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This engineering note documents the thermal contraction analysis that was
done for the D-Zero solenoid chimney. The analysis was done as support of
the "Design Report of the 2 Tesla Superconducting Solenoid for the
Fermilab DO Detector upgrade."

SUMMARY

The cryogenic LHE and LN2 lines were analyzed for combined pressure,
thermal movement, and dead weight. The tubing was stress analyzed per
ASME code for Pressure Piping, standard ANSI/ASME B31.3, for eight
combinations of thermal loading. A commercial pipe stress analysis and
design system by Algor® was used for the analysis. Stresses calculated
were well below allowables. Based on the analysis, the cryogenic lines will
be installed at an offset from the vacuum jacket centerline so that during
steady state cold operation, the cryogenic lines will be in a proper location.

ANALYSIS

The chimney route as of this writing follows the path shown in Figure 1.
The majority of the analysis was done almost a year earlier (11/92 thru
12/92) with a slightly different path. The difference in the path is in the
longest inclined section. At the time of analysis it was thought that the
chimney would be straight up the incline and then elbow at 90 degrees into
the side of the control dewar. The analysis was done for that configuration.
See Figures 2 and 3 for a sketch showing the route and the locations of the
spider support guides for the cryogenic piping. The slight difference in the
chimney path route will not significantly change the outcome of the analysis
and therefore the results from the analysis that was done is still considered
valid.

The analysis was done using Pipe Plus Pipe Stress Analysis and Design
System software, version 4.50 from Algor® . This DOS application was
borrowed from the RD/Mechanical support group. A copy of the application
and case files used in the analysis can be found on the hard drive of the IBM
machine in the D-Zero cryo control room. The computer is a Gateway 2000,
model 4DX-33V with a Fermilab property number 78384. The files n
hard drive C:, directory PIPE. To run the software, run the file named
PIPE.EXE. The software "file'" menu will allow access to all case files. See
table 1 for the cases. Cases 1,2 and 3 are saved under filename "CASE123".
Cases 4 and 5 are saved as "CASE4&5".



For each case run, the results were from the combined effect of:

Dead Weight + Pressure + Thermal contraction + Displacement
*Dead Weight considered the pipe itself plus contents with S.G. = 1.0
*Pressure was always 150 psig.

*Thermal contraction was based on:

LN2 line cold was at -320 F.

LHe line cold was at -452 F.
Pipe materials were 1/2" & 3/4" O.D. aluminum tubing x 0.065" wall

TABLE 1: Thermal combinations considered and the maximum stresses
from the analysis.The 8 combinations considered. W=warm, C=cold

CASES LN2LINE LHeLINE SOLENOID  Max, Stress
C

1 \' w 5.9 ksi @ HE7
2 w C C 6.0 ksi @ HE6
3 \'i W C 3.4ksi @ HE3
4 C C C 3.7 ksi @ HEOb
5 C C w 3.5 ksi @ HE6
6 C \' C 2.7 ksi @ TL6b
7 C w W 2.7 ksi @ TL6b
8 A W W not applicable

*Displacement was used at anchor points. In cases when the solenoid was
cold, the LHe anchor HEOQa was displaced. See appendix for calculation of
solenoid displacement. In cases 4 & 5 the support locations along the LHe
line were displaced to account for the LN2 piping being displaced by
thermal and dead weight loads.

Comments about the cases:

Case 1: Guides were used along the LHe line except at the ends which were
anchors. The guides were considered fixed in space allowing the piping
only to move axially. The anchor at HEOa was rigid in all directions. The
anchor at HE9 was free to move, simulating built in flexibility in the cagtrol
dewar.

Case 2: Modeled the same as Case 1 except displacement was added at the
HEOQa anchor due the solenoid contraction.

Case 3: Rather trivial case.




Case 4. Modeled conservatively by changing the guides along the LHe
piping into anchors which were rigid except for allowing rotations of the
pipe. The anchors were displaced by the amount the LN2 piping at each
location was displaced. The LN2 piping was modeled with an anchor at
each end and guides along the pipe. In addition, the anchor at HEOa was
displaced due to the solenoid shrinkage.

Case 5: Modeled the same as case 4 except the anchor at HEOa was not
displaced because the solenoid was warm.

Cases 6 & 7: The LN2 piping was modeled with an anchor at each end and
guides along the pipe. The loading conditions for the LN2 piping for this
case is identical to that in cases 4 & 5. Therefore a separate run was not
made. The stresses and displacements for the LN2 piping in these cases can
be read off the output of cases 4 & 5.

Case 8: Trivial case, not run.
Allowable;

The allowable stress used was derived from ANSI/ASME B31.3-1984 code.
The allowable stress, SE, listed in Table A-1 is 8.0 ksi for 6061-T6 seamless
pipe and tube that is welded.

The allowable stress for stresses due to displacement strains is calculated
from section 302.3.5, Equation (1a) of the code. This stress is:

Sa=Ff(1.25Sc+0.25Sh) = 1.0 (1.25{8.0} + 0.25{8.0}) = 12.0 ksi

The Algor® piping analysis package prints out an allowable next to the
system stress output that is 20.0 ksi. I do not agree with this value. I'm not
exactly sure how the program calculated this because the allowable of 8.0
ksi was input by me as material data information. My feeling is that there is
a mistake in the program such that instead of Sa simplifying out to be 1.5
Sc, (due to Sc = Sh), Sa simplified out to 2.5 Sc, I can easily see how this
could happen if Equation (1a) was mistyped. Another possibility is thag I am
not interpreting the code to it's fullest extent. It is my judgement that the
allowable stress to which the piping program output should be compared to
is 12.0 ksi.



Results:

The output from the analysis is attached to this note. The output shows that
the stresses calculated from any combination of thermal loading are well
below the allowable of 12.0 ksi. It is also worth noting that the stresses are
well distributed along the tubing runs.

The construction of the chimney is such that the LHe and LN2 tubing are
built with a warm offset at various locations that enable the tubing to
displace to a centered position during cryogenic operation. The output from
the analysis determined the magnitude and location of these built in warm
offsets. See Table 2.

TABLE 2: Built in offsets to compensate for thermal movement

Location X" Offset "Y' Offset "Z" Offset
TR6 + 0.375 inches o e
TR7 - 0.350 inches —— + 0.29 inches
HEG6 + 0.375 inches S
HE7 -0.350 inches @ === + 0.29 inches
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pipePlus version 4.50 Fermi Nat’l Accelerator Lab 10/158/93 10:57.Page

D-Zero Solenocid Upgrade CHIMNEY DESIGN File = CASE
~
File Name ......iuevoenmenn CASE123
Project ... veranananaan- D~Zero Solenoid Upgrade CHIMNEY DESIGN
Department .....cneennnn. Research Division/D-Zero Mechanical
Contract Number ......... Serial # 3822.111
Description ...eeeenenenn Liquid Nitrogen & Liquid Helium lines
Prepared by . ..o uenuencan Russ Rucinski
Checked by ...
ANST code ... v ime v ANSI B31.3
Input unit ....ueveana. .. English
Output unit . ... eneen.. English
Output columns .......... 80
Base temperature ........ 70
F factor .uvievenenennncns 1.0
E factor ... uvnnennnnen 1.33
Number of dynamic modes.. 0
Cut—off frequency ....... 0 Hz
Max no. of iterations ... ©
Convergence tolerance ... O -
Force tolerance ......... 0 1b
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PipePlus version 4.50 Fermi Nat’l Accelerator Lab 10/15/93 10:57 Page

o~ D-Zero Solenoid Upgrade CHIMNEY DESIGN File : CASI
Frm Point DX DY Dz Radius X Y z
/To name ( feet) ( feet) (feet) (inch) (feet) ( feet ) (feet)

C Points HEO thru HEn represent the LHe supply line.
C Pt HEC moves when the solenoid is cold. HEOa is attached
¢ to the support cvlinder.
C
C Points TR1 thru TRnn represent nodal points for the top right LN2 line.
C The supports are spider type supports, LN2 shiesld to VJ.
C At the solenoid, TR1 doesn’t move when sol. is cold since sol. shield
C floats on panels supported off wvacuum Jjacket.
F TR1 o) 0 0 0.000 0.000 0.0
T TRZ 0 0 4.6373" short 0.000 0.000 0.3
C The first support is placed midway between TR2 and TR3.
T TRZa 8.2170" -1.7687" 1.6338" 0.685 -0.147 0.5
T TR3 8.2170" -1.7687" 1.63328" 1.370 -0 .295 0.6/
T TR4 35.1470" ~7.5657" 6£.9884" 89.1875 4 .298 -0 .925 1.2
T TR5 28.5434" -6.1442" -14 557" 6.677 -1 .437 0.0
C The second support is placed approx. midway between TR5 and TRé.
T TRB5a 12.1639" -2.6184" ~6.0645" 7 .691 -1 .655 -0.4
C Point TRé is moved 0.375" in +X to bring it to nominal location when col
T TR& 11.0389" -2.2955" ~-6&.0096" Long 8.611 -1 .847 -0.9
C Pt TR6a offset in X is compensates for TRé dev. from nom. when warm.
T TR6éa =0.375" O 38.1782" 8.579 -1.847 2.2
T TR6b O 0 38.1782" 8.579 -1.847 5.3
C Pt. TR7 is -.35" in X and +0.29" in Z to bring to nom. location when col
T TR7 -0 .35" 0 38.4682" Long 8.550 -1 .847 8.5
C Pt TR7a offset in X & Z compensates for TR7 deviation from nom. when war
T TR7a 41.5738" 54.4685" ~-0.29" 12.015 2.692 8.5
T TR7b 82.6876" 108.937" O 18.905 11.770 8.5
T TR8 41 .3438" 54 .4685" O Long 22.351 16 .309 8.5
T TR9 0 o 12" 22 .351 16 .309 9.5
F HEQa -32.53" 1.913" 0 -0.294 0.159 0.0
T HEOb ~-2.60" 0 0 Long -0.511 0.159 0.0
T HE1L 0] 0 2.03" -0.511 0.159 0.1
T HEZ2 o 0 5.065166" Long ~-0.511 - 0.159 0.5
T HE3 17.7721" ~2.8256" 3.53368" 0.970 -0 ,159 0.8
T HE4 35.3646" -7.6125" 7.03164" 89.875" 3.917 -0 .794 1.4
T HES 28.7412" —-6.1869" -14.658" 6.312 -1.309 0.2
C Pt HE6 is +0.375" longer in X to bring to nom. location when cold.
T HES& 20.8721" ~-5.128" -10.535" Long 8.052 -1 .737 -0.6
C Pt HEba X offset is to compensate for HE6 deviation from nom. when warm.
T HE6a -.375" 0 24 .0000" 8.020 -1.737 1.3
T HE6b O 0 21 .8808" 8.020 -1 @37 3.1
T HE6¢c © 0O 21 .8808" 8.020 -1.737 5.0
T HE6d O 0 21.8808" 8.020 -1 .737 6.8
C Pt HE7 is -.35" in X and +0.29" in Z to bring to nom. location when cold
T HE? -0.35" 0 24 .2900" Long 7 .991 -1.737 8.8
C Pt HE7a offset in X is +.35" more than nom. and Z offset to compensate T
C HE7 warm deviation from nominal location.
T HE7a 31.3353" 40.8512" -0.29" 10.603 1.668 8.8
T HE7b 51.6422" 68.0854" O 14 .906 - 7.341 8.8
T HE7¢c 51.6422" 68.0854" O 19.210 12.015 8.8
T HES 30.9854" 40.8512" O Long 21 .792 16 .419 8.8




PipePlus version 4.50

Fermi Nat’l Accelerator Lab 10/15/93 10:57 Page

D-Zero Solenoid Upgrade CHIMNEY DESIGN File : 'CAS

Frm Point DX DY DZ Radius X Y 2

/To name (feet) (feet) (feet) (inch) (feet) (feet) (feet)
T HE® 0 0 12" 21.792 16.419 9.8
C
C The points below, TLn represent the top left LN2 piping.
F TL1 -3.00" O O -0 .250 0.000 0.0
T TLZ2 o} 0 5.50" -0 .250 0.000 0.4
T TLZa 10.8932" ~2.3449" 2.16594" 0.658 -0.195 0.6
T TLS 8.2170" -1.7687" 1.6338" 1.343 -0.343 0.7
T TLA4 35.5822" -7.6593" 7.07489" 90.5625" 4,308 -0 .981 1.3
T TLS 28.9401" ~6.2296" ~14.760" 6.719 -1.500 0.1
T TLBa 12.1629" -2 .6184" ~6.0645" 7.733 -1.718 -0.3
C Pt. TL6 is moved +.375" in X to bring it to nominal when cold.
T TL6 6.3751" ~-1.5456" ~3.2267" Long 8.264 -1.847 -Q0.6
C Pt. TLéa X offset iz to compensate for TLé6 dev. from nom. when warm.
T TLéa -.378" 0 34.118" 8.233 -1.847 2.2
T TLéeb © 0 38.1782" 8.233 -1.847 5.3
C Pt. TL6c i3 ~.35" in X and +.29" in Z to bring to nom. location when col.
T TLéc -0.35" Q 38.4682" 8.204 -1.847 8.5
C A jog using pt. TL7 and TL7al was required to maintain the correct spaci
C of the LN2 lines.
T TL?7 0O 0 4.16" 8.204 -1.847 8.9
T TLL7al 4.16" el o t.ong 8.551 -1.847 8.9
T TL7a 41 .5738" 54 .4685" O 12.015 2.692 8.9
T TL7b 82.6876" 108.937" 0 18.906 11.770 £
C Pt TL8 was stopped short by 5% to approximate actual piping relationsHTE
T TLS8 39.2766" 51.7451" O i.ong 22.179 16.082 8.9
T TL9 0 0 i2” 22.179 16 .082 9.9

