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TD/Engineering & Fabrication Specification # 5520-TR-333643

Revision  Step No.

Junc 26. 2006
Rev. H

Revision Page (1 of 4)

Revision Description TRR No. Date

None N/A

A 6.5

6.10

7.18

7.22
7.29.2

7.36

8.1
11.11

11.13
13.1
14.1

7.3

7.4

15

7.22

7.23

Initial Release N/A 10/15/02

Modified Step. Changed MiniLevel Tolerance to +/- 0.05 mm/m per Tom 1513 7/17/03
Page.

Modified Step. Changed MiniLevel Tolerance to +/- 0.05 mm/m per Tom
Page.

Modified Step. Changed to “Cut Q2b Quadrant 4 Lead at end of splicc per
Drawing (ME-369895).”

Modified Step. Added Picture to show all three Bus Leads. {13kA, 5kA 8kA)
Modified Step. Changed End of step to read *.. Figure 7.29.2-A below.”
Corrected Picture to reflect accurate wiring diagram. Per DR No. HGQ-0374.
Modified Step. Changed MiniLevel Tolerance to +/- 0.05 mm/m per Tom
Page.

Modified Step. Added Voltage Tap Serial Numbers to Tables.

Added Step. “Tack weld the corrector mounting hardware in place as per Q2
Coldmass Welded Assembly (ME-390309).”

Added Step. “Mount and adjust the Shipping restraint screws.”

Modified Step. Added Voltage Tap Serial Numbers to Tables.

Modified Step. Added new wire information for installation of Hypertronics
per Mike Lamm.

Modified Step. Added new wire information for installation of Hypertronics
per Mike Lamm.

Added Step. “Perform a Stretched Wire Verification Measurement.” 1578 1/15/04
Removed Step. “Obtain Lead Bus (ME-369825). Inspect Bus for damaged
or broken areas. Clean Bus using lint free Heavy Duty Wipers (Fermi stock
1660-0150) and Isopropyl Alcohol (Fermi stock 1920-0300).” Moved to Q2
Insulated Bus Assembly Traveler (333721) per LMQXBO04. Step 5.3
Removed Step. “Obtain parts for Bus Assembly (ME-369826) and assemble
per Q2 Module Assembly Insulated Bus Assembly (ME-369826).” Moved to
Q2 Insulated Bus Assembly Traveler (333721) per LMQXBO4. Step 5.4
Removed Step. “Verify Bus Assembly (ME-369826) is assembled correctly
per Q2 Module Assembly Insulated Bus Assembly (ME-369826).” Moved to
Q2 Insulated Bus Assembly Traveler (333721) per LMQXBO04. Step 3.5
Removed Step. “Hipot the 5kA Lead Bus to the 8kA and 13 kA Lead Busses
on table before inserting into magnets. Power the SkA bus to 5000V and
ground the 13kA Lead Bus and the 8kA Lead Bus.

(Max. Leakage < 0.5pA).” Moved to Q2 Bus Assembly Traveler (333721)
per LMQXBO04. Step 5.6

Removed Step. “Hipot the Corrector Magnet (MD-390312) Busses at 5kV
before inserting into magnet in both the parallel and checkerboard
configurations as shown below. Corrector Wires not shaded should be at high
potential, while those shaded should be connected to each other and
grounded. (Max. Leakage < 0.5pA)” Moved to Q2 Bus Assembly Traveler
(333721) per LMQXBO4. Step 5.7

Modified Step. Added a “Floating” Column Header to Table 7.22 and
“RTD’s and Warm-up Heaters” in that column.

Modified Step. Added Note. “All wires in this table have been previously
soldered to the Magnet except for the Cryogenic (warm-up) Heater
Wires.” Modified Table 7.23. Added CERN Labels per Rodger Bossert.
Added Technician Signoff per LQXB04.

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1

Notes:
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TD/Engineering & Fabrication Specification # 5520-TR-333643

June 26, 2006
Rev. H
) Revision Page (2 of 4)
Revision Step No. Revision Description TRR No. Date
B 7.27 Modified Step. Added “Attach Instrumentation Bus Channel Lock 1578 1/15/04
(Continued) (MB-369937) to Q2b Non Lead End as per Q2 Module Assembly (Continued)
(ME-369895, page 4 of 4)”
7.30 Modified Step. Changed resistance check of RTD’s and Warm-up Heaters
per Rodger Bossert. New Step 7.25.
7.31 Modified Step. Changed hipot of RTD’s and Warm-up Heaters per Rodger
Bossert. New Step 7.26.
8.0 Modified Step. Changed electrical procedure specifications per Rodger
Bossert. Added new tables with CERN Labels and new pictures.
11.3 Modified Step. Changed to “Install Spider Assembly (MC-430044) to protect
wires.” Removed checkboxes and added Responsible Authority signoff.
11.8 Removed Step. “Install Spider Assemblies (MC-369885) to protect
wires/bus, if necessary.”
13.0 Modified Step. Changed electrical procedure specifications per Rodger
Bossert. Added new tables with CERN Labels and new pictures.
15.0 Modified Step. Changed electrical procedure specifications per Rodger
Bossert. Added new tables with CERN Labels and new pictures.
C 14 Removed Step. “All personnel performing steps in this traveler must have 1602 4/7/04
documented training for this traveler and associated operating procedures.”
7.26 Modified Step. Modified table. Removed row to record Temperature of
Building (+/- 5°). Not necessary for hipots.
7.30 Added Step. “Ensure that the MCBX Corrector Magnet (MD-390312) is
against the Mount Hardware and the bolts are “snug”, before leveling and
3 rotating.”
) 7.36 Added Step “Attach Voltage Tap Wires to Corrector Magnet (MD-390312)
as per Q2 Module Assembly (ME-369895).”
10.12 Modified Step. Changed to “Hipot the Beam Tube to coil, heaters and
ground. (5kV) (Max. Leakage < 0.5uA).”
11.14 Added Step. “Undo Clamps.”
11.15 Added Step. “Perform a stretched wire measurement of the system to align
the Cold Mass within £ .2 mR”
D 7.23 Modified Step. Changed to “Install Warm-up Heaters (ME-369834) to the 1636 7/14/04
Lead Ends and Non-Lead Ends of Q2a and Q2b as per Q2 Module Assembly
(ME-369895).” Per LMQXBO06.
7.26 Modified Step. Added “Use Droege Serial No. 910 (FNAL Part No. 51330)
or equivalent.” Modified Tables.
8.1 Modified Step. Added new method of measuring Ls &Q per Rodger Bossert.
8.4 Modified Step. Added Responsible Authority signoff per LMQXBO06.
9.4 Removed Step. Moved to 9.1.
9.10 Removed Step. Moved to new 9.6.
11.0 Added Note. “Ensure that a protective sleeve is placed inside the bellows
between the convolutions and the bracket to prevent damage to the
convolutions.” per DR No. HGQ-0423.
11.3 Removed Step. “Install Spider Assembly (MC-430044) to protect wires.” Per
LMQXBO06/Rodger Bossert.
11.13 Modified Step. Added “(Weld Specification ES-333781)”
11.14 Modified Step. Changed to “Undo the Cold Mass / Cryostat Station Support
& Clamping Fixture (ME-369768).”
)
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB11-1
Notes:
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TD/Engineering & Fabrication

Specification # 5520-TR-333643

June 26, 2006

Rev. H
Revision Page (3 of 4)
Revision  Step No. Revision Description TRR No. Date
D 13.1 Modified Step. Added new method of measuring Ls &Q per Rodger Bossert. 1636 7/14/04
(Continued) (Continued)
133 Modified Step. Added “Have Crew Chief verify setup and sign below before
continuing.”
134 Modified Step. Added Responsible Authority signoff per LMQXB06.
142 Modified Step. Added Technician Signoff per LMQXBO0G.
15.1 Moditied Step. Added new method of measuring Ls &Q per Rodger Bossert.
15.3 Modified Step. Modified Table.
E 5.2 Modified Step. Changed + /- 2 mm to +4 / -0 per LMQXBO07. 1659 12/15/04
7.17 Modified Step. Added “Have Crew Chief verify setup and sign below
before continuing.” per Jim Rife.
8.0 Modified Electrical Inspection per Rodger Bossert.
82 Modified Step. Added Picture of Corrector Bus Leads. Modified Table.
10.3 Added Step. “Prepare the Beam Tube insertion area with .003” Kapton
Tape.”
13.0 Modified Electrical Inspection per Rodger Bossert.
13.2 Modified Step. Added Picture of Corrector Bus Leads. Modified Table.
15.0 Modified Electrical Inspection per Rodger Bossert.
15.2 Modified Step. Added Picture of Corrector Bus Leads. Modified Table.
F 1.6 Added Step. “Protect the bellows during all stages of production.” DR No. 1712 2128/05
HGQ-0500.
6.11 Modified Step. Changed signoff to Responsible Authority/Physicist.
7.18 Modified Step. Added “Add a 20 gauge wire to the Instrumentation Wire
bundle and label it as “Spare™. Per production request.
11.10 Modified Step. Changed signoff to Responsible Authority/Physicist.
13.3 Modified Step. Removed Responsible Authority signoff per production
request.
15.0 Modified Step. Removed electrical checks that are previously performed by
MTF, per production request.
G 32 Added Step. “Attach Certificate of Conformity for MCBX Corrector Magnet 1734 10/5/05
and ensure that it is complete.” per LMQXB09.
7.18 Modified Step. Changed to “Hipot the S5kA Lead Bus to all other components
at 5 kV. Ensure that all Magnet components (i.e. both Yokes, all Coils,
RTD’s, Warm-up Heaters, Strip Heaters and 8kA Bus) are grounded.
(Max. Leakage < 3yuA)” and removed “Floating Column”, per Damon Bice.
1.37 Removed Step. “Attach Voltage Tap Wires to Corrector Magnet
(MD-390312) as per Q2 Module Assembly (ME-369895).”
7.37 Added Step. “Solder MCBX Corrector Magnet Voltage Tap Wires
(MA-369832) to Corrector Magnet (MD-390312) as per Q2 Module
Assembly (ME-369895).”
7.39 Removed Step. “Solder MCBX Corrector Magnet Voltage Tap Wires
(MA-369832) as per Q2 Module Assembly (ME-369895).”
8.1 Modified Step. Modified Electrical Table. Removed “Voltage Tap Serial
Numbers”.
8.1 Modified Step. Added Nominal Resistances for the Q2a and Q2b Redundant
Voltage Taps.
8.3 Modified Step. Modified Table. Added “SPARE” per LMQXBO09.
10.13 Added Step. “Measure and verify Beam Tube length is 12,610 (+2mm).

Q2 LMQXB Cold Mass Module Assembly

Record Actual Beam Tube Length below.”

Page 4 of §9
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Revision Page (4 of 4)

Revision Description TRR No.

Specification # 5520-TR-333643
June 26, 2006

Rev. H

Date

G 11.1
(Continued)

115

1111

11.12

11.13

12.0
12.13

o
(8
-

152

g

11.10

11.14
13.1

134

)

Q2 LMQXB Cold Mass Module Assembly

Removed Step. “Reposition the IP End Dome as shown in Q2 Cold Mass 1734
Welded Assembly (ME-390309) using the Horizontal Witness Line from step  (Continued)

9.5.” Combined it with step 11.2. (New Step 11.1)

Removed Step. “Reposition the Non-IP End Dome as shown in Q2 Cold
Mass Welded Assembly (ME-390309) using the Horizontal Witness Line
from step 9.11.” Combined with step 11.6. (New Step 11.5)

Modified Step. Changed to “Mark / Layout and adjust the Shipping Restraint
Nuts (MC-390294).” per Damon Bice.

Added Step. “Weld the Shipping Restraint Nuts (MC-390294) to the
Corrector.” per Damon Bice.

Added Step. “Install and adjust the Shipping Restraint Screws (MC-
390230).” per Damon Bice.

Modified Steps. Modified Steps per LHC Cryostat Production Engineer.
Added Step. “Perform a Stretched Wire Verification Measurement.” Per
LMQXBO08.

Modified Step. Added Nominal Resistances for the Q2a and Q2b Redundant
Voltage Taps.

Modified Step. Added Nominal Resistances for the Q2a and Q2b Redundant
Voltage Taps.

Moditied Step. Added Note. “Ensure that at least one hour has
elapsed since the installation of the Hypertronics Connector and
that the Flux remover has dried/evaporated before continuing
with the HiPot.” Per DR No.4281.

Move step now becomes new step. After 11.6, an additional step is needed to 1801

perform a hipot from coils to ground @5kv. This test should be done with
everything else grounded. 1.E. heaters, RTD’s, through bus etc.

After step 11.9, an additional step is needed to perform a hipot from coils to
ground @5kv. This test should be done with everything grounded. LE.
heaters, RTD’s through bus etc.

After 11.9, an additional step should be added to install center body tube,
shimming accordingly.

Page 56 Inductance Table, switch Quadrant #3 Lpot and Hpot.

(see LMQXB10-0)

Added Responsible Authority/Physicists sign-off.

Page 5 of 89

10/5/05

6/26/06

LHC Serial No.: LMQXB11-1
Notes:



TD/Engineering & Fabrication Specification # 5520-TR-333643

June 26, 2006

Rev. H
Ensure appropriate memos and specific instructions are placed with the traveler before issuing the
sub traveler binder to production.
1.0 General Notes
1.1 All steps that require a sign-oft shall include the Technician/Technician(s)s first initial
and full last name.
1.2 No erasures or white out will be permitted to any documentation. All 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 Personnel shall perform all tasks in accordance with current applicable ES&H guidelines
and those specified within the step.
1.5 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 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 Py it received is complete.
&
Process Engineeri 1gnee Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB11i-1
Notes:
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TD/Engineering & Fabrication Specification # 5520-TR-333643
June 26, 2006

Rev. H
3.0 Q2 Module Alignment
3.1 Record the serial number for each Magnetic Component Assembly.
Q2a Serial Number: MQXB 2.0
. e
Q2b Serial Number: MQOQXB /
MCBX Serial Number: ﬂC MDF oo sSTovsos?
«"'/,
: o 7 /J/ /¢ / 4 //7
Respomlb]e Aurﬂor(ty/Physwlst Date
‘ Attach Lertmc;fe ‘0of Conformity for MCBX Corrector Magnet and ensure that it 1s
} complete .
s K ok /P
e Crew Chief ( ( Date
L ‘ &2k
3.3 FiJe the End Plate Welds, and Alignment Welds at the Non-Lead End of ColdmassQ2a.10
-allow Center Body Tube (MC-390112) to fit properly.
. “ \
SALA
Technician(s) ' Date
)
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOQXB11-1
Notes:
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TD/Engineering & Fabrication Specification # 5520-TR-333643
June 26. 2006

Rev. H
4.0 Q2a Magnet Placement (Module Assembly Tooling)
4.1 Conﬁgl_u:e tooling for Q2a/Q2b Cold Mass assembly per (ME-369768).
NP [ -0 Ot
Jechnician(s) Date
4.2 Configure tooling for Corrector Mounting per (ME-369780), 13.780 Diameter Corrector
Magnet.
T ) P o
‘ 4 ;“\&CA’:" o l [ [N
" Technician(s) Date
4.3 Configurg tooling for End Dome Mounting per (ME-369765, View F-F) (Insert Item 22).
L7 e 1T jz -0
/ Technician(s) Date
4.4 Move the Q2a Cold Mass to the Cold Mass Module Assembly Tooling, placing it nearest
the East End of ICB, with the Lead End of the Magnet facing East as per Q2 Cold Mass
Welded Assembly (ME-390309).
=7 - _
Yo Y < - 12 - p
: ,f"';fechnician(s) Date
4.5 Rotate the Q2a Cold Mass, such that the Weld Keys are approximately at a 45° diagonal.
Weld Keys Weld Keys
Lead End Non-Lead End
N S o { ~ - - (-
Loboe Oz o C
T;éhni'cian(s) Date
(K¢ b
4.6 Slide the Center Body Tube (MC-390112) over Return End of Q2&-Coldmass as per
Q2 Cold Mass Welded Assembly (ME-390309).
S S R i .
e (12 -
- Technician(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB11-1
Notes:
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Rev. H
) 5.0 Q2b Magnet Placement (Module Assembly Tooling)
5.1 Move the Q2b Cold Mass to the Cold Mass Module Assembly Tooling, placing it nearest
the West End of ICB, with the Lead End of the Magnet Facing West as per Q2 Cold Mass
Welded Assembly (ME-390309).
'S =
Vo [O-17 o6
,,,—?éhni?:‘ian(s) Date
52 Position the Cold Masses so that the distance from the magnetic center of Q2a Cold Mass
to the magnetic center of Q2b Cold Mass as denoted by the markings on the OD of the
Cold Mass is 6524mm +4 /- 0 mm
Note(s):
Needs to be the warm magnetic offset 6519.6 mm, plus 3/16” (4.4mm) allowance for
weld shrinkage.
e [0-12-0L
/y&hnicia’n(s) Date
53 Rotate the Q2b Cold Mass such that the Weld Keys are approximately at a 45° diagonal.
Weld Keys Weld Keys
L(ie/tgyEnd Non-Lead End
Mg > [O-/2-06
_ /7€chnician(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
Notes:
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TD/Engineering & Fabrication Specitication # 5520-TR-333643
June 26, 2006

Rev. H
0.0 Q2a/ Q2b Modulc Alignment
Q2a
6.1 Determine and record the location at which the level gauge should be mounted to the
Cold Mass.
Distance from Lead End Plate: inches.
//;7
- K (o
. f\ ‘7/ /ﬂAﬂ7 {(’
Responsible Authority/Physicist Date /
6.2 e Twist Measuring Fixture to the Q2a Cold Mass at the assigned position.
7T TS o -
Vppe — (O -1 &0k
@//echnicizm(s) Date
6.3 i Precision V Block to the top of the Twist Measuring Fixture.
c (O[22t
Date
6.4 Place the’] fini Level on the top surface of the V Block.
. e 7 D (O-/2 <
~Technician(s) Date
6.5 Rotate the Q2a Cold Mass until the Mini Level reads Horizontal 0.00 mm/m
(+/- 0.05 mm/m).
Note(s): .
Mini}ygﬂ should be “zeroed” at reference stand location before this operation.
> TP
T 22 (O /12 oG
?éhnician(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOQXB11-1
Notes:
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Q2b
6.6

June 26, 2006
Rev. H

Determine and record the location at which the level gauge should be mounted to the Q2b
Cold Mass.

Distance from Lead End Plate: inches.

SO L0l

nsible Authority/Physicist Date

6.7 Mount the Twist Measuring Fixture to the Q2b Cold Mass at the assigned position.
o — _ /O -L-of,
nician(s) Date
6.8 Mount the Precision V Block to the top of the Twist Measuring Fixture.
e ;l( echnician(s) Date
6.9 Place the Mini Level on the top surface of the V Block.
Core 1O~/7 _ex,
/ echnician(s) Date
6.10  Rotate the Q2b Cold Mass until the Mini Level reads Horizontal 0.00mm/m
(+/- 0.05 mm/m).
Note(s):
Mini Level should be “zeroed” at reference stand location before this operation.
7 (0= 77 ot
nician(s) Date
6.11 Perform a Stretched Wire Verification Measurement.

