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SUMMARY

The cryogenic lines GHE and LN2 contain two lines each, one for
supply and the other for return. The tubing was stress analyzed per
ASME code for pressure piping, standard ANSI/ASME B31.3. A
commercial pipe stress analysis and design system by ALGOR® was
used for the analysis along with the calculated maximum stress,
25,050 psi. They were all analyzed for combined pressure, thermal
movement, and dead weight and all the stresses were below this
allowable stress limit. There are sections of the transfer lines that
will be increased from a 1-1/2" vacuum jacket to a 2" vacuum jacket.
This increase accounts for the maximum displacement, 0.466" in
troubled areas as seen in subsequent drawings. The greatest
displacement allowed for a 1-1/2" vacuum jacket is 0.421" for a 1/2"
pipe on the nominal centerline. The greatest displacement allowed

for a 2" vacuum jacket is 0.658". We will have a clearance of 0.192"

when using the 2" vacuum jacket.



) ) )
Thermal Contraction Analysis of Solenoid and VLPC Cryogenic Transfer Lines for DO Upgrade.
SUMMARY CHART
Maximum | Maximum Maximum Maximum | Allowable | Maximum X | MaximumY | Maximum Z
Hoop Stress | Longitudinal Prinicpal Code Stress Stress | Displacement | Displacement | Displacement
(psi) Stress (psi) Stress (psi) (psi) (psi) (inches) (inches) (inches)
GHE
Cooldown 1631 6975 6991 7468 25,050 0.446 0.161 0.234
Supply (at START) | (at point G) (at point G) | (at point G) (at point G) (at point C) (at point G)
(Fig. 1)
GHE
Cooldown 699 7112 7112 7855 25,050 0.000 0.163 0.422
Return (at START) | (at point E) (at point E) | (at point D) (at point D) (at point D)
(Fig. 2)
GHE
Cooldown 699 5331 5332 5689 25,050 0.404 0.142 0.259
‘Return (at START) | (at point K) (at point K) | (at point K) (at point K) | (at point K) (at point C)
(Fig. 3)

* Information is only provided for the GHE cooldown supply and return, because the two LN2 lines have similar geometric shape.

Since the geometry is similar, the displacements and stresses are similar also.




ANALYSI

An approximation of length was used to determine the
geometry of the piping and a flexibility analysis provided an
approximation for displacements along each section of piping. All
drawings were done in left hand coordinate system, but this system
is used consistently throughout. It does not effect the validity of the
calculations, i.e. stress levels or displacements. The program
ALGOR® was used to place spider guides along the pipes. The
analysis concerning the spider guides was only necessary for the GHE
cooldown supply and return, because the two LN2 lines have similar
geometric shape. Since the geometry is similar, the displacements
and stresses are similar.

Two alternative methods for the piping were found during the
analysis. The first method is to increase the vacuum jacket size from
1-1/2" to 2". This will allow for maximum displacement without
contact between the cryogenic lines and the vacuum jacket. The
second method is to install the cryogenic lines at an offset from the
vacuum jacket centerline so that during steady state cold operation,
the cryogenic lines will be in a proper location. In addition to proper
location, the offset will allow a higher clearance. For example, if the
cryogenic line is offset by 0.25", the clearance for the maximum

displacement would be 0.20".




RECOMME T

The method which increases the vacuum jacket to a 2" pipe size
appears preferable when compared to the 0.25" offset of the
cryogenic lines, but both methods are nearly equal in increasing the
amount of clearance. When implementing these two methods
simultaneously, the maximum amount of clearance increases to
0.442" for a 1/2" pipe on the nominal centerline.

The spider guides should also be placed as closely as possible to

the designated areas as seen in both the analysis and the drawings.
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PipePlus version 4.50 Fermi Nat’l Accelerator Lab 06/15/95 08:18 Page R-0/

D-Zero Solencid Upgrade File : GASHESUP
~oad : Dead Weight + Pressure 1 + Thermal 1

*k%k System Deflections **%*

Point Displacements/inch Rotations/degree
Name X Y 2 X Y Z
START -~0.000 -0.000 0.000 0.000 0.000 0.000
A -~0.023 -0.039 0.002 0.012 0.031 0.212
B -0.086 -0.077 0.003 -0,002 0.062 0.383
C -0.048 -0.161 0.018 -0.037 0.074 0.361
C1l 0.000 0.047 0.000 0.193 0.063 -0.077
D -0.013 0.095 -0.074 0.391 0.061 -0.020
D1 0.000 0.000 =-0.112 0.479 0.071 0.058
E 0.012 -0.102 -0.154 0.413 0.001 0.142
F 0.035 -0.074 -0.215 0.366 -0.148 0.142
F1l -~0.125 =0.000 -0.000 0.187 ~-0.122 0.054
F2 -0.285 -0.000 0.000 0.008 -0.100 -0.107
G -0.446 -0.148 0.055 -0.172 0.334 -0.138
Gl -0.000 =-0.000 -0.074 -0.217 0.644 0.040
H 0.311 0.045 -0.234 0.257 0.149 0.263
I 0.162 -0.052 -0.012 0.460 -0.049 0.279
I1 0.123 ~-0.000 -0.000 0.364 -~0.,048 0.192
J 0.001 0.039 -~0.006 0.061 0.023 0.006
»~END 0.000 0.000 0.000 0.000 0.000 0.000