,;,,
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Point Data Description

1 Fermi Nat’l Accelerator Lab
f-D-Zero Solenoid Upgrade CHIMNEY DESIGN

10/15/93 10:57 Page

File CASE

— - - - —— — (o Yo ot v o " " ot Dl T —— W~ > — "— - - - - —_"; o oo o T St . - V" ‘o T " ——— " >, " - -

TR1 Pipe Pipe data identifier = 1/2
Nominal Diameter = 1/2
Pipe Schedule =
Actual Pipe 0. D. = .500 inch
Wall Thickness = 0.065 inch
Corrosion Allowance = 0 inch
Insulation Thickness = 0 inch
Insulation Density = 0 1b/cu.ft
Content . G. = 1.0
Material Data Identifier =
Aluminum, aluminum alloys
Density = 0.0978 lb/cu.inch
Tempera. Modulus Expansion
(deg.F) (psi {(inch/inch)
-225. 11300000 -0 .00390
-150. 11100000 -0.00240
-50. 10900000 -0.00139
70. 10600000 0.00000
200 . 10400000 0.00167
300. 10200000 0 .00306
400 . 9500000 0.00449
500 . 8500000 ¢ .00598
Temperature Allowable stresses
(deg.F) (psi)
-320 8000.
L.oad Load data identifier = LN2
Case Temperature Pressure Expansion
No. (deg.F) (psig Y (inch/inch)
1 70 150 0 .000000
2 70 150 0 .000000
3 70 18¢ 0 .000000
Anchor Rigid in all directions

Tnitial displacement (inch,degree) :
Case 1, translational X = 0 inch
Case 1, translational ¥ = O inch
Case 1, translational Z = 0O inch
Case 1, rotational X = 0 degree
Case 1, rotational ¥ = 0 degree
Case 1, rotational Z = O degree
Case 2, translaticonal X = 0 inch
Cage 2, translational Y = 0 inch
Case 2, translational Z = O inch >
Case 2, rotational X = O degree
Case 2, rotational Y = O degree
Case 2, rotational Z = 0 degree
Case 3, translational X = 0 inch
Case 3, translational Y = 0 inch
Case 3, translational Z = O inch
Case 3, rotational X = 0O degree
Case 3, rotational Y = 0O degree
Case 3, rotational Z = 0 degree

TR2
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D-Zero Solenoid Upgrade CHIMNEY DESIGN

Fermi Nat’l Accelerator Lab 10/15/93 10:57. Page

File

- o — o W — 7> o T . O > P o S s o . . T W T i S S T Tt o P S Tt SR S S OO S S S S S ST VM S WA G S . S S M e

HEQa

Guide

Guide
Guide

Line stop

Guide
Guide

Anchor

Pipe

Material
lL.oad

Translational stiffness (lb/inch)

X=FREE Y=FREE Z=FREE

Rotational stiffness (lb-inch/deg) :
X=FREE Y=FREE Z=FREE

Initial displacement (inch,degree) :
Case 1, translational X = 0 inch
Case 1, translaticonal ¥ = 0 inch
Case 1, translational Z = © inch
Case 1, rotational X = ¢ degree
Case 1, rotational ¥ = O degree
Case 1, rotational Z = O degree
Case 2, translational X = 0 inch
Case 2, translational Y = 0O inch
Case 2, translational Z = 0O inch
Case 2, rotational X = 0 degree
Case 2, votational ¥ = 0 degree
Case 2, rotational Z = 0O degree
Case 3, translational X = 0O inch
Case 3, translational ¥ = 0O inch
Case 3, translational Z = © inch
Case 3, rotational X = © degree
Case 3, rotational ¥ = O degree
Case 3, rotational Z = 0 degree
Free Y restraint during hanger design

Pipe data identifier = 3/4

Nominal Diameter = 3/4

Pipe Schedule =

Actual Pipe 0. D. = 0.750 inch

Wall Thickness = 0.065 inch

Corrosion Allowance = 0 inch

Insulation Thickness = 0 inch

Insulation Density = 0 lb/cu.ft

Content 8. G. = 1.0

Data Identifier = AL

Load data identifier = LHE

Case Temperature Pressure Expansion
No. (deg.F) (psig ) (inch/inch)
1 -452 150 -0.003900
2 -452 150 -0.003900

v

* CASE
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Fermi Nat’l Accelerator Lab
/“D—Zero Solenoid Upgrade CHIMNEY DESIGN

File

Point Data Description
2 70 150 G .000000
Anchor Rigid in all directions
Initial displacement (inch,degree)
Case 1, translational X = 0.000 inch
Case 1, translational Y = 0.000 inch
Case 1, translational Z = 0.000 inch
Case 1, rotational X = 0 degree
Case 1, rotational Y = 0 degree
Case 1, rotational Z = O degrae
Case 2, translational X = 0.000 inch
Case 2, translational Y = 0.1120 inch
Case 2, translational Z = 0.000 inch
Case 2, rotational X = O degree
Case 2, rotational Y = 0 degree
Case 2, rotational Z = O degree
Case 3, translational X = 0.000 inch
Case 3, translational Y = 0.1120 inch
Case 3, translational Z = 0.000 inch
Case 3, rotational X = 0O degree
Case 2, rotational ¥ = 0 degree
Case 3, rotational Z = O degree
HEObL
HE1
HEZ2
HEZ Guide
HE4 Guide
HES Guide
HE6
HE&6a Guide
HE&b
HE&C
HE&d Guide
HEZ
HEZa Guide
HE7b Line stop
Guide
HEZ7cC Guide
HES
HE9 Anchor Translational stiffness (lb/inch) :
X=FREE Y=FREE =FREE
Rotational stiffness (lb~inchsdeg)
X=FREE Y=FREE Z=FREE
Initial displacement (inch,degree) -
Case 1, translational X = 0 inch
Case 1, translational Y = O inch
Case 1, translational Z = ©O inch
Case 1, rotational X = O degree
Case 1, rotational Y = 0Q degree
Case 1, rotational Z = O degree
Case 2, translational X = O inch
Case 2, translational Y = 0 inch
Case 2¢ = 0 inCh

translational Z

10/15/93 10:57 Page
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D~Zero Solenoid Upgrade CHIMNEY DESIGN File : CASE
Point Data Description -~
Case 2, rotational X = 0 degree
Case 2, rotational Y = 0 degrece
Case 2, rotational Z = © degree
Case 3, translational X = 0 inch
Case 3, translational ¥ = 0 inch
Case 3, translational Z = 0 inch
Case 3, rotational X = © degree
Case 3, rotational ¥ = ¢ degree
Case 3, rotational Z = O degree
Free Y restraint during hanger design
TL1 Pipe Pipe data identifier = 1/2
Material Data Identifier = AL
l.oad Load data identifier = LN2
Anchor Rigid in all directions
Initial displacement (inch,degree) :
Case 1, translational X = 0O inch
Case 1, translational ¥ = 0O inch
Case 1, translational Z = 0 inch
Case 1, votational X = 0 degree
Casz 1, rvotational ¥ = 0O degree
Case 1, rotational zZ = 0O degree
Case 2, translational X = 0O inch
Case 2, translational ¥ = 0 inch
Case 2, translational Z = 0O inch
Case 2, rotational X = 0 degree -
Case 2, rotational ¥ = 0 degree
Case 2, rotational Z = O degree
Case 3, translational X = 0 inch
Case 3, translatiocnal ¥ = 0 inch
Case 2, translational Z = © inch
Case 3, rotational X = 0 degree
Case 3, rotational Y = 0 degree
Case 32, rotational Z = 0 degree
TL2
TL2a Guide
TL3
TL4
TLS
TLSa Guide
TL&
TLéa Guide
TL.&b Guide ¥
TLé6C
TL7
TLL.7al
TL7a Line stop
Guide
TL7b Guide
TL.8
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,\D~Zero Solenoid Upgrade CHIMNEY DESIGN , File . CASE
Point Data Description
LY Anchor Translational stiffness (lb/inch) :

X=Free Y=Free Z=Free
Rotational stiffness (lb-inch/deg)
X=Fyree Y=Free Z=Free
Initial displacement (inch,degree) :
Case 1, translational X = 0 inch
Case 1, translational ¥ = 0 inch
Case 1, translational Z = 0 inch
Case 1, rotational X = 0 degree
Case 1, rotational Y = 0 degree
Case 1, rotational Z = 0O degree
Case 2, translational X = © inch
Case 2, translational Y = 0 inch
Case 2, translational Z = 0 inch
Case 2, rotational X = 0 degree
Case 2, votational Y = 0 degree
Case 2, rotational Z = © degree
Case 3, translational X = 0 inch
Case 2, translational ¥ = 0 inch
Case 2, translational Z = O inch
Case 3, rotational X = 0 degree

— Case 3, rotational Y = 0 dagree
Case 3, rotational Z = O degree

Free Y restraint during hanger design

“‘\?
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D~Zero Solencid Upgrade CHIMNEY DESIGN File : 'CASt

~—’

number Combination
1 D.W. + Presl + Therl + Displ
2 D.W. + Pres2 + Ther2 + Disp2
3 D.W. + Pres2 + Ther3 + Disp3

v
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~D-Zero Solenoid Upgrade CHIMNEY DESIGN , File : CASE

*k¥  Support Summary ¥kx

Forcess/lb or Moments/inch-lb

Point Global Sustained Expansion Total

Name Direction Max Min Max Min Occasion. Max C M
TR1 Fx 1 o) 0O 0 0 1
Fy 1 o) O 0 0 1
Fz 0 0 0 0 0 0
My 2 0o 0O 0 0O 2
Mz 1 0O O O O 1
TR5a Fz 0 0 o) 0 o) o)
TR6&6b Fx 0 O 0 0O 0 0
Fz 0 0O 0O 0 0O 0
TR7a Fx 1 0 0 0 0 1
TR7b Fx 1 0 o) 0 o] 1
TR Fx 0 0 O o) 0 0
z 0 0 O 0 0 0
HEQa Fx o 0 4 -1 0 5
Fy -1 o ) -6 ) -1
Fz o} O 3 -Q 0O 4
Mx 2 0 44 0 0 46
My 2 0 14 ~& O 17
—~ Mz 1 0O 2 ~-18 0 3
HE3 Fx o) 0 4 O 0 4
Fy 1 0O 17 o 0 18
Fz -0 Q 1 -2 0 1
HE4 .Near Fx ~Q 0 0 -2 o) -G
Fy A o] O -13 O -2
Fz -0 0 0 -3 o -0
HES Fx -0 0 2 o % 2
Fz 0 0 4 -0 0 4
HEGa Fx ~0 0 0 -9 0 -0
Fy -1 o) ) -0 0 -1
HEs&d Fx 0 O 7 0O 0 7
Fy -2 ) 7 ~0 0 6
Fz 0 0 0 0 o 0
HEZa Fx 1 O ¢ -Q 0 1
Fz 0 0 0 -3 0 O
HEZ7b Fx -3 0] 0 -4 o] -3
Fy -4 0 o} -6 0 -4
HE7b Fx 1 0 O 0 O 1
Fy -1 0 0 -0 o -1
Fz -0 0 0 -0 0 ¥ 0
HEZ¢C Fx 1 0 0O 0O 0 1
Fy -1 0 0 -0 0 ~1
Fz -0 0 0 -0 0 -0
HE9S Fx O 0 ) -0 0 O
Fy -0 Q 0 -Q o) -0
— Fz 0 o] o) -0 o o
Mx -0 ) o} - o} -C
My -0 o] (o] -Q 0O -Q
Mz -0 o) 0] -0 0 -0
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D-Zero Solenoid Upgrade CHIMNEY DESIGN | File : CASE
*kk  Support Summary xkxk ~
: Forces/lb or Momentss/inch-lb
Point Global sSustained Expansion Total
Name Direction Max Min Max Min Occasion. Max Mi
TL1 Fx 1 o} O 0 0 1
Fy 1 Q o) 0 0] 1
Fz O O 0 0 6] 9]
My 2 0 0 e} o} 2
Mz 1 0 s} 0 C 1
TL.Sa Fz 0 0 0 o} O 0
TL6b Fx 0 o] o] o o} 0
Fz 0 0 O Q (o) Q
TL7a Fx 1 O 0 ¢ C 1
TL?7b Fx 1 0o o} 0 C 1
TL9 Fx 0 0] 0 o ¢ 0]
Fz 0 0O O 0 ¢ 0
e
;ﬂ,
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D~Zero Solenoid Upgrade CHIMNEY DESIGN File
r“ad Dead Weight + Pressure 1 + Thermal 1 + Displacement 1
xx*x System Deflections kX
Point ‘Displacements/inch Rotations/degree
Name hd Y Z X Y
TR1 0,000 0.000 0.000 -0 .000 0.000
TR2 .Near 0.000 0.001 0.000 -0.021 0.005
TR2 .Far 0.000 0.001 0.000 -0 .019 0.002
TR2a 0 .000 -0 .000 0.000 0.035% 0.0032
TR3 -G, 005 -0.025 -0 .004 0.106 0.016
TR@.Near -0 .,010 -0 .056 -0.008 0.146 0.017
TR4 .Far ~Q 015 -0.102 -0.017 0 .305 -0 .108
TRS -0.011 -0.087 -0 .015 0.303 ~-0.108
TR5a 0.012 ~(.002 -0.006 0.249 -0 .094
TRE& .Near 0.02 0.055 -0 .000 0.196 -0 .0686
TR& .Far Q.02 0,057 0.000 0.191 -0 .059
TRé6a -0 .000 -0 .000 0.000 -0.011 -0 .0857
TR6&6bD ~0.000 -Q.,000 0.000 .12z 0.163
TR7 .Near 0.214 -~ 163 0.002 0.263 0.3283
TR7 .Far 0.216 ~-0.165 0.002 0.262 0.379
TR7a 0.000 -0 .000 -0 L. 000 C.142 0.173
TR7bH -0 .000 -0 .000 ~0. 000 -0 .169 ~-0.211
TR8 .Near Q.22 -0.174 0.008 -0 .281 -0 .43
Rr8.Far 0.22 ~0.173 0.009 -0.282 ~0.438
RS 0.139 -0 .117 0.009 -0 . 285 ~Q .447
HEQa 0.000 -3 . 000 0.000 0.000 0.000
HEOD . Near 0.006 -0 .000 0.000 0 .008 0.014
HEODL .Far 0.011 -0 ,000 -0 .004 0.02C 0.035
HE 1 ©.011 -0 .001 -0 . Q07 0.022 0.0326
HEZ .Near 0.013 -0 .002 -0 .02 0.022 0.006
HEZ2 .Far 0.009 -0 .002 -0.027 0.013 -0 053
HE3 -0.0&62 0.013 -0.012 0.02 -0 .056
HE4 .Near -0.085 ©.018 -Q,017 0 .0&Q 0 .039
HE4 Far ~(.253 0.053 0.102 0.073 -0 .560
HES -0 . 249 0.061 0.126 0.071 -0 .590
HE& .Near -0.232 0.162 0.307 0.217 -0 049
HE®6 .Far -0 .,232 0.143 0.298 0.305 0.321
HE&a -0 .000 -0 .000 0.216 0.5058 0.495
HE &b 0.048 -0.182 0.13 0.362 -0.139
HE&C -0 .029 -0 .224 0.045 -0 .196 -0 .164
HE6d 0.001 0 .000 -0 .040 -1.003 0.420
HE7 .Near 0 .242 0.462 ~0.,127 ~-0.945 0.472
HEZ .Far 0.249 0.474 ~-0.148 -0.715 0.295
HE7a 0.201 0.265 -0 ,000 0.182 -0 .443
HE7b -0.000 -0 .000 0.000 -0.271 -0 .174
HEZC -0 .201 -0 .266 -0, 000 -0 .193 -0 .307
HES .Near -0 .106 -0.582 ~-0Q.010 -0 . 296 -0.273
HES . Far -0.109 ~0.585 -0 .,.016 ~0.308 -0 .266
NE9 -0 .159 -0 . 525 ~0. 058 -0 .322 -0 .259
y L1 ©.000 0.000 0.000 -0 . 000 0.000
TL2 0.001 0.002 0.000 ~0.02 0.006
TL2a 0.000 -0 .000 0.000 0 .044 0.004
TL3 -0 .005 ~0.0321 -, 004 0.114 0.019