)
w/(/r* /0//2./Oé
Responsible Authority/Physicist Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1

Notes:
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Rev. H
7.0 Bus & Instrumentation Connection and Assembly
Note(s):
Figure *7.0-A” shows the configuration of magnet and corrector bus leads in a Q2
Magnet.
(Magnet Bus Leads) Corr rBus L
Superconductor
13Ka c T = :
opper S VA2 VB2 HA2 %HBZ
Superconductor e = -
s [ - S twws vy
pp e % VA1 %VB'I %HA1 %HB1

Superconductor
Copper

8Ka I”

View Looking into Lead End of Q2b

{Magnet Bus Leads)

(Corrector Bus Leads)

Superconductor
Copper
' F 3 B Superconductor
HB1 HA1 VBT (VA1 | P
Superconductor e | gKg
Copper
View Looking into Lead E f Q2a
Figure 7.0-A
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB]11-1
Notes:
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Rev. H
7.1 Slide Completed Bus Assembly (ME-369826) into Q2 as per Q2 Module Assembly
(ME-369895).
LA [O~] B-OC
//Irfhnician(s) Date
7.2 Connec e Bus Housing Lock (MB-369870) to the Bus Assembly (ME-369826) and
N Q2b trn End Plate as per Q2 Module Assembly (ME-369895).
AT | 0-18-0C
4 /f" echnician(s) Date
7.3 Con/) the Bus Housmo End Support (MB-369892) on the Q2a End per (ME-369895).
< - -
S, (0-18-8
/’f echmc1an(s) Date
7.4 j/ %Ahe Bus Housing End Support (MB-369892) on the Q2b End per (ME-369895).
[0 -/18-06
echnician(s) Date
7.5 Set up the Power Leads for splicing. Create a %" space behind the Kevlar wrapped Leads
. to allgv for Thermal Contraction differences between the bus and Cold Masses
_,4_..’"
Sen 0-19-ab
lf‘ echmcxan( S) Date
7.6 Solder 13kA bus to Q2a Quadrant 4 lead as per Q2 Module Assembly (ME-369895) per
LHC Cable Splice Joint Procedure (ES-369950).
7*9 /O~1G. 0,
)?échmcmn(s) Date
7.7 Su%a Quadrant 4 Lead at end of splice per Drawing (ME-369895).
P /o015 oC
'ﬁechnician(s) Date
7.8 Insulatg splice area 7ith % overlap, .001 x/}JS wide kapton.
TecYmician(s) / < Date
79 Attach the Q2a Bus Housing Extension (MD-369872) to Q2a Lead as per )
Q2 Module Assembly (ME-369895).
gQﬁ%mﬂ& My}?bb
Technician(s) Date '
7.10 Attach the Q2a Bus Housing Extension Base (MC-369873) to Q2a Lead as per
QZW)' (ME-369895).
J 3 18/ 27/96
Technician(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
Notes:
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TD/Engineering & Fabrication Specification # 5520-TR-333643

June 26. 2006

Rev. H
7.11 Attach the Q2a Bus Housing Extension Cover (MD-369874) to Q2ua Lead as per
Q2 Module Assembly (ME-369893).
- / ,““' TR i
R e VAL fa
Technician(sr Pl Date
7.12 Solder 13kA bus to Q2b Quadrant 4 lead as per Q2 Module Assembly (ME-369895) as
pc{LEQ/Eablc Splice Joint Procedure (ES-369950).
r ;7;/»*"“' e VA F -~
] 7()_)“_ ‘,,\,{i A A ! ([:;' - {“5' ~ (W
/T echnician(s) Date
7.13 Cut Q2b’Quadrant 4 Lead at end of splice per Drawing (ME-369895).
“ ’h T o )
/J, {Ce [ O
"/,?I‘ echnician(s) Date
7.14 In;zltegilice area with % overlap, .001 x 3/8 wide kapton.
ANO Y x>
Technician(s) Date
7.15 Attach the Q2b Bus Housing Extension (MD-369867) to Q2b Lead as per Q2 Module
Assembly (ME-369895).
\ .
) / i |0| gt
Te“chnic‘u’m(s) Date
7.16 Verify that there is a 34" clearance between the Bus Housing Extension Cover and the End
Plate. If not, modity extension cover to allow clearance.
f—{( e o -Gl e
Qrew Chief Date
7.17 Attach the Q2b Bus Housing Extension Cover (MD-369874) to Q2b Lead as per
Q2 odule\‘:szsocgbly (ME-369895).
Technician(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
Notes:

Page 14 of 89



TD/Engineering & Fabrication Specification # 5520-TR-333643
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7.18  Hipot the 5kA Lead Bus to all other components at 5 kV. Ensure that all Magnet components
(i.e. both Yokes, all Coils, RTD’s, Warm-up Heaters, Strip Heaters and 8kA Bus) are
grounded. (Max. Leakage < 3nA)

(Magnet Bus Leads)

Superconductor

Copper

Copper

8Ka Superconductor
Copper

(View Looking into Q2b)

@ Have Crew, Chief verify setup and sign below before continuing.
,ﬁ;p i0-SI-O(

',// /érew Chief Date

Power Lead Assembly
QL Hipot

= | 5KA to all other components 7 é, / /
24/ 4

é PR i R
Technicim‘f(s,) = Date

sog il
Pass fai

&

I

‘J/}//%{/{,A_ 3107~ deg

R'ésponsible Aﬁthority/Physicist Date

)

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
Notes:
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7.19 Prepare Q2a Lead End Instrumentation wire bundle. Wrap the Q2a Lead End
instrumentation wires into Bus Cable as per (MB-369897). Add a 20 gauge wire to the
Instrumentation Wire bundle and label it as “Spare”. Wire Labels and descriptions are
shown in Table 7.19 and per (MB-369897).
Note(s):
All wires in this table have been previously soldered to the Magnet except
for the Cryogenic (warm-up) Heater Wires.
Q2a bundle MB-369897 (From Lead End of Q2a)
Wire Description Fermi Label | CERN Label | Gauge
Q2a Lead Volitage Tap "a", primary VTaiQ2a EE1112 26 Twist all
Q2a Lead Voltage Tap "b", primary VTb1Q2a EE1312 26 three
Q2a Center Voltage Tap "c", primary VTc1Q2a EE1212 26 | together
Q2a lead Voltage Tap "a", redundant VTa2Q2a EE1122 26 Twist all
Q2a Lead Voltage Tap "b", redundant VTh2Q2a EE1322 26 three
Q2a Center Voltage Tap "c", redundant VTc2Q2a EE1222 26 | together
1/4 coil aQ inner - Q3 utr) VTdQ2a 26
1/4 coil tap (Q2 inner - Q4 outer) VTeQ2a EMPTY 26
SPARE WIRE SPARE SPARE 20
Q2A Cryogenic Heater lead end - wire toward
cold mass end plate (CERN #1 I+) Wi1aQ2a EHB312+ 20 ar:zs::::st
Q2A Cryogenic Heater lead end - wire toward Together
cold mass mag center (CERN #1 |-) W2a@2A EHo312 20
Q2a Protection (Strip) Heater, 1-4 & 2-3 circuit
(FNAL lead A+) (CERN lead #1+) H1aG2a Yrinze 20
Q2a Protection (Strip) Heater, 1-4 & 2-3 circuit together
(FNAL lead A-) (CERN lead #1-) H2aQ2a YTii12 20
Q2a Protection (Strip) Heater, 1-2 & 3-4 circuit
(FNAL lead B+) (CERN lead #2+) H1bG2a YT1122+ 20 st
Q2a Protection (Strip) Heater, 1-2 & 3-4 circuit together
(FNAL lead B-) (CERN lead #2-) H2bQ2a YT1122 20
Table 7.19

)

%iciaﬁ(s)

Q2 LMQXB Cold Mass Module Assembly

Page 16 of 89
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7.20 Pull wire bundle from Q2a through entire Q2 Assembly and mark the Q2b Lead End Plate
position on bundle. (See Note below) Leave sufficient slack in cable to allow for
differential thermal contraction.
Note(s):
When Bus Assembly (ME-369896) is inserted into the Q2 in step 7.27, the
mark from step 7.24 should be located 1 inch from the Q2b end of the
luminum channel.
. (C- 18 - 06
Koy ,eghnician(s) Date
7.21 Verify that there is sufficient slack in cable to allow for differential thermal contraction.
! j,' / _
. » , > [0 3/ 4
/ Responsible )tuthority/Physicist Date
7.22 Remove @2a bundle from Q2 Assembly.
\\\' ——— - -7
(,/4 % (ch‘:ki“) [/C:) /’ba - (9
//f‘“eT:Tinician(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
Notes:
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-~
(8]
[S%]

Slide Instrumentation Bus Assembly (ME-309896) into the proper Q2 Port as per Q2
Module Assembly (ME-369895). As instrumentation Bus Assembly is being inserted.
feed Bus Cable (MA-369897) from Lead End of Q2a (4 strip heater wires. 8 voltage tap
wires and 2 warm-up heater wires) into bus channel. wrapping entire channel
intermittently with glass tape and Kevlar string as shown in drawing (ME-369896).
Attach Instrumentation Bus Channel Lock (MB-369937) to Q2b Non Lead End as per Q2
Module Assembly (ME-369895, page 4 of 4).

Refer to Figurcs 7.23-A, 7.23-B, 7.23-C, 7.23-D and Drawing (ME-369895) to sce the
;esitioym‘t which all wires are attached to the End Plates.

| i,

e T7‘€nici’an(s)

" C:‘—-/ tf‘ <Le
Date

FERMI
Strip Heater Wires H1aQ2b
(installed at Final H2aQ2b
Cold Mass Assembly) H1bQ2b

H2bQ2b

Y2 coil voltage taps
(installed at Final
Cold Mass Assembly

FERMI  CERN
VTc1Q2b EE1512
VTc2Q2b EE1522

Instrumentation wire
channel (installed at Q2
Module Assembly)

CERN

YT1132+

YT1132-

YT1142+ ] Lead voltage taps
YT1142- I (installed at Final
Cold Mass Assembly)

FERMI ~ CERN
VTalQ2b EE1412
VTb1Q2b EE1612
VTa2Q2b EE1422
VTb2Q2b EE1622

Cryogenic (Warm-up)

Q2 Module Assembly)
FERMI CERN
W1aQ2B EH8332+
(toward cold
mass end plate)

W2aQ2B EH8332-

(toward cold
mass mag center)

¥ coil voltage tap

(installed at Final

Cold Mass Assembly)
FERMI CERN
VTeQ2b EMPTY

% coil voltage tap
(installed at Final

Cold Mass Assembly)
‘ FERMI CERN

! VTdQ2b EMPTY

Looking at Lead End of Q2b

Q2 LMQXB Cold Mass Module Assembly

Figure 7.23-A

LHC Serial No.: LMQXB11-1
Notes:
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RTD (thermometer) FERMI CERN

Wires (installed at Q2 ToQ2b TT8342 \

Module Assembl
odule Assembly) RTD (thermometer)

Wires (installed at Q2
Module Assembly)

FERMI CERN

' TaQ2b TT8332

%

Cryogenic (Warm-up)
Heater Wires

(installed at Q2 |
Module Assembly)

000

FERMI CERN | /

W1bQ2B EH8342+ -/ l |
(toward cold
mass end plate) \

W2bQ2B EH8342-
(toward cold

mass mag center)

\ .

(b

Looking at Non-lead End of Q2b

Figure 7.23-B

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1

Notes:
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RTD (thermometer)
Wires (installed at Q2
Module Assembly
FERMI CERN
TaQ2a TT8312

Specification # 5520-TR-3330643
June 26, 20006
Rev. H

RTD (thermometer)
Wires (installed at Q2
Module Assembly

FERMI CERN
TbQ2a TT8322

Cryogenic (Warm-up)
Heater Wires
(installed at Q2

o Module Assembly) -
l FERMI CERN
| Wi1bQ2A EH8322+

(toward cold

mass end plate)

W2bQ2A EH8322-

(toward cold

mass mag center)

.

Looking at Non-lead End of Q2a

Figure 7.23-C

LHC Serial No.: LMQXB11-1
Notes:

Q2 LMQXB Cold Mass Module Assembly
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)

. . FERMI CERN
Protection (Strip) HiaQ2a YTi1112+

Heater Wi
eater Wires H2aQ2a YT1112-

(installed at Final
Cold Mass Assembly) | H1bQ2a YT1122+
1 H2bQ2a YT1122-

-
2 coil voltage taps

(installed at Final Cold
Mass Assembly)

FERMI CERN

VTc1Q2a EE1212
VTc2Q2a EE1222

Cryogenic (Warm-up)
Heater Wires
(installed at Q2

Module Assembly)

FERMI CERN

W1aQ2A EH8312+

(toward cold mass end plate)

W2aQ2A EH8312- |

(toward cold mass mag center)

Looking at Lead End of Q2a

Figure 7.23-D

Q2 LMQXB Cold Mass Module Assembly
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Lead voltage taps (installed at
Final Cold Mass Assembly)

FERMI  CERN

VTaiQ2a EE1112
VTbiQ2a EE1312
VTa2Q2a EE1122
VTb2Q2a EE1322

Instrumentation wire
channel (installed at Q2
Module Assembly)

Y coil voltage taps
(installed at Final Cold
Mass Assembly)
FERMI CERN
VTeQ2a EMPTY

% coil voltage taps
(installed at Final Cold
Mass Assembly)
FERMI  CERN
VTdQ2a EMPTY

LHC Serial No.: LMQXB11-1
Notes:
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7.24 Install Warm-up Heaters (ME-369834) to the Lead Ends and Non-Lead Ends of Q2a and
Q2b as per Q2 Module Assembly (ME-369895).
7.24.1 Install Warm-up Heaters (MA-369834) onto the Warm-up Heater Base Plate
(MA-369829).
7.24.2  Solder wires (MA-369833) to the Warm-up Heaters as per (ME-369895).
7.24.3  Install Warm-up Heater Base Plates (MA-369829) by bolting into holes in End Plate.
(Check each box as Heater is installed.)
Warm-up Heater #! )
Warm-up Heater #2 B
Warm-up Heater #3 B/
Y Warm-up Heater #4 0
- 4-2\ fv{j\__ ",,f" / C - / /- é)(*’
,,T echnician(s) Date
/
7.25 Positi({n the RTD Blocks as per Q2 Module Assembly (ME-369895).
LN
Technicia(s) Date
7.26 Weld ﬁYD Blocks as per Q2 Module Assembly (ME-369895).
Weldor(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Senal No.: LMQXB11-1

Notes:
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7.27 Install RTD’s as per Q2 Module Assembly (ME-369895). Attach Data Sheet for each
RTD to traveler.
7.27.1 Attach RTD’s (MA-369835) (Qty. 2) to each Return End Plate as per
Q2 Module Assembly (ME-369895).
7.27.2  Solder wires (MA-369836) to RTD’s as per Q2 Module Assembly
(ME-369895). Individual RTD wiring is shown in Figure 7.25.2-A below.
= Black U+
- Yellow 1+
= Red U -
= Green | -
Individual Thermometer Layout
Figure 7.27.2-A
A -1~ 06
’} ,/T'?l{nician(s) Date
Q2 LMQXB Cold Mass Module Assembly k LHC Serial No.: LMQXBI11-1
Notes:
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7.28 Measure Resistance of all RTD's and Cryogenic (warm-up) Heaters. Record the Data below.

To measure the resistance of a Thermometer (RTD):

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. Verify arrow in readout is above the 4W£2 (meaning a 4 wire resistance measuremen’t).
8. Read resistance in ohms and record in traveler.
Hewlett
Packard HP3457A SENSE INPUT
| amm I - o HQ
e I s oo Y s e [ s I s s |
M S o s s s | o [ s ] e e | Lo
Line 3 3 3 s I s s s S ) S e
Doopoog o
i \ ya

/ \

OHMF Button Blue (function) Button
U+ Black|
I+ Yellow
U-Red o
I- Green f———""""__
Thermometer
(RTD)
RTD’s
Temperature of Building (+/- 5°): 0
Serial No. Location Fermi CERN Measured Q M{Ex?;ﬂ;;::)c e
~ - - T - / - i
C/_LS 150 Q2aInst. Bus Side | TaQ2a | TT8312 | DSV o| «72:7
sy . / ;
Cx_LA-X§7353 G2a Non-Bus Side | ThQ2a | TT8322 | | | ) Qql boss o
(Y LA X Wil Q2b Inst. Bus Side | TaQ2b | TT8332 ¢ § Lo ol &7507 o
CA LS Xipuon Q2b Non-Bus Side | TbQ2b | TT8342 P o 766/ 0
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
Notes:
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} To measure the resistance of a Cryogenic (warm-up) Heater
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.
5. Push blue button (function key) once.
6. Push OHMF button.
7. Verify arrow in readout is above the 4WQ (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
s s s Y o | OO
T o 1 s s [ s S e s [ s
Line 3 3 e s oo ool
Ooopbpo o o ©
// \\ = =
OHMF Button Blue (function) Button
) Warmup
Heater
Cryogenic (warm-up) Heaters
Y-
Temperature of Building (+/- 5°): 7
Location Fermi CERN Measured Q
W1aQ2A EH8312+
Q2a Lead End \ \9 0y
W2aQ2A EH8312- [RERAY Q
W1bQ2A EH8322+
Q2a Non-Lead End () (,0
W2bQ2A EH8322- 0
W1aQ2B EH8332+
Q2b Lead End \, \ \
W2aQ2B EH8332- ) Q
W1bQ2B EH8342+ b/
Q2b Non-Lead End \ b‘
W2bQ2B EH8342- Q
.;,j//g; ié/ZO'o(’
Date

) } /T?hnician(s)

Q2 LMQXB Cold Mass Module Assembly

Page 25 of 89

LHC Serial No.: LMOQXB11-1

Notes:
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7.29 Hipot Cryogenic (warm-up) Heaters (300 V) to ground. (Max Leakage < 0.1 uA) Use
Droege Serial No. 910 (FNAL Part No. 51330) or equivalent.
Have Crey@ Chiefvverif)y setup and sign below before continuing.
) AM/J_ 1L U
Crew Chief Date
Cryogenic (warm-up) Heaters
Temperature of Building (+/- 5°): 1o
Location Fermi CERN Max. Leakage < 0.1 A
0& W1aQ2A EH8312
< Q2a Lead End aQ 8312+ Z vl
A= W2aQ2A EH8312- M
W1bQ2A EH8322+ ; \
Q2a Non-Lead End 0 "SR VAN
W2bQ2A EH8322- AR
W1aQ2B EH8332 ,
Q2b Lead End aQ L Job
W2aQ2B EH8332-
Wi1bQ2B EH8342 )
Q2b Non-Lead End Q iacull B
W2bQ2B EH8342- S M
Hipot RTD’s (100 V) to ground. (Max Leakage < 0.1 uA) Use Droege Serial No. 910
(FNAL Part No. 51330) or equivalent.
Have Crew ,ghief verify setup and sign below before continuing.
Crey Chief Date
RTD’s To°
Serial No. Location Fermi | CERN | Max. Leakage < 0.1 pA
CY e X150 Q2a Inst. Bus Side | TaQ2a | TT8312 [ | 4y
CXCSK (T {3 Q2a Non-Bus Side | ThQ2a | TT8322 <L
Cxe SOy Q2b Inst. Bus Side | TaQ2b | TT8332| , |}
CXLSY _ |, 9077 Q2b Non-Bus Side | ThQ2b | TT8342 Ly d{
30/ 0
Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB11-1
Notes:
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7.30 Install the mounts for the MCBX Corrector Magnet (MD-390312) on the Return End of
Q2a as pgr Q2 Cold Mass Welded Assembly (ME-390309).
M (0-20-0C

niciaﬁs) Date

7.31 Place the MCBX Corrector Magnet (MD-390312) in the Corrector Magnet Mounting

Tooling, between Q2a and Q2b. The Flange end of the MCBX should face the Return
End Plate of Q2a.

oo D (025 ~OC,

/T/?Knician(s,) Date
732 {Attach the MCBX Corrector Magnet Alignment Tooling (ME-390390) to the MCBX
Corrector Magnet (MD-390312). Align the Scribe Lines on the Corrector Magnet

(MD-390312) with those on the tooling.
e (o-2o-oC

//%chm'éﬁn(s) Date

7.33 Ensure that the MCBX Corrector Magnet (MD-390312) is against the Mount Hardware
and the bolts are “snug”, before leveling and rotating.

