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PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE:
Determine required shell thickness for the 80K short cryopump. Addifionally evaluate
nozde opening(s), calculate size ald spacing of stifener rings and zupport rings.

METHOD:
Thickness requirements per the ASME code, Section VIII, Division I,
are derived using the COMPRESS computer progran, version 5.3 l.

ASSUMPTIONS:
See Calculation

IMUTS: l. Vacuum pressure = 14.7 p{t
2. "Bakmut" Ternperature = 400 deg F.
3. Valveweight = 150.0 lbs
4. Unbalanced Vacuum Load = 1155.0 lbs @ lO"Nozzle

REFERENCES: l .
)

ASME Boiler & Preszure Vessel Code, Section VtrI, Div. 1, Pressure Vessels.
COMPRESS 5.31, Computer Aided Pressure Vessel Desig\ Codeware Computer
Systems, Inc.
y 'o4? - / -a/4 l /za v / , (  t4 t r  Eoa,e.  Jra, :c . r ' .  Drs." ,J  (2, .a"a.n

CALCULATIONS:

CONCLUSIONS:
The requirements ofthe ASME Code are met for 80K short cryopump outer shell.

NOTES: Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinder
open end(s). For flange design and analysis see calculation numbers V049-l-016, 017, 018, & 019.
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CoMPRESS 5_53 C :\COMPRESS\CRYOPMPS\SOKSCRYO. VSL

Pressure Summary

Apr. r8, 1996

O 
Pressure sunmary for pressure chamber I

l P l r l x * . P l r | r . P

I d€rqrr I d6lsr I I

I  (p31) 1(d€q F) |  (psi )  |  ( rEt)

p€ | sG-99 Ucs-66 lcoltGion I

lert*frl| natto I r,tDilt E:eEPftoD or laudsel

I (Fi) | I (d-g Ft sttcss Reductiotr I (ia) |

I  o.ooo I

I o.ooo I

I  o.ooo I

I  o-ooo I

I  o.ooo I

l l

I  o-ooo I

l - ll - l - l - l

Vessel MAWP hot & conoded is 0 psi @ 0 degrees F.

Vessel MAP new & cold is 0 psi @ 0 degrees F.

Vessel allowable extemal pressre is 14.7 psi @ 400 degrees F.

Hydrotest pressure calculation based on Pe

: 1.5*Pe*0.EE: 19.4psi

Vessel hydrotest pressure is 19.4 psi.

Revisiol No- 0
Doc. No. V049-l{8t
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AOK LTT F&D ED I

I AOKsJACKEII I

l soR Rt  F&D tu  |

I 11 Etilr4 tuBE LPI
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I n2 crean Alr vdt I

I Gn2 G1l2 vdt I

I Glrz Gl.z Fecd I

I n3 Bust Dt=c l

n4 r].cc Inat!|lrtlor l
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COMPRX,SS 5.53 C:\COMPRESS\CRYOPMPS\EOKSCRYO.VSL Apr. lE, 1996

WeightSummuv

roeight (rbs) cort!.lbuted by v€se1 ere!6ts

*etal netal tlays Paaked Insur Lhing Plp1ng Ladars RingB ol)€f rest !ro.!L€

taa E sup a€ds & plat & r'|lsc Llquld ultu:lal I flg

aok 1ft fad bd

Lft bE tulrc flE

Lft bltb cr Pl

Bt b! tube flg

*l botJt crrt ttlt

o 4132 t36

o 46{}3 6

o t132 2rA

o o o

o o o

o o

o o o

v€sel ot'eattng retgbt, cor"loded: 4.901 ].Ds

v.*I eDtycy wetgbt . coEoiled . 4 . 9O1 ltrs

v6Be1 e4rty !,el,<rht. noF: 4.9oa 1bs

v*el t6t rctgbt. h€lr: 15.36e 1b3

Vessel center of gravity location (from right weld seam)

Vessel lift weisht. new:
Center of gravTty 

'to 
seam:

4,902 lbs
16 in

Revision No. 0
Doc- No. V049-l{81
P^se 7 of73
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COMPRESS 5.53 C :\COMPRESS\CRYOPMPS\E0KSCRYO. VSL

Nozzle Summarv

Apr. lE, 1996

( i n ) ( rn ) ( i )

Ilo! t Rcq t tl6€r t

aa? . [2?  (1n)  ( in )  ( in )

B,{

h 2

Gx2

GL2

III2

I.l|2

a.?5  0 .1 t50

3-25 0 ,1?50

3.25  0-  t  250

2- r5  0 -4250

2-25 0-4250

2.62  0 .12$

o-3?50 0 .2192

o.3750 0 .2192

o-2soo o .4913

o - 2500

o.2500 0 ,L9 t3

o .2500 0 .1913

o - 2soo

o-29'oo o- 1943

o.2500 0 ,1913

o.375( }  0 -2192

o-0625

o. 0625

o-<)625

o. 0625

to6 .3

v

Y

f

tn- nozde thickness
Req tn - nozzle thickness required per UG-45/16
Nom t - vessel wall thickness
Req t - requircd vessel wall tlichess due to pressure + corr per UG-37
Usel t - loc:al vessel wall thictness (near ooenine)
Aa - area available per UG-37, sbverniis coiititiotr
Ar - area required rier UC-32, sivernine'condition
Corr - corrosibn allowance on nolzle id. 

-

R€vision No. 0
Doc. No. Vo49-I-081
Pase 8 0f73
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COMPRESS 5.53 C :\COMPRESS\CRYOPMPS\EOKSCRYO. VSL Apr. 18, 1996

Nozzle Schedule

Glr2

LTI2

Il'2

ctean a1z veDt

elec iDstrDtton

11-62 l>\O -25

3.@ lDro-1z

!.-so IDxo - t-2

2.OO lDtO. t2

sa 240 304L EIGE

sA 2ao 3ortl EIGE

SI ?4O 3Ol|L EIGE

sa zto 3()4t EIGE

SA 2aO 3o,1L EI6E

sa 2ao 504L arGE

sl 2ao 30at SIGE

SA :4O 3O'L EIG�E

SA 2,tO 3o4l EldE

€A 240 304L EIGE

Rgr'isiotr No- 0
Doc. No. V&19-1481
Pase 9 (tf 73
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\E0KSCRYO.VSL Apr- 18, 1996

ID t,6n9lb ltoh r eovemlng

Load status stlcas

l,tt brtD cE plt

Rt brtlr cvr plt

' r9-25 o.3"5o o-2r92 o.a5 . r tcrn.r

o.25oo o.a913 o-95 ext€! ! . l

O.375O 0.2492 O-85 er t*nal

a.oooo o.oooo O-45 l'rternar

1,OOOO O.OOOO O.a5 t l terur

Nom t - vessel wall thicliness
Req t - required vessel wall thickness due to governing loading
E 

' - longitudinat seam joint efficiency

Inad:
internal - circ shess due to interoal prcssure governs
€xt€mal - external pressure governs
wind - combined lone stress due to STATUS + wind soverns
seismic - combined lon! stress due to STATUS + seismic govems

Revision No. 0
Doc. No. V049-l{81
Pase l0 rlf 73
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COMPRESS5.53 C:\COMPRESS\CRYOPMPS\8OKSCRYO.VSL Apr-18,1996

tOK LFT F&D HD

O ASME Section VIII Division I, 1992 Edition. A94 Addenda

Component: F&D head
Material soecification: SA 2,+0 3&L HIGH

Extcrnal d.rigo p.or*", Pe= 14.7 psi 6 +OO deg F

Corrosion allowance: Inner C:0 Outer:0 in

PWHT is not performed

Radiosraohv: Catesorv A ioints - SDot UW-11(b) type 1
Head-to Jneflsean - Sirot Uw-l10) 6ii]e I

Estimated weieht: new : 6fr6.6 corr : 656.6 lb
capadity: rcw : 171.72 cor^ : 171.72 US ga

OD:80  c rown l : 80  knuck l e r : 4 . 8  t : . 375  i n (n i n )

Straightflange:0 forming allowance : 0 in

MAP: (Nery & at 0 deg F) Appendix 1-4(0 Eq 4

P : 2*S*E*U(M*l_o - t*(M{.2)) - P's
= 2* 16700*0. I 5*0.37 5l (t.77 ot5*80.375 - 0.37 5* (l -77 0G0. 2) - 0
: 75.12013 psi

O 
MAWP: (Corroded & at 0 deg F) App€rdix l-l(d) Eq 4

P : 2*S*E*I/(M*1, _ t*(M_0.2)) _ Ps
= 2*16700t.85*O.3751(1.77M*80.375 - 0.375*0.n64.2)) - 0
: 75.12013 psi

External Pressure: (Corroded & at 4m deg F) UG-33(e)

A: .125/(Ro/t)
: .125 I (80.37 5 | 0.2492)
: 0.000388

From table HA-3: B : 4757.7

Pa= B/(Ro/t)
: a7 5't .7 I (80.37 5 10.2492)
: 14.7511psi

Check the external pressrue per UG-33(aXl)

t = 1.67{'Pa*hi'IW(2*S*E + 1.67*Pa*(M4.2))
: 1.67 * 14.7 5 | l*80. 375 * I . 7706 I Q* 141 W* | + l -67 * 1 4.7 5 | l* (1.7 7 offi .2)')
: 0.119087 in

Design thicloess for external pne'ssure Pa : 14.751I Dsi:
Revision No. 0

3.21.1ee6 #;li*10.0n""*t



COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KSCRYO-VSL Apr- 18, 1996

EOKLFT F&D HD

= t *Co r ros i on * f a
= 0 . 2 4 9 2 + 0 + 0
: 0.2492 n

Maximum Allowable External Pressure: (Curoded @ 4fi) deg F)

A: .125/(Ro/t)
= .r251(80.375t0.375)
= 0.000583

From table HA-3: B  :  5111

Pa: B/(Ro/t)
= 5111/(80.3?5/0.375)
= 23.846 pst

Check the Maximum External Pressure: Uc-33(aXl) A App. 14(d)

pe: 2*s8E*v((t*- _ 1*1M-0.2))*1.67)
= 2* I 4700* 1 *0. 375(( I . 7706*80 .37 5 - 0.37 5* (t .7 7 064.2))* 1 .67 )= ,16.58239 psi

The maximum allowable external pressure is 23.846 psi.

Revision No- 0
Doc. No. V049-l{Bt
Paee 12 sf 73O 3.2r.rss6



COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KSCRYO.VSL Apr. 18, 1996

S0KSJACKET

Corrosion allowance: Inner C : 0 Outer: 0

rew = 871.9 corr : 871.9
new = 1031.,162 con = l03L.M2

lb
US ga

Dssiptr thictoess for extemal pre.ssure Pa : 14.7376 psi:

: t + Corrosion
:0.19131 + 0
: 0.19131 in

MaximqqAllowable Ext

Do/t :80/0.25 :320
A:0.00053

B = 5026
Rwision No. 0
Doc. No. V049-1{81
Pase 13 of 73

a ASME Sectiotr VIII Division 1. 1992 Edition. A94 Addendl

Component: Cylinder
Mateiial specification: SA 2,10 304L HIGH

External desip pressure: Pe: l4-7 psi @ 400

PWHT is not performed

Radioermhv: Cateeorv A ioints - SDot tIW-l1(b) tvpe I
cateEod B joins - sirot Lrw-l lO) qibe I

Estimated weight:
qrpaclty:

OD : 80 length Lc: 4E t: 0.25 in (new)

MAP: (New & at 0 deg F) lrypenOixl:lG)

P:S*E*V(Ro-0.4* t ) -Ps
= 16700*0.85*O.2YUA - 0.4t.25) - 0
= 88.94111 psi

MAS|P: (Corroded & at 0 deg D Amendix l-l(a)

P:  S*E*U(Ro-0.4* t ) -Ps
= 16700*0.85*0 .251(N - 0.4t.25) - 0
: 88.94111psi

External Pressrne: (Corroded & at,ffl) deg F) UG-ZE

L/Do = 37180:0.a625
From table G:
From table HA-3:

Pa: 4*B/(3*Do/t)
: 4* 4622.1 I (3*80/0. 19 13 l)
:14.7376psi

I-lDo : 37180:0.4625
From table G:
From table HA-3:

Do/r = 80/0.19131 = 418.1695
A:0.0$349

B = 4622.1

deg F

in

O i.zr.tw



COMPRESS 5-53 C:\COMPRESS\CRYOPMPS\EOKSCRYO-VSL Apr. lE, 1996

SOKSIACKET

Pa: 4*B/(3*Do/t)
: 4*50261(3*8010.25\
= 20.9417 psi

Revision No. 0
Doc. No. V049-l{81
Prse 14 of73O 3.zr.re6



COMPRESS5-53 C:\COMPRESS\CRYOPMPS\SOKSCRYO.VSL Apr- lE, 1996

SOKRT F&D HD

O ASME section \rul Divisiotr 1. 1992 Edition, A94 Addenda

Component: F&D head
Mateiial specification: SA 240 304L HIGH

External desiga pressure: Pe: 14.7 psi @ 4{X) deg F

Corrosion allowance: Inner C:0 Outer: 0 itr

PWHT is not performed

Radioeraohv: Catesorv A ioints - SDot UW-IIO) tyDe I
Head'to ihe[-seam - Sirot Uw-ll@) qiite I

Estimated weisht: new : 666.6 corr : 666.6 lb
capadity: new : 171.72 cort : 171.72 US ga

OD:80  cmwn l : 80  knuck l e r : 4 . 8  t = . 375  t u (mh )

Straigbtflange = 0 forming allowance : 0 itr

MAP: (New & at 0 deg F) Appendix l-4(d) Eq 4

P : 2*S*EW(M*I, - t*(M{.2)) - Ps
= 2* 16700*0. E5 *A 37 51 (l -77ffi*80.375 - 0.375*(1.770G0.2)) - 0
: 75.12013 psi

O 
MAWP: (Corroded & at 0 deg F) Appendix 1-4(0 Eq 4

P = 2*S*EW(M*1a - 1*(M{.2)) - Ps
= 2* 16700*0. 85*n 37 5 i (I.776*80. 375 - 9.37 5* 11.77 064.2) - 0
: 75.12013 psi

External Pres$re: (C-orroded & at 4{n deg F) UG-33(e)

A: .125l@o/t)
: .1251(8O.375t0.U92)
= 0.000388

From table HA-3: B : 4757.7

Pa- B(Ro/t)
: 47 57 .7 | (80.37 5 to.2492)
: l4.75l1psi

Check the erdernal pressure per UG-33(aXl)

t : 1.67*Pa*lr*M/(2*S*E + 1.67*Pa*(M-0.2))
: | .67 * | 4.7 5 | l*Eo. 375 * 1. 77(b | (2* | 47 ffi* | + 1 -67 * 1 4.7 5 1 l* (l .TI wo.z)\
= 0.119087 in

Design thictness for external pressure Pa : 14.751I psi:
Revision No. 0
Doc. No. V049-l{8r
Pase 15 of 23O 
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COMPRESS5.53 C:\COMPRESS\CRYOPMPS\80KSCRYO.VSL Apr.18,1996

tOK RT F&D HD

: t+Co r ros i on+ fa
: 0 . 2 4 9 2 + 0 + 0
: 0.2492 in

Maximun Allowable External Pressure: (Corroded @ 400 deg F)

A: .125l(Ro/t)
: .125 I (80.37 5 / 0.37 5't
: 0.000583

From table HA-3:

Pa= B/(Roit)
= 5111/(80.37510.375)
: 23,846 psi

B  =  5 1 1 1

Check the Maximum External Pressure: UG-33(a)(1) & Afp. t4(d)

pe= 2*S*E+r/((y*1a _ 1*(M_0.2))*1.67)
: 2*14700+ l*0.375l((1.7706*80 .375 - 0.375*(1 37W.2))*1.67)
: ,f6.5E239 psi

The maximum allowable external pressure is 23.846 psi.

Revision No. 0
Doc. No. V049-1481
Paee 16 tlf 73I 3-zt.rss6



- Openins nl Reinforcemeat Calculations Per UG-37

Locatedon: 8OKLFTF&DHD
Local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specifi cation:

Nozzle orientation:
End of nozle to datum line:
Nozzle calculated as hillside:
Projection ouBide vessel Lpr:

.375 in
0 psi
Not installed

SA 24O 3O4L HIGH

0 deerees
/f rn
no
B.n5 n

COMPRESS 5-53 C:\COMPRESS\CRYOPMPS\8OKSCRYO-VSL Apr-

BEAM TIIBE I-FT

c o r r o s i o n a l l o w = 0 i n
noz thick new tn= .25 in
nozzle id. new d= 44,625 in
f i l le t  weld twl  =  .25 in
groove weld tw2 = .1875 in

To head center R= 0 in

18, 1996

Revisiotr No- 0
Doc. No. V049-1{El
Paee l7 of 73

tn -> l  l<-

l - l < -  d
twl-> I l< |

l / l  I  v
_ : _ | _

\ l  I  tw2

<_ R _>l

-> l  I
t t

l l t
I  t -

l-lr

Reinfccement Calculdions For Nozzle MAWP

Limits of refuforceme,nt UG-40

Parallel to the vessel wall d : M.625 n
Normal to the vessel wall outside 2.5*(tl-Cn) + te : .625 in
No,rmal to the vessel wall inside 2.5*(tir-Cn-C) : .625 m

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6'3P)
: g*22.3125|(t6700*l - 0.6t)
: 0 i n

Reqrired thickness tr from UG-37(a)

tr= P*L*M/(z*S *E - 0.2*P)
= 0*80*1.77061?*167ffi*l - 0.2*0)
=  0 i n

Area required

Allowable shesses: Sn : 16700, Sv : 16700, psr

: lesser of 1 or Sn/Sv so frl :1
= lesser of I or Sn/Sv so fr2 = 1

frl
frz

O 3.2r.ree6
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BEAM TUBE LFT

: 0.313 in^2

t r l : O i n ( E = l )
t r 2 : 0 i n
tr3 : 0.0625 in
t4 :0.32E125 n
tr5 : 0.0625 in
tr6 : 0.0625 in

Apr- lE, 1996

Revision No. 0
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A : d*L*F + z*tn*t*F*(l _ fr1)
: 44.625*0*1 + 2*0.25*0*1*(l _ 1)
: 0 in^2

Area available

Al : larger of the following : 16.734 in^2

: d*(El t-F*fr) - 2*1n*@1*t-F*tr)*( l-frl)
=,14.625*( I *0.375- I +0) - 2*0.25*(1 *0.375- I *0)*(l- l)
: 1,6.714 in^2

: 2*(t+ tr) *(El*t-F*tr) - 2*tn*(El*t-F*tr)*11-fr1)-- 2*(0.375 +0.25)*(1*0.375-1*0) - 2*0.25*(1*0.375-l*0)*(1-1)-- .469 ta^z

A2 = smaller of the following

: 5*(tn - tn)*fr2*t
: 5*(0.25 - 0)*1*{.375
: .469 n^2

: 5*(tn - trn)*ft2*tn
: 5*(0.25 - 0)*1i.0.25
= .3I3 in^2

A4l : Les.^Z*fr2
= 0.25*2*l: .063 in^2

A r e a : A l  + M + A 4 1
: 16.7A + 0.313 + 0.063
: 17.11 n^2

As Area > A the reinfocement is adequate for MAW? : 0 at 0 Deg F

Check the welds - From tIW-16(d):

tmin : lesser of 0.75 Or tn o,r t, tmin : Q.!J ;a
tl or €(min) = lesser of 0.25 or o.7*tmin, tl(min) : 0.175 in
tl(acoal) = 0.7*lre = 0j*0.25 = 0.175 in
t2(acftatt : 0.l875tin
tl + 0:0.3625 >: 1.25*tmin

The weld sizes for tl alldA are satisfactory.

UG45 Nozde Nect Thiclness Check

Wall thickness per UG-45(a):
Wall thickness per UG-45@)(l):
Wall thickness ircr UG-16O):
Std pipe wall Fr Uca5@)(a):
The-sieater of 12 or tr3:' 

' '

The lesser of tr4 or tr5:

O 3.2r.rss6
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O Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness new, tr : 0.25 in

The nozzle neck thickness is adequate for MAWP.

Allowable stresses in joints UG-45(c) aad LIW-15(c)

Groove weld in tension = 0.74*1670fJ: 12358 psi
Nozde wall in shear : 0.7*16700 : 11690 psi 

-

Imrer fillet weld in shear : 0.49*16700 : 8183 psi

Strength of welded joints:

(1) Inner fillet weld in shear
gt/2;*Nozzle O.D.*lrg*Si : 1.57!145.125*0.25*8183 : 144933.7 lbf

(3) Nozzle wall in shear
aPV2)*Mean nozzle dia.*tn*Sn : 1.57*44.875*0.25*11690 : 205901.I lbf

(4) Groove weld in tension
(Pi/2)*Nozle O.D.*tw*Sg = t.57*45.125*O.1875*12358 = 164159.6 lbf

Loadiae or welds p€r UG-+lOXl)

w : (A - (d - 2*tn)*(El*t - F+r'1;*5u
: (0 - (44.625 - 2*6.25)*(l*0.375 - l*0)*16700
=-776332.8'&f

Wl-l : (A2 + A5 + A41 + A42)*Sv
: (0.313 + 0 + 0.063 + 0)*16700
= 6279.21bt

W2-2 -- (A2 + A3 + A41 + A43 + 2*tn*t*fr1)*Sv
: (0.313 + 0 + 0.063 + 0 + 2*0.25*0.375*1)*16700
= 9410.45lbf

load for Dath l-1 lesser of W m Wl-l :-276332.8lbf
Path l-1 iAru (1) & (3) = 14di933.7 + 205901.1 : 350834.8 lbf
Path l-l is stroirga thin W so it is acceptable per UG4l(bX2).

load for path 2-2 lesser of W or W2-2 :-n$32.8lbf
Parhz-z ihu (1). @\ : 'a4933.7 + 164159.6 : 309@3.3lbf
Path 2-2 is strohgir than W so it is acceptable per UG41(bX2).

Reinforcement Calculations for External Pressme

Limits of reinforcement UG-40

Parallel to the vessel wall d = 4a.68 n
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .625 n
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Rwision No. 0
Doc. No. v049-l4El
Pese 19 of?3O 
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BEAM TUBE LFT

Nozzle required thictness

L/Do: 8.ny45.125: .2942 Dolt:45.12510.10015 : 4505742
From table G:
From table HA-3:

Pa: 4*B/(3 *Do/t)
: 4*4993 .9 | (3*45. 12510. 100 15)
: 14.7779 psi

Nozde required thickness trn : .10015 in

Required thictness tr from UG-37(dXl) : -2492 in

Area required

Allowable stresses: Sn = 14700, Sv = 14700, psr

frl : lesser of I or Sn/Sv so frl :1
fr2 : lesser of I or Sn/Sv so fr2 :1

A:o.s*(d*tr*F + 2*fir*rSF*(l -fr1))
: 0.5*(44.625*0.2492*t + 2*0.25*O.2497x1*(l - 1))
: 5.5603 in^2

Area available

Al : larger of the following :5 .614ln^z

= 0.187 in^2

A : 0.000511
B :  a93 .9

: d*(El *t-F*tr) - 2*tn*(E1*t-F*tr)*(l-fr l)
: 44:625* (1*O.37 5-l*0.2492\ - r'*9.25*1i*0.37 s-t*O -2492)*(1-l)
:5 .614la^z

: 2*(t + tn)*(E I *t-F*tr) - 2*tn*(E I \-F*tr)*( I -ft I )
: 2*(0.375 +0.25)*(1i0.375-t*0 .2492) - 2*O.25*{l*0.375-1*0.2492)*(l-1)
: .I57 il�^z

A2 = srnaller of the following

: 5*(tn - trn){'fr2*t
: 5*(0.25 - 0.10015)*1*0.375
: .ZEl n^2

: 5*(tn - trn)*fr2*tn
= 5*(0.25 - 0.10015)*l*0.25
= .187 n^2

A41 : L*ls.^2*frZ
: O.25'2*l: .ffi3 itr^2

A r e a : A l + A 2 + A 4 l
: 5.614 + 0.187 + 0.063
: 5.864 in^2

3.2r-1996
Revision No. O
Doc. No. V049-l{8r
Pase 2O of 73
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BEAM TTJBE LFT

.- As Area > A the reinforcement is adequate for Pe : 14.7 at 400 Deg F

- UG-45 Nozzle Neck Thickness Check

Wall thickness per UG45(a):
Wall thickness irer UGa5@)(2):
Wall thickness ircr UC-t0(Ui:
Std prpe wall per UG45(b)(4):
The-sieater of tr2, or tr3:
The l-esser of tr4 or d:

Req'd per UG45 is the larger of tl or

Available nozzle wall thic*ness new. tn

The nozde neck thiclsness is adequate fc Pe.

trl : 0.10015 in (E = l)
tr2 : 0.070E in
tr3 : 0.0625 in
tr4 : 0.328125 in
6 : 0.0?08 in
ffi = 0.O708 in

ffi : 0.10015 in

= 0.25 in

Rerdsion No. 0
Doc. No. VM9-1481
PaEe 2l af73I 
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Opening BM Reinforcement Calculatioas Per UG-37

Located on:
Local vessel thiclness:
Liquid static head included:
Flange description:

Nozzle material specifi cation:

Nozzle orientation:
End of nozzle to datum line:
Nozzle calculated as hillside:
Projection outside vessel l-pr

tn ->l

twt->1,

<_

8OKRT F&D HD
.375 in
0 psi
Not installed

SA 240 3O4L HIGH

0 desrees-3s fr
no
21.n5 in

COMPR.ESS 5.53 C:\COMPRESS\CRYOPMPS\tOKSCRYO-VSL

BEAM TUBE RT

corrosion al low =
noz thick new tn=
nozz]e id. new d=
f i l . let weld twl =
qroove weld tw2 =

0 i n
.25 in
44.625 in
. 25  i n
.1875 in

Apr- lE, 1996

Rwision No. 0
Doc. No. V049-I481
P^se 22 df 7?

-tw?
->lR To head center R= 0 l n

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 4a.625 n
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .625 in
Normal to the vessel wall inside 2.5*(m-Cn{) : .625 in

Nozde reguired thickness

trn = P*Rn/(Sn*E - 0.6*P)
: 0*22.31251(16700*l - 0.6*{)
: 0 i n

Required ttichess tr from UG-37(a)

f: P*L*I{/(2*S*E - 0.2*P)
: 0*810*1.77A61(2*16700*1 - 0.2*0)
: 0 i n

Area required

Allowable shesses: Sn : 16700, Sv : 16700, psi

fr1 : lesser of I or Sn/Sv so frl : I
fr2 : lesser of I or Snr'Sv so fr2 : I

O t.2r.rw
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A = d*tr*F + 2*tn*trxF*(l - frl)
: 44.625*0'F1 + 2*0.25*0*l*(1 _ 1)
: 0 in"Z

Area available

Al = larger of the following = 16.734 n^2

: 0.313 in^2

d*(E1*t-F+tr) - 2x6*81*t-F*tr)*(l-fr1)
44.625x11x0.375-l *0) - 2x9.25*1 1x0.375-1 *g;x(1-1)
16.734 in^2

: 2*(t+tn)*(E1*t-F*tr) - 2*tn*(E 1"'t-F{'tr)*11-fr 1)
: 2*(0.375+0.25)*(1*0.375-1*0) - 2*0.25"(l*0.375-1*0)*(l-1)
: .469 n"2

42 = smaller of the following

: 5*(tn - trn)*fr2*t
= 5*10.25 - 0)*1*0.375
= .a69 n^2

: 5*(tn - trn)*fr2*tn
- 5*(0.25 - 0)*l*0.25
= .313 n^2

A4l : l*e^Z*fr2
= 0.25*2*l: .(b3 in^2

A r e a : A l + M + A 4 l
: 16.734 + 0.313 + 0.063
:  17. l l  n^2

As Area > A the reinfocemeot is adequate for MAWP : 0 at 0 Deg F

Chec.k the welds - From tIW-16(d):

ffiin : lsssef, of 0.75 or tn or t. imin : 0.25 itr
tl or €(min) : lesser of 0.25 or o.7tmin, tl(nitr) : 0.175 in
tl(actual) : O.1*l-es.: 0.7*O.25 = 0.175 in
t2(acfiIal) = 0.1875in
tl + rA -- 0.3625 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozde Neck Thickness Check

t r l : O i n ( E =  1 )
t r2  :Oin
tr3 : 0.0625 itr
t4 :0.328125 n
tr5 : 0.0625 in
tr6 = 0,0625 in

Wall thickness oer UG-45(a):
WaIl thickness ircr UC+SOXI):
wall thickness ixr UG-16(bi:
Std prpe wall per Uca50)(a):
The-sreater of tr2 or tr3:
The lesser of tr4 or tr5:

I r.zr.rsso
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BEAM TT]BE RT

O Req'd per UG-45 is the larger of trl or ffi : 0.0625 in

Available nozzle wall thickness new, tr - 0.25 in

The nozzle neck thiclmess is adequate for MAWP.

Allowable stresses in ioints UG-45(c) and tIIV-l5(c)

Groove weld in tension = 0.74*16700 = 12358 psi
Nozzle wall in shear = 0.7*16700 = 11690 psi -

Inner filtet weld in shear - 0.49*16700 = 8183 osi

Strengtt of welded ioints:

(l) Inner fillet weld in shear
qPi/2;*Nozzle O.D.*trg*Si : 1.57*45.125*0.25*8183 : 144933.7 lbf

(3) Nozzle wall in shear
(Pi/2)*Mean nozde dia. *tn*S n : 1.57 *44.875 *0.25* I 1690 = 205901. I lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*ttil*Sg : 1.57*45. 125*0. 1875*12358 = 16a159.6 lbf

Loading on welds oer UG-4I(bXl)

W : (A - (d - 2*to)'r.(El*t - F*tr))*Sv
: (0'- (4i.625 - 2*0.25;*1tx9.375 - l*0))*16700
:-276332.8lbf

W1-1 = (A2 +A5 + A41 + A42)*Sv
: (0.313 + 0 + 0.063 + 0)*16700
: 6T79.2tbt

W2-2 -- (A2 + 43 + A4l + A43 + 2*tn*t*fr1)*Sv
: (0.313 + 0 + 0.063 + 0 + 2t.25*0.375*1)*16700
: 9410.45 lbf

l-oadforpath l-l lesserof Worwl-l =-276332.8 lbf
Path l-1 thru (1) & 6) : 14tr;933.7 + 205901.1 : 350834.8 lbf
Path l-1 is stroiuer tian W so it is acce,ptable per UG41OX2).

load fon path 2-2 lesser of W or W2-2 :-276332.8lbf
Parhz-2l'hru (l). @l : 14tr933;I + 19159.6: 309@3.3 lbf
Path2-2 is strohgaidran W so it is acceptable per UG4IOX2).

Reinforcement Calculations for Extemel Pressure

Limits of reiaforcement UG.f0

Parallel to the vessel wall d : 4.625 n
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .625 in
Normal to the vessel wall inside 2.5*(to4n-C) = .625 in

R€vision No. o
ooc. wo rro+l_rotrO 3.2r.Lss6
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BEAM TUBERT

Nozzle required thickness

L/Do : 21.n5145.125 : .4715 Dolt: 45.12510.1@29 = 4L2.8923
From table G: A : 0.000347
From table HA-3: B : 4595.3

pa: 4*B/(3 *Do/t)
: 4* 4595.3 | (3* 45 . 125 | 0. lW29)
: 14.8394 psi

Nozzle required thickness trn = .10929 in

Required thiclmess tr from UG-37(dX1) : .2492 ia

Area required

Allowable stresses: Sn = 14700, Sv = 14700, psl

frl : lesser of 1 or Sr/Sv so frl : I
fr2 : lesser of I or Sn/Sv so fr2 : I

A : 0.5*(d*r.*F + 2*tn*fi*F*(l _ frl))
: 0.5* (44.625*0.74y2* l + 2*0.25*0.249?+ 1 *( l - l))
: 5.5603 in^2

Area available

Al : larger of the following : 5.614 n^2

: d*(E1 *t-F*tr) - 2*tn*Gl*t-F*r)*(1-ft l)
- *'625x1t*o.375-'+n.2492\ - 2*0.25*(i*0.37 5-l*O.U92)*(l-l)
:5 .614in^2

= 2*(t + tn)*(E I t-F*tr) - 2*ul*(E I t-F*tr)*( I -fr 1 )
= 2*iO.fz5 +0.25)*(14.375-1*b .U92) - 2{.25{i(1*0.375-1 *0.292)*(l-1)
-- .L57 ra^z

A2 = smaller of the following

: 5*(tn - trn)*fr2*t
: 5*(0.25 - 0.10929)*1*0.375
: .XAln^2

: 5*(tr - tro)*frz*tn
= 5*(0.25 - 0.10929)*1*0.25
= .176n^2

A4l = l*s.^2*fr2
= 0.25-24,1 : .063 in^2

Area: A1 + A2 + A41
: 5.614 + 0.176 + 0.063
: 5.E53 in^2

= 0.176n^2

Revisiol No. 0
Doc. No. V049-1-081
Pzse25 of 73O 3.2r.rw6
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BEAMTUBERT

As Area > A the reinforcement is adequate for Pe = 14.7 at 4N DegF

UG-45 Nozzle Neck Thickness Check

Apr. 18, 1996

Revision No- 0
Doc. No. V049-l-O8t
PAc.e 26 of 73

Wall thickness per UG-45(a): trl
Wall thickness per UG-45ft)0): t2
Wall thickness ier UG-I6O): tr3
Std pipe watl per UG-45@Xa): tr4
The-greater ofh2 or tr3: t5
The lesser of tr4 or tr5: ffi

Req'd per UG-45 is the larger of trl or tr6

: O.lO929 in (E = l)
: 0.070E in
= 0.0625 in
:0.328125 n
: 0.0708 in
= 0.0708 in

: 0.10929 in

Available nozzle wall thickness new, tt : 0.25 in

The nozde neck thickness is adequate for Pe.

I 
3-2l.rse6



O 
Openiry n2 Rehforcement Calculations Per UG-37

l,ocated on:
Local vessel thiclness:
Liquid static head included:
Flange description:

Nozzle material specifi cation:

Nozzle orientation:
End of nozzle to shell center:
Nozde ofket from center ll:
Projection outside vessel Lpr:

SOKSJACKET
.25 in
0 psi
Not instaled

SA 24O 3O4L HIGH

180 desrees
43.25 irl
0 i n
3.25 n

COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\EOKSCRYO.VSL

Clean Air Veot

tn ->l l<-

l - l< -  d
tw l -> l  l< l

l / l  l v- . - t t -
\l I twZ

<- L ->l

- r l
I
I
I
t_

c o r r o s i o n a l l o v { = 0 i n
noz thick new tn= .I25 in
nozzle id. ner', d= 1.5 in
f i l le t  weld twl  =  .125 in
groove weld tw2 = .125 in

To datum L= 24 in

Rehforcemeat Calculations For Nozzle MAWP

Limits of reilforcement UG-40

Paralel to the vessel wall d : 1.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall imide 2.5*(tr-Cn-C) : .3125 rn'

Nozzle required thictness

trn : P*Rn/(Sn*E - 0.6*P)
: 0t.75l(16700*1 - 0.6*0)
=  0 i n

Required thickness tr from UG-37(a)

tr- P*R/(S*E - 0.6*P)
= 0*39.751(16700*l - 0.6t)
: 0 i n

Opedng does not require refuforceoent D€r UG-36(cX3Xa)

Chect the welds - From IIW-16(0:

tmin = lesser of 0.75 or tn or t, ffiin : 0.125 in
tl or €(nin) = lesser of 0.25 or 0.7*tnin, tl(min) = 0.0875 in
tl(actral) : 0.7*Leg : 0.7t.125 : 0.0875 in

Apr. lE, 1996

Rsvision No. 0
Doc. No. V049-148t
Paee27 <tf 73O 3.zr.rse6
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Clean Air Vent

t2(actnl) : 0.125 in
tl + t2 = 0.2125 >= 1.25*tmin

The weld sizes for t1 and t2 are satidactory.

UG45 Nozzle Neck Thickness Check

Wall thickness per UG45(a):
Wall thictness per UG-aS@Xl):
Wall thickness per UG-16(b):
Std pipe wall pir UGa5@X4):
The^si€ater of n2 or 13: 

.

The Iesser of tr4 or tr5:

t r l : 0 i n ( E = 1 )
t r 2 : 0 i n
tr3 : 0.ffi25 in
tr4 : 0.126875 in
tr5 : 0.0625 in
ff : 0.0625 in

Req'd per UG45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness new, tn : 0.125 in

The nozzle neck thiclmess is adequate for MAWP.

Exempt from weld strength calculations per UW-15O)@)

Reinforceme,nt Calculations for External Pressure

Linits of reinforcemcnt UG-40

Parallel to the vessel wall d : 1.5 in
.l Normal to the vessel wall outside 2.s*(tFcn) + te : .3125 in
t Normal to the vessel wall inside 2.5*(tn-Cn-C) : .31?5 n

Pa: 4*B/(3*Do/t)
: 4*2594 -7 I Q* 1.7 5 I O.W 6)
= M.7n8psi

Nozde required thickness trn : .00746 itr

Required thickness tr from UG-3?(d(l) : .f913 in

OD€niry do€s not require reinforcement per UG-36(c)(3)(a)

UG-45 Nozzle Neck Thictness Check

Nozzle required thickness

UDo : 3.2511.75: 1.8571
From table G:
From table HA-3:

Dolt : 1.7 51O.00746 : 234.58a5
A:0.000197

B :2594.7

tl : O.0/J722 in (E : 1)
tr2 : 0.0398 in
tr3 : 0.0625 in
tr4 : 0.126875 in
t5 : 0.0625 in

Revision No. 0
Doc. No. V049-r-081
Paee 28 of 73O 3.2r.rss6
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Clean Air Vent

The lesser oft4 or tr5: tr6 : 0.0625 in

Req'd per UG45 is the larger of tr1 or tr6 : 0.0625 in

Available nozde wall thickness rew" ttr : 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt from weld stength calculations per UW- 15(bX2)

Rwision No. 0
Doc. No. V049-t-0gr
Paee 29 of73O 3.zr.rss6
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GN2 Vent

local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification:

Nozzle orientation:
End of nozzle to shell center:
Nozde offset from center Lo:
Projection outside vessel Lpr:

tn *>

I
I

t\
- l /

corrosion allow = 0 in
noz thick new tn= .125
nozzle id. new d= 3 in
f i l le t  weld twl  =  .125
groove weld tw2 = .125

To datum L= 36 in

twl

- > l

l n

i n
i n

<- I

Reinforceuent Calculations For Nozzle MAWP

^l Opening GN2 Reinforcement Calculations Per UG-37

v lrcated on: SOKs.IACKET
.25 in
0 psi
Not installed

SA 240 3O4L HIGH

0 derees
43.23 n
0 in
3.25 i^

twt-> 
l,

I 
Limits of reinforcenent UG'{O

Parallel to ttre vessel wall d : 3 in
Normal to the vessel wall oubide 2.5*(tsr-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tir-Cn-O = .?125 n

Nozzle required thictness

trn: P*Rn/(Sn*E - 0.6*P)
= 0*1.5/(t6700*1 - 0.6*0)
: 0 i n

Required thicliless tr ftom UG-37(a)

tr: P*R/(S*E - 0.6*P)-- v39.75t(16700*1 - 0.6*0)
= 0 i n

Onering does not require rehforcem€nt o€r UG-36(c)(3)(e)

Check the welds - From tl$t-16(d):

rmin : lesser of 0.75 or tn or t. tmin = 0.125 in
tl or t2(min) : lesser of 0.25 dr 0.7*tmin, tl(nin) : 0.0875 ia
tl(acfial) : o.1*Lf,,g: 0.7*0.125 = 0.0875 in

Rwision No- 0
Doc. No. V049-1481
Pase 30 of73O 
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GN2 Vent

€(actual) : 0.125 in
fl + A:0.2125 >: 1.25*tmitr

The weld sizes for tl and € are satisfactory.

UG-45 Nozde Neck Thickne.ss Chect

Wall thictness per UG-45(a):
Wall thickness per UG-a5OX1):
Wall thickness per UG-16(b):
Std prpe wall per UGaS@Xa):
The ereate,r of tr2 on tr3:
The fesser of tr4 or tr5:

t r l : O i n ( E : l )
t r 2 : 0 i n
tr3 : 0.0625 itr
h4 = 0.189 in
tr5 : 0.0625 in
tr6 : 0.0625 in

Req'd per UG-45 is tbe larger of trl o'r t6 : 0.0625 in

Available nozde wall thiclness new, tn : O.l25 in

The nozzle neck ttrickness is adequate fm MAWP.

Exempt from weld sfengtl calculations per UW-15OX2)

Reinforccment Calculations fo,r Extcrnal PressBre

Linits of reiaforcement UG-40

Parallel to the vessel wall d : 3 in
Normal to the vessel wall outside 2.5*6n-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .3125 in

Nozde required thicttress

Pa= 4*B/(3*Do/t)
= 4*3340.3 I G*3. 2510.0 l0?8)
: 14.7727 pii

Nozde required thiclness tttr : .01ffi8 in

Required thictrcss tr from UG-37(dXl) : .1913 in

Opening does not reguire reinforcement per UG-36(cX3Xa)

UG-,{5 Nozde Neck Thickness Check

UDo: 3.2513.25: I
From table G:
From table HA-3:

Do/t : 3.2510.01078 :3Ol.4Uz
A:0.00@53

B:  330.3

trl : 0.01032 in (E : l)
tr2 : 0.0398 in
t3 : 0.0625 in
tr4 : 0.189 in
tr5 = 0.0625 in

Wall thickness per UG45(a):
Wall thickness per UGa5$)(2):
Wall thickness per UG-16(b):
Std prpe wall par UGa5GXa):
The-sreater of tr2 or tr3:

Revision No. 0
Doc. No. V049-1{El
Pase 3l of73O i.zr.rss6
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The lesser of tr4 or tr5:

GN2 Vent

t6 :0.0625 n

Req'd per UG-45 is the larger of tr1 or t6 : 0.ffi25 in

Available nozzle wall thickness new, tr : 0.125 in

The nozzle neck thickness is adequate fm Pe.

Exempt from weld streng0 calculations per LIW-I5O)(2)

Rwision No. 0
?oc. No. V049_l-0Sl
Pape 32 of 73O 3.zr,rstt6



1| 
Opening GN2 ReinforcementCalculations Per UG-37

l-ocated on:
Local vessel thiclness:
Liquid static head included:
Flange description:

Nozzle material specifi cation:

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center I-o:
Projection outside vessel Lpr:

tn ->

< - d
twl->

S0KsTACKET
.25 n
0 Dsi
Nat installed

SA 2,10 304L HIGH

0 desrees
43.23 n
0 in
3.25 n

COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\EOKSCRYO-VSL Apr- 18, 1996

GN2 Feed

l<-

L

-l-*z
_>l

Reinfccement Cdculations For Nozde MAWP

c o r r o s i o n a l l o w = 0 i n
noz thick new tn= .125
nozz le id .  new d= 3 in
f i ' l le t  weld twl  =  .125
groove weld tw2 = .125

To datum L= 29 in

v

i n

i n
i n

Limits of reinforcement UG*40

Paralel to the vessel wall d = 3 in
Normal to the vessel wall outside 2.5*(to-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tir-Cn{) : .3125 n

Nozde required thiclness

trn : P*Rn/(Sn*E - 0.6*P)
: 0*1.5/06700'.1 - 0.6*0)
: 0 i n

Required thickrcss tr ftom UG-37(a)

tr: P*W(S*E - 0.6*P)
: 0*39.7 5l(l67ffil - 0.6*0)
: 0 i n

Opening does not require reinforcemert per UG-36(c)(3)(a)

Check the welds - From lIW-16(0i

rmin : lesser of 0.75 or h or t. tmfu : 0.125 in
tI or t2(min) : lesser of 0.25 or O.7*tmin, tl(rrin) : 0.0875 in
tl(actual) = 0.7*I-eg -- 0.7*0.125 = 0.0875 in

REr.ision No. 0
Doc. No. V049-1.081
Pnee 33 of 73O 3.2r.rss6



COMPRESS 5 -53 C:\COMPRESS\CRYOPMPS\80KSCRYO.VSL Apr. 18, 1996

GN2 Feed

t2(acual) : 0.125 in
tl + t2 : 0.2125 >= 1.25*tsnin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thictness Chect

Wall thickness oer UG45(a):
Watl thickness ber UGasO)(l):
Wall thickness oer UG-166):
Std pipe wall fr UGa5O)G):
The-erester of n2 or tr3:
The lesser of tr4 or tr5:

t r l : O i n ( E = l )
b2 = 0in
13 = 0.0625 in
tr4 : 0.189 in
trs : 0.0625 in
ffi : 0.0625 in

Req'd per UG45 is the larger of tr1 or tr6 : 0.0625 in

Available nozzle wall thickness new, tn : 0.125 in

The nozzle neck thictness is adequate for MAWP.

Exempt from weld strEngth calculations per IfW-15(bX2)

Reinforcement Calcrrlations for External Pressure

Limirc of reinforcement UG40

Parallel to the vessel wall d : 3 in

Nozde reguired thiclness

UDo=3.2513 .25=1
From table G:
From table HA-3:

tl = 0.01032 in (E = 1)
t€ = 0.0398 in
fr3 = 0.0625 in
tr4 : 0.189 in
tr5 : 0.0625 in

Revision No. 0
Doc. No. VO49-l-081
Pese 34 df 73

^ Normal to the vessel wall outside Z.5*(tn-Cn) + te = .3125 in
t Nornal to the vessel wall inside 2.5*6n-Cn-C) : .3125 h

I'a= 4*B/(3*Do/t)
: 4*334O.3 | (3*3.2510.01078)
: 14.i727 pi

Nozzle required thickness trn : .01078 in

Reqdred thictness tr from UG-37(dXl) = .1913 itr

Opening does not require reinforcem€nt per UG-36(c)(3)(a)

UG45 Nozde Neck Thictness Check

Wall thiclmess ner UG45(a):
Wall thictness ier UCa5(bX2):
Wall thictness per UG-166):
Std pipe wall per UG45(b)(4):
The greater of trZ on tr3:

Dolt: 3.25lO.OlO78 = 301.4842
A:0.000253

B : 33,f0.3

O 3.zr.rvt6



COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\SOKSCRYO.VSL Apr. lE, 1996

GN2 Feed

The lesser of tr4 or ffi: tr6 : 0.0625 in

Req'd per UG-45 is the larger of tl or t6 : 0.0625 in

Available nozzle wall thickness new, tn : 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt from weld strength calculations per ttw- 15OX2)

R€vision No. 0
Doc. No. Vetg-l-oEt
Pase 35.f 73O i.2r.rss6



1 Owning n3 Refuforcement Calculations Per UG-37
r

Located on: E0KTIACKET
.25 in
0 psi
Not installed

SA 240 3O4L HIGH

0 deprees
43.23 n
0 i n
3.25 in

tn ->l l<-

l - l < -  d
twt-> |  l< l

l / l  I  v- . - t t -
\ l  I  tw2

<- L ->l

lncal vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification:

Nozde orientation:
End of nozde to shell center:
Nozde offset from center l,o:
hojection outside vessel Lpr:

COMPRESS 5-53 C:\COMPRESS\CRYOPMPS\t0KSCRYO.VSL

Burst Disc

Apr. r8,1996

Rwision No. 0
Doc. No. V049-l-0Et
Pase 36 of 7,3

-ll;
Reinforcement Calculations For Nozde MAWP

I Limitsof reioforcement UG-{}

Parallel to the vessel wall d : 2.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5*11ir-Cn-C) : .3125 in

Nozzle requircd thic;tness

tn: P*Ilo/(Sn*E - 0.6*P)
: O*l.Xl(167ffi*1 - 0.6*0)
: 0 i n

Reauired thictness tr from UG-37(a)

tr: P*R/(S*E - 0.6*P)
: o*39.751(167W*1 _ 0.6{,0)
: 0 i n

Opening does not require reinforcement per UG-36(c)(3)(e)

Check the welds - From USr-16(d):

tmin : lssser of 0.75 or tn or t. tmin = 0.125 in
tl or t2(min) = lesser of 0.25 or 0.7*tmin, tl(nin) : 0.ffi75 in
tl(ac$al) = 0.7*Leg :0.7*o.lx = 0.0875 in

c o r r o s i o n a l l o w = 0 i n
noz thick new tn= .125 in
nozz le  id .  new d= 2.5 in
f i l le t  weld twl  =  .125 in
groove weld twz = .I25 in

To datun L= 22 in

I l.zr-rsx�



Wall thickness oer UG-45(a):
WaII thickness irer Uca5$i(t):
Wall thickness ier UG-16(b):
Std prpe wall p6r UG-45(bX4):
The ereater of t2 or tr3:
The Gsser of b4 or tr5:

COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\tOKSCRYO.VSL

Burst Disc

t2(actual) : 0.125 in
tl + € - 0.2125 >: 1.25*tmin

The weld sizes for tl and € are satisfactory.

UG-45 Nozzle Neck Thiclness Check

t r l  :O in (E  =  l )
t 2 = 0 n
tr3 : 0.0625 in
t4 :0.177625 in
t5 : 0.0625 in
ffi : 0.0625 in

Req'd per UG-45 is the larger of tl o'r ffi : 0.0625 in

Available nozzle wall thiclness n€w, tr : 0.125 in

The nozzle neck thickness is adequate for MAWP.

Exempt from weld streogth calculations per UW-I5OX2)

Reinfccement Calcolations for Extcrnal Pressure

Limits of reinforcement UG-d0

Pmallel to the vessel wall d - 2.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : -3L25 in
Normal to the vessel wall inside 2.5*61-Cn-C) : .3125 n

Nozzle required thickness

uDo : 3.2512.75: l.l8l8 Dolt = 2.7510.W75 = 282.0513

trt : 0.00938 in (E = 1)
tr2 : 0.0398 in
tr3 : 0.0625 in
t4 - 0.177625 in'
tr5 = 0.0625 in

Apr- lE, 1996

RsvisioD No. 0
Doc. lilo. V049-l4Sl
Paee 37 of"73

From table G:
From able HA-3:

A = 0.000238
B : 3140.5

Pa: 4*B/(3*Do/t)
: 4*314O.5 I (3*2.7 5 lO.W7 5)
: 14.E46 psl

Nozzle required thickness tm : .00975 in

Required ttrictness tr from UG-37(dXl) : .1913 in

Opening does not require rehforcement pcr UG-ii6(cX3Xa)

UG-45 Nozzle Neck Thiclncss Chect

Wall thickness oer UG45(a):
Wall thickness irer Uc45O)(2):
Wall thiclmess per UG-16(b):
Std pipe wall per UG45O)(4):
The greater of t2 or tr3:

O t.zr.rsf.f,6
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Burst Disc

The lesser of tr4 or tr5: tr6 : 0.0625 in

Req'd per UG-45 is the larger of tr1 or t6 = 0.0625 in

Available nozde wall thickness new, tn : 0.125 in

The nozde neck thickness is adequate for Pe.

Exempt from weld strength calculations per UW- 15(bX2)

Rsvisiol No. 0
Doc. No. V04Fl{81
Pase 38 of 73t 3.2r.r996



1l Opening a4 Reinforcement Calculations Per UG-37

Located on: S0KSJACKET
.25 in
0 psi
Not installed

SA 240 3O4L HIGH

15 decrees
43-25-in
0 i n
3.25 rn

twt-> 
|

<- L ->l

Reinforcement Calculations For Nozde MAWP

I umisofreinforcement Uc'fo

Parallel to the vessel wall d : 2.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125'lrn
Normal to the vessel wall inside 2.5*(b-Cn-C) : .3125 in

Nozde requircd tAickness

trn : P*Rn/(Sn*E - 0.6*P)
: 0*1.25l(16700*1 - 0.6*0)
=  0 i n

Required thiclness tr from UG-37(a)

tr: P*FJ(S*E - 0.6*P)
: 0*39.'15l(16700*l - 0.6*0)
: 0 i n

Opcning does not require reinforcement per UG-36(c)(3)(a)

Check the welds - Fmm IISI-16(0:

tnin : lesser of 0.75 or tn or t. tmin : 0.125 in
tl or t2(min) = lesser of 0.25 cir O.7*tmin, tl(min) : 0.0875 in
tl(aca|al) :0.7*lJg: 0.7t.125 : 0.0875 in

c o m o s i o n a l l o w = 0 i n
noz th ick  new tn= .125 in
nozz le  id .  new d= 2.5 in
f i l le t  weld twl  =  .125 in
groove weld tw2 = .I25 in

To datum L= 22 in

COMPRESS 5-53 C:\COMPRESS\CRYOPMPS\SOKSCRYO-VSL Apr. 18, ty)6

Elec Instrmrtion

Local vessel thickness:
Liquid static head included:
Flange description:

Nozde material specifi cation:

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center lo:
Projection ouaide vessel Lpr:

tn -> l

{l_LwZ

Revision No. 0
Doc. No l/049_t{st
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Elec Instrmntion

€(actual) : 0.125 in
tl + € : 0.2125 >- l.lJxtmin

The weld sizes for tl and € are satisfactory.

UG-45 Nozzle Neck Thictness Chcck

t r l : O i n ( E : l )
a 2 : 0 i n
h3 : 0.0625 in
tr4 = 0.177625 n
t5 : 0.0625 in
tr6 : 0.ffi25 in

Req'd per UG45 is the larger of trl or t6 = 0.0625 in

Available nozzle wall thickness new, tn : 0.125 in

The nozde neck thickness is adequate for MAWP.

Exempt from weld shength calculations per UW-I5OX2)

Reinforcement Calculations for External Pressure

Limits of reinforcement UG40

Parallel to the vessel wall d : 2.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .31?5 n
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .3125 in

Nozde required thickness

UDo : 3.2512.75: l.1El8
From table G:
From table HA-3:

Pa= 4*B/(3*Do/t)
: 4*3140.5 | 8*2. 7510.00975)
= 14.8,+6 p,si'

Nozzle required thickness trn : .$975 in

Required thickness tr from UG-37(d)(l) : -1913 in

Opening docs not require refuforcement per UG-36(cX3Xa)

UG-45 Nozde NeckThicknecs Check

hl : 0.00938 in (E = l)
h2 = 0.039E in
t3 : 0.0625 in
t4 : O.177625 n
E5 : 0.625 itr

Apr- lE, 1996

Wall thickness per UG45(a):
Wall thickness per UGaSOXI):
Wall thickness per UG-I6O):
Std pipe wall per UC-as@Xa):
The-eieater of tr2 or tr3:
The lesser of tr4 or tr5:

Wall thickness Der UG45(a):
Wall thicluess per UGa5@X2):
Wall thiclness pel UG-I6O):
Std pipe qiail per UGaS(bXa):
The preater of tr2 or tr3:

Dolt : 2.7 5 lO.0fE75 : 2E2.0513
A : 0.000238

B = 314O.5

R€vision No. 0

#f;,u,y","*,O 3.zr.rs4,6
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Elec Instrmntion

The lesser of tr4 or tr5: tr6 : 0.625 in

Req'd per UG-45 is the larger of tl or fr6 : 0.0625 in

Available nozzle wall thickness new, tn : 0.125 in

The nozde neck thiclmess is adequate for Pe.

Exeryt from weld strength calculations per Uw-15O)€)

Revision No. 0
Doc. No. VM9-1{81
Pase 4l of73I 3.zr.rse,6



1| Opening n5 Reinforcement Calculations Per UG-37

Located on: S0KSJACKET
.25 in
0 psi
Not installed

SA 24O 3O4L HIGH

twt-> 
l,

<_ L ->l

I-ocal vessel thicftness:
Liquid static head inctuded:
Flahge description:

Nozzle material specifi cation :

Nozde orientation:
End of nozzle to shell center:
Nozde offset from center Io:
Projection outside vessel Lpr:

tn -> l

COMPRESS 5.53 C :\COMPRESS\CRYOPMPS\80KSCRYO.VSL

Vacuum Gauge

Apr. 18, 1996

0 deerees
43.23 n
0 in
3.25 n

c o r r o s i o n a l l o w = 0 i n
noz thick new tn= .125 in
nozz le  id .  new d= 1.5 in
f i l le t  weld twl  =  .125 in
groove weld tw2 = .125 in

To datum L= 15 in

v

twZ

Reinforcement Calculetions For Nozzle MAWP

Limits of reinforcenent UG-40

Parallel to the vessel wall d : 1.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .3125 n

Nozzle required thictrcss

trn : P*Ro/(Sn*E - 0.6*P)
: 0*0.75l(16700*l - 0.6*0)
: 0 i n

Required thiclmess tr from UG-37(a)

tr: P*IV(Si.E - 0.6*P)
: 0*39.75(16700*1 _ 0.6*0)
: 0 i n

Opening does not require rehforcement per UG-36(cX3Xa)

Check the welds - From UW-16(d):

tmin : lesser of 0.75 or h or t, rmin - 0.125 in
tl or €(min) : lesser of 0.25 or 0.7*trnin, tl(min) : 0.0875 in
tl(actual) : 0.7*Irg :0.7*O.125 : 0.0875 in

3.21-tv)6

Revision No. o
Doc' No. vro4g-l-o8l



COMPRESS 5-53 C:\COMPRESS\CRYOPMPS\80KSCRYO-VSL

Vacuum Gauge

€(actual) : 0.125 in
tl + t2 = 0.2125 >: 1.25*tmin

The weld sizes for tl and A are satisfactory.

UG-45 Nozde Neck Thiclmess Check

t r l = O i n ( E : 1 )
t r 2 : O i n
tr3 : 0.0625 in
t4 :0.126875 in
tr5 = 0.0625 in
tr6 : 0.0625 in

Req'd per UG-45 is the larger of hl or ffi : 0.0625 in

Available nozzle wall thiclness new. tn : 0.125 in

The nozzle neck thickness is adequate for MAWP.

Exempt from weld strength calculations per LfW-15OX2)

Reinforcement C-alculations for External Pres$re

Limits of reinforceme,ot UG40

Parallel to the vessel wall d = 1.5 in
Normal to the vessel wall ouside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .3lE n

Nozzle required thiclness

L/Do = 3.2511.75: 1.E571 Dolt: 1.7510.A0746 :234.5Us

Apr- lE, 1996

Wall thickness per UG45(a):
Wall thickness per UGaSOXI):
Wall thickne.ss per UG-I6O):
Std pipe wall per UG-45(bX4):
The'deater of tr2 or tr3:' 

-'

The lesser of tr4 or t5:

Wall thickness per UCr45(a):
Wall thickness ircr UGa5@)(2):
Wall thictness per UG-I6O):
Std pipe wall pEr UGas(bXa):
The-sreater of tr2 or 13:

From table G:
From table HA-3:

Pa= 4*B/(3*Do/t)
: 4*2594.7 I (3* 1.7 5 | O.W7 6)
:14j478psi

Nozzle required thickness trn = .A0746 n

Rcquired thictness tr from UG-3?(O(I) : . f 913 in

Opening does not require reiaforcement per UG-36(c)(3)(a)

UG-45 Nozzle Nect Thiclness Check

A : 0.000197
B:2594.7

t r l :O .N722 inG :1 )
tr2 : 0.trt98 in
tr3 : 0.0625 in
tr4 : 0.126875 in
ff i  :0.A625 n

Revisiol No. o
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The lesser of tr4 or tr5:

Vacuun Gauge

ffi : 0.0625 h

Req'd per UG-45 is the larger of t1 or tr6 : 0.0625 in

Available nozzle wall thictness new, tn : 0.125 in

The l.ozzle neck thickness is adequate for Pe.

Exempt from weld shength calculations per LfW- 15OX2)

Revision No. 0
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LN2 Lvl Cntrl

- Opening LN2 Reinforcement Calculations Per UG-37
- Located on: 8OKsIACKET

.25 n
0 psi
Nirt installed

SA 240 3O4L HIGH

345 derrees
43.25 in
0 i n
3.25tn

Local vessel thickness:
Liouid static head included:
Ftinge description:

Nozzle material s?ecifi cation :

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center l-o:
hojection outside vessel Lpr:

tn -> I l<-
< - d -> l - l

l l '
l_17

c o r r o s i o n a l l o w = 0 i n
noz th ick  new tn= .125
nozzle id. new d= 2 in
f  i ' l le t  weld twl  =  . I25
groove weld twZ = ,I?5

To datum L= 36 in

i n

i n
i n

twt-> 
l, v

tw2

->l< - L

Reinforcement Calculations For Nozde MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d : 2 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-O : .3125 in

Nozzle required thictness

trn: P*Rn/(Sn*E - 0.6*P)
= 0*1/(16700*l - 0.6*0)
: 0 i n

Required thicliless tr from UG-37(a)

tr-- P*W(S*E - 0.6*P)
: 0*.39.751(1670f*l - 0.6*{))
: 0 i n

Opening do€s not require reinforcement per UG-36(cX3Xa)

Check the welG - From IISI-16(d):

tmin : lesser of 0.75 or tn or t. tmin : 0.125 in
tl or t2(min) : lesser of 0.25 or 0.7*tmin, tl(min) : 0.0875 in
tl(acftal) : 0.7*I-eg: 0.7{.125 : 0.0875 in

Revision No. 0
Doc. No. VO49-1481
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LN2 Lvl Cntrl

t2(actual) : 0.125 in
tl '+ Q:0.2125 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozde Neck Thickness Check

Wall thiclness per UG-45(a)'
Wall thicknes fer UG-45(b)(1):
Wall thickness irer UC-t6fUj:
Std pipe wall per UG-a5O)(a):
The ereate,r of tr2 or tr3:
The Iesser of tr4 or tr5:

t r l : O i n ( E = 1 )
t r 2 : O i n
tr3 : 0.0625 in
tr4 : 0.13475 in
tr5 : 0.0625 in
ffi : 0.0625 in

Apr. 18, 1996

Rwision No. 0
Doc. No. V0,t9-l{El
Pase /t6 0f73

Req'd per UG45 is the larger of tl or ff = 0.0625 in

Available nozzle wall rhictress n€w, tn : 0.125 in

The nozzle neck thickness is adequate for MAWP.

Exeryt from weld shength calculations per UW-I5OX2)

Reinforcement Calculations for External Pressure

Limits of reinforcement UG4{)

Parallel to the vessel wall d : 2 in

A:0.000219
B :2887 .4

Wall thickness per UG45(a):
Wall thickness per UG45O)@):
Wall thiclness per UG-I6O):
Std pipe walt per UGa5@Xa):
The greater of tr2 or tr3:

trl = 0.00E69 in (E : l)
tr2 : 0.0398 in
t3 : 0.0625 in
tr4 : 0.13475 in
tr5 :0.06fi in

^. Normal to the vessel wall ouside 2.s*(tn-Cn) + E = .3125 m
f Normal to tle vessel wall inside 2.5*(ti{n-O : .3125 m

Nozde requirtd lhictness

L/Do : 3.2512.25 : 1.4444 Dolt:2.2510.ffi869 = 258.9183
From table G:
From table HA-3:

Pa: 4*B/(3*Do/t)
: 4*2887 .4 | (3*2. 2510. mE69)
: 14.869 psi

Nozzle required thictness trn : .00E69 in

Requtued thickness tr from UG-37(d)(1) : .1913 itr

Opening does not reauire reinforcement per UG-36(cX3Xa)

UG-45 Nozzle Nec.k Thickness (ftect

J r.zt.rooe
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LN2 Lvl Ctrtrl

The lesser of tr4 or tr5: tr6 = 0.0625 in

Req'd per UG45 is the larger of trl or t6 : 0.0625 in

Available nozzle wall thic*ness new, tn : 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt fron weld strength calculations per ffW- 15OX2)

Revision No. 0
Doc. No. V049-1{81
Pase 47 of 73t 3-2r.r',.r,6



^ Ooenins LN2 Reinforcemert Calculations Per UG-37
f - 

Located on: 80K LFT F&D HD
.375 in
0 psi
Not in$alled

SA 2,10 304L HIGH

90 deerees
55.91607 in
tro
0.001 in

tn -> l  l<-

l - l < -  d
twl->l  l< l

l / l  I  v-'il 
I t.uz

<- R >l

l,ocal vessel thickness:
Liquid static head included:
Fdnge description:

Nozzle material specifi cation:

Nozzle orientation:
End of nozzle to datum line:
Nozde calculated as hillside'
Projection outside vessel Lpr:

COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\E0KSCRYO-VSL Apr. r8, 1996

LNz Feed

'll; 0  i n
. 125  i n
2 .375  i n
. 125  i n
. 125  i n

corrosion allow =
noz th ick nettt tn=
nozzle id. new d=
f i l le t  weld twl  =
groove weld twz =

To head center R= 30 in

Reinforcemeot Calculations For Nozde MAWP

Limis of reinforcement UG-40

Parallel to the vessel wall d : 2.375 n
Normal to the vessel wall outside 2.5*(tr-Cn) + te : .3125 n
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .3125 in

Nozzle lequired thictrcss

trn: P*Rr"/(Sn*E - 0.6*P)
: 0*1.1E75/(16700*1 - 0.6*0)
: 0 i n

Requfu€d thicliless tr from UG-3?(aXl)

tr: P*L*M/(2*S*E - 0.2*P)
: 0*80*li(2*16700*l - 0.2*0)
: 0 i n

@ening does not nequire reinforceoeot per UG-36(c)(3)(a)

Check the welds - From U\[-16(d):

tmin = lssser of 0.75 or tn or t, ' in : 0.125 in
tl or €(min) : lesser of 0.25 or 0.7*tmin, tl(nin) : 0.0875 in
tl(acunl) : 0.7*Irg = 0.7{.125 : 0.0875 itr

R€visiol No. 0
Doc. No. V049-1481
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LN2 Feed

Wall thickness per UG45(a):
Wall thickness per UGa5OX2):
Wall thickness per UG-16O):
Std prpe wdl per UGa56Xa):
The'gieater oft2 or tr3:. 

'

trl : 0.00301 in (E = l)
h2 = 0.04 in
b3 : 0.0625 ia
t4 :0.177625 n
tr5 : 0.0625 ir

Apr- lE, 1996
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€(actual) = 0.125 in
tl + t2 : 0.2125 >= 1.25*tmin

The weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thictness Check

Wall thickness oer UG-45(a): trl :
Wall thictoess irr UG45(b)(l): t2 :
Watl thickness per UG-16(b): tr3 :
Std prpe wall p6r UGa5OXa): tr4 =
The-eieater of tr2 on 13: tr5 :
The lesser of tr4 or tr5: t6:

0 i n ( E : 1 )
0 i n '
0.0625 in
0.17?625 n
0.0625 in
0.0625 in

Req'd per UG45 is the larger of hl or t6 = 0.0625 in

Available nozzle wall thickness now, tr : 0.125 in

The nozle neck thictness is adequate for MAWP.

