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TD/Engineering & Fabrication

Revision  Step No.

Revision Page (1 of 2)

Specification # 5520-TR-333643

April 7, 2004
Rev. C

Revision Description TRR No. Date

None N/A

A 6.5

6.10

7.18

7.22
7.29.2

7.36

3.1
11.11

11.13
13.1
14.1
14.2

B G.11
7.1

7.2

1.3

7.4

7.5

122

723

Initial Release N/A

Modified Step. Changed MiniLevel Tolerance to +/- 0.05 mm/m per Tom 1513
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 splice 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. HG(Q-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
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 Isopropy! 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 LMQXBO04. 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 LMQXB04. Step 5.5
Removed Step. “‘Hipot the SkA Lead Bus to the 8kA and 13 kA Lead Busses
on table before inserting into magnets. Power the 5kA bus to 3000V and
ground the 13kA Lcad Bus and the 8kA Lead Bus.

(Max. Leakage < 0.54A).” 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 < (.5uA)”" Moved to Q2 Bus Assembly Traveler
(333721) per LMQXB04. Step 5.7

Modified Step. Added a “Floating” Column Heuader 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 LQXBO4.

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0

Page 2 of 86

10/15/02

7117703

1/15/04

Notes:



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

April 7, 2004
Rev.C
Revision Page (2 of 2)
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 2 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 1.4 Removed Step. “All personnel performing steps in this traveler must have 1602 477/04
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
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 < 0.5pA).”
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”
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0
Notes:

Page 3 of 80



TD/Engineering & Fabrication

Specification # 5520-TR-333643

April 7, 2004

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

1.2

1.4

1.5

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

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.

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

Personnel shall perform all tasks in accordance with current applicable ES&H guidelines
and those specified within the step.

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

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 Parts Kit received is complete.

1 ﬂ 3
/ 25/
Date /
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB06-0
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TD/Engineering & Fabrication Specification # 5520-TR-333643
April 7, 2004
Rev.C

3.0 02 Module Alignment

XXX 3.1 Record the serial number for each Magnetic Component Assembly.

Q2a Serial Number: MOXB ﬁq e 7

Q2b Seéfial Number: MQOXB o7

'_!‘ I\EBX Serial Number: "1 EX, 3 |
fiod 7

()‘ﬁsible F\{nhoritnyhysicist Date

32 File th:e End Plate Welds, and Alignment Welds at the Non-Lead End of Coldmass Q2a to

llow iter Body Tube (MC-390112) to fit properly.
W, §-7a.0f

Te niciaﬁ(s) Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0
Notes:
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TD/Engineering & Fabrication Specification # 5520-TR-333643
April 7, 2004
Rev.C

4.0 (2a Magnet Placement (Module Assembly Tooling)

4.1 Configire tooling for Q2a/Q2b Cold Mass assembly per (ME-369768).
%f)/ G-28-0F
/ﬁchﬁi’cian(s) Date

4.2 Configure tooling for Corrector Mounting per (ME-369780), 13.780 Diameter Corrector

Magne
= y 4 -9 oF
chni’(fan(s) Date
4.3 Confi tooling for End Dome Mounting per (ME-369765, View F-F) (Insert Item 22).
R o 4 ? o —
{ > -~}
echnician(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). ‘ .
e F-2i-0f

/echnician(s) Date
4.5 otate the Q2a Cold Mass, such that the Weld Keys are approximately at a 45° diagonal.

Weld Keys Weld Keys

 ead End Non-Lead End

o r——

%‘Qo_} G 29 o

/fzhnician(s) Date
4.6 lide the Center Body Tube (MC-390112) over Return End of Q2a Coldmass as per

2 Cold Mass Welded Assembly (ME-390309). .
%&@ 4.2 q .G

. Aechnician(s) Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0

Notes:
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TD/Engineering & Fabrication Specification # 5520-TR-333643
April 7, 2004
Rev.C

5.0 02b 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).

Nz — G. 723 oF
/(' echnician(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 +/- 2 mm

Note(s):
Needs to be the warm magnetic offset 6519.6 mm, plus 3/16" (4.4mm) allowance for

weld shrinkage.
jﬁ%@ G295 .0
/[?éhniciaﬁfs) Date

5.3 Rotate the Q2b Cold Mass such that the Weld Keys are approximately at a 45° diagonal.

Weld Keys Weld Keys

Lead End Non-Lead End
/{)\/5@ 4. 29-0F
chnician(s) Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: EMQXB06-0

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

April 7, 2004
Rev. C

6.0 Q2a/ (Q2b Module Alignment

Q2a

XXX ol Determine and record the location at which the level gauge should be mounted to the
Cold Mass.
Distance from Lead End Plate: / / % inches.
Pt~ 4/ ~ 74
Responsible Authority/Physicist Date
6.2 Moum the Twist Measurmg F1 Xture /yhe Q2a Cold Mass at the assigned position.
Gl 2/ - et yARS UL
Technician(s) Date
6.3 Mount the Precision V Block to/bc gp-of the Twist Measuring Fixture,
-
/zé‘/t’/ P e//}”f/éﬁf
Techrfician(s) & Date
6.4
Y (o, Jb'7
Date
6.3 Rotate the Q2a Cold Mass until the Mini Level reads Horizontal 0.00 mm/m
(+/- 0.05 mm/m).
Note(s):
ini “zeroed” at reference stand location before this operation.
" G- z25-2Z
f echn'{czlan(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOQXB06-0

Notes:
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TD/Engineering & Fabrication Specification # 5520-TR-333643
April 7, 2004
Rev. C

b, Q2b

XXX o666 Determine and record the location at which the level gauge should be mounted to the Q2b
Cold Mass.
Distance from Lead End Plate: /f o inches.
— .
7 o 4/79/>4
Responsible Authority/Physicist Date !
6.7 Mount the Twist Measuring Fj ifé to the Q2b Cold Mass at the assigned position.
N ” < .
4// . ,7//,/, %% 4
Technician(s) ki Date

6.8 Mount (HePrecision to the top of the Twist Measuring Fixture.
/e 4 29 -0%
Tﬁﬂmcian(sj Date

6.9 Place the Mini Level on the top s V Block.

- s
- '?'_..7 T - T
echnician(s) Date

6.10 Rotate the Q2b Cold Mass until the Mini Level reads Horizontal 0.00mm/m
(+/- 0.05 mm/m).

e

,.W'
Note(s):
ini ; “zeroed” at reference stand location before this operation.
f 4 29
/&hnician(s) Date
6.11 Perform a Stretched Wire Verification Measurement.
i,
N * 4 [24/04
Techni 1:1%(5}“"’ = Date
[
Q2 LMQXB Cold Mass Module Assembly LHC Sertal No.: LMQXB06-0

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

April 7, 2004
Rev.C
7.0 Bus & Instrumentation Connection and Assemnbly
Note(s):
Figure “7.0-A” shows the configuration of magnet and corrector bus leads in a Q2
Magnet.
(Magnet Bus Leads) (Corrector Bus Leads)

Superconductor

13Ka

Copper

VA2 iVB2 IHA2 IHBZ

w I
PP I VA1 IVB1 IHA1 IHB1
8Ka Superconductor
Copper
Vi L
(Corrector Bus Leads)
Superconductor S
Copper R N 13Ka
omommiieas P
' Copper
Superconductor 8Ka
Copper
i | king into | | End of Q2a)
Figure 7.0-A
Q2 LMQXB Cold Mass Module Assembly LLHC Serial No.: LMQXB06-0
Notes:
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TD/Engineering & Fabrication Specification # 5520-TR-333643
April 7, 2004
Rev. C

7.1 Slide Completed Bus Assembly (ME-369826} into Q2 as per Q2 Module Assembly
(ME-369895). o
A h -T-oA
/{e/lhnician(s) Date

7.2 Connect the Bus Housing Lock (MB-369870) to the Bus Assembly (ME-369826) and
N szﬁum End Plate as per Q2 Module Assembly (ME-369895).

arryes T 7-of
j&hniciﬁn(s) Date

7.3 Connect the Bus Housing End Support (MB-369892) on the Q2a End per (ME-369895).
4@ <. V-0 g

7f echnitian(s) Date

7.4 %ﬁ Bus Housing End Support (MB-369892) on the Q2b End per (ME-369395).

5 7-0OF
/7€chnicianfs) Date

7.5 Set up the Power Leads for splicing. Create a 34" space behind the Kevlar wrapped Leads
to al ||I y A1 Contraction differences between the bus and Cold Masses

S/ 2/

'“’;’J
Tec }ﬁcian(s) ~ Date
i

7.6 Sdlder 13kA bus to Q2a Quadrant 4 lead as per (2 Module Assembly (ME-369895) per

Cable Splice Joint Procedure (ES-369950).
S/7/0Y

Tﬁﬁni‘(a:-i;n(s) Date
7.7 Cut Quadrant 4 Lead at end of splice per Drawing (ME-369895).
- <. /2-0F
/ Tgchnician(s) Date
7.8 Insulate splice area with % overlap, .001 x 3/8 wide kapton.
SVARYEY
Date

7.9 Attach the Q2a Bus Housing Extension (MD-369872) to Q2a Lead as per
Q2 Module Assembly (ME-369895).
| | S /1Yy /oy

"yﬁoﬂni‘ﬁ'ﬁiﬁ(s) = Date
7.10 Attach the Q2a Bus Housing Extension Base (MC-369873) to Q2a Lead as per
Q2 Module Assembly (ME-369895).

e \Sﬁ /! Y / oy
Tﬁ{nician(s)\\j Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0

Notes:
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TD/Engineering & Fabrication Specification # 5520-TR-333643
April 7, 2004
Rev. C

T.11 Attach the Q2a Bus Housing Extension Cover (MID-369874) to (J2a Lead as per

Q2 Module Assembly (ME-369893).
ok, S/t

chhnilian(s) - Date

7.12 Solder 13kA bus to Q2b Quadrant 4 lead as per Q2 Module Assembly (ME-369895) as
~ per LB Cable Splice Joint Procedure (ES-369950).

K & 309
/7echméian(s) Date

7.3 Cut Q2b Quadrant 4 Lead at end of splice per Drawing (ME-369895).

) /509

-
//f eci'ﬁlician( 8) Date

7.14 Insulatg.splice area with 3% overlap, .001 x 3/8 wide kapton.
D S 309

e o
ya /l‘ echnician(s) Date

1.15 Attach th_e (Q2b Bus Housing Extension (MD-369867) to Q2b Lead as per Q2 Module
{ME-369895).

- B— -~ |
A ‘ S -3 C5F
P ;é/ch’nician(s) Date

7.16 Attach the Q2b Bus Housing Extension Cover (MD-369874) to (Q2b Lead as per
(22 Moduyte Assembly (ME-369895).
o /;/‘—'__-\

7 _Sieas S o
TgChnician(s) Date
2 LMQXB Cold Mass Module Assembly LHC Serial No.: ILMOQXBE06-0

Notes:
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TD/Engineering & Fabrication Specification # 5520-TR-333643
April 7, 2004

Rev. C
XXx 717 Hipot the S5kA Lead Bus to all other components at 5 kV. Ensure that all Magnet
components (i.e. both Yokes, all Coils, Strip Heaters and 8kA Bus) are grounded.
(Max. Leakage < 0.5nA)
{Magnet Bus Leads) (Corrector Bus Leads)
Superconductor
13Ka c
. opper VA2 IVBZ IHA2 IHBZ
Superconductor
Ppe 1 va1 lVB1 IHA1 IHB1
8Ka Superconductor
Copper
Vi Looking into Q2b)
Power Lﬁs;goit:ssembly Leakage or Failure Voltage Floating Pass | Fail
RTD’s and Warm-
5kA to ali other componﬁcnts L ,]nq 1, }AQ up Heaters /
A S-/3-ox
[Zchnician(s) Date
Rode B S-\3-0 4
ResponsibQ‘Authority/Physicist Date
Q2 LMGQXB Cold Mass Module Assembly LHC Serial No.: LMOXB06-0
Notes:
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TD/Enginecering & Fabrication

7.18 Prepare Q2a Lead End Instrumentation wire bundle. Wrap the Q2a Lead End
instrumentation wires into Bus Cable as per (MB-369897). Wire Labels and descriptions

are shown in Table 7.18 and per (MB-369897).

Note(s):

Specification # 3520-TR-333643
April 7, 2004

All wires in this table have been previously soldered to the Magnet except
for the Cryogenic (warm-up) Heater Wires.

Rev.C

Q2a bundie MB-369897 (From Lead End of Q2a)
Wire Description Fermi Label | CERN Label Gauge
Q2a Lead Voltage Tap "a", primary VTa1Q2a EE1112 26 | Twistall
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 Voitage Tap "b", redundant VTbh2Q2a EE1322 26 three
Q2a Center Voltage Tap "c”, redundant VTc2Q2a EE1222 26 | together
1/4 coil tap (Q1 inner - Q3 outer) VTdQ2a EMPTY 26
1/4 coil tap (Q2 inner - Q4 outer VTeQ2a EMPTY 26
Q2A Cryogenic Heater lead end - wire toward e . '
cold mass end plate (CERN #1 I+) W1a@2A E’ﬁ“a‘ 2+ 20 a;:’_lt_‘:‘::st
Q2A Cryogenic Heater lead end - wire toward N | : Together
cold mass mag center (CERN #1 1) W2aQ2A EH8312 20
Q2a Protection (Strip) Heater, 1-4 & 2-3 circuit
(FNAL lead A+) (CERN lead #1+) H1aQ2a YTiTi2+ 20 1 st
Q2a Protection (Strip) Heater, 1-4 & 2-3 circuit together
(FNAL lead A-) (CERN lead #1-) H2aQ2a YTz 20
Q2a Protection (Strip) Heater, 1-2 & 3-4 circuit
(FNAL lead B+) (CERN lead #2+) H1bG2a YT11224 20 1 wist
Q2a Protection (Strip) Heater, 1-2 & 3-4 circuit together
(FNAL lead B-) (CERN lead #2-) H2bQ2a Y122 20
Table 7.18
\IC;/‘) s \4 i
o ‘T‘?éhnician(s) Date
/
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOQXB06-0
Notes:
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TD/Engineering & Fabrication Specification # 5520-TR-333643
April 7, 2004
Rev.C

7.19 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

S-/5 -o¥

//?nician(s) ) Date
XXX 720 erify that there is sufficient slack in cable to allow for differential thermal contraction.

Rede, QK 5-(S-04

Rt‘:sponsib!@AuthoPity/Physicist Date

s\

7.21 R\emove 92;1 bu?d“lifrom Q2 Assembly.

—

e T-/7 - o

g '#/Teéhnician(s) Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0
Notes:
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TD/Engineering & Fabrication Specification # 5520-TR-333643
April 7, 2004
Rev. C

7.22  Slide Instrumentation Bus Assembly (ME-369896) 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 (O2b Non Lead End as per Q2
Module Assembly (ME-369895, page 4 of 4).

Refer to Figures 7.22-A, 7.22-B, 7.22-C, 7.22-D and Drawing (ME-369895) to see the
itions at which all wires are attached to the End Plates.

AN 5 //\S//U \';/

4 Date
FERAMI CERN

Strip Heater Wires H1aQ2b i? 132+

(installed at Final H2aGz2b 1132-

Cold Mass Assembly) H1bQ2b YT1142+ Lead voltage taps FERMI  CERN
H2bQ2b YT1142- 1 (installed at Final VTalQ2b EE1412

Cold Mass Assembly) VTb1Q2b EE1612
VTa2Q2b EE1422
VTh2Qz2b EE18622

Y2 coil voltage taps
(installed at Final
Cold Mass Assembly

FERMI CERN
VTc1Q2b EE1512
VTc2Q2b EE1522

Cryogenic (Warm-up)
Heater Wires {installed at
Q2 Module Assembly)

FERMI CERN
W1aQ2B EHB8332+
(toward cold

mass end piate)

W2aQzB EH8332-
(toward cold

mass mag centar)

Instrumentaticn wire
channel (installed at Q2
Module Assembly) % coil voltage tap
(installed at Final
Cold Mass Assembly)
FERMI CERN

VTeQ2b EMPTY

¥ coil voltage tap
(installed at Final
Cold Mass Assembly)
l FERMi CERN
VTdQ2b EMPTY

Looking at Lead End of Q2b

Figure 7.22-A

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB06-0
Notes:
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TD/Engineering & Fabrication

RTD {thermometer)
Wires (installed at Q2
Medule Assembly)

Heater Wires
(installed at Q2

(toward cold
mass end plate)

wabQz2B

(toward cold
mass mag center)

Cryogenic (Warm-up)

Module Assembly)
FERMI CERN
W1bQ2B EH8342+

EH8342-

Specification # 5520-TR-333643
April 7, 2004
Rev. C

RTD (thermometer)

Wires (installed at Q2

Module Assembly)
FERMi CERN
TaQ2b TT8332

Looking at Non-lead End of Q2b

Figure 7.22-B

Q2 LMQXB Cold Mass Module Assembly

Page 17 of 86

LHC Serial No.: LMOQXB06-0
Notes:



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

April 7, 2004
Rev.C
RTD (thermometer)

RTD (thermometer) ) !

Wires (installed at Q2 Wires (wAstalled at Q2

Module Assembly Module Assembly

FERMI CERN FERMI CERN

TaQ2a TT8312 ThQ2a TT8322
Cryogenic (Warm-up)
Heater Wires

O (installed at Q2
—_—— e - - - - Module Assembly) - -
O
FERMI CERN
W1hQ2A EHB322+
(toward cold
mass end plate)
W2bQ2A EH8322-
{toward cold
mass mag center)
!
Looking at Non-lead End of Q2a
L
Figure 7.22-C
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0
Notes:
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TD/Engineering & Fabrication Specification # 5520-TR-333643
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. , FERMI CERN
Protection (Strip) ima YT1142+
Heater Wires

(installed at Final H2aQza YT1112-

H1bQ2a YT1122+ )
Cold Mass Assembly) | H2bQ2a YT1122- Lead voltage taps (installed at

Final Cold Mass Assembly)
S FERMI  CERN
VTa1Q2a EE1112
VTb1Q2a EE1312
VTa2Q2a EE1122
VTh2Q2a EE1322

\H

¥ coil voltage taps
(installed at Final Cold
Mass Assembly)

FERMI CERN

VTc1Q2a EE1212
VTc2Q2a EE1222

Instrumentation wire
channel (installed at Q2
Module Assembly)

¥ coil voltage taps
(installed at Final Cold
Mass Assembly)

(installed at Q2
Module Assembly} Ciggﬁa (EJhEMI:{’_l;J_Y

] Y4 coil voltage taps
W1aQ2A EH8312+

FERMI
instalied at Final Cold
(toward cold mass end plate) (

Mass Assembly)
W2aQ2A EH8312- ]

(toward cold mass mag center) FERMI CERN
VTdQ2a EMPTY

Cryogenic (Warm-up)
Heater Wires

Looking at Lead End of Q2a

Figure 7.22-D

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0
Notes:
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’X/_\ RCV. C
7.23 Install Warm-up Heaters (ME-369834) to tife Non-Lead End ot Q2a and Q2b as per
'{{QSL Q2 Module Assembly (ME-369895).
'SLO 7.23.1 Install Warm-up Heaters (MA-369834) onto the Warm-up Heater Base Plate
\g (MA-369829).

7.23.2  Solder wires (MA-369833) to the Warm-up Heaters as per (ME-369895).

7.23.3  TInstall Warm-up Heater Base Plates (MA-369829) by bolting into holes in End Plate.
{Check each box as Heater is installed.)

Warm-up Heater #1 El/
Warm-up Heater #2 g
Warm-up Heater #3 B
Warm-up Heater #4 g
,%/ﬁ = S-17.03

~ ?:hnic'fan(s) Date

7.24 Instail RTD’s as per Q2 Module Assembly (ME-369895). Record Serial Numbers of
each RTD in the table below. Attach Data Sheet for each RTD to traveler.

7.24.1 Attach RTD’s (MA-369835) (Qty. 2) to each Return End Plate as per
Q2 Module Assembly (ME-369895).

7.242  Solder wires (MA-369836) to RTD's as per Q2 Module Assembly
(ME-369895). Individual RTD wiring is shown in Figure 7.24.2-A below.

TOP VIEW
BLACK
FofF-——-—--------
= ! YELLOW
I II-—————_———_———
o
| 1 e e e e e e e - RED
1, -
- I GREEN
R
Figure 7.24.2-A
A " b’//\f /d(/
Technician(s) ~oS Date 4
Q2 LMQXB Celd Mass Module Assembly ILHC Serial No.: LMOQXB06-0

Notes:
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725 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 muitimeter.
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).
B. Read resistance in chms and record in traveler.
Hewlett
Packard HP3457A SENSE INPUT
—— OO0 oooco H Q.
s I [ e ot I st I s *"“\2’
= OO o Lo ’\~
Line 3 3 e I s e e [ e f e [ SSg SL ’
Ooobo o o
A
/.r \\ 7
OHMF Bution Blue {function) Button

U+ Black
!+ Yelluw | SRR ——. P~
U- Red
I- Green [-————"
Thermometer o
(RTD)
RTD’s
Temperature of Building (+/-5°): __"7Y °
Serial No. Location Fermi CERN Measured O F
s x 14718 Q2a Inst. Bus Side | TaQ2a | TT8312 bY. 3Y &
Cylsx [ LTEo Q2a Non-Bus Side | ThQ2a | TT8322 | ¥.585
Cxl b Xit=a.53 Q2b Inst. Bus Side | TaQ2b | TT8332 Gl 31y
CXLS X 1 1YS Q2b Non-Bus Side | ThQ2b | TT8342 b5 957

e,

Q2 LMQXB Cold Mass Module Assembly LHC Seriat No.: LMQXB06-0
Notes:
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To measure the resistance of a Cryogenic (warm-up) Heater

N oD

measurement).

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.
Push OHMF button.

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

April 7,2004
Rev. C

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 hms and record in traveler,

Hewlett
Packard

HP3457A

oo | o Y s I o
s — ) —
o e ) s |

SENSE INPUT

2

Line =3 L3 CCac./3 o | s Y s s e Y o
Dooboaoaoa ©
f 3 Pl -
/ \
OHMF Button Blue (function} Button
Warmup
Heater
Cryogenic (warm-up) Heaters
Temperature of Building (+/- 5°):
Location Fermi CERN Measured Q
W1aQ2A EH8312+ )
Q2a Lead End Q | 6. 955

W2aQ2A EH8312-
W1bQ2A EH8322+ y

Q2a Non-Lead End 16. 55\
W2bQ2A EH8322- )
W1aQ2B EH8332+

Q2b Lead End /¢

W2aQ2B EH8332- J

02b Non-Lead End W1bQ2B EH8342+

on-Lead En
W2bQ2B EH8342- /é.557
NY VXYY

Mnician(s) \J

(2 LMQXB Cold Mass Module Assembly

Page 22 of 86

Date

LHC Serial No.: LMQXB06-0

Notes:
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XK £ . o WAk wsT rlareH
WS Gl s 22T
— T 16
e e {(Max Leakage < 0.1 pA)

-~

Srep descriprien)
h‘"‘——...‘_‘__h\ [

Hipot Cryogenic (warm-up) Heaters (300 V) and RTD’s (I

( Specification # 5520-TR-333643
April 7,2004
Rev.C

to ground.

Cryogenic (warm-up) Heaters

Temperature of Building (+/- 5°):

Location Fermi

CERN

Resistance

Q2a Lead End W1aQ2A

EH8312+

W2aQ2A

EH8312-

W1bQ2A

EH8322+

Q2a Non-Lead End
W2bQ2A

EH8322-

Q2b Lead End WiaQ2B

EH8332+

W2aQ2B

EH8332-

Q2b Non-Lead End W1bQ2B

EH8342+

W2bQ2B

EH8342-

—

Technician(s)

>

RTD’s

/

/

Serial No. Location

Fermi

CERN

/Cx- s X 1L 7.€C Q2a Inst. Bus Side

TaQ2a

TT8312

Cx_ LS 1 )S0 Q2a Non-Bus Side
f -

ThQ2a

TT8322

Cx.Ls X 1LI1S3 Q2b Inst. Bus Side

TaQ2b

TT8332

Q2b Non-Bus Side

Cx-tS > 1LY S

ThQ2b

TT8342

Technician(s)

Date

H CATERZS @ SO0 v

1»’13‘;

Q2 LMQXB Cold Mass Module Assembly

@(O(D\;

Page 23 of 86
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7.27 Install the mounts for the MCBX Corrector Magnet (MD-390312) on the Return End of

(Q2a as perQ2 Cold Mass Welded Assernbly (ME-390309).
S-17-0%

/fmiciarl(s’) Date
7.28 ' /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.
, Sof7-0%F
_ATehnictan(s) Date
720 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.

ST 70T

Date

/Technician(s)

7.30  Ensure that the MCBX Corrector Magnet (MD-390312) is against the Mount Hardware

and th¢ bolts are “snug”, before leveling and rotating. \ I
= |

Crew Chief Date

7.31 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.

’ S Q- oY
) /‘ echnician(s)

Date
7.32 ° Rotate the MCBX Corrector Magnet (MD-390312) such that the Mini Level is Horizontal

0.00 +/- 0.05 mm/m).
i ot
./%hnician(s) Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-(
Notes:
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7.33 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

ile monitoring levels.
Sl OF

hnician(s) Date

XXX 734 éérify Alignment of MCBX Corrector Magnet (MD-390312) as per Q2 Cold Mass Welded
Assembly (ME-390309).

’r/-pﬂﬂ-- g// 5/ ot

Responsible Authority/Physicist Date

7.35 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
Assembjy (ME-369895).

g > S -/18-0F
ﬂ" %:hnic'ian(s) Date

7.36 Attach Voltage Tap Wires to Corrector Magnet (MD-390312) as per Q2 Module

Assembly (ME-369895).
32( Scad STAB8-OF
/ /’[chhnici’;n(s) Date

7.37 Wrap the Correction Coil Mounting Blocks (MC-390203) (Qty. 4) with 3 mil Kapton as
per Q2 Module Assembly (ME-369895).

T i T-/8-F

Pechnician(s) Date

7.38 Solder MCBX Corrector Magnet Voltage Tap Wires (MA-369832) as per Q2 Module
Assembly (ME-369895).

Vo e > /-0

Fefhnician(s) Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0
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 43008 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 I g 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.

—~oLmNOO LN

e —

EE1322 (Q2a) EE1312 (Q2a}
EET622 (Q2b) EE1612 {Q2b)
VTh2 (FNAL) VTbt (ENAL)

Pole
Splice

EE1122 (Q2a)
EE1422 (G2b)
VTa2 {FNAL)

EE1112 {Q2a)
EE1412 {Q2b)
¥Tal (FNAL)

] EE1212 (G2a)
EE1512 (G2b)
¥Tel (FNAL)

EE1222 (Q2a)
EE1522 (G2b)
VTe2 (FNAL)

vTd
EE1522 (Q2b)
BlvTea (FnaL) B

EEt122 (Q2a)
EE422 (Q2h)
VTa2 (ENAL)
EE1112 ((2a)
EE1412 (Q2b)

EE1212 (Q2a)
EE1512 (Q2b) ___.gg
¥Tet (FNAL)

EE1312 (Q2a) EE1322 (Q2a)
EE1632 (Q2b) EE1622 (Q2b)
VTb1 (FNAL) VTb2 (FNAL) |

Pole
Splice

AR R R U R

AT 1 U TR

et 43008 "
© o d
Reslstance
Test Temp VLooj ILo
Full Scale 20mV 200mY 2v Current Comp
voltage [ JI—L—1 O C3
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB06-0

Notes:
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Check resistance of Redundant Voltage Taps.

April 7, 2004
Rev.C
(Q2a) Resistance Nominal ~ 560 to 585 mQ
Voltage Tap Serial Numbers
g‘ P - Quadrant Total Resistance
Connect| Fermi CERN Quadrant
Vu |VTdQ2a [EMPTY
: Quadrant 1
Vo |VTelQ2a |EE1212 : 5—7(5\? me
VHI VTle2a EE1212 ~ ul
Quadrant 2 S
Vio |VIeQ2a |EMPTY b S 7% mQ
Vi [VTalQ2a [EE1112 N 7 :
—— Quadrant 3 D Yo X1
Vio |VIdQ2a |EMPTY o me
V|-|| VTeQ2a EMPTY T
Quadrant 4
Vio [VTblQ2a |EE1312 J 798 e
Vg [VTalQ2a [EE1112 Total Cold Nominal ~ 2.305 Q
Vo |VTblQ2a |EE1312 Mass 2513 o)
L S-79-04
ytfhnician(s) Date

Q2a Redundant Voltage Taps
Connect Fermi CERN Resistance
y
¥, VTa2Q2a EE1122
M 2Q : 115s
Vio VTc2Q2a EE1222 Q
Vi VTc2Q2a EE1222 -
LS 77
-2
yf%g_) §./9-0o9
;gfﬂnician(s) Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOQXB06-0

Notes:
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To measure Ls and Q of a Bussed Q2:

1.

2
3.
4

cLo@N® O

EE1322 {Q2a)
EE1622 (Q2b)
VT2 (FNAL)

EE1122 (Q2a)
EE1422 (Q2b)
¥Ta2 (FNAL)

EE1112 (Q2a)}
EE1412 {Q2b)
VTal (FNAL)

%—f EE1522 (Q2b)|f
VTc2 (FNAL) I;

Use Hewlett Packard HP4284A digital LCR meter.

Turn line switch to on. The words “Measurement Display” should now be
highlighted in the upper left corner of the display screen.

Use cursor butions (shown in figure with arrows) to toggle down until function” is
highlighted near the upper left corner of the display screen.

Push the lowest of the five buttons to the right of display 3 times. (this button is
shaded gray in the figure} The line in the display screen next to the second
button down should now read “Ls-Q” and “function” near the upper left corner of
the display should have the opticn “Ls-Q" chosen.

Scroll to “integer” using the cursor buttons. “Integer” will have the option
“medium” chosen.

Press the 3" button of five. The word “medium” should change to “long”.
Connect H,,, to the 5KA bus (Q2a/Q3 inner power lead as shown in figure).
Connect L, to Q2b/Q3 inner power lead as shown in figure.

Connect Hy and L, to voltage taps as shown below.

Read Ls and Q from display and record in traveler.

EE1312 (Q2a)
EEY612 (Q2b) Pole
VThl (FNAL) Splice

EE1212 (Q2a)
EE1512 (Q2b}
vTet (FNAL)

EE1222 {Q2a)
EEt522 {Q2b)
VTe2 {(FNAL)

¥Td

EE1122 (O28)
EE1422 (D2b)
VTa2 (FNAL)

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

it il

i I

EE1112 (Q2a)
» EE1412 {Q2b)
VTal (FNAL}

Jdumper
from Q2a
Q3 Inner

Hewleati
Packard

LB: 0000

Qi 0mx

Line Leur Lpot Hpot %ur

[J rop OO

Q2 LMQXB Cold Mass Module Assembly

Page 28 of §6

to SKA
bus

EE1312 (Q2a)
EE1612 (G2h)
VTh1 (FNAL)

EE1322 (Q24)
EE1622 (Q2b)
VTb2 (FNAL}

LHC Serial No.: LMOXB06-0

Notes:
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Q2 LMQXB Cold Mass Module Assembly
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(Q2a) Inductance Nominal ~ 2,880 to 2.935 mH
Voltage Tap Serial Numbers Quadrant Total Inductance
Connect Fermi CERN Quadrant
H VTdQ2a  |EMPTY
ror_ VTS0 Quadrant 1 4 Z{ vy 2
Leor |VTciQ2a |EE1212 / ~ mH
H YTelQa EE1212
POT Q Quadrant 2 (’,
LPOT VTeQQ2a EMPTY ¥ mH
H VTdQza EMPTY
POt Quadrant 3 s~ {49 2
Lpo‘r VYTalQ2a EE1112 - -~ mH
H VTeQ2 EMPTY
POT €Q2a Quadrant 4 3 _Yb
Leor |VTbiQ2za |EE1312 ;1 2 mH
Hpor |VTalQ2a |EE1112 Nominal ~ 13.3376 mH
Total Cold Mass =
Leor |vIb1Q2a |EE1312 |2 .86 mH
(Q2a) Q-Factor Nominal ~ 4.5t05.2
Voltage Tap Serial Numbers
Quadrant Total Q
Connect Fermi CERN Quadrant
H VTdQ2a  |EMPTY | |
all Q —— Quadrant 1 -7 p {
Lpor |VTciQ2a [EE1212
H VTclQ2a EE1212
POT Q Quadrant 2 —7 ,
LPOT VTeQ2a EMPTY ‘
H VTalQ2a |EE1112
POt Q . Quadrant 3 7 (9
Lpor |VTdQ2a |EMPTY ’
H VTeQ2a EMPTY
POT Q Quadrant 4 L , 5
Lot [VTb1Q2za |[EE1312
Hpor |VTalQ2a |EE1112 Nominal ~ 5.036
Total Cold Mass
Lpor |[VTbIQ2a |EE1312 -G
RV 5 .19-09
Date

LHC Serial No.: LMQXB06-0

Notes:
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To measure the resistance of a bussed Q2:

1.

SpYRNOO LW

—

EE1322 (Q2a)
EE1622 (Q2b)
¥Th2 (FNAL)

EE1122 (Q2a)
EE1422 (Q2b)
vTaz {ENAL)

EE1112 {Q2a)
EE1412 {G2b)
VTal (FNAL)

HleE 1522 (a2n)
}.| VTc2 (FNAL}
|

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

Use Valhalla Scientific 4300B digital micro-ohmmeter.

Set Test Current to 1 amp.

Set Scale to 2V full scale.

Turn termperature 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 S5KA bus (Q2a Q3 inner power lead) as shown in figure,
Connect | 5 to the Q2b Q3 inner power lead as shown in figure.

Turn test current on.

Connect Vy and Vg to voltage taps as shown below.

Read resistance and record in traveler.

