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TD/Engineering & Fabrication

Specification # 3520-TR-333644

October 24, 2005

Rev. H
Revision Page (1 of 5)
Revision  Step No. Revision Description TRR No. Date
None N/A Initial Release N/A 6/17/02
A 31 Removed Step. Not necessary. 1485 10/2/02
3.2 Modified Step. Changed to “Add Insertion Rails per Vacuum Vessel
Assembly (ME-390129).”
4.1 Modified Step. Added “Suspension System Adjusting Screw, M16 x 70mm
SHCS and Washer” to the Parts table.
43 Modified step. “Install the Suspension System Adjusting Screws
(MB-390039), M16 Screw and washer into the Vacuum Vessel to hold the
Fixed Support Assembly in place. Coat all screw heads with Molybdenum
disulfide prior to installation.”
4.6 Modified step. “Install the Suspension System Adjusting Screws
(MB-390039), M 16 Screw and washer into the Vacuum Vessel to hold the
Sliding Support Assemblies in place. Coat all screw heads with Molybdenum
disulfide prior to installation.”
4.11 Modified Step. “Slide the Suspension System over the Cold Mass and place
on tooling. The Suspension system may be disassembled during this step.
Record shim sizes and locations prior to disassembly.” New Step 4.13.
5.1 Added Step. “Place the Cold mass assembly on the insertion rail system.”
5.3 Added Step. “Install Cold mass Insulation per Cold mass Insulation
Installation (ME-390302).”
5.5 Added Step. “Using Pipe Supports as a template, cuat the blankets around the
Pipe Support Feet and slit blankets circumferentially at the Pipe Supports.”
5.6 Added Step. “Remove Pipe Supports and blankets. Wrap blankets in plastic
bag to keep clean for tater use. Label blankets as they are removed for later
positioning.”
5.7 Added Step. “Install Pipe Supports to same location as in step 5.4.”
5.16 Added Step. “Weld the Pipe Support Gussets to the Cold mass per Q2 Piping
Assembly (ME-390208).”
6.0 Modified Steps per Tom Page.
7.1 Modified Steps per Tom Page.
7.2 Modified Steps per Tom Page.
7.3 Modified Steps per Tom Page.
7.4 Modified Steps per Tom Page.
7.5 Modified Steps per Tom Page.
B 4.1 Modified Step. Changed to “Label the IP End and the Non-IP End of the 1539 12/16/04
Vacuum Vessel with a temporary sticker or equivalent.” per Jim Rife.
50 Added Note “Note(s): Do net use a strap wrench on the pipes.” per

LHC Q2 1.QXB Cryostat Final Assembly

DR No. HGQ-0394.
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TD/Engineering & Fabrication Specification # 5520-TR-333644
October 24, 2005
Rev. H

3 Revision Page (2 of 5)

Revision  Step No. Revision Description TRR No. Date

C 32 Added Step. “Inspect the transition area between the support sections and 1570 11/18/03

tube sections. Grind smooth if necessary.”

3.3 Added Step. “Clean the Vacuum Vessel using a vacuum cleaner or
equivalent.”

18 Modified Step. Added “Tap out holes with M1Q — 1.5 Tap. Move Vessel to
Table.”

4.9 Added Step. “Measure the distance between the Suspension Rings at the
bottom of the Threaded Rods. Install Threaded Rods after measurements.”

4.10 Modified Step. Moved “Configure the Suspension Tooling for Q2 Assembly
per (ME-364604). Place Suspension Assembly on the tooling and make
necessary adjusts to the tooling.” to New step 4.11.

4.16 Modified Step. Added “Install shims between the Brass Slide Bars and the
Stainless Steel Blocks on each support as needed. Record Shim size and
location below.” New Step 4.17.

5.0 Modified, rearranged and added steps from step 5.13 to 5.35, per Notes taken
by Steve Gould and Tom Page on LQXB02.

5.8 Added Step. “Install Q2 Installation Tie Rod Assembly (MC-390635) and
Tie Bar Retaining Clamp (MB-390136) as per Q2 Cryostat Assembly -
Internal Piping (ME-390208).” per traveler LOXB03-0.

5.18 Modified Step. Changed Quantity from 2 eato 4 ea. “.. .Pumping Line Pipe
Stop (MB-390149), (4 ea.) and Cool Down Line Pipe Stop (MB-390150)
(4ea)”

5.19 - Modified Step. Changed Quantity from 2 ea to. 4 ea. .. .Pumping Line Pipe
Stop (MB-390149). (4 ea.} and Cool Down Line Pipe Stop (MB-390150)

AN 1]

} 5.20 Modified Step. Changed Technician Signoff to Weldor Signoff.

521 Modified Step. Changed to “Clean the following parts fromQ2 Heat
Exchanger Corrugated Tube Assembly (ME-390143).” Added Table. New
step 5.35.

522 Modified Step. Moved to after Suspension System Adjusting Screws are
installed. New Step 7.7

5.23 Modified Step. Moved to after Suspension System Adjusting Screws are
installed. New Step 7.8

6.1 Moved Step. Moved to New Step 6.2. “Install the Cold mass MLI Blankets
per (ME-390302) and in the same position as Step 5.6.” Cannot Lift Cold
Mass with Blankets installed.

6.2 Moved Step. Moved to New Step 6.1. “Lift the Cold Mass Assembly and
place the Center Section (ME-390164) and End Sections {ME-390162) on the
Insertion Rails. Lower the Cold mass back onto the rails ensuring the holes in
the Shield Sections line up with Support Rollers.”

7.8 Removed Step. * Install the Conflat flanges with copper gaskets on the
Vacuum Vessel as per the General Assembly (ME-390000).” Conflat Flanges
installed in IB#1.

)

LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LQXB10-0
Notes:
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TD/Engineering & Fabrication

Specification # 5520-TR-333644
October 24, 2005

Rev. H
Revision Page (3 of 5)
Revision Step No. Revision Description TRR No. Date
D Cover Page  Modified. Added signoff for Rodger Bossert for Final Electrical Steps in 1586 2/2/04
traveler.

3.1 Added Step. “Record the Vacuum Vessel Serial Number.” per Jim Rife.

4.9 Modified Step. Moved to after Leak Checks. (New Step 5.34)

4.11 Modified Step. Changed %" to 2" per Steve Gould.

5.8 Added Step. “Install Q2 Installation Tie Rod Assembly (MC-390635) and
Tie Bar Retaining Clamp (MB-390136) as per Q2 Cryosiat Assembly -
Internal Piping (ME-390208).”

5.15 Modified Step. Changed to Technician Signoff.

521 Removed Step. “Re-install the Threaded Rods and lock into place.” per TR-
333644, LQXB04.

5.22 Removed Step. “Perform a Streiched Wire Measurement.” per TR-333644,
LQXBO04.

5.23 Removed Step. “Insert the Q2 Pumping Line Tube (MB-390147) and Q2
Cool Down Line Tube (MB-390146).” Completed in step 5.10.

524 Removed Step. “Weld Pumping Line End Flange (MA-390032) to the Q2
Pumping Line Tube (MB-390147)." Completed in step 5.12.

5.25 Removed Step. “Weld Cool Down Line End Flange (MA-390033) to the Q2
Cool Down Line Tube (MB-390146).” Completed in step 5.12.

6.9 Modified Step. Added “Tap the PEM nuts prior to installing shield. Use care
in tightening screws so they don't break.” per DR No. HGQ-0441.

7.6 Modified Step. Added Note. “Note(s): Ensure proper lubrication on
adjusting screws. Check threads on screw and vacuum vessel prior to
assembly and fix if necessary.”

8.0 Added Step. Added Final Electrical Inspection per Jim Rife.

E 1.4 Removed Step. “All personnel performing steps in this traveler must have 1639 12/17/04
documented training for this traveler and associated operating procedures.”

32 Removed Step. “Add Insertion Rails per Vacuum Vessel Assembly
(ME-390129).” Insertion rails no longer used.

5.14 Moved Step. “Weld the Retainer Clips (MA-390103) to the Cold Mass Outer
Shell as per the Pipe Support Assembly (ME-390087) or (ME-390208).” New
step 5.8 per Tom Page & Steve Gould.

529 Removed Step. “Measure the distance between the Suspension Rings at the
bottom of the Threaded Rods. Install Threaded Rods (MC-390635 and MA-
393227) after measurements.” per Tom Page. Steps completed previously.

5.30 Removed Step. “Install bottom of shield (ME-390162, Qty 2) (ME-390163,
Qty 2) (ME-390164).” per Tom Page.

5.31 Removed Step. “Install Center Retainers (MA-390086) before installing
Support Bands (ME-390083). Install Aluminum Spacers (MA-390373) and
screws to the End Sections before attaching the Support Bands.” per Tom
Page.

6.1 Added Step. “Tap the PEM nuts prior to installing shield. Use care in
tightening screws so they don't break.” Per Tom Page.

6.8 Modified Step. Added “The center blanket may need to be rotated 90
degrees. Tape the seams instead of using the Velcro, if necessary.”

DR No. HGQ-0466.

6.9 Modified Step. Moved “Tap the PEM nuts prior to installing shield. Use care
in tightening screws so they don't break.” to new step 6.1.

6.10 Modified Step. Moved to after step 5.20 per Steve Gould.

7.1 Modified Step. Changed “Green Putty” to “Pig Putty” per LQXBO7.

8.0 Modified Step. Added new method of measuring Ls &Q per Rodger Bossert.

9.0 Added Step. “Final Preparations™

LHC Q2 LQXB Cryostat Final Assembly

Page 4 of 48

LHC Serial No.: LOQXB10-0
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TD/Engineering & Fabrication

Revision  Step No.

Revision Page (4 of 5)

Revision Description

Specification # 5520-TR-333644

October 24, 2005

TRR No.

Rev. H

Date

F 1.6

34

4.15

5.6

5.7

5.22

5.23

5.24

5.25

526

5.27

g

5.28
5.30

8.1

94

521

8.1

!

LHC Q2 LQXB Cryostat Final Assembiy

Added Step. “Protect the bellows during all stages of production.” DR No.
HGQ-0500.

Modified Step. Changed to “Attach Leak Check sticker for the Vacuum
Vessel Assembly (ME-390003) per ES-107240.” Per LQXBOS.

Added Step. “If needed, perform a stretched wire measurement of the system,
noting the relative position and roll of the three magnetic elements to each
other. Perform Stretched Wire Measurement?” per LQXB08.

Added Step. “Starting from the North Side of IP (or East) End of Magnet,
mark the East End of the 1* blanket “1E” (1 East) and “1W” (1 West) as per
Figure 5.6-A below. Label the next blanket in this fashion, incrementing the
numerical value for each blanket as per Figure 5.6-A. When all blankets are
installed on Cold Mass, blanket designations should be placed near the “Top”
of the North side of the magnet as per Figure 5.6-A.” Per production request.
Modified Step. Removed “Label blankets as they are removed for later
positioning.” Per new Step 5.6.

Modified Step. Moved Step to before Step 5.21 (Pressure testing the Cold
Mass) per LQXBOS.

Modified Step. Moved Step to before Step 5.21 (Pressure testing the Cold
Mass) per LQXBOS.

Modified Step. Moved Step to before Step 5.21 (Pressure testing the Cold
Mass) per LQXBOS.

Added Step. “Install the Fiducial Mounting Blocks (MB-390809) per Q2
Cold Mass Welded Assembly (ME-390309).” per LHC Production Engineer.
Added Step. “Weld the Fiducial Mounting Biocks (MB-390809) per Q2 Cold
Mass Welded Assembly (ME-390309).” per LHC Production Engineer.
Added Step. “Prepare Coid Mass Assembly for Pressure Test at 375 psi.” per
LHC Production Engineer.

Added Step. “Verify Cold Mass Assembly is ready for Pressure Test at 375
psi.” per LHC Production Engineer.

