SDC SOLENOID DESIGN NOTE #151

TITLE: Report of Magnet Working Group Meeting, Aug 1-2, 1991

AUTHOR: R. Fast, J. Krebs, B. Richardson, R. Stanek, A. Stefanik,
B. Wands

DATE: Aug 6, 1991

ABSTRACT: This design note consists of the viewgraphs that were shown by
the Fermilab participants in the meeting and Ron Fast’s meeting notes. The
paper Akira Yamamoto presented was distributed at the meeting; copies are
available from him.

Meeting Notes (R. Fast)

These are my notes, with minimal editing and with no attempt to arrange
them logically.

L. Volume of LHe in cooling tube--100 to 200 I, OK for quench propagation.
AY: coil outlet quality (gas fraction) of 20% is OK. Size the cooling tube
diameter for the cooldown requirements. Use a cooldown temp difference of 50
to 100 K.

2. AY: 400 sense wires probably OK, but don’t take them up to control
dewaxr.

3. BR: Shields can be LIN cooled since detector hall has many other sources
of nitrogen leakage in it. AY: we should continue to study the question of
LIN vs cold GHe for shields and understand why the Europeans use GHe.

4. AY says it should be possible to do a fast discharge without quenching
the coil. This is not the case at CDF,

5. AY: for CFRP shell, should compare interaction length rather than
radiation length.

6. AY doesn’t know the relative costs of isogrid and honeycomb vacuum
shells. He says the vacuum reliability of honeycomb is the same as isogrid,
since both are welded.

7. BK: Disadvantage of having sliding truss member on the coil--possible hot
spot.



8. What is the temperature of the vacuum shells on loss of vacuum--with no
convection to warm them?

9. DBus should be sized to survive a slow dump following loss of cooling
water flow. (CDF bus could do this.)

10. BR: SSCL standards for vacuum vessel--design using 1/4 UTS and
fabricate to ASME PV Code requirements with respect to material certs and

control, weld procedure specs. Welds should be only those permitted by PV
Code,

11. AY DBitnet address: TARVOQIPNKEKTR

12. BK: What is the effect of E/m on the coil thickness? What is the

reliability vs thickness (E/m) trade-off? AY says the stronger conductor
allows you to go do higher E/m.

13. BK: the thickness is important to the calorimetry only at the ends.

Therefore it is not necessary to be aggressive in the coil design, but in the
design of the end.

14. AY proposes G-10 ground insulation on the ID of the coil.

15. BK: the 50 mm on the inside and outside of the cryostat are stay-out
zones. The cryostat should be toleranced away from these zones: 2050 mm
+0/-nn and 1750 mm -mm/-0,

16. AY: in his Fig 3.5, the coil temp line going through the operating point
is about 6.7 K. The temperature ig linear from 4.2 to 9.3 K (at the origin)
along the load line.

17. BE: we should make the point that even without high-strength conductor,
the conductor and outer support cylinder dimensions will still work, with a
lower safety factor.

18, AY “prefers” a terminal voltage of 800 V on quench, ie a dump resistor
of 0.1 ohm, but he is “flexible”, The breakdown voltage of ground plane
insulation is 13 kV.

19. AY: the conductor cold work is achieved by rolling. The impurities in
his Fig 9.4 are 100-200 ppm zine and silicon.

20. AY says they have seen no change in conductor porperties after ome week
at 300 K for the high-strength conducior--no room temperature annealing.

21. Furakawa got the contract for the conductor for the prototype, Toshiba
got the contract for the winding fixture.

22. Regarding the outer vacuum shell--isogrid is the baseline, but AY may
choose to study aluminum honeycomb on his own.

23. Control dewar, Be careful of definition of control dewar. For Topaz AY
had a small “service port” on the magnet; it contained a 30-L LHe pot for
the VCL. It did not have ball valves on the bayonets and so did not need
trapped volume RVs. The control dewar had a 1000-L LHe vessel with a



subcooler inside, all the RVs and control valves. AV prefers this same
arrangement for SDC--Toshiba to provide service port and Fermilab the control
dewar. Question--where does the vacuum pump for the cryostat go--on the
service port?