A 2" PRE TACET wWiLL RE MELZD “TART NG
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PipePlus version 4.50 Fermi Nat’l Accelerator Lab 06/15/95 08:18 Page R~0Z
D-Zero Solenoid Upgrade File : GASHESUP
~Load : Dead Weight + Pressure 1 + Thermal 1

*%*%* Forces and Moments acting on Restraints %%

Point Forces/1lb Moments/inch-1b

Name X Y 2 X Y 2

START -2 =19 1 14 14 137
C1 1 0 2 o 0 0
D1 9 8 0 0 0 0
F1 0 -2 -8 0 0 0
F2 0 -5 10 0 0 0
Gl -9 -1 0 0 0 0
I1 0 -10 -7 0 0 0
END 1 ki 1 28 11 12

e




PipePlus version 4.50 Fermi Nat’l Accelerator Lab 06/15/95 08:18 Page R-C3
D-Zero Solenoid Upgrade File : GASHESyf
~Load : Dead Weight + Pressure 1 + Thermal 1

*** Forces and Moments in Element Coordinate System *#*x*

Point Forces/1b Moments/inch-1b
Name X Y Z X Y 2
START 19 -1 2 -14 =137 -14
A -18 1 -2 14 113 -1
B =17 1 -2 14 89 -16
cC 2 -16 -1 16 -1 113
Cl 13 1 2 1 18 -65
C1l =13 -4 -1 -1 -18 65
D 12 4 1 1 35 -122
D1 4 -11 1 35 13 17
D1 -4 3 8 ~-35 -13 -17
E 4 -2 -8 35 -90 53
¥ 2 4 -8 90 -36 20
F1 8 1 4 -20 a7 -13
F1 -8 1 4 20 -97 13
F2 8 2 -4 -20 -91 -57
F2 -8 3 -5 20 91 57
G 8 -0 6 =20 213 24
Gl 6 2 -8 24 -104 -19
~G1 -6 -1 -1 -24 104 19
H 6 4 1 24 =36 -139
I 6 6 -1 ~-36 =16 -43
Il -1 6 6 -43 37 -87
Il 1 3 1 43 ~-37 87
J -1 -1 -1 -43 -11 4
END -1 -1 -1 -11 -12 -28
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D-Zero Solenoid Upgrade File : GASHESYf
~Load : Dead Weight + Pressure 1 + Thermal 1

*%% Forces and Moments in Global Coordinate System *#%%

Point Forces/1b Moments/inch-1b
Nanme X Y Z X Y Z
START 2 19 -1 -14 -14 =137
A -2 -18 1 -1 14 113
B -2 -17 1 -16 14 89
C -2 -16 1 -16 -1 -113
Cl -2 ~13 1 65 -1 18
Cl 1 13 -4 -65 1 -18
D -1 -12 4 122 -1 35
D1 -1 -11 4 -17 13 35
D1 -8 3 -4 17 -13 -35
E 8 -2 4 -53 -90 35
F 8 -2 4 -20 -90 -36
Fl 8 1 4 -20 97 -13
Fl -8 1 4 20 -97 13
F2 8 2 -4 -20 -91 -57
F2 -8 3 -6 20 91 57
G 8 -0 6 -20 213 24
Gl 8 2 6 19 -104 24
~G1 1 -1 -6 ~-19 104 -24
H -1 4 6 139 -36 24
I -1 6 6 -43 =36 -16
I1 -1 6 6 -43 37 -87
I1 1 3 1 43 -37 87
J -1 ~1 -1 -43 -11 4
END -1 -1 -1 -28 -11 -12




PipePlus version 4.50 Fermi Nat’l Accelerator Lab 06/15/95 08:18 Page R~05
D-Zero Solenoid Upgrade File : GASHESU?P
Load : Dead Weight + Pressure 1 + Thermal 1

*k* System Stresses (ANSI B31.3) %%

In- out

Point Plane Plane Section Stresses/psi
Name SIF SIF Modulus Hoop Longitu. Principal Code Allow.
START 1.00 1.00 0.03 1631 4584 4598 4993 62625
A 1.00 1.00 0.03 1631 3855 3874 4249 62625
B 1.00 1.00 0.03 1631 3189 3216 3616 62625
c 1.00 1.00 0.03 1631 4068 4068 4273 62625
C1i 1.00 1.00 0.03 1631 2690 2690 3512 62625
D 1.00 1.00 0.03 1631 4411 4411 5370 62625
D1 1.00 1.00 0.03 1631 1281 2003 3367 62625
E 1.00 1.00 0.03 1631 2519 3468 4296 62625
F 1.00 1.00 0.03 1631 1845 3063 3939 62625
Fl 1.00 1.00 0.03 1631 3551 3593 4106 62625
F2 1.00 1.00 0.03 1631 3818 3855 5033 62625
G 1.00 1.00 0.03 1631 6975 6991 7468 62625
Gl 1.00 1.00 0.03 1631 3758 3816 5842 62625
H 1.00 1.00 0.03 1631 4797 4883 5489 62625
I 1.00 1.00 0.03 1631 2023 2390 2913 62625
Il 1.00 1.00 0.03 1631 3409 3613 4070 62625
Py 1.00 1.00 0.03 1631 1906 1975 2212 62625
iD 1.00 1.00 0.03 1631 1532 1744 1855 62625




