imax=1 
IF Y(I»Ymax THEN Ylllax=Y(I) 
IF V(I)<Ymin THEN Imin=I 
IF Y(I)<Ymin THEN Ymin=Y(I) 
HE;:'::T 1 
IF Nplot=l THEH GOTO 2340 
FOP 1=1 TO 11 
IF Yl(I)Ymax THEI-I Imax=1 
IF V1(I»Ymax THEN Ymax=Y1(1) 
IF V1(I)<Vmin THEN Imin=I 
IF Vl(I){Ymin THEH Ymin=Yl(I) 
tIE;:'::T 1 
~<m i n=::'; ( 1 ::0 

;:':: fI! .:t::< = ::<: ( N) 
IF Vmin)O THEN Ymin::::O 
'r':=:. i zE·='(·m.:i>::-\'m itO, 
Xsize=ABS(Xmax-Xmin) 
FOP 1=-20 TO 20 
Xscale=Xsiz€,*10 A I 
Yscale=Ysize*10 A I 
IF (Xscal€')1) AHD (Xscale<=10) THEH Ixscal€'=I 
IF (Yscale)l) AND (Yscale{=10) THEN Iyscale=I 
IIE;:'::T I 
Xscale::::Xsize*10 A Ixscale 
Yscale::::Ysize*10 A Iyscale 
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IF (Xscale>=l) AHD (Xscale<2::O THEN Xscale=.2*10 A (-Ixscale) 
IF (Yscale)=l) AND (Vscal€'<2) THEN Vscal€,::::.2*10 A (-Iyscale) 



., 
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2490 IF (Xscale>=2) AND (Xscale(5) THEN Xscale=.5*10 A (-Ixscale) 
2500 IF (Yscale)=2) AND (Yscale<5) THEN Yscale=.5*10 A (-Iyscale) 
2510 -IF (Xscale)=5) AND (Xscale(10) THEN Xscale=I*10 A (-Ixscale) 
2520 IF (Yscale>=5) AND (Yscale(10) THEN Yscale=1*10 A (-lyscale) 
25:::(1 GPAPH I C:3 
2540 GCLEAR 
2550 LOCATE 0,12:::,0,100 
2560 FF.:At'1E 
2570 SCALE Xmin-.15*Xsize,Xmax+.l*Xsize~Ymin-.l*Ysize,Ymax+.15*Ysize 
2580 AXES Xscale,Vscale,0,0 
2590 MOVEX(I)~Y(I) 

2600 FOR 1=1 TO N 
2610 DRAW X(I),Y(I) 
2620 t'iDa I 
26:::0 IF Nplot=1 THEN GOTO 2700 
2640 LINE TYPE 8 
2650 
266(1 
2670 
268(1 
2690 
27(11) 
2710 
2720 
27:;:0 
2740 
2750 -
2760 
2770 
27:::0 
27913 
28(1(1 

2810 
2:::20 
2:::~:(1 

2860 
287(1 
2::::30 

2900 
2910 
2920 
29~:O 

2940 

2960 
2970 
29:::13 
29',(; 
:~:OOO 

~:C11 0 
:~:020 

313313 

t'10"/E ::-« 1), '/1 (I) 
FOF.: 1=1 TO N 
DPA~,J )(1),,-('1(1) 
tlD:T 1 
L 1 t'lE rl'PE 1 
FOF.: 1=[1 TO 12 
MOVE (1-.l)*Xscale,-.05*Ysize 
LABEL 1*::-::::-0: ,:il E-
1-1E::'::T I 
FOR 1::-1(1 TO 10 
MOVE -.l*XsizerI*Yso:ale 
LABEL 1 *'/::-c a,l E-
HD::T I 
MOVE Xmin+.l*Xsize,Ymax+.12*Ysize 
LABEL Tit I E-,S.$ 
LABEL Tit I E-b$ 
LABEL Tit,lec$ 
MOVE Xmin+.4*Xsize,-.08*Ysize 
LABEL ::,;j ,:ibE' 1 $ 
MOVE Xmin-.12*Xsize,Ymin+.:::*Ysize 
LDIF.: PI-,-';;: 
LABEL \' 1 -:..bE' 1$ 
LDIP 0 
IF Nplot=1 THEN GOTO 2990 
MOVE Xmin+.4*Xsize,Ymin+.l*Ysize 
LABEL Cl$ 
MOVE Xmin+.65*Xsize~Ymin+.l*Ysize 
DRAW Xmax,Ymin+.l*Ysize 
MOVE Xmin+.4*Xsize,Ymin+.0~*Ysize 