24. Thermosiphon (T8)--AY will study if TS will be used for prototype. If so
the control dewar and service port are combined. Stanek suggested learning
how well the Cleo 2 and Aleph magnets operate-both use TS-to see how they
compare with forced flow for SDC.

25, Coil average radius--BK and AY to learn (or decide) this at LBL meeting
next week. AY’s dimension of 1850 mm is eold.

26. He Cooling tube calculations--both AY and Andy S. make calculations on

sizing and placement of cooling tube. AS to calculate for full size solenoid,
use this scheme on prototype.

27. Cold-mass supports--AY: there is good reason for Fermilab to develop
supports (better material availability than in Japan). FNAL to continue work
on composite supports, when test results are complete FNAL will make
proposal to AY/KEK regarding supports for prototype.

28. Schedule for prototype--on page 23 of AV's report: finish coil winding
March 1993, start assembly Apr-May 1991, therefore ship parts from Fermilab
Nov 1992,

29. Agreement regarding joint participation in the prototype coil project

Vacuum vessel--by Fermilab
Outer and inner shell, annular end bulkheads

Cold mass-—-by KEK

LIN shields--by KEK

Chimney and service port--by KEK

Control dewar (if needed)-—-by Fermilab
Support system--to be determined

Assembly and test—at KEK

Refrigerator or LHe for test--by KEK
Power supply and instrumentation—-by KEK

AY likes the boundary between FNAL and KEK at 300 K, the cold-to-
warm supports is negotiable.

30. Prototype length
Coil active length = 1.9 m

Cryostat length = 2.4 m/94.5” 40, -100 mm






SDC SOLENOID MAGNET WORKING GROUP MEETING

August 1-2, 1991

The Fermilab and KEK groups will discuss their R&D work in a series of
presentations. These include:

1. Refrigerator and coil cooling schemes--Andy Stefanik

cooldown and quench recovery, pressure drop, transfer line route,
surface facilities layout

2. Chimney and control dewar--Andy Stefanik
penetration through detector, installation, field joing

3.  Materials for outer vacuum shell--Ron Fast
SDC DN-150,

4. Status of design of isogrid vacuum shell--Ron Fast

%‘Tz

sold-mass support schemes--Jim Krebs
Warren truss with composite members

6.  Attachment of cryostat to calorimeter--Jim Krebs, Chuck Grozis
7.  Electrical equipment--Ron Fast

8. Magnetostatics and coil preload--Bob Wands, Ang Lee

9.  Bafety and Quality Assuranc
effect of the “new eulg

Bob Wands

ure”, SSCL standards and requirements

o
S’

Cost and schedule~Rich Stanek
fropact of a failure

11. Pregentation for collaboration meeting-Akira Vamamoto

12. Review of R&D work at KEK--Akira Yamamoto
quench calculations, placement and size of cooling tubes

13. Prototype magnet--all
To what extent does prototype model the full-size magnet?
Who does what? Dimensions? Interfaces? Schedule?
Coil-cold mass
Supports
LIN shields
YVacuum vessel
Chimney
Control dewar
Power supply, ete
Assembly scheme

14, SDC proposal to SSCL--Akira Yamamoto, Bob Kephart
Who writes what?

15. Design report--Akira Yamamoto, Bob Kephart
Who writes what section?
Does SSCL contribute?
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Coil Cooling Reguirements

Degsired temperature difference betweem conductor and the varmest plece

on the outer support cylinder during steady-state gperation

At what temperature do you wish the outer suppo
during scesdy-state operation?

How uniform do you wish the temperature of the outer support cylindex
to be during stesdy-state operation?

