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F) Design of a structure to support the Bayonet Box

Applicable Codes:

1. AISC Manual of Steel Construction, Allowable Stress Design, Ninth
Edition

2. ASME BOILER AND PRESSURE VESSEL CODE, Section VIII, Division
1

3. ANSI/ASCE Minimum Design Loads for Buildings and Other Structures 7-
88 Approved November 27,1990

4. BROOKHAVEN NATIONAL LABORATORY SELECTED CRYOGENIC
DATA NOTEBOOK Volume 1, Sections I-1X, Revised August 1980

5. Flexible Metal Hose and Fittings, Senior Flexonics Inc., February 1993

6. Hilti North American Product Technical Guide 2001 edition.
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EXHIBIT A-1

Vacuum Vessel Engineering Note
(per Fermilab ES&H Manual Chapter 5033)

Prepared by R.J Woods Date 11/15/06 Div/Sec PPD/MECH
Reviewed by Date Div/Sec

Div/Sec Head Date Div/Sec

1. Identification and Verificationd Compliance

Fll in the Fermilab Engineering Conformance L abel information bel ow:

Thisvesseal conformsto Fermilab ES&H Manual Chapter 5033

Vesd Title MuCool Bayonet Box

Vessel Number

Vessdl Drawing Number ME-435320 BAYONET BOX OVERALL ASSEMBLY I
Internal MAWP

External MAWP 14.7psi

Working Temperature Range -20 °F +100 °F
Design/Manufacturer Fermi Lab - ParticlePhysicsDivision

Date of Manufacture

AcceptanceDate

Director'ssignature (or designee)if vessel isfor manned areaand requiresan exception tothe
provisions o thischapter.

Amendment No. Reviewed by: Date:

Laboratory location code

Laboratory property number

Purpose o vessdl

List all pertinent drawings

Fermilab ES&H Manual 5033-1
Revised 02 /2002



Drawing No. (SEE ATTACHED DRAWING LIST) Location of Original

2. Design Verification

Provide design calculationsin the Note Appendix.

3. Svstem Venting: Verification

Can this vessel be pressurized either internally or externally? [ JYes [X]No
[f"Yes", towhat presure?

List all reliefs and settings. Provide a schematic of the relief system components and
appropriate calculations or test results to prove that the vessel will not be subjected to
pressures greater than 110% beyond the maximum allowable internal or external pressure.

Manufacturer Relief Pressure Setting  Flow Rate Size
CVI VACUUM SEAL-OFF 1" w/ 1/8 FNPT
VALVE # V-1046-31 forTC

4, Operating Procedure Section

Is an operating procedure necessary for the safe operation of this vessel?
[ 1Yes [X]No  (If"Yes”, it must beappended)

Is a testing procedure necessary for the safe acceptance testing (acceptancetesting) of this vessel?
[IYes [X]No

If"Yes", thewritten procedure must be approved by thedivisionhead prior to testing and
supplied with this Engineering Note.

5. Welding Information

Has the vessel been fabricated in a Fermilabshop? [X]Yes [ ]No
If"Yes," append a copy df thewelding shop statement of welder qualification.

6. Excevtional, Existing. Used and Non-Manned Area Vessels

Is this vessel or any part thereof in the above categories? [ JYes [X]No
If"Yes" follow the Engineering Note requirements for documentationand append to note.

FermilabES&H Manual 5033-2
Revised 02 /2002
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MuCOOL CRYOGENIC SYSTEM - BAYONET BOX ASSEMBLY

(SIZE) |\DWG. NO. |DWG.NAME QTY. FAB. IN FAB. OUT |USED ON
MC- 120572  |CHECK VALVE ASSEMBLY |
MD- 435186 bb cc dd 1.50 FEMALE BAY.ASSY - 1" TUBE"
ME- 435320 BAYONET BOX OVERALL ASSEMBLY !