EE1312 (Q2a)
EE1612 {Q2b)
VThi (ENAL)

Pole
Splice

EE1212 (Q2a)
EE1512 (Q2b)
VTcl (ENAL)

EE1222 (O20)
EE1522 (Q2b)
VTc2 (ENAL)

VTd

EE1122 {23}
EEt422 (020)
VTa2 (FNAL)
EE1112 (Q2a)
EE1412 (Q2b)
¥Tal (FNAL)

EE1312 (Q2a)
EE1612 (Q2b)
VThY (ENAL)

EE1322 (Q2a)
EE1622 (Q2b)
VTh2 (FNAL)

Pole
Splice

SCIENTIFIC

VALHALLA 4300B

Reslistance

1A
Vi HI
(@) o
Test Temp VLoo Lo
Full Scale 20mV 200my 2v  Current Camp
voltage o] O 3

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMOXB06-0

Notes:
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(Q2b) Resistance Nominal ~ 560 to 585 mQ
Voltage Tap Serial Numbers Quadrant Total Resistance
Connect | Fermi CERN Quadrant
Vi [VTelQ2b [EE1512 | “
Quadrant 1 )
Vie |VTdQ2b- ;EMPW I S 3 mg2
Va  |VTeQ2b |EMPTY —
Quadrant 2 2
Vie |VTclQ2b |EE1512 0 77 mg2
Vi |VTdQ2b |EMPTY —
' Quadrant 3 77 o
Vo |VTalQ2b [EE1412 > me
Vi |VTh1Q2b |EE1612
Quadrant 4
Vio |VTeQ2b |EMPTY ' Y 77 / me
Vv, |VTb1Q2b [EE1612 Total Cold Nominal ~ 2.305 Q
Vio |VTalQ2b [EE1412 Mass LTOSG o
L S /5.
;ch}{nicialfs) Date
Check the resistance of the Redundant Voltage Taps.
Q2b Redundant Voltage Taps
Connect Fermi CERN Resistance
Vi VTe2Q2b EE1522
/5%
Vio VTa2Q2b EE1422 Q
Vi VTb2Q2b EE1622 5 /é
Vio VTc2Q2b EE1522 /5 o
—

Date

LHC Serial No.: LMQXB06-0

Notes:
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To measure Ls and () of a Bussed Q2:

1.

2
3.
4

comN® U

—

EE1322 (Q28)
EE1622 (Q2b)
VTo2 (FNAL)

EE1122 (Gt2a)
EE1422 (Q2b)
¥To2 (FNAL)

EE1112 (Q2a)
EE1412 (Q2b}
¥Tat (FNAL)

BleE1222 (Q2a)
BlEE1522 {Q2b)
VTc2 (FNAL)

Use Hewlett Packard HP4284A digital LCR meter.

Turn line switch to on. The words “Measurement Display” should now be
highlighted in the upper left corner of the display screen.

Use cursor buttons (shown in figure with arrows) to toggle down until “function” is
highlighted near the upper left corner of the display screen.

Push the lowest of the five buttons to the right of display 3 times. (this button is
shaded gray in the figure) The line in the display screen next to the second
button down should now read “Ls-Q" and “function” near the upper left corner of
the display should have the option “Ls-Q" chosen.

Scroll to “integer” using the cursor buttons. “Integer” will have the option
“medium” chosen.

Press the 3" button of five. The word “medium” should change to “long”.
Connect Hg, to the 5KA bus (Q2a/Q3 inner power lead as shown in figure).
Connect Ly, to Q2b/Q3 inner power lead as shown in figure.

Connect Hyy and Ly to voltage taps as shown below.

Read Ls and Q from display and record in traveler.

EE13312 (QR=)
EE1612 (G2b) Pole
VTb1 (FNAL) Splice

EE1212 (Q2a)
EE1512 (Q2b)
¥Tcl (FNAL)

EE1222 (Q2a}
EE1522 (G2b)
VTec2 (FNAL)

VTd

EE1122 (Q2a)
EE1422 (Q2b)
VTaz (FNAL}

EE1212 (Q2a)
EE1512 (Q2h)
Vel (FNAL)

BTN

ST i

LN

R B H BT T e s ey

EE1112 {Q2a)
EE1412 {Q28)
VTat {(FNAL}

Jumper
from Q2a

Q3 Inner

Hewlott
Packard HP4234¥\
 — |
Lg: 2000x E &
Q00 = e o
jociiea] ?
Lina LeurLpot Moot "’:lfz)ur
O e ? (el ®;

Q2 LMQXB Cold Mass Module Assembly

Page 32 of 86

1o SKA
bus

EE1312 (Q2a)

EE1612 (Q2h}

¥Th1 (FNAL)
o

EET1322 (Q2a)
EE1822 (Q2b}
VTb2 (FNAL

LHC Serial No.: LMOQXB06-0

Notes:
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{Q2b) Inductance Nominal ~ 2.880 to 2.935 mH
Voltage Tap Serial Numbers Quadrant Total inductance
Connect | Fermi CERN Quadrant
Hpor [VTciQ2b |EE1512 :
Quadrant 1
Loor |VTdQ2b |EMPTY 3,385 mH
HpoT VTeQ2b EMPTY
drant 2 270
Loor |[VTc1Q2b |EETSTZ | @ 3.3705 mH
Hpor |VTdQ2b [EMPTY |
= . Quadrant 3
Leor [VTalQ2b |EE1412 3 3D mH
Hpor |VTHIQ2b |EE1612
adrant 4
Lror [VTeQo |EMPTY | 3. 37) mH
Hpor [VTH1Q2b |EE1612 Total Cold Nominal ~ 13.3376 mH
Lpor [VTalQ2b |EE1412 Mass 13, 484 mH|
(Q2b) Q-Factor Nominai ~ 4.5t0 5.2
Voltage Tap Serial Numbers Quadrant Total Q
Connect | Fermi CERN Quadrant
Hpor [VIciQ2b {EE1512
Quadrant 1
Lpor |VTdQ2b |EMPTY g3
Hpo‘r VT6Q2b EMPTY
Quadrant 2
Hpor {VTdQ2b [EMPTY
Quadrant 3 5
Lror |VTalQ2b |EE1412 5,3
H
por |VTblQ2b [EE1612 Quadrant 4 & o
Leor VTeQ2b |EMPTY -
Leor [VTalQ2b |EE1412 Mass S ¥

Vj@ S~19-0of
T;fhmcmn(s) Date

(22 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOQXB06-0

Notes:
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To measure the resistance of a Thermometer (RTD):

Specification # 5520-TR-333643

April 7, 2004
Rev. C

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 Hl
I+ (Yellow) to Input HI
U- (Red) to Sense LO
I- (Green) to Input LO
5. Push blus button (function key) once.
6. Push OHMF button.
7. Verify arrow in readout is above the 4WQ (meaning a 4 wire resistance measurement).
8. Read resistance in ohms and record in traveler.
Hewlett
Packard HP3457A SENSE  INPUT
" o Y s o e | e I Y e [ e | Q.
e ‘ e Y e I e I e [ e N — =] Lo
Lne (4 (22 i s | - cecacm Booo
Oooboo 2 ©
] Y yii :

/ \

CHMF Button Blue (function} Button

U+ Black |
I+ Yellow

U-Red
|- Green

Thermometer
(RTD)

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

NOO kWi~

8.

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.

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.

Read resistance in ohms and record in traveler.

Hewlett
Packard

HP3457A SENSE  INPUT

oocococ
coocood
s I s I e Y

ﬁu

Line

o I o Y o
0 oo s I |
/ iy

x
4WQ LG
e F e '=”="=7

Q2 LMQXB Cold Mass Module Assembiy

/

CHMF Button Blue {function) Button

Warmup
Heater

LHC Serial No.: LMOXB06-0
Notes:
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- Q(2a ~ RTD's and Cryogenic (warm-up) Heaters
Temperature of Building (+/- 5°): 720
Component Fermi CERN Resistance
Q2a RTD, primary | T | Tres12 | W% 410
Q2a RTD, redundant ThQ2a | TT8322 0.5 ol
Q2A Cryogenic (warm-up) Heater (LE) - wire toward]| :
cold mass end plate-(CERN #1 1+) | WlaQea | EHB312+ | o q
i L
Q2A Cryogenic (warm-up) Heater (LE) - wire toward] e |
cold mass mag center (CERN #1 |-) WZQQZA EHB312 _ |
Q2A Cryogenic (warm-up) Heater (Non-LE) - wire
toward cold mass end plate (CERN #2 I+) WIbQ2A | EH8322+
Q2A Cryogenic (warm-up) Heater (Non-LE) - wire _ ’ (0 s
toward cold mass mag center (CERN #21) | W2PQ2A | EHE322 / al
S04
?e?{ﬂician(s’)/ Date
"~ Q2b-RTD'sand Cryogenic (warm-up) Heaters
a Temperature of Building (+- 5°): 7 <
Component Fermi CERN Resistance
Q2b RTD, primary T | TIEsR | @ 1,38 o
Qb RTD, redundant ToQb | TT8342 L9 33 o
Q2B Cryogenic (warm-up) Heater (LE) - wire toward
cokd mass end plate (CERN #1 1+) WiaQB | EHe332+
Q2B Cryogenic (warm-up) Heater (LE) - wire toward] HE332- [G.35D
cold mass mag center (CERN #1 |-} W2aQB | B Q)
Q2B Cryogenic (warm-up) Heater (Non-LE) - wire
toward cold mass end plate (CERN #2 I+) WIbQB | EHB342+
- R G
Q2B Cryogenic (warm-up) Heater (Non-LE) - wire W2bo2B | EHe3d2- /
toward cold mass mag center (CERN #2 |-) Q

3 .
Ao < Yol
/}{echnician(s) ' Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB{(6-0
Notes:
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Using the Hewlett Packard HP34357A digital multimeter, measure the Strip Heater
Resistance for Q2a and Q2b.

Q2a Strip Heater Resistance
I:ermi CERN Des_‘:cription Limit 1 Resistance
HiaG2a YT — —T
H2a02a YT1112- _Gimp.tt A [1820t021Q| /4 87 ql
H1bQ2a YT1122+ .
CircuitB | 18.20 to 21
H2bQ2a | YTi122- redl oQ| 2D.) 9 q
VoL e <15, oA
/'P]e{hnician(s)/ Date
Q2b Strip Heater Resistance
Fermi CERN Description Limit Resistance
H1aQ2b YT1132+ N - _
ok t . £
H2aG2b YTiiaz. Circuit A |18.20t021Q 17 &0 o
H1bQ2b YT1142+ .
Circuit B | 18.20 to 21 '
H2bQ2b | YT1142- redl °021Q| )y 02
LRG> S /% oq
ﬁchnician(s) Date
(2 LMQXB Coid Mass Module Assembly LHC Serial No.: LMQXB06-0
Notes:
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Specification # 5520-TR-333643
April 7, 2004

82 Using the HP3457 A, connect power thru the connector Power Leads
(HA?2 and HB2 to measure Q2-H2 or VAZ and VB2 to measure Q2-V2).
Connect the Sense Leads as shown in table below and record resistance.

(Magnet Bus Leads)

13Ka

Superconductor
Copper

Copper

8Ka

Superconductor
Copper

{Corrector Bus Leads)

| I VA2 lvsz IHA2 IHBZ

I VA1 IVB1 IHA1 IHB1

View Looking into Q2b)

MCBX Corrector Coil Taps

FermiLab Label

CERN Label Resistance

Component

Q2-H2

VTH2

HA2

21760

4

Q2-v2

VTV2

EE8112

i (7.5

<

S (504

7€chnician(s)

Q2 LMQXB Cold Mass Module Assembly

Rev. C

Date

LHC Serial No.: LMQXB06-0

Page 37 of 86
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Q2 LMQXB Cold Mass Module Assembly
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8.4 Check Q1 Instrumentation Bus Wires for Continuity.

Module|Pin| Fermi CERN |(KEK Description Done
M2 1 [VTa1Q1  [EE1111 al Q1 Lead Voltage Tap "a", primary d
M2 2 |VTaz2Q1 |EE1121 a2 |Q1 Lead Voltage Tap "a", redundant v
M2 3 VTc1Q1  [EE1211 c1 Q1 Center Voltage Tap "¢", primary Vv
M2 4 NTc2Q1 |EE1221 c2 |Q1 Center Voltage Tap "¢", redundant Vv’
M2 5 NTb1Q1 |[EE1311 b1 Q1 Lead Voltage Tap "b", primary v
M3 5 VTh2Q1 |EE1321 b2 |Q1 tead Voltage Tap "b", redundant V
M5 | 2 VTVI  [EEBIN (on MCBX. MOBXV As lead) o v
M7 1 W1taQ1  |[EH8311+ Q1 Cryogenic Heater lead end - wire at top (CERN #1 1+) /
M7 2 W2aQ1 |[EH8311- Q1 Cryogenic Heater lead end - wire at bottom (CERN #1 I-) v /
M7 3 W1 bQ1.' EH8321+ Q1 Cryogenic Heater non-lead end - wire at top (CERN #2 |+) / )
M7 4 W2bQ1 |EH8321- Q1 Cryogenic Heater non-lead end - wire at bottom (CERN #2 |-) l/
M9 1 [H1aQ1 YT1111+ | HA1 |Q1 Protection (Strip) Heater, ("a" circuit) (CERN lead #1+) V .
M9 | 3 [H2aQ1 [YT1t11- | HA2 [Q1Protection {Strip) Heater, ("a" circuit) (CERN lead #1-) /
M9 5 [H1bQ1 YT1121+ HB1 |Q1 Protection (Strip) Heater, ("b* circuit) (CERN lead #2+) y
MI10 | 4 [H2bQA YT1121- HB2 Q1 Protection (Strip) Heater, {"b" circuit) (CERN lead #2-) v
M12 1 TaQi_l+ [TT8311 I+ Q1 BRTD, primary Wire color: Yellow V '
M12 | 2 [TaQ1 l- [TT8311)- Q1 RTD, primary Wire color: Green -
M12 | 3 [TaQ1 V+ [TT8311 U+ Q1 RTD, primary Wire color: Black v
M12 4 [TaQi1_V- [TT8311 U- Q1 RTD, primary Wire color: Red 1l
M12 5 [ThQ1_l+ [TT8321 I+ 1 BRTD, primary Wire color: Yellow L
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 e

yha <1908
echnician(s) Date

Notes:
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o 9.0 Dome Setup
9.1 Attach IP End Dome (MD-390197) (Q2a) to the End Dome Positioning Fixture
(MD-369776).
/
Technician(s) Date
92 Align [P Fnd Dome (MD-390197) as shown in Q2 Cold Mass Welded Assembly
(ME-390B09).
~ T _
Y. S (%-09
/ echnician{s) Date
9.3 Level the IP End Dome (MD-390197) using the Ball Socket (MD-369777) and the Mini
Level.
—
\\ﬁb oo O S 19-oF
« ﬁ' echmcran(s) Date
«Q- —?9 4 Feed the Electrical wires/Bus through the proper ports as the Dome is brought into
Qb position against the End Plate. Ensure that no damage to wires has occurred during
6«{:@ ‘) K{{d\ { insertion.
/<O CJ P" Téchnician Date ”
\ .
J— \f) Q_D ¢ 9.5 Mark the IP End Dome (MD-390197) and the End Plate with a Horizontal Witness Line.
6 ¢ W 1 This Blep will be used in Step 11.0 to reposition the Domes prior to Welding.
—_ —_
o e i S-8-0%
W(P‘ 4 / Technician(s) Date
\ 9.6 Removeythe [P End Dome (MD-390197) from the Tooling.
s
N A S-/9-0%
A?n’achnician(s) Date
9.7 Attach Non-IP End Dome (MD-390253) (Q2b) to the End Dome Positioning Fixture
(MD-369776). /
Mﬂc\ S L
Technician{s} Date
Q2 LMQXB Cold Mass Module Assembly L.HC Serial No.: LMQXB06-0
Notes:
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9.8 Align Non-IP End Dome (MD-390253) as shown in Q2 Cold Mass Welded Assembly

(ME-39 9).
N - /§-
/ Téchhician(s) Date

Level the Non-IP End Dome (MD-390253} using the Ball Socket (MD-369777) and the

T T

" Techfician(s) Date

3

/ 9.10  Feed the Electrical wires/bus through the proper ports as the Non-1IP End Dome

N\
,\/ﬁﬂ A( (MD-390253) is brought into position ggainst the End Plate.
G . o
= nlidls i b 4
) Date

o :
) 9.11 Mark the Non-IP End Dome (MD-390253) and the End Plate with a Horizontal Witness

Line 2

h1s Step will be used in Step 11.0 to reposition the Domes prior to Welding.

ca S /9. oF

/T echnician(s) Date

6.12 w Non-IP End Dome (MD-390253) from the Tooling.
7
L/ Jce O S Y-

ﬁchnicﬁa(s) Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0
Notes:
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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)

Techn‘[&(an(s) Date

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

T / 19/o
Date

Responsible Authority/Physicist

10.3 Using Insertion Tooling, insert the Beam Tube (MD-369802} into the Magnet Assembly
as per B Tube Insertion Tooling (MD-369789). _
AT $/q-04
T;cfnician(s) Date

104 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

End Plat he End of the Kapton Wrap on the Beam Tube.
:?2%)7—\ < 19-0Kf

?t(hmclan(s) Date

16.5 Measure the Beam Tube length and record this measurement below,

10.5.1 Beam Tube Length: \ 4' ) 2 q S .
10.5.2  Subtract 12,610 mm (+ 2mm) from the Beam Tube Length, and record here: [ b‘5‘§
10.5.3  Divide the Number recorded in step 10.5.2 by 2 and record here: 23_42 'g

\'I‘%uremem recorded in step 10.5.3 is the amount to be cut off from cach end. / /
N e > o4

’-—

echniciafi(s) Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0
Notes:
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10.6  Measure from one end of the Beam Tube and place a mark at the distance from step 10.5.3.

&/ /407

Date

10.7 Verifythe placement of the Mark, measured in Step 10.6 is correct.

5.19-o4

Date

rew C(hicf

10.8 /;Jsing e Wachs Cutter, cut the Beam Tube at the Mark from Step 10.6.
i S - ) C? - O ?
//&chniéian(s) Date

10.9 Measure from one end of the Beam Tube and place a mark at the distance from step 10.5.3.

ey e ALY

Technitian(s) ’ Date

10.10  Verify the placement of the Mark, measured in Step 10.9 is correct. Measuring from the
End Plate, this mark should be equal to the ‘End Plate to Beam Tube’ distance at the

other epgf
. S sy
//rew Chief Date
10.11  Using the Wachs Cutter, cut the Beam Tube at the Mark from Step 10.9.

S /9T

Date ’

e
echnitian(s)

10.12  Hipot the Beam Tube to coil, heaters and ground. (5kV) (Max. Leakage < 0.5uA).

@ Have Crew Chief verify setup and sign below before continuing.

520 [g4

Crew Chief Date 7

Hipot Leakage or Failure Voltage Pass Fail

Beam Tube to cail, \/
heaters angground [ 0 ‘ 7 /U ﬁ

F > < [20 /o9

?'echnician(s) Date
- 371 /
T e ydd
Responsible Authority/Physicist Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0

Notes:
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— 11.0
111
11.2
XXX 113
\&
<%
'S
e
‘:vv;ﬁews ~
S
W P g T
g/x,\,\\“»
VA
- @11.5
11.6

Q2 LMQXB Cold Mass Module Assembly

Specification # 5520-TR-333643
April 7, 2004
Rev. C

Dome Installation

Reposition the IP End Dome as shown in Q2 Cold Mass Welded Assembly

(ME-394309) using the Horizontal Witness Line from step 9.5.
S 20-0F

echnician(s) Date

Feed the Electrical wires/Bus through the proper ports as the IP End Dome
(MD-390197) is brought into po:fypn against the End Plate.

echniefahi(s) Date
Install Spider Assembly (MC-430044) to protect wires.
Technid’ian(s) Date
~ <.z Q- 04
Responsible Auth(')rity/Physicist Date

Tack weld the IP End Dome in place at approximately 6-8 places around the Dome per

(ME-290309).

/ ' ' =~/

: A [ 5 /e ooy
Weldor(s) Date

Weld the IP End Dome, skip weld around to minimize distortion per (ME-390309).

AU A S/

Z o
Weldor( s) Date '

< Cf

Reposition the Non-IP End Dome as shown in Q2 Cold Mass Welded Assembly

(ME—390’?E9) using the Horizontal Witness Line from step 9.11. g/ 2

| £
}e?(nician(s) Date

LHC Serial No.: LMOXB06-0
Notes:
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11.7 Feed the Electrical wires/Bus through the proper ports as the Non-IP End Dome is
brought into position against the End Plate.
Date /7 /
11.8 Tack weld the Non-IP End Dome in place at approximately 6-8 places around the Dome
as pep{ME-390309).
T H. A ARVLY
Weldor('s) Date - ”
11.9 Weld the Non-IP End Dome, skip weld around to minimize distortion as per
(ME4390309). , .
- - ~~ _— / ! o r'd
/ A, lo— S /2y /(] o
Weldor(s) - Date [ /
X 11.10 Tack weld the corrector mounting hardware in place as per Q2 Coldmass welded
' asserghly (ME-390309).
Jlr 4. </21/cy
Weldor(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0

Notes:
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- I1.11  If needed, perform a stretched wire measurement of the system, noting the relative
position and roil of the three magnetic elements to each other.
Performed Stretch Wire Measurement?
Yes CBL No 0 (No Signature necessary, if ‘No’ box is checked)

y

Pt chauly
Tedhhician(s) Date '

11.12 Mount and adjust the Shipping restraint screws.

Note(s):

\9 eld to corrector if necessary.
\\9“3 S-21-04
A@— /z( mc1an(s) ’ Date
e

e 1d the Center Body Tube (MC-390112) as per Q2 Cold Mass Welded Assembly
e e (ME-3903

)
Nk TO M_é ) o
\‘N"g’ BwWEWD . ATEIE LD S 22.-0¢f -2y t.[
Cpor REFH A7 D Weldor(s) _s
e

/ 2,2//0‘/

Tecﬁnici%(s) Date
XXX 11.15 Perform a speiched wjre fheasurement of the system to align the Cold Mags withjn £ .2 mR.
aRIe e
)y{ 1)(0 Respon51ble Authorlty/Physwlst Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0
Notes:
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12.0 Cold Bore

12.1 Flare both ends of the Beam Tube using Flaring Tool (MC-390416) per Q2 Cold Mass
Welzd 3ssemb15 (MB-390309).
Tec'ﬁnician(s) Date : ‘
12.2 Position Cold Bore Flange (MC-390300) over the Beam Tube and onto IP End Dome (Q2a)
per Q2 Cold Mass Welded Assembly (MB-390309).
;XANM, G L4l
Tef:hnician(s) Date | V°
12.3 Weld the Beam Tube to the Flange at IP End as per Q2 Cold Mass Welded Assembly
(ME-?03 9).
W 4 ’
; d . .
/ & /(/R é%._//o(/
Weldor(s) Date
12.4 Add Spacer between Beam Tube Flange and End Dome, if necessary.
Spacer Added? Yﬁﬂ( No OJ
Technician(s) Date I
12.5 Pasition the Cold Bore Flange (MC-390300) over the Beam Tube and onto the
NonsIP End Dorrje (Q2b) per Q2 Cold Mass Welded Assembly (MB-390309).
Tef:hniaan(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0

Notes:
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12.6 Weld Beam Tube to Flange at NON-IP End as per Q2 Cold Mass Welded Assembly
(MEfSOQ).
Yoty . L—— ¢/ 4/ 0y
Weldor(s) ) Date
12.7 Align Beam Tybe and the Flange at IP End per Q2 Cold Mass Welded Assembly (MB-390309).
b/7 oy
Tethnician(s) Date 4
12.8 Wcid the Flange to the IP End Dome as per Q2 Cold Mass Welded Assembly
0 309). . /
r 4. e /&0y
cldor(sv Date
12.9 Align B awe and Flange at NON-IP End per Q2 Cold Mass Welded Assembly (MB-390309).
MV 4 L2/t
Te’chmcian(s) Date/ "7/
12.10 Weld the Flange to the Non-TIP End Dome as per Q2 Cold Mass Welded Assembly
(ME f)9)
/ e — & ,/ 5 / i
’W cldor(s,l Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0
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EE1122 (G2a)
EE1422 (Q2b)
VTa2 (FNAL)

EE1112 (Q2a)
EE1412 (G2b)
VTal (FNAL)

Q2 LMQXB Cold Mass Module Assembly

Specification # 5520-TR-333643
April 7, 2004
Rev. C

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).

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 I o to the Q2b Q3 inner power lead as shown in figure.

Turn test current on.

Connect Vi, and V|, to voltage taps as shown below.

Read resistance and record in traveler.

Ao NORLOD S

EE1312 (Q2a)
EE1612 (Q2h)
VTb1 (FNAL)

EE1322 {Q2a)
EE1622 {Q2b)
VTh2 (ENAL)

Pole
Splice

EE1212 {Q2a)
EE1512 {Q2h)
¥Tct (FNAL)

EE1222 (G2a)
EE1522 (Q2b)
¥Tc2 (FNAL)

Eiii EE1222 (G2a) vrd

IHEE1522 (G2b)

EE1122 (Q2a)

vrcz (FrAL) [
i
i

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

EE1427 (Q2b)
vTa2 (FNAL)
EE1112 (Q2a)
EE1412 (G28)
VTat1 (FNAL)

Jumper
from Q2a
Q3 inner

i 10 5KA

EE1312 (Q2a)
EE1812 (Q2b)
VTh1 (FNAL}

B

EE1322 (Q2a)
EE1622 (Q2b)
VTh2 (F

IR

1!

eI R et b sV T Cinita ] : { i e T T A T T TG TR

VALHALLA
SCIENTIFIC 43008 1A
® o d
O
Resistance
Test TVemp VLOO Lo
Full Scale 20mV 200mv 2v  Current Comp
Voliage o Y v

LHC Serial No.: LMQXB06-0
Notes:
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(Q2a) Resistance Nominal ~ 560 to 585 mQ
Voltage Tap Serial Numbers
9 P Quadrant Total Resistance
Connect] Fermi CERN Quadrant
Vi |VTdQ2a [EMPTY
- Quadrant 1 i
Vio |VTclQ2a |EE1212 S74H. mQ
VHI VTCIQZH EE1212 -
Quadrant 2 57" ]
Vo |VTeQ2a |EMPTY (0 . 5’ m§2
Vi |VTalQ2a [EE1112
— . Quadrant 3
Vie |VTdQ2a |EMPTY 5?7@‘ 3 mQ
Vi |VTeQ2a |EMPTY o
Quadrant 4 S(
Vio |VIblQ2a [EE1312 . 7(% mQ
Vv, |VTalQ2a |EE1112 Total Cold Nominal ~ 2.305 Q
Vio |VIbiQ2a |EE1312 Mass 2,305 9
S Tvvel oo/
Technizﬁln?s) Date .
Check resistance of Redundant Voltage Taps.
Q2a Redundant Voltage Taps
Connect Fermi CERN Resistance

Vw | VTa2Q2a EE1122 | || 5‘& |

Vio VTe2Q2a EE1222 Q

VHI VTC2Q23 EE1222 -

v — 1153.7

LO b2Q2a EE1322
=
NN Jone &/
Technician?s) Date 4 7
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0
Notes:
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To measure Ls and Q of a Bussed Q2:

1. Use Hewleit Packard HP4284A digital LCR meter.

2. Turn line switch to on. The words “Measurement Display” should now be

highlighted in the upper left corner of the display screen.

3. Use cursor buttons (shown in figure with arrows) to toggle down until “function” is

highlighted near the upper left corner of the display screen.

4. Push the lowest of the five buttons to the right of display 3 times. {this button is
shaded gray in the figure) The line in the display screen next to the second
button down should now read “L.s-Q” and “function” near the upper left corner of
the display should have the option “Ls-Q” chosen.

Scroll to “integer” using the cursor buttons. “Integer” will have the option
“medium” chosen.

Press the 3" button of five. The word “medium” should change to “long”.
Connect H., to the 5KA bus (Q2a/Q3 inner power lead as shown in figure).
Connect L., to Q2b/Q3 inner power lead as shown in figure.

Connect Hy and L, to voltage taps as shown below.

Read Ls and Q from display and record in traveler.

SoeN® O

EE1322 (Q2a) EE1312 (G2a)
EE1622 (Q2h) EE1612 (Q2b) Pole
VTh2 (FNAL) VTb1 (FNAL} /Splice

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

EE1112 (Q2a)

EE1412 (Q2b)
¥Tat (FNAL)

p_x -} EE1212 {Q2a}
EE1512 {Q2b)
VTet (FNAL)

EE1222 (G2a)
EE1522 (Q2b)

Y¥Tc2 (FNAL)
o

EE1222 (G23) VTd
EE1522 (Q2b)

VTc2 (FNAL) IIL 1 S y. |

EE1122 (Q24)
EE1422 (Q2b)
VTa2 (FNAL)
EE1212 (Q2a) EE1112 (G2a)
EE1512 (Q2b) Q2b EE1412 (Q2b)
VTcl (FNAL) VTal (FNAL)

Jumper
from Q2a
Q3 inner
o KA
bus

EE1312 (Q2a) ]
EE1612 {Q2b} !

¥Th1 (FNAL)

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

Pote
Splice

ITRERITHI

[ HTHMIIH

Hewlent HP4284\Q
Lyt xxxx % &
Q: omx % -] =
cur Lpr.u Hpat % ?
Q2 LMQXB Cocld Mass Module Assembly LHC Serial No.: LMQXB06-0

Notes:
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Q2 LMQXB Cold Mass Module Assembly
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(Q2a) Inductance Nominal ~ 2.880 to 2.935 mH
Voltage Tap Serlal Numbers Quadrant Total Inductance
Connect Fermi CERN Quadrant
H VTdQ2a EMPTY
POT Quadrant 1 3 %-"y‘?) 0
Lpor |[VTelQ2a |EE1212 : ' mH
H VTelQ2a |EE1212
poT Q Quadrant 2 (.}) )
LPOT VTeQZa EMPTY I ’53(2 3 mH
Hpor |VTdQ2a |[EMPTY h
' Quadrant3 |,
Lpo-r VTalQ2a [EE1112 /bl/st)_ mH
HPOT VTeQ2a EMPTY Quad ta
uadran -
Leor |VIblQ2a [EE1312 ,)) ' 5/5 o/l % mH
Hpor |VTalQ2a |EE1112 Nominal ~ 13.3376 mH
L Total Cold Mass —
poT |VTbiQ2a |EE1312 | ’S . 30‘7
(Q2a) Q-Factor Nominal ~ 4.5 10 5.2
Voltage Tap Serial Numbers
Quadrant Total Q
Connect Fermi CERN Quadrant
"Hpor |VTdQza  |EMPTY |
POl — Quadrant 1 L{ ,
Lpor [VTciQ2a [EE1212 '
H VTclQ2a |EE1212
FoT Q Quadrant 2 L{ ,
Lpor [VTeQ2a  |EMPTY !
H VTalQ2a |EE1112
_PoT Q : Quadrant 3 LI O
Lpor |VTdQ2a |EMPTY F
H VTeQ2 EMPTY
FoT eQla Quadrant 4
LPOT VTbhl1(Q2a EE1312 : 0
H VTalQ2a |EE1112 Nominal ~ 5.036
POt Q TFotal Cold Mass
Leor [VTb1Q2a |EE1312 g, |
| Mg 10bY
chhhicgr?fs) ate

LHC Serial No.: LMQXB06-0

April 7, 2004
Rev.C

Notes:
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To measure the resistance of a bussed Q2:

—

EE1322 ((}32a)
EE1622 (Q2b)
YTD2 (FNAL)

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

EE1112 {Q2a}
EE1412 {Q2b)
VTal (FNAL)

EE1222 {Q2a)
EE1522 {(Q2k)

i
i|

VTc2 (FNAL) B ‘

~o¥mNOOAGD S

Use Valhalla Scientific 4300B digital micro-chmmeter.

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 I g 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.

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

Pole
Splice

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

EE1222 (Q2a)
EE1522 {Q2hb})
VTe2 (FNAL)

vTd

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

L SR IR L )

EE1212 (Q2a)
EE1512 (Q2b)
VTci (FNAL)

EE1312 (Q2a)
EE1612 (Q2b)
VTh1 (FNAL)

EE1322 (Q2a)
EE1622 (Q2h)
VTb2 (FNAL)

oo e TR

VALHALLA
SCIENTIFIC 43008
1A
Ve H1
© v
Resistance
Teat Temp VLQO o
Full Scale 20mV 200mv_2v  Current Comp
Voltage [T 7T ™ [ 53

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMQXB06-0

Page 52 of 86

EE1112 {Q2a)
_ EE1412 (Q2h)
f vTal (FNAL)

Jumper
from Q2a
Q3 Inner
to KA
bus

Notes:
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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
- - Quadrant 1 ‘
Vio |VTdQ2b |[EMPTY 5-75-; (ﬂ me
Vi |VTeQ2b |[EMPTY
Quacirant 2 -
Vio|VTclQ2b |EE1512 3757 mQ
Va |VTdQ2b |[EMPTY
— Quadrant 3 5"" ] C7
Vo |VTalQ2b [EE1412 5, mQ
V'
VHl VTbh1Q2b |EE1612 Quadrant 4 5
Lo |VTeQ2b (EMPTY ' mg2
V,, [YTb1Q2b EE1612 Total Cold Nominal ~ 2.305 Q
Vo |VTalQzb |EE1412 Mass AN0 S5 9
& MZQ %0/
Technician(s) Date
Check the resistance of the Redundant Voltage Taps.
Q2b Redundant Voitage Taps
Connect Fermi CERN Resistance
Vi VTc2Q2b EE1522 '
1151.3
Vo VTa2Q2b EE1422 Q
Vi VTb2Q2b EE1622 -
v (1510
LO VTc2(QQ2b EE1522 Q
(f)f’/ J (o 50Y
Technician(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0
Notes:
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To measure Ls and Q of a Bussed Q2:

1. Use Hewlett Packard HP4284A digitai LCR meter.

2. Turn line switch to on. The words “Measurement Display” should now be

highlighted in the upper left corner of the display screen.

3. Use cursor buttons (shown in figure with arrows) to toggle down until “function” is

highlighted near the upper left corner of the display screen.

4. Push the lowest of the five buttons to the right of display 3 times. (this button is
shaded gray in the figure) The line in the display screen next to the second
button down should now read “Ls-Q” and “function” near the upper left corner of
the display should have the option “Ls-Q" chosen.

Scroll to “integer” using the cursor buttons. “Integer” will have the option
“medium” chosen.

Press the 3™ button of five. The word “medium” should change to “long”.
Connect Hy, to the 5KA bus (Q2a/Q3 inner power lead as shown in figure).
Connect L, to Q2b/Q3 inner power lead as shown in figure.

Connect H,y, and Ly, to voltage taps as shown below.

Read Ls and Q from display and record in traveler.