PipePlus version 4.50
D-Zero Solenoid Upgrade

~Load

Maximum
Maximum
Maximum

Maximum
Maximum
Maximum

Maximum
Maximum
Maximum

Maximum
Maximum
Maximum

Maximum
Maximum
Maximum
Maximum
Maximum

Fermi Nat’l Accelerator Lab 06/15/95 08:18 Page R-06

code stress =
stress ratio (code/allowable)

-8 1b at point D1

Dead Weight + Pressure 1 + Thermal 1

System Maxima

= =0.446 inch
= -0.161 inch
= =-0.234 inch

degree at
degree at
degree at

*k*

at point G
at point ¢
at point H

point D1
point G1
point B

19 1b at point START

point F2

139 inch-1lb at point H
213 inch-1lb at point G
-137 inch-1lb at point START

*kk
X displacement
Y displacement
Z displacement
X rotation = 0.479
Y rotation = 0.644
Z rotation = 0.383
X force =
Y force =
Z force = -6 lb at
X moment =
Y moment =
Z nmoment =
hoop stress =

1631 psi at point START
longitudinal stress = 6975 psi at point ¢
principal stress = 6991 psi at point G
7468 psi at point G

= 0.12 at point G

File

.
.

GASHESUP



PipePlus version 4.50 Fermi Nat’l Accelerator Lab 06/15/95 08:19 Page A-0 !
D-Zero Solenoid Upgrade File : GASHESU?P

P—

File Name ....+.v.¢:00:4.... GASHESUP

Project .....veceeeeve... D-Zero Solenoid Upgrade

Department .............. Research Division / D-Zero Mechanical

Contract Number .........

Description ............. Preliminary Solution for GHe Cooldown
Supply

Prepared by ............. Andy T. Kuwazaki

Checked by ..c.ceecenecenn

ANSTI code ......vcec...... ANST B31.3
Input unit .............. English
Output unit ............. English
Output columns .......... 80

Base temperature ........ 70

F factor ........c00cce.. 1.0

E factor ......ccvcevvee. 1.33

Number of dynamic modes.. 8

Cut-off frequency ....... 33 Hz
Max no. of iterations ... 12
Convergence tolerance ... 3

Force tolerance ......... 5 1b
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D-Zero Solenoid Upgrade File : GASHESUP
A

Frm Point DX DY DZ Radius X Y pA

/To name (feet) (feet) (feet) (inch) (feet) (feet) (feet)
C This analysis is intended as a preliminary estimate of the defelctions and
C stresses in the 0.5" He Supply pipe.
C The load combination: Dead Weight + Pressure + Thermal
C All points followed by a number represent spider-type locations.
F START 0.000 0.000 0.000
T A 12" 0.000 1.000 0.000
TB 12 0.000 2.000 0.000
T C -12" -1.000 2.000 0.000
T C1 -65" -1.000 -3.417 0.000
TD -15% -1.000 “4.667 0.000
T D1 2" -1.000 -4.667 1.000
T E 13 -1.000 -4.667 2.083
TF -gn -1.000 -5.417 2.083
T Fl 50" 3.167 -5.417 2.083
T F2 so" 7.333 -5.417 2.083
TG 50" 11.500 ~-5.417 2.083
T G1 40" 11.500 -5.417 5.417
TH 50" 11.500 -5.417 9.583
TI 30" 11.500 -2.917 9.583
T I1 12" 12.500 -2.917 9.583

-~ T J 38n 15.667 -2.917 9.583

T END 12w 15.667 -1.917 9.583
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D-Zero Solenoid Upgrade File : GASHESUP
A~
Point Data Description
START Pipe Pipe data identifier = P1
Nominal Diameter = .§
Pipe Schedule =
Actual Pipe 0. D. = .840 inch
Wall Thickness = .083 inch
Corrosion Allowance = 0 inch
Insulation Thickness = 0 inch
Insulation Density = 0 lb/cu.ft
Content S. G. = 0
Material Data Identifier = SS
Austenitic stainless (301-309, 316, 321, 237)
Density = 0.2899 1b/cu.inch
Tempera. Modulus Expansion
(deg.F) (psi ) {(inch/inch)
-325. 30400000 -0.00321
-150. 299800000 -0.00189
-50. 29400000 -0.00103
70. 28300000 0.00000
200. 27700000 0.00122
300. 27100000 0.00218
400. 26600000 0.00317
—_— 500. 26100000 0.00417
600. 25400000 0.00520
700. 24800000 0.00625
800. 24100000 0.00733
900. 23400000 0.00843
1000. 22700000 0.00957
1100. 22000000 0.01070
1200. 21300000 0.01183
1300. 20700000 0.01297
1400. 19300000 0.01410
Temperature Allowable stresses
(degq.F) (psi)
-425 25050
Load Load data identifier = GHE
Case Temperature Pressure Expansion
No. (deq.F) (psig ) (inch/inch)
1 -450 350 -0.003210
Anchor Rigid in all directions
A
B
C
Cl Guide
D
D1 Guide
E
— F
F1 Guide
F2 Guide
G
Guide