L
Vo iKiee .~ ) O-20-06
W Chiet Date

7.34 Mount the Mini Level to the top of the MCBX Corrector Magnet Alignment Tooling.

Note(s):
_Mini Level should be “zeroed” at reference stand location before this operation.
- ~7 - - .
. ]/,f;_) [/ O-2 00— o
/’”}echnician(s) Date

7.35 Rotate the MCBX Corrector Magnet (MD-390312) such that the Mini Level is Horizontal

, /=200
~ Phchtician(s) Date
Mass Module Assembly LHC Serial No.: LMQXB11-1

Notes:
Page 27 of 89



TD/Engineering & Fabrication Specification # 5520-TR-3330643
June 26, 20006
Rev. H

7.36 Move the MCBX Corrector Magnet (MD-390312) up against the Mounting Hardware to
the Q2a Magnet, and bolt the MCBX Corrector Magnet (MD-390312) to the Q2a Cold
Mass as per Q2 Cold Mass Welded Assembly (ME-390309). Shim and torque, as
needed,/while monitoring levels.

N 0. 200 Ot

’ ,«-*??chnici'a;l(s) Date

7.37 Verify Alignment of MCBX Corrector Magnet (MD-390312) as per Q2 Cold Mass Welded
Assembly (ME-390309).

-
yd

e

’?} "n& e L =

Responsible Afthority/Physicist Date
P

7.38 Connect the MCBX Corrector Magnet (MD-390312) Bus wires from Bus Assembly
(ME-369826) to the MCBX Corrector Magnet (MD-390312) as per Q2 Module
Assembly (ME-369895). -

i _f//;;/

s P / A/
-~ . // 7
Techrj//g/@es‘f ' Datt '
7.39 Solder MCBX Corrector Magnet Voltage Tap Wires (MA-369832) to Corrector Magnet
0312) as per Q2 Module Assembly (ME-369895).

e [0 3-0
- '/Fechr?ilcian(s) Date

7.40 Wrap the Correction Coil Mounting Blocks (MC-390203) (Qty. 4) with 3 mil Kapton as

0-3[-0C
_-~Pchnicians) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1

Notes:
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) 8.0 Electrical Inspection

8.1 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:

Use Valhalla Scientific 4300B digital micro-ohmmeter.

Set Test Current to 1 amp.

Set Scale to 2V full scale.

Turn temperature compensation on.

Turn test current off.

Put jumper between Q2a Q3 inner power lead and 5 KA bus as shown in figure.
Connect Iy, to the 5KA bus (Q2a Q3 inner power lead) as shown in figure.
Connect | o to the Q2b Q3 inner power lead as shown in figure.

Turn test current on.

Connect Vy and Vo to voltage taps as shown below.

Read resistance and record in traveler.

~oYwoNoOO~WND~

EEiszz@zm)  EE1312(023)
EE1622 (Q2b) EEi6i2 (Q2b) Poie
VTb2 (FNAL) VTb1 (FNAL) /Splice

EE1122 (Q2a)
EE1422 (Q2b)
VTa2 (FNAL)

EE1112 (Q2a)

EE1412 (Q2b)
VTat (FNAL)

xcd EE1212 (Q2a)
EE1512 (O2b)
VTet (FNAL)
EE1222 (Q2a)
EE1522 (Q2b)
VTc2 (FNAL)

EE1222 (Q2a)
EE1522 (Q2b)
[HvTc2 (FNAL)

VTd

EE1122 (Q23)
EE1422 (Q2b)
VTa2 (FNAL)
EE1112 (Q2a)
= EE1412 (Q2b)
i vTatl (FNAL)

EE1212 (Q2a)
EE1512 (Q2b)
VTel (FNAL)

o
N
=3

Jumper

from Q2a

| Q3 inner
fo 5KA

bus

/

/

EE1312 (Q2a)
EE1612 (Q2b)
VTb1 (FNAL)

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

Pole
Splice

VALHALLA
SCIENTIFIC 43008 1A

® o d

Resistance

Test Temp VLoO o
Full Scale 20mV 200mv_2v_ Current Comp
voltage —I—T 3 [

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
Notes:
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(Q2a) Resistance Nominal ~ 560 to 585 mQ
Quadrant Total Resistance
Connect| Fermi CERN Quadrant
Quadrant 1 'L,
Vio |VTIclQ2a |EE1212 E 7 mQ
Vv e
m_|VIclQda |FE1212 Quadrant 2 Ly /) 7,/2/
Vio |VTeQ2a |[EMPTY
Vi |VTalQ2a |EE1112 /
Quadrant 3 /‘
V|_0 VTdQZa EMPTY 5 15 mQ
Vi |[VTeQ2a |EMPTY 'd
Quadrant 4 sy \O
Vio [VIbiQ2a |EE1312 > 04 mQ
**Set test current to 0.1 Amps for Total Resistance Measurement**
V,, [VTalQ2a |EE1112 Total Cold Nominal ~ 2.305 Q
Vio |VTbIQ2a |EE1312 Mass T 19% o
.Tegﬁmcm n(s) Date
/
Check resistance of Redundant Voltage Taps.
Q2a Redundant Voltage Taps
Connect Fermi CERN Resistance Nominals
v VTa2Q2a | EE1122 /
o — |14y 1120 - 1170 mQ
Vio VTc2Q2a | EE1222 Q
\'} VTc2Q2a | EE1222
i % by 1120 - 1170 mQ
Vio VTb2Q2a | EE1322 Q
7 T / e )¢
[~ e (- 51 -0%
_‘chhnicﬁn(s) Date
/
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB11-1
Notes:
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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 30 seconds until display screen is lit.

Recall program #1. To do this, push recall (Rcl), then push #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 H,, to Q2b/Quadrant 3 inner power lead as shown in figure.
. Connect L, to 5KA bus as shown in figure.
. Connect Hy, and L, buttons to voltage taps as shown below.

©CON® VAWM

To measure Q2a:

Specification # 5520-TR-333643

» To measure Q1, connect Hyo to VTc1 (EE1212 for Q2a), and L,y to VTd.
* To measure Q2, connect Hyto VTe and Lo to VTc1 (EE1212 for Q2a).
* To measure Q3, connect Hy to VTd and Lo to VTat (EE1112 for Q2a).
* To measure Q4, connect Hy, to VTb1 (EE1312 for Q2a), and Ly to VTe.
» To measure total, connect Hp to VTb1 (EE1312 for Q2a), and Ly to VTal (EE1112 for Q2a).

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

EE1622 (Q2b)
VTb2 (FNAL)

EE1422 (Q2b)
VTa2 (FNAL)

EE1412 (Q2b)
VTal (FNAL)

B |EE1522 (Q2b)
§ VTc2 (FNAL)

VTc1 (FNAL)

EE1512 (Q2b)

Pole
Splice

Q2 LMQXB Cold Mass Module Assembly

Page 31 of 89

EE1312 (Q2a)
VTbt (FNAL)

EE1322 (Q2a)
VTb2 (FNAL)
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EE1212 (Q2a)
VTct (FNAL)

EE1222 (Q2a)
VTc2 (FNAL)

VTd

EE1122 (Q2a)
VTa2 (FNAL)

EE1112 {Q2a)
- YTal (FNAL)

Jumper
from Q2a
Quadrant
3 inner to
5KA bus

/

Looking at Lead End

LHC Serial No.: LMQXB11-1

Notes:
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Nominal ~ 3.34 to 3.48 mH
(Q2a) Inductance
Quadrant Total Inductance
Connect Fermi CERN Quadrant

L VTdQ2a EMPTY i - i,

POt Quadrant 1 M‘/ 9 ,(SCW
HPOT VTelQ2a EE1212 TTL'\H
L VTclQ2a  |EE1212 6 6

POt Q Quadrant 2 4 "m 7 (“
Hpor |[VTeQ2a  |EMPTY ) mH
L VTdQ2a |EMPTY g

PoT Q Quadrant 3 4' Z) L
Hpor |VTalQ2a |EE1112 mH
L VIeQ2a  |EMPTY A

POT Q Quadrant 4 77/’(—)0 D)
Hpor |VvTb1Q2a |EE1312 : mH
Lpor |VTalQ2a |EE1112 Nominal ~ 13.3376 mH

Total Cold Mass
Heor |VIb1Q2a |EE1312 \ 2377 mH
Nominal ~4.5t0 5.2
(Q2a) Q-Factor
Quadrant Total Q
Connect Fermi CERN Quadrant

L VTdQ2a EMPTY

Ll Q - Quadrant 1 > A( 0\
Hpor | VTclQ2a | EE1212
L VTclQ2a EE1212

POt Quadrant 2 L\ 0\
HPOT VTeQ2a EMPTY
L VTalQ2a | EE1112

PoT e Quadrant 3 5/ : 5
Hpor | VraQ2a | EMPTY
L VTeQ2a EMPTY e

POt Q Quadrant 4 ‘ . z_
Hpor VTblQ2a | EE1312
Leot VTalQ2a | EE1112 Nominal ~ 4.5 to 5.2

Total Cold Mass Va

Hpor | VTb1Q2a | EE1312 .

A

.7

SATA -

e

Tgéhnician(s)

Q2 LMQXB Cold Mass Module Assembly
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June 26. 20006
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LHC Serial No.: LMOXB11-1
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To measure the resistance of a bussed Q2:
Use Valhalla Scientific 4300B digital micro-ohmmeter.
Set Test Current to 1 amp.
Set Scale to 2V full scale.
Turn temperature compensation on.
Turn test current off.
Put jumper between Q2a Q3 inner power lead and 5 KA bus as shown in figure.
Connect Iy to the 5KA bus (Q2a Q3 inner power lead) as shown in figure.
Connect | o to the Q2b Q3 inner power lead as shown in figure.
Turn test current on.
. Connect Vy and V| g to voltage taps as shown below.
. Read resistance and record in traveler.

SN R~WND S

-

EE1322 (Q2a) EE1312 (Q2a)
EE1622 (Q2b) EE1612 (Q2b) Pole
VTb2 (FNAL) VTb1 (FNAL) /Splice

EE1122 (Q2a)
EE1422 (Q2b)
VTa2 (FNAL)

EE1112 (Q2a)
EE1412 (Q2b)
VTa1 (FNAL)

-_— EE1212 (Q2a)
EE1512 (Q2b)
VTc1 (FNAL)

EE1222 (Q2a)
EE1522 (Q2b)
¥Tc2 (FNAL)

EE1222 (Q2a)
EE1522 (Q20)F
VTc2 (FNAL)

/

vTd

EE1122 (Q2a)
EE1422 (Q2b)
VTa2 (FNAL)

? EE1212 (Q2a) 2b EE1112 (Q2a)
EE1512 (Q2b) el EE1412 (Q2b)
VTcl (FNAL) VTat (FNAL)

d Jumper.
from Q2a
{ Q3 inner
1 to 5kA
bus

L/

EE1312(Q2a) EE1322 (Q2a)
EE1612 (Q2b) EE1622 {Q2b)
VTb1 (FNAL) VTb2 (FNAL)

-
VALHALLA
SCIENTIFIC 43008 A
0 ohms @ Vmo Hi

Resistance

Test Temp VLOO Lo
Full Scale 20mV 200mv_2v_ Current Comp
voitage T—T T 1 [ 33

)

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
Notes:
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Rev. H
(Q2b) Resistance Nominal ~ 560 to 585 mQ
Quadrant Total Resistance
Connect | Fermi CERN Quadrant
Vi |VTelQ2b |[EE1512 7’59 3} 3K
Quadrant 1 :
Vio [VTdQ2b [EMPTY 5, " mQ 5.4
Vy - 7
_ |VIeQ2b |EMPTY Quadrant 2 7 7 ’5 \ 32
Vio |VTclQ2b |[EE1512 mQ o1
v EMPTY s AL e L
m_|[VIdQ2b Quadrant 3 9 /) 55U 3.
Vio |VTalQ2b |[EE1412 m e 1
v - o
m_|VTb1Q2b |[EE1612 | o ., 3 ﬂLfZ .32
Vio |VTeQ2b |[EMPTY mQ 5,7
**Set test current to 0.1 Amps for Total Resistance Measurement**
Vy |VTb1Q2b |[EE1612 | Total Cold Nominal ~ 2.305Q L
Vo [VTalQ2b |EE1412 Mass 72949 of "7,
P S S
AYechnician(s) Date
‘ Check the resistance of the Redundant Voltage Taps.
Q2b Redundant Voltage Taps
Connect | Fermi CERN Resistance Nominals
Vi | VTc2Q2b| EE1522 ‘L
===l |44 | 1120- 1170 mQ | <0,
Vio |VTa2Q2b| EE1422 Q , '
Vu | VTb2Q2b| EE1622 [ d 6.7
v R 1120- 1170 m@ | <
LO |VTc2Q2b| EE1522 Q
7 =
[ Y Co- 31-0L
~" /Technician(s) Date

Q2 LMQXB Cold Mass Module Assembly

Page 34 of 89

LHC Serial No.: LMOXB11-1
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Rev. H
(Q2b) Resistance Nominal ~ 560 to 585 mQ
Quadrant Total Resistance
Connect | Fermi CERN Quadrant
Vi |VTc1Q2b |[EE1512 -~ .
drant 1
Vio [VTaQap [Empry | Suadran 3503 O
Vui VTeQ2b |EMPTY —
drant2 | <5 ) 57
Vio [VTc1Qzb [EE1512 | Juadran 575 mQ
Vi |VTdQ2b |EMPTY
drant 3 &
Voo |VTalQzb [EE1a12 | OU2 575 mQ
Vi [VTb1Q2b |[EE1612 _
Quadrant 4 <
Vio |[VTeQ2b |EMPTY vadran =7 ¢ A mQ
**Set test current to 0.1 Amps for Total Resistance Measurement**
vV, |VTb1Q2b (EE1612 Total Cold Nominal ~ 2.305Q
Vio |VTalQ2b |[EE1412 Mass 2.2559 o)
P iy O350,
'i'é?h'lician(s) Daie
Check the resistance of the Redundant Voltage Taps.
Q2b Redundant Voltage Taps
COnnectl4I Fermi CERN Resistance Nominals
Vi VTc2Q2b| EE1522
rrad 1120 - 1170 mQ
Vio VTa2Q2b| EE1422 Q
Vi | VTb2Q2b| EE1622
V // ‘fb/ 1120 - 1170 mQ
Lo |VTc2Q2b| EE1522 Q |

[0-3r-,

/ ',I}eéhnician( s)

Q2 LMQXB Cold Mass Module Assembly

Page 34 of 89

Date
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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 (Rcl), then push #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 screenis 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 L, to Q2b/Quadrant 3 inner power lead as shown in figure.

Connect Hyorand Lo buttons to voltage taps as shown below.

gk~

©oN®

To measure Q2b:
¢ To measure Q1, connect Hy,to VTc1 (EE1512 for Q2b), and Ly, to VTd.
¢ To measure Q2, connect Hpy to VTe and L to VTc1 (EE1512 for Q2b).
¢ To measure Q3, connect H,ito VTd and Ly, to VTal (EE1412 for Q2b).
» To measure Q4, connect Hy, to VTb1 (EE1612 for Q2b) and L to VTe.
¢ To measure total, connect Hy to VTb1 (EE1612 for Q2b) and Ly, to VTal (EE1412 for Q2b).
10. Read Ls and Q from display and record in traveler.

EE1612(Q2b) Pole

EE1622 (Q2h)
VTb1 (FNAL) /Splice

VThZ (FNAL}

EE1422 (Q2b)
VTa2 (FNAL)

EE1412 (Q2b)
VTat (FNAL)

EE1212 (Q2a)
VTct (FNAL)

EE1222 (Q2a)
VT2 (FNAL}

VTd

EE1122 (Q2a)
VTa2 (FNAL)

EE1112 (Q2a)

EE1512 (Q2b)
- VTal (FNAL)

VTc1 (FNAL)

EE1312 (Q2a)
VTb1 (FNAL)

EE1322 {Q2a)
VTbh2 (FNAL}

e
R

Looking at Lead End

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
Notes: «Notes»
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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 (Rcl), then push #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 H,,, to 5KA bus as shown in figure.

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

Connect Hpy and Loy buttons to voltage taps as shown below.

OENG GhwhA

To measure Q2b:

To measure Q1, connect Hy, to VTc1 (EE1512 for Q2b), and Loetto VTd.

To measure Q2, connect Hyito VTe and L,y to VTc1 (EE1512 for Q2b).

To measure Q3, connect Hy to VTd and Ly, to VTal (EE1412 for Q2b).

To measure Q4, connect Hy to VTb1 (EE1612 for Q2b) and Ly, to VTe.

To measure total, connect Hyto VTb1 (EE1612 for Q2b) and Loot to VTal (EE1412 for Q2b).
10. Head Ls and Q from display and record in traveler.