MD- 435321 Il OUTER BOX WELDMENT*

MD- 435322 *+OUTER BOX TOP PLATE

MD- 435323 *OUTER BOX BOTTOM PLATE

MD- 435324 Il INNER LINER WELDMENT**

MD- 435325 *INNER LINER TOP PLATE

MD- 435326 I*INNER LINER SIDE & END PLATES

MB- 435327 11 INNER LINER STANDOFF

ME- 435328 I OUTER BOX TOP PLATE PIPING

ME- 435329 Il INTAKE PIPE SUB-ASSEMBLY aa

MB- 435347 bb dd ADAPTER PLATE, 1.00 OD x .50 ID

MC- 435349 bb dd DEFLECTOR ASSEMBLYzzz

ME- 435362 bb dd CONTROL & SHUT-OFF VALVE ASSY.xxx
MC- 435428 aa SPIDER #1

MC- 435429 aa SPIDER #2

ME- 435457 Il LN2 PIPING SUB-ASSEMBLY bb

ME- 435458 It 5K PIPING SUB-ASSEMBLY cc

ME- 435459 Il 14K, 20K PIPING SUB-ASSEMBLY dd

MC- 435460 dd SPIRAL TUBE FOR 14K PIPING

MC- 435461 dd SPIRAL TUBE FOR 20K PIPING

MC- 435462 bb SPIRAL TUBE FOR LN2 PIPING

MB- 435463 bb cc dd ADAPTER PLATE, 2.88 OD x .75 ID
MB- 435464 dd ADAPTER PLATE, 2.88 OD x 1.00 ID

MB- 435520 aa LN2 SUPPLY PIPE, 4" x 16.50, SCH. 10S

MB- 435498 aa END PLATE, 450 OD x 4.01 ID
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Stress and Displacement of Bayonet Box Top Plate

Zhijing Tang
October 18,2006

Bayonet outer box top plate is 84 inch long, 25.75 inch wide, and 0.62 inch thick. It is
made of stainless steel 304. There are quite a few holes drilled on it. It is subjected to
vacuum pressure load. Besides that, on seven top row 2.25 inch holes each has 50 Ib
weight. We calculate the load on each hole as follows:

f=7-DR,
4n

Where D is the diameter of the hole, Pq = 14.5 psi is the atmosphere pressure, # is the
number of nodes on the hole, ¥ is force on each node. 1 hole of D = 6.5 in,n =32,F=15
Ib; 5 holesof D=1.625in,n=16,f=1.88 Ib; 3holesof D=2.75in,n =24, f=36 Ib; 7
holesof D =2.25 in, n = 24, = 2.4 Ib; 7 holes of D = 2.25 in, n = 24, plus 50 Ib weight,f
=45 Ib.

Boundary conditions are simply supported but no rotations. Conditions on the holes are
divided into two cases: One without constraint, and one rotation at hole is set to zero.
Stress and displacement are calculated for each case. The real situation may lies between
these two cases.

Max Disp (in) Max stress (psi)
1 No constraint 0.02764 11549
2 No rotation 0.01124 23748

The maximum stress of 23748 psi in the second case may seem a little too large. This is
mainly due to the over constraint at the hole. The real boundary condition at hole may
rest between these two extreme cases, and we expect the maximum stress below 18000

psi.



1
NODAL SOLUTION AN

STEP=1 OCT 13 zoos
SUB =1 15:54: 39
TINE=1

Uz (AVG)

RSYS=0

DMX =.027642

M =.027642

g .006143 012285 .018428 .024571
.003071 .009214 .015357 .021499 .027642

Bayonet Box Top Plate

1
NODAL SOLUTION AN

STEP=1 OCT 13 2006
SUB =1 15: 54: 58

TIME=1

SEQV {AVG)
DMX =_027642
SMN =65

M =11549

65 2617 5169 7721 10273
1341 3893 6445 8997 11549

Bayonet Eox Top Plate
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NODAL SOLUTION