SomNe o

-

EE1322 (Q2a) EE1312 (Q2a)
EE1622 (Q2b) EE1612 (Q2b) Pole
VTh2 (FNAL) VTb1 (FNAL) /Splice

EE1122 (Q2a) D T e d
EE1422 (Q2b)
VTaZ (FNAL)

EE®112 (Q2a)
EE1412 (Q2b}
VTal {(FNAL)

—— EE1212 (Q2a)
EE1512 (Q2b)
¥Tc1 (FNAL)

EE1222 (Q2a)
EE1522 (Q2b)
_VTe2 (FNAL)

EHIEE1222 ((23)
HHEE1522 (Q21)
lvTe2 (FNAL)

VTd

EE1122 (Q2a)
EE1422 (Q2b}
VTaz (ENAL)
EE1112 (Q24)
EE1412 (Q2h)
¥Tal (FNAL)

i

|

! EE1212 (Q2

|| e Q2b
,i{ VTcl (FNAL)

ﬁ

i!

i1

Jumper
from Q2a
Q3 Inner
to 5KA
bus

EE1312 {Q2a)
EE1612 {Q2h)
VTb1 (FNAL

EE1322 {Q2a)
EE1622 {Q2b)

]

T O A TETEITS S

Hewlett
p::'k" d HP4284¥

Lg: xxxx
Q xxxx

Line LeurLpot Hpot %‘;

0 0900

- A000
A
y

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0
Notes:

Page 54 of 86



TD/Engineering & Fabrication

Specification # 5520-TR-333643

(Q2b) Q-Factor

Nominal ~ 4.5 to 5.2

Voltage Tap Serial Numbers

Quadrant Total Q

Q2 LMQXB Cold Mass Module Assembly

Page 55 of 86

April 7, 2004
Rev.C
(Q2b) Inductance Nominal ~ 2,880 to 2.935 mH
Voltage Tap Serial Numbers Quadrant Total Inductance
Connect Fermi CERN Quadrant
Hpor |VTclQ2b |EE1512 ' ] .
- : Quadrant 1 \
Leor |VIdQ2b |EMPTY K, N7 S “mH
Hpor |VTeQ2b |EMPTY Y .
Quadrant 2 - p ]
Lror |VTclQ2b |EE1512 $.327¢ mH
Hpor {VTdQ2b |EMPTY
Quadrant 3
Hpor |VTb1Q2b |EE1612 . i
Quadrant4 |-
Coor [VTeQ2b |EMPTY 3 3VEl mH
Hpor |[VTblQ2b |EE1612 | Total Cold Nominal ~ 13.3376 mH
Leor |VTalQ2b [EE1412 Mass 1y 127 mH

Connect | Fermi CERN Quadrant
Hpor [VTclQ2b |EE1512 '
Quadrant 1
Leor |[VTdQ2b [EMPTY H* /
Hpo"r VTGsz EMPTY
Quadrant 2
Leor |VTclQ2b |EE1512 q : (
Hpor |VTdQ2b |[EMPTY
Quadrant 3
Lpor [VTalQ2b [EE1412 L{ - /
H
por |VTb1Q2b [EE1612 Quadrant 4 L.»{ z
Leor [VTeQ2b |[EMPTY -
Leor [VTalQ2b |EE1412 Mass o 2
L "
- - (& 0L
Technician(s) Date ’

LHC Serial No.: LMOXB06-0

Notes:



TD/Engineering & Fabrication

To measure the resistance of a Thermometer (RTD):
Use Hewlett Packard HP3457A digital multimeter.

1.

Specification # 5520-TR-333643

April 7, 2004
Rev. C

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+ (Yeliow) 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[1 (meaning a 4 wire resistance measurement).
8. Read resistance in chms and record in traveler.
E::;:ztrtd HP3457A SENSE INPUT
. OO0 oo

!:
awQ

Line =3 3 o ]

/A acd
s I e [ s [
I e I s [

| I s I o
oo a
oo

Hi O

0o o |
, iy

e\

.

/

OHMF Button

Blue (function) Button

U+ Black]|
1+ Yellow
U-Red

- Green

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 blue button (function key} once.
Push OHMF button.
Verify arrow in readout is above the 4W(1 {meaning a 4 wire resistance measurement).

Nookwh =

8.

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.
Read resistance in ohms and record in traveler.

Hewlett
Packard

HP3457A

Line

i —

.
4WQ

U oca |:i|:|1

e s [ s

s s [ e e
coOocodacd
O cs
Oocaooac

SENSE INPUT

/QHI

Lo

o

/

OHMF Button

\

Blue (function) Button

Q2 LMQXB Cold Mass Module Assembly

Warmup
Healer

LHC Serial No.: LMQXB06-0
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Q2a - RTD's and Cryogenic (warm-up) Heaters/
Temperature of Building (+- 5°): "-_'\\ : 5 T
Component l Fermi CERN Resistance
Qga RTD, primary TaQ2a a3 | i/ 557 o
Q2a RTD, redundant ™2 | 118322 | B W8] o

Q2A Cryogenic (warm-tp) Heater (LE) - wire toward]

cold mass end plate (CERN #1 I+) =

Q2A Cryogenic (warm-up) Heater (LE) - wire toward] g | s 5

cold mass mag center (CERN #1 |-) WaQea | EHES12 ' Lﬂ e ol

Q2A Cryogenic (warm-up) Heater (Non-LE) - wire
toward cold mass end plate (CERN #2 |+)

Wi1aQ2A EH8312+

WIbQ2A | EH8322+

Q2A Cryogenic (warm-up) Heater (Non-LE) - wire W2bQ2A | EH8322- I (-t’ 52 7
toward cold mass mag center (CERN #2 |-} 9
= (o 50
Technician(s) Date

Q2b - RTD's and Cryogenic (warm-up) Heaters
Temperature of Building (#- 57 1 L.G "

Component Fermi CERN Resistance
Q2b RTD, primary TaQ2b | TT833R | o y7(” 2
Q2b RTD, redundant ToQ2b 118342 |/, %.3%0 o

Q2B Cryogenic (warm-up) Heater (LE) - wire toward
cold mass end plate (CERN #1 1+)

Q2B Cryogenic ( ) Heater (LE) - wire toward| ,(Q.‘(OO
ic (warm-up er (LE) - wire towa Hes%-
cold mass mag center (CERN #1 I-) Q E T A

Q2B Cryogenic (warm-up) Heater (Non-LE) - wire

| wiaeB | EHesa2:

WIbQZB | EH8342+

toward cold mass end plate (CERN #2 1+) W, 5S 0
Q2B Cryogenic (warm-up) Heater (Non-LE) - wire H .
toward cold mass mag center (CERN #2 [-) WhB | E ¥
TZH= b-§-0v/
Technician(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0

Notes:
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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 Description Limit Resistancg__
TP YT1mr'1%f?§+ e :_ _
H2aQ2a | YT1112- |- G uit : 1820&@21 9 1&’@@ Y
H1bQ2 YT1122+ -
CircuitB | 18.20t0 21 Q
H2bQ2a | YT1122- J0 3 o
Mﬁ)\lﬂ-& bl 3/ By
Technician(s) Date ' '
Q2b Strip Heater Resistance
Fermi QERN Description Limit Resistance
H1aQ2b YT1132+ I -
Circuit A | 18.20 to 21 .
H2aQ2b | YT1132. | 1520102182 ;’lﬁqq ol
H1bQ2b YT1142+ .
CircuitB | 18.20 to 21 5
H2bQ2b | YT1142- redl 820102101 ,2,7) o

Lol

D’ b1 L

Tef:hnicTan(s)

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB06-0

Notes:
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i 13.2 Using the HP3457A, connect power thru the corrector Power Leads
(HA2 and HB2 to measure (Q2-F2 or VA2 and VB2 o measure Q2-V2).
Connect the Sense Leads as shown in table below and record resistance.
{Magnet Bus Leads) {Corrector Bus Leads)

Superconductor

13Ka
Copper VA2 Ivaz IHAz lez

o =

PP VA1 IVB1 |HA1 IHB1

8Ka Superconductor

Copper
Vi Looking into Q2b)
MCBX Corrector Coil Taps
Component FermiLab Label CERN Label Resistance
' . VTH2 EE8122 '
Q2-H2
| HA2 N/A . A0 g
VTV2 EE8112
Q2-v2
VA2 N/A . A\ g
o ¢ /8/°Y
%ician_(s) N/ Date
XXX 133

Hipot according to table below. Hipot to 5kV. Maximum leakage is 3uA.

Hipot Heaters to Coil and Ground.

High Potential Grounded Floating Leakage
. Coils, Yoke, Q1 Instrumentation Bus, Lead and .
All Strip Heaters Corrector Coil Busses, RTD's and Warm-up Heaters Nothing c' (0 3 n A

Hipot Coil to Heaters and Ground.
High Potential Grounded Floating Leakage
Strip Heaters, Yoke, Q1 Instrumentation Bus, 8kA
All Coils and 5kA Lead Busses and Corrector Coil Busses, Nothing a O
RTD's and Warm-up Heaters 7 nA
o=ty
—7< b /f5 /0Y

Tecﬂiqﬁl N Date

A N\ — ¢./3/o%
Respontibfe Authority/Physicist f
Q2 LMQXB Cold Mass Medule Assembly

Date

LHC Serial No.: LMQXB06-0
Notes:
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134 Check Q! Instrumentation Bus Wires for Continuity.

Module|Pin| Fermi CERN |KEK Description Done
M2 1 VTalQ1 |EE1111 al |Q1 Lead Voltage Tap "a", primary o
M2 2 |VTa2Q1_ [EE1121 a2 |Q1 Lead Voltage Tap "a", redundant L
M2 3 VTe1Q1 [EE1211 ¢l Q1 Center Voltage Tap "¢", primary L~
M2 4 VTe2Q1 |EE1221 c2 Q1 Center Voltage Tap "c", redundant L
M2 5 VTbh1Q1 [EE1311 b1 Q1 Lead Voltage Tap "b", primary ' [l
M3 5 VTh2Q1 |EE1321 b2 |Q1 Lead Voltage Tap "b", redundant‘ —
ws | 1 e leesran | |Coteconiotaelap AT kew dpo) —
M5 |2 VTvi  |gEB1T (on NICBX. MOBXV At oad) ot}
M7 1 WiaQ1 |[EH8311+ Q1 Cryogenic Heater lead end - wire at top (CERN #1 |+) ’
M7 2 [Wz2aQ1 |EHB311- Q1 Cryogenic Heater lead end - wire at bottom (CERN #1 |I.) ~ .
M7 3 Wi1bQ1 |[EH8321+ Q1 Cryogenic Heater non-lead end - wire at top (CERN #2 1+) /;
M7 4 wWa2bM EH8321- Q1 Cryogenic Heater non-lead end - wire at bottom (CERN #2 I-) i,/
M9 1 [H1aQt YT1111+ HA1.1Q1 Protection (Strip) Heater, ("a" circyit) (CERN lead #1+) {//
M9 3 [H2aQ1 YT1111- HAZ2 [Q1Protection (Strip) Heater, ("a" circuit) (CERN lead #1-) v .
M9 5 [H1bQ1 YT1121+ HB1 [Q1 Protection (Strip) Heater, ("b” circuit) (CERN lead #2+) i--/ p
M10Q 4 |H2bQ1 YT1121- HB2 |Q1 Protection (Strip) Heater, ("b" circuit) (CERN lead #2-) ://
M12 | 1 [TaQi_l+ [TT8311 I+ Q1 RTD, primary Wire color: Yellow i~
M12 2 {TaQi_I- [TT83111I- Q1 RTD, primary Wire color: Green \/ ”
M12 | 3 [TaQt_V+ [TT8311 U+ Q1 RTD, primary Wire color: Black L/
Mi2 4 [TaQt_V- [TT78311 U- Q1 RTD, primary Wire color: Red
M12 | 5 [ThQ1_l+ [TT8321 I+. Q1 RTD, primary Wire colof: Yellow ’\7 |
M12 | 6 [TbQt_I- [TT8321I- Q1 RTD, primary Wire color: Green L~
M12 | 11 [TbQ1_V+ [TT8321 U+ Q1 RTD, primary Wire color: Black 1
M12 | 10 [TbQ1_V- [TT8321 U- Q1 RTD, primary Wire color: Red el

b=7-0f

/y/myymhmman(s)

A& &

et

%

Q2 LMQXB Cold Mass Module Assembly

b ok
\ ‘[\\;5‘\’

)

Date

LHC Serial No.: LMQXB06-0

Notes:
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Installation of Hypertronics

14.1
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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.

Module

Pin

Fermilab

Label

CERN KEK

Label

Label

Description

M1

Blank Module

M1

M1

M1

M1

| ]JWN|—

VTalQ1

EE1111

Q1 Lead Voltage Tap "a", primary

VTa2Q1 EE1121 a2 Q1 Lead Voltage Tap "a",redundant
VTcitHt EE1211 c1 Q1 Center Voltage Tap "c", primary
VTec2Q1 EE1221 c2 Qt Center Voltage Tap "c", redundant
VTb1Q1 1 Lead Voltage Tap "b", prima

M4

VTb2Q1

EE1321

1 Empty No Connection
M3 2 |Empty No Connection
M3 3 |Empty No Connection
M3 4 (Empty Empty No Connection
5

Blank Module

M4

M4

M4

M4

N |WIN[—

Corrector voltage tap Q1-H1 (skew dipole)

MS T |VTH 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.: LMQXB06-0
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
Mé 4
M6 5

Q1 Cryogenic Heater lead end - wire at top

M7 1 [W1aQ1 EH8311+ (CERN #1 14)
) Q1 Cryogenic Heater lead end - wire at
M7 2  [wWz2aQ1 EH8311 bottom (CERN #1 I
Q1 Cryogenic Heater non-lead end - wire at
M7 3 [wWibQt EH8321+ top (CERN #2 I4)
M7 4 |wobai EH8321- Q1 Cryogenic Heater non-lead end - wire at

bottom (CERN #2 |-)

“[Blank Modute

No connection

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

M10

M9 11201 (YTH AT | e
M9 2 |Empty Empty No connection

i Q1Protection (Strip) Heater, ("a" circuit)
M9 3 |H2aQ1 YT1111 HAZ2 (CERN lead #1-)
M9 4  [Empty Empty No connection
M9 5 |H1bO1 YT1121+ |HB1 1 Protection (Strip) Heater, ("b" circuit)

(CERN lead #2+)

o Connection

Empty
M10 2 Empty No Connection
M10 3 Empty No Connection
i Q1 Protection (Strip) Heater, ("b" circuit)
M10 4 |H2bQ1 YT1121 HB2 (CERN lead #2-)
M10 5 |Empty Empty No Connection

Q2 L.MQXB Cold Mass Moedule Assembly

LHC Serial No.: LMOXB06-0
Notes:
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Note:

Table 14.1
. Fermilab CERN KEK i
Module | Pin Label Label Label Description
M11 1 Blank Module
Mt1 2
M11 3
M11 4
M11 5

Pin numbers of Module M12 are not listed in numerical order

Q1 RTD, primary Wire color: Yellow

M12 1 [TaQi_I+ [TT8311 I+

M12 2 [TaQ1_I- [TT8311 I- Q1 RTD, primary Wire color: Green
M12 3 |TaQ1_V+ [TT8311 U+ Q1 RTD, primary Wire color: Black
M12 4 |TaQ1_V- |[TT8311 U- Q1 RTD, primary Wire color: Red

M12 5 [TbQi_i+ |TT8321 I+ Q1 RTD, redundant: Wire color: Yellow
M12 6 |TbQ1_I- |778321 |- Q1 RTD, redundant: Wire color: Green
M12 11 |TbQ1_V+ [TT8321 U+ Q1 RTD, redundant: Wire color: Black
Mi12 10 [TbQ1_V- [TT8321 U- 1 RTD, redundant: Wire color: Red
M12 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
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Hypertronics Connector Pin Locations for Q2 (ip, or Q2a end)
VIEW: Female (receptacle) solder cup side

o6 17 |

os *" ors] 08| O8] @8] 05| 05] 05| 05| 05| e5| @5 o5

os ®10 o5 | O4f ®4f 04f 04f @af o4 04| 04| 04| @4| 04| [

os O oral O3 O3} 3| o3| 3} 03| o3| o3| o3| e3| o3| | Wires —
®8 | ogl o2]-02| 02| ea} 02} ez 02| 02{ e2| 02 '

o2 ©13] | e , —
@7 -1 Ot} O1| ®1| O1] &1 ®1| O1| 01| @1 O1

o1 ©12 | 1
M12 Mi1 M10 M9 M8 M7 Mé M5 M4 M3 M2 M

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

Black U+
Yellow |+
Red U -

Green | -

Individual Thermometer Layout

et /A//C\J € /5

/ Technician(s) b Date

Q2 LMQXB Cold Mass Mcdule Assembly LHC Serial No.: LMQXB06-0
Notes:
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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 _—
Module | Pin Label Label Label Description
M1 1 Blank Module
M1 2
M1 3
M1 4
M1 5

M2

VTaiQ1

EE1111

at

Q1 Lead Voltage Tap "a", primary

M3

VTe1Q2a

EE1212

1
M2 2 |VTa2Q1 |EE1121 a2 Q1 Lead Voltage Tap "a", redundant
M2 3  |VTe1Qt EE1211 cl Q1 Center Voltage Tap "c", primary
M2 4 |VTc2N EE1221 c2 Q1 Center Voltage Tap "c", redundant
M2 5 |VTb1Q1 [EE1311 b1 Q1 Lead Voltage Tap "b", prima

Q2a Center Voltage Tap "c", primary

Q2a Quarter Coil Voltage Tap "d" (Q1inner-Q3

VTc2Q2a

EE1222

M3 2 |VTdQea Empty 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 Voitage Tap "b", redundant

Q2a Center Voltage Tap "c", redundant

Q2a Quarter Voltage Tap "e", (Q2 inner -Q4

M4 2 |VTeQza |Empty outer interface)

M4 3 |VTb1Q2a |EE1312 Q2a Lead Voltage Tap "b", primary
M4 4 |VTb2Q2a |EE1322 Q2a Lead Voltage Tap "b", redundant
M4 5 |VTb1Q2b [EE1612 Q2b lead Voltage Tap "b", primary

Q2b Quarter Coil Voltage Tap "d" (Q1inner-Q3

M5 1 |VTdQ2b - |Empty outer interface}

M5 2 |VTe2Q2b |(EE1522 Q2b Center Voltage Tap "c¢", redundant

M5 3 {VTeciQ2b [EE1512 Q2b Center Voltage Tap "¢", primary

M5 4 |vTeQzb  |Empty Slizr?nﬁr:f::; (\e/)oltage Tap "e", (Q2 inner -Q4
M5 5 |VTbh2Q2b |[EE1622 Q2b Lead Voltage Tap "b" redundant

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMQXB06-0
Notes:
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Table 14.2
. Fermilab CERN KEK -
Module | Pin Label Label Label Description
M6 1 [VTa1lQ2b |[EE1412 Q2b Lead Voltage Tap "a", primary
Mé 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
M7 5

Corrector voltage tap 01 - (skew dipole) {on

M9

M8 ToVTH EE8121 MCBX, MCBXH, A+ lead)

M8 o IVTV1 EE8111 K)Accn;rgegoh; (\;c;t;\g/e Atilpleg;)-w (normal dipole) (on
M8 s |VTH2 EE8122 fncgéegohr;‘ '\C/)c;t;ug? Laflgai)Hz (skew dipole) (on
M8 4 |vrve EES112 E)A%rlrae)((:fohrﬂ (\;cgt;gta ;\ip| ;%—)\12 {normal dipole) (on
M8 JEmpt i

Blank Module

M9

M9

M9

M9

Ml |WIN]—=

Q1 Cryogenic Heater lead end - wire at top

M10 1 [wWiai EHB8311+ (CERN #1 |+)

M10 o |weaqi EHB8311- %Egrdo#ﬁe?-i)c Heater lead end - wire at bottom
M10 3 |wibai EHB3214+ S,:, ?Créogsn;cz |~I*I+e)ater non-lead end - wire at
M10 4 |wobas EH8321- g};ﬂgg(zg%nFi{CNH#ezatf)r non-lead end - wire at
M10 5 (Empty Empty No connection

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMOXB06-0
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 ! W1aQ2A | EHE312+ cold mass end plate (CERN #1 |+)
Q2A Cryogenic Heater lead end - wire toward
M1 2 |W2aQ2A |EH8312 cold mass mag center (CERN #1 |-)
Q2A Cryogenic Heater non-lead end- wire
M1 3 |W1bQ2A |EHB322+ toward cold mass end plate (CERN #2 |+)
M11 4 |wobaza |EHB322- Q2A Cryogenic Heater non-lead end- wire

toward cold mass mag center (CERN #2 [-)

M11

Empt

Empt

N ecti

Q2B Cryogenic Heater lead end - wire toward

M12 ! W1aQ2B |EHB332+ cold mass end plate (CERN #1 |+)

w2 | 2 |wesozo ez, | [0 Coogeio et i g wioovers
iz | o |wivaze |evaaszs | [020 Cropen Hesrvoriesd i v
i | 4 |wabaze |eease | [020 Ccgmn Hester noread st e
M12 5 |Empty Empty No connection

Biank Module

M13

M13

M13

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

M14 1 H1aQi1 YT1111+  |HA1 (CERN lead #14)

M14 2 |Empty Empty No connection

M14 3 |HeaQ1 YT1111-  |HA2 Q1Protection (Strip) Heater, ("a“ circuit) (CERN
lead #1-)

M14 4 |Empty Empty No connection

M1 4 5 |RibQ1 YT1121+ |HB1 Q1 Protection (Strip) Heater, ("b" circuit)

(CERN lead #2+)

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMOXB06-0
Notes:
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Table 14.2
. Fermilab CERN KEK L
Module | Pin Label Label Label Description
M15 1 Empty Empty No connection
Q2a Protection (Strip) Heater, 1-4 & 2-3 circuit
M15 2 |HiaQ2a Y7112+ (FNAL lead A+) (CERN lead #1+)
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 |HeaQ2a YTiT2- (FNAL lead A-) (CERN lead #1-)
M16 2 |Empty Empty No connection
Q2a Protection (Strip) Heater, 1-2 & 3-4 circuit
M16 3 |HibQ2a |YT1122+ (FNAL lead B+) (CERN lead#2+)
M16 4 |Empty Empty No connection
M16 5 |HobQ2a |YTi122- Q2a Protection (Strip) Heater, 1-2 & 3-4 circuit

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

M17 1 Empty Empty No connection
i Q2b Protection (Strip) Heater, 1-4 & 2-3 circuit
Mi7 | 2 [H2eQ2b |YT1132 (FNAL lead A-) (CERN lead #1-)
M17 3 |Empty Empty No connection
M17 4 IH1a02b  |YT1132+ Q2b Protection (Strip) Heater, 1-4 & 2-3 circuit

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

No connecti

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
Mg | 3 |H2bQ2b YT1142 (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.: LMOXB06-0
Notes:
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Table 14.2
. Fermilab ERN KEK L
Module | Pin Label iabel Label Description
M19 1 Blank Module
M19 2
M1g 3
M19 4
M19 5

M20 1 TaQi_l+ |TT8311 I+ Q1 RTD, primary Wire color: Yellow
M20 2 |TaQt_I- |TT8311 I- 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 |TbQt_I+ |TT8321 I+ Q1 RTD, redundant: Wire color: Yellow
M20 6 |TbQi_I- |TT8321I- Q1 RTD, redundant: Wire color: Green
M20 11 |TbQ1_V+ |TT8321 U+ Q1 RTD, redundant: Wire color: Bilack
M20 10 {TbQ1_V- |TT8321 U- Q1 RTD, redundant: Wire color: Red
M20 9 [TaQ2a_l+ [TT8312 I+ Q2a RTD, primary Wire color: Yellow
M20 8 |TaQ2a_l- |[TT8312 - 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 [ThQ2a_Il+ |TT8322 I+ Q2a RTD, redundant: Wire color: Yellow
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 |ThQR2a_V- |TT8322 U- Q2a RTD, redundant: Wire color: Red
M20 17 |Empty Empty No connection

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMOXB06-0

Notes:
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Table 14.2
Note: Pin numbers of Module M21 are not listed in numerical order
Module | Pin FT::ellab E::g Lﬁitl Description
M21 1 [TaQ2b_I+ |TT8332 I+ Q2b RTD, primary Wire color: Yellow
M21 2 |TaQ2b_I- |TT83321- 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 |ThQ2b_i- |TT8342 |- Q2b RTD, redundant: Wire color: Green
M21 11 |TbQ2b_V+{TT8342 U+ Q2b RTD, redundant: Wire color: Black
M21 10 |ThQ2b_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

. 170 68170 e
50 [5® |50 |58 (5@ |50 |50 |50 |50 [50 |50 {50 |50 [5® |5C |5@ |5C |50 |50 Me 11 e

i’ 16 @ sel16 e 58
40 (48 |4@ |40 (48 |40 |40 [4® {40 |4® |a® |48 |40 |40 la® {40 (4@ [40 |40 e 108

150 48156 49

30 {30 (30 (3@ [3@ |30 |30 j3e [30 |38 |38 [3e [30 {3@ [30 |3e {30 {38 |30 o & 9.6 Wires

20 {20 (20 (2 [ge [ze [20 28 (20 |20 |2e |20 |20 [20 {20 |20 [2@ {20 |20 . a ) 8 .
2 : 2 2 Tae 28[130 2@l |

10 [1@ |10 |10 |1 [18 |10 |18 |10 [10 {10 |10 |10 |18 |10 |1® |10 1@ |10 70 7
1 ! i 128 10120 18

M1 M2 M3 M4 M5 M6 M7 MB M9 MI0 M11 MI1Z MI3 M13 MI5 Mi6 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 | -

R0

Individual Thermometer Layout

6S€
f\{{ e

\1 9. £ XXX 143 Check installation of Hypertronics. Ensure Hypertronics were installed as per Q2 Cold
Mass Welded Assgmbly (ME-390309), Hypertronics Connector Assembly Q2 Magnet

(7 b) e? Return End ( 133) and Hypertronics Connector Assembly (MB-418083).
‘/\, B ; /

¢ (/15 2¢c4
S’ ¢ .,\ '.9"' Technician(s) Date /

\ ‘/0'_/&—« ‘f/:f/b‘-/

Responsible Authority/Physicist Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0

Notes:
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EE1122 (Q2a)
EE1422 (G2b)
VTa2 (FNAL)

EE1112 (Q2a)
EE1412 (Q2b)
VTal (FNAL)

EE1212 (Q2a)
EE1512 (02b) .._2_l2

VTel {FNAL)

it USRS

Nl RS R R

April 7, 2004
Rev. C

Final Electrical Inspection

15.1 Perform an electrical inspection on each of the Individual Quadrants and the Cold Masses.
Refer to the Valhalia and Leader Free Standing Coil Measurement Procedure (ES-
292306).

To measure the resistance of a bussed Q2:

Use Valhalla Scientific 43008 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

B

9

0

1

—

Connect |,y to the 5KA bus (Q2a Q3 inner power lead) as shown in figure.
Connect I o to the Q2b Q3 inner power lead as shown in figure.
Turn test current on.
1 Connect Vy and Vo to voltage taps as shown below.
1 Read resistance and record in traveler.

EE1322 (Q2a) EE1312 (Q2a)
EE1622 (Q2b) EE1612 (Q2D)
VTb2 (FNAL) VTb1 (FNAL)

Pole
Splice

EE1212 {G2a)
EE1512 (Q2b)
VTet (ENAL)

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

VTd

EE1122 (Q2a)
EE1422 (Q2b)
VTaz (FNAL)
EE1112 (G2a)
EE1412 (O2b)
¥Tat (FNAL}

Jumper
gl from Q2a
il Q3 inner
to 5KA
bus

EE1312 (Q2a)
EE1612 (G2D)
¥T1 (FNAL)

EE1322 (Q2a)
EE1622 ((2b)
VTb2 (FNAL)

{1k L

Splice

I

i HIHTH

© o d
. O
Resistance
Teat Temp VLDOj) ILo
Full Scale 20mV 200my_2v_ Curtent Comp
voltage [T (2 3
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB06-G

Notes:
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(Q2a) Resistance Nominal ~ 560 to 585 mQ
it T ial Numbe
Voltage Tap Serial Numbers Quadrant Total Resistance
Connect] Fermi CERN Quadrant
Vi [VTdQ2a [EMPTY
— Quadrant 1 -
Vio |[VTciQza |EE1212 | S716- 8 mQ
Vi [VTclQ2a |EE1212
Quadrant 2 -
Vio [VTeQ2a |EMPTY S7%.0 mQ
Vai |VTalQ2a |EE1112
—  p— Quadrant 3
Vio |[VTdQ2a [EMPTY - S8 1 mgQ
Vi |VTeQ2a |EMPTY
Quadrant 4 —
Vio |[VIbIQua |EE1312 SV 49 mQ
Vy |VTalQ2a |EE1112 Total Cold Nominal ~ 2.305 Q
Vio |VIblQ2a |EE1312 Mass Q. 310 o
?%E&Q G115y
TecHdician(s) Date
Check resistance of Redundant Voltage Taps.
Q2a Redundant Voltage Taps
Connect Fermi CERN Resistance
VHI VTa2Q2a EE1 122
Vio VTc2Q2a EE1222 1. 157 a
Vm VTC2Q2& EE1222
Vio VTb2Q2a EE1322 I oo
G/ 1SN
Tecpﬁ’ician(s) N Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB06-0
Notes:

Page 73 of 86



TD/Engineering & Fabrication Specification # 5520-TR-333643
April 7, 2004
Rev. C

To measure Ls and Q of a Bussed Q2:
1. Use Hewlett Packard HP4284A digital LCR meter.
2. Turn line switch to on. The words “Measurement Display” should now be
highlighted in the upper left cormer of the display screen.

3. Use cursor buttons (shown in figure with arrows) to toggle down until “function” is
highlighted near the upper left corner of the display screen.

4. Push the lowest of the five buttons to the right of display 3 times. {this button is
shaded gray in the figure) The line in the display screen next to the second
button down shouid now read “Ls-Q” and “function” near the upper left corner of
the display should have the option “Ls-Q” chosen.

5. Scroll to “integer” using the cursor buttons. “Integer” will have the option
“medium” chosen.

6. Press the 3" button of five. The word “medium” should change to “long”.

7. Connect H,,, to the 5KA bus (Q2a/Q3 inner power lead as shown in figure).

8. Connect Ly, to Q2b/Q3 inner power lead as shown in figure.

9. Connect Hy and Lo t0 voltage taps as shown below.

10. Read Ls and Q from display and record in traveler.
EE1322 (Q2a) EE1312 (QG2a)

EE1622 (Q2b} EE1612 (Q2b}) Paie

VTb2 (FNAL) YTkt (FNAL)

EE1122 (G2a) TR
EE1422 (Q2b)
VTa2 (FNAL)

EE1112 (Q2a)
EE1412 (Q2b}
vTat (ENAL)

')
N
o

EE1212 (Q2a)
EE1812 (Q2b}
VTel (FNAL)

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

vTd

{

i EE1122 (O2a)
EE1422 (Q2b)

VTa2 (FNAL)

EE1112 (O 26)

EE1412 (Q2b)

VTat (FNAL)

EE1212 (Q2a)
EE1512 (Q2b)} ....-.gmp..
¥Tel (FNAL)

Jumpar
from Q2la
Q3 inner
to BKA
bus

/

EE1312 (Q2a} EE1322 (Q2a)
EE1612 {Q2h) EE1622 {Q2b)
VTht (FNAL) VTb2Z (FNAL)

Jagpisni st i TH R N e fpiiEh i eRtita e HIE (LU TRE S iHHHi

Pole
Splice

AU R R

il f ; [igh5s e TS

RIHRE il R R T P TA HhHE ORI R Rl

P HP4284\Q
= &
Lgi XXXX \ E - —
Q: ok
Lina Leurbpat Fpot Hpie ?
O < (".) QO
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0
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Q2 LMQXRB Cold Mass Module Assembly
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(Q2a) Inductance Nominal ~ 2.880 to 2.935 mH
Voltage Tap Serial Numbers Quadrant Total Inductance
Connect Fermi CERN Quadrant
HPOT VTdQ2a EMPTY -
— Quadrant 1 2 7/
Lpor |VTc1Q2a |EE1212 S 9719 o
H VTclQ2a |EE1212
POT Q Quadrant 2 - 2
Leor |VTeQ2a EMPTY A 36 mH
H VIdQ2a  |[EMPTY
POt 9 . Quadrant 3 2
Lpor |VTalQ2a |EE1112 5, 5 Y20 mH
H VTeQ2a EMPTY
POT Q Quadrant 4 2y
Leor [vrbigza [EE1312 2. 1 200 4
Hpor |VTalQ2a |EE1112 Nominal ~ 13.3376 mH
Total Cold Mass w
Leor [vTbiQ2a |EE1312 12. 23y m
{Q2a) Q-Factor Nominal ~ 4.5t0 5.2
Voltage Tap Serial Numbers
Quadrant Total Q
Connect Fermi Quadrant
H VTdQ2a o
acl Quadrant 1 { / 3
Lpor [VTc1Q2a |EE ‘A
H VTclQ2a |EE1212
POt Q Quadrant 2 g/
Leor {VTeQ2a EMPTY ' 5
Heor [vTa10Q2a [EE1112
ot & i Quadrant 3 c./ .
Lpor |VTdQ2a: |EMPTY e ' /
H VTeQ2 EMPTY
POoT eQza Quadrant 4 9.2
Leor [VTb1Q2a [EE1312
H VTalQ2a |EE1112 Nominat ~ 5.036
POt a1Q2a Total Cold Mass
Leor |VTblQ2a |EE1312 .9
% G les/ ot
Date

Notes:
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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 |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 V, and Vo to voltage taps as shown below.

Read resistance and record in traveler.

SORENOO RN~

EE1312 {Q2a)
EE1612 (Q2h)
VTht (FNAL)

EE1322 (Q2a)
EE1622 (Q2b)
VIb2 (FNAL)

Pole
Splice

T

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

EE1112 (G2a)
EE1412 (@2b}
VTal (FNAL)

EE1212 ((2a)
EE1812 (Q2b)
¥Tc1 (FNAL)

EE1222 (O2a)
£E1522 (Q2b}
VTe2 (FNAL)

EE1222 {Q2a)
EE1522 {Q2h)

vTd

VTc2 (FNAL)

EE1212 (Q2a)

EE1122 (G2a)
EE1422 (Q2b)
VTa2 (FNAL})
EE1112 (Q2a)

EE1512 (Q2b)
¥Tel (FNAL)

EE1412 (Q2b)

AR N

PN

(LS BT R B

.
VALHALLA
SCIENTIFIC 43008 1A
© oo
Resistance

Test Temp

)
vip©@ o
Voltage T —T—3 [ 3

Full Scale 20my 200mv 2v  Gurrent Comp

Q2 LMQXB Cold Mass Module Assembly
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EE1312 (G2a)
EE1612 (Q2Db)
VTh1 (FNAL)

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

LHC Serial No.: LMQXB06-0
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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
= —enc Quadrant 1 = _
Vio |VTaQ2b |EMPTY $74§.2 mQ
Vi |VTeQ2b |EMPTY
Quadrant 2
Vio |VTclQ2b |EE1512 S 7.2 mQ
Vi {VTdQ2b |EMPTY
k. o — Quadrant 3
Vio |VTa1Qzb [EE1412 S 78 Y mQ
Vu |VTb1Q2b |[EE1612
Quadrant 4 —
Vio |VTeQ2b [EMPTY S 785.2 mQ
Vy |VTh1Q2b |EE1612 Total Cold Nominal ~ 2.305 Q
Vo [VTa1Q2b |EE1412 Mass . 31y 9
| & 10Oy
chhnici,ffﬁ(s) v Date
Check the resistance of the Redundant Voltage Taps.
Q2b Redundant Voltage Taps
Connect Fermi CERN Resistance
Vi VTe2Q2b EE1522
Vio VTa2Q2b EE1422 A 1S6 g
Vi VTh2Q2b EE1622 o
Vio VTc2Q2b EE1522 S 156 Q
.~ (ot £5790Y
Tecgﬂian(s‘;r" ™ Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0
Notes;
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To measure Ls and Q of a Bussed Q2:

1. Use Hewlett Packard HP4284A digital LCR meter.

2. Turn line switch to on. The words “Measurement Display” should now be

highlighted in the upper left corner of the display screen.