EE1612(Q2b) Pole
VTb1 (FNAL) /Splice

EE1622 (Q2b)
VTh2 (FNAL)

EE 1422 (Q2b) —hed
VTa2 (FNAL)

EE1412 {Q2b)
VTal (FNAL)

£E1212 (Q2a)
VTct (FNAL)

EE1222 (Q2a)

i vTd VTe2 (FNAL)

VTd

EE1122 (Q2a)
VTa2 (FNAL)

EE1512 (Q2b) 2b VTe

VTct (FNAL) —_— —
A

— Jumper
from Q2a
Quadrant
3 innerto
5KA bus

{

EE1312 (Q2a)
VTb1 (FNAL)

EE1322 (Q2a)

Pol
oe VTb2 (FNAL)

Splice

Looking at Lead End

e T ¢
OO ER

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1

Notes:
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Rev. H
Nominal ~ 3.34 to 3.48 mH
(Q2b) Inductance omina °
Quadrant Total Inductance
Connect Fermi CERN Quadrant
Hpor |VTclQ2b |EE1512 <3 -
Quadrant 1 ) 7 :
Leor |VTdQ2b |EMPTY 4 mH| 2. ﬁ‘é‘
Hpor [VTeQ2b |EMPTY . 2 [
' Quadrant 2 ) o
Lpor |VTcl1Q2b |EE1512 M S mH
Hpor |VTdQ2b |EMPTY Z
Quadrant 3 Z X
Loor |VTalQ2b |EE1412 SN 5 mH| 7 -
Hpor |VTblQ2b |EE1612 . , 2
Quadrant 4 W\, DT
Leor [VTeQ2b |EMPTY WA mH 3.
Hpor |VTbIQ2b |EE1612 | Total Cold Nominal ~ 13.3376 mH
Lpor |VTalQ2b |EE1412 Mass \7),(5(\@\ mH [44{{
Nominal ~ 4.5t0 5.2
(Q2b) Q-Factor om
Quadrant Total Q
Connect | Fermi CERN Quadrant
H VTcl1Q2 ' .
PO c1Q2 |EE1512 Quadrant 1 ) £
LpoT VTdQ2b |EMPTY S ‘v
H e
por _[VIeQ2b [EMPTY | Quadrant2 . §.Z-
Lpo'r VTclQ2b |EE1512 LA
Hpor [VTdQ2b |EMPTY v
Quadrant 3 -
Loor |VTalQ2b |EE1412 L) <
H
por_|VTbIQ2b [EET612 | (o0 ‘ 7/ 2.3
Leor |VTeQ2b |EMPTY T
r Pl
Lpor |VTalQ2b [EE1412 Mass S - 5L
S~ —
!_/P 7 o ; ~
LR /< 5/ -00
, /f Technician(s) Date

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMOQXB11-1
Notes:
Page 36 of §9
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Nominal ~ 3.34 to 3.48 mH
(Q2b) Inductance ominal ~ 3:34t0 3.48 m
Quadrant Total Inductance
Connect Fermi CERN Quadrant
Hpor [VTclQ2b [EE1512 v
Quadrant 1
HPOT VTeQZb EMPTY P d
Quadrant 2
Lpor VTclQ2b |EE1512 §:5 ‘6 mH
Hpor |VTdQ2b |EMPTY )
Quadrant 3 % 4
LPOT VTalQ2b |EE1412 fj : b mH
HPOT VTb1Q2b EE1612 st
Quadrant 4
Leor |VTeQ2b |EMPTY ’5 65 mH
Lpor |VTalQ2b |EE1412 Mass /3 s mH
inal ~4.51t05.2
(Q2b) Q-Factor Nomina Sto5
Quadrant Total Q
Connect | Fermi CERN Quadrant
Hpor |VTc1Q2b |EE1512
Quadrant 1
Leor [VTdQ2b |EMPTY 5 Z
HPOT VTCQZb EMPTY
Quadrant 2
Leor |VTclQ2b |EE1512 s 2
Hpor |VTdQ2b |EMPTY
Quadrant 3
Leor |[VTalQ2b |EE1412 é Z-
H
por |VIblQ2b [EE1612 Quadrant 4 z 5
Leor |[VTeQ2b |EMPTY
Hpor |VTHbIQ2b |EE1612 Total Cold Nominal ~ 4.5to0 5.2
Leor |VTalQ2b [EE1442 Mass 5,3
ar At
L Tecfmicm(s) Date
i
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXBI11-1

Notes: «Notes»
Page 36 of 89



)

TD/Engineering & Fabrication

To measure the resistance of a Thermometer (RTD):

PO~

U+ (Black) to Sense HI
I+ (Yellow) to Input HI
U- (Red) to Sense LO
I- (Green) to Input LO

Push OHMF button.

@XNox

Push blue button (function key) once.

Use Hewlett Packard HP3457A digital multimeter.
Record temperature of building within +/- 5 degrees.
Press line button to turn line on.

Connect wires as shown in Figure below.

Specification # 5520-TR-333643

Hewlett
Packard

HP3457A

o
Line (3 3 o I e ) e |

s oo s
s Y s e |
e o s s |
s ¥ s |

s o o e |
| oo o s
s o e § o |
| e | s s o}

SENSE INPUT

O o r:n:n:E

H Q.
;;X :

/ \

OHMF Button

U+ Black|

Thermometer
(RTD)

Blue (function) Button

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

Push OHMF button.

Noohon -

Use Hewlett Packard HP3457A digital multimeter.
Record temperature of building within +/- 5 degrees.
Press line button to turn line on.

Connect wires as shown in Figure below.
Push blue button (function key) once.

1 ' Hnane
i+ Yeliow . _/_/——‘/’/
U-Red

I-Green "

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
COOO0O coocas ﬁ
WO s [ s e o R e e o L0
Lne 33 s Y o o | o o o e B S e R R |
0oos Do Ixe)
1A 3\ - <

/

OHMF Button

Q2 LMQXB Cold Mass Module Assembly

Biue (function) Button

Warmup
Heater

Page 37 of 89

June 26, 2006
Rev. H

Verity arrow in readout is above the 4W€ (meaning a 4 wire resistance measurement).
Read resistance in ohms and record in traveler.

Verify arrow in readout is above the 4WQ (meaning a 4 wire resistance measurement).
Note: Although this is technically a 4 wire measurement, it is effectively a 2 wire

LHC Serial No.: LMQXB11-1

Notes:
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Q2a - RTD's and Cryogenic (warm-up) Heaters

Temperature of Building (+/-5°): __— O
. , Mfr. Resistance
Component Fermi CERN Resistance (Expedition)
Qga RTD, primary Taza | Tesi2 | U o(% o GI2]T o
Q2a RTD, redundant ™Q2a | TT8322 | (.0495 of Lo 1% «
Q2A Cryogenic (warm-up) Heater (LE) - wire
toward cold mass end plate (CERN #1 1) | v 12Q@A | EFS312+ [ L48
Q2A Cryogenic (warm-up) Heater (LE) - wire ) ! "
toward cold mass mag center (CERN #1 |-) W2aQ2A | EHB312 Q
Q2A Cryogenic (warm-up) Heater (Non-LE) - wire 8300
toward cold mass end plate (CERN #2 1+) WIbQ2A | EH * ‘ (( ) ’) U
Q2A Cryogenic (warm-up) Heater (Non-LE) - wire )
toward cold mass mag center (CERN #2 |-) W2bQ2A | EHB322 Q

\..,H e
Yo Y
£ A&

?échnician(s)

ST O

Date

/ Q2b - RTD's and Cryogenic (warm-up) Heaters

Temperature of Building (+-5°): __—\ O
Component Femi | CERN | Resistance | " o
Qeb RTD, primary b | Tres® | G\, Je @ 115 o
Q2b RTD, redundart b | Tres2 [ LA L1 o () L o
s s GEAN 1 by | WIocR | s 1%
O et o o [ |
T e
et moos oty comer CERN 1) | V2028 | EPeOAE 0
\’/ o | 3ok

" Téchnician(s)

Q2 LMQXB Cold Mass Module Assembly

Page 38 of 89

Date

LHC Serial No.: LMQXB11-1
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June 26, 2006

Rev. H
Using the Hewlett Packard HP3457A digital multimeter, measure the Strip Heater
Resistance for Q2a and Q2b.
Q2a Strip Heater Resistance
Fermi CERN Description Limit Resistance
H1aQ2a YT1112+ ‘ e
ircui . 21
Hoa02s VT1112. Circuit A | 18.20 to 21Q 1&7,(;5
H1bQ2a YT1122+ .
CircuitB | 18.20to 21Q

H2bQ2a | YT1122- 373 o)

o (G- 37-0C

f‘TfE‘(‘:hniﬁEn(s) Date '
Q2b Strip Heater Resistance
Fermi CERN Description Limit Resistance
H1aQ2b YT1132+ —_ '
, CircuitA | 18.20to 210 . _—
H2aQ2b | YT1132- 119 ‘
H1bQ2b YT1142+ N
tB | 18.20t0 21Q

H2bQ2b | vri1a2. | Croul 1815 _

— [0-30.0C

Date

ﬁhni(-:ian(s)

)

Q2 LMQXB Cold Mass Module Assembly

Page 39 of 89

LHC Serial No.: LMQXB11-1

Notes:
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8.2

Specification # 5520-TR-333643

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 Lcads as shown in table below and record resistance.

Corrector Bus Leads

June 26. 2006
Rev. H

V2A V2B | H2A H2B
" VIA VIB  HIA HIB
a (vView‘l‘.cV»Jki'ng into Q2b)
Readout Labels Power Resistance No.minal
Labels Resistance
V2A EE8112 3 O <5Q
EE8112 vaB | v2A,v2B | 7).y o >14Q
V2A V2B 1. W o 18-20Q
H2A EE8122 3 Q <5Q
EE8122 H2B H2A,H2B | 7 | < q o) >14 Q
H2A H2B 1159 Q| 21.5-23.5Q
- L.é-rﬂ\\u{‘?”«'__ ) / (_/ i, ) - L‘&;
'lee'chnician(s) Date

Q2 LMQXB Cold Mass Module Assembly

7
o

Page 40 of 89

LHC Serial No.: LMQXB11-1
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Specification # 5520-TR-333643
June 26, 2006

Q2 LMQXB Cold Mass Module Assembly

Rev. H
83 Check Q1 Instrumentation Bus Wires for Continuity.

Module|Pin| Fermi CERN |KEK Description Done
M2 1 [VTalQ1 |[EE1111 al |Q1 Lead Voltage Tap "a", primary ‘/
M2 2 VTa2Qi [EE1121 a2 |Q1 Lead Voltage Tap "a", redundant v
M2 | 3 VTc1Q1 [EE1211 c1_|Q1 Center Voltage Tap "c", primary v’
M2 4 |VTc2Q1 [EE1221 c2 |Q1 Center Voltage Tap "c", redundant v
M2 5 VTb1Q1 [EE1311 b1 Q1 Lead Voltage Tap "b", primary v
M3 5 |VTb2Q1 |[EE1321 b2 |Q1 Lead Voltage Tap "b", redundant v
ws | 1 i Jeeeren | [Conedol volage ep Qi1 skow oo v
Ms |2 VTVi  [EEBIIT (on MCBX. MOBXY Agsad) PO v
M7 1 W1aQ1 [EH8311+ Q1 Cryogenic Heater lead end - wire at top (CERN #1 1+) v
M7 2 (wW2aQ1 EH8311- Q1 Cryogenic Heater lead end - wire at bottom (CERN #1 I-) v©
M7 3 W1bQt1 |EH8321+ Q1 Cryogenic Heater non-lead end - wire at top (CERN #2 1+) / /
M7 4 W2bQ1 |EH8321- Q1 Cryogenic Heater non-lead end - wire at bottom (CERN #2 I-) /
M9 1 [H1aQ1 YT1111+ HA1 |Q1 Protection (Strip) Heater, (“a" circuit) (CERN lead #1+) v~
M9 3 [H2aQ1 YT1111- HA2 |Q1Protection (Strip) Heater, (*a" circuit) (CERN lead #1-) v’

\ M9 5 H1bQ1 YT1121+ HB1 [Q1 Protection (Strip) Heater, ("b" circuit) (CERN lead #2+) v’
} M10 | 4 |H2bQ1 YT1121- HB2 |Q1 Protection (Strip) Heater, (“b” circuit) (CERN lead #2-) /
Mi2 | 1 |TaQ1_l+ [TT8311 1+ Q1 RTD, primary Wire color: Yellow \/
M12 | 2 |[TaQ1_I- [TT8311 |- Q1 RTD, primary Wire color: Green v
M12 | 3 [TaQ1_V+ [TT8311 U+ Q1 RTD, primary Wire color: Black v
M12 | 4 [TaQ1_V- [TT8311 U- Q1 RTD, primary Wire color: Red v
Mi2 | 5 [TbQ1 I+ [TT8321 |+ Q1 RTD, primary Wire color: Yellow / A
M12 | 6 [TbQ1_I- [TT8321I- Q1 RTD, primary Wire color: Green v
M12 | 11 [TbQ1_V+ [TT8321 U+ Q1 RTD, primary Wire color:; Black
M12_| 10 [TbQ1_V- [TT8321 U- Q1 RTD, primary Wire color: Red /
SPARE| |SPARE _|SPARE /. SPARE v
K?J ALY
Technician(é) Date
Responsible Authority/Physicist Date
)

LHC Serial No.: LMQXB11-1

Notes:
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Rev. H
9.0 Dome Setup
9.1 Attach IP End Dome (MD-390197) (Q2a) to the End Dome Positioning Fixture
(MD-369776). Feed the Electrical wires/Bus through the proper ports as the Dome is
brought into p@hition against the End Plate. Ensure that no damage to wires has occurred
during inseftion. .
ey //éf/f/&,
Techm\s'kané)( Date !
9.2 Align TP End D?ome (MD-390197) as shown in Q2 Cold Mass Welded Assembly
(ME-390309).
-7 ///9/%
Technician(s) Date
9.3 Level the IP End Dome (MD-390197) using the Ball Socket (MD-369777) and the Mini
Level. /5
; ——T—— . —d . £
\%_ﬁf > I3 ol
Tnician(s) Date
9.4 ark the IP End Dome (MD-390197) and the End Plate with a Horizontal Witness Line.
This Step will be used in Step 11.0 to reposition the Domes prior to Welding.
7 e D -3 O
Tehnician(s) Date
9.5 Remove the IP End Dome (MD-390197) from the Tooling.
) / 72~/
NS S — / /’ N
e %\{nﬂk ~, 5 - \,.L_/’ )
yﬁ/nician(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB1]-1
Notes:
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9.6 Attach Non-IP End Dome (MD-390253) (Q2b) to the End Dome Positioning Fixture
(MD-369776). Feed the Electrical wires/bus through the proper ports as the Non-IP End
Dome (MD-390253) is brought into position against the End Plate.
AT ,
D T
o /f echnician(s) Date
9.7 Align Non-IP End Dome (MD-390253) as shown in Q2 Cold Mass Welded Assembly
(/-3-0¢
Date
9.8 Level the Non-IP End Dome (MD-390253) using the Ball Socket (MD-369777) and the
Mini Lf,ve].
T (/-3 0C
/""/’ﬁ@chnician(s) , Date
9.9 / Mark the Non-IP End Dome (MD-390253) and the End Plate with a Horizontal Witness
Line. Thjis Step will be used in Step 11.0 to reposition the Domes prior to Welding.
<~ ‘
7L e D [ D06
- 37Fnician(s) Date
9.10 Rw Non-IP End Dome (MD-390253) from the Tooling.
77 e Ay RNy
S Lo v
~Tefhnician(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
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10.0 Beam Tube Insertion

10.1 Inspect the Beam Tube (MD-369802) for damage. Clean Beam Tube using lint free
Heavy Duty Wipers (Fermi stock 1660-0150) and Isopropyl Alcohol
(Fermi stock 1920-0300) as per Insulated Beam Tube Assembly for Q2a/Q2b
(MD-369802).

v - i "
{/R':{C/D [ -3 ol

ician(s) Date

10.2 Verity Alignment of Q2a. Q2b and Corrector Magnet (MD-390312) as per Q2 Cold Mass
Welded Assembly (ME-390309).

<1 Qo /5

v
Responsible Authority/Physicist Date ! 7

10.3 d’%e the Beam Tube insertion area with .003" Kapton Tape.

Ay ‘ [1-3-Cle

" Aechnician(s) Date

#

104 Using Insertion Tooling, insert the Beam Tube (MD-369802) into the Magnet Assembly
m Tube Insertion Tooling (MD-369789).

.

17 S i a 4 e =
g Tj(hniéian(s) Date
10.5 Center the Beam Tube (MD-369802) between the Cold Masses by leaving equal amounts

of insulated Beam Tube protruding from the End Plates. Measure from the face of the
Ei}d/fye to the End of the Kapton Wrap on the Beam Tube.
L/

N

- lice 2 400

7échnician(s) Date

10.6  Measure the Beam Tube length and record this measurement below.

10.6.1 Beam Tube Length: 12 S92

10.6.2  Subtract 12,610 mm (+ 2mm) from the Beam Tube Length, and record here: / / ll
10.6.3 Diyide the Number recorded in step 10.6.2 by 2 and record here:

They measurement recorded in step 10.6.3 is the amount to be cut off from each end.

LINQe ilyla,

Tech‘r'liciz'm(s) [ Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXBI11-1
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10.7 Mcasuye fro;n one end of the Beam Tube and place a mark at the distance from step 10.6.3.

i \/ ==
}e’chmcxaﬁ'(‘s) Date

10.8 Verify the placement of the Mark, measured in Step 10.7 is correct.

%,/// /4O

(‘nzw d‘hlé& Date
10.9  \Using the Wachs Cutter, cut the Beam Tube at the Mark from Step 10.7.

e

s I /O
Techni}im((s)\ Date
10.10.  Measure from thepncut end of the Beam Tube and place a mark at the distance from step
10.6. 3 / _//
v'\- ( - ///0'/04»
Technician(s)\ 4 Date

10.11 | Verify the placement of the Mark, measured in Step 10.10 is correct. Measuring from the
xﬁ_ Fnd Plate, this mark should be equal to the ‘End Plate to Beam Tube’ distance at the
other end.

/ ;/'7/> /’/ ,(//@

CreWthref Date
y \w/;
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB11-1
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10.12 Using.the Wachs Cutter, cut the Beam Tube at the Mark from Step 10.10.

= v/ C// Ce,
Teéh}\j\cia?('é) Date

10.13 Measure and verify Beam Tube length is 12,610 (+2mm). Record Actual Beam Tube
Length below.

Vs

Actual Bea}n Tube Length 4/4’
J/A

Technician(s) Date
o4 Responsible Authority/Physicist Date
P
7 10.14  Hipot the Beam Tube to coil, heaters, RTD"s and ground. (5kV) (Max. Leakage < 0.5pA).
Have Cre\_y Chief verify setup and sign below before continuing.
e — D) .
);:j‘i Ca - I 7. 4/ [ gé
+Crew Chief - Date
Hipot Leakage or Failure Voltage Pass Fail
Beam Tube to coil, < o
heaters and ground Ol /U r\, 4
- e
e T ARy L
(Techrizian(s) < Date '
f"/'w
. 'f!
i - . =~
L /O,
Resppnsiﬁle A/uthority/Physicist Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
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11.0  Dome Installation
Ensure that a protective sleeve is placed inside the beliows between the
convolutions and the bracket to prevent damage to the convolutions.
112 While feeding the Electrical wires/Bus through the proper ports, reposition the IP End
Dome as shown in Q2 Cold Mass Welded Assembly (ME-390309) using the Horizontal
Witness Line from step 9.5 as the IP End Dome (MD-390197) is brought into position
against the End Plate.
K e e > [-9 o¢
/“’ﬁ'féhnicién(s) Date
11.3 Tack weld the IP End Dome in place at approximately 6-8 places around the Dome per
(ME 490 09).
A e /{ / Wi /@ G
Wcldor(s) Date
114 Wﬂld the IP End Dome, skip to minimizc distortion per (M 09)
yls ‘Lf——\ /
”Weldor(s) Date
11.5 Reposition the Non-IP End Dome as shown in Q2 Cold Mass Welded Assembly
(M]‘?JOQ) using the Horizontal Witness Line from step 9.11.
T > /- 4-oC
»"T;eéhniéian(s) Date
1.6 While feeding the Electrical wires/Bus through the proper ports, Reposition the Non-IP
End Dome as shown in Q2 Cold Mass Welded Assembly (ME-390309) using the
Horizontal Witness Line from step 9.11, as the Non-IP End Dome is brought into position
against %e End Plate.
/échmcxan(s) Date
Perform a hipot from coils to ground @ Skv. This test should be done with everything
else grounded. LE. heaters, RTD’s, through bus etc.
11.8  Tack weld the Non-IP End Dome in place at approximately 6-8 p]aces around the Dome
as pef (ME-390309).
WAL A e 0/ Soe
Weldor(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXBI11-1
Notes:
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11.9 Weld the Non-IP End Dome, skip weld around to minimize distortion as per
(ME/390309)
/S e 1/ /o
CsT RE i\;:":c)v ~ Aveldor(s) Date
A f“)( N /’ 5/
tx);z’\ /A,/"ll 10 Perform a hipot from coils to ground @ k<. This test should be done with everything
.}A e .xily  grounded. LE. heaters, RTD’s, through bus etc.
She
AN
A ™ ‘M(_\ 11.11  Tack weld the corrector mounting hardware in place as per Q2 Coldmass welded
Loz v\), 3 \ a«emb’ly , E- 390109) . . / , P
Lo T s % {, AN 10 /& /0
A Weldor(s) Date
Uk ‘
aldi® 11.12  If needed, perform a stretched wire measurement of the system, noting the relative
position and roll of the three magnetic clements to each other.
Performed Stretch Wire Measurement?
Yes O No ,/ﬁ
!
;g
/AR ///é/t)(:
R¢sponsible Authority/Physicist Date /
11.13  Mark / Layout and agjust the Shipping Restraint Nuts (MC-390294).
J
Technician(s)' Date
11.14  Install center body tube, shimming accordingly.
11.15 Weld the Shij /3pmg Restraint Nuts (MC-390294) to the Corrector.
Wcldor(s) Date
11.16  nstall and adj/usl the Shipping Restraint Screws (MC-390230).
Technician(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
Notes:
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11.17  Weld the Center Body Tube (MC-390112) as per Q2 Cold Mass Welded Assembly
, (ME-390509). (Weld Specification ES-333781)
/ A 6 ///7/0(,3
Weldor(s‘) Datd

11.18  Undo the (}lé)’Mass / Cryostat Station Support & Clamping Fixture (ME-369768).

LK 7c 01/

/Tebtinician(g) — Date

i
11.19 \Perform a stretched wire measurement of the system to align the Cold Mass within £ .2 mR.