Exempt from weld strength calculations per uW-15O)@)

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel wall d : 2.375 t
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-O : .3125 in

Nozzle required thiclmess

L/Do = .W112.625: .0004 Doft:2.62510.W37 = 600.6865
From table G:
From table HA-3:

Pa: 4*B/(3*Doit)
: 4*ffir.5 I Q2.625 10.m/.37)
- 14.7E64 psi

Nozde required thickness trn = .00437 in

Required thickne.ss tr from UG-37(dXl) : -2492 in

Opening does not require reiaforcement oer UG-36(cX3)(a)

UG-45 Nozzle Neck Thickness Chect

A :0.002696
B = 6661.5

O 3.zr.re6
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LN2 Feed

The lesser of tr4 or S: ffi : 0.0625 in

Req'd per UG45 is the larger of tl or tr6 : 0.0625 in

Available nozzle wall thickness new, tn : 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt from weld srength calculations per UW-15OX2)

RevisionNo.0
Doc. No. V049I481
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SuPPort Ring

I Stiffening ning Catcutations per UC-2g

ASME Section VIII Division 1. 1992 Edition, A94 Addenda

Identifier: Support Ring
Rine material specification: SA 240 3ML HIGH
trtuiber of rines in this !troup: 2
Distance first rine to datim fine: 4 in
Ring spacing: 37 n

Ring description: 4x3x1/4 Un Equal Ang
RinE is rollbd: leg in (bard way)
Rini cross sectional area: As : 1.69 in^2
Rin! moment of inenia: lr = 2.77 n^4

Calculatiors for ring 4 itr fron datup

Shell material soecifrcation: SA 240 304L HIGH
Required shell titickness: t : 0.19131 itr
Coioded shell thickness: ts : 0.25 in
Shell outer diameter: Do = 80 in
Desim teDrrerafure
Extefral deiien Dres$re: P : 14.7 pd
Stiffener snpforied length: I-s : 22.72495 n

g : .fJx(P*Do/(t + As/Ls))
= .75*(14.7*80(0.19131 + 1.69122.7Ut95\)
= 3319.813

From table HA-3 (ring) A = 2.514ffi4E M

Required moment of inertia of the combined ring-shell section

Is- (Do^2*Ls*(t + As/Ls)*A)/10.9
: (80^ 2*22.7 2495*(0. I 9l 3 1' + | .69 t22.7 2495) ?. 5 I 4604E44y I 0. 9
: .891417 n^4

Available moment of inertia of the combined ring-shell sec{ion

Shell width conhibuting small€r of : 4.91935

W: 1.l*Sqr(Do*ts)
: 1.1*Sqr(E0*0.25)
: 4-91935 in

W : I-s : ?2.72495 n

Shell area Al = W*ts : L.229E37 n^2

Distatrce to the ring neutral axis

Revision No. 0
Doc. No. V049-l{El
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SuPPort Riae

Y2 = Ring NA + ts/2
:2.76 + 0.2512
= 2.885 in

Neutral axis of combined section

NA: As*Y2l(Al + As)
: 1.69*2.885(t.229837 + 1.69)
:1-669836in

Inertia of the shell about the combined section NA

I1 -w*ts^3/12+A1*NA'2
= 4.91935*0.25 ^ 3l 12 + l -229837*1.69836^2
= 3.435626in^4

Inertia of the ring about the combined section NA

12=k+6 r *1NA-Y2 \ ^2
:2.77 + 1.69*(1.669836 _2.885)^2
: 5.265493 n^4

Total available I : Il + D : 8.701118 in^4

Ttie 4v3xll4 Un Equal Ang vacuum stiffener is satisfactory.

Apr. lE, 1996

Rsvision No. 0
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Calculatioas for rine 4l in from datum

f Shell malerial specification: SA 2,!0 304L HIGH
Required shell ihickness: t = 0.19131 in
Co'noded shell thiclness: ts = o.fi in
Shell outer diameer:
Design temp€rature:
External desim oressure:
Stiffener supfrried length:

B : .75*(P*Do(t + As/Ls))
: .75*(14.7*801(0.19131 +
= 3378.368

Fmm able HA-3 (ring)

Do = 80in
:400degF

P : 14.7 psi
Ls = 24.22495 n

t.69t24.22495))

A: 2.558532E44

Requir€d moment of irc,rtia of the combhed ring-shell section

Is: (Do^2*Ls*(t + As/Ls)*A)/10.9
: (8O 224.2U95*(0. 19 1 3 1 + 1.69 tU.22495)*2.5585328_04)/ 10.9
= .950989 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 4.91935

W: 1.1*Sqr(Do*ts)

3-21-1996
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Support Ring

= 1.1*Sqr(80*0.25)
= 4.91935 in

W : Ls :24.22495 n

Shell area A1 : W*ts : 1.229837 n^2

Distance to the ring neutral axis

Y2 : Rine NA + ts/2
:2.76 I 0.2512
: 2.885 in

Neutral axis of combined section

NA=As*Y2l (A l  +As)
= 1.69i?.885(1..229837 + 1.69)
:1.ff i9836ln

Inertia of the shell about the combined section NA

11 :Wts^3/12+A1*NA^2
: 4.91935*0.25^ 3 | t2 + 1.229837 * 1.6f,9836^ 2
= 3.4356?-6it^4

Inertia of the ring about the combined section NA

12=k+As* (NA-Y2 ) ^2
: ?.7:1 ,+-1.69*(1.669836 - 2.88s)^2
= 5.265493n^4

Total available I : Il + 12 : 8.701118 in^4

The 4x3x1/4 Un Equal Ang vacuum stiffener is satisfactory.

Revision No. 0
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Pressure Summary

O Pressure summary for pressure chamber 1

Itro!'.!e I r I xai.p I x.rP I Pe I oc-ee I

I statE I des.re' | | Iert.dall Ratro I

|  (oG-.5)  l (des r)  1 (p3i)  I  (p6t)  |  (psl )  I

t - t - t - l

ncs-<5 lcotrosron I

t{DHr arcdpttot! o! |}Ddoe I
(ncs F) st!e55 R€drction | (ra) I

I n1 Puspout l'ort

I FLG E? EXTOBE

55.3 I  1.OOo I

i not appu€b1e

I lcot ap!)'Iic:!tre

J !|ot .pl)ltc.ble

I rcot atDtlclbae

I  o.ooo 1

I o.ooo I

i  o.ooo I
l _

I  o . o  7 s . a  |  7 5 - r  I

I  o . o  I  t 5 7 - e  I  a 5 7 . e  I

I  o . o  I  r o 5 . 7  |  1 o 5 - "  I

I  o . o  I  o . o  I  o . o  I

t - t - t - t - t - - r -

Vessel MAWP hot & corroded is 0 psi @ 0 degrees F.

Vessel MAP new & cold is 0 psi @ 0 degreas F.

Vessel allowable external prcssure is 23.85 psi 6 449 degrees F.

Hydrotest pressqre calculation based on Pe

= 1.5*Pe*0.88 = 31.5 psi

Vessel hydrotest pressure is 31.5 psi.

Rcvision No. 0
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Weight Sumnarv

tlel'ght (lbs) cortllbut€d by v*6cl EleEedl3

xetat xetal rtsays Packed rnsul Llnlig Plpltrq LaddE Ftt4s ot,cr !!est r{ot2l'

rd coir & suP Bed! & Plat & '{tsc Lisutd Liquid . f}g

223 223

la32

vesael o!r€!!t1rg Delght, coroded: !,262 1*

v€ssel spty (c19bt.. co!!od6d: 1.262 lbs

v€*l erpty rcigbt. neir: 1,262 lbs

v.a*! t€3t actglt, ncs: 4.670 Ibs

Vessel lift weieht. new:
Center of gravfty lo seam:

1,262 lbs
19.4 in

Rsvisio'n No- 0
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Nozzle Summary

( in )  ( th )  ^ t -?  ^2 ' r

llo! t Reg t tt*t t

( i r )  ( r n )  ( i r )

coE la/ar

( I D )  ( r  )

1O-5O O.25OO 0.1{14  y y  o -25OO 0-1467 o.oooo 100. o

tl - nozzle lhickness
Req tn - nozzle thickness required per UG45/16
Nom t - vessel wall thickness
Req t - required vessel wall thickness due to pressure * corr per UG-37
User t - local vessel wall thickness (near opening)
Aa - area available oer UG-37. sovernitrg condition
Ar - area required fer UC-lZ,'gbverninfcondition
Corr - corrosion allowance on nozzle id.

Revisiolr No. 0
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Nozde Schedule

r{o.et. IttEct? I{on?

ao.oo rDio,2s 3I 2ao 302tL ErGE

Revision No. 0
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Thickness Summarv

( t n )

L69th tco! t Goweoitrg

Lo.d status( 1 n )  E

o.3?5D O-3750 0 . t5

o-2500 ( ' .2500 0 .4535.  OO

Nom t - vessel wall thiclness
Req t - required vesset wall thickness due to governing loadiag
E 

' - lonfitudinal seam joint efficiency

lnad:
hternal - circ stress due to internal pressure govefis
external - external oressure govems
wind - combineil long stftss due to STATUS * wind governs
seismic - combined long slress due to STATUS * seismic govems

Resision No. 0
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HD EOKS

Corrosion allowance: Inner C : 0

F&D head
SA 240 3O4L HIGH

Outer= 0 itr

new:665.6 corr = 665.6 lb
new : l7l;12 cott = 171.72 US ga

B  :  5 1 l l

Pe= 2*S*EW((M*l,o - t*(M4.2))*1.67)
= 2* 14?00* l'*{) .37 5 I ((t .77 6*EO. 375 - 0. 375'F( I . 7 7 W4.2))* | .67)
: ,16.58239 psi

The maximum allowable external pre,ssure is 23.846 psi.

I ASME Section VIII Division 1. 1992 Edition. Ag4 Addenda

Component:
Material specifi cation :

PWI{T is not performed

Radiosraohv: Catesorv A ioitrts - Soot IJW-llO) tvpe I
HeadIo ihell"seam - Sirot Uw-ll0) t:/i,e I

Estimated weisht:
€pacity:

OD : E0 crownl: 80 knuckler=4.8 t = .375 in (nin)

Straightflange = 0 forming allowance : 0 in

MAP: (New & ato deg F) Appendix l-4(O Eq 4

p _ 2".s*Eirt/(M*L,o _ t*(M{.z)) _ Ps
: 2* 16700{. 8 5*0.3'1 5 I (l.T16*80.375 - 0.37 5*(1.77W. 2)) - 0
= 75.12013 psi

MAWP: (Corroded & * O dcg F) App€ndix 1r+(O Eq 4

o "=: ;.?;frg616;Hi#llf .gr?+il's - 0.32s*( r.77060.2) - 0
: 75.12013 psi

Maximum Allowable External Pressure: (Coffoded @ tl00 deg F)

A : .125l(Ro/t)
: .125 I (80.37 5 10.37 5',
: 0.000583

From table HA-3:

Pa: B/(Ro/t)
:5111/(80.375/0.375)
: 23.846 psi

Check the Maximum External Pressure: UG-33(aXl) & Ap'p. la(d)

Apr. lE,1E)6
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Beam Tube RT

I ASME Section VIII Division l" 1992 Edition. A94 Addenda

ComDonent:
Matefral specification:

Cvlinder
SA 2,10 304L HIGH

Corrosion allowance: Inner C = 0 Outer: 0

PWHT is oot p€rformed

Radiography: Category A joints - Spot tIW-l lO) type I
Cat€gory B joints - Spot UW-l 1(b) t!"e I

Estimated weight:
capaclry:

new - 357.7 cotr -- 357.7
new = 236.9'15 cort -- 236.975

lD = 44.625 length Lc: 35 t = 0.25 in (new)

MAP: (New & at 0 des F) UG-27(cXl)

P :S *EW(R+0 .6 * t ) -Ps
= 16700t.85t.251Q2.3r25 + 0.6*0.25) - 0
: 157.9855 psi

MASIP: (Conoded & at 0 deg F) UG-27{cXl)

P :S *E* t / (R+0 .6 * t ) -Ps
: 16700*0.E5*0.251Q2.3125 + 0.6*0.25) - 0
= 157.9855 psi

Maximum Alowable External Pressure: (Coroded @ 4fi) deg F)

UDo : 5.71875145.125 :0.1267 Dolt: 45.12510.25 : 180.5
From table G: A = 0.005954
From table HA-3: B = 7630.7

Pa= 4*B/(3 *Do/t)
= 4*7 639.7 I Q*45. 125 t 0.25)
= 56.3671 psi

in

tb
US ga

Revision No. o
Doc. No. V049-1481
P^se 62 nf 73O s.zr.r-'



1f Opening nl Reiaforcement Calculations Per UG-37
tt - 

I-ocated on: Beam Tube RT
.25'lo�

Ril'*r*.o
SA 240 3O4L HIGH

tn ->l l<-

l -  l<-  d
twl -> l  l< l

l / l  I '-___\ 
l_ l_1-,2

<- L ->l

Local vessel thickness:
Liquid static head included:
Flange description:

Nozde material specification:

Nozde orienation:
End of nozzle to shell center:
Nozde offtet from cetrter Lo:
Projection outside vessel Lpr:

COMPRESS 5-53 C:\COMPRESS\CRYOPMPS\80KSRTBM-VSL

PumDout Port

Apr. 18, 1996

90 deerees
28.5625 n
0 in
6 i n

-'l I
l h
I  l -

l-lr-

Reinforcement Calculations For Nozde MAWP

Revision No. 0

ffi[";rvryn-r-oar

U Limits of reinforcement UG-{0

Parallel to the vessel wall d : l0 in
Noranl to the vessel wall outside 2.5*(tn{n) + te = .625 in
Nomal to the vessel wall inside 2.5*(tn-Cn-C) : .625 in

Nozzle rcquired thiclmess

trn : P*Rn/(Sn*E - 0.6*P)
: 105.729*51 (16700*1 - 0.6*105.729)
: 0.031E in

Required thickness tr from UG-37(a)

tr: P*R/(S*E - 0.6*P)
: 105.729*22.31251 (167m*1, - 0.6*105.729)
: 0.1418 in

Area required

Allowable stresses: Sn : 167ffi, Sv : 16700, psi

frl : lesser of I or Sn/Sv so fr1 : I
fr2 : lesser of I or Sn/Sv so frZ : I

c o r r o s i o n a l l o w = 0 i n
noz thick new tn= .25 in
nozzle id. new d= l0 in
f i l le t  weld twl  =  .25 in
groove t,leld twZ = .1875 in

To datum L= 21.5 in

O 3.zr:ss6
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PumDout Port

tr = dxX*p * 2xgtx6xpx(l _ frl)
: l0,*0.l4l8*1 + 2*0.25*0.1418*l*(l - 1)
= l .a l8  in^2

Area aveilable

Al : larger of the following : 1.082 in^2

Apr. 18, 1996
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d*(El *t-F*1r) - 2tui*(El *t-F*tr)*(1-fr1)

l:d6l1g^T 
t *. 141 8) - 2*0.25*( 1*0.25- I *0. r4r 8)+(1-1)

: 2*(t + tn)*(E l *t-F*tr) - 2*trl*(E l *t-F*h)*( 1 -fr 1 ): 2*(0.25 +0.8)*(1*0.25-1*{. 1418) - 2*0.25*(1*O.25-1*0. l41E)*(l-l)
= .108 in^2

A2 : smaller of the following

: s*(tn - trn)*fr2*t
= 5*(0.25 - 0.03t8;*1*9.25
: .2i13 n^2

: 5*(tn - fn)*fr2*tn
= 5*(0.25 - 0.0318)*1*0.25
: .273 n^2

A4L = l*s.^Z*fr2
= O.Z5*2*l: .063 in^2

= 0.n3 n^2

Area: Al + A2 + A4l
: 1.0E2 + 0.271 + 0.063
= 1.418 in^2

As Area > A the reinforcement is adequare for MAWP -- 105.729 at 0 Deg F

Check the welds - From IIW-16(d):

tmin : lesser of 0.75 or x1 or t, tmin = 0.25 n
tl ortz(mh) : lesser of 0.25 or O.7*tmin, tl(min) = 0.175 in
tl(acual) -- 0.7*I,ee = 0.7*0.25: 0.175 in
€(acnrali : 0.1875in
{'+ a: a36?5 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

trl : 0.0318 in (E : l)
tr2 : 0.1418 in
tr3 : 0.0625 in
tr4 : 0.319375 in
E5 = 0.141E in
ffi = 0.1alE in

Wall thickness oer UG-45(a):
Wall thiclmess irer UC+S(UXI):
Wall thicknes irer UG-160):
Std prpe wall per UGa5@)(a):
The-eieat€r of tr2 ortr3:' 

'-

The lesser of tr4 or tr5:

O 3.2r.r996
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PuEDout Port

Req'd per UG-45 is the larger of f I or tI6 : 0.1418 in

Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate fon MAWP.

Allowable stresses in joints UG45(c) and LI$r-6(c)

Groove weld in tension : 0.74*167ffi : 12358 psi
Nozde wall in shear : 0.7*16700 - 11690 psi 

-

Inner fillet weld in shear : 0.49*16700 = 8183 psi

Strength of welded ioitrts:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle O. D. *I-eg*Si : 1. 57* 10. 5*0.25*8 I 83 : 337 24. 19 lbt

(3) Nozzle wall in shear
(pi/2)*uean nozde dia.*tn*Sn : 1.57*10.fi*0.25*11690 = 47030.33 lbf

(4) Groove weld in tension
(rV2;*Nozte O.D.*nrv*Sg = 1.57*10.5t.1E75*12358 = 38197.E1 lbf

I-oadine on welds per UG4lOXl)

W : (A - (d - 2*tn)*(El*t - F*tr))*Sv
: (1.418 - (10 - 2*0.25)*(l*0.25 - 1*0.1418))*16700
: 6514.67 lbf

v/l-1 : (A2 + A.5 + A4l + A42)*Sv
: Q.273 + 0 + 0.063 + 0)*16700
:  561l .2 lb f

W2:2. : (A2 + A3 + A41 + A43 + 2*h*t*frI)*Sv
: Q.n3 + 0 + 0.063 + 0 + 2*0.25*0.25*1i*16700
: 7698.7 lbf

Inad for path l-l lesser of W or Wl-l : 561 1.2 lbf
Path l-1 itru (l) & (3) : 33'lA.l9 + 47030.33 : 8O754.52 tbf
Patl l-l is strohger thin Wl-l so it is acceptable per UG4lOXl).

Load for path 2-2 lesser of W or W2-2 : 6514.67 lbf
Parhz-2 ibru (1). @\ : $72a.0 + 38197.81 :7l922lbt
Pafrz-2 is stroirgi:r than W so it is acceptable per UG4l(bX2).

Reinforcement Calculations For Nozde MAP

Limits of reinforcement UG-40

Parallel to the vessel wall d : l0 in
Nomal to the vessel wall ouside 2.5*(tl-Cn) + te : .625 in
Normal to the vessel wall inside 2.5*(d-Cn-Cl : .eX U

3-21-t996
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I = i:*3'frFt-11,5lefiiffJi'q61'?-1*0 1418)*(,-,)

l Nozzle required thickness
- tn : P*R.n/(Sn*E - 0.6*P)

: 105.7486*5(16700*1 - 0.6* 105.7486)
: 0.0318 in

Requircd ttickness tr from UG-37(a)

tr: P*R/(S*E - 0.6*P)
: 105.7 48622.3125 | (167 N* | - 0.6* 105.7486)
: 0.1418 in

Area required

Allowable shesses: Sn : 16700, Sv : 16700, psr

frl : lesser of I or Sn/Sv so frl :1
fr2 : lesser of I or Sn/Sv so fr2 : I

A: d*t*F + 2*tn*tr*F*(l - frl)
: 10*0.1418*1 + 2*0.25*0.1418*l*(l - 1)
: 1.418 in^2

Area available

Al : larger of the following : 1.082 in^2

= 2*(t+ tn)*(E 1*t-F*tr) - 2+t1*(E1*t-F*tr)*(1-ft1)
: 2*(0.25 +0.25)*(1*0.25-1*0. i4t8) - 2*O.25+(l*{.25-l*0. 141 8)*(l-1)
: . 10E in^2

A2 = smaller of the following : O.ni n^2

: 5*(tn - trn){.ft2*t
: 5*(0.25 - 0.0318)*1*0.25
= .773'n^2

: 5*(Er - trn){'ft2*trI
: 5*(0.25 - 0.031E)*1*0.25-- .273 n^2

A4l = I.ee^2*frz
: O.25*2*l : .063 n^2

Area: Al + A2 + A4l
= 1.082 + 0.273 + 0.063
= 1.418 in^2

As Area > A the reinforcement is adequate for MAP : 105.7486 at 0 Deg F
Rwision No. 0
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trl = 0.031E in (E = l)
tr2 : 0.1418 in
tr3 : 0.0625 in
F4 : 0.319375 in
h5 = 0.141E in
tr6 : 0.1a18 in

1.57*10.5*0.25*8183 : 33724.19 lbt

Revision No. 0
Doc. No. V049_l{B l
Paee 67 clf 73

I 
Check the welds - From LIW-16(d):

tmin = lesser of 0.75 or !1 or t, tmin : 0.25 in
tl or t2(min) : lesser of 0.25 or 0.7*tmln, tl(Inin) = 0.175 in
tl(acoal) : 0.7*Irg :0.7*0.25 = 0.175 in
t2(acmal) = 0.1875 in
i l  +A:0.3625 >= 1.25* tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness per UG45(bXl):
Wall thickness per Uc-l6O):
Std prpe wall pEr UG45OX4):
The sreater of n2 o'r tr3:
The fesser of tr4 or h5:

Req'd per UG-45 is the larger of tl or ti6 = 0. l41E in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAP.

Allowable stresses ia ioiats UG45(c) and UW-15(c)

Groove weld in tension : 0.74*16700 = 12358 psi
Nozde wall in shear : O.7*167ffi = 11690 psi 

-

Inner fillet weld in shear : 0.49*16700 : 8183 psi

Strength of welded ioints:

(l) Inner fillet weld in shear
(Fi/2) *Nozzle O.D.*Leg*Si :

(3) Nozde wall in shear
aPi/2)*Mean nozde dia.*tn*Sn = 1.57*10.25*0.25*11690 = 47030.33 lbf

(4) Groove weld in tension
(Pti2;*ttozde O.D.*tw*Sg : 1.57*10.5*0.1875*12358 = 3819.81 lbf

Loading on welds per UG-4l(b)(l)

W : (A - (d - z*tn)*(Elt - F*tr))*Sv
= (1.418 - (10 - 2*0.25)*(1*0.25 - 1*0.1418))*16700
: 65ra.67 rbf

Wl-l : (A2 + A5 + A4l + A42)*Sv
: Q.n3 + 0 + 0.063 + 0)*16700
: 5611.2 lbf

W2-2 = (A2 + A3 + A4l + A43 + 2*tn!"t*frl)*Sv

O 3.2r.rss6
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= (0.273 + 0 + 0.063 + 0 + 2*0.25*{.25*l)*16700
:'1@8.7 tbf

l,oadforpath l-1 lesserof WorWl-l :5611.2 lbf
Path l-1 Thru (1) & (3) : 33724j9 + 47O3n�33 = Efi54.52lbf
Path 1-1 is slronger rhnn Wl-l so it is acceptable per UG4l(bXl).

Inad for path 2-2 lesser of W o,r W2-2 : 6514.67 lbt
Path2-2 Thru (1), $J : $72a.9 + 3819.81 :7r922lbt
Pmh 24 is slronger rhnn W so it is accephble per UG41(bX2).

Reinforcement Cdcrrlations for External Pressure

Limits of reinforcenent UG-40

Parallel to the vessel wall d = 10 in
Normal to the vessel wall outside 2.5*(tn-Co) + k : .625 ta
Nornlal to the vessel wall inside 2.5*(tir-Cn-O : .625 in

Nozde required thickness

L/Do : 6110-5 : -57A Do/t : 10.5/0.05481 : 191.5709
From able G: A : 0.000926
From table HA-3: B : 5544.5

Pa: 4*B/(3*Do/t)
: 4'15544.51 6*10.5/0.05481)
= 38.589 psr

Nozzle required thiclness tm : .054E1 in

Required rhictness tr from uG-37(O(r) : .1867 itr

Area rcquired

Allowable stresses: Sn : 14700, Sv : 14700, pst

frl : lesser of I or Sn/Sv so frl = 1
fr2 : lesser of 1 or Sn/Sv so fr2 = I

A : 0.5'*(d*t**F + 2*tntr'FF*(l - frl))
: 0.5*(10t.1867*I + 2fi.25*0.1867*1*(1 - I))
: .9335 in^2

Area available

A1 : larger of the following = .633 in^2

: d*(E l*t-F*tr) - 2*tf(Elt-F+tr)*(l-fr1)
= 10*(1 *0.25-1t. 1 867) - 2*0.25'i'( I t.25- I *0. 1867)*(l-t)
= .633 n^2

: 2*(t+tn)*(El*r-F*tr) - 2*tn*(E1t-F*tr)*(l-fr 1)
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: 2* (0.25 + 0.25) *( I *{. 25_ I *0. I 867) _ 2+A.25 * (l *0.25_ I *0. 1 867) *( I _ 1)
= .063 in'2

A2 : snaller of the following

: 5*(fn - tm)*fr2*t- 5*10.25 - 0.054E1)*l*0.25
: . U 4 n " 2

= 5*(tn - trn)*fr2*tn
: 5*(0.25 - 0.05481)*1*0.25
= .244n^2

A4l : Lae^2*frL
: 0.25*2i,1 : .M3 in^2

A r e a = A l + A 2 + A 4 1
: 0.633 + 0.244 + 0.063
: . 9an ' 2

As Arca > A the reinforcement is adequate for Pe : 38.M917 at 400 Deg F

UG45 Nozzle Nect Thicloess Check

Wall thickness oer UG45(a):
Wall thickness ircr UG450)(2):
Wall thickness per UG-166):
Stdprpe wdl per Uca5@)(a):
The sreater of trz or tr3:
The lesser of tr4 or tr5:

Req'd per UG45 is the larger of trl or ffi : 0.0625 itr

Available nozzle wall thickness new, h = 0.25 in

The nozzle neck thickness is adequate for Pe.

COMPRESS5-53 C:\COMPRESS\CRYOPMPS\80KSRTBM.VSL Apr. 18, 1996

Pumpout Port

:  O.ZMn^2

trl = 0.05481 in (E : l)
f2 : 0.0585 in
tr3 : 0.0625 in
tr4 : 0.319375 in
b5 = 0.0625 in
ffi : 0.0625 in
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Pr = 1155 lbf
Mc :75 lbf-ft
Vc : 150 lbf
ML :23.8lbf-ft
W : 1 0  l b f
Mt = 0lbf-ft
P :  0 p s i

offi*
Circumferential moment
Circumferential shear
Loneihrdinal moment
Lon[itudinal shear
Torsion moment
lnternal pressure

Stresses et the nozzle OD per x/RC bulletin 107 ( psi)

Mean radius Rm : 22.4375 n
Rm/t : 89.75

SEess concentration factor Ktr (tensiotr) : I
Stress concenhation factor Ift (bending) : I

Pressure stes intensity factor, Faxr equation 11.5

| : .25*(4 a J+glx')^Z 1 3*(r/x)^4)
= .25x(4 1lx(J/5.5)^2 + 3*(5/5.5)^4)
: 2 . 132

local circ. pr€ssure shess = I*P*Rmift : 0 psi

Local long. pressur€ stess : P*Rm/2t : 0 psi

Maximum combined stres :-9257 psi
Allowable combined saess : +-1.5*S : +- 25050 psi

The maximurn combined shess is within allowable limits.

Idaximum primary membrane stress :-2349 psi
Allowable frimarj' nembrane stress : +-1.5*S : +- 25050 psi

The maximum primary membraoe stress is vuithin allowable limits.

Revision No. 0
Doc. No. V049-1-0El
Paee ?0 of73O 

3.2r-t9q6,



COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KSRTBM.VSL Apr. 18, 1996

Pumpout Port

roml Ya lue
Fig.  I  read

3c. l4:856q-lo:Zos
4C*  110 .044  10 .205
t c  10 .0633  10 .205
2C-1 t0 .0189  t 0 . 205
3A* 13.0844 10.205
1A  t 0 .0601  t 0 . 205
38* 16.8590 10.205
IB - t 10 .0148  10 .205
pressure stress*

Total circ stress
Primary membrane
circ stress*

.Total long stress
Primary membrane
long stress*

toralon tnoment-frt
Circ shear from Vc
Long shear from VL

-ToiaTTE 
ar stress

Cu Cl Du Dl

-108 108 108
I l30 1130 -1130

Bu Bl

-1000 -1000 -1000 -1000
-2068 -2068 -e068 -2068

-7019 7019 -7019 7019
-2096 2096 -2096 4096

- t08
-  1130

76 76
88 -88

Au Al

-76 -76
-88 88

-2t44 -2144 -1992 -1992 -1108 -1108 -892 -892

-2068 -2068 -2068 -2068
-4735 4735 -4735 4735

-3748 3748 -3748 3748
-281 -28r 281 281
-498 498 498 -498

-36
- t24

-36 36 36
t?4 t24 -124

-1036 -1036 -964 -964 -2349 -2349 -1787 -1787

36 36 -36 -36

-36-363636
-2-2

-2-2

4C* 110.044 10.205
rc - r10 .0427 10 .20s
2C 10.03s8 10.205
4A* t8 .0408 t0 .205
2A t0 .026s  t0 .20s
48*  13 .2169  10 .205
2B- I 1 0. 0207 1 0. 205
presiure strass*

Combined stress -5896 3823 -5576 3647 -9257 7041 -6781 4997
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Metal Density = .2A36 Lbs�./Cu.In.
Eff.  Shl wdth, One Rlng, based on SQR(R*T)
Radius of Ring Centroid, Inches,
I ,  fo r  R ing  p lus  Ef f .  She l1  t  :  8 .884 In .^4
A,  fo r  R ing  p lus  Ef f .  she l l  ,  =  2 '980 In .^z
cF1 , Extreme Inner niber (r ing) from Centroid, = 2.489 In.
c2, Extrer0e outer Fiber (shel l)  fron centroid, = 1.751 In.
weight of Ring only, = LL3 Lbs'

weight of full or enpty inner vessel at one ring 2168 pounds
strap ctr l ine fron tank vert ical ctr l ine 32 inches

PROCESS SYSTEMS INTERNATIONAL.
v59049

LIGORNG. BAS

S i n g l e  4 . 0 0  x  3 . O O  x  0 . 2 5 0  A n g L e  i n

Strap angle (from bottom )
lgelght of jacket at I ring, nay incl . saddle
Ang1e fron dead botton ctrline to saddle or }ifting
Horizontal Force at L ring
Offset of Horiz. force above centerline
Side force angle above centerline at 1 ring
Seisnic verticaf factor u6ed on ring weight
External Pressure or Vacuum

WESTBORO, I,TASS. 0].581

o3-L2-L996

80 .00  oD x  .2500  Thk  She l l

=  5 . 1 6 9  I n .
=  3a .239

]-23.2L deqrees
2320 pounds

Iug 90 degr€es
1084 Pounds
o inches
O degrees
0
L4.7  Ps i

Inner Fiber Max. Tension
Inner Fiber Max. compression
Outer Fiber !!ax. Tension
Outer Fiber Max. Conpression

Maximum Stresses

=  o  Ps i  a t  o . oo
=  - 4 , 3 8 4  P s i  a t  9 9 . 0 0
=  0  Ps i  a t  o . oo
= -r,6L9 psi at I23.2L

degrees.
degrees .
deqtrees .
degrees .

c..,.r-. i l-. \, o41 - \- t2b7

Lta o Gr*rr. C&r-c'ru'q19" c><Q'e'"59-

Lp*o,.Jh 4T r"H e- 3rl FFeJEIL

FoC- Urclo,^: h t)\ A'r^€d\ t3N

r)r€ -io \ rrTEYa(.lAu f e-TF.:tl�n,*

g,;4, €ee (eaF€r'e.r4€ r> 4A!4

€"rP9o/t{ g-{i5q.

E*\.,.^.i. 5LLQ. 1-a\,..J \*-;,-'
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AngIe
f rorn
bottom

o . o o
5 . 0 0

1 0 . 0 0
L 5 . 0 0
2 0 . 0 0
2 5 . 0 0
3 0 . 0 0
3 5 . 0 0
4 0 . 0 0
4 5 . 0 0
5 0 . 0 0
5 5 . 0 0
6 0 . 0 0
6 1 .  O O
6 3 . 0 0
6 5 .  O O
7 0 . 0 0
7 5 . O O
8 0 . 0 o
8 5 . O O
9 0 . o o
9 0 . 0 0
9 0 .  o 0
9 0 . 0 0
9 0 , 0 0
9 5 . 0 0

L 0 0 . 0 0
1 0 5 . 0 0
1 1 0 , O 0
1 1  5 . 0 0
1 1 9 . 0 0
L 2 0 .  o o
r 2 2 . O O
L 2 3 . 2 r
7 2 3  . 2 7
1 2 6 .  O 0
1 3 0 .  O O
1 3 5 . 0 0
140  .  O0

Inner
f iber
stress

- 2  . 7  8 4
- 2 , 7 7 9
- 2  , 7  6 7
- 2  , 7  4 6
- 2 , 7 2 0
- 2 , 6 8 9
- 2 , 6 5 6
- 2 , 6 2 3
- 2 , 5 9 4
- 2  , 5 7  3
- 2 , 5 6 3
- 2 , 5 6 8
- 2  , 5 9 2
- 2  , 6 0 0
- 2 , 6 1 8
- 2  , 6 4 0
- 2 , 7 L 7
- 2  , 8 2 6
- 2 , 9 7 3
- 3  ,  L 6 0
- 3 , 3 9 3
- 3 , 3 9 3
- 4 , L 7 0
-4  , I 47
-4 ,L47
- 4 , 3 3 3
- 4 , 3 8 3
- 4 , 3 O 2
-4  ,  096
- 3 , 7 7 2
- 3  , 4 3 2
- 3  , 3 3 7
- 3 , 1 3 3
- 3  ,  O 0 2
-2 |  698
- 2 , 7 0 7
- 2 , 7 O 9
- 2 , 6 9 9
- 2 , 6 7 7

outer
f iber
stress

- 1  , 1 5 1
-J. , L52
- l - , 1 5 5
- 1  , 1 6 1
- L , 1 6 8
- r  , L 7  4
- 1  , 1 8 0
- I  , LA2
- ) .  , 17  9
- L , 1 6 8
- r ,L49
- L  ,  L L 7
-L  ,  071
- 1 , 0 6 0
- 1  , 0 3 5
- 1 - , 0 0 7

-924
-81 . I
-647
-529
- 3 4 0
-3  40

- L  , 0 7 8
-1  ,  O94
- I  , O 9 4

- 9 3 5
-467
-88  5
-986

- L , 1 6 6
- 1 . , 3 6 3
- L , 4 1 , 9
- 1 , 5 4 0
- L , 6 1 " 9
-L ,3L5
- t .293
- l  , 268
- r  , 249
- I  , 2 3 9

Page
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Angle
from
botton
1 4 5 . 0 0
L 5 0 . 0 0
1 5 5 . 0 0
r - 6 0 . 0 0
1 . 6 5 . 0 0
1 , 7 0 . 0 0
1 7 5 .  0 0
1 8 0 . 0 0

0 , 0 0

Inner
f iber
stress

- 2  , 6 4 8
- 2  , 6 1 6
-2 r5A3
- 2 , 5 5 2
-2  ,525- 2 , 5 O 5
- 2 , 4 9 2
- 2  , 4 8 8

o

outer
fiber
stress

- r  , 2 3 6- 1  , 2 3 8- r  , 2 4 3-L ,25O
-3.  ,257
- L  r 2 6 2
- l  , 266
- L  , 2 6 7

o
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PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-082
PAGE l OF 73

REV. DEO # DATE BY: CHECK TITLE:

80K-LONG Cryopump
o l 1 - l l //./ ?/rL WT)R t( P c_-

RV hJ P-iI^ --*h- L)EPf.: 7 44

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE:
Determine required shell thickness for the 80K long cryopump. Additionally, evaluate
nozzle opening(s), calculate size and spacing of stiffener rings and support rings.

METHOD:
Thickness requirernents per the ASME code, Section VIII, Division I,
are derived using the COMPRESS computer program, version 5.31 ,

ASSUMPTIONS:
See Calculation

INPUTS: l. Vacuum pressure : 14.7 psi
2. "Bakeout" Temperature = 400 deg F.
3. Valve weight = 150.0 lbs
4. Unbalanced Vacuum Load = 1155.0 lbs @ 10" Nozzle

REFERENCES:1 .
)

ASME Boiler & Pressure Vessel Code, Section VIII, Div. l, Pressure Vessels.
COMPRESS 5.31, Computer Aided Pressure Vessel Desig4 Codeware Computer
Systems, Inc.

j .  r 'o iE - /  - t l / ,  1 .  tz t  y '2 , , '  ! , : ..,, 1,1:',:--:----.

CALCIILATIONS:

CONCLUSIONS:
The requirements of the ASME Code are met for 80K long cryopump outer shell.

NOTES: Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinder
open end(s). For flange design and analysis see calculation numbers V049-l-016, 017, 018, & 019.
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COMPRESS 5.53 C : \COMPRESS\CRYOPMPS\8oKLCRYO, VSL Apr. 18, 1996

Pressure Summary

I 
Pressure summary for Dressute chamber 1
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Vessel MAWP hot & corroded is 0 psi @ 0 degrees F.

Vessel MAP new & cold is 0 psi @ 0 degrees F.

Vessel allowable external pressure is 14.7 psi @ 400 degrees F.

Hydrotest Dressure calculation based on Pe

= 1.5*Pe*l :22psi

Vessel hydrotest pressure is 22 psi.
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\SOKLCRYO-VSL Apr. lE, 1996

Weight Summarv

t re tgh t  ( lb6)  cont r lbu t€d  by  veEse]  E ] .de t t6  _ - - - - - - - -__

xetal TE.ts pr.k6d Tnsur Ltnlhg Ptplng Ladder RI.qB opor Iest xot.le

Coti & sup Beds & ptat & s13c Llguld rlquld & flg

aok lft f&d hd 661

aokriacket 25,7e

aok !t fed trd 66'7

Lft bn t\:r.6 flg

L t t  b r tb  cv !  P I  6 !6

Rt btr trr.be flg 126

Ft bbtt' dvt plt 616

o 7132

6

o 1432 136

o o

o o o

v€sscl operatlnq Delght, 6ftoded: 6,73.r lbs

ve3..I crpty {elgibt. corrod.d: 6.74{ lb€

v€scer 6rpty oelqht, ner: 6r7aa Ib6

v€sael test EeiqDt. nee: 35.o9e Ib6

Vessel lift weight, new:
Center of gravity to seam:

6,7E6 lbs
60 in
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COMPR-ESS 5.53 C :\COMPRESS\CRYOPMPS\EOKLCRYO. VSL Apr. 18, 1996

( l h )  \ a ?  L 2 ?

llor t Rdt t

Lr2

o.250 l )

a 5 . 1 2  0 . 2 5 0 0

3 - 2 5

3  . 2 s  O . 1 2 5 . }

2 .75  0 .425 ' )

z - 1 s  o - 1 2 5 ( )

1 . ? 5  0 . 1 2 5 f }

2 , 2 5  0 . 1 2 5 0

o.125( '

o  -2192

o.3"5( )  0  -2492

o . 2 5 0 0  0 . 2 0 9 4

o.2 lo94

o-2500

o.25( ) ( ,  0 -2091

o . ? o 9 a

o . 2 0 9 4

o.1750 0 .24s2

tn - nozzle thickness
Req tn - nozzle thickness required per UC-45/16
Noir t - vessel wall thickness
Req t - required vessel wall thickness due to pressure + corr per UG-37
User t - local vessel wall thiclness (near ooenine)
Aa - area available per UG-37, governiig coiilition
Ar - area required ner UG-37. qovernins condition
Corr - corrosibn allowance on no-zde id. 

-
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COMPRESS 5.53 C :\COMPRESS\CRYOPMPS\EOKLCRYO. VSL

Nozzle Schedule

Apr. 18, 1996

t los r I .  r lPac t "  xor !? Ilp'ct? xo!.? flanq€

cre.n .1r ve.t

el6c lnsi.rrrtion

sa ?ao 30rL IirGF

si zao 30rtl- drcH

sa 2ao 3(}aL lrctl

sA 24o 3o,1L BIGa

sl "ao 30aL lrrctt

sA 2ao 304L ArCfi

9t 2ao 30aL l|rcs
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\E0KLCRYO.VSL Apr. 18, 1996

Thickness Summary

E

I D L€tgfth Nor t Req t

(  l n l  ( t h )  ( i n )

cov€rDtng

Lord st.tus

Lft lrtttr cvt plt

R t  t r t b  c v t  P 1 t

o.3?5(}

o -3 ' rso

I - OOOO

1. OO{,t'

Nom t - vessel wall thickness
Req t - required vessel wall thicknes due to governing loading
E - lonlitudinal seam joint efficiency

l-oad:
internal - circ stress due to internal pressure govems
external - external pressure governs
wind - combined long stress due to STATUS * wind soverns
seismic - combined lon! stress due to STATUS + seismic govems
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL

8OK LFT F&D HD

Corrosion allowance: Inner C : 0 Outer: 0

new:666.6 corr :666.6
new : 171.72 corr : 171.72

B : 4757.7

Apr. 18, 1996

Rel,ision No. 0
Doc. No. V@9-l {}82
Paee l0 ofTl

r ASME-

Component: F&D head
Matefral specification: SA 240 304L HIGH

Extemal design pressure: Pe: 14.7 psi @ ,100

PWHT is not performed

Radiography: Category A joints - Spot UW-I1(b) type I
Head to shell seam - Spot UW-l l(b) type I

Estirnated weight:
capaclty:

O D : 8 0  c r o w n  L : 8 0  k n u c k l e r : 4 . 8  t :

Straight flange : 0 forming allowance : 0 io

MAP: (New & at O dee F) Aprndix l-4(0 E{ 4

P : 2*S:fE*U(M+L,o - t*(M-0.2)) - Ps
: 2* 1 6700*0. 8 5*0.37 5 I (1.7 7 d6*80. 375 _ 0.37 5+ (t ..17 06!0. 2)) _ 0
: 75.12013 psi

MAWP: (Corroded & at 0 dee F) Appendir l-4(d) Eq 4

p = 2*S*E*I/(M*1,6 _ 1,r.1[_0.2)) - ps
= 2* 16700*0. E 5*0.37 5 | (t ..17 M*80. 375 _ 9.37 5* (t .7 7 0G0.2)) _ 0
: 75.12013 psi

External Pressure: (Corroded & at r(X) deg F) UG-33(e)

A : .125/(Ro/t)
: . 125/(80.375 10.2492)
: 0.fiX)388

From table HA-3:

Pa: B/(Ro/t)
= 47 57 .7 | (,E0.37 5 10.2492\
:  14.7511psi

Check the external pressure per UG-33(aXl)

t : 1.67*Pa*[0*M/(2+S{.E + 1.67*Pa+(M{.2))
: 1.6'1 * 1 4.7 5 | 1*80. 375* 1 . 7706 | Q* t41 ffi* | + | .67 * 14.7 5l l* (1 .77 05-0.2\)
: 0.1 190E7 in

Design thictness for external pressure Pa : 14.751I psi:

deg F

in

lb
US ga

.375 in (min)

I  
3.2r. lee6



COMPR"ESS 5.53 C:\COMPRESS\CRYOPMPS\SOKLCRYO.VSL

8OK LFT F&D HD

: t *Co r ros i on f f a
= 0 . 2 4 9 2 + 0 + 0
-- 0.2492in

Maximum Allowable External Pressure: (Corroded @ 400 deg F)

A: .125/Go/t)-- .1251$O.375t0.375\
:0.0ff i583

From table HA-3:

Pa: B/(Ro/t)
:  5l I  l / (80.375/0.375)
: 23.846 psi

B : 5 1 1 1

Check the Maximum External Pressure: UG-33(aXl) & App. l4(d)

Pe= 2*S*E*V((y+1a - 1*(M{.2))*1.6?)
: 2!ft 14700* I *0 .3751((1.7705*ffi.375 - 0.375*(l .770G0.2))*l .671
= 46.5E239 psi

The maximum allowable external pressure is 23.M6 psi.

Apr. 18, 1996
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL

EOKLIACKET

new -- 2579.3 con -- 2579.3
new : 3051.t107 con : 3051.407

Apr. lE, 1996

Revision No. ()
Doc. No. V)49-l -082
Paee | 2 ofTi

O ASME Section VIII Division I, 1992 Edition, AIX Addenda

ComDonent: Cvlinder
Matehal specification: SA 240 304L HIGH

External design pressure: Pe: 14.7 psi @ ,100

Corrosion allowance: lnner C : 0 Outer: 0

PWHT is not performed

Radiography: Category A joints - Spot UW-l lO) type 1
Category B joints - Spot UW-l1(b) type I

Estimated weight:
capaclty:

OD : 80 lengh r,c- 142 t = 0.25 in (new)

MAP: (New & at 0 deg F) Appendir l-l(a)

P = 5*6*y1po - 0.4*t) - Ps
: 167001'0.85*O.25/(n - 0.4*0.25) - O
:  EE.94111ps i

MAWP: (Conoded & at 0 deg F) Appendix l-l(a)

P : S*E*t/(Ro - 0.4*t) - Ps
: 16700*0.85*0.251(& -0.4*0.25) - 0
:  88.94111psi

External Pressure: (Corroded & at 4ffi deg F) UG-28

Pa: 4*B/(3*Do/t)
: 4* 4251.2t (3*80/0.20938)
= 14.8702 psi

DesifF thickness for exteraal prcssure Pa : 14.8702 psi:

: t * Corrosion
:0.20938 + 0
: 0.2@38 in

Maximum Allowable Exte@

deg F

in

lb
US ga

L/Do : 46/80 :0.575
From table G:
From table HA-3:

L/Do = 46180 :0.575
From table G:
From table HA-3:

Dolt = 80/0.20938 : 382.08@
A :0.000322

B :4261 .2

Do/t: 80/0.25 = 320
A = 0.000421

B = 4826.5

O 3.2r.res6



COM PRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL Apr. lt, 1996

EOKIJACKET

Pa = 4*B/(3*Do/t)
: 4*4826.51(3*80/0.25)
: 20 . l l 04ps i

Revision No. 0
Doc, No. V049-l-082
Pase l3 of 73J t.zr.rtso



COMPR"E,SS 5.53 C:\COMPRESS\CRYOPMPS\E0KLCRYO.VSL

EOK RT F&D HD

: t * C o r r o s i o n * f a
- - 0 . 2 4 9 2 + 0 + 0
: 0.2492 in

Maximum Allow4blq External Pressure: (Corroded @ 400 deg F)

Apr. lE, 1996

Revision No- 0
Doc. No. V049-l'{)82
Pase l5 of73

A : .125(Ro/t)
: .r25t(80.375t$.37s)
= 0.000583

From table HA-3:

Pa: B/(Ro/t)
= 5ll l /(80.375/0.375)
: 23.M6 psi

Check the Maximum Extemal hessure: UG-33(aXl) & App. l-a(d)

Pe: 2*S*E*tif (M*1, - t*(M-0.2))+1.6?)
: 2,* I 4700* L*0. 375(( I . i706*90. 375 _' 0. 375*( I . 7 7 OGO.Z)\* | .6"1 |
: 46.58239 psi

The maximum allowable external pressure is 23.846 psi.

B  =  5 l 1 l

3.2r.1996



.-, Opening nl Reinforcement Calculations Per UG-37

v Located on: 80K LFT F&D HD
.375 in
0 psi
Not installed

SA 240 3O4L HIGH

0 desrees
177 in
no
21.275 in

twt-> 
l,

Local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification:

Nozzle orientation:
End of nozzle to datum line:
Nozzle calculated as hillside:
Projection outside vessel Lpr:

tn -> | l<-

COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\tOKLCRYO.VSL

BEAM TUBE LFT

c o r r o s i o n a l l o w = 0 i n
noz th ick  new tn= .25 in
nozz le  id .  new d= 44.625 in
f i i l e t  we ld  tw l  =  . 25  i n
groove weld twZ = .1875 in

To head center R= 0 in

Apr- 18, 1996

Revision No. 0
Doc. No. V049-l -082

Pasc l6 of 73

< l
l v
I
t -
I t ,tw2

-> l

< - d "l-
l_

a- R

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG40

Parallel to the vessel wall d : 44.625 it
Normal to the vessel wall outside 2.5*(trFCn) + te : .625 in
Normal to the vessel wall inside z.s*(trr-Cn-C) : .625 n

Nozzle requircd thickness

trn : P*Rni(Sn*E - 0.6*P)
: 0*22.31251(16700*l - 0.6*0)
= 0 i n

Rcquired thicluess tr ftom UG-37(a)

h= P*L*M/(2*S*E - 0.2*P)
: 0*80*1.7706/(2't16700*1 - 0.2r'0)
: 0 i n

Area required

Allowable stresses: Sn : 16700, Sv : 16700, psi

frl : lesser of I or Sn/Sv so frl : I
fr2 : lesser of I or Sn/Sv so fr2 : I

o 
3.2r.re6



COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\E0KLCRYO.VSL

BEAM TUBE LFT

Apr. r8, 1996

Revision No. 0
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Pase l7 of 73

A: d*t*F * 2*1rr*6*p*(l _frl)
:44.62510'.1 + 2*0.25*0*l*(l _
: 0 in^2

Area available

l )

Al : larger of the following : 16.734 n^2

: d*(El *t-F*tr) - 2*tn*(El*t-F,ntr)i.(1-fr1)
- *.625* 1l*0.375- I *0) - 2*0.25*( I +{).3tt- 1 *g;*1 I - I ): 16.734 in^2

: 2*(t + tn)*(El *t-F*tr) - 2+tn*(81*t-F*tr){'(l-fr|)
: 2*(0.375+0.25)*(l*0.375-l+0) - 2r.0.25*(l*0.375-l *0)*(l-l)
-- .469 ir^Z

A2 = smaller of the following

= 5*(tn - trn)*frz*t
: 5*(0.25 - 0)*1*g.rrt
: .45.9 ln^Z

= 5*(tn - trn)*fr2*tn
: 5*(0.25 - 0)*l*0.25-- .313 n^2

A41 : I.ee^2*ft2
: O.Z5*Z*\ = .061 in^2

Area: Al + A2 + A4l
-- 16.734 + 0.313 + 0.063
: l7.l l  in^2

As Area ) A the reinforcement is adequate for MAWP : 0 at 0 Deg F

Checl the welds - From UW-16(d):

tmin : lesser of 0.75 or tt or t. tmin = 0.25 in
tl or t2(min) : lesser of 0.25 or O.7"'unitr, tl(min) = 0.175 in
tl(acilal) = 0.7+Lee = O.7*0.25 : 0.175 in
t2iacnrali = 0.1875in
{ + A -- 0.3625 > = 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Tbictness Check

t r l = o i n ( E : l )
t r 2 : 0 i n
tr3 :0.0625 in
n4 : 0.328125 in
trS : 0.0625 in
tr6 : 0.0625 in

= 0.313 in^2

Wall thickness per UG-45(a):
Wall thicftness per UG-45OXI):
Wall thickness per UG-16(b):
Std pipe wall pir UG-a50X4):
The'gieater of tr2 or tr3:
The lesser of tr4 or tr5:

3.2t.1996



COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\SOKLCRYO.VSL Apr. lt, 1996

BEAM TUBE LFT

O Req'd per UG-45 is the larger of f I or tr6 : 0.0625 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

Allowable stre.sses in ioints UG-45(c) and UW-l5(c)

Groove weld in tension : 0.74*16700 : 12358 osi
Nozzle wall in shear = 0.7*16700 = I1690 psi '

Inner fillet weld in shear : 0.49*16700 = 8183 psi

Strengttr of welded ioints:

(l) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*l-eg*Si : 1.57*45.125*0.25*8183 -- 144933.7 lbf

(3) Nozde wall in shear
(Pi/2)*Mean nozzle dia.*fit*Sn : 1.57*M.875*0.25"'11690 : 205901.1 lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg : 1.57*45.125*0.1875*12358 = 164159.6 lbf

loading on welds p€r UG-4I(bXl)

w: (A- (d - 2{.fii)*G l *t - F*tr))*Sv

| =_59;jii.3ii, 2*0'25)*(r*0'375 - 110))*16700

Wl-l : (M + l$ + A4l + A42)*Sv
: (0.313 + 0 + 0.063 + 0)*16700
= 6279.2tbf

W2-2 = (A2 + A3 + A4l + A43 + 2*tnt*frl)*Sv
: (0.313 + 0 + 0.063 + 0 + 2*O.25*0.375*i\',16700
= 9410.45lbf

lnad for Dath l-l lesser of W or Wl-l :-276312.8tbf
Pnth l-l i"ln (l) & (3) = 14/.933.7 + 205901.1 : 350834.8 lbf
Path l-l is stronger than W so it is accepable per UG-4IOX2).

Load for wth2-zlesser of W or W2-2 =-276332.8lbf
Prth2-2 i'hru (l), 6\ = Ha9B3.7 + 164159.6 : 309093.3 lbf
P^th 2-2 is stronger than W so it is acceptable per UG4l(bXz).

Reinforccment Calculations for Extemal Pressure

Limits of reinforcement UG-I()

Parallel to the vessel wall d = 4.625 n
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Revision No. 0
Doc. No. V0,19-l-082
Paee l8 of73
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL Apr- lE, 1996

BEAM TUBE LFT

Nozzle required thickness

L/Do : 21.275/45.125 = .4715 Doh = 45.12510.10829 = 412.8923
From table G:
From table HA-3:

Pa: 4*B/(3*Do/t)
: 4* 4595 .3 I (3* 45 . 125 | O. lW29)
: 14.8394 oii

Nozzle required thickness trt -- .l@29 n

Required thickness tr from UG-37(0(l) : .2492 in

Arca required

Allowable sresses: Sn: 14700, Sv : 147fi), psi

frl : lesser of I or Sn/Sv so frl = I
fr2 : lesser of I or Sn/Sv so fr2 : I

A : 0.5*(d*u.*F + 2*fil*fi.*F*(l _ ftl))
: 0.5't(44.625*0.2492*l + 2*0.25*0.2492*1*1t - 1))
: 5.5603 in^2

Area rvailable

Al = larger of the following :5 .614 l ln^2

A = 0.000347
B : 4595.3

: d*(E I *t_F*tr) - 2*tr*(E l*t_F*h)*(l_fr1)
:,14.625*(l *0. 37 5-l*O.24y2) - 2*9.25,*11*0.375-t'*0.2492)+(l-l)
: 5.614 in^2

= 2*(t+h)i.(El,r,t-F".b) - 2i.tn*(E l t-Fi.tr)*( l-frI)
= 2*(0.375 +0.25),*( I ,'.0.375-l *0.24921 - 2+{ -25*(1fr .375-lt{.2492)$(l - l)
-- .15'1 n^2

A2 = smaller of the following

= 5*(trr - tm)'r'fr2i't
= 5*(0.25 - 0.10929)+l*0.375
= .264 in^Z

: s*(tn - trn)*fr2*tn
: 5*(0.25 - 0.10929)*1*0.25
= .176 in^2

A4l : l*s.^2*fr2
: O.Z1xz*l = .063 in"2

Area: A1 + AZ + A4l
= 5.614 + 0.176 + 0.063
: 5.853 in^2

: 0.176ln^2

Revision No 0

Doc. No V049-l -t)82
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COMPRESS 5.53 C :\COMPRFSS\CRYOPMPS\E0KLCRYO.VSL

BEAM TUBE LFT

tl : 0.10929 in (E : l)
fr2 : 0.0?08 in
tr3 : 0.0625 in
tr4 : 0.328125 in
tr5 : 0.0708 in
ffi : 0.0708 in

Apr. lE, 1996

Revision No. 0
Doc. No. V049-1"082
Pacc 2$ of 71

a 
As Area > A the reinforcement is adequate for Pe = 14.7 at 400 Deg F

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall tbickness per UG-a5@)(2):
Wall thickness ircr UG-16(b):
Std prpe wall per UG-a5OXa):
The'gieater of tr2 or tr3:
The lesser of tr4 or tr5:

Req'd per UG-45 is the larger of bl or tr6 : 0.10929 in

Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for Pe.

O 3.zr.rv,6
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8OK RT F&D HD

deg F

in

new = 666.6 corr:666.6 lb
new : 171.72 corr -- 171.72 US ga

MAP: (New & at 0 deg F) Appendix l4(d) Eq 4

P = 2*.S*E*U(M*Lo - t+(M-0.2)) - Ps
: 2* 1 6700*0. E 5*0.37 5 I 0.77 M*80. 375 _ 0.37 5,8 (t .77 &0. 2) - 0
: 75.12013 psi

B : 4 7 5 7 . 7

: n 57 .7 | $0.37 5 tO.U92')
: 14.7511 psi

Check the extemal pressure per UG-33(a)(l)

r = 1.67*Pa*t4{.M/(2'tsStE + 1.67*Pa*(M-0.2))
: t. 67 * 14.7 51 t*80. 375 "' 1 . 7706 | (2* | 4J W* | + 1.67 * | 4.7 5 | | * (l .7 7W.2)\
: 0.119087 in

Design thickness for external Dressure Pa : l4.75ll psi:

O ASME Section VIII Division l, 1992 Edition, A94 Addenda

Component: F&D head
Mateiial specification: SA 240 304L HIGH

External design pressure: Pe: 14.7 psi @ 400

Corrosion allowance: Inner C : 0 Outer: 0

PWHT is not performed

Radioeraohv: Category A ioints - Spot IIW- I lO) tvpe I
ttead-to s-hell"seam - Sbot Uw-ll0) 6/be I

Estimated weight:
capaclry:

OD:80 c rown L :  E0 knuck le r :4 .8 t : .375 in (min)

Straight flange = 0 forming allowance : 0 in

Revision No. 0
Doc- No. V049-l -082
Pape l4 of 73

I MAWP: (Corroded & at 0 deg F) Appendix 14(d) Eq 4

P : 2*S*E*y(M*L - t*(M-0.2)) - Ps
: 2* 1 6700*0. E 5*0.37 5 | (t.77 06*80. 375 - 0.37 5* (l .7 7 0f-0. 2D - 0
: 75.12013 psi

Externel Pressure: (Corroded & at,l00 deg F) UG-33(e)

A: .125(Ro/t)
: .1251$0.37510.2492)
: 0.000388

From table HA-3:

Pa= B/(Ro/t)

I 
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\E0KLCRYO.VSL Apr. lE, 1996

BEAM TUBE RT

\ t * l;
comosion al low = 0 in
noz thick new tn= .25 in
nozz le  id .  new d= 44 .625 in
f i l l e t  w e l d  t w l  =  . 2 5  i n
groove weld tw2 = .1875 in

To head center R= 0 in< _ R

v

tw?

-> l

Reinforcement Calculations For Nozzle MAWP

-, Opcning BM Reinforcement Calculrtions Per UG-37

- Located on: 80K RT F&D HD
.375 in
0 psi
Not installed

sA 240 304L HIGH

0 desrees
-27 in
no
13.275 in

twt-> 
l,

Local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specifi cation:

Nozzle orientation:
End of nozzle to datum line:
Nozzle calculated as hillside:
Projection ou$ide vessel Lpr:

tn ->

I 
Limits of reinforcement UG-40

Parallel to the vessel wall d = 44.625 n
Normal to the vessel wall outside 2.5*(h-Cn) + te : .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .625 in

Nozzle required thiclocss

trn : P*Rn/(Sn*E - 0.6*P)
: O*22.31251(16700*l - 0.6*0)
= 0 i n

Required thichess tr ftom UG-37(a)

tr: P*L*M/(2*S*E - 0.2*P)
: 0*80*1.77061(2*167W*l - 0.2*0)
: 0 i n

Area reguired

Allowable stresses: Sn : 16700, Sv : 16700, psi

frl = lesser of I or Sn/Sv so frl = 1
fr2 : lesser of I or Sn/Sv so fr2 = I

3.2t.194.6 Revision No. 0
Doc. No- V049'l-082
Pase 2l of73
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BEAM TUBE RT

Apr. lE, 1996
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A: d*t*F + 2*tn*tr*F*(l _ frl)
= 44.625*0*l + 2*0.25*0*l*(1 - 1)
: 0 in^2

Area available

Al : larger of the following : 16.734 in^2

= d*(E I 'r.t-F',tr) - 2*tn*(El*t-F*tr)*(1-fr1)
: M.625* (l*0.375_ I *0) _ 2*{). 25 *( I *0. 375_ I *0)*( 1 _ I )
: 16.734 n^2

= 2*(t+ tn)*(E I {,t-F*t) - 2i.ur*(El *t-F+tr)'}11-frl)
= 2*(0.375+0.25)*(l*0.375-1*0) - 2*0.25*(l*0.rtt-1*g;*11-l)-- .469 in^2

A2 : smaller of the following

= 5*(Ur - bn)*fr2*t
: 5*(0.25 - 0)*1*g.rtt
: .69 n^2

= 5*(tn - trn)+fr2"'tr
= 5*(0.25 - 0)*1,',0.25
: .3i3 ia^z 

-

A4l = Les.^2*fr2
: o.25*2*t = .063 in^2

Area: Al + A2 + A4l
= 16.'134 + 0.313 + 0.063
= l7.l l  in'2

As Area > A the reinforcement is adequate for MAWP = 0 at 0 Deg F

Check the welds - From UW-16(d):

tmin : lesser of 0.75 or tn or t, tmin = 0.25 in
tl or t2(min) : lesser of 0.25 or O.7*tmin, tl (min) = 0. 175 in
tl(achral) = 0.7*l,cs : 0.7+0.25 : 0.175 in
t2iactual) = 0.18751n
tl + € :0.3625 >: 1.25*tmin

The weld sizes for tl and € are satisfactory.

UG-45 Nozzle Neck Thictness Chcck

t r l : 0 i n ( E : l )
t r 2 : 0 i n
tr3 : 0.0625 in
tr4 : 0.328125 in
tr5 : 0.0625 in
ffi : 0.0625 in

= 0.313 in^2

Wall thickness per UC-45(a):
Wall thickness per UC-45(b)(l):
Wall thickness ircr UG-16(b):
Std pipe wall per UGa5$)@):
The'gieater of tr2 or u3:
The lesser of tr4 or tr5:

O 3.zr-rss6



COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL Apr. lE, 1996

BEAM TUBE RT

Req'd per UG-45 is the larger of rl or tr6 : 0.0625 in

Available nozzle wall thickness new, tr : 0.25 in

The nozzle neck thickness is adequate for MAWP.

Allowable stresses in ioints UG-45(c) and UW-15(c)

Groove weld in tension : 0.74*167fi) : 12358 psi
Nozzle wall in shear = 0.?*16700 = 11690 psi 

-

Inner fillet weld in shear = 0.49*16700 = 8iE3 psi

Streoglt of welded joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozde O.D.*Lrg*Si : 1.57*45.125t.25*8183 : la4963.7 lbf

(3) Nozde wall in shear
tPii2)*Mean nozzle dia.*tn*Sn = 1.57*4.875*0.25*11690 : 205901.1 lbf

(4) Groove weld in tension
(Itl2)*Nozzle O. D. +tw*Sg : 1.57*45. 125*0. 1 875,'' 1235E : 164159.6 lbf

Loading on welds ocr UG-4I(bXl)

w = (A - (d - 2r.tn)*(El*t - F*tr))*sv
: (o - (44.625 - 2",0.25)*(tt.375 - l*0))*16700
:-276332.8 tbf

Wl-l : (A2 + A5 + A4l + A42)*Sv
= (0.313 + 0 + 0.()63 + 0)*16700
:6279.2tbf

w2-2 = (A2 + A3 + A4l + A43 * 2*tnt*frI)*Sv
= (0.313 + 0 + 0.063 + 0 + 2*0.25*0.375*l)*16700
: 9410.45 lbf

Load for path l-l lesser of W or Wl-l =-276332.81bf
Path l-1 i'tru (l) & (3) : 144933.7 + 205901.1 : 350834.8 lbf
Path l-l is stronger than W so it is acceptable per UC-41(bX2).

Load for path 2-2 lesser of W or W2-2 =-276332.8 lbf
Path2-2 itru (l). (4\ -- 144933.7 + 164159.6 : 309093.3 lbf
Parh 2-2 is strong6r than W so it is acceptable per UG-41(b)(2).

Reinforcenent Calculations for Extcrnal Prcssure

Limits of reinforcement UG-10

Parallel to the vessel wall d : 4.625 n
Normal to the vessel wall outside 2.s*(tn-Cn) + tE -- .625 El
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .625 in

Rwision No. o
Doc. No. V049'l-082
Paee 23 o{ 73
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL

BEAM TUBE RT

o 
-",oo:,rrr 'nr*=

From table G:
From table HA-3:

Pa:4*B/(3*Doit)
: 4*4993.9 | (3*45. 125/0. 10015)
: 14.7779 psi

Nozzle required thiclness fn = . 10015 in

Required thicknsss tr from UG-37(dXl) : .2492 in

Area required

Allowable stresses: Sn : 14700, Sv : 14700, psi

frl : lesser of I or Sn/Sv so fr1 :1
fr2 : lesser of I or Sn/Sv so fr2 : I

A:0.5*(d*U-*F + 2*Ur{.t+F*(l -frI)
: 0.5*(,+4.625t.2492*l + 2*0.25*0.U92*l*(l _ l))
: 5.5603 in^2

Area available

Al : larger of the following : 5.614 in^2

:  0 .187 in^2

.2942 Dolt : 45-12510.10015 = 450.5'142
A :0 .000511

B = 4993.9

Apr- rE, 1996

Revision No. 0
Doc. No- V049-1482
PApe 24 ofTf

: d*(El it-F*tr) - 2*ur*(El*t-F*t)*(l-fr1)
: 44.625*(t*0.375_t*0.2492) _ 2*0.25*(l *0.375_l*0.2492)*(1_1)
: 5.614 ia^2

: 2*(t+ar)*(El',t-F',tr) - 2'r,firi.(El*t-F*tr),|(l-fr 1)
= 2*(0.375 +0.25)*(l *0.375-l *,0.U92\ - 2*0.25*(l +0.375-l*O.2492)*(l-t)
: .157 n^2

A2 : smaller of the following

= s*(ul - trn)*fr2t
: 5*(0.25 - 0.10015)*l*0.375-- .281 n^2

: 5*(tn - trn)'*fr2*tl
: 5*(0.25 - 0.10015)*l{,0.25
: .187 in^2

A4l : l*g^2+fr2
:0.25^2*l = .063 in^2

A r e a : A l  + M + A 4 1
: 5 . 6 1 4 + 0 . 1 8 7 + 0 . 0 6 3
:5.864.rn^2

O 3.2r.rss6
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BEAM TUBE RT

a 
As Area > A the reinforcement is adequate for Pe = 14.7 at 400 Deg F

UG-45 Nozzle Nect Thickness Check

Wall thickness per UG-45(a):
Wall thickness per UG-45(b)(2):
Wall thickness ircr Uc-16(b):
Std pipe wall per UG-asGXa):
The'sieater of 12 or tr3:
The iesser of tr4 or tr5:

trl : 0.10015 in (E : l)
12 = 0.070E in
tr3 : 0.0625 in
tr4 : 0.328125 in
tr5 : 0.0708 in
ffi : 0.070E in

Req'd per UG-45 is the larger of trl or tr6 : 0.10015 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for Pe.