3. Use cursor buttons (shown in figure with arrows) to toggle down until “function” is

highlighted near the upper left corner of the display screen.

4. Push the lowest of the five buttons to the right of display 3 times. (this button is
shaded gray in the figure) The line in the display screen next to the second
butten down should now read “Ls-Q" and “function” near the upper left corner of
the display should have the option “Ls-Q" chosen.

Scroll to “integer” using the cursor buttons. “Integer” will have the option
“medium” chosen.

Press the 3™ button of five. The word “medium” should change to “long”.
Connact He,, to the 5KA bus (Q2a/Q3 inner power lead as shown in figure).
Connect L., to Q2b/Q3 inner power lead as shown in figure.

Connect Hy and L buttons to voltage taps as shown below.

Read Ls and Q from display and record in traveler.

o

—
cCOX®ND

EE1312 (Q2a)
EE1612 (Q2b}
VTh1 (FNAL)

EE1322 (Q2a)
EE1622 {(2h)
VTh2 (FNAL)

Pole
Splice

EE1122 {Q2a) REHTHIHH]
EEt422 {Q2b}
VTa2 (FNAL)

EE1112 {Q2a)
EE1412 {GQ2h)
VTal (FNAL}

EE1212 (G2a)
EE1512 (G2b)
¥Tel (FNAL)

EE1222 (G2a}
E€E1522 (Q2b}
VTe2 (FNAL)

EE1222 (Q2a} vTd
EE1522 (Q2b)

flvTc2 (FNAL)

EE1122 (02a)
EE1422 (Q2b)
VTa2 (FNAL)
EE1112 (Q2a)

EE121Z2 (G2a)
EE1512 (G2b) M o EE1412 (Q2b)
VTCl (FNAL) HOBIES] vrat (FNAL)

Jumper
from Q2a
il Q3 Inner
P to 5KA
bus

/

EE1312 (Q22)
EE1812 (Q2b)
VTB1 (FNAL)

EE1322 (Q2a)
EE1622 {Q2b)
VEb2 (ENAL)

L AL

Pole
Splice

B, HP4284\Q
Lygi XXXX E Al
O exx ﬁ ) =
Line LeurLpot Hpot !“.l_gur ?
) op©S
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB06-0
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(Q2b) Q-Factor

Nominal ~ 4.5 t0 5.2

Voltage Tap Serial Numbers

Quadrant Total Q

Q2 LMQXB Cold Mass Module Assembly
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April 7, 2004
Rev. C
(Q2b) Inductance Nominal ~ 2.880 to 2.935 mH
v -
oltage.Tap Serial Numbers Quadrant Total Inductance
Connect | Fermi CERN Quadrant
Heor [VTc1Q2b |[EE1512 | |
r— Quadrant 1 .
Leor [VTdQ2b |EMPTY 2.3 0 24 mH
Heor |VTeQ2b [EMPTY
Quadrant 2
Leor |VTclQ2b |EE1512 .24 99 mH
Heor |[VTdQ2b JEMPTY |
: Quadrant 3 '
Leor |VTalQ2b [EE1412 - 3.30 69 _mH
Hpor [VTb1Q2b |[EE1612
Quadrant 4 :
Leor [vTeQ2b |[EMPTY S-A&91 mH
Lpor |VTalQ2b |EE1412 Mass 13.2y¢, mH

Connect Fermi CERN Quadrant
Hpor |VTc1Q2b |EE1512
. uadrant 1
Lor |vTaQzs JemPry | & 4.0
Hpor [VTeQ2b |EMPTY
drant 2
Loor |VTclOZb |EET512 | Juadran Lf 0
Hpor |VTdQ2b |EMPTY
- . Quadrant 3
Lpor [VTalQ2b |[EE1412 ) (.0
H
por |VIbl1Q2b |EE1612 Quadrant 4 L{I
Leor |VTeQ2b |[EMPTY
Hpor |[VIbIQ2b |EE1612 Total Cold Nominal ~ 5.036
Leor |VTalQ2b [EE1412 Mass 3.4
1 4
A G /I STPY
chhni}ﬂn(s) i Date

LHC Serial No.: LMQXB06-0

Notes:
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To measure the resistance of a Thermometer (RTD}:
1. Use Hewlett Packard HP3457A digital muitimeter,
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 4WE2 (meaning a 4 wire resistance measurement).
8. Read resistance in chms and record in traveler.
Hewlett
Packard HP3457A SENSE INPUT
- " [ asme I o [ s s | e [ . Jf oo H O
i o I e I e S e | s i e |
e (o I s f o [ e R — e e | = L0 Ry
e 43 3 s [ s I e | oo BEBRoa h
Ooobom o ©
A
/! 1 y
OHMF Button Blue {function) Button

U+ Black |
|+ YG“W B
U-Red

|- Green

Thermomater
(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 blue button (function key) once.

Push OHMF button.

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 chms and record in traveler.

Hewlett HP3457A

Noeaswn

4Wﬂ

Packard SENSE INPUT
OO oo /-3
e Y s I s I v | o e e

LO

Line s I oo [ oo P
D [ Y s I i o Y ?—— 10
el -
OHMF Buﬂon Blue (funchon) Button
Warmup

Q2 LMQXB Cold Mass Module Assembly

Heater

LHC Serial No.: LMQXB06-0
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Q2a - RTD's and Cryogenic (warm-up) Heaters
Temperature of Building (+/-5°): __ 7 ;°
Component 4 Fermi CERN Resistance
Qea RTD, primary  TQ2a | TTES2 | 4093 o
Q2a RTD, redundant TbQ2a TT8322 @ &. Yog QI
Q2A Cryogenic (warm-up) Heater (LE) - wire toward | s |
cold mass end plate (CERN #1 1+) WiaQ2a | EHB312+ e
QA Cryogenic (warm-up) Heater-(LE) - wire toward W20za | EHB312- 1%, 198
cold mass mag center (CERN #1 I-) : o)
Q2A Cryogenic (warm-up) Heater (Non-LE) - wire
toward cold mass end plate (CERN #2 1+) WINQA | EHE322+
Q2A Cryogenic (warm-up) Heater (NorrLE) -wire [ 71~ 17-86¢
toward cold mass mag center (CERN #2 |-) (e
é /! '.j'/lo L{
Technﬁan(s) Date
Q2b - RTD's and Cryogenic (warm-up) Heaters
Temperature of Building (+-5%: __):°
Component Fermi CERN Resistance
Q2b RTD, primary Ta2b | TT8332 | Gl AY)
Q2b RTD, redundant TQ2b | TT8342 (8. 047 o
Q2B Cryogenic (warm-up) Heater (LE) - wire t
cold mass end plate (CERN #1 1) WiaQZB | EHB332+ |
Q2B Cryogenic (warm-up) Heater (LE) - wire towamq W2a2B | EHesze- [1- 967
cold mass mag center (CERN #1 |-) d
Q2B Cryogenic (warm-up) Heater (Non-LE) - wire
toward cold mass end plate (CERN #2 k) WIb2B | EHB342+
Q2B Cryogenic (warm-up) Heater (Non-LE) - wire W2bQeB | EHeao- ] %&3
toward cold mass mag center (CERN #2 I-) )
7 (o[ 1.510%
Technigfan(s) Date

Q2 LMQXB Cold Mass Module Assembly LHC Sertal No.: LMOXB06-0

Notes:
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Using the Hewlett Packard HP3457A digital multimeter, measure the Strip Heater
Resistance for Q2a and Q2b.

Q2a Strip Heater Resistance
CERN Description Limit | Resistance
YT1112+ S PN | |
. i i A 8.20t0 2 Ol -
YT1112- Q_rauit v -132‘”921;"; Q0. 39 o
YT1122+ N
tB 20to 2
VT1122- Circui 18.20t0 21 Q QO. 530 o)
- (/15 1oy
Techrﬁan(s} Date
Q2D Strip Heater Resistance
Fermi CERN Description Limit Resistance
H1aQ2b YT1132+ e ta n o
YT1133- chunt-A 18.20 to 21 .Q 1&. Uy al
H1bQ2b YT1142+ o
tB .20 to 21 .
Hebozb | YTtz | oW 1820102121 /% y35 o
‘ ~ (ot !S /XS
Techni(fm(b/ Y Date A

Q2 LMQXB Cold Mass Module Assembly
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15.2 Using the HP3457 A, connect power thru the connector Power Leads
(HAZ2 and HB2 to measure Q2-H2 or VA2 and VB2 to measure Q2-V2).
Connect the Sense Leads as shown in table below and record resistance.
(Magnet Bus Leads) (Corrector Bus Leads)
Superconductor .
13Ka :
Copper I VA2 IVBZ]HAZ IHBz
Superconductor .
PP ! VA1 IVB1 [HA1 E-IB1
8Ka Superconductor
Copper
Vi Looking into Q2b)
MCBX Corrector Coil Taps B
Component FermiLab Label CERN Label Resistance
VTH2 EEB122
Q2-H2 = -
HA2 N/A [$30
VTV2 EE8112
Q2-v2
VA2 N/A [§22 Q
4 (/! EPY
Tecﬁcigr-a'(s) Date
XXX 153 Ground as indicated according to table below. Hipot Hypertronics to 5kV. Maximum
-ZC- leakage is 3uA. Refer to hipot procedure TD-03—01NNext page)
¥ \bzﬂ SN P X GUR  yo e
A ¢ Hipot Heaters to Coil and Ground.
High Potential | Grounded Floating Leakage
. Coils, Yoke, Q1 Instrumentation Bus, Lead and . -
All Strip Heaters Corrector Coil Busses, RTD's and Warm-up Heaters Nothing of T0n A
Hipot Coil to Heaters and Ground.
High Potential Grounded Floating Leakage
Strip Heaters, Yoke, Q1 Instrumentation Bus, 8kA
All Coils and bkA Lead Busses and Corrector Coil Busses, Nothing ’ a ! (_/
RTD’s and Warm-up Heaters A 4
< 4
s -2} Ll /O(?’
TeChnician(s) \J Date
Fhodet /S L {—f—=Y
Responsible Auth'cﬁityf'Physicist Date
Q2 EMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0
Notes:
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LHC PRODUCTION MAGNETS

HIPOT TEST PROCEDURE WITH HYPERTRONICS CONNECTORS INSTALLED

Technical Division Note #TD-03-014

Prepared by: Ruben Carcagno

Approved by: Mike Lamm

Date: 12/19/2002

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

oW bW

Q2—Q3 Connector
VIEW: Male (Pin} Solder Cup 5ide

®s| Os| Os| Os| 05| Os| @s| Os] @s| Os| Os] Os! @s] Os) Os| O8f Os] Os5| @540

8 O Oal 04 0o 04 @4 Odl B 4] Oal O] Wa| s O] Qal Oaf Q4| a0 o6 4\60 Omo*
! O OO0 o)
@3 O O3 O3 O3 O3 @3l Os| @31 Os| T3] Q3| @3 T3] O3 Gy O O3 cs”’o Ogo’bo 09 4
14 14
o O O 02 O Oz @A 02 @2 Oz Cz| Oz @2 O2f Oz G2 Oz Oz @2 o O] 5 O
S0 T 0.0 T O
[eX} o7

@1 O O O O] O @1 O @ O Q1| O @] O1| G| D) O1f O @3,0 7 O, 0 0 O

M1 M2 M3 M4 M5 MBE M7 ME M9 MIO MIT! M12 MI3 M14 M15 M16 M17 M18 M19 M20 M21

0201 Connector
VIEW: Female (Receptacle) Solder Cup Side

O, @s) Os| Co] @5 DE:E ®s) Os| @] Os| Oz @
Crs| @al Q4| 1 @] O: @4l Oaf @3] 04| 04| @2
o} L E Os% QO3 @3 O3 .5I Q3 @z Q3 Oz @3
o8 &2 O2f O2 @2 Oz 82 Oz @z O2| Oz @2
O, @1 Q1] O @] Q1) | O @] O O] @

M12 M1T M10 M3 M8 M7 ME M5 M4 M3 MZ M

. Connect the Hipot test fixture to the Q2-Q3 connector and to the Q2-Q1 connector. This fixture bas 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 M 14 to M18 in Q2-Q3 connector and
group M9 to M10 in Q2-Q! 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 5,000V olts and
record results.

Q2 LMQXB Cold Mass Module Assembly LLHC Serial No.: LMQXB06-0

Notes:
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154 Check QI Instrumentation Bus Wires for Continuity.

Module| Pin{ Fermi CERN |KEK Description Done
M2 1 VTalQt |EE1111 atl |Q1 Lead Voltage Tap “a", primary v
M2 2 VTa2Qt1 |EE1121 a2 |Q1 Lead Voltage Tap "a", redundant 4
M2 3 VTe1Q1 |[EE1211 c1 Q1 Center Voltage Tap "¢", primary v
M2 4 VTe2Q1 |(EE1221 c2 |Q1 Center Voltage Tap "c¢", redundant v
M2 5 VFbiQ1 EE1311 bt |Q1 Lead Voitage Tap "b", primary v
M3 5 VTh2Q1 [EE1321 b2 |Q1 Lead Voltage Tap "b", redundant v
ws [ 1 eesren | [Coredoliotags e OF I how Gpol /
ws 2 vi e | [Coredoriotage e Of vt (ol 0o v
M7 1 WitaQ1 |[EH8311+ Q1 Cryogenic Heater lead end - wire at top (CERN #1 1+) v
M7 2 Wz2aQt |EH8311- Q1 Cryogenic Heater lead end - wire at bottom (CERN #1 |-} v~
M7 3 W1bQ1 (EH8321+ Q1 Cryogenic Heater non-lead end - wire at top (CERN #2 |+) v
M7 4 W2bQ1 |EH8321%- Q1 Cryogenic Heater non-lead end - wire at bottom (CERN #2 I)| v
M9 1 {HiaQ1 YT1111+ HA1 {Q1 Protection (Strip) Heater, ("a" circuit} (CERN lead #1+) v
M9 3 |H2aln 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 |HZ2bCr YT1121- HB2 Q1 Protection (Strip) Heater, ("b" circuit) (CERN lead #2-) v
M12 | 1 [TaQ1_l+ [TT8311 I+ Q1 RTD, primary Wire color: Yellow v
M12 2 [TaQ1_i- [TT8311 |- Q1 RTD, primary Wire color: Green 4
M12 | 3 [TaQi_V+ [TT8311 U+ Q1 RTD, primary Wire color; Biack v
Mi12 | 4 [TaQ1_V- [TT8311U- Q1 RTD, primary Wire color: Red v
Mi2 | 5 (ThQ1_M+ [TT8321 I+ Q1 RTD, primary Wire color: Yeliow '
M12 6 [ThQ1_l- ([TT83211I- Q1 RTD, primary Wire color; Green /
M12 | 11 TbQ1_V+ [TT8321 U+ Q1 RTD, primary Wire color: Black v
M12 | 10 ThQ1_V- [TT8321 U- Q1 RTD, primary Wire color: Red v

et ¢ JEfoy
TechnichHfis) Y Date /

Notes:
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16.0 Production Complete

XXX l16.1 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:

FEB 2 1 2005

Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-0
Notes:
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TD / Engineering & Fabrication Specification # 5520-FM-3 18904
September 24, 1999
Rev. H

Revision Request Control Number: 1636
Specification Number: [5520 - TR - 333643] Current Revision:

Traveler or Document Title |Q2 LMQXB Cold Mass Module Asserably Traveler

Step #/Description of Revision:

7.23 Modified Step. Changed to “Install Warm-up Heaters (ME-369834) to the Lead Ends and Non-Lead Ends of Q2a and
Q2b as per Q2 Moedule Assembly (ME-369893).” Per LMQXBO6.

7.26 Modified Step. Changed Max Leakage Current to < .5 mA. Added “Use Droege Serial No. 910 (FNAL Part No. 5 1330)
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.

.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. HG(-0423.

11.3 Removed Step. “Install Spider Assembly (MC-430044) to protect wires.” Per LMQXB06/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).”

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

13.3  Modified Step. Added “Have Crew Chief verify setup and sign below before continuing.”

13.4  Modified Step. Added Responsible Authority signoff per LMQXBO6.

14.2  Modified Step. Added Technician Signoff per LMQXE06.

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

15.3 Modified Step. Modified Table.

[ Damon Bice Jim Rife | [ 571772004

Originator Responsible Authority Date

Revision Incorporated into the Traveler: I John Szostak I l 7/14/2004 |
Revision Incorporated By Date

Process Engineering Final Review: Jamie Blowers L 7/14/2004 l
Process Engineering/Designee Date

Revision Request Form



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

Instructions for the compietion of the Revision Request Form

Note(s):

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

If completing this form by hand, a Revision Request Control Number must be obtained before processing.
If completing this form entirely by electronic means, the printed copy to be filed in the Process Engineering Office is to

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

Originator Instructions:

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

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

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

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

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

Process Engineering Office Instructions:

13 Revision Incorporated into the Traveler: - Signature of the individual who incorporated the revision.

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

Revision Request Form



CERN
CH-1211 Geneva 23

AT MEL Document No.
LHC-MCBX-FR-0001 rev. 1.0

ﬁh

Switzerland EDMS Document No. T ]

the

Large

Hadron

Collider

project

- - - \
Certificate of Conformity
Part name: MCBX Inner Triplet Dipole Corrector
pc Identification HCMCBX_001-S1000013 | Serial No.: HCMCBX_001-S1000013
Shipped To: CERN Shipment No: 13
Shipment 30/09/03
Manufacturer: SIGMAPHI Contract No.: F375/LHC/LHC
Related tech.
Specification: LHC-MCBX-CI-0001 and addenda
Related drawings: LHCMCBX_0012 (1525-CN-1001)
Responsible person at | .\ Karppinen Tel. +41 22 767 4305
CERN: E-mail. Mikko.Karppinen@cern.ch
Responsible personat | r_ ..o lise Tel. +33 2970108 80
SIGMAPHL: 9 E-mail. dneuveglise@sigmaphi.fr
SIGMAPHI certifies that the delivered material conforms fo the technical specification mentioned above:
Date: 30/09/03 Name: D.Neuvéglise Signature:
D.Neuvéglise
Acceptance test results
MCBXV (Inner) MCBXH (Outer) | Remarks:

RT dc SIGMAPHI: 18 22.2
resistance
(2): CERN: 17.10 20.9

CMA': (15an | 20649 q

SIGMAPHI: 66.34 / 113.58 68.46 / 162.89
Inductance
@1 kHz/100 | CERN 63.12 / 84.43 58.52 / 97.83
Hz (mH) P - ] ‘ - -

CMA: 03,182/ 8.4 |53-03¥ /98203 Qiy/ 1.1/ aod/ 1.2
R.T. leakage | SIGMAPHI: 0.00225 0.00225 ’
current to CERN: 0.0036 0.0053
ground @
1.5 kV (uA): CMA: 'Oo'};u\ .03 44

Cold Mass Assembler
Visual ) Acceptedﬂl
inspection y o
Name / W M Rejected: [
Sianature )
Date ~ shislgy
. J

! Cold Mass Assembler




AT MEL Document No.
LHC-III
Page 2 of 2
4 h

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 95 % of the nominal
current @ 1.9 K.

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

Comments (CMA):




Cryogenic Thermometer Travelier

DESCRIPTION o
Part description: Cryogenic thermometer Top Assembly ) W
Part Identification: HCQITESCXT-CR012320 Identification: M a X8 06
Serial Number; CX_LS_X16755 Manufactured By: Fermilab
CABLING
Conniector Tag Name
| TNz ]
Top View / A Wire Crossing / ' \
Black . B ' u . il
S Ut g g ;. A ’)C_ B]ack U+ N
l'- : T, I+ Yellow a o/ ‘i; {’ \ ;- g‘/&\{;. / ;: : ai’ \K -7‘ FW . - . .. —
P Red A AN A4 L\ A4\ ] Yellow {4 .
I U- \ bV SAYS UAYS N LAY/ Green | D+2
E—_. __________ I- Y i i 5 Y ! gy . n+3
Fixing Case Thermometer Cable for Type ST Extensidn “L‘
ThreadD p (300 K) = 0.32 Ohm/m p (300 K) = 0.07 Ohm/m
Hole[ ] Copper AWG 30 Copper AWG 24
stud[_] Length = | |m Length: 0.8 m
CHECKS o _
Intervention Date/ Check | R{U+U-I+1-)  R(U-4-) R{U+,[+) R(U+,GND) | Temperuture| Firm/Laboratory] Checked by
DD-MMM-YYYY | Point | [Ohm]4w | [Onm}2w | [Ohmj2w | [Ohm)2w K] o
Calibration 2i-Jan-2002 T 64,55 na na VL Ambient IPN Joly
Expedition 12-Mar-2003 {T 63.25¢ ol at oV 295 CERN Grivat
Reception n-r’l-ﬂ‘/-?w‘ (’4, 34‘8 .H T rgm-ﬂ EUJA}-&

ééééésééséééééééssséééé-

o S M B s e e M B M M M B e e B e e e D D
DN 0000000000000 000 0

In Case of problem, do not hesitate to contact Responsible person at CERN. Tel:+41 22 767 4266



Cryogenic Thermometer Traveller

DESCRIPTION

Part description:
Part Identification:

Serial Number:

Cryogenic thermometer
HCQITESCXT-CR012280
CX_LS_X16750

Top Assembly
Identification:
‘Manufaciured By:

LMRXB

Fermilab

CABLING

" Gonnector Tag Name

. o . _ Black U+ -
y 75 i3 Fa M~ ISy "
¥ £ ’X P f YANS Y /)(-: Hed Y- 1
L SA N SA & { %A\ \’ Yellow |4+ -
Y F “\ i 5 \:" ¥ ‘\3_ 5 5 ? Green - - . n+2
¥ ¥ ¥ i - ; - n+3
Fixing Case Thermoemeter Cable for Type ST Extenaior:\' 'j-" .
ThreadD p (300 K) = 0.32 Chm/m - .p (300K} = ©.07.Chm/im
Hote[ | Coppar AWG 30 Copper AWG 24
stud[_} Length = L__] m Length: 0.8 m: .
CHECKS _
Interveniion Date/ Check |R(U+,U-1+1-){  R(U- ) R{UJ+,1+} R(U+,GNB) |Temperaiurs| Firi/Laboratory| Checked by
DD-MMM-YYYY | Point | [Ohm]4W | [Ohm]2W | [Ohm]2w | [Ohm]2w K] :
Calibration 21-Jan-2002 68.76 na na ove Ambient IPN Joly
Expedition 12-Mar-2003 87.217 o1 ol ovL 29.3 _ CERN Grivat
Reception 12 HAg-LoA b8.SBB T4 7| Fermr | £ 0AnS

394 4 4 44 444 A4 4944444444 A4 A4A-A-A-
R EEEEEEE R ENEEREREERENIEIE-

e e e e T s T s T s T T s T T s T s T N T S TR D ]

In Case of problem, do not hesitate to contact Responsible person at CERN. Tek+41 22 767 4266




Cryogenic Thermometer Traveller

~ DESCRIPTION .- e
Part description: Cryogenic thermometer Top Assembly o
Part Identification: HCQITESCXT-CR012310 tdentification: L ” e x ‘ O‘

Serial Number: CX_LS_X16753 Manufactured By: Fermilab

CABLING
Cannegtor Ta rag: Name
lrrg3zz |
Top View / A Wire Crossing / . \
P — gLk Black Ut pore
T AN s
T | Al e N LAY FANY A AN AN A Y A W P i " n+1
. | Red _ 3\ Yellow i+ -
(R Grean Green a n+2
e [ n+3
Fixing Case Thermomater Cabile for Type ST Extension . : 'l'
Thread[ } P (300 K) = 0.32 Ohen/m p (300K} = 0.07 Chr/m
HoleD Copper AWG 30 Copper AWG 24 - h
stud[_] Length = ]:jm Length; 0.8'm -
CHECKS | e T
Intervention Date/ Check | R{U+,U- 1+, R{U-1-) R(U+l+} | R{U+GND) |Temperarurel. Firm/Laboratory| Checked by
DD-MMM-YYYY | Point | [Ohm] 4w | [Ohm]2W. | [Ohm]2W | [Ohm]2W K] :
Calibration 21-Jan-2002 | T 61.55 na na ovE Ambient IPN Joly
Expedition 12-Mar-2003 | T 80.134 ol ol OvL 293 CERN Grivat
, o —
Reception | VTVIR)-Tood | T\ C| (], 274 74 Feir) | Fuans

4 4 <% 4 44444444344~ A—4-A4-4-4-4-A
E £ 3 £33 S SsETTEE 5 EFF
MO OAOOCAO0ONO000000a000000

In Case of problem, do not hesitate to contact Responsible person at CERN. Tel:+41 22 767 4266



Cryogenic Thermometer Traveller

DESCRIPTION S '
Part description: Cryogenic thermometer 'Top Assembly , f 6
Part {dentification: HCQITESCXT-CR012250 Identification: Ln a _ B O
Serial Number: CX_LS_X16745 ‘Manufactured By: Fermilab
CABLING

co'jririect'o_r Tag:Name
! l_
Top View / A Wire Crossing / \

s Black Blagk: U+
,.L,',’ """"" U+ Yall \ 2 2 Y /)(: ST N
I g Y elow ANV FANV /Q I FANVEN TANV Y i _ — | 141
Vo Rod . ) A L L A Yellow |4+
P Sttt - w"\ / xl f A Yof Y 5 w9 Gres . n42
S S ! VWOVWOVW AW VW W e B 1
Fixing Case Thermometer Cable for Type 8T Extension 'l'
Thread[ ] P (300 K} = 0.32 Chm/m P (300 K) = 0.07 Ohm/m
HoIeD Copper AWG 30 Copper AWG 24
stud[ "] Langth = [m Length: 0.8 m -
CHECKS
intervention Date/ Check | R(U+U-I+,I-)[  R(U-.I} R{U+,i+) R{U+,GND} |Temperanurs| Firm/Laboratory| Checked by
DO-MMM-YYYY | Point | [Ohmldw | [Ohm]2W | [Ohmi2w | [Ohm]2w [K]
Calibration 2i-Jan-2002 68.7 na na ovL Ambient IPN Joly
Expedition 12-Mar-2003 67170 af al ove 293 CERN &rivat
. - o
Reception l’l~ﬂf.}y-ibo4 &B. qu 74’" tEgH; E?/AAJ__S

4 A A A A A A A A A A A A A 4 A+ o A+ o+
E I FFTFTE T EETETEEEFxz 2T F
OO0 000N O0nN0000000000600606A000

In Case of problem, do not hesitate to contact Responsible person at CERN. Tel:+41 22 767 4266
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TD/Engineering & Fabrication

}

Specification # 5520-TR-333643
February 28, 2005
Rev. F

Batavia, IL 60510

* Fermi National Accelerator Laboratory

LARGE HADRON COLLIDER
Q2 - LMQXB
COLD MASS MODULE ASSEMBLY TRAVELER

Reference Drawing(s):
Q2 Cold Mass Welded Assembly (ME-390309)
Q2 Module Assembly (ME-369895)

Project/Task Number:

Released By: John Szostak

Magnet/Device Series: LOXB

Date Issued: 4/21/2005 6:04:04 PM

Scanned Pages: ]| S~

Prepared by: J. Szostak

Title Signature Date
TD / E&F Process Engineering Jamie Blowers 2/28/05
- Bob Jensen / Designee

TD / LHC Production Supervisor Jim Rife 2/28/05
Jim Rife / Designee

TD / LHC Production Engineer Rodger Bossert 2/28/05
Rodger Bossert / Designee

TD / LHC Project Engineer Cryostat Tom Nicol 2/28/05
Tom Nicol / Designee

TD / LHC Project Physicist Mike Lamm 2/28/05
Michael Lamm / Designee

TD / LHC Program Manager Jim Kerby 2/28/05
Jim Kerby / Designee

Q2 LMQX®B Cold Mass Module Assembly

Page | of 86

LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554




TD/Engineering & Fabrication

Revision  Step No.

Specification # 5520-TR-333643

February 28, 2005

Revision Page (1 of 3

Revision Description TRR No.

Rev. F

Date

None N/A

A 6.5

6.10

718

7.22
7.29.2

7.36

8.1
11.11

11.13
13.1
14.1
14.2

B 6.11
7.1

1.2

7.3

7.4

7.5

7.22

7.23

Initial Release N/A

Moditfied Step. Changed MiniLevel Tolerance to +/- 0.05 mm/m per Tom 1513
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 splice 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
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 LMQXB04. 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 LMQXBO04. Step 5.4
Removed Step. “Verify Bus Assembly (ME-369826) is assembled correctly
per Q2 Module Assembly Insulated Bus Assembly (ME-369826).” Moved to
Q72 Insulated Bus Assembly Traveler (333721) per LMQXBO04. Step 5.5
Removed Step. “Hipot the 5kA Lead Bus to the 8kA and 13 kA Lead Busses
ont table before inserting into magnets. Power the SkA bus to 5600V and
ground the 13kA Lead Bus and the 8kA Lead Bus.

(Max. Leakage < 0.54A).” Moved to (2 Bus Assembly Traveler (333721)
per LMQXBO4. Step 3.6

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 Technictan Signoff per LQXB04,

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554

10715102

T17103

1/15/04
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TD/Engineering & Fabrication Specification # 5520-TR-333643
February 28, 2005

Rev.F
Revision Page (2 of 3)
!
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 Meodified Step. Changed resistance check of RTI)’s and Warm-up Heaters
per Rodger Bossert. New Step 7.25.
7.31 Medified 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 1.4 Removed Step. “All personnel performing steps in this traveler must have 1602 477/04
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) 1s
against the Mount Hardware and the bolts are “snug”, before leveling and
rotating.”
H 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. (SkV) (Max. Leakage < 0.5uA).”
11.14  Added Step. “Undo Clamps.”
1115 Added Step. ‘Perform a stretched wire measurement of the system to align
the Cold Mass within .2 mR”
D 7.23 Meodified 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 Meodified 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
LMQXB0O6/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.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554
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TD/Engineering & Fabrication

Specification # 3520-TR-333643

February 28, 2005
Rev. F
Reyision Page (3 of 3)
Revision  Step No. Revision Description TRR No. Date
D 13.1 Modified Step. Added new method of measuring Ls &Q per Rodger Bossert. 1636 7114404
{Continned) {Continued)
13.3 Modified Step. Added “Have Crew Chief verify setup and sign below before
continuing.”
134 Modified Step. Added Responsible Authority signoff per LMQXBO06.
14.2 Modified Step. Added Technician Signoff per LMQXBO06.
15.1 Modified 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 1o +4 / -0 per LMQXB(7. 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.
8.2 Madified Step. Added Picture of Corrector Bus Leads. Modified Table.
103 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 Cormrector Bus Leads. Modified Table.
15.0 Modified Electrical Inspection per Rodger Bossert.
152 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 2/28/05
HGQ-0500.
6.11 Meodified Step. Changed signoff to Responsible Authority/Physicist
7.18 Meodified Step. Added “Add a 20 gauge wire to the Instrumentation Wire
bundle and label it as “Spare™. Per production request.
11.16 Modified Step. Changed signoff to Responsible Authority/Physicist
133 Modified Step. Removed Responsible Authority signoff per production
reguest.
15.0 Modified Step. Removed electrical checks that are previously performed by
MTF, per production request.
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXBO06-1

Notes: Re-issued per DR No. HGO-0554
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TD/Engineering & Fabrication

Specification # 5520-TR-333643

February 28, 2003

Ensure appropriate memos and specific instructions are placed with the traveler before issuing the
sub traveler binder to production.

1.0 General Notes

[.1

1.2

L3

1.4

—
in

1.6

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

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.

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

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

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

Protect the Bellows during all stages of production.

2.0 Parts Kit List

21
.1

Q2 LMQXB Cold Mass Module Assembly

Attach the completed Parts Kit for this production operation to this traveler. Ensure that
the serial number on the Parts Kit matc.hes the serial number of this traveler. Verify that
the Parts Kit received is complete.

4 - 7/ //,G’S'

roces¥’Engineering/Designee Date ©

LHC Serial No.: LMOXBO06-1

Rev. F

Notes: Re-issued per DR No. HG(Q-0554
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TD/Engineering & Fabrication Specification # 5520-TR-333643
February 28. 2005
Rev. F

30 Q2 Module Alignment

31 Record the serial number for each Magnetic Component %embiy.
Q2a Serial Number: MOXB MK 7
Q2b Serial Number. ____MOXBOY

MCBX Serial Number: _HCMCAX .. Op { — 51 @/'af';zfdl 3

7

o l-7-e

{(
/Ré's;:iléns ible(Authority/Physicist Date

32 Filg the End Plate Welds, and Alignment Welds at the Non-Lead End of Coldmass Q2a to
‘ alléw Cerger Body Tube (MC-390112) to fit properly.

. ./"’/ 3
Technicianls} Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1

Notes: Re-issued per DR No. HGQ-03554
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TD/Engineering & Fabrication Specification # 5520-TR-333643

February 28, 2005
Rev. F

4.0 Q2a Magnet Placement (Module Assembly Tooling)

¥ 4.1 Configure tooling for Q2a/Q2b Cold Mass assembly per (ME-369768). _ e,
- A ‘:". -7 /6”
,2 Wt ot / ~03
Techniian(s) / 7 Date
-/
42 Configure tooling for Corrector Mounting per (ME-369780), 13.780 Diameter Corrector
Magaet; ! g .
Teéhnician(s) Date’ 1/
43 Confrur%too]ing for End Dome Mounting per (ME-369765, View F-F} (Insert Item 22).
Technician(s) Dad
44 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).
~ L 270G 125
Techniian(s) Date
45 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
@ - - &
’?/ (o /A
Techrﬁcian(s) Date
4.6 Slide the Center Body Tube (MC-390112) over Return End of Q2a Coldmass as per
Q2 Cold Mass Welded Assembly (ME-390309).
e -
Technician(s) Dae C
i
i
Q2 LMOQXB Cold Mass Module Assembly LHC Serial No.: LMOXB06-1

Notes: Re-issued per DR No. HGQ-0554
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TD/Engineering & Fabrication Specification # 5520-TR-333643

February 28, 2005
Rev. F

Q2b Magnet Placement (Module Assembly Tooling)

5.1

Lh
b2

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).