/

ALz, /115 foc

(@spo}xsible Au?ﬁority/Physicist Date

Yty

)

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
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12.0 Cold Bore N
12.1 Flare both ends of the Beam Tube using Flaring Tool (MC-390416) per Q2 Cold Mass
Welded Assembly (MB-390309).
4 Pa ///7/ =
’ Teq’;hniciaﬁéﬁ Batd
12.2‘& Center #fi¢ Beam Tube in the Cold Mass as close as possible.
Sl L) e — } / e
—re— - 800
4&:@%(3) Date
123 Measure from the IP End of the Beam Tube to the Spot Face on the IP End Dome.
Round to nearest 0.5 mm. Record below.
ecord measurement here: 72 mm
>ﬁechnician(s) Date
12.4 Measure from the Non-IP End of the Beam Tube to the Spot Face on the Non-IP End
Dome. Round to nearest 0.5 mm. Record below.
'Record measurement here: 22 mm
, /’fechnician(s) Date
12.5 Add the results from Steps 12.3 and 12.4 above. Record below.
Recorded Measurement from Step 12.3: 2z
Recorded Measurement from Step 12.4: 4+ 2 Z
Result: 4
e > 1@ -0t
,,/féimician(s) Date
12.6 Subtract 30mm from the number recorded in Step 12.5. Record below.
Result from Step 12.5: 44
Subtract: - 30mm
Result: ] 4
y -2 o)
Tjehnician(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOQXB]11-1
Notes:
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} 127 Divide the result from Step 12.6 by 2. This is the Spacer width for both the IP End and
/ the Non-IP End. Make two spacers this size. Record below.
Result from step 12.6: 1 4
Divide: +2
. Spacer width for each end: —7
}échnician(s) Date
12.8 Weld the spacers from step 12.7 to the beam tube flanges, part number 390300.
1/ (0o /o6
Welq?{)r(s) Date

129 Position Cold Bore Flange (MC-390300) over the Beam Tube and onto IP End Dome (Q2a)
« per Q2 flold Mass Welded Assembly (MB-390309).

[[-10-0(

Date

E¢hniciafi(s)

12.10 eld the Beam Tube to the Flange at IP End as per Q2 Cold Mass Welded Assembly

PP - /)
3 L\ /R — 1 /1Y /08
Weldor(g) Daté '

12.11  Position the Cold Bore Flange (MC-390300) over the Beam Tube and onto the
\N(? End Dome (Q2b) per Q2 Cold Mass Welded Assembly (MB-390309).

By [l ~lo-0C
/ﬁchmcién(s) Date

)

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
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Weld Beam Tube to Flaj at NON-IP End as per Q2 Cold Mass Wel/ded Assembly

(ME-390309). , ”, % %\ . . é ///}l//ﬁ(;

Weidor(s) Date

Perform a Stretched Wire Verification Measurement.

4
!
[l ( ( /1 //
Rgzﬁisibk' Afithority/Physicist Date
12.14 Align am Tube and the Flange at IP End per Q2 Cold Mass Welded Assembly (MB-390309).
L-1C e
- ychnician(s) Date
12.15 Weld the Flange to the IP End Dome as per Q2 Cold Mass Welded Assembly
(ME-£90309). .
/ 6’( e — /(,//L//C’é
Wcldor(s) Date
12.16  Align Bgam Tube and Flange at NON-IP End per Q2 Cold Mass Welded Assembly (MB-390309).
g S / / -1 OC
~Te hniéan(s) Date
12.17 Weld the Flange to the Non-IP End Dome as per Q2 Cold Mass Welded Assembly
(ME,£90309). ) /
/ ) A7 % G, /7Y oC
'Weldor(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
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13.0 Electrical Inspection

13.1 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).
Inductance Table (pg 56), switch Quadrant #3 Lpot and Hpot. (See LMQXB 10-0)

To measure the resistance of a bussed Q2:

Use Valhalla Scientific 4300B digital micro-ohmmeter.

Set Test Current to 1 amp.

Set Scale to 2V full scale.

Turn temperature compensation on.

Turn test current off.

Put jumper between Q2a Q3 inner power lead and 5 KA bus as shown in figure.
Connect |y to the 5KA bus (Q2a Q3 inner power lead) as shown in figure.
Connect | o to the Q2b Q3 inner power lead as shown in figure.

Turn test current on.

Connect Vy, and V, to voltage taps as shown below.

Read resistance and record in traveler.

SOV NOUAWLN -

—_

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

EE1312 (Q2a)
EE1612 (Q2b)
VTb1 (FNAL)

Pole
Splice

EE1122 (Q2a)
EE1422 (Q2b)
VTa2 (FNAL)

EE1112 (Q2a)

EE1412 (Q2b)
VTal (FNAL)

EE1212 (Q2a)
EE1512 (Q2b)
VTe1 (FNAL)

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

[RcE 1222 (Q22) ~ — i, vTd
EE1522 (Q20) B
v Tc2 (FNAL) ‘ o

EE1122 (Q2a)
EE1422 (Q2b)
VTa2z (FNAL)
EE1112 (Q2a)
EE1412 (Q2b)
VTal (FNAL)

EE1212 (Q2a)
EE1512 (Q2b) Q2b
VTc1 (FNAL)

Jumper
from Q2a
Q3 inner
to 5KA
bus

/

EE1312 (Q2a)
EE1612 (Q2b)
VTbt (FNAL)

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

Pole
Splice

VALHALLA
SCIENTIFIC 43008

xx ohms @ VH(o Hi

Resistance

Test Temp VLoo o
Full Scale 20mv 200mv 2v Current Comp
Voiltage [T [—3 3

)

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
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(Q2a) Resistance

Nominal ~ 560 to 585 mQ

Voltage Tap Serial Numbers

Quadrant Total Resistance

Connect] Fermi CERN Quadrant
Vi |VTdQ2a |[EMPTY 5 '
Quadrant 1 .
Vio |VTclQ2a |EE1212 bb ’l meQ
Vu [VTciQ2a |EE1212 S ‘ /}
Quadrant 2 .
Vio |VTeQ2a |EMPTY bu m{2
Vu |VTalQ2a |EE1112
Quadrant 3
Vio [vTdQ2a |EMPTY § M" b mo
\'} s
m_|VIeQ2a JEMPTY Quadrant 4 >\‘7< p 4’
Vio {VIblQ2a |EE1312 me
**Get test current to 0.1 Amps for Total Resistance Measurement**
Vi VTalQ2a |EE1112 Total Cold Nominal ~ 2.305Q
V., [VTbIQ2a [EE1312 Mass /A o
~ g ?/""“"‘\\ )
|/ e 1)~ 11 -0
Teé)(nician(s) Date
Check resistance of Redundant Voltage Taps.
Q2a Redundant Voltage Taps
Connect| Fermi CERN Resistance Nominals
Vv VTa2Q2a| EE1122 |
u — \\2A 1120 - 1170 mQ
Vio VTc2Q2a| EE1222 0
\' VTc2Q2a| EE1222
il Q W35 1120 - 1170 mQ
Vio |VTb2Q2a| EE1322 O

Vo1 -Ok

-»“?hniciﬁ(s)

Q2 LMQXB Cold Mass Module Assembly
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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 30 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 H,,, to Q2b/Quadrant 3 inner power lead as shown in figure.

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

Connect H,, and L, buttons to voitage taps as shown below.

COND ORwN=

To measure Q2a:
* Tomeasure Q1, connect H,, to VTc1 (EE1212 for Q2a), and Lpot to VTd.
To measure Q2, connect H,1to VTe, and Lot to VTc1 (EE1212 for Q2a).
To measure Q3, connect Hyto VTd and L,y to VTal (EE1112 for Q2a).
To measure Q4, connect Hy, to VTb1 (EE1312 for Q2a), and Loot to VTe.
To measure total, connect Hyotto VTb1 (EE1312 for Q2a), and Loot to VTal (EE1112 for Q2a).

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

EE1612 (Q2b) Pole

EE1622 (Q2b)
VTb1 (FNAL) / Splice

VTb2 (FNAL)

EE1422 (Q2b)
VTa2 (FNAL)

EE1412 (Q2b)
VTal (FNAL)

— EE1212 (Q2a)
VTel (FNAL)

-t

EE1222 (Q2a)
VTc2 (FNAL)

VTd

B EE1522 (Q2b) I
@vTc2 (FNAL) §

EE1122 (Q2a)
VTa2 (FNAL)

EE1112 (Q2a)
VTal (FNAL)

EE1512 (Q2b) sz

VTe1 (FNAL)

Jumper
from Q2a
Quadrant
3 inner to
5KA bus

/

EE1312 (Q2a)
V¥Tb1 (FNAL)

EE1322 (Q2a)
VTb2 (FNAL)

Pole
Splice

Looking at Lead End

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
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{Q2a) Inductance Nominal ~ 3.34 to 3.48 mH
Voltage Tap Serial Numbers Quadrant Total Inductance
Connect Fermi CERN Quadrant

L VTdQ2a EMPTY ,

poT Quadrant 1 4 '5 \
Hpor |VTclQ2a |[EE1212 ' mH
L VTclQ2a |EE1212 .

POT Quadrant 2 ’2j L\' Ll?
HpQT VTeQ2a EMPTY -t mH
L VTdQ2a |EMPTY

pot Quadrant 3 2 £ 5
HPOT VTalQ2a EE1112 2 ’ mH
L VTeQ2a EMPTY

pPoT Q Quadrant 4 Z 4 ',
Hpor |vIb1Q2a |EE1312 mH
Lpor |VTalQ2a |EE1112 Nominal ~ 13.3376 mH

Total Cold Mass Y
Heor [VIb1Q2a |EE1312 3 S0 mH
(Q2a) Q-Factor Nominal ~ 3.7 to 4.0
Voltage Tap Serial Numbers
Quadrant Total Q
Connect Fermi CERN Quadrant

Lpor [VTdQ2a  [EMPTY

PotT i Quadrant 1 B (z)
HPOT VTelQ2a |EE1212 8|
L VTclQ2a EE1212 )

acll Quadrant 2 i O\
HPOT VTeQ2a
L VTalQ2a ”

POt — Quadrant 3 5 O\
Hpor |VTdQ2a '
L VTeQ2a .

POt Q Quadrant 4 3 Y)
Hpor |VTb1Q2a |[EE1312
Lpor |[VTalQ2a |EE1112 Nominal ~ 3.7 to 4.0

Total Cold Mass

Hpor |VIb1Q2a |EE1312 4.0

Technician(s)

Q2 LMQXB Cold Mass Module Assembly
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-} To measure the resistance of a bussed Q2:
1. Use Valhalla Scientific 4300B digital micro-ohmmeter.
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 I to the 5KA bus (Q2a Q3 inner power lead) as shown in figure.
8. Connect I, to the Q2b Q3 inner power lead as shown in figure.
9. Turn test current on.
10. Connect Vi and Vi, to voltage taps as shown below.
11. Read resistance.and record in traveler.
EE1322 (Q2a) EE1312 (Q2a)
EE1622 (Q2b) EE1612 (Q2b) Pote
VTb2 (FNAL) VTb1 (FNAL) /Splice
EE1122 (Q2a)
EE1422 (Q2b)
VTa2 (FNAL)
EE1112 (Q2a)
EE1412 (Q2b)
1 (FNAL
Vet ) -—-Q 2a EE1212 (Q2a)

EE1512 (Q2b)
VTct (FNAL)

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

FE1222 (Q2a)
{EE1522 (Q2b) B

{vTc2 (FNAL) B

vTd

EE1122 (Q2a)
EE1422 (Q2b)
VTa2 (FNAL)

EE1212 (Q2a) 2b EE1112 (Q2a)
EE1512 (Q2b) bt 4 s EE1412 (Q2D)
VTct (FNAL) VTal (FNAL)

Jumper
B! from Q2a
Q3 inner
ST to 5KA
bus

/

EE1312 (Q2a) EE1322 (G2a)
EE1612 (Q2b) EE1622 (Q2b)

Splice VTb1 (FNAL) VTb2 (FNAL)

;érsnnnc 43008 1A
XX ochms @ VHIO Hi
Resistance
Test Temp VLDy ILo

Full Scale 20mV 200mv 2v  Current Comp
Voltage C—To—T— C—

B

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
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(Q2b) Resistance Nominal ~ 560 to 585 mQ
Voltage Tap Serial Numbers Quadrant Total Resistance
Connect | Fermi CERN Quadrant
Vi |VTc1Q2b |EE1512 - 7
Quadrant 1 .
Vio |VTdQ2b |EMPTY ! 1 Q
Vi |VTeQ2b |EMPTY -
Quadrant 2 C 10
Vio |VTc1Q2b [EET512 |~ aoran ?ﬂ 7T 5100
Vi [VTdQ2b |EMPTY o
Quadrant 3
Vo [VTalQ2b [EE1412 | >UT Q
Vi [VTb1Q2b |[EE1612 - ;
Quadrant 4
Vio [VTeQ2b |EMPTY vadra > 23 7 Q
**Set test current to 0.1 Amps for Total Resistance Measurement™*
V, |VTb1Q2b |EE1612 Total Cold Nominal ~ 2.305Q
v, |VTalQzb [EE1412 Mass 7 2706 o
Vi T
/}eﬁniciiﬁ(s) Date
Check the resistance of the Redundant Voltage Taps.
Q2b Redundant Voltage Taps
Connect { Fermi CERN Resistance Nominals
Vi VTcZQZb. EE1522
—— | 139 1120 - 1170 mQ
Vio |VTa2Q2b| EE1422 . Q- o
Vv VTb2Q2b| EE1622
v Hl e 1120 - 1170 mQ
o [vre2Qep| EE1522| 159  Q
7
1e- 110G

Q2 LMQXB Cold Mass Module Assembly

/" Tethnician(s)
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To measure Ls and Q of a Bussed Q2b:
Use Agilent 4263B LCR Meter.

Push Auto/Hold button to release hold.
level recorded in the lower right corner of the display screen is 1V or 1000
. Connect H,, to 5KA bus as shown in figure.

. Connect L, to Q2b/Quadrant 3 inner power lead as shown in figure.
. Connect H,and L, buttons to voltage taps as shown below.

CEN® A LN -

To measure Q2b:

June 26, 2006
Rev. H

Turn power on by pushing line button. Wait 30 seconds until display screen is lit.
Recall program #1. To do this, push recall (Rcl), then push #1, then push Enter.

Verify that the frequency displayed in the upper right corner of the display screen is 1000 Hz and the

mV.

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

» To measure Q1, connect Hytto VTc1 (EE1512 for Q2b), and Lo to VTd.

» To measure Q2, connect Hy, to VTe and L, to VTc1 (EE1512 for Q2b).
» To measure Q3, connect Hy to VTd and Lo to VTal (EE1412 for Q2b).

» To measure Q4, connect H,cto VTb1 (EE1612 for Q2b) and L to VTe.

« To measure total, connect Hy:to VTb1 (EE1612 for Q2b) and L, to VTat (EE1412 for Q2b).

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

EE1612(Q2b) Pole
VTb1 (FNAL) / Splice

EE1622 (Q2b)
VTb2 (FNAL)

EE1422 (Q2b)
VTa2 (FNAL)

EE1412 (Q2b)
VTal (FNAL)

dEE1522 (Q2b)
£ vTc2 (FNAL) 1B

EE1512 (Q2b)
VTc1 (FNAL)

EE1312 (G2a)

Pole VTb1 (FNAL)

Splice

: -. AEEA
DEZ!DEZ] DE]E]-

Q2 LMQXB Cold Mass Module Assembly
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EE1212 (Q2a)
VTc1 (FNAL)

EE1222 (Q23)
VTc2 (ENAL)

vTd

EE1122 (Q2a)
VTa2 (FNAL)

EE1112 (Q28)
. VTal (FNAL)

Jumper
from Q2a
Quadrant
3 inner to
5KA bus

EE1322 (Q2a)
VTb2 (FNAL)

Looking at Lead End

LHC Serial No.: LMOXB11-1

Notes:
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(Q2b) Inductance

Nominal ~ 3.34 to 3.48 mH

Voitage Tap Serial Numbers

Quadrant Total Inductance

Connect | Fermi CERN Quadrant

e e e | v | 1462 145
H » o
oo Teersre | Q92 | 37200 3495
H

L:Z: g:?é;b EI\EA:DMT; Quadrant 3 2,71 57 mH
oo Tvieon T ] ¢ | ST s34
Hpor [VTBIQ2b |EE1612 | Total Cold Nominal ~ 13.3376 mb/’
Leor |VTalQ2b |EE1412 Mass 13.70] A0 mH

(Q2b) Q-Factor

Nominal ~ 3.7 to 4.0

Voltage Tap Serial Numbers

Quadrant Total Q

Connect Fermi CERN Quadrant
Hpo'r VTCleb EE1512
Quadrant 1 y 5'
Leor |VTdQ2b |EMPTY Z‘.\b\ 5
HPOT VTeQ2b EMPTY 3 P
Quadrant 2 q’\b )
Leor |[VTcl1Q2b |EE1512 ! ‘ 3 b
Hpor |VTdQ2b |EMPTY {
Quadrant 3 :
Leor |VTalQ2b |[EE1412 | 2, .
H
por |VTbIQ2b |EE1612 Quadrant 4 - ‘Z,
Leor |VTeQ2b |EMPTY S -
Loor |VTalQ2b [EE1412 Mass 1.3 e

Technician(s)

Q2 LMQXB Cold Mass Module Assembly
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To measure the resistance of a Thermometer (RTD):
} 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. Verify arrow in readout is above the 4W£2 (meaning a 4 wire resistance measurement).
8. Read resistance in ohms and record in traveler.
Hewlett
Packard HP3457A SENSE INPUT
- OO0 oo mQ
o o e s B T = F =] == ‘
e oo aEs0 L0 Q\
e D OO OO B
0o = f:l Do © \
] A V4

/ \

OHMF Bution Biue (function) Bution

U+ Black |

i+ Yeliow i /
U- Red p——oone— /

) I Greenf————

Thermometer

(RTD)

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

Use Hewlett Packard HP3457A digital multimeter.

Record temperature of building within +/- 5 degrees.

Press line button to turn line on.

Connect wires as shown in Figure below.

Push biue button (function key) once.

Push OHMF button.

Verify arrow in readout is above the 4WQ (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.