Fermi Nat’l Accelerator Lab
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Point
Name

TL4 .Neary
TL4 .Far
TLS

TL5a

Ti.é6 .Near
TLé .Far
Ti.6a

TLéb

TL6&C

TL7

TLZ7al .Nea
TL7al .Far
TL7a

TL7b

TL8 .Near
TL8 .Fayr
TL9
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Load : Dead UWeight + Pressure 1 + Thermal 1 + Displacement 1
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System Deflections

Displacements/inch
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PipePlus version 4.50 Fermi Nat’l

ersi . > Accelerator Lab 10/15,93 PB7 Page
'D~Zer? Solen01q Upgrade CHIMNEY DESIGN 7 1?11; Tﬂ?ZSEléf
Fad : Dead Weight + Pressure 1 + Thermal 1 + Displacement 1 N

*k¥%  System Stresses (ANSI B31.2)  %kxx

. In~- Qut
Point Plgne Plane Section Stresses/psi
ﬁ?T? SIF SIF Modulus Hoop Longitu. Principal Code Allow.
TR1 1.0 1.00 0.01 517 732 75 3
TR2 .Near 1.15 1.00 0.01 517 287 531 292 ggggg
TRZ .Far 1.15 1.00 0.01 517 276 538 383 20000
TR2a 1.00 1.00 0.01 517 1406 1412 1513 20000
TR2 1.00 1.00 0.01 517 833 850 940 20000
TR4 .Near 1.00 1.00 0.01 517 475 573 582 20000
TR4.F&Y 1.00 1.00 .01 517 452 553 559 20000
RS 1.00 1.00 0.01 517 372 528 478 20000
TRE5a 1.00 1.00 0.01 517 37 656 744 20000
TR& . Near 1.00 1.00 .01 517 303 529 410 20000
TR& .Far 1.00 1.00 0.01 517 348 518 455 20000
TR&a 1.00 1.00 0 .01 517 215 518 22 20000
TR6L 1.00 1.00 .01 517 1166 1167 273 20000
TR7 .Near 1.00 1.00 0.01 517 299 517 406 20000
TR7 .Far 1.00 1.00 0.01 517 233 530 340 20000
TR7 a 1.00 1.00 .01 517 1435 14329 1590 20000
;B?b 1.00 1.00 0.01 517 1469 1473 1594 20000

8.Nzar 1.00 1.0¢ .01 517 257 532 367 20000
TR8 .Far 1.00 1.00 .01 517 314 518 422 20000
TRG 1.00 1.00 0.01 517 243 518 250 20000
HEQa 1.00 1.0¢C .02 805 1065 1125 1236 20000
HECDh .Near 1.23 1.02 Q.02 805 935 1022 1105 20000
HEOL .Far 1.23 1.02 Q.02 805 595 806 6832 20000
HE1 1.00 1.00 0.02 805 507 806 543 20000
HEZ .Near 1.22 1.02 0.02 805 1490 1490 1576 20000
HEZ .Far 1.23 1.02 Q.02 805H 1612 1613 1689 20000
HES3 1.00 1.00 0.02 805 1392 1393 1475 20000
HE4 .Neary 1.00 1.00 0.02 805 1719 1720 1945 20000
HE4 .Far 1.00 1.00 0.02 805 1389 1391 1747 20000
HES 1.00 1.0C .02 805 1280 1282 1760 20000
HES6 .Neay 1.22 1.02 Q.02 805 5666 B666 5738 20000
HE6 .Far 1.22 1.0z 0.02 805 5449 5451 5568 20000
HE&a 1.00 1.00 .02 805 3337 233 2690 20000
HEED 1.00 1.00 .02 805 19321 1936 2104 20000
HE6C 1.00 1.00 .02 805 2761 2764 2861 20000
HE&d 1.00 1.00 0.02 805 4292 4293 5090 20000
HEY .Near 1.23 1.02 Q.02 805 5324 5334 5523 20000
HE?7 .Far 1.23 1.02 .02 805 5719 5719 5857 20000
HEZ7a 1.00 1.00 .02 805 1562 1562 2048 20000
HE7b 1 .00 1.00 .02 805 782 815 1087 20000
HE7C 1.00 1.00 Q.02 805 1146 1147 1336 20000
HES .Nesar 1.23 1.02 0.02 805 581 807 83 20000
78 .Far 1.23 1.02 .02 805 567 806 808 20000
o) 1.00 1.00 .02 805 243 806 453 20000
TL1 1.00 1.00 0.01 517 722 751 829 20000
TL.2 1.00 1.00 .01 517 364 541 471 20000
TL2a 1.00 1.00 G.01 517 1493 1498 1600 20000
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oipePlus version 4.50 :
s~Zero Solenoid Upgrade CHIMNEY DESIGN File
_oad : Dead Weight + Pressure 1 + Thermal 1 + Displacement 1

~'
**% System Stresses (ANSI B31.3) kkx
In- Cut

Point Plane Plane Section Stresses/psi
Name SIF SIF Modulus Hoop Longitu. Principal Code Allow.
TL.3 1.00 1.00 0.01 517 885 897 992 20000
TL.4 Near 1.00 1.00 0.01 517 503 576 &£10 20000
TL4 .Far 1.00 1.00 0.01 517 &07 668 714 20000
TLS 1.00 1.00 ©.01 517 535 620 £41 20000
Ti.5a 1.00 1.00 0.01 517 439 580 546 20000
TLE .Near 1.00 1.00 0.01 517 321 555 428 20000
TLé6 .Far 1.00 1.00 .01 517 424 519 53 20000
TLéa 1.00 1.0¢C 0.01 517 405 518 512 20000
TLéb 1.00 1.00 0.01 517 1497 1497 1604 20000
TL6C 1.00 1.00 0.01 517 251 517 358 20000
TL? 1.00 1.00 0.01 517 228 517 435 20000
TL7al . Nea 1.00 1.00 .01 517 32 519 429 20000
TL7al.Far 1.00 1.00 0.01 517 241 532 347 20000
TL?a 1.00 1.00 0.01 517 1832 1826 1687 20000
.7b 1.00 1.00 0.01 517 1410 1414 1534 20000
TL8 .Near 1.00 1.00 0.01 517 255 532 365 20000
TL8 .Far 1.00 1.00 ©.01 517 3i8 518 425 20000
TLS 1.00 1.00 .01 517 222 518 329 200¢
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D-Zero Solenoid Upgrade CHIMNEY DESIGN ‘ File = CASEl23
b~ad : Dead Weight + Pressure 1 + Thermal 1 + Displacement 1

*%k%  System Maxima  kokx

Maximum X displacement = 0.33% inch at point TL7al.Nea
Maximum Y displacement = -0.5885 inch at point HES.Far
Maximum Z displacement = 0.307 inch at point HE& .Near
Maximum X rotation = -1.002 degree at point HE&d
Maximum Y rotation = -0.590 degree at point HESB
Maximum Z votation = 0.447 degree at point TL7
Maximum X forece = -7 lb at point HES

Maximum Y force = 9 lb at point HEVD

Maximum Z force = -4 lb at point HEOa

Maximum X moment = 76 inch-lb at point HE7 .Far
Maximum Y moment = 23 inch-lb at point HEé& .Near
Maximum Z moment = -18 inch-lb at point HE7¢

Maximum hoop stress = 805 psi at point HEOa

& Maximum longitudinal stryess = 5719 psi at point HEY? .Far
Maximum principal stress = 8719 psi at point HEYV .Far
Max imum code stress = E857 psi at point HE?Z .Far

Maximum stress vatio (code/allowable) = 0.29 at point HE7 .Far
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D-Zero Solenoid Upgrade CHIMNEY DESIGN File CASEL122
Load Dead Weight + Pressure 2 + Thermal 2 + Displacement 2
4
*xxx% System Deflections kxx

Point Displacements/inch Rotations/degres

MName % Y Y Z
TR1 0.000 0.000 0.000 -0 .000 0.000 0 .000
TRZ .Near 0.000 ¢.001 0.000 -0.021 0.005 0.016
TRZ .Far 0.000 0.001 0.000 ~0.019 0.002 0.018
TR2a 0.000 -0 .000 0.000 0.035 0.003 -0.075
TR2 -0 .,.005 -Q.025 -0 .004 0.106 0.01% -0 .234
TR4 .Near -0.010 -0.056 -0 .008 0.146 0.017 -0 .290
TR4 .Far -0.015 -0 .102 ~0.017 0.305 -0.108 0.235
TRS ~0.011 -0 .087 ~0.015 0.303 -0 .108 0.249
TR5a 0.012 -0 ,002 -0 . 006 0.249 -0 . 094 0.241
TR6 .Near 0.027 0.055 -0 .000 0.196 -0 .066 0.204
TR& .Far Q.02 0.087 0.000 0.191 ~0.059 0.205
TR&a -0 .000 -0 .000 0.000 ~-0.011 -0 .057 Q.229
TR6b -0 . 000 -0 .000 ©.000 0.122 0.1632 0.25¢6
TR7 .Neary 0.214 -0 .163 0.002 0.263 0.283 ©.277
TR7 .Far 0.216 -0.,165 0.002 0.262 0.379 0.278
TR7a 0.000 -0 .000 -0 .000 0.142 0.172 -0 .141
TR7b -0 .000 -0 .000 -0 .000 ~0.169 -0.211 0.131
TR8 .Near 0.229 -0.174 0.008 -0 .281 -0 . 433 ~0.294
TR8 .Far C.227 ~0.173 0.009 -0 .282 -0 .438 Q.22
TR 0.13 -0.117 0.009 -0.28% -0 .447 -0 . 282
HECa 0 .000 0.112 0.000 0.000 0.000 -0 . 000
HEObL .Neay 0.006 0.112 0.000 0.058 0.008 -0 ,019
HEObL .Far 0.0C10 c.111 ~-0.004 0.140 ¢.015 -0 .064
HE1 0.011 0.108 -0.008 0.161 0.012 -0 .089
HEZ .Near 0.011 0 .094 -0 . 024 0.213 - .022 -0 .202
HEZ .Far .005 0.087 -0.028 0.228 -0 ., 085 ~Q.263
HEZ2 -0 .083 0.018 -0.017 0.164 -0 .081 -0 . 046
HE4 .Near -0.107 0.023 ~0.021 0.1859 ¢.01¢é 0.043
HE4 .Far -0.271 0.058 0.110 0.096 ~-0.582 0.1¢7
HES -0 .267 C.066 0.135 0.093 -0.610 0.123
HE6 .Near ~-0.250 0.166 0.315 0.231 -0.028 0.199
HE& .Far -0 .250 0.168 0.306 0.21¢ 0.357 0.192
HE&a -0 .000 ~0 . 000 0.224 0.B12 0.535 0.126
HE&b 0.057 -0 .183 0.13 0.364 -0 .1324 0 .060
HE6&C -0 .023 ~0.226 0.0853 -0 .199 -Q.177 -0 . 006
HE6d 0.000 0.000 -0.032 -1.010 0.404 -0 .072
HEZ .Near 0.237 0.466 ~Q.119 -0 . 957 0.462 -0.123
HE7 .Far 0.244 0.478 -0.140 -0.729 0.287 ~0.125
HEZ7a 0.201 0.265 -0 .000 0.168 -0 .450 -0.1058
HE7b -0 .000 -0 .000 0.000 -0 .277 -0.185 0. 066
HE7¢ -0 .201 -0 .266 -G . 000 -0 . 200 ~-0.316 -0.161
HES .Near -0.105 ~0.584 ~0.010 -0 .302 -0.281 -0.352
HES .Far ~0.108 -0 .586 ~0.016 -0.314 -0.275 -0 .351
HES -Q.159 -0.524 -0.058 -0 .329 -0 .267 ~Q .34
TL1 0.000 0.000 0.000 -0 .000 0.000 0.0
TL2 0.001 0.002 0.000 -0 . 025 0.0046 0.025
TL2a ¢ .000 -0.000 0.000 0.044 0.004 ~-0.101
TL2 -0 .00b ~-0.031 ~-0.004 0.114 0.019 -0 .274
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D-Zevo Solencid Upgrade CHIMNEY DESIGN File CASE123
tr~=d Dead Weight + Pressure 2 + Thermal 2 + Displacement 2
*%k%  System Deflections kxx
Point Displacements/inch Rotations/degree
Name X Y Fd z
TL4 .Near -0.012 ~Q.066& -0.009 0.151 G.021 -0 .336
TL4 .Far -0.019% ~0.126 ~-0.017 0.285 ~Q.107 0.308
TLS -0 .015 -0 .,109 ~0.015% 0.283 -0 .107 0.331
TL.5a 0.013 -0 .003 -0 .006 ©.230 - . 085 0.383
TL6 .Near 0.025 0.042 -0 .004 0.195 ~Q.066 0.377
TL& .Far 0.026 0.047 -0 .004 0.187 ~Q.058 0.379
TL6a ~Q . 000 -0, 000 -0 .004 -0, 026 -Q . 069 0.400C
TL6D G .000 ~0.,000 -0 .004 0.182 ¢G.210 0.427
TLéEC 0.295 -0 .257 -0.001 0.428 0.546 0.446
TLYZ 0.3235% - .288 ~C.001 0.424 0.537 0.447
TL7al .Nea 0.325% -0 .259 -0 .03 0.420 0.526 0.447
TL7al .Far 0.3232 -0 . 254 ~0.040 0.419 0.523 0.447
TL7a ¢ .000 -0 .000 -0 .000 0.277 0.214 ~-Q .07
TL7b -0 ,.000 ~0.000 ~Q . 000 -0 .061 ~0.063 0.143
TL8 .Neay 0.187 -0, 142 0 .007 ~0.166 ~-0.281 -0, 268
TL8 . Far 0.186 ~0.142 0.008 -0.166 -Q.287 -0 .267
TLS 0.128 ~0.109 0.008 -0.171 -0 .299 -0 . 257
—
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n-Zevyo Solenoid Upgrade CHIMNEY DESIGN File * CASE123
Load @ Dead Weight + Pressure 2 + Thermal 2 + Displacement 2 -~