STEP=1

SUB =1

TIME=1

Uz {AVG)
RSYS=0

DW =.011241
SMX =.011241

0 .002498 . 0049986
.001249 .003747

Bayonet Box Top Plate [no rotation at holes)

AN

0CT 16 2006
09: 13: 00

. 006245

007494

.009992
-008743 -01124)

NODAL SOLUTION

STEP=1
SUB =1
TIME=1
SEQV (AVG)
DMX =.01124l

SMN =85.25
SMX =23748

§

85.25 5344 10602
2714 7973

Bayonet Box Top Plate (no rotation at holes)

AN

OCT 16 2006
09:13:51

13231

18490 23748
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:D\MIKE\CHL\..\I 1IK_DEW.NOT Appendix § M.Geynisman Rev.l March 6. 1995

__FJrz ) 1100-./(—288 +460)-1 0108 i
C-K-P-K,-yM 356-0.795-[(65+14.7)-1.1]-1-4/29  —

© 7A2e. No additional (except tanker fill) external sources exist to pressurize the dewars. Plant

production will not bring the dewar’s pressure over 65 psig since the Nitrogen Plant is limited at 65
psig with 20k dewars pressure reliefs.

7.A3. Asitisshown above in §7.A.2.a through §7.A.2.d the flow capacity of each of the relief is

sufficient to ensure that the vessel pressure will not exceed 110% of MA WP for fire, loss of vacuum,
and pumping overfill combined. Then the stamped rupture disk pressure at 70 deg.F mst be less
than 150%(MAWP+15)-15 = 120 psig. The installed rupture disks are 2" BS&B type RB-90 set at
95 psig.

- 7.A4. Dewar has nine (9) 4" parallel plate reliefs for vacuum jacket. The discharge area for each
relief is 7.069 in®, and total available area is 63.62 in?, which is more than the area reguired. The
minimum required discharge area for vacuum reliefs installed on the dewar should be (according to
CGA-341 6.2.4.): galtons

~ b

A, =0.00024 - capacity,,,,, = 0.00024-11,000-8.345 g_al =22.03_in’
7A5. Thereis no rupture disk irstatted Tor the vacuum vessel.

7.A.6. The inletand vent piping of relief devices provide for proper performence. 11k dewars have
two sets Of identical relief devices with 2" Worcester diverter valve incorporated into the flow path.

- The losses in the inlet piping are shown in §7.A.2.b. The vent losses are 0.725 psi for 4399 Ib/hr of

saturated gas flow @ 15 psia, plus 0.08 psi for 18,752 Ib/hr of saturated liquid @ 15 psia.

LIQUID PIPELINE SIZING SUMMARY

—— o S S ———— — ——— — T S T S T e S Sas e S S S e S S St e S S S = S S S S = S S S T T S Em ST S S S Ee ST IS ST I TSI
2 3 3 1 T 1 1 1 1 1t 1t 1t 1ttt 1t 2 2 2 2 2 2 3 2 S 2 2 2 2 k2 2kt g

VALUES OF PIPELINE SEGMENT FITTINGS NO. EQ FT
GALLONS/MIN 46 90 DEG SHORT RAD 1 4.1
POUNDS/HR 18752 90 DEG LONG RAD 0 0.0
DENSITY, LB/CU.FT 50.43 45 DEG ELBOW 0 0.0
VISCOSITY, CP 0.15 180 DEG ELBOW 0 0.0
TEMP, DEG.F. -320.0 TEE THRU 0 0.0