What should be the outer support cylinder temperature during & chargel! < ©w

How uniform shouwld it bel 0.2

; Pk ~ &

What 18 the maximm smount of liquid helium in the cooling Q@?%, TS
ovides e sufficiently @@@ﬁ

actached to the oucer support cylinder which pr

fast quench propagation rate to limit the mazimum hot spot Cemperature

to the desired valuel

Do vyou have a preference as to the cooling scheme--forced two-phase,
supercritical or thegmosiphon? .

- g,

We are thinking of opersting the radiation shields and thex
ineercepts with cold held ag at about 50 E. Do you have auy
comments on this idea? The t8 will alsc have a 4.3-K imt@x@@p@i%
? Pasg A

circuit on the outer support cylinder:

e G oY

We may nesed a separate cool-d
do you have any CoFEm
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FERMILAS BECTIOK PROJECT BEBILL. « CATRGOIW | POOR

AT BETWEEN COOLING TUBES oN
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FERMILAS BECTION BERIAL - CATEBOHY PaBE

BUBJECT

e)) /41

INCREASE TUBE |D To LPECREASE AP AND LowER
COOLING TUBE OPERATING TEMFP.

FOR. EXAMPLE | CALCULATE TulBE 1D To ZECREASE A
3Y HALF,
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FERMILAS BRCTION PRQIETT BURIAL - CHTREGRY PABE

ENGINEERING SDC

BUBIECT B8
# i ?@Eﬁ §

Bave e eRyE T

3/1/ 41

VoLume ol .5 )0 TuBING .
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Vou = 1,100 fr Tt b)) = 7,473 {
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NOTE

BEETION

BUBLECT

HE LI1UM

COOLING CIRCLIT

COMPARE THIS SDC LESIGN TO CDF.

TUBE 1D (s WW@}
TUBE Le (m)
FLOW (g/5)

PEAK SOLENOID
CHARGING LOAD (W)

CALCUATED AP
DURING CHARGING (psT)

CDF

21
/185
31
/00

JDC

19.7
/72
4-5
220

FLOW IN EACH RUN

b )9
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LY RADIATION HEAT TR

FERMILAB BRCTION

RING NOTE SDC 5

MAWME

OPTIMUM TEMPERATURE FOR. ONE AMS

RADIATION SHIELD @‘gﬁﬁ/!@w/[% j REVIBION BATE

BUBIECT

EQUNTIONS & DATA

NSFER. FOR, CYLINDRICAL SHIELDS
%ﬁ“ = O /%9 F ( nyﬁ%’““”” T’Zﬁh )

PP
éﬁ%g AZ&%

WHERE SURSCRIPT |

REFERS Tb THE SMALLER SURFACE

JABBREVIATIONS

NV = VACUUM VESSEL
RS = RADIATION SHIELD

S = SUPPORT CYLINDER

Cl & COIL INSIDE SURFACE,

TEMPERATURES

Tw = 30O K

TRs VARIES FROM 00K To 10 K.
Tss = 4.5 K

MIKTERIALS

NACUUM NESSE L ¢ ALUMINUM . Coll « HIaH PURITY ALL
RADIATION SHIELD

ALUMINUM CovERED WITH 2.54 &M

THICIK MLT FACING VAcCuuM VESSE!

PORT CYLINTER,; CASE | — ALumiINuM COVEREND WITH
ALUMINUM TAPE

CASE 2 —ALUMINUM COVEREDN WiITH

2,54 M THICK MLT
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$§C DETECTOR SOLENOID DESIGN NOTE §117

Pumping of a Helium or Nitrogen Leak in the SDC Solenc:«
el (Cylindrical Chimney)

DATE: Detober 15, 1960

This Design MNote contains the high vacuum pumping calculations for
the SDC solencid vecuum vessel. The calculation uses the eylindrical
chimney dimensions given in Design Note 115.