TR
Py
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PipePlus version 4.50 Fermi Nat’l Accelerator Lab 06/16/95 08:47 Page R-0|l
D-Zero Solenoid Upgrade File : gheretur
~Load : Dead Weight + Pressure 1 + Thermal 1

*%% System Deflections **%*

Point Displacements/inch Rotations/degree

Name X b4 Z X b4 z
START 0.000 -0.000 0.000 0.000 0.000 0.000
A 0.000 -0.058 0.024 0.121 0.000 0.000
B 0.000 -0.082 -0.015 0.093 0.000 0.000
C 0.000 -0.024 -0.036 0.077 0.000 0.000
Ccl 0.000 0.000 -0.261 -0.246 0.000 0.000
D 0.000 0.163 ~0.422 0.146 0.000 0.000
D1 0.000 0.019 0.000 0,735 0.000 0.000
E 0.000 -0.126 0.387 0.004 0.000 0.000
El 0.000 -0.000 0.291 -0.226 0.000 0.000
E2 0.000 0.000 0.099 -0.031 0.000 0.000
F 0.000 0.039 0.002 -0.041 0.000 0.000
END 0.000 -0,.000 -0.000 0.000 0.000 0.0600

C ONCELUSION:
_—

THE VAcCvoym SALKET FROM POINT D T £
NEEDS TO RE JNCREASEL FRoM |72 To K"
PIPE size TO AL(OMODATE THE DISPLACEMENT
AT THESE POINTK.
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D-Zero Solenoid Upgrade File : gheretur
~Load : Dead Weight + Pressure 1 + Thermal 1

*%% Forces and Moments acting on Restraints %%

Point Forces/1lb Moments/inch-1b

Name X b4 Z X Y 2z

START 0 -6 4 84 0 0
C1 o 2 0 0 0 0
D1 0 ¢ 1 0 0 0
El 0 -18 0 0 0 0
E2 0 4 o 0 o 0
END 0 -5 -5 7 0 0
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D-Zero Solenoid Upgrade File : gheretur
~Lkoad : Dead Weight + Pressure 1 + Thermal 1

*** Forces and Moments in Element Coordinate System **#

Point Forces/lb Moments/inch-1b

Name X Y Z X Y Z

START 6 -4 0 0 0 -84
A -5 4 0 0 0 11
B 4 -4 0 0 0 43
C 3 4 0 0 0 =30
Cl 4 1 4] 0 0 49
C1l -4 -3 0 0 0 =49
D 4 6 0 0 0 -183
D1 9 4 0 0 0 2
D1 -9 -5 0 0 0 =2
E 11 5 0 0 0 -231
El 5 13 0 0 0 -131
El -5 5 0 0 0 131
E2 5 -1 0 0 0 51
E2 -5 -3 0 0 0 -51
F 5 4 4] 0 o ~-55
END 5 5 0 0 0 -7

—
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D-Zero Solenoid Upgrade File : gheretur
~Load : Dead Weight + Pressure 1 + Thermal 1

*** Forces and Moments in Global Coordinate System *%%

Point Forces/lb Moments/inch~1b
Name X Y z X Y Z
START o 6 -4 -84 0 0
A 0 -5 4 11 0 0
B 0 -4 4 -43 0 0
c 0 -3 4 30 0 0
Cl 0 1 4 -49 0 0
C1 0 -3 -4 49 ¢ 0
D 0 6 4 183 0 0
D1 0 9 4 2 ¢ 0
D1 0 -9 -5 -2 0 0
E 0 11 5 -231 0 0
El 0 13 5 131 0 0
El 0 5 -5 -131 0 0
E2 0 -1 5 -51 0 0
E2 0 -3 -5 51 o 0
F 0 4 5 55 0 0
END 0 5 5 -7 0 0
—
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D-Zero Solenoid Upgrade File : gheretur
~Load : Dead Weight + Pressure 1 + Thermal 1

*** System Stresses (ANSI B31.3) %%

In- Oout

Point Plane Plane Section Stresses/psi

Name SIF SIF  Modulus Hoop Longitu. Principal Code Allow.
START 1.00 1.00 0.03 699 2703 2703 2860 6262F
A 1.00 1.00 0.03 699 578 699 1874 62625
B 1.00 1.00 0.03 699 1545 1545 1915 6262°F
C 1.00 1.00 0.03 699 1170 1170 2369 6262°F
Cl1 1.00 1.00 0.03 699 1715 1715 5600 6262°¢
D 1.00 1.00 0.03 699 5669 5669 7855 6262°F
D1 1.00 1.00 0.03 699 366 699 1694 6262%
E 1.00 1.00 0.03 699 7112 7112 7187 62625
El 1.00 1.00 0.03 699 4144 4144 4238 62625
E2 1.00 1.00 0.03 699 1788 1788 1881 62625
F 1.00 1.00 0.03 699 1911 1911 2004 62625
END 1.00 1.00 0.03 699 506 699 1025 62625
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D-Zero Solenoid Upgrade File : gheretur
~koad : Dead Weight + Pressure 1 + Thermal 1

*k% System Maxima **#*

Maximum X displacement 0.000 inch at point

Maximum Y displacement = 0.163 inch at point D
Maximum Z displacement = -0.422 inch at point D
Maximum X rotation 0.735 degree at point D1

X ==
Maximum Y rotation = 0.000 degree at point
Maximum Z rotation = 0.000 degree at point