R€vision No. 0
Doc. No. V049-l-082
Pase 25 of 11O 3.2r.rss6



.-. Ooenins n2 Reioforcement Calculations Per UG-37

located on: 8OKLIACKET
Local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification:

Nozzle orientation:
End of nozzle to shell center:
Nozde offset from center Lo:
Projection outside vessel Lpr:

.25 in
0 psi
Not installed

SA 24O 3O4L HIGH

180 deerees
$.25 fn
0 i n
3.25 in

COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL Apr. 18, 1996

Clean Air Vent

tn  -> l  l<-

l - l < -  d
twl -> |  l< l

l / l  l v
_\ l_ l_twz
<- L ->l

" l l
| \
t t -
l _ l /

c o r r o s i o n a l l o w = 0 i n
noz th ick  new tn= .125 in
nozz le  id .  new d= 1.5 in
f i l le t  weld twl  =  .125 in
groove weld tt+2 = .0875 in

To datum L= 24 in

Reinforcement Calculations Fot Nozzle MAWP

Limits of reitrforcenent UG4{)

Paxallel to the vessel wall d = 1.5 in
Normal to tle vessel wall outside 2.5*(tr-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5't(tn-Cn-C) : .3125 in

Nozzle required thicktress

trn = P*Fo/(Sn*E - 0.6*P)
: 0*0.75l(167ffi*1 - 0.6*0)
: 0 i n

Rcquired thickness tr from UG-37(a)

tr: P*BJ(S*E - 0.6*P)
: O*39.75l(16700*1 - 0.6{'0)
: 0 i n

Opening does not require reinforccment per UG-:i6(c)(3)(a)

Check the welds - From UW-16(d):

tmin : lesser of 0.75 or h or t. tmin : 0.125 in
tl or t2(min) : lesser of 0.25 or O.7*tmin, tt(min) : 0.0875 in
tl(actnal) : O.1*ll;g: 0.7*0.125 = 0.0875 in

Revision No- t)
Doc. No. V049-l-082
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Wall thickness per UG-45(a):
Wall thickness ber UG-45(bXl):
Wall thickness per UG-16(b)
Std pipe wall per UG45OX4):
The-deater of tr2 or tr3:
The fesser of tr4 or tr5:

COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\SOKLCRYO.VSL

Clean Air Vent

t2(actual) : 0.0E75 in
i l  + A : 0 . 1 7 5  > : 1 . 2 5 * t m i n

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thiclness Check

t l : 0 i n ( E : 1 )
tr2 = 0in
tr3 : 0.0625 in
tr4 : 0.126875 in
tr5 : 0.0625 in
16 = 0.0625 in

Req'd per UG-45 is the larger of hl or tr6 : 0.0625 in

Available nozzle wall thickness new, tn = 0.125 in

The nozzle neck thickness is adequate for MAWP.

Exempt from weld strengt! calculations per LfW- l5(bx2)

Reinforcement Calculations for External Pressure

Limits of reiaforcement UG-t()

Parallel to the vessel wall d : 1.5 in
Normal to the vessel wall outside 2.5*(tr-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(h-Cn-C) : .3125 in

Nozzle required thiclmess

L/Do = 3-2511.75 = 1.8571
From table G:
From table HA-3:

Pa: 4:tB/(3'rDo/t)
= 4*2594.7 I (3* I . 75l0.m745)
= 14.72E psi

Nozde required thickness trn : .00745 in

Renuired thickness tr from UG-37(dXl) : .2094 in

Opening does not require rehforcement per UG-36(c)(3Xa)

UG-45 Nozzle Neck Thickness Chect

Wall thickness per UG-45(a): trl : 0.m745 in (E = 1)
Wall thickness ber Uc-45O)(2): t2: 0.0398 in
Wall thictness per UG-I6O): tr3 : 0.0625 in
Std pipe wall pir UG-a5(bX4): tr4 : 0.126875 in
The sreater ofh2 or tr3: tr5 : 0.0625 in

Do/t : 1.7510.00745 :234.8993
A :0 .0$197

B :2594.7

Apr. lE, 1996
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The lesser of h4 or b5:

Clcan Air Vent

tr6 : 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 = 0.0625 in

Available nozzle wall thickness rtew, tr : 0.125 in

The nozde neck thickness is adequate for Pe.

Exempt from weld strength calculations per UW-15OX2)

Revision No. 0
Doc. No- V049-1-082
Pase 28 of 73
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^ Opening GN2 Reinforcement Calculations Per UG-37
- Located on: SOKLIACKET

.25 in
0 psi
Not installed

SA 240 3O4L HIGH

0 deerees
43.25 in
0 i n
3.25 in

< - d - >
twt-> 

|

(  L ->l

Local vessel thickness:
Liquid static head included:
Flange descriptron:

Nozde material specification:

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset ftom center l,o
hojection outside vessel Lpr:

tn -> l  l<-

COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\EOKLCRYO.VSL

GN2 Vent

Apr. lE, 1996

Revision No. 0
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I tw2

Reinforcement Calculations For Nozzle MAWP

I Limits of reinforcement UG-40
-

Parallel to the vessel wall d : 3 in
Normal to the vessel wall outside 2.5*(fir-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5*(h-Cn-C) : .3125 in

Nozzle requir€d thicliless

trn : P*Rn/(Sn*E - 0.6*P)
= 0*1.514d16700*l - 0.6{)
= 0 i n

Requircd thictness tr from UG-37(a)

tr: P*W(S*E - 0.6*P)
: 0*39j5ft167ffi*1 - 0.6+0)
=  0 i n

Opening does not require reinforcement per UG-36(cX3Xa)

Check the welds - From tIW-16(d):

tmin : lesser of 0.75 or tn or t, tmin = 0.125 in
tl or t2(min) : lesser of 0.25 or 0.7#tmin, tl(min) : 0.0E75 in
tl(actnal) : O.1+l-eg = 0.7t.125 = 0.0875 in

c o r r o s i o n a l l o w = 0 i n
noz  th ick  new tn=  .125 in
nozzle id, new d= 3 in
f i l l e t  w e l d  t w l  =  . 1 2 5  i n
groove weld twZ = .0875 in

To datum L= 36 in

O 
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GN2 Vent

t2(actual) = 0.0875 in
tl + t2 : 0.175 > = 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thiclmess Check

Wall thickness per UG-45(a):
Wall thickness per UG-45(b)(l):
Wall thickness irer UG-16(bi:
Std prpe wall per UG-45@)( ):
The qreater of tr2 or tr3:
The lesser of tr4 or tr5:

t r l : 0 i n ( E : l )
t r 2 = 0 i n
tr3 : 0.0625 in
tr4 : 0.1E9 in
tr5 : 0.0625 in
tr6 = 0.0625 in

Apr. 18, 1996

Revision No. 0
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Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness new, tn : 0.125 n

The nozzle nect thickness is adequate for MAWP.

Exenpt from weld strength calculations per UW-15OX2)

Reinforcement Celculations for Extemal Prssure

Limits of reinforcemem UG-40

Parallel to the vessel wall d : 3 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .3125 in
Normal to ttre vessel wall inside 2.5i"(b-Cn-C) : .3125 in

Nozzle required thicloess

LlDo=3.2513.25: l
From table G:
From table HA-3:

Pa= 4*B/(3*Do/t)
: 4*3340.3 I (3*3. 2510.0 I 08)
: 14.8001pii

Dolt: 3.2510.0108 = 300.959
A :0.0fiD53

B : 33210.3

Nozzle required thickness trn : .0108 in

Rcquired thickness tr from UG-37(dXl) : .2094 in

opening docs not require reinforcemeot Der UG-36(cX3Xa)

UG-45 Nozzle Nect Thicknecs Check

t r l : 0 . 0 1 0 8 i n G : 1 )
tr2 : 0.039E in
tr3 : 0.0625 in
tr4 : 0.189 in
tr5 : 0.0625 in

Wall thickness per UG45(a):
Wall thickness ipr UG-a5(b)(2):
Wall thickness wr UG-16ft):
Std pipe wall pir UGa5@)(4):
The greater of tr2 or tr3:

O 
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GN2 Vent

The lesser of tr4 or ffi: ffi = 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness new, tl : 0. 125 in

The nozzle neck thickness is adequate for Pe.

Exempt from weld srength calculations per UW- 15(bX2)

Revision No. 0
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GN2 Feed

I Opening GN2 R.einforcement Calgulations Per UG-37

Located on: E0KLIACKET
.25 in
0 psi
Not installed

SA 2,f0 304L HIGH

0 desrees
43.25 in
0 i n
3.25 in

Local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material sTpcifi cation :

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset fiom center [,o:
Projection outside vessel Lpr:

tn ->l

twt-> 
| ,

<_ L

tw?

->l

Reinforcement Calculetions For Nozzle MAWP

I Limits of reinforcemert UG-40

Parallel to the vessel wall d : 3 in
Normal to the vessel wall outside 2.S*(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn4) : .3125 in

Nozzle required thickness

trn: P*Rn/(Sn*E - 0.6*P)
= 0*1.5/(16?00*1 - 0.6*0)
: 0 i n

Required thictrcss tr from UG-37(a)

tr: P*W(S*E - 0.6*P)
: 0*39.751(167m*l - 0.6*0)
: 0 i n

Opening does not require rehforc€ment D€r UG-36(cX3Xa)

Check the welds - From UW-16(d):

trrin : lesser of 0.75 or tn or t. tmin : 0.125 in
t1 or t2(min) : lesser of 0.25 or 0.7*tmin, tl(nin) = 0.0875 in
tl(actual) : 0.7*Leg : 0.7*0.125 : 0.0875 in

corrosion al lovl = 0 in
noz  th ick  new tn=  .125 in
nozzle id. new d= 3 in
f i l l e t  w e l d  t w l  =  . 1 2 5  i n
groove weld tw2 = ,0875 in

To datum L= 29 in

Apr- It, 1996

Revision No. o
o* "ro o*n-' u'*'a 3.zr.rss6



COMPRESS 5-53 C:\COMPRESS\CRYOPMPS\tOKLCRYO.VSL

GN2 Feed

t r l : 0 i n ( E : 1 )
t r 2 : 0 i n
tr3 : 0.0625 in
tr4 : 0.189 in
tr5 : 0.0625 in
ff i :0.0625 in

Do/t : 3.2510.0108 : 300.9259
A = 0.000253

B : 3340.3

trl : 0.0108 in (E = l)
tr2 : 0.0398 in
tr3 = 0.0625 in
tr4 = 0.189 in
tr5 = 0.0625 in

Apr. t8, 1996

Relision No. 0
Doc. No. VO49- l-082
Papc 33 of 73

t2(actual) = 0.0875 in
{  +a--  0.175 >- 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-,45 Nozzle Neck Thiclness Check

Wall thickness per UG-45(a):
Wall thickness per UG45(b)(l):
Wall thickness per UG-l6O):
Std prpe wall pdr UG-a5@)(4):
The sreater of tr2 or t3:
T'he lesser of tr4 or tr5:

Req'd per UG-45 is the larger of tr1 or tr6 : 0.0625 in

Available nozzle wall thickness new, tn : 0. 125 in

The nozzle neck thiclmess is adequate for MAWP.

Exempt from weld strength calculations per UW-15(bX2)

Rciaforcement Calculatioos for Erternal Pressure

Limits of reinforcement UG-40

Parallel to the vessel wall d = 3 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .3125 in

Nozzle required thictness

L /Do :3 .2513 .25 : l
From table G:
From table HA-3:

Pa: 4*B/(3*Do/t)
= 4*3340.t | (3*3.2510.0 I 0E)
: l4.E00l psi

Nozzle required thicloess tfn : .0108 in

Required thickness tr from UG-3?(dXt) : .20!14 in

Opening does not require rehforcement Der UG-36(cX3Xa)

UG-,{5 Nozzle Neck Tbickness Check

Wall thickness per UG-45(a):
Wall thickness ircr Uc-a5ftX2):
Wall thickness per UG-16(b):
Std prpe wall pir UG45(b)(4):
The greater of tr2 or tr3:

a 3.2r.tss6



COMPRESS5.53 C:\COMPRESS\CR.YOPMPS\tOKLCRYO.VSL Apr. lt, 1996

GN2 Feed

The lesser of tr4 or tr5: tr6 : 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 = 0.0625 in

Available nozzle wall thickness new, tr : 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt from weld sfiength calculations per UW-15(bX2)

Revision No. 0
Doc. No- V049-l{82
Pase 34 of 73
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-, Opening n3 Reinforcement Calculations Per UG-37

- Ircated on: 80KLIACKET
.25 in

R,Bii"-'"o
SA 240 3O4L HIGH

tn ->

l.ocal vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification:

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center l,o:
hojection outside vessel Lpr:

COMPRESS 5.53 C :\COMPRESS\CRYOPMPS\80KLCRYO.VSL Apr. 18, 1996

Burst Disc

0 deere€s
43.25 in
0 i n
3.25 in

twt-> 
l,

< _ L

l< -
- l < -  

d
* l

l v

I tw2

->l

' ll; 0 i n
. 1 2 5  i n
2 . 5  i n
. 1 2 5  i n
.0875 in

corrosion al low =
noz thick new tn=
nozzle id, new d=
f  i  l l e t  we ld  tw l  =
groove weld tw2 =

To datum L= 22 in

Reinforccment Calculations For Nozzle MAWP

Limits of reinforcemeot UG-40

Parallel !o the vesscl wall d : 2.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5*(to-Cn-C) : .3125 in

Nozzle rcquired thicloess

trn : P*Rr/(Sn*E - 0.6*P)
: 0*1.25l(16700*l - 0.6,''0)
= 0 i n

Required thicttress tr from UG-37(a)

tr= P*R./(S*E - 0.6*P)
: 0*39.75l(16700*l - 0.6*0)
: 0 i n

Opening does not require rehforcement per UG-36(c)(3)(a)

Check the welds - From Uf,r-16(d):

tmin : lesser of 0.75 or tr or t. tmin = 0.125 in
tl or t2(min) : lesser of 0.25 or 0.7*tmin, tl(min) = 0.0875 in
tl(actual) :0.7*Lng: 0.7*0.125 :0.0875 in

Revision No. 0
Doc. No. V049-l-082
Pase 35of73O 
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COMPRESS 5.53 C :\COMPRESS\CRYOPMPS\80KLCRYO.VSL

Burst Disc

Apr. t8, t996

t2(actual) : 0.0E75 in
tl + € = 0.175 > : 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-05 Nozzle Neck Thictness Chect

Wall thickness per UG-45(a):
Wall thickness 

-per 
UC45OXI):

Wall thickness ner UG-16(b):
Std pipe wall p6r UGasOXa):
The sreater of trz or tr3:
The lesser of tr4 or tr5:

t r l : 0 i n ( E = l )
t r 2 : 0 i n
tr3 : 0.0625 in
t4 : 0.177625 in
tr5 : 0.0625 in
tr6 : 0.0625 in

Req'd per UG45 is the larger of hl or ffi = 0.0625 in

Available nozzle wall thickness n€w, tn : 0.125 in

The nozzle neck thickness is adequate for MAWP.

Exempt from weld strength calculations per UW-15(bX2)

Reinforcement Calculations for External Pressure

Limits of reinforcement UG'{0

Parallel to the vessel wall d : 2.5 in
Normal to the vessel wall outside 2.5*(h-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tn-Co-C) : .3125 in

Nozzle required thickness

L/Do : 3.2512.75: 1.1818 Dolt: 2.7510.W76:281.7623
From table G: A : 0.00@38
From table HA-3: B : 31,10.5

Pa: 4*B/(3*Do/t)
: 4*31 4O. 5 I G*2.7 5 | 0.W7 6)
= 14.8612 psi

Nozzle required thickness trn = .00976 in

Requir€d thichess tr from UG-37(dXl) : .2094 in

Opening docs not require reinforcemcnt per UG-36(cX3Xa)

UG-45 Nozzle Neck Thictness Check

trl - 0.00976 in (E : 1)
tr2 : 0.0398 in
tr3 : 0.0625 in
14 = A.fi7625 in
tr5 : 0.0625 in

HoillT*1-'"*'
Paee 36 of ?3t 
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COMPRESS5.53 C:\COMPRESS\CRYOP}ifP.q\f l0K!.(:RY+\. 's!. ,Ar: 19 1o$5

Burst Disc

The lesser of tr4 or tr5: ffi :0.0625 in

Req'd per UG-45 is the larger of trl or ffi : 0.0625 in

Available nozzle wall thickness n€w, fir : 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt frorn weld strength calculations per UW-l5OX2)

Revision No. o
Doc. No- V049-l'{}82
Paee :l? ofTl
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COMPRESS 5.53 C :\COMPRESS\CRYOPIviPS\E0K :..RYc. Yil: - iB, r99(r

Elec lnstrmntion

- Opening n4 Reinforcement Calculations Per UG-37
- L,ocated on: 80KLIACKET

.25 in
0 psi
Not installed

SA 2,10 304L HICH

15 decrees
43.2{irl
0 i n
3.25 n

l,ocal vessel &ickness:
Liquid static head included:
Flahge description:

Nozzle material specifi cation:

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center Lo
Projection outside vessel Lpr:

tn -> l  l<-
< - d - >

twt-> 
l,

L

< l
l v
t -
I t

v

tw2

->l<_

Reinforcement Calculations For Nozzle MAWP

I Limits of reinforcemcnt UG-40-

Parallel to the vessel wall d : 2.5 in
Normal to the vessel wall outside 2.5*(tr1-cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) -- .3125 n

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 0*1.25l(16700+l - 0.6*0)
: 0 i n

Required thicktress tr from UG-37(a)

tr: P*R/(S*E - 0.6*P)
: O*39.751(16700*l - 0.6+0)
: 0 i n

Opening does not require reinforcement Der UG-36(cX3Xa)

rlfteck the welds - From UW-16(d):

tmin : lesser of 0.75 or tn or t, tmin : 0.125 in
tl or t2(min) : lesser of 0.25 or O.7*tmin, tl(min) : 0.0875 in
tl(actual) = 0.7*l*g: 0.7*0.125 : 0.0875 in

c o r r o s i o n a l l o w = 0 i n
noz th ick  new tn= .125 in
nozz le  id .  new d= 2.5 in
f i l le t  weld twl  =  .125 in
groove weld tw2 = .0875 in

To datum L= 22 in

Revision No. 0
Doc. No. V049-l -082
Pa ce 38 of73O 3.2r.rss6



COMPR-ESS 5.53 C:\COMPRITSS\CRY+Pl''!15',Sl::Ll::..''C-YSL ! ! I +4..-

Elec lmtrmntion

t2(actual) : 0.0875 in
t1 + t2 : 0.175 >= 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness fer UG-45(b)(l):
Wall thickness per UG-16(b):
Std pipe wall Jrer UG-a5@)(4):
The sreater of tr2 or tr3:
The lesser of tr4 or tr5:

Nozzle required thickness

UDo :3 .2512 .75 :1 .1818
From table G:
From table HA-3:

t r l : O i n ( E = 1 )
h 2 : 0 i n
tr3 : 0.0625 in
14 :0.177625 in
tr5 : 0.0625 in
tr6 = 0.0625 in

Dolt = 2.7 510.00B76 = 281.7623
A : 0.000238

B = 31a0.5

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness new, trr : 0.125 in

The nozzle neck thickness is adequate for MAWP.

Exempt from weld strength calculations per UW-!5OX2)

Reinforcement Calculrtions for Exteroal Pressure

Limits of reinforcement UG-40

Parallcl to the vessel wall d = 2.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.s*(tsFCn-C) : .3125 in

Pa:4*B/(3*Do/t)
: 4*3 140.5/(3*2.7 5 lO.W97 6)
: 14.8612 psi

Nozzle required thickness trn : .00976 in

Required thictness tr from UG-37(dXl) : .2094 in

Opening does not require refuforcement per UG-36(cX3Xa)
'.r!i-i-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness irer UG-45(bX2):
Wall thickness ner UC-16(h):
Std pipe wall p6r UG-45O)0):
The-gieater of tr2 or tr3:

al : 0.00976 in (E : l)
tr2 : 0.0398 in
tr3 : 0.0625 in
n4 = 0.177625 in
tr5 : 0.0625 in

Revision No. 0
Doc. No. V049-l-082
Paee 39 of 73O 3.2r.re6
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The lesser of tr4 or tr5:

Elec Instrmntion

tr6 : 0.0625 in

Req'd per UG45 is the larger of tl or tr6 = 0.0625 in

Available nozzle wall thickness n€w, tn : 0.125 in

The nozzle neck thickness is adequate for Pe.

Exenrpt from weld strength calculations per UW-l5OX2)

Revision No, 0
Doc. No. V049-l-082
Papc 40 of 7_3I 
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^ Ooenins n5 Reinforcement Calculations Pcr UG-37
I- l-ocated on: SOKLIACKET

Local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material s:pecification:

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center Lo:
Projection outside vessel Lpr:

.25 il
0 psi
Not installed

SA 2,() 304L HIGH

0 desrees
43.2\ in
0 i n
3.25 in

A - -  t o  I  l ! a l 4

Vacuum Gauge

tn

twl->

>l  l< -

I
-> l - l

| ;rl.li,
<- L ->l

Reinforcement Celculations For Nozzle MA11.' i

I Limitsof reinforcement UG4O

Parallel to the vessel wall d = 1.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + tc : .3125 in
Nonnal to the vessel wall inside 2.5*(tn-Cn-C) : .3125 in

Nozzle required thictness

trn : P*Rn/(Sn*E - 0.6*P)
= 0*0.75l(16700*1 - 0.6*0)
= 0 i n

Required thicliless tr from UG-37(a)

r.= P*R/(S*E - 0.6*P)-- v39.751(16700*l - 0.6*0)
: 0 i n

i':ft,-.;,;;.:,i;,:.; ;i+:- ;cquirc reinforcement per UG-36(cX3Xa)

f -::::: :hc welds - From [fW-|6(d):

tmin = lesser of 0.75 or tn or t, tmin = 0. 125 in
tl or t2(min) : lesser of 0.25 or 0.7*tmin, tl(min) : 0.0875 in
ti(actual) -- O.1*LgE:0.7*0.125 = 0.0875 in

c o r r o s i o n a l l o r t = 0 i n
noz th ick  new tn= .125 in
nozz le  id .  new d= 1.5 in
f i l le t  weld twl  =  .125 in
groove weld twZ = .0875 in

To datum L= 15 in

Revision No. 0
Doc. No. V049-l -082

Pape 4l of 73O t.2r.rss6



COMPRESS 5_53

Vacuum Gaugc

€(actual) : 0.0875 in
t l  + € : 0.175 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Nect Thickness Check

t r 1  : o i n ( E = l )
t r 2 : 0 i n
tr3 : 0.0625 in
tra : 0.126875 in
tr5 : 0.0625 in
tr6 : 0.0625 in

Do/t = 1.7510.00745 :234.8993
A = 0.0ffi197

B:2594.7

trl : 0.0745 in (E : 1)
tr2 : 0.0398 in
i -? -  i )  i ) . ' -a a : , .

t4 : 0.126875 n
tr5 : 0.0625 in

'  7  +  1 4 4 > a

Revision No. 0
Doc. No. V049-1482
Paee 42of 73

Wall thickness per UC45(a):
Wall thickness ber UG-aS(bXl ):
Wall thickness per UG-16(h):
Std pipe wall per UG-45(h)(a):
The greater of tr2 or tr3:
The lesser of f4 or tr5:

Req'd per UG-45 is the larger of bl or ffi = 0.0625 in

Available nozzle wall thiclness n€w, tn : 0.125 in

The nozzle neck thickness is adeqtaic ior ivi A'ir'F

Exempt from weld srrength calculations per UW-I5OX2)

Reinforcemeot Calculations for External Pressure

Limits of reinforcement UG*{ii

Parallel to the vessel wall d : 1.5 in
Normal to the vessel wall outside 2.5+(h-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(m-Cn-C) = .3125 in

Nozzle required thictnesr

LiDo = 3.2511.75: 1.8571
From table G:
From table HA-3:

Pa:4*B/(3*Do/t)
: 4*2594.71(3*L75l0.00? - '
: 14.728 psi

Nozzle required thickness trn = .00745 irr

Required thiclmess tr from UG-37(dX!i -- -21]94 ir

r-itiening does not require reinforcement Dcr UG-36(cX3Xa)

:;i ;'l ?'lrrzzle Neck Thictness Check

O 3.21.rs96



COMPRESS 5-53 C'\CC:-:..r:-.-:,r'

The lesser of tr4 or tr5:

Vacuum Gauge

ffi : 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 : 0,0625 in

Available nozzle wall thickness new, tn = 0.125 in

The nozzle neck thickness is atlc.+ii;ic ioi i].-..

Exempt from weld strength calculations per UW-15(bX2)

Revision No- 0

Doc. No. V049-1482
Pasc 43 of 73
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^ Opening LN2 Reinforcement Calculations Per UC-37
- I-ocated on: SOKIJACKET

l,ocal vessel thickness:
Liquid static head inclu.i.--.|
Flange description:

Nozzle material specifi cation :

iii ii zle orientation:
End of nozzle to shell i-'r:rrii::i .
ii'",o,-i. "ilset from center Lo:
Projection outside verrri i.iir:

tn ->

twt-> 
l,

.25 in
'J 

lflr
Not installed

sA 240 304L "i;ilF

345 desrees
+_1,;_r l l l
0 i n
1  a E  : _ .

LN2 Lvl Cntrl

l n
t n

tw2

- > lI

comosion a l  low = 0 in
noz th ick  new tn= . I25 in
nozz le  id .  new d= 2 in
f i l l e t  we ld  tw l  =  .125
groove weld twZ = .0875

To datum L= 36 in

Reinforcemcnt Calculatioril Fiir i-ii-rr,z!c l': :'jj:

Limits of reitrforcemert UG-40

Parallel to the vessel wall d : 2 in
Normal to the vessel wall outside 2.5*(tr-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) - .3125 in

Nozzle requirrd thicknr:q

fn:P*Rn/(Sn*E-0.6*P)
: 0*l/(16700*1 _ 0.6*0)
: 0 i n

Required thiclmess tr ftom UG-37(a)

r.: P*R/(S*E - 0.6*P)
: 0*39.75l(16700*I - 0.6*{})
= 0 i n

1l-,. =..,.r. ,1.,.-.-. .,.-: . - ":,rire reinforcement per UG-36(i )(3)(42

:'rr:. r :i,i welds - From UW-16(d):

tmin : lesser of 0.75 or tn or t. tmin = 0.125 in
tl or t2(min) : lesser of 0.25 or 0.7*tmin, tl(minl ll (l$?i ;n
r;; , . i , ,oi i  - ,  O.?*trg :  0.7*0.125 : 0.0875 in

Revision No. 0
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LN2 Lvl Cntrl

t2(actual) : 0.0875 in
tl + t2 = 0.175 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

LIC-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a)::.1:-:: ,h;ckness per UG-45(b)(l ):
Wall thickness 1rc:r i I(i- l.f il.:
!;,i ,,i;'- ...;rll per UC-45(b)(4):
The greater of tr2 or tr3
: i:- ll\sef of tr4 or tr5:

t r 1  =  0 i n ( E :  l )
t r 2 : O i n

;;i= ii.iiltii"
tr5 : 0.0625 in
tr6 : 0.0625 in

Req'd per UG-45 is the larger of trl or ffi = 0.0625 in

av:.iiialrle nv.zle wall thickness new, tn:0.125 in

The nozzle neck thit- i.'r:: :: :.:!.!:,.:,,.::; i(!! n;.1'.:"rj

Exempt from weld strength calculations per UW-15(bX2)

?::.'!,!i;ricement Calculations for Exter-t-.t! Presrii-' e

! -lmits of reioforcement UG-€'i

Parallel to the vessel wall d = 2 in
Normal to the vessel wall ouside 2.5*(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.-5*(trr-Cn-C! -. 1l?5 in

Nozzle required thick'-'i ".

L/Do : 3.2512.25 : 1.M44 Dolt:2.251O.0f,866 : 2,s9.8!5?
From table G: A : 0.000218
From able HA-r: B = 2874.1

Pa:4*B/(3*Do/t)
= 4*287 4. | | (3*1.)J ti i i.t: ::.:.: ..
: 14.7495 psi

Nozzle required thick,"''. riii liixr-" "i

Required thickness tr ftom UG-3?iil:.: , : : .2:j-':- ';'

: ,:"'.,'',:' ,iii=:; nni require reinforcement per UG-36(cX3)(a)

I , i , -l ,-],.:;rzle Neck Thickness Check

Wall thickness per UG45(a):' ; '*  - i i  ; i , i , ' r , , . . . ,  i , ,  ,  i  iC-45(hX2):
Wall thicknesr ''.' :-:+-1i':iil
Xi: i  : ' ! i : , '  ' , . , : i !  frr :  i ;C a5ft)(a):
The greater of tr: ,!! iit:

trl :0.00866 in (E : 1)
tr2 = 0.0398 in
i : i  f .84?5,r ,
tr4 : 0.13475 in'':5 : 0.0625 rn

Revision No. 0
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The lesser of tr4 or tr5:

LN2 Lvl Cntrl

ffi : 0.0625 in

Req'd per UG-45 is the larger of trl or ffi : 0.0625 in

e'-;:,i,i,51:_' i:,rr.zle rvall thickness new, tn : 0.125 in

Tbe nOzzle neCk thi.i',:, .-. ,-: :.!,.,:::;i, r'6; !r,.

Exempt from weld snength calculations per LfW- l5OX2)

Rcvision No. 0
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1f Opening LN2 Reinforcement Calculation.: Per !ll'-??
It

Located on: 80K LFT F&D HD
Local vessel thickness:
Liquid static heai! ;r:, ",'i ',i
Flange description:

Nozzle material speci fii.aii,,;,

^-1,-,.,:, lc <lrientatiOn:
End of nozzle to ile'r,-::.' :i:::-
,.i. .., ; i- ,.;::.:!iated as hillside:
Projection oulsiri . . orrri i .i;r .

tn  -> l

.375 in
:i i ::qi
Nbt installert

i 1  ̂  1 r a !  . ^ r t  : : ; - : : :

?0_deg.-"9C
no

COMPRESS 5 .53  C: \ ( - la : i - " ' ! j ! ' i : - '= !  ' :  =  -=  I1 ' : : - r ' j : - ' : : : ' :

LN2 Feed

< - d - >

tw2

twr-> 
l/

R<_ ->l

P+inforcement Calculai:'' ,s F-: 1!-.= -: ! c ' t!'-

I Limits of reinforcement UG-40

Parallel to the vessel wall d = 2.375 in
Normal to the vessel wall outside 2.5*(h-Cn) + te : .3125 in
Normal to the vesSel wall in:i,i. : \: Yi t n-r-\r-.-'} .,:. 1 i ]{ in

:'{ozzle required thickr: . :: :

trn : P*Rn/(Sn*E - 0.6*P)
: 0*1.1E75/(16700*l - 0.6t)
= 0 i n

= .t,rired thiclmess tr from UG-37(aXl)

tr= PtL*M/(2+S,FE - 0.2*P)
:  0*80+ I  / (2+ 167(:{ :  . . '1 . . , ,
: 0 i n

1 -';.-::,:-; -:,-.-: ::-.,1 *;:::.re reinJofcqmgn!_pqq_UG:1t-l€Xa;

1ll-..-.;i :'-: *elds - From UW-i6(d):

tmin = lesser of 0.75 or ut or t. tmin = 0.125 in
t l  o r t2 (m in ) :  l esse r  o f  0 .25  o r0  7 * t i ; : i , r . ; : ; , , r , , . ;  : : : : ; i l i ; , ;
;  : ; ; ; i ' :1 i4i ;  i ;  l ' i l  .eg :  0.7*0.125 :  0.0E75 in

c o r r o s i o n a l l o w = 0 i n
noz  th ick  new tn=  ,1?5 in
nozz le  id .  new d= 2 .375 in
f i l l e t  w e l d  t w l  =  . 1 2 5  i n
groove weld tw2 = .0875 in

To head center R= 30 in

Rsvision No. 0
Doc. No. V049-l-082
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COMPRESS 5 - 53 C : \.CCr=:':i = ::',i:: Y+F.'=!13':3*E .

LN2 Feed

t2(actual) : 0.0875 in
tl + t2 : 0.175 > : 1.25*tmin

The weld sizes for tl and t2 are satisfactorv.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness per UG-45(bXl):
Wall thickness per UG-16(b):
Std pipe wall per UC45(bX4):
Tht ureater of tr2 or tr3:
The fesser of tr4 or tr5:

t r l : O i n ( E = l )
t r 2 = O i n
ff3 : 0.0625 in
14 : 0.n7625 in
tr5 : 0.0625 in
tr6 = 0.062-5 in

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

A.r,ailahle nozzle .r,all thickness new, tn : O.125 rtr

The nozzle neck thic[-rrr'. !s ],J.,'q!.!tr !or MA.wP.

Exempt from weld strength calculations per UW-I5O)(2)

i:=igli'orcement Calculations for Externg! Pressure

r-imits of reioforcement UG-40

Parallel to the vessel wall d : 2.375 n
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.,5+irr!-C!r-C) = .11!25 in

Nozzle required thickne::

UDo = 012.625 =O Dolt=2.6251O.@36 - (fi2.4$2
From table G: A = 0.002689
From table HA-3: B : 6658.6

Pa= 4*W(3*Do/t)
: 4*6r|.58.61{d6+2.62.!/t_i.Cr{j4-..i. j
= 14.7462psi

Nozzle required thicknts; iin - . t-vi4.i.*q in

Required thickness tr from Uc-37(aii i i : .2::-:'-' .-

r--)*--."-:-i d€s -='= ::quire reitrforcement per UG-36(cX3Xa)

.iG-4i- t{ozzle Neck Thickness Check

Wall thickness per UG-45(a);=' ffift;; i;i uc-,i5ititzl,
Wall thickness pcr I'r-i- l{-ii:.
Sid pipe r..,aii per 'rlG-45(bX4):
The greater of tr2 ,-'i f-l:

3.2r.1996

trl : 0.00436 in (E = !)
tr2 : 0.04 in
+'',- - ll !L4?q ir.

14 :0.177625 n
tr5 : 0.0625 iii

Revision No. 0
Doc. No. V049-l-082
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COMPRESS 5.5:1

LN2 Feed

The lesser of ft4 or tr5: tr6 = 0.0625 in

Req'd per UG45 is the larger of trl or tr6 : 0.0625 in

^ \ i .rahi, '  1., .  rr . .  ' ,  : , i l  thickness new, tn :  0.125 in

The nozzle neck thrrr "

Exempt from weld strength calculations per UW- 15(b)(2)

ReYision No. 0
Doc. No. V049-l J)82
Paee 49 of73
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O 
t'rttbning Ring calculat'ons

Ring descripti, trr
4 inE is rollid:
Rin! cross sectionai :r'.:::
8.n.. .'.,,.'rant of inertia:

a iivi i: i  r/,.r i.-.ft Vii i  ir ivisi@en@

:- -:,:.-:':{ioos for rinE 42 in from del,,-,

1.69t42))

CoMPR"ESS 5.53

Support Rings

P.:r I I{i -?a

t -
t S :
D o :

L s =

ls: (Do^2*Ls*(t + As/Ls)*A)/10.9
= (80^2*42*(0.209.18 "'.+' i i4: ' t ' :
= i.e+osil iir^+

'-;iii: " :,:.i: ,-'i';i'uting smaller Of = 4.9935

W: I .  I  *Sqr(Do+ts)
. '  i . r*Sqr(80*0.25)
: 4.91935 in

W = Ls -- 42in

Shell area A1 : W*ts : 1.229:i '

. '  '  ^ j : ! ' .1"he r inE neutral axis

3.2r.1996 Revision No. 0
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COMPRESS 5.5-1 C:\{: t : i . '  "" '

Support Rings

Y2 : Ring NA + ts/2
:2 .76  +  0 .2512
: 2.885 tur

Neutral axis of comhinr,t ',- ',. '.-

NA :As *Y2 l (A l+As )
: 1.69*2.885/( 1.22tjt '-
: 1.669836 in

Inert ia of  the shel l  r i ' , ' , , :  i i ' -  ""  ""-  r  '  ; :  " '  '= ' :  i

I 1  :W* t s ^3 /12+A l *NA^2
:  4.91935*0.25 

^ 
3/  l i  - ' | -  ! . ' !?c* i ; ' :  , , r ' . ! ] ! :  r i ' . - -

: 3.435626 n^4

Inert ia of the r ins ahi .r :  . ; - -  : ; i , ; , ; . : , , r . :  : . - : : i i . i i  .n - .

12: lr  + As*(NA -Y2\^2
:  2 .77  +  L69* (1 .669r_ . ,  

" : -  
; ' -

= 5.265493 in'4

Total available | : 11 + 12 : 8.70'i I r'.: ':':

The 4r-3,r. !/4 Un Equal Ang vacuum stiffener is satisfactory.

r',,:- :lations for ring 134 in fron: d::-.-..'

t s :

n  ' /  -  r '  :
!  , + . , I ' s i

Ls : 29.22495 in

|.69t29.22495\\

Is: (Do^2*Ls*(t + As/Ls)*A)/ 10.9- -  (80^2*29.22495*(0. r | ' - ' � ' ' �  1^ ' �^^
= 1.146451 in^4

D o :

the comb' ned rini-;hell sec'.i+n

. . . . . : : : f  .  . . . ; : , ,r . ,r t ins smaller of = 4.91935

I . I *Sqr(Do*ts)w :
Revision No. 0
Doc. No- V049-| -082
Paee 5l of73
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CoMPRESS 5-5:r

,Support Rings

: l. l*Sqr(80*0.25)
: 4.91935 in

W = lx :29.22495in

Shell area A1 = Wfts : 1.22983] ;!':

', , the rinc neutral axis

Y2 : Rins NA + ts/2
:2.'t6 + O.2st2
: 2.E85 in

Neutral axis of combined section

NA :As *Y2 l (A l+As )
: 1 . 69 *2 .885 / ( l . 22c r :  . . . : ,
: i.66s8r6 in'

Iner t ia  of  the shel l  a i r , . , ;  ; : , ,  , , , , i , i , ,Lr . , !  - . . , , . . , , , : ,  r . i . . .

l l - W * t s " 3 / 1 2 + A 1 * N A ^ 2
: 4.91935*0.25^31i2 + l .?21):. : :  :  .- , , ' , .r : : i . , ' l
: 3.435626 ila^4

Inen ia  o f  the  r in r  a tu , , , ;  : , , . .  , , , . . , i , ; , , , . :  . . , . , ; . , , ,  : i . - .

1 2 : t r + A 5 * ( N A _ y 2 ) ^ 2
: 2.77 + 1.69*(1.669:
: 5.265493 in"4

Total available I - Il + I2 : I 7oi ; r:; .,' ;

Th: 1r}, !./': ! i1r !r'.luai Ang vacuum stiffener is satisfactory.

Revision No' (l
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COMPRESS 5-5-{

ttiffner Rings

'.,'iibning Ring Calcula! ro_4s Pi:r iifi :-l:-'

' . : : :- . :  ' . .  .  : .  V'" -*t ision l .  1992 Edit ion, A

SA 240 3OTL HIGH
0.2UYiE lii
0.25 in
an :-

,f00 deg F

1.r9t23.22495))

'.-i.-.ir .r : :i!: . ., ,-"!!ting smaller of = 4.91935

W:  l . l *Sqr (Do* t r t- I  l 'sqr(80t0.25)
= 4.91935 in

W : Ls :23.22495 in

Shell area Al : W*ts : 1 .22\|i. . , ,=, :

.i..,:-r '.' rhe rine neutral axis

zi.z[iss;"L s :

,.;,r;,,,r..ri ,,,...,:,...-: of inertia oithe combl;ed r_i=i=:e!l $-ecti. !!

Is: (Do^2*Ls*(t + As/Ls)*A)/10.9
= (80^2+23.22495'(r l . - ,u. . .  -  : - . . . . .  : . . : r :_: . r , : : . . . j  ;  : . - j . . .
: .9108638 in"4

- - , -. . .i-:' =:. :::'-j ii ,-:!- i-=:ii: of the comtri r'ed riir=-:hell sect ,-r:i

Revrsion No. 0
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CoMPRESS 5_53 (: ' \ai ' . i . ' --

:qfnter niSC!

Y2 = Ring NA + ts/2
: 1.783 + O.25t2
= 1.908 in

Neutral axis of combrir':.: ''-'...

N A : A s * Y 2 l ( A l + A s )
= l .19*1.908/(1.2?c,  

" '
- .9382945 in

Iner t ia  o f  the shc! !  : i i  .  :  :  ' :  . i . "

II W*ts^3/12 + A1*NA^2
= 4.91935*0.25^3i  i i  '  i . : :? l l  r . - .1 ' l l ' ' l
= 1.08915 in^4

Inertia of the rinr ah,,. ; :: ' . '  -... ' . ' .1-... ' . . . :  ... :.. ' . . ' .  : : .-.

12 : Ir + As*(NA - Y2\ 2
= 0.703 + l.tg*(0.91-i . :,.:.-.;
: 1.821991 in^4

Toal availahle | : ll + 12 - 2.9t, i i4; ;:: *

T1: l. jil.5^ i,'i lqi;al A ';rcuum stiffener is satisfactory.

il'.--:l ;,',r l:rial specification:
Required 5hg!l il,;, : .- ' -
- * ', i=i, lhickness:
Shell outer di::r, t '
-:". 1...- irmperature:
External desit :: t: -; r ,. ,. ,': .
; i , , ; . , ,- , ,- ; , ; , , ' .  :ed length:

B : .75*(P*Do/(t + Asi L.);
_  . j : . - , . :  : t0 / (0 .20938 +
= 3749.21

From table HA-3 (ring)

SA 2,f0 304L HIGH

ts : 0.25 in
) o : 8 0 i n

: 400 deg F
!  . .  ! {  "  r . s :

Lr : +O'ln'"

r.19t46))

A : 2.8365:i l  : ' . -

i l,-:--.-:, -.1 .::,r.::::,n.::: .,1 :neftia Oi iitc crurririrred firrr,, ::i iell Sectiuri

'.: j,.:; .- .,.;t;. . ., ::: :!-,n1ing Smaller Of

W = 1 . l*Sqr(Do*ts)

3.21.1996
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C0MPRESS 5.5-1 C.ia-.-

:i.tjffner Rings

: l . l*Sqr(80*0.25)
: 4.91935 in

W : L s : 4 6 i n

Shell area Al = W*Ls = 1.22!a
-'1. ':: .. . thr ring neutral axis

Y2 : Rine NA + ls/z
= t.'183-+ 0.2512
= 1.908 in

Neutral axis of combined serii''.'

N A = A s * Y 2 l ( A l + A s )
: 1.19*l .W8l(1 .2?';  : '
: .9382945 in

Inertia of the sheli :i},.',:: :: . , ' '' ',:':i'' i i:::.:i,.'.:-, -:: ':

t l : w * t s ^ 3 / 1 2 + A 1 * N A ^ 2
: 4.91935*O.25^3i; ? + i  ?2qi i .  j :  i : - ' : :r :r  ' . - :
= 1.08915 in"4

Iner t ia  o f  the  r ins  r1 : .  . .  . '  .  , ' ' . . r  . ,  ' ' ' .

12 : Ir + As+(NA -Y2\^2
= 0 . 7 0 3 a l . l p + ( Q . 9 - , :  :  . '
:  1.821991 in^4

Total avai lable t :  I l  + t2 - 2.9i i i i i  ; r  -

ll: - . i= : .::': L'j I qii':1 n 'r"i. :.i:i::r :tiffener is satisfactory.
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COMPRESS 5-53 C :\COMPRESS\CRYOPMPS\80KLRTBM.VSL Apr. lE, 1996

Pressure Summary

I Pressure summarv for pressure chamber I

I

I nr Purpout PoEt

] FI,G RT BIITUBE

l  no t  6pPl lcabre

i ffot app]jdat,le ] o.oDD l

I raot 6ppr icabl€ o,ooo

r,rot rppllc.bre I o.ooo I

l n o z z l e  I  T  I  H A ! 9 P  l l A P I  P e  I U G 9 9  u c s  6 6

I  s t a t u s  d e s l ( ' n  e t t a i b a 1 l  R l t l o  i  N D ' { T  a r e i p t l o n  o !  l a l l o i s t c e l

|  ( u G  4 5 ) l ( d € q  F )  |  ( p s r )  ( p s i )  |  ( p s i )  ( d e e  r )  s t r e s s  R e d u c t l o n  i  ( i n )  |

- . - - - l

I  o . o  I  " s . r  I  " s . r  I  l . o o o  l

o - o  i  1 s 7 . e  I  r 5 " . e  s 6 - 3  1 . o o o  I

o k  o , o  1 0 5 - 7  3 4 . 3  I  1 - o o o

o .  o  I

I

Vessel MAWP hot & corroded is 0 psi @ 0 degrees F.

Vessel MAP new & cold is 0 psi @ 0 degrees F.

Vessel allowable external pressure is 23.85 psi @ 4fi) degrees F.

Hvdrotest Dressure calculation based on Pe

: 1.s*Pe*l = 35.8 psi

Vessel hydrotest pressure is 35.8 psi.
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COMPRESS 5. 53 C :\COMPRESS\CRYOPMPS\80KLRTBM - vSL Apr. lE, 1996

Weight Summarv

cob l }onent  - - - - - - - -  rde tgb t r  (11 , r )  con t r ibu t€d  l t y  vesse l  E leDents  - - - - - - - -

| |e ta l  T rays  Facked rnsur  L in ihq  P ip tug  Ladd€t  RInqE oper  Tes t  Norz le

c6 ! r  a  sup & P la t  t  x tsc  L iqu ld  L tqu td  t  f lg

vease l  opeta t lng  !€ lgh t ,  coEoded:  r ,262 lbs

ve6ser  e rp ty  qe igh t ,  cor rod€d:  1 .262 l l t s

vesset erpty selqtrt, ner: 1,262 ltr6

Ee lg l r t ,  rew:  ' t ,6 "O lba

Vessel center of gravity location (from right weld seam)

Vessel lift weight, new:
Center of gravity !o seam:

1,262lbs
19.4 in

Revision No- 0
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COMPRESS 5.53 Cr\COMPRESS\CRYOPMPS\E0KLRTBM.VSL Apr. 18, 1996

Nozzle Summary

( 1 b )  { r n )  a r - l

o . 2 5 o o  o . 1 4 1 4  y y  o - 2 s o o  o . 1 a 6 4

tn - nozzle tlickness
Req tn - nozzle thickness required per UG-45116
Nom t - vessel wall thickness
Req t - required vessel wall thickness due to pressure + corr per UG-37
Ustir t - ltr-al vessel wall thickness (near opening)
Aa - area available per UG-37, sovernins condition
Ar - area required der UC-37, giverninf condition
Corr - corrosion allowance on nozzle id.

Revision No. 0
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COMPRESS 5.53 C:\COMPR.ESS\CRYOPMPS\SOKLRTBM.VSL Apr. 18, 1996

Nozzle Schedule

H a t e ! l a l s

N o z  l l e  r b P a c t ?  N o r r ?  P a d

sl 240 304r, llrcH

Revision No. 0
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COMPRESS 5-53 C:\COMPRESS\CRYOPMPS\E0KLRTBM.VSL Apr. 18, 1996

Thickness Summary

nob t neq t

( i n )  ( i n )

cd?aztltg

Load status

o . 3 . 7 S O  O -  3 7 S O  O . A 6

o -  2 s o o  o . 2 s { } o  o .  a 5

Nom t - vessel wall thickness
Req t - required vessel wall thickness due to governing loading
E 

- - longitudinal seam joint efficiency

toad:
internal - circ stress due to internal pressurc governs
external - external Dressure governs
wind - combinecl long strEss due to STATUS + wind govems
seismic - combined tong stress du€ to STATUS + seismic governs

Revlsron No. 0
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLRTBM.VSL

HD SOKL

Corrosion allowance: Inner C : 0

F&D head
SA 2,1,0 304L HICH

new :666.6 con = 666.6
new - 171.72 con : 171.72

Apr. 18, 1996

Revision No. 0
Doc. No, V0'19-l-082
Paee 62 of 13

O ASME Section VIII Division 1. 1992 Edition, A94 Addenda

Comoonent:
Material specifi cation :

Outer: 0 in

PWHT is not performed

Radiography: Category A.ioins - Spot UW-I1(b) type I
Head io ihell"seam - Sfot uW- | | (b) tlDe 1

Estimaled weight:
capacrty:

O D = 8 0  c r o w n l  =  8 0  k n u c k l e r : 4 . 8  t :

Straight flange : 0 forming allowance : 0 in

MAP: (New & at 0 deg F) Appendix l-4(0 Eq 4

P - 2*S*E+t/(M*Lo - t*(M-0.2)) - Ps
: 2* 16700*0. 85*0.37 5l (t .77(6*80. 375 _ 0. 375*( I .7706_0.2)) - 0
: 75.12013 psi

MAWP: (Corroded & at 0 deg F) Appendix l-4(0 Eq 4

t'=:rti?l"oiv6ifiH r.llllf 9r??+6irs - 0 37s*(t i7M-0 2)) - 0
: 75.12013 psi

Maximum Allowable External Pressure: (Corroded @ 4fi) deg F)

A: .125i(Roit)
: .1251(80.375t0.37s)
: 0.000583

From trable HA-3:

Pa= Bi (Ro/t)
: 5 r 1 l (80.37510.375)
: 23.846 psi

B  :  5 1 l l

Check the Maximum Extemal Pressure: UG-33(aX1) & App. l-4(d)

pe: 2*s*E*t/((y*1,o _ 1r(M_0.2))*1 .6'l)
: 2'(|4700*1*0.375|((1.7706+80.375 - 0.375"( l .7706-0.2\)*1 .6'1)
: 46.58239 psi

The maximum allowable external pressure is 23.846 psi.

lb
US ga

.375 in (min)

O 3.2r.rss6



COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLRTBM.VSL Apr. 18, 1996

Beam Tube RT

I ASME Section vtII Division l. 1992 gdition. A94 Addenda

Component:
Mateiial specifi cation :

Cylinder
SA 240 3O4L HIGH

Corrosion allowance: Inner C : 0 Outer: 0

PWHT is not performed

Radiosranhv: Catesorv A ioints - Soot UW-l l(b) type I
Catelory B joints - Sbot Uw-ll0) ty:pe I

Estimated weight:
capacity:

lD : 44.625 length Lc: 35 t : 0.25 in (new)

MAP: (New & at O deg D UG-27(c)(t)

P=S*E* t / (R+0 .6 * r ) _Ps
: 16700*0.85x0.251(22.3125 + 0.6*0.25) - 0
: 157.9855 psi

MAWP: (Corroded & at 0 deg F) UG-27(cXl)

P = 5,tBi.y1p * 9.6x1; - Ps
= t6700+0.85*0.251Q2.3125 + 0.6*0.25) - 0
: 15?.9855 psi

Marimum Allowable External Pressure: (Corroded @ 4(X) deg F)

L/Do : 5.71875145.125 :0j267 Dolt : 45.12510.25 : 180.5
From table G: A = 0.00595a
From table HA-3: B :'1630.7

Pa= 4iB/(3,fDo/t)
= 4*7 630.7 I (3+ 45. 125 | O.25)
- 56.3671 psi

new : 357.7 con = 357.7
new :236.975 corr = 236.975

lb
US ga
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^ Opening nl Reinforcement Calculations Per UG-37

- Located on: Beam Tube RT
Local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification:

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center Ln:
Projection outside vessel Lpr.

.25 in
0 psi
Not installed

SA 240 3O4L HIGH

90 deerees
28.5625 in
0 i n
6 i n

COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLRTBM.VSL

PumDout Port

c o r r o s i o n a l l o w = 0 i n
noz  th ick  new tn=  .25  in
nozz le  id .  new d= 10  in
f i l l e t  w e l d  t w l  =  . 2 5  i n
qroove we ld  tw2 =  .1875 in

To da tum L= 21 .5  in

Apr. 18, 1996

Revision No. 0
Doc- No. VO49-l{,82
PAsc 64 of 71

tn -> l  l<-

l - l < -  d
t w l - > l  l < l

l / l  I  v
\ l  I  twz

<_ L ->l

'll;
Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d : 10 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 105.729*51 (167W* | - 0.6$ 105.729)
= 0.0318 in

Required thickness tr from UG-37(a)

tr: P*R/(S*E - 0.6*P)
: 105.729*22.3'�125 | (167ffi*1 - 0.6*105.729)
:  0 .141E in

Area required

Allowable sFesses: Sn : 16700, Sv = 16700, psi

frl : lesser of I or Sn/Sv so fr1 : I
fr2 : lesser of 1 or Sn/Sv so fr2 = 1

O 3.2r.rss6
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PumDout Port

A = d*tri.F n 2*ax1r.*p*(1 _ fil)
:  10*0.1418*1 + 2*0.25*0.7418*1*(l  -  l )
: 1.418 in^Z

Area available

A I : larger of the following : l .O82in^2

-- O.273 in"2
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: d*(E1rt-F*tr) - 2r.tn*(El*t-F*tr)*( 1-frl)
: l0*(1 *0.25- I f 0. I 4 1 8) - 2*9.2J*(1*0.25- I *0. 14 I 8)*( I - 1 ): 1.082 in^2

= 2*(t+h)*(El rt-F{.tr) - 2*trl*(E I *t-F*tr)*( l-fr1)
: 2* (0.25 + 0.25)+( I *0.25- I *0. I 4 | 8) - 2*0.25* (l *0.25- I +0. I 4 I 8)*( I -l )-- .108 in^2

A2 : smaller of the following

: 5*(tn - trn)*fr2*1
: 5*(0.25 - 0.0318)*l*0.25
= .273 in^2

= 5"(tn - trn)*fr2*tn
: 5*(0.25 - 0.0318)*l*0.25
: .273 in"Z

A4l -- I*s.^2*k2
: 0.25*2*7 : .063 in^2

Area: Al + A2 + A4l
: 1.082 + 0.273 + 0.063
:  1 .418 in^2

As Area > A the reinforcement is adequate for MAWP : 105.729 at 0 Deg F

Check the welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t. tmin : 0.25 in
tl or t2(min) = lesser of 0.25 or 0.7ttmin, tl(min) = 0. 175 in
t l(actual) :  0.7*tee : 0.7*0.25 = 0.175 in
t2 iac tua l i :0 .18751n
tl' + Q = 0.3625 > : 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

tr l  :  0.0318 in (E : l)
tr2 = 0.1418 in
tr3 : 0.0625 in
tr4 : 0.319375 in
tr5 : 0.1418 in
tr6 : 0.1418 in

Wall thickness per UG-45(a):
Wall thickness per UG-45(b)(l):
Wall thickness per UG-16O):
Std pipe wall per UGa5@)(a):
The-sieater of tr2 or tr3:
The iesser of tr4 or tr5:

O 
3.2r.ree6



COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLRTBM.VSL

PumDout Port

Req'd per UG-45 is the larger of trl or tr6 : 0.1418 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

Allowable stresses in joints UG-45(c) and UW-15(c)

Croove weld in tension = 0.74*16700 = 12358 psi
Nozzle wall in shear : 0.7*16700 = t 1690 psi 

'

Inner fillet weld in shear : 0.49*16700 = 8183 psi

Strength of we lded joints:

( | ) Inner fillet weld in shear
(pi/2)*Nozzle O.D.*teg*Si : I.57*10.5*0.25*8183 : 33724.19 lbf

(3) Nozzle wall in shear
iiti/2)*Mean nozzle dia.*tn*Sn : 1.57*10.25*{.25*11690 : 47030.33 lbf

(4) Groove weld in tension
(P'i l2;*ttozzle o.D.*tw*sg : 1.5?*10.5*0.I875*12358 : 38197.8l lbf

Loading on welds wr UG-4l(bXl)

W : (A - (d - 2,fur)*(El *t - F*tr))*Sv
: (1.418 - (r0 - 2*0.25)*(l*0.25 - l*0.t418))*16700
: 6514.67 tbf

Wl-l : (A2 + A5 + A41 + A42)*Sv
: (0.273 + 0 + 0.063 + 0)*16700
:  561r .2 lb f

W2-2 = (A2 + A3 + A4l + A43 + 2*tn*tr'fr1)*Sv
= 0.273 + 0 + 0.063 + O + 2*0.25*0.25"1)*16700
: ?698.7 lbf

Load for Dath l-l lesser of W or Wl-l : 561 1.2 lhf
Path l-l ?hru (l) & (3) : 33724.19 + 47030.33 :80754,521bf
Path l-l is stronger than W1-1 so it is acceptable per UG-41@)(l).

Load for Dath 2-2 lesser of W or W2-2 = 6514.67 lbf
Path2-2 i"hru (l). (4) = 33724.19 + 38197.81 :71922lbf
Path 2-2 is strohEi:r than W so it is acceptable per UG-41 (bX2).

Reinforcement Calculations For Nozzle MAP

Limits of reinforcement UG-f0

Parallel to the vessel wall d : l0 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .625 in

Apr. 18, 1996
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I 
Nozzlerequiredthictness

trn = P*Rn/(Sn*E - 0.6*P)
: 105.7486*5/(16700*l - 0.6*105.?486)
: 0.0318 in

Required thickness tr from UG-37(a)

tr: P*R/(S*E - 0.6*P)
: 105.7 486*22.3 125 | (1 67 ffi* 1 - 0.6* 105. 7486)
: 0 . 1 4 1 8  i n

Area required

Allowable stresses: Sn = 16700, Sv : 16700, psi

frl : lesser of I or Sn/Sv so frl :1
fr2 : lesser of I or Sn/Sv so fr2 : I

A: d*tr*F + 2rtn*tr*F*(l - frl)
:  10*0.1418*l + 2*0.25*0.1418*l *(1 - l)
:  1 .418 in^2

Area available

Al : larger of the following = 1.082 in^2

: d*(El *t-F*tr) - 2*tn*(El *t-F*tr)*(1-fr1)
: I 0*(1 *0.25- I *0. 1 4 I 8) - 2*0.25* (1*0.25- I *0. 1 4 I 8)*(l - I )
= 1-082 in^2

= 2+(t + tn)*(El *t_F*tr) _ 2+tn*(E I +t_F+t )+( I _frl)
: 2* ,l0.25 + 0.25)*(l *0. 25- | *0. I 4 I 8) - 2r.6.)J*( I *0.25- I r0. I 4 I 8)*( I - | )
: .108 in^2

A2 = smaller of the following : O-273 in^2

= 5*(tn - trn)*fr2*t
: 5*(0.25 _ 0.0318)*1*0.25
: .273 in^2

: 5*(tn - trn)*fr2*tn
= 5*0.25 - 0.0318),Fl*0.25
: .273 in^Z

A4l : l-es,^2+fr2
: o.25*2*l : .063 in^2

A r e a : A 1  + A 2 + A 4 l
: 1.082 + 0.273 + 0.063
:  1 .418 in^2

As Area > A the reinforcement is adequate for MAP : 105.7486 at 0 Deg F
Revision No. 0
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Check the welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t, tmin = 0.25 in
tl or €(min) : lesser of 0.25 or O.7*tmin, tl(min) : 0.175 in
t l (ac tua l ) :0 .7*Leg:0 .780.25  =  0 .  175 in
t2(actual) : 0.1875 in
t l  + t2 :0.3625 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl
Wall thickness per UG-45(b)(l )'. v2
Wall thickness per UG-16(b): tr3
Std pipe wall per UG-a50X4): tr4
The greater of tr2 or tr3: tr5
The fesser of tr4 or trs: tr6

Req'd per UG-45 is the larger of trl or tr6

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAP.

Allowable stresses in ioints UG-45(c) and UW-15(c)

Groove weld in tension : 0.74*16700 : 12358 psi
Nozzle wall in shear = 0.71'16700 : I1690 psi
Inner fillet weld in shear = 0.49*16700 = 8183 psi

Strength of welded joints:

(l) Inner fillet weld in shear
(Pil 2)*N o?zle o. D. *Leg+Si : l . 57:F I 0,5+0.25*8 I 83 : 31724. 19 lbf

(3) Nozde wall in shear
(pi/2)*Mean nozzle dia.*tn*Sn : 1.57*10.25*0.25*1 1690 = 47030.33 lbf

(4) Groove weld in tension
(Pi/2;xNozzle O.D.*tw*sg : 1.57*10.5*0.1875*12358 = 38197.81 lbf

Loading on welds per UG-4lOXl)

w = (A - (d- 2*tn)*(El*t - F*r')x!sv
: (1.418 - (10 - 2*0.25)*(1*0.25 - l*0.1418))*16700
: 6514.67 lbf

wl-l : (A2 + A5 + A4l + A42)*Sv
: 0.273 + 0 + 0.063 + 0)*16700
:  5611.2 lb f

W2-2 : (A2 + A3 + A4l + A43 + 2{'tn*t*frl)1'Sv

3.21.1996
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: 0.0318 in (E : l)
:  0 .1418 in
= 0.0625 in
: 0.319375 in
: 0 .1418  i n
:  0 .1418 in

= 0.1418 in

Rcvision No. 0
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+ 0.063 + 0 + 2,k0.25*0.25*1)*16700: (0.273 + 0
= 7698.7lbf

lnad for oath l-l lesser of W or Wl-l : 5611.2 lhf
Path l-l thru (l) & (3) : 33724.19 + 47030.33 = $W5aj2lbf
Path 1-l is stronger than Wl-l so it is acceptable per UG-4IOX1).

load for Dath2-2lesser of W or W2-2 : 6514.6'1 lbf
Path 2-2 fhru (l), (4) : 33724.19 + 38197.81 :71922lbf
Ptth 2-2 is stronger than W so it is acceptable per UG-al$)(2).

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel wall d : l0 in
Normal to the vessel wall outside 2.5*(er-Cn) * te : .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .625 in

Nozzle required thickness

Pa: 4*B/(3+Doit)
: 4*55,+0.3/(3*l 0.5/0.05,168)
: 38.469 psi

Nozzle required thickness trn = .05468 in

Required thictness tr from UG-37(dXl) : .1E64 in

Area required

Allowable stresses: Sn : 14700, Sv : 14700, psi

frl = lesser of I or Sn/Sv so frl :1
fr2 : lesser of I or Sn/Sv so fr2 =1

L/Do : 6/10.5: .5714
From table G:
From table HA-3:

Do/t : 10.5i0.05468: 192.0263
A : 0.000922

B : 5540.3

: .636 in"2

A : O.s*.(d*tr*F + 2{.tn+r*F*(l _ frl)
: 0.5*fl0*0.1964i.1 + 2*0.25*0.1864*l*(l _ l))
: .932 in^2

Area available

Al - larger of the following

d*(El *t-F*rr) - 2*tn*(E1+t-F*tf)*( I -fr1)
t0, i ,( l  *0.25-l{.0. 1864) - 2*0.25*( I  *0.25-l*0.1864)*( l- l)
.636 in^2

: 2*(t+rn)*(El *t-F*tr) - 2*tn,',(El *t-F*tr)*(l -frl )

Revrsron No. 0
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:  2*(0.25 +0.25)*( l  *0.25-1+0. 1864) - 2*0.25*(l*0.25-l*0. I  864)*( l-1)
: .064 in^2

18, 1996
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A2 : smaller of the following

: 5*(tn - tm)*fr2*t
: 5*(0.25 - 0.05468)*1*0.25
: .2M iln^Z

: 5*(tn - trn)*fr2*tn
: 5*(0.25 - 0.05+68;*1*9.25
: .244 in^2

A4l : l*s.^2*h2
: O.Z5*2*1 : .(X3 in^2

A r e a : A l + A 2 + A 4 l
: 0.636 + O.2M + 0.063
: .943 in^2

As Area > A the reinforcement is adequate for Pe : 38.33908 at 400 Deg F

UG-45 Nozzle Neck Thickness Check

trl : 0.05468 in (E : l)
tr2 : 0.0583 in
tr3 : 0.0625 in
tr4 : 0.319375 in
tr5 : 0.0625 in
tr6 : 0.0625 in

Req'd per UG-45 is the larger of trl or h6 : 0.0625 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for Pe.

: 0.244 in^2

Wall thickness per UG-45(a):
Wall thickness per UG-45(bX2):
Wall thickness per UG-16(b):
Std pipe wall per UG-aS(bXa):
The-ereater of n2 or tr3:
The lesser of tr4 or tr5:

3.2r.1996
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Pr :  1155 lb f
Mc = 75 lbf-ft
Vc = 150 lbf
ML:23.8 lbf-f t
VL : l0 lbf
Mt - Olbf-ft
P  -  0ps i

rffiffi*
Circumferential moment
Circumferential shear
l,onsitudinal moment
t onlitudinal shear
Torsion moment
Internal pressure

Mean radius Rm :22.4375 in
Rm/t: 89.75

Stress concentration factor Kn (tension) : 1
Stress concentration factor Kb (bending) : 1

hessure stress intensity factor, Farr quation 11.5

I  = .25* (4  13* ( r i x )^2  +  3* ( r /x )^4)
= .25*(4 + 3*(5/5.5)^2 + 3*(5/5.5)'4)
= 2.132

lncal circ. pressure shess = ItP*Rm/t : 0 psi

Local long. pressure shess : P*Rm/2t : 0 psi

Maximum combined stress :-9257 psi
Allowable combined stress : +-1.5*S = +- 25050psi

The maximum combined stress is within allowable limits.

Maximum primarv membrane stress =-2349 psi
Allowable iri.at!' membrane stress : +-1.5*S : +- 25050 psi

The maximum primary membrane stress is within allowable limits.

Stresses at the nozzle OD per WRC bulletin 107

Revision No. 0
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roml  va  lue
F ig .  I  read Au Al B u  B l Cu  C l Du Dl

3C*  14 .8569  10 .205

-7019 7019 -7019 7019
-2096 2096 -2096 2096

-108 - I08 I08 108
-1130  I t 30  I 130  -u30

4C* I 10 . 044 I 0. 205
l c  I 0 . 0 6 3 3  I 0 . 2 0 s
2 C - 1 1 0 . 0 1 8 9  1 0 . 2 0 5
3A*  13 .0844  I 0 . 205
lA  I 0 . 0601  t 0 . 205
3 8 *  1 6 . 8 5 9 0  1 0 . 2 0 5
l B - l 1 0 . 0 1 4 8  1 0 . 2 0 5
pressure stres s*

Tota l  c i rc  s t ress
Primary nenbrane
c i rc  s t ress*

4C*  110 .044  10 .205
l c - 1 1 0 . 0 4 2 7  1 0 . 2 0 5
2C  10 .0338  10 .205
4A*  t 8 . 0408  t 0 . 205
2A  t 0 .0265  t 0 . 205
48*  I 3 . 2169  10 .205
28 -1 t0 .0207  t 0 . 205
Dressure stress*

-76  -76
-88 88

-36 -36
-t24 124

76 76
88 -88

36 36
t ? 4  - t 2 4

-2144 -2144 -1992 -1992 -1108 -1108 -892 -892

-2068 -2068 -2068 -2068
-4735 4735 -4735 4735

-3748 3748 -3748 3748
-281 -281 281 28 I
-498 498 498 -498

-Toteil 
o-ng 

-alre 
s s

Primary membrane
long stress*

3

-1036 -1036 -964 -964 -2349 -2349 -1787 -1787

torsion moment l l t
Circ shear from Vc
Long shear from VL

-36-365b36
-2- t

Total Shear stre s s

Combined stres s

36 36  -36  -36  -2  -2  2  2
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-067
PAGE I OF 25

REV, DEO # D4TE BY: CHECK TITLE: 80K Cryopump -Design of Pump Reservoir
0 A t z t ) ./// 1/rc P 4 < - AA A-

BY: R. D. Ciano DEPT. :744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE:. Design aluminum reservoir of 80k cryopump to meet the requirements
of ASME Section Vl l l -  Div. l .