Modified Step. Moved to before Assembling the Corrugated Tube Assembly.
Per LQXBO8. (New Step 7.7).

Modified Step. Reversed Hy,, and L Voltage Taps for Inductance and Q-
factor, in table, to allow for correct values taken at Q2a end of Magnet. Per
LQXBO8.

Removed Step. “Install the Viny! Flange Covers (MA-390491),
(MA-390492), (MA-390493), (MA-390494), & the Alignment Fiducial
Covers (MA-390495)." Maved to Shipping Traveler.

Modified Step. Changed to “Instali Q2 Installation Tie Rod Assembly
(MC-390635) as per Q2 Cryostat Assembly - Internal Piping (ME-390208).”
Per DR No HGQ-0483.

Removed Step. Moved to New Step 5.10 “Install the Tie Bar Retaining
Clamps {Qty. 8)(MB-390136) per Q2 Internal Piping Assembly
(ME-390208).” Per DR No HGQ-0483.

Modified Step. Modified Electrical Table. Removed “Voltage Tap Serial
Numbers”.

Page 5 of 48
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TD/Engineering & Fabrication

Revision  Step No.

Revision Page (5 of 5)

Revision Description

Specification # 5520-TR-333644

Qctober 24, 2005

TRR Ne.

Rev.H

Date

G 9.1
(Continued)

9.2
9.5

9.6

9.7

H 4.3

4.17

7.11

7.12

7.13

7.14

8.0

8.2

LHC Q2 LQXB Cryostat Final Assembly

Modified Step. Changed Drawing No. from ME-390127 to ME-390206.

Modified Step. Changed Drawing No. from ME-390127 to ME-390206.
Added Step. “‘Ensure all Pipe Supports are in place.” Per LHC Project
Engineer Cryostat.

Added Step. “Perform a Final Stretched Wire measurement.”

Per TR-333755 - LQXAOQ4.

Added Step. “Perform a Final Cryostat Pipe Survey measurement.”

Per TR-333755 - LQXA04.

Modified Step. Changed to “Install the “Top” Suspension System Adjusting
Screws (MB-390039) and the “Bottom” (C936 Bearing Bronze) Suspension
System Adjusting Screws (MB-390878), M16 Screw and washer into the
Vacuum Vessel to hold the Fixed Support Assembly in place. Coat all screw
threads with Molybdenum disulfide prior to installation.” Per DR No. 4214.
Medified Step. Changed to “Establish alignment between the Cold Mass and
the Support system per Q2 Cryostat Assembly Internal Piping (ME-390208).”
per LQXBOS.

Modified Step. Changed to “At the {Q2a end, measure and mark im 411.8
mm [55.58 in.} of the lead as per Q2 Module Assembly Q2a Lead End (ME-
369895, sheet 3 of 4). Have Crew Chief verify the length and sign below.”
Per DR No. 4165

Added Step. “At the QQ2a end, measure 1m 411.8 mm [55.58 in.] and cut the
lead at the mark as per Q2 Module Assembly Q2a Lead End (ME-369895,
sheet 3 of 4). Have a Weldor fuse the ends of the Superconducting Cable
before shipping Magnet.” Per DR No, 4165

Modified Step. Changed to “At the Q2D end, measure and mark 511.8 mm
[20.15 in.] of the lead as per Q2 Module Assembly Q2b Lead End Details
(ME-369895, sheet 2 of 4). Have Crew Chief verify the length and sign
below.” Per DR No. 4165

Added Step. “At the Q2b end, measure 511.8 mm [20.15 in.] and cut the
lead at the mark as per Q2 Module Assembly Q2b Lead End Details (ME-
369895, sheet 2 of 4). Have a Weldor fuse the ends of the Superconducting
Cable before shipping Magnet.” Per DR No. 4165

Modified Steps. Added Step Numbers and instructions to each individual
signoff.

Modified Step. Changed Table per LQXBO09. (New Step 8.13).

Page 6 of 48
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TD/Engineering & Fabrication

Specification # 5520-TR-333644

October 24, 2005

Ensure appropriate memos and specific instructions are placed with the traveler before issuning the

sub traveler binder to production.

1.0 General Notes

1.1 All steps that require a sign-off shall include the Technician/Inspectors first initial and full
last name.

1.2 No erasures or white out will be permitted to any documentation. Al incorrectly entered
data shall be corrected by placing a single line through the error, initial and date the error
before adding the correct data.

1.3 All Discrepancy Reports issued shall be recorded in the left margin next to the applicable
step.

1.4 Personne! shall perform all tasks in accordance with current applicable ES&H guidelines
and thase specified within the step.

15 Cover the product/assembly with Green Herculite (Fermi stock 1740-0100} when not
being serviced or assembled.

1.6 Protect the Bellows during all stages of production.

2.0 Parts Kit List

2.1

)

LHC Q2 LQXB Cryostat Final Assembly

Attach the completed Parts Kit for this production operation to this traveler. Ensure that
the serial number on the Parts Kit matches the serial number of this traveler. Verify that

the Parts Kit received is complete

Page 7 of 48

Rev. H

LLHC Serial No.: LQXB10-0

Notes:



TD/Engineering & Fabrication Specification # 5520-TR-333644
October 24, 2005
Rev. 1

3.0 Vacuum Vessel Preparation and Painting

-

3.1 Record the Vacuum Vessel Serial Number.

Na- 5

g

Telchnician(s) Date i

3.2 Inspect the transition area between the support sections and tube sections. Grind smooth
if necessary.
T hnic;an(s) Date ' '

3.3 Clepn the Vacuum Vessel using a vacuum cleaner or equivalent.
&Mﬁ 1 { ! L 1 g

’Il’ecghnician(s) Date

34 Attach Leak Check sticker for the Vacuum Vessel Assembly (ME-390003) per ES-107240.

Part No. ’ DETERMINATION OF DETECTABLE LEAK
T ‘ .
igﬂ 2930 (’2_?6 S S (-4 DETERMINATION OF MINIMUM
' : ; BEFORE WHILE 2 DETECTABLE LEAK —
DATE OPERATOR’S HELIUM | ENCLOSURE —
TIME LAST NAME PROBE FLOODING MDS - [(Response - Bekgndl  Leak Value!  MDL

t

A ool | ”)H)c/r

Tech'nician(s) Date

35 Prepare the outside of the Vacuum Vessel (ME-390003) for painting by cleaning with
Ethyl Aicohol (Fermi stock 1920-0550) and Kimwipes (Fermi stock 1660-2500) or
equivglent.

“)“/L")/

Technician(s) Date ' '

sk the Stainlg eel Components of the Vacuum Vessel for painting,

.6
wryt

Lish =3 / ////C[// a5
echnician(s) / Date ~
LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LQXB 10-0

Notes:
Page 8 of 48



TD/Engineering & Fabrication Specification # 5520-TR-333644
October 24, 2005
Rev.H

M 37 Prime the Vacuu _Vesscysing Rust-o-leum (Fermi stock 1825-4000}).

o Z VAL

Techfiician(s) Y

Date

3.8 Verify that the Screws (MA-393036) will thread easily into the appropriate holes in the
Vacuum Vessel (ME-390126). If necessary, tap out holes with M10 — 1.5 Tap.

Movg Vessel to Table.
M 11| 1les

Ldad Person Date

3.9 Paint the Vacuum Vessel using Flambeau Red (Fermi stock 1825-3710).

Vacuum Vessel
(ME-390129)

P

i oy
4 Dite” © 7~

)

LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LOXB10-0
Notes:
Page 9 of 48



TD/Engineering & Fabrication

4.0

Suspension System

4.1

Specification # 5520-TR-333644
October 24, 2005
Rev. H

Clean the Suspension System with Ethyl Alcohol (Fermi stock 1920-0550) and Kimwipes
(Fermi stock 1660-2500) or equivalent.

Part Name Part Number Quantity | Completed
Fixed Support Assembly (ME-390041) 1 T
Sliding Support Assembly (ME-390042) 2 —
Tie Bar Assembly (ME-390167) 4 —
Tie Bar Shim, .250” (ME-390118) 6 -
o
Tie Bar Shim, .093” (ME-390119) 6
—/
Tie Bar Shim, ,031” (ME-390120) 6 P
Suspension System
Adjusting Screw (MB-390039) 12 -
M16 x 70mm SHCS (MA-393021) 12 v
Washer (MA-390377) T 12 e

Tethnician(s)

LHC Q2 LQXB Cryostat Final Assembly

Page 10 of 48

Label the IP End and the Non-IP End of the Vacuum Vessel with a
temporary sticker or equivalent.

Lid s

Date

LHC Serial No.: LOXB 10-0
Notes:
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TD/Engineering & Fabrication Specification # 5520-TR-333644

4.2

4.3

44

October 24, 2005
Rev.H

Insert the Fixed Support Assembly (ME-390041) into the vacuum vessel and position at

the center suppgrt.
s
D

ate

T chni;ian(s)

Install the “Top” Suspension System Adjusting Screws (MB-390039) and the *“Bottom”
(C936 Bearing Bronze) Suspension System Adjusting Screws (MB-390878), M16 Screw
and washer into the Vacuum Vessel to hold the Fixed Support Assembly in place. Coat
all screw threads with Molybdenum disulfide prior to installation.

ﬁ%érn : Mw /{//Z/P/f

ian(s} Date

Adjust the Vertical and rotational alignment of the Supports using the Suspension System
Adjusting Screws (MB-390039). Ensure all four screws are in contact with the Support
and that Diametrically Opposing Support Lugs are equidistant from the Vacuum Vessel
Wall.

Adjusting Screw
{MB-180030)

ﬁ%mcgir(jd Date ’ !

LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LOXB10-0

Notes:
Page 11 of 48



TD/Engineering & Fabrication Specification # 5520-TR-333644
October 24, 2005

Rev.H

43 Insert the Sliding Support Assemblies (ME-390042) in to the Vacuum Vessel and

position at each of the outboard support sections.

%‘M ) "l”:lii

I(cchnjcian(s) Date
4.6 Install the Suspension System Adjusting Screws (MB-390039}, M 16 Screw and washer

into the Vacuum Vessel to hold the Fixed Support Assembly in place. Coat all screw

threads with Molybdenum disulfide prior to installation.

] | \\\ S

'I(ﬂ,chnician(s) / Date
4.7 Adjust the Vertical and rotational alignment of the Supports using the Suspension System

Adjusting Screws (MB-390039). Ensure all four screws are in contact with the Support

and that Diametrically Opposing Support Lugs are equidistant from the Vacuum Vessel

Wall,

-
Adjusting Screw =
(M8-350039) ,
4
11 I} 3|
W iales
Techr‘ﬁéia}l{s) Date
LHC Q2 L.QXB Cryostat Final Assembly LHC Serial No.: LOXB10-0
Notes:

Page 12 of 48



TD/Engineering & Fabrication Specification # 5520-TR-333644
October 24, 2005

Rev. H
4.8 Assemble the Suspension System using the Fixed Support Assembly (ME-390041), the
} Sliding Support Assemblies (ME-390042) and the Tie Bar Assemblies (MC-390167).
Insert Tie Bar Shims (MC-3901 18},(MB-390119) and (MB-390120) between the Sliding
Support Assemblies (ME-390042) and the Tie Bar Assemblies (MC-390167) as required.
(Refergnce drawing: ME-390310)
{ Jil12/ o5
Tecﬁmcian(s) Date
4.9 Label the IP End Support and the Non-IP End Support.
(Writing on the G-11 Support is acceptable).
Eﬁ' T ANON— Jli/illf}t)'
chhniciﬁn(s) o Date :
4.10  Loosen each Suspension System Adjusting Screw (MB-390039) 2 turns and remove the
Suspension System from the Vacuum Vessel.
—_—
O T W/ los
Technician(d) b Daté !
4.11 Configure the Suspension Tooling for Q2 Assembly per (ME-364604). Place Suspension
Assembly on the tooling and make necessary adjusts to the tooling.
. - . __",‘::“'f’// A S -
e = T D
Techﬁa;n(s)u / Date
4.12 Assemble the Qutboard Suspesision Mounling Brackets (MD-39G280) 1o the Shiding
Support Assemblies (putboa supports, ME-390042).
} . ~ //’;/ﬁ /-; ) s - L . P L -
i . !/ e ')/ﬁf’dj
Date
4,13 Assemble the Center Suspension Mounting Brackets (MD-390281) to the Sliding Fixed
bli » ME-390041).
Assem lef%ﬁuppmt ME-390041) / /M
7 L /’--ﬁ??,./ //
echnician(s) - Date *
}
LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LQXB10-0
Notes:
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TD/Engineering & Fabrication

4.i4

Note(s):

4.15

Specification # 5520-TR-333644

October 24, 2005

Slide the Suspension System over the Cold Mass and place on tooling. The Suspension
system may be disassembled during this step. Record shim sizes and locations prior to
disassembly.