~
xx% System Stresses (ANST B31.3) kxx
In~- cut
Point Plane Plane Section Stresses/psi
Name SIF SIF Modulus Hoop Longitu. Principal Code Allow.
TR1 1.00 1.00 0.01 517 732 751 839 20000
TR2 .Near 1.15 1.00 0.01 517 287 534 394 20000
TR2 .Far 1.15 1.00 .01 517 276 532 383 20000
TRZa 1.60 1.00 G.01 517 1406 1412 1513 20000
TR3 1.00 1.00 0.01 517 833 85¢ F40 20000
TR4 .Near 1.00 1.00 0.01 517 475 573 582 20000
TR4 .Far 1.00 1.00 0.01 517 452 583 559 20000
RS 1.00 1.00 0.01 517 372 538 478 20000
TR5a 1.00 1.00 .01 517 62 656 744 20000
TR& .Near 1.00 1.00 .01 517 303 529 410 20000
TRé& .Far 1.00 1.00 0.01 517 348 518 455 20000
TR6a 1.00 1.00 0.01 517 315 518 422 20000
TR6b 1.00 1.00 0.01 517 1166 1167 1273 20000
TR7 .Near 1.00 1.00 .01 517 299 517 406 20000
TR7 .Far 1.0 1.00 0.01 517 232 530 340 20000
TR7a 1.00 1.00 0.01 517 1435 1439 18590 20000
TR7b 1.00 1.00 0.01 517 1469 1473 1594 20000
TR8 .Near 1.00 1.00 0.01 517 257 53 267 200¢
TR8 .Far 1.0 1.00 0.01 517 314 518 422 20009
TRG 1.00 1.00 0.01 517 243 518 350 20000
HEOCa 1.00 1.00 0.02 805 1145 2032 2702 20000
HEOb .Near 1.2 1.02 .02 805 1498 2251 2858 20000
HEOb .Far 1.23 1.02 0.02 805 2138 2462 2793 20000
HE1 1.00 1.00 .02 805 1847 2226 2563 20000
HEZ .Near 1.23 1.02 0.02 805 1512 1¢73 2335 20000
HEZ .Far 1.22 1.02 .02 805 2120 2121 2229 20000
HEZ 1.00 1.00 ©.02 8056 3468 2468 2682 z0000
HE4 .Near 1.00 1.00 0.02 805 1852 1853 203 20000
HE4 .Far 1.00 1.00 0.02 805 1362 1368 1731 20000
HEB 1.00 1.00 0.02 805 1250 1257 1749 20000
HE& .Near 1.22 1.02 0.02 805 5880 5881 5951 20000
HE& Far 1.23 1.02 0.02 805 5643 5644 5762 20000
HE&a 1.00 1.00 0.02 805 3471 34732 382 20000
HE6D 1.00 1.00 .02 805 2000 2005 2178 20000
HE6¢C 1.00 1.00 0.02 805 2763 2766 2864 20000
HE6d 1.00 1.00 0.02 805 431% 4216 51132 20000
HEZ7 .Near 1.23 1.02 0.02 805 5303 5304 5492 20000
HE?7 .Far 1.223 1.02 .02 805 5690 5690 5828 20000
HEZa 1.00 1.0¢0 0.02 805 15490 154¢ 2021 20000
HE7b 1.00 1.00 0.02 805 780 815 1082 20000
HEZ7¢ 1.00 1.00 0.02 805 1147 1148 1336 20000
HES8 .Near 1.23 1.02 .02 805 581 807 30 20000
HES8 .Far 1.23 1.02 0.02 805 567 806 808 20077
HE9 1.00 1.00 Q.02 805 343 806 454 200w
TL1 1.00 1.00 ¢.01 517 722 751 829 20000
TL.2 1.00 1.00 .01 517 364 541 471 20000
TLZa 1.00 1.00 0.01 517 14923 1498 1600 20000
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File CASEL1232

yr~ad Dead Weight + Pressure 2 + Thermal 2 + Displacement 2
*¥¥)%  System Stresses (ANSI B231.3)  sxxkx
In— out

Point Plane Plane Section Stressess/psi
Name SIF SIF Modulus Hoop Longitu. Principal Code Allow.
T3 1.0¢ 1.G0O 0.01 517 885 897 992 20000
TL.4 .Near 1.00 1.00 0.01 517 502 576 510 20000
TL4 .Far 1.00 1.00 0.01 517 607 668 714 20000
TLS 1.00 1.00 0.01 517 535 &20 641 20000
Ti.Ba 1.00 1.00 0.01 517 439 580 546 20000
TL.& .Near 1.00 1.00 0.01 517 321 555 429 20000
TLE .Far 1.00 1.00 0.01 517 424 519 530 20000
TL&a 1.00 1.00 .01 517 405 518 512 20000
TL6b 1.00 1.00 0.01 517 1497 1497 1604 20000
TL&e 1.00 1.00 0.01 517 251 517 258 20000
TL? 1.00 1.00 ¢.01 517 228 517 43 20000
TL7al .Nea 1.00 1.00 0.01 517 322 519 429 20000
TL7al .Far 1.00 1.00 .01 517 241 532 347 20000
TL7a 1.060 1.00 .01 517 1832 1536 1687 20000
TL7b 1.00 1.00 0.01 517 1410 1414 1534 20000
TL8 .Near 1.00 1.00 0.01 R17 255 532 365 20000
;LS.Far 1.00 1.00 0.01 517 218 518 425 20000

3 1.00 1.00 .01 517 222 518 329 20000
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t.oad

Max imum
Maximum
Max imum

Maximum
Max imum
Max imum

Max imum
Max imum
Maximum

Max imum
Max imum
Max imum

Max imum
Max imum
Maximum
Max imum
Max imum

Dead Weight + Pressure 2 +

¥

File

Thermal 2 + Displacement 2

xx¥ System Maxima KkX
X displacement = 0.335 inch at point TL7al.Nea
Y displacement = -0.586 inch at point HES.Far
7 displacement = 0.315 inch at point HE6.Neay
X rotation = -1.010 degree at point HEéd
Y rotation = ~0.610 degree at point HED
Z votation = 0.447 degree at point TL7
X force = -8 1b at point HE2
Y force = 12 1lb at point HE4 .Near
Z force = -3 lb at peoint HECaz
X moment = 75 inch-lb at point HE7Z.Far
Y moment = 97 inch-lb at point HEé.Necar
Z moment = &4 inch~lb at point HE2
hoop stress = 805 psi at point HEOa

longitudinal stress =
principal stress =

5880 psi
5881 psi at point HEé.Near

at point HE& .Neav

code stress = 5951 psi at point HE6 .Near

stress ratio (codesallowable) =

0.30 at point HEE&.Near

10/15/93 10:57 Page ' 21
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D-Zero Solenoid Upgrade CHIMNEY DESIGN File : CASE123
P™ad : Dead Weight + Pressure 3 + Thermal 2 + Displacement 2

xxkx System Deflections xxx

Point Displacements/inch Rotations/degree
Name X Y Z X Y Z
TR1 0.000 0.000 0 .000 -0 .000 0.000 0.000
TRZ .Near ¢.000 0.001 0 .000 -0.021 0.005 0.016
TR2 .Far 0.000 0.001 0.000 -0.019 0.002 0.018
TRZa 0 .000 -0, 000 0.000 .03 0 .003 ~-0.075
TR3 -0.,005 ~0.025 -0 .004 0.106 0.016 -0 .23
TR4 .Near ~0.010 -0 .0856 -0.008 0.146 0.017 ~0.290
TR4 .Far -0.015 -0.102 -0 .017 0.305 -0.108 0.235
TRS -0.011 - . 087 -0.015% C.303 -0.108 0.249
TREa 0.012 -0 .002 -0 . 006 0.249 -0 . 094 0.241
TRé& .Near 0.02 0.055 -0 .000 0.196 -0 . 066 0.204
TR& .Far 0.027 0.057 0.000 0.191 -0 059 0.205
TR&a -0.000 -0 .000 0.000 -0.011 -0, 057 0.22
TR&b -0 .000 ~0 . 000 0.000 0.122 0.1632 0.256
TR? Near 0.214 -0 .1463 0.002 0.263 0.3832 0.277
TR7 .Fav 0.216 ~0.165 0.002 0.262 0.379 0.278
TR7a 0.000 -0 .000 -0 .000 0.142 0.173 ~0.141
TR7b -0 .000 ~0.000 -0 .000 -0 .169 -0.211 0.131
/JR8,N®ar 0.229 ~0,174 0.008 ~0.281 -0 .43 -0.294
R8 .Far 0.227 ~-0.172 0.009 -0 .282 -0 .,.428 -0.292
TR9 0.13 ~0.117 0.009 -0 .285 -Q , 447 -0 .282
HiEOQa ~Q.000 0.112 0.000 0.000 -0 . 000 -0 .000
HEOb .Near -0 .000 0.112 -0 .000 0.053 -0, 003 -0.,021
HEOb .Far -0 .000 0.111 -0, 000 0.129 -0, 014 -0 Q&7
HE1 -0 .000 0.109 ~Q . 000 C.149 -0.016 -0.091
HEZ .Near -0 .002 0.096 -0 .000 0.202 -0.,022 -0 .202
HE2 .Far ~0.002 0.088 -0 .001 0.226 -0.029 -0 .261
HESZ - .020 0.004 -0 .004 0.145 -0 .029 -0 .054
HE4 .Near ~0.020 0.004 -0 .004 0.112 ~-0.024 0.047
HE4 .Far -0.017 0.003 0.007 ¢ .045 -0.03 0.006
HES -0.016 0.004 0.008 ©.039 -0 .033 0.001
HE& .Naay ~-0.014 0.005 0.011 0.00¢% ¢.011 -0 ,007
HE& . Far ~0.014 0.005 0.010 0.008 0.02 -0 .006
HE&a -0 . 000 -~ ., 000 0.011 0.032 0.02 -0 .003
HE&Db 0.003 -0 .017 0.011 .03 -0 . 007 0 .002
HE&C -0.001 -0 .015 0.011 -0.03 -0 .010 0.006
HE&d -0.000 -0 . 000 0.011 ~0.009 0.019 ¢.010
HEZ .Near 0.014 -0.011 0.011 Q.03 0.043 0.013
HE7 .Far 0.015% -0.011 0.011 .03 0.044 0.014
HE7 & -0 .000 -0 .000 0 .000 ~-0.005 0.011 -0 .023
HEZ7b -0, 000 -0 . 000 -0 .000 -0 .046 -0 . 063 0.040
HE7¢ -0.000 -0 .000 -0 .000 -0 . 0932 -0 . 132 -0 . 139
HES8 .Near 0.193 ~0.147 0.015 -0.101 ~0 189 -0.218
HES8 .Far 0.195 -0 .149 ¢.016 -0 .100 -0 .193 -0.317
NEG 0.157 -0.130 0.016 -0 .100 -0.198 -0.314
L1 0.000 0.000 0.000 -0 .000 0.000 0.000
TLZ 0.001 0.002 0.000 -0.025 0.006 ©.025
TL2a 0.000 ~0.000 0.000 0.044 0.004 ~0.101
TL3 -0.005 -0 .031 -0 .004 0.114 0.019 -0 .274
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TL.4 .Near
TL.4 .Far
TLS
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TL& .Near
TL& .Far
Tlé&a
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TL7al .Far
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System Deflections