Nouhwh =

Hewlett
Packard HP3457A SENSE INPUT
— =I=1=1—=E=1=1=1= o
Lne 83 3 o I | | 1§ s s Y s ooac
Doopoog Ire)
/ Y — —
/ \
OHMF Button Blue {function) Button
‘ Warmup
) Heater
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB11.1

Notes:
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Q2a - RTD's and Cryogenic (warm-up) Heaters
Temperature of Building (+-5°): __/ ©
Component Fermi CERN Resistance MerxF:s(;:::;:e
Q2a RTD, primary TaQa | TT8312 | (,4. 12 oe7217 o
Q2a RTD, redundant Q2 | TT832 | L)1.Y%Y o] (v e @
Q2A Cryogenic (warm-up) Heater (LE) - wire
toward cold mass end plate (CERN #1 1+) | \V12Q2A | EHB312+ \ b 49
Q2A Cryogenic (warm-up) Heater (LE) - wire :
toward cold mass mag center (CERN #1'I-) W2aQ2A | EHB312 ol
Q2A Cryogenic (warm-up) Heater (Non-LE) - wire .
toward cold mass end plate (CERN #2 I+) WIBQ2A | EHB322+ \ b\j (’\
Q2A Cryogenic (warm-up) Heater (Non-LE) - wire i
toward cold mass mag center (CERN #2 1-) W2bQ2A | EH8322 Q
— A -
\. [(-//-¢
FeChnician(s) Date
Q2b - RTD's and Cryogenic (warm-up) Heaters
Temperature of Building (+-5°): ] ©
] . Mfr. Resistance
Component Fermi CERN Resistance (Expedition)
—h —
Qb RTD, primary Tab | TT8332 | (9 US/ (,7.5°71 ql
Qeb RTD, redundart Toa2b | TT8342 [ 4. 50 L1, o
Q2B Cryogenic (warm-up) Heater (LE) - wire toward] '
codmassendpate CERNH1 1) | Ve | BB, | )
Q2B Cryogernic (warm-up) Heater (LE) - wire toward)] EHB332-
cold mass mag center (CERN #1 |-) 228 | EF ol
Q2B Cryogenic (warm-up) Heater (Non-LE) - wire a4
toward cold mass end plate (CERN #2 I+) WIbQ2B | EHE342+ \ \1) , \;\
Q2B Cryogenic (warm-up) Heater (Non-LE) - wire Has4o-
toward cold mass mag center (CERN #2 |-) W2bQ2B | E 2 o
7 , Ry’
NV AR

x}{’é’cyﬁcianl(s)

Q2 LMQXB Cold Mass Module Assembly
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. Using the Hewlett Packard HP3457A digital multimeter, measure the Strip Heater
) Resistance for Q2a and Q2b.

Q2a Strip Heater Resistance
Fermi CERN erescription Limit Resistance

H1aQ2a YT1112+ - a9
e YTi113—] CircuitA | 182010210 .{

H1bQ2a | YT1122+ g ,
CircuitB | 18.20to 21Q )
H2bQ2a | YT1122- 19.75 o

-7
Ce.) // - //’ O(P
'feclyﬁician(s") Date
Q2b Strip Heater Resistance
Fermi CERN Description Limit Resistance
H1aQ2b YT1132+ L
Circuit A | 18.20 to 21
H2aQ2b YT1132- @ (8 O Q
H1bQ2b YT1142+ . .
Circuit B 18.20 to 21 '
H2bQ2b | YT1142- 19 -2 ¢
. Y /(11 ~oc
TeeBhician(s) Date
)
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
Notes:
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Using the HP3457A, connect power thru the corrector 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 Leads

H2B

June 26, 2006
Rev. H

Q2 LMQXB Cold Mass Module Assembly

Page 64 of 89

- V2A . V2B | H2A
VIA VIB | HIA HIB
~ (View Looking into Q2b)
Readout Labels Power Resistance Nominals
Labels
V2A EE8112 Z o) <50
EE8112 v |veaveB| 7.7 o su4Q
V2A V2B 17.77 € 18-20Q
H2A EE8122 7 0 <50
EE8122 H2B H2AH2B | 2 \. sy @ >14 Q
H2A .U g 2152350
[[-[-cC
Date

LHC Serial No.: LMQXB11-1

Notes:
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13.3 Check QI Instrumentation Bus Wires for Continuity.

Module|Pin| Fermi CERN KEK Description Done
M2 1 [VTatQ1 |EE1111 al |Q1 Lead Voltage Tap "a", primary v
M2 2 [VTa2Q1 |EE1121 a2 |Q1 Lead Voltage Tap "a", redundant v
M2 3 VTc1Q1 |EE1211 c1 |Q1 Center Voltage Tap "c", primary 1~ [
M2 | 4 |VTc2Q1 |EE1221 ¢2 Q1 Center Voltage Tap "c", redundant |
M2 5 VTb1Q1 |EE1311 b1 |Q1 Lead Voltage Tap "b", primary 1
M3 5 \VTb2Q1 |EE1321 b2 |Q1 Lead Voltage Tap "b", redundant i~T

Corrector voltage tap Q1-H1 (skew dipole) 1
M5 | 1 VTH1  |EE8121 (on MCBX, MCBXH, A+ lead) 7
Corrector voltage tap Q1-V1 (normal dipole)

M5 |2 vTvi eI (on MCBX, MCBXV A+ lead) | |

M7 1 WiaQ1  |[EH8311+ Q1 Cryogenic Heater lead end - wire at top (CERN #1 1+) et |

M7 2 W2aQ1 |EH8311- Q1 Cryogenic Heater lead end - wire at bottom (CERN #1 I-) e

M7 3 Wi1bQ1 |EH8321+ Q1 Cryogenic Heater non-lead end - wire at top (CERN #2 I+) [l

M7 4 [W2bQ1 |[EH8321- Q1 Cryogenic Heater non-lead end - wire at bottom (CERN #2 |-) 1]

M9 1 H1aQ1 YT1111+ HA1 |Q1 Protection (Strip) Heater, (“a" circuit) (CERN lead #1+) L

M9 3 [H2aQ1 YT1111- HA2 |Q1Protection (Strip) Heater, ("a" circuit) (CERN lead #1-) l/

M9 5 [H1bQ1 YT1121+ HB1 [Q1 Protection (Strip) Heater, ("b" circuit) (CERN lead #2+) &
M m10 | 4 |H20Q1 YT1121- HB2 |Q1 Protection (Strip) Heater, ("b" circuit) (CERN lead #2-) |

Mi2 | 1 [TaQ1 1+ [TT8311 1+ Q1 ATD, primary Wire color: Yellow N

M12 | 2 |TaQ1_ |- [TT8311I- Q1 RTD, primary Wire color: Green v

Mi2 | 3 [TaQ1_V+ [TT8311 U+ Q1 RTD, primary Wire color: Black ]/

M12 | 4 [TaQi_V-. ({TT8311U- Q1 RTD, primary Wire color: Red /

M12 | 5 [TbQ1 I+ [TT8321 I+ Q1 RTD, primary Wire color: Yellow /

M12 6 [TbQ1_ |- [TT83211- 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

ﬁ@/f/ ((-f1-ve
/7hnician(s) Date
)
PR | y
A O / ////' 22
Respﬁ:jsible Authority/Physicist Date

LHC Serial No.: LMOXB11-1
Notes:
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134 Hipot according te table below. Hipot to 3%. Maximum leakage is 3uA. Added
Responsible Authority/Physicists sign-off.

o »4( yrs Sr=rr - N6
‘Reéﬁonsiﬁ%u{horitylphysicist Date

Date
Hipot Heaters to Coil and Ground.
High Potential Grounded Floating L.eakage
. Coils, Yoke, Q1 Instrumentation Bus, Lead and . , ,
All Strip Heaters Corrector Coil Busses, RTD’s and Warm-up Heaters Nothing Li/y " A

Hipot according to table below. Hipot LQ)'!Q Maximum leakage is 3pA.

(S i Yl
Have Crew, Ch lef ve etup and sign below before contmumg
/4 = j
\?’/); e IS

ew h1c‘f Date

Hipot Coil to Heaters and Ground.

High Potential Grounded Floating Leakage
Strip Heaters, Yoke, Q1 Instrumentation Bus, 8kA
All Coils and Lead Busses and Corrector Coil Busses, Nothing ‘7 ol
I RTD’s and Warm-up Heaters / A

7

I
Techn%lan(s) / Date

{ ; \ "C«J‘B\L &_7 <
& S
e &\J
“N\a( U
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1

Notes:
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} 14.0 Installation of Hypertronics
14.1 Install Hypertronics Connectors at Q2a end as per Q2 Cold Mass Welded Assembly
(ME-390309) and Hypertronics Connector Assembly Q2 Magnet Return End (MB-418133).
Pin Numbers for connectors are shown in Table 14.1 below.
Table 14.1
Q2 connector (ip, or Q2a end) for Q1-Q2 connection. Completed on 11-20-03.
Fermilab CERN KEK
Module | Pin Description
Label | Label | Label P
M1 1 Blank Module
M1 2
M1 3
M1 4

e

VTa1Q1

EE1111

Qead Voltage Tap "

a", primary

M2 VTa2Q1 EE1121 a2 Q1 Lead Voltage Tap "a",redundant
M2 VTc1Q1 EE1211 ci Q1 Center Voltage Tap "c", primary
VTc2Q1 EE1221 c2

No Connection

J M3 2 |Empty No Connection
M3 3 |Empty No Connection
M3 4 |[Empty No Connection

5

M4 1 Blank Module
M4 2
M4 3 .
M4 4
M4 5
Corrector voltage tap Q1-H1 (skew dipole)
M5 T (VTHI EE8121 (on MCBX, MCBXH, A+ lead)
Corrector voltage tap Q1-V1 (normal dipole)
M5 2 VIV EE8111 (on MCBX, MCBXV A+ lead)
M5 3 |Empty Empty No Connection
M5 4 |Empty Empty No Connection
M5 5 |Empty Empty No Connection

)

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMQXB11-1
Notes:
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Table 14.1
. Fermilab CERN KEK .
Module | Pin Label Label Label Description
M6 1 Blank Module
M6 2
M6 3
M6 4
M6 5

Q1 Cryogenic Heater lead end - wire at top

M7 5

M8

M7 1 W1aQn EH8311+ (CERN #1 I4)

M7 5> w231 EH8311- S;tt(jr:’ycz%%né(;\j H#e1atf)r lead end - wire at

M7 3 lwibQ1 EH8321+ tC(J):) (CCryéoF?;n;Z i:’_e)ater non-lead end - wire at

M7 4 |lw2bai EH8321- g;ttgg?gznliq(;\l H#ezatf)r non-lead end - wire at
Empt

No connection

Blank Module

Q1 Protection (Strip) Heater, ("a" circuit)

M9 1 |H1aQ1 YT1111+ |[HA1 (CERN lead #1+)
M9 2 |Empty Empty No connection

) Q1Protection (Strip) Heater, ("a" circuit)
M9 3 |H2aQ1 YT1111 HA2 (CERN lead #1-)
M9 4 |Empty Empty No connection

Q1 Protection (Strip) Heater, ("b" circuit)

M9 5 [H1bQ1 YT1121+ |HB1 (CERN lead #2+)
M10 1 V Empty Empty " |No Connection — —
M10 2 |Empty Empty No Connection
M10 3 |Empty Empty No Connection

) Q1 Protection (Strip) Heater, ("b" circuit)
M10 4 |H2bQ1 YT1121 HB2 (CERN lead #2-)
M10 5 [Empty Empty No Connection

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMOQXB11-1
Notes:
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s

Table 14.1
Module | Pin Fi:?)';?b i:::: Lﬁiﬁl Description
M11 1 Blank Module
M11 2
M11 3
M11 4
M11 5
Note: Pin numbers of Module M12 are not listed in numerical order
M12 1 |TaQi_l+ |TT8311 I+ Q1 RTD, primary Wire color: Yellow
M12 2 |TaQ1_I- |TT8311 |- Q1 RTD, primary Wire color: Green
M12 3 [TaQ1_V+ |TT18311 U+ Q1 RTD, primary Wire color: Black
M12 4 [TaQ1_V- |TT8311 U- Q1 RTD, primary Wire color: Red .
M12 5 |™Q1 I+ [TT8321 I+ Q1 RTD, redundant: Wire color: Yeliow )
M12 6 |TbQ1_I- [TT8321 I- Q1 RTD, redundant: Wire color: Green
M12 11 |TbQ1_V+ [TT8321 U+ Q1 RTD, redundant: Wire color: Black
M12 10 |ThQ1_V- |TT8321 U- Q1 RTD, redundant: Wire color: Red
Mi12 9 |Empty Empty No connection
M12 8 |Empty Empty No connection
M12 7 |Empty Empty No connection
M12 12 |Empty Empty No connection
M12 13  |Empty Empty No connection
M12 14  |Empty Empty No connection
M12 15  |Empty Empty No connection
M12 16  |Empty Empty No connection
M12 17 |Empty Empty No connection
)
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
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Hypertronics Connector Pin Locations for Q2 (ip, or Q2a end)
VIEW: Female (receptacle) solder cup side
e6 ®17
o5 o1 ©16 05} O5] @5 O5] O5] O5f O5] O5| 5| @5 O5|]__
®10 O4] @4| 04| O4] @4] 04} 04| 04] 04| @5} 04
®4 ©®15 . .
3 ®9 o1a| O3] ©3| ®3| 03| e3]| 03] 03| 03| 03| @3] 03 Wires —§»
o2 ©8 ©13 G2 O2f O2| O2| @2 O2] @2 O2| 02| @2| O2
©7 Ot} O1{ @1} O1{ ®1] O1| @®1| O1] O1]| @1| O1
o1 ©12
Mi2 M1 MI0O M9 M8 M7 M6 M5 M4 M3 M2 M1
® Hole filled in grey: Wire soldered to pin.
© Hole with dot in center: Pin exists but no wire soldered to it.
O Hole filled in white: No pin. Hole is drilled out.
= Black U+
— Yellow I+
(= Red U -
= Green | -
Individual Thermometer Layout
EMREAS
':-;»\ 7 bolos, ////'7’/&‘67
Technician(s) d Da;é 4
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
Notes:
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14.2 Install Hypertronics Connectors at Q2b end as per Q2 Cold Mass Welded Assembly
} (ME-390309) and Hypertronics Connector Assembly (MB-418083).
Pin Numbers for connectors are shown in Table 14.2 below.
Table 14.2

Q2 connector (non-ip, or Q2b end) for Q2-Q3 connection Completed on 11-20-03

Fermilab CERN KEK
Label Label Label

Module | Pin Description

M1 Blank Module
M1
M1
M1

M1

GO JWIN|—=

1 Lead Vtage ap "a ,pnm

VTatQt

1 TEET111
M2 2 |VTa2Q1 EE1121 Q1 Lead Voltage Tap "a", redundant
M2 3 [VTc1Q1 EE1211 ct Q1 Center Voltage Tap “c", primary
M2 4 |VTc2Q1 EE1221 c2 Q1 Center Voltage Tap "c", redundant
M2 5

VTb1Q1 EE1311 b1 Q1 Lead Voltage Tap "b", primary

r \ln
A1

VTciQ2a I:E112

) M3 2 |vidaza |Empty Q2a Quarter Coil Voltage Tap "d" (Q1inner-Q3
outer interface)
M3 3 |VTa2Q2a |[EE1122 Q2a lead Voltage Tap "a", redundant
M3 4 |VTaiQ2a |EE1112 Q2a Lead Voltage Tap "a", primary
M3 5 |VTb2Q1 EE1321 b2 Q1 Lead Voltage Tap “b", redundant

M4 1 |VTc2Q2a |EE1222 Q2a Center Voltage Tap “c", redundant

M4 2 |vreQza |Empty Q2a Quarter Voltage Tap "€", (Q2 inner -Q4
, outer interface)

M4 3 |VIbiQ2a [|EE1312 Q2a Lead Voltage Tap "b", primary

M4 4 |VTb2Q2a |EE1322 Q2a Lead Voltage Tap "b", redundant

VTb1Q2b |EE1612 QZb te d Voltage Tap “b“ rimal

) Q2b Quarter Co:l Voltage T "d" (Qtinner-Q3

MS 1 |VTdQ2b - 1Empty outer interface)
M5 2 |VTc2Q2b |EE1522 Q2b Center Voltage Tap "c", redundant
M5 3 |VTciQ2b |EE1512 Q2b Center Voltage Tap “c", primary
M5 4 |VTeQ2b |Empty Q2b Quarter Voltage Tap "e", (Q2 inner -Q4
outer interface)
X M5 5 |VTb2Q2b |EE1622 Q2b Lead Voltage Tap "b" redundant
J
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB11-1
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Table 14.2
. Fermilab CERN KEK L
Module | Pin Label Label Label Description

M6 1 [VTalQ2b |EE1412 Q2b Lead Voltage Tap "a", primary
M6 2 |VTa2Q2b |EE1422 Q2b Lead Voltage Tap "a", redundant
M6 3 |Empty Empty No connection
M6 4 |Empty Empty No connection
M6 5 |Empty Empty No connection
M7 1 Blank Module
M7 2
M7 3
M7 4

5

Corrector voltage tap Q1-H1 (skew dipole) (on

M9

Mg T |VTHT EE8121 MCBX, MCBXH, A+ lead)

M8 > |vrvi EES111 E)A%rir;ztoh; é(;lt)e(i\g/e pfi?e(a);)-w (normal dipole) (on
o | s |vme lemmaa | [ lageior 021 o dpo
M8 4 VTV EE8112 ;\C/)ocr;c(;,toy\; éoBlt)rz\\g}? ,;ip| ;%—)VZ (normal dipole) (on
M 5 |Empty Empty No connection

Blank Module

M9

M9

M9

M9

Q1 Cryogenic Heater lead end - wire at top

M10 1 W1aQ1 EH8311+ (CERN #1 I+)

M10 2 |w2aQ1 EH8311- %1Egrh)llo#?1e?-i)c Heater lead end - wire at bottom
M10 3 |wibQi EH8321+ th)); %)éog;n;cz Il-lsater non-lead end - wire at
M10 4 |woba1 EH8321- S;nggc()(g:?;\ﬁ#zaﬁr non-lead end - wire at
M10 5 |Empty Empty No connection

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMQXB11-1
Notes:
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Table 14.2
) .| Fermilab | CERN | KEK -
Module | Pin Label Label Label Description

Q2A Cryogenic Heater lead end - wire toward
M1 T |WiaQ2A - [EHB312+ cold mass end plate (CERN #1 1+)

Q2A Cryogenic Heater lead end - wire toward
M1 2 |W2aQ2A |EHB312 cold mass mag center (CERN #1 [-)

Q2A Cryogenic Heater non-lead end- wire
M1 3 |WI1bQeA |EHB322+ toward cold mass end plate (CERN #2 +)

) Q2A Cryogenic Heater non-lead end- wire
M1 4 |W2bQ2A - |EHB322 toward cold mass mag center (CERN #2 |-)
5 |Empty Empty No connection

M11

Q2B Cryogenic Heater lead end - wire toward

M12 ! W1aQeB |EHB332+ cold mass end plate (CERN #1 |+)
Q2B Cryogenic Heater lead end - wire toward
M12 2 |W2aQeB  \EHB332 cold mass mag center (CERN #1 |-)
Q2B Cryogenic Heater non-lead end- wire
M12 3 [W1bQeB |EHB342+ toward cold mass end plate (CERN #2 |+)
Q2B Cryogenic Heater non-lead end- wire
j M12 4 |WebQeB |EHB342 toward cold mass mag center (CERN #2 |-)
M12 5 |Empty Empty No connection
M13 2
M13 3
M13 4
M13 5