LABEL C2$ 
LIHE T'lPE 8 
MOVE Xmin+.65*Xsize,Ymin+.05*Ysize 
DRAW Xmax~Ymin+.05*Ysize 
LINE riPE 1 
~,JA 1 T 5000 
PF.: I tH PAGE 
FR I tlT "DO \'OU ~'JAtiT A HAF:D COP\' OF TH 1:=; GRAPH?" 
I 11PUT An:=',I,,1et"'$ 
IF (Ans,I"IE't"'$=" \'E:3") OF.: (An:=,I",1E'I-'$= 11 'I''') THEI'l GO::;UB D!_~ro'JP 

304[1 GeLERR 
3050 Ans,I,JE't"'$=" t'lO" 
3060 EXIT GRAPHICS 
:::070 F.:ETURH 
3080 Dump: PRINTER IS (1 
3090 PR I IH PAGE 
3100 DUMP GRAPHICS 
:~: 1 1 0 I F ( R t i rn E- $ = " 'I' E ::; "::0 0 F.: (R t i ro'l E' :;. = " \' ";0 THE 1,1 G (I ::; U t: F.: tim .::-
3120 IF A=1 THEN GOTO 5:::0 
:::: 13(1 IF ii=2 THEtj GOTO 640 



. ..;. 
:3140 
31513 
:316,0 
311'13 
:31:3 0 
3190 
3200 
3210 
:32213 
:::2:;:0 
3240 

3260 
327(1 

329(1 
:3::::'~10 

:3::::1£1 
332'~1 
3:::30 
3340 
3:350 
3360 
:3::::70 
:3 :::::3 0 
:3:390 
:;:400 
:3410 

IF A=3 THEN GOTO 920 
IF A=4 THEN GOTO 11330 
IF A=5 THEN GOTO 11413 
IF A=6 THEN GOTO 1250 
IF A=7 THEN GO TO 1360 
PPItHEF: IS 16 
RETURN 
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Rtime: ! SUBROUTINE TO PPINT THE CUPRENT REAL TIME. 
(I U T PUT 9;" P " ! F.: E 0 U EST S THE REA L TI 1'1 E F F.: 0 1'1 THE C L [I C K • 
EIHEF.: 9; Tt ! A~:;::; I Glj::; THE OUTF' IT OF THE CLOCK TO T$. 
1FT $ [ 1 ; 2 J = II 0 1 II THE I·j 1'1 c. t"lt h $ = J A l·jIJ A R '/ II 
IF T$[1;2)="02 11 THEH I'lonth$= FEE:RUAR'/" 
1FT $ [ 1 ; 2 ) = " 03 JJ THE I·j 1'10 tH h:$: =: t'l A F~ C H " 
IF T$[1;2]="(14" THElj 1'I,:onth$= APF.:IL" 
IF T$[1;2]="05 THEN MonthS= MAY" 
IF T$[1;2]= '06 THEt·j 1'lonth:$:=' JUtjE" 
1FT $ [ 1 ; 2 ) = 0 7 THE H 1'10:, tH h :$: = " J U L ~) " 
IF T$[ 1; 2)= (1::: THEt-! I'1c,tHhS="AUGU::::T" 
IF T$ [ 1 ; 2] = 09 THElj 1'lont h:$:=" SEPTEI'lE:EF.:" 
IF T$[1;2]= 10 THEI·j l'lonth:t="OCTOBER" 
IF T$[ 1; 2)= 11 THEt·j 1'lc,nthS="t·jJ]'",'EI'IBEF.:" 
1FT $ [ 1 ; 2 ) = 1 2 " THE I·j 1'1,:, nth $ = " DEC E 1'1 B E R I! 
P F.: I t·n 1'1c,tn h $;" "; T $ [ 4 ; 2 ] ; " , JJ ;" "; T $ [ 7 ; 5 ] ; II .~n oj "; T $ [ 1 3 ) ;" ;:. '::. 0: • II 

F.:ETUF.:tj 
DATA ::;: 
DATF! 0,77, :300 
DATA 112E3,90E3,42E3 
DATA 18 

:3420 DATA 0,10,20,:;:0,40,50,60,713,80,90,100,120,140,160,180,200,250,300 
3430 DATA 0, .01'36, .0495, .08::;::::, .11'34, .147::;:, .1727, .1'313, .2108, .22:::6, .2413, .2616,.2 
;.":;14, • :;:048, • :;: 124, • :3:;:02, .3556, • :381 
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This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrellce Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommenda~ion of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable.' 
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