Maximum X force = 0 lb at point

Maximum Y force = 13 1lb at point E1
Maximum Z force = =5 1lb at point D1
Maximum X moment -231 inch-1lb at point E

X =
Maximum Y moment = 0 inch-1lb at point
Maximum Z moment = 0 inch-1lb at point

P Maximum hoop stress = 699 psi at point START
Maximum longitudinal stress = 7112 psi at point E
Maximum principal stress = 7112 psi at point E
Maximum code stress = 7855 psi at point D
Maximum stress ratio (code/allowable) = 0.13 at point D
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D-Zero Solenoid Upgrade File : GHERETUR

p—

File Name ........e...... GHERETUR

Project .....ccvcec...... D~Zero Solenoid Upgrade

Department .............. Research Division / D-Zero Mechanical

Contract Number .........

Description ............. Preliminary Solution For GHe Cooldown
Return

Prepared by ............. Andy Kuwazaki

Checked by ....cceicveeenn

ANSTI code ....cc2se.20... ANSI B31.3
Input unit .............. English
Output unit ............. English
Output c¢columns .......... 80

Base temperature ........ 70

F factor ...cvceecesceees 1.0

E factor ....eceeeseesve-- 1.33

Number of dynamic modes.. 8
Cut-off frequency ....... 33 Hz
Max no. of iterations ... 12
Convergence tolerance ... 3
Force tolerance ......... 5 1b
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D-Zero Solenoid Upgrade File : GHERETUR
S~

Frm Point DX DY DZ Radius X Y Z

/To name (feet) (feet) (feet) (inch) (feet) (feet) (feet)
C This analysis is inteneded as a preliminary estimate of the defelctions
C and stresses in the 0.5" He Return.
C Load combinations considered: Dead Weight + Pressure + Thermal
C All points followed by a number represent spider-type guide locations.
F START 0.000 0.000 0.000
T A 18" 0.000 1.500 0.000
T B 12" 0.000 1.500 1.000
T C -18" 0.000 0.000 1.000
T C1 70" 0.000 0.000 6.833
T D 50" 0.000 0.000 11.000
T D1 45" 0.000 3.750 11.000
T E 45" 0.000 7.500 11.000
T E1 30" 0.000 7.500 13.500
T E2 60" 0.000 7.500 18.500
TF 30" 0.000 7.500 21.000
T END 2" 0.000 8.500 21.000

—
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D-Zero Solenoid Upgrade

Point Data

START Pipe

—_—

—_—
A
B
C
Cl
D
D1
E

-~ El
E2

Material

Load

Anchor

Guide
Guide

Guide
Guide

Fermi Nat’l Accelerator Lab

Description

Pipe data identifier = p1

Nominal Diameter = .5

Pipe Schedule =

Actual Pipe 0. D. = .84 inch
Wall Thickness = .083 inch

Corrosion Allowance = 0 inch
Insulation Thickness = 0 inch
Insulation Density = 0 lb/cu.ft
Content 8. G. = 0

Data Identifier = SS

Austenitic stainless (301-309, 316, 321, 237)
Density = 0.2899 lb/cu.inch
Tempera. Modulus Expansion
(deg.F) (psi } (inch/inch)
-325, 30400000 -0.00321
-150. 29900000 -0.00189
-50. 29400000 -0.00103
70. 28300000 0.00000
200. 27700000 0.00122
300. 27100000 0.00218
400. 26600000 0.00317
500. 26100000 0.00417
600. 25400000 0.00520
700. 24800000 0.00625
800. 24100000 0.00733
900. 23400000 0.00843
1000. 22700000 0.00957
1100. 22000000 0.01070
1200. 21300000 0.01183
1300. 20700000 0.01297
1400. 19300000 0.01410
Temperature Allowable stresses
(deg.F) (psi)
-425 25050
Load data identifier = ghe
Case Temperature Pressure Expansion
No. (deg.F) (psig ) (inch/inch)
1 -425 150 -0,003210

Rigid in all directions

.
-
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File
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D-Zero Solenoid Upgrade File : TOGETHER
~oad : Dead Weight + Pressure 1 + Thermal 1