Ensure that the Suspension System is configured properiy to the Cold Mass with
re to the IP and Non-1P Ends.

nhslgs

Téchnician(s) Date

If needed, perform a stretched wire measurement of the system, noting the relative
position and roll of the three magnetic elements to each other.

Perform Stretched Wire Measurement?

Yes O

No >R

4.16

LHC Q2 LOXB Cryostat Final Assembly

{ ~ L) 1SS

Resﬁonsi]?é Authority/Physicist Date

Verify locking collars exist only at center support.

Q\/M wlis) &S

Léad Person Date

Page 14 of 48

Rev. H

LHC Seriat No.: LOXB10-0
Notes:
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TD/Engineering & Fabrication Specitication # 5520-TR-333644
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4.17 Establish alignment between the Cold Mass and the Support system per Q2 Cryostat

Assembly Internal Piping (ME-390208). Instali shims between the Brass Slide Bars and

the Stainless Steel Blocks on each support as needed.

Record Shim size and location below.

East-North @} "w/ East-South _ {Y@

el
Center-North _r in Center-South _¢ 2/42
West-North &ﬁq?-—’{ West-South . FYP
/// /, -y
’/j{ e /4}_’3{/3 U/// ’//{/47
Echpiciandgye Date”
4.18 Verify the Alignment of the Cold Mass and the Support System.
= il o8

%w/cmef ] Date

4.19  Welg#he Cold Mass to the Outboard Cold Mass Bru\_l\ets as per (ME 0310).
A, .
iy vt /j/f £ / Lo C‘ D
Weldor(s) . Date
LHC Q2 1.QXB Cryostat Final Assembly LHC Serial No.: LOQXB 0-0
Notes:
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5.0 Piping Assemnbly
Note(s):
Do not use a Strap Wrench on the Pipes.
5.1 Place the Cold Mass Assembly on the insertion rail system.
4 /) ees
/fechnician(s) Date
52 Clean the Pipe Supports with Ethyl Alcohol (Fermi stock 1920-0550) and Kimwipes
(Fermi stgek 1660-2500) or equivalent.
3 1 e
e I J } - , (0 05
Date
5.3 Install Cold mass Insulation per Cold mass Insulation Installation (ME-390302).
LSA
Technician(s) Date
54 Install the Pipe Supports (MD-390258)(Qty. 4) on the Cold Mass per (ME-390208).
Note(s):
A Tie Bar may be disconnected, if necessary, from the Fixed Support
Assembly to install the central two pipe supports.
PIPE SUPPORT ASSEMBLY
.
;/
AL
/ Qm) wff‘/m// /// s
ﬁchmcnan(s) i Date
LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LOXB 10-0
Notes:
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) 5.5 Using Pipe Supports as a template, cut the blankets around the Pipe Support Feet and slit
] blankets circumferentially at the Pipe Supports.
Technician(s) Date
5.6 Starting from the North Side of IP (or East) End of Magnet, mark the East End of the
1" blanket “1E” (1 East) and “1W” (1 West) as per Figure 5.6-A below. Label the next
blanket in this fashion, incrementing the numerical value for each blanket as per Figure
5.6-A. When all blankets are installed on Cold Mass, blanket designations should be
placed near the “Top” of the North side of the magnet as per Figure 5.6-A.
INSTALLING BLANKETS
IP END : NON-IP END
(View from “North” End of Magnet iooking “South”)
- Figure 5.6-A
Technician(s) Date
5.7 Remove Pipe Supports and blankets. Wrap biankets in plastic bag to keep clean for later
use.
Technician(s) Date
5.8 Install Pipe Supports to same location as in step 5.4.
Technician(s) ' Date
59 Weld the Retainer Clips (MA-390103) to the Cold Mass Outer Shell as per the Pipe
sup;;&n Assembly (ME-390087) or (ME-390208).
y/» : T
S A ¢ S0
WeIdor(é) Date
5.10 Install Q2 Installation Tie Rod Assembly (MC-390635) as per Q2 Cryostat Assembly -
Internal ziping (ME-J3“91C:)208). ¢
e £ L .’_i'__«_,,‘-fl_. 3 - //‘/{/v()‘f/
§ f’I?éhnician(s) / . b, Date
LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LOXB10-0
Notes:
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5.11 Install the Tie Bar Retaining Clamps (Qty. 8{(MB-390136) per Q2 Internal Piping
Assembly (ME-390208).
T & [ =L
Technician(s) J / Date
512 Clean the Q2 Heat Exchanger Guter Shell (MD-390145), Q2 Pumping Line Tube
(MB-390147) and Q2 Cool Down Line Tube (MRB-390146) with Ethyl Alcohotl
(qumjxét‘&ck 1928-0550) and Kimwipes (Fermi stock 1660-2500) or equijvalent.
A - )
2~ (! / e
Technician(s) Date
3.13 Slide the Q2 Heat Exchanger Outer Shell (MD-390145), Q2 Pumping Line Tube
(MB-390147) and the Q2 Cool Down Line Tube (MB-390146) through all seven
supports.
Note(s):
Ensure the cross over hole in the Heat Exchanger Pipe is lined up with the
hole in the Cold Mass Center Tube. .
Pz L0 S ST
Téhnician(s) 2 Date
v
5.14 Clean the Pumping Line Flanges (MB-390032), the Cool Down Line Flanges
(MB-390033) and the Heat Exchanger Outer Shell Flanges (MB-390031) with Fthyl
Alcohol (Fermi stock 1920-0550) and Kimwipes (Fermi stock 1660-2500) or equivalent.
B - ,;;;,.:" - _,/‘I/," P > ;/
e K e e AL T
Technician(sy =~ Date
5.15 Weld the Heat Exchanger Quter Shell Flanges (MB-390031), the Pumping Line Flanges
{MB-390032) and the Cool Down Line Flanges (MB-390033) to the ends of the
corregéonding pipes. .
H 7 . y ' - e
,{t\/-l/jr //f e— // /f/ﬁ)
Weldor\(_g) : Daté
5.16 Clean the Cold Mass and the Retainer Clips (MA-390103) with Ethyl Alcohol
{Fermi stock 1920-0550) and Kimwipes (Fermi stock 1660-2500) or equivalent.
4 e Tl
It 2 el b [T S
“Technician(s) L,// / Date
517 Clean the Pipe Support Gussets with Ethyl Alcohol (Fermi stock 1920-0550) and
Kimwipes (Fermi stock 1660-2500) or equivalent. )
N b A S ST 05
R - - »
- Tefhnician(s) /| Date
oo
LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LOXB10-0
Notes:
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) 5.18 Weld the Pipe Support Gussets to the Cold mass per Q2 Piping Assembly (ME-390208).
V4 ' / - . /
? feAt G b rdas
Weldor(s) Date
5.19  Clean the Heat Exchanger Connection (MC-390111) with Ethyl Alcohol
(Fermi stock 1920-0550) and Kimwipes {Fermi stock 1660-2500} or equivalent.
e > (- [7->5%
yzhnician(s) Date
5.20 Install the Connector (Heat Exchanger to Cold Mass) (MC-390111). Vefify alignment
and then purge Cold Mass and Q2 Heat Exchanger Outer Shell (MD-390145}), with Argon
Gas.
T /)-1705
ﬁhm'cian(s) Date
5.21 Weld the Connector (Heat Exchanger to Cold Mass) (MC-390111) to the Q2 Heat
Exchanger Outer Shell (MD-390145) and to the Cold Mass Center Tube per
(ME-390208, Section F-F). _
/ . . R vl
_.’)"'éi/{ A A  e— // // 7 /O D
Weldor(s) Date
5.22 Insert 4.5k Intercept Line Pipes per (ME-390208).
,'_[:) /%f/a Lf// [ . //" /jg/ ;‘/) ;:_:
3 Technician(s) ,/ / Date
5.23 Clean the Pumping Lme Pipe Stop (MB-390149), (4 ea.) and the Cool Down Line Pipe
Stop (MB-390150) (4 ea.) with Ethyl Alcohol (Fermi stock 1920-0550) and Kimwipes
(Fermi stock 1660-2300) or equiralent.
- Y L
Pl ////’/ L //~‘//‘“()5
Technician(s) </ Date
524  Weld the Pumping Line Pipe Stop (MB-390149), (4 ca.) and Cool Down Line Plpc Stop
(MB-890150) (4 ea.) on the Pumpmg Line and Cool Down Lines. /
4/(,/\ /7 ""'-"“-—._——-» (? ?j .\/
Weldor(s) Date
5.25 /3 the fixed collar to the 4. Sk Intercept Line Tube (MB-390204) per 08).
fidt L s e S
Weldor(s) Date
5.26 Install the Fiducial Mounting Blocks (MB-390809) per Q2 Cold Mass Welded Assembly
{ME-390309). 7
cF ‘ -~ O_ 42
“F S [v~F-93
Technician{s} Date
}
LHC Q2 LQXB Cryostat Final Assembly ILHC Serial No.: LQXB10-0
Notes:
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! Weld the Fiducial Mounting Blocks (MB-390809) per Q2 Cold Mass Welded Assembly
' (ME-290309).
ot 4 4 /L /G Jo ¢
Weldor(s) Date
528  Prepare Cold Mass Assembly for Pressure Test at 375 psi.
— . ’{ . 3 -t . N \,_-’.,
Technician(s) 5/-’/ ,/ Date
5.29 Verify Cold Mass Assembly is ready for Pressure Test at 375 psi.
{ﬂf {1 / ZJ / o9
Responsiblé Authority/Physicist Date /' /
530 Pressure test the Cold Mass Assembly at 375 psi Nitrogen per
Section 5034 of the Fermilab ES&H Manual and UG-100 of the Code.
Warning:
The test is to be performed after normal working hours and
only personnel directly involved with the test will be present.
—
(. Q"‘/\ I / < ;/ O‘g
Responsible Authority/Physicist Date
5.31 Leak Check the Cold Mass Assembly. (This will include the Exchanger Outer Shell).
- . g%g No. DETERMINATION OF DETECTABLE LEAK
'?:a ; h\N’\C’-A——'&_J
Q-QQ_W\, rl M.D.S. + ({Response — Background) + Leak value} = MDL
OPERATOR'S SCALEUNITS | SCALE UNITS
E ! WHILE
LAST NAME 325?{?& ENCLOSURE MDS Response | Background Leak Value MDL
PROBE FLOODING
KS\\ S O\ 2y v : Y F
%3X\ 23)(] 5(‘,)({; 13’)(' 3. xE-8 B;QLDng

LY

= . 34 6 \\\ %\05

In Date
Ra.