The calculations indicate the following throughputs for conductance
values at 300 K and 80 K:

1.0 69 turk

siecular pump with 1,100 /s helium pumping speed:

Throughput (Atm ccfsec)

Hel i um Nitrogen

1.1 Ab 2.2 x (10#%=5) torr (COF magnet trip point):
At 300 K: 3.8 x (108%=3) 1.5 x (108%=3)
At 80 K: 2.0 % (10s8-3) 0.8 x (10#2-3)
1.2 At 5.5 x (10%%=7) torr:
At 300 K: @@9@ % (10%5=5) 3.7 % (10%u<b)
At 80 K: 4.9 % (10#s=B) 1.9 x (102e=E)

2.0

viecular pump with 390 1/s helium 1ing SpP

Throughput (Atm cefsec)

Hel i um Hibrogen

2.1 At 2.2 x (10s#=5) torr (CDF magnet trip point):
At 300 K- 2.7 % (10+9=8) 1.2 % (102=3)

At 80 K: 1.6 2 (1088=3) 0.7 x (10%#=3)



2.2 At 5.5 x (10%s<7) borr:
At 300 K: 6.8 x (10ss=5) 3.0 x (10sn<E)
At 80 K: 4.0 % (10%s=5) 1.7 x (10s»=5)

CONCLUSION: High vacuum throughput is sufficient for reasonsble helium or
nitrogen leak rates.

For ec rison, the CDF helium leak rate at smbi .
was 1 x {1@@@&@} Atm ecfs. The leak rate with liquid helium was
} to be about 1.5 x (10%s-7) Atm cefs.

det
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FERMILAD BECTION PROSEGT SERIAL - CATEGQRY

NOTE SDC

P ALHE

FOR CHimnNEY

RELLOWS

’ 7/8/91

-{ INFO FROM LARRY BARTOSZEK. O CALORIMET

/. VERTICAL . =77 (AME MOVEMENT @N BOTH SIDES)
7 HPRIZONTAL ROCKING  * | (#/" on &ACH SIDE)

3 ANAL D MNMONE AFTER FINAL INSTALLATION.
ALlow FoR £ A

4. MOVEMENT WHEMN ENERGIZED | MUCH LESS mﬁw 7Y
ASSUME 11 VERTICALLY

& TACKS FOR THE CALDRIMETER SIT oN THE MUON IROM

- | INFO FROM M&ﬁ&; Wé%é%“my Or MUDN ;é‘%@w M@%@M@m é“g

NS

I §

[, MAGNET HOOF EF} FECT . To P f@m&%ﬁ%ﬁ%mg RISES éif@o@ ‘
Ysr" To M. PLAN ON BY.

2. WEIGHT EFFecTS | (oNSTANT

3. ROTATION ABOWT THE BEAMLINE | HIPING FAR < % /4 !
Pran onN 7,

540280
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1.0 PURPOSE

This report describes the physical requirements and resources for the Magnet and
Central Detector of SDC. This includes the Magnet, Outer Tracker, lnirmediate Tracker
and Silicon Tracker. The purpose of this document is to define the envelopes, interf:. s
and facility requirerments for these components of the SDC,

2.0 INTRODUCTION

The design of the central tracking chamber in the SDC experiment for he
Superconducting Super Collider calls for 2 cylindrical tracking chamber.

The Central Tracking Chamber (CTC) is conceptually simple. The detection
elements, straw tubes or scintillating fiber, are laid in superlayers on the outer surfaces of
carbon composite concentric support cylinders whose central axes coincide with that of the
colliding beam (z axis). Fach straw superlayer is composed of four millimeter diameter
straws, and each scintillating fiber superlayer is composed of one millimeter diameter fibers.