*%% System Deflections %%

Point Displacements/inch Rotations/degree
Name X Y z X Y 7
START -0.000 -0.000 -0.000 0.000 0.000 =0.000
A -0.000 0.023 0.001 -0.024 0.000 -0.000
Al 0.000 0.000 0.058 -0.012 -0.000 0.000
A2 -0.000 -0.000 0.171 ~0.197 0.000 0.000
B -0.000 -0.119 0.228 -0.059 0.001 0.000
Bl -0.000 -0.034 0.000 0.449 0.002 0.001
c 0.001 0.051 -0.259 0.119 0.002 0.003
Cl 0.000 -0.000 -0.164 -0.119 0.001 0.010
D 0.001 -0.017 -0.032 0.065 -0.001 0.018
E -0.005 -0.051 -0.012 0.075 ~0.001 0.020
F -0.005 -0.034 0.011 0.076 -0.001 0.022
F1 0.000 -0.011 0.000 0.019 -0.000 0.023
G 0.002 -0.000 -0.000 -0.004 -0.000 0.006
G 0.002 -0.000 -0.000 -0.004 -0.000 0.006
G1 0.013 -0.000 -0.000 -0.004 0.007 ~0.004
H 0.036 0.000 0.001 -0.004 0.007 -0.001
G 0.002 -0.000 -0.000 -0.004 -0.000 0.006
~H1 -0.009 -0.000 -0.000 -0.012 -0.006 -0.004
12 -0.110 -0.000 -0.000 -0.090 0.002 0.008
I -0.121 0.000 -0.000 -0.099 0.000 0.000
I -0.121 0.000 -0.000 -0.099 0.000 0.000
J -0.121 -0.021 0.023 -0.101 0.000 0.000
I -0.121 0.000 -0.000 -0.099 0.000 0.000
J1 -0.132 -0.000 0.000 -0.103 -0.003 -0.008
Jz2 -0.215 -0.000 -0.000 -0.135 0.021 6.022
J3 -0.310 -0,000 0.000 -0.170 -0,.088 -0.094
K -0.404 -0.142 -0.007 -0.206 0.357 -0.135
K1 -0.000 -0.000 -0.083 -0.165 0.541 0.036
L 0.233 0.013 -0.177 0.208 0.089 0.249
M 0.095 -0.043 -0.010 0.342 -0.040 0.244
M1l 0.072 -0.000 -0.000 0.271 -0.036 0.154
N 0.000 0.023 -0.004 0.045 0.017 -0.002
END 0.000 0.000 0.000 0.000 0.000 0.000
CONCIUSION!

VACUyM TSACKET FROM  PONT R TO €, AND
FROM POINT K TO L MNEED: 70 BE INCPEASED FROM
- VATTO Q' RIPE ZitE TO ACLOMODATE THE
DISBLACEMENTS AT THESE R)IHTE,

;

$
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D-Zero Solenoid Upgrade File : TOGETHER
~Load : Dead Weight + Pressure 1 + Thermal 1

*** Forces and Moments acting on Restraints %#%%*

Point Forces/lb Moments/inch-1b

Name X Y Z X Y Z

START -0 -4 -4 10 0 -0
Al 0 2 0 4] 0 0
A2 -0 -14 0 0 0 0
Bl -0 0 2 0 0 0
Cl 0 -1 0] ] 0 0
Fl 7 0 8 0 1] 0
Gl 0 -6 -3 0 0 0
H1 0 -2 -3 0 0 0
H2 0 -2 -0 0 0 0
J1 0 -2 1 0 0 6]
J2 0 -1 -2 0 0 0
J3 0 -6 5 0 0 0
X1 -8 -2 0 0 0 0
M1 0o -9 -5 0 o 0
END 2 1 1 21 8 9

—
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D-Zero Solenoid Upgrade File : TOGETHER
~Load : Dead Weight + Pressure 1 + Thermal 1

*** Forces and Moments in Element Coordinate System #***

Point Forces/lb Moments/inch-1b
Name X Y Z X Y Z
START -4 4 -0 0 0 10
A 3 -4 0 -0 0 38
Al 4 -2 -0 -0 -0 35
Al -4 -1 -0 0 0 -35
A2 4 4 0 -0 0 -113
A2 -4 10 0 0 -0 113
B 4 -9 -0 -0 0 169
B1 6 -4 0 -0 0 9
Bl -6 2 -0 0 -0 -9
C 3 -2 0 -0 1 94
c1 2 -1 -0 -1 -0 3
c1 -2 2 -0 1 0 -3
D 2 2 0 -1 0 -13
E 3 -2 0 0 1 21
F 2 4 0 -1 o -22
F1 -5 -2 -0 -0 1 45
Fi 5 7 6 0 -45 1
P & -5 -7 -G -0 8 40
3 0 -5 3 0 -17 -28
G1 -0 5 -3 -0 -0 -4
Gl 0 1 -0 -0 0 4
H -0 -0 0 0 0 0
c -7 -0 3 8 =17 -13
H1 7 -0 -3 -8 -3 13
H1 -7 2 ] 8 -3 13
H2 7 1 -0 -8 -1 -10
H2 -7 -0 1 8 -10 1
1 7 4] -0 -8 8 -3
I -0 -0 1 0 -4 0
J 0 0 0 -0 -0 -0
I -7 -0 -0 4 -8 3
J1 7 0 1 -4 11 -5
J1 -7 2 -0 4 5 11
J2 7 1 0 -4 13 2
J2 -7 0 1 4 -13 -2
J3 7 3 -1 -4 -44 -59
J3 -7 3 -4 4 44 59
K 7 -0 4 -4 170 23
K1 4 2 -7 23 -105 -34
X1 -4 0 -2 -23 105 34
L 4 3 2 23 ~-23 -96
M 4 4 -2 -23 -26 -32
—1 -2 5 4 -32 28 -82
1 2 4 1 32 -28 82
N -2 -1 -1 -32 -8 11
END -1 -1 -2 -8 -9 -21




PipePlus version 4.50 Fermi Nat’l Accelerator Lab 06/16/95 08:50 Page

" - R"O
D-Zero Solenoid Upgrade /e File : TgGE‘I‘HEi‘
~Load : Dead Weight + Pressure 1 + Thermal 1