LHC Q2 LQXB Cryostat Final Assembly ™~ LHC Serial No.: LOXB10-0
Notes:
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o
532 Leak check the three£)2 4.5k Intercept Lines (MB-390204).
}
Q2 IP END VIEW
No Tube
in tiis “Ssase
locations
™\ :K\)_\QQ AN 4.5k Intercept Line - #1
_Part No. DETERMINATION OF DETECTABLE LEAK
* . MDS. = ({(Response Baekgrbuﬁd) + Leak value) = MDL
SCALE UNITS | SCALE UNTTS [ I S
OPERATOR’S BEFORE WHE-E B
LAST NAME HELIUM | ENCLOSURE| TP° Response | Backgrounty beak Value | MDL
PROBE FLOODING T
xE-#® XE —

)

LHC Q2 LQXB Cryostat Final Assembly

Page 21 of 48

LHC Serial No.: LQXB10-0
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Q2 IP END VIEW
No Tube .
. L =
= inthis \ &
locations
4.5k Intercept Line - #2
<
. Part No. DETERMINATION OF DETECTABLE LEAK
"’\f&_«, . SLL-V.. o ot}
M.D.S. + ((Response — Background) = Leak value) = MDL
OPERATOR'S SCALE UNITS | SCALE UNITS
A : BEFORE WHILE .
LAST NAME HELIUM ENCLOSURE MDS Response | Background Leak Value MDL
PROBE FLOODING
. N - ‘ = VO
\-’\3\&@\4..05-»\__ \RXL V2 X, ) SUXG jax, [SY e |3 LTxe

LHC Q2 1.QXB Cryostat Final Assembly

LHC Serial No.: LOXB10-0
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j Q2 IP END VIEW
, No Tube
e INthis T w5 =
-1 locationeg
4.5k Intercept Line - #3
- - Pairt Nox. DETERMINATION OF DETECTABLE LEAK
N A kN
e 3 M.D.S. + {(Response - Background) + Leak value) = MDL
: OPERATOR'S SCALE UNITS | SCALE UNITS
’ BEFORE WHILE : !
LAST NAME HELIUM | ENCLOSURE | DS Response | Background | Leak Value MDL
PROBE FLOODING
\)\,L Lo
[ - " « . 3 3 RN
b NP VS Xa [\ € X, = 56X S [\aXxy [SAxe?|XAbxe
N\ W-RE-05
Insp e Date
)
LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LOXB10-0
Notes:
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5.33 Leak Check the Cooldown Line (MD-390146).
Q2 NON-IP END VIEW
Cooldown Line (MD-390146)
] Part No. DETERMTNATION‘ OF DETECTABLE LEAK
- o >y “V‘-*
A S3 M.D.S. = ((Response — Background) + Leak value) = MDL
OPERATOR'S SCALE UNITS | SCALE UNTTS
' BEFORE WHILE . )
LAST NAME HELIUM | ENCLOSURE MDS Response | Background | Leak Value MDL
PROBE FLOODING
o5 I -
- - . . . e
s ame NAX XU R Sexehioxy BN et 97t

e, . \W-2B-065

C wag(s) _ Date

LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LOXBI10-0
Notes:
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534 Leak Check the Q2 Pumping Line (MB-390147).
]
Q2 NON-IP END VIEW
Pumping Line (MD-390147)
Q art No. _ DETERMINATION OF DETECTABLE LEAK
\m [ “‘5
<
XA M.D.S. < ((Response - Background) = Leak value) = MDI.
5 —_—
, SCALE UNITS | SCALE UNITS
CI)_‘];ESI'{TA;SI\I}IES ﬁgiﬁﬁ EN::VS)"S-SRE MDS Response | Background |  Leak Value MDL
PRCBE FLOODING
~ O
’ Vo
\'Q\\Sc—’\\_ c?ék! QLQX( c? 549}'5 wl (2 AN 3?’ xE#® 3—07)(5'4

Date

RS DI COR \\\15\\95
Taﬂw

}

LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LOXB 10-0
Notes:
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6.0 Shield Assembly
6.1 Tap the PEM nuts prior to installing shield. Use care in tightening screws so they don't
break.
— ; j -
(0 T - { ) 7 / i
‘Techni¢ian(s) ?\ﬁ Date _," '
6.2 Lift the Cold Mass Assembly and place the Center Section (ME-3%0164) and End
Sections (ME-390162) on the Insertion Rails. Lower the Cold mass back onto the rails
enstgin% the hole: in the Shield Sections line up with Support Rellers. .
iy P, -
I 2l W ,[*
\j.lZi’f“u‘iQ” \ /“%‘ vf /D
Teéhnicidn(s) Date
6.3 Insert the Mid Sections (ME-3%0163) and the Support Bands (MD-390083}.
N 7 . .. g ~ ~ 1 —
e T P 12/ Y of
Technician(s) - ;/..-f e Date | f
6.4 Assemble the bottom half of the shield. Leave all bolts loose. Spray all screw threads with
Molybdenum.
Lower Shield Section
{ME-390082)
C Ty — 1 - /,, -
R 2 ]q g
Techniclan(s) “/“ﬁ Date /
LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LQXB10-0
Notes:
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6.5 Assemblc the Coaling Tl;bes {MD-390165) to the Bottom Half of the Shield.

? //f, s /A LB

Tecﬁmma;f() (et Date

6.6 Lift the Cold mass and place the Shield Inner and Outer MLI Blankets
(ME-390313 & ME-390314) onto the insertion Rails in the correct orientation.

Note(s):
Place the Quter B]i!_‘lket {ME-390314) on the Rails first.

e

- L», 7oy e '7{ /"'(' // ///)
5 e(fhnﬁ:'igm(s)r’"" e Date -
6.7 Lower the Cold mass onto the rails. Ensure the slits in the blankets line up with Support
Rollers. e
T ? - ', P PR
g ol Lod 0 770§
‘l’eclffli‘éian(s) Date -

6.8 Install the Cold Mass MLI Blankets per (ME-390302) and in the same position as Step 5.6. The

center blanket may need to be rotated 90°. Tape the seams instead of using the Veicro, if
necessary.

Techmélan(s)

Tec,hmcian(s) Y j\ Date

6.10  Install the Upper Shield per (2 Thermal Shield Assembly (ME-390161). Spray all screw
threads with Molybdenum.
D

ST L7095
Technician(s) " .

6.11 Install the Shield Blankets (ME-390313 & ME-390314). Cutouts wilt have to be made
for the Upper Support Lugs.
-

Wi g e s
Teckafcian(s] Date
}
LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LOXB 10-0

Notes:
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7.0 Cold Mass Insertion into the Vacuum Vessel
7.1 Install Pig Puity between the Vacuum Vessel and the Insertion Rails. )
) /
(g Lo Xlpy iz S ok
Technician(s} Date
72 Install the Cold Mass Pull-in Teoling.
-:t-At\ (,;L\/M._q i\;\i - ‘g’ ) &E‘—
Technicxlan(s) S Daie
7.3 Mount the Pneumatic Winch to floor on the West side of the Vacuum Vessel.
s ; : :
o A o IR S 4
Technician(s) . Date
7.4 Connect the cable to the Pull-in Tooling.
e
f ? ~ - —
S 2.y o-
Technician(s) o Date
Pull the Cold mass Assembly into the Vacuum Vessel.
e 12 @ - s
Technician(s) I h : Date
7.6 When the Cold Mass is fully inserted, install the Suspension System Adjusting Screws
(MB-390039).
Note(s):
Ensure proper lubrication on adjusting screws. Check threads on screw
e nd vacuum v,essel prior to assembly and fix if necessary.
9/”5/,3 C’ P LS E D s P, t,_arf";:r
7% /744-\7«3’5 =2 )-’?cf/&/—,c
//7 Technician(s) B‘Z Date
/
7.7 Clean the following parts fromQ2 Heat’Exchanger Corrugated Tube Assembly
(ME-390143).
Part Name Part Number Quantity | Completed
Corrugated Tube Weldment (ME-390394) 1 \/
Corrugated Tube Support (MB-390028) 8 /
Corrugated Tube Restrictor (ME-390029) 2 /
[' . >
J m(ax/() \7,| R’/E/(‘u
Tec‘nmc:an(s) Date v
LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LOXB10-0
Notes:
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7.8 Assemble Corrugated Tube Supports {(MB-390028) and Restrictors {MB-390029) to the
} Heat Exchanger Corrugated Tube per (ME-390143).
i
™ t\&
Technicidn(s) Date
7.9 Slide the Corrugated Tube Assembly (ME-390143) into the Heat Exchanger Outer, Shell
per (ME-390142). (
- R
i -f‘,.q//ﬁ (- LT
/Wi?ién(s) Date
7.10 7 Adjust the Suspension System Adjusting Screw (MB-390039) as needed to center the
- Cold Mass in the VacuuWL
= TWN7
Date
7.11 At the Q2a end, measure and mark 1m 411.8 mm [55.58 in.] of the lead as per Q2
Medule Assembly Q2a Lead End (ME-369895, sheet 3 of 4). Have Crew Chief verify the
length and sign below.
S T
Cor T
Techniciani(s) Date
\ Lvi f‘\ .
) Y el 12| 9lss
Crew Chigf Date
712 Atthe Q2a end, measure Im 411.8 mm [55.58 in.] and cut the lead at the mark as per Q2
Module Assembly Q2a Lead End (ME-369895, sheet 3 of 4). Have a Weldor fuse the
ends of the Superconducting Cable before shipping Magnet.
S SR N s P
C Foo \2 s Jas
Te&;;nicia!n(s) 2 Date’ !
LY/ S— BVAVAY
Weldor(s) Date
}
LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LQXB10-0
Notes:
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713 At the Q2b end, measure and mark 511.8 mm [20.15 in.] of the lead as per Q2 Module
Assembly Q2b Lead End Details (ME-369895. sheet 2 of 4).
Have Crew Chief verify the length and sign below. \
—_— e P
ST e 1 /@\_ | CF
Technician(s} \/\“ Date '
X ] giles
Crew Chiefl Date !
7.14 At the Q2b end, measure 511.8 mm [20.15 in.] and cut the lead at the mark as per Q2
Module Assembly Q2b Lead End Details (ME-369895, sheet 2 of 4). Have a Weldor
fuse the ends of the Superconducting Cable before shipping Magnet.
O T = lo [v¥/or
chhni&an(s) f'j Date = !/
A YA A e jn /a9 S
Weldor(s) Date
LHC Q2 LQXB Cryostat Final Assembly . LHC Serial No.: LOXB10-0
Notes:
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8.0 Electrical Inspection
Perform an electrical inspection on each of the Individual Quadrants and the
Cold Masses. Refer to the Valhalla and Leader Free Standing Coil
Measurement Procedure (ES-292306).
To measure the resistance of a bussed Q2:
1. Use Valhalla Scientific 4300B digital micro-ohmmaeter,
2. Set Test Currentto 1 amp.
3. Set Scale to 2V full scale.
4. Turn temperature compensation on.
5. Turn test current off.
6. Put jumper between Q2a Q3 inner power lead and 5 KA bus as shown in figure,
7. Connect Iy to the 5KA bus (Q2a Q3 inner power lead) as shown in figure.
8. Connect .o to the Q2b Q3 inner power lead as shown in figure.
9. Turn test current on.
10. Connect Vyy and V s buttons to voltage taps as shown below.
11. Read resistance and record in traveler.
EE1322 (Q2a) EE1312 {02a)
EE1622 (Q2b) EE1612(Q2b) pole
VTh2 (FNAL) YTkl (FNAL) Splice
EE1122 (G2a}
EE1422 (Q2b)
VTa2 (FNAL)
EE1112 (Q2a)
EE1412 {Q2h}
VTal (FNA
e - ——Qza EE1212 (@25}

-EE1512 (O2n)
VTel (FNAL)

EE1222 {Q2a)
EE1522 {Q2b)
VTc2 (FNAL)

e

Ree1222 (G2a) IR
BHEF 1522 (Q2b) 4N
By Tc2 (FNAL)

¥Td

EE1122 (G2a)
EE1422 (G2}

VTa2 (FNAL)

EE1112 (Q2a)
e EE1412 (Q2b)
B vTa1 (FNAL)

EE1212 (Q2a)
EE1512 (Q2b) _2.g
VTt (FNAL)

Jumper
B from Q2a
[ Q3 inner
¥ 1o 5KA

| bus

'f

EE1312 (Q2a)
EE1612 (@2b)
VTb1 {FNAL)

EE1322 (Q2a) N
EE1622 (Q2b) |
¥Th2 (FNAL)

Pole
Splice

—
VALHALLA
SCIENTIAIC 43008 )
1A
Vit HI
®

Resistance

Test Temp VLoo Lo
Fudl Scale 20mv 200mv 2v  Current Comp
Voltage [T T 1 [/ i—

LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LOXB10-0
Notes:
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8.1 Measure the Resistance of the Q2a Cold Mass.