7/ € (55T

Technjq'g{(s)\'_, Date

Position the Cold Masses so that the distance from the magnetic center of QZa 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):

53

. '%chﬂfc-ian(s) Date

%nician( s) Date

Needs to be the warm magnetic offset 6519.6 mm, plus 3/16” {(4.4mm) allowance for
weld shtinkage.

Rotate the Q2b Cold Mass such that the Weld Keys are approximately at a 45° diagonal.

Weld Keys Weld Keys

Lead;End Non-Lead End

iy Tl s

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOQXB06-1

Notes: Re-issued per DR No. HGO-0354
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TD/Engineering & Fabrication Specification # 5520-TR-333643
February 28, 2005
Rev. F

6.0 (Q2a / O2b Module Alignment

}
Qa
6.1 Determine and record the location at which the level gauge should be mounted to the
Cold Mass.
Distance from Lead End Plate: \ \ 0 inches.

Gl 2o
Responsible Authority/Physicist Date '
6.2 Mount the Twist Measuring Fixture to the Q2a Cold Mass at the assigned position.
e Tl
. chniaan(s) Date
6.3 Mounthe Precision V Block to the top of the Twist Measuring Fixture.
TN 7ol OF
e JOE e
} ‘ )’cchni{.-(ian(s) Date
6.4 Place-the Mini Level on the top surface of the V Block.
pa o ”'7"" (y b
Technictan{s) Date

6.5 Rotate the Q2a Cold Mass untif the Mini Level reads Horizontal 0.00 mm/m
(+/- 0.05 mm/m).

Note(s):
Mini Level should be “zerced” at reference stand location before this operation.

ﬁ'?chméian(s) Date

}

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB06-1
Notes: Re-issued_per DR No. HGQ-0554
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TD/Engineering & Fabrication Specification # 5520-TR-333643
February 28. 2005
Rev. F

Q2b

6.6 Determine and record the location at which the level gauge shouid be mounted to the Q2b
Cold Mass.
. b
Distance from Lead End Plate: VU< inches.

T Voks™

Responsible Authority/Physicist Date
6.7 Mount the Twist Measuring Fixture to the Q2b Cold Mass at the assigned position.
e~ 7-6.

l’l?échnician(s) Date

6.8 Mount th ,récision V Block to the top of the Twist Measuring Fixture.
N & ety # .
- : Sl O F

’ /?échnici‘an{s) Date

6.9 Place the Mini Level on the top surface of the V Block.

g > 7L o
_,_% echnicﬁn( s) Date

6.10 Rotate the Q2b Cold Mass until the Mini Level reads Horizontal 0.00mm/m
(+/- 0.03 mm/m).

Note(s):

Mini Leyet should be “zeroed” at reference stand location before this operation.

/ 2 - - a .
Iﬁ,_b Lo 7~ (o - g
/"Delchnician(ﬁv Date

6.11 Perform a Stretched Wire Verification Measurement.

Y
[ 071 ) /200 ¢
Responsible Authority/Physicist Date
Q2 LMQXB Cold Mass Module Assembty LHC Serial No.: LMQXR06-1

Notes: Re-issued per DR No. HGO-0554
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TD/Engineering & Fabrication Specification # 5520-TR-333643
February 28, 2005

Rev. F
7.0 Bus & Instrumentation Connection and Assembly
Note(s); K
Egure «7.0.A” shows the configuration of magnet and corrector bus leads in a Q2
agnet.
(Magnet Bus Leads) (Corrector Bus Leads)
Superconductor
13Ka c ;
~ opper :lwxz IVBz lHAZ HB2
-« e
PP [vm lvm] HA‘}M
8Ka Superconductor
Copper
View Looking in n 2
Corr r L
_ Superconductor
¥ Copper 13Ka
Doonmiiee B
"™ aKa
{View Looking into Lead End of Q2a)
Figure 7.0-A
;
Q2 LMQXB Cold Mass Module Assembly 1LHC Serial No.: LMQXB06-1

Notes: Re-issued per DR No. HGQ-0554
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TD/Engineering & Fabrication Specification # 5520-TR-333643
February 28, 2003
Rev. F

7.1 Slide Completed Bus Assembly (ME-369826) into Q2 as per Q2 Module Assembly
(ME;369895).

iy 7-(3-05
Tec;;cfi?l? Date /

%.2 Connect the Bus Housing Lock (MB-369870) to the Bus Assembly (ME-369826) and
Q2b Bgturn End Plate as per Q2 Module Assembly (ME-369895).

/e

Date

7.3 Connect the Bus Housing End Support (MB-369892) on the Q2a End per (ME-369895).

P - - < a
) e et 7-/5-p5
Technician(s)? / Date
7.4 Connect the Bus Housing End Support (MB-369892) on the Q2b End per (ME-369895).
-2 s . -t Lo -
) Peter 2y /505
Technician(s) =" / Date

7.5 Set up the Power Leads for splicing. Create a %" space behind the Kevlar wrapped Leads
to allow for Thermal Contraction differences between the bus and Cold Masses

P aster L5605

chhnicffﬁn(,s*j' Date

7.6 Solder 13kA bus to Q2a Quadrant 4 lead as per Q2 Module Assembly (ME-3698953) per
LHCAZable Splice Joint Procedure (ES-369950).
o - . -
7 e iz O
ﬁchﬁician(s) Date

7.7 Cut Q2a Quadrant 4 Lead at end of splice per Drawing (ME-369895).

a

Technician(‘s) Date
7.8 Insulate splice area with % overlap, .001 x 3/8 wide kapton. /
X M/?W@/ 7 73 //J I
Technician(s) Date

7.9 Attach the Q2a Bus Housing Extension (MD-369872) to Q2a Lead as per
Q2 Mggule Assembly (ME-369895).
r7 . /f _ J P

Date

7.10 Attach the Q2a Bus Housing Extension Base (MC-369873) to Q2a Lead as per
Q2 ule Assembly (ME-369895).

Y WARIEN e

.~ Yechnician(s) Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB06-1
Notes: Re-issued per DR No. HG(-0554

Page 12 of 86



j

TD/Engineering & Fabrication

Specification # 5520-TR-333643

February 28, 2005
Rev. F
711 Attach the Q2a Bus Housing Extension Cover (MD-369874) to Q2a Lead as per
02 Mgdule Assembly (ME-369895).
7o s = -O
echrﬁaan(s) Date
7.12 Solder 13kA bus to Q2b Quadrant 4 lead as per Q2 Module Assembly (ME-369893) as
perL able Splice Joint Procedure (ES-369950).
i ) -
P /9/;_'4%/ L 7: / 5o
Technician(s) ﬂ y Date
7.13 Cut Q2b Qua;r{?t mnd of splice per Drawing (ME-369895).
Technician(s) / 4 Date
7.14 Insulate splice area with % overlap, .001 x 3/8 wide kapton.
"* 27 - L
PP Kerzzer LIS
Technician(s) Date
7.15 Attach the @2b Bus Housing Extension (MD-369867) to Q2b Lead as per Q2 Module
750
Date
7.16 Verify that there is a %7 clearance between the Bus Housing Extension Cover and the End
Plate. If not. modify extension cover to allow clearance.
W 2/ b
Crew Chiefl Date '
7.17 Attach the Q2b Bus Housing Extension Cover (MD-369874) to Q2b Lead as per
Q2 Modul/g‘Assamhl_yuiMEw369895).
Ly o b - - ) (.'r‘- R
- T%chnician(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Sertal No.: LMQXBO06-1

Notes: Re-issued per DR No. HGQ-0554
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TD/Engineering & Fabrication Specification # 5520-TR-333643

February 28, 2005
Rev. F

7.17 Hipot the 5kA Lead Bus to all other components at 5 kV. Ensure that all Magnet
components (i.e. both Yokes, all Coils, Strip Heaters and 8kA Bus) are grounded.
(Max. Leakage < 0.5u4)

(Magnet Bus | eads)

{Corrector Bus [eads)

Superconductor
13Ka ‘
e Copper vaz Jvez HmFBz
Superconductor
w [ T
Copper VA1 Fm [I-LM hm
8Ka Superconductor

Copper

(View Looking into Q2hb)

Have Crew Chief verify setup and sign below before continuing.
2/ -y
Date
Power L:Iaigo?ssembly Leakage or Failure Voltage Floating Pass | Fail
) S RTD’s and Warm-
3KA to all other components // /.//4 .{// /, L/ )ﬁ up Heaters L

Dz /- T /Y b
Technician(s) / 4 < Daté

/, -

/j &q //"’\._ﬂ .

JRésponsible Mh(griltylPhysicist

Q2 LMQXB Cold Mass Module Assembly

Page 14 of 86

G- 30l 20085

Date

LHC Serial No.: LMOXB06-1
Notes: Re-issued per DR No. HGO-0554
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TD/Engineering & Fabrication

Specification # 5520-TR-333643
February 28, 2005

Rev. F
. 7.18 Prepare Q2a Lead End Instrumentation wire bundle. Wrap the Q2a Lead End
i 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 7.18 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 Voltage Tap "a", primary VTalQ2a EE1112 26 | Twistall
Q2a Lead Voltage Tap "b", primary VTh1Q2a 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 VTb2Q2a EE1322 26 three
Q2a Center Voitage Tap "c", redundant VTc2Q2a EE1222 26 | together
1/4 coil tap (Q1 inner - Q3 outer) VTdQ2a EMPTY 26
1/4 coil tap (Q2 inner - Q4 outer) VTeQ2a EMPTY 26
SPARE WIRE SPARE SPARE 20
: |a2A Cryogenic Heater lead end - wire toward ' '
cold mass end plate (CERN #1 I+) WiaG2A | EHB3I2e | 20 | mstan
Q2A Cryogenic Heater lead end - wire toward op | Together

cold mass mag center (CEBN #1 |-)

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

W2aQ2A

EH8312-

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

(FNAL lead A+) (CERN lead #1+) H1aG2a Yrit2: 20 | st
Q2a Protection (Strip) Heater, 1-4 & 2-3 circuit together
(FNAL lead A-) (CERN lead #1-) H2aQ2a ymiiz 20
Q2a Protection (Strip) Heater, 1-2 & 3-4 circuit
(FNAL lead B+) (CERN lead #2+) H1bG2a YT1122+ 20 | st

- . i . . together
Q2a Protection (Strip) Heater, 1-2 & 3-4 circuit H2bQ2a YT1122- 20

Table 7.18

A

N

gaAr
Technician(s) ?

!

(2 LMQXB Cold Mass Module Assembly

s’

Date

LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No, HGOQ-0554
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TD/Engineering & Fabrication Specification # 5520-TR-333643
February 28, 2005
Rev. F

7.19 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. .
7 e - (3o r

_ chniciéf'lrl( S} Date

720 Verify that there is sufficient slack in cable to allow for differential thermal contraction.

> 7SS e <

s
" Responsible Au(ﬁorit?/f’hysicist Date

7.21 Rgnyza bundle from Q2 Assembly,
»/., T s E- A

:’Wcﬁnf(’s) Dite

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB06-1
Notes: Re-issued per DR No. HGQ-03554

Page 16 of 86



g

i
H

TD/Engineering & Fabrication

722

/,.-r'//ﬁ:c}‘ﬁlician(s) Date

Strip Heater Wires
(installed at Final ‘
Cold Mass Assembly) H1bQ2b YT1142+ |

2 coif voltage taps
(installed at Final
Cold Mass Assembly

FERMI CERN
vTciQ2b EE1512
VTc2Qeh EE1522

Instrumentation wire
channel (installed at Q2
Module Assembly)

Q2 LMQXB Cold Mass Module Assembly

Specification # 5520-TR-333643
February 28, 2003
Rev. F

Slide Instrumentation Bus Assembly (ME-369896) 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
positio

jeures 7.22-A, 7.22-B, 7.22-C, 7.22-D and Drawing (ME-369895) to sec the
t which all wires are attached to the End Plates,

T ST

FERMI CERN
H1aQ2b YT1132+
H2aQ2b YT1132-

Lead voltage taps FERMI CERN

{installed at Final VTalQ2b EEi14i2
Cold Mass Assembly) VTb1Q2b EE1612
VTa2Q2b EE1422
VTb2G2b EE1622

H2bQ2b YT1142- |

Cryogenic (Warm-up)
Heater Wires (installed at
¢ Q2 Moduie Assermbly)

FERMI CERN
W1aQ?2B EH8332+
{toward cold

mass end plate}

W2aQ28 EH8332-
{toward cold

mass mag center)

% coil voltage tap

(installed at Final

Cold Mass Assembly)
FEBMI CERN
VTeQ2b EMPTY

4 coil voltage tap
(installed at Final
Cold Mass Assembly)
| EERMI CERN
VTdQ2b EMPTY

Looking at Lead End of Q2b

Figure 7.22-A

LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554
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RTD (’thermometer) FERMI CERN
Wires (installed at Q2  Trmor  oran,
Module Assembily)

TbQ2b TT8342

Cryogenic (Warm-up)
Heater Wires

{installed at Q2
Module Assembly)

FERMI
W1bQz2B

CERN

EH8342+
{toward cold
mass end plate) \
W2bQ2B EHB342-
{toward cold

mass mag center)

Specification # 5520-TR-333643

February 28, 20035
Rev. F

ATD {thermometer)
Wires (installed at Q2
Module Assembly)
FERMI CERN
TaQ2b TT8332

Looking at Non-lead End of Q2b

Figure 7.22-B

Q2 LMQXB Cold Mass Module Assembly

Page 18 of 86

LHC Serial No.: LMOXB06-1
Notes: Re-issued per DR No. HGQ-0534
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L—

RTD (thermometer)
Wires (installed at Q2
Module Assembly
FEBMI CERN
TaQ2a TT8312

)
Q2 LMQXB Cold Mass Module Assembly

Specification # 5520-TR-333643
February 28, 2005
Rev. F

RTD (thermometer)
Wires (installed at Q2
Module Assembly

FERMI CERN
TbQ2a TT18322

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

- Module Assembly)

| FERMI CERN
i WI1bQ2A EHB322+

(toward cold
mass end plate)
W2hQ2zA EHB322-

{toward cold
mass mag center)

Looking at Non-lead End of Q2a

Figure 7.22-C

LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554
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. . FERMi CERN
f.;";f:,"\‘,’ﬁrg"'p’ H1aQ2a YT1112+
(installed at Final H2aQ2a YT1112-

H1bQ2a YT1122+
Cold Mass Assembly) ! HobQza YTi1gp. Lead voltage taps (installed at

Final Cold Mass Assembly)
FERMI  CEBRN
VTalQ2za EE1112
VTbiQ2a EE1312
VTa2Q2a EE1122
VTh2G2a EE1322

Y2 coii voitage taps
(installed at Final Cold
Mass Assembly)

FERMI CERN

VTc1Q2a EE1212
VTc2Q2a EE1222

Instrumentation wire
channel (instailed at Q2
Module Assembly}

4 coil voltage taps
(installed at Final Cold
Mass Assembly)
FERMI CERN

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

Module Assembly} VTeQ2a EMPTY
FERMI CERN ¥4 coil volage taps
W1a()2AI EHB312+ (installed at Final Cold
:,tswag:l c:d mass end plate) I Mass Assembly)
2aQ2 EMB8312-
(toward cold mass mag center) ) %a %\%%’NFY
Looking at Lead End of Q2a
L4
Figure 7.22-D
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1

Notes: Re-issned per DR No. HGQ-0554

Page 20 of 86



A M 150 8

s

TD/Engineering & Fabrication Specification # 5520-TR-333643
February 28, 2005
Rev.F

7.23 Instalt Warm-up Heaters (ME-369834) to the Lead Ends and Non-Lead Ends of Q2a and
(Q2b as per Q2 Module Assembly (ME-369895).

7.23.1 Install Warm-up Heaters (MA-369834) onto the Warm-up Heater Base Plate
{MA-369829).

7.232  Solder wires (MA-369833) to the Warm-up Heaters as per (ME-369895).

7.23.3 Install Warm-up Heater Base Plates (MA-369829) by bolting into holes in End Plate.
(Check each box as Heater is instailed.)

Warm-up Heater #1 = 601—\4‘\ L . j\ﬁm
‘Am { v
Warm-up Heater #2 =g w ot Ak wvj% W

Warm-up Heater #3 = o
Warm-up Heater #4 O
— el
D 2pen il 7-/5 05
“Technician(s) / Date

7.24 Install RTD’s as per Q2 Moduic Assembly (ME-369895). Record Serial Numbers of
each RTD in the table below. Attach Data Sheet for each RTD to traveler.

7.24.1 Attach RTD’s (MA-369835) (Qty. 2) to each Return End Plate as per
Q2 Module Assembly (ME-369895).

7242 Solder wires (MA-369836) to RTD’s as per Q2 Module Assembly
{ME-369895). Individual RTD} wiring is shown in Figure 7.24.2-A below.

TOP VIEW
BLACK

g mmm————————— -
|-._| ]
| I"_-'— —————— — = - — YELL OW
I
; | RED
T bttt -
—— I

E&gure 7.24.2-A

?/ X/m, //GW

Techmclan(s) Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB06-1
Notes: Re-issued per DR No. HG(Q-0554
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7.25

Specification # 5520-TR-333643
February 28, 2005
Rev. F

Measure Resistance of all RTD's and Cryogenic (warm-up) Heaters, Record the Data below.

To measure the resistance of a Thermometer (RTD}):

Fwh =

N o;

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

Connect wires as shown in Figure below.

U+ (Black) to Sense HI

I+ (Yeliow} to input HI

U- (Req) 1o Sense LO

I- (Green) to Input LO

Push blue button (function key) once.

Push OHMF button.

Verify arrow in readout is above the 4WQ2 {meaning a 4 wire resistance measurement).
Read resistance in ohms and record in traveler.

Hewlett
Packard

HP3457A SENSE INPUT

v | s o
o e Y s
s s e s

o e o |
s O s O s
s Y o [ e |

H O

Line E —

aWQ

e e s |

o [ 2 s s mnt e B s |

0 = =& masn Il
f =

o

\\

/

OHMF Button

\

Blue (function) Button

U+ Black
b Yellow ¢~ - oo e
U- Red _
I Greenf————— -
Thermometer 7
(RTD)
RTD’s
Temperature of Building (+/- 5°): o
Serial No. Location Fermi CERN Measured M{Ex?)‘:‘;i;:g:; e
CY_ LS. X13%7¢ Q2a Inst. Bus Side | TaQ2a | TT8312 | & ¢ 537 ol 5¢.5¢ o)
: ; . 3513 pN
CX_ LS. )\ lb?g l Q2a Non-Bus Side | Tb(Q2a | TT8322 M Q S (p' 1 ¢ 19
CYLS. % 138 79 Q2b Inst. Bus Side | TaQ2b | TT8332 | co7 ¢y ¢ SIEY. o
CX.Ls_ Ki%g57](, | @2bNonBusSide | ThQ2b | TT8342 | =g y sy | 5.9 Q

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554
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Specification # 5520-TR-333643
February 28, 2005
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To measure the resistance of a Cryogenic (warm-up) Heater

1. Use Hewlett Packard HP3457A digital muttimeter.
2. Record temperature of building within +/- 5 degrees.
3. Press line button to turn line on.
4. Connect wires as shown in Figure below.
5. Push blue button (function key) once.
6. Push OHMF button.
7. Verify arrow in readout is above the 4W€2 (meaning a 4 wire resistance
measurement).
Note: Although this is technically a 4 wire measurement, it is effectively a 2
wire measurement, since there are only 2 wires connected to each heater.
8. Read resistance in ohms and record in traveler.
Hewlett
Packard HP3457A SENSE INPUT
e Y s [ s e 3 s [ s § |
T s 1 e ) e ) s S e e e e
Line == T3 O3 o [ o s (o
OoofBbmocao = 0
/i \\ = =
OHMF Button Blue (function) Button
Warmup
Heater
Cryogenic (warm-up) Heaters
. [~
Temperature of Building (+/- 5°): /
Location Fermi CERN Measured Q
W1aQ2A EH8312+ [C. ¥
Q2a Lead End '
W2aQ2A EH8312-
W1bQ2A EH8322+ 5T
Q2a Non-Lead End
W2bQ2A EH8322-
W1a(QQ2B EH8332+ /G !
Q2b Lead End
W2aQ2B EH8332-
W1bQ2B EH8342+ st
Q2b Non-Lead End
W2bQ2B EH8342-
/Q)MLWZ/ """ /15765
echnician(s) Date

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMQOXB06-1
Notes: Re-issued per DR No. HGQ-0554
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7.26 Hipot Cryogenic (warm-up} Heaters (300 V) to ground. (Max Leakage < 0.1 pA) Use
Droege Serial No. 910 (FNAL Part Ne. 51330) or equivalent.
Have Cre ief verify setup and sign below before continuing. -
LAY R "77/-"}/'@5,“
/76;&&?’ hief Date
4 Cryogenic (warm-up) Heaters
o O
Temperature of Building (+/- 5°): Fi q
Location Fermi CERN Max. Leakage < 0.1 pA
1
Q2a Lead End WilaQ2A EH8312+ < -
W2aQ2A EH8312- 0. [
Wi 2
Q2a Non-Lead End bQ24 EH8322+ — .
W2hQ2A EH8322- ~ 0.
W1aQ2B EH8332+
Q2b Lead End .
W2aQ2B EH8332- | < ¢ .|
W1bQ2B 4
Q2b Non-Lead End Q EH8342+
W2bQ2B EH8342- | < (. |
Hipot RTD’s (100 V} to ground. (Max Leakage < 0.1 pA) Use Droege Serial No. 910
(FNAL Part No. 51330) or equivalent,
Have Crew /:iéf verify setup and sign below before continuing.
%‘“\ IR
- /Crew Chief Date
RTD’s
Serial No. Location Fermi | CERN | Max. Leakage < 0.1 uA

CX— LS~ . X/;35 75| Qalnst. Bus Side | TaQ2a | TT8312 | £ -/
£ - < x /258 Q2a Non-Bus Side | Th(Q2a | TT8322 < 0. |
CXS S XJ2ETS Q2b Inst. Bus Side | TaQ2b | TT8332 0./
CX LS X /3574 | 92bNon-BusSide | ThQ2b | TT8342 |~ »

L2 . - —
<I‘&:hnicizm(s) / ) /// Date
Q2 LMQXB Cold Mass Module Assembly ' LHC Serial No.: LMOXB06-1

Notes: Re-issued per DR No. HGQ-0554
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Q2 LMQXB Cold

Fabrication Specification # 5520-TR-333643
February 28, 2005
Rev. F

1.27 Install the mounts for the MCBX Corrector Magnet (MD-390312) on the Return End of
(Q2a as per Q2 Lold Mass Welded Assembly (ME-390309).

s

Technician(s) 7 Date

7.28  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 Plat/f; of Q2a.

A > 7 Sor’
/ff:am'cﬁn(s) Date

7.29  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.

‘-z_/: S ~:-—~:.) ’_17- /7)F, _C}/
/‘I(echnician(s) Date
I

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

/-.‘ e it h //{ .-’}' B . ,“‘-ﬂ” N }4 :‘,/
ot A A e / s S
Crew Chief ../ / ' Date

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

Note(s):
y Mini Level should be “zeroed” at reference stand location before this operation.
i S R N
Yo o O

“Tdchnician(s) Date

7.32 Rotate the MCBX Corrector Magnet (MD-390312) such that the Mini Level is Horizontal
0.00 miy/m (+/- 0.05 mm/m).

i R— s - -
j)‘;/ ,\/4‘.2/ i S oo
4 /‘Techni”cian(s) Date

Mass Module Assembly LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGO-0554
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Move the MCBX Corres Vagnet (MD-390312) up against the Mounting Hardware tu::/
the (32a Magnet, and bolt the MCBX Corrector Magnet {‘VIDF 90312) to the Q2a Cald
. Mass as per QZ Cold Mass Welded Assembly (ME-390309)., Shim and torque, as

st

/7. l/{;{ o //

echnician{s) Date

Verify Alignment of MCBX Corrector Magnet (MD-390312) as per Q2 Cold Mass Welded
Assembly (ME-350309).

<7 Qo e

Responsible Authority/Physicist Date

7.35 Connect the MCBX Corrector Magnet (MI-390312) Bus wires from Bus Assembiy
(ME-369826) to the MCBX Corrector Magnet (MD-390312) as per Q2 Module
Assembly (I\?E 369895). e

Dree 7// /) e /T -5 5

Technician(s) ~ ¢ Date

o

730 Attach Voltage Tap Wires to Corrector Magnet (MD-390312) as per Q2 Module

Assembly (ME-369893).
- A A

-~
Technician(s). ~ < <~ Date

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

per Q2 Module Assembly (ME-369895). . ’
= q / j// ‘
ZA 7/ / /. S
Date *
‘ j’d_‘& @ Sclder MCBX Corrector Magnet Voltage Tap Wires (MA-369832) as per Q2 Module
A /W - Assembly (ME-369895).

%X

g LA

,{’(}\ \\ Technician(s) Date
7

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554
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8.0 Electrical Inspection

81 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 ky to the 5KA bus (Q2a Q3 inner power lead) as shown in figure.
Connect | o to the Q20 Q3 inner power lead as shown in figure.

Tumn test current on.

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

SfoVEeENDO RN

—

EE1322 (G2a)
E£1622 (Q2b)
¥Th2 (FNAL)

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

EE1112 (Q2a}
EE1412 {Q2b)
VTal (FNAL)

Read resistance and record in traveler.

EE1312 (Q2a)
/- EE1612 (G2h)
VTnd (FNAL)

Pole
Splice

EE1212 (Q2a)
EE1512 (Q2h)
VTct {FNAL)

£E1222 (022
EE1522 (Q2b)

E1222 (Q2a)
E1522 (G2b) [
Te2 (FNAL)

¥Te2 (FNAL)

VTd

EE1122 (Q2a)
EE1422 (Q2b)
vTaz {FNAL}
EE1112 (Q2a)

EE3212 (Q2a)
EE1512 (G2D} .......g...ti EE1412 (Q2b)
VTc1 {(FNAL) VTa1 {FNAL)

Jumper
irom Q2a

Q3 inner

Pole
Splice

VALHALLA
SCIENTIAC 43008 A

Voltage

Full Scele 20mv 200mv_2v  Current Comp
o s s S s— ] —

W
xcx ohms @ Hi il
o
Resistance
Tesl Temp

}
Q2 LMQXB Cold Mass Module Assembly

Page 27 of 86

to 5KA
bus

/

EE1312 (Q2a)
EE1612 {Q2b)
¥Th1 (FNAL}

EE1322 (Q2a}
EE1622 {Q2b)
YTH2 (FNAL

LHC Serial No.: LMOXB06-1
Notes: Re-issued per DR No. HGQ-0554
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Specification # 552(0-TR-333643
Februarv 28, 2005

(Q2a) Resistance

Nominal ~ 560 to 585 mQ

Voltage Tap Serial Numbers

Quadrant Total Resistance

Q2 LMQXB Cold Mass Module Assembly

Connect| Fermi CERN Quadrant
Vi |VTdQ2a [EMPTY . _
- ey Quadrant1 | —_ — :
Vio |VIciQa |EE1212 R AN me
Vi [VTIciQ2a |EE1212
Quadrant 2
Vio |VTeQ2a |EMPTY 575 0 mQ
Vi |VTalQ2a |[EE1112 - B
Vio |VTdQ2a [EMPTY ' 1.5 77 2—‘ me|
V 3
Hi VTeQZa EMPTY Quadrant 4 l,ﬂ «I y’( ' (V
Vio |[VIbiQ2a |EE1312 D me
**Set test current to 0.1 Amps for Total Resistance Measurement™
Vy {VTalQ2a [EE1112 Total Cold Nominal ~ 2.305 Q
Vo |VIblQ2a |EE1312 Mass 2207 o
e i
Technician(§) Date
Check resistance of Redundant Voltage Taps.
Q2a Redundant Voitage Taps
Connect Fermi CERN Resistance
Vi | VTa2Q2a EE1122
Vo VTe2Q2a EE1222 | // 674 o
Vi, VTc2Q2a EE1220 i
Vo | vrb2Qza | EE132 | /55 0
7 ,«"/ P Pl
Techfiician(s s Date l

LHC Serial No.: LMOXBO06-1

Rev. F

Notes: Re-issued per DR No. HG(Q-0554
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To measure Ls and Q of a Bussed Q2a:

! 1. 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 1600 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 Ho and L, buttons to voltage taps as shown below.

o RN

Le~N>

To measure Q2a:
* To measure Q1, connect Hy, to VTc1 (EE1212 for Q2a), and L, to VTd.
* To measure Q2, connect Hyyto VTe and Ly, to VTe1 (EE1212 for Q2a).
* To measure Q3, connect Hyrto VTd and Lo to VTal (EE1112 for Q2a).
» To measure Q4, connect My, to VTb1 (EE1312 for Q2a), and L, to VTe.
» To measure total, connect Hpoto VTb1 (EE1312 for Q2a), and L, to VTal (EE1112 for Q2a).

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

EE1612 (Q2b) Pole
VTb1 (FNAL) /Splice

EE$622 (Q2b}
VTe2 (FNAL}

EE1422 (O2p)
VTaz (FNAL)

EE1312 (Q2b)
VTal (FNAL)

EE1212 (Q2a)
¥Tol (FNALY

EE1222 (Q2a)
VTc2 (FNAL)

vid

EE1122 (2a)

//' VTa2 {FNAL}
EE1112 (Q2a)

EE1512 {Q2b) sz

¥To1 {FNAL} ——

EE1312 (Q2a)
VTB1 (FNAL)

EE1322 (Q22}
VTh2 (FNAL)

Pole
Splice

0| (0 e | | HEER
© O? D Coog Looking at Lead End
j
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB06-1

Notes: Re-issued per DR No. HGQ-0554
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February 28, 2005

(Q2a) Inductance Nominal ~ 3.34 to 3.48 mH
Voltage Tap Serial Numbers Quadrant Total Inductance
Connect Fermi CERN Quadrant
. e
Lpor {VTdQ2a  [EMPTY 3 -5 2-
—t— e Quadrant 1 e
Hpo‘r _VTleZa _EE1_212 = ,{4 0 Al mH}
L VTclQ2a |EE1212 2.5
poT Quadrant 2
HPOT VTeQ2a EMPTY
oor. |VTaQ2a  |[EMPTY
Leor |VIdQRa JEWPTY | GQuadrants
Hpor |VTalQ2a |[EE1112
L VTeQ2 EMPTY
POT Qza Quadrant 4
Hpor |VIb1Q2a [EE1312
Lpor |VTalQ2a |EEt112 Nominal ~ 13.3376 mH
Total Cold Mass a0
Hpor |VIb1Q2a |EE1312 Y
(=%, 5 ~
(Q2a) Q-Factor Nominal ~ 4.5t0 5.2
Voltage Tap Serial Numbers
Quadrant Total Q
Connect Fermi CERN Quadrant
Lpor ~ |VTd EMPTY .
ma —— ‘Quadrant 1 : —
Hpor [VTe1Qza |EE1212 4.5
L, VTclQ2a |EE1212 i
adl Quadrant 2 .
Hpor |[VTeQ2a  |EMPTY e
L VTalQ2a |EE1112 s
LU . Q — Quadrant 3 -
Hpor [VIdQ2a [EMPTY ' “/, &
L VTeQ2 EMPTY -~
POt Q2a Quadrant 4 4/ -
Hpor |VTHhIQ2a |EE1312 -
Lpor |VTalQ2a |EE1112 Nominai ~ 4.5 to 5.2
Total Cold Mass
Hpor |VTb1Q2a |EE1312 £ )

N 7

i
Technician(

&7

Q2 LMQXB Cold Mass Module Assembly

Page 30 of 86

7/ /5[5

Date

LHC Serial No.: LMOQXB06-1

Rev. F
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To measure the resistance of a bussed Q2:
1. Use Valhalla Scientific 4300B digital micro-ohmmeter.
3 2. Set Test Current to 1 amp.
3. Set Scale to 2V full scale.
4. Turn temperature compensation on.
5. Turn test current off.
6. Put jumper between Q2a Q3 inner power lead and 5 KA bus as shown in figure.
7. Connect Iy, to the 5KA bus (Q2a Q3 inner power lead) as shown in figure.
8. Connect I o to the Q2b Q3 inner power lead as shown in figure.
9. Turn test current on.
10. Connect Vy, and Vo to voltage taps as shown below.
11. Read resistance and record in traveler.
EE1322 (Q2a) ER1312 (Q2a}
EE$622 {(Q2b) EE1612 (Q2Zb} Pole
VTh2 (FNAL) ¥Tbt (FNAL)
EE1%22 (Q2a)
EE1422 {(Q2b)
V¥Ta2 (FNAL)
EE1112 {@2a}
EE1412 {Q2b)
Vet (FNAL) ------------?--g EE1212 {Q2a)

EE1512 (Qz2b}
VTc1 {(FNAL)

EE1222 (Q2a)
EE1522 (Q2b)
vTc2 (FNAL)

vT¥d

HvTc? (FNAL) E£1122 (Q2a)

EE1422 (G2b)
¥Taz (FNAL)

: EE1212 (Q2a) 2b EE1112 (G2a)
i EE1512 (Q2b) ~Meld EE1412 (G2b)
‘ VTct (FNAL) VTat (FNAL)

m Jumper
i from Q2a
i Q3 inner
i} to 5KA
bus

/

EE1312 {Q2a}
EE1612 (Q2B)
¥Tht (FNAL)

EE1322 (QZa}
EE1622 (Q2b)
VTb2 (FNAL)

Pole
Splice

=
VALHALLA
SCIENTIFIC 43008 1A

=) © o d

Resistance

Test Tamp VLOO ILo
Full Scale 20mV 200my 2v  Current Comp
voltage [T T 1

}
Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554
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(Q2b) Resistance Nominal ~ 560 to 585 mQ
Voltage Tap Serial Numbers Quadrant Total Resistance
Connect | Fermi CERN Quadrant
Via |VTelQ2b |EE1512 | j ,
= : - Quadrant 1 7 '
Vio |VIdQz» [EMPTY | oo 5747  ma
Vi |VTeQ2b |EMPTY ’,
Quadrant 2 Q 7
Vio [VTclQ2b |[EE1512 Z_? me
Vi [VTdQ2b [EMPTY | _ G --
— 4 Quadrant 3 | o :
Vie [VTatQ2Zb |[EE1412 |~ 7?, 7 o - mQ
Vu |VTb1Q2b |EE1612 e
Quadrant 4
Vio [VTeQ2b [EMPTY 7 5 mQ
**Set test current to 0.1 Amps for Total Resistance Measurement**
Vi |[VTP1Q2b [EE1612 | Total Cold Nominal ~ 2.305 Q
Vo |VTalQzb |[EE1412 Mass 299 o
P/
Technician(s) = -~ Date '

Check the resistance of the Redundant Voltage Taps.