In this design, all straw tubes are parallel to the z axis and therefore a superlayer
is simply supported on the surface of the cylinder. The straw tube drifi cell measure points
in r and phi (using the standard cylindrical coordinates),

The scintillating fibers are also placed on the outer surface of the support cylinder,
Since the fibers are flexible, they can be laid either along the z axis or wound on the
cylinders at small angles with respect to z axis. The design uses these stereo layered
scintillating fibers to measure the 2 coordinates of the tracks.
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] Force
(tonnes/2 cm)

3.3

11.0
DSP - 3d (refined) 12.1
V - 3d (refined) 11.1

DSP - 3d (total es

V - 3d (total ene
V__2d approximate 11.1
Table 1L

Decentering Forces
for FPour Geperic Cases
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tion of Coil and Support Cvlinde

OBJECTIVE: To limit the relative motion between coil and support cylinde
by

(1)  Preloading both the coil and suppori cylinder

(2) Using epoxy bond between the coil and support cylinder

(3)  Frictional joint between the coil and support cylinder

% support cylinder 31 mm
7Smm I
% % coil conducter A4ram
1903 mm
Fig. 1 The geometry of coil conductor snd support eylinder 1872 mm

1828 mm



< nesses connected in
> will be a distributed force, and its strain will be a
1 of support cylinder will, however, be a constant in the x
takes place in its end. Hence, these two displacement curves
never be able to match each other. We conclude that the relative motion can not be

Case 2 __Glue Joint Betweem Coil Conductor and Support Cylinder

A 2D a

nmetric finite element model is constructed to calculate the shear sires
epoxy bond between the coil and support cylinder. The distribution of the magnetic force
on the coil is obtained direcily from a finite element model magnetostatic calculation. The
stress-stain curve for coil conductor is assumed to be that of the CDF coil with &
limit 0.1% 2. The shear swength of epoxy is assumed to be 2800 psi 3. Five
es 4 of the coil have been invesdgated. The result are shown in Table 1. I

that for the air _core case with an axial force 1530 (tonnes), the safety. factor can be as hig
as 28. If the case_Q is

o, the SF value can go up 1o 140.

Table 1 Caleulation Result for Five Different Geometries

Case Flaxial) Max. shear stress Safety Factor Max. Strain %
(tonnes) (psi) (280007 505)

Air_core 1530 98 28

Case_2 87 32

Case_3 75 37

Case_7 272 36 77

Case_0 140 20 140
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July 30, 1991

Solenoid Design Standards

The following list of components and standards was compiled by the SDC
solenoid design group at Fermilab and tries to answer the question 'What

standards would we use if we had to design the SDC solenoid for approval by
a Fermilab safety committee?’

Pressure Vessels (control dewar, cryogen storage dewars)
Fermilab ES&H Chapter 5032, ’Cryogenic Pressure Vessels’. This chapter
requires design according to ES&H Chapter 5031, 'Room Temperature

Pressure Vessels’, which in turn refers to the ASME Boiler Pressure Vessel
Code, Section VIII, Div.

Vacunm Vessels
Fermilab ES&H Chapter 5033, Vacuum Pressure Vessel Safety’. This
standard refers to the the (“wmpm%%d Gas Association Pamphlet CGA-341
and the ASME Pressure Vessel Code.

Support Cylinder
ASME Boiler and Pressure Vessel Code, Section VIII, Div. 1.

Conductor
Good engineering practice

Cold Mass Supports

Metallic - Ferrous:
AISC Specification for the Design, Fabrication and BErection of
Structural Steel for Buildings

Metallic - Aluminum:
Aluminum Association. Pub, # 1 ’Aluminum Standards and Dat
Aluminum Association Pub. #3830 ’Specifications for Alum °mam
Structures.
Aluminum Association Pub. #33 'Engineering Data for Aluminum
Structures

Metallic - other 194
Good engineering practice.

Composite:
Good engineering practice.