METHOD: COMPRESS was used for evaluation of shells for intemal and extemal pressure..
A finite element analysis ofthe discontinuity ar the end ofthe pump reservoir shell was
performed using the IMAGES program.

ASSUMPTIONS:

INPUTS: See attachment to this calculation.
1 6 t r  A t s r  ) i a  ) J 7 .  y t c r t : 7 .  i - 5 .  ; i ; ,  l / € a  t /  ' 1  r  I

'  
5 i 4 , ,  1 - , . ' . t 7 t  r  , > f  s , u j  . a  p  t ,  F / ? / A

REFERENCES: l. ASME Boiler & Pressure Vessel Code, Section VIII, Div. l, Pressure Vessels
2. COMPRESS 5.53, Computer Aided Pressure Vessel Design, Code Computer

Systems, Inc.
3. IMAGES - 3D. Version 3.0, R. L. Cloud and Associates.

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The requirements of the ASME Code are met. The required material ts
58209, 6061, T65l (aluminum)

NOTES: IMAGES computer file: 8OKPMPSH.*
COMPRESS files: SHORTPMP.VSL and LONGPMP.VSL

Rwision No. 0
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ASME Section VIII Division 1. 1992 Edition. A94 Addenda
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Component:
Material specification:

Internal design pressure: P = 14.7
External design pressure: Pe: 40

Corrosion allowance: Inner C = 0

Estimated weight:
capaclty:

Cylinder
SB 209 6061 T651 WELDED

psi @ 70
psi @ -320

Outer: 0

new : 495.3 corr = 495.3
new : 458.427 corr : 458.427

A = 0.000777
B = 4017.5

deg F
deg F

in

PWHT is not performed

Radiography: Category A joints - Spot UW- I 1(b) tpe I
Category B joints - Spot UW-l l(b) type I

lb
US ga

ID : 53 length Lc= 48 t = 0.625 in (new)

Desisn thickness: UG.27(cXl) Circ. stress

t = P+R/(S*E - 0.6+P) + Corrosion
= 14.7+265/(6O00+0.85 - 0.6*14.7) + 0
: 0.0765 in

MAP: (New & at 0 des n UG-27(c)(l)

P = S{.E*t/(R + 0.6+t) - Ps
: 6000*0.85*0.6251(26.5 + 0.6+0.625) - 0
= 118.6047 psi

MAWP: (Corroded & at 70 deg F) UG-27(cXl)

P : S * E * I / ( R * 0 . 6 * 0 - P s
: 600O:t0.85+0.6251(26.5 + 0.6*0.625) - 0
:  118.6047 psi

Enternal Prcssure: (Corroded & at -320 des F) UG-28

L/Do = 60.83334154.25 =1.1214 Dolt: 54.2510.40613 = 133.5779
From table G:
From table NFA-13:

Pa= 4+B/(3+Do/t)
: 4*4017 .5 l(3*54.25 lO.40613l
:  40.1014 psi

Desim thiclmess for external nressure Pa : .10.1014 D6i:

: t + Corrosion
: 0.40613 + 0
= 0.40613 in

3.r2.1996



COMPRESS 5,53 A:\SHORTPMP.VSL

Inner Alum Cvl

1 Maxirnum Allowable External Pressure: (Corroded @ -320 dee F)
It

L/Do = 60.83334154.25 =1.1214 Dolt = 54.2510.625 : 86.8
From table G: A : 0.001501
From table NFA-13: B : 6231 . I

Pa:4+B/(3*Do/t)
: 4* 623 l. I I (3* 5 4.25 I 0.625)
= YJ. / I f ,6 DSI

Apr. 16, 1996

Rwision No, 0
Doc. No. V049-l-067
Pase 6 of 253.L2.19'6



O ASME Section VIII Division l. 1992 Edition. A94 Addenda

Component: Cylinder
Material specification: SB 209 6061 T65l WELDED

Internal design pressure: P : 14.7 psi @ 70 deg F
External design pressure: Pe: 25 psi @ 400 deg F

Corrosion allowance: Inner C = 0 Outer:0 ln

PWHT is not performed

Radiography: Category A joints - Spot UW-ll(b) type I
Category B joints - Spot UW-l1(b) type 1

Estimated weight: new = 495.3 corr = 495.3 lb
capacity: new = 458.427 corr : 458.427 US ga

ID = 53 length Lc: 48 r = 0.625 in (new)

Desien thickness: UG27(cXl) Circ, str€ss

t - P*R/(S*E - 0.6+P) + Conosion
= 14.7+26.5/(60N+0.85 - 0.6+14.7) + 0
= 0.0765 in

MAP: (New & at 0 dee n UG.27(cXl)

P : S * E * 1 / ( R + 0 . 6 * t ) - P s
: 6000!*0.85*0.625/(26.5 + 0.6*0.625) - 0
:  118.6M? psi

MAWP: (Corroded & at 70 des Fl UG'27(cXl)

P : S + E + r / ( R + 0 . 6 + 0 - P s
= 6000*0.85*0.6251(26.5 + 0.6*0.625) - 0
= 118.6047 psi

External Pressure (Corroded & at 4{m des F) UG-28

L/Do : 60.83334154.25 :l.l2l4 Dolt = 54.2510.36191 : 149.8992
From table G: A = 0.000t644
From table NFA-13: B = 2835.4

Pa= 4+B(3+Do/O
= 4+2835. 4 I (3+ 54.25 / 0.36 19 l)
= 25.2205 psi

Desip thiclmess for external pressure Pa = 25,2205 psi:

: t + Corrosion
: 0.36191 + 0
= 0.36191 in

t.t2.l$6

COMPRESS 5.53 A:\SHORTPMP.VSL

Inner Alum Cvl

Apr. 16, 1996

Revision No. 0
Doc. No. V049-l-06?
Paee 7 of 25



COMPR-ESS 5.53 A:\SHORTPMP.VSL

Inner Alum Cvl

Maximurn Allowable External Pressure: (Corroded @ 400 dee F)

L/Do = 60.83334154.25 :1.1214 Dolt = 54.2510.625 : 86.8
From table G: A = 0-001501
From table NFA-13: B = 4310.7

Pa: 4+B/(3*Do^)
= 4+4310.7 | (3* 54.25 1O.625)
= 66.2166 osi

Apr. 16, 1996

Ft ' /  t

3.12.t996



O ASME Section VIII Division 1. 192 Edition. A94 Addenda

Corrosion allowance: Inner C : 0

psi @ 400
psi @ 70

Outer: 0

PWHT is not performed

Radiography: Category A joints - Spot UW-11(b) type 1
Category B joints - Spot UW-IIO) twe 1

OD : 59.5 length Lc: 48 t = 0.375 in (new)

Design thickness: (At 4{X} dee D Aopendix l-l(a}

t = P*Ro/(S+E + 0.4+P) + Corrosion
: 25*29.75/(35N*0.85 + 0.4*25) + 0
: O.2492 in

MAPr (New & at 0 dee F) Aolt€ndix 1-1(a)

P: S*E*t/(Ro _ 0.4*t) - Ps
: 6000+0.85+0.3751(29.75 - 0.4*0.375) - 0
= 64.61149 psi

MAVrP: (Corroded & at rl00 des F) Aop€ndix 1-1(a)

P: S*E*t /(Ro -  0.4*t)  -  Ps
: 3500+0.85*0.3751(29.75 - 0.4+0.375) - 0
: 37.69003 psi

External Pressure: (Corroded & at 70 deg F) UG'28

L/Do : 61.79166/59.5 :1.0385 Dolt = 59.510.295O5 : 2O1.6ffi7

COMPRESS 5.53 A:\SHORTPMP.VSL

Outer Alum Cvl

Apr. 16, 1996

Revision No. 0
Doc. No. V049-l-067
Pase I of 25

Component:
Material specifi cation:

Internal design pressure:
External design pressure:

Estimated weight:
capacity:

From table G:
From table NFA-13:

Cylinder
SB 209 6061 T65I WELDED

P = 2 5
Pe= l4-7

new : 327 .7 corr = 321 .J
new : 563.293 corr : 563.293

A = 0.000447
B = 2M7.6

deg F
deg F

in

lb
US ga

Pa= 4*B/(3*Do/t)
= 4*2247 .6 I (3* 59.5/0.29505)
= 14.8606 psi

Desisn thickness for external oressure Pa = 14.8606 psi:

= t + Corrosion
= 0.29505 + 0
: 0.29505 in

3.12.194�6



COMPRESS 5.53 A:\SHORTPMP.VSL

Outer Alum Cvl

1 Marimurn Allowable External hessure: (Corroded @ 70 deg F)
It -  

UDo:61.79r66159.s =1.0385 Dot.  = 59.5t0.375 :  158.6667
From table G: A = 0.000655
From table NFA-13: B = 3357.6

Pa:4*B/(3+Do/t)
= 4*3357.6/(3t59.51O.375)
:  28.2151 psi

Apr. 16, 1996

Revision No. 0
Doc. No. V049-1467
Paee l0 of253.12.1996



O ASME S€ction \aIII Division l. 1992 Edition. A94 Addenda

Component:
Material specifi cation:

Internal design pressure: P : 40
External d€sign pressure: Pe= 14.7

Corrosion allowance: Inner C = 0

Estimated weight;
capacity:

PWHT is not performed

Radiography: Category A joints - Spot UW-I1(b) type I
Category B joints - Spot UW-l l(b) type I

OD : 59.5 length Lc: 48 t : 0.375 in (new)

Design thiclfless: (At -320 des D Aopendix l-l(a)

t = P+Ro/(S*E + 0.4+P) + Corrosion
: 40429.75 /(60ffi*0.85 + 0.4*40) + 0
= 0.2326 in

MAP: (New & at 0 dee F) Apoendix l-l(a)

P: S:iE*t/(Ro - 0.4*0 - Ps
: 6000+0.85*0.375/(29.75 - 0.4+0.375) - 0
:  64.61149 psi

MAIVP: {Corroded & at -320 des tr) Anpendix 1-1(a)

P = S*E*t/(Ro - 0.4*O - Ps
= 6000*0.85*0.3751(29.'75 - 0.4+0.375) - 0
= 64.61149 psi

External Pressure: {Corroded & at 70 des n UG-28

LlDo : 61,79r66/59.s :1.0385 Dolt: 59.510.29505 : 201.6607

CoMPR-ESS 5.53 A:\SHORTPMP.VSL

Outer Alum Cvl

Apr. 16, 1996

Rwision No. 0
Doc. No. V049-1467
Pese ll of25

Cylinder
sB 2096061 T6sl WELDED

psi @ -320
psi @ 70

Outer: 0

new :327.7 corr = 327.7
new : 563.293 corr = 563.293

deg F
deg F

in

lb
US ga

From table G:
From table NFA-13:

A = 0.000447
B : 2?47.6

Pa:4*B/(3*Do/t)
= 4*2247 . 6 I (3* 59.5 / 0.29505,
= 14.8606 psi

Desieu thickness for external oressure Pa = 14.8606 osi:

= t + Corrosion
= 0.29505 + 0
: 0.29505 in

3.r2.1996



COMPRESS 5.53 A:\SHORTPMP.VSL

Outer Alum Cvl

Maximum Allowable External Pressure: (Corroded @ 70 deg F)

LlDo:6r.79166/59.5 =1.0385 Dolt  = 59.5/0.375 = 158.6667
From table G: A : 0.000655
From table NFA-13: B = 3357 .6

Pa:4*B/(3+Do/t)
= 4+3357 .61 (3+ 59.5 1O.37 5\
:  28 .2151ps i

Apr. 16, 1996

Revision No. 0
Doc. No. V049-146?
Pase l2 of 253.r2.1996



O ASME Section VIII Division l. 1992 Edition. A94 Addenda

Component:
Material specifi cation:

From table G:
From table NFA- 13:

Internal design pressure: P - 14.1 psi @ 70 deg F
deg F

ln

External design pressurer Pe: 40 psi @ -320

Corrosion allowance: Irurer C : 0 Outer: 0

PWHT is not performed

Radiography: Category A joints - Spot UW-11(b) type I
Category B joinrs - Spot UW-11(b) tpe I

Estimated weight:
capacity:

new : 1506.5 corr: 1506.5 lb
new : 1394.383 corr = 1394.383 US ea

ID : 53 length Lc= 146 t : 0.625 in (new)

Desien thickn€ssl UG.27(cXl) Circ. strss

t = P*R/(S*E - 0.6*P) + Corrosion
= 14.7*26.51(60N*0.85 - 0.6+14.7) + 0
: 0.0765 in

MAP: New & at 0 dee Fl UG.27(cXl)

P: S, i .E, i .V(R + 0.6xr)_Ps
: 600O't0.85'10.6251(26.5 + 0.6*0.625) - 0
:  118.6047 psi

MAWP: (Corroded & at 70 dee n UG.27(cXl)

P : S + E + t / ( R + 0 . 6 + O - P s
: 6000{'0.85!i'0.6251(26.5 + 0.6*0.625) - 0
= 118.6(X7 psi

External Pressure: (Corroded & at -320 deg Fl UC'-28

L/Do = 158.8333/54.25 =2.9278 Dolt = 54.?510.61646 = 88.0025

COMPRESS 5.53 A:\LONGPMP.VSL

Inner Alum Cyl

Apr. 16, 1996

Rwision No. 0
Doc. No. V049-l-06?
Pase l3 of 25

Cylinder
sB 209 6061 T65l WELDED

A = 0.000527
B = 2671.9

Pa= 4+B/(3*Do/t)
= 4+267 1.9 | (3+ 5 4.?5 I 0.6164.6)
: 40.4822 psi

Desim thickness for extenral pressure Pa = 40.4822 psi:

: t + Corrosion
= 0.61646 + 0
: 0.61646 in

3.12,1996



CoMPRESS 5.53 A:\LONGPMP,VSL

Inner Alurn Cvl

Maximum Allowable External Pressure: (Corroded @ -320 dee F)

L/Do : 158.8333154.25 :2.9278 Dolt : 54.2510.625 = 86.8
From table G: A : 0.000537
From table NFA-13: B : 2725.2

Pa= 4{.B(3*Do^)
: 4*27 25 .2 I (3* 54.25 / O. 6?5J
= 41.8618 osi

Apr. 16, 1996

RevisionNo.0
Doc. No, V049-1.,067
Pase l4 of 253.L2.1996



CoMPRESS 5.53 A:\LONGPMP,VSL

Inner Alum CvI

ASME Section \IIII Division l. 1992 Edition. A94 Addenda

Internaf design pressure: P : 14.7
External design pressure: Pe: 25

Corrosion allowance: Inner C = 0

Estimated weighr:
capacity:

psi @ 70
psi @ 400

Outer = 0

new: 1506.5 corr :  1506.5 lb
new : 1394.383 corr : 1394.383 US sa

A = O.00O422
B = 1905.5

Apr. 16, 1996

Revision No. 0
Doc. No. V049-l-067
Pase l5 of25

Component:
Material specification:

From table G:
From table NFA-13:

Cylinder
SB 209 6061 T65I WELDED

deg F
deg F

in

PWHT is not performed

Radiography; Category A joints - Spot UW-l1(b) fype I
Category B joints - Spot UW-l l(b) type I

ID = 53 length Lc: 146 t = 0.625 in (new)

Desim thickness: UG-27(cXl) Circ. stress

t = P*RJ/(S*E - 0.6*P) + Corrosion
= 14.7+2651(ffi00*0.85 - 0.6*14.7) + 0
: 0.0765 in

MAP: New & at 0 dee Fl UG.27(cXl)

P = S,*E*,(R * 9.6*9 - Ps
= 6000*0.85*0.6251(26.5 + 0.6+0.625) - 0
= 118.6047 psi

MAWP: (Corroded & at 70 deq n UG-27(cXl)

P = 5 + g + Y 1 P + 0 . 6 * t ) - P s
: 6000"0.85'�t0.6251(26.5 + 0.6*0.625) - 0
: 118.6047 psi

Extemal Pressure: (Corroded & at 4{n dee Fl UG-28

L/Do = 158.8333154.25 :2.9278 Do/t = 54.2510.53843 = 100.7559

Pa= 4+B/(3+Do/r)
= 4t 1905.5/(3*5 4.25 | 0.538r'(3)
= 25.2161 psi

Design thiclaless for external nressure Pa = 25.2161 nsi:

= t + Corrosion
:0 .53843  +  0
= 0.53843 in

3.12.1996



COMPRESS 5.53 A:\LONGPMP.VSL

Inner Alum Cvl

Maximum Allowable External Pressure: (Corroded @ 4fi) deg F)

L/Do : 158.8333154.25 :2.9278 Do/t : 54.2510.625 : 86.8
From table G: A = 0,000537
From table NFA-13: B : 2427.1

Pa= 4*B/(3*Do/r)
: 4+2427. | / (3* 54.25 /0.625)
: 3'l .28?6 os\

Apr. 16, 1996
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O ASME Section VIII Division 1. 1992 Edition. A94 Aaldenda

Component:
Material specifi cation:

Internal design pressure:
External design pressure:

Estimated weight:
capacity:

OD = 59.5 length Lc: 146 t = 0.5 in (new)

Desien thickness: (At -320 deg F) Appendix 1-1(a)

t = P*Ro/(S*E + 0.4*P) + Corrosion
= 40*29.'7 5l(6O0O*0.85 + 0.4+40) + 0
= 0.2326 in

MAP: (New & at 0 dep 11 Annendix l-l(a)

P: S*E*t/(Ro - 0.4*t) _ Ps
: 6000*0.85+0.5 /(29.75 - 0.4+0.5) - 0
= 86.29442 psi

MAWP: (Coroded & at -320 dee F) Appendix 1-1(a)

p = S+E+r/(Ro _ 0.4*9 _ ps
= 600O't0.85*0.51(29.75 - 0.4*0.5) - 0
= 86.29442 psi

External Pressure: (Corroded & at 70 dee F) UG28

LlDo : 159.75159-5 :2.6849 Do/t = 59.5/0.43951 : 135.378

COMPRESS 5.53 Ar\LONGPMP.VSL

Outer Alum Cvl

Cylinder
sB 209 6061 T6sl WELDED

Corrosion allowance: Inner C = 0

psi @ -320
psi @ 70

Outer = 0

PWHT is not performed

Radiography: Category A joints - Spot UW-11(b) type I
Category B joints - Spot UW-l l(b) twe 1

P : 4 0
Pe= 14.7

new: 1326 corr = 1326 lb
new : 1698.799 corr = 1698.799 US ga

Apr. 16, 1996

Revision No. 0
Doc. No. V049-lJ)67
Paee 17 of 25

deg F
deg F

tn

From table G:
From table NFA-13:

A : 0.000303
B :  1 5 1 5

Pa= 4+B/(3+Do/t)
:  4+1515/(3+59.5/0.43951)
: 14.9212 psi

Desim thickness for external oressure Pa = 14.9212 mi:

= t + Corrosion
= 0.43951 + 0
: 0.43951 in

3.t2.1996



COMPRESS 5,53 A:\LONGPMP.VSL

0uter Alum Cyl

Maximum Allowable External Pressure: (Corroded @ 70 dee F)

LlDo = 159.75159.5 =2.6849 Do/t : 59.5/0.5 = 119

Apr. 16, 1996

From table G:
From table NFA-13:

Pa:4*B/(3*Do/t)
:4*1835/(3*59.5/0.5)
: 20.5602 psi

A = 0.000367
B :  1 8 3 5

Revision No. 0
Doc. No. V049-l-067
Pase ltof253.r2.1996



COMPRESS 5.53 A:\LONGPMP.VSL

Outer Alum Cyl

ASME Section VIII Division l. 1992 Edition. A94 Addenda

psi @ 400
psi @ 70

new : 1326 corr : 1326 lb
new : 1698.799 corr : 1698.799 US ea

Apr. 16, 1996

Revision No. 0
Doc. No. V049-l{67
Pase l9 0f 25

Component:
Material specification :

Internal design pressure: P : 25
External design pressure: Pe: 14.7

Estimated weight:
capacrry:

Cylinder
SB 209 606I T65I WELDED

deg F
deg F

lnCorrosion allowance: Inner C = 0 Outer: 0

PWHT is not performed

Radiography: Category A joints - Spor UW-11(b) type I
Category B joints - Spot LJW-1I(b) tlpe 1

OD = 59.5 length Lc= 146 t : 0.5 in (new)

Desien thickness: (At 4{n des tr) Anpendix l-l(a)

t = P*Ro/(S*E + 0.4+P) + Corrosion
= 25*29.'15l(35$0*0.85 + 0.4*25) + 0
= O.2492 in

MAP: (New & at 0 dee F) Aomndix l-l(a)

P: S+E*t/(Ro -  0.4*t)  -  Ps
: 600O't0.85*0.5l(29.75 - 0.4*0.5) - 0
: 86.29442 psi

MAWP: {Corroded & at rl00 dee 11 Anp€ndix 1-1(a)

P: S*E*t /(Ro _ 0.4+0 ,  Ps
: 3500+0.85+0.51(29.75 - 0.4'*0.5) - 0
: 50.33841 psi

External Pressure: (Corroded & at 70 dee F) UG.28

L/Do : 159.75159.5 =2.6849 Do/t = 59.5/0.43951 : 135.378
From table G:
From table NFA-13:

A : 0.@0303
B :  1 5 1 5

Pa:4*B/(3+Do/t)
:  4* 1515(3*59.5/0.4395 l )
= 14.9212 psi

Desisn thickness for external oressure Pa = 14.9212 p6i:

= t * Corrosion
= 0.43951 + 0
= 0.43951 in

3.12.1996



^ Maximun Allowable External hessure: (Corroded @ 70 dee F)

LlDo = 159.75159.5 =2.6849 Do/t = 59.5/0.5 : ll9

COMPRESS s.53

From table G:
From table NFA-13:

Pa:4+B/(3*Do/t)
:4*1835/(3*59.5/0.5)
: 20.5602 psi

A:\LONGPMP.VSL

Outer Alum Cvl

Apr. 16, 1996

Revision No. 0
Doc. No. V049-l {67
Pase 20 of 25

A = 0.000367
B = 1835

3.12.1996
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MEMORANDUM
LIGO PROJECT

Doc. No V049-l-056

To: Dave Moore

a[F€iltto rLPa'/Fron:

Subject: Desisn Pressure for 80K Pumo Reservoir

Reference: Doc. No. V049-I-55. Memorandum re: Design Pressures, March 29, 1996

Date : April 2, 1996

Our structural design calculation V049-l-06?, Analysis of Pump Reservoir, will be updated to
include the following design conditions based on the results ofyour preszure drop calculation
which you summarized in the referenced memorandum:

Desigr Condition :> Normal Operation Regeneration Leak Check
Absolute Pressure
Temperature
Inner Cyl. Pressure
Outer Cyl. Pressure
End Plate

Rich Bagley
Paul Hendry

40 psia
-320'F
40 psid (extemal)
40 psid (internal)
40

25 psia
4000F
25 psid (external)
25 psid (internal)
25

14.7 psia
700F
14.7 psid (intemal)
14.7 psid (ex€rnd)
r4.7

Please let me know ifyou disagree with any ofthe pressures and/or temperatures in the above
table.

Art Roussopoulos Roberto Than
Lynne Long/Proj ect File

Dave McWilliams
Stu Motew

Tom Starr
Walt Bilynsky
Steve Toth

Dlck Curtis

Revision No. 0
Doc. No. V049-l{67
Pase 25 of 25



PROCESS SYSTEMS INTERNATIONAL, INC,
WESTBOROUCH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-070
PAGE 1 OF 3I

REV. DEO # DATE BY: CFIECK TITLE: 80k Cryopump Resewoir Support
Rnds antl  RrtnLatcc^7 '.' f WDI"?

RY R T) Cialto DIiPT 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE: Design Support Rods and Brackets for the long and short aluminum reservoirs
ofthe 80k croypumps.

METHOD: Hand calculation methods.

ASSUMPTIONS: See attached.

INPUTS: LIC'O project drawings and sketches.
Cryopump drawings V049-4-004 and V049-4-005.

REFERENCES: 1, ASME Boiler & Pressure Vessel Code, Section III, Div. l, Subsection NF,
Component Supports for buckling rules ofstainless steel rods.

2. WRC 107, Local Stresses in Shells.
3. Doc. No. V049-1-066, Structural Design Criteria.

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS:Design Criteria are met for the reservoir supports. Permanent support rods rezult in
a fundamental natural frequency of the reservoir/support rod system which is less
than l0 hz. This ensures vibration isolation for the pump shell.

NOTES:
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PROCESS SYSTEMS INTERNATIONAL, INC,
WESTBOROUGH. MA

ENGINEERING
CALCIJLATIONS

NO: V049-1-083
PAGE I OF 90

REV. DEO # DATE BY: CFIECK TITLE:

80K Cryopump External Shell Support Ilesign
0 0136 4nv96 WDB RDC
I (  L?.1 clnlq' r^JDB , < u  L

BY: W. Bilynslcy DEW.:744

PROJECT: LIGO Vacuum Equipment PROJECT NO: Vs9049

PIJRPOSE:
Design an extemal shell support frame for the 80k short and long oryopump including

baseplates, anchor bolts and bolted connections. The support frame must be able to withstand thermal
expansion of the Cryopump's external shell while maintaining structural support integdty

METTIOD:
Support frame is designed to AISC standards using hand calculations and
STAAD-III computer program release 21.

ASSIJMPTIONS:
See calculation

IML.TTS: l. Vacuum pressure = 14.7 psi
2. Design Temperature = 400 F-
3. Unbalanced Vacuum Load = 1155. lbs
4. Full vacuum valve load = 27 .57 V,tps
5. Seismic acceleration = 0.05625 G

REFERENCES:
l. STAAD-III , Research Engineers, Release 2l
2. AISC - ASD 9th edition
3. Doo. No. V049-l-066 LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS: V049-1-081 80k-ShortPump - Outer Shell Analysis
V049-1-082 8Ok-Long Pump - Outer Shell Analysis
V049-l-032 Comoonent Interface Loads

CONCLUSIONS:
The requirements ofAISC Codes and Standards and the Ligo Vacuum
Equipment Structural Design Criteria are met.

NOTES: STAAD-IIIComputerFile: 80K-S-R1.* & 80K-L-RI.*
o
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PROJECTT LIGO VACUIIM EOUIPMENT PROJECTNO: V59049
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PROCESS SYSITMS INTERNATIONAL, INC.
WESTBOROUGE,MA

ENGINEERING
CAI,CUI.ATIONS

NOr V049-1-0E3
Re% No. I
P&se 3 of 90

PROJECTT LIGO VACUUM EOUIPMENT PROJECTNO: V59049

CALCULATION ITrLE: EOK Cryopump Extertrsl Sh€ll SqDDort Design

RE}'ISION HISTORY

Rev. 0 Original Issue
April 23, 19

Rev. I I$ue Date
SePtember 2?, 1996

. Rwised the unbalalced vacuum load at tlle Sate valve (27.5:tkip).

. Recreated body ofcalc to rcn€ct chang€s due to revis€d vac[um load'

. Modified the baseplae rhiclmess.

. Modifi€d the anchor bols.

o Mded weld calculations-

. Revised anchorage design details.
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PAGE NO.

S  T  A  A  D  .  I I I
R e v i s i o n  2 1 , 0
Propr ie ta ry  Prog lam o f
Research  Eng inee!s ,  Inc .
Date= sEP 24,  19  96
T i -me= 15 :  30 :  46

USER ID: PRocESs SYSTEMS INTERNATIONAL IN *
* a * * * * * * * * * * + * * * * * * * * * * * * * * * t a * r * * * * * * * * * * * * * * * * t *

I. STAAD SPACE 8OK-SHORT CRYOPI'MP SUPPORT
2. INPUT WID?H ?2
3. *** REV1 REVISED LOADS
4, UNIT INCHES POUND
5. JOINT COORDINATES
6 .  1 0 .  0 ,  0 . : 2 1 3 . 5  0 .  0 . t  3  3 ? . 5  0 .  0 .
7 .  6  3 7 . 5  0 .  - 4 2 . 2 5 i  ' t  3 ' 1  . 5  - 9 .  - 4 2 . 2 5 ,  I
8 .  1 0  3 7 . 5  - 9 .  4 2 , 2 5 t  1 1  3 7 . 5  ' 1 0 .  4 2 ' 2 5 ,
9 .  1 3  8 0 . 5  - ' l o ,  - 4 2 , 2 5 ,  1 4  8 0 . 5  0 .  4 2 ' 2 5 ,

1 0 .  1 6  1 3 . 5  0 .  2 8 . 5 6
11. MEI.IBER INCIDENCES
7 2 .  L  |  2 t  2  2  3 ;  3  3  4 ,  4  4  5 ;  5  3  6 ;  5  4
1 3 .  1 1  1 0  9 i  L 2  ] - 0 ,  1 3  1 3  L Z i  L 4  L 5  L A i
14. MEMBER PROPERTY AMER
15.  9 TO 12 L5 16 TABLE ST TU840408
16.  13 14 TABLE ST TUB4O2O3
17.  5 TO 8 TABLE ST TUB8O8O5
18.  1 2 4 TABLE ST PIPE OD 45,12 TD 44,62
1 9 .  3  T A B I . E  S T  P I P E  O D  8 0 .  ] D  ? 9 . 5
2 0 .  1 7  T A B L E  S T  P I P E  O D  1 0 .  I D  9 . 5
21 . ME}.,IBER RELEASE
22. 9 !! 13 14 END l,'{ l,tY MZ
23. CONSTAI.ITS
24. E STEEL A],L
25. POISSON STEEI A],L
26, DENSITY STEEI, AI,L
27.  BETA 90.  MEMB 13 14
28,  ATPHA 0.00000919 MEMB 1 TO I
29.  SUPPORTS
3 0 .  8  L 1  1 3  1 5  F r X E D
3 1 .  * * * * * * * * * * * * * * * * * + * * + * * * * * * * * + * * * *

32. ],OAD 1 DEADWEIGHT
33. JOINT LOAD
3 4 .  1 5  F Y - 8 5 2 .
35. * FLANGE WEIGHT = 2 g 426 LBS'

37. * VAI.VE WEIGHT
38. MEMBER LOAD
3 9 ,  1  T O  4  U N r  Y  - 4 2 . 7 3

4 0 .  *  U N I F o R M  4 ? 0 0 . # / 1 1 0 "  =  4 2 . ' 1 3
41. * UNIFORM = INTERNAL+EXTERNAL

1 5  8 0 . 5  - ' 7 0 ,  4 2 . 2 5

! ;  8  4  r A i  9  7  6 ;  L O  I ' l
16  10  15 ,  I '1  2  L6

Revision No l

Doc. No. V049-1483
Page l0 of 90

;  4  8 0 . 5  0 .  0 . ,  5
3 r  . 5  - ?  0 .  - 4 ? . 2 5 ,
1 2  8 0 . 5  0 .  - 4 2 . 2 5

1 1 0 .  0 .
9  3 ? . 5 4 2 . 2 5

1 2 :  7  3
1 5  ?  1 3 ,



8OK-SHORT CRYOPUMP SUPPORT

4 2 .  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  I  a  *  *  *  +  +

43, r,OAD 2 D!{+TH+VACUUM (+)
44. JOINT 1OAD
4 s .  1  F X  2 7 5 6 9 . 9 9 8
46. * UNBAI.ANCED VACUUM LOAD G 44" GATE VALVE
4 ? .  1 5  F Y - 8 5 2 .
4 8 .  1 6  F Y  - 1 5 0 ,
4 9 .  1 6  F Z  1 1 5 5 .
50. * UNBAI,ANCED VACUUM ],OAD O TURBO PMP
51. MEMBER IOAD
5 2 .  I T O 4 U N r Y - 4 2 . 7 3
53. TE}IPERATURE LOAD
5 4 ,  1  T O  I  L ?  T E M P  3 3 0 .
5 5 .  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *
55. T,OAD 3 D!{+TH+VACUUM ( - )
5?, .TOINT I,OAD
5 8 .  1  F x  - 2 ' 1 5 6 9 . 9 9 8
59. * UNBAT,ANCED VACUUM IOAD C 44" GATE 1rAI,VE
6 0 .  1 5  F Y - 8 s 2 .
6 1 .  1 6  F Y  - 1 5 0 .
6 2 .  7 6  F Z  7 1 5 5 .
63. * UNBAI,ANCED VACUIJT'I ].OAD E TURBO PMP
64. MEMBER IOAD
6 5 .  I T O 4 U N r Y - 4 2 . 7 3
66. TEI.{PERATURE I,OAD
6 ? .  L  T O  I  1 7  T E M P  3 3 0 .
6 g  r  *  *  *  *  *  *  t  *  *  *  *  * *  *  *  *  *  *  *  *  * *  *  *  *  +  *  *  *  *  *  *  *  *

69, LOAD 4 DW+TH+VACUTJM ( +) +SErS-AXrAl (+)
?0, 'JOINT LOAD
7 1 .  1  E X  2 7 5 6 9 .  9 9 8
?2. * UNRAI,ANCED VACUT'M LOAD G 44" GATE VAIVE
7 3 .  1 5 F Y - 8 5 2 .
7 4 .  1 - 6  F Y  - L 5 0 .
? 5 .  1  5  I I i . 4 ' 7 . 9 2 5
76.  *  FI ,ANGE V{EIGHT X 0.05625
7 ? .  1 6  F X  8 . 5
?8.  *  VALVE WEIGHT X 0.05625
7 9 ,  1 6  F Z  1 1 5 5 .
80. * UNBAI,ANCED VACUUM LOAD C TURBO PMP
81 . MB"IBER T,OAD
8 2 .  1  T O  4  U N r  Y  - 4 2 . 7 3
8 3 .  1 T O 4 U N r X 2 . 4
84.  *  UN]FORM WEIGHT X 0.05625
85, TEMPERATURE LOAD
86,  1 TO 8 17 TEMP 330.
8 ? ,  * * * * * * r * * * * * * * * * * * * * * + * * * * * * * * * * * *
88. LOAD 5 DW+TH+VACUUM(-) +SEIS-AXIAI (-)
89, .IOINT LOAD
9 0 .  1  F X  - 2 1 5 6 9 . 9 9 8
91, * UNBAI,ANCED VACUUM LOAD E 44' GATE VAIVE
9 2 . r 5 F Y - 8 5 2 .
9 3 .  1 6  F ' Y  - 1 5 0 .
9 4 .  1 5  E X  - 4 ' t . 9 2 5
9 5 ,  1 6  F X  - 8 . 5
9 6 .  1 6  F Z  1 1 5 5  .
9?, * UNBALANCED VACUUM LOAD G TURBO PMP

-_ PAGE NO.

Revision No. I
Doc. No. V049-1483
Page ll of 90



8OK_SHORT CRYOPUMP SUPPORT

98. MEMBER LOAD
9 9 .  1  T O  4  U N r  Y  - 4 2 . ? 3

1 0 0 .  l T o 4 U N r X - 2 . 4
1 0 1 .  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *

102. t oAD 6 DW+TH+VACUiTM (+ ) +SEIS-LAT { + )
103 . JOIN? ],OAD
104 .  t -  FX 27569.998
105. * UNBAI.ANCED VACUTJM LOAD O 44" GATE VAIVE
1 0 6 .  1  s  F Y  - 8 5 2 .

t0 '1  .  16  FY -15  0  ,
L o B .  1 5  F z  4 7 . 9 2 5
1 0 9 .  1 6  F Z  8 . 5
1 1 0  .  1 6  F Z  1 1 5 5 .
111. * UNBAI,ANCED VACUUM LOAD C TURBO PMP
112. MEMBER LOAD
1 1 3 .  l T o 4 U N r Y - 4 2 , ? 3
1 1 4 .  1 T O 4 U N I Z 2 . 4
115 . ?E},IPEFA?URE I,OAD
1L6.  1  TO I  17  TEMP 330 .
1 1 ? .  * * * * * * * * * * * * * * A * * * * * * * * * * * * * * * * * * *

118. LOAD 7 DW+VACUI'M(-) +SErS-1,AT (-)
]-19. JOINT LOAD
120.  1  FX -27569.998

121. * UNBAI,ANCED VACUTJM LOAD G 44" GATE VAI.VE
t 2 2 . t 5 F Y - 8 5 2 .
t 2 3 .  1 6  F Y  - 1 5 0 .

L 2 4 . L s F Z - 4 7 . 9 ? 5
L 2 5 .  t 6  F z  - 8 . 5

! 2 6 .  t 6  F Z  1 1 5 5 .
127 . MN.IBER LOAD
1 2 8 .  I T O 4 U N r Y - 4 2 . 7 3
1 2 9 .  1 T O 4 u N r Z - 2 , 4
1 3 0 .  *  *  *  *  *  *  *  *  *  *  *  *  +  +  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  +  *  *

1.31. I,OAD 8 THERMAL 'BAKEOUT "

132. TEMPERATURE TOAD
1 3 3 .  1 T O  8 1 7  T n , I P  3 3 0 .
1 3 4 .  * * * * * * * * * * * * * * * * + + * + + * * * * * * * * * * * * *

135. PERFORM ANALYSI S

8, TOTAT DEGREES OF FREEDOM
2592 DOUB1E PREC. WORDS

-- PAGE NO.

Revision No. I
Doc. No. V049-1-083
Page l2 of 90

P R O B L E M  S T A T I  S T I C S

NUMBER OF'JOINTS/},IEMBER+ELEMENTS/SUPPORTS =

oRIGINAL/FINAL BAND-WIDTH = L4/ 5
!6/ L'l /

TOTAL PRIMARY LOAD CASES
sIzE OF STIFFNESS MATRIX =

1 2

REQRD/AVAIL .  DISK SPACE = T2.05 /  952.7  MB'  EXMEM = 14 .83  MB

++ PROCESSING ELEMENT STIFFNESS MATR]X.
++ PROCESSING GLOBAL STIFFNESS MATRIX.
++ PROCESSING TRIANGUI,AR FACTORIZATION.
++ CALCUI,ATING JOINT DISPI.ACEMENTS,
++ CATCUI,ATING MEMBER FORCES.

1 5 : 3 0 : 4 8
1 5 : 3 0 : 4 8
1 5 : 3 0 : 4 8
1 5 :  3 0  :  4 8
1 5 : 3 0 : 4 8

135. PRINT MATERIAI PROPERT]ES AI,],



8OK-sHORT CRYOPUMP SUPPORT

MATERIAL PROPERTIES.

A],], UNITS ARE - POUN ]NCH

E

2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 , 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0

1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 t 1 s 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 . 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 r 1 5 3 8 4 6 . 0
1 1 r . 5 3 8 4 6 . 0
t  t - 1 5 3 8 4 6 , 0
1 1 1 5 3 8 4 6 . 0

DEN

o.28299999
0 . 2 8 2 9 9 9 9 9
o.28299999
0.28299999
o.28299999
0.2s299999
0.28299999
0.28299999
0,28299999
0.28299999
o.28299999
0.2e299999
o.28299999
o.28299999
o.28299999
0.28299999
0,28299999

AI,PHA

0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 ,  0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0

-- PAGE NO.
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MEMBER

1
2
3
4
5
6
'1

8
9

t 0
1 1
t 2
t 3
1 4
1 5

r'7

* * * * * * * * * * * *  END OF DATA FROM INTERNAI ,  STORAGE *** * * * * * * * * *

137, PRINT MEMBER INFORMATION AIT,



SOK-SHORT CRYOPUMP SUPPORT

MEMBER ]NI'ORMATION

MEMBER

-_ PAGE NO,

Revision No. I
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1

?

4
5

't

d

1 0
1 1
L2
1 3
1 4

I b

L 1

START
.]OINT

1
2
I

4
3
4
J

4'7

1 0
1 1
1 3
1 5

7
1 0
2

END
JOINT

,)

3

5

L 2

1 4
6
7

1 0
J,2
1,4
1 3
1 5

IENGTH
( INCH )

1 3 . 5 0 0
2 4 . 0 0 0
4 3 . 0 0 0
2 9  , 5 0 0
42.250
42.250
42.250
42.zs0

9 . 0 0 0
6 1 . 0 0 0

9 .  0 0 0
6 1 . 0 0 0
? 0 . 0 0 0
? 0 . 0 0 0'7 4 .632

2 8 . 5 6 0

BETA
( DEG)

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0
0 .  0 0
0 .  0 0
0 . 0 0
0 .  0 0
0 . 0 0

9 0 .  0 0
9 0 .  0 0

0 .  0 0
0 . 0 0
0 . 0 0

RELEASES

0 0 0 0 0 0 0 0 0 1 1 1

0 0 0 0 0 0 0 0 0 1 1 1

0 0 0 0 0 0 0 0 0 1 1 1
0 0 0 0 0 0 0 0 0 1 1 1

* * * * * * * * * * * *  END OF DATA FROM INTERNAI  STORAGE *** * * * * * * * * *

138. PRINT JOINT COORDINATES AI,L



8OK_SHORT CRYOPUMP SUPPORT -- PAGE NO.

JOINT COORDINATES

COORDINATES ARE INCH UNIT

x

0 . 0 0 0
1 3 . 5 0 0
3 ? . 5 0 0
8 0 . 5 0 0

1 1 0 , 0 0 0
3 ? . 5 0 0
3 7 . 5 0 0
3 7 , 5 0 0
3 7 . 5 0 0
3 7 . 5 0 0
3 ? . 5 0 0
8 0 . 5 0 0
8 0 . 5 0 0
8 0 . 5 0 0
8 0 . 5 0 0
1 3 . 5 0 0

UNITS FOR SPRTNG CONS?A}ITS ARE

JOINT FORCE-X/ FORCE-Y/
KFX KFY

1
2

3
4
5

7
d

9
1 0
1 1
L 2
1 ?

I 4
!.5

0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0

- 9 . 0 0 0
- 7 0 , 0 0 0

0 . 0 0 0
- 9 . 0 0 0

- 7 0 . 0 0 0
0 . 0 0 0

- 7 0 . 0 0 0
0 . 0 0 0

- ? 0 , 0 0 0
0 .  0 0 0

z

0 ,  0 0 0
0 .  0 0 0
0 .  0 0 0
0 .  0 0 0
0 . 0 0 0

- 4 2 . 2 5 0
- 4 2  . 2 5 0
-  12  .  ZJ \J

4 2  . 2 5 0
4 2 . 2 5 0
4 2  . 2 5 0

- 4 2  . 2 5 0
- 4 2 . 2 5 0

42.25A
a 2 , 2 5 0
2 8  . 5 6 0

* * * * * * * * * * * *  END OF DATA FROM INTERNAL STORAGE *** * * * * t * * * *

I39, PRINT SUPPORT INEORMATION AI,t

:::::::-1I::Y]ION 
(1=EIXED, O=REIEASED)

POUN TNCH

FORCE-Z/
KFZ

1

DEGREES

MoM-x/ MoM-y/ MoM-z/
Klo( KMY l&lz

1 1
0 . 0

0 . 0

0 . 0

0 . 0

0 , 0

0 . 0

0 . 0

0 . 0

0 , 0

0 . 0

0 , 0

0 , 0

0 . 0

0 . 0

0 , 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 , 0

0 , 0

0 . 0

Revision No 1
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'I

************ END OF DATA FROM INTERNAL STORAGE

140. PRINT ANALYSIS RESULTS
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8OK-SHORT CRYOPUMP

JOINT D]SPI,ACEMENT (INCH RAD]ANS ) STRUCTURE TYPE = SPACE

-. PAGE NO.

Z-TRANS X-ROTAN Y-ROTAN Z-ROTAN.'OINT

1

Y_TRANS

- 0 . 0 2 e 0 9
- 0 . 0 L 3 6 5
-o .  o4263
- 0 . 0 1 3 4 5
- o , o 4 2 ' t 8
- 0 .  0 1 3  6 5
- 0 . 0 4 2 5 8
- 0 . 0 0 0 0 4
-o .025 '7 4
- 0 . 0 1 3 7 2
- 0 . 0 3 7 8 4
- U .  U . L  J  J O
- 0 . 0 3 7 9 7
- 0 . 0 1 3 7 2
- 0 . 0 3 7 8 0
- 0 . 0 0 0 0 4
- 0 , 0 2 1 5 1
- 0 , 0 1 3 8 0
- o  . 0 2 9 2 8
- 0 . 0 1 3 6 9
- 0 . 0 2 9 3 6
- 0 , 0 1 3 8 0
- o  . 0 2 9 2 5
- 0 . 0 0 0 0 2
- 0 . 0 1 4 4 9
- 0 . 0 1 4 4 9
- 0 . 0 1 4 4 9
- 0 . 0 1 4 4 9
- 0 , 0 1 4 4 9
- 0 . 0 L 4 4 9
- 0 , 0 1 4 4 9

0 . 0 0 0 0 0
- 0 . 0 0 9 8 9
-  0  .  0 1 5 1 8
- 0 . 0 0 4 5 6
- 0 . 0 1 5 2 5
- 0 . 0 0 4 5 1
-  0  .  0 1 5 1 8
- 0 . 0 0 4 5 8

0 . 0 0 0 0 2
- 0 .  0 0 0 7 5

0 . 0 0 6 ? 4
- 0 . 0 0 8 ? 5

0 . 0 0 6 8 4
- 0 . 0 0 8 8 2

0 .  0 0 6 7 6
- 0 . 0 0 8 7 4
- 0 . 0 0 0 0 2

0 , 0 0 0 0 0
0 . 0 0 0 1 6
0 .  0 0 0 1 6
0 . 0 0 0 1 6
0 . 0 0 0 1 5
0 , 0 0 0 1 4
0 . 0 0 0 1 7
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 1 6
0 . 0 0 0 1 6
0 . 0 0 0 1 6
0 . 0 0 0 1 5
0 . 0 0 0 1 4
0 . 0 0 0 1 ?
0 .  0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 1 5
0 . 0 0 0 1 5
0 . 0 0 0 1 6
0 . 0 0 0 1 5
0 . 0 0 0 1 4
0 . 0 0 0 1 7
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 5
0 . 0 0 0 1 5
0 . 0 0 0 1 6
0 , 0 0 0 1 s
0 . 0 0 0 1 4
0 . 0 0 0 1 7
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 1 5
0 . 0 0 0 1 5
0 . 0 0 0 1 6
0 . 0 0 0 1 s
0 . 0 0 0 1 4
0 . 0 0 0 1 ?
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 4 6 4

- 0 . 0 0 4 6 4
0 . 0 0 4 7 1

- 0 . 0 0 4 6 9
0 . 0 0 4 6 4

- 0 . 0 0 4 6 3
- 0 . 0 0 0 0 1

LOAD X-TRANS

1  - 0 . 0 0 1 1 3
2  0 .  1 0 1 9 7
I  _ U . 5 J J U J

4  0 .  1 0 4 8 6
I  -O .221,52
6  0 . 1 - 0 1 " 9 7
1 -O.21663
I  - 0 . 1 1 4 4 0
1 ,  - 0 . 0 0 1 1 3
2  0 . ' l , 4 2 s s
3 -0.29r '72
4  0 . 1 4 5 4 4
)  - v .  z z t L o
6 0 . L4254
'1 -0,21826
I  - 0 . 0 7 3 4 5
1  - 0 . 0 0 1 1 3
2 0.21,468
3 -O.21829
4  0  - 2 L 7 5 ' 1
5  - 0 . 2 2 0 s 1
6  0 . 2 1 4 6 8
7  - 0 . 2 L ' t 6 2
8  - 0 , 0 0 0 6 7
1  - 0 .  0 0 1 1 3
2  0 .  3 4 5 0 8
3  - 0 . 0 8 ? 8 8
4 0 .34 '798
5 -O.2205r
6  0 . 3 4 5 0 8
I  - U . Z L t O L

8  0 . 1 2 9 ? 3
1  - 0 . 0 0 1 1 3
2  0 . 4 3 4 5 5
3  0 .  0 0 1 5 8
4  0 . 4 3 7 4 5
5  - 0 . 2 2 0 5 1
6  0 . 4 3 4 s 5
; 1  - 0  . z r ' t  6 r
I  O . 2 1 9 2 0
7  - 0 . 0 0 L 1 2
2  0 .  0 1 1 6 9
3  - 0 , 0 7 8 9 3
4 0 . 0'1268
5  - 0 . 0 ? 9 6 9
6  0 . 0 7 1 9 1'7 -0 .0 '7  892
I  - 0 . 0 0 0 2 3

- 0 . 0 0 0 0 2
0 . 1 0 0 4 3
o .  roo43
0 . 1 0 0 4 8
0 . 1 0 0 3 8
0 . 1 2 9 5 5
0 . 0 7 1 3 0
0 . 0 0 0 0 0

- 0 . 0 0 0 0 1
0 . 0 9 8 3 3
0 . 0 9 8 3 3
0 , 0 9 8 3 6
o . 09829
o . L 2 7 6 5
0 . 0 6 9 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 9 4 4 9
0 . 0 9 4 4 9
0 , 0 9 4 5 0
0 . 0 9 4 4 8
0 . 1 2 4 r ' t
0 . 0 6 4 8 0
0 , 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 8 7 8 4
0 . 0 8 7 8 4
0 . 0 8 7 8 0
0 . 0 8 ? 8 8
0 . 1 1 8 2 0
0 .051 4 '7
0 . 0 0 0 0 0
0 . 0 0 0 0 2
0 . 0 8 3 2 9
0 .  0 8 3 2 9
0 . 0 8 3 2 2
0 . 0 8 3 3 6
0  . t 1 4 r 2
0 . 0 5 2 4 s
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 3 3 6 1
- 0 . 0 3 3 6 2
- 0 . 0 3 3 6 1

0 .  0 9 4 4 1
- 0 . 0 0 3 9 6

0 . 0 6 4 7 5
- 0 .  1 2 8 0 3

0 . 0 0 0 1 7
- 0 . 0 0 0 0 1

0 . 0 0 0 3 5
- 0 .  0 0 0 0 1

0 .  0 0 0 3 5
- 0 . 0 0 0 0 1

0 . 0 0 0 3 5
0 . 0 0 0 0 0
0 . 0 0 0 1 7

- 0 . 0 0 0 0 1
0 . 0 0 0 3 5

- 0 . 0 0 0 0 1
0 , 0 0 0 3 5

- 0 . 0 0 0 0 1
0 . 0 0 0 3 5
0 .  0 0 0 0 0
0 . 0 0 0 1 7

- 0 . 0 0 0 0 1
0 . 0 0 0 3 5

- 0 . 0 0 0 0 2
0 . 0 0 0 3 5

- 0 . 0 0 0 0 1
0 . 0 0 0 3 5
0 . 0 0 0 0 0
0 . 0 0 0 1 6

- 0 . 0 0 0 0 2
0 .  0 0 0 3 4

- 0 . 0 0 0 0 2
0 . 0 0 0 3 s

- 0 . 0 0 0 0 2
0 . 0 0 0 3 4
0 . 0 0 0 0 0
0 . 0 0 0 1 6

- 0 . 0 0 0 0 2
0 , 0 0 0 3 4

- 0 , 0 0 0 0 2
0 . 0 0 0 3 4

- 0 . 0 0 0 0 2
0 . 0 0 0 3 4
0 . 0 0 0 0 0
0 , 0 0 0 1 7

- 0 . 0 0 0 0 1
0 , 0 0 0 3 5

- 0 .  0 0 0 0 2
0 , 0 0 0 3 5

- 0 . 0 0 0 0 1
0 . 0 0 0 3 5
0 . 0 0 0 0 0

Revision No. I

Doo. No. V049-l{83
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0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 L
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 6 8
0 . 0 0 0 6 ?
0 . 0 0 0 6 7
0 . 0 0 0 6 7
0 .  0  0 0 6 7
0 . 0 0 0 6 ?
0 .  0 0 0 6 ?
0 . 0 0 0 0 0



8OK-SHORT CRYOPUMP SUPPORT

JOINT DI SPI,ACEMENT (INCH RADIANS) STRUCTURE TYPE = sPAcE

-- PAGE NO.

Z-TRANS X_ROTAN Y_ROTAN Z-ROTAN.'OINT

7

X-TRANS Y-TRANS

- 0 . 0 0 0 6 5
0 .  0 0 6 8 3

- 0 . 0 0 8 6 5
0 . 0 0 6 9 3

- 0 . 0 0 8 ? 3
0 . 0 0 6 8 5

- 0 .  0 0 8  6 5
- 0 .  0 0 0 0 2

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0

- 0 .  0 0 0 7 7
0 . 0 0 ? 1 ?

- 0 . 0 0 8 3 1
0 . 0 0 7 2 8

- 0 . 0 0 8 3 9
0 . 0 0 ? 1 5

- 0 , 0 0 8 2 6
- 0 . 0 0 0 0 2
- 0 . 0 0 0 6 7

o  . 0 0 ' 7  2 7
- 0 . 0 0 8 2 1

0 . 0 0 ? 3 8
- 0 .  0 0 8 2 9

0 . 0 0 7 2 5
- 0 , 0 0 8 1 6
- 0 .  0 0 0  0 2

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 0

- 0 , 0 0 r 4 8
- 0 .  0 0 1 4  9
- 0 . 0 0 1 4 9
- 0 . 0 0 1 4 9
- 0 . 0 0 1 4 9
- 0 . 0 0 1 4 9
- 0 . 0 0 1 4 9

0 . 0 0 0 0 0

1 0

1  - Q . 0 0 0 9 2
2  0  . 0 2 8 6 3
3  - 0 . 0 3 2 4 9
4  0 .  0 2 9 0 3
5  - 0 . 0 3 2 8 0
6  0 . 0 2 8 1 2' t  -o  .03249
I  - 0 . 0 0 0 0 9
1  0 . 0 0 0 0 0
2  0 . 0 0 0 0 0
3  0 . 0 0 0 0 0
4  0 . 0 0 0 0 0
5  0 . 0 0 0 0 0
6  0 . 0 0 0 0 0
7  0 . 0 0 0 0 0
I  0 .  0 0 0 0 0
1  - 0 . 0 0 1 1 s
2  0 . 0 ' 1 6 J . 9
3  - 0 . 0 7 4 4 3
4 0 .  01 '121,
5  - 0 . 0 7 5 2 1
6  0 . 0 ? 5 9 6
7  - 0 . 0 7 3 9 6
8  - 0 . 0 0 0 2 3
1  - 0 . 0 0 0 9 4
2  0  . 0 3 0 4 4
3  - 0 . 0 3 0 6 8
4  0 . 0 3 0 8 5
s  - 0 . 0 3 1 0 0
6  0 . 0 3 0 3 5
7  - 0 . 0 3 0 4 9
I  - 0 . 0 0 0 0 9
1  0 . 0 0 0 0 0
2  0 . 0 0 0 0 0
3  0 . 0 0 0 0 0
4  0 . 0 0 0 0 0
5  0 . 0 0 0 0 0
6  0 . 0 0 0 0 0
7  0 . 0 0 0 0 0
I  0 .  0 0 0 0 0
l -  - 0 . 0 0 1 1 1
2  0  . 3 3 ' 1  4 3
3  - 0 . 0 9 4 0 8
4 0 .3402'7
5  - 0 . 2 2 6 2 2
6  0 , 3 3 8 0 8
7  - O , 2 2 4 0 3
8  0 . 1 2 9 3 0

0 .  0 0 0 0 0
- o . o213'7
- o . 02"13'7
- 0 . 0 2 7 3 6

0 . 0 7 6 8 7
- 0 . 0 0 3 2 2

0 .  o52 ' l2
- 0 . 1 0 4 2 5

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
o . 2 2 2 4 4
0 . 2 2 2 4 4
0  . 2 2 2 4 5
0 . 0 9 4 4 1
0  .  2 5 2 1 0
0 . 0 6 4 7 s
0 . 1 2 8 0 3
0 . 0 0 0 0 0
0 . 1 8 l - 1 3
0 .  1 8 1 1 2
0  .  1 8 1 1 3
0 .  0 7 6 8 ?
o  . 2 0 5 2 ' 7
o , 052'12
0 . 1 0 4 2 5
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 ,  0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 1

- 0 . 0 4 0 2 8
- 0  . 0 4 0 2 9
- 0 . 0 4 0 3 2

0 . 0 8 7 8 6
- 0 . 0 0 9 9 3

0 . 0 5 7 4 6
- 0 . 1 2 8 1 1

0 . 0 0 0 0 0
- 0 . 0 0 0 6 8
- 0 . 0 0 0 6 8
- 0 . 0 0 0 6 8

0 . 0 0 1 9 0
- 0 . 0 0 0 0 8

0 . 0 0 1 3 0
- 0 . 0 0 2 5 8

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 6 8
- 0 . 0 0 0 6 9
- 0 . 0 0 0 6 9
- 0 . 0 0 0 6 9
- 0 . 0 0 0 6 9
- 0 . 0 0 0 6 9
- 0 . 0 0 0 6 9

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 4 4 8
0 . 0 0 4 4 8
0 . 0 0 4 4 8
0 . 0 0 1 9 0
0 .  0 0 5 0 7
0 , 0 0 1 3 0
0 . 0 0 2 5 8
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 4 3
0 .  0 0 0 4 3
0 , 0 0 0 4 3
0 . 0 0 0 4 3
0 . 0 0 0 4 3
0 . 0 0 0 4 3
0 . 0 0 0 4 3
0 . 0 0 0 0 0

0 .  0 0 0 0 0
- 0 .  0 0 0 0 8
- 0 .  0 0  0 0 8
- 0 .  0 0 0 0 8

0 .  0 0  0 2 2
- 0 .  0 0 0  0 1

0 . 0 0 0 1 5
- 0 . 0 0 0 3 0

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0

- 0 .  0 0 4  6 2
0 . 0 0 4 6 ?

- 0 . 0 0 4 6 8
0 .  oo4 '12

- 0 . 0 0 4 6 2
0 . 0 0 4 6 6
0 , 0 0 0 0 1
0 , 0 0 0 0 0
0 . 0 0 0 5 2
0 . 0 0 0 5 2
0 .  0  0 0 5 2
0  .  o o 0 2 2
0 .  0 0 0 5 9
0 .  0 0  0 1 5
0 .  0 0 0  3 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 , 0 0 0 1 9
0 . 0 0 0 1 4
0 . 0 0 0 1 9
0 . 0 0 0 1 3
0 . 0 0 0 1 8
0 , 0 0 0 1 4
0 . 0 0 0 0 1

0 . 0 0 0 0 2
- 0 . 0 0 3 4 8

0 . 0 0 3 7 7
- 0 . 0 0 3 5 3

0 . 0 0 3 8 1
- 0 . 0 0 3 4 9

0 . 0 0 3 7 7
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
. 0  .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 1 7

- 0 . 0 0 0 0 1
0 . 0 0 0 3 5

- 0 . 0 0 0 0 2
0 .  0 0  0 3 5

- 0 .  0 0 0 0 1
0 . 0 0 0 3 5
0 . 0 0 0 0 0
0 . 0 0 0 0 2

- 0 . 0 0 3 ? 0
0 . 0 0 3 5 s

- 0 . 0 0 3 ? 5
0 . 0 0 3 5 9

- 0 . 0 0 3 6 9
0 . 0 0 3 5 3
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 6

- 0 , 0 0 0 0 2
0 .  0 0 0 3 4

- 0 . 0 0 0 0 2
0 . 0 0 0 3 5

- 0 . 0 0 0 0 2
0 . 0 0 0 3 4
0 . 0 0 0 0 0

1 1

I 2

lll-$l\";oL-'""
Page t8 of9O



8OK_SHORT CRYOPUMP SUPPORT

JOINT DI S PI,ACEMENT{INCH RADIANS ) STRUCTURE TYPE = SPACE

-_ PAGE NO. 1 0

JOINT

1 3

LOAD

I
2
3
4
5
6
7
8
1
2
3
4
5
6
'7

I
I
2
3
s
5

7
8
1

?
i

5
6
7

X-TRANS

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 1 1 4
0 . 3 5 0 4 2

- 0 .  0 8 1 0  9
U . J ) I J )

-o.21332.
o . 3 4 9 1 6

- 0 . 2 0 9 7 3
0 . 1 2 9 3 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0

- 0 . 0 0 1 1 4
0 . 1 4 6 9 9

-o.28 '128
0 . 1 4 9 9 4

- 0 . 2 1 6 7 8
0 . 1 4 6 5 5

-0.21339
- 0 . 0 ? 3 4 5

Y-TRANS

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 1 5 4
- 0 .  0  0 1 5 2
- 0 . 0 0 1 5 2
- 0 . 0 0 1 5 2
- 0 .  0 0 1 5 2
- 0 . 0 0 1 5 2
- 0 . 0 0 1 5 2

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- o . 0 2 6 4 ' l
- 0 . 0 1 4 3 ?
- 0 . 0 3 8 4 9
- 0 . 0 1 4 2 1
- 0 . 0 3 8 6 1
- 0 , 0 1 4 3 8
- 0 . 0 3 8 4 4
- 0 . 0 0 0 0 4

Z-TRANS

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 1
0 . 2 1 5 9 4
0  . 2 L 5 9 4
0 . 2 1 5 9 0
0 . 0 8 ? 8 6
0 . 2 4 6 3 0
0 . 0 5 ? 4 6
0 . 1 2 8 1 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 0 1
0 . 0 9 8 4 8
0 . 0 9 8 4 8
0 . 0 9 8 5 1
0 . 0 9 8 4 4
0 . r 2 7 8 0
0 . 0 6 9 1 4
0 . 0 0 0 0 0

Z -ROTAN

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 6

- 0 . 0 0 0 0 2
0 .  0 0 0 3 4

- 0 . 0 0 0 0 2
0 ,  0 0 0 3  5

- 0 .  0 0  0 0 2
0 . 0 0 0 3 4
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
. 0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 1 7

- 0 .  0 0 0  0 1
0 . 0 0 0 3 5

- 0 . 0 0 0 0 1
0 . 0 0 0 3 5

- 0 . 0 0 0 0 1
0 . 0 0 0 3 5
0 . 0 0 0 0 0

X-ROTAN Y-ROTAN

1 4

1 5

1 6

0 .  0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 4 3
- 0 . 0 0 0 4 3
- 0 . 0 0 0 4 3
- 0 . 0 0 0 4 3
- 0 , 0 0 0 4 3
- 0 , 0 0 0 4 3
- 0 . 0 0 0 4 3

0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 3
0 , 0 0 0 0 3
0 . 0 0 0 0 3
0 . 0 0 0 0 3
0 . 0 0 0 0 3
0 .  0 0 0 0 3
0 .  0 0 0 0 3
0 . 0 0 0 0 0

0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 2
0 . 0 0 0 1 6
0 . 0 0 0 1 2
0  .  0 0 0 1 8
0  ,  0 0 0 1 0
0  .  0 0 0 1 9

- 0 , 0 0 0 0 1
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 6
0 . 0 0 0 1 6
0 . 0 0 0 1 6
0 . 0 0 0 1 5
0 . 0 0 0 1 4
0 .  0 0  0 1 7
0 .  0 0 0 0 0
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8OK-SHORT CRYOPUMP SUPPORT

SUPPORT REACTIONS _UNIT POUN INCH STRUCTURETYPE = SPACE

-- PAGE NO. 1 1

MOM-Y MOM Z

0 . 0 2  - ? 6 2 . 9 2
3 L 4 . 6 2  - 2 3 1 5 3 . 4 6
3L4.64 24206. '19

. 'OINT LOAD FORCE_X FORCE.Y

8  1  4 . 3 2  L 9 ' 1 ' t  . 6 4

3  - 1 5 1 6 . 4 0  2 6 L 4 9  .  s 9

2  - r 4 ' t 9 5 , 9 6  2 3 8 8 3 . 6 s
J  r t r  / _ t  t . o >  - z z J z J ,  l t t

4
5
6
'l

I

L427 .O2 -2065'7 , t8
L23.82 7'7 32 . 8'l5  - . L J t 0 .  { U  Z O L l J , J >  L Z ) . O Z

4  1 4 4 6 . 3 ' 7  - 2 0 9 6 4 . 9 6  ! 2 3 . ' 1 6  7 ? 3 0 . 8 3  3 1 4 . 5 5  - 2 3 4 6 4 . 8 0

5  - 1 5 3 1 . 1 9  2 6 3 8 4 . ' 7 5  - 3 4 ' l  . 7 3  - 2 r ' 1 L 6 . 9 ' l  - 8 8 3 . 6 2  2 4 4 4 4 . 6 6
1 4 . 5 7 9 1 0 .  0 6 3 7  . O 3  - 2 3 2 2 4  . 9 26  1 4  3 1  . 4 6  - 2 0 ' 1 2 6 . 6 1

' 1  - L 5 ! 6 . 2 8  2 6 ! 4 6 . 5 2  - 2 3 8 . 4 9  - 1 , 4 8 9 4 . ' 1 7  - 6 0 6 . 0 4  2 4 2 0 4 . 8 4
- 4 , 5 5  ' 1 2 . 4 0

4  . 4 4  2 0 3 0 . 1 5
4 ' 7 r , 5 1  2 9 4 5 r . 4 A  1 L 9 8 . 3 3

u . t 5 o . 0 2  - 2 6 9  . 9 5

8  - 4 , 5 5 - t2 .34 -4 '7L.5 ' l  -2945L. '12 -1198.34
- 4 . 3 1  L 2 4 8  . 8 2 0 . 5 s 0 . 1 3  - 2 4 2 . ' 1 2

FORCE_Z

0 . 0 1

MOM-X

0 . 5 5
1 2 3  . 8 r  ' 1 1 3 2  . 4 6

1 1  l

1 3  . 2 6
0 . 0 1

- 0 . 0 1- U .  U I

9 0 .  6 8  ' 1 2 8 r . ' 1 9  1 8 7 8 . 1 0  - 1 4 3 ' 1 2 . 3 5

9 0 . 6 8  ' 1 2 8 2 . L 8  1 8 7 8 . 2 0  2 1 0 4 2 . 9 4

1 5 1 6 . O 3  - 2 r 9 9 6 . 6 0  - 8 1 9 . 3 3  - 5 1 1 ? 0 . ? 4  - 2 0 8 2 . 0 4  - 2 4 5 9 2 ' " 7 5

3  - L 4 2 ' 1  . 3 9  2 4 8 1 0 . 0 8  - 8 1 9 . 3 2  - 5 1 1 ? 0 . 3 2  - 2 0 8 2 . 0 3  2 2 7 6 7 ' 4 3
4  1 5 3 5 . 9 8  - 2 2 3 1 3 . A 1  - 8 1 9 . 3 6  - 5 1 1 7 2 . 3 8  - 2 0 8 2 , L r  - 2 4 9 L 3 . 8 5

5  - 1 4 4 2 . 7 9  2 5 0 5 4 . ' 7 7  - 3 4 ' t , 7 3  - 2 L 7 L 6 . 9 8  - 8 8 3 . 6 2  2 3 0 1 5 . 1 0
6  1 5 1 1 . 5 ?  - 2 L s 2 6 . ' 1 4  - 9 2 8 . 5 ' 7  - s 7 9 9 3 . 1 4  - 2 3 5 9 . 6 4  - 2 4 5 2 0 . 8 ' 7
' t  - L 4 7 8 . 3 ' 7  2 4 6 6 7 . 6 6  - 2 3 8 . 4 9  - 1 , 4 8 9 4 , 7 ' 7  - 6 0 6 . 0 4  2 2 6 2 2 - 1 3'13 -  20

1 3

I ]

4  - 1 4 9 9 6 . 5 6  ? 4 r g r . 4 L  9 0 . 7 1  1 2 8 3 . 4 6  1 8 1 ' 7  " 7 L  - 1 4 6 0 5 ' 0 7

5  1 5 9 1 . 3 . 6 3  - 2 3 1 5 8 . 3 1  - 2 2 9 , ' 1 1  - 1 8 7 0 8 . 0 3  - 5 2 - t 4 . 1 5  L 8 2 3 3 . 2 9
6  - 1 4 8 4 1 . 9 1  2 3 9 5 3 . 0 ?  1 5 . ? 8  1 2 ' 1 4 . ' 7 2  2 2 L . 0 4  - ! 4 4 2 5 . 6 8

7  1 s ? 5 9 .  O s  - 2 2 9 2 0 . O ' 1  - 1 5 4 , 8 3  - 1 2 6 3 - 1  . 9 8  - 3 6 L ' t  , ' 1 3  1 8 0 5 3 . 9 7
8  4 . 5 2  - ' 1 2 . 4 0  3 2 0 . 4 3  2 5 9 8 8 . 5 4  7 1 5 3 . 3 6  3 0 4 2 . 2 2
1  - 4 . 4 5  r 2 g ' 1  . 1 0  - 0 . 0 1  - 0 . 5 5  0 . 1 3  - 2 4 9 - 2 0

2  - ! 5 ' 7 L ' t . ! 4  2 5 3 2 4 . 4 5  - s 5 0 . 1 9  - 4 4 6 9 5 . 4 5  - 1 2 4 2 8 . 6 6  - 1 5 4 5 0 - 1 3

3 L4 '196.45 -2L482.23 _-5s0.18 -44595.0s -12428. , -56 .^- .L9g65JA
a , 5 9 2 4 , 0 2  ? 5 6 4 r . ' t 2  - 5 5 0 . 1 6  - 4 4 6 9 3 . ? 8  - 1 2 4 2 9 . 0 6  - 1 5 6 9 0 . 1 5

1 4 9 9 8 . 6 9  - 2 ! 7 2 6 . s 2  - 2 2 9 , 7 7  - 1 8 7 0 8 . 0 3  - 5 2 7 4 . 7 5  1 ' 7 7 6 2 . ' 7 8
- ! 5 6 ' 7 0 . s 2  2 5 2 5 4 . 5 9  - 6 2 5 . 0 8  - 5 0 ' 1 6 2 . 5 L  - 1 4 0 8 5 . 7 3  - 1 5 3 9 6 . 4 8

1 4 ? 4 5 . 6 0  - 2 1 3 3 9 . 8 2  - 1 5 4 . 8 3  - 7 2 6 3 ' 7 . 9 8  - 3 6 . 7 . ' 7 3  L 6 8 6 9 ' 1 2
4 . 4 8  - 7 2 . 3 4  - 3 2 0 . 4 3  - 2 5 9 8 8 , ' 1 0  - 7 1 5 3 . 4 1  3 0 4 2 . ! ' l
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8OK-SHORT CRYOPUMPSUPPORT

MEMBER END FORCES STRUCTURE TYPE : SPACE

--  PAGE NO. 1 2

AI,L UNITS ARE -_ POUN INCH

MEMBER I.OAD JT AXIAI SHEAR-Y

1  0 . 0 0
2  0 . 0 0
1 215'7 0 ,0'l
2 -2'�7 5't 0 .0'l
) ,  -2 '7  569 .82
2  2 " 1  5 6 9  . 8 2
1 216L8 ,  !6
2  - 2 7  6 5 0  , 6 3
r  - 2 1 6 1 8  . 5 2
2 2 '1650 .92
L 2 ' t  569 .82
2  - 2 7  5 6 9  . 8 2
1 ,  - 2 7  5 1 0 , 3 8
2 2 '157 0 .38
1  0 . 0 0
2  0 , 0 0

2  0 . 0 0
3  0 , 0 0

3  - 2 7  5 6 9  . 5 8
2 -27 5't O , 0'1
3  2 7  5 ' t O  , 0 7
2 27 659 .  t8
5  - Z t  t L t l .  t t

2  - 2 ' 1 6 5 ' l  . 9 3
3  2 7 7 1 5 . 5 3
2 2 ' t  569 .58
3  - 2 7 5 6 9 . 5 8
2  - 2 " 1 5 7  0 . 5 3
3  2 7 5 7 0 . 5 3
2  0 . 2 4
3  - 0 . 2 4

4
3

3
4
3
4

- o  . ' 1 4
0 . 7 4

2 2 6  , 0 1
- 2 2 6  . 0 7

- 5 6 . 6 4
5 6 . 6 4

5 . 8 6
- 1 0 8 . 8 9

'1 ' t  .65
2 5 . 5 5

- 8 5 1 . 9 9
7428.85
- 8 5 1  . 9 9
1 4 2 8 . 8 5
- 8 5 1 . 9 8
1 4 2 8 . 8 3
- 8 5 1 . 9 9
L428 .85
- 8 5 1 . 9 5
1 4 2 8 . 8 0
- 8 5 2  . 0 2
1 4 2 8  . 8 7
- 8 5 2 . 0 3
1 4 2 8  . 8 8

0 . 0 0
0 . 0 0

- 1 5 ? 8 . 8 4
2 6 0 4 . 3 6

- 1 5 7 8 . 8 5
2604 .3 ' t

- 1 5 7 8 . 8 3
2 6 0 4  , 3 5

- 1 5 ? 8 . 8 ?
2 6 0 4 . 3 9

- 1 5 ? 8 . 8 4
2 6 0 4 . 3 6

- 1 5 ? 8 . 8 5
2604 .3'�1

- 1 5 1 8 . 8 5
2604 ,3'�7

0 . 0 0
0 . 0 0

1 4 2 ' 7  . 2 5
4 1 0 . 1 4

1 4 2 ' 7 . 2 4
4 7 0 . 1 5

L 4 2 ' 1  . 2 5
4 1 0  ,  1 4

1 4 2 ' 7  , 2 5
4 1 , 0  .  1 4

1 4 2 1  . 2 2
4 1 0  .  1 7

SHEAR-Z

0 , 0 0
0 .  0 0

0 .  1 1
- 0 . 0 6

0 . 0 6
0 . 0 1

- 0 , 0 1
- 0 . 0 8

0 . 0 8
4 7  . 9 r

- 8 0 . 3 1
-  4 ' t  . 9 3

8 0 . 3 3
0 . 0 0
0 . 0 0

0 , 0 0
0 , 0 0

1 1 5 4 . 9 5
- 1 1 5 4 . 9 5

1 1 5 5 . 0 0
- 1 1 5 5 . 0 0

1 1 5 4 . 9 5
- 1 1 5 4 . 9 5

1 1 5 5  ,  0 1
- 1 1 5 5 . 0 1

1 2 4 3 . 7 8
- 1 3 0 1 . 3 8

1 0 6 6 . 2 3
- 1 0 0 8 . 6 s

0 . 0 0
0 . 0 0

o . 0 2
- 0 . 0 2

r '7  3 .07
- t t J . u l

1 7 3 , 0 3

r '12.84
-  r ' 12  .8  4

L'�? 3 .2r

TORSION

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0
0 .  0 0
0 . 0 0
0 . 0 0
0 . 0 0

4 2 8 3 , 9 8
-4283 .98

4284 .  O0
- 4 2 8 4 . 0 0

4284.  02
- 4 2 A 4  .  0 2

4 2 4 4 , O O
- 4 2 8 4 . 0 0

4 2 8 3 . 9 6
- 4 2 8 3 . 9 6

4 2 8 3 . 9 9
- 4 2 8 3 . 9 9

4284.  Or
- 4 2 8 4  , 0 r

0 . 0 0
0 . 0 0

2 0 5 0 . 1 6
- 2 0 5 0 . 1 6

1 1 6 4 . 8 8
- 1 1 6 4 . 8 8

1 1 6 4 . 8 4
- 1 1 6 4 . 8 4

1 1 5 8 , 8 6
- 1 1 5 8 . 8 6

1 1 7 0 . 8 6
- 1 1 ? 0 . 8 6

MOM-Y

0 . 0 0
0 . 0 0
0 . 5 0
0 . 9 5
0 . 3 5
o  . 2 6

- o . 6 1
- 0 . 0 1

o  . 9 4
0 .  9 3
0 . 7 8

- 8 6 4 . 7 0
- 0 . 1 5

8 6 5 . 2 9
0 . 0 0
0 , 0 0

0 . 0 0
0 . 0 0
0 . 9 5

- 2 ' 7 ' t t 8 , ' t 2

-2 '1"120,28
2 4 2  .  4 9

-2 ' t  4 '77 .53
t t oo  .  oo

- 3 1 4 0 8 . 5 5
- 8 6 5 . 8 ?