Displacements/inch
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D~Zeyo Solenolq Upgrade CHIMNEY DESIGN File ?agisglgﬁ
V™~d : Dead Weight + Pressure 3 + Thermal 3 + Displacement 3 -

~d

% System Stresses (ANSI B31.3)  xxx

In- Qut

Point Plane Plane Section Stresses/psi
?fowww SIF SIF Modulus Hoop Longitu. Principal Code Allow.
TR1 1.00 1.00 0.01 517 732 751 839 20000
TRZ .Near 1.15 1.00 .01 517 287 34 394 20000
TR2 .Far 1.15 1.00 .01 517 276 538 283 20000
TR2a 1.0 1.00 .01 517 1406 1412 1513 20000
TR3 1.0 1.00 0.01 517 833 850 240 20000
TR4 .Near 1.00 1.00 0.01 517 475 573 582 20000
TR4 .Far 1.0¢0 1.00 0.01 517 452 553 E59 20000
RS 1.00 1.00 ¢.01 517 272 53 478 20000
TR5a 1.0¢ 1.00C 0.01 517 &37 656 744 20000
TR& .Near 1.00 1.00 .01 517 203 529 41¢C 20000
TR6 .Far 1.6¢ 1.00 .01 517 348 518 455 20000
TR6a 1.00 1.00 0.01 517 315 518 422 20000
TR6b 1.¢0 1.00 .01 517 1166 1167 1273 20000
TR7 .Near 1.00 1.00 .01 517 299 517 406 2000¢C
TR7 .Far 1.00 1.00 C.01 517 233 530 240 20000
TR7 & 1.0 1.00 0.01 517 1435 1439 1590 20000
;E?b 1.00 1.0C0 0.01 517 1469 1472 1594 20000

8 .Near 1.00 1.00 0.01 517 257 532 367 20000
TRG .Favr 1.00 1.00 0.0l 517 314 518 4z 20000
TR 1.00 1.00 .01 517 243 518 350 20000
HECa 1.0 1.060 C.02 805 1118 1936 2566 20000
HEOb .Near 1.23 1.02 .02 805 1520 2188 2743 20000
HEOh .Far 1.23 1.02 0.02 805 2007 2344 2697 20000
HE 1 1.00 1.00 0.02 805 1740 21321 2483 200060
HEZ .Near 1.22 1.02 Q.02 805 722 1485 1996 20000
HEZ .Far 1.22 1.062 .02 805 1576 1580 1787 20000
HEZ 1.00 1.00 Q.02 805 3213 3215 3373 20000
HE4 .Neary 1.0¢ 1.00 .02 805 Q20 Q44 1088 20000
HE4 Far 1.00 1.060 Q.02 805 494 810 714 20000
HES 1.00 1.00 0.02 805 555 811 798 20000
HE6& .Near 1.22 1.02 .02 805 540 811 654 20000
HE& .Far 1.23 1.02 Q.02 805 529 805 654 20000
HE&a 1.00 1.00 .02 805 47 805 872 20000
HE&bL 1.00 1.00 ¢.02 805 525 805 707 20000
HE&C 1.00 1.00 ¢.02 805 482 805 625 20000
HE&d 1.00 1.00 0.02 805 776 806 216 20000
HEZ7 .Near 1.23 1.02 0.02 805 403 805 520 20000
HE? .Far 1.23 1.02 .02 805 395 807 506 20000
HEZ7a 1.00 1.00 Q.02 805 734 813 878 20000
HE7b 1.00 1.00 0.02 805 619 809 772 20000
HE7¢C 1.00 1.00 .02 805 1110 1112 1237 20000
HES8 .Near 1.22 1.02 Q.02 805 394 807 507 20000
T8 .Far 1.22 1.02 0.02 805 401 8O6 511 20000
a9 1.00 1.00 Q.02 805 334 805 4473 20000
TL1 1.00 1.00 0.01 517 722 751 829 20000
TLZ 1.00 1.00 0.01 517 364 541 471 20000
TL2a 1.00 1.00 0.01 517 1493 1498 1600 20000
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pD-7Zero Solenoid Upgrade CHIMNEY DESIGN File : Cﬁ%Eiﬁj

~

Load : Dead Weight + Pressure 3 + Thermal 3 + Displacement 2

~
x%x System Stresses (ANSI B31.3) *kkx
In- Qut

Point Plane Plane Section Stresses/psi
Name SIF SIF Modulus Hoop Longitu., Principal Code Allow.
TL3 1.00 1.00C 0.01 517 885 897 992 20000
TL4 Near 1.00 1.00 0.01 &517 5032 576 £10 20000
TL4 .Far 1.00 1.00 0 .01 517 607 668 714 20000
TLS 1.00 1.00 0.01 517 538 £20 641 20000
Tl..Ba 1.00 1.00 0.01 517 439 580 546 20000
TL& .Near 1.00 1.00 0.01 517 321 555 428 20000
TLé .Far 1.00 1.00 0 .01 517 424 519 £3 20000
TLéa 1.00 1.00 0.01 517 405 518 512 20000
TL6b 1.00 1.00 0.01 517 1497 1497 1604 20000
Tl.6¢C 1.00 1.00 .01 517 251 517 258 20000
TL7 1.00 1.00 0.01 517 328 517 473 20000
TL7al .Nea 1.00 1.00 .01 517 322 519 429 2000¢C
TL7al .Far 1.00 1.00 .01 517 241 532 247 20000
TL7a 1.00 1.00 0.01 517 1532 153 1687 20000
TL7b 1.00 1.00 0.01 517 1410 1414 18324 20000
TL8 .Near 1.00 1.00 0.01 517 255 532 265 20000
TL8 .Far 1.00 1.00 0.01 517 218 518 425 20000
TLS 1.00 1.00 0.01 517 222 518 82 20¢
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<Zero Solenoid Upgrade CHIMNEY DESIGN File : CASE123
I ad @ Dead Weight + Pressure 3 + Thermal 3 + Displacement 3

*x% System Maxima *kxx

Maximum X displacement = 0.325 inch at point TL7al.Nea
Maximum Y displacement = -0.288 inch at point TL7
Maximum Z displacement = -0,040 inch at point TL7al.Far
Maximum X rotation = 0.428 degree at point TLé&c

Maximum Y votation = 0.546 degree at point TL&C

Maximum Z rotation = 0.447 degree at point TL7

Maximum X force = -3 lb at point HEZ

Maximum Y force = 12 1lb at point HE4 .Near

Maximum Z force = ~1 1lb at point HE3

Maximum X moment = -42 inch-lb at point HEQa
Maximum Y moment = 7 inch-lb at point TL&b
Maximum Z moment = 62 inch-~lb at point HE3

— Maximum hoop stress = 805 psi at point HEOa
Maximum longitudinal stress = 3213 psil at point HE3
Maximum principal stress = 3215 psi at point HES
Maximum code stress = 33732 psi at point HES
Maximum stress ratio (codes/allowable) = 0.17 at point HES
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~~ D~Zero Solenoid Upgrade CHIMNEY DESIGN File : CAS
File Name .......cuceunnn CASE4&S
Project .....ueeuemnnennn D-Zero Solenoid Upgrade CHIMNEY DESIGN
Department .. ... Research Division/D-Zero Mechanical
Contract Number ......... Serial # 3823.111
Description ....cciveu... Liquid Nitrogen & Liquid Helium lines
Preparad by ... Russ Rucinski
Checked by .....o.ccn..
ANST code v n . n i m i naa e ANSI B31.3
Input unit ....veconmenann English
Output unit ...« c-ov..n English
Sutput columns «.eovenn.n 80
Base temperature ........ 70
F factor ...iimnmeennnenans 1.0
E factor . .ue i aweneann 1.33
~— Number of dynamic modes.. ©
Cut—-off frequency ....... 0 Hz
Max no. of iterations ... O
Convergence tolerance ... O
Force tolerance ...co.n.. 0O 1b
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D-Zero Sclenoid Upgrade CHIMNEY DESIGN
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Point
name
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Pt HEOQ
to the

Points

DX
(feet)

support cylinder.

DY
{feet)

DZ
{ feet)

Radius
(inch)
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HEO thru HEn represent the LHe supply line.
moves when the solenoid is cold. HEOa is attached

1

-
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File : CAS
~
Y r4
( feet) (feet

TR1 thru TRnn represent nodal points for the top right LN2 line.
The supports are spider type supports, LN2 shield to VJ.

At the solenoid, TR1 doesn’t move when sol. is cold since sol. shield
floats on panels supported off wvacuum jacket.
TR1 o 0 o, 0.000 0.000 0.C
TRZ2 0 o 4.6373" sShort 0.000 0.000 0.:
The first support 1s placed midway between TRZ and TR3.
TR2a 8.2170" ~1.7687" 1.6328" 0 .685 ~-0.147 0.k
TR3 8.2170" ~1.7687" 1.6338" 1.370 -0.295 0.¢
TR4 35.1470" -7 .5657" 6.9884" 89,1875 4 .298 -0.925 1.z
RS 28.5434" -6.1442" ~-14 587" 6.677 -1.437 0.C
The second support is placed approx. midway between TRE and TRé.
TRBa 12.16329" -2.6184" -6.0645" 7.691 -1.685 -0 .4
Point TRé is moved 0.375" in +X to bring it to nominal location when co!
TR6 11.0289" -2.29868" ~6.0096" long 8.611 -1.847 -0 .<
Pt TRéa offset in X is compensates for TR6 dev. from nom. when warm.
TRéa ~0.375" 0O z28.1782" 8.57% -1.847 2 v
TRéb O o) 38.1782" 8.57¢9 ~-1.847 "f
Pt. TR7 is ~.35" in X and +0.29" in Z to bring to nom. location when-coJ
TR7 -0.38" 0 38.4682" lLong 8.580 -1.847 8.t
Pt TR7a offset in X & Z compensates for TR7 deviation from nom. when wa:
TR7a 41.5738" 54 .4685" ~0.29" 12.015 2.692 8.kt
TR7b 82.6876" 108.937" 0 18.905 11.770 8.t
TRS8 41.34328" 54 .4685" © Long 22 .351 16 .309 8.F
TRY 0] 0 i2" 22 .351 16 .309 .0
HEOCa =2.53" 1.913" 0 ~-0.294 0.159 0.C
HEOb -2.60" 0 &) Long -0.511 C.159 0.<
HE1 0 0 2.03" -0.511 0.159 0.:
HEZ2 o) ¢ 5.05166" Long -0.511 0.159 0.:
HEZ 17.7721" -3.82586" 3.532368" 0.970 -0.159 0.t
HE4 35.3646" -7 .6125" 7.03164" 89 .875" 3.917 -0.794 1.«
HES 28.7412" -6.1869" ~-14.658" 6.312 -1.309 O..
Pt HE6 is +0.375" longer in X to bring to nom. location when cold.
HE& 20.8721" -5.128" -10.535" Long 8.052 -1.737 -Q .t
Pt HE6a X offset is to compensate for HE6 deviation from nom. when warm
HE&6a -~ .3758" 0 24 ,.0000" 8.020 ~l}737 1.2
HE6b O 0 21 .8808" 8.020 -1°.737 3.:
HE6C © o 21 .8808" 8.020 -1.737 5.(
HE&6d O 0 21 .8808" 8.020 -1.737 6.t
Pt HE7 is -.35" in X and +0.29" in Z to bring to nom. location when colrc
HE?7 -0.35" 0 24 .2900" Long 7 .991 -1.737 8.
Pt HE7a offset in X is +.35" more than nom. and Z offset to compensate -
HE7 warm deviation from nominal location.
HE7a 31.3353" 40.8512" -0.29" 10.603 1.668 -
HE7b 51 .6422" 68.0854" 0 14 .906 7 .341 8.
HEZ7¢ 51.6422" 68.0854" © 19.210 13.015 8.
HES 320.9854" 40 .8512" © Long 21.792 16.419 8.
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A jog using pt. TLY and TL7al was required to maintain the correct spaci.
of the LNZ lines.

»~ D-Zero Solenoid Upgrade CHIMNEY DESIGN File : CASt
Frm Point DX DY DZ Radius X Y z
/To name ( feet) ( feet) { feet ) (inch) (feet) ( feet ) ( feat)

T HE9 o) 6] 12" 21.792 16.419 9.8
C

C The points below, TLn represent the top left LN2 piping.

F TL1 -3.00" 0] o] -0.250 0.000 0.0¢
T TLZ o} O 5.50" -0 .280 0.000 0.4
T TL2a 10.8932" ~2.3449" 2.16594" 0.658 ~-0.195 Q.6
T TL3 g8.z2170" ~1.7687" 1.6338" 1.3432 -0.3432 0.7
T TL4 35.5822" -7.65893" 7.07489" 90.5625" 4.3208 -0.981 1.3
T TLS 28.9401" -6.2296" -14.760" 5.719 -1.500 0.1
T TLBa 12.1639" -2.6184" -6.0645" 7.733 -1.718 -0.3
C Pt. TLS is moved +.375" in X to bring it to nominal when cold.