Q1 Protection (Strip) Heater, ("a" circuit

M14 1 [HiaQ1 YT1111+  |[HAT (CERN lead #1+)

M14 2 |Empty Empty No connection

M14 3 |H2aQ1 YT1111-  |HA2 Q1Protection (Strip) Heater, ("a" circuit) (CERN
lead #1-)

M14 4 |Empty Empty No connection

M14 5 |H1bQ1 YT1121+ |HB1 Q1 Protection (Strip) Heater, ("b" circuit)

(CERN lead #2+)

)

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMOXB11-1
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Table 14.2
. Fermilab CERN KEK -
Module | Pin Label Label Label Description
M15 1 Empty Empty No connection
Q2a Protection (Strip) Heater, 1-4 & 2-3 circuit

M15 2 |H1aQza  \YT1112+ (FNAL lead A+) (CERN lead #14)

M15 3 |Empty Empty No connection

i Q1 Protection (Strip) Heater, ("b" circuit)
M15 4 [H2bQ1 YT1121 HB2 (CERN lead #2-)
M15 5 [Empty Empty No connection

Q2a Protection (Strip) Heater, 1-4 & 2-3 circuit

M16 1 |H2aQea YTH112- (FNAL lead A-) (CERN lead #1-)
M16 2 [Empty Empty No connection
Q2a Protection (Strip) Heater, 1-2 & 3-4 circuit
M16 3 |HtbQ2a  YT1122+ (FNAL lead B+) (CERN lead#2+)
M16 4  |Empty Empty No connection
M16 5 |HobQoa [YT1122- Q2a Protection (Strip) Heater, 1-2 & 3-4 circuit

(FNAL lead B-) (CERN lead #2-)

M17 1 Empty A mpty No connection
i Q2b Protection (Strip) Heater, 1-4 & 2-3 circuit
M17 2 |H2aQ2b  |YT1132 (FNAL lead A-) (CERN lead #1-)
M17 3 |Empty Empty No connection
M17 4 |H1aQ2b |YT1132+ Q2b Protection (Strip) Heater, 1-4 & 2-3 circuit

(FNAL lead A+) (CERN lead #1+)

M17

Empty

No connection

i Treny

Q2b Protection (Strip) Heater, 1-2 & 3-4 circuit

M18 1 (H1bQ2b  |YT1142+ (FNAL lead B+) (CERN lead#2+)
M18 2 |Empty Empty No connection
i Q2b Protection (Strip) Heater, 1-2 & 3-4 circuit
M18 3 |H2bQ2b - ¥T1142 (FNAL lead B-) (CERN lead #2-)
M18 4  |Empty Empty No connection
M18 5 |Empty Empty No connection

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMOQXB11-1
Notes:
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Table 14.2
} . Fermilab | CERN KEK .
Module | Pin Label Label Label Description
M19 1 Blank Module
M19 2
M19 3
M19 4
M19 5

)

: Pin numbers of Module M20 are not listed in numerical order

1 TaQi1_l+ |TT8311 I+ Q1 RTD, primary Wire color: Yellow

M20 2 |TaQi_}- |TT83111I- Q1 RTD, primary Wire color: Green
M20 3 [TaQ1_V+ |TT8311 U+ Q1 RTD, primary Wire color: Black
M20 4 |TaQ1_V- |TT8311 U- Q1 RTD, primary Wire color: Red
M20 5 |TbQi_l+ |TT8321 I+ Q1 RTD, redundant: Wire color: Yellow
M20 6 |TbQ1_I- [TT8321 |- Q1 RTD, redundant: Wire color: Green
M20 11 {TbQ1_V+ |[TT8321 U+ Q1 RTD, redundant: Wire color: Black
M20 10 |[TbQ1_V- |TT8321 U- Q1 RTD, redundant: Wire color: Red
M20 9 1TaQ2a_l+ |TT8312 I+ Q2a RTD, primary Wire color: Yellow

i M20 8 |TaQ2a_I- [TT8312I- Q2a RTD, primary Wire color: Green

| M20 7 |TaQ2a_V+ |TT8312 U+ Q2a RTD, primary Wire color: Black
M20 12 |TaQ2a_V- |TT8312 U- Q2a RTD, primary Wire color: Red
M20 13 |TbQ2a_l+ |TT8322 I+ Q2a RTD, redundant: Wire color: Yeliow
M20 14 |TbQ2a_l- |TT8322 I- Q2a RTD, redundant: Wire color: Green
M20 15 |[TbQ2a_V+ |TT8322 U+ Q2a RTD, redundant: Wire color: Black
M20 16 |TbQ2a_V- (TT8322 U- Q2a RTD, redundant: Wire color: Red
M20 17 |Empty Empty No connection

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMQXB11-1
Notes:
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Table 14.2
Note: Pin numbers of Module M21 are not listed in numerical order
Module | Pin FT:‘bI:b fg:g LKaltE):I Description
M21 1 TaQ2b_I+ |TT8332 I+ Q2b RTD, primary Wire color: Yellow
M21 2 |TaQ2b_I- |TT8332 I- Q2b RTD, primary Wire color: Green
M21 3 |TaQ2b_V+|TT8332 U+ Q2b RTD, primary Wire color: Black
M21 4 |TaQ2b_V- |TT8332 U- Q2b RTD, primary Wire color: Red
M21 5 TbQ2b_I+ |TT8342 |+ Q2b RTD, redundant. Wire color: Yellow
M21 6 TbQ2b_I- |TT8342 |- Q2b RTD, redundant: Wire color: Green
M21 11 [TbQ2b_V+|TT8342 U+ Q2b RTD, redundant. Wire color: Biack
M21 10 [TbQ2b_V- |TT8342 U- Q2b RTD, redundant. Wire color: Red
M21 9 |Empty Empty No connection
M21 8 |Empty Empty No connection
M21 7 Empty Empty No connection
M21 12 |Empty Empty No connection
M21 13  |Empty Empty No connection
M21 14 |Empty Empty No connection
M21 15 |Empty Empty No connection
M21 16 |Empty Empty No connection
M21 17 {Empty Empty No connection

Q2 LMQXB Cold Mass Module Assembly
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Hypertronics Connector pin locations for Q2 (non-ip, or Q2b end)
VIEW: Male (pin) solder cup side

50 |50
40 (4@
30 (30
20 |20
10 |1 @

50
40
30
20
10

170 68170 6e®
5@ |50 |50 |50 |50 |50 |50 |50 |50 |50 |58 |50 |58 |50 |50 50 11e 11e

16 @ 58160 50
40 |40 140 [40 |40 |40 {4 4@ |a® |40 [40 la® |40 |se 40 {40 10e

15 @ 40’L15® 40 Wires
30 |38 {30 |30 |38 |30 [3® [3e |30 |30 |3e |30 [3e |30 |3e |30 90 9 @

] 140 3ej140 3e -
20 (28 (20 (20 (20 |20 [20 |20 |28 [20 [20 [28 |20 |20 {20 |20

8 8
130 20130 20 |
10 1@ |10 |10 |18 |10 |1@ 1® [1® (10 |1® {10 [1® |10 |1@ 10 7 9 7
12 @ 10120 1@

M1 M2

)

M3 M4 M5 M6 M7 M8 M9 MI0O MI1 MI2 MI3 M14 MI5 M16 M17 M18 m19 M20 M21

® Hole filled in grey: Wire soldered to pin.
© Hole with dot in center: Pin exists but no wire soldered to it.
O Hole filled in white: No pin. Hole is drilled out.

= Black U+
— Yellow |+
(= Red U -

= Green | -

individuai Thermometer Layout

Note(s):
Ensure the Hypertronics cover has NOT been installed.

) 1/ 14/0c

Technician(s) ¢ Date / /

14.3 Inspect Hypertronics Connector. Ensure that it is free of flux and that Kapton has been
installed properly.

: ‘f/ﬂ’%ﬂs/\ (6 - Jgu—4 00 §

Resﬁ’onsible Ay orit'y/Physicist Date
e

144  After LHC Plfoject Physicist / designee has signed the above step, complete the
installation of the Hypertronics.

\%QL:&MAAQW'ASVN‘) H'H"W?
echthician(s) 7 Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB11-1

Notes:
Page 77 of 89



TD/Engineering & Fabrication Specification # 5520-TR-333643
June 26, 2006
Rev. H

15.0 Final Electrical Inspection

15.1 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-ohmmeter.

2. Set Test Currentto 1 amp.
3. Set Scale to 2V full scale.
4. Turn temperature compensation on.
5. Turn test current off.
6. Putjumper 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 l o to the Q2b Q3 inner power lead as shown in figure.
9. Turn test current on.
10. Connect Vi, and Vo to voltage taps as shown below.
11. Read resistance and record in traveler.
EE1322 (Q2a) EE1312 (Q2a)
EE1622 (Q2b) EE1612 (Q2b) Pole
VTb2 (FNAL) VTb1 (FNAL)

Splice

EE1122 (Q2a)
EE1422 (Q2b)
VTa2 (FNAL)

EE1112 (Q2a)
EE1412 (Q2b)
VTat (FNAL)

Mea EE1212 (Q2a)
EE1512 (Q2b)
VTc1 (FNAL)

EE1222 (Q2a)
EE1522 (Q2b)
VTe2 (FNAL)

-VTd

EE1122 (Q2a)
EE1422 (Q2b)
VTa2 (FNAL)

EE1212 (Q23)
EE1512 (Q2b)

VTctl (FNAL)

bus

EE1312 (Q2a)
EE1612 (Q2b)
VTb1 (FNAL)

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

AL 4300B "
® o d
Resistance
Test Temp VLoy Lo
Full Scale 20mV 200mv 2v  Current Comp
Voltage I —T—1 C— —
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB11-1

Notes:
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) (Q2a) Resistance Nominal ~ 560 to 585 mQ
' Voltage Ta ial be
o7ag p Serial Numbers Quadrant Total Resistance
Connect] Fermi CERN Quadrant
VHI IVTdQ2a |EMPTY ' — —
adrant 1
Vio [VTciQoa |EE1212 | Sk S mQ
VHI VTle2a EE1212 -
Quadrant 2 \
Vio |VTeQ2a |EMPTY > (”7 4 mg2
Vu |VTalQ2a |[EE1112 '
Quadrant 3
VLO VTdQ2a EMPTY S/b(], 9 mg2

Vi VTeQ2a |EMPTY ,
Quadrant 4 <
Vio [VTblQ2a |EE1312 SEL. Y me

**Set test current to 0.1 Amps for Total Resistance Measurement**

V., |VTalQ2a (EE1112 Total Cold Nominal ~ 2.305 Q
Vo |[VTbiQ2a [EE1312 Mass 279D
[-le-©G
feyﬂnician(s) Date
,) Check resistance of Redundant Voltage Taps.

Q2a Redundant Voltage Taps

Connect Fermi CERN Resistance Nominals
Vv VTa2Q2a| EE1122
N AL Lk 136 1120 - 1170 mQ
Vio |VTc2Q2a| EE1222 Q |
Vv VTc2Q2a| EE1222
HI €2Q2a |12 4 1120 - 1170 mQ
Vio |VTb2Q2a| EE1322 > O

\)Z{@ 1) -G -0

Tebhnician(s) Date

)
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
Notes:
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To measure Ls and Q of a Bussed Q2a:
Use Agilent 4263B LCR Meter.

Push Auto/Hold button to release hold.

-

Specification # 5520-TR-333643

Turn power on by pushing Line button. Wait 30 seconds until display screen is lit.
Recall program #1. To do this, push recall (Rcl), then push the #1, then push Enter.

level recorded in the lower right corner of the display screen is 1V or 1000 mV.

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

©PN®

To measure Q2a:

Connect Hporand Lot buttons to voltage taps as shown below.

To measure Q1, connect Hyeto VTc1 (EE1212 for Q2a), and Ly to VTd.

[ ]
o Tomeasure Q2, connect Hyto VTe, and Lo to VTct (EE1212 for Q2a).
o To measure Q3, connect Hyto VTd and Ly, to VTal (EE1112 for Q2a).
e To measure Q4, connect Hyoto VTb1 (EE1312 for Q2a), and Ly to VTe.
L]
10. Read Ls and Q from display and record in traveler.
EE1622 (Q2b) EE1612 (Q2b) Pole
VTb2 (FNAL) VTbi (FNAL) / Splice
EE1422 (Q2b)
VTa2 {(FNAL)
EE1412 (Q2b)
VTal (FNAL)

EE1522 (Q2b)
VTc2 (FNAL)

EE1512 (Q2b)
VTc1 (FNAL)

Poie

© Q2 LMQXB Cold Mass Module Assembly
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Splice

[ _Qf ===
S ————————
T ——————— .
[ Q0 e
A ————————————
L Q3 =
e —
-

4

EE1312 (Q2a)

June 26, 2006
Rev. H

Verify that the frequency displayed in the upper right corner of the display screen is 1000 Hz and the

Connect jumper between Q2a/Quadrant 3 inner power lead and 5KA bus as shown in figure.
Connect H,,, to Q2b/Quadrant 3 inner power lead as shown in figure.

To measure total, connect Hpgto Vb1 (EE1312 for Q2a), and Lyu to VTal (EE1112 for Q2a).

EE1212 {Q2a)

VTd

EE1322 (Q2a) §

VTb1 (FNAL) VTb2 (FNAL)

Looking at Lead End

VTet (FNAL)

£E1222 (Q2a)
VTc2 (FNAL)

EE1122 (Q2a)
VTa2 (FNAL)

EE1112 (G2a)
VTal (FNAL)

B Jumper

| from Q2a
Quadrant
3 Inner to
5KA bus

/

LHC Serial No.: LMOXB11-1

Notes:
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) (Q2a) inductance Nominal ~ 3.34 to 3.48 mH
Voltage Tap Serial Numbers Quadrant Total Inductance
Connect Fermi CERN Quadrant
L VTdQ2a |EMPTY
POt Quadrant 1 5 v 'S 9 @4’
Hpor |[VTclQ2a |EE1212 mH
L VTclQ2a |EE1212
POT Quadrant 2 4_ o
Hpor [VTeQ2a  |EMPTY 5. Ol mH
LPOT VTdQ2a EMPTY
Quadrant 3 . 4_
Hpor |VTalQ2a |EE1112 .31 mH
L VTeQ2a EMPTY
poT 2 Quadrant 4 % % «" b
Hpor |VIb1Q2a |EE1312 mH
Lpor |VTalQ2a |EE1112 Nominal ~ 13.3376 mH
Total Cold Mass H
Hpor |VTb1Q2a |EE1312 12 .5 b9 m
(Q2a) Q-Factor Nominal ~ 3.7 to 4.0
Voltage Tap Serial Numbers
Quadrant Total Q
Connect Fermi CERN Quadrant
] L VTdQ2a  |EMPTY
} ot Quadrant 1 'S . Q‘!
Hpor [VTe1Q2a |EE1212
L VTclQ2a |EE1212
PoT Q Quadrant 2 g . Ol
Hpor [VTeQ2a EMPTY
L VTalQ2a |EE1112
LPDT 2 5 Quadrant 3 4— .O
Hpor [VTdQ2a |EMPTY
L VTeQ2 EMPTY
poT Qa Quadrant 4 2
Hpor |VTb1Q2a |EE1312 5.9
Lpor ([VTalQ2a |EE1112 Nominal ~ 3.7 to 4.0
Total Cold Mass
Hpor [VIb1Q2a |EE1312 2. 0\
.7 [j-1l-o¢C
/fechniéian(s) Date

LHC Serial No.: LMQXB11-1

Notes:
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To measure the resistance of a bussed Q2:
1. Use Valhalla Scientific 4300B digital micro-ohmmeter.
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 |y, 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 Vi and Vo to voltage taps as shown below.
11. Read resistance and record in traveler.
EE1322 (Q2a) EE1312 (Q2a)
EE1622 (Q2b) EE1612 (Q2b) Pole
VTh2 (FNAL) VTb1 (FNAL) /Splice
EE1122 (Q2a) ; . .
EE1422 (Q2b)
VTa2 (FNAL)
EE1112 (Q2a) i -
EE1412 (Q2b) > : : B
VTatl (FNAL) BT g -
att -—2—a- EE1212 (Q2a)
EE1512 (Q2b)

VTec1 (FNAL)

EE1222 {Q2a)
—EE1522 {Q2b)
VT2 (FNAL)

vTd
E1522 (Q2b)
VTc2 (FNAL)

EE1122 (Q2a)
EE1422 (Q2b)
VTa2 (FNAL)

EE1212 (Q2a)
EE1512 (Q2b)
VTct (FNAL)

Pole
Splice

EE1312 (Q2a)
EE1612 (Q2b)

VALHALLA
SCIENTIFIC 43008

Resistance

Voltage

Full Scale 20mV 200mV_2v
o s e

Test

Temp vio© Lo
Current Comp
| o Y oo |

Q2 LMQXB Cold Mass Module Assembly
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EE1112 (Q2a)
EE1412 (Q2b)
VTal (FNAL)

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

LHC Serial No.: LMQXB11-1
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) (Q2b) Resistance Nominal ~ 560 to 585 mQ
Yoltage Tap Serial Numbers Quadrant Total Resistance
Connect | Fermi CERN Quadrant
Vu  |VTc1Q2b |[EE1512
Sams Srisedien uadrant 1
Vio |VTdQ2b [EMPTY Quad Sk8.2 meQ
Va  |VTeQ2b |EMPTY —
Quadrant 2 < '
Vio |VTclQ2b [EE1512 |~ ooran 5 710.7) mQ
Vi |VTdQ2b |EMPTY .
- Quadrant 3
Vio |VTalQ2b |[EE1412 St { mQ
Vi |VTb1Q2b |EE1612
Quadrant 4 .
Vio |VTeQ2b |EMPTY tadran D/ZJ 1.2 mQ
**Set test current to 0.1 Amps for Total Resistance Measurement**
Vi |VTh1Q2b [EE1612 Total Cold Nominal ~ 2.305 Q
Vio |VTa1Q2b |EE1412 Mass 277.% o
VB> [1-16 - O
Pedhnician(s) Date
} Check the resistance of the Redundant Voltage Taps.
Q2b Redundant Voltage Taps
Connect CERN Resistance Nominals
Vi 02b| EE1522 | ‘
St Bonambbisannt (133 1120 - 1170 m
Vio |VIa2Q2b| EE1422 , Q
Vi VTbh2Q2b| EE1622
7 9 4 1120 - 1170 mQ
LO |VTc2Q2b| EE1522 Q
= { ( - ‘ b -9C
T@fmicfan(s) Date

LHC Serial No.: LMQXB11-1

Notes:
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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 (Rcl), then push #1, then push Enter.
Push Auto/Hold button to release hold.

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

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

. Connect H, and L buttons to voltage taps as shown below.

N k-~

To measure Q2b:
» To measure Q1, connect Hyrto VTc1 (EE1512 for Q2b), and Ly to VTd.
e To measure Q2, connect Hyto VTe and Lo to VTc1 (EE1512 for Q2b).
e To measure Q3, connect Hyoto VTd and Lo to VTal (EE1412 for Q2b).
« To measure Q4, connect Hy to VTb1 (EE1612 for Q2b) and Ly to VTe.
 To measure total, connect Hyyto VTb1 (EE1612 for Q2b) and L, to VTal (EE1412 for Q2b).