- 2 4 0 3 1 - .  r 5
o  . 2 9

- o . 2 4

- L  . 4 ' t
0 . 4 1

- 1 8 2 .  1 8
-7260 . '7  4
- L 8 0 . 7 7

- ' 1 2 5 4 .  L 2
- 1 7 ? . 0 1

- '7265 ,7I
- 1 8 1 . 8 6

0 . 0 1
- l - 5 3 9 6 . 0 1

- 0 . 0 1
- 1 5 3 9 5 . 7 9

- 0 . 6 3
- L 5 3 9 6 . 2 5

- 0 , 0 3
- 1 5 3 9 5 .  ? 8

0 . 4 4
- 1 5 3 9 5 . 1 3

0 . 0 6
- 1 5 3 9 5 . 7 4

0 . 0 8
- 1 5 3 9 5 . 1 2

0 . 0 0
0 . 0 0

1 5 3 9 5 . 8 3
- 6 5 5 9 4 .  ? 3

1 5 3 9 5 . ? 3
- 6 5 5 9 4 . 4 8

1 5 3 9 5 . 9 8
- 6 5 5 9 4 . 2 9

1 5 3 9 5 . 7 9
- 6 5 5 9 4 . 6 3

1 5 3 9 5 . 6 7
- 6 5 5 9 3 . 7 0

1 5 3 9 5 .  ? 9
- o f  f  v { .  J o

1 5 3 9 5 . 8 9
- 6 5 5 9 4 . 1 0

0 . 0 0
0 . 0 0

6 5 5 9 4 , 9 1
- 4 3 ' 7 2 6 . 9 9

65594 , 4't
- 4 3 7 2 6 . 9 6

65595 .27
- 4 3 7 2 7 . 8 1

6 5 5 9 4 . 5 3
-43 '126. '14

65594.72
- 4 3 ' 1 2 6 . 6 4
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8OK-SHORT CRYOPUMP SUPPORT

MEMBER END FORCE5 STRUCTURE TYPE = sPAcE

AIL UNTTS ARE __

__ PAGE N O .

MEMBER SHEAR-Y

142'7 ,  2  4
4 1 0  ,  1 5

r 4 2 ' � 1  , 2 6
4 1 0  .  1 3

0 . 0 0
0 .  0 0

SHEAR-Z

1 0 . 8 3
- 1 1 4 . 0 3

3 3 5 . 1 8

0 ,  0 5
- 0 .  0 5

,rT

3
A
3
4
3
4

POUN INCH

AX]AL

2 2 5  . 5 9
- 2 2 5  . 5 9
- L 4 2 . 3 ' 1

8 4 . 9 6
- 8 4 . 9 6

TORSION

1253 .  49
- 1 2 5 3 . 4 9

ro ' t  6  .2 I
- t o 1  6  . 2 I

- 0 . 0 4
0 .  0 4

0 . 0 0
0 . 0 0

- 0 . 0 1
0 . 0 1
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

- 0 . 0 2
o  . 0 2
0 . 0 1

- 0 . 0 1
- 0 . 0 1

0 . 0 1
0 . 0 0
0 . 0 0

0 . 0 0
0 .  0 0

MOM-Y

- 1  1  1 l

- 2 6 L 7  , 1  5
- 1 4 4 5 1 . 6 0

2258 .54
- 0 . 8 s
- 1 , 0 9

0 . 0 0
0 , 0 0
T . . L )

- r . 5  /
0 , 1 1

- 0 .  1 5
0 . 4 6
0 . 5 5

2 4 5 6 . 3 8
2  . 5 5

-245'1 .79
0 . 4 1
r  . 9 ' l

-1 ,4 .92
0 . 0 0

0 .  0 0  1 7 9 2 . 5 5
0 , 3 0

1 s . 4 5
0 . 0 . 0

- 4 6 8 1 .  6 0
- 0 . 1 9

1 3 0 5  . 2 L
- 0 , 0 6

MOM- Z

6s5 94 .  63
-437 27 .  08

6 5 5 9 5 . 6 5
- 4 3 ' 7 2 7 . 7 8

0 . 0 0
0 .  0 0

43"12'7 . 09
- 0 . 0 4

4 3 7  2 6  . 8 6
0 . 0 0

4 3 7 2 6 . 8 6
- 0 . 1 1

4 3 7 2 6 , 8 5
- o , 2 r

43' t  26 ,44
0 .  1 7

43'127.03
0 . 0 5

437 2 ' t  .34
- 0 . 0 3

0 . 0 0
0 . 0 0

- 8 4 0 5 1 . 0 5
0 . 0 0

- 8 3 6 0 8 . 4 1
0 . 0 2

- 8 3 6 0 L  4 1
- 0 . 0 2

- 8 3 6 0 5 . 4 0
0 . 0 0

- 8 3 6 1 1 . 4 0
0 .  0 2

-83652 -'t 0
0 . 0 0

- 8 3 5 6 4 . 0 7
0 . 0 1
0 . 0 2
0 . 0 0

-52266.52
0 . 0 1

- 5 2 7 0 9 . 1 8
0 . 0 0

- 5 2 ' 1 0 9 . 2 0
0 . 0 1

4  0 . 0 0
5  0 . 0 0
4  0 , 7 3
5  - 0 . 7 3
4  0 , 2 4
5  - O . 2 4
4  - 1 L 8 . 1 6
5  4 ' t  . 3 6
4  1 - L 9 . 0 0
5  - 4 8 . 2 0
4  - 0 . 4 9
5  0 . 4 9
4  0 . 5 2
5  - 0 . 5 2
4  - 0 . 4 9
5  0 . 4 9

3  0 . 0 1
6  - 0 . 0 1
3  1 ? 4 . 9 3
6 -L" t  4  .93
3  1 1 4 , 8 1
6  - L - l 4 . 8 1
3  1 7 4 . 6 8
6  - L 7  4  . 6 8
3  - 4 9 0 . 9 8
6  4 9 0 . 9 8
3  2 0 . 6 3
6  - 2 0 . 6 3

6  3 3 6 .  ? 5
3  6 6 5 . 8 9
6  - 6 5 5 . 8 9

4  - 0 . 0 1
! 2  0 . 0 1

4  3 9  . 6 1
t 2  - 3 9  . 6 1

4 39.6 ' �1
7 2  - 3 9 .  6 ?

2 r r 2 . 5 4  0 . 0 0
- 8 5 2 .  0 0  0 . 0 0
2 L L Z . 5 4  - 0 . 0 1
- 8 5 2 .  0 0  0 . 0 1
2 L r 2 . 5 5  0 . 0 4
- 8 5 2 . 0 L  - 4 . 0 4
2 L L 2 . 5 3  0 . 0 2
- 8 5 2 . 0 0  - o . o 2
2 r r 2 . 5 3  - 0 . 0 7
- 8 s 2 . 0 0  0 . 0 ?
2 M . 5 5  - 1 1 8 . ? 4
- 8 5 2 , 0 1  4 7  . 9 4
2 L L 2 . 5 4  1 1 8 . 7 0
- 8 5 2 . 0 1  - 4 ? . 9 0

0 . 0 0  0 , 0 1
0 . 0 0  - 0 . 0 1

- 1 9 8 9 . 3 7  0 . 3 5
1 9 8 9 . 3 7  - 0 , 3 5

- 1 9 7 8 . 9 0  1 3 2 5 8 . 1 4
1 9 7 8 . 9 0 - 1 3 2 5 8 , 1 4

- 1 9 7 8 . 9 0 - 1 4 1 7 0 . 3 8
1 9 7 8 . 9 0  1 4 1 ? 0 . 3 8

- 1 9 ? 8  .  8 3  1 3 4 3 8 . 4 4
1 9 7 8  . 8 3 - 1 3 4 3 8 . 4 4

- 1 9 7 8 . 9 ? - 1 4 3 0 8 . 1 s
re't I .9't 14_3_09 , 1s

- 1 9 7 9 . 9 5  ! 3 2 9 9 . 4 2
r919 .95-13299 ,  42

- 1 9 7 7 . 8 5 - 1 4 1 6 9 . 1 9
I 9 ' t ' 7 . 8 5  1 4 1 6 9 . 1 9

0  .  0 0  - 4 2  . 4 3
0 . 0 0  4 2 . 4 3

- 1 2 3 1 . 0 8  - O . 3 ' � 7
1 2 3 ?  . 0 8  0 . 3 7

- 7 2 4 ' � 7  . 5 5  1 1 0 . 8 2
1 2 4 ' l  . 5 5  - 1 1 0 . 8 2

- 1 2 4 1  , 5 6  - 3 0 . 8 9
L 2 4 1  . 5 6  3 0 . 8 9

0 . 0 0 - 5 6 0 1 5 6 .  l - 9
0 .  0 0  - 0 .  1 ?
0 . 0 0  s 9 8 6 9 8 . 8 1
0 . 0 0 - o  . 2 8
0 .  0 0 - 5 6 7 7 7 4  .  5 6
0 . 0 0  - 0 . 0 2
0 . 0 0  6 0 4 5 1 9 . 5 6
0 . 0 0 0 . 0 5
0 . 0 0 - 5 6 1 9 0 0 . 8 1
0 . 0 0 0  . 0 2
0 . 0 0  5 9 8 6 4 8 . 6 9
0 . 0 0

0 . 0 0

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
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8OK_SHORT CRYOPUMPSUPPORT .- PAGE NO. 14

MEMBER END FORCES STRUCTURETYPE = SPACE

Al,L UNITS ARE

MEI\.IBER LOAD

-- POUN INCH

4  3 9 .  6 1
L 2  - 3 9 . 6 1

4  - 8 6 . 5 1
)-2 8 6.  57

4  9 . 8 9
1 2  - 9 . 8 9

4  - 5 6 . 5 9
' r r  ( 4  ( o

q  r z 0 . - L o

l z  - - L z o .  r 0

3  - 0 . 0 r
9  0 . 0 1
3  1 1 5 6 . 8 0
9  - 1 1 5 6 . 8 0
3  1 1 5  6 .  e 0
9  - 1 1 s 6 . 8 0
3  1 1 5 6 . 8 6
v  - r - 1 3 b .  u 0
3  4 9 0 . 9 8
9  - 4 9 0 . 9 8
3  1 3 1 0  .  9 7
9 - 1j_lq._17
3  3 3 6 , 7 0
: ,  - J J O .  ' U

3  6 6 5 . 8 3
9  - 6 6 5 . 8 3

4  0 . 0 1
t A  - 0 . 0 1

4 2r2 .'7 L
1 4  - 2 t 2  , ' l  I
4  2 L 2 . 7 I

L 4  - 2 t 2 . ' � l 7
4 2r2 . '1L

L A  - Z L Z .  t L

4  8 6 . 5 2
t 4  - 8 6 . 5 2

4  2 4 2 , 6 1
14 -24?"_6L

4  5 6 . 5 9
1 4  - 5 6 . 5 9

4  L 2 6 . 2 8
1 4  - 1 2 6 , 2 8

7  1 9 8 9 . 3 ?
<  - 1 o e q  ? ?

MOM- Z

- s 2 7  L 2  . 2 0
- 0 . 0 1

- s 2 ' l 0 6 . l ' 1
0 . 0 0

-52664 -87
0 . 0 1

-527 s3 .52
0 . 0 0

- o . 0 2
0 . 0 0

- 8 6 2 8  4  . 8 1
- 0 . 0 1

- 8 6 7 2 7 . 5 2
- 0 . 0 1

- 8 6 ' 7 2 7 . 5 5
- 0 . 0 1

- 8 6 7 3 0 . 5 3
0 . 0 1

-86724 .52
0 .  0 0

0 , 0 1
-8 57 "11,  .  87

- 0 . 0 3
- 0 .  0 2

0 . 0 0

- 5 4 3 1 6 . ? 1
0 .  0 1

- 5 3 8 7 4 , 0 7
0 . 0 0

- 5 3 8 ? 4 . 0 4
0 . 0 0

- 5 3 8 7 1 . 0 6
0 . 0 0

- 5 3 8 ? ? . 0 8
0 . 0 0

- f , 5 v r o .  J o

0 . 0 1
- 5 3 8 2 9 . 7 3

0 . 0 0
o . o 2
0 . 0 0

0 . 0 0

SHEAR_Y

- 1 2 4 1  , 6 3
r 2 4 ' t  . 6 3

- r 2 4 ' � 7  . 4 8
7 2 4 1  , 4 g

- 1 2 4 6 . 5 1
t 2 4 6  . 5 7

- 1 2 4 8 . 6 0
L248 . 60

0 . 0 0
0 . 0 0

- 2 0 4 2 . 2 5
2 0 4 2 , 2 5

SHEAR-Z

rLt .'1 4
-:;-;;

1 - 1 1 . 0 1
- 1 1 1 . 0 1

- 7  3  . 5 7't 3 .5't
4 2  . 4 5

- 4 2 . 4 5

- 0 , 3 9

-2052 . '12-L4086.06
2 0 5 2 . ' 1 2  1 4 0 8 6 . 0 6

-2052. '12 ) .3342.4) ,
2052 . '12-r3342 .  4L

-2052. '7  9-14272.OO
2 0 5 2 . ' � l 9  r 4 2 ' 1 2 . 0 0

- 2 0 5 2 . 6 s  1 3 4 8 5 . 8 5
2  0 5 2  .  6 5 -  1 3 4 I  s  .  I 5

- 2 0 5 r , 6 1 - r 4 0 4 4 . 4 9
2 0 5 t  . 6 ' 1  1 4 0 4 4 . 4 9

-2053 , '7 ' t  132 s8 .  3s
2053 . ' l '1- r3258 .35

0 . 0 0  4 2 . 4 0
0  .  0 0  - 4 2 . 4 0

- 1 2 8 5 . 6 0  0 . 3 8
!aq5-69 -0.38

-  1 2 7 5 .  1 3  - 1 1 5 . 0 8

1 2 7 5 . 1 3  1 1 5 . 0 8
- L Z t 2 . L Z  Z A , p Z

r 2 ' t  5  .  ! 2  - 2 6 . 6 2
- r 2 1 5 . 0 5  - L ' J , 6 . 0 2

r 2 ' 7 5 , 0 5  L 1 , 6 . 0 2
- t 2 ' 1 5 . 2 0  ? 0 . 0 4

r 2 1 5 . 2 0  - ?  0 .  0 4
- L 2 1 6 . 7 ' t  - 1 1 4 . 8 4

L 2 ' 1 6 .  L ' l  1 1 4 . 8 4
- t 2 ' 1  4  . 0 8  6 8  . 8 ' l

r 2 1 4 . 0 8  - 6 8 . 8 7
0  .  0 0  - 4 2 .  4 5
0  .  0 0  4 2 . 4 5

0 . 3 5  0 . 0 1
- 0 . 3 5  - 0 , 0 1

TORSION MOM-Y

0 .  0 0  - 4 7 2 0 . 6 8
0 . 0 0  0 . r , 1
0 .  0 0  3 1 3 8 . 3 4
0 . 0 0  - 0 .  1 6
0 .  0 0  - 4 6 9 0 . 5 ?
0 . 0 0  0 , 0 0
0 . 0 0  3 1 0 8 . 0 2
0 . 0 0  - 0 . 1 - 3
0.  00 - r793 .6 '1
0 .  0 0  0  . 2 2

0 . 0 0  1 6 . 3 8
0 .  0 0  0 . 0 0
0 . 0 0  s 9 5 1 3 5 . 8 1
0 . 0 0  0 . 4 0
0 . 0 0 - s 6 3 ? 1 7 . 2 5
0 . 0 0  0 , 3 4
0 . 0 0  6 0 2 9 9 2 ,  1 9
0 . 0 0  0 .  1 6
0 . 0 0 - 5 6 9 7 ? 7 . 3 1
0 .  0 0  0 . L 2
0 . 0 0  5 9 3 3 ? 9 . 9 4
0 .  0 0  - 0 . 1 9
0 . 0 0 - 5 6 0 1 6 5 . 4 4
0 . 0 0  0 . 1 3
0 . 0 0  - ! ' 7 9 1 . r - l
0 . 0 0  - 0 . 1 4

0 . 0 0  - 1 5 . 8 5
0 . 0 0  0 . 0 0
0 .  0 0  4 a 6 2  . 0 ?
0 .  0 0  0 . 4 4
0 .  0 0  - r r 2 4 . 9 6
0 . 0 0  0 . 1 0
0 . 0 0  4 9 0 2 . 1 6
0 . 0 0  - 0 . 0 9
0 . 0 0  - 2 9 5 9 . 4 6
0 . 0 0  0 . 1 8
0  .  0 0  4 a 5 2  . 4 3
0 .  0 0  - 0 . 2 0
0 .  00 -2909 .6 ' l
0 . 0 0  0 . 2 0
0 . 0 0  1 , ' 1 9 3 . 7 2
0 . 0 0  - 0 . 2 0

0 . 0 0  - 0 . 1 1
0 . 0 0  0 .  0 0
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8OK_SHORT CRYOPUMPSUPPORT -- PAGE NO. 15

MEMBER END FORCES

ALL UNITS ARE -- POUN

MEMBER LOAD JT

STRUCTURE TYPE = SPACE

INCH

SHEAR-Y SHEAR-Z TORSION MOM- Y

1 0

'7

,7

1
6
't

6
'l

6
7
6
'7

F
'7

I
'7

t
'7

B
1
I
'7

8
'l

I
'7

I
'7

AXIAL

1 9 7 8 . 8 9
- 1 9 ? 8 . 8 9

1 9 7 8 . 9 0
- 1 9 7 8 .  9 0

L9'7I  .82
- 1 9 ? 8 . 8 2

1 9 7 8 . 9 7
- L 9 7  B  . 9 ' 7

1 9 7 9 . 9 5
- 1 9 7 9 . 9 5

1 9 7 ? . 8 3
- 1 9 7 7 . 8 3

0 . 0 0
0 . 0 0

r9 ' t '7  .64
- ! 9 7 ' l  . 6 4

-2065'7 . L8
2 0 6 5 7  . t 8
26149 . 59

-26149 .59
-20964.96
20964.96
26384. '15

-26384 .1 5
- 2 0 ' t 2 6 . 6 r

26!46 . 52
- z o l q o . a z

7 2 , 4 0
- - t 2  . 4 0

1 3 2 5 8 . 1 3
- 1 3 2 5 8 . 1 3
- 1 4 1 7 0 . 4 0

1 4 1 ? 0 , 4 0
1 3 4 3 8 . 4 4

- 1 3 4 3 8 . 4 4
- 1 4 3 0 8 . 1 5

1 4 3 0 8 . 1 5
l :Zst 4s

- 1 3 2 9 9 .  4 3
-r4r69.20
74169.20

4 2 . 4 3

- 4 . 3 2
4  , 3 2

- t 4 2 ' t  .  0 2
142'7 . 02
1 5 1 6 . 4 0

- 1 5 1 6 . 4 0
-1446.3 '7

1446 ,3 ' l
1 5 3 1 ,  1 9

- 1 5 3 1 ,  1 9
- 1 4 3 1 .  4 6

1 4 3 1 . 4 6
1 5 1 6 . 2 8

- 1 5 1 6 . 2 8
4 . 5 5

- 4 . 5 5

0 . 3 9
- 0 . 3 9

1 4 0 8 6 . 0 6
- 1 4 0 8 6 , 0 6

L 3 3 4 2  . 4 r
L 4 2 ' t  2  , 0 0

-1,427 2 ,  OO
- 1 3 4 8 s .

1 3 4 8 5 .
1 4 0 4 4 .

-1 ,4044.
- 1 3 2 5 8 .

1 3 2 5 I  .
- 4 2 .

4 2 '

8 6
8 6
4 9
4 9
? ?

3'7
4 0
4 0

L'l 4 ,7'7
-r't 4 .'t 7

t ' t  4  . 8 3
- 1 ? 4 . 8 3

1 7 4 . 8 0
- 1 7 4 . 8 0
- 4 9 0 . 9 5

4 9 0 . 9 5
2 0  . 5 9

- 2 0 . 5 9

336. ' t2
b b f .  / b

0 , 0 1
- 0 , 0 1

1 2 3 . 8 1
- 1 2 3 , 8 1

! 2 3  .  A 2

r 2 3  . 1 8
- 1 2 3 . ' 1 8

34' t  . '13
L 4  . 5 1

-L4 .5 ' l
-238 . 49
2 3 8 , 4 9
47 !  ,5 ' l

-4't L . 5'7

0 . 0 1
- 0 . 0 1

-) ,156 . ' t9
1 1 5 6 . ? 9

- 1 1 5 6 . ? 8
1 1 5 6 . 7 8

- 1 1 5 6 . 8 0
1 1 5 6 . 8 0
- 4 9 0 . 9 5

4 9 0 . 9 5
-  1 3 1 1  .  0 1

1 3 1 1 . 0 1 - .
- 3 3 6 . 7 3

J J O .  / J

- 6 6 5 .  8 1
6 6 5  .  8 1

0 .  0 0  - r 5 1 2 , 9 r
0 ,  0 0  0 . 0 0
0 .  0 0  - 1 5 7 3 . 4 6
0 .  0 0  0 . 0 0
0 . 0 0  - L 5 ' 1 3 . l ' t
0 . 0 0  0 . 0 0
0 . 0 0  4 4 1 8 . 5 6
0 .  0 0  0 .  0 0
0 . 0 0  - L 8 5 . 2 9
0 . 0 0  0 . 0 0
0 . 0 0  3 0 3 0 . 4 8
0 , 0 0  0 . 0 0
0 , 0 0  - 5 9 9 1 .  ? 9
0 . 0 0  0 , 0 0

l'lol.'l- z

L79323.2!
0 ,  0 0

- 1 2 ? 5 3 3 . 6 0
0 .  0 0

t20945.96
0 . 0 0

- t 2 e 1 1 3  . 3 8
0 . 0 0

1 1 9 6 9 4 . 8 8
0 . 0 0

-  12 ' t  522 .  7 ' l
0 . 0 0

- 3 8 1 . 9 0
0 . 0 0

- 0 . 5 2
-23153 .46
-63894.96
2 4 2 0 6 , ' 7 9
6 8 2 9 3 .  e 5

- 2 3 4 6 4 . 8 0
-64 '163 .98
24444 .  66
6 8 9 5 7 . 8 1

- 2 3 2 2 4  . 9 2
- 6 4 0 9 4 . 0 2

2 4 2 0 4  . 8 8
6 8 2 8 8 . 1 3

l s . t o
2 0 4 . 4 8

3 . 4 9
0 . 0 0

L26'77 4 .58
0 . 0 0

- 1 2 0 0 e 1 . ? 0
0 . 0 0

1 2 8 4 4 8 , 0 4
0 . 0 0

- l z L S t z . o o

0 . 0 0
t26400 . 45

0 .  0 0
- 1 1 9 3 2 5 . 3 1

0 . 0 0
- 5 U r . 0 f

0 .  0 0
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o  , 0 2

3r4 .  62
- J r q .  o 4

3L4 . 64
- 3 1 4 . 6 4

J I q .  J J
- 3 1 4 . 5 5
- 8 8 3 . 6 2

t t d S . o z

3 7 , 0 3
- 3 ? . 0 3

- 6 0 6 . 0 4
6 0 6 . 0 4

1 1 9 8 . 3 3
- 1 1 9 8 , 3 3

- 0 . 5 5
0 .  0 1

- ' t '132 .  46
1 8 0 . 0 9

- 7 ' 1 3 2 . 8 ' l
1 8 0 . 1 0

- 7 ? 3 0 . 8 3
1 8 0 . 0 3

2L"t 76.9'l
- 5 0 5 . ? 4
- 9 1 0 . 0 6

2 L  . 2 L
L4894. '17

- 3 4 6  . 8 1
- 2 9 4 5 1 . 4 8

b b ) . u /

1 1 1 0  2 0 4 2 . 2 5
9  - 2 0 4 ? , 2 5

1 0  2 0 5 2  . ' t  0
I  -2052. '10

1 0  2 0 5 2 . 1 r
9 -2052 .'11,

1 0  2 0 5 2  . 8 r
9 -2052.81,

1 0  2 0 5 2 . 6 4
9  - 2 0 5 2  . 6 4

10 205L.6 '7
9 -205L . 6'l

1 0  2 0 5 3 .  ? 4
e -2953.'-:14

1 0  0 . 0 0
9  0 . 0 0

0 .  0 0  - 0 .  1 1
0 .  0 0  0 .  0 0
0 . 0 0  1 0 4 1 1 . 1 8
0 .  0 0  0 . 0 0
0 .  0 0  1 0 4 1 0 . 9 6
0 . 0 0  0 . 0 0
0 . 0 0  1 0  4 1 1  ,  3 6
0 . 0 0  0 . 0 0
0 . 0 0  4 4 1 8 . 5 6
0 .  0 0  0 .  0 0
0 .  0 0  1 1 7 9 8 . 9 5
0 ,  0 0  0 .  0 0
0 , 0 0  3 0 3 0 . 4 9
0 . 0 0  0 .  0 0
0 . 0 0  5 9 9 2 . 2 9
0 . 0 0  0 . 0 0



8 OK- SHORT CRYOPUMP SUPFORT --  PAGE NO.

MEMBER END FORCES

A],L UNITS ARE _- POUN

STRUCTURE TYPE = SPACE

INCH

MEMBER

L 2 - 0 . 5 5
0 .  0 1

5 1 1 7 0 . 7 4
- L 1  9 1 . 6 5
5LL'7 0 ,32
-LL9L,64
s 1 1 7 2 . 3 8
- 1 1 9 1 . 6 9
2L716.98

- 5 0 5 .  ? 4
5 7 9 9 3 . 1 4

r 4 8 9 4  . 7 7
- 3 4 6 . 8 6

2945L . ' l2
- 6 8 5 . 8 6

- 2 5  , 5 9
0 . 0 0' 1 7  5 6  . 2 3
0 . 0 0

- 2 L 6 2  . 6 4
0 . 0 0

1 8 2 L . 5 3
0 . 0 0

- 5 1 9 9 .  9 9
0 , 0 0

7 7 ' 7 L , 2 8
0 . 0 0

- 5 1 4 9 , 7 6
0 . 0 0

2 9 1 2  .  0 9
0 . 0 0

- 2 6 . 2 6
0 . 0 0

8 0 5 4 . 8 8
0 . 0 0

- r d o J . 9 ,

0 . 0 0
8L22 ,22

0 .  0 0
- 4 9 0 3 . 3 7

0 .  0 0
8 0 3 9 .  ? 4

0 . 0 0

MOM_ Z

- ? 6 9 . 9 5
- 0 . 6 6

-24592. '7s
- 6 7 4 8 4 . 9 9
2 2 ' t  6 7  , 4 3
64303 ,62

- 2 4 9 1 3 . 8 5
- 6 8 7 8 1 . 1 9

2 3 0 1 5 . 1 0
64994 .8 '1

-24520 .87
- 6 7 6 8 4 . " 1 4
2 2 6 2 2  ,  L 3
6 3 8 9 8 . 4 5

7 3 . 2 0
2 0 4 . 3 0

- 0 . 8 6
0 . 0 0

2 ' t ' 1 8 . 0 1
0 . 0 0

? ' 7 7 8 . t ' l
0 , 0 0

2 7  8 0  , 6 4
0 .  o 0

- 6 0 5 8 . 9 8
0 . 0 0

6 8 4 . 6 5
0 . 0 0

- 3 9 6 2  . 5 3
0 . 0 0

I 8 3 4 . 5 2
0 . 0 0

- 0 . 8 6
0 . 0 0

- 1 4 8 9 1 . 0 5
0 . 0 0

- 1 4 8 9 0 . 9 0
0 . 0 0

- 1 4 8 8 8 . 4 3
0 . 0 0

- 6 0 5 8 . 9 8
0 . 0 0

- 1 6 9 8 4 . 4 1
0 . 0 0

AXIA]. SHEAR-Y SHEAR_Z TORSION

1 1  2 0 3 0 . 1 5
1 0  - 2 0 3 0 . 1 5
1 t  - r ] o o <  4 n

1 0  2 1 9 9 6 . 6 0
1 1  2 4 8 1 0 . 0 8
1 0  - 2 4 8 1 0 . 0 8
! !  - z z 5 r 5 . 6 l

1 0  2 2 3 7 3  .  8 7
11 25054 . ' t " l
1 0  - 2 5 0 5 4 . 7 ?
L 7  - 2 L 9 2 6 . ' 7  4
10 2L926 . '7  4
l ,  - L  2 4 0 l ]  r .  o o

L 0  - 2 4 6 6 7 . 6 6
1 1  7  2 . 3 4
1 0  - 7  2  . 3 4

1 3  1 2 3 7 . 0 8
7 2  - 1 2 3 ? . 0 8
1 3  L 2 4 ' 1  . 5 5
! 2  - t 2 4 7 . 5 5
1 3  t 2 4 7 . 5 6
1 2  - L 2 4 ' t  . 5 6
1 3  L 2 4 ' 1  . 6 3
7 2  - t 2 4 ' 7  . 6 3
1 3  L 2 4 7 . 4 8
1,2 -L24'7 ,  48
1 3  L 2 4 6 . 5 r
1 2  - 1 2 4 6 . 5 t
1 3  L 2 4 8 . 6 0
1 2 : 1 2 4 8 , 6 0
1 ^ 3  0 . 0 0
1 2  0 .  0 0

1 s  1 2 8 5 . 6 0
14 - 12_e_5-,50
1 s  1 2 ? 5 . 1 3
L 4  - 1 2 ? 5 . 1 3
1 5  1 2 7 5 . 1 3
1 4  - 1 , 2 ' 1 5 . L 3
1 5  L 2 ' 7 5 . O 5
1 4  - 1 2 7 5 . 0 5
t 5  L z ' t 5 . 2 0
1 4  - r 2 7  5 . 2 0
1 5  ! 2 7  6  - r 1
1 4  - L 2 ' 1 6 . 1 , ' l

- 4 . 4 4
a  . 4 4

- 1 5 1 6 .  0 3
1 5 1 6 .  0 3
1 , 4 2 7  . 3 9

-1,42 ' t  .39
- 1 5 3 5 . 9 8

1 5 3 5 . 9 8
1 4 4 2  . 7  9

- 1 4 4 2  . 7  9
- 1 J r - 1  . 5  /

I ) I I . J /

1 4 1 8 . 3 7
-  1 4 1 8  .  3 7

4 , 5 5
- 4 . 5 5

- 0 . 0 1
0 , 0 1

3 9 . 6 9
- 3 9 . 6 9

3 9 .  6 9
- 3 9 .  6 9

3 9  . ' 7  2
-39 . ' t2

t  b .  t o

9  . ' 1 8
- 9 . 7 8

- 5 6 .  6 1
5 6 .  6 1

L26 ,  27
- ' t  26 . .2r

- 0 . 0 1
0 , 0 1

- 2 1 , 2  . 7  3
2 1 2  . 7  3

- 2 r 2 . 7 3
2 7 2  . ' 1 3

- 2 r 2  ,  6 9
2 L 2  ,  6 9
- 8 6 . 5 6

8 6 . 5 6
- 2 4 2  . 6 3

2 4 2 . 6 3

0 . 0 1
- 0 . 0 1

- a 1 a  ? ?

9 1 q  ? ?
- 8 1 9 . 3 2

8 1 9  ,  3 2
- 8 1 9 . 3 6

8 1 9 . 3 6
-34 ' t  . ' t  3

34'l . 't 3
-928 .5 ' l
928 . 5't

-234 .  49
238 ,  49

-41r  ,5 '7
4 ' t  1  .5 '7

0 .  3 7
- 0 .  3 7

- 1 1 0 . 8 0
1 1 0 . 8 0

3 0 . 8 9
- 3 0 . 8 9

- 1 1 1 . ? 4
111_- ?4

7  4 . 2 9
- 7  4 . 2 9

- 1 1 1 . 0 2
1 1 1  .  0 2

-'13 . 5'7
- 4 2 . 4 6

4 2 . 4 6

0 . 3 8
- 0 .  3 8

- 1 1 5 .  0 7
1 1 5  .  0 7

- 1 1 6 . 0 3

1.1_g-_q3
? 0 . 0 5

- 7 0 . 0 5
- 1 1 4 . 8 5

1 1 4 . 8 5

0 . 0 2
- 0 . 0 2

-2082 .  O4
2082.O4

- 2 0 8 2 . 0 3
2082 . 03

- 2 0 8 2 . t I
2 0 8 2 . r L
- 8 8 3 . 6 2

-2339 .64
2 3 5 9 . 5 4
- 5 0 6 . 0 4

6 0 6 , 0 4
- 1 1 9 8 . 3 4

1 1 9 8 , 3 4

0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0
0 . 0 0
0 . 0 0
0 , 0 0

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 ,  0 0
0 ,  0 0
0 .  0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

r 4
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8OK-SHORT CRYOPUMP SUPPORT N O .

MEMBER END FORCES

AI,I, UI.]ITS ARE __ POUN INCH

MEMBER AXIAL

STRUCTURETYPE = SPACE

1 5

1 5  r 2 7  4 . 0 8
t 4  - L 2 7  4 . 0 8
1 5  0 . 0 0
1 4  0 . 0 0

' t  1 ,2 .29
1 ?  - 1 2  2 q
'7  26962.30

1 . 3  - 2 6 9 6 2 . 3 0
'7 -28193 ,'7 |

13 287 93 . ' tL'1 2'1328 .8 4
13 -2 '1328 .8 4' 7  - 2 9 0 ' 1 3 , ' 7 5
13 290' �73, '75' t  2 '1046,26
1 3  - 2 ' 1 0 4 6 , 2 6

' 1  - 2 8 7  9 L  . 3 0
l -3 287 9L.30' 1  - 8 6 . 2 5
1 3  8 6 . 2 5

1 0  1 2  . 6 6
1 5  - L 2  . 6 6
1 0  2 8 6 4 3 . 1 0
15 -28645 , '10
r o  - 2 ' t  L ) " o  , 2 L
1 5 2 ' t  L IO ,21
10 29023. '7r
Is  -29023. ' t t
ra -2' t  40r. '11
1 5  2 ' t  4 0 L . 7 7
t  0 2856L.23
L 5  - 2 8 5 6 1 . 2 3
L O  - 2 6 9 3 9 . 3 2
1 5  2 6 9 3 9 . 3 2
1 0  - 8 6 .  1 7
1 5  8 6 . 1 ?

SHEAR-Y

- 5 6 . 6 1
5 6 . 6 1

L26 .2r

- 2  , 9 4
2  . 9 4

- 1 0 3 9 . 1 8
1 0 3 9 . 1 8
1 1 0 4 . 6 8

- 1 1 0 4 . 6 8
- 1 0 5 3 , 2 8

1 0 5 3 , 2 8
1 1 1 5 , 4 5

- - L . L I J . 4 )

-1,042 .4L
1 0 4 2  . 4 1
1 1 0 4 , 5 9

- 1 1 0 4 . 5 9

- 3  . 3 2

- 3 . 0 3

- 1 1 0 4 . 0 0
1 1 0 4 . 0 0
1 0 3 9 . 8 6

- 1 0 3 9 . 8 6
- 1 1 1 8 . 5 4

1 1 1 8 . 5 4
1 0 5 1 . 0 7

- 7 0 5 1 . 0 7
- 1 1 0 0 . 7 5

1 1 0 0 . 7 5
1 0 3 3 . 2 9

- 1 0 3 3 . 2 9
3 . 3 1

- 3 . 3 1

1 5 0 . 0 0
- 1 5 0 . 0 0

1 5 0 ,  0 0
- 1 5 0 , 0 0

1 5 0  .  0 0
- 1 5 0 .  0 0

1 5 0 . 0 0
- 1 5 0 . 0 0

SHEAR-Z

68 .8 '1
- 6 8 . 8 7
- 4 2 . 4 6

4 2 . 4 6

0 . 0 0
0 . 0 0

- 5 0 . 9 9
5 0 .  9 9

- 5 1 . 0 0
5 1 . 0 0

- 5 0 . 9 8
5 0 . 9 8

t 4 3 . 2 2
- L 4 3 . 2 2

- 6 .  0 0
6 .  0 0

O A  ? ?

- 9 8 . 2 3
-r94.23

1 9 4 . 2 3

0 . 0 0
0 . 0 0

337 .  46
-33'�1 , 46

33'1 , 46

33't . 4'l
-33't . 4'1
r43  .22

- 7 4 3  . 2 ?
3 8 2 . 4 5

- 3 8 2 . 4 5
9 8 . 2 3

- 9 8 . 2 3
1 9 4 . 2 3

- 1 9 4 . 2 3

0 .  0 0
0 . 0 0
0 . 0 1

- 0 . 0 1
0 . 0 2

- 0  . 0 2
8 . 5 1

- 8 . 5 1

TORSION

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

- 0 . 0 ?
0 . 0 ?

- 1 0 5 9 . 8 3
1 0 5 9 . 8 3

- 1 0 5 9 . 8 9
1 0 5 9 . 8 9

- 1 0 5 9 . 6 1
1 0 5 9 . 6 1
29' �7  6.58

- z >  t o . J 6
- L 2 4  . 7  4

L24 .'l 4
2 0 4 r . 5 1

- 2 0 4 1 . 5 1
- 4 0 3 6 . 5 9

4 0 3 6 .  6 9

- 0 . 0 7
0 . 0 7

7 0 1 3 . s 8
- ? 0 1 3 . 5 8

? 0 1 3 . 5 2
- 7 0 1 3 . 5 2

7 0 1 3 . 8 0
- 7 0 1 3 . 8 0

2 9 7  6  . 5 8
-297 6.  58'7948.6'�1
-'7948 .6'�1
2 0 4 1 . 5 1

- 2 0 4 1 . 5 1
4 0 3 6 . 7 2

- 4 0 3 6 . ' 1 2

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0
0 .  0 0
0 .  0 0

MOM-Y

- 4 8 2 0 . 8 9
0 .  0 0

2 9 7 2 . L O
0 . 0 0

- 0 . 0 7
0 . 3 4

-95'l . 42
4 7 6 3 . 1 9
-95? .  4 ' l
4 7 6 3 . 4 5
-95 '1 .2r
4 7 6 2 . t 9
2 6 8 4 . 9 4

- L 3 3 7 7 . 6 4
- 1 1 )  A Q

L 8 4 4 . 2 3
- 9 1 ? 5 . 1 7
- 3 6 4 6 , 6 0
l - 8 1 4 2 . 1 1

- 0 . 0 7
0 . 3 4

6 3 3 5 .  8 2
- 3 1 5 2 1 . 1 5

- 3 1 5 2 0 . 8 9
6336 . 02

- 3 L a Z Z .  !  I

2688 .93
- l J 5 / / . O J

7 1 8 0 . 5 5
- 3 5 ? 2 3 .  ? 5

L 8 4 4 . 2 3
- 9 1 7 5 .  r 7

- 1 8 1 4 2  . 2 5

0 . 0 0
0 . 0 0

- 0 . 0 1
- 0 . 1 5
- 0 . 1 7
- 0 . 4 1

- 2 4 2  . 8 5
- 0 . 1 9

MOM- Z

0 . 0 0
- 8 8 3 4 . 5 5

0 . 0 0

- 2  . 6 6

- 5 5 4 2 8 . 2 0
-22L28 ,58
5 9 2 3 9 . 6 5
23205 .5 '7

- 5 6 1 8 2 . 0 4
-22426 .60

5 9 8 1 5 . 6 1
23433.27

- 5 5 6 0 0 , 8 7
-22196 .96

5 9 2 3 4  . 6 9
23203 . ' t3

1 7 7 . 3 8
7 0 .  1 3

- 2 . 8 3

- 5 8 8 8 9 . 4 5
- 2 3 5 0 5 , 0 1

5 5 1 ' t  I  . 2 2
21829 .07

- s 9 6 6 6 . 8 6
-238t2 .3't

5 6 3 ? 7 . 8 5
22066 , L4

- 5 8 ? 1 5 . 7 4
-23436,22

55426. '7  6
2 1 6 9 0 . 0 1

L'�7'1 .22
7 0 . 0 6

4284 .  OO
0 . 0 2

4283.99
0 , 0 1

4 2 8  4  . 0 4
0 . 0 4

4294 . O0
0 . 0 0

- L O

L 1 2
1 6
2

1 6
2

1 6
2

0 . 0 0
0 . 0 0

- 1 1 5 5 . 0 3
1 1 5 5 . 0 3

- 1 " 1 5 5 . 0 9
1 1 5 5 . 0 9

- 1 1 5 5 . 0 0
1 1 5 5 . 0 0
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8OK-SHORT CRYOPUMP SUPPORT

MEMBER END FORCES STRUCTURE TYPE = SPACE

A],L UNITS ARE -- POUN INCH

-_ PAGE NO. 18

MEMBER ],OAD JT AX IA],

- 1 1 5 5 . 0 8
1 1 5 5 , 0 8

- 1 1 6 3 , 5 3

. i - l b J .  l J
- r t46 .  49

1 1 4 6 . 4 9
0 . 0 0
0 . 0 0

SHEAR_Y

1 5 0 , 0 0
- 1 5 0 , 0 0

1 5 0 . 0 0
- 1 5 0 . 0 0

1 5 0 . 0 0
- 1 5 0 . 0 0

0 . 0 0
0 . 0 0

SHEAR-Z

8 . 5 1
0 . 0 0
0 .  0 0

- 0 . 0 1
0 . 0 1
0 . 0 0
0 , 0 0

TORSION

0 .  o 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

MOM-Y

243 .  L5
0 . 2 1

- 0 . 1 8
- 0 .  0 6

0 .  1 9
0 , 1 5

0 . 0 0

MOM- Z

4283 .97
- 0 . 0 1

4283 ,99
- 0  . 0 2

4284 . 07
0 . 0 1 -
0 . 0 0
0 . 0 0

2
L 6
2

1 6
2

2

* r r * * * * * *+***+*  END OF IATEST ANALYSIS RESULT

141. PRINT MEMBER STRESSES ALL

! r i . * * * * + * * * * * t *

Revision No. 1
Doc. No, V049- l.083
Page 27 of 90



8OK-SHORT CRYOPUMP SUPPORT

MEMBER STRESSES

AIL UNITS ARE POUN/SQ INCH

LD SECT

--  PAGE NO,  19

COMBINED SHEAR-Y SHEAR_Z

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 .  0 0

. 0
1 . 0 0

. 0
1 .  0 0

, 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 .  0 0

. 0
1 .  0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

0 . 0
2 . 2
0 . 0
0 . 0

0 . 0
0 . 0
0 . 0

7 0 , 5
0 . 0

0 . 6
? 1 . 1

0 . 6
6 9 . 9

2 . 2' 1 9  . 9
2 . 2

6 1 . 1
0 . 0
0 . 0

0 , 0
0 . 0
5 . 8
0 . 1
5 . 8
0 , 1
5 . 8
0 . 1
5 . 8
0 . 1
0 . 1
t 1

I I . 6
1 . 8

0 . 0

' t  8 2  . 3
8 2 1 . 5' 7  8 2  . 3
8 2 !  , 5' 1 8 3  . 7
8 2 3 . 8
7 8 3 . 7
8 2 3 . 8' t  8 2  . 3
e 2 7  . 5

0 . 0
0 . 0

1 6 6 . 9
8 2 1 . s
Y b J .  J

8 2 1 . 5
9 6 3 . 5
8 2 4 . O

8 2 4 . O
9 6 1  , 4
8 2 1 . 5

9 6 0 . 0
0 . 0
0 . 0

52. ' l
3 5 . 1
5 6 . 6
l d .  /

5 3 . 9
3 6 .  0
5 3 . 1
3 6 . 9
5 4 . 3
3 5 . 5
5 6 .  3
3 8 . 8
5 6  . 2
3 7 . 4

4 0 . 3
6 ' l  , 6
4 0 . 3
6 '1 .6
4 0 . 3
6 ' t . 6
4 0 . 3

4 0 . 3
6 7 . 6
4 0 . 3
6 7 . 6
4 0 . 3
6 7 . 6
0 . 0
0 . 0

1 4  . ' 1
t 2 3  . 2

L 2 3  . 2
7 4 . ' 7

L23 .2' 1 4  , 1
i , 2 3  , 2' t  4  . ' t
L23 .2'1  4 . ' t
1 , 2 3  . 2' 1 4 . 7

r23 ,2
0 . 0
0 . 0

3 8 . 0
1 0 .  9
3 8 . 0
1 0 . 9
J 6 .  U

1 0 , 9
3 8 , 0
1 0 . 9
3 8 . 0

3 8 . 0
1 0 . 9
3 8 . 0
1 0 . 9

0 , 0
0 . 0
0 . 0
0 , 0
0 . 0
0 . 0
0 , 0
0 . 0
0 . 0
0 . 0
2 , 3

2 . 3

0 . 0
0 . 0

0 . 0
0 . 0

5 4  . 6
5 4  . 6
5 4  . 6
5 4 . 6
5 4 . 6
5 4  - 6
5 4  . 6
5 4 , 6
5 8 . 8
b r . 5

5 0 . 4
4 7 . ' 7

0 . 0
0 . 0

0 . 0
0 . 0
4 . 6

4 . 6

0 . 3
3 , 0
8 . 9
6 , 2

AXIA],

0 . 0  T
0 . 0  T

? 8 2 . 3  c
'182 .3  C
'182 .3  ' I

' 1 8 4 . 6  C
? 8 3 . 7  r
7 8 4 .  6  T
7 4 2 . 3  C
7 8 2 . 3  c'7  82 .3 ' t
'182 .3 T

0 . 0
0 . 0

0 . 0  T
0 . 0  T

7 8 2 , 3  c

7 8 2 . 3  T
7 8 2 .  3  r
7 8 4 . 9  C
7 8 6 . 5  C
? 8 4 . 8  T
? 8 6 , 5  T'182 .3 C' 1 8 2  . 3  C'182 ,3 T' 7 8 2 , 3  r

0 . 0  c
0 . 0  c

0 . 0  T
0 . 0  T

0 , 9  T
0 . 9  T
0 , 1 c
1 , ?  C
7 . 2  C
0 . 4  c

2 . 3  T
2 . 3  T

BEND_Y

0 . 0

0 . 0

0 . 0
3 9  . 2

0 . 0

0 . 0
3 9  . 2

0 . 0
3 9  , 2

0 . 0
? o  ?

0 . 0
0 . 0

1 6 6 . 9
3 9 . 2

1 6 6 . 8
3 9 . 2

_ t o o . o
3 9 . 2

1 6 6 . 8

1 0 0 . o

1 5 6 . 8

1 6 6 . 8
0 . 0
0 . 0

5 2 . 7
J f , . I

52. '7
3 5 . 1
5 2 . 7

52. ' l
3 5 . 1
52. '7
3 5 . 1
52. '7
J J .  I .

5 2  . " 7
3 5 . 1
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8OK_SHOR? CRYOPUMP SUPPORT

MEMBER STRESSES

ATL UNITS ARE POUN/SQ INCH

-- PAGE NO. 20

MEMB LD SECT

8  . 0
1 . 0 0

4  1  , 0
1 . 0 0

2  . 0
1 . 0 0

3  . 0
1 . 0 0

4  . 0
1 . 0 0

5  . 0
1 . 0 0

6  . 0
1 . 0 0

1  . A
1 . 0 0

I  . 0
1 .  0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 ,  0 0

. 0
1 . 0 0

. 0
1 .  0 0

. 0
1 . 0 0

0 . 0
0 . 0

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 , 0
0 , 0
0 , 0
0 . 0
6 . 2
0 . 0
6 . 3
0 . 0
0 . 0
0 . 0

0 . 1
0 . 0

2 4 6 4 9  . 3
0 . 0

26345 . 4
0 . 0

2 4 9 8 4  . 6
0 . 0

2 6 6 0 1 .  s
0 . 0

24'126. I
0 . 0

0 , 0' 1 8  . 9
0 . 0

0 . ?
0 . 0

2 0 6 . 0
0 . 0

0 . 0
201 . "1

0 . 0
1 3 8 .  1

0 . 0
2 0 6 . 4

0 . 0

AX IA],

1 . 4  C
1 . 4  C

0 . 0  T
0 . 0  T
0 . 0  c
0 . 0  c
0 . 0  c
0 . 0  c
3 . 4  T
1 , 3  T

0 . 0  T
0 . 0  T
0 . 0  c
0 . 0  c
0 . 0  T
0 . 0  T

0 . 0  c
0 . 0  c

L 8 .  ?  c
1 8 .  ?  C
1 8 . 7  c
1 8 . 7  C
1 8 . 7  C
1 8 . 7  c
5 2 . 5  T
5 2 . 5  T

2 . 2  C
3 6 . 0  T
3 6 . 0  T
? 1 . 1  C
7 1 . 1  C

0 . 0  T
0 . 0  T
4 . 2  c
4 . 2  C
4 , 2  C

4 . 2  C

9 . 2  ' r

9 . 2  T

BEND-Y BEND-Z

0 . 0
0 . 0

r r r  .2
0 . 0

I T T  . 2
0 , 0

ILI .2
0 . 0

Lt t .2
0 . 0

T I L . 2
0 , 0

ITL.2
0 . 0

ILL,2
0 . 0
0 . 0
0 . 0

3 6 9 8 .  6
0 . 0

3 6 ? 9 .  1
0 . 0

36' �19, r
0 . 0

3 6 7 9 , 0
0 . 0

3 6 7 9 . 3
0 . 0

3 6 8 1 , 1
0 . 0

367'7 .2
0 . 0
0 . 0
0 . 0

2 3 0 0 . 0
0 . 0

2319 . 4
0 . 0

2319 . 4
0 . 0

23L9 , 6
0 . 0

0 . 0
2 3 r ' � 7  . 5

0 . 0

COMBINED

L , 4

LlL.2
0 . 0

1 1 r . 2
0 , 0

1 1 1 . 2
0 , 0

1 1 4 , 6
1 , 3

I I 4  , 6
1 . 4

1 1 1 . 4
0 . 0

1 1 1 . 4
0 . 0
0 . 0
0 . 0

3 6 9 9 . 3
0 . 0

28347 .2
1 8 . 7

3 0 0 4 3 . 2
1 8 . 7

28682.2
1 8 . 7

3 0 3 3 3 . 2
5 2 . 5

28409 .4
2 . 2

3 0 0 5 6 . 3
3 6 . 0

1 5 0 . 0
7 L . 2

2 3 0 0 . 6
0 . 0

2529.1

2 3 8 1 . 1
4 , 2

2 5 3 1 . 5

2 4 6 6  . 7
9 . 3

2 5 2 4  , 9
1 . 1

SHEAR-Y

0 . 0
0 , 0

9 9 . 9
4 0 . 3
9 9 . 9
4 0 . 3
9 9  . 9
4 0 . 3
9 9 , 9
4 0 . 3
9 9 . 9
4 0 , 3
9 9  . 9
4 0 . 3
9 9 ,  9

0 . 0
0 . 0

SHEAR-Z

0 . 0
0 . 0

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
! . o
2 . 3
5 . 6
2 . 3
0 . 0
0 , 0

3 9 ' 7 . 9  0 . 1
3 9 ? . 9  0 . 1
3 9 5 .  8  2 6 5 7 . 6
3 9 s . 8  2 6 5 ! . 6
3 9 5 . 8  2 8 3 4  .  L
3 9 5 . 8  2 8 3 4  ,  L
3 9 5 . 8  2 6 8 7  . ' l
3 9 s .  8  2 6 8 7  . 7
J Y 5 .  b  Z O O r .  O

J g J .  d  Z O O r .  A

3 9 6 . 0  2 6 5 9  . 9
3 9 6 . 0  2 6 5 9  . 9
3 9 5 . 6  2 8 3 3 . 8
3 9 5 .  6  2 8 3 3 .  I

0 . 0  8 . 5
0 . 0  8 . 5

2 4 ' 1  . 4  0 . 1
2 4 ' 1  . 4  0 . 1
2 4 9 , 5  2 2 . 2
z q t  .  J  2 . 2 . 4 ,

? 4 9 . 5  6 . 2
2 4 9 , 5  6 . 2
2 4 9 , 5  2 2 . 3
2 4 9 . 5  2 2 . 3
2 4 9 . 5  1 4 . 9
2 4 9  . 5  1 , 4  - 9
2 4 9 . 3 .  2 2 . 2
2 4 9 . 3  2 2 . 2
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8OK-SHORT CRYOPUMP SUPPORT

MEMBER STRESSES

AI,I, UNITS ARE POUN/SQ INCH

--  PAGE NO, 2 L

MEMB ID SECT

7  . 0
1 . 0 0

8  . 0
1 . 0 0

7  r  . 0
1 . 0 0

2  . O
1 . 0 0

3  . 0
1 . 0 0

4  . 0
1 . 0 0

5  . 0
1 .  0 0

6  . 0
1 . 0 0

7  . 0
1 .  0 0

I  . 0
1 . 0 0

4 0 8 . 4  0 . 1
4 0 8 . 4  0 , 1
4 1 0 .  s  2 8 1 7  . 2
4 1 0 .  s  2 8 L ' l  . 2
4 1 0 . 5  2 6 6 8 . 5
4 1 0 . 5  2 6 6 8  , 5
4 1 0 . 6  2 8 5 4 . 4
4 1 0 . 6  2 8 5 4 . 4
4 1 0 . 5  2 6 9 ' 1  . 2
4 1 0 . 5  2 6 9 ' � 1  , 2
4 1 0 .  3  2 8 0 4  . 9
4 1 0 . 3  2 8 0 8 . 9
4 1 0 ,  8  2 6 5 1 . ' l
4 1 0 .  8  2 6 5 7 . 7

0 . 0  8 . 5
0 . 0  8 . 5

AXIAI,

6 . 0  T
6 . 0  T

. t J .  f ,  L

0 . 0  T
0 . 0  T

) , 2 3  . 6  C

1 2 3 , 6  c

! 2 3 , 6  C
5 2  . 5  C
5 2 . 5  C

1 4 0 . 1  c
1 4 0 . 1  c

3 6 .  0  C
3 6 .  0  C
? 1 . 1  c
? 1 . 1  c

0 . 0  c
0 . 0  c

2 2 . 1  C
2 2 . 7  C
2 2 . 7  C
2 2 . ' l  c
2 2 . 7  C
2 2 . ' l  c

9 . 2  c
9 . 2  c

2 5 . 9  c
6 . 0  c
6 . 0  c

L 3 . 5  c
1 3 ,  5  c

3 1 2 . 8  C
3 1 2 . 8  C
3 1 1 .  1  c
3 1 1 .  1  C
3 1 1 .  I  C
3 1 1 . 1  C
3 1 1 .  t  c
3 1 1 . 1  C
1 1 1  '  a

3 1 1 . 2  C

BEND.Y

1 3 6 . 8
0 . 0

1 8 . 9
0 . 0

0  , ' 7
0 . 0

2 6 1 8 8  . 6
0 . 0

2 4 8 4 6  . 0
0 . 0

2 6 5 3 4  . 3
0 . 0

25072. ' l
0 . 0

2 6 1 1 1 . 3
0 . 0

2 4 6 4 9  . 7
0 . 0

7 8 . 8
0 . 0

0  . ' 1
0 . 0

2 t 4 . 0
0 . 0

4 9 . 5
0 . 0

215. ' l
0 . 0

r 3 0  . 2
0 . 0

2 1 3 . 5
0 . 0

1 2 8 .  0
0 . 0

7 8 . 9
0 . 0

0 . 0
0 . 0

2 5 5 . 8
0 . 0

2 5 5 . 8
0 . 0

2 5 5 , I
0 , 0

? 1 8 . 5
0 . 0

BEND_Z

232L .4
0 , 0
0 . 0
0 . 0

3 7  9 6  . 9
0 . 0

3 8 1 6 . 4
0 . 0

3 8 1 6 . 4
0 . 0

0 . 0
3 8 1 6 . 3

0 . 0
3 6 1 4 . 4

0 . 0
3 8 1 8 . 3

0 . 0
0 . 0
0 . 0

2390.2
0 . 0

23' l  0  . ' l
0 . 0

2 3 ' t  0  . 7
0 , 0

2 3 ' t  O  . 6
0 . 0

2 3 7 0 . 8
0 . 0

0 . 0
2368. '1

0 . 0
0 . 0
0 . 0

0 . 5
0 . 0

1 9 4 0 2 . 1
0 . 0

2 0 7  3 ' 7  , 2
0 . 0

0 . 0
2 0 9 3 8 . 8

0 . 0

COMBINED

2 4 6 4 , 2
6 . 1

9 2  . 4

3 7 9 7  , 6
0 . 0

30L28 . 6
L 2 3 . 6

2 8 7 4 6 . O
L 2 3 . 6

304'14 . 4
L 2 3  . 6

2894r .  4
5 2  . 5

3 0 0 6 5 . 8
1 4 0 . 1

2 8 5 0 4 . 1
3 6 . 0

1 5 0 , 0
7 L . L

2 3 9 0 . 9
0 . 0

260'7 .4
2 2 . ' l

2 4 4 2 . 9
2 2 . ' t

2 6 0 9  . 0

q ?