T TLé 6.3751" -1 .5456" -2.2267" Long ; 8.264 -1.847 ~0.6.
C Pt. TLéa X offset is to compensate for TLé dev. from nom. when warm.

T TLé6a =-.375" 6] 34.118" 8.233 -1.847 2 .20
T TL.éb © 0 38.1782" 8.223 -1.847 5.3¢
C PL. TLéc Is -.35" in X and +.29" in Z to bring to nom. location when col.
T TlLLéc -0.35" o} 38.4682" 8.204 -1.847 8.5
C

C

T

T

T

T

C

T

T

TL7 0 0 4.16" 8.204 —-1.847 8.9
TL7al 4.16" 0 0 Long 8.551 -1.847 8.9
TL7a 41.5738" 54 .,4685" © 12.015% 2.692 8.2
TL7b 82.6876" 108.937" O 18.906 11.770 8.9
Pt TL8 was stopped short by 5% to approximate actual piping relationship
TL8 39.2766" 51.7451" O Long 22.179 16.082 8.9
TLD ¢] 0 12* 22.172 16 .082 9.9
o
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D~Zero Solenoid Upgrade CHIMNEY DESIGN :

Point Data
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TR2
TR2a
TR3
TR4
RS
TRBa
TR&
TR&a

Material

Load

Anchor

Guide

Guide

Guide

Description

Pipe data identifier = 1/2

Nominal Diameter = 1/2
Pipe Schedule =
Actual Pipe 0. D. = .500 inch
Wall Thickness = 0.065 inch
Corrosion Allowance = 0O inch
Insulation Thickness = 0 inch
Insulation Density = 0 lb/cu.ft
Content 8. G. = 1.0
Data Identifier = AL
Aluminum, aluminum alloys
Density = 0.0978 lb/cu.inch
Tempera. Modulus Expansion
(deg.F) (psi Y {inch/inch)
-325. 11300000 -0.00390
-150. 11100000 -0.00240
-850 . 10900000 -0 .00139
70. 10600000 0.00000
200. 10400000 0.00167
300. 10200000 0.00306
400 . 9500000 0.00449
500. 8500000 0.00598
Temperature Allowable stresses
(deg.F) (psi)
-320 8000.
Load data identifier = LN2
Case Temperature Pressure Expansion
No. (deg.F) (psig Y (inch/inch)
1 -320 150 -0 .003857
2 -320 150 -0.0038587

Rigid in all directions

Initial
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case

'

NNNNMNNNRE PR P

MW W M W W W W W W W

displacement (inch,degree) :

tranglational X = O inch
translational ¥ = O inch
translational Z = © inch
rotational X = 0 degree
rotational ¥ = O degree
rotational Z = 0 degree
translational X = 0 inch
translational ¥ = O inch
translational Z = 0 inch
rotational X = O degree
rotational ¥ = O degree
rotational Z = O degree

-
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~~ D-Zero Solenoid Upgrade CHIMNEY DESIGN File CASt

Point Data Description
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TR7
TR7a Line stop
Guide
TR7b Guide
TR8
TRG anchor Translational stiffness (lb/inch)
X=FREE Y=FREE Z=FREE
Rotational stiffness (lb~inch/deg) :
X=FREE Y=FREE Z=FREE
Initial displacement (inch,degree) :
Case 1, translational X = © inch
Case 1, translational Y = O inch
Case 1, translational Z = © inch
Case 1, rotational X = 0O degree
Case 1, rvotational ¥ = ¢ degree
Case 1, rotational Z = 0O degree
Case 2, translational X = ¢ inch
Case 2, translational ¥ = 0O inch
Case 2, translational Z = © inch
Case 2, rotational X = O degree
’\ Case 2, rotational Y = 0O degree
Case 2, rotational Z = © degreae
Free Y restraint during hanger design
HEOa Pipe Pipe data identifier = 3/4
Nominal Diameter = 3/4
Pipe Schedule =
Actual Pipe 0. D. = 0.750 inch
Wall Thickness = 0.065 inch
Corrosion Allowance = 0O inch
Insulation Thickness = 0 inch
Insulation Density = 0 lb/cu.ft
Content 5. G. = 1.0
Material Data Identifier = AL
l.oad Load data identifier = LHE
Case Temperature Pressure Expansion
No . (deg.F) {psig ) (inch/inch)
1 -452 150 -0 .003900
2 ~-452 150 -0 .003900
anchor Rigid in all directions
Initial displacement (inch,degree) : ¥
Case 1, translational X = 0.0000 inch
Case 1, translational ¥ = 0.1120 inch
Case 1, translational Z = 0.000 inch
Case 1, rotational X = 0 degree
Case 1, rotational ¥ = ¢ degree
— Case 1, rotational Z = O degree
Case 2, translational X = 0.0 inch
Case 2, translational ¥ = 0.0 inch
Case 2, translational Z = 0.0 inch
Case 2, rotational X = © degreae
Case 2, rotational Y.= © degree
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D~Zero Solenoid Upgrade CHIMNEY DESIGN File : CA:
~
Point Data Description
Case 2, rotational Z = O degree
HEOb
HE1l
HEZ
HE2 Anchor Translational stiffness (lb/inch)
X=Rigid Y=Rigid Z=Rigid
Rotational stiffness (lb-inch/deg) :
X=FREE Y=FREE Z=FREE
Initial displacement (inch,degree) :
Case 1, translational X = -0.077 inch
Case 1, translational Y = -0.017 inch
Case 1, translational Z = ~0.004 inch
Case 1, rotational X = O degree
Case 1, rotational ¥ = 0 degree
Case 1, rotational Z = © degree
Case 2, translational X = -0.077 inch
Case 2, translational ¥ = -0.017 inch
Case 2, translational Z = -0.004 inch
Case 2, rotational X = 0 degree
Case 2, rotational Y = 0 dagree
Case 2, rotational Z = 0 degree
HE 4 Anchor Translational stiffness (lb/inch) :
Xx=Rigid Y=Rigid Z=Rigid -
Rotational stiffness (lb-inchrs/deg) ,
X=FREE Y=FREE Z=FREE
Initial displacement (inch,degree)
Case 1, translational X = -0.109 inch
Case 1, translational Y = ~-0.052 inch
Case 1, translational Z = ~-0.008 inch
Case 1, rotational X = 0 degree
Case 1, rotational ¥ = 0O degree
Case 1, rotational Z = O degree
Case 2, translational X = -0.109 inch
Case 2, translational Y = -0.052 inch
Case 2, translational Z = -0.008 inch
Case 2, rotational X = 0O degree
Case 2, rotational ¥ = 0 degree
Case 2, rotational Z = 0 degree
HES Anchor Translational stiffness (lb/inch) =
X=Rigid Y=Rigid Z=Rigid
Rotational stiffness (lb-~inch/deg) : >
X=FREE Y=FREE Z=FREE

Initial displacement (inch,degree)

Case 1, translational X = -0.311 inch

Case 1, translational Y = -0.0582 inch

Case 1, translational Z = 0,137 inch

Case 1, rotational X = 0 degree

Case 1, rotational Y = 0 degree

Case 1, rotational Z = 0 degree -
Case 2, translational X = -0.311 inch

Case 2, translational Y = -0.052 inch

Case 2, translational Z = 0.137 inch
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HE6D
HEéC
HE6d

HE?
HE7 a

anchor

Anchor

Anchor
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d Upgrade CHIMNEY DESIGN

beseription e
case 2, rotational X = 0 degree
Case 2, rotational Y = 0 degree

= 0 degreze

Case 2, rotational A

TranskatiOﬁal stiffness (lb{inch)
X=Rigid v=Rigid Z=Rigid
Rotational atiffness (lb*inch/deg) :
X=FREE vy =FREE Z=FREE

Initial displacement (inch,degree) :
-0 .096 inch

Case 1, translational X = !
Case 1., translational y = 0.035 inch
case 1., translational Z = 0.073 inch
Case 1, rotational X = 0 degree
Case 1., rotational Y = 0 degree
Case 1, rotational Z = O degree
case 2, translational X = -0.096 inch
Case 2, translational Y = 0.035 inch
Case 2, translational Z = 0.073 inch
Case 2, rotational X = 0 degree
Case 2, rotational ¥ = 0 degree
Case 2, rotational Z = O degree

Translational stiffness (lb/inch)
X=Rigid vy=Rigid Z=Rigid
Rotational stiffness (lb-inchs/deg) :
X=FREE Y=FREE Z=FREE

Initial displacement (inch,degree) :

Case 1, translational X = 0.110 inch
gase 1, translational Y = 0.031 inch
ase 1, translational Z = - i
Case 1, rotational X = 0 O.laldegiggh
Case 1, rotational Y = 0 degr;e
Case 1, rotational Z = © degree
Case 2, translational X = 0.110 inch
Case 2, translational Y = 0.031 inch
Case 2, translational Z = -0.181 inch
Case 2, rvotational X = 0O . de roo
Case 2, rotational Y = 0 d grie
Case 2, rotational Z = 0O dzgigz
Traps%ational stiffress (lb/inch) >
X=ng%d Y=Rigid Z=Rigid
Rotational stiffness (lb-inchs/deg) :
XszgE Y=FREE Z=FREE S
Initial displacement (inch,degree)
Case 1, translational X = 5.052 inch
Case 1, translational Y = 0.060 %nch
Case 1, translational Z = -0.124 J:mjh
Case 1, rotational X = 0O ’ d roo
Case 1, rotational ¥ = ¢ digree
Case 1, rotational Z.= © déiiii

rage
: CASL



PipePlus version 4.50

D-Zero Solenoid Upgrade CHIMNEY DESIGN

Point

Data

anchor

Description

Translational stiffness (lb/inch)

Fermi Nat®l Accelevator Lab

-

10/14/93
File

X=Free Y=Free Z=Free

Rotational stiffness (lb-inch/deg) =
X=Free Y=Freae Z=Free

Initial displacement (inch,degree) :
Case 1, translational X = O inch
Case 1, translational Y = © inch
Case 1, translational Z = O inch
Case 1, rotational X = 0 degree
Case 1, rotational ¥ = 0O degree
Case 1, rotational Z = © degree
Case 2, translational X = 0 inch
Case 2, translational ¥ = 0 inch
Case 2, translational Z = O inch
Case 2, votational X = O degree
Case 2, rvotational ¥ = O degree
Case 2, rotational Z = O degree
Case 3, translational X = 0 inch
Case 32, translational Y = 0 inch
Case 3, translational Z = 0 inch
Case 3, rotational X = O degree
Case 3, rotational Y = O degree
Case 3, rotational Z = O degree
Free Y restraint during hanger design

12:42 Page
CASE
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fQ§~Zero Solenoid Upgrade CHIMNEY DESIGN File : CASE
Case
number Combination
1 D.W. + Presl + Therl + Dispil
2 D.W. + Praes2 + Therz + Disp2




PipePlus version 4.50 Fermi Nat’l Accelerator Lab
D-Zero Solenoid Upgrade CHIMNEY DESIGN

*¥¥x  Support Summary XXX

Forcea/lb or Moments/inch-lb

Point Global sustained Expansion
Name Direction Max Min Max Min
TL7b Fx 1 o) Q O
Fy -1 0 0 -0
Fz =0 o 0 0
TLS Fx G 0] 0 -Q
Fyv -0 0 0 -1
Fz 0 o) O -Q
Mx ~Q 0O 0 -Q
Mz -0 0] O -0

106/14/93

Decasion.

v HeRoReoNeNoNeNe

¢

12:42 Page
File : CASE:

s - — - o -
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~—-Zero Solenoid Upgrade CHIMNEY DESIGN ' File : CASE.
~oad : Dead Weight + Pressure 1 + Thermal 1 + Displacement 1