**% Forces and Moments in Global Coordinate System **%%

Point Forces/lb Moments/inch-1b
Name X Y Z X Y Z
START ] 4 4 -10 -0 0
A -0 -3 -4 -~38 0 0
Al -0 -2 -4 35 -0 0
Al -0 -1 4 -35 0 -0
A2 4] 4 -4 -113 0 0
A2 o 10 4 113 -0 -0
B -0 -9 -4 169 0 0
Bl -0 -6 -4 -9 0 0
B1 4] 6 2 9 -0 -0
4 -0 -3 -2 -94 0 1
Cl -0 -1 -2 3 -0 1
Cl -0 2 2 -3 0 -1
D 0 2 -2 -13 0 1
E o 3 -2 21 0 1
F ] 4 -2 -22 o 1
F1 0 5 -2 -45 0 1
F1 -7 -5 -6 45 -0 -1
e 7 5 6 -8 0 -40
G -0 -5 -3 -0 -17 28
G1 0 5 3 0 -0 4
Gl -0 1 0 0 4] -4
H 0 -0 -0 -0 0 -0
G -7 0 -3 8 17 13
H1l 7 0 3 -8 3 -13
H1l -7 2 0 8 -3 13
H2 7 1 -0 -8 -1 -10
H2 -7 1 0 8 1 10
I 7 -0 -0 -8 -3 -8
I 0 1 0 4 0 -0
J -( ) -0 0 -0 4]
I -7 - 0 4 3 8
J1 7 1 -0 -4 -5 -11
J2 7 1 0 -4 13 2
J2 -7 0 1 4 -13 -2
K 7 -0 4 -4 170 23
K1 7 2 4 34 -105 23
K1 2 0 -4 -34 105 -23
L -2 3 4 96 -23 23
M -2 4 4 -32 -23 -26
~M1 -2 5 4 -32 28 ~-82
A1 2 4 1 32 =28 82
END -2 -1 -1 -21 -8 -9
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D-Zero Solenoid Upgrade File : TOGETHER
~Load : Dead Weight + Pressure 1 + Thermal 1

**%* System Stresses (ANSI B31.3) ***

In- Cut
Point Plane Plane Section Stresses/psi
Name SIF SIF Modulus Hoop Longitu. Principal Code Allow.
START 1.00 1.00 0.03 699 583 699 941 6262¢F
A 1.00 1.00 0.03 699 1396 1396 1496 6262°%
Al 1.00 1.00 0.03 699 1308 1308 1408 6262¢
A2 1.00 1.00 0.03 699 3598 3598 3698 6262°¢
B 1.00 1.00 0.03 699 5277 5277 5365 6262¢
Bl 1.00 1,00 0.03 699 578 699 1457 6262F
c 1.00 1.00 0.03 699 3051 3051 5235 6262°¢
C1 1.00 1.00 0.03 699 376 699 4260 6262¢
D 1.00 1.00 0.03 699 657 701 1841 6262°%
E 1.00 1.00 0.03 699 910 910 1301 62625
F 1.00 1.00 0.03 699 300 900 1581 6262°%
Fl 1.00 1.00 0.03 699 1561 1561 1709 6262F
G 1.00 1.00 0.03 699 1455 1455 1826 6262¢
Gl 1.00 1.00 0.03 699 392 699 500 6262¢F
H 1.00 1.00 0.03 699 271 699 380 6262F
G 1.00 1.00 0.03 699 928 978 1138 6262°F
~1 1.00 1.900 0.03 699 699 816 838 6262¢
.2 1.00 1.00 0.03 699 614 781 706 6262F
I 1.00 1.00 0.03 699 548 763 674 6262F
J 1.00 1.00 0.03 699 271 699 380 6262°¢
I 1.00 1.00 0.03 699 548 718 674 62625
J1 1.00 1.00 0.03 699 664 741 828 62625
J2 1.00 1.00 0.03 699 686 750 832 6262°F
J3 1.00 1.00 0.03 699 2454 2456 3157 62625
K 1.00 1.00 0.03 699 5331 5332 5689 62625
K1 1.00 1.00 0.03 699 3517 3557 5265 62625
L 1.00 1.00 0.03 699 3175 3221 3664 62625
M 1.00 1.00 0.03 699 1502 1629 2150 62625
M1 1.00 1.00 0.03 699 2813 2915 3187 62625
N 1.00 1.00 0.03 699 1264 1286 1422 62625
END 1.00 1.00 0.03 699 936 983 1101 62625
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D-Zero Solenoid Upgrade File : TOGETHER
~Load : Dead Weight + Pressure 1 + Thermal 1

**% System Maxima ***

Maximum X displacement = -0.404 inch at point K
Maximum Y displacement = -0.142 inch at point K
Maximum Z displacement = -0.259 inch at point C
Maximum X rotation = 0.449 degree at point Bl
Maximum Y rotation = 0.541 degree at point K1
Maximum 2 rotation = 0.249 degree at point L

Maximum X force -7 1b at point F1

Maximum Y force = 10 1b at point A2
Maximum Z force = -6 1lb at point F1
Maximum X moment 169 inch-1b at point B

X =
Maximum ¥ moment = 170 inch-1lb at point K
Maximum Z moment = -82 inch-1lb at point M1

— Maximum hoop stress = 699 psi at point START
Maximum longitudinal stress = 5331 psi at point K
Maximum principal stress = 5332 psi at point K
Maximum code stress = 5689 psi at point K
Maximum stress ratio (code/allowable) = 0.09 at point K
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D-Zero Solenoid Upgrade File : TOGETHER