2 6 L 2  .  r

2 5 0 2  . 8
6 . 1

9 2 . 4
1 3 . 5

3 1 3 . 3
3 1 2 , 8

1 9 9 6 9 . 1
3 1 1 . 1

2 L 3 0 4 . 2
3 1 1 . 1

20232 ,9
3 1 1 . 1

2 ! 9 6 8  ,  4
3 1 1 . 2

SHEAR_Y

249 .'�l
2 4 9 . 7

0 . 0
0 . 0

SHEAR- Z

1 4 . 7
1 , 4 . 7

8 . 5

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
l .  0 0

. 0
1 ,  0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

2 5 1  . t
2 5 1  , l
2 5 5 .  0
2 5 5 .  0

2 5 5 . 0
2 5 5 . 0
2 5 5 . 0
2 5 s . 0
2 5 5 . 0 '
2 5 5  . 2
2 5 5 . 2
2 5 4  . 8

0 . 0
0 . 0

0 . 1
0 . 1

3 3 1 4 .  s
3 3 1 4 . 5

5 J q 2 . 0

J J f , Y .  O

3 3 5 9 . 6
3 5 7 7 . 0
3 5 ? 7 . 0

0 . 1
0 . 1 -

2 3 . O
2 3  . 0

5 . 3
2 3 . 2

1 4 . 0
1 4 . 0
2 3 , 0
2 3  . 0
1 3 . 8
1 3 . 8

8 . 5

0 , 0
0 . 0

43, '1
43. ' l
4 3  , 1
4 3  . ' 1
4 3 . 7

r 2 2 . 7
L 2 2 , ' 7
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8OK-SHORT CRYOPWP SUPPORT

MEMBER STRESSES

AI,L UNITS ARE POUN/SQ INCH

-_ PAGE NO.  22

MEMB I,D SECT

6  . 0
1 . 0 0

?  . 0
1 , 0 0

I  . 0
1 . 0 0

AXIAL

3 1 1 , 3  C
3 1 1 ,  3  C
3 1 1 .  0  C
3 1 1 .  0  C

0 . 0  T
0 . 0  T

. 0  3 1 0 . 9  c
1 . 0 0  3 1 0 . 9  c

. 0  3 2 4 8 . 0  T
1 .  0 0  3 2 4 8 . 0  T

. 0  4 7 L L . 6  c
1 . 0 0  4 1 1 1 , 6  c

. 0  3 2 9 6 , 4  T
1 . 0 0  3 2 9 6 . 4  ' � r

. 0  4 1 4 8 . 5  c
1 . 0 0  4 1 4 8 . 5  c

. 0  3 2 5 8 . 9  T
1 . 0 0  3 2 5 8 . 9  T

. 0  4 1 1 1 . 1  c
1 . 0 0  4 1 1 1 . 1  c

, 0  1 1 . 4  c
1 . 0 0  1 1 . 4  C

. 0  3 2 I . I  c
1 . 0 0  3 2 7 . L  c

. 0  3 2 2 . 8  c
1 . 0 0  3 2 2 , 8  c

. 0  3 2 2 . 8  c
1 . 0 0  3 2 2 . 8  c

. 0  3 2 2 . 4  c
1 . 0 0  3 2 2 . 8  c

. 0  3 2 2 . ' l  c
1 . 0 0  3 2 2 . ' l  c

. 0  3 2 2 . 6  c
1 . 0 0  3 2 2 , 6  C

. 0  3 2 2 . 9  C
1 . 0 0  3 2 2 . 9  c

. 0  0 . 0  c
1 . 0 0  0 . 0  c

. 0  3 1 9 . 2  c
1 .  0 0  3 1 , 9 . 2  c

. 0  3 4 5 8 , 6  T
1 . 0 0  3 4 5 8 , 6  T

. 0  3 9 0 1 . 0  c
1 . 0 0  3 9 0 1 . 0  c

. 0  3 5 0 8 . 5  T
1 , 0 0  3 5 0 8 . 5  T

BEND_Y

3 0 .  1
0 . 0

4 9 2 . 8
0 . 0

9 ' t  4  . 3
0 . 0

0 , 1
0 , 0

r z t t . 5
2 9  . 3

725'�7 . 4

1 2 5 ? . 0
2 9  . 3

3 5 3 1 . 2
8 2  . 2

1 4 8 . 0
3 , 4

2 4 2 L  . 9
5 6 , 4

4 7 8 8 . 9
- L _ t _ t . f ,

0 . 0
0 . 0

1 6 9 2  . 9
0 , 0

! 6 9 2  . 8
0 . 0

l -692 .9
0 . 0

7 1 8 . 5
0 . 0

1 v 1 d . f

0 . 0
492 .8

0 . 0
9 ' 1 4 . 4

0 . 0

0 . 1
0 , 0

8 3 2 0 .  4
1 9 3 .  I

8 3 2 0 . 4
1 9 3 . 8

8320 .'7
1 9 3 , 8

BEND-Z

0 . 0
2 0 7 3 5 , 4

0 . 0
6 2 . ) ,

0 . 0

4 2  . 8
0 . 1

3 ' 7  6 4  . 8
1 0 3 8 9 . 4

3 9 3 6 . 1
1 1 1 0 4 .  ?

3 8 1 5 . 4
1 0 5 3 0 . 7

39'1 4 .'7
L r 2 L 2  . ' 7

3'1't 6 , 4
1042r  .8

3 9 3 5 . 8
1 1 1 0 3 . 8

1 1 . 9
J 5 . Z

0 , 6
0 . 0

2 0 6 1 3 .  I
0 . 0

1 9 5 2 5 . 5
0 . 0

2 0 8 8 5 . 9
0 , 0

1 9 ? 3 5 , 4
0 . 0

20552 ,9
0 . 0

1 9 4 0 2 . 5
0 , 0

6 2 . r
0 . 0

4 3  , 9
0 . 1

3 9 9 8 . 8
1 1 0 3 8 , 2

3 ? 0 2 . 0
1 0 4 5 5 . 9

4 0 5 1 . 0
1 1 1 8 3 . 9

COMBINED

1 9 8 0 4 . 0
3 1 1 . 3

? 1 5 3 9 . 2
3 1 1 . 0

1 0 3 6 . 4
0 . 0

5 ) J . U

3 1 1 . 0
82'7 0 .1

. L J O O O .  /

9 3 0 5 . 0
r 5 2 4 s . 5

8 3 6 8 . 8
1 3 8 5 6 . 4
1 1 6 5 4 .  s
r 5 4 4 3 . 4

7 1 8 3 . 3
1 3 6 8 4 . 1
1 0 4 6 8 . 8
1 5 2 ? 1 . 3

4412.2

32r . '7
3 2 1 . 1

2 2 6 2 9  .  4

2 1 5 4 1 . 1
3 2 2  . 8

3 2 2  . 8

3 2 2  . ' t
2 2 7 9 4 . O

3 2 2 . 6
202L8 .2

1 0 3 6 . 4
0 , 0

3 6 3  . 2
3 1 9 . 3

r 5 7 1 ' l  . 9
1 4 6 9 0 . 6
15923 .4
1 4 5 5 0 . 6
1 5 8 8 0 . 2
r4886.2

SHEAR_Y

3 3 2 4  , 9
3324 .9
5 J 1 Z  .  J

3 5 4 2 , 3
1 0 . 6
t - 0 .  6

1 , 1
1 . 1

3 5 6 . 8
3 5 6 .  8
? ?  q  I

3 ' 1 9  . l
3 6 1 . 6
351, . 6
3 8 2 . 8
5 d z . a

3 5 7 . 9
3 ) t , 9

3 7 9 . 1

1 . 1
1 . 1

SHEAR-Z

5 . 1
J . I

8 4 . 2
4 4 . 2

1 6 6 . 4
L66.  4

0 . 0
0 . 0

3 1 . 0
3 1 . 0
3 1 . 0
3 1 . 0
3 0 . 9
3 0 .  9
o o . ,
8 6 . 9

3 . 6
3 . 6

5 9 . 6
1 1 ? . 9
1 1 ? . 9

1 0

1 1 0 . 1  0 . 0
0 . 1  0 . 0

3 5 2 1 . 5  2 8 9 . 2
3 5 2 1 . 5  2 8 9 . 2
3 3 3 5 ,  6  2 8 9 . 2
3 3 3 5 .  6  2 8 9  . 2
3 5 6 8 .  0  2 8 9 . 2
3 5 6 8 . 0  2 8 9 . 2
3 3 ? 1 . 5  L 2 2 . ' l
J J l 1 . . )  L 2 1 , ,  t

3 511 .  1  32 '1 .8
3 5 1 1 . 1  3 2 1  . 8
3 3 1 4 . 6  8 4 . 2
3 3 1 4 . 6  5 4 . 2

r 0 . 6  1 6 6 . 5
1 0 . 6  1 6 6 . 5

1 . 1  0 . 0
1 . 1  0 . 0

3 ' t 9 . O  2 0 4 , 8
3 ' 1 9 . 0  2 0 4 . 8
3 5 6 . 8  2 0 4  . 8
3 5 6 ,  I  2 0 4 . A
3 8 4 . 0  2 0 4 . 4
3 8 4 , 0  2 0 4 . 8

L 2
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8OK-SHORT CRYOPUMP SUPPORT

MEMBER STRESSES

A',L UNITS ARE POUN/SQ INCH

.- PAGE NO. 2 3

MEMB LD SECT

5  . 0
1 . 0 0

6  . 0
L . 0 0

?  . 0
1 . 0 0

I  . 0
1 .  0 0

AXIAI,

3 9 3 9 . 4  C
3 9 3 9 . 4  C
3 4 4 7 .  6  T
344"1  .6  T
3 8 7 8 . 6  C
3 8 7 8 . 6  C

.  0  6 1 2 , 4  c
1 . 0 0  6 L 2 . 4  c

. 0  6 ! 7  , 6  c
1 . 0 0  6 1 7 . 6  C

. 0  6 1 7 . 6  C
1 . 0 0  6 1 7 , 6  C

. 0  6 1 7 . 6  C
1 . 0 0  6 1 ' 7 . 6  c

. 0  6 r ' 1  . 6  C
1 , 0 0  6 t ' 7 . 6  c

. 0  6 1 7 . 1  C
1 .  0 0  6 1 7 . 1  C

, 0  6 1 8 . 1  c
1 . 0 0  6 1 8 .  1  c

. 0  0 . 0  c
1 . 0 0  0 . 0  c

. 0  6 3 6 . 4  C
1 . 0 0  6 3 6 . 4  C

. U  O J . L . J  U

1 . 0 0  6 3 1 . 3  C
. 0  6 3 1 . 3  C

1 .  0 0  6 3 1 . 3  c
. 0  6 3 ! , 2  C

1 .  0 0  6 3 1 . 2  c
. U  b J T . J  U

1 .  0 0  6 3 1 , 3  C
. 0  6 3 1 . 8  C

1 . 0 0  6 3 1 . 8  C
. 0  6 3 0 .  7  C

1 . 0 0  6 3 0 . ?  c
. 0  0 , 0  T

1 . 0 0  0 . 0  T

. 0  1 . 9  C
1 . 0 0  1 . 9  C

. 0  4 2 3 9 . 4  c
1 . 0 0  4 2 3 9 . 4  C

.  0  4 5 2 ' l  . 3  7
1 . 0 0  4 5 2 ' 7 . 3  T

BEND_Y

353r.2
8 2  . 2

9429  .8
2 L 9 . 6

2 4 2 r  . 9
5 6 .  4

4' t88 .9
1 1 1 . 5

1 9 . 7
0 . 0

5 9 6 6 . 3
0 . 0

L663 .6
0 . 0

6 0 1 6 . 6
0 . 0

4 0 0 0 . 0
0 . 0

59' �71 .9
0 . 0

3 9 6 r . 4
0 , 0

2 2 8 6 . 2
0 , 0

2 0  . 2
0 . 0

6 t 9 6  . 1
0 . 0

1 4 3 3 .  I
0 . 0

6 2 4 7  . 9
0 . 0

3 7 7 1 . 8
0 . 0

61,84.4
0 . 0

3 ? 0 8 . 4
0 . 0

2 2 8 6  . 2
0 . 0

0 . 0
0 , 1

1 5 5 , 7
7 ' 7  4  , 5
1 5 5 ,  ?-7 ' t  4  .5

BEND-Z

3'7 42 .3
1 0 5 6 8 . 3

3 9 8 7 . 1
1 1 0 0 5 . 6
3 6 7 8 . 4

L 0 3 9 0 . 0
1 1 , 9
3 3  . 2

0 . 4
0 . 0

L 4 2 4  . 6
0 . 0

r 4 2 4 . ' t
0 . 0

1 4 2 6  . 0
0 . 0

3L01 .2
0 . 0

3 5 1 . 1
0 . 0

2032.1.
0 . 0

4 5 3 0 . 5
0 . 0

o , 4
0 . 0'7636.4

0 . 0'7 636.4
0 . 0

7 6 3 5 . 1
0 . 0

3 r o 7 . 2
0 , 0

8 ? 1 0 . 0
0 . 0

2 0 3 2  .  L
0 . 0

4 5 3 0 . 5
0 . 0

0 . 4
3 5 . 3

90L2. '1
3 5 9 8 . 1
9632 .5
3 7 7 3 . 3

COMBINED

L7212 .9
1 4 5 8 9 . 9
1 6 8 6 4 .  s
14672  .B

9 9 7 I  . 9
14325 . O

4 8 1 2 . 2
_ 1 5 b .  l -

S HEAR_ Y

3 6 0 . 7
3 6 0 . 7
3 ' l 7  . 9

3 5 4 . 6
3 5 4 . 6

1 . 1
1 . 1

SHEAR-Z

8 6 . 9
8 6 . 9

2 3 2  . 1
232. r

1 1 7 . 9
1 1 . '  q

o . 7
0 . 7

221-6

6 1 . 8
2 2 3  , 5
2 2 3  . 5

1 4 8 . 6
2 2 2  . 0
2 2 2 . O
1,47 .  L
1 4 7  . r

8 4 . 9
8 4 . 9

0 . 8
0 . 8

2 3 0 ,  1
2 3 0 . 1

5 3 . 3
5 3 . 3

2 3 2 . L

1 4 0 . 1
L 4 0 . 1
2 2 9 . " 1
2 ? 9  . ' t
L31 .'1
L3 '7, '1

8 4 . 9
8 4 . 9

0 . 0
0 . 0

1 2  . ' 7
1 2 , ' l
L 2 . 1
1 2 . ' l

6 3 ? , 5  0 . 0
6 1 2 . 4  0 . 0

8 0 0 8 . 6  2 6 . 5
6 L 7 . 6  2 6 . 5

3 ? 0 5 . 9  2 6 . 5
6 1 7 . 6  2 6 . 5

8  0  6 0 . 2  2 6 . 5
b t r . b  t 0 . J

' 1 ' 7 2 4 . 7  5 7  . 7
b I / .  o  J  I  .  t

6 9 4 6 . 1  6 . 5
6 1 7 , 1  6 . 5

b b l r , f  5 t . t

618.  1 3 '1  . '7
6 8 t 6 . 7  8 4 , 1

0 . 0  8 4 .  t

6 5 7 . 1  0 .  0
6 3 6 . 4  0 . 0

1 4 4 6 3 . 8  1 4 1 . 8
6 3 1 . 3  1 4 1 . 8

9 1 0 1  .  4  L 4 1 . 8
b J I . J  I 9 I . O

r 4 5 r 4 , 2  1 4 1 . 8
6 3 L . 2  1 4 1  .  I

7 5 1 0 . 3  5 ' 7 . ' l
6 3 1 . 3  5 ' 7  . " 1

1 5 5 2 6 .  1  L 6 L  , 8
6 3 1  .  I  1 6 L . 8

631r  .2  37 . ' l
6 3 0 . 7  3 7 . 7

6 8 1 6 .  I  8 4 . 1
0 . 0  8 4 . L

2 , 4  0 . 7
3 ' 1  . 3  0 . ' 1

L 3 4 0 ' l  . 7  2 5 9  , 8
8 6 1 2 . O  2 5 9  . 8

1 4 3 1 5 . 5  2 ' 7  6 , 2
9 0 7 5 . 1  2 ' 7 6 . 2

1 4
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8OK-SHORT CRYOPUMP SUPPORT

MEMBER STRESSES

AI.L UNITS ARE POUN/SQ INCH

2 4

MEMB LD SECT

A A

1 . 0 0
5  . 0

1 . 0 0
6  . 0

1 . 0 0" 7  . 0
1 . 0 0

I  . 0
1 , 0 0

AX IAL

4291 .O C
4297 .0 c
4 5 7 1 . 3  T
4 5 7 1 . 3  T
4252.6 c
4 2 5 2 , 6  c
4526.9 T
4526.9 r

1 3 . 6  T
1 3 . 6  T

. 0  2 . 0  c
1 . 0 0  2 . Q  C

. 0  4 5 0 4 , 0  c
1 , 0 0  4 5 0 4 . 0  c

. 0  4 2 6 2 , 6  T
1  ,  0 0  4 2 6 2  . 6  ' � l

.  0  4 5 6 3 . 5  C
1 .  0 0  4 5 6 3 . 5  C

.  0  4 3 0 8 . 5  T
1 .  0 0  4 3 0 8 . 5  T

.  0  4 4 9 0 . 8  C
1 . 0 0  4 4 9 0 . 8  C

. 0  4 2 3 5 . 1  |
1 . 0 0  4 2 3 5 . ' 7  T

. 0  1 3 . 5  T
1 . 0 0  1 3 . 5  T

. 0  0 . 0  T
1 . 0 0  0 . 0  r

. 0  1 5 0 . 8  T
1 . 0 0  1 5 0 . 8  T

. 0  1 5 0 . 8  T
1 .  0 0  1 5 0 . 8  T

. 0  1 5 0 . 8  T
1 . 0 0  1 5 0 . 8  T

. 0  1 5 0 . 8  T
1 . 0 0  1 5 0 . 8  T

. 0  1 5 1 . 9  T
1 . 0 0  1 5 1 . 9  T

. 0  1 4 9 .  ?  T
1 . 0 0  1 4 9 . 7  r

. 0  0 . 0  c
1 . 0 0  0 , 0  c

I 6

BEND-Y

1 5 5 . 6
7 ' � 1 4 . 3
43'7 .2

2 L ' t  5  . 2
1 8 . 3
9 1 ,  . 2

2 9 9  , 9
1 4 9 1 . 9

5 9 2 , 9
2 9 4 9  . 9

0 , 0
0 . 1

1 0 3 0 . 2
51,25 . 4
1 0 3 0 . 2
5 1 2 5 .  3
1 0 3 0 . 2
5 1 2 5 .  6

4 3 ' t  . 2
2 L 1 5  . 2

5 8 0 8 . 7
2 9 9  . 9

1 4 9 1 . 9
5 9 2  . 9

2 9 5 0 . 0

0 . 0
0 , 0
0 . 0
0 . 0
0 . 0
0 . 0

0 . 0
1 3 . 4

0 . 0
0 . 0
0 . 0
0 . 0
0 , 0
0 , 0
0 . 0

BEND_Z

9 1 3 5 . 3
3646 .  6
9 '126.  L
3 8 1 0 . 3
9 0 4 0 . 8
3 6 0 9 . 3

3 7 ? 3 . 0
2 8 . 8
1 1 . 4

0 . 5
3 6 . 2

9 5 7 5 . 5
3822 .0
9 0 6 9 . 6
3 5 4 9 . 4
9 7 0 1 . 9
3 8 7 1 .  9
9L6' t  .  r
3 5 8 8 . 0
9 5 4 ' t  . 3
3 8 1 0 . 8
90!2 .5
3 5 2 6 . 8

2 8  . 8
1 1 . 4

2 3 5  . 2
0 . 0

2 3 5 , 2
0 . 0

2 3 5  . 2
0 . 0

2 3 5  , 2
0 . 0

0 . 0
2 3 5  . 2

0 . 0
z J a . a

0 . 0
0 . 0
0 . 0

COMBINED

1 3 5 8 7 . 9
8 7 1 7 . 9

I4 '134. '1
1 0 5 5 5 . 9
1 3 3 1 1 . 7

1 4 4 5 8 . 5
9 ' 7  9 L  , 8

b J f , .  J

2 9 ' l 4 . 9

2 . 5
3 8 . 3

1 5 1 0 9 , I
l - 3 4 5 1 . 4
L4362 , 4
LZ93' t  .  4
L J Z "  .  I

1 3 5 6 1 . 0
1 3 9 1 2 . 8
1 0 0 7 1 .  ?
1 5 2 0 5 . 6
1 4 1 1 0 . 3
1 3 5 4 8 . 1

9 2 5 4  . 5

29'7 4 .9

2 3 5 . 2
0 . 0

3 8 6 . 1
1 5 0 . 8
3 8 6 , 1
1 5 0 . 9
3 8 6 . 5
1 5 0 . 8
3 8 6 . 5
1 5 0 . 9
38'�77 .2
1 5 1 . 9
3 8 5 , 0
L 4 9 . 1

0 . 0
0 . 0

SHEAR-Y

2 6 3 . 3
2 6 3  . 3
2 ' 1 8  . 9
2 ' 1 8  . 9
2 6 0 , 6
2 6 0 , 6

2 ' 7 6 . L
0 . 8
0 . 8

0 . 8
0 . 8

2 7 6 . O

2 6 0  . 0
2 6 0  . 0
2 ' �19 .6

2 6 2  , 8
2 7 5 . 2
2 7 1 . 2
2 s 8 . 3
2 5 8 . 3

0 , 8
0 . 8

3 2 . 6
3 2  . 6
3 ?  . 6
5 Z . O

3 2  . 6
3 2  . 6
? )  6

3 2 . 6
-1)  6

0 . 0
0 . 0

SHEAR-Z

12.7
12. '7
3 5 .  I
3 5 . 8

1 . 5
1 . 5

2 4  . 6

4 8 . 6
4 8  . 6

0 . 0
0 . 0

8 4 , 4
6 4 , 4
a 4  . 4
8 4 . 4
8 4 . 4
8 4 . 4

9 5 . 6
9 5 .  6

4 8 . 6
4 8  . 6

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

I . 9
1 . 9

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 , 0

T 1
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8OK-SHORT CRYOPUMP SUPPORT

142. PARAMETER
143.  CODE AI  SC
1{4 .  FYr ,D 45999.969 MEMB 9 TO 16
1-45,  WSTR 21000.  MEMB 9 TO t6
L 4 6 .  W M r N  0 . 1 8 8  M E M B  9  T O  1 6
14?.  CB 1 .  MEI . '18  9  To 16
148,  CMY 1 .  MEMB 9 TO L6
149.  } {A IN O.  MEMB 9 TO 16
1-50. RATIO 1.. MEMB 9 TO 16
151.  CHECK CODE MEMB 9 IO 16

__ PAGE NO.  25

Itevision No. I
r_toc No l/049_l{83



8 OK-SHORT CRYOPUMP SUPPORT _.  PAGE NO.  26

STAAD_I I I  CODE CHECKING -  (A ISC)
* * * * * * * + * * * * * * * * * * + * + * *

AIL UNI?S ARE - POUN

MEMBER TABLE

INCH (UNI,ESS OTHERWISE NOTED )

RESU] ,T /  CRITICALCOND/
E'/( MY

RATIO/
MZ

LOADING/
LOCATION

9 ST TUB 40408 PASS
1 9 7 8 , 9 7  c

10 sT TUB 40408 PASS
2 6 3 8 4 . 7 5  C

1 1  S T  T U B  4 0 4 0 8  P A S S
2 0 5 2 . 8 L  c

12 ST TUB 40408 PAS5
2 ! 9 2 6 . ' 1 4  t

L3 ST TUB 40203 PASS
L 2 4 7 . 6 3  C

14 ST TUB 40203 PASS
L2'16.  r '7  C

15 sT TUB 40408 PASS
2 9 0 7 3 .  ? s  r

1 6  S T  T U B  4 0 4 0 8  P A S S
29023. '1r  C

152. SEI,ECT WELD MEMB 9 TO 16

Arsc-  H1-3
4 4 1 8 . 5 6

- 5 0 5 . 7 4

1 0 4 1 1 . 3 6

5 ? 9 9 3 . 1 4
Arsc-  Hl -  3

7 8 2 1 . 5 3
Al5c-  ! l_ t -  J

8 0 3 9 . 7 4
Arsc- H2-1

2688 .94
Arsc- H1- 1

6 3 3 6 . 0 2

o  . ' t  96
-  r z d  I  1 J . 5 0

0 . 5 6 0
6 8 9 5 7 .  0 1

0 . 8 3 0
L28448 ,  04

0 .  6 1 1
-24520 .8'l

U .  J U O

2 7  8 0  . 6 4
0 .5 '17

- 1 6 9 8 4 . 4 1
0 . 5 3 4

5 9 8 1 s . 6 1
0 . 5 7 4

- 5 9 5 6 6 .  8 6

5
0 . 0 0

5

6 1 . 0 0

0 . 0 0
6

0 . 0 0
4

0 . 0 0

0 .  0 0

0 . 0 0
4

0 . 0 0
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8OK_SHORT CRYOPUMP SUPPORT -_ PAGE NO. 2 7

A],L UNITS ARE _ INCH

MEMBER LocATroN/
LOADlNG

STAAD_III WE],D DESIGN
* * * * * * * * * * * * * * * * * * * * *

POUN

I'ELD TYPE/
HOR STRESS

!{E],D SIZEl
VERT STRESS

coMB STRESS/
DIR STRES5

1 0

1-0

1 1

1 1

1,2

t 2

1 3

I J

1 4

1 4

1 5

1 5

I O

STA
5

END

STA
5

END
5

STA
4

END
4

STA
6

END
4

STA
4

END
4

STA
6

END

5TA
5

END
5

STA
4

END
6

1
9 8 . 1 9

1
1 6 3 . 6 s

1
2 2 6  . 3 6

1
1 6 9 . 1 1

1
1 9 2 . 8 0

1
3 8 5 . 6 0

1
4 5 3 , 3 6

1
4 0 0 .  0 4

1
4 9 . 6 6

1
4 9  . 6 6

1
5 1 . 0 5

1
5 1 . 0 5

1
3 1 4 . 8 6

1
4 1 9 . 8 1

1
7 4 1 . 9 1

1
8 4 0 . 8 0

5 /  1 6
2 8 6 ! . 6 3

3 /  L 6
4'169 .38

J l  l O

6 2 0 . 8 5

4 / 1 6

6 /  1 6
23'7 L 6'l

3 /  1 6
a ' l 5 7  . 3 3

4 /  L 6
5 9 9 , 1 1

4 /  L 6
5 7 9 . L 9

3 / 1 6
1 1  , 6 5

3 /  t 6
r / . b )

3 /  1 6
1 - 0 7 . 8 4

3/ 1-6
r 0 1  . 4 4

4 /  L 6
55 ' t  ,92

3 /  1 6
7 4 3 . 8 9

4 /  L 6
9 3 ? . 1 8

4 / 1 6
1 0 2 0 . 3 8

2 0 5 1 4 . 4 O
2 0 3 ' t  4  . 5 9

4 8 1 7 . 5 7
6 5 9  . 6 6

20346 .  O6
2 0 3 3 5 . 3 3

1 9 6 2 0  . 6 L

1 1 a 5 9  . 7  2
I  / O v v .  J O

482r. ' l4
684.2 ' l

20966.53
2 0 9 5 3 , 0 6

1 8 7  1 1  ,  6 3
1 8 6 9 8 , 3 8

s 5 7 . 0 0
5 5 4 . 5 0

- L t  v ) f  .  o v

5 ? 9 .  6 0
5 6 7 . 1 9

1 8 9 9 8 , 8 4
1 8 9 8 8 . 0 4

1 8 9 1 3 . 2 8
1 8 8 9 3 . 9 8

L966'7.82
1 . 9 6 3 1 . 4 7

1 8 2 8 0 . 6 8
1-8232 .80
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8OX_SHORT CRYOPUMP SUPPORT --  PAGE NO, 2 8

ALL UNITS ARE - ]NCH

MEMBER LocATIoN/
],OADING

STAAD-]II WEID DESIGN
* t * * * * * * * * * * * * * * * + * * *

POUN

WELD TYPEI
HOR STRESS

COMB STRESS/
DIR STRESS

wEtD sl zEl
VERT STRESS

* * * * * + + * * * * * * ! t  * * * * END OF ?ABUIATED WELD DESIGN

153  .  F IN I  SH
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Filename:

ALL AROUND RECTANGI'LAI OR SQUARE FILLET WELD

Between part,Jta. 13 & 15 and BASEPLIS

8OK-SHRT PMP

LOAD INPUT ( LBS., INCH-I,BS.

F1
1 4 ? 9 6 .  O O

1 ? .  ? 9 0

F2
2 L 4 A 2 . O O

SwL
2 4  . 9 1 3

111

4459s .00

.l

Lr7 .297

> F ,

Revision No. I
Doc. No. V049-1.083
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GEOI,IETRIC DII{ENSIONS
a b
4 . 0 0 0  4 . 8 9 5

SEqIION PROPERTIES

WELD STRESS (PSI)

21000

SKEVIED ANGLE ( 9Oo>a<I2O6t
9 0 . 0 0 0

F ?

ss0 .00

sw3

EFFECTIVE TIIROAT CORRECTION FACTOR

l.{f
1 .  0 0

MAXTMUM WELD LOAD (f ) - $/INCi{

3 8 8 0

REOUIRED FILLET WELD SIZE (INCHES)

{ d'"i,

G,{r:{

- , t  ,

ug Y*' [.\'w[ s,' ? 't'"L"
' . . t  -  \

f \yl .\ f'6e1{r- - tx a,
i



Filenamer 8oK-SHRTPI.iP
ALL AROUND RECTANGULAR OR SQUARE FILLET WELD

Between part,tts.13 & 15 and BASEPLTS
(END OF MEUBERS L3 & 14)

.> tr. ^' ' :nftAu i

:"\Ue.?

LOAD INPUT ( LBS., INCH-LBS.

F 1
2 4 3 . O 0

E2
r 2 7 6 , O O

u3
16984.  00

c3
1 . O O O

1 1 6 .  O 0 8040,  00

GEOMETRIC DIHEN€IONS

a b
4 . 0 0 0  2 .  o 0 0

SECTION PROPERIIES
A Sw1

12 .  OOO 1 3 .  3 3 3 36 .  O00 2 . O 0 0

EFFECTIVE THROAT CORRECTION FACTOR

Mf
1  . 0 0

r'rAxrMuu mrD LoAD (f ) - #/INCH

2529

REQUIRXD FILLET VIELD STZE (INCHES)

o .  1 7 0
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Filenamer 8oK-SHRTPr.{P

ALt AROI'ND RECTANGULAR OR SQUARE FILI,ET WELD

Bet!,|een part Jts. 8 & LL and BASEPLTS
(END OF !4BMBERS 10 & 12)

LOAD INPUT ( LBS., INCTI-LBS. lre eot* zo 'C-
F3 !.{1

90)
t42

2350.  OO
F1

1512 .  OO

1 5 . 0 0 0

F2
2L927.OO

Sw1
2 1 . 3 3 3

929 ,00 57993.  OO

u3
24521.  OO

GEOUETRIC DIMBNSIONS
a b
4 . 0 0 0  4 .  0 0 0

SEqTION PROPERTIES

nEr,D STRESS (PSr )
21000

SKEWBD ANGLE ( g}o>e<Lzo@l

90.  000

sw3
2  L .  5 J 5 8 s .  3 3 3 2 . O 0 0

c3
2 .000

EFFECTIVE THROAT CORRECTION FACTOR

14f
1 .  O O

MAXIUUU WELD LOaD (f) - #/INCXT

s242

REQUIRED FIL],ET WELD SIZE ( INCHES )
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PAGE NO. 1

* *  * + *  * +  + *  + *  *  *  *  * *  *  * *  * * + * *  *  * +  *  * * *  *  *  * *  *  * + *  * *  *  *  * * * * *  * *

*  S  T  A  A  D  -  I I T
* Revisi.on 21. 0
* ProPrj-etary Plagram of
* Research Engineers, Inc '
* Date= SEP 27, L996
+  T i m e =  1 0 : 5 4 : 2 0  *

* USER ID: PROCESS SYSTEI4S TNTERNATIONAT IN *
* *  *  * *  * *  *  *  * * . t  * *  * * * *  +  * * *  *  * *  *  * *  I  * * *  *  * *  *  *  * * *  *  * *  *  * *  * *  *  *

1.. STAAD SPACE 8OK_I,ONG CRYOPT'MP SUPPORT
2. INPUT WIDTH 72
3. *** REV1 REVISED IOADS & ME!'IBER RELEASE
4. I 'NIT INCHES POUND
5. .'OINT COORDINATES
6 .  1  O .  Q .  O , ;  2 1 3 ' 5  O .  0 . ;  3  3 7 ' 5  O .  O ' ;  4  L 2 8 . 2 5  0 .  0 . ,  5  2 0 5 ' 5  0 '  0 '

7 .  6  3 ' 7 . 5  O .  - 4 2 ' 2 5 ,  7  g 7 ' 5  - 9 .  - 4 2 . 2 5 , 8  3 ? . 5  - ? 0 .  - 4 2 - 2 5 ,  9  3 ' l ' 5  0 '  4 2 ' 2 5

8 .  1 0  3 ? . 5  - 9 .  4 ? . 2 5 i  1 - 1  3 ? . 5  - 7 0 .  4 2 . 2 5 t  t Z  ! 2 8 . 2 5  0 '  - 4 2 ' 2 5

g '  L 3  7 2 8 . 2 5  - 7 0 .  - 4 2 . 2 5 ;  L 4  \ 2 8 . 2 5  0 .  4 2 ' 2 5 t  L 5  1 2 8 ' 2 5  - 7 0 '  4 2 ' 2 5

t - 0 .  1 6  1 3 . 5  0 . 2 8 . 5 6
].1 . MEMBER INCIDENCES
L 2 .  I 1 2 ; 2 2 3 i 3 3 4 t  4  4 5 ; 5 3  6 i  6 4 ! 2 ;  ?  3  9 ,  I 4 ] . 4 , 9 7  6 i  L 0  I 7

f . 3 .  1 1  1 0  g t  1 2  L L  1 0 ;  1 3  1 3  L 2 ,  L 4  L 5  L 4 i  L 5  
' 7  1 3 ;  1 5  1 0  L 5 ,  L ' 7  2  ! 6

14. ME}4BER PROPERTY A{ER
15. 9 TO 12 15 1.6 TA3I,E ST TUB40408
16.  13  14  TABTE ST TU840203
].?. 5 TO 8 TAB],E ST TUB8O8O5
L8.  L  2  4  TABI ,E  ST PIPE OD 45.12  AD 44.62
] "9 ,  3  TABLE ST PIPE OD 80,  ID  79 .5
20,  17  TA3LE ST PIPE OD 10.  ID  9 .5
21 . ME},IBER REIEASE
22. 9 Lt 13 1,4 END rtr( MY MZ
23. CONSTANTS
24. E STEEI AI,I,
25. POISSON STEET AI,L
26. DENSITY STEEI A],IT
2?. BETA 90. MEillB L3 14
28.  AT,PHA 0 .000009L9 !4E[48  1  TO I
29. SUPPORTS
30.  I  11  13  15  F IXED
3 1 .  *  * *  * *  * *  *  *  +  *  *  *  *  +  *  *  *  *  *  *  *  *  * * * * * * + * + *  *

32. ],OAD 1 DEADVIEIGH1
33. JOINT I,OAD
3 4 .  1  5  F Y  - 8 5 2 .

35. * FIANGE VJETGHT = 2 g 426 LBS '
3 6 .  1 6  E . Y  - L 5 0 .

37. * VA.LVE WEIGHT
38. MEMBER IOAD
3 9 .  l  T O  4  U N r  Y - 5 0 . 3 6
40.  *  UNIFoRM L04oo#/2o6.5"  =  50 .36
41. + UNIFoRM = INTERNAI+EXTERNA!
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8OK_IONG CRYOPUMP SUPPORT

4 4 .

4 6 .
4'l .
4 8 .
4 9 .
5 0 .
51" ,
5 2 .
5 3 .

5 5 .
5 6 .

5 8 .
5 9 .
6 0 .
6 1 .
6 2 .
6 3 .
6 4 ,
6 5 .
6 6 ,
6 7 .
6 8 .

' 7 0 ,
1 1
't)

7 4 .

7 6 .

7 8 .

8 0 .
R 1

8 4 .

d t .

8 8 .
8 9 .
q n

9 4 .

9 6 .

*  * *  *  *  +  *  *  *  *  *  * *  *  *  *  *  *  *  *  *  *  * *  *  * * *  * * *  *  * *

I,OAD 2 DW+T H+VACUUM (+)
JO]NT LOAD
L  F X  2 7 5 6 9 . 9 9 8
* UNBALANCED VACUUM I,OAD E 44" GATE \AI,VE
1  5  F Y  - 8 5 2 .

1 6  F Y  - 1 5 0 .

1 6  F Z  1 1 5 5 .
* UNBAI,ANCED VACUW I.OAD E TURBO PMP
ME}IBER LOAD
1  T O  4  U N r  Y  - 5 0 . 3 6

TWPEFATURE LOAD
1 TO I  17  TEMP 330.
*  * *  *  *  +  * *  * *  *  * *  *  *  * *  *  * * * * + *  *  + *  *  J < * *  *  * *

r,oAD 3 D!{+TH+VACUUM ( - )
.]OTNT I,OAD
1  F X  - 2 7 5 6 9 . 9 9 8
* UNBAIANCED lACi'UM ],OAD @ 4 4 " GATE \IA.LVE
1  5  E Y  - 8 5 2 .
L 6  F Y  - 1 5 0 .
. L b  ! - Z  I I 3 D .
* UNBAIANCED \IACUT'M IOAD E TURBO PMP
MEMBER I,OAD
1  T O  4  U N r  Y  - 5 0 . 3 6

TEMPERATURE IOAD
L TO I  17  TEMP 330.
*  * *  * +  *  +  *  * *  *  * *  * *  *  *  * * * * * +  *  *  + + *  * * *  *  * *

roAD 4 DW+TH+\ZACUUM ( + ) +SEIS-AXIAL (+)
.]OINT 1OAD
1  F X  2 7 5 6 9 . 9 9 8
* UNBAI,ANCED 1IACUUM I'OAD E 44 " GATE \AI'VE
1  5  F Y  - 8 5 2 .
L 6  F Y  - 1 5 0 .
1 5 rX 4? .  925
* FLANGE WEIGHT X 0.05625
1 6  F X  8 . 5
*  VAIVE WEIGHT X 0.05625
1 6  F Z  1 l - 5 5 .
* UNBALANCED \IACUUM LOAD g TURBO PMP
ME!,4BER IOAD
1  r o  4  U N r  Y  - 5 0 . 3 6
1 TO 4 rJNr X 2.83
* T'NIFORM IIEIGHT X 0.05625
TEMPERATURE I,OAD
1 TO I 17 TEr'rP 330.
*  *  *  *  * *  *  *  *  * *  *  * * * * +  +  + *  * J . * *  *  *  * *  *  * *  *  *  *

loAD 5 DI+TH+ CUltM(-) +SErS-N(rAr.(-)
,'OINT LOAD
1  F X  - 2 7 5 6 9 .  9 9 8
* UNRAT'A}JCED VACUUM LOAD E 44" GATE I,VE
1  5  F Y  - 8 5 2 .
L 6  F Y  - 1 5 0 .
1  s  F X  - 4 ? . 9 2 5
* FI,ANGE WEIGHT X 0.05625
1 6  F X  - 8 . 5
* VAI,VE WEIGHT X 0.05625

-- PAGE NO.
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8 OK-],ONG CRYOPUMP SUPPORT

9 8 .  1 6  F Z  l - 1 5 5 .
99. * UNBALANCED VACUIJM IOAD E TURBO PMP

1OO. MET"IBER LOAD
1 0 1 .  I T O 4 U N r Y - 5 0 . 3 6
1 0 2 .  l -  T O  4  U N r  x  - 2 . 8 3
103.  *  UNIFORM WEIGHT X 0.05625
104. TB4PERATURE IOAD
l-05. 1 To 8 1? TEI.,IF 330.
1 0  5 .  * * * * t +  * * + * * * * * * * *  * * * * * + * * *  * * *  *  *  * * *

r0?. r,oAD 6 DW+TH+VACUUM (+ ) +SEr S-r,AT (+)
108. .JOINT IOAD
109.  1 FX 27569.998
110, + UNBALANCED \TACUIJM LOAD G 44" GATE TVE
1 1 1  1  (  F V  - n q ?

t L z .  L 6  F Y  - 1 5 0 .
1 1 3 ,  1 s  E Z  4 7 . 9 2 5
l - 1 4 .  1 6  F z  8 . 5
1 1 5 .  1 6  F Z  L 1 5 5 .
116. + UNBALANCED TACUT'M I,OAD E TURBO PMP
117. ME},IBER ],OAD
1 1 8 .  1 T O 4  U N r  Y - 5 0 . 3 6
1 1 9 .  l T O 4 U N r  2 2 . 8 3
120. TET{PEFATURE TOAD
1 2 1 .  1  r o  8  1 7  T E M P  3 3 0 .
! 2 2 ,  *  * +  * + * +  *  *  *  *  *  *  * *  * * l  *  *  * +  *  *  *  * *  *  * *  *  *  *  *

123. 1OAD 7 DW+TH+VACIJITM (-) +SErS-I,AT (- )
124. ,tOrNT ],OAD
125.  1 FX -2?569 .998
126. * I'NBAJ,ANCED VACIJI'M TOA.D G 44" GATE VAI,VE
! 2 7 . L 5 F Y - 8 5 2 .
1 2 8 .  1 6  F Y  - 1 5 0 .
L29,  r  5  EZ -4 '1 ,925
1  3 0 .  1 6  F Z  - 8 . 5
1 3 1 .  1 6  F Z  1 1 5 5 .
I.32. * UNBAI,ANCED VACUUM I,oAD E TURBO PMP
133 . MEMBER LOAD
1 3 4 .  I T O 4 U N r Y - 5 0 . 3 6
1 3 5 .  1 T O 4 U N I  Z  - 2 , 8 3

136. TEMPERATURE LOAD
13?.  1 TO I  17 TEI4P 330.
1 3 8 .  * * * * * * * * * *  * + * * * * * * * * *  *  * * *  * * * *  + * * * *

139. LOAD B THERMAL " BAKEOU? "

14 O. TEMPERATURE I,OAD
1 4 1 .  1  T O  8  1 ?  T B 4 P  3 3 0 .
1 4 2  .  *  * +  + *  * *  * *  * * *  *  *  *  *  *  *  +  *  *  *  *  *  *  *  *  *  *  *  I  *  +  +

143. PERFORM ANAIYSIS

-- PAGE NO.
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8OK_!ONG CRYOPUMP SUPPORT

8, TOTA], DEGREES OF FREEDOM
2592 DOUBLE PREC. WORDS

-- PAGE NO.

Revisian No. I
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Page 54 of90

P R O B 1 , E M S T A T I S T I C S

NUMBER OF JOINTS/MEMBER+E].EMENTS,/SUPPORTS =

ORIGINAT/FINA! BAND-WfDTH = L4/ 5
TOTAI PRIMARY LOAD cAsES =
SIZE OF STIFENESS MATRIX =

7 2

REQRD,/AVAI L. DISK sPAcE = 12.05/ 951'7 MB' ExMEI'l = 14.83 MB

++ PROCESSING ELWENT STIFFNESS MATRIX.
++ PROCESSING GI'OBAI, STIFFNESS MATRIX.
++ PROCESSING TRIANGUI,AR FACTORIZATION.
++ CATCUIATING JOINT DISPI,ACEMENTS.
++ CAICUIJ\T]NG MEMBER FORCES.

l O z 5 4 r 2 ?
l O t 5 4 t 2 2
t 0  |  5 4 . 2 2
L0: .54:22
L0 t  54: .22

].4 4 . PR]NT MATER]AL PROPERTIES nl,],



8OK-LONC CRYOPIJMP SUPPORT

MATERIAT PROPERTIES.

-- PAGE NO.

AI.L T'NITS ARE - POUN INCH

MEMBER

5

t

L2

2 9 0 0 0 0 0 0 . 0
29A00000.0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0

1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
l 1 t  5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 I 4 6 ,  0
1 1 1 5 3 8 4 6 .  0
1 1 r - 5 3 8 4 6 .  0
1 1 1 5 3 8 4 6 .  0
1 1 1 5 3 8 4 6 . 0
1115384 6 .  0
L 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 . 1 5 3 8 4 6 . 0

DEN

o.2a299999
0.28299999
0 .28299999
0 .28299999
0.28299999
o.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.?8299999
0.28299999
0,28299999
o.28299999
o,28299999
0.24299999
o.28299999

AI.PHA

0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 - 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 .  0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0

************ END OF DATA FROM INTERNA1 STORAGE ******+*****

145. PRINT MB4BER INFORMATION A],T
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8OK-LONG CRYOPUMP SUPPORT

MEI\4BER INFORMATION

MEI,IBER

-- PAGE NO.

1_

3

J

7

10
1 1
. L J

- t5

7
1 0

2

I

5
b

7
8
9

1 0
1 1
t 2

1 4
_15

START
JOINT

END
.]OINT

2
3

6

r4
'1

9
1 0
12
L 4
l-3

LENGTH
(INCH)

1 3 .  5 0 0
2 4 . 0 0 0
9 0 . 7 5 0
7 8 . 2 5 0
42.250
42.250

4 2  . 2 5 0
9 . 0 0 0

6 1 . 0 0 0
9 .  0 0 0

6 1 . 0 0 0
7 0 . 0 0 0
? 0 . 0 0 0

1 0 9 . 3 4 6
2 8 . 5 6 0

PF'TA

(DEG)

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 , 0 0

9 0 .  0 0
9 0 . 0 0

0 , 0 0
0 . 0 0
0 , 0 0

REf,EASES

0 0 0 0 0 0 0 0 0 1 1 1

0 0 0 0 0 0 0 0 0 1 1 1

0 0 0 0 0 0 0 0 0 1 1 1
0 0 0 0 0 0 0 0 0 1 1 1

***********+ END OF DATA AROU INTERNAI STORAGE *****++*****

146. FRINT .]OINT COORDINATES AI,L
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8OK-LONG CRYOPUMP SUPPORT

JOINT COORDTNATES

-- PAGE NO.

COORDINATES ARE INCH UNIT

.]OINT X

1

J

't

I
9

1 0
1 1
t 2
1 3
L 4
t 5
L 6

0 . 0 0 0
1 3 . 5 0 0
3 ? . 5 0 0

1 2 8 . 2 5 0
2 0 6 , 5 0 0

s ? . 5 0 0
s ? . 5 0 0
3 ? . 5 0 0
3 7 . 5 0 0
3 7 . 5 0 0
3 7 . 5 0 0

t28 .250
L 2 8 , 2 5 0
128 .250
1 2 8  . 2 5 0

1 3 . 5 0 0

Y

0 .  0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0

- 9 . 0 0 0
- 7 0 . 0 0 0

0 . 0 0 0
- 9 . 0 0 0

- 7 0 . 0 0 0
0 , 0 0 0

- 7 0 . 0 0 0
0 . 0 0 0

- 7 0 . 0 0 0
0 . 0 0 0

z

0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0

- 4 2 . 2 5 0
- 4 2 , 2 5 0
- 4 2 , 2 5 0

4 2 , 2 5 0
42,250
4 2 , 2 5 0

- 4 2 . 2 5 0
- 4 2 . 2 5 0

42.250
4 2 . 2 5 0
28 -560

************ END OF DATA FROM INTERNAI STORAGE

147, PRINT SUPPORT INFOR}4ATION AIL

SUPPORT INFORMATION (1=FIXEDT 0=REI,EASED)

UNITS FOR SPRING CONSTANTS ARE POUN ]NCII DEGREES

JOINT FORCE-X,/
KFX

FORCE_Y/ I'ORCE-Z/
KFY KTZ

MOM-X,/ MOM-Y/
K}O{ KMY

t6c.M-z /
KMZ

1
0 . 0

0 , 0

0 . 0

0 . 0

0 . 0 0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 , 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0
1-1

I J

0 . 0
1

0 , 0
1

0 . 0

0 . 0
1

0 . 0
1

0 . 0
1 5
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8OK-LONG CRYOPUMP

.]O]NT DISPI,ACEMENT

SUPPORT

(INCH RADIANS ) STRUCTURE TYPE = SPACE

-- PAGE NO.

Y-ROITAN Z_ROTAN],OAD X_TRANSJOINT

I

Y_TFANS

-o.00622
- 0 . 0 0 1 0 3
- 0 . 0 1 1 4 9
- 0 . 0 0 0 9 0
- 0 . 0 1 1 6 2
- 0 . 0 0 1 0 3
- 0 . 0 1 1 4 9
- 0 . 0 0 0 0 3
- 0 . 0 1 0 ? 8
- 0 . 0 0 6 1 3
- 0 .  0 1 5 4  9
- 0 . 0 0 6 0 1
- 0 . 0 1 5 6 0
- 0 . 0 0 6 1 3
- 0 . 0 1 5 4 9
- 0 . 0 0 0 0 3
- 0 . 0 1 8 8 1
-  0  .  0 1 5 1 3
-o . 02253
- 0 . 0 1 5 0 4
- 0  . 0 2 2 6 2
- 0 . 0 1 5 1 - 3
- 0 . 0 2 2 5 3
- 0 .  0 0 0 0 2
- 0 . 0 5 0 1 5
- 0 . 0 5 0 1 5
- 0 . 0 5 0 1 5
- 0 . 0 5 0 1 5
- 0 . 0 5 0 1 5
- 0 , 0 5 0 l - 5
- 0 . 0 5 0 1 5

0 . 0 0 0 0 0
- 0 . 0 8 0 2 0
- 0 . 0 8 3 3 ?
- 0 . 0 ? 6 9 9
- 0 . 0 8 3 4 5
- 0 . 0 ? 6 9 1
- 0 . 0 8 3 3 ?
- 0 , 0 7 6 9 9

0 . 0 0 0 0 2
- 0 . 0 0 0 6 6

0 . 0 0 2 8 8
- 0 . 0 0 4 s 2

0 . 0 0 2 9 7
- 0 . 0 0 4 6 2

0 . 0 0 2 9 8
- 0  .  0 0 4 6 2
- 0 . 0 0 0 0 2

Z-TRANS

- 0 . 0 0 0 0 1
0 . 1 2 0 4 0
0  . t 2 0 4 r
0 . 1 2 0 4 5
0 . 1 2 0 3 s
o .77 907
o .  o6L '14
0 . 0 0 0 0 0

- 0 . 0 0 0 0 1
0 . 1 1 ? 8 8
0 .  1 1 ? 8 9
0  .  L r 7 9 2
0 .  1 1 7 8 4
0 . L'l821
0 . 0 5 7 4 9
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o.71329
0 . 1 1 . 3 3 0
n  1 1 ? ? ' � l

0 . 1 1 3 2 8
o , L ' 7 6 ' 1 4
0 . 0 4 9 8 4
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 9 6 3 9
0 . 0 9 6 4 0
o -09632
0 . 0 9 6 4 6
0 . 1 ? 1 6 1
0 .02].7'7
0 . 0 0 0 0 0
0 .  0 0 0 0 2
0 . 0 8 1 8 4
0 . 0 8 1 8 5
0 . 0 8 1 7 0
0 . 0 8 1 9 9
0 .  1 6 7  3 4

- 0 . 0 0 3 6 6
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 1 4 8 3
- 0 . 0 1 4 e 2
- 0 . 0 1 4 8 1
- 0 , 0 1 4 8 5

0 . 0 4 8 5 8
-o .0 '7  824
- 0 . 1 2 8 0 5

X-ROTAN

0 , 0 0 0 0 L
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 5 9
0 . 0 0 0 5 9
0 . 0 0 0 5 9
0 . 0 0 0 5 9
0 . 0 0 0 5 9
0 . 0 0 0 5 9
0 . 0 0 0 5 9
0 . 0 0 0 0 0

0 . 0 0 0 0 0
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0  .  0 0 0 1 9
0 .  0 0 0 0 6
0 .  0003l -
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 0 6
0 . 0 0 0 3 1
0 , 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 1 8
0 . 0 0 0 0 6
0 . 0 0 0 3 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 .  0 0 0 1 9
0 . 0 0 0 1 8
0 . 0 0 0 0 6
0 . 0 0 0 3 2
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 - 9
0 . 0 0 0 L 9
0 . 0 0 0 L 9
0 . 0 0 0 1 8
0 . 0 0 0 0 5
0 . 0 0 0 s 2
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 4 6 2

- 0 . 0 0 4 6 ?
0 . 0 0 4 7 4

- 0 .  0 0 4 ? 9
0 . 0 0 4 6 2

- 0 . 0 0 4 6 6
- 0 . 0 0 0 0 3

- 0 . 0 0 0 3 4
- 0 . 0 0 0 3 8
- 0 . 0 0 0 3 0
- 0 . 0 0 0 3 8
- 0 . 0 0 0 3 0
- 0 , 0 0 0 3 8
- 0 , 0 0 0 3 0

0 . 0 0 0 0 0
- 0 .  0 0 0 3 4
- 0 . 0 0 0 3 8
- 0 . . 0 0 0 3 0
- 0 . 0 0 0 3 8
- 0 . 0 0 0 3 0
- 0 . 0 0 0 3 8
- 0 . 0 0 0 3 0

0 . 0 0 0 0 0
- 0 . 0 0 0 3 5
- 0 . 0 0 0 3 9
- 0 . 0 0 0 3 1
- 0 . 0 0 0 3 9
- 0 . 0 0 0 3 0
- 0 . 0 0 0 3 9
- 0 . 0 0 0 3 1

0 . 0 0 0 0 0
- 0 . 0 0 0 3 5
- 0 . 0 0 0 3 9
- 0 . 0 0 0 3 L
- 0 . 0 0 0 4 0
- 0 . 0 0 0 3 1
- 0 .  0 0 0 3 9
- 0 . 0 0 0 3 1

0 . 0 0 0 0 0
- 0 , 0 0 0 3 8
- 0 . 0 0 0 4 2
- 0 .  0 0  0 3 4
- 0 . 0 0 0 4 2
- 0 .  0 0 0 3 4
- 0 . 0 0 0 4 2
- 0 . 0 0 0 3 4

0 . 0 0 0 0 0
- 0 . 0 0 0 3 s
- 0 . 0 0 0 3 9
- 0 . 0 0 0 3 1
- 0 . 0 0 0 s 9
- 0 . 0 0 0 3 0
- 0 . 0 0 0 3 9
- 0 ,  0  0 0 3 1

0 . 0 0 0 0 0

L  - 0 . 0 0 0 4 7
2  0 .  0 8 8 ? 1

4  0 . 0 9 3 7 9
5  - 0 . 3 2 4 8 5
6  0 . 0 8 8 7 1
1 -0.3L9' t '7
I  - 0 . 1 L 5 0 5
L -0 . 0004"1
2 0 . L2929
5  - U . 2 t . 5 4 0

4  0 .  L 3 4 3 7
5  - 0 . 2 8 3 5 4
6  0 , 1 2 9 2 9
7 -O.21e46
I  - 0 , 0 7 4 1 1
1  - 0 . 0 0 0 4 7
2 0.20143
3  - 0 . 2 0 5 0 3
4  0 . 2  0 6 5  0
5  - 0 . 2 1 0 J . L
6  0 . 2 0 1 4 3
7  - 0 . 2 0 5 0 3
8  - 0 , 0 0 1 3 3
1  - 0 . 0 0 0 4 7
2 0 . 4'1663
3  0 . 0 7 0 1 9
4  0 . 4 8 t 7 2
5  0 . 0 6 5 0 9
6 0 .4 '7  663
?  0 . 0 7 0 1 9
I  0 . 2 7 3 8 8
t  - 0 .  0 0 0 4 7
2  0 , ' 7 t 3 9 4
3  0 . 3 0 7 4 9
4  0 . 7 1 9 0 4
5  0 .  3 0 2 3 9
6  0 . 7 1 3 9 4
?  0 . 3 0 7 4 9
I  0  .  5 1 1 1 9
I  - 0 . 0 0 0 4 7
2  0 . 0 5 8 ' 7 4
3  - 0 . 0 6 5 2 7
4  0 . 0 6 0 2 8
5  - 0 . 0 6 5 8 1
6  0 . 0 6 0 3 9'7 -O .06692
I  - 0 . 0 0 0 4 1
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8OK_IONG CRYOPUMP SUPPORT

JOINT DISPLACEMENT (INCH RADIANS) STRUCTURE TYPE = SPACE

-- PAGE NO. 1 0

JOINT

7

X-TFANS Y-TRANS

- 0 .  0  0 0 5 ?
o  .  0 0 2 9 6

- 0 . 0 0 4 4 4
0 . 0 0 3 0 s

- 0 . 0 0 4 s 3
0 . 0 0 3 0 6

- 0 . 0 0 4 5 4
- 0 . 0 0 0 0 2

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 0

- 0 . 0 0 0 6 8
0 . 0 0 3 1 4

-0.00426
0 .  0  0 3 2 3

- 0 , 0 0 4 3 6
0 . 0 0 3 0 4

- 0 . 0 0 4 1 ?
- 0 .  0  0 0 0 2
- 0 . 0 0 0 5 9

0 . 0 0 3 2 3
- 0 .  0  0 4 1 8

0 . 0 0 3 3 2
- 0  .  o o 4 2 7

0 . 0 0 3 1 3
- 0 . 0 0 4 0 8
- 0 . 0 0 0 0 2

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 5 L 9
- 0 . 0 0 5 1 9
- 0 . 0 0 5 1 9
- 0 . 0 0 5 1 9
- 0 . 0 0 5 1 9
- 0 . 0 0 5 1 9
- 0 . 0 0 5 2 0

0 . 0 0 0 0 0

Y-ROTAN

0 . 0 0 0 0 0
- 0 . 0 0 0 0 2
- 0 . 0 0 0 0 2
- 0 . 0 0 0 0 2
- 0 , 0 0 0 0 2

0 . 0 0 0 0 7
- 0 .  0 0 0 L 2
- 0 . 0 0 0 2 0

0 , 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 4 6 1
0 . 0 0 4 6 8

-o .004 '72
0 . 0 0 4 8 0

- 0 . 0 0 4 6 1
0 . 0 0 4 6 9
0 . 0 0 0 0 3
0 .  0 0 0 0 0
0 . 0 0 0 3 ?
0 . 0 0 0 3 ?
0 .  0 0 0 3 ?
0 .  0  0 0 3 7
0 . 0 0 0 4 7
0 . 0 0 0 2 7
0 . 0 0 0 2 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 2 4
0 .  0 0 0 1 9
0 . 0 0 0 2 4
0 . 0 0 0 1 9
0 . 0 0 0 1 1
0 . 0 0 0 3 2
0 . 0 0 0 0 3

Z-ROTAN

0 . 0 0 0 0 1
- 0 . 0 0 3 5 7

0 . 0 0 3 9 3
- 0 , 0 0 3 6 6

0 . 0 0 4 0 2
- 0 . 0 0 3 6 7

0 . 0 0 4 0 3
0 . 0 0 0 0 2
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 .  0 0  0 3 5
- 0 . 0 0 0 3 9
- 0 . 0 0 0 3 1
- 0 . 0 0 0 3 9
- 0 . 0 0 0 3 0
- 0 .  0 0 0 3 9
- 0 . 0 0 0 3 1

0 . 0 0 0 0 0
0 . 0 0 0 0 1

- 0 . 0 0 3 8 6
0 .  00364

- 0 . 0 0 3 9 5
0 . 0 0 3 ? 3

- 0 .  O O 3 ' 1 6
0 . 0 0 3 5 4
0 . 0 0 0 0 2
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 3 5
- 0 . 0 0 0 3 9
- 0 . 0 0 0 3 1
- 0 . 0 0 0 4 0
- 0 . 0 0 0 3 1 -
- 0 . 0 0 0 3 9
- 0 .  0 0  0 3 1

0 . 0 0 0 0 0

Z-TRANS X-ROT3N

l-0

1 1

72

l -  - 0 . 0 0 0 3 8
2  0 . 0 1 5 0 4
5  - V . V ! t Z O

4  0  . 0 1 5 4 4
5  - 0 . 0 1 7 6 6
6  0 . 0 1 5 4 7
'7 -0 .0L7 69
8  - 0 . 0 0 0 1 1
1  0 . 0 0 0 0 0
2  0 . 0 0 0 0 0
3  0 . 0 0 0 0 0
4  0 . 0 0 0 0 0
5  0 .  0 0 0 0 0
6  0 .  0 0  0 0 0
?  0 . 0 0 0 0 0
I  0 . 0 0 0 0 0
L  - 0 . 0 0 0 4 8
2  0 . 0 6 3 s 1
3  - 0 . 0 6 0 5 0
4  0 . 0 6 5 0 1
5  _ U .  U O Z U 0

6  0 .  0 6 1 8 6
7  - 0 . 0 5 8 8 5
8  - 0 .  0 0 0 4 1
1  - 0 . 0 0 0 4 0
2 0 . 0162'7
3  - 0 . 0 1 6 0 3
4  0 . 0 1 6 6 8
s  - 0 . 0 1 6 4 4
6  0 . 0 1 5 8 4
7  - 0 . 0 1 5 6 0
I  - 0 . 0 0 0 1 1

1  o , 0 0 0 0 0
2  0 .  0 0 0 0 0
3  0 .  0 0 0 0 0
4  0 ,  0 0 0 0 0
5  0 .  0 0 0 0 0
6  0 . 0 0 0 0 0
?  0 . 0 0 0 0 0
I  0 . 0 0 0 0 0
1 _  - 0 . 0 0 0 4 6
2  0  . 4 6 1 1 9
3  0 . 0 6 2 1 2
4  0 .  4 7 2 2 3
5  0 . 0 s 7 0 8
6 0 .4 '1265
?  0 . 0 5 6 6 6
I  0 . 2 ' 7 2 9 6

0 . 0 0 0 0 0

- 0 . 0 1 2 1 0
- 0 . 0 1 2 0 9
- 0 . 01212

0 .  0 3 9  6 7
- 0 , 0 6 3 8 8
- 0 .  r - 0 4  5 5

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 2 4 1 2 6
0 . 2 4 \ 2 ' l
0 .241.28
0.24125
0 . 3 0 4 6 7
0 . 1 ? 7 8 5
0 . 1 2 8 0 5
0 . 0 0 0 0 0
0 . 1 9 7 0 0
0 . 1 9 7 0 0
0 . 1 9 7 0 1
0 . 1 9 6 9 9
0 , 2 4 5 7 e
o , 14522
0 . 1 0 4 5 5
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1

- 0 . 0 3 1 ? 3
- 0 . 0 3 1 ? 3
- 0 . 0 3 1 8 0
- 0 . 0 3 1 6 6

0 . 0 4 3 4 7
- 0 . 1 0 6 9 4
- 0 . 1 2 8 1 1

0 . 0 0 0 0 0
- 0 . 0 0 0 3 0
- 0 . 0 0 0 3 0
- 0 . 0 0 0 3 0
- 0 . 0 0 0 3 0

0 . 0 0 0 9 7
- 0 .  0 0 1 5 6
- 0 . 0 0 2 5 6

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 6 0
- 0 . 0 0 0 6 0
- 0 . 0 0 0 6 0
- 0 .  0 0 0 6 0
- 0 , 0 0 0 6 0
- 0 . 0 0 0 6 0
- 0 . 0 0 0 6 1

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 4 8 2
0 . 0 0 4 8 2
0 .  0 0 4  8 2
0 .  0 0 4  8 2
0 .  0 0 6 0 8
0 .  0 0 3 5 5
0 . 0 0 2 5 6
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 1 4 8
0 .  0 0 1 4 I
0 . 0 0 1 4 8
0 . 0 0 1 4 8
0 . 0 0 1 4 e
0 . 0 0 1 4 8
0 . 0 0 1 4 8
0 . 0 0 0 0 0
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8OK-LONG CRYOPUMP SUPPORT

JO]NT Dl S PI,ACE}4ENT (INCH RADIANS ) STRUCTURE TYPE = SPACE

-- PAGE NO. 1 1

Z-TRANs X-ROTAN Y-ROTAN Z-ROTA}IJOINT

1 3

Y-TRANS

0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 .  0  0 5 2 4
- 0 .  0  0 5 2 4
- 0 .  0  0 5 2 4
- 0 . 0 0 5 2 4
- 0 . 0 0 5 2 4
- 0 . 0 0 5 2 4
-0 .  0052 3

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0

-  0  .  0 1 1 5 1
- 0 . 0 0 6 8 1
- 0 . 0 1 6 L 7
- 0 . 0 0 6 6 9
- 0 . 0 1 6 2 9
- 0 . 0 0 6 8 4
- 0 . 0 1 6 1 3
- 0 . 0 0 0 0 3

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0

- 0 . 0 0 1 4 I
- 0 , 0 0 1 4 I
- 0 , 0 0 1 4 8
- 0 . 0 0 l - 4 8
- 0 . 0 0 1 4 8
- 0 . 0 0 1 4 8
- 0 . 0 0 1 4 8

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 3
0 . 0 0 0 0 3
0 , 0 0 0 0 3
0 . 0 0 0 0 3
0 . 0 0 0 0 3
0 . 0 0 0 0 3
0 . 0 0 0 0 3
0 . 0 0 0 0 0

0 .  0 0 0  0 0
0 .  0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 3
0 . 0 0 0 1 8
0 . 0 0 0 1 - 3
0 . 0 0 0 1 8
0 . 0 0 0 0 0
0 . 0 0 0 3 1

- 0 . 0 0 0 0 3
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 1 8
0 , 0 0 0 0 6
0 . 0 0 0 3 1
0 . 0 0 0 0 0

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 3 5
- 0 , 0 0 0 3 9
- 0 . 0 0 0 3 1
- 0 . 0 0 0 4 0
- 0 . 0 0 0 3 L
- 0 . 0 0 0 3 9
- 0 . 0 0 0 3 1 -

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 3 4
- 0 . 0 0 0 3 8
- 0 .  o o o 3  0
- 0 . 0 0 0 3 8
- 0 .  0  0 0 3 0
- 0 .  0 0 0 3 8
- 0 . 0 0 0 3 0

0 . 0 0 0 0 0

1 4

LOAD X-TRANS

1  0 . 0 0 0 0 0
2  0 . 0 0 0 0 0
3  0 .  0 0 0 0 0
4  0 .  0 0 0 0 0
5  0 .  0 0 0 0 0
6  0 .  0 0 0 0 0
?  0 .  0 0 0 0 0
8  0 . 0 0 0 0 0
1  - 0 . 0 0 0 4 8
2 0 .48285
3  0 . 0 ' 1 7 7 8
4 0 .4879'7
5 0 .0 '1266
6  0  . 4 ' 1 7  3 9
?  0 . 0 8 3 2 4
I  O .2 '7  296
1  0 .  0 0 0 0 0
2  0 .  0 0 0 0 0
3  0 .  0 0 0 0 0
4  0 . 0 0 0 0 0
5  0 . 0 0 0 0 0
6  0 . 0 0 0 0 0
?  0 , 0 0 0 0 0
I  0 , 0 0 0 0 0
r .  - 0 . 0 0 0 4 8
2 0. L3462

4  0 .  1 3 9 7 6
5  - O  . 2 ' t  8 2 7
6  0 . 1 3 0 9 6
1 -0.2694'7
8  - 0 . 0 ? 4 1 1

0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
o.22449
0 . 2 2 4 5 0
0 . 2 2 4 4 2
0 . 2 2 4 5 6
o . 2 9 9 1 0
o . r4928
0 .  l -2811
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 , 0 0 0 0 L
0 .  1 1 8  0 3
0 . 1 1 8 0 3
0 . 1 1 8 0 7
0 . 1 1 ? 9 9
0.7 '7442
0 .  0 5 7 6 4
0 . 0 0 0 0 0

t )

I O
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8OK-LONG CRYOPUMP SUPPORT

SUPPORT REACTION5 -UNIT POUN INCH STRUCTURE TYPE = SPACE

_. PAGE NO. L 2

JOINT LOA-D FORCE-X FORCE-Y FORCE-Z MOM-X MOM-Y MOM Z

1 1

1  ] .  8 0  ! 1 3 3 . 3 7  o ,  0 1  0  .  6 4  0 .  0 2  - 1 0 9 .  6 1
2  r ' 1 2 5 . 6 0  - 8 9 5 ? . 6 8  s 6 . 5 8  3 4 5 7 . 3 0  9 L . 1 3  - 3 1 ? s 1 . 5 3

3  - 1 8 8 4 . 9 4  1 3 4 2 1 , 5 9  5 6 . s 6  3 4 5 5 . 7 3  9 1 . ' 0 9  3 4 5 2 3 - 8 0
4  1 7 ' 1 0 . 3 2  - 9 2 3 4 . 8 9  5 6 . 5 1  3 4 5 3 . 1 1  9 7 . 0 2  - 3 2 3 1 2  - 3 7
5  - 1 9 2 9 . 6 8  1 3 6 9 8 . 9 1  5 6 . 6 4  3 4 6 0 . 8 9  9 ' J -  ' 2 3  3 5 3 4 4 . 9 7
6  r 7 ' 7 3 . ' 7 6  - 9 2 5 r . ' 1 7  - 1 8 5 , 3 5  - l - 1 3 2 5 . 1 9  - 2 9 8 . 5 4  - 3 2 6 3 5 . ' � l 3

?  - 1 9 3 3 . 1 1  1 - 3 ' � 1 7 5 . 7 2  2 9 8 . 5 1  1 8 2 3 9 . 5 7  4 8 0 . 8 0  3 5 4 0 8 . 1 1
8  - 1 1 . ? 9  7 3 . 0 9  4 8 8 . 5 3  2 9 8 5 0 . 7 1  

' 7 A 6 - 8 ' 7  2 1 6 . 4 6
1  1 . 8 6  1 7 8 6 . 4 7  0 . 0 1  0 . 6 4  0 . 0 2  - 1 1 3 . 1 0

2  1 8 6 s . O O  - 9 ? 5 5 . ' 4 ?  - 9 2 0 . 4 9  - 5 6 2 4 4 . 4 2  - 1 4 8 2 . 6 2  - 3 4 3 1 3 . 3 0

3  - 1 7 4 5 . 5 4  L 2 6 2 3 . A 2  - 9 2 0 . 5 1  - 5 6 2 4 5 . 9 9  - L 4 a 2 - 6 6  3 7 9 6 2 . 0 5
4 1910.44 -  l -0-S32"-49-  -920.55 -56248.60 - !482- '13 -3s147.36

5  - 1 7 9 0 . 9 9  1 2 9 0 s . 4 6  - 9 2 0 . 4 3  - s 6 2 4 o . 8 2  - ! 4 8 2 - 5 2  3 2 ' 1 9 6 ' 3 r
6 1816.SJ - ,9  !6 .L. -4o__-  -Lr62.47 - ' t1026.9r  - !872.2e-13-12: 'L+
' 7  - ! 6 9 T 3 e  1 2 3 2 9 . ' 1 L  - 6 ? 8 . 5 6  - 4 ! 4 6 2 . 1 6  - 1 0 9 2 . 9 5  3 ! 0 1 7 . 7 9
8  - 1 1 . ? 9  ? 3 . 0 9  - 4 8 8 . 5 {  - ? 9 8 5 1 . 0 0  - ' 1 9 6 . 8 8  2 1 6 . 4 6

2  - 1 4 9 1 A . 6 5  1 5 0 3 3 . 6 6
3  1 6 2 0 2 . 0 3  - 1 3 4 5 , 6 ?