Q2b Redundant Voltage Taps
Connect Fermi CERN Resistance
Va VTc2Q2b | EE1522 | -
Vio | VTa2Q2b | EE1422 1| Sp e
Vi VTb2Q2b EE1622
V' -
LO VTc2Q2b EE1522 1] 5 O Q
IR R 4
//}/‘,AV/H %ﬁ- !/;(3/“5
Technicia‘ﬂ(s)v / /Al Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1

Notes: Re-issued per DR No. HGO-0554
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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.

Recalil 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 M, to 5KA bus as shown in figure.

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

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

LN LN

To measure Q2b:
» To measure Q1, connect Hy, to VTc1 (EE1512 for Q2b), and Lot to VTd.
+ To measure Q2, connect Hytto VTe and Loy to VTe1 (EE1512 for Q2b).
+ To measure Q3, connect Heot to VTd and L to VTal (EE1412 for Q2b).
« To measure Q4, connect Hy,to VTb1 (EE1612 for Q2b) and Loatto VTe.
+ To measure total, connect Hycto VTb1 (EE1612 for Q2b) and Loot to VTal (EE1412 for Q2b).

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

EET812 (G2b) Pole

EE1622 (Q2b)
VTB1 (FNAL) /Splice

VT2 (FNAL)

EE1422 (G2b}

¥Ta2 (FNAL}
EE14124Q2b)
VTat (FNAL}

=== EE1212 (Q23)
VTcl (FNAL)

EE1222 (Q2a)
VTc2 (FNAL)

¥Td

EE1122 {Q2a)
VTaZ (FNAL)

EE1512 (Q2h)
VTl (FNAL)

EE1112{G2a)
VTal (FNAL)

Jumper
from Q2a
Quadrant
3 inner 1o
5KA bus

/

EE1312 (QRa)

EE1322 (Q2a)
VTbt {FNAL)

VTh2 (FNAL}

Pole
Spilice

Looking at Lead End

Q2 LMQXEB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554
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LHC Serial No.: LMOQXB0O6-1
Notes: Re-issued per DR No. HGQ-0554

Rev. F

(Q2b) Inductance Nominal ~ 3.34 to 3.48 mH
Voltage Tap Serial Numbers Quadrant Total inductance
Connect | Fermi CERN Quadrant
Hpor IVTc1Q2b [EE1512
- Quadrant 1 - s
“Loor |VIdQ2b [EMPTY 5.3 7279 mH
H
por |VTeQZ?b |EMPTY Quadrant 2 - —
Lpor |VTc1QZb |EE1512 2.0 720 mH
—t——o——!  Quadrant3 | - - . _
Loor |VTalQ2b [EE1412 N A 5 e Y'd mk
Hpor |VTb1Q2b |EE1612
Quadrant 4 . L
Leor |[VTeQ2b [EMPTY vadrd 3. g by 3 mH
Hpor |VTb1Q2b [EE1612 | Total Cold Nominal ~ 13.3376 mH
Loor |VTalQ2b |EE1412 Mass 7 g L8 mH
(Q2b) Q-Factor Nominal ~ 4.5t0 5.2
Voltage Tap Serial Numbers Quadrant Total Q
Connect | Fermi CERN Quadrant
 Hpor |VTc1Q2b |EE1512
Loor [VIdQ2b {EMPTY | S -2
H
por |VIeQ2b [EMPTY Quadrant 2
Leor [VTclQ2b |EE1512 S A
Hpor [VTdQ2b [EMPTY.
“Lpor |VTal@2b |EE1412 S . 3
H
por IVTBIQ2b {EE1612 Quadrant 4
Lot |[VIeQ2b |EMPTY S}
Leor |VTalQ2b |EE1412 ?Mass -
Techniciafi(s).” Date
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i + (Yellow) to Input HI

N oG

U- (Red) to Sense LO
I- (Green) to Input LO
Push blua button (function key) once,
Push OHMF button.
Verify arrow in readout is above the 4WQ {
Read resistance in ohms and record in tra

To measure the resistance of a Thermometer (RTD):
1. Use Hewlett Packard HP3457A digital multimeter.

Record temperature of building within +/-

Press line button to turn line on.

Connect wires as shown in Figure below.

U+ (Black) to Sense Hi

5 degrees.

Specification # 5520-TR-333643

meaning a 4 wire resistance meas
veler.

} Hewlett
Packard

HP3457A

s s s I o
o e e i
I s v | e
e Y e

OO
OO
[ e Jf e e |
e Jf s | e I e |

OHMF Buton

: 1.

NOoOGmwD

Blue (function) Button

U+ Black
I+ Yelow
U- Red {

I Green;

Thermometar
(RTD)

; To measure the resistance of a Cryogenic (Warm-u

measurement,

Heater

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

Connect wires as shown in Figure below.
Push blue button {function key) once.
Push OHMF button.
; Verify arrow in readout is above the 4WQ (
‘ Note: Although this is technically a 4 wire
measurement, since there are only 2 wires connected to
: 8. Read resistance in ohms and record in traveler.

5 degrees.

b ——

§ Hewlett
i Packard HP3457A —’ SENSE INPUT
: - === | o o R .
N e e s B P /Q
; — e e e e B = T P T o
‘ (I e e I s s I s e | COOoOOem Ooosm
Ooofbo o = o
I 1 - e
COHMF B/uuon Blue (function) Button

)

Q2 LMQXB Cold Mass Module Assembly

Warmup
Heater

February 28, 2005
Rev.F

urement).

meaning a 4 wire resistance measurement).
it is effectively a 2 wire
each heater.

LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGOQ-0554
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Q2a - RTD's and Cryogenic (warm-up) Heaters

Temperature of Building (+-5%): 2 g
. : Mfr. Resistance
Component Fermi CERN Resistance (Expedition)
Qga RTD, primary  TaQ2a | TT8312 G5 5 .50 o
Q2a RTD, redundart ThQ2a | TT8322 s Se b4 9
ward oo mase ond pate (CERN #1 1| "2 | ETEOTE
QA Cryogenic (warmrup) Heater (LE) - wire | <o | ergare.
et oo roass mog cortor (CERN #11)__| "0 | EHE9T
QRA Cryogenic (warm-up) Heater (Non-LE) - wire .
toward cold mass end plate (CERN #2 1+) W1bQ2A | EHE32Z+ / j ‘J
G2A Cryogenic (warm-up) Heater {Non-LE) - wire i s
vy ooid mass mag center (CERN#21) | oon EHB322 d
// /:,;*f;" 7 / / Z %3
Technician(®) Date
Q2b - RTD's and Cryogenic (warm-up) Heaters
Temperature of Building (+-57: __7 5 '
. . Mir. Resistance
Component Fermi CERN Resistance (Expecition)
__Geb RID, primary Te | TTBRR | $ Glo6 @S9, @
Geb RTD, redundant Qb | TT8342 ém S o CF 44 0
Q2B Cryogenic (wasrm-up) Heater (LE) - wire toward T o -
cokd mass end plate (CERN #1 ) WiaQ2B | EHB332+ 536
(PB Cryogenic (wam-up) Heater (LE) - wire toward* . jv :
coid mass mag center (CERN #1 1) WZaQZB EH83%2 _ '
QB Cryogenic (warm-up) Heater (Non-LE) - wire
o oo mass end plate (CERN#2 1) | L0 EHB342+ /!, -
Q2B Cryogenic (warm-up) Heater (Non-LE) - wire ] o1 ¥/
v oold moss mag center (CERN#21) | L oos EHB342 o
4"_,»"' . /// /'/ B L

Techmiciants) %

Q2 LMQXB Cold Mass Module Assembly

oA

Page 36 of 86

LHC Serial No.: LMOXB06-1
Notes: Re-issued per DR No. HGQ-0554




p—

)

TD/Engineering & Fabrication

Specification # 5520-TR-333643
February 28, 2005

Using the Hewlett Packard HP3457A digital muitimeter, measure the Strip Heater

Resistance for Q2a and Q2b.
Q2a Strip Heater Resistance
Fermi CERN Description Limit Resistance
H1aQ2a YTi112+ | . . RN
— - 1 CircuitA |18. 10 /9 -7
H2aQ2a yri1ie- | 20102 ol
H1bQ2a YT1122+ .. -
CircuitB | 18.20t021 Q ' A
H2bQ2a | YT1122- 24 A
J e "’j—«/’
Technieta®(s) B Date
Q2b Strip Heater Resistance
Fermi CERN Description Limit Resistance
H1aQ2b | YT1132+ L ;
— — CircuitA |18.20t021Q -
‘H2aQ2b YT1132- ' ;: / f Oé LY |
H1bQ2b YT1142+ ..
CircuitB | 18.20t0 21 Q
H2bQ2b | YT1142- cul © /L5 g
‘/ - -
& y:é.wﬂ{,_‘:, // S5 §)
Techateidn(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB06-1
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8.2 Using the HP3457 A, connect power thru the connector Power Leads

(H2A and H2B to measure Q2-H2 or V2A and V2B to measure Q2-V2).
Connect the Sense Leads as shown in table below and record resistance.

Corrector Bus Leads
V2A : V2B : H2A ; H2B

V1A : V1B H1A { H1B
(View Looking into Q2b)

Readout Labels Power Labels Resistance
VoA EE8112 | | ok ol
EEBI1T2 vaB | vaavaB | 44D g
H2A EE8122 FOEY @
EE8122 H2B H2A, H2B 2 g
H2A H2B : > 729 o

Q2 EMQXB Cold Mass Module Assembly LHC Serial No.: LMOQXB06-1
Notes: Re-issued per DR No. HGQ-0554
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84 Check Q1 Instrumentation Bus Wires for Continuity.
Module|Pin| Fermi CERN |KEK Description Done _
M2 1 iVTa1Q1 EF1111 al |Q1 Lead Voltage Tap "a", primary
M2 | 2 VTa2Q1 [EE1121 a2 _|Q1 Lead Voltage Tap "a", redundant e
M2 3 VTc1Q1  [EE1211 c1_[Q1 Center Voltage Tap "¢", primary ’
M2 4 VTc2Q1 [EE1221 ¢2_1Q1 Center Voltage Tap "c*, redundant =
M2_| 5 VTb101- [EE1811 b1_|Q1 Lead Voltage Tap "b", primary e
M3 5 _VTb2Q1 |[EE1321 b2 Q1 Lead Voltage Tap "b", redundant L~ e
- N Corrector voltage tap Q1-H1 (skew dipole) ' ~
M5 | T MTHT [EEB121. (on MCBX, MCBXH, A+ lead) o ~ P
Corrector voltage tap Q1-V1 {normal dipoie}
MS | 2 VIVl EEBT11 (on MCBX, MCBXV A+ lead) —1
M7 1 W1taQ1 EH8311+ Q11 Cryogenic Heater lead end - wire at top (CERN #1 I+) =
M7 2 [W2aQ1 [EH8311- Q1 _Cryogenic Heater lead end - wire at bottom (CERN #1 I-) 1
M7 3 W1ibQ1 IEH8321+ 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 i ]
M9 1 H1aQt - YT1111+ HA1 |Q1 Protection (Strip) Heater, ("a” circuit) (CERN iead #1+) //
M9 3 H2aQ1 YT1111- HA2 |Q1Protection (Strip) Heater, ("a" circuit) (CERN lead #1-) ] s
M9 5 H1bO1 YT1t21+ HB1 1Q1 Protection {Strip) Heater, {"" circuit) (CERN iead #2+) -~ g
Mi0 | 4 HobQ YT1121- HB2 Q1 Protection (Strip) Heater, ("b" circuit) (CERN lead #2-) — -
M1z 1 TaQ1 I+ (TT8311 I+ Q1 RTD, primary Wire color: Yellow
M12 | 2 TaQi_I- [TT8311I- Q1 RTD, primary Wire color: Green =
M12 | 3 {TaQ1 V+ {TT8311 U+ Q1 RTD, primary Wire color: Black L
M12 | 4 TaQ1_ V- [TT8311 U- Q1 RTD, primary Wire color: Red }
Mi2 S _[TbQ1_ I+ (TT8321 i+ Q1 RTD, primary Wire color: Yeliow —~
M12 | 6 TbQ1_I- [TT8321 }- Q1 RTD, primary Wire color: Green /’/'
M12 | 11 TbQ1i_V+ [TT8321 U+ Q1 RTD, primary Wire color: Biack /
M12 | 16 [TbQ1_V- |TT8321 U- Q1 RTD, primary Wire color: Red ~
%’ L o ’ ‘_»: - fopeE v
a8 [ /3 2
Technician(s) 7,27 &% Date -~
f /{ // _ _ .
r—‘"{,/( : 7 AT e < =0 L - dods
'Responsiy'e Authority/Physicist Date
}
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1

Notes: Re-issued per DR No. HGO-0554
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9.0 Dome Setup

during insertion.

Technician(s) Date

Align IP End Dome (MD-390197) as shown in Q2 Cold Mass Welded Assembly
(ME-390309).

< (MD-369776). Feed the Electrical wires/Bus through the proper ports as the Dome is

brought into position against the End Plate. Ensure that no damage to wires has occurred

1 Attach I[P End Dome (MD-390197) (Q2a) to the End Dome Positioning Fixture
Technician(s) Date

Technician{s) Date

9
9.2
\) i /) 93 Level the IP End Dome (MD-390197) using the Ball Socket (MD-369777) and the Mini
\ 9.4 Mark 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,

Level.
f

Technician(s) Date

9.5 Remove the [P End Dome (MD-390197) from the Tooling.

Technician(s) . Date

Q2 LMQXB Cold Mass Module Assembly L.HC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554
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Q2 LMQXB Cold Mass Module Assembly

9.6

9.7

9.8

9.9

9.10

Specification # 5520-TR-333643
February 28, 2005
Rev. F

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.

Technician(s) Date

Align Non-IP End Dome (MD-390253) as shown in Q2 Cold Mass Welded Assembly
(ME-390309).

Technician(s) Date

Level the Non-IP End Dome (MD-390253) using the Ball Socket (MD-369777) and the
Mini Level.

Technician(s) Date

Mark the Non-IP End Dome (MD-390253) 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.

Technician(s) Date

Remove the Non-IP End Dome (MD-390253) from the Tooling.

Technician(s) Date

LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554
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10.0 Beam Tube Insertion

16.1 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

7— Z:r .’—'a;_)/’

riciamS) Date

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

/ ﬁ"” 7 / (57&- s~

Responsrble Authority/Physicist Date

—a,

7 10 3 / repare.the Beam Tube insertion area with .003” Kapton Tape.

/ /,-) - — o

S - -
Z' P Pars) 3 7 /‘) )

r]

. ﬁnﬁ'{an(s) — Date

10.4 Using Insertion Tooling, insert the Beam Tube (MD-369802) into the Magnet Assembly

as per m’ Tube Insertion Tooling (MD-369789}.
T Ty
e }({’W o
':)?échnfcian(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
End Plate to the End of the Kapton}/rap on the Beam Tube.

YR jl /o 1./35 /4 1

Technitian($ ¥ Date

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

10.6.1 Beam Tube Length: W 36 7¢

10.6.2  Subtract 12__,610 mm (= 2mm) from the Beam Tube Length, and record here: - Z é"m

iy
10.6.3 Divide the Number recorded in step 10.6.2 by 2 and record here: B masnaiar ({ A

The measurement rec.orded in ‘s/te‘p 10.6.3 is the amount to be cut off from each end.

G 7 )T

Technician(s) i Date

Q2 LMQXB Coid Mass Module Assembly LHC Serial No.: LMOXB06-1
Notes: Re-issued per DR No. HGQ-0534
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10.8

10.9
10.10

10.11

i

February 28, 2005
Rev. F

Measure fr7m one end of the Beam Tube and place a mark at the distance from step 10.6.3.

Techniciaz{(sj ' Date

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

Uk

Crew Chief Date

Using the Waths Cutter, cut the Beam Tube at the Mark from Step 10.7.
N/
{

Technician(&} Date

!
Measure frgm one end of the Beam Tube and place a mark at the distance from step 10.6.3.

A

Technicianfs) Date

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

Ul/ r

Crew Chief Date

. Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1

Notes: Re-issued per DR No. HGO-0554
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10.12  Using thg Wachs Cutter, cut the Beam Tube at the Mark from Step 10.10.

AN

Technician(s) Date

10.13  Hipot the Beam Tube to coil, heaters and ground. (5kV} (Max. Leakage < 0.5u4).

Have Cl?ﬁhief verify setup and sign below before continuing.

fages 7S
‘ %w Chief Date

/ Hipot Leakage or Failure Voltage Pass Fail
Beam Tube to coil, )

heaters and ground 9 3?,@’ “ /

7 y & -3 Ve ’

Vz V 7/ 28,25

/»:r #;’ 2 . M -
Fechrfcian(s) & Date

74/@&, /k IS -JUL->005"

esponsrblyﬁuthorlty/thsu:lst Date

Q2 LMQXB Cold Mass Modute Assembly LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0354
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. 11.0 Dome Installation
F
Ensure that a protective sieeve is placed inside the bellows between the
convolutions and the bracket to prevent damage to the convolutions.
i1.1 Reposition the [P End Dome as shown in Q2 Cold Mass Welded Assembly
(ME-390309) using the Horizontal Witness Line from step 9.5.
7 be b
Date !
11.2 Feed the Electrical wires/Bus through the proper ports as the IP End Dome
(MD-3901%7) is brought into pgsition against the End Plate.
& Ua¢ /o5
Technician{s) Date’ :
11.3 Tack weld the IP End Dome in place at approximately 6-8 places around the Dome per
(ME-390309}.
AT S fa " >/ e S
AL A L fE e
} Weldor(s) Date
114 Wel? the IP End Dome, skip weld around to minimize distortion per (ME-390309),
fr/{/{f‘ [/7 th/\__'_\ 7/,2 C,/O{
Weldor(s) Date
11.5 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.
O T B o, Yeofos
Techniciari(s) <f(_,"/f"’ Date ! /
H
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1

Notes: Re-issued per DR No. HGQ-0554
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116 Feed the Electrical wires/Bus through the proper ports as the Non-IP End Dome is
brought into position agginst the End Plate. /
I e
. o 7{/ 4\ / =0
Technician(s) Drate d
11.7 Tack weld the Non-IP End Dome in place at approximately 6-8 places around the Dome
as pe A{ME-390309). .
A —— /ec/0]
Weldor(s) Date
11.8 Weld the Non-IP End Dome, skip weld around to minimize distortion as per
(MEA90309). .
AT A 7/2elo5
Weldor(s) Date
119 Tack weld the corrector mounting hardware in place as per Q2 Coldmass welded
assepfbly (N[E-390309): X
A 4. e— 7/2¢ /6
We]dor(s\) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB06-1

Notes: Re-issued per DR No. HGQ-0554
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11.10  If needed, perform a stretched wire measurement of the system, noting the relative
position and roll of the three magnetic elements to each other.

it

Performed Stretch Wire Measurement?

Yes O No y‘

\
.\_\\
= \
Responsible Authority/Physicist Date

i1.11  Mount and adjust the Shipping restraint screws.

\T..L../n\
Note(s):

¥ Weld to corrector if necessary.

h a— .
o “ /‘ﬁ ' '_\\;—/‘»‘-’A-w , vi //‘”' ;;)/w
Techniciaﬂ(s}) C’j Date‘
ILﬁ Weld the Center Body Tube (MC-390112) as per Q2 Cold Mass Welded Assembly
(ME?90309). (Weld Spgcjﬁcation ES-333781) p B
S A e o Si /’ Y
Weldor(s) Date

11.14 Und() the Cold Mass ! Cryostat Station Support & Clamping Fixture (ME-360768}.

g;{f‘lﬂ, STUAN M&Avx } Cedi s 7&./7’};:9 ?/ //0!

i .
b / Technician(s) Date

L4

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

oM, st

_6&“’ Responsible Authority/Physicist Date

j

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGO-0554
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12.0 Cold Bore

12.1

12.2

12.3

February 28, 2003
Rev. F

LP &u‘}‘

Flare betimemmds of the Beam Tube using Flaring Tool (MC-390416) per Q2 Cold Mass

W‘chdﬁ‘sembly (MB-390309).

Teéchnician(s) Date

Position Cold Bore Flange (MC-390300) over the Beam Tube and onto IP End Dome {Q2a)

per Q2 Cold Mass Welded Assembly (MB-390309).
x[ﬂ &) /e
L

Tecﬂru’cian(s) Date

Weld the Beam Tube to the Flange at IP End as per Q2 Cold Mass Welded Assembly
(ME-390309).

Weldor(s) Date
12.4 Add Spacer between Beam Tube Flange and End Dome, if necessary.
Spacer Added? Ye_;:E( No OJ
VLY )ty
Techﬁjcian(s) Date
12.5 Posttion the Cold Bore Flange (MC-390300) over the Beam Tube and onto the
Non-1P Engd Dorr(:;ﬁ?b) per Q2 Cold Mass Welded Assembly (MB-390309).
? N o0 /i
Tecfmician(s) Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1

Notes: Re-issued per DR No. HGQ-0554
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12.6

PP ™D

12.7

12.8

12.9

February 28, 2005
Rev. F

Weld Beam Tube to Flange at NON-IP End as per Q2 Cold Mass Welded Assembly
(ME-390309). -
N 4 e

'Weldor(s) Date

Align Beggn Tube and the Flange at IP End per Q2 Cold Mass Welded Assembly (MB-390309).

2 ~15-°¢

nician{s) Date

Weld the Flange to the IP End Dome as per Q2 Cold Mass Welded Assembly

S s

Weldor(s) Date
Align Beam Tube and Flange at NON-IP End per Q2 Cold Mass Welded Assembly (MB-390309).
/7 e ——, C:A . ‘q‘ "C__)—‘\)
S il B -1
i Date

Teghni

12,10 Weld the Flange to the Non-IP End Dome as per Q2 Cold Mass Welded Assembly

(%?/229) 4 (x:-‘ . 5 | ,/I » /@ c

Weldor(s) Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1

Notes: Re-issued per DR No. HG(Q-0554
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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).

To measure the resistance of a bussed Q2:

Use Valhalla Scientific 4300B digital micro-chrmmeter.

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 I o to the Q2b Q3 inner power lead as shown in figure.

Turn test current on.

Connect Vy and Vg to voltage taps as shown below.

Read resistance and record in traveler.

SODLONGO AWM

—

" EE1312 (@2a)
EE1612 (Q2b)
VTb1 (FNAL)

EE1322 (Q2a)
EE1622 (Q20)
VT2 (FNAL)

Pole
Splice

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

EE1112 {G2a)
EET1412 {Q2b)
¥Tal (FNAL)

EE1212 ¢(Q2a)
EE151Z {Q2b)
VTo1 (FNAL)

EE1222 (Q2a}
EE1522 (Q2h}
VTc2 (FNAL)

B cc1o020 (Q2a) |
Bl EEi522 (Q2n) B
B o2 (AL |

Vid

EE1122 {Q2a)
EE$422 {Q2b)
VTa2 (FNAL)

EE1212 (Q2a)
EE1512 (Q2b)
VTcl (FNAL)

>
N
o

d Jumper
3 from Q2a
Q3 inner

EE1312 (Q2a)
EE1612 (@2}
¥Th1 (FNAL}

EE1322 (Q2a)
EE1622 (Q2h}
VTh2 (FNAL}

VALHALLA
SCIENTIRIC 43008 1A

o ohms @ Vi it
o

Resistance

Test  Temp VLOO Lo
Full Scale 20mV 200mv 2y Current Comp
Voltage I —T—3 33 £

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HG(Q-0554
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(Q2a) Resistance

Nominal ~

560 to 585 mQ

Voltage Tap Serial Numbers

Quadrant Total Resistance

Connect] Fermi CERN Quadrant
Va |VTdQ2a {EMPTY '
- Quadrant 1 .
Vo |VTciQza |EE1212 5702 mo
VHI VTCIQZ& EE1212 .
Quadrant 2
Vio |VTeQ2a |EMPTY 57% ' 4;‘ mg2
VH! 'VTalQZa EE1112 . -
' = Quadrant 3 - :
Vio |VIdQ2a |EMPTY 5.5 mQ
Vi |{VTeQ2a [EMPTY
Quadrant 4
Vio |VTblQ2a |EE1312 5 1%.7 meQ
**Set test current to 0.1 Amps for Total Resistance Measurement**
Vy |VT21Q2a [EE1112 | Total Cold Nominal ~ 2.305 Q
Vo [VTb1Q2a |EE1312 Mass VEAE: Q

(Lxmf 52005

Techmcmn(s) Date
Check resistance oil Redundant Voltage Taps.
Q2a Redundant Volitage Taps
Connect Fermi CERN Resistance

Vi VTa2Q)2a EE1122
Vio VTc2Q2a EE1222 ' ‘ 5- 7 Q
VH! VTc2Q2a EE1222 o

VTb2Q2a EE1322 / / 5 7 Q

,f/ ;

o

Technician(s)

ﬁ@/

Q2 LMQXB Cold Mass Module Assembly

Page 51 of 86
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To measure Ls and Q of a Bussed Q2a:

Use Agilent 42638 LCR Meter.

Turmn power on by pushing Line bution. Wait 30 seconds untif display screen is lit.

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

Push Auto/Hoid button to release hotd.

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 comer 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 Q2b/Quadrant 3 inner power lead as shown in figure.

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

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

LoNm Ok

To measure Q2a:

To measure Q1, connect Hyg to VTe1 (EE1212 for Q2a), and Ly, to VTd.

To measure Q2, connect Hyto VTe, and L, to VTct (EE1212 for Q2a).

To measure Q3, connect Hy to VTd and Ly, to VTal (EE1112 for Q2a).

To measure Q4, connect Hy to VTb1 (EE1312 for Q2a), and Ly to VTe.

To measure total, connect Hy to VTb1 (EE1312 for Q2a), and Lo to VTal (EE1112 for Q2a).

. & & o 0

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

EE1612(Q2b} Pole

EE1622 [Q2b)
VIb1 (FNAL) /Splice

Vb2 (FNAL)

EE1422 (Q2b)
VTaZ (NAL)

EE$412 (Q2b)
VTal {FNAL)

EE1212 [Q2a)
VTe1 {FNAL)

EE1222 (Q2a)
VTc2 (FNAL)

VTd

NEET522 {Q2b) I . _——
QT2 (FNAL) o : T ¥ EE1122(02a)
B : % 7~ VTa? (FNAL)

EE1112 (G2a)

EE1512 (Q2b)
VTat (FNAL)

VTe1 (FNAL) —_—

Jumper
rom Q2a
Quadrant
3 inner to
SKA bus

EE€1312 (Q23)
VIbt (FNAL)

EE1322 (Q2a)

Pole VTh2 {FNAL)

Splice

Looking at Lead End

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOXB06-1
Notes: Re-issued per DR No. HGQ-0554
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(Q2a) Inductance Nominal ~ 3.34 to 3.48 mH
Voltage Tap Serial Numbers Quadrant Total Inductance
Connect Fermi CERN Quadrant "
Loor |VIdQ2a {EMPTY
POT Quadrant 1 ‘ﬁg g35o
Hpor [VTclQ2a |[EE1212 . ‘ mH
L VTclQ2a |EE1212
FoT Q Quadrant 2 P
Hpor |VTeQ2a  |EMPTY 2,579 mH
VTdQ2a |EMPTY |
.L?OT - Quadrant 3 3 L\o\(,b
- Hpor |VTalQ2a |EE1112 VAT mHj
I VTeQ2a EMPTY
FoT 2 - Quadrant 4 5 b]_ 9
Hpor [vIbiQ2a |EE1312 - mH
Lpor |[VTalQ2a |EE1112 Nominal ~ 13.3376 mH
Total Cold Mass - o
Hpor [vIbiQ2a |EE1312 .2 %5 m
{Q2a) Q-Factor Nominal ~ 3.7 to 4.0
Voltage Tap Serial Numbers
Quadrant Total Q
Connect Fermi CERN Quadrant
L VTdQ2a |EMPTY
Fot Quadrant 1 ‘% . g
Hpor |[VTclQ2a [EE1212 ~
L VTclQ2a |EE1212
FOT Quadrant 2 3
Hpor |VTeQ2a  |EMPTY o 0
L VTaiQ2a |EE1112 :
pot Q Quadrant 3 ™ (O
: 'HPOT VTdQZa EMPTY D i
L VTeQ2a EMPTY
pot il Quadrant 4 BN
Hpor |VIb1Q2a |EE1312 A
L VTalQ2 EE1112 Nominal ~ 3.7 to 4.0
POt alQ2a Total Cold Mass =
Hpor |VIb1Q2a |EE1312 5.5

Q2 LMQXB Cold Mass Module Assembly
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Rev. F
To measure the resistance of a bussed Q2:
1. Use Valhalla Scientific 43008B digitai micro-ohmmeter.
2. Set Test Current to 1 amp.
3. Set Scale to 2V full scale.
4. Turn temperature compensation on,
5. Turn test current off,
6. Put jumper between Q2a Q3 inner power lead and 5 KA bus as shown in figure.
7. Connect Iy to the 5KA bus (Q2a Q3 inner power lead) as shown in figure.
8. Connect | o to the Q2b Q3 inner power lead as shown in figure.
9. Turn test current on.
10. Connect Viyand Vo to voltage taps as shown below.
11. Read resistance and record in traveler.
EE1322 (Q2a) EE1312 (Q2a)
EE1622 (Q2b} EE1512 (Q2b) Pole
VTb2 (FNAL) ¥In1 (FNAL) /Splice
EE1122 (Q2a) |
EE1422 {Q2b)
VTa2 (FNAL)
EE1112 (Qz2a) ‘
EE1412 {Q2b)
YTat (FNAD : -Q—a EE1212 (Q2a)

EE1222 (Q22) [
EE1522 (Q2b
WTcz (FNAL)

£E1212 (Q2a)
EE1512 (Q28) Q2b
VTcl (FNAL)

Pole
Splice

VALHALLA 4300B

SCIENTIFIC 1A
XX ohms @
Resistance
Test Temp

Full Scale 20mv 200mv 2y  Current Comp
Voltage TIT_TT 1

Q2 LMQXB Cold Mass Module Assembly
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EE1512 (Q2b)
VTl (FNAL)

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

VTd

EEt122 {G2a)
EE1422 (Q2b)
VTa2 (FNAL)
EE1112 (Q2a)
= EE14%2 (G2bs
B V7at (FNAL)

Jumper
R from Q2a
l Q3 Inner
10 5KA
bus

EE1312 (Q2a) EE1322 (G2a)
EE1612 (Q2h) EE1622 (Q2h)
VTh1 (¥NAL) VTh2 (FNAL}

LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554
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\ (Q2b) Resistance Nominal ~ 560 to 585 mQ
Voltage Tap Serial Numbers Quadrant Total Resistance
Connect Fermi CERN Quadrant
Vu  {VTc1Q2b |[EE1512 -
— Quadrant 1 -
Vio |VTdQ2b |EMPTY s YUI]  mQ
Vi |[VTeQ2b |EMPTY
Quadrant 2 -
Vio |VTclQ2b |EE1512 D150 mQ

Vi |VEdQ2b |[EMPTY
Vio {VTalQ2b.|EE1412
Va  |VTb1Q2b |EE1612

Quadrant 4 -
Vio |[VTeQ2b |EMPTY TG mQ

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

ngc:irarlt 3 | :5-7 \5 & mo.

vV, (VYTb1Q2b (EE1612 Total Cold Nominal ~ 2.305 Q
Vo |VTalQ2b |[EE1412 Mass 2 0¥ Q
o N
G Yo
Date { ;
; |
";’ Check the resistance of the Redundant Volitage Taps.
Q2b Redundant Voltage Taps
Connect Fermi CERN Resistance
vV VTe2Q2b EE1522 :
HI €2Q. ” b 4
Vio VTa2Q2b EE1422 Q
Vi VTb2Q2b EE1622 W
Vio VTe2Q2b EE1522 ‘ Q
S T Cem_ C’%/,} iz bY: { G \C’é?)'
Techrlician(s) <’ Date 3
/"‘.
)
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1

Notes: Re-issued per DR No. HGQ-0554
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To measure Ls and Q of a Bussed Q2b:

Use Agilent 42638 LCR Meter.

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

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 dispiayed in the upper right comer of the display screen is 1000 Hz and the
level recorded in the lower right comer 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,q:and L, buttons to voitage taps as shown below,

CEND PN

To measure Q2b:
* To measure Q1, connect Hyq:to VTe1 (EE1512 for Q2b), and Lyuto VTd.
» To measure Q2, connect H,.:to VTe and L, to VTe1 (EE1512 for Q2b).
» To measure Q3, connect H,,:to VTd and L, to VTal (EE1412 for Q2h).
* To measure Q4, connect Hy, to VTb1 (EE1612 for Q2b) and Ly, to VTa.
» To measure total, connect H, to VTb1 (EE1612 for Q2b) and L, to VTat (EE1412 for Q2b).

10, Read |_s and Q from display and record in traveler.

EE1612(Q2b)  Pole

EE1622 (Q2b)
¥Tb1 (FNAL) / Splice

VTh2 {ENAL)

EE1422 (Q2b)
VTa2 (FNAL)

EE1412 {Q2k)
VTal (FNAL)

EE1212 (Q2a)
Vict (FNAL)

EE1222 {022}
VTc2 (FNAL)

i o vTd
E1522 (Q2b)
VTe2 (FNAL)

EE1122 (02a)
VTa2 {FNAL}

EE1512 (Q2b)
VTel (FNAL)

EE1112 (G128}
VTal (FNAL}

EE1312 (Q2a)
VTht (FNAL)

£E1322 (Q23)
VTh2 (FNAL)

Pale
Splice

Looking at Lead End

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGO-0554
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(Q2b) Inductance Nominal ~ 3.34 to 3.48 mH
Voltage Tap Serial Numbers Quadrant Total Inductance
Connect Fermi CERN Quadrant
Hpor VTIciQ2b |EE1512 -
. Quadrant 1
Leor |VTdQzb |EMPTY ' 3.53% mH
Hpor |VTeQ2b |EMPTY
Quadrant 2 .
Hpor {VTdQ2b |EMPTY : 3
_ - Quadrant 3 2
Lpor VTalQ2b [EE1412 D I %, S/ mH
Hpor |VTHIQ2b |EE1612
Quadrant 4
Leor [VTeQ2b |EMPTY 3. 4816 m
Hpor |VTb1Q2b [EE1612 Total Cold Nominal ~ 13.3376 mH
Leor |VTalQzb |EE1412 Mass 13. 705 mH
(Q2b) Q-Factor Nominal ~ 3.7 to 4.0
Voltage Tap Serial Numbers Quadrant Total Q
Connect Fermi- CERN Quadrant
Hp(ﬁ VTC Isz EE‘}S‘IE Q d 1
vadrant
Loor VTdQ2b |EMPTY 5 0\
H
por |VTeQ2b [(EMPTY Quadrant 2 L/ /
Lpo‘r VTCIQZb EE1512 ;
Hpor {VTdQ2b |EMPTY
Quadrant 3
Lpo'; VTalQ2b {EE1412 z - 7
Hpor IVTbIQ2b |EE1612 Quadrant 4 ,% 7
Leor [VTeQ2b |EMPTY DY
Hpor [VTblQ2b (EE1612 | Total Cold Nominal ~ 3.7 to 4.0
Leor |VTalQ2b |EE1412 Mass 3.%
: /5 [0S
Techn‘}/@an(s) Date

LHC Serial No.: LMOXB06-1
Notes: Re-issued per DR No. HGQ-0554
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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 Hli
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 4WL) {meaning a 4 wire resistance measuremant).
8. Read resistance in ohms and record in traveler.
Hewlett
Packard HP3457A SENSE INPUT
e s ] oo | e | e | HO.
% e [ e e [ s R = | i f e Lo
Lne = 3 o O — | s s e e oo
0 e I e B i I s I e ©
T b Vi
CHME éuﬂon Biue {function) Button

U+ Black]
I+ Yellow ;-
U-Red |
I Green

Thermometer

(RTD}

To measure the resistance of a Crvogenic (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 blue button {function key) once.