__HEAD 1OSS, FT. . _ .. .0.2. ... . __TEE BRANCH - 0 ..0.0
INTERNAL DIA., IN. 2.469 PIPE ENTRANCE 0 0.0

-~ VELOCITY; -FT/SEC 3.1 - - PIPE -EXIT - - -r— -3 . _80 6 -
PIPE EPSILON, IN 0.0018 GATE/BALL VALVES 0 .0
REYNOLDS NUMBER 320255 BUTTERFLY VALVES o 0.0
FRICTION FACTOR 0.019349 GLOBE VALVES 0] 0.0
PIPE LENGTH, FT 1.0 CHECK VALVES 0 0.0
EQUIVALENT FT 15.7 REDUCTN DIA, IN, 0.0 0.0
PSI DROP/100 FT 0.4963 ENLARGE DIA, IN. 0.0 0.0
TOTAL PSI DROP 0.08 MISC EQUIV._FT, 0.0

E R Y T I T Tt T 1 -t 1 1 1ttt t Tt ittt T T £ 1T 1 1 1t 2 T 1 1 2 2 2 2 A b bkt
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* Fermi National Accelerator Laboratory
* PPD | Mechanical Support | Engineering Analysis

Vave Box under Vacuum Pressure
Zhijing Tang

February 11,2005

The valve box under vacuum pressure is analyzed using finite element method. The box
Is 72 inch long, 27 inch wide and 31 inch high. The materid is 5/8 inch stainless stedl
304. There are seven tubes with diameter 2 inch on the top, each weighs 15 Ibs. In
addition to that there is 50 Ibs load on each tube plus vacuum suction. So the total load on
each holeisabout 111 Ibs.

Fig.1 is the stress plot, Fig. 2 is the total displacement and Fig.3 is the z-direction
displacement.

1
NODAL SOLUTION AN

FEB 11 2005
09:19: 24

STEP=1
SUB =1
TIME=1
SBQV {AVEG)
DMX =.071776
SMIN =42.81°

SMX =2480Z

Fig,1 Stress

42.819 5545 11047 16549 22051
2794 8296 13798 19300 24802

Volve box under vacuum pressure
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PEB 10 2005
14:50: 14

STEP=1
SUB =1
TIME=1
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SMX =.07Z1Z2

Fig.2 Displacement
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¥olve box under vacuum pressure

NODAL SOLUTION Fig. 3 Displacement u, AN
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Volve box under vacuum pressure




€¢-L1N 3qEL

TABLE ULT-23
MAXIMUM ALLOWABLE STRESS VALUES IN TENSION FOR 5%, 8%, AND 9% NICKEL STEELS, TYPE 304 STAINLESS STEEL,
AND 5083-0 ALUMINUM ALLOY AT CRYOGENIC TEMPERATURES FOR WELDED AND NONWELDED CONSTRUCTION

5% Nickel Steels 8% and 9% Nickel Steels
Plates: SA-6452 Plates? SA-353, SA-553 Type I, and SA-553 Type NI
Pipes and Tubes: SA-333 Grade 8 and SA-334 Grade 8
Forgings: SA-522
Welded Construction3 Welded Construction
Temperature,? Nonwelded Temperature,? Nonwelded —
°F Construction, ksi UTS 100 ksi UTS 95 ksi °F Construction, Ksi UTS 100 ksi UTS 95 ksi §
-320 37.7 30 R.3 -320 38.4 34.0 23 %
-300 4.5 B2 316 -300 37.2 RB.2 3l6 %
-250 4 318 0.3 -250 34.8 38 0.3 =
-200 a5 0.6 2.1 -200 2.6 206 2.1 2
o -150 0.2 2.3 27.8 -150 0.6 2.3 2.8 <
3 -100 28.8 2.1 26.7 -100 2.0 28.1 2.7 =
- 50 2i4 27.1 5.8 - 50 217 27.1 5.8 |
0 3.7 23.7 237 0 5.0 5.0 3.7
100 23.7 23.7 23.7 100 5.0 50 B7 %
7
(@)
Z

TYPE 304 STAINLESS STEEL

Specified Minimum
Strengths at

Room Temperature Maximum Allowable Stress, ksi, for Temperatures,® "F, Not Exceeding