5

7
8
1

?

4
5
5'l

FI

- 1 5 3 6 4 .  e 4  1 s 3 1 0 . 8 6
1 6 5 8 8 . 3 8  - ' 1 6 2 2 . 9 4

3 7 . 8 9  3 1 5 5 . ? 1  5 1 0 . 2 5  - 1 0 3 5 1 . 8 5

3 7 . 8 8  3 1 5 4 . ? 9  5 1 0 . 0 2  2 4 3 8 2 . 7 !
3 ? . 9 5  3 1 5 9 . 3 0  5 0 9 . 6 3  - 1 0 7  8 1 .  5  9
3 7 .  8 3  3 L 5 l - . 8 4  5 1 0 . 7 8  2 4 8 1 2 . 6 2

- 1 5 3 9 4 . 5 3  r f i 2 1  . 7 4  - 6 4 . 5 3  - 6 1 6 6 . 4 7  - r 6 7 L . 4 5  - 1 0 8 1 3 . 9 8

_ 1 _ 6 6 f L _ 9 J  - 7 6 3 9 . ' � l 4  ! 4 0 . 3 2  1 2 4 ' 7 7 , 8 6  2 6 9 r . 9 3  2 4 8 4 4 . 8 9
1 1 - . ' t 7  - 7 3 . 0 9  ! 8 3 . 4 2  1 ? 1 8 6 , 1 5  4 4 0 s . 5 8  6 4 t 8 - 2 r
- 1 . 8 9  4 3 9 0 . 9 0  - 0 . 0 1  - 0 . 6 4  0 . 0 9  - ? 5 . 0 9

- 1 6 1 8 2 . 0 1  L 5 9 3 2 . 8 4  - 3 2 8 , 9 6  - 3 ! 2 ! 6 . 7 ' 1  - 8 3 0 0 . 9 6  - L L 6 9 4 . 0 2

1 4 9 9 8 . 6 8  - 6 4 4 6 . 4 5  - 3 2 8 . 9 7  - 3 7 2 r ' 1  . 6 8  - 8 3 0 1 - 1 9  2 3 0 4 0 ' 5 6
- 1 6 5 1 4 . 4 2  L 6 2 L 4 . 4 5  - 3 2 8 . 9 0  - 3 1 2 1 3 . 1 8  - 8 3 0 1 . s 8  - L 2 L 3 0 . 6 9

1539r- . r .8- , ,_ . :6728.r2_- . . .  - ,s29 . ,Q -2 . -3I22O..  64 -8300.43 . .  .?3, !11- .11 ' - -
- 1 s 7 6 6 . 1 5  1 5 6 3 8 . ? 7  - 4 3 1 . 3 9  - 4 0 5 3 8 . 9 5  - r 0 4 8 2 . 6 ' 1  - ! t 2 3 r . 9 2

! 4 s 8 2 . ' 1 6  - 6 L 5 2 . 3 4  - 2 2 6 . s 3  - 2 1 8 9 4 . 6 2  - 6 1 1 9 . 2 9  ? 2 5 7 8 . 4 0
r r . 7 7  - ' 1 3 . 0 9  - 1 8 3 . 4 3  - 1 7 1 8 6 . 3 3  - 4 4 0 5 ' 6 3  6 4 1 8 - 2 r
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8OK-],ONG CRYOPUMPSUPPORT

MEMBER END FORCES STRUCTURETYPE = SPACE

-- PAGE NO. 13

AIL UNITS ARE __ POUN INCH

MEI,IBER LOAD ,lT AXIAI

1  0 . 0 0
2  0 . 0 0
I  2 '1569 .82
2 -2'�1569 .82
1  - 2 7 5 6 8 . 6 0
2  2 1 5 6 8  . 6 0
t  2 ' t  6L '1 ,92
a  - 1 1 € , 4 4  t  \

!  - 2 1 6 L 7  .  L 9
2 2"7 655 .52
I  2 '1569 .58
2  - 2 7 5 6 9 . 5 8
L -2 '1  5 '7  0 .3 !
2  2 7  5 1 0  . 3 I
l .  - 0 .  4 9
2  0 . 4 9

2  0 . 0 0
3  0 .  0 0
2 2157 0 .0 ' �1
3 -2 ' l  5 '10 .01
2 -2 '7  569 ,33
3  2 ' l  5  6 9  . 3 3
2 27665.04
3  - Z  I  l 5 Z - > t

2  - 2 7  6 6 4 . 5 5
3 27 '132 .42
2  2 7 5 6 9 . 8 2
3 -27569.82
2  - 2 ' 7 5 7 r . ? 9
3 2 '7 5 ' l  L  ,29
z  - v . z . l

3  0 . 2 4

3  - 0 . 3 1
4  0 . 3 1
3  3 1 2 . 0 1
4  - 3 1 2 , 0 1
3  4 5 . 4 1
4  - 4 5 , 4 1

4  - 4 6 . 8 ' l

4  -3t4.52

SHEAR-Y SHEAR-Z TORSION

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

4 2 8 4  . 0 5
- 4 2 8 4 . 0 5
4 2 8 4 . 0 1

- 4 2 8 4 . 0 L
4 2 8 3 . 9 8

-4283 .98
4284 . 04

-4284 . O4
4244 . O0

- 4 2 8 4  . 0 0
4284 .00

-4284 .  OO

- 4 2 8 3  . 9 6
0 . 0 0
0 . 0 0

2 0 3 6 . 3 6
- z  u 5  0 .  J o

1 4 9 8 . 9 3
- 1 4 9 8 .  9 3

1 4 9 8 . 8 9
- 1 4 9 8 . 8 9

- 1 4 9 6 . 1 3
1 5 U _ 1 .  b d

- 1 5 0 1 . 6 8

MOM-Y

0 . 0 0
0 . 0 0

- h  1 )

0 . 1 5
- 0 . 5 4
- 0 . 5 8

0 . 5 3

- 0 . 1 6
- 0 . 0 1
- 1 .  3 3

- 9 0 5 . 3 5
o . 2 6

904 ,  47
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0
0 . 5 5

- 2 1 7 2 0 . 2 3

- 2 7 7 2 r . 5 7
24r . LO

-27964.  43
- 2 4 2  .  4 4

- 2 7  4 7 8  . 3 9

-3 r1r2  .4 ' t
- 9 0 4  . 6 5

-23729 .0L
0 , 5 1

- 0 .  3 9

- 2  . 3 0

- 1 7 0 L 3 .  9 5
- 2 L 5  . 8 4

-L'70!0.'12
- 2 ! 2  . 9 4

- 1 7 0 0 0 .  8 7
- 2 L 8  . 8 6

- L 7  0 2 8  . 3 3
- 2 1 1 . 1 0

MOM- Z

-  t b u v u .  o o

- 1 6 0 9 0 . 6 0
- 0 . 2 0

- 0 . 0 8
- 1 5 0 9 0 . 9 7

- 0  - 2 8
-1609L .02

- 0 . 1 3
- 1 - 6 0 9 0 . 8 7

0 . 2 0
- 1 _ 6 0 9 0 . 5 4

0 . 0 0
0 . 0 0

1 6 0 9 0 . 7 6
- ? 0 9 5 9 . 0 9

1 5 0 9 1 . 3 1
-70959 . '14

L609L.24
- 7 0 9 5 9 .  5 9

1 . 6 0 9 1 . 0 3
-  / u v ) v .  o o

1 6 0 9 0 . 9 9
- 7 0 9 s 9 .  0 9

1 6 0 9 0 .  8 7
- 7 0 9 5 8 . 9 8

1 6 0 9 0 . 9 1
- '10959 .27

0 . 0 0
0 .  0 0

I  U 9 J 6  .  J Z

-220846,78
7 0 9 5 9 . 6 6

-220841 .38
? 0 9 5 9 . 2 3

-220847 .48
7 0 9 5 9 . 0 5

- 2 2 0 8 4 1  . L 3
7 0 9 5 8 . 5 1

-220848.34

- 8 s 2 .  0  0
- 1 3 5 _ 1 .  O 0
- 0 5 2 . 0 0
1 ) 5 r .  U O
- 8 5 2 . 0 0
r J l t - .  o o
- 8 5 2 . 0 0
- L ) J t . U q

L ! J - 1 . 6 J
- 8 5 2 . 0 0
r J 5 l - . 8 0
- 8 5 1 . 9 9

0 . 0 0

- r o u L .  d 0

2 8 9 0 . 5 0
- - L b u r . o o

2 8 9 0 . 5 0
- 1 6 8 1 . 8 5

2 8 9 0  . 4 9
- 1 " 6 8 1 . 8 6

2 8 9 0 . 5 0

2 8 9 0 . 5 0
- r b 6 _ t . d E

2 8 9 0 . 5 0
- r o b - L . o o

2 8 9 0 . s 0
0 . 0 0

6 3 3 . 4 3

3936. '7  4

3 9 3 6 . 7 5

0 . 0 0
0 . 0 0
0 .  0 1

- 0 . 0 1
0 . 0 5

- 0 . 0 5
0 . 0 9

- 0 . 0 9
0 . 0 7

- 0 , 0 7
4 7 . 8 s

- 8 6 . 0 5
-  4 7  . 9 7

8 6 . l - 7
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0

- L - t 5 ) .  U J
- 1 1 5 5 .  0 3

- 1 1 5 5 . 0 L
1 1 5 4 . 9 ?

- 1 1 5 4 1 .  v  /

1 1 5 5 . 0 ?
- 1 1 - 5 5 , 0 7

1249 .62
- I J I  / .  J q

1 0 6 0 . 3 7
-992 .45

0 . 0 0
0 . 0 0

0 - 0 2

1 8 9 . 8 5
- 1 8 9 . 8 5

1 8 9 . 8 0
- 1 8 9 . 8 0

r 8 9 . 7 2
_  1 A O  1 t

1 8 9  . 9 7
- 1 8 9 . 9 7
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8OK-I,ONG CRYOPTIMPqI IPP. )RT -- PAGE NO. t 4

MEX{BER END FORCES

A],t UNITS ARE -- POUN INCH

MEN4BER IOAD .fT

STRUCTURE TYPE = SPACE

3

4

4
3
4
3

3 1 2 . 0 1
- 3 l - 2 , 0 1

4 5 . 4 1
- 4 5 . 4 1
r- t9.20

- r ' ? o  t n

4  0 . 0 0
5  0 . 0 0
4  0 . 4 9
5  - 0 . 4 9
4  - 0 . 2 4
s  0 . 2 4
4 -269 . 04
5 4 '7 .6 t
4  2 6 9 . 5 3
5  - 4 e . 1 0
4  0 . 2 4
5  - 0 . 2 4
4  - 0 . 2 4
5  0 . 2 4
4  0 , 4 9
5  - 0 . 4 9

3  0 . 0 1
6  - 0 .  0 1
. '  O 5 . r /

b  - b s . t  /

3  6 3  . 2 9
6  - 6 3 . 2 9
5  o J . r /

6 -63 .1,'7

o  - o J . r /

3  - 2 0 7 . 0 3
6  2 0 7 . 0 3
3  3 3 3 , 5 0
6  - 3 3 3 . 5 0
3 545 . ' t2
5  - 5 4 5 . 7 2

1 v 5 0 .  / f ,

-L48.24

5 6 7 . 9 3

- 0 . 0 2
0 . 0 2

TORSION

1 8 7 0 . 3 9
- 1 8 7 0 . 3 9

rL2 '1 .  40
- t L 2 ' 7  -  4 0

0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0

MOM-Y

L 7 8 9 ' 7 . 5 6
- L24'13 . 13
-5!932.24

L2044, '12
0 . ? 3
1 , 1 6

MOM- Z

7 0 9 5 9 .  1 5
-220847,'1'l

7 0 9 5 9 . 2 6
-220848 .53

0 . 0 0
0 . 0 0

220847 . L9

220847 .63
0 ,  0 8

220847,38
- 0 . 2 0

220841 .67
0 .  0 6

2 2 0 8 4 1 . 8 3
- 0 .  0 7

22084?.75
0 .  1 9

220848.23
0 . 2 3
0 . 0 0
0 .  0 0

-  / 5 J r v .  u o
- 0 .  0 3

- 7 3 0 5 0 . 3 0
0 . 0 3

- 7 3 0 5 0 ,  3 4
- o  . 0 2

- 7 3 0 4 8 . 9 2
0 .  0 0

0 .  0 0
-  l 5 2 5 0 . v z

0 .  0 5
- 7 2 e 6 4 . 5 6

0 .  0 0
0 .  0 0
0 . 0 0

- 1 8 3 3 9 0 , 8 0
- 0 .  0 3

- 1 8 3 6 5 9 . 4 4
0 .  0 4

- - L U 5 b ) Y . 5 U

- 0 .  0 4

4 ' 7 9 2 . 6 6  0 .  0 0
- 8 5 1 - . 9 9  0 . 0 0
4 " 1 9 2  . 6 ' t  0  , 0 2
- 8 5 2 . 0 0  - 0 , 0 2
4 7 9 2 . 6 7  0  .  0 0
- 8 s 2 . 0 0  0 . 0 0
4 7 9 ? . 6 8  - 0 . 0 1
- 8 5 2 . 0 1  0 .  0 1
4 7 9 2 . 6 ' 1  0 . 0 4
- 8 5 2 . 0 0  - 0 . 0 4
a t  I  9 2 .  o 6  - z o J  .  5 v

- 8 5 2 . 0 1 -  4 7 . 8 5
4 ' 1 9 2 . 6 9  2 6 9 . 3 8
- 8 5 2 . 0 2  - 4 7 . 9 3

0 . 0 0  0 . 0 1
0 . 0 0  - 0 . 0 1

- 0 . 0 1  0 . 0 0
0 . 0 L  0 . 0 0

- 0 . 0 1  - 0 , 7 0
u .  u _ L  -  L ,  z o

- 0 .  0 1  - 0 . 7 0
0 .  0 1  0 . 7 7
0 .  0 0  1 .  3 0
0 . 0 0  - 0 . 5 4
0 . 0 0  - 3  . 2 4
0 . 0 0  - 0 . 2 9
0 . 0 1  L 2 4 L ! . 5 2

- u . u . L  - J . ) z

0 . 0 0  - r 2 4 L 4 . 6 4
0 . 0 0  - 0 . 2 ' 7
0 . 0 0  - 1 . 4 5
0 . 0 0  0 . 3 4

0 . 1 3
J -  /  J ) .  J 0  - U . 1 5

- r ' 1 2 9 . 0 0  1 3 0 9 9 .  6 4
1 7 2 9 .  0 0 - 1 3 0 9 9 .  6 4

- 1 7 2 9 .  0 0 -  t  4 3 3 7  ,  5 l -
L ' � | 2 9 . 0 0  1 4 s 3 7 . 5 1

- L 7 2 8 . 9 ' 1  1 3 4 3 9 . 4 s
1 7 2 I  .  9 ? - 1 3 4 3 9 .  4  5

- L t z > , u 5 - L 9 0 t  t , t t $

t ' t  2 9  . 0 3  7 4 6 7 7  , 4 4
- 1 ? 3 3 . 4 0  1 3 4 6 5 .  s 5

1 ?  3 3  .  4  0 -  1 3 4  6 5 .  5 5
- ! ' 1 2 4 . 6 t - L 4 7 0 3 . 4 8

L ' 7 2 4 , 6 1  1 4 7 0 3 . 4 8
0 . 0 0  - 8 9 . 6 0
0 .  0 0  8 9 . 6 0

- 4 3 4 0 . 6 1  - 0 .  r - s
4 3 4 0 . 6 1  0 . 1 5

-  4 3 4 6 . 9 ' 7  1 5 3 . 4 0
4 3 4 6 . 9 ' t  - 1 5 3 . 4 0

- 4 3 4 6 . 9 1  2 0 . 3 9
4 3 4 6 . 9 ' t  - 2 0  , 3 9

0 . 0 0 - s s 3 4 5 9 . 5 0
0 .  0 0  - 0  , 2 4
0 . 0 0  6 0 5 7 5 9 . 4 4
0 .  0 0  0  , 4 ?
0 . 0 0 - 5 6 7 8 1 6 . 5 6
0 .  0 0  - 0  . 2 6
o . o 0  6 2 0 7 2 2 . O O
0 . 0 0  - 0 . 2 9
0  .  0 0 - 5 6 8 9 1 9 .  7 5
0 . 0 0  - 0 . 2 8
0 . 0 0  6 2 1 2 2 1 .  8 1
0 .  0 0  0 . ? 6
0 .  0 0  3 7 8 5 . 8 1

- 5 . 3 9
0 . 0 0

0 . 0 0 - 0 . 0 5

4
12

L2
4

t2

- 0 . 0 1
0 .  0 1

3 1 . 2 5
- 3 r . 2 5

J I . I I
- 3 1  .  3 1

0 .  0 0  6 . 4 5
0 . 0 0  0 . 0 0
0 .  0 0  - 5 4 8 1 . 4 5
0 . 0 0  0 . 4 1
0 . 0 0  - 8 6 1 . 7 9
0 . 0 0  0 . 7 2

Revision No. I
Doc. No. V049-l{83
Page 64 of90



8OK-LONG CRYOPUMP

MEMBER END FORCES STRUCTURE TYPE = SPACE

AI.I, UNITS ARE -- POUN INCH

_-  PAGE NO.  15

MEMBER JT

L2
4

7 2
4

1 2
4

1,2
4

12

AXIAI,

5 I . 2 5
- 3 1 . 2 5

- 3 1 . 2 5

126.  l -6

3  - 0 . 0 1
9  0 . 0 1
3 3.028.26
9 - ro28,26
3  L O 2 8 . 2 0
9 -1028.20
3 ro28,26
9 -1028.26
3  1 - 0 2 8 . 1 4
9 -LO28 . L4
3  1 2 9 8  .  3 4
9 - t298.34
3  7 5 8 . 0 0
9  - 7 5 8 . 0 0
3 545. ' �12
9  - 5 4 5 . 7 2

4  0 . 0 1
1 4  - 0 . 0 1

4  2 2 t . 7 9
1 4  - 2 2 L . 1 9

4  2 . 2 L . ! 9
r 4  - 1 2  ) - .  L >

4  2 2 1  . 0 ' t
7 4  - 2 2 L .  0 7

4  2 2 t , 3 7
1 4  - 2 2 ) . . 3 7

4  2 9 5 . 2 9
1 4  - 2 9 5 . 2 9

4  L 4 7 , O 9
1 4  - 1 4 7 . 0 9

4  L 2 6 ,  L 6
L q  - t z o .  r b

/  r / 5 > , J b

6  - 1 7 3 s . 3 6

SHEAR-Y

- 4 3 4 7 . 0 0
4347 , OO

- 4 3 4 6  , 9 4
4346.94

-4342.57
4342 .57

-4351.3 '7
4 3 5 1 . 3 7

0 . 0 0
0 . 0 0

- 1 7 8 8 . 5 6
1 7 8 8 , 5 6

1 5 5 . 0 7
- r ) ) .  u  /

- 1 5 5 . 1 9
1 8 . 6 1

8 9 . 6 3
- b v . b 5

- 0 . 1 8
0 . 1 8

-L7 94 .  92-14758 .45
L 7 9 4 . 9 2  1 4 1 5 8 . 4 5

-r794.92 13278, ' lL
t '7  94.92-L3278 , ' lL

- 1 ? 9 4 . 9 5 - 1 4 s 0 3 . 7 5
1 . 1 9 4 . 9 5  1 4 5 0 3 . 7 5

- 1 7 9 4 . 8 9  L 3 6 2 4 .  0 6
t '794.89-L3624.  06

- ] . ' t  90 .52- !3 '7  92.52
!" t  90 ,52 t3792.52

-L '799.32 t291.2.72
L 7 9 9  . 3 2 - 1 2 9 ! 2 . ' t 2

0 .  0 0  8 9 . 6 1
0 .  0 0  - 8 9 . 6 1

- 4 3 8 8 . 8 1  0 . 1 5
4 3 8 8 , 8 1  - 0 . 1 6

- 4 3 8 2 . 4 4  - 1 5 8 . 5 5
4 3 8 2  . 4 4  1 5 8  .  5 5

- 4 3 9 2 .  4 s  - 2 5  .  5 3
4 3 8 2 . 4 5  2 5  . 5 3

- 4 3 8 ? . 4 1  - 1 6 0 . 2 4
4 3 8 2 . 4 7  1 6 0 . 2 4

- 4 3 8 2 - 4 8  - 2 3 . 8 6
4 3 8 2 . 4 8  2 3 . A 6

- 4 3 8 6 . 8 4  - 1 5 6 . 7 s
4 3 8 6 . 8 4  1 5 6 . 7 5

- 4 3 7 8 . 0 5  - 2 ' t  . 3 4
4 3 ? 8 . 0 5  2 7  . 3 4

0 . 0 0  - 8 9 . 6 3
0 .  0 0  8 9 .  6 3

0 .  1 3  0 ,  0 1
- 0 . 1 3  - 0 . 0 1

TORS]ON MOM_Y

0 . 0 0  - 6 5 5 1 . 6 9
0 . 0 0  0 . 1 0
0 .  0 0  - ' 7 9 2 . 0 2
0 .  0 0  - 0 . 0 2
0.  00 -6556.92
0 . 0 0  0 . 6 1
0  .  0 0  - 7 8 6 , 2 5 .
0 . 0 0  - 0 . 0 6
0  .  0 0  - 3 ' 1 8 6 . 9 9
0 . 0 0  0 . 0 1

0 . 0 0
0 . 0 0 0 . 0 0

MOM-Z

- r d 5 0 0 v . o {

0 .  0 4
- 1 8 3 6 5 8 . 0 5

0 .  0 2
- 1 8 3 4 ? 3 , 7 0

0 , 0 5
- 1 . 8 3 8 4 5 . 2 0

0 . 0 1
0 . 0 0
0 . 0 0

-  / 5 5 b b .  / J
- 0 . 0 3

0 . 0 2
- ? 5 8 3 5 . 4 3

- 0 . 0 2

- 0 ,  0 1
- 7 5 8 3 4 . 0 4

0 .  0 1

0 .  0 0  5 9 8 1 9 4 , 5 6
0 . 0 0
0 .  0  0 - 5 6 1 0 2  4  .  8 8
0 . 0 0  - 0 . 4 ' 1
0 . 0 0  6 1 2 7 8 3 . 1 9
0 . 0 0 0 . 3 6
0 . 0 0 - 5 7 5 6 1 6 . 1 3
0 . 0 0
0 .  0 0  5 8 2 7 3 4 . 1 3  - ' 1 5 6 4 9  . 6 3
0 . 0 0 0 . 2 9 0 . 0 5
0 .  00-s4 ss62 .  19 - '7  602r .20
0 . 0 0  - 0 . 4 8  - 0 . 0 4
0  .  0 0  - 3 7 8 6 . 1 6  0 .  0 0
0 . 0 0  0 . 0 6  0 . 0 0

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 , 0 0
0 . 0 0
0 , 0 0
0 .  0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0

0 . 0 0

1 0 7 8 . 9 0

6 7 7 0 . 0 8
- 0 . 0 3

1 0 0 7 . 9 6

6623 .0r
- 0 . 4 1

1 1 5 4 . 9 8
0 . 1 0

3 7 8 7 . 0 7
- 0 .  0 4

- 0 . 1 0
0 . 0 0

-L85427 .L4
- 0 . 0 2

- 1 8 5 1 5 8 . 3 6
0 .  0 4

- 1 8 5 1 5 8 . 4 2

- l - 8 5 1 5 6 . 9 8
0.  0 l -

- t E f , _ t f , v .  / 5

0 .  0 4
- 1 8 5 3 4 4 . 0 6

0 , 0 7
-1,84972 ,59

o . 0 7
0 .  0 0
0 .  0 0

1 .  1 5
0 . 0 0
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8OK_IONG CRYOPTJMPSUPPORT

MEMBER END FORCES STRUCTURE TYPE = SPACE

A],L UNITS ARE -_ POUN INCH

-- PAGE NO.

MEI4BER IOAD SHEAR-Z

-63  ,2 r

-63.2L
53 .  11 ,

- 5 3 . 1 1
6 3 . 3 5

- 6 3 . 3 5
- ? 0 7 . 0 4

20'1 .04
3 3 3 . 4 6

- 5 J 5 .  t 0

TORSION

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0
0 . 0 0
0 , 0 0
0 . 0 0
0 .  0 0
0 . 0 0
0 . 0 0
0 .  0 0

o , 0 2
- o  . o 2
q ]  1 ?

9 1 . 0 9
- 9 1 . 0 9

9 L - 0 2
- 9 1 . 0 2

9 L . 2 3
- 9 ! . 2 3

- 2 9 8 . 5 4
298 . s4
4 8 0 . 8 0

- 4 8 0 . 8 0
7 8 5 . 8 ?

- 7 4 6 . 8 ' l

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0

MOM.Y

- J O O .  U O

0 . 0 0
- J ( J O .  O  '

0 . 0 0
-56 ' t  .94

0 , 0 0
- 5 7 0 . L 2

0 . 0 0
t_8 63 .  36

0 . 0 0
- 3 0 0 1 . 1 5

0 . 0 0

MAM-Z

1 1 7 8  9 6  .  5 9
0 .  0 0

- 1 2 9 0 3 ? . 3 0
0 .  0 0

1 2 0 9 5 4 . 8 8
0 . 0 0

-L32096 .9'?
0 .  0 0

L2rr90.20
0 . 0 0

- 1 3 2 3 3 1 . 1 6
0 , 0 0

- 8 0 6 . 5 4
0 . 0 0

- 1 0 9 . 6 1
- o  . ! 2

- l _ L  /  J l - .  J J

- ? 3 5 1 - 0 . 1 . 5
3 4 5 2 3 . 8 0
8 0 4 5 7 . 7 9

- 3 2 5 7 2 . 3 7
-'7 54r'1 .09

35344.9 ' t
82365.49

-32635.'13

35408.  11.
U I f  . 1 J . .  J 5

2 L 6  . 4 6
5 0 2 . 8 7

r .  o a t

0 . 0 0
L21425.86

0 . 0 0
- 1 1 9 5 0 8 . 2 0

0 . 0 0
1 2 n q a ?  ? 1

0 .  0 0
- !226L6.42

0 . 0 0
L 2 4 L 3 2 . ' 7 2

0 . 0 0
- L L 6 2 ! 4  . 4 L

0 . 0 0
- 8 0 6 . 4 1

0 .  0 0
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4

,T

'1

7
6
'7

6
7
6
7
a
'l

6
7

AXIAI SHEAR-Y

r 7 2 9 . 0 0  1 3 0 9 9  , 6 2
-1,7 29 . O0 -13099.62

1 7 2 9 , 0 2  - 1 4 3 3 7 . 4 8
- t 7 2 9 . 0 2  1 4 3 3 7  , 4 4

L 1 2 8 . 9 1  1 3 4 3 9 . 4 3
- I ' 7 2 8 . 9 ' 7  - 1 s 4 3 9 . 4 3

L 7 2 9 . 0 4  - r 4 6 7 ' t  . 4 4
- L ' � l 2 9 . 0 4  1 4 6 ' l ' 7  . 4 4

r / J J . 5 v  t J g o f , . J /
- 1 7 3 3 . 3 9  - 1 3 4 6 5 . 5 7

! 7 2 4 . 6 2  - L 4 7 0 3 , 4 6
- 1 , ' 7 2 4 . 6 2  1 { 7 0 3 . 4 6

1 0

0 .  0 0
0 . 0 0

a  1 1 ' 2 1  e . 1

7 -t'133 .3't
I  - 8 9 5 ? . 6 8
?  8 9 5 7 . 6 8
I  1 3 4 2 1 .  s 9
7  - 1 3 4 2 1 .  5 9
I  - 9 2 3 4 . 8 9
'1 9234.89
8  1 3 6 9 8 . 9 1

I  - 9 2 5 L . 7 ' 7
' t  9z5t  .1 ' t
I  L37L5. '72'7 -L3775.'12
6  7 3 . 0 9

1 0  1 7 8 8 . 5 6

1 0

- 8 9 . 6 2  5 4 5 . 7 9
89 .62 -s4-5-.1-9

- 1 . 8 0  0 . 0 1
1 . 8 0  - 0 , 0 1

- L 7 2 5 . 6 0  5 6 . 5 8
r ' 1 2 5 . 6 0  - 5 6 . 5 8
1 8 8 4 . 9 4  s 6 . 5 6

- 1 8 8 4 . 9 4  - s 6 . 5 6
- r ' t ' l 0 . 3 ?  5 6 . 5 1

! ' 1 7 0 . 3 2  - 5 6 .  s 1
1 9 2 9 . 6 8  5 6 . 6 4

-  L 9 Z 9 . O V  - f , O .  O {

- L ' 1 7 3 . 7 6  - 1 8 5 . 3 5
L 7 ' 1 3 . 7  6  1 8 s . 3 s
1 9 3 3 . 1 1  2 9 8  , 5 L

- 1 9 3 3 .  1 1  - 2 9 8  , 5 r
Lr . '19 488 .  53

- L r . ' 1 9  - 4 8 8 . 5 3

0 .  1 8 0 .  0 1

0 .  0 0  - 4 9 1 2 . 1 2
0 . 0 0  0 . 0 0

- o . 6 4
0 . 0 0

- 3 4 5 7 . 3 0
5  . 4 2

- 3 4 5 5 . 7 3
5 .  E 5

- 3 4 5 3 . 1 1

- 3 4 6 0 . 8 9
f , . u z

r r 3 2 5 .  1 9
- 1 9 . 0 8

- 1 8 2 3 9 . 5 ?
3 0 . 7 3

-29850.7L

- 0 . 1 0
0 . 0 0

9 2 5 4  . 8 3
0 . 0 0

9254.82
0 . 0 0

a ?  q 6  n 1

0 . 0 0
9 2 5 3  . 5 7

0 . 0 0
7L68'7 ,2r

0 . 0 0
6 8 2 2 . 3 4

0 . 0 0
49rr .5"7

0 . 0 0

1 1
9  - l - 7 8 8 . s 6  - 0 . 1 8  - 0 . 0 1

1 0  L ' 7  9  4  . 9 3  1 4 1 5 8 . 4 3  - 1 0 2 8 . 3 1
9  - L 7 9 4 , 9 3  - 1 4 1 s 8 . 4 3  1 0 2 8 . 3 1

1 0  1 7 9 4 . 9 1  - ! 3 2 ' 1 8 . 6 9  - 1 0 2 8 . 3 1
9  - L ' � l 9 4 . 9 t  1 3 2 1 8 . 6 9  1 0 2 8 . 3 1

1 0  7 ' 7  9 4  . 9 6  1 4 5 0 3 . ? 5  - L 0 2 8 . 4 2
9 - ! '794.96 - !4503. ' ts  _L028. !2

1 0  L ' t  9  4  . 8 9  - 1 3 6 2 4 . 0 5  - 1 0 2 8 . 1 8
9  - 1 7 9 4 . 8 9  1 3 6 2 4 . 0 5  1 0 2 8 . 1 8

1 0  t - 7 9 0 , 5 3  L 3 ' 1 9 2 . 5 3  - 7 2 9 8 . 5 8
s -1790.  53 - r ,37e2.53 _129! i . !8

1 0  1 ? 9 9 . 3 1  - L 2 9 L 2 , ' l L  - ? 5 8 . 0 4
9  - r ' t 9 9 . 3 7  I 2 9 L 2 , ' 1 1  7 5 8 . 0 4

0 . 0 0  - 8 9 . 6 0  - 5 4 5 . ' � 1 2
9  0 . 0 0 8 9 . 6 0  5 4 5 . ' 1 2



8OK-LONG CRYOPUMPSUPPORT

MEI4BER END FORCES STRUCTURE TYPE = SPACE

-- PAGE NO. ! ' l

AI.], UNITS ARE -- POUN INCH

MEMBER ],OAD JT AXIAI, SHEAR-Y SHEAR-Z

!2 11 r786.4' �1
10 -1786.4 '1
11.  -97 55,47
1 0  9 7  5 5  . 4 7
1 1  ! ? 6 2 3 . 8 2
ro - !2623.82
l - 1  - 1 0 0 3 7 . 0 8
1 0  1 0 0 3 7 . 0 8
l -1 72905.48
r 0  - 1 2 9 0 5 . 4 8
1 1  - 9 4 6 L . 4 0
1 . 0  9 4 6 1 . 4 0
11 12329.'7!' t -o  -L2329. ' l r
r .  r -  ?3.  09
r . 0  - ? 3 . 0 9

1 3  4 3 4 0 . 6 1
1 2  - 4 3 4 0 . 6 1
1 3  4 3 4 6 . 9 7
L2 -  4346.9 '7
13 4346.9 ' l
L2 -4346.97
1 . 3  4 3 4 ' l  , 0 0
1 2  - 4 3 4 7 .  0 0
1 3  4 3 4 6 . 9 4
t2 -4346,94
13 4342.57
12 -4342.5 '1
1 3  4 3 5 1 . 3 7
LZ -i35t-3.7-
1 3  0 .  0 0
L 2  0 . 0 0

1 5  4 3 8 8 . 8 1
14 -4!_e_g_,_g!
1 5  4 3 8 2 . 4 5
t 4  - 4 3 8 2 . 4 5
15 4382.45
1 4  - 4 3 8 2 . 4 5
15 4382.4L
L 4  - 4 3 4 2 . 4 L
1 5  4 3 8 2 . 4 8
7 4  - 4 3 8 2 . 4 8
1 5  4 3 8 6 . 8 4
t 4  - 4 3 8 6 . 8 4

- 1 . 8 6  0 . 0 1
1 . 8 6  - 0 . 0 1

- r o o J .  u u  -  z z v  . 4 t
L 8 6 5  .  0 0  9 2 0 .  4 9
L 7 4 5 . 5 4  - 9 2 0 . 5 1

- 1 7 4 5  .  5 4  9 2 0 .  5 1
- 1 9 L 0 . 4 4  - 9 2 0 . 5 5

1 9 1 0 . 4 4  9 2  0 .  5 5
r_790.  99 -920 .43

- r 7 9 0 . 9 9  9 2 0 . 4 3
- r 6 r o .  u J  - L t o z . . t L

1 8 1 - 6 .  8 5  7 t 6 2 . 4 L
1 6 9 7  .  3 8  - 6 7 8  . 5 6

- 1 6 9 7 . 3 8  6 1 8 . 5 6
L L . 7 9  - 4 8 8 . 5 4

- 1 1 .  ? 9  4 8 8 . 5 4

- 0 , 0 L  0 . l - s
0 .  0 1  - 0 . 1 5

5 L ,  Z O  -  L J J . l Z
- 3 t . 2 6  r 5 3 , 4 2

3 7 . 2 6  - 2 0  . 4 0
- 3 1 . 2 6  2 0 . 4 0

3 1 . 3 3  - 1 5 5 . 0 7
_ a l  ? 1  l  c q  n ?

3 1 . 1 9  - 1 8 . 7 4
- 3 r - . 1 9  r 8 . " 7  4
- 4 2 . 8 3  -  r 5 5 . 2 1

42.83 rE!z!
- L U ) . 5 )  - l O .  O r

7 2 6 . 2 1  - 8 9 . 6 3
- l z o . z L  o v , o J

- o . 0 1  0 , 1 6
0 .  0 1  - 0 . 1 6

- Z Z T .  L J  - I D O .  J O

2 2 1 . r 5  1 5 8 . 5 6
- 2 2 L . t 6  - 2 5 . 5 4

2 2 L . 1 6  2 5 . 5 4
- 2 2 r , A 8  - ! 6 0 . 2 4

2 2 r . 0 8  1 , 6 0 . 2 4
- 2 2 r . 2 2  - 2 3 . 8 6

2 2 1 "  - 2 2  2 3 . 8 6
- 2 9 5 . 2 4  - L s 6 , 1 ' l

2 9 5  . 2 4  L s 6 . ' 1 1

0 .  0 0  - 1 0  .  9 9  - 0 .  8 1
0 . 0 0  0 . 0 0  0 . 0 0
0 . 0 0  1 1 0 9 9 . 0 8  - 1 5 4 8 0 . 6 4
0 . 0 0  0 . 0 0  0 . 0 0
0.  00 178? .  87 -L5481.) ,2
0 . 0 0  0 . 0 0  0 . 0 0
0 .  0 0  r . r . 2 1 6 .  ? 1  - r . 5 4 ? 5 . 8 8
0 .  0 0  0 . 0 0  0 .  0 0
0 . 0 0  r 6 ' 1 0 . 2 L  - 1 5 4 8 5 . s 2
0 . 0 0  0 , 0 0  0 . 0 0
0 .  0 0  1 0 9 ? 3 . 6 0  - 2 0 6 6 6 . 9 ' l
0 . 0 0  0 . 0 0  0 . 0 0

TORSION

0 .  0 2
- 0 .  0 2

-].442 .62
L482 .62

L482.7 3
-'J.482 .52
1482 .5?

- I 8 7 2 . 2 9
l d t z , z t

-]-092.95
1 0 9 2 . 9 5
- 7 8 6 . 8 8

? 8 6 . 8 8

0 .  0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0
0 .  0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

MOM-Y

- 0 . 6 4
0 . 0 0

56244 . 42
- 9 4 . 8 1

56245.99
- 9 4 . 8 0

- 9 4 . 8 2
56240,82

- 9 4 . 8 0

4L462.L6
- 6 9 . 4 9

2 9 8 5 L . 0 0
- 5 0 . 3 2

0 . 0 0
t 0 7 3 9 . 1 2

0 . 0 0
1 4 2 7 . 9 2

0 . 0 0
1 0 8 5 4 . 9 0

0 . 0 0
1-  312 .  10

0 . 0 0
1 0 8 6 4 . 6 0

0 . 0 0
r . 3 0 2 . 4 3

0 . 0 0
627 4 .36

0 . 0 0

MOM-Z

- 1 l 5 . r u
- 0 . 4 L

- 3 4 3 1 3 . 3 0
- 7 9 4 5 1 - . 9 0

3L962 .06
/ 4 5 t b .  r J

- 8 1 3 8 9 . 5 4
32796.3r

- 5 J q Z 9 .  r O
-7 '1398.52

3 L O 7 1  . 7 9
'12462.48

502,8 '7

- 0 . 8 1
0 . 0 0

? ! 8 8  . 4 2
0 .  0 0

2787 .95
0 .  0 0

2 L 9 3 . L 9
0 . 0 0

2 1 8 3 , 5 5
0 .  0 0

-299'7 .90
0 . 0 0

737 A . ' lA
0 . 0 0

8 8 3 4 . 4 9
0 .  0 0

t-3
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8OK-I,ONG CRYOPUMPSUPPORT

MEMBER END FORCES S?RUCTURE TYPE = SPACE

-- PAGE NO. 18

A!], UNITS ARE -- POUN ]NCH

MEI'4BER LOAD .]T AXIAT

1 5

1 5  4 3 7 8 . 0 5
L q  - 4 l J l E . U 5

1 5  0 .  0 0
1 4  0 .  0 0

' t  ? . 1 !
r J  - 4 . .  t L

7  1 8 2 6 5 . 6 6
1 3  - 1 8 2 6 5 , 6 6

7  - 1 9 9 8 6 . 3 9
1 3  1 9 9 8 6 . 3 9

7 L87 39 .  42
1 3  - L 8 7  3 9  , 4 2'1 -20460 .35
1 3  2  0 4  6 0  . 3 s'7 L8 '775.84
1 3  - t - 8 7 7 5 . 8 4

7 -20496.64
13 20496.64

|  - L 4 , 1 . J 5

1 3  L 2 4 . 9 3

SHEAR-Y

- L 4 ' 7  . 0 6
L4' l  .06

L 2 6 . 2 !

- 0 . 5 8

- 5 9 8 . 8 1
5 v d .  E _ L

6 5 4 . 2 0
- 6 5 4 . 2 0

6 1 4 . 3 3

- 669 .'�l 3
-6L5 .52

b _ 1 5 . 5 2

6 7  0  . 9 2
- 6 7 0 . 9 2

4 . 0 9
- 4 . 0 9

- 0 . 6 0
0 . 6 0

6 4 7  .  L 9
6 0 5 . 8 3

- 6 0 5 . 8 3
- 6 6 2 . 9 6

6 6 2 . 9 6
62L .60

- 6 2 L . 6 0
-630 . 4'1

6 3 0 . 4 ?
5 8 9 . 1 1

- 5 S 9 . 1 1
4 .  0 9

- 4 . 0 9

1 5 0 . 0 0
- 1 5 0 . 0 0

1 5 0 . 0 0
- 1 5 0 . 0 0

1 5 0 . 0 0
- 1 5 0 . 0 0

1 5 0 . 0 0
- 1 5 0 . 0 0

SHEAR-Z

- 2 ' l  . 3 3

- 8 9 . 6 3
8 9 . 6 3

0 . 0 0
0 . 0 0

- 6 . 6 3
6  . 6 3

-  6 . 6 2

o . o z
- 6 . 6 3

6  . 6 3
2 t . 7  L

-2L,7 L
- 3 4 , 9 6

3 4 , 9 6
- 5 7 , 2 2

5 7  . 2 ?

0 .  0 0
0 .  0 0

1 0 7 . 8 1
- 1 0 7 . 8 1

1 0 7 . 8 1
- 1 0 7 . 8 1

ro' t  .82
- 1 0 ? . 8 2

1 0 7 . 8 0
- 1 0 7 . 8 0

1 3 6 . 1 4

1 9  . 4 7
- 7  9  . 4 7

5'7 . ?2
-5 ' t .22

0 . 0 0
0 . 0 0
0 , 0 1

- 0 . 0 1
0 . 0 1

- 0 . 0 1
8 . 5 0

- 8 .  5 0

TORSION

0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0

- 0 . 1 0
0 . 1 0

- 5 _ t d .  _ L . '

5 1 8  .  1 3
- 5 1 7 . 9 0

5 1 7 . 9 0
- J r  / .  f  - L

- f  r u .  o  /
5 1 8 . 6 7

-2733.50
z l 5 5 . 3 U

- 4 4 7 3 . 6 2
4473-62

- 0 . 1 0
0 . 1 0

8 4 2 9 . 1 5
-8429 . L5
8 4 2 9 . 3 9

-8429 .39
8429 . '18

- e 4 2 9 . 7 8
8428 .6I

-8428 .6!
l - 0 6 4 4 . 5 5

- L 0 6 4 4 . 5 5
6213 .'7 9

- 6 2 1 , 3 . ' 7 9
44'13 . 66

0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0

MOM_Y

1 0 1 ?  ? A

0 . 0 0

0 . 0 0

- 0 .  0 4
0 .  1 8

9 6 3 .  0 9
- 2 5 d .  J o

962 . 6s
- 2 3 8 .  1 8

9 5 L . 9 2
- 2 3 8 . 7 t

9 6 4 . 0 9
7 8 1 . 1 5

- 3 1 5 4 . 8 2
- 1 2 5 8 . 0 7

5 0 8 0 . 9 4
- 2 0 5 8 . 9 5

8 3 1 5 .  4 2

- 0 .  0 4
0 . 1 - 8

3 8 7 9  , 4 5
- 1 5 6 6 7 . 8 3

3 8 7 9 , 5 6
- r J l ) 0 d ,  z  ,

-L5669 . A0
3 8 7 9 . 2 0

- 1 5 5 6 6 . 8 3
4899 . 0'7

2 8 5 9 . 8 5
- 1 1 5 4 9 . 9 9

2 0 5 8 . 9 7
- u J L ) .  f  u

0 . 0 0
0 . 0 0

- o . 2 2
0 . 0 3

- 0 . 0 4
- u . ) .  1

0 .  0 1

MOM_Z

-10294.29
0 . 0 0

- 8 8 3 4 . 5 4
0 .  0 0

- 1 .  0 3
- 6 2 .  L t

-44386 .52
-2LO90 .97

48519 .60
22954.79

- 4 5 5 3 ? . 9 3
-27536 - 49

4973L.48
2 3 5 0 0 . 5 3

-45626.43
-2L618 .58

4 9 8 1 9 . 6 6
23542 .46

? n ?  6 ?

1 4 3 . 8 6

- I . 2 3
- 6 4 . ! 0

-4 ' r9 '74. t9
- 2 2 ' 7 9 3 . 0 9

4 4 9 9 1 . 9 8
2 t 2 s 2  . 6 9

-49L44.1.4
-2334'1 . AO

2 L A O 7  . r 2
-46734,36
-22205 .53.

43 ' t  5r .98
20665.O4

5 U J .  b 5

1 4 3 . 8 6

4284 -03
0 .  0 3

4284 . OL
0 .  0 1

4283 ,98
- o  . 0 2

4284 . 03
0 . 0 3

J ,6 1 0
L t

t 0
1 5
1 0
1 5
1 0
t_f,

1 0
1 5
l-0
1 5
1 0
1 5
1 0
l-f,

2  , 8 6
- 2  . 8 6

1 9 7 4 1 .  9 3
- r 9 7  4 1 , . 9 3
- 1 8 5 L 0 , 1 4

1 8  5 1 0  .  1 4
2 0 2 2 3 . 3 2

-20223.32

1 8 9 9 1 . 6 4
1 9 2 3 1 .  ? 8

- 1 9 2 3 1 . 7 8
-r'7 999 .92
1, '7999,92

-1.24 .93
1 , 2 4  . 9 3

0 . 0 0
0 .  0 0

- 1 1 5 5 . 0 3
1 r 5 5 .  0 3

l r 5 t .  u  /
- 1 1 5 5 . 0 5

1 1 5 5 . 0 5

L'? 2

2

2
t-6

2
1 6
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8 OK-],ONG CRYOPWP SUPPORT

MEMBER END FORCES STRUCTURETYPE = SPACE

AI,t UNITS ARE -. POUN INCH

-- PAGE NO. ]-9

MEMBER I,OAD .]T

** * * * * * * *+++**  END OF LATEST ANAI ,YSI  S  RESUIT * * * *+*+*++*** *

149. PRINT MEMBER STRESSES A],L

6

7

2
l 6

- L O

2
L 6

i,6

AXIAL

- 1 1 5 5 .  0 3
r . 1 5 5 . 0 3

- l - 1 6 3 . 6 8
L 1 6 3 .  6 8

Lt46 . 41
0 .  0 0
0 . 0 0

S H E A P - Y

1 5 0 . 0 0
- 1 5 0 . 0 0

1 5 0 . 0 0
- 1 5 0 . 0 0

1 5 0 . 0 0
- 1 5 0 . 0 0

0 . 0 0
0 . 0 0

SHEAR-Z

- 8 . 4 8
8 . 4 8
0 . 0 0
0 , 0 0
0.  01-

- 0 .  0 1
0 .  0 3

- 0 . 0 3

TORSION

0 . 0 0
0 . 0 0
0 ,  0 0
0 .  0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

MOM-Y

2 4 2  .  5 0
_ U .  J D

0 . 0 1
0 . 0 1

- u .  _ 1 5
- 0 . 4 6
- 0 . 4 6

MOM_Z

4283.98
- 0 ,  0 3

4 2 A 4 . O O
0 .  0 0

4283.9'7
- 0 .  0 4

0 . 0 0
0 .  0 0
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8OK-IONG CRYOPUMP SUPPORT

MEMBER STRESSES

AI], UNITS ARE POUN/SQ INCH

ME},IB ],D SECT AXIA.L

. 0  0 . 0  c
1 . 0 0  0 . 0  c

. 0  7 8 ? . 3  c
L .  0 0  7 8 2 . 3  c

. 0  7 8 2 . 3  T
1 .  0 0  ? 8 2 . 3  T

. 0  7 8 3 . ' � 1  c
1 . 0 0  7 8 4 . 8  C

. 0  7 8 3 , 7  T
1 . 0 0  ? 8 4 . 8  T

. 0  ' t 8 2 , 3  c
1 . 0 0  7 8 2 . 3  c

. 0  7 8 2 . 3  , r

1 , 0 0  ' 1 8 2 - 3  I
. 0  0 . 0  T

1 . 0 0  0 . 0  T

. 0  0 . 0  T
1 . 0 0  0 . 0  T

. 0  7 8 2 . 3  c
1 . 0 0  7 8 2 . 3  C

, 0  7 8 2 . 3  T
L , 0 0  7 8 2 . 3  T

. 0  7 8 5 . 0  c
l _ .  0 0  7 8 7 . 0  c

. 0  7 8 5 . 0  T
1 . 0 0  7 8 6 . 9  T

. 0  7 8 2 . 3  c
1 . 0 0  ' 1 8 2 . 3  C

. 0  ' 7 8 2 . 4  r
1 . 0 0  1 8 2 . 4  r

. 0  0 . 0  T
1 . 0 0  0 . 0  T

-- PAGE NO. 20

. 0
1 . 0 0

, 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 , 0 0

0 . 0  T
0 . 0  T
5 . 0  c

0 . 7  C

0 . ?  T
9 . 1  C
5 . 0  c
5 , 0  c
5 . 0  c
0 . 1  c

4 0 . 3
7 2  , 4
4 0  . 3

4 0 . 3

4 0  . 3' 1 2 . 4

4 0 . 3
7 2 . 4
4 0 . 3
7 2 , 4
4 0 . 3

0 . 0
0 . 0

1 5 0 .  /

L36.1' 1 9  . 5

! 5 0 .  I
' 7 9 . 5

_15t ) ,  /

0 . 0
0 , 0

1 0 4 . 8

1 0 4 . 8
1 6 .  9

1 0 4 . 8
t - 6 . 9

1 0 4 . 8

7 0 4 . 8

1 0 4 . 8
t 6 . 9

1 0 4 . 8

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
2 . 3
0 . 0
2 . 3
0 . 0
0 . 0

0 . 0
0 , 0
0 , 0

7 0 . 5
0 . 0

7 0 . 5
0 . 6

7 1 ,  . 7
0 . 6

6 9 , 9

8 0 . 7
z . J

6 0 . 4
0 . 0
0 . 0

0 . 0
0 . 0

1 3  . ' 7
o . 2

1 3 . 7
0 . 2

1 3 .  ?
0 . 2

1 3 .  7
0 . 2

1 4 . 4
1 0 . 0
4L. ' t

9 . ' 7

COMBINED

0 . 0
4 0 . 9

1 o 1 . 5

8 2 3 . 3' 1 8 2 . 3

823 ,2
t o 5 ,  I

8 2 5 . 7
7 8 3 . 7
8 2 5 . 7' 1 8 2  . 3
8 2 3 .  3
t 6 2 . 5

6 2 5 . 5

0 , 0
0 . 0

4 0 . 9
1 8 0 . 5
8 2 3 . 3

o 1 3 .  Z

826.0
9 8 1 . 0
6 Z >  , 9

9 8 0 . 5
E Z 5 . J

9 8 0 . 0
8 2 3 . 4
9 ' �12 .7

0 . 0
0 . 0

f / . u
I " l '7  .4

1 8 2 .  4
5 9 . 3

t ? 8 . 1

1 ? 8 . 1
6 '7 .7

7 8 2 . 4
6 3 . 8

L82.'7
7 1 . 4

1 7 8 . 4

SHEAR-Y SHEAR-ZBEND_Z

0 . 0
4 0 . 9

0 . 0
4 0 . 9

0 . 0
4 0 . 9

0 . 0
4 0 . 9

0 . 0
4 0 . 9

0 . 0
4 0 . 9

0 . 0
4 0 , 9

0 . 0
0 . 0

4 0 . 9
1 8 0 . 5

4 0 . 9
1 8 0 . 5

4 0 . 9
1 8 0 . 5

4 0  . 9
1 8 0 . 5

4 0 . 9
1 8 0 . 5

4 0 . 9
1 8 0 . 5

4 0 . 9
1 8 0 . 5

0 . 0
0 . 0

5 7 . 0

5 7 . 0

5 7 . 0
r '1 '7  .4

5 7 . 0
L 7 7 . 4

5 ? . 0
L 7 7 . 4

5 7 . 0

5 7 . 0
I ' l ' l  .4

0 . 0
0 , 0
0 , 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
z . J
4 . ) .

^ 1

0 . 0
0 . 0

0 . 0
0 . 0

5 4 . 6
5 4  . 6
5 4  . 6
5 4  . 6
5 4  . 6
5 4 . 6
5 4 . 6
5 4 . 6
5 9 . 1
o z . 5
qn ' i

4 6 . 9
0 . 0
0 , 0

0 . 0

5 . 1
5 . 1
5 . 1
5 . 1 -
5 . 0

L 5 .  1

Revision No. I
Doo. No. V049-l{83
Page 70 of90
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-- PAGE NO. 27

MEMB LD SECT

8  . 0
l _ . 0 0

4  t  . 0
l .  0 0

2  . O
1 . 0 0

3  . 0
L . 0 0

4  . 0
1 . 0 0

5  . 0
1 . 0 0

6  . 0
1 . 0 0

7  . 0
1 . 0 0

8  . 0
1 . 0 0

AXIAI BEND-Y BEND-Z

0 . 0
0 . 0

5 6 1 . 8
0 . 0

5 6 1 .  I
0 . 0

5 6 1 .  I
0 . 0

5 6 1 . 8
0 . 0

561. .  I
0 . 0

5 6 r - ,  8
0 . 0

5 6 1 .  I
0 . 0
0 . 0
0 . 0

0 . 0
3214 . s

0 . 0
3214.5

0 . 0
321,4 .5

0 . 0
3 ? L 4  . 6

0 . 0
3 ? 2 2 . ' t

0 . 0
3206 .4

0 , 0
0 . 0
0 . 0

8 0 ? 0 . 0
0 . 0

8 0 8 1 . 8
0 . 0

8 0 8 1 . 8
0 . 0

8 0 8 1 . 9
0 . 0

8 0 8 1 , I
0 . 0

8 0 7 3 . 7
0 . 0

COMBINED

2 , 9
2 , 9

5 6 1 , I
0 , 0

D O I .  t '

0 . 0
f b r .  d

0 . 0
5 6 9 . 4

1 . 4
5 6 9 .  4

L . 4
2 0 2 . 1

0 . 0
562.'l

0 . 0
0 . 0
0 . 0

0 . 0
2 '7 5 '15 .9

6 . 8
2 9 8 ' 1 ' t  . 4

A q

2820? .7
6 . 8

3 0 5 0 9 .  4

282'7I  .8
2 2 . r

3 0 5 ? 8 . s
3 5 . 6

2 2 4  . 9

8 0 7 0 . 3
0 . 0

8 3 1 0 . 4
3 . 4

I1.23.  1
J . a t

8 3 7 3 . 5

8120 . D

8 3 6 6 ,  I
4 . 6

0 . 0
0 . 0

2 2 6  . ' 7
4 0 . 3

2 2 6 , ' l
4 0  . 3

2 2 6 . 1
4 0 . 3

2 2 6 . ' 7
4 0 . 3

2 2 6  . ' 1
4 0 , 3

2 2 6  , 7
4 0 .  3

2 2 6 . 7
4 0 . 3

0 . 0
0 . 0

3 4 ? , 1
3 4 7 .  I
3 4 5 .  I
3 4 5 .  I
3 4 5 .  I
3 4 5 . 8
3 4 5 , 8
3 4 5 . 8
3 4 5 . 8
3 4 5 . 8
3 4 6 . 7

3 4 4 . 9
3 4 4 . 9

0 . 0
0 . 0

8 6 8 .  L
8 6 8 . 1
8 6 9 .  4
8 6 9 . 4
8 6 9 . 4
8 6 9  . 4
4 6 9 . 4
8 6 9 .  4

8 6 9 . 4
8 6 8 . 5
8 6 8 . 5

0 , 0
0 . 0

0 . 0
0 . 0
0 . 0
0 , 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

1 2  . 7

1 2 . 7
z . J
0 . 0
0 . 0

0 . 0
0 , 0

2 8 6 7  , 5
z d o t . J

2687 .9
2647 .9
2935.5
z t 5 ) .  J

2693.r
2940.1
2940. '1

1 ?  O

0 , 0
0 . 0

a n  ?

3 0 .  ?

4 . L
3 1 . 0
3 1 . 0

3 . ' l
a ' 7

3 1 . 0
3 1 . 0

. 0
L . 0 0

. 0
1 , 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
r .  0 0

t .  0 0

1 . 0 0
. 0

1 . 0 0
. 0

1 . 0 0
. 0

1 . 0 0
. 0

t .  0 0
, 0

r , 0 0

2 . 9  C
t  o .