Push GHMF 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.

Hewlett
Packard HP3457A

NoegoRwnp~

SENSE INPUT

/@H
x s e e e B = == F == = Lo
Line =1 3 | omnn Y s B s o Y i [ s 2§ v |

[ Ell:ll?— / ©
/f \ -

OHMF Button Blue (function) Button

I o ot |
o s s Y e |

Warmup
Heater

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1

Notes: Re-issued per DR No. HG0O-0554
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!i Q2a - RTD's and Cryogenic (warm-up) Heaters
Temperature of Building (+-5°%): )0 i~
. . Mfr. Resistance
Component Fermi CERN Resistance (Expedition)
Q2a ATD, primary | TaQea | TTB312 | (1. &5 $€.86 o
| Q2a RTD, redundant ToQ2a | TI18322 Cor. ! 9] 56, 55’ QI
QA Cryogenic (warm-up) Heater (LE) - wire o o
toward cold mass end plate (CERN #1 1) | " (#Q2A | EH8312+ | - ”
GRA Cryogenic (warm-up) Heater (LE) -wire | (o 0 | e '_(. b
toward cold mass mag center (CERN #1 1-) e of
Q2A Cryogenic (warmr-up) Heater (Non-LE) - wire
toward cold mass end plate (CERN #21+) | " PQA| ERB322¢ ] =
Q2A Cryogenic (warm-up) Heater (Non-LE) - wire ) [ -]
toward cold mass mag certer (CERN #21) | " 20Q2A | EHB322 al
T < /5 /05
Tech}ﬁcian(s) Date
! Q2b - RTD's and Cryogenic (warm-up) Heaters
Temperature of Building (+- 5°): __ 22" /%
Component Fermi CERN m@m, oy (Expeciition)
Q2b RTD, primary TaQ2b | TT8332 @a&.q 57.3]
i | Q2b RTD, redundant ™ | T2 | o v o §9.49 q
Q2B Cryogenic (warm-up) Heater (LE) - wire toward}
" cold mass end plate (CERN #1 1) WiaQ2B | EHB332+
(, Q2B Cryogenic (warm-up) Heater (LE) - wire toward] W2aQB | EHe3z- / Cz A
3 cold mass mag ceriter (CERN #1 }-) ol
| Q2B Cryogenic (warm-up) Heater (Non-LE) - wi
ryogenic (warm-up er (Non-LE) - wire
toward cold mass end plate (CERN #2 1) | " P28 | EFHB342+ 0S
? Q2B Cryogenic (warm-up) Heater (Non-LE) - wire w2 | Eresse: [
toward cold mass mag center (CERN #2 |- 8
< /8 /257
Date

Techni%n( s)

Q2 LMQXB Cold Mass Module Assembly

4
v
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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 CEB_N Description Limit Resistance |
HiaQ?2a YT1112+ ] o . . o

- YTii12- : rqunA 13.20!0219

H1bQ2a YT1122+

.23 o
CircuitB | 18.20t021Q| >, zes

H2hQ2a YT1122- ;|
7’% EYeard e
Tecbﬁtian(s) Date
Q2b Strip Heater Resistance

Fermi CERN L Description Limit Resistance
 Hia@2b | YT132+ | ool on [saonte21ol o o
“HaGzb | Viiige. | CrourA [ 18201021Q) /5.op

H1bQ2b YT1142+ -

CircuitB | 18.20t0 21 Q )
H2bQ2b | YT1142- ! © 825 o

% i S /& /AT

Te?&ﬂi jan(s) Date
/.

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMOQXB06- 1
Notes: Re-i1ssued per DR No. HG(O-0554
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13.2 Using the HP3457 A, connect power thru the corrector Power Leads
(H2A and H2B to measure Q2-H2 or VZA and V2B to measure Q2-V2).
Connect the Sense Leads as shown in table below and record resistance.
Corrector Bus Leads
V2A | V2B | H2A ! H2B
V1A I ViB | H1A | H1B
(View Looking into Q2b)
Readout Labels Power Labels
V2A -EE8112
EE8112 V2B  V2A, V2B
VZ2A V2B
H2A EE8122
EE8122 H2B H2A, H2B
H2A H2B
SN /

AT

Tech%n(s)

"~

Q2 LMQXB Cold Mass Module Assembly
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13.3 Hipot according to table below. Hipot to)(. Maxirhum leakage is 3pA.

Have Crew Ghief verify setup and sign below before continuing.

Ve g yor

fw Chief Date

Hipot Heaters to Coil and Ground.
High Potential Grounded Floating Leakage

Coils, Yoke, Q1 Instrumentation Bus, Lead and Nothin .
Corrector Coil Busses, RTD's and Warm-up Heaters ¢ . 2 7 n £

s.;*_kV 4)‘7{

Hipot according to table below. Hipot to 3%¥. Maximum leakage is 3UA.

Have Crew Chjef verify setup and sign below before continuing.
8 -8 o

" Cdbw Chief Date

All Strip Heaters

Hipot Coil to Heaters and Ground.
High Potential Grounded Floating Leakage

Strip Heaters, Yoke, Q1 Instrumentation Bus, 8kA
Al Cails and 5kA Lead Busses and Corrector Coil Busses, Nothing ’ -
RTDy's and Warm-up Heaters 10 n4

D —
22/ 515 /a5

Teclj,a{c/lan(s) ~ Date
Q2 LMOQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1

Notes: Re-issued per DR No. HGQ-0554
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Rev.F
134 Check QI Instrumentation Bus Wires for Continuity.
Module |Pin| Fermi CERN KEK Description Done
M2 1 [vTa1Q1 EE1111 al |Q1 Lead Voltage Tap "a", primary
M2 2 [VTa2Q1 [EE1121 a2 |Q1 Lead Voltage Tap "a*, redundant
M2 3 NTeiQ1  |[EE1211 cl Q1 Center Voltage Tap "c”, primary
M2 4 NVTc2Q1 |EE1221 c2 Q1 Center Voltage Tap “c", redundant
M2 | 5 VTb1Q1 [EE1311. | bt |Q1 Lead Voltage Tap "b", primary | v
M3 5 [VTb2Q1 |EE1321 b2 Q1 Lead Voltage Tap "b", redundant i/
ws | 1 i eemer | [Conedo volagelep TH Ghow poR) v
MS |2 VTV EEsII (on MCBX. MOBXY A oac) - 0P /
M7 | 1 W1aQ1 |EHB311+ Q1 Cryogenic Hoater lead end - wire at top (CERN #1 I+) v
M7 2 W2aQ1 |EH8311- Q1 Cryogenic Heater lead end - wire at bottom (CERN #1 |-) v
M7 | 3 Wi1bQ1 |EH8321+ Q1 Cryogenic Heater non-lead end - wire at top (CERN #21+) | o~
M7 4 W2bQ1 |EH8321- Q1 Cryogenic Heater non-lead end - wire at bottom (CERN #2 I-)] «~
M9 | 1 [H1aQ1  |¥T1111+ | HA1|Q1 Protection (Strip) Heater, ("a" circuit) (CERN lead #1+) V4
Mg 3 |H2aCH YT1111- HA2 |Q1Protection (Strip) Heater, ("a" circuit) (CERN lead #1-) 4
M9 | 5 [H1bQ1 - ¥T112t+ | HB1 |01 Protection (Strip) Heater, {"b" circuit) (CERN lead #2.) N
1 M10 | 4 {H2bQ1 YT1121- HB2 /Q1 Protection (Strip) Heater, ("b" circuit) (CERN lead #2-) v/
M12 | 1 [TaQ1 i+ [TT8311 1+ Q1 RTD, primary Wire color: Yellow v
M12 | 2 TaQ1 |- [TT8311I- Q1 RTD, primary Wire color: Green 4
M12 3 TaQi Vs [TT8311 U+ Q1 BTD, primary Wire color: Black W
M12 4 [TaQ1_ V- [TT8311 U- Q1 RTD, primary Wire color: Red v’
M12 | 5 [TbOi_l+ [TT8321 1+ Q1 RTD, primary Wire color: Yeliow v
M12 6 (ThQ1 |- |TT8321 |- Q1 BTD, primary Wire color: Green v
M12 | 11 iTbQ1 V+ [TT8321 U+ Q1 RTD, primary Wire color: Black e
M12 | 10 [TbQ1_V- [TT8321 U- _|Q1 RTD, primary Wire color: Red v’
. 5 (3125
Technici7{(s) Date
WX | [
Responsible‘Authority/Physicist Datf:g q

LHC Serial No.: LMQXB06-1

Notes: Re-issued per DR No. HGO-0554
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@K 14.0  Installation of Hyperironics
SRY

Specification # 5520-TR-333643
February 28. 2005
Rev. F

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 Label Label Label Description

M1 1 Blank Module

M1 2

M1 3

M1 4

VTb1Q1

M2 1 VTaiin EE1111 at Q1 Lead Voltage Tap "a’, primary

M2 2 |VTa21 EE1121 a2 Q1 Lead Voliage Tap "a",redundant

M2 3 {VIc1N EE1211 c1 Q1 Center Voltage Tap "c", primary

M2 4 {VTc2Q1 EE1221 c2 Q1 Center Voltage Tap "c", redundant
5

EE1311

Q1 Lead Volte Tap "b", prima

M3 1 Empty Empty No Connection
M3 2 |Empty Empty No Connection
M3 3 |Empty Empty No Connection
M3 4 |Empty Empty No Connection
M3 5 |VTb21 EE1321 b2 Q1 Lead Voltage Tap "b" redundant
M4 1 Blank Moduie

2

3

4

5

Corrector voltage tap Q1-H1 (skew dipois)

MS L AL EE8121 (on MCBX, MCBXH, A+ lead)
Corrector voltage tap Q1-V1 {normal dipole)
MS 2 vt EEBTT (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.. LMQXBO06-|
Notes: Re-issued per DR No. HGQ-05534
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Table 14.1
. Fermilab CERN KEK I
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 1 |Wila1 EH8311+ (CERN #1 I14)
i Q1 Cryogenic Heater lead end - wire at
M7 2 |w2aQ1  |EH8311 botton (GERN #1 1)
. . iy Q1 Cryogenic Heater non-lead end - wire at
M7 3 {WibQi EH8321+ top (CERN #2 14)
M7 4 |webai EH8321- Q1 Cryogenic Heater non-lead end - wire at

bottom (CERN #2 |-)

M7

__

Empt

No connection

Blank Module

M8

M8

M8

M8

b i

"a" circuit)

e

Q1 Protection (trlp)eater, (
Mg 1 H1aQ1 YT1111+  [HAY (CERN lead #1+)
M9 2 |Empty Empty No connection
111, Q1Protection (Strip) Heater, ("a" circuit)
M9 3 |H2aQ1 YT1111 HAZ2 (CERN lead #1-)
M9 4 (Empty Empty No connection
M9 5 |H1b01 YT1121+ |HB1 Q1 Protection (Strip) Heater, ("b" circuit)

(CERN lead #2+)

i ; _ "ggg_, i S T S S P e R
M10 Empty No Connection
M10 Empty No Connection
M10 3 Empty No Connection
Q1 Protection (Strip) Heater, ("b" circuit}
M10 4 YT1121 HB2 (CERN lead #2-)
M10 5 Empty No Connection

(22 LMQXB Cold Mass Module Assembly
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Table 14.1
Module | Pin ngi?b i:::: Lfall-:)::l Description
M11 1 Blank Module
M11 2
M11 3
M11 4
M11 5
Pin numbers of Module M12 are not listed in numerical order
M12 1 {TaQ1_ |+ [TT8311 I+ Q1 RTD, primary Wire color: Yellow
Mt2 2 |TaQ1_I- TT8311 |- Q1 RTD, primary Wire color: Green
M12 3 |TaQ1_V+ |TT8311 U+ Q1 RTD, primary Wire color: Black
M12 4 |TaQt1_V- |TT83t1 U- Q1 RTD, primary Wire color: Red
M12 5 [TbQ1_I+ |[TT8321 I+ Q1 RTD, redundant: Wire color: Yeliow
Mi12 6 |TbQ1_I- TT8321 I- Q1 BRTD, redundant: Wire color: Green
M12 11 |TbQ1_V+ [TT8321 U+ Q1 RTD, redundant: Wire color: Biack
Mi12 10 (TbQ1 V- [TT8321 U- Q1 RTD, redundant: Wire color, Red
M12 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
Mi12 14 1Empty Empty No connection
M12 15 [Empty Empty No connection
M12 16  |Empty Empty No connection
M12 17 |Empty Empty No connection

Q2 LMQXB Ccld Mass Module Assembly

LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HG(-0554
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Individual Thermometer Layout

Rev. F
Hypertronics Connector Pin Locations for Q2 (ip, or Q2a end)
VIEW: Female (receptacle) solder cup side
@6 ®17
o5 e11 o16 o5{ 05| e5] 05| 05| 05| O5] O5| @5 @5 O5[
T 810 04| ®4]| 04| 04| @a] 04| 04 O4]| 04| @4] 04]-
@4 = ©15 pa | _ \
o5 ©° o1a| O3] 03| ®3| 03| @3] o3f o3| 03) o3 3| 03] | Wires —>
0 ©% o1s| °2 o2l 02| 02| @2| 02| 2| 02| 02| 2] 02|
©7 01| o1l @1 01| ®1| O1] @1} O1] C1| ®1| Ot
®1 @12 - .
M12 M11 M10 M9 M8 M7 M6 M5 M4 M3 M2 M
@ Hole filled in grey: Wire soldered to pin.
@ Hole with dot in center: Pin exists but no wire soidered to it.
O Hole filled in white: No pin. Hole is drilled out.
3 Black U+
— Yellow |+
= Red U -
= Green | -

i 'M/AA/:{\

~Téchnician(s)

Q2 LMQXEB Cold Mass Module Assembly
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142 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

Module { Pin Label Label Label Description
M1 1 Blank Module
M1 2
M1 3
M1 4
M1 5
M2 1 |VTatdn EE1111 at Q1 Lead Voltage Tap "a", primary
M2 2 [VTa2Qt |EE1121 a2 Q1 Lead Voltage Tap "a", redundant
M2 3 |VTciQt EE1211 ct Q1 Center Voltage Tap "c", primary
M2 4 (VTc2Q1 EE1221 c2 Q1 Center Voltage Tap "c”, redundant
M2 5 |VIb1Q1 [EE1311 Q1 Lead Voltage Tap "b", primary

M3 1 [VTe1Q2a |EE1212 . Center Volge Tap 'c", . rimary -
Q2a Quarter Coil Voltage Tap "d" (Q1inner-Q3
M3 2 |VTdQza |Empty outer interface)
M3 3 |VTa2Q2a (EE1122 Q2a lead Voltage Tap "a", redundant
M3 4 {VTalQ2a |EE1112 Q2a Lead Voltage Tap "a", primary

M3 5 [VTb2Qt EE1321 b2 Q1 Lead

ap "b", redundant

tage

M4 1 (VTc2Q2a |EE1222 (Q2a Center Voitage Tap "¢", redundant

Q2a Quarter Voltage Tap "e*, (Q2 inner -Q4

M4 2 VTeQea  |Empty outer interface)

M4 3 |Vib1Q2a |EE1312 Q2a Lead Voltage Tap "b", primary
M4 4 |VTh2Q2a (EE1322 Q2a Lead Voltage Tap "b", redundant
M4 5 |VTb1Q2b |EE1612 Q2b lead Voltage Tap "b", primary

Q2b Quarter Coil Voltage Tap "d" (Q1inner-Q3

M5 1 VIdQ2b - |Empty outer interface)
M5 2  [VTc2Q2b |EE1522 Q2b Center Voltage Tap “¢", redundant
M5 3 |[VTc1Q2b |EE1512 Q2b Center Voltage Tap "c", primary
M5 4 |vTeQzb |Empty Q2b Quarter Voltage Tap "e", (Q2 inner -Q4
outer interface)
M5 5 |VTb2Q2b |EE1622 Q2b Lead Voltage Tap “b" redundant
Q2 LMQXEB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1

Notes: Re-issued per DR No. HGQ-05354
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Table 14.2
. Fermilab CERN KEK I
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 “|Blank Module
M7
M7

M7

1
2
3
4
5

Corrector voltage tap Q1-Ht

(skew dipole) (on

M8 TV EESt2T MCBX, MCBXH, A+ lead)

Corrector voltage tap Q1-V1 (normal dipole) (on
Me 2 |vive EE81T1 MCBX, MCBXV A+ lead)

Corrector voltage tap Q2-H2 (skew dipole) (on
Mg 8 |VTHz  |EE8122 MCBX, MCBXH, A+ lead)
M8 4 lvtve EE8112 Corrector voltage tap Q2-V2 (normal dipole) (on

MCBX, MCBXV, A+ lead)
N f

M9 1 Blank Module
M9 2
M9 3
Ma 4
M9 5

Q1 Cryogenic Heater lead end - wire at top
Mi0 1 (W1aQ1 EH8311+ (CERN #1 14)

i Q1 Cryogenic Heater lead end - wire at bottom

M10 2  |w2an EH8311 (CERN #1 I

Q1 Cryogenic Heater non-lead end - wire at
M10 3 |Wi1bQ1 EH8321+ top (CERN #2 1+)

Q1 Cryogenic Heater non-lead end - wire at
M10 4  Wa2bQn1 EH8321 bottom (CERN #2 I-)
M10 5 [Empty Empty No connection

Q2 LMQXE Cold Mass Module Assembly LHC Serial No.: LMOXB06-1

Notes: Re-issued per DR No. HGQ-0554
Page 69 of 86



TD/Engineering & Fabrication

Specification # 5520-TR-333643
February 28, 2005

Rev. F
Table 14.2
. Fermilab CERN KEK -
Module ; Pin Label Label Label Description

Q2A Cryogenic Heater lead end - wire toward
M1 ! WiaQeA |EH8312+ cold mass end plate (CERN #1 i+)

Q2A Cryogenic Heater lead end - wire toward
M1 2 |W2aQeA |EHB312 cold mass mag center (CERN #1 |-)

Q2A Cryogenic Heater non-lead end- wire
M1 3 |WibQ2A EHB3Z2+ toward cold mass end plate (CERN #2 |+)

Q2A Cryogenic Heater non-lead end- wire
M1 4 |W2bQeA |EHB322 toward cold mass mag center (CERN #2 |-)

Empty Empty No connection

Q2B Cryogenic Heater lead end - wire toward

M12 ! W1aQ2B 1EH8332+ cold mass end plate (CERN #1 14)

Q2B Cryogenic Heater lead end - wire toward
M12 2 |W2aQ2B 1EHB332 cold mass mag center (CERN #1 1-)

Q2B Cryogenic Heater non-lead end- wire
M12 3 [W1bQ2B  |EHB342+ toward cold mass end plate (CERN #2 1+)
M12 4 |wobaoe |EHB342- Q2B Cryogenic Heater non-lead end- wire

toward cold mass mag center (CERN #2 |-}

M12

M13

Empty

Empty

No connection

M13

M13

M13

M13

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

M14 1 H1aQ1 YT1111+ |HA1 (CERN lead #1+)

M14 2 Empty Empty No connection

M14 3 |Hoaq YT1411-  |HA2 Q1Protection (Strip) Heater, ("a" circuit) (CERN
lead #1-)

Mi4 4 |Empty Empty No connection

M14 5  |H1bO1 YT1121+ |HB1 Q1 Protection (Strip) Heater, ("b" circuit)

(CERN lead #2+)

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMOXB06-1
Notes: Re-issued per DR No. HGQ-0554
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Table 14.2
| | Fermilab | CERN KEK -
Module | Pin Label L abel { abel Description
M15 1 Empty Empty No connection
Q2a Protection (Strip) Heater, 1-4 & 2-3 circuit
M15 2 (HtaQza |YT1112+ (FNAL lead A+) (CERN lead #1+)
M15 3 |[Empty Empty No connection
i Q1 Protection (Strip) Heater, ("b" circuit)

M15 4 {H2bQ1 YT1121 HB2 (CERN lead #2-)

Empt Em No connection

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

M16 1 [H2aQ2a  |YTHHI2- (FNAL lead A-) (CERN lead #1-)
M16 2 |Empty Empty No connection
Q2a Protection (Strip) Heater, 1-2 & 3-4 circuit
M16 | 3 |H1bQ2a YT1122+ (FNAL lead B+) (CERN lead#2+)
M16 4 Empty Empty No connection
M16 5 |Hobaza |YT1122- Q2a Protection (Strip) Heater, 1-2 & 3-4 circuit

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

. M17 Empty Empty No connection
i
’ 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
Q2b Protection {Strip) Heater, 1-4 & 2-3 circuit
Mi7 | 4 |H1aQ2b  |YT1132+ (FNAL lead A+) (CERN lead #1+)
5 No connection

M17

Empty

{Strip) Heater, 1-2 & 3-4 circuit

M18 T |H1bQ20  YTH14Z4 (FNAL lead B+) (CERN lead#2+)
M1i8 2 (Empty Empty No connection
) Q2b Protection (Strip) Heater, 1-2 & 3-4 circuit
M18 | 3 |H2bQ2D YT1142 (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.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554
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Table 14.2
. Fermitab CERN KEK .
Module | Pin Label Label Label Description
M19 1 Blank Module
M19 2
M19 3
M19 4
M19 5

: Pin numbers of Mo M

N numerical order

M20 1 TaQ1_ |+ ({TT8311 I+ Q1 RTD, primary Wire color: Yello

M20 2 |TaQi_I- TT8311 |- Q1 RTD, primary Wire color: Green
M20 3 |TaQi_V+ |[TT8311 U+ Q1 RTD, primary Wire color: Black

M20 4 |TaQi_V- |[TT78311 U- Q1 RTD, primary Wire color: Red

M20 5 {ThQ1_+ |TT18321 I+ Q1 RTD, redundant: Wire color: Yellow
M20 6 |[ThQ1 - (TT8321 I- Q1 RTD, redundant: Wire color: Green
M20 11 TbQ1_V+ |TT8321 U+ Q1 RTD, redundant: Wire color: Black
M20 10 [Tb_V- TT18321 U- Q1 RTD, redundant: Wire color: Red
M20 g8 (TaQ2a_i+ (TT8312 I+ Q2a RTD, primary Wire color: Yellow
M20 8 [TaQ2a |- |TT8312 |- 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 [ThQ2a_l+ [TT8322 |+ Q2a RTD, redundant: Wire color: Yellow
M20 14 [TbQ2a_I- [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.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554
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Table 14.2
Note: Pin numbers of Module M21 are not listed in numerical order
. Fermilab CERN KEK _—
Module | Pin Label Label Label Description
M21 1 |TaQ2b_I+ |TT8332 I+ Q2b RTD, primary Wire color: Yellow
M21 2 |TaQ2b_|- |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_l+ |TT8342 I+ Q2b RTD, redundant: Wire color: Yeilow
M21 6 |TbQ2b_!- |TT8342 I- Q2b RTD, redundant: Wire color. Green
M21 11 |[TbQ2b_V+|TT8342 U+ Q2b RTD, redundant: Wire color: Black
M21 10 |[TbQ2b_V- {TT18342 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
_ 7o  6efi7o e
50 |[5@ (58 |5@ 5, 50 {50 |50 [50 |50 {50 50 SQ 5@ |50 58 |50 50_. 50 16 @ L 2 sehso ite 5‘.‘..,___
40 146 (28 (48 48 140 |40 120 |40 |40 |10 [s0 40 |10 lse |40 |40 |40 lso 109 108
_ R - . K 150 4efi50 4% | wires
30 |3@ {38 [3e [3e |30 {30 [3e 30 |3® j3e (3@ |30 {38 [30 {3 {30 3% p30 8 . 9 ® : ’
1 % - 1 He 3elso 3ej | >
20 |20 |20 |2@ |2e 28 120 128 120 [20 [2e 268 120 130 {2@ 20 [28 |20 20 8 B @ -
. . ’ B ] : 138 281130 -3 _J =
10 48 (1@ |10 18118 {10 1@ {10 18 1@ |18 10§50 10 |18 {10 (1@ 10 7 T .
S . Yooror : 12 @ 182 16
MI M2 M3 M4 M5 M6 M7 M8 Mo M10 M11 MI12 MI13 M14 Mi5 M1 M7 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+
= Yelow i+
= Red U -
=+ Green | -
Individual Thermometer Layout
Note(s):
f_ny the Hypertronics cover has NOT been installed.
S Z.«LJV 09/12/2cas
Technician(s) 4 Date’ 7
14.3 Inspect Hypertronics Connector. Ensure that it is free of flux and that Kapton has been
installed properly.
g
: - Miso ~ o5 e
‘ — [ - A~ 3005

Q2 LMQXB Cold Mass Module Assembly

14.4

instal

Responsible zyﬁhérity/Physicist

After LHC Project Physicist / desi

%Hypemonics.

N

Techr‘ﬁciz’l-n{s)
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Date

gnee has signed the above step, complete the

9/is),

Date
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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:

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 BKA 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 Vi and Vo to voltage taps as shown below.

Read resistance and record in traveler.

SUPSR S A

2oooN®

—

EE1312 (Q2a)
EE1512 (Q2b)
VTh1 (FNAL}

EE1322 {Q2a}
EE1622 (Q2b)
vTo2 {FNAL}

Pole
Spilce

EE1122 {Q2a)
EE1422 {Q2b)
vTa2 (FNAL}

EE1112 (Q22)
EE1412 (Q2D)
vTal (FNAL)

= EE1212 (Q2a}
EE1512 (Q2b}

e TR AL
¥Tol (FRAL)

EE1222 (Q23)

EE1522 {Q2b)
YTc2 (FNAL)

EE1222 {Q2a VTd
EE1522 (Q2b

VT2 (FNAL)

- : : EE1122 (G2a)
| ~EE1422 (Q2b)

VTa2 (FNAL)

EE1112 {0G2a)

EE1412 (Q2b)

EE1212 (G2a)
EE1512 {Q2b) _.2_b
VTct (FNAL)

from Q2a

H Q3 inner
1 : 4 to 5KA
bus

EE1312 (Q2a)
EE1612 (Q2b)
VTht (FNAL)

EE1322 (G2a)
EE1622 {Q2b)
VTb2 (ENAL)

T T e e

T Ty
Rk

7Y

VALHALLA
SCIENTIFIC 43008

(o] ® o d

Resistance

Teat Temp VLo O e
Full Scale 20mV 200mV 2V Current Comp
vohage [—IT—T—1 C—3 =31

}

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMOXB06-1
Notes: Re-issued per DR No. HGQ-0554
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(Q2a) Resistance Nominal ~ 560 to 585 mQ
Vol T. ial N
oltage Tap Serial Numbers Quadrant Totai Resistance
Connect] Fermi CERN Quadrant
Vi |[VIdQ2a |EMPTY | |
_ = Quadrant 1 ' =
Vio |[VTIclQ2a {EF1212 ) 5 7 6. 2 ms
Vi |VTclQ2a |EE1212
Quadrant 2 <
Vio |VTeQ2a |EMPTY 578.3 mQ
Vo |VTaiQza [EETT | -.
' A e uadrant 3 7 -
Vio |VTaQ2a @ | 378 ( "o
V, -
w_|VTeQ2a Quadrant 4 Ty P
Vio [vIbiQ2a [EE1312 o b0 me
**Set test current to 0.1 Amps for Total Resistance Measurement**
VTalQ2a [EE1112 Total Cold Nominal ~ 2.305 Q
VTb1Q2a |EE1312 Mass Q 2y o
_;J%M 8//3/ys
TecHnician(s) Date

Check resistance of Redundant Voltage Taps.

Q2a Redundant Voitage Taps
Connect Fermi CERN Resistance
Vi | VTa2Q2a EE1122. '
Vo | Viegn EE1222 [155.2 ol
Vi VTc2Q2a EE1222 .
Vio VTh2Q2a EE1322 8T8 g

Bez]exs

Te"cimician(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.

RN~

Specification # 5520-TR-333643
February 28, 2005
Rev. F

Turn power on by pushing Line button. Wait 30 seconds until display screen is |it.

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

Push Aute/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.

LoNO

To measure Q2a:

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

EE1612 (Q2h) Pole

EE1622 (Q2b}
VTb1 (FNAL})

VTB2 (FNAL)

EE1422 {Q2b) ;
vTa2 (FNAL) §

EE1412 (Q2b)
YTal {FNAL)

Splice

A EE 1522 (Q2b)E
VTc2 {FNALY #

EE1512 ((2b}
VTel (FNALY

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

Connect L, 1o 5KA bus as shown in figure.

Connect Hy and Lo buttons to voltage taps as shown below.

To measure Q1, connect Hyuto VTc1 (EE1212 for Q2a), and Lyy to VTd.
To measure Q2, connect Hyyto VTe, and Ly, to VTe1 (EE1212 for Q2a).
To measure Q3, connect Hpxto VTd and Ly to VTat (EE1112 for Q2a).
To measure Q4, connect Hyo to VTb1 (EE1312 for Q2a), and Ly tO VTe.
To measure total, connect Hoxto VTb1 (EE1312 for Q2a), and Ly, to VTal (EE1112 for Q2a).

EE1212 (Q2a)
VTel (FNAL)

EE122Z (Q2a)

¥Tc2 (FNAL)

vTd

EE1122 (Q2a)
VTa2 (FNAL)

EE1112 (Q2a}

Pole
Splice

Q2 LMQXB Cold Mass Module Assembly

Page 77 of 86

VTh1 {ENAL)

VTat (FNAL)

Jumper
from Q2a
Guadrant
3 Inner to
5KA bus

/

E1312 (Q2a) = EE1322 (G2a)
VTh2 (FNAL)

Looking at Lead End

LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554
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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 VIdQ2a |EMPTY
A ' Quadrant 1 3 3 Qs —~
Heor [VTclQ2a [EE1212 , 3 e/ mi}
L VTclQ2a EE1212 :
-l Q Quadrant 2 ?) _ % I 3 4
Hpo‘r VTeQ2a EMPTY : ) mH
- LPW — Quadrant 3 2 2 8’52 .
Hpor [VTa1Q2a ([EEf112. | : D2 00 -mH|
L VTeQ2a  |EMPTY » oy
POt Q Quadrant 4 3 ?)9 e 3
Heor |VTbiQ2a |EE1312 mH
Lpor |VTaiQ2a [EE1112 Nominal ~ 13.3376 mH
Total Cold Mass —
Heor [vrbiQza |EE1312 /3.5 %7 mH
(Q2a) Q-Factor Nominal ~ 3.7 to 4.0
Voltage Tap Serial Numbers
9 P Quadrant Total Q
Connect Fermi CERN Quadrant
" Lpor [VrdQ2a  |EmMPTY ' -
S LI Ml Q — Quadrant 1 3 8
Hpor VTclQ2a E_E.121;__2 :
L VTclQ2a |EE1212
Pot Q Quadrant 2 3 67
HPOT VTeQ2a EMPTY -
Lpor |VTaiQ2a [EE1112 : '
:'Q e Quadrant 3 3 6)
Hpor |VIdQza |EMPTY | '
L VTe()2 EMPTY
pot cQ2a Quadrant 4 3 57
Hpor [VIb1Q2a JEE1312 ’
Lpor |VTalQ2a |EEt1112 Nominal ~ 3.7 to 4.0
Total Cold Mass -
Heor |VTblQ2a |EE1312 3y
N DISRY) 81r3) ¢
Technician(s) Date t7

LHC Serial No.: LMOXB06-1

Rev. F

Notes: Re-issued per DR No. HGQ-0554
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} To measure the resistance of a bussed Q2:

3 1. Use Valhalla Scientific 43008 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 1, to the 5KA bus {Q2a Q3 inner power lead) as shawn in figure.
Connect | o to the Q2b Q3 inner power lead as shown in figure.

Turn test current on.

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

Read resistance and record in traveler.

SRS A

=00 N®

—

EE1312 (C2a)
EE1612 {G2b) Pole
¥Th1 {FNAL) Splice

EE1322 (Q2a})
EE1622 (Q2b)
VTh2 (FNAL}

EE1122 (Q2a)
EE1422 (Q2h)
VTaz (FNAL)

EE1112 {Q2a)
EEi412 (G2D)
vTay (FNAL)

EE1212 (02a)
EE1512 (Q2b)
VTcl (FNAL)

EE1222 {Q2a)
EE1522 {G2h)
VT2 (FNAL)

$lEE 1222 (Q2a — - ¥ vTd
£1522 (Q25) |8 :
GV T2 (FNAL)

EE1122 (Q2a}
EE1422 {Q2b)

} ¥Ta2 (FNAL)
! EE1212 (Q2a) EE1112 (Q2a}
EE1512 (Q2b) g.gg EE1412 (Q2b)
vIct (FNAL) vTatl (FNAL)
Jumper
from Q2a
Q3 inner
to SKA
B bus
EE1312 (Q2a} EE1322 {(Q2a} p
EE1612 {Q2b) EE1622 {QZb)
VTb1 (FNAL) VTE2 (FNAL) L
VALHALLA
SCIENTIFIC 43008 .
® o 4
Q
Resistance
Test Temp Va.oo Lo
Fult Scale 20mV 200mv 2V Current Comp
voitage C—T—T.—1 C— 3

LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554
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(Q2b) Resistance

Nominal ~ 560 to 585 mQ

Voitage-Tap Serial Numbers Quadrant Total Resistance

Connect | Fermi CERN Quadrant
Vi |VTelQ2b [EE1512 B -
— ' - - Quadrant 1 .
Vio |VTdQ2b |EMPTY . 53%. 7 me
Vi |VTeQ2b |EMPTY
Quadrant 2 -
Vio IVTc1Q2b |EE1512 S7%. % meQ
Va_|VTdQ2b [EMPTY |
= s — - Quadrant 3 :
Vio " {VTalQ2b {EE1412 S 5’ # 9 me
Vi VTb1Q2b [EE1612 .
Quadrant 4 &e 1"
Vio |VTeQ2b |EMPTY 578 & mo
**Set test current to 0.1 Amps for Total Resistance Measurement**

Vi |YTb1Q2b |[EE1612 Total Coid Nominal ~ 2.305 Q
Vio [VTalQ2b |[EE1412 Mass 2.3 o

M 8/ 3o

Téchnician(s) Date

Check the resistance of the Redundant V oltage Taps.