Piping System
ANSI/ASME Code for Pressure Piping, B31.3, 'Chemical Plant and
Petroleum Refinery Piping’
CGA Pamphlet V-6, 'Standard Cryogenic Liquid Transfer Connections’

Pressure Relief Devices
ASME Boiler and Pressure Vessel Code, Section VIII, Div. 1
CGA 8-1.3 'Pressure Relief Device Standards’, Part 3 - Compressed Gas
Storage Containers
APL RP 521, ’Guide for Pressure-Relieving and Depressurizing Systems
(Sizing Pressure Relief Valves for Liquid-Vapor Mixtures)

Bellows
On pressure vessels:
ASME Boiler and Pressure Vessel Code, Section VIII, Div. 1
On piping:
ASME Code for Pressure Piping, B31.3, "Chemical Plant and
Petroleum Refinery Piping’ ]‘ Pyoyn X

Heat Ixchangers
Brazed Aluminum Plate Fin Heat Exchanger:
ASME Boiler and Pressure Vessel Code, Section VIII
Shell-and-Tube Heat Exchangers:
TEMA Standards, Class C

Welding
ABSME Boiler and Pressure Vessel Code, Section I¥

Electrical System
NFPA 70, National FElectrical Code
NEMA Standards
UL - Underwriter’s Laboratories, Inc.

Control System and Instrumentation
ISA Standards and Recommended Practices
NFPA 70, National Electrical Code

Abbreviations:
AISC - American Institute of Steel Construction
ANSI - American National Stendards Institute
API - American Petroleum Institute
ASME - American Society of Mechanical Engineers
CGA - Compressed Gas Association
IEEE - Institute of Electrical and Electronic Engineers
ISA - Instrument Society of America
NEMA - National Electrical Manufacturers Association
TEMA. - Tubular Exchanger Manufacturers Association
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WwiBs 4.1

3 141 Superconducting Solenoid
4 1411 Supercengucting Coll

5 {4111 Support Cylnger

6 141.1.2 Supercengucting Wire

7 141.1.3 Cotl Package Material ang vwinging
8 j141.1.4 Cryostat System

8 14,1.1.4.1 Vacuum Vessel

10 {4.1.1.41.1 inner Shell

11141.1,41.2 outer Shell

12141.1.41.3 Eng Plates

13141.1.42 Nitrogen Vesse!
14141.1,42.1 inner shell

15141.1.42.2 Quter Shell

16 14.1.1.42.3 End Plates

17141.1.43 Supports

18141.1.43.1 Girder Structure

16 14.1.1.43.2 Radial Supporss

20 14.1.1.44 Insylation

2114115 Instrumentation

22 14.1.1.6 Assembly & Teat

23 14.1.1.6.1 Assembly

24141.1.6.2 Fixtures and Equipment

23 14.1.16.3 Facility

26141.1.6.4 Test Equinment

27 1411658 Test

28 14.1.2 Power Supply System

29 14.1.2.1 Prime rover

30 14.1.2.2 Switenes ang SCRs
3114123 Dump Resistors

32141.2.4 Quench Protection Sysiem
33141.25 Current Transoucers and Instrumentat ion
3414126 AC Cabling and Breakers

35 141,27 Assembiy & Test

36 14.1.3 Control Dewar and Chimney
37 14.1,3.1 Yalves and Pining

38 14.1.3.2 Cryestat

38 14.1.3.3 Chimney Transfer Line

40 14.1,3.4 Assembly & Test

A4 14,1.3.4.1 Assembly

42 14.1,.3.4.2 Test

43 14.1.4 Controis and Instrumentation
A4 14 1.4 Uninteruptable Power Sunply
48 §4.1.42 Sensors

46 141,43 Cables and Connectors

A7 141,44 Control System

48 141,440 /0 Hargware

48 14.1.442 Software

S0 14.1.45 Assembly & Test
51141451 Assemply

52 14.1.45.2 Test

5314158 Sarety Repert

54 14.1.6 Assembly & Test

35 14.1.6.} Assembly

56 14.1.6,2 Fixtures and Equipment

37 14.1.6.2.1 HMagnet Support Systerm

58 14.1.6.2.2 Tooling ang Fixtures

39 14.1.6.3 Facility

60 14.1.6.9 Test Eguipment

6114165 Test

62 14.1.7 Magnetic £leld Mapping Eguipment
63 14.1.7.1 Magnetic Fleid Monttors
64141.7.2 Magnetic Field Mapping Apparatus
63 141,73 Assembly & Test