0 . 0  T
0 . 0  T
0 , 0  c
0 . 0  c
0 . 0  T

7 . 6  t
1 . 4  T

0 . 0  c
0 . 0  c
0 . 0  T
0 . 0  T
0 . 0  c
0 . 0  c

0 . 0
0 . 0

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

0 . 0
3 1 . 6

0 . 0
0 . 0
0 . 0

0 . 0  c  0 . 2
0 . 0  c  0 . 0
6. ' t  c  24354. '7
6 , ' 7  c  0 . 0
6 . 8  C  2 6 6 5 6 . 1
6 . 8  C  0 . 0
6 . ' t  c  24986.4
6 . ' 7  C  0 . 0
6 . 7  c  2 7 2 8 8 . 7
6 . ' � 1  c  0 . 0

2 2 . t  t  2 5 0 3 5 .  0
2 2 . 7  t  0 . 0
3 5 . 6  c  2 7 3 3 6  . 5
3 5 . 6  c  0 . 0
5 8 . 3  C  1 6 6 . 6
5 8 . 3  C  0 . 0

0 . 0  T
0 . 0  T

J . 5  L

J . J  I -

3 . 3  C
3 . 3  C
3 . 3  C
3 . 3  c

4 . 6  T
4 . 6  T

0 . 3
0 . 0

245.2
0 . 0

3 '7 ,9
0 . 0

2 8 8 . 3
0 . 0

3 4  . 9
0 . 0

2 8 8 . 5
0 . 0
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MEI.{BER STRESSES
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-_ PAGE NO. 22

MEMB

. 0
1 . 0 0

. 0
1 .  0 0

. 0
1 . 0 0

, 0
1 . 0 0

. 0
1 . 0 0

. 0
1 .  0 0

. 0
L .  0 0

, 0
1 . 0 0

. 0  2 7 2 . 9  c
1 . 0 0  2 ' 1 2 . 9  c

. 0  2 ' 1 L . 9  c
1 . 0 0  2 7 L . 9  c

.  0  2 ' 1 L . 9  c
1 . 0 0  2 ' 7 t . 9  C

. 0  2 ' t \ . 9  c
1 , 0 0  2 7 t . 9  c

n  , ? 1  0  -

1 . 0 0  2 1 1 . 9  C

AXIAT

1 1 . 3  c
1 " 1 . 3  C

1 3 . 5  C

0 . 0  T
0 . 0  T

1 0 9 .  9  c
1 0 9 . 9  C
1 0 9 , 9  C
1 0 9 , 9  C
1 0 9 , 9  C
1 0 9 .  9  c
1 0 9 . 8  C
1 0 9 .  I  C
1 3 8 . 7  C
! 3 8 , 7  C

8 1 . 0  c
8 l - . 0  c
5 8 . 3  C
5 8 . 3  C

0 , 0  c
0 . 0  c

) ?  a  f

2 3 . 6  C
2 3 . 7  C
2 3 , 7  c

1 5 .  ?  c
1 3 . 5  C
t - 3 . 5  C

BEND-Y

3 4 , 6
0 . 0

0 . 0

0 . 3
0 . 0

26323.2
0 . 0

24681 .6
0 . 0

26965.2
0 , 0

25329 .6
0 . 0

2564? ,9
0 . 0

24007 .L
0 . 0

t 6 6  . 6
0 . 0

0 . 3
0 . 0

2 9 4 . 8
0 . 0

0 . 0
2 9 ' ]  . 9

0 . 0
4 4 . 4
0 . 0

2 9 r  . 4
0 . 0

5 0 . 8
0 . 0

_ t o o . o
0 . 0

0 . 0
0 . 0

9 2  . 5
0 . 0

9 2  . 5
0 . 0

9 2  . 3
0 . 0

9 2  , ' t
0 . 0

BEND_Z

8 0 9 0 . 0
0 . 0
0 . 0
0 . 0

3 3 2 5 . 3
0 . 0

0 . 0

0 . 0
3 3 3 7 . 2

0 . 0
3 3 3 7 . 0

0 . 0
3 3 2 8 . 9

0 . 0
l s q J . 5

0 . 0
0 . 0
0 . 0

0 . 0
8 1 4 7 . 8

0 , 0
8 l - 4 ? . 8

0 . 0
8L4'7 .1

0 . 0
8 1 4 7  .  8

0 . 0
8 1 5 6 . 0

0 . 0
8 1 3 9 . 6

0 . 0
0 . 0
0 . 0

0 . 2
0 . 0

tgr ' t  o .2
0 . 0

2098r.'7
0 . 0

r v o o / . J
0 . 0

274"19 .2
0 . 0

COMB]NED

6 L 5 f  .  I

1 1 . 3
1 8 0 . l -

5 5 1 ) ,  b

0 . 0
297'10 . L

1 0 9 . 9
2 8 1 3 4 . 5

1 0 9 . 9
30412.2

1 0 9 . 9
2 8 7 7  6 .  5

1 0 9 , 9
2 9 1 1 0 . 5

27433.4

2 2 4  . 9

8 1 5 9 . 9
0 . 0

d 9 0 0 .  z

8 2 1 8 . 9
2 3 . 6

8469 .3
2 3 . 6

F t l  q  q

8 4 ? 8 . 9
3 1 . 6

8 ? 0 6  .  I
1 3 .  /

1 8 0 . 1

2 7 3 . L
2 ' �7  2 .9

1 9 5 3 4 . 5
2 7 1 . 9

2L346 .0
2 ' t I - 9

2 0 0 3 1 . 7
2 ' 7 r . 9

21843. ' l
2 ' t  !  . 9

8 7 0 , 3
8 7 0 . 3

0 . 0
0 . 0

357 .'�l
3 5 9 . 0

3 5 9 .  0
3 5 9 . 0
3 5 9 . 0
3 5 9 . 0

3 5 8 . 1
3 5 9 . 9
3 5 9 . 9

0 . 0
0 . 0

8 7 ' 7 . 8

d / b . c

8 7 6 . 5
8 ' t  6  .5
6 / b . l

8 ' t  6  . 5
6  t o .  J
8 7 6 , 5
8 7 6 . 5
B 1 ' t  . 4
4 7 1  . 4
8 7 5 . 6
8 ? 5 . 6

0 , 0
0 . 0

0 . 0
0 . 0

3 2 7  4  . 9
3 5 8 4 . 4
3 5 8 4 . 4
3 3 5 9 . 9
3 3 5 9 .  9
3669 . 4
3669 . 4

3 . ' 7
3 , ' t

r 7  . 9
1, '7  .9

0 , 0
0 . 0

2831.'1
z l J 5 L .  I

2655 .'�l
2655 .7
2 9 0 0 . 7
2 9 0 0 . 7
2 ' 1 2 4 . 8
2 ' 7 2 4 . 8
2 1 5 4  . 5

2582 .5
z J v z  .  J

r 7  . 9

0 . 0
0 . 0

3 1 . 7
3 l  . ' t
5 . 1
f . r

3 2  . 0
3 2 . 0

4 . 8
4 . 8

3 1 . 3
5 . 5
5 . 5

L ' 7  . 9
1 7 . 9

0 , 0
0 , 0

L 5 .  d

1 . 5 . 8

I f . E

1 5 .  I
1 5 ,  I
1 5 . 8
1 5 . 8
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7  . 0
1 . 0 0

8  . 0
1 . 0 0

' 1  L 0
1 , 0 0

2  . 0
1 . 0 0

3  . 0
1 . 0 0

4  . O
1 , 0 0

q n

1 . 0 0
6  . 0

1 . 0 0
7  . 0

1 . 0 0
6  . U

1 . 0 0



8OK-LONG CRYOPUMP SUPPORT

MU,IBER STRESSES

ATI UNITS ARE POUN/SQ INCH

__ PAGE NO.  ?3

MEI,IB ],D SECT

. 0
1 . 0 0

r]
1 . 0 0

. 0
1 , 0 0

2 ' 7 2 . 5  c
2 ' 7 2 , 5  C
2 ' 7 L , 2  C
2 ' � 1 ! . ?  c

0 . 0  T
0 . 0  T

BEND-Y

3 0 3 .  0
0 . 0

4 8 8 . 0
0 . 0' t  98 . ' t
0 . 0

0 . 1
0 . 0

562.2

5 6 L .  9

5 6 1 . 5
0 . 9

562.7
0 . 9

1 8 4 1 . 5
3 . 1

2 9 6 5 . 8
5 . 0

4 8 5 3 . 8

0 . 0
0 . 0

1 . 5 0 4 . 9
0 . 0

1 5 0 4 . 8
0 . 0

1 5 0 5 . 0
0 . 0

1 5 0 4 . 6
0 . 0

1 _ 9 0 0 , 4
0 . 0

t - 1 0 9 . 3
0 . 0' ? 9 8 , 6

0 . 0

0 . 1
0 . 0

9745 ,4
l - 5 . 4

9145. '7

9 l - 4 6 . 1

BEND-Z

1 9 7 0 5 . 7
0 , 0

2 L 5 I 7  . 3
0 . 0

1 3 1 ,  1
0 . 0

L 7  , 8
0 . 0

5L62 .8

1 3 0 8 2 . 6
5296.3

1 3 3 9 2 . 8
5 3 0 6 . 6

L Z Z A O .  O

1 3 4 1 6 . 5
3 5 . 2
d l . d

0 . 3
0 . 0

20719, '7
0 . 0

t9 432 .2
0 , 0

2 1 2 2 5  . 0
0 . 0

1993'l .6
0 . 0

20L84.2
0 . 0

1 8 8 9 6 . ?
0 . 0

1 3 1 - .  1
0 , 0

1 8 . 4
0 . t -

5 5 7 9  . 4
1 2 9 1 9 . 0

5 1 9 7 . 1
12716 . 4

5 ? 1 s .  0
],3234 .7

COMBINED SHEAR-Y SHEAR-Z

1 0 . 0  2 7 2 . 5  C
1 . 0 0  2 ' 1 2 . 5  C

. 0  1 - 4 0 8  , 4  T
1 . 0 0  1 4 0 8 . 4  T

. 0  2 1 1 0 , 3  c
1 . . 0 0  2 1 1 0 . 3  C

. 0  1 4 5 2 . 0  T
1 .  0 0  1 4 5 2 . 0  r

. 0  2 1 5 3 . 9  c
1 n n t l ( a o a

. 0  1 4 5 4 . 7  r
1 . 0 0  L 4 5 4 - 7  T

. 0  2 7 5 6 , 6  C
l - . 0 0  2 1 , 5 6 . 6  C

. 0  1 1 . 5  C
L . 0 0  1 1 , 5  c

. u  z a t . z  v
1 , 0 0  2 8 1 , . 2  C

. 0  2 8 2 . 2  C
1 .  0 0  2 8 2 . 2  C

. 0  2 8 2 . 2  C
1 . 0 0  2 8 2 . 2  C

. 0  2 8 2 . 2  c
1 . 0 0  2 8 2 . 2  c

. 0  2 8 2 . 2  C
1 . 0 0  2 8 2 . 2  C

. 0  2 8 1 . 5  C
l - . 0 0  2 8 1 . 5  c

. 0  2 8 2 . 9  c
1 ,  0 0  2 8 2 . 9  c

. 0  0 . 0  T
1 . 0 0  0 . 0  T

. 0  2 8 0 . 9  c
1 . 0 0  2 8 0 . 9  c

. 0  1 5 3 3 . 9  T
1  n n  1 q ' l a  o . n

. 0  1 9 8 4 . 9  C
1 . 0 0  1 9 8 4 . 9  C

. 0  L 5 7 8 , 2  T
1 . 0 0  L 5 7 8 , 2  ' � l

0 . 4  0 . 0
0 . 4  0 . 0

4 3 1 . 4  ! 4 . L
4 3 L . 4  1 4 . 1
4 ' 7 r . 2  l - 4 . 1
4 ' 1 L . 2  l - 4 . 1
4 4 2 , 6  1 4 . 1
4 A 2 . 6  1 4 .  I
4 8 2 , 4  1 4 . 2
4 8 2 . 4  1 4 . 2
4 4 3 . 4  4 6 . 3
4 4 3 , 4  4 6 . 3
4 8 3 . 3  

' 1 4 . 6

4 8 3 . 3  1 4 . 6
)  o  1 2 2  1

2 , 9  7 2 2 . L

0 . 0  0 . 0
0 . 0  0 . 0

3 5 3 9 . 6  ? 5 ' l  . l
3 5 3 9 .  6  2 5 7  . l
3 3 1 9 . 7  2 5 7  . t
3 3 1 9 . 7  2 5 ' 1  . L
3625 .9 25 '7 .L
3 6 2 5 . 9  2 5 7 . L
3 4 0 6 . 0  2 5 ' t  . O
3 4 0 6 . 0  2 5 ' � 1  . 0
3 4 { 8 , 1  3 2 4 . 6
3 4 4 8 , 1  3 2 4 , 6
3 2 2 8  . 2  1 8 9 .  5
3 2 2 8  . 2  1 8 9 .  5

2 2 . 4  L 3 6 . 4
2 2 . 4  1 3 6 . 4

0 . 5  0 . 0
0 . 5  0 . 0

4 6 6 . 3  2 3 0 . t
4 6 6 . 3  2 3 0 , L
4 3 6 . 4  2 3 0 . r
4 3 6 . 4  2 3 0 , L
4 ' 1 ' 7 . 6  2 3 0 . L
4 7 7 . 6  2 3 0 , r

2028r .3
2 '12 .  5

2 2 2 7 6 . 4
2 7 r . 2
9 2 9 . 9

0 . 0

2 9 0 . 5
2 ' 1 2  . 6

L3362 ,3
8 2 8 5 . 8

1 5 1 9 3 . 8
7 3 0 9 . 8

1 3 ? 1 5 . 9
8 4 6 3 . 8

l f , J g  /  . 0

8 6 0 2 . 8

l - 0 8 ? 9 . 8
1 5 5 ? 8 . 1

4 9 0 0 . 5
1 0 1 . 4

I U . l . J

28I  .2
22506.7

282 .2
2L279 .3

2 8 2 . 2
230t2 .3

2 8 2 , ?
2L'124 .3

282.2
2 2 3 6 6  .  r

2 8 1 . 5
20288 .9

2 8 2 . 9
9 2 9  . 8

0 . 0

2 9 9 . 4
2 8 1 . 0

16258 .'7
1 4 4 6 8 . 3

r4!16.7
t -6439 .  3
t482'7 . 6

3 3 6 6 . 4

5 b / 5 . v

3 5 7 5 . 9

D - L . O

8 3 . 4
8 3 .  4

L 3 6 . 4

l-1

12
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8 OK-I,ONG CRYOPUMP SUPPORT

MEMBER STRESSES

AI,1 UNITS ARE POUN/SQ INCH

_- PAGE NO. 2 4

MEI',IB LD SECT

5  . 0
1 . 0 0

6  . 0
1 . 0 0

7  . 0
1 . 0 0

I  . 0
1 . 0 0

2029,2 C
2029.2 c
L 4 A 7  . 6  T
1 4 8 7  .  6  T
L 9 3 8 .  6  c
1 9 3 8 . 6  c

1 - 1 . 5  C

BEND_Y

9 1 4 4 . 8
1 5 . 4

1 1 s 4 9 . 1
1 9 . 5

6 ' 7 4 L , e
1 1 . 4

4 8 5 3 . 8
8 , 2

8 . 2
0 . 0

8260 ,9
0 . 0

1 0 9 8 . 4
0 . 0

8 3 4 9 , 9
0 , 0

1 0 0 9 . 3
0 . 0

8 3 5 7 . 4
0 . 0

1 0 0 1 .  9
0 . 0

4826 . 4
0 . 0

8 . 5
0 . 0

8 5 3 7 . 8
0 . 0

1 3 ? 5 . 3
0 . 0

4628.2
0 . 0

7 2 8 4  . 8
0 . 0

8 4 4 r . 2
0 . 0

1 4 7 1 . 8
0 . 0

4426. 4
0 . 0

0 . 0
0 . 0

3 8 . 8
1 5 6 .  6

3 8 . 8
1 5 6 .  5

BEND.Z

5332 .7
t 2 4 3 L  . 6

5 4 3 5 . 6
1 2 5 8 5 . 1

5 0 5 3 . 3
1 1 7 8 2 . 5

3 5  , 2
8 1 . 8

0 . 4
0 . 0

7122 .3
0 . 0

71,22 . O
0 . 0

0 . 0
1 1 1 9 . 8

0 . 0
1 5 3 ? . 4

0 . 0
3 7 8 1 . 9

0 . 0
4 5 3 0 . 5

0 . 0

0 . 4
0 . 0

7 9 3 8 . 8
0 . 0

7 9 3 9 . 0
0 . 0

? 9 3 5 . 3
0 , 0'794L.3

0 . 0
1 0 5 9 8 . 4

0 . 0
527 9 ,1

0 . 0
q 5 J U . O

0 . 0

0 . 2
1 0 . 1' t  2 r 7  , 3

3429 .4
7 8 9 9 . 1
J t 5 Z . )

COMBINED

t b ) u b .  /

L 8 4 ' 1 2 . 4
L4092.2
1 3 7 3 3 . 7
r3'132 .5

4 9 0 0 . 5
1 0 1 . 4

2 L 5 ' 7  . 5
2 L 4 8  . 8

1 1 q ? q  I

2 1 5 2 . 0

2 1 5 2  . 0

2152 .0
4281.0
2 1 5 1  .  9

L2044 .6
2 ) , 4 9  . 8
6 9 3 7 . 9
2t54.r
9 3 5 6 . 9

0 . 0

2 r 8 1 . 5
2 L " 1 2 . 7

r o D a t o . r
2169 .5

1 r 4 8 3 . 8
2 ! 6 9  . 5

1 8 7 3 4 . 1
2t69 .5

1 1 3 9 5 . 6
2 t 6 9 . 5

?L2!r . 4
2 L 7  L  - 7
U Y . L U .  J

9 3 5 ? . 0
0 . 0

0 , 6
r - 0 . 6

1 0 1 2 8 . 1
6 { 5 8 . 0

1 1 0 8 0 . 4
? 0 3 1 . 5

SHEAR-Y

4 4 '7 .7
4  4 ' l  . 7
4 5 4 . 2

4 2 4  . 3
4 2 4  . 3

2 . 9

0 . 0
0 . 0

2 0  . 8
2 0  . 8
2 0  . 8
2 0 . 8
2 0 . 9
2 0  . 9
2 0  . 8
2 0 . 8
2 8  . 6

' 1 0  . 2
' 1 o . 2

8 4 .  1
u4l .  r

0 . 0
0 . 0

1 4 7 . 4
r4'l . 4
L4'7 . 4
L4'77 . 4

L4'1 . 4
! 4 1  . 4

1 9 6 .  I

9 8 . 0
9 8 . 0
8 4 .  L
8 4 . 1

0 . 1
0 . 1

r 4 9 . 7
r49, '1
1 A ?  6

SHEAR-Z

2 3 0 , 1
2 3 0 . L

1 6 9 . 6
r o v . 0
L 2 2 . L
L22 .1

n ?

3 0 6 .  I
3 0 6 . 8
4 0 . 8
4 0 . 8

3 1 0 . 1
3 1 0 . 1

3 1 0  . 4
3 1 0 . 4

3 ' t .z

0 , 3
3 L 7 . L
3 1 7 . 1 .

5 1 , 1
3 2 0 . 5
3 2 0 . 5

4 1  . 7

3 1 3 .  5

l t q  ?

0 . 0
0 . 0
1 1

1 1

1 ' l
'| '1

Revision No. I
Doc. No. V049-t{83
Page 74 of90

. 0  2 1 4 8 . 8  c
1 . 0 0  2 1 4 8 . 8  c

. 0 21,52 .0 c
L . 0 0  2 1 5 2 . 0  C

. 0  2 L 5 2 . 0  c
1 .  0 0  2 1 s 2 . 0  c

. 0  2 1 5 2 . 0  c
l .  0 0  2 L s 2 . o  c

. 0  2 1 5 1 - . 9  c
1  n n  ? 1 q l  q .

. 0  2 1 4 9 . 8  c
1 , 0 0  2 t 4 9 . 8  C

. 0  2 1 5 4 . 1  c
1 . 0 0  2 1 5 4 . I  C

1 . 0 0  0 . 0  c

. 0
1 . 0 0

. 0
1 .  0 0

1 .  0 0

1 . 0 0
. 0

1 . 0 0
. 0

1 . 0 0

1 . 0 0
. 0

1 . 0 0

277 2 . ' � ]  c
?I '72.7 c
2 1 6 9 , 5  C
2 L 6 9 . 5  C
2169.5 C
2169.5 C
2 1 6 9 . 5  c

2 1 6 9 . 5  C

2! '11,  . ' t  c
21,71, .' l c
2 1 6 7 . 4  C
2 L 6 7 . 4  C

0 . 0  T
0 . 0  T

I 4

. 0  0 , 4  c
1 . 0 0  0 . 4  c

. 0  2 8 ' 7 2 . O  C
1 . 0 0  2 8 ' 1 2 , O  C

. 0  3 1 4 2 . 5  T
1 . 0 0  3 1 4 2 . 5  T



8 OK-I,ONG CRYOPUMP SUPPORT

MS4BER STRESSES

A.T,L UNITS ARE POUN/SO INCH

-- PAGE NO. Z J

MEMB LD SECT

4  . 0
1 . 0 0

5  . 0
1 .  0 0

6  , 0
1 . 0 0

7  . 0
1 . 0 0

I  . 0
1 . 0 0

AXIAI

2 9 4 6 . 4  C
2 9 4 6 , 4  C
3 2 r ' l  , 0  T
32L7 .O 1
2 9 5 2 . 2  C
2932.2 C
3 2 2 2 . 7  r
3 2 2 2 . 7  T

1 9 . 6  T
1 9 , 6  T

. 0  0 . 5  c
1 . 0 0  0 . 5  c

. 0  3 1 0 4 . 1  C
1 . 0 0  3 1 0 4 . 1  c

. 0  2 9 1 0 . 4  r
1 . 0 0  2 9 1 0 . 4  T

. 0  3 1 7 9 . 8  C
1 . 0 0  3 1 ? 9 . 8  c

. 0  2 9 8 6 .  1  T
t - . 0 0  ? 9 8 6 , L ' � l

. 0  3 0 2 3 . 9  c
1 . 0 0  3 0 2 3 . 9  C

. 0  2 8 3 0 . 2  r
1 . 0 0  2 8 3 0 . 2  T

. 0  7 9 , 6  T
1 . 0 0  1 9 , 6  T

. 0  0 . 0  T
1 . 0 0  0 . 0  T

, 0  r . 5 0 . 8  T
1 . 0 0  1 5 0 . 8  T

. 0  1 5 0 . 8  T
1 . 0 0  1 5 0 , 8  T

. 0  1 5 0 . 8  T
1 . 0 0  1 5 0 . 8  T

n  l q n  n ' r

1 . 0 0  1 5 0 . 8  T
. 0  1 5 2 . 0  r

1 . 0 0  1 5 2 . 0  T
. 0  1 4 9 . 7  T

r . 0 0  ! 4 9 . ' 7  I
. 0  0 . 0  c

t - . 0 0  0 . 0  c

BEND_Y

3 8 . 7
1 5 6 . 4

3 8 . 8
1 5 6 . 8
L 2 7  . 0
5 1 3 .  0
2 0 4  , 6
826.2
3 3 4 . 8

1 3 5 2 . 1

0 . 0
0 , 0

6 3 0 .  I
2547 .6

6 3 0 . 8
2 5 4 7 , 1

6 3 0 . 9
2 5 4 ' l  . 8

b J U .  d

2547 .5' 1 9 6 . 6

321'�1 .2
4 6 5 . 0

1 8 7 8 .  0
3 3 4  . 8

1 3 5 2 . 1

0 , 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

1 3 .  3
0 . 0

I J .  J

0 , 0
0 . 0
0 , 0
0 . 0
0 . 0
0 . 0
0 . 0

BEND-Z

7 4 0 4 . 5
J J I U . I

8 0 8 6 . 4
3 8 2 r , 2
7  4 7 8  , 9
3 5 2 5 .  0
8 1 0 0 . 8
3 8 2 8 . 0

4 9 . 4

o . 2
1 0 . 4

7 8 0 0 . 7
3 ' t  0 6 . 2
7 3 1 5 . I
3 4 5 5 . 7
' t o o n  q

7 5 0 6 . 0
3 5 4 5 . 9
7 5 9 9 . 1
3 6 1 0 , 7
1 L ! 4 . L

4 9 . 4
2 3 . 4

2 3 5 . 2
0 . 0

0 . 0
t 3 5 .  Z

0 . 0
z 5 t . z

0 . 0
2 3 5 . 2

0 . 0
z 5 J  .  Z

0 . 0
z 5 J .  a

0 . 0
0 . 0
0 . 0

COMBINED

1 0 3 8 9 . 7

1 1 3 4 2 . 3
7 1 9 5 . 0

10498 , L
6 9 9 0 .  I

1 1 5 2 8 .  I
7 8 7 7 . O

4 0 3 . 8
l  a o c  1

o . 7
1 0 .  9

1 1 5 3 5 .  6
9 3 5 ? , 9

1 0 8 5 7 .  0
8 9 1 - 3 . 8

1 1 8 0 1 .  s
t > 2 5  -  >

t r L 2 2  . 9
907 9 .4

1141-  9 .  5
9 8 5 1 . 7

1 0 4 0 9 . 3
8 0 6 8 . 4

4 0 3 . 8
1 a o <  1

l J J . Z

0 . 0
J E b . !

1 5 0 . 8
3 8 6 . 1
1 5 0 . 8
3 8 6 . 5
1 5 0 . 8
5 U O . J

1 5 0 . 9

I 5 2 . O
3 8 5 .  0
L49.'�|

0 . 0
0 . 0

SHEAR-Y

- L ) J .  O

L 6 7 . 4
1 6 7 , 4

0 . 1
0 . 1

l o L . o

f  o - 1 .  o

. t J I .  J

1 6 5 .  ?
1 6 q  ' 7

t5'1 .6

3 2 - 6

5 2 .  O

5 2 .  O

3 2 . 6

SIIEAR- Z

1 ' 1
'J. . '7

8 - 7
6 . 1

1 4 . 3

0 , 0
0 , 0

2 7 . 4
2 ' 1  . 0

2 7 . O
2 7 , O

3 4 . 0
3 4 . 0
1 9 .  9
r q  q

1 4 . 3
1 4 . 3

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
1 C

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
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8OK-LONG CRYOPUMP SUPPORT

150. PARAMETER
151 . CODE ArSC
152.  EYI ,D 45999,969 MEMB 9 TO 16
153.  WSTR 21000.  MEl . lB  9  TO 16
154.  WMIN 0 ,188 MEMB 9 TO 16
155.  cB 1 .  MEMB 9  TO 16
1.56. CMY 1. Mm,lB 9 TO 1,6
15?.  MATN O.  MEMB 9 TO 16
l-58. FATIO l-. MEr"lB 9 TO 16
I59. CHECK CODE MEMB 9 TO ].6

-. PAGE NO. 26

Revision No. 1
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EOK.TONG CRYOPUMP SUPPORT

Al,L UNITS ARE - POUN

ME}'!BER TABIE

STAA.D-III CODE C1IECKING - (AISC}
* *  *  * *  *  *  * *  *  *  * + *  +  *  * *  *  *  *  *  *

INCH (UNI,ESS OTHERWISE NOTED)

RESUTT/ CRITICAT, COND/ RATIO/
EX MY YIZ

L 4

1 5

1.6

1 6 0 .

7
0 . 0 0

7
5 1 . 0 0

0 . 0 0
6

0 . 0 0

0 . 0 0
6

0 . 0 0
6

0 . 0 0

0 . 0 0

9

1 0

1 t

12

ST TUB 40408 PASS
1 '724.62  C - 3 0 0 1 .  1 5

3 0  . 7 3
Arsc-  H1-3

9256.03
Arsc-  H2-1
7L026.9r
Arsc-  H1-3
1 0 8 6 4 . 6 0
AISC- H1-3
1 0 9 7 3 , 6 0
Arsc- H1-1

/ d - t . r J

Arsc- H1-1
38't 9 .'t 4

0 . 8 0 ?
- _ t  5 2 5 5 r  .  r o

0 . 5 7 8
8 2 5 1 1 . 5 3

0 .  8 3 4
L J U f , J 5 .  /  . l

0 .  6 6 9
-33429.76

0 , 4 8 6
- 2 9 9 ' l  . 9 0

0 . 8 1 9

0 .42'1

0 . 4 8 3
-491"44 . r4

ST TUB 40408 PASS
t3715 .'�12 C

ST TUB 40408 PASS
1 - ' 1 9 4 . 9 6  C

sT TUB 40408 PASS
9 4 6 1 . 4 0  T

sr TUB 40203 PASS
4342 ,5'l C

sT TUB 40203 PASS
4 3 8 6 . 8 4  C

ST TUB 40408 PASS
1 8 7 ? 5 ,  8 4  C

ST TUB 40408 PASS
20223.32 C

SEIECT WELD MEMB 9 TO 16

Revision No. 1
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8OK_LONG CRYOPUMP SUPPORT

AI,I UNITS ARE - INCH

MEMBER LOCATION/
LOA,DING

_. PAGE NO.

STAAD.]II UIELD DESIGN
* j . *  *  *  *  *  *  *  *  *  *  * *  *  *  *  *  +  *  *

POUN

VIEI,D TYPE/
HOR STRESS

WELD SI ZE,/
VERT STRESS

COMB STRESS/
DIR STRESS

STA
7

END
7

STA
7

I
6 6  . 6 9

1
1 1 1 . 1 5

1
1 5 9 . 6 0

1
1 1 9 .  ? 0

t"
1 7 L . 4 0

I
3 4 2 . 8 t

1
3 7 2 . 9 0

1
3 6 9 , 1 4

1
b U . 9 U

t
8  , 2 7

1
69 .6 '7

1
6 9  . 6 ' t

1
3 5 3 . 3 4

l-
5 J J . 5 4

t
L 0 8 9 . 6 6

1
1 3 7 5 .  9 5

2 9 4 0  . 6 9

3 /  L 6
4 9 0 1 . 1 5

3 /  L 6' t 0 4  . 4 7

4 /  L 6
( t a  ? q

24'J- '7  .29

3 /  L 6
4 8 3 4 , 5 8

5 / 1 6
5 0 3 . ? 9

4 /  L 6
6 1 6  . 6 2

5 /  l o

J /  t o

4 6 . 8 2

3 / 1 6
r3r.22

3 /  L 6
L3L .22

3 /  1 6

5 5 5 . 3 3

3 /  t 6
t2 ' t  4  . '7  !

1 5 4 0 . 7 3

z v d J J .  z 0

20644. '17

4 9 3 6 . 0 0
5 1 4  . 4 7

r ? 9 9 8 . 3 3
L ? 9 8 3 . 8 2

1 8 9 0 5 . 6 0

L 7 7 7 2 . 8 8

4 8 8 3 . 5 1
) v v  ,  J z

L '7 57 7 .8 ' l

1 7 8 0 2 . 1 . 0
L '77 8"1 .59

9 3 3 7 . 8 1

1 9 3 4 . 5 3
1 9 3 3 . 9 4

7648'1 . '19
1648'1 . !2

L 9 4 9 . 7 L

1 9 6 1 2 . 9 8
1 9 5 0 1 . 6 4

1 4 0 0 3 . 9 4
1 3 9 8 8 , 0 6

2006'7,27
1 9 9 9 7 . 0 8

1 7 0 3 4 . 1 3
1 _ 6 9 0 8 . 4 1

Revision No. 1
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1 0

1 1

1 1

END
'1

END
4

STA
6

END
4

STA

END
1

STA
6

SND

STA
'1

END
7

STA
4

END
6

L 2

L2

1 3

1 3

t 4

1 5

1 5



8OK-LONG CRYOPUMP SUPPORT

AI,I, UNITS ARE - INCII

MN'BER I,OCATTON,/
LOADING

-- PAGE NO.

STAAD-III WEID DESIGN
* *  +  * * * *  * *  *  * * *  *  *  *  * * *  *  +

POUN

''EID TYPE,/
HOR STP.ESS

WELD SlZEl
VERT STRESS

coMB STRESS/
DIR STRESS

* * * * * * * * + + * * * * * * * * END OF TABULATED WEID DESIGN * * * * * * * * * * * * * * * * * *

16 I .  F INISH

+ * * * * * * * * * * * * * *  E N D  O F  S T A A S - I I I  + + * * * * * * * * * * + + *

****  DATE= SEp 27,L996 TIME= 10:54:24 ****

*  *  *  * a  *  * *  * *  * + *  * *  * *  *  * *  *  *  *  *  *  * *  *  *  * + * *  *  * * *  *  * *  *  * *  *  *  *  +  * *  * *  *  *  *  * +  *

* For questions on STAAD-III ,  contactr
* Rasearch Engineers, Inc at
*  Ph:  (?14)  974-2500 Fax:  ( ' l !4)  92L-2543 *
+  *  * *  *  * *  * +  *  *  *  * *  *  *  *  *  *  *  * * *  * * *  +  *  +  * *  *  *  * *  *  *  * * *  * +  *  *  * *  *  *  * * *  * *  * *  *  *
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filename: 8oK-LoNG PMP

IIORIZONTAL FII,LET VIELDS PARALI,EL TO Fl AXIS

Between part BASEPLATE & JT 13 & 15

-T.5, 
+{4

L

l (=* ?a t'.. .r1)

T_-l_ + +Fl

LOAD INPUT
F1

15391,  OO

(  LBS.,  rNCH-!BS.
a2

6 7 2 A . O O

2 8 .  5 8 0

STRASS (Psr)
21000

- ! . '

329 .00
t{1

3L22L.  OO
u2

8300.  00
M3

23477.OO

GEOMETRIC DI!{ENSIONS

4 . 0 0 0  1 . L ' l O

SECTION PROPERTIES
A Swl

14.  340

UNSIMI'U WEIJ I.oAD
f

? l c l

sw3
r.7.  136 1 1 8 .  ? 9 4

c1
2 .000

c3
3 .595

(f)  -  #/rNcn

REQUIRED PILIET !{ELD SIZE ( INCLIES )
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Filename: 8oK-LONG PMP
AI,I, AROI'ND RECTANGULAR OR SQI'ARE FIILET !{EI.D

Between part,tts. 13 e 15 and EASEPT TS
( END OF MSMBERS 13 & L4)

LOA.D rNPUT ( rAS., rNCE-1BS.
a1 E2
295 ,  O0

GEOI.{ETRIC DIIIENSIONS

, \
) ftiee ?r.-bl orlo;

P ?  M l

1 5 0 . O O  1 0 9 7 4 . 0 0
tt2 u3

20657.  OO

a b
4 . 0 0 0  2 . 0 0 0

SECTION PROPERTIES

!{ELD STAESS (PSr)
2 1 0 0 0

sKEriED ANetE ( 906>e<120A )
90.  000

A
12 ,  O00

Swl.
1 3  . 3 3 3

Svr3
36.  000

c1
2 .000

c3
1 .  O00

Revisiou No- I
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EFFECTIVE TIIROAT CORRECTION FACTOR

l.tf
1 . 0 0

MAXrMmr WEI,D r,OAD (f) - #/INCE

3038

R3QUIRXD FILI,ET WELD SIZE ( INCIIES )

o .  2 0 5

{

{S'*l
l r'/ t'tat tlltti

I  I  
r ,1 ,  4KL
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Fa-- l \Lz. \b6. Me= 7A+Z\.. rs-\!:,

-I.a{L---- 
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! = I b\1. \a4+ ttlrz Ib5b \1 .

4
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= ,?5 Ft = tl1ecrort,3
.J

\t: $ * seob= \J\
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Fitename; 8OK LONG PUP

AI.], AROUND RECTANGULER OR SQUARE FILI,ET I'IEID

Between part Jts. 11 & 8 and BASEPLTS E$D oF le\{Wc% 1O {,e

LOAD IUpUt
Fl-

1817.  OO

A

15.  000

GEOi4ETRIC DIMENSIONS

4 . O O O  4 . 0 0 0

SECIION PROPERTIES

vtELD STR3SS (PSI)

21000

SKEVTED ANGLE ( 90O>5<12O@)

90.  000

Ser3
2 1 .  3 3 3 8 s . 3 3 3 2 . O 0 0

EFF�ECIIVE THROAT CORRECIION FACTOR

!.{f

MAXTMTTM r{ELD LOAD (t) - #/INCIT

5491

REQUIRED FILLET WELD SIZE (INCHES)

w =  , ^  n r l  n  r  \ ! | )
0.370 W Ed Al -a.voun-l k-l,Ld 

'tJltd'

( LBs., rNcH-,.Bs. ) Q"' ?6 ub lor'egi

9 4 6 1 .  0 0

Sr.t1
2 1 .  3 3 3

F3 M1
77027.OO

H2
1872 . OO

t t?

33429.OO

c3
2 .000
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I :ESS 
SYS:EMSIt{TEFrllAT ICNer. -

1 i  n r .

l ;GCFi l {C.  F iS

' i  4 : r -  E ' i F -  t 1 l  r i <  E ; a  C h 6 l l

!  + . . 1 ^  F i  h . !  h 1 : 1 =  ; { {  = ; 1 e l  l

iF i  .  Eyt te: " . ' .e  inner  F iber  i  ranei  I  f  ron Cen+-rc1d,
a  )  E f  i r = ! f 1 e  a . - : + e *  F . i ; = F  1 c ; d l  i  ,  i r r , *  . - e r f r ^ i  / i

: , J o i  ^ i 1 n  ^ 6  p i h d  ^ . h l v

i , i 5 1 d L +  n €  . t | i  - . '  - 5 - * . -- -  * . . - J L : j  : I ] : ] = I -  v e 3 5 e :  = :  C n e  : a l g
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CoMPRESS 5-51 C :\COMPRESS\CRYOPMPS\80KLWGHT. VSL Mar" 13, 1996

Weight Summary

. wctqbt (rb3) cotrtlibuted by ltes*l Elcrcnts

tretal netar tlays pac'raar tnsua uniDg Pll'trg rii|ble! Pings oPet Eest $ottlc

It€ro cor Bcds 6 t)llt * xisc Llquid l.lquld € 119

eok 1fr fed bd 66"

eokljaikeC 2579

aok rt f6.d lrd 66?

lrlt !'lr trlbe flg 329

RE b! tube flg

129

4571 2A3ra

v€s3€l olteratinq weiqrbt/ colfoaled: 5.276 lb3

vessel €!!ty D€1El!t. coEoalo<l: 5,276 lbs

v63cl cqrty rcigbt. a*: s.2-rc \bs

vessel test rctgtrt. rce: 33.5eo lbs

Vessel lift weisht. new:
Center of gravity 

'to 
seam:

5,28 lbs
7O.9 n
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REV. DEO# DATE BY: CIIECK TITLE:

. l-ll2" O GN2 Regeneration Piping
0 " q 1 r / /t>-/? t t^'DB fanc--

BY: W. Bilyrslry DEPI.:744

PROJECT: LIGOVacuumEquipment PROJECTNO: V59049

PURPOSE:
Desigr/analyze the l-112" @ GN2 Regeneration piping for the 80K cryopumps (Long & Short).
The piping will be designed to 83l.l Power Piping standards for t}re normal operating condition
regeneration process and the regasification condition/state.

METHOD:
Piping is designed to the ASME Code Standards for B3 1.1 Power Piping using
hand calculations and the ALGORo PIPEPLUS Pipe Stress computer program
version 5-06-3H

ASSIJMPTIONS: See calculation

IMUTS: See calculation

REEERENCES:
l. N-CIOR@PIPEPLU^9Pipe Stress Analysis and Design System (version 5.06-3lI)
2. NAVCO Piping Datalog
3. Doc. No. V049-1-066 LIGO Vacuum Equipment Structural Design Criteria
4. Memorandum - Design Pressure for 80K Pump Resenoir, Doc. No. V049-t-056
5. ASME B31.1 Power Piping, 1995 Edition
6. A V049-2-037 rev.3 Specification for Piping Design and Material

CALCI]LATIONS: V049-1-081 8Ok-Short Pump - Outer Shell Analysis
V049-l-082 8Ok-LongPump - OuterShellAnalysis
V067 -1-067 Analysis of Pump Reservoir

CONCLUSIONS:
The requirements of the 831. I ASME Code for Pressure Piping and the
Ligo Vacuum Equipment Structural Design Criteria are met.

NOTES: PIPEPLUS ComputerFile: GN2OPR-C.*, cNzcAS-H.* & GN2REGEN
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PNEFACE

The 1-ll2' @ GN2 r€generation piping for the 80K cryoFmps has been analyzed for the desigp
conditiors specified in LIGO koject Memorandum Doc. No. V049-I{56 and the Specification for Piping
Desi$ and Material Y049-2437 rw.3. Additional disclssions were conducted to l€riry d€sign
conditions. The piping was alalyzed u.ing the ALGORa PipePlB @mp*s program for pip€ stress
anabsis.

The l-1/2" @ GN2 regeoeration piping is the supply pipe for the 80K puq reservoir. During normal

operating cuditions the temp€rafife of the 80K pump reservoir is -3200 F (at 40 psi4. The piping

tempemrure ranges from -3200 F at the reservoir to 700 F at the bellons and beyond (the pipe is
insutared) Dr:riqg regeneratioo, nitrogFn is pumped into the Prrmp r€servoir at 3020 F ( I 500 C) and 25
psi. The reserrciis tenperature will rise from -i200 F to 3020F. When rhe reservoir reaches 3020F
(f500 C) the system is in a regasification $ate, the reservoir and atfached piping are at a @nstant
tenrnpentanrrfe as the sfstern "cleans" its€E.

The I -12" @ GN, regBneration piping is therefore designed for tbree conditionsl

r Nornaf Operating Condition
o Regeneration Process
o ReGasificationCondition/State

During normal operating conditioos the temperature ofthe 80k punrp reservoir is consistently at -3200 F

and 40 psi. The regen pipe is at -320.b from tle rese oir to wh€re it teaves the builditrg at which point
It is heat traced. The pipe is at 40 psi from the puoP resewoir to the bello$'s and at 25 psi ftom the
belo*r to the analytical modet's termination poitrt. At -3200 F the reservot cortacts in the axial and
radial directions. Additionaly at this temperatufe, the pump reservoir is filled wilh LN2 which hcreases
the dead*eight ofthe reservoir and produces a downward displacement The regen pipe's nozzle
(anchor), which is located at lhe bottom of the reservoir, will be diqplaced relatil€ to the pulnp reservoir'
An unbalanced vacuum load 6rc to the differing interMl and ext€rnal pr€ssures acts at the bellows to
regen pip€ interftce.

During the regeneration process, GN2 is pumped into the reservoir at 3020F (1500 C) and 25 pEi. the

regen pipe temperatrure goos lbrough a lemperatue gradient of 302.h ald 25 psi to 70tl and 40 psi at lhe

bellows to -3200 F and 40 psi at the reservoir.

During fegasification, the rasenoir is at 3020F (l5O0C) and 25 psi. At 302.b the t*woX expands irl

lhe axial and radial directions. The pump reservoir is filled with GNu which r€drce's th€ deadweight of
the reservoir re$ ting itr lo$,er displacements from the reservoir's weiglrt. The regen pipe is anafyzed at
302.h and drsplaced relative to th€ pump reservoir. The unbalanced vacuus force is present at the
b€llowE to regen pipe interface.

It is as$med that the bellows inposes negligible reactions on the piping.
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Pioe Properties

Aluminum

tu2'aGN?
B24I AL 6061:16. Seamless, SCH4OS

OD = 1.90 itr ID = 1.610 in
Thks = 0.145 in
Contents (Nitrogpn)- S.G. = 0.9714
DensitY = 0'78a #/ff

TeNile Steryth = 38000. psi (min.)
Yield Stren$n = 35q00. p6i
Modulus of Elasticity E : 10,500,000. psi @ -100.h

E= 9,200,000.psi@ 300.h

Allowable Sftess Range
@ 420'oF c"r* = 6000' Psi
@ zOb o4* = 6000 Psi
@ 302.oF o"u* = 5500. psi
@ 4OO'oF oarrcn' = 3500' Psi

Auttertic Steinl$s St€el

I-Uz" A GN"
SA-312 TP304L CMIR Seamlesr, SCH l0S

OD = 1.90 in ID = 1.682 in
Tbks = 0.109 in
Conteats (Nitrogen)- S.G. = 0.9714
Dsnsitv = 0.784 #/ff

3" @GN2
SA-312 T?304L CMIR Seamless, SCH l0S

OD = 3.50 in ID = 3.26 in
Tbks = 0.120 in
Contenb (Nitrogen)- S.G. = 0.9714
Density = 9.78a 47ft'

Tensile Stengtn = 70000. psi (nin.)
Yield Strength = 25999. pui
Modulus ofElasticity E = 29,100,000. psi @ -100.7

E = 27,00o,000, psi @ 30O.h

Allonable Stress Range
@ 420'oF o'u* = t5?00' Psi
@ 70.b o41* = 15700. psi
@ 302'h o"xo* = 15300 Psi

400.h o"'* = 14799.
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Desim Operating Conditions

Normal Op€ration Pamp reservotu operates-at -320.0 F.
R€getr piping teryerature is at -320."F.
Pump reservoir is at it's heaviest (filled with LNz )
Reservoir is contracting radially and longitudinalty (-320.0 F.)

Regeneration Proce ss Purging of pump resenoir vith nitrogen gas GN2 al 302-0 F
RegBn piping anperau:re is at 302." F.
Punp reservoir's weiglt is deceasing (liquid is being displaced by ̂ gas)
Resewoir is eryanding radially and longitudinally (as it goes to 302." F.)

ReGasification Pump reservoir is at 302.0 F
Regen pipilg teryerahre is at 302.0F
Pump resereoir is at it's ugbtest weigh (filled with GNt
Reservoi bas opanded rarlially and longiMinally (302."F.).

Thermal Displacem€nts at Nozzle (Node Pt ll0)

6 u,"."r = a AT L
where:

ct - 0.0000099 in/iu$ @ 425.oF
cr = 0.0000132s in/inPF @ 30o.oF
ar = 0F=( 150.0c.x9/t+32= 3oz.cF - lo:F = 232.oF

= oF=(-210.0c. x9l5)+32= -32o.oF - 7o.h = -390.5
L = Lenah in inches

Longinrdintl Direction
Normal Operation @ -320.7

6 u'u = a AT L
= ( 0.0000oe9 tuitu/F ) (-320.h - 70.9D (124. in)
= -0.479 in ( contracting tosards tesewoirs axial restrahts)

Regeneration/ReGasificationProcess @ 3OZ.oF
6 r^r = cc AT L

= ( 0.0000132s inlinA ) (302.b - 70.%) (124. in)
: 0.3E2 in, ( expandiry away ftom tes€rvoi$ axial restrafuts)

Radial Direction
Normal Operation @ -320.9F

6 tl.,'"r = c AT L
= ( 0.0000099 in/inPF ) (-320.b - 70.b Q9.75 n)
= +0.1149 in. ( up - contracting to*ard reservoir's centerline)

RegenerationlReGasificationProcess @ 302.oF
6 ,r.",a = cr AT L

= ( 0.00001328 in/in/F ) (302.5 - 70.b) (29.?5 in)
= -0.0911 in. ( down - expanding away fron reservoa's centerline)
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o Displacement of Filled 80K lrng Cryopump Reservoir

Per Reference: Doc. No. V049-I-104
Measured Weight of Short Cryopump Reserwir
(fhe spring stiftess rales are relative for the Long and Short punps i.e. 6 is :)

Deflection upon loading ofLN2 = -{.07E" (6hort pump)
Per maaufacouers qpecification the spring stiftess has a nargin of 30olo +/-

6 a*c*.iat = -{'078'(1'33%) = 4'10374'

6 a""a*.;er', = -{'078' ( 66%\ = -{'05148"

. Anchor Displacements (NodePt 160)

Normaf Operating Conditioa @ -32O.oF (pnp reservoir's deadweight is at it's greatest)
Lotrgitudinal Dircction

6 ru.ax-x : {.479 in

Radial DirEction
6 rt-'a y-y = {.11490 itr. 6 namr y.y = +0.11490 in.
6ow v-v - -'0.10374 in. 6ow v-v = -{.05148 in.
6 rou y-y = +{).01U6 fu. 6 roo y-y = {.06342 in.

Reseneration Process @ 3O2.oF (Purging ofpamp resewoir vilh GN 2 at 302.0 F-,
Pump reservoir's deadweight is deeedsing i.e. 6 sw y-y + 0.0 in I

Longitudinal Direction
6 noo,ax-x = {{.382 in

Radial Direction
6 ru.a y-y = -0.0911 ir.

Recasification Condition/StatE @ 302.oF (Punp resemoir's deddweight is at it's least)
Longitudinal Dircction

6 ru*rx-x = {.382 itr.
Radial Direction

5 n-a y-y = -0.0911 in.

.@ (Node Pt 95)

F w = P A

where:
P = Vacum Fressure = 14.7 #l:il�z
A = Net Area = nta l@u n.)2 - (Dt in.)t 1

DM in. - InsideDiameterofBellows = 3.50 in.
D 1 in. = Outside Diameter of l-112"@ PiW = 1.90 in.

A = zrl4 [ (3.50 in.F - (1.90 in.)t ]

Fw = ( |4j#hrt) (r/4 t (3.50iL)' - (r.90 in.f 1) = 99.?5 lbs.: l00.0lbs.
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Load Combinations

Normal Operating C,ondition pump reservoir is filled with lN2

. Deadweight + Pressue

Pressure = 25.0 psia + 14.7 psia * 40.0 psia ( fton the reserroir to the bellows)
Pressue = 25.0 psia (piping beyond the bellows connection)

o Thermal

-320.0F. Temperahlre is conslant at -320.0F up to the ndl penetration
( beyond which it is heat traced)

o Thernal + Displacem€nt

aT = -320.0F.

6 tIo. = -0.4?9 in. (reservoir's longitrdilal direction)

6 tu- = +0.1f49 in (r€servoir's radial invxard/contnction dir€ction)

Displacement (6pw) fron loadiag ofLN2 = -0.10374 in.
= -0.051,18 in

r Deadweigtrt + Pres$re + Themal + Displacement

o Deadweight + Prcs$re + Seismic

6 *i".r" = 0.05625 g (horizontal directions)
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Ioad Combinations

Reseneration Process Purging ofptmp resemoir with nitrogm gas GN2 at 302.0 F.,
Pump reservoir's deadweight is decreasing

. Deadweigbt + Pr€ssue

Pressure = 25.0 psia + 14.7 psia rz 40.0 psia (ftom the bellows o the reservoir)
Fressure = 25.0 psia @iping beyond the bellows cotrnestion)

. Thermal

302.0F (temperaatre is constant)

o Thermal + Displacement

aT = 302.0F
6 rr"'" = 0.382 in (resenoir's longitudiml dircction)
6 r. = 0.0911 in. (rcsenoir's radial inrmrd/contraclion direction)
Pump Reservoir's displacement (6) due to p[ging of LN, with GN, = 0.00 in.

. Deadq/eigbt + Ites$fe + Thermal + Displacement

. Deadweight + Presslre + Seismic

6 *a;" = 0.05625 g (horizoatal directions)
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o

o

Ined Combinations

Recasification Pump resenoir is dt 302.0 F ,lilledwith GN2

o Deadweight + Pressure

Pressue = 25.0 pBia + 14.7 psia rr ,10.0 psia ( fiom the res€rvoir to the bellows )
Pressure = 25.0 psia (piping bcyond the belows connection)
Displac€ment 6 = 0.0in. (fiUdwithcN2)

o Thermal

302.0F (temp€rature remains oo$tant)

e Thermal + Displaceme @ipe at reservoir)

aT = 302.0F.
6 rm = 0.3820 in. (reservoir's longitudinal tlirection)
6 o*, = 0.091t in. (reservoir's radial outward/expaasion direction)

o Deadweigltt + he€$rre + Thermal + Displacement

. Deadweight + Prcssune + Seismic

6 *-,i" = 0.05625 g ftorizoctal rlirectios)
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Normal Operasting Condition
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PipePlus vers ion 5.06 process Systems fnternat 'n l  fL / f4 /g6 16:56 page Ol .e
LIGO File : GN2opr-c
Load :  Dead weight  + pressure 1

***  system Maxima ***

Maximum
Maxirnum
Maximum

Maximum
Maximum
Maxirnum

Maxi-mun
Maximum
Maximrm

Maximum
Maximum
Max.imr]m

MaximDn
Maximum
Maximum
Maximum
Maximum

X disp lacement  = 0.137 inch at  point  55.Far
Y d isp lacement  = -0.448 inch at  point  10
Z d isp lacement  = -0.267 inch at  point  55.Far

X rotat ion :  -0 .628 degree at  point  15.Far
Y rotat ion = -0.157 degree at  point  65
Z rotat j -on = -0,343 degree at  point  5

f o r r : c  =  - 9  l h  a t -  h ^ i  h l -  8 0
force = 108 Lb at  point  80
force = 18 Ib at  po int  80

moment  = 1866 inch- lb  at  po int  20
moment = 767 inch-Ib at point 80
moment = -23?7 inch-Lb at point 80

hoop st ress = 355 ps i  a t  po int  0
longi tudinal  s t ress = 5639 ps i  a t  po int  95
pr inc ipal  s t ress = 56?0 ps i  a t  po int  95
code st ress -  4532 ps i  a t  po int  150.Far
st ress rat j .o  (code/a l lowable )  = 9,76 at  point  150.Far

I

z

Y
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PipePlus vers ion 5.06 Process Systems Internatrn l  ] - ] - / !4 /96 16:56 Page 027
lrco Fi]e : GN2oPr-c
load : Dead weight + Pressure 1 + Thermal 1

*** Svstem Maxi-ma ***

Maximum X d j "sp lacement  = -0.199 inch at  point  130.Far
Maximum Y d isp. l -acement  = -0.599 inch at  Point  10
Maximum z d isp lacement  = -Q.342 i -nch at  point  55.Far

Maximum X rotat ion = -0.836 degree at  point  15.Far
Maxi -mum Y rotat ion = -0.200 degree at  point  65
Maximum z rotat ion = -0.514 degree at  point  85

Maximum x force = -14 tb at point 80
Maximum Y force = 144 lb at point 80
Max.imum z force = 14 Lb at point 80

Maxi-mum x moment = 1800 inch-Ib at point 20
Maximum Y momenl = 758 inch-Ib at point 80
Maximum z moment = -3207 inch-Ib at Point 80

Maximum hoop stless = 355 psi at poj-nt 0
Maximum longitudinal stress = 9941 psi at point 95
Maximum principal stress = 9977 psi at point 95
Maximum tode stress = 8941 Psi at point 95
Maximum stress rat io  (code /a l l ,owable )  = g '45 at  point  L50.Far
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P i p e P l u s  v e r s i o n  5 . 0 6 Process Systems
I IGO
Load : Dead Weight + Pressure 1 + Thermal

I n t e r n a t r n l  l L / 7 4 / 9 6

1 +  D i s p l a c e m e n t  1

L 5 : 5 6  P a g e  0 3 6
File : GNzopr-c

Maximum
Maximum
Maximum

Maximum
Maximurn
Maxr-mum

Maximum
Maximrm
Maxj-mrm

Maxi-mum
Maximum
Maximum

Maxi-mum
Maximum
Maximurn
Maxirnurn
Maxr-mum

force =
force =
force =

moment =
moment =
moment =

z

X
Y

*** system Maxina ***

displacement  - -  -Q.479 inch at  point  150.Far
d isp lacement  = -o. '749 inch at  point  10
disp lacement  = -O.347 inch at  point  55.Far

rotat ion = -1.044 degree at  point  0
rotat ion = -0.214 degree at  point  70.Far
r o t a t i o n  =  - 0 . 6 4 5  d e g r e e  a t  p o i n t  8 5

Y

x
I

-8 lb  at  po int  25
L44 Ib at  po int  80
20 l -b  at  po int  80

1884 lnch- Ib at  po int  20
776 inch- Ib at  po int  80
-3618 inch- Ib at  po int  80

h o o p  s t r e s s  : 3 5 5  p s i  a t  P o i n t  0
Iongi tudinal  s t ress = 10648 ps i  a t  po int  95
pr inc ipal  s t ress = 10656 ps i  a t  po int  95
code st ress = 10788 ps i  a t  po int  95
stress rat io  (code /a l fowable;  = g '43 at  point  150.Far
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P i p e P l u s  v e r s i o n  5 . 0 6
r IGO
toad :  Dead Weight  +

Process systems Internatrn l  1L/74/96

P r e s s u r €  1 +  T h e r m a l  1 +  D i s p l a c e m e n t  2

1 6 : 5 6  P a g e  0 4 5
File : GN2opr-c

* * *  c r r . { - a m  M r v i h a  * + *

x d isp lacemenL :  -0 .479
Y d isp lacement  = -0.71?
Z d isp lacement  = -0.331

Maximun
Maximum
Maxirnurn

Max1mum
Max.imrm
Maximum

Maxrmum
Maximurn
Maximum

Maximum
Maximrm
Maximum

Maximum
Maxamum
Maxlmr]m
Maximum
Maximurn

j-nch at point
inch at point
j-nch at point

1 5 0 .  F a r
1 0
55 .  Far

x rotat ion = -L.001 degiee at  point  0
Y rotat ion = -0.206 degree at  point  75
z rotat ion = -0.609 degree at  Point  85

Y
z

X
Y
z

moment =

moment =

- O  I  l r  : 1 '  n n i  n i  ? 5

137 lb  at  po int  80
21 lb  at  po int  80

1 e A ?  i n r h - l h  a t  h n , i h t  2 0

778 inch- Ib at  po int  80
-3442 inch- lb  at  po int  80

hoop st ress = 355 ps i  a t  po int  0
longi tudina]  s t ress = 9694 ps i  a t  po int  95
h ? i h - i h r ' l  a l - r a a <  =  q ? n 1  - < i  a t  r ! . ' i n f  9 5
P r r r r v f ! / e f  e  e r e u e

code st ress = 10023 ps i  a t  po int  95
str€ss rat io  (  code /a l l .o l "able )  = 6.41 at  point  150.Far
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pipeplus vels ion 5.06 Process systems Internat 'n1 ! r /14/96 16:56 Pagle 054

trIGo File : GN2oPr-c

Load : Dead Weight + Pressure 1 + Earthquake 1 + Earthquake 2

c r ' < l - a m  M r v i n :  * * *

Maximum X d isp]acenent  = -0.184 inch at  point  130.Far
Maximum Y displacenent = -0.520 inch at point 10
Maximum Z d isp lacement  = -0.338 inch at  point  55.Far

Maximum x rotat ion = -0.730 degree at  point  0
Maximum Y rotat ion = -0.199 degree at  point  55
Maximum z rotation = -0.393 degree at point 5

Maximum x force = L9 Ib at point 25
Maximum Y force = 110 lb at Point 80
Maximum Z torce = 24 Ib at Point 80

Maximurn X moment = 1951 inch-lb at point 20
Maximum Y moment = -1171 inch-Ib at point 20
Maximum z moment = -2478 inch-Ib at point 80

Maximurn hoop stress = 355 psi at point 0
Maximum longitudinal stress = 6375 psi at point 95
Maximurn pr inc ipal  s t ress = 6411 ps i  a t  po int  95
Maximum Lode stress = 4978 psi at point 95
Maximun st ress rat io  (  code, /a l . rowab1e )  = g '59 at  point  150 'Far
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Summary

Regeneration Process

o
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P i p e P l u s  v e r s i o n  5 , 0 6 Process Sys tems l n r e r n a E ' n l  L r t  L 4 t  v b

z

I

O 
l::: : Dead weisht + pressure 1

Maxi.mum
Maximum
Maximuln

Maximurn
Maximr:m
Maximum

Maximum
Maximum
Maximum

Maximrm
Maximr]m
Maxi-mum

Maximrn
Maximu.ln
Maximum
Maxirnum
Maximun

* * *  q r r e f a h Maxima ***

X d isp lacement  = 0.137 inch at  point  55.Far
Y d isp lacement  = -0.448 inch at  point  10
Z d isp lacement  = -0 -26 '7 j -nch at  point  55.Far

X rotat ion = -0.628 degree at  point  15.Far
Y rotat ion = -0.157 degree at  point  65
Z rotat ion = -0.343 degree at  point  5

f o r n c  =  - q  t h  a t  r \ ^ i h f  8 0

force = 108 lb  at  po int  80
force = 18 Ib at  po int  80

moment  = 1866 inch- Ib at  po int  20
moment = 767 inch-Ib at point 80
moment  = -23?7 inch- Ib at  po int  80

hoop st ress = 355 ps i  a t  po int  0
longj , tud i -na1 st ress = 5639 ps i  a t  po int  95
pr inc ipal  s t ress = 5670 ps i  a t  po int  95
code st ress = 4532 ps i  a t  po int  l -50.Far
st ress rat io  (  code/a l lowable 1 = 9. tU at  point

1 ? : 0 1  P a g e  0 1 9
Fi le  :  cN2regen

l f , u . ! a r
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P i p e P l u s  v e r s i o n  5 . 0 6
IIGO
Load : Dead weight +

p ? ^ . e c q  q \ r q f a r r s  T n t e r n a t r n l  L l / I 4 / 9 6

P r e s s u r e  1 +  T h e r m a l  1

1 ? : 0 1 .  P a g e  0 2 8
Fi Ie :  GN2regen

***  system Maxima ***

Maxfmum
MaxJ.mr:m
Maximum

Maximum
Maximum
Maximum

Maximum
Maximr.m
Maximum

Maxirnum
Maximrnn
Maximum

Maximum
Maximum
Maximum
Maximun
Maximurn

Y
z

X rotat . ion = -0, '764 degree at  point  15,Far
Y rotat . ion = -0.170 degree at  point  55,Far
Z rotat ion = -0,472 degree at  point  85

Y
z,

force = 16 lb  at  po int  25
f n r r : e  =  1  2A  I  h  a f  nn i  n1 -  80
force = 17 Ib at  po lnt  80

moment = 1779 inch-lb at point 20
moment  = -944 inch- lb  at  po int  15.Near
noment  = -2867 inch- Ib at  po int  80

disp lacement  = -0.163
displacement  -  -0  .548
displacement  = -0 .285

inch at point 0
inch at  point  10
inch at  point  55.  Far

Y
z

hoop st ress = 355 ps i  a t  po int  0
longi tudinal  s t ress = 8115 ps i  a t  po in!  95
pr inc ipal  s t ress = 8141 ps i  a t  po int  95
code st ress = 7121 ps i  a t  po int  95
stress rat io  (  code /a l lowable 1 = g.3g at  point  150.Far
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P i p e P l u s  v e r s i o n  5 , 0 6  P r o c e s s  S y s t e m s
I,I GO
Load : Dead weight + Pressure 1 + Thermal

I n t e r n a t r n l  I I / I 4 / 9 6

1 +  D i s p l a c e m e n t  I

1 7 : 0 1  P a g e  0 3 7
Fil-e : GN2regen

Maximum
Maxinum
Maximum

Maxtmum
Maximum
Maximum

Maximurn
Maximum
Maximum

Maximum
Maxr-mum
Maximum

Maximum
Maximum
Maximum
Maximun
Maximum

force =
force :
force =

moment
moment
momenE

*** Svstem Maxima ***

displacement  = 0.382 inch at  point  150.Far
d isp lacement  = -0.583 inch at  point  10
disp lacement  = -0.304 inch at  Point  55.Far

X rotat ion = -0.815 degree at  point  0
Y rotat ion = -0.181-  degree at  point  65
z rotat ion = -0.492 degxee at  point  85

Y
z

Y
-24 lb  at  po int  80
161 lb  at  po int  80
- 1 ?  l h  r r .  n a i n f  ? 5

= 1872 inch- Ib at  po int  20
= 825 inch- lb  at  po int  80
= -3226 inch-lb at point 80z

hoop st ress = 355 ps i  a t  po int  0
longi tudinal  s t ress = 12884 ps i  a t  po int  95
pr inc ipal  s t ress = 12954 ps i  a t  po int  95
code st ress = l -1899 ps i  a t  po int  95
stress rat io  (  code, /a l - Iowable )  = 0.55 at  point  150.Far
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P i p e P l u s  v e r s i o n  5 . 0 6
I IGO
ioad : Dead weight +

Maxr-mum
Maximum
Maximum

Maxrmum
Maximum
Max1mum

Maximunr
Maximum
Maximr]m

Maxi:num
Maximun
Maxamum

Maximum
Maximum
Maximum
Maximun
Maxilnum

P r ^ - 6 q  <

Pressure I  +

s y s t e m s  I n t e r n a t ' n t  L ! / t 4 / 9 6  1 7 : 0 1  P a g e  0 5 5
File : GNzregen

Earthquake 1+ Ear thquake 2

X
Y
z

dj-splacement =
displacement =
dlsplacement =

*** system Maxi-ma ***

- 0 . 1 8 4  i n c h  a t  p o i n t  1 3 0 . F a r
- 0 . 5 2 0  i n c h  a t  p o i n t  1 0
- 0 . 3 3 8  i n c h  a t  p o i n t  5 5 . F a r

0
6 5
5

Y

Y
z

Y

rotat ion = -0.730 degree at  point
rotat ion = -0.199 degree at  point
rotat ion = -0.393 degree at  point

force = 19 .Ib at point 25
force = 1-10 ]b at  po int  80
force = 24 Ib aE point  80

moment  = 1951 inch- lb  at  Point  20
moment = -1171 inch-fb at point 20
moment = -2478 inch-tb at point 80

hoop st ress = 355 ps i  a t  po int  0
longi tudinal  s t ress = 6375 ps i  a t  po int
pr inc ipal  s t ress = 6411 ps i  a t  po int  95
code st ress = 49?8 ps i  a t  po int  95
stress rat io  (  code /a l lowab1e )  = 0.69 at

95

point  150 .  Far
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P i p e P l u s  v e r s i o n  5 . 0 6
I IGO
load : Dead Weight + Pressure 1

Maxi.mum
Maximum
Maxj-mum

Maxj.mum
Maximum
Maxr-mum

Maximum
Maximum
Maxr-mum

Maxi-mum
Maximum
Maxj-mum

Maximum
Maxlmum
Maximuln
Maximum
Maximun

systems fnternat I nI 7 L / 1 - 3  / 9 6  1 5 : 1 8  P a s e  0 1 8
File : GNzGAS-H

A

Y

***  systen Maxima ***

d isp lacement  = 0.137 inch at  point
d isp lacement  = -0.448 inch at  point
d j -sp lacement  = -0.267 inch at  point

55 . Far
1 0
55 .  Far

X rotat ion = -0.628 degree at  point  15.Far
Y xotat ion = -0.157 degree at  point  55
Z rotat ion = -0.343 degree at  point  5

force = -9 Ib  at  po int  80
force = 108 Ib at  po int  80
force = 18 lb at point 80

moment  = 1866 inch- ]b at  po int  20
moment = 767 inch-lb at point 80
moment  = -2377 inch- lb  at  po i .n t  80

Y
z

Y

hoop st ress = 355 ps i  a t  po int  0
longj . tud inal  s t ress = 5539 ps i  a t  po int
pr inc ipal  s t ress = 56?0 ps i  a t  po int  95
code st ress = 4532 ps i  a t  po i -nt  150,Far
st ress rat io  (code, /a1lowab1e )  = 9.62 .a

9 5

poi .nt  150.  Far
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PipePlus vers ion 5,06 Process systems
T,I GO
Load : Dead Weight + Pressure 1 + Thernaf 1

+**  system Maxima ***

I n t e l n a t r n l  l 1 ' / I 3 / 9 6  1 5 : 1 8  P a g l e  0 2 7
File : GN2GAS-H

i  - ^ h  - +  n a i n f  Q 6

i  n ^ h  . l -  r ^ i  n l -  1 0

inch at point 140 . Far

150 .  Far

point  150.  Fa!

Maximrim
Max.1mr]m
Maximuln

Maximum
Maximr]m
Maxrmr]m

Maximr]m
Maximurn
Maxamum

Max irnum
Maximum
Maxr-mum

Maximum
Maximurl
Maximum
Maxlmum
Maximum

Y

x
Y
z

displacement  = 0 .357
displacement  = -0.370

displacement  = 0.339

x rotat ion = -0.519 degree at  point  L5.Far
Y rotat ion = 0.081 degree at  Point  0
z rotat ion = -0.285 degree at  point  5

force = 16 Ib at point 25
force = 100 lb  at  po int  150.Far
force = 25 Ib at point 80

moment  = -2454 inch- lb  at  po int  150.Far
moment = -798 inch-1b at point 15.Near
moment  = -148? inch- lb  at  Point  80

X

z

hoop st ress = 355 ps i  a t  Point  0
longj - tud inal  s t ress = 7658 ps i  a t  po int
pr inc ipal  s t ress = 767? ps i  a t  Point  150
code st ress = 10847 ps i  a t  Point  95
stress rat io  (  code/aJ- lowable )  = 0.57 at
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P i p e P l u s  v e r s i o n  5 , 0 6
I IGO
Load : Dead weight +

p r c ' . a c q  q r , < t a m <  r n t e r n a t ' n L  f L / 1 3 / 9 6

P r e s s u r e  1 +  T h e r m a l  1 +  D i s p l a c e m e n t  1

1 5 :  1 8  P a g e  0 3 6
File : GN2GAS-H

Maximum
Maximum
Maximum

Maximum
Maximum
Maxi.mum

Maximum
Maximum
Maximum

Maximum
Maximum
Maximum

Max l-mum
Maxj.mr:m
Maximum
l4ax imun
Maximum

5
8 0
8 0

Y
z

Y

x
Y
z

Y
z

***  System Maxima ***

d ispLacement  = 0.382 inch at  point  i .50.Far
d isp l -acement  = -0.395 inch at  point  1 .0
dispJ-acement  = 0.?52 inch at  point  140.Far

r o t a t i o n  =  - 0 . 5 5 5  d e g r e e  a t  p o i n t  0
rotat ion = 0.109 degree at  point  130,Far
xotat ion = -0.303 degree at  point  5

€ a r a a  =  1 ?  I  l . \  ! f  h ^ i h f

force = 91 Ib at point
fo lce = L8 Ib at  po int

moment = 1884 i-nch-]b
moment = -841 inch-]b
moment = -L821 i.nch-l-b

at  point  20
at  point  10

at  point  80

hoop st ress = 355 ps i  a t  po int  0
Iongj - tud inal  s t ress = 5341 ps i  a t  po int  1-50.Far
pr inc ipal  s t ress = 5380 ps i  a t  po int  l -50.Far
code st ress = 6451 ps i  a t  po int  95
stress rat io  (code /a l lowable )  -  9 .36 at  point  150.Far
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PipePlus vers ion
I IGO
l-oad : ThermaL 1

5 . 0 6 Process Systems Int€xnatrn l

+ Displacement 1

***  system Maxima ***

L t / 1 3 / 9 6  1 5 : 1 8  P a g e  0 4 5
File : cN2GAs-H

Maximun
Maximrm
Maxirnum

Maximum
Maximum
Maximulfl

Maxirnurn
Maximum
Maximurn

Maxi.mum
Maximum
Maximum

Maximum
Maximum
Maximrm
Maximun
Maximum

Y
z

z

dispLacement  = 0.382
d i s p l a c e m e n t  =  - 0 . 0 9 1
displacement  = 0.085

inch at point 150 . Far
j-nch at point 150. Far

inch at  point  70.Near

Y
z

Y
z

r o t a t i o n  =  - 0 . 1 0 2  d e g r e e  a t  p o i n t  1 3 0 . F a r
rotat ion -  0 .094 degree at  point  80
r o t a t i o n  =  0 . 0 5 6  d e g r e e  a t  p o i n t  1 2 5

force = 16 Ib at  po int  5
f o r r : a  =  -17  I  b  a i -  no i  n r -  80
f o r c e  =  5 l b  a t  p o i n t  2 5

moment  = -289 inch- lb  at  po int  150.Far
moment = -40L inch-lb at point 10
moment = 556 inch-lb at point 80

hoop st ress = 0 ps i  a t  po int
longi tudinal  s t ress = 2069 ps i  a t  po int  95.
pr inc ipal  s t ress = 2070 ps i  a t  po int  95
code st ress = 2056 ps i  a t  po int  95
stress rat io  (  code, /a l lowable )  = g.1t  a t  po int  125
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PipePlus vers ion 5.06 Process systems Internat tn l -  f l / f i /g5 15:18 Page 054
],IGO FilE : GN2GAS-H
l,oad : Dead Weight + Pressure 1 + Earthquake 1 + Earthquake 2

***  system Maxima ***

Maxj .mum X d isp lacement  = -0.184 inch at  point  130.Far
Maxirnum Y displacement = -0.520 j-nch at point 10
Maximum Z d isp lacernent  = -0.338 inch at  point  55.Far

Maximum X rotat ion = -0.730 degree at  point  0
Maxi rnum Y rotat ion = -0.199 degree at  point  65
Maxirnum z rotat ion = -0.393 degree at  point  5

Maximrim x force = 19 lb at point 25
Maximum Y force = 110 lb at point 80
Maximum z foxce = 24 Ib at point 80

Maximum x moment = 1951 inch-1b at point 20
Maximum Y moment = -1171 inch-Ib at point 20
Maximum z moment = -2478 inch-l-b at point 80

Maximum hoop st ress = 355 ps i  a t  po int  0
Maximum longitudinal stress = 6375 psi at point 95
Maximum principal stress = 6411 psi at point 95
Maximum code stress = 4978 psi at Point 95
Maxirnum st ress rat io  (  code /a l lowable )  = 9 '75 at  point  150 'Far
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TITLE:

EOK Cryopump l-1t2" @ GN2 Vent Piping

PROJECTNO: V59049
PROJECT: LIGO Vacuum Equipment

PURPOSE: 
Design/analyzethe r-1r2,, @ Gl!-v-e* eleing for the 80K cryopumps (Long & Short).

The piping will be designed to 83 l 'l lower iiping standards for the normal operating

design conditions and iht t"gen"tation process design conditions'

METHoD : 
Piping is designed to the ASME c"d-'- !ll9i[f:' ::-t--1 ::::}T,::'"t
hand calculations and the ALGORo PIPEPLIJSPipe Stress computer program

version 5'06-3H

l. ALGORoP/PEPTUS Pipe Stress Analysis and Design System (version 5'06-3I{)

2. NAVCO PiPingDatalog
3. Doc. No. V049-1-066 LIGO Vacuum Equipment Stnrctural Design Criteria

4. Memorandum - oesign pressire fot gof P;i n"seffoir' Doc' No' V049-l-056

5. ASME 831.1 PowerPiping, 1995 Edition

e' iVo+s-z-ot? rev-3 Specifrcation for Piping Design and lvlaterial

V049-1-O8l 8Ok-Short Pump - Outer Shell Analysis

V049-1-082 8Ok-l,ong Pump - Outer SheI Analysrs

VO67-l-067 Analysis of Pump Reservoir

TherequirementsoftheB3l.lASMECodeforPreszurePipingandthe
ii"" f*ut equipment Structural Design Criteria are met'

GN2VENTO.* & GN2VENTR.*