LHC Q2 LQXB Cryostat Final Assembly

]

Page 32 of 48

el -
(Q2a) Resistance Nominal ~ 560 to 585 mQ
Quadrant Total Resistance
Connect| Fermi CERN Quadrant
Vi [VTdQ2a [EMPTY ' P T
: — o Quadrantt | gm0
Vio [VTclQ2a |EE1212 | 5736 ~  me
\') T
m_|VTclQ2a |FE1Z12 Quadrant 2 s e
Vio |VTeQ2a JEMPTY D s mg2
Vipo {VTdQ2a |EMPTY. o . . } N 7‘;_ﬁ7 et mQ
v 7
w o 1VTeQ2a |EMPTY Ouadrant 4 o -
Vio {VIblQ2a |EE1312 Y/ 5D mQ
**Note: When Measuring Total Cold Mass, Set Test Current to 0.1 Amp™
' VTalQ2a [EE1112 Total Cold Nominal ~ 2.305 Q
Vio |VTbIQ2a |EE1312 Mass | = =2 5¢/ o
= - i e
(;7%{—{% _,:-'__" :4,4" - /’ e 7 £
" TFechnician(s) L Date
8.2 Measure the resistance of Redundant Voltage Taps.
Q2a Redundant Voltage Taps
Connect Fermi CERN Resistance
Wy | VTa2Q2a | EE1122 - / |
Vo | vEe2Q2a | EE1222 / 7f o
VHI VTCZQZ& EE1222 )
Vio VTb2Q2a EE1322 , / g7 o
D oz f\ VPR il
Technician(s) ‘:-_if’ / Date

Rev. H
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To measure Ls and Q of a Bussed Q2a;

Use Agilent 4263B LCR Meter.

Turn power on by pushing Line button. Wait 20 seconds until display screen is lit.

Recall program #1. To do this, push recall {Rcl), then push the #1, then push Enter.

Push Auto/Hold button to release hold.

Verify that the frequency displayed in the upper right corner of the display screen is 1000 Hz and the level recorded
in the lower right corner of the display screen is 1V or 1000 mV.

Connect jumper between Q2a/Quadrant 3 inner power lead and 5KA bus as shown in figure.

Connect Heur to Q2b/Quadrant 3 inner power lead as shown in figure.

. Connect Lo, to 5KA bus as shown in figure.

Connect Hyorand Ly, buttons to voltage taps as shown below.

Dby~

coND

To measure Q2a:
» To measure Q1, connect Hpyito VTc1 (EE1212 for Q2a), and Ly to VTd.
* To measure Q2, connect Hyoto VTe, and Lox to VTcl (EE1212 for Q2a).
» To measure Q3, connect Mo 10 VTd and Lpot to VTal (EE1112 for Q2a).
*» To measure Q4, connect Hyee to VTb1 (EE1312 for Q2a), and Loot to VTe.
* To measure total, connect Hyo to VTb1 (EE1312 for Q2a), and Lot to VTal (EE1112 for Q2a).

10. Read Ls and Q from display and record in traveler.

EE1622 (Q2b) EE1612 {G2b) Pole
VTB2 (FNAL) VTD1 {FNAL) , Splice
EE1422 {Q2b)
VTa2 (FNAL)
EE1412 {Q2h)
VTat (ENAL)

EE1212 (Q2a}
Vel (FNAL)

EE1222 (Q2a}
VTe2 (FNAL)

YTd -

B £E1522 (Q2b)
B VTc2 (FNAL) I

EE1122 {Q2a)
VTa2 (ENAL}

EE1112 (G2a)

EE1512 (Q2b
NPR 2b . VTal (ENAL}

VTe1 (ENAL) A1

Jumper

from Q23
| Quadrant
- o R 3 inner 1o
5KA bus

EE1312 (Q2a) EE1322 {Q2a)

Pole VTh1 (FNAL} VTh2 {FNAL)

Splice

N

Looking at Lead End

)

LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LOXB10-0
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8.3 Measure the Inductance (Ls) of the Q2a Cold Mass.
Nominal ~ 3.34 to 3.48 mH
(Q2a) Inductance
Quadrant Total Inductance
Connect Fermi CERN Quadrant
Hpor |VIciQea  [EEIZ12 e
por VI 1F-7" | Quadrant1] g,/ 7 3
Lpor |VIdQ2a [EMPTY . : 3-«:1/% mH
H VTe(2a EMPTY
AL Quadrant2 | - /i
Lpor {VTclQ2a |EE1212 Tt 5/ s mH
TpoT. VIalQZs  [FETIZ | Guadrant3: 3 AT
H VTbhiQ2a EE1312
Fot Q Quadrant4 | -
Leor [VreQza |EMPTY T.¥2 0 mH|
VTb1Q2 EE1312 Nominal ~ 13.28 to 13.78 mH
Hpor Q2a Total Cold mm °
Mass .
VTalQ2a EE1112 o By A
Leor Q /3.7 / mH
~ — . o fe s o =
PR 2 ReBE ! fw TP
Technician(s)r,,,'j ) Date
o
8.4 Measure the Q-Factor (Q) of the Q2a Cold Mass.
Nominal ~ 3.7 t0 4.0
(Q2a) Q-Factor
Quadrant Total Q
Connect Fermi CERN Quadrant
Hpor fEEt2t2 | T
m dro—e——d - Quiadrant 1. 3 g :
Leot 4 : EWP’W -
H TeQ2a EMPTY
Por : Quadrant 2 A
Lpor |VTelQ2a [EE1212 =S/
Hpor |VIdQ2a  {EMPTY
?OT,. TR S Quadrant 3 |.
Lpor |VTa1Q2a |[EE1112 | 7.0
H VTb1Q2a |EE1312
PoT Q Quadrant4 | — &
Lpo'r VTeQ2a EMPTY _/{ »/
Hpor |VTH1Q2a |EE1312 Total Cold | Nominal - 3.7104.0
Lpor |VTalQ2a |EE1112 Mass 3. ; '

/) ':?"’{4"’?:? <A P (

A

Technician(s)

LHC Q2 LQXB Cryostat Final

Assembly

N

b

<
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Set Test Current to 1 amp.
Set Scale to 2V full scale.

Turn test current off.
Put jumper between Q2a Q3 inner

Turn test current on.

SOOI NDU BN

[ p— Y

EE1312 {Q2a)
EE1612 (Q2b)
Vb1 (FNAL)

EE1322 (Q2a)
EE1622 (Q2b)
VTb2 (FNAL)

Poie

EE1122 (G2a)
EE1422 (Q2b}
VTa2 {FNAL)

EE1112 {Q2a)
EE1412 (Q2b)
VTa® (FNAL)

Connect Iy to the 5KA bus (Q2a Q
Connect i to the Q2b Q3 inner power lead as shown in figure.

EE1212 (Q2a)
EE1512 (Q2b)
¥Tel (FNAL)

Specification # 5520-TR-333644
October 24, 2005
Rev. H

To measure the resistance of a bussed Q2:
Use Valhalla Scientific 4300B digital micro-ohmmeter.

Turn temperature compensation on.

power lead and 5 KA bus as shown in figure.

3 inner power lead) as shown in figure,

Connect Vy, and V¢ buttons to voltage taps as shown below.
Read resistance and record in traveler.

[»)
o

|

EE1212 (G2a)
EE1512 {Q2b)
VTc1 (FNAL)

EE1222 (Q2a)
EE1522 {Q2b)
VT2 (FNAL)

VTd

EE1122 (Q2a)
TEE1422 (Q2b)
VTaz (FNAL)
EE1112 (Q2a)
EE1412 (Q2b)
VTat (FNAL)

Jumper

from Q2a

f Q3 inner
to 5KA

j bus

/

EE1312 (@2a)
EE1612 {Q2b)
VTh1 (FNAL)

EE1322 (Q2a)
EET1622 {Q2b)
VTb2 (FNAL}

___\
VALHAL LA
SCIENTIFIC 4300B
1A
oo | ® g dr
(@)
Reslstonce
Test  Temp VLQO Lo
Full Scale 20mv 200mv 2y Curtent Comp
Voltage 1/ [—

R

LHC Q2 LQXB Cryostat Final Assembly
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8.5

Measure the Resistance of the Q2b Cold Mass.

Specification # 5520-TR-333644
October 24, 2005

(Q2b) Resistance

Nominal ~

560 to 585 mQ

Quadrant Total Resistance
Connect Quadrant
Via Qﬂa . dl'anﬂ (—-— P '
Vio |VTdQ2b [EMPTY R I mo
Vi |VTeQ2b |EMPTY
Quadrant2 | o~ -7
Vio [(VTelQ2b |[EE1512 5 £ L mQ
Vi |VTdQ2b |[EMPTY ._ : . L
e Quadrant 3 ’ . TR
Vio VTaIQZb EE1_412 - 5 7 Z. ﬂ a L)
\Y
w  |[VTb1Q2b |EE1612 Quadrant4 | . - ~
Vio |VIeQ2b |EMPTY S [ J ms
**Note: When Measuring Total Cold Mass, Set Test Current to 0.1 Amp™
Vi VTb1Q2b {EE1612 Total Coid Nominal ~ 2.305Q
V,, |VTalQ2b [EE1412 Mass 29/ o
) itz £ ,/ L~ A
Technician(s) 5/ j": Date
8.6 Measure the resistance of Redundant Voltage Taps.
Q2b Redundant Voltage Taps
Connect Fermi CERN Resistance
Vi | vreozp | EE1522
Vio | viaom | eewz | // %6
Vi VTb2Q2b EE1622
Vio | vre2q2n EE1522 e J(
D e o] T Sl =T =05
Technician(s) / Date

LHC Q2 LQXB Cryostat Final Assembly

o
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To measure Ls and Q of a Bussed Q2b:

Use Agilent 4263B LCR Meter.

Turn power on by pushing line button. Wait 30 seconds until display screen is lit.

Recall program #1. To do this, push recall (Rci), then push #1, then push Enter,

Push Auto/Hold button to release hoid.

Verify that the frequency displayed in the upper right corner of the display screen is 1000 Hz and the level
recorded in the lower right carner of the display screen is 1V or 1000 mV.

Connect jumper between Q2a/Quadrant 3 inner power lead and 5KA bus as shown in figure.

Connect H,, to 5KA bus as shown in figure.

Connect Ly, to Q2b/Quadrant 3 inner power lead as shown in figure.

Connect H,, and Lot buttons to veltage taps as shown below.