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

EE1612 (Q2b)
VTb1 (FNAL)

Pole
Splice

EE1622 (Q2b)
VTb2 (FNAL)

EE1422 (Q2b)
VTa2 (FNAL)

EE1412 (Q2b)
VTatl (FNAL)

Specification # 5520-TR-333643

26,2006
Rev. H

Verify that the frequency displayed in the upper right corner of the display screen is 1000 Hz and the

Q2 LMQXB Cold Mass Module Assembly

EE1212 (Q2a)
VTct (FNAL)

EE1222 (Q2a)
VTe2 (FNAL)

Vid

EE1522 (Q2b):
VTc2 (FNAL) F

EE1122 (Q2a)
VTa2 (FNAL)

EE1112 (Q2a)

EE1512 (Q2b)
g VTal (FNAL)

VTc1 {(FNAL)

H Jumper

g from Q2a
Quadrant
{3 inner to
8! S5KA bus

EE1312 (Q2a)
VTb1 (FNAL)

EE1322 (Q2a)
VTb2 (FNAL}

Pole
Splice

Looking at Lead End

LHC Serial No.: LMOXB11-1
Notes:
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(Q2b) Inductance Nominal ~ 3.34 to 3.48 mH
Voltage Tap Serial Numbers Quadrant Total Inductance
Connect | Fermi CERN Quadrant
HpoT VTCIQZb EE1512 ~
Quadrant 1
Leor |VTdQ2b |EMPTY 3,31 mH
HPOT VTCQZb EMPTY
Quadrant 2 -
Leor [VIclQ2b |EE1512 21323 mH
Hpor [VTdQ2b |[EMPTY ,
drant 3
Lror |VTalQ2b |EE1212 | Quadran 3,314 mH
Hpor VTblQ2b |EE1612
Quadrant 4
Leor |VTeQ2b [EMPTY %, Z’” mH
Hpor |VTb1Q2b [EE1612 | Total Cold Nominal ~ 13.3376 mH
Leor |VTalQ2b |EE1412 Mass 13,27 mH
(Q2b) Q-Factor Nominal ~ 3.7 to 4.0
Voltage Tap Serial Numbers Quadrant Total Q
Connect | Fermi CERN Quadrant
Hpor |VTc1Q2b [EE1512 -
Quadrant 1 5.
Leor |[VIdQ2b |EMPTY vadra 2 -9
H
por [VIeQ2b |EMPTY Quadrant 2 4
Leor [VTc1Q2b [EE1512 v
Hpor VTdQ2b [EMPTY ,
. Quadrant 3
Lpor [VTalQ2b [EE1412 4'0
H
por |VIbIQ2b |EE1612 Quadrant 4 4 D
Leor |VTeQ2b |[EMPTY .
Hpor |VTb1Q2b |EE1612 Total Cold Nominal ~ 3.7 to 4.0
Leor |VTalQ2b |EE1412 Mass 4 o
I\ -1-06

Date

LHC Serial No.: LMQXB11-1
Notes:
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To measure the resistance of a Thermometer (RTD):

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. Verify arrow in readout is above the 4W£2 (meaning a 4 wire resistance measurement).

8. Read resistance in ohms and record in traveler.

Hewlett
Packard HP3457A ) SENSE INPUT
B g s e [ s Y s [ v [ s s H O
Y s I s Y e | | oo Y s Y oo J s |
T ‘ (o smn e e R = == e Lo
Line 1 o ) o I (e o [ e f e B S S
Ooopmpoos
/, 3
OHMF Button Blue (function) Button
U+ Black
I+ Yellow .
U-Red pmm———"_ "
I Greenf—————" -
Thermometer
(RTD)
To measure the resistance of a Cryogenic (Warm-up) Heater

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.

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.

Hewl
P::k:?d HP3457A SENSE  INPUT
OO0 ooocas W
— g : OO0 SOeEcdc L0
Line 3 30 o s s s e e | e B == Lo e R
DOoopoo = o
] \ < P
OHMF éunon Biue (function) Button
Warmup
Heater
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
Notes:
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any
“V Aya
? 152 Ground as indicated according to table below. Hipot Hypertronics ta$%~ Maximum
leakage is 3uA. Refer to hipot procedure TD-03-014. (Next page).

Have Crew Chief verify setup and sign below before continuing.

Note(s):
Ensure that at least one hour has elapsed since the installation of
the Hypértronics Connector and that the Flux remover has
dried/évaporated before continuing with the HiPot.

70 /1/76/08

Lrew Chief ¢ Date

Hipot Heaters to Coil and Ground.
High Potential Grounded Floating Leakage
Coils, Yoke, Q1 Instrumentation Bus, 8KA and 5kA
All Strip Heaters | Lead Busses and Corrector Coil Busses, RTD’s and Nothing . 4 /,{}
Warm-up Heaters /0

Hipot Coil to Heaters and Ground.

High Potential Grounded Floating Leakage
Strip Heaters, Yoke, Q1 Instrumentation Bus, 8kA ’
Ali Coils and 5kA Lead Busses and Corrector Coil Busses, Nothing - Al n
RTD's and Warm-up Heaters o

((-1(-0

/T glhnié'ian(s) Date

%/é’vfy/ff_,. ,’}/;é/o£

Responsible Authorityfﬁhysicist Date

153 Ensure electrical measurements are acceptable and confirm Hypertronics Connector has
been installed properly.

Fe)

. >, / l16oe,
/ﬁespo?flsibmthority/Physicist Date

)

Q2 LMQXB Cold Mass Modg!e'Assembly LHC Serial No.: LMQXB11-1
) Notes:
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LHC PRODUCTION MAGNETS
HIPOT TEST PROCEDURE WITH HYPERTRONICS CONNECTORS INSTALLED
Technical Division Note #1D-03-014

Prepared by: Ruben Carcagno
Approved by: Mike Lamm
Date: 12/19/2002

Reviewed and approved by Rodger Bossert : 1/30/04

o s W

Q2 LMQXB Cold Mass Module Assembly

507

Q72-0Q2 Connecior
VIEW: Maie {Pin) Solder Cup Side

i
i
)

l ( B Os‘ Osi Os| Os Os| 'sg Os! Qsi Os‘ Os| Os| @35 Os 051 Qs Osl Oai @50 ,HOSWO “f
@ 0: 0 04| O 04 @4 0« @4 04 O« O4f @< 0c| 0=t On O OFf @ale D00 0 O
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VMAI M2 M3 M4 M5 M ‘ M7 ME& M2 ‘M1O M1 M12 M13 M14 MWs MIE MT7 M18 M1 M20 M2t

Q2—Q1 Connector
smale (Receptacle) Solder
{

1 Os

o

: ‘zi
s 3

3303

N
)2

070, e O O

M12 M11 M10 M3 M8 M4

. Connect the Hipot test fixture to the Q2-Q3 connector and to the Q2-Q1 connector. This fixture has all

pins in a group connected together. Groups are separated by blank modules.

Make sure the connectors are completely isolated from ground. It is best to have the connectors
attached to the magnet in their final position using the isolated bracket provided for this purpose. If
this is not possible, make sure that connector rails are not touching ground.

Make sure the magnet bus is isolated from ground. Use Kapton to wrap any exposed bus ends.
Short all corrector bus together. Wrap with Kapton.

. Connect together two SkA and 8kA Bus leads. Connect to ground. Wrap together in Kapton.

COIL HIPOT: From the solder cup side of the Hipot test fixtures, connect all groups together except
the group corresponding to coil voltage taps (group M2 to M6 in the Q2-Q3 connector and group M2
to M3 in Q2-Q1 connector). Connect the groups that are connected together to ground, and connect
the coil voltage taps group in the Q2-Q3 connector to High Voltage. Ramp to 5,000 Volts and record
results.

STRIP HEATERS HIPOT: From the solder cup side of the Hipot test fixtures, connect all groups
together except the group corresponding to strip heaters (group M14 to M18 in Q2-Q3 connector and
group M9 to M10 in Q2-Q1 connector). Connect the groups that are connected together to ground, and
connect the Strip Heater group in the Q2-Q3 connector to High Voltage. Ramp to 5,000Volts and
record results.

LHC Serial No.: LMQXB11-1
Notes:
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16.0 Production Complete
)
16.1 Process Engineering verify that the LHC Cold Mass Module Assembly Traveler
(5520-TR-333643) 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:
Process EngineeriMee Dat:j,. ‘
i
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB11-1
Notes:
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Process Engineering
Component Serial No.

Kit submitted by:
Fermi ID No.

Date submitted:
Need date:

Deliver to:

Use with Traveler No
Job No.

M&S task number:
Drawing Title:

TD - Engineering Fabrir

Aswetial Control

LMQXB11-1 Parts available
Bob Jensen 3173 |} Verified by:
315 Fermi ID No.
25-Aug-06 Date submitted to stockroom:

5-Oct-06 Parts issued

ICB Issued by:
333643 Fermi 1D No.
248 Date issued:
300 | 1.1.1.3.4 ] Parts received by E&F:

Q2 COLD MASS WELDED ASSEMBLY __I

Fermi {D No.

‘ion Component Kit List

M. Schmidt \lﬁ

04223N -1
9/26/2006,
pave .
ZIVCH /AN = ]

333643 - Q2 LMQXB11 - For Rebuilds-1.xls

Page 1 of 4

Drawing No. |ME-390309 Date received by E&F: | ZKSEF 2
Drawing Title IQZ LE HYPERTRONICS CONNECTOR ASSEMBLY |
Drawing No. .ME-413083 IRev. B I
Drawing Title: |Q2 INSTRUMENTATION WIRE FEED THRU ASSEMBLY I
Drawing No. [ME-369896 IRev. B ]
Drawing Title: | Q2 NON-LE HYPERTRONICS CONNECTOR ASSEMBLY I
Drawing No. [MB-4718133 Rev.
Description "?”9 Number |Rev| Unit Quan.my Location Quantity E&F Verified Routing Form Spares Number /
Size Required Issued Number Comment
1 INSULATING VARNISH & ADHESIVE MA 369417 - - AR
2 Q2 MQXB PRODUCTION COLDMASS ME 369655 Cc - | ICB HAS
3 INSULATED BEAM TUBE MD 369802 - - | ICB HAS
Q2 MODULE ASSEMBLY/INSULATED
4 BUS ASSEMBLY ME 369826 D - | ICB HAS
5 WARM UP HEATER BASE PLATE MB 369829 A | EA 4
6 WARM UP HEATER MA 369834 A | EA 4
7 RTD TEMPERATURE SENSOR MA 369835 A | EA 4
8 BUS HOUSING EXTENSION MD 369867 - | EA 1
9 Q2 BUS HOUSING LOCK mB 369870 B | EA 1
10 Q2A BUS HOUSING EXTENSION MD 369872 B | EA 1
1 Q2A BUS HOUSING EXTENSION mMC 360873 Al EA 1
BASE
Q2 BUS HOUSING EXTENSION
12 COVER MB 360874 A | EA 2
13 BUS HOUSING END SUPPORT mc 369892 A | EA 2

Serial No. LMQXB11-1



TD - Engineering Fabri

tion Component Kit List

el . Dwg Cremntity " Quantity " Routing Form Spares Number /
. Description Size Number |Rev| Unit Required Location \ssued E&F Verified Number Comment
14 | RTD MOUNTING BLOCK MA | 369893 | B [ EA 4 ICB HAS
Q2 LOCK-INSTRUMENTATION BUS
15 | CHANNNEL MB | 369937 | - | EA 1 ICB HAS
16 | SHCS 4-40 x 1/4" S.S. MA | 369938 | - | EA 8 ICB HAS
LEAD SPLICE CABLE CLAMP
17| AssEMBLY MB | 369981 | - | EA 2 ICB HAS
~~.| 18 | Q2 TRANSITION AREA SLEEVE mMc | 390112 | B | EA 1 B4
19 | IP END DOME WELDMENT MD | 390197 | B | EA 1 ICB HAS
MCBX CORRECTOR MOUNTING
2| goacER Mc | 3%0203 | - | EA 4 ICB HAS
MCBX CORRECTOR MTG. FLAT
21 | \ASHER MB | 390228 | - | EA 4 ICB HAS
TRANSPORTATION RESTRAINT
22 | 40 USTING SCREW MB | 390230 | A | EA 4 ICB HAS
1/2 - 20 x 3.5" SILVER PLATED
N o MA | 390248 | - | EA 4 ICB HAS
24 | NONIP END DOME WELDMENT MD | 390253 | A | EA 1 ICB HAS
MCBX TRANSPORTATION
25 | RESTRAINT NUT MC | 390204 | - | EA 4 ICB HAS
26 | BEAM TUBE FLANGE MC | 390300 | B | EA 2 ICB HAS
MCBX CORRECTION COIL i
27 | SSEMBLY MD | 390312 | - | - |ICBHAS
28 | CORRECTOR SHIM, 0.002" MA | 390482 | - | EA 4 R2,2,4 “! L 7q /Z; 32 pes.
29 | CORRECTOR SHIM, 0.005" MA | 390483 | - | EA 4 R2,2,4 L{ I 7@ / Z(// 52 pcs.
4
30 | CORRECTOR SHIM, 0.010" MA | 390484 | - | EA 4 R2,2,4 L{ \/ 7 ?/ Z 9 24 pes.
31 | CORRECTOR SHIM, 0.015" MA | 390485 | - | EA 4 R2,2,4 \/ 79‘[ }6 28 pes.
32 | MCBXCORRECTORMAGNETFACE | [ ..o [ [, 4
PLATE
33 | SHCS#10-24 UNCx1.00LGSTNSTL | MA | 393011 | - | EA 4
34 | 1/4-28 x 1" HEX SHCS, §.S. MA | 393029 | - |EA| 186
#10 - 32 x 0.188" CUP POINT SET
35 | SCREW.S.5. MA | 393030 | - | EA 8
36 | SHCS 1/4-20 x 1.25" MA | 393178 | - | EA 8
37 | SHCS1/4-20x 1/2" 8.8, MA | 393179 | - | EA| 14
38 | SHCS M4 x 10mm SS MA | 393180 | - | EA 8

333643 - Q2 LMQXB11 - For Rebuilds-1.xls

Page 2 of 4
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TD - Engineering Fabri- ‘ion Component Kit List

e Description D.wg Number |Rev|Unit ntity Location
Size Required
39 PLAIN FLAT WASHER M4#6 MA 393181 - | EA 8 ICB HAS
40 SHCS 1/4-20 UNC x 1.00 LG STN STL MA 393199 - | EA 4 ICB HAS
4 SHCS #6-32 UNC x .625 LG STN STL MA 393264 - | EA 10 ICB HAS
42 6-32x .875" LG STN STL MA 393265 - | EA 4 ICB HAS
43 SHCS #6-32 UNC x 1.25 LG STN STL MA 393266 - | EA 4 ICB HAS
44 Q2A LEAD SPLICE END TRIANGLE MB 430013 - | EA 1
YPN-TS'ENSI INNECTOR A BLY M8 m B | Ea a |CB HAS
CONNECTOR COVER & ACCESS .
45 COVER (23 UNITS) MmC 418067-A EA 1 ICB HAS
48 GROMMET MA 418113 * | EA 1 ICB HAS
47 CLAMPING BAR MA 418112 * | EA 1 ICB HAS
48 TIE-DOWN LINK MA 418109 * | EA 4 ICB HAS
49 (Szl;:;z%'r ARM WELDMENT mC 418080-A | * {PAR 1 ICB HAS
50 SCREW - #6-32 x 3/8 L.G. MA 418116 * | EA 4 ICB HAS
51 SCREW - #4-40x 1/2 LG. MA 418117 * | EA 4 ICB HAS
52 THREADED STUD ASSEMBLY MA 418114 * | EA 4 ICB HAS
23 UNIT MALE (PIN) RACK .

53 (Q2 - Q3 CONNECTOR) MA 418107 EA 1 ICB HAS
54 ANTI-ARC KAPTON MA 418143 * | EA 17 ICB HAS
Q2 INSTRUMENTATION WIRE FEED THRL,

2 INST? NATATI NL)I/R EED THRU. ME 369896 5 | ea W |CB HAS
55 Q2 WIRE FEED-THRU CHANNEL mc 369899 * | EA 1 ICB HAS §
56 PRODUCTION AID KEVLAR STRING MA 3699712 * A/R ICB HAS ¢
57| JZMODULEASSYINSTR.CHANNEL | yp | 360041 | * [EA | 11 |icBHAS

HYPERTRONICS CONNECTOR ASSEMBLY .
T TORASSEMBLY | w5 | 4r8133 | * |4 | (1 |icBHas
CONNECTOR COVER & ACCESS . ;
58 COVER (13 UNITS) MC 418067-A PAIR 1 ICB HAS
59 GROMMET MA 418113 | *~ | EA 1 ICB HAS |
60 CLAMPING BAR MA 418112 | * | EA 1 ICB HAS

333643 - Q2 LMQXB11 - For Rebuilds-1.xIs

Page 3of 4

Quantity
\ssued E&F Verified

Routing Form
Number

Spares Number /
Comment
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— . Dwg . Mtity Quantity " Routing Form Spares Number /
. Description Size Number |Rev| Unit Required Location \ssued E&F Verified Number Comment
61 SCREW - #6-32 x 3/8 LG. MA 418116 * | EA 4 ICB HAS
62 THREADED STUD ASSEMBLY MC 418114 * | EA 4 iCB HAS
63 13 UNIT FEMALE (PIN) RACK MA 418108 | A | EA 1 ICB HAS
333643 - Q2 LMQXB11 - For Rebuilds-1.xIs Page 4 of 4
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. CERN

LHC ICP Document No.
CH-1211 Geneva 23 LHC-MCBX-FR-0001 rev. 1.0
Switzerland L EDMS Document No. )
the
Large
Hadron
Collider
project
- g . )
Certificate of Conformity
Part name: MCBX Inner Triplet Dipole Corrector
raC Identification HCMCBX_001-S1000007 | Serial No.: HCMCBX_001-S1000007
] H 7
Shipped To: CERN Shipment No 0
Shipment 30/06/03
Manufacturer: SIGMAPHI Contract No.: L F375/LHC/LHC
Related tech.
Specification: LHC-MCBX-CI-0001 and addenda
Related drawings: LHCMCBX_0012 (1525-CN-1001)
; Tel. +41 22 767 4305
ggf{mnsmle person at Mikko Karppinen - - -
. E-mail. Mikko.Karppinen@cern.ch
| _ . —~ - . N
Responsible person at . - Tel. +33 2970108 80
Damien Neuvéglise
SIGMAPHI: g E-mail. dneuveglise@sigmaphi.fr
SIGMAPHI certifies that the delivered material conforms to the technical specification mentioned above:
Date: 30/06/03 Name: D.Neuvéglise Signature:
D.Neuvéglise
Acceptance test results
MCBXV (Inner) MCBXH (Outer) | Remarks:
RT dc SIGMAPHI: 18.1 22
resistance
(Q): CERN: 17.4 21.24
CMAL;
SIGMAPHI: 62.97 / 113.53 68.38 / 162.15
Inductance
@1 kHz/100 | CERN 63.02 / 84.39 58.57 / 97.77
Hz (mH) CMA:
R.T. leakage | SIGMAPHI: 0.416 0.125
current to CERN: 0.009 0.023
ground @
1.5kV (A): | CMA:
Cold Mass Assembler
Visual Accepted: [J
inspection
Name / Rejected: [
|_Signature
Date
\_ J

! Cold Mass Assembler
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Comments
(SigmaPhi ):

Comments (CERN)

The magnetic axis of this assembly has not been measured at warm.

The scribe line is made relative to the dowel pin holes on the connection plate.

During combined powering field was rotated 0-360 deg at 90 % (495A) of the
nominal current (550 A) @ 1.9 K.

During individual powering both the MCBXV and MCBXH reached 700 A.

Comments (CMA):