x¥xkx System Deflections *kxx

Point Displacements/inch Rotations/degree
Name X Y Z X Y Z
TR1 0.000 0.000 0.000 -0 .000 -0 .000 0 .00
TRZ .Near -0 ,002 0.002 -0.016 -0.03 -0.051 0.01:
TR2 .Far ~-0.004 0.002 -0.018 -0 .03¢ ~Q.079 0.0l
TRZa ~-0.037 0.008 -0 .007 Q.007 -0.114 -Q .07
TR2 ~0.076 -0 .010 ~0.003 0.085 -0 .,062 ~-0.23
TR4 Near ~-0.107 -0 .03 -0 .005 0.126 -0 . 049 -0.29
TR4 ,Far ~0.306 -0 .045 0.138 0.267 -0 .208 0.24:
RS -0 .308 ~0 . 029 0.147 0.269 -0.189 0 .26
TR5a ~0.332 0 .069 0.180 0.254 0.007 0.27¢
TR& .Near -0.375 0.143 0.167 Q.256 0.318 Q.23
TRé& .Far -~ .374 0.146 0.156 0.267 0.404 0.23
TRé6a -0 .000 -0 . 000 0.018 0.140 0.302 .21
TR&D 0.001 -0 . 000 -0 .129 ~-0.147 0.1851 0.20
TR7 .Near 0.293 0.103 ~-Q.272 -0.028 0.430 o.1&
TR7 .Far 0.295 0.102 -Q L2278 Q.008 0.397 0.1
TR7a 0.000 -0 .000 -~ . 000 0.310 ~Q.107 ~-0.19
—~ TR7b -0 .319 -0 .420 Q.000 ~0.198 -0 . 286 .13
TR8 .Near -0 .241 -0 .807 -0 .080 -0 .666 ~0.210 ~-0.3
TR8 .Far -0.242 -0.803 -0 .088 -0 .695 -~ ,.194 -0.30
TR -0.274 -0 .656 ~Q.132 ~-0.770 -0 .146 -0 .29
HEOCa 0.000 0.112 0.000 0.000 0.000 -0 .00
HEOb .Near 0.006 0.112 0.001 0.049 0.048 -0 .02
HEObL .Far 0.0132 0.111 -0 .002 0.115 0.147 -0 .07
HE1 0.015% 0.1092 ~Q . 005 0.132 0.156 -0 .10
HEZ .Near 0.025 0.098 -0 .021 0.170 0.106 -0.2
HEZ .Far ©.022 0.021 -Q.027 0.175% -0, 0323 -0 .29
HEZ ~-0.077 -0 .017 -~ . 004 0.187 -0.,105 -0.2
HE4 .Near ~-0.109 ~0.052 ~0.008 0.202 -0 . 020 -0.32
HE4 .Far -0 .309 -0 .064 0.126 0.101 -0.216 0.22
HES ~0.311 -0 .052 0.12 0.097 ~Q.200 .25
HE& .Near -0 .358 0.088 0.170 0.0%95% 0.290 0.35
HE& .Far ~-0.3254 0.097 0.155 0.123 0.505 0.34
HE&a -0 .096 0.03 0.073 0.201 0.601 0 .30
HE&D 0.044 ~0.044 ~-0.012 0.163 0.188 0.2%
HE6&6C 0.081 -0 .,062 -0 .096 -0 .090 0.040 o.21
HE6d 0.110 0.031 -0 .181 -0 .3932 0.155 0.17
HE7 .Near 0.187 0.201 -0 270 ~-0.327 0.120 0.14.
HE? .Far 0.184 0.205 -0, 280 -0 .230 0.049 0.13"
HE7a 0.052 0.060 -0.124 0.201 -0 . 220 -0 .24
HE7b 0.264 -0.515% 0.067 0.012 -0 .011 0 .00
HEZ7c¢C -0 .356 -0 .459 0.026 -0.014 0.084 0 .26«
HES .Near -~ .481 -0 .609 ~Q.070 -0 .095 0.192 -0 .09
7 HES.Far -0 .479 -0.612 -Q.079 -0.110 0.207 -( .09
HE<9 -0 . 437 -0 . 589 -0.121 ~0.129 C.222 -0 .09
TLL1 0.000 0.000 0.000 -0 .000 ~0 L, 000 0.00
TLZ ~0.002 0.002 -0 .02 ~-0.03 ~0 . 050 0.0z
TLZ2a -0 ,048 0.010 ~-0.,010 .02 -0 ,102 -0 .10
TL3 -0 ,088 -0.013 ~-0.007 0.099 -0 . 053 -0 .27
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D-Zero Solenoid Upgrade CHIMNEY DESIGN File : CASE
Load : Dead Weight + Pressure 1 + Thermal 1 + Displacement 1

~'
*xk  System Deflections kxx

Point Displacements/inch Rotations/degrees
Name X Y Z X Y Z
Ti.4 .Near -0.119 ~0.044 -0.010 C.137 -0.045 ~0 .32
TL4 .Far ~0.319 -0.058 0.157 0.269 -0.182 .32
TLS -0 .321 -0 . 039 0.165 ¢.274 ~0.148 0.385
TLSa -0 .349 0.085 0.177 C.286 0.170 0.41
TLL& .Near ~-Q.3732 0.141 0.156 ©.291 0.382 0.41
TL6 .Far -Q.370 0,146 0.144 0.302 0.476 0.41
Ti.éa -0 .000 -0.000 0.021 0.141 0.352 0.41
TL6L 0.001 -0 .000 -0.126 ~0.070 0.165 0.40:
Tl.éc 0.368 0.010 ~0.271 0.084 0.5619 .40
TL? 0.411 0.002 -0 .287 0.140 0.559 0.40C
Ti.7al .Nea 0.3%986 0.029 ~0.322 0.217 0.498 0 .22
TL7al .Far 0.392 0.032 -0 .326 0.233 0.481 0.39
TL7a 0.00¢C -0 .000 ~Q.000 0.424 0.047 -0 .16
TL.7b ~0.319 -0 .42 0.000 ~-0.091 -0.132 0.1%
TLS .Near -Q.278 -0.762 ~-0.084 ~-0.53237 -0.061 -0.28
TL8 .Farv ~Q.277 -0 .760 -0 .092 -0 .564 -0 .045 -~Q .27
TLY ~0.280 ~0.628 ~0,.135 -3 .640 -0 . 000 -0 .26

R
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A N-7ero Solenoid Upgrade CHIMNEY DESIGN _ File : CASE.
_oad : Dead Weight + Pressure 1 + Thermal 1 + Displacement 1

xx¥ System Stresses (ANSI B31.3) *xxx

In- Cut
Point Plane Plane Section Stresses/psi
Name SIF SIF Modulus Hoop Longitu. Principal Code allo
TR1 1.00 1.00 0.01 517 918 g29 1376 2001
TRZ .Near 1.1% 1.00 Q.01 517 1116 1122 1233 2001
TRZ .Far 1.15 1.00 0.01 517 1075 1083 1186 200
TR2a 1.00 1.00 .01 517 1509 1514 1800 200
TR3 1.00 1.00 0.01 517 8837 00 1078 2001
TR4 .Near 1.00 1.00 0.01 517 494 577 611 200
TR4 .Far 1.00 1.00 0.01 517 &41 672 324 200
TRE 1.00 1.00 .01 517 &59 &£87 910 200
TR5a 1.00 1.00 Q.01 517 1124 113 1560 2001
TR& .Near 1.00 1.00 .01 517 17932 179¢ 1906 2001
TRéG .Far 1.00 1.00 .01 517 1782 1752 1919 2001
TR&a 1.00 1.00 0.01 517 2005 2005 2122 2001
TR&D 1.00 1.00 0.01 517 1648 1648 2507 2001
TR7 .Near 1.00 1.00 0.01 517 1220 1320 1510 200
TR7 .Far 1.060 1.00 ©.01 517 1364 1368 1473 2001
/\TR7a 1.00 1.00 0.01 517 1448 1452 2022 200
TR7H 1.00 1.00 0.01 517 1525 1528 1831 200
TR8 .Near 1.00 1.00 0.01 517 994 1001 123 200
TR& .Far 1.00 1.00 0.01 517 957 958 1244 200
TRY 1.00 1.00 .01 517 274 518 41 200
HEOa 1.00 1.00 Q.02 805 2895 3222 3661 200
HEOb .Near 1.23 1.02 0.02 805 2991 3307 3720 2001
HECh .Far 1.23 1.02 0.02 805 2244 2600 2926 200!
HE1 1.00 1.00 .02 805 1644 2127 2496 200«
HEZ2 .Near 1.23 1.02 0.02 805 2867 3141 3396 200
HEZ .Far 1.23 1.0z 0.02 805 3701 3701 3712 200!
HES 1.00 1.00 0.02 805 2447 2447 2474 2001
HE4 Near 1.00 1.00 0.02 805 1324 1325 1321 200
HE4 .Far 1.00 1.00 0.02 805 304 1037 1428 200«
HES 1.00 1.00 .02 805 951 1072 1575 200
HE& .Near 1.22 1.0z 0.02 805 3417 3430 3520 200!
HE& .Far 1.22 1.02 0.02 805 3206 3208 2335 2001
HE6a 1.00 1.00 Q.02 805 2123 2125 2447 200!
HE6b 1.00 1.00 0.02 805 1694 1696 1600 200
HE6C 1.00 1.00 0.02 805 1620 1623 1437 200
HE6d 1.00 1.00 0.02 805 1512 1514 2371 200
HE7 .Near 1 2 1.02 .02 805 2406 2407 2582 200
HE?7 .Far 1.22 1.02 0.02 805 2550 2550 2701 200
HE7a 1.00 1.00 .02 805 2071 2071 1816 200!
HE7b 1.00 1.00 0.02 805 1619 1619 1956 200
HE7cC 1.00 1.00 .02 805 2002 2002 1723 200
T HES .Near 1.23 1.02 .02 805 717 810 975 200
HES .Fayr 1.22 1.02 Q.02 805 691 805 F43 2001
HES 1.00 1.00 0.02 805 336 805 462 200
TL1 1.00 1.00 0.01 517 747 773 1098 200
TL.2Z 1.00 1.00 0.01 517 1011 1020 1165 200
Tl2a 1.00 1.00 .01 517 1584 1588 1879 200
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PipePlus version 4.50 Fermi Nat’l Accelerator Lab 10/14/93 12:43 Page
D-Zero Solenoid Upgrade CHIMNEY DESIGN File : CASE
Load : Dead Weight + Pressure 1 + Thermal 1 + Displacement 1

~’
*x*x* System Stresses (ANSI B31.3)  xxx
In- Qut

Point Plane Plane Section Stresses/psi
Name SIF SIF Modulus Hoop Longitu. Principal Code Aallo
TL3 1.00 1.00 0.01 517 922 932 1095 200
TL4 .Near 1.00 1.00 0.01 517 511 580 636 200
TL4 .Far 1.00 1.006 0.01 517 959 981 1347 200
TLS 1.00 1.00 0.01 517 1017 1035 1372 200
TLSa 1.00 1.00 0.01 517 1569 1578 1845 200
TLE .Near 1.00 1.00 0.01 517 1988 1997 2117 200
TL& .Far 1.00 1.00 0.01 517 1924 1934 21677 200
TLéa 1.00 1.00 0.01 517 2303 2303 2441 200
TL&b 1.0 1.00 0.01 517 1833 1833 27473 200
TL&C 1.00 1.00 0.01 517 960 360 1144 200
TLY 1.00 1.00 .01 517 1247 1247 1428 200
TL7al1 . Nea 1.00 1.00 0.01 517 915 11z6 1388 200
TL7al.Far 1.00 1.00 0.01 517 1194 1199 1297 200
TL7a 1.00 1.00 0.01 517 1495 1498 2092 200
TL7b 1.00 1.00 0.01 517 1477 1481 1751 200
TL.8 .Near 1.00 1.00 0.01 517 981 988 1zz22 200
TL8 .Far 1.00 1.00 0.01 517 346 947 1236 250
TLS 1.00 1.00 0.01 517 258 518 3932 )
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M O-Zero Solenoid Upgrade CHIMNEY DESIGN ' File : CASE.
~oad : Dead Weight + Pressure 1 + Thermal 1 + Displacement 1

¥xx  System Maxima k%X

Maximum X displacement = -0.481 inch at point HES.Near
Maximum Y displacement = -0.807 inch at point TR8.Near
Maximum Z displacement = ~0.326 inch at point TL7al.Far
Maximum X yvyotation = -0.770 degree at point TR9
Maximum Y rotation = 0.619 degree at point TLéc
Maximum Z rvotation = 0.414 degree at point TL5a
Maximum X force = —-112 lb at point HEZ

Maximum Y force = 46 lb at point HEZDL

Maximum Z force = =45 lb at point HEéa

Maximum X moment = -39 inch-lb at point HEOa

Maximum Y moment = 56 inch-lb at point HES&.Near
Maximum Z moment = -35 inch-lb at point HEOb.Far

Maximum hoop stress = 805 psi at point HEOa

Maximum longitudinal stress = 3701 psi at point HEZ.Far

Maximum principal stress = 2701 psi at point HEZ.Far

Maximum code stress = 3720 psi at point HEOb .Mear

Maximum stress ratio (codesallowable) = 0.19 at point HEOb.Near
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PipePlus version 4.50 Fermi Nat’l Accelerator Lab 10/14/93 12343 Page
D-Zero Solenoid Upgrade CHIMNEY DESIGN File : CASE:
Load @ Dead Weight + Pressure 2 + Thermal 2 + Displacement 2