WOND Thwh=

To measure Q2b:
s To measure Q1, connect Hootto VTe1 (EE1512 for Q2b), and Loatto VTd.
* To measure Q2, connect Hye to VTe and Ly, to VTc1 (EE1512 for Q2by).
* To measure Q3, connect H,, to VTd and Loot to VTat (EE1412 for Q2b).
* To measure Q4, connect Hyy to VTb1 (EE1612 for Q2b) and Lpotto VTe.
* To measure total, connect Hyy to VTb1 (EE1612 for Q2b) and L, to VTa1 (EE1412 for Q2b).

10. Read Ls and Q from display and record in traveler.

VTh2 (FNAL) ¥Tb1 (FNAL} rSplice

EE1622 (Q2b) rsemz(ozb) Pole

EE1422 (Q2b)
VTa2 (FNAL) -
EE1412 (Q2b) S (.
VTal (FNAL) B e -

EE121Z (Q2a)
WTe1 (FNAL)

EE1222 {Q2a)
VTe2 (FNAL)

. ¥Td
BEE1622 (Q2b)

{VTc2 (FNAL) B

EE1122 (G2a)
VTa2 (FNAL)

EE1512 (Q2b) EE1112 (Q2a)

V¥ct (FNAL) Q_2t! VTat {FNAL)
Jumper

B from G2a
Guadrant
3 inner to

| 5KA bus

EE1312 (Q2a)
VTb1 (FNAL)

EE1322 (Q2a)
VTb2 (FNAL)

Pole
Spiice

Looking at Lead End

LHC Q2 LQXB Cryostat Final Assemnbly LHC Serial No.: LOXB10-0

Notes:
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Specification # 5520-TR-333644
October 24, 2005

8.7 Measure the Inductance (Ls) of the Q2b Cold Mass.
Nominal ~ 3.34 to 3.4
(Q2b) Inductance ominal ~ 3.34 to 3.48 mH
Quadrant Total Inductance
Connect Fermi CERN Quadrant
“Hpor [VTclQ2b EE15’?2""' R ; S ERR
B L . — - Quadrantt [ 7 s
Leor [VTdQ2b EMPTY 1 o , §/ 20 \ m!.;-i#
H P
por |VTeQb |EMPTY Quadrant 2
Lpor |VTclQ2b |EE1512 }/ S mH
Heor |VTdQ2b EMP’W R
bpor [VTalQ2b =20 R Z“yé -t
Hpor |VTH1Q2b EE1612
Quadrant 4
Leor [VTeQ2b [EMPTY B.2LT mH
Hpor |VTDIQ2b {EE1612 Total Cold Nominai ~ 13.28 to 13.78 mH
Lpor |VTalQ2b |EE1412 Mass | /2 &= mH|
D) g Al 2{9]¢s
" Technician(s} _/'7 /f Date '
8.8 Measure the Q-Factor (Q) of the Q2b Cold Mas's.
Nominal ~ 3.7 t0 4.0
(Q2b) Q-Factor om
Quadrant Total Q
Connect | Fermi CERN Quadrant
_POT | CIQ% 'jQuadrant 10 5;
Leor |VTdQ2b [EMPTY .
H
por {VTeQ2b |EMPTY Quadrant 2 - Ly
Lpor {VTc1Q2b EE1512 S/
———p——e=d Quadrant 3
Lpor |VTalQZb (EE1412 _5.7
H
por |VTb1Q2b EE1612 Quadrant 4 = —
Leor {VTeQ2b |EMPTY > /&/
Lpor |VTalQ2b |EE1412 Mass 3T
al
0 /,//‘/ 0 o _ /-_4“ ) "l./
Technician(s) / / Date i

LHC Q2 LQXB Cryostat Final Assembly
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To measure the resistance of a Thermometer (RTD):

Specification # 5520-TR-333644

October 24, 2005
Rev. H

1. Use Hewlett Packard HP3457A digital multimeter.
2. Record temperature of building within +/- 5 degrees.
3. Press line button to turn line on.
4. Connect wires as shown in Figure below.
U+ (Black) to Sense Hi
I+ (Yellow) to Input HI
U- (Red) to Sense LO
I- (Green) to Input LO
5. Push blue button (function key) once.
6. Push OHMF button.
7. Verily arrow in readout is above the 4WQ (meaning a 4 wire resistance measurement).
8. Read resistance in ohms and record in traveler.
Pateare HP3457A ——
OO0 oo O
| s v | e Y e | [ e e |
T J [ e [ s I s [ e | s e e o | Lo "y
(e s e OOoO@mes =oam E

ne =1 3

I e = o
, iy

/ \

OHMF Bution Biue (function) Button

U+ Biack]
1+ Yeliow B

wRedf————— T
I- Green - )

Thermometer
‘(ATD)

To measure the resistance of a Cryogenic (Warm-up) Heater

1. Use Hewilett Packard HP3457A digital multimeter.

2. Record temperature of building within +/- 5 degrees.

3. Press line button to turn line on.

4. Connect wires as shown in Figure below.

5. Push blue button (function key) once.

6. Push OHMF button.

7. Verify arrow in readout is above the 4W£2 (meaning a 4 wire resistance measurement).
Note: Although this is technically a 4 wire measurement, it is effectively a 2 wire
measurement, since there are only 2 wires connected to each heater.

8. Read resistance in ohms and record in traveler.

Hewlett
Packard HP3457A SENSE  INPUT
OO0 Oomescs H
| Y e | s [ e | e s e o | /Q
WQ — | sanw | e s Y e | [ I e O s s Lo
tne [ £ e e e | e e e e B S L
Oooboo -~ o
I - -
OHMF éum:m Blue (function) Button
Warmup
Heater

LHC Serial No.: LOXB10-0
Notes:
Page 39 of 48
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Specification # 5520-TR-333644
October 24, 2005

Rev. H
89 Measure the resistance of the Q2a RTDs and Cryogenic (Warm-up) Heaters. Record
MFR Resistance (Expedition) for RTD's.
Q2a - RTD's and Cryogenic (warm-up) Heaters
Temperature of Building (+/- 5°): LT E
. Mfr. Resistance
Component * Fermi CERN ( ftion)
Q2a RTD, redundant j S\ o
QA Cryogenic (warm-up) Healer {LE) - wire

oold mass end plaie (GEREHH F+)

cold mass mag oenter iGEBN #t l-)

Q2A Cryogenic (warm-up) Heater (Non-LE) - wire
toward cold rmass end plate (CERN #2 I+}

QA Cryogenic (warm-up} Heater (Non-LE) - wire
toward cold mass mag center (CERN #2 1-)

Technician(s)

LHC Q2 LQXB Cryostat Final Assembly

Page 40 of 48
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)

LHC Q2 LQXB Cryostat Final Assembly

Page 41 of 48

October 24, 2005
Rev. H
8.10 Measure the resistance of the Q2b RTD’s and Cryogenic (Warm-up) Heaters. Record
] MFR Resistance (Expedition) for RTIY's.
G2b - RTD's and Cryogenic (warm-up) Heaters
Temperature of Building (+/- 5°): e Rl =
Component Fermi CERN ( tion)
Qb FID, primery TaQ | TTESR | (05 61.599 o
Q2b RTD, redundant ToQ2b | TT8342 % 8l o
Q2B Cryogenic (warm-up) Heater (LE) - wire toward] N B _
cold rrass end plate (CERN #1 1+) WiaQZB | ERES32H A

Q2B Cryogenic (warm-up) Heater (LE) - wire toward] o o | ey i L
~cold mass mag center (CERN #1 1-) W2aQzB o

Q2B Cryogenic (warmrup) Heater (Non-LE) - wire

toward cold mass end plate (CERN #2 I+) WIbQZB | EHB342+ oA
AL
Q2B Cryogenic (warm-up) Heater (Non-LE) - wire i
toward cold mass mag center (CERN#21) | WV2DbQ2B | EHE342 o
. 4 -
ra | I ’ L T S L —
N R S R i %
g Technician(s)  ~ Date

LHC Serial No.: LOXB10-0
Notes:
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§.11 Using the Hewlett Packard HP3457 A digital multimeter, measure the Strip Heater
Resistance for (Q2a.
Q2a Strip Heater Resistance
Fermi

CER

Description

Limit Resistance

H1aQ2a

H2aQ2a

Circuit A

18201021 Q ETE RN

YT1122+

HibQ2a N T
CircuitB | 18.20t021 Q| 4. 41¢
H2bQ2a YT1122- AT o
’ : _FM'\ RN 2 I/’i‘ )
Technician(s) I Daté
8.12 Using the Hewlett Packard HP3437A digital multimeter, measure the Strip Heater
Resistance for Q2b.
Q2b Strip Heater Resistance
Fermi CERN__ | Description | __ Limit | Resistance

H1aQ2b

H2aQ2b

L YTH32e | ooyinn

182010210 6. 1Y

| HibG2b | YT1142+ — —
] C t B 1 ..2 t f(' AR ‘\.
H2bQ2b | YT1142- reul B20t210] ATy ]
P Lt
T e 7
Date!

Technician(s) *

LHC Q2 LQXB Cryostat Final Assembly
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8.13 Using the HP3457A, connect power thru the connector Power Leads
} (H2A and H2B to measure Q2-H2 or V2A and V2B to measure Q2-V2).
Connect the Sense Leads as shown in table below and record resistance.
Corrector Bus L eads
V2A | V2B i H2A | H2B
ViA ! ViB | H1A | H1B
(View Looking into Q2b)
Readout Labels Power Resistance Nominal resistance
# L abels
CEES112 | V2B | V2A, V2B | 7, ‘y—; | o >140
vea | v | [itawes 9 18200
H2A EE8122 Bl Q <5Q
EE8122 H2B H2A, H2B | i 100 Q 14 Q
; H2A | H2B 198, Q 21.5-235Q
’ RPN 14 ,/f(_f)/:/”)*:'
Technician(s) Ax Date / !
J
)
LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LOXB10-0
Notes:
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3.14 Check Q1 Instrumentation Bus Wires for Continuity.

Maodule|Pin! Fermi CERN |(KEK Description Done
M2 | 1 NTatQt [EE1111 al_|Q1 Lead Voltage Tap “a", primary p
M2 2 NTa2Q1 |[EE1121 a2 [ Lea_\_d Voltage Tap "a“, redundant e
M2 | 3 VTe1Q1  [EE1211 c1_}Q1.Genter Veliage Tap "c", primary - /
M2 | 4 VTc2Q1 [EE1221 c¢2 Q1 Center Voltage Tap "c", redundant -
M2 | 5 VTbiQ1  [EE1311 b1_|Q1 Lead Voltage Tap "b*, primary /
M3 |5 VTb2Q1 EE1321 b2 401 Lead Voltage Tap "b", redundant o
M5 - 1\ITH1 EE8121 : vﬁ%ﬁi}é‘; )(skew dxpote) .
M5 2 TV EE8111 gorﬁctg;( vcmgge;( t\alzp:A ?}e;l;)(normal dlpole) -
M7 | 1 WwiaQ1 [EWB3tts | loi nic: Heator laad-ond - wire at fop (CERN #1 1) L
M7 2 __W2_an JEHB311- _ 01 Cryogenlc Heater kead end - wire at bottom (CERN #1 I-) -~
M7 .| 3 [ 1+ __loten iic Heater non-lead erid - w t-top: Em”#ﬂ 1+) -
M7 4 _W2bQ1  |EH8321- 01 Cryogemc Heater non-lead end - wire at bottom (CERN #2 |-} | ~
M9 .| 1 Hiabt ”:-"Y'T1'111+-. HA1 |Q1 Protection (Stnp) Heater, ('*a crrcuitH@EFiN iead #14) e
M9 3 [H2aQ1 YT1111- HA2 Q?Protectlon (Stnp) Heater, ("a" cwcwt) (CERN lead #1-} e
M9 5 M Q1 YT1121+ HB1 Q1 Protectaon {Stnp) Heater ("b™ cn’cuﬁ) (CERN Iead #2+) /
MIG | 4 H2bQ1 YT1121- HB2 [Q Protection (Strip) Heater, ("b" mrcunt) (CERN lead #2-)
M12 | 1 [Ta@1 b+ [TT8311 I+ Q1 RED; primary Wire color: Yellow - : #
M12 1 2 [TaQi_I- IT%\ Q1 RTD, primary Wire color: Green ;

* M12_| 3 [Taot_v+(TT8311Us D |1 RTD, primary Wire color: Black >
M12 | 4 [TaQi_V- [TT8311 U- Q1 RTD, primary Wire color: Red /s
Mi12 | 5 [TbQ1 1+ [TT8321 I+ Q1 RTD, primary Wire color: Yeliow <
M12 6 [ThQ1_I- [TT8321 |- Q1 RTD, primary Wire color: Green /
M12 | 11 [TbQ1_V+ [TT8321 U+ Q1 RTD, primary Wire color: Black /
M12 | 10 [TbQ1_V- [TT8321 U- Q1 RTD, primary Wire color: Red !