_—~

File Name .......¢v...... TOGETHER
— Project .......¢..e....... D=Zero Solenoid Upgrade
Department .............. Research Division / D-Zero Mechanical
Contract Number .........
Description ............. Preliminary Solution for GHe Cooldown
Return.
Prepared by ...¢.ecs..... Andy T. Kuwazaki
Checked bY ..ccevencecnns

ANSI code ....ccce0e00... ANSI B31.3
— Input unit .............. English

Output unit ............. English

output columns .......... 80

Base temperature ........ 70

F factor .....cvceeeeee-e 1.0

E factor ....cccec0eceeese 1.33

Number of dynamic modes.. 8

cut-off frequency ....... 33 Hz
B— Max no. of iterations ... 12

Convergence tolerance ... 3

Force tolerance ......... 5 1b
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D~Zero Solenoid Upgrade File : TOGETHER
Frm Point DX DY D2 Radius X Y Z
/To nanme (feet) (feet) {(feet) (inch) (feet) (feet) (feet)

HHEHEddHEHdEA S ddddudeg 399389 G938 "0000

W - S G W T - — W S WS S W T WS WD S T - T — - — A . D W - W WS . W G S WV —— - - -

This analysis is intended as a preliminary estimate of the defelctions and
stresses in the 0.5" He Supply pipe.

The load combination: Dead Weight + Pressure + Thermal

All points followed by a number represent spider-type locations.

START 0.0600 0.000 0.000
A -12" 0.000 =1.000 0.000
Al -30% 0.000 =-1.000 -2.500
A2 -60" 0.000 -1.000 -7.500
B -30" 0.000 -1.000 =10.000
Bl -45" 0.000 -4.750 -10.000
Cc -45" 0.000 -8.500 =10.000
Cl -50" 0.000 -8.500 -14.167
D =70" 0.000 -8.500 -20.000
E is" 0.000 =7.000 =20.000
F -12" 0.000 -7.000 =-21.000
F1 -12" 0.000 -8.000 -21.000
G -6" 0.000 -8.500 -21.000
G 0.000 ~-8.500 -21.000 0.000 -8.500 -21.000
Gl -6" -0.500 -8.500 -21.000
H -12% -1.500 -8.500 -21.000
G 0.000 -8.500 -21.000 0.000 ~8.500 -21.000
H1 6" 0.500 -8.500 -21.000
H2 53% 4.917 -8.500 =21.000
I 6" 5.417 -8.500 -21.000
I 5.417 -8.500 =21.000 5.417 -8.500 =21.000
J -12" 5.417 -8.500 -22.000
I 5.417 -8.500 -21.000 5.417 -8.500 -21.000
J1 6" 5.917 -8.500 =21.000
J2 44" 9.583 -8.500 -21.000
J3 50" 13.750 -8.500 -21.000
K 50" 17.917 -8.500 -21.000
Kl 40" 17.917 ~8.500 ~17.667
L 50" 17.917 ~8.500 -13.500
M 30" 17.917 =-6.000 ~13.500
Ml 1z2¢ 18.917 -6.000 -13.500
N 38" 22.083 -6.000 -13.500
END 12" 22.083 -5.000 -13.500
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D-Zero Solenoid Upgrade File : TOGETHER
—
Point Data Description
START Pipe Pipe data identifier = P1
Nominal Diameter = .5
Pipe Schedule =
Actual Pipe 0. D. = .840 inch
Wall Thickness = ,083 inch
Corrosion Allowance = 0 inch
Insulation Thickness = 0 inch
Insulation Density = 0 1lb/cu.ft
Content S. G. = 0
Material Data Identifier = SS
Austenitic stainless (301-309, 316, 321, 237)
Density = 0.2899 1b/cu.inch
Tempera. Modulus Expansion
(deg.F) (psi ) (inch/inch)
-325. 30400000 -0.00321
-150. 29900000 -0.00189
-50. 29400000 -0.00103
70. 28300000 0.00000
200. 27700000 0.00122
300. 27100000 0.00218
400. 26600000 0.00317
—~ 500. 26100000 0.00417
600. 25400000 0.00520
700. 24800000 0.00625
800. 24100000 0.00733
900. 23400000 0.00843
1000. 22700000 0.00957
1100. 22000000 0.01070
1200. 21300000 0.01183
1300. 20700000 0.01297
1400. 19300000 0.01410
Temperature Allowable stresses
(deg.F) (psi)
-425 25050
Load Load data identifier = GHE
Case Temperature Pressure Expansion
No. (deg.F) (psig ) (inch/inch)
1 -150 150 ~-0.001890
Anchor Rigid in all directions
A
Al Guide
A2 Guide
B
Bl Guide
o4
c1 Guide
— D
E
F
F1 Guide



http:lb/cu.ft
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D-Zero Solenoid Upgrade

_—~

Point Data
G Tee

G

Gl Guide
H

G

H1 Guide
H2 Guide
I Tee

I

J

I

Ji Guide
J2 Guide
J3 Guide
K

K1 Guide
L

M

M1 Guide
N

END Anchor

Description

Weld-in contour insert

Weld~in contour insert

Rigid in all directions

File

TOGETHE!|
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