66 14.1.8 Transportation to SSCL

67 14.1.9 Management & Integration
68 141,91 Management

6914192 {integration




W8S 4.2,

8
i OB O ACTIATY
3 142 Cryogenic Systems
4 J42]) Refrigeration sgaiome
344211 Turi=key Hellum Aefrigerator
4212 LIguig Nitregen System
4212} Liguld Nitrogen Dewar
8 142122 Vailves, Pipes eng Instrienentation
9. 142123 Pumps, Subeoolers and Other Equipment
d01421.24 Agzambly & Test
111421241 ASEmBlY
121421242 Test Equipment
131421243 Test
i4142.1.3 Control System
42.1.3.1 1/0 Haroware
18142.1.3. Seltware
17142.1.4 Assempiy & Test
181421.4.1 Assembly
19142.1.42 Factitty
42.1.43 Test Equipment
21142144 Test
2214215 Safety Report
314216 ransgement and Integration
4142.16.1 Manggement
4216.2 integration
281422 irsnefer Susiams
714221 Cryo 1c Trangier Line System
422.1.1 £na Cang
pl42.21.1 1 Vaives, Pipes and instrumentation
301422112 Agsembly & Test
31142212 Expansion Goxes
3214221.2.} valves, Pipes and IRStrumentation
3314221.2.2 Assembly & Test
34142.2.1.3 Transfer (. Ine Sections
351422131 Pine znd insulation
361422 1.3.2 Asgembly & Test
37142214 Asgemply & Test
422141 Agsempily
422.1.42 Test
40314222 Gs3 Piping Syseem
41 142.2.2.1 valves ang Pipe
42142222 Agsembly & Test
431422221 Assembly
44 1422222 Test
4314223 Elecirical Buss System
4854223, Gobper Buss raterial and insyiation
47 142.2.3.2 Assembly & Test
£2.2.3.2.1 ABSembly
481422322 Test
0314224 wager Sysiems
1142241 LCY Hoox-~up
221422411 Valves, Pipe snd instrumentation
S3142241.2 Agzeimbly & Test -
@1422.42 1CW Hoolt=up
422421 Yalves, Pipe and INSErumentation
$ 1422422 Assembly & Test
714225 controt System
8142251 170 Harawere
9 142.2.3.2 Software
014226 Sarety Report
6114227 fignagement eng (ntegration
2142271 tianagement
3142272 \Integration
41423 anE onls Supger? Syslems
63 14231 Cryogente Equipment for VLPCS
6614232 Equiprnent Tor Mitrogen Purging
424 Bacwum Sysiems
4241 Solenold vacuum System
42.4.1.1 Vacwum Pumps
0 1424.1.2 ¥aives, Pioes and IRstrumentation
71442413 Agembly & Test
721424131 Agsemply
731424132 Test
7414242 Trangrer Line vacuum System
75142421 VZEwn Pumps
76142422 Valves. Pipes snd InStrumentation
77142423 Assembly & Test
781424231 Agsembly
791424232 Test
8034243 Aurilizry Yacuum System
81142431 Yagum Pumps
2142432 Lesx Deteetors
3142433 Yalves, Pipes ang instrumeniation
414243 4 Asgembly & Test
42434 1 Asgembly
86 142.43.4.2 Test
4244 Vacuwum Controt System
42441 /0 Harowsre
39 14.2.4.4.2 Software
4245 Safety Report
21 {42.46 Hansgement ang Integration
2142.46.1 ianagement
3142462 integration
34 1425 Sefoty Aepart
25 14.2.6 Gesemaly & Tas(
96 14261 Assembly
9714262 Faciiity
96 (426 3 Test
99427 e 0 650 | 5
100i42.7.1 Manggement
1011427.2 integration
1021427.3 Quality Control
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WBS 4.1 COSTS

8 c 0
| S O ACTIY T ary
3.4 Swoercendueting Selensid
4 14t Syparconaucting Coll
S 4t Support Cylinger
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