N _‘E;..\ < lﬂ/ n/
Technician(s) (_/j"" Dat 7
LBEC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LOXB10-0
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9.0 Final Preparations
}
9.1 Install Target Holders (Right, MD-390539), (Left, MD-390540) and (MD-39021 1) as per
A Q2 Cryostat General Assembly (ME-390206).
1 i
P %p\ /IZLO{/L%?
Technician(s)v Date

9.2 Install Reference Socket Cup (MA-390426) as per Q2 Cryostat General Assembly

S TR (ME-3902Q}5).
Jlf i fus
Technician(;b’ Date

hi p'aT SIRp Meame s Ty £ Ve PHv 6 @ SRV

N . s
Snh ST /12 0
P Pl N 7

'T“E.c’.i\ NaArE

Iy~ one 't Core s o EvkRi YIHNG @ _‘5 K'L_'.}.._
} ;ﬂ. prpe . teft s B PRER L

)

LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LOQXB10-0
Notes:
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9.3 Drill Holes for Spring Pins (MA-393360) in each of the three types of Target Holders
(Right, MD-390539, Left. MD-390540, & MD-390211). Ensure that the holes are
centered in a straight line as well as equidistant between the two corresponding bolt holes.

Drill holes for Pins here. Ensure holes
are centered and equidistant between
the two corresponding bolt-holes.

Target Holder

(Right and Left Target Holder will differ in appearance from
the above, but holes will be made the same way.)

P

T e gl

Techniciar;fs))/J Date

94 Install the Vinyl Flange Covers (MA-390491), (MA-390492), (MA-390493),

(MA- 049:1), & the Alignment Fiducial Covers (MA-390495).
o) A v

Techriician‘('s) Date

LHC Q2 LQXB Cryostat Final Assembly LHC Serial No.: LOXB10-0

Notes:
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8.5 Ensure all Pipe Supports are in place.

[——

A (A

Technician(s) {Pff

9.7 -Perform a Final Cryostat Pipe Survey measurement.

T@ N =3
13 L Responsible Authority/Physg

LHC Q2 1.QXB Cryostat Final Assembly
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10.0 Production Complete

10.1 Process Engineering: verify that the LHC Cryostat Assembly Traveler {5520-TR-333644)
is accurate and complete. This shall include a review of all steps to ensure that all
operations have been completed and signed off. Ensure that all Discrepancy Reports,
Nonconformance Reports, Repair/Rework Forms, Deviation Index and dispositions have
been reviewed by the Responsible Authority for conformance before being approved.

Comments:

WSt (of2kf06

Prot8¢s Engineer esignéé , ‘ . Date’

LHC Q2 LQXB Cryostat Final Assembly LHC Sernal No.: LOXB10-0
Notes:
Page 48 of 48



019X0D7 "ON |elag

L 40 | abey

L620Md

SVH a2} 14 va| ., | zevoes | vm YIAOD IONVIS VIQ WWPLL | O
SVH €9} 9 va | . | 16v06e | VW YIA0D JONVId VIQWWSL | 6
SYHEN | 2l va | , | 9zvoee | VW dND 13X208 NOSEOH ¥OTAVL | 8
ﬁwu ‘$'S “MHL -
svhaor ozt v .| L2808 | VN €170 X Q0 .8€'L X A1 .959°0 '"HIAHSYM @
‘91 |/
SVHBIL 02k va | . | L8088 | YW ) o)y pz- 91/ AVEH X3H ‘L3S 170
Q0 .29t ‘IONVS
| svi 20 el V3. | PLEOBE | VN | vqiNOD 31GVLVLON NON WNVIE | T
| SVH 801 9 va | 8| Lzoes | aw Y3ATOH 139¥vVL | ¢
-sod z i t 4G / \ﬁ 7 L 7) \ 409 L va | 3 | ezioee an ATENISSY 13SSIAWNNOVA | 2
sod g7 e m\ \N»\&M 7| wayal 9 va | o | ecoo6e | aw MINOS ONILSOray | L
jusaWIWoD JaquinN penssy palinbay azIs
J laquinp souedg wio4 Bunnoy POULISA 493 Amuenp HoReaot Ajueny HUn [ASYH | 1oquINN fmg uonduasag
[SF/ZZH -3 fa poneass areq [[@ Aon| 90206€-3W | ‘N Buimelq
| d M r W(&q "ON af Iwiad [(IvH3NTD) ATIWIASSY LYLSOAND ZD | :apit Bumeiq
4 1493 Aq pen1gosi shied [ verL | ooe |oequnuysey sem
:panssi s1eQ 8tZ | ONQor
ON I lwieq . ] rrotes | ‘o 18RARIL YUM BN
Ag panss| { 82 | 0148120 FA1/1C8INOT IVINTIVN |
panss| sped _ S0-190-1€ _ 9)ep pasN
$002/LZ/0L HLICONO0IS O} PSNIWYNS 81e( ] 5010002 | :pamans seq
| NEZZH0 | ‘oN ai twiey | DEPHZ0 | oN @i uwsy
\_.) PIWYIS I | -Aa poyuep [£00z 3] MviSOzS NHOr | +Aq pepiwans 1y

~/

siqeliere shied (pind 29

[eNuC) |2LI9YeN
3SI7 Uy Jusuodwos uor

019X

| ‘oN |puag uauodwon

uqe4 Bussulbug - i

Bunsauibug ssasold




0L9XD7 ‘ON jenss

1 30 Z abed

1620Md

syHast| L |va| . | vicoee | 3w LIDINYIE ¥3LN0 MW T1IHS 20 | 22
svHaol| +  |va| . | ewcoee | aw 13XNV8 ¥3NNI I G T3IHS 20 | 92

SVH 891 1 va | . I02o6e IV  [ATANISSY ONIdid ® Q1IIHS A3LVINSNI ZO

SVH a1 v va | « | O9etet v NIVd ‘Q3LLOTS Nid oz_m.“_m_mmn.h s¢

syHaol| 9t |va| . | ozzeee | ww '$'S 8-81 HIHSYM MO0 OLW | b2

syHad| zv |val| . | svoges | ww '§'S 881 Nid ONINdS WWos X 8 | €2

{sviaol| vz |val| . | svocee | ww 'S'S 8-81 SOHS XTH WWIGE X 0'L-ON | 22

syHaol| o9t |va| . | ocosee | ww '§°S 'OSHS X3H WWISZ X ' L-0LN | 1Z

lsvuaol| zv |va| .| icoees | wm 9Z X 8 'NId ONINdS | 0Z

syHaol| v |va| . | vzosee | ww '$'S 881 MAHSYM LYT4 9W | 6L
syHaosl| zv  |val| . | izosee | ww 57) 'S'S 'OSHS XaH wuioL X Z-9UN A@

eV ° va | .| BiB0SE oW Z NOISHIA MIUDS om__wm_wwﬂm_.w L

€L ¢ |vd| . | cosoet | AW ONLLNNOW 1VI2Nald mméﬂ_ wmmnm. o

fsvHgoi| ¢ |v3| . | ovsose | anw 1437 '43Q70H 1308VL | SL

lsvnao| ¢ |va|. | ecsose | aw LHOMN ‘N3ATOH 1398YL | vl

sywaol| zv |val| . | sevoes | ww ¥3A0D TVIONAI4 INSWNOIY | €1

svHEol| z |va| . | vevose | ww ¥3A0D IONVIH VIO WNLOZ | 2

syHEdl| 8 |va| . | eevoee | W ¥IAOD IONVTH 'VId WAYEL | LI

JL%Z_@ _ N_ O 1SI7 1M Juauodwon uor ~uqed Buuesulbug - gL -




A 1 1 s e s e

019X07 "ON jelieg

L jo ¢ abed

L620Xd

lsviaot| 8 |va| . | otioee | aw dINY1D ONINIVLIN Ve 1L | SF
sad g WSl €5 &\\ 7 ] zzv b (VA [V bsE | O goww atoo oL mmozwmwwwﬂuww cv
sod /9 \ﬂmN 9, &mv & /| waval | e |val]. | soroes | ww di1D ONINIVLIY | Lb
sod 6z §0¥LL Qv& € |wava | z |va|a | ccoose | aw JONVT4 ON3 3NFTNMOA 100D | OF
sod gy ore \N‘ \\ T |wavar | z |va|a | zeooee | OW JONV14 NI INIT ONIdWNd | 68
sad ey 27 l Q\. M% T wava | e |vae | seo0se | O | rmucusino waonwioxavan |
. b |v3| 3| Bozoee | W TWNGIIN ATANTSSY ISoRD IS
s5d 606¢ XA /e /5 PLS | wavar | vese |va| . | szotec | v 4¥5 QVEH NOLLNE Esﬂwwm_‘w,_ /£
i _ svHaol{ ¢ |va| . | csloec | aw LI}OVNE Q1AIHS TYWNEHL | o¢
"sod 0§.¢ ag2s f 7 \N \\_ S luaval | vec |va| . | szcose | VW HIHSYM ONINIV.LIY Ge
svHaol| ve |va | . | ec068 | WW ¥30VdS WNNINNTY | €
svHadl| z |va| . | sowoee | aw IN3WAT3M 3NLONITO0D | €€
SYHE2I| 2z |(va| . | voroee | 3W NOILOFS ¥3AINID | 2¢
svHaol| v |va| . | coroee | 3w Nowoasam | ie
svH@dl| ¥ |va| . | zoloee | 3w NOILO3SaN3 | O
svHeEdl| 9. |va| . | 9gooes | VW ¥ANIViZH | 62
svHaol| 8 |va|v | csooee | 3 aNVE LNO0ddNS | 82
svHgol| T |¥3|D | Tot0ec | TW XTANISSY O3S TYWHIHL 20

Q‘(

1, N19140

1817 1Y Weauodwon uo’