~’
xkk  System Deflections kX

Point Displacements/inch Rotations/degree
Name X Y Z hd Y Z
TR1 ©.000 0 .000 0.000 -0 .000 -0 .000 0 .00«
TRZ .Near -0 .002 0.002 -0.016 -0 . 035 ~-0.051 .01
TR2 .Far -0 ,004 0.002 -0.018 -0 .038 -0 .079 0.01:
TR2a ~Q.037 0.008 -0 .007 0.007 -0.114 -0.07
TR3 ~Q.076 -0.010 -0 .0032 ¢.085 -Q ., 062 ~0 .23
TR4 Near -0 .107 -0.037 ~0.005 .12 -0.049 -0 .29
TR4 .Far -0 .,306 -0 .048 0.138 0.267 -0 .208 Q.24
TRE -0 .308 -0 .029 0.147 0.269 ~0.189 0.26
TREa -0 .3322 0.069 0.180 0.254 0.007 0.27¢
TRe .Near -0 .375 0.143 0.167 0.256 0.218 0.23:
TR6 .Far ~-0.374 0.146 0.156 0.267 0.404 0 .23
TRé6a -0 .Q00 -0 .000 c.018 0.140 0.3202 0.2
TR&b 0.001 -0 .000 -0.129 -0.147 0.151 0.2
TR7 .Near 0.293 0.103 -0.272 -0.028 0.432 0.18"
TR?7 .Far 0.295 0.102 -0.278 0.008 0.397 0.18
TR7a 0.000 -0 .000 -0 . 000 0.210 ~-0.107 -0.19'
TR7b -0 .319 -0 .420 0.000 -0.198 -0 .286 0.13¢
TR8 .Near -0 .241 -Q.807 -0 ., 080 -0 .666 -0.z210 -Q.7N
TR8 .Far -Q.242 -0 .802 -0 .088 -0 .695 -0.194 =0 o'
TR? -Q.274 -0 .656 -0.132 ~0.77C -0 .146 -0.29
HEQa 0.000 0.000 0.000 -0.000 0.000 -0 .00«
HEOb .Near 0.006 0.000 0.000 ~-0.,013 0.004 -0.00
HEODb .Fary 0.010 0.001 -0 .004 -0.037 ~-0.001 -0 .01°
HE1 0.010 0.001 -0 .008 ~0.042 -0 .005 -0 .01
HEZ .Naar 0.002 0.005 - .024 -0 .055 -0.040 -0.02°
HEZ2 .Far 0.004 0.006 -0.027 -0.0587 -0.092 -0 .03
HES ~0.077 -0.017 -0 .004 0.060 ~0.061 -0 .30
HE4 .Near -0.109 -0 .052 -0.008 0.106 -0 .006 ~Q.37°7
HE4 .Far -0 .309 ~0.065 0.126 Q.079 -0.212 0.25
HES -0.211 -0.052 0.137 0.075 -0.196 .27
HES .Near -0.358 0,089 ©.17¢0 0.0%0 0.292 0.35!
HE& .Far -0 .354 0.098 0.155 0.121 0.506 .35/
HE6a -0.096% 0.035 0.072 0.204 0.600 Q.30
HE&bL 0.044 -0 .045 -0.012 0.164 0.188 0.2¢
HE&C Q.081 -0 .0632 ~Q.096 -0.091 0.040 Q.21
HE&d 0.110 0.031 ~-0.181 -0 .393 0.155 0.17
HE7 .Near 0.187 ¢ .201 -0 .270 ~-0.327 0.120 0.14.
HRE7 .Far 0.184 0.205% -0.280 -0.230 0.049 0.13
HE7a Q.052 0.060 -Q.124 0.201 -0.,230 -Q.24¢
HE7b 0.264 -0.5185 0.067 0.012 -0.011 0.00:
HE7cC -0 .356 -0 .459 0.026 -0 .014 0.084 Q.26+
HES .Near -0 .481 -0 609 -0.070 ~0.095 0.192 -0 .09
HES8 .Far -0 .479 -0.612 -0 . Q79 ~-0.110 0.206 -0 .09.
HE< -0 .437 -0 .589 -0.121 -0.129 0.222 - 3
TL.1 0.000 0.000 0.000 -Q .000 ~0.000 O?Ubf
TLZ -0.002 0.002 -0.021 -0 .037 ~0.050 Q.o
TL.2a -Q.048 0.010 -0 .01¢C 0.021 ~0.102 -0, 10
TLS -0.088 ~-0.013 ~-0.007 0.099 -0 .053 -0.27



PipePlus version 4 .50 Faermi Nat’l Accelerator Lab 10/14/93 12:43 Page
“M-Zero Solenoid Upgrade CHIMNEY DESIGN File : CASE.
~oad : Dead Weight + Pressure 2 + Thermal 2 + Displacement 2

kxk  System Deflections *kxx

Point Displacements/inch Rotations/degree
Name X Y 4 X Y Z
TL4 .Near -0.119 -0.044 -0.010 0.137 -0 .045% -0.32
TL4 .Far ~-0.319 -0 .058 0.1%7 0.269 ~-0.182 0.32
TLS -0.321 -0.03 0.165 0.274 ~0.148 0.35
TL.5a -0 .349 0.085 0.177 0.286 0.170 0.41
TL& .Near -0.373 0.141 0.156 0.291 0.382 0.41
TL& . Far -0.370 0.146 0.144 0.3202 0.474 0.41
TLéa -0 . 000 -0 . 000 0.021 0.141 0.352 0.41
TL&b 0.001 ~Q.000 ~0.126 ~Q.070 0.165 0.4¢
TL&C 0.368 0.010 ~-Q.271 0.084 C.619 0.40C
TL7 0.411 0.002 -0.287 0.140 Q.559 Q.40
TL7al .Nea 0.396 0.029 -0.322 0.217 0.498 0.3
TL7al .Far G .392 0.032 -0 .326 0.233 0.481 0.2
TL7a 0.000 -0, 000 -0 .000 0.424 O.047 -0 .1&
TL7b -0.319 -0.420 0.000 -0.091 -0.132 .15
TL8B .Near -0.278 ~Q.762 -0 .084 ~0.537 ~0.061 -0.28
TL8 .Far ~-Q.277 -0 ,760 ~3.092 -0 .564 -0, 045 ~Q .27
— T3 -0 .280 -0 .638 ~-0.135 -0 .640 -0 .00Q¢ -0.26
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D-Zero Solenoid Upgrade CHIMNEY DESIGN File : CASE4
Load : Dead Weight + Pressure 2 + Thermal 2 + Displacement 2

~’
*x%x System Stresses (ANSI B31.3) *xxx
In- Qut

Point plane Plane Section Stresses/psi
Name SIF SIF Modulus Hoop Longitu. Principal Code Allow
TR1 1.00 1.00 0.01 517 918 929 1376 200C
TR2 .Near 1.15 1.00 0.01 517 111se 1123 1232 200¢
TRZ .Far 1.15 1.00 0.01 517 1075 1083 1186 200¢
TRZa 1.00 1.00 .01 517 1509 1514 1800 200¢
TR3 1.0¢ 1.00C .01 517 887 F00 1078 200¢
TR4 .Near 1.00 1.00 0.01 517 494 577 611 200¢
TR4 .Far 1.060 1.0C 0.01 517 641 672 924 200(C
TRS 1.00 1.00 0.01 517 659 687 910 200¢
TR5a 1.00 1.00 .01 517 1124 1130 1560 200¢
TRé .Near 1.00 1.00 .01 817 1793 1796 1906 200¢
TRé .Far 1.00 1.00 0.01 517 1752 1752 1919 200¢
TRea 1.00 1.00 0.01 517 2005 2005 2122 200¢
- TR&b 1.00 1.00 .01 517 1648 1648 2507 200¢
TR? .Near 1.00 1.00 .01 517 1320 1320 1510 200«
TR7 .Far 1.00 1.00 0.01 517 1364 1368 1473 200¢
TR7a 1.00 1.00 .01 517 1448 1452 2022 200¢
TR7b 1.00 1.00 .01 517 1525 1528 1831 2en¢
TRE8 .Near 1.00 1.00 0.01 517 994 1001 1237 2ot
TR .Far 1.00 1.00 .01 517 957 958 1244 200¢
TR 1.00 1.00 0.01 517 274 518 417 200«
HEOCa 1.00 1.00 0.02 805 694 994 1193 200¢
HEOb .Near 1.23 1.02 0.02 805 509 93 1071 200¢
HEOb .Far 1.23 1.02 0.02 805 843 882 1069 200C¢
HEL 1.00 1.00 0.02 805 830 874 1023 200¢
HE2 .Near 1.22 1.02 0.02 805 13283 1388 1485 200¢
HEZ . Far 1.22 1.02 0.02 805 1389 1400 1500 200¢
HE3 1.00 1.00 .02 805 3584 3586 2869 200¢
HE4 .Near 1.00 1.00 0.02 805 1551 1560 1563 200«
HE4 Far 1.00 1.00 .02 805 887 1002 132846 200¢
HES 1.00 1.00 0.02 805 936 1039 1532 200¢
HE& .Near 1.23 1.02 0.02 805 3413 3423 3511 2001
HE& .Far 1.23 1.02 0.02 805 3196 3198 3326 200¢
HE6a 1.00 1.00 .02 805 2116 2118 2442 200«
HEéb 1.00 1.00 0.02 805 1696 1699 1601 200(
HE6¢ 1.00 1.00 Q.02 805 1621 1624 1438 200¢
HE6d 1.00 1.00 .02 805 1507 1509 2366 200¢
HEY .Near 1.22 1.02 0.02 805 2405 2406 2581 200¢
HE7 .Far 1.23 1.02 Q.02 805 2549 2549 2700 2001
HE7a 1.00 1.00 .02 805 2070 2070 1815 200«
HE7b 1.00 1.00 0.02 805 1619 1619 1956 200«
HEZ7¢c 1.60 1.00 0.02 805 2002 2002 1723 200¢
HE8 .Near 1.23 1.02 0.02 805 717 810 975 2001
HE8 .Far 1.23 1.02 .02 805 691 805 943 *
HES 1.00 1.00 0.02 805 33 805 462 >0
TL1 1,00 1.00 0.01 517 747 773 1098 200¢
TLZ 1.00 1.00 .01 517 1011 1020 1165 200
TL2a 1.00 1.00 0.01 517 1584 1588 1879 200



PipePlus version 4.50

Fermi Nat’l Accelerator Lab

~-Zero Solenoid Upgrade CHIMNEY DESIGN

—oad
In- Qut

Point Plane Plane
Name SIF SIF
TL3 1.00 1.00
T4 .Near 1.00 1.00
TL4 .Far 1.00 1.00
TLS 1.00 1.00
TL5a 1.00 1.00
TL& .Neay 1.00 1.00
TL& .Far 1.00 1.00
TLé&a 1.00 1.00
TL6b 1.0¢0 1.00
TLé&cC 1.00 1.00
TL.7 1.60 1.00
TL7al.Nea 1.00 1.00
Tl.7al .Far 1.00 1.00
TL7a 1.00 1.00
TL7b 1.00 1.00
TL.8 .Near 1.00 1.00
TL8 .Far 1.00 1.00
TL9 1.00 1.00

KKK

Section

Modulus

COCOCGOOOOCOOOQOODOCO0Q
<
[

System Stresses (ANSI B231.3)

Stresses/psi

Hoop l.ongitu.
517 922
517 511
517 359
517 1017
517 1569
817 1988
517 1934
517 2303
517 18322
517 60
517 1247
517 915
517 1194
517 1495
517 147
517 981
517 944
517 258

Dead Weight + Pressure 2 + Thermal 2 + Displacement 2

KKK

Principal

932
580
981
1035
1578
1997
1924
2303
18332
260
1247
1126
1199
1498
1481
988
947
518

File

Code
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PipePlus version 4.50 Fermi Nat’l Accelerator Lab
D~Zevo Solencid Upgrade CHIMNEY DESIGN
Load Dead Weight + Pressure 2 + Thermal 2 + Displacement 2

Max imum
Max imum
Maximum

Max 1mum
Max imum
Max imum

Max imum
Max 1mum
Max imum

Maximum
Max imum
Max imum

Max imum
Maximum
Max imum
Maximum
Max imum

**¥% System Maxima  kxx

.481 inch at point HES8 .Near
.B07 inch at point TR8 .Near
.326 inch at point TL7al.Far

displacemant
displacement
displacement

N <X

-0 .770 degree at point TR9
0.619 degree at point TLéc
¢.414 degrze at point TLb5a

vyotation
rotation
yotation

Houon

X

force
force
force

-110 1b at point HE2
46 lb at point HEVb
-45 lb at point HEéa

KX

oo

32
5%
44

inch~1lb at point HE7.Far
inch—-1lb at point HE& .Near
inch~1b at point HE3

moment
momant
moment

N X
WM

i

hoop stress = 805 psi at point HEQa
longitudinal stress = 3584 psi at point HE3
principal stress = 23586 psi at point HE3
code 3511 psi at point HES . Near
stress

stress =

ratio {codersallowable)

0.18 at point HES .Near

'
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SUBJECT NAMER R
THeRMAL  ConrracTions ANALL SIS UsS RucimsSie
DATE REVISION DATE
CoLENOID “THERMAL MOVEMEHT ol /93
Due o -—THE HIGH STRESS GEMERATED av HEL v cacE
4 oF A PReVIOUSLY DomE ANALYLS (S AL OTiHGR
CHANGES Suewn A% ALLowABRLE STRE%S [From 4.0
To 8.0 , ‘thu, e 0.06%" ys. ©0.03%". T wite
RE- ”uUN THE THERWMAL CoNTRACTIoN) ANALHS(S
BeseDd O CUORMENT LATEST DESIea] 10ECRAATION .
THE L_/He TUSE CONMECT; O

-
-4

BE gouT&p

‘.* 52'%]

y pedr yj&&q’[ 7

»> “To T SOLENCIO Wil b

. ‘.28:\

ED6E oF SUPPFIRT CYLINOER.

po
i

k. REA L‘J

—
H

2.05 [ BULKHERD ouTER. SURFALS

Hez

The AgOVE 15 BALEDd oN

Floures 4.4, %12
SQuiRES

AND

THeaT SA-S

-1.5 ...—’f'*g
£
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INForm&TionN

ThE
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Damm Eub RNG

EapiAL SUPPIAT BLOCK

7 wu,
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SHOWA/

N THE DEsIoN LEfolT

CoNNERSATIODN W\ Tt Reuce

CoOLING TURE wig BE&EV
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SUPPORT CMHLINDER .
M Dway RETWEEAY “THE
1< “AncrorED " . THis
BispLaceDd WHEA

Fiese

T

ELpow ar HEL wice

e 2™ wikc.
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T witt ASSULME
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2F ENGINEERING NOTE | BP/ps | rcamse. | 3923 11F o A2

SUBJECT NAME A ol
Russ Rucins iy
DATE AEVISION DATE =
]
DisPrpcemenT whnen SOwgpow Coocg = ook
. pv“"““‘"w NaT
EAD AW ('3?5"“’*3 Verticar 5y ) =z ‘
i N [t X
Ky= Roxm (6598 mn) 0:004B ) » sTh - W2 m

T DLOME B AXIG =

Center 9F THE SOLENOID MOVES “DWARDS Tig CHaNES

END . 1Q7 . TreF. £:5-93 £.maie waAMOS 1y SQUIRES A
Haro out  Bu BucE 9 [31/83  Raome Cleaq gt -

e CvLmpee swrimies A= (et o = (51,085 w) (0043)= 0. 220w,

A=

wge © +13Tm - 2200 023w, ~ NEGLIGISLE .M