Spec. Tensile, Yield,
No. Grade ksi ksi -320 -300 -250 -200 -150 -100 . -50 0 100

SA-240 304 75.0 30.0 20.7 20.6 20.3 20.0 19.7 19.4 19.1 18.8 18.8
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Mucooler LN2 Box Tubing Contraction Analysis

Section Length between ends X (width) Y (height) Z (length)
9.75 -11.25 -715
195 -10.75 76.5
-10 13.218 -76.5
7 13.032 76.5
-66.75
Effectivelength between fixed ends 6.75 4.25 -61.75
Stainless steel tubing properties
cte= 1.10E-05 per K
E= 2.80E+07 psi
OD= 1 inch
ID= 0.902 inch
wallt = 0.049 inch
1= 0.0165939 inch"4
L= 26.25 inch
AT = 216 K
AX, inch Ay, inch AZ, inch Resultant, AL, dueto AX and AZ
0016038 0010098 -0.146718 0147592 inches

WORST CASE ANALYSIS

Assumingall AL occurs at the outlet tubing that has the longest L of 26.25".
This displacement will create a cantilever-mode bending stress on the tubing at top wall connection.

Force P created due to displacement AL, (P = 3*E*I*AL/LA3), = 11 b
Bending moment, M, created (M = P*L) = 299 inch-lb
Bending stress, S (S = M*(OD/2)/1), = 8,996 psi
Allowable stress, Fb, for 304 stainless steel tubing = 18,800 psi

AS BENDING STRESS IS < THE ALLOWABLE STRESS, TUBING WILL BE OK.
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Comments :

THERMAL CONDUCTIVITY INTEGRALS
for COPPERS

The six curves were extrapolated to 300°k. The curve for
GFH.C. was extrapolated to L°k and the curve for (Pb)Cu was

temperature in °K
initial temperature (6°k for [Pb]cu and [TelCu;
Lek for ail other coppers)

extrapolated to <°k. It is estimated that the extrapolated
values do not deviate more than 10% from the probable values.
A L L L,
Q== f A dT; 3= f aT
L Jo Q3 T, A
Where :
Q = heat flow in watts
A = cross sectional area in cm?
L = length in an
X = thermal conductivity in watts/cm-°K

3 -

Thermal Conductivity Integrals are on following page.

Temp.
°K

7 G
30

90
100
120
140
160
180
200
250
300

Thermal Conductivity
watts/em-°K
Hi-Purity Elect. (Ppb) (Te)
Annealed Coalesced TP 0.F.H.C. Ql a
70 6.2 3.2 2. L«
96 10. 4.8 3.7% 2.7% 2.2
120 14. 0.3 4, 7% 3.6% 2G
134 17.5 7.8 6.0% L.5% 34
120 23 11 8.5% 6.3 5.0
83 24 13 1 * 8 *| 65
60 23 14 12 9.2 7.3
40 22 14 12 9.6 7.8
28 18.5 13 11 9.5 7.9
20 15 11.5 10 9 7.7
12 10 8.¢ 7.7 6.9 6.8
8.0 7.8 7.0 6.2 5.5 5.8
6.2 6.5 5.9 5.5 4.7 5.2
5.7 6.0 5.5 5.2 k.5 4.9
5.2 5.7 5.2 4.9 k.3 h.G
4.7 5.1 4.7 4.7 L.o* 4.3
4.5 4.8 4.5 45 3.8% 4.2
4.3 L.5 L.3 L.3 LT 4.0
4.2 4.3 4.2 4.2 %.,5* 3.0
h.1 4.2 4.1 4.1 3. 5% 3.8
4.0 4.2 4.0 4.0 3.6% 3.8
k.0 4.2 4.0 4.0 3.6-:(- 3.8°
4.0 L, o 4.0 4.0 3.6% 3.8%
L,0% o 4.,0% . 0% 3.6% 3.8%

* Extrapolated Values

VII-B-3
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