-

“Suge4 Bupesuibul - L




0L XD 'ON |eMeg L jo v abey 16Z0)d
SYHEdI| 1 |va| . | éesoes | aw 3did ¥3IN3D 3NN ONIdWNd | 19
sod g alse % § ) ¢ |val| .| sssoee | aw 3did ONOT L4 0Z INI ONIdWNG | g
sd K S ¢ ‘ " . ONILLIA g7am
¢ PoES \@ T | e ¢ |va £8806E | OW NOISNILXT Jdid INF ONIdiNnd | ©°
N D INTNGTIM
© | VE| - | OBSOBE | aW GNEId INATSNGANd 25 | 9
'sod ¢ \NJ\ A d & f a9 L [va| . | ogsoes | aw 3aNL ¥3INTD | g
L I Yol )
_ 3anL
'sad &\ X
v €05 S & 7 0l ¢ |ve TOS06E | OGN 1 oNOT 11 0z-aLS 3NN NMmoaio0a | %
'sod JESEf Nb\ 2| ey 2 {va|. | issoec | ow ONLLLIS G13M NOISNILXE 3anL | og
7 : N D e B R INTWGTIM
| w [V | meeEE | an aTNE3E SNITNFOd 1000 26 | 7S
SVHEDI| & [wa| . | ozosss | ww 'S'S YIHSYM D01 9W | g
c(svHaal 8 w3 . | vzoser | ww '$'S UIHSYM LV o | zg
Jsviao] ¢ valv | zzoses | wm 'SSUNNXIH O | 1o
. svHaol| e fwa| ., | soces | ww '$'S 'SOHS XIH Wwgy x o | og
: 2
SYHEII| v |va|v | zevoss | aw 30VHE L40ddns aid | (or)
'sad g uwr\u% &ty | A, waval | 9 |va|v | exose | ww dOLS 3did 3N LdIJUIINI | gp
w | dswaan| v lvalv | sezoss aw AT8WISSY LMOddNS 3did 20 @
'sod g Pls 4 %\ nY N/d z  |va| .| vozoss | aw 3ENL INM LIIDUIININS Y 2D | op
‘sad og vE/ll § W waval | v lva|. | osioes | aw dOLS 2did INI NMOG 1002 | gp
'sad z¢ T £/l § 7 [wavar | + va | . | ebiost | aw dOLS Idid ANITONIdWNG | b
uBtUWoY) JBsquiny penss| painbay azIg
[ 49quInN sasedg wio4 Buiinoy POllioA 423 Auenp Hone0T Amjuenp N A%y Jsquiny Bmg uondisasaq

1N

0

ISIT UM Jusuodwon uoy™

“lqed Bupsauibug - q




0L9XDT "ON |elieg L jo g abed L6Z0)d
I -
SYHEDI| v jv3 | . | 08206 | aW nazﬂKSos NOISN3dSNs omwwmmmm s
svHaol| v [va| . | o106 | ow ATEWISSY dvE 31 Z0
svHEol| o |va| . | ozioee | aw wiwg'0 ‘WIHS ¥vE 3L | €/
syHaol| o |va| . | euiose | aw Wwy'z ‘WIHS Nva 3L | 2/
svHaol| o |val| . | eioes | ew wwy'g ‘WHS ¥vE AL | 12
I e
svHaol| z |va| . | sosoee | aw 13¥NV1E AIW W ONIdId | 02
syHEol! z  |va| . | zotoee | aw 13YNV19 ON3 W ONIdId | 69
syHadl| 1+ |va| . | socoee | 3w | L3INNVIEYALNIO W SSYW A10D | 89
T |v3|v | cocoes | TW NOTLVINSNI ONIdIg 20
¢ | V3| . | 648062 | QW G13M NOISN3LX3 (_._m_._mw_zmmw.w 28
v |va| . | ossoec | aw 3did ¥3LIN30 TT3HS ¥3LNO | 99
z |va| . | zesoes | aw 3did DNOT "Ld 0Z TIFHS ¥3LNO | 59
SVHEDI | b 1 VA . | P6E06E | AW oo vonuuoo mm_o._"am_._—umw@w% m_w &
e | v v oo | o | quvomen R |
o] o e | | oot [ 5
T |val|v | ooss | W XTINTSSY JaNL a3 LvongdoD
Toolval iy | vemoee | IW | ATEWISSY ATNATY SIONVAXS IVIH 20

T, 19140

1SI7 1Y Jusuodwion uo-

wiqe4 Buneauibuy - gL




0,9X0OT "ON jeues L jo 9 abegd L620Md
SVH 801 ¥ va | g | v006¢ | AW Nid 180ddNS 16
SYH 891 z va | g | cvooee | AW ATANISSY ONIY 06
SVH 891 4 vi|D | Zpo06E | IW ATANISEY THOddNS DNIAS
SYHaol | 2t va | . | 18v08E | VW WIHS MHL Ww GZ'0 68
SYH 821 g va | . | 08y0o6E | VW WIHS YHL Ww 1°0 88
SYH 891 14 va | v | 12806 | YW ¥VT100 NO-dIWY1D 3031d-OML 18
svHEol| & |va| . | szzoes | ww m@m TINOHS oy Mhados @)’
SYH 89| 8 va | . | 92066 | VYW o WIHS YHL ww 50 S8
SYH a9l 8 va | v | sizo6e | VW WIHS MHL wuw g} ¥8
SYH 891 4 v3 | 8 | tpo0es | aw NId 140ddNs €8
SYH 891 b vi| & | evoose | AW AT9WISSY ONIY z8
SYH 891 T v3 | a| Tvooee | TN KIgN3SSY 1804dNS aaxid
SYHEOI| S va | « | LzogeE | VW ‘S'S ‘HIHSYM MO0T 8N | I8
SYHEDI| €l va | . | szogee | WW 'S$'S ‘MIAHSVM LVI14 8 | 08
SYHE2I| €1 va | « | czoges | ww ‘S'SANNXAH BN | 62
SYHEDI| i va | . | ozogcee | VW ( o@ "$'S ‘SOHS Wog X 8IW @
— =
SYH €21 I v3 | &8 | 60£06€ | 3IN | ATEWISSY A3QT1AM SSYW AT0DZO | L2
SYH 921 z v3 | . | 18zoee | aw (13 8 OLIN NOISNIdSNS I1aaIN H&
R e M e T
1S17 Y wsuodwon uor  ugeq Bulesuibug - gL -

T.NI9IY0




019XD7 "ON [eusg

JusunLo)
/ JoquinpN saledg

lsquiny
uLo4 Bunpnoy

PallieA 433

L jo / abed

L6Z0Md

L

SVYH g91 t QU va| . | gzzeee VI @ ONOT 14 € (H1) Ao AvIHHL | 501
SYH g1 ¥ \D» va | . LZ2E6E vYiN @ ONOT '1d 9 (HY) Q0N avIuHl | +oL
~
SYH 921 m@ va | . | 9zZees v @ (HT/HY) LNN ONNdNOD | 01
—F
SYH 891 9l @ va| . | gzzeee YI @u {HY) LNN wvr | zoL
7
svHao | s &) Y3 | - | ovosee | v @ (H1) LN WYE | Loy
SYH 991 ¥ 7 Va3 | « | $£906¢ YIN \@ adod Av3yHL N3 LHOHS | 001
h ‘s, ™M
A _ e
SYH 821 ¥ v3 | . | ZCo06t SN ATEWISSY GO9-3IL NOILY T V1SNl 20 J.‘.
SYH 121 8 va | . | 96¥06¢ o] L13YMNVIE 9N ONILNNOW 66
SVH 991 ra va | . | vocoes an LIMNVT19 QI MW 86
SYH 991 z v3| . | tocoes an 13YNVYIE aN3 NN 16
- o= | o | sremes — ATAWNISTY
SYH 801 g V3 |V | coe0se e NOILYVTIVLISNI NCILV1NSNI 20
SYH gl ¥z va | . L8¥06€ YN WIHS XMHL wwi 6z'0 96
SYH 891 9l va| . | 08rO6E YIN WIHS ¥HL ww gL o G6
! ) ] @ 'S'S 881 ‘MINOS
SYH 921 91 v3a 11Z06¢ YN YIQINOHS D7 W 00p X 9L
1 SYH 901 9l va | . { 9.z06¢ YI NIHS MHL ww 5'p £6
SVH 921 ol V3 | v | sl206¢ VN WIHS MHL ww gL Z6
penss| paJsinbay azIg
Auenp uoces0 fnveno Hun [asy | JaquinN Bmg uondussaq

T.NISI¥0

1817 1Y usuodwon uo " MHuqey Buusaulbug - g1




TD / Engineering Fabrication Specification No.: 5520-FM-318902
February 1, 2002

Rev. K
+  Traveler Title: Specification No: Revision: DR No:
| (2 LQXB Cryostat Final Assembly Traveler | ] 333644 T 4311 |
Step No: Drawing No: Routing Form No:  Serial No: Rework ID:
[ 7.5 {1 369895 | [ LQXB10 [l o |

Discrepancy Description:

The lead end hypertronics connector was damaged during the cryostat assembly process. It is unknown how the connector got
damaged. The first two rows of the connector have the pins bent and broken.

Originator: Date:
Steve Gould 12/8/2005 1:58:59 PM

Cause of Nonconformance:

Cause of damage unknown.

Responsible Authority: Date:
| Andy Hocker | 12/8/2005 5:16:46 PM

Discrepancy Report Form DR No: 4311



TD / Engineering Fabrication

Disposition:

Specification No.: 3520-FM-318902
February 1, 2002
Rev. K

Replace the two modules with bent pins. do usual electricalt check-out

processing. Bob Jensen).

Disposition verify notes: (Magnet repairs were completed by production, tested O.K., and magnet was approved for further

Responsible Authority: Date:
Andy Hocker 12/8/2005
Corrective Action to Prevent Recurrence:
None
Responsible Authority: Date:
| Andy Hocker | | 12/8/2005 |
Corrective Action/Disposition Verified By: Date:

| Bob Jensen | | 5/23/20062:15:53 PM |
Will Configuration be affected?: LI YES VI NO
Identified problem area:
(] Material L] Manpower Method ] Machine | Measurement
Reviewed By: Date:
| Bob Jensen | 5/23/2006 |

Discrepancy Report Form

DR No: 4311



TD / Engineering & Fabrication Specification # 5520-FM-318904
September 24, 1999
Rev. H

Revision Request Control Number: 1799
Specification Number: [5520- TR - 333644] Current Revision:

Traveler or Document Title |Q2 LQXB Cryostat Final Assembly Traveler

Step #/Description of Revision:

Prior 1o assembling the tube sections on a Q2 rebuild, ensure the weld prep is on the tubes. If there is no weld prep, add a weld
prep to the tubes. Also, tack weld the backing strips in place prior to tack welding the tubes. Add these steps to the rebuild
travelers.

Regular Traveler;

New Steps;

9.3 Hipot Strip Heaters to everything @ 5 KV and record voltage and leakage.

0.4 Hipot coils to everything @ 5 KV and record voltage and leakage.

[ Bob Jensen [ Bob Jensen | [ 11172006
Originator Responsible Authority Date
Revision Incorporated into the Traveler; L | I
Revision Incorporated By Date
Process Engineering Final Review: I l —l
Process Engineering/Designee Date

Revision Reguest Form



TD / Engineering & Fabrication Specification # 5520-FM-318904
September 24, 1999
Rev. H

Instructions for the completion of the Revision Request Form

Note(s):

Multiple steps may be effected by one Revision Request Form but only one specific Traveler or Document may be
effected by each Revision Request Form.

If completing this form by hand. a Revision Request Control Number must be obtained before processing.
I completing this form cntirely by electronic means. the printed copy to be filed in the Process Engineering Ottice 15 10

be initialed by the individual incorporating the Revision Request and the individual who reviewed the Traveler or
Docuiment.

Originator Instructions:

1) Specification Number: - Enter the Specification Number of the Traveler or Document 1o be revised. (Document title
is inserted automatically from the spec. #)

2} Current Revision: - Enter the Revision of the Traveler or Document to be revised.

3)  Step# / Description of the Revision: - Enter a description of the revision to be made and the step# it applies to. if
applicable. If necded to describe the revision attach a copy of the page(s). If the revision is coming from a related
document such as a Discrepancy Report or an Engineering Order attach a copy of that document to the Revision
Request Form.

4)  Originator: - Originator is the person generating the form. (Select Name from List}

5) Responsible Authority: - Responsible Authority is persen responsible for the process in question. (Select Name from
List)

Process Engineering Office Instructions:

1) RevisionIncorporated into the Travelei: - Signature of the individual who incorporated the revision.

2) Process Engineering Final Review: - Review the Traveler or Document revised, sign and date the form. The original
completed Revision Request Form will be retained by the Process Engineering Office in the Revision Request Binder.

Revision Request Form

TR