Q2b Redundant Volitage Taps
Connect Fermi CERN Resistance

Vi VTc2Q2b EE1522 —

Vio VTa2Q2b | EE1422 / /\5 7Y 0

Vi VTh2Q2b EE1622

Vio VTc2Q2b EE1522 / / 5’/7%,5 Q

“ Bl gs
Teéhnician(s) Date

(32 LMQXB Cold Mass Module Assermnbly
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To measure Ls and Q of a Bussed Q2b:

OE~N®D kLN

To measure Q2b:

Use Agilent 4263B LCR Meter.

Turn power on by pushing line button. Wait 30 seconds until display screen is |it.
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 S5KA 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 Hpe and Ly buttons to voltage taps as shown below.

Specification # 5520-TR-333643
February 28, 2005
Rev. F

» To measure Q1, connect Hy, to VTc1 (EE1512 for Q2b), and Ly, to VTd.
« To measure Q2, connect Hyuto VTe and Lo to VTc1 (EE1512 for Q2b).
« To measure Q3, connect Hypto VTd and Lo to VTal (EE1412 for Q2b).
« To measure Q4, connect H,, to VTb1 (EE1612 for Q2b) and Ly to VTe.
« To measure total, connect Hp to VTb1 (EE1612 for Q2b) and Ly, to VTal (EE1412 for Q2b).

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

EE1822 (G2b)
VTb2 (ENAL)

EE1422 (42b)
VTa2 (FNAL)

EE1412 {Q2k)
VTal (FNAL)

EE£612 (Q2b)
YTht (FNAL)

Pole

EE1512 {Q2b}
VTel (FNAL)

EE1212 (ti2a)
VTet (FNAL)

EE1222 (Q2a}
VTe2 (FNAL)

vTd

EE1122 (Q2a)
VTa2 (FNAL}

Pole
Splice

Q2 LMQXB Cold Mass Module Assembly

Page 81 of 86

EE1112 {(2a)
VTal (FNAL)

i 3inner to
i SKA bus

EE1312 (Q23)
VTb1 (FNAL)

EE1322 (Q2a}
VTh2 {(ENAL)

Looking at Lead End

LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HG(Q-0554




TD/Engineering & Fabrication

Specification # 5520-TR-333643

(Q2b} Inductance

Nomina! ~ 3.34 to 3.48 mH

Voltage Tap Serial Numbers

Quadrant Total Inductance

Connect Fermi CERN Quadrant
Hoor |VTc1Q2b |EE1512 »
== 2 < | Quadrant 1 -
Lpor |VTaQ2b [EMPTY | _-oorn 2.9 mH
Hpor |VTeQ2b |EMPTY ) )
Quadrant 2 2L,
Leor |VIclQZb |EE1512 uadran 3.393Y mH
Hpor |VTdQ2b. [EMPTY | o
: : et IR Sl - Quadrant 3 . o
Loor |VIaizb |EET12 | M 3.378a mH|
Hpor |VTblQ2b |EE1612
Quadrant 4 y -
Leor [VTeQ2b [EMPTY . 3. VJ‘)“ / mH
Hpor |VTbIQ2b |EE1612 Total Cold Nominal ~ 13.3376 mH
Leor |VTalQ2b |EE1412 Mass 13.5%9 mH

(Q2b) Q-Factor

Nominal ~ 3.7 to 4.0

Voltage Tap Serial Numbers

Quadrant Total Q

Q2 LMQXB Cold Mass Module Assembly

Page 82 of 86

Connect { Yerni | CERN | Quadrant | _

HL:Z: x;;qibgs;;\? %drant1 | 3'?

E:g: XTT:?S; | EI::;?; Quadrant 2 3 X |

et oo | s | 33

Hpor [VTH1Q2b JEE1612 Total Cold Nominal ~ 3.7 to 4.0

Leor {VTalQ2b |EE1412 Mass 39
W BIlgs

Techician(s) Date )

1HC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HG(Q-0554

February 28, 2005

Rev.F




Specification # 5520-TR-333643
February 28, 2005

TD/Engineering & Fabrication

Rev. F
To measure the resistance of a Thermometer RTDj):
4 1. Use Hewlett Packard HP3457A digitat multimeter.
2. Record temperature of building within +/- 5 degrees.
3. Press line button to turn line on.
4. Connect wires as shown in Figure beilow.
U+ (Black) to Sense HI
i+ (Yellow) to Input Hi
U- (Red) to Sense LO
I- (Green) to Input LO
5. Push biue button {function key) once.
6. Push OHMF button.
7. Verify arrow in readout is above the 4WQ2 (meaning a 4 wire resistance measurement).
8. Read resistance in ohms and record in traveler.
Hewlett
Packard HP3457A SENSE NPUT
OO0 cooEs -
P oama OO CoDSEeg LOQ\
Line T3 1 o Y v v OO0 OOoocs .
Ooopoo / o \ E
J 1
/ \
OMMF Button Biue {function) Button
U+ Black |
? - Green f———————""" " T
Thermometer e
(RTD)

Yo measure the resistance of a Cryogenic (Warm-u Heater
1. 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.
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.

NoOOkwN

Q2 LMQXB Cold Mass Module Assembly

| Hewlett
; Packard HP3457A SENSE  INPUT
: T S e s e e | | I e e e "
—_—— OO Ot Lo
Lne O3 e s Y oo Boaco;
Doopboo o ©
i \\ el o~
OHMF éuuon Blue (function) Button
: Warmup
j Heater

LHC Serial No.: LMQXB(6-1

Notes: Re-issued per DR No. HGO-0554
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- = February 28, 2005

- Rev.F

f/—\ [SEY y
152 .~ Ground as indicated according to table below. Hipot Hypertronics to 3((’ Maximum
- leakage is 3pA. Refer to hipot procedure TD-03-014. (Next page).

Have Crew Chiaf verify-setup and sign below before continuing.
w 3117}

Crew Chief Date

Hipot Heaters to Coil and Ground.

High Potential Grounded Floating Leakage

Coils, Yoke, Q1 Instrumentation Bus, BkA and 5kA

All Strip Heaters L oad Busses and Corrector Goil Busses, RTD's and Nothing '.L)Q \ }) Q
Warm-up Heaters -

Hipot Coil to Heaters and Ground.

High Potential Grounded Floating Leakage
Strip Heaters, Yoke, Q1 instrumentation Bus, 8kA &
All Coils and 5kA Lead Busses and Corrector Coil Busses, Nothing . it'/ / /'5?
RTD's and Warm-up Heaters /a
= T 2 s
%}W &2 7-C 3
Technitian(s) Date

) 2 £~/ -3

Respmﬁible Authority/Physicist Date

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

=, 7-07

Date

P )

Respo'ﬁsible Authority/Physicist

LHC Serial No.: LMQXB06-1

Q2 LMQXB Cold Mass Module Assembly
Notes: Re-issued per DR No. HGQ-0554
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TD/Engineering & Fabrication Specification # 5520-TR-333643
February 28, 2005
Rev.F

. LHC PRODUCTION MAGNETS
} HIPOT TEST PROCEDURE WITH HYPERTRONICS CONNECTORS INSTALLED
Technical Division Note #TD-03-014

Prepared by: Ruben Carcagno

Approved by: Mike Lamm

Date: 12/19/2002

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

(2-Q3 Connector
VIEW: Male (Pin) Soider Cup Side

Os| Osh Os| Os| Ost @s) 05| @5 Os| 05| Os| @3] 05| Os] O3 C5| T3 Cslwo o°
el Oe] Ol O O B4 Oof @) Dal Oa) Tap W) Oat O Cef O4) Q4 L I
O3 Ozi O3 O3 Oai ®:| O3 @3] O3 O3] O3] @3] O3 O3] O3 O3] O3 Lo 0%
O2 02 Oz Oz Oz @2 Oz| @2 Oz 02 Oz @2 G2 Oz| Oz O Og .zl‘soo o?

1.1101 Ot 01 O1] O '1‘01 & O O O @1 O1 Oinl O O}%.1E‘20 7Cﬁfo o]
L L 1 I ! S —

M1 MZ M3 M4 M5 ME M7 MB M3 MI0 M1t M1Z M13 M14 M15 M1B M17 M18 M8 M20 M2

22-Q1 Conrestor
ViEw: Terale {Recepiccie) Solder Cup Side

........ e e ey o

T T ) . T 1
o R R i | i
s 08 Ca| ®:: T ®: O @ O
H I i i I

o0 #

| 0l @4 O] @4 Od] @4] 04 04 @4

| od o @d 0: @ o @l 03] 03] @

G 0%, ® 02 :‘ o C:j 82 Oz @2 O SHE'H

"o 0, @ c\ ol el C‘1 ' O!i | oi‘ cwi 0-.;
| H 3 H i I i

.,,M.
Q

Wiz M1 MO NS YE WT O NG BB MA MT O MZMT

1. Connect the Hipot test fixture to the Q2-Q3 connector and to the Q2-Q! connector. This fixture has all
pins in a group connected together. Groups are separated by blank modules.

2 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 M2 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.

7. 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 5,000V olts and
record results.

o B

j

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554
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TD/Engineering & Fabrication Specification # 5520-TR-333643
February 28, 2005
Rev. F

16.0 Productjon Complete

le.l 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:

Va /13 0
Process EngiWesignee Date

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: LMQXB06-1
Notes: Re-issued per DR No. HGQ-0554
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TD/Engineering & Fabrication Specification # 5520-TR-333643
July 1, 2005

1.0 Electrical Inspection

=

1.1 Perform an electrical inspection on each of the Individual Quadrants and the Cold
Masses. Refer to the Vathalla and Leader Free Standing Coit Measurement
Procedure (ES-292306).

To measure the resistance of a bussed Q2:

1. Use Valhalla Scientific 4300B digital micro-chmmeter.

2. SetTest Currentto 1 amp.
3. Set Scale to 2V full scale.
4. Turn temperature compensation on.
5. Turn test current off.
6. Put jumper between Q2a Q3 inner power lead and 5 KA bus as shown in figure.
7. Connect Iy, to the 5KA bus (Q2a Q3 inner power tead) 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 (32Zh) EE1612 (Q2b) Pole

YTh2 {(FNAL) ¥Tb1 {FNAL) ,Splice

£E1122 (Q2a)
£E1422 {Q2b)
VTa2 (FNAL)

EE1112 (Q2a)
EE1412 (Q2D)
¥ial (FNAL}

—_— EE1212 (Q23)
EE1512 {Q2h)
VTt (FNAL)

EE1222 (Q2a)
EE1522 (G2b}
VYTe2 (FNAL)

o
1

BhEE1222 (G2a)
HEE 1522 (Q21)
v vz (FraL)

vTd

EE1122 (Q2a)
EE1422 (Q2b)
VTa2 (FNAL}
EE1112 {Q2a)
EE1412 {Q2Db)
¥Tat (FNAL)

EE1212 (Q2a)
EE1512 (Q2b)
¥Tc1 (FNAL)

©
N
T

EE1312 (G2a) EE1322 {Q2a)
EE1612 {Q2b) EE1622 {Q2b)
VTb1 (FNAL} VTh2 (FNAL)

Pole
Splice

I sa008 )
X © o d
Resistance
’ Test Yemp VLoy Lo
Full Scele 20mV 200my 2y Current Comp
voltage [—I.—T——3 [ =3
)
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: MGXB09-0

Notes: Additional electrical steps issued per production request. «Notes»
Page 1 0of 7




TD/Engineering & Fabrication

Specification # 5520-TR-333643

(Q2b) Resistance

Nominal ~ 560 to 585 mQ

Voitage Tap Serial Numbers

Quadrant Total Resistance

July 1, 2005

Connect | Fermi CERN Quadrant
Vin |VTciQ2b |EE1512 ' -
\ Wb |5 uadrant 1 :
V|-|| VTeQZb EMPTY —— —
Quadrant 2 '
Vio |VTclQ2b |[EET512 | ¥ 576 < mQ
. P e Quadrant 3 . '
Vio |VTalQ2b |[EF1412 I -6' (6’ ,7 mg
Vi |VTb1Q2b EE1612 ‘
Quadrant 4
Vio [VTeQ2b |EMPTY 3-7(5’- oL mQ
**Set test current to 0.1 Amps for Total Resistance Measurement*
V. [VIb1Q2b [EE1612 Total Cold Nominal ~ 2.305 Q
Vio |VTalQ2b [EE1412 Mass A 205 o
E =/ LLJA | 2005
Technician(s) Datb ’

Check the resistance of the Redundant Voltage Taps.

Q2b Redundant Voltage Taps
Connect Fermi CERN Remstance
Vi | VI202b EE1522
Vio VTa2Q2b EE1422
Vi VTb2Q2b EE1622 / /‘5._ 02
Vio VTe2Q2b EE1522 0
Technician(s)

!

Q2 LMQXB Cold Mass Module Assembly

—

AM [ i
Eﬁte@ ’

LHC Serial No.: MQXB0S-0
Notes: Additional electrical steps issued per production reguest, «Notes»

Page2of 7



TD/Engineering & Fabrication Specification # 5520-TR-333643
July 1, 2005

To measure Ls and Q of a Bussed Q2h:

. Use Agilent 4263B LCR Meter.

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

Recail 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 iead and 5KA bus as shown in figure.
Connect H,,, to SKA bus as shown in figure.

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

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

ahwp o

Lo~

To measure Q2b:
* Tomeasure Q1, connect Hy to VTc1 (EE1512 for Q2b), and Ly to VTd.
* To measure Q2, connect Hpotto VTe and L, to VTet (EE1512 for Q2h).
* To measure Q3, connect Heotto VTd and Leot to VTal (EE1412 for Q2by).
* To measure Q4, connect Hpot to VTh1 (EE1612 for Q2b) and Lotto VTe.
* To measure total, connect Hpoi 1o VTb1 (EE1612 for Q2b) and Lpot to VTat (EE1412 for Q2b).

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

EE1612(Q2b) pole
VTb1 (FNAL) /Splice

EE1622 {(32h)
VTb2 (FNAL)

EE1422 (G2b)
VTa2 (FNAL)

£E1412 (Q2b)
¥Tat (FNAt)

—_—=c EE1212 (Q27)
VTct (ENAL)

EE1222 {O2a}
VTc2 {FNAL)

! vTd
gEE1522 (Q2h)

VTc2 (FNAL)

EET122 (Q2a}
VTs2 (FNAL)

EE1512 (Q2b} EE1112 (G22)
VTl (FNAL) Q2b VTal {(FNAL}
B Jumper

{ from Q2a

§ Quadrant

R 3inner to

B 5KA bus

EE1312 (G2a)
VTb1 (FNAL)

EE1322 (Q2a)

Py
ole V¥Tb2 (FNAL)

Splice

— 1 | pg|moea
0L OB [DEEE
O0E BEmO0s

Looking at Lead End

Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: MQXB09-0
Notes: Additional electrical steps issued per production request. «<Notes»
Page 3 of 7




TD/Engineering & Fabrication

Specification # 5520-TR-333643

July 1, 2005

{Q2b) inductance

Nominat ~ 3.34 to 3.48 mH

Voltage Tap Serial Numbers

Quadrant Total Inductance

Connect Fer@ CEBN Quadrant

N e oz | 340w
E:z: z';‘:égib E:\E;Pmﬂ? Quadrant 4 . Y 2 mH
Hpor |VTb1Q2b |EE1612 Total Cold Nominal ~ 13.3376 mH
Leor |VTalQzb |EE1412 Mass 323 ™

(Q2b) Q-Factor

Nominal ~ 3.7 to 4.0

Voltage Tap Serial Numbers

Quadrant Total Q

Connect | Fermi .CERN Quadrant ’

I:;” ?nggib EEAE_;? Quadrant 1 L,[ ?

E:Z: ?Tz?é;b ng;\; Quaérant 2 ‘5‘, 0

o Vi e | | 5 |

H

e Jowey ] =4 | 5T D

Hpor |VTbIQ2b |EE1612 | Total Cold Nominal ~ 3.7 to 4.0
Leor |VTalQzb |EE1412 Mass 5 7)

Technician(s)

Q2 LMQXB Cold Mass Module Assembly

7-1-0¢"

Date

LHC Serial No.: MQXB039-0
Notes: Additional electrical steps issued per production request. «Notes»
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TD/Engineering & Fabrication

To measure the resistance of a Thermometer {(RTD):

o=

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

Push OHMF button.

®NOo;

Push blue button {function key) once.

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

Connect wires as shown in Figure below.

Specification # 5520-TR-333643

July 1, 2005

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

Hewlett

Packard HP3457A

oo s [ s | e
o o [ s e
s [ | e 3 o |

| s e e o |
| I e Y e e |
| I e Y e e |

=
Lne B9 3 e I s ] | v e s | o e e e x
Ooopboo.
/
OHMF Bution Biue (function) Button ’

U+ Black]

I+ Yellow

U-Red _,—_.————"'_/-—_’//
|- Green}|————
Thermometer
(RTD)

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

NN

8.

Use Hewlett Packard HP3457A digital multimeter.

Record temperature of building within +/- 5 degrees.

Press line button to turn fine on.

Connect wires as shown in Figure below.

Push blue 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.

Read resistance in ohms and record in traveler.

Hewlett
Packard

SENSE  INPUT

HP3457A

r — ' O D/m SE|se /-jo
e I3 03 £ 03 =T=F=T= W
o

0 ocs e [l e ot
; iy

— =
OHME éuaon Blue (function) Button
Warmup
Heater
Q2 LMQXB Coid Mass Module Assembly ILHC Serial No.: MQXB09-0

Notes: Additional electrical steps issued per production request.«Notes»
Page 5 of 7




TD/Engineering & Fabrication Specification # 55620-TR-333643

July 1, 2005
Q2b - RTD's and Cryogenic (warm-up) Heaters
Temperature of Building (+-5°): __ /5 °
C t . CERN ist Mfr. Resistance
Fernd Resi {Expedition)

Q2b RTD, primary TaQ2b | TT833R ” :ss _ al o

Qb RTD, redundant o2b | TTes42 [, )77 o o
Q2B Cryogenic (wamm-up) Heater (LE) - wire |

cold mass end plate (CERN #1 |+) | WiaQeB | EHES3+ |

Q2B Cryogenic (warrm-up) Heater (LE) - wire P
oo mass magoerter (CERN#11) | " | P

Q2B Cryogenic (warm-up) Heater (Non-LE) - wire

WIbQ2B | EHB342+ | Me 59:43

toward cold mass end plate (CERN #2 |+) n|A
Q28 Cryogenic (warm-up) Heater (Non-LE) - wire a0
toward cold mass mag center (CERN #2 |-) W2b2B | B 2 .
'l UI‘:O 7-1-6¢
Technician(s Date
Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: MOQXB039-0

Notes: Additional electrical steps issued per production request. «Noteg»
Page6of7




TD/Engineering & Fabrication Specification # 5520-TR-333643
July 1, 2005

Using the Hewlett Packard HP3457A digital multimeter, measure the Strip Heater
Resistance for Q2b.

\
Q2b Strip Heater Resistance
Fermi CERN Description Limit Resistance
H1aQ2b YT1132+ . i1 g .
— ircuit A | 18.20 to 21 g
HoaG2p | YTiize- | oW 8.201021 % %‘m’é E e
H1bQ2b YT1142+ N )
CircuitB | 18.20t0 21 Q
H2bQ2b | YT1142- u! ° Y d
¢« %1@ 9-1-0%
Technician(s) Date
|
) Q2 LMQXB Cold Mass Module Assembly LHC Serial No.: MQXB09-0

Notes: Additional electrical steps issued per production request. «Notes»
Page 7 of 7




TD/Engineering & Fabrication Specification # 5520-TR-333498
July 1, 2005

1.0 Lead End Electrical instailations

] 1.1 Perform an electricat inspection on each of the individual Quadrants and the Cold
Mass. Refer to the Valhalla and Leader Free Standing Coil Measurement
Procedure (ES-292306).

To measure the resistance of a Cold Mass with voltage taps:
1. Use Valhalla Scientific 4300B digital micro-ochmmeter.
2. Set Test Current to 1 amp.
3. Set Scale to 2V full scale.
4. Turn temperature compensation on.
5. Turn test current off. _
6
7
8

. Connect |y, to Q3 inner power lead as shown in figure.

. Connect ko to Q4 inner power lead as shown in figure.

. Turn test current on.

9. Connect Vy and V¢ buttons to voltage taps as shown below.
10. To measure Q1, connect V,y to VTd, and Vo to VTe1 (EE1212 for Q2a or EE1512 for Q2b).
11. To measure Q2, connect V.5 to VTc1 (EE1212 for Q2a or EE1512 for Q2b), and Vo to VTe.
12. To measure Q3, connect Vi, to VTa1 (EE1112 for Q2a or EE1412 for Q2b), and Vo to VTd.
13, To measure Q4, connect V., to VTe, and V.o to VTb1 (EE1312 for Q2a or EE1612 for Q2b).
14. To measure Total, connect Vi, to VTa1 (EE1112 for Q2a or EE1412 for Q2b), and Vo to VTbi
(EE1312 for Q2a or EE1612 for Q2b).

15. To measure Total with leads, connect Vyy, to Q3 inner power lead and Vo to Q4 inner power lead.
16. Read resistance and record in traveler.

EE1212 (Q2a)
EE1512 {Q2h)
VTet (FNAL)

EE1222 (Q2a)
: EEi522 {GiZb)
___VTc2 (FNAL)

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

E (Q2a)
EE1412 {Q2b)
VTal {(FNAL)

EE1312 (Q2a) EE1322 (Q2a)

Pole Splice EE1612 (Q2b) EE1622 (Q2b)
VTh1 (FNAL) VTb2 (FNAL)
VALHALLA
SCIENTIFIC 43008 A
xxx ochms @ Vi o It
Resistance
Test Temp VLOO GTII)-
Full Scale 20mV 200mv 2V Current Comp
vaitage C—IT— 1T 3 [
LHC Final Cold Mass Assembly LHC Serial No.: MGXB09-0

Notes: Additional electrical pages added per production request.
Page 1 of 9




TD/Engineering & Fabrication

Specification # 5520-TR-333498

July 1, 2005
Resistance Nominal ~ 560 to 585 mQ
Voltage Tap Serial Numbers
Total
EE1222
EMPY mg2
VTbiQ2a |EE1312 Quadrant 4
VTeQQ2a EMPTY mQ
Total Cold Mass Nominal
through Taps ~ 2.305 Q Q
Total Cold Mass
through Leads Q

a

Technician(s)

LHC Final Cold Mass Assembly

Date

LHC Serial No.: MQXB09-0

Notes: Additional elegirical pages added per production request.

Page 2 of 9



TD/Engineering & Fabrication Specification # 5520-TR-333498
July 1, 2005

To measure Ls and Q of a Q2 Cold Mass with voltage taps:

Use Agilent 4263B LCR Meter.

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

Recall program #1. To do this, push recall (Rel), 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 H.,, to Q3 inner power lead as shown in figure below.

Connect Ly, to Q4 inner power lead as shown in figure below.

Connect H,. and Ly, buttons to voltage taps as described below.

* To measure Q1, connect Hpotto VTd, and Ly, to VTel (EE1212 for Q2a or EE1512 for Q2b).

* Tomeasure Q2, connect Hyy to VTc1 (EE1212 for Q2a or EE1512 for Q2b), and Ly, to VTe.

* To measure Q3, connect Hootto VTal (EE1112 for Q2a or EE1412 for Q2b), and L,y to VTd.

* Tomeasure Q4, connect Hyto VTe and Lpot to VTb1 (EE1312 for Q2a or EE1612 for Q2b).

* To measure total, connect Hpotto VTatl (EE1112 for Q2a or EE1412 for Q2b), and L,y to VTb1
(EE1312 for Q2a or EE1612 for Q2b).

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

el

o~

EE1212 (Q2a)
EE1512 (Q2b)
VTl (FNAL)

EE1222 (Q2a)
EE$522 (Q2b)
VTc2 (FNAL)

EE1122 (Q2a)

EEN12 (Q2) pry 422 (Q2b)
EE1412 (G2p) 71122 (O
VTal (FNAL)

EE1312 (Q2a)’ EE1322 (Q2a)
EET612 (Q2b) EE1622 (Q2b)
VTb1(FNAL)  VTb2 (FNAL)

Pole Splice

[ ENTRY —

- | BEmEmO
W - LI EEIEI
10%5%\5'515”\ C B R BOO0H

Line

LHC Finai Cold Mass Assembly LHC Serial No.: MQXB09-0
Notes: Additional electrical pages added per production request.
Page 3 of @




TD/Engineering & Fabrication

Specification # 5520-TR-333498
July 1, 2005

Inductance

Nominal ~ 3.34 to 3.48 mH

Voltage Tap Serial Numbers

FermiLab CERN

VTc2Q2a |EE1222

|EE1312
EMPTY

Total

Quadrant
mH

Quadrant 2
mH
mH

Quadrant 4
vadr mH

Nominal ~ 13.28 to 13.78 mH

Total Cold Mass

mH

Technician(s) Date
Q-Factor Nominal ~ 4.5 t0 5.2
Voltage Tap Serial Numbers
Total
CERN Quadrant

EE1222

Quadrant 2

EMPTY

VTbiQ2a |EE1312

VTeQ2a EMPTY

Quadrant 4

Nominal ~ 4.5 t0 5.2

Total Cold Mass

Technician

LHC Final Cold Mass Assembly

(s)u \A

Date

LHC Serial No.: MGXB09-0

Notes: Additional electrical pages added per production request.

Page 4 of 9



Specification # 5520-TR-333498
July 1, 2005

TD/Engineering & Fabrication

To measure the resistance of Quench Protection (Strip) Heater Circuits

1. Use Hewlett Packard HP3457A digital multimeter.

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

3. Press line button to turn line on.

4. To measure the A circuit, connect INPUT HI and SENSE HI to A+ and connect
INPUT LO and SENSE LO to A-.

5. To measure the B circuit, connect INPUT Hi and SENSE HI to B+ and connect
INPUT LO and SENSE LO to B-.

6. Push blue button (function key) once.

7. Push OHMF button.

8. 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 circuit.

9. Read resistance in ochms and record in traveler.

1#]]

A+ B+
Hewlett
Packard HP3457A SENSE INPUT
T OO Scooc ono
s [ o e e S s e e e
T s s I s e [ e e § cein | 0o
Lne 1 33 o [ o | OO B
Doofpoog ©
LY

/l

OHMF Button

\

Blue {function) Button

CERN Wire Numbers Circuit Limit Actual Measurement
a | T
— 32' Circuit A | 18.20to 21Q
Q2b *
YTT1132- Q
|
YTI‘1142‘ Circuit B 18.20 to 2102
Qz2b +
YTT1142- Q

LA

Technician(s)

LHC Final Cold Mass Assembly

v

Date

LHC Seriat No.: MQXB09-0

Notes: Additional electrical pages added per production request.
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TD/Engineering & Fabrication Specification # 5520-TR-333498

July 1, 2005
1.2 Verify that the resuits in Step 1.1 are acceptable.
Approved for next Assembly Procedure.
Responsible A{hbrifylphysicist Date
LHC Final Cold Mass Assembly LHC Serial No.: MQXB09-0

Notes: Additional electrical pages added per production request.
Page 6 of 9




Specification # 5520-TR-333498

TD/Engineering & Fabrication
July 1, 2005

1.3 Perform a Hipot on the Coldmass Assembly (Maximum Leakage 3pA)

Note(s):
Ensure Assembly is isolated from ANY Ground.

Make sure heater non-

lead ends are

Strip Heater Leads {all 4 ieads _
jumpered

Attach source power (+) ied together)

to heator leads

G

Coil Leads 4 ) Attach (short) coil leads
{all 4 guadrants tied together) to outer skin

+ -

Voltage Source to oute
and Cusrent
Readotit

Make sure heater non-tead ends are jumpered
. Tie all 4 heater leads together
- Tis all 4 coif quadrants together
Attach {short} coll laads to outer skin
Attach source ground {-) to outer skin
. Aftach source power (+} to heater leads
tncraase voltage to Skv or until leakage exceeds
3uA . Voltage not in any circumstances to exceed Skv.

Rt s A R N VO N Y

y’

!

@ Have Crew Chief verify setup and sign below before continuing.

’7]115%

Date '

Crew Chief

2 Zkv e fdy Measurementi(s)

Heaters to Ground (Coils' r | ol
Grounded) n

) Technician(s)

LHC Final Cold Mass Assembly LHC Serial No.: MQXB09-0
Notes: Additional electrical pages added per production request.

Page 7 of 9




TD/Engineering & Fabrication Specification # 5520-TR-333498
July 1, 2005

Note(s):
Ensure Assembly is isolated from ANY Ground.

2nd Hipot - Coil to Ground Hipot
Make sure heater non-

Strip Heater Leads lead ends are
2 Y {all 4 leads tied together) jumpered

Attach source power
{+}to coll leads

3
Coil Leads 4 Y Attach {short) heater
{alt 4 guadrants tied together) leads to outer skin

+ -

Attach source ground (-}

Voltage Source 1o outer skin

and Current
Readout

Make surs heater non-lead ends are jumpered.

Tie all 4 heater leads together

Tie all 4 coit guadrants together

Attach (short) heater |eads to outer skin

Attach source ground (-) to outer skin

. Attach source power {+) to coil leads

- Increase voltage to Skv or until leakage exceeds 3uA
Voltage not in any circumstances to exceed Sky

Have Crevyéhlef verify setup and sign below before continuing.
Yo" 7-/-of

s 2R 4 B~ U

Date
o ?Eﬁ- \ A Measuremeni(s)
s S :
Coils to Ground (Heaters
F\Nﬁ‘f Grounded) .52) n A
MM (IS
Technician(s) Date
LHC Final Coid Mass Assembly I.HC Seriai No.: MQXB09-0

Notes: Additional electrical pages added per preduction request.
Page 8 of 9




TD/Engineering & Fabrication Specification # 5520-TR-333498
July 1, 2005

1.4 Verify that the results in Step 1.0 are acceptable.

A%ed for next Assembly Procedure.
Aol Jar L Jul2ce s

Responsible ?ﬁhority/PhysicEst Date

LHC Serial No.: MQXB09-0
Notes: Additional electrical pages added per production request.
Page 90f 9
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TD / Engineering & Fabrication Specification # 5520-FM-318904
September 24, 1999
Rev. H

Revision Request Control Number: 1734
Specification Number: 15520- TR - 333643} Current Revision:

Traveler or Document Title |Q2 LMQXRB Cold Mass Module Assembly Traveler J

Step #/Description of Revision:

3.2 Added Step. “Attach Certificate of Conformity for MCBX Corrector Magnet and ensure that it is complete.”

per LMQXBO09.

7.18 Modified Step. Changed to “Hipot the 5kA Lead Bus to all other components at 5 kV. Ensure that all Magnet components

(i.e. both Yokes, ail Coils, RTD’s, Warm-up Heaters, Strip Heaters and 8kA Bus) are grounded. (Max. Leakage < 3uA)”

and removed “Floating Column”, per Damon Bice.

7.37 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 LMQXBOS.

10.13 Added Step. “Measure and verify Beam Tube length is 12,610 {112mm). Record Actual Beam Tube Length below.”

11.1 Removed Step. “Reposition the IP End Dome as shown in Q2 Cold Mass Welded Assembly (ME-390309) using the
Horizontal Witness Line from step 9.5.” Combined it with step 11.2. (New Step 11.1} )

11.5 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)

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

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

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

12.0 Modified Steps. Modified Steps per LHC Cryostat Production Engineer.

12.13 Added Step. “Perform a Stretched Wire Verification Measurement.” Per LMQXBO8.

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

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

152 Modified Step. Added Note. “Ensure that at least one hour has elapsed since the installation of the Hypertronics

! John Szostak | { Jim Rife B [ smno0s |

Originator Responsible Authority Date

Revision Incorporated into the Traveler: r John Szostak [ 10/6/2005 i
Revision Incorporated By Date

Process Engineering Final Review: ] Bob Jensen | 10/6/2005 |
Process Enginecring/Designee Date

Revision Request Form



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

Instructions for the completion of the Revision Request Form

Note(s):

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

If completing this form by hand, a Revision Request Control Number must be obtained before processing.
If completing this form entirely by electronic means, the printed copy to be filed in the Process Engineering Office is to

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

Originator Instructions:

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

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

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

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

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

Process Engineering Office Instructions:

1) Revision Incorporated into the Traveler: - Signature of the individual who incorporated the revision.

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

Revision Request Form



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

Rev. K
Traveler Title: Specification No: Revision: DR No:
| Q2 LMQXB Cold Mass Module Assembly Traveler | [ 333643 ] E 1 4280 ]
Step No: Drawing No: Routing Form No:  Serial No: Rework ID:
| 14.0 10 369895 B [ Tmoxs06 1]
Discrepancy Description:

On the Q2A end, instrumentation wires are supposed to be 78.67" from the end plate. The shortest wire is approx. 70" long,
These wires have not yet been cut in preparation for hypertronics connectors. On the Q2B end, instrumentation wires are
supposed to be 42.71" from end plate. The shortest wire is approx. 31". These wires have not yet been cut in preparation for
Jhypertronics connectors.

Originator: Date:
L Damon Bice 7 L8/9/2005 7:35:39 AM—I

Cause of Nonconformance:

These wires are from an instrumentation bundle that has been salvaged from this magnet before it was rebuilt. Due to the fact
that they were cut from the original assembly, they are now shorter than the specification,

Responsible Authority: Date:
Rodger Bossert | [ 9/1/2005 9:00:26 AM

Discrepancy Report Form DR No: 4280



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

Rev. K

Disposition:
While the wires are shorter than the specification. they are still long enough to be acceptable. Use wires as they are and
proceed with assembly.

Responsible Authority: Date:
L Rodger Bossert | | 9/1/2005 |

Corrective Action 1o Prevent Recurrence:

Tf future rebuilds occur, take care (o minimize the shortening of wires during cutoff. No Traveler Change.

Responsible Authority: Date:

‘ Rodger Bossert J I7 9/1/2005 J

Corrective Action/Disposition Verified By: Date:
| Tohn Szostak 1 [ 107472005 1:31:24 PM |
Wil Configuration be affected?: ] YES NO
Identified problem area:
[] Material ] Manpower v! Method [] Machine L] Measurement
Reviewed By: Date:
[ Bob Jensen | | 10/5/2005

Discrepancy Report Form DR No: 4280




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

Rev. K
Traveler Title: Specification No: Revision: DR No:
[ Q21LMQXB Cold Mass Module Assembly Traveler | | 333643 || E || 4281 |
Step No: Drawing No: Routing Form No:  Serial No: Rework ID:
| 15.2 [ 369895 [ 1 LMQXB06 NI

Discrepancy Description:

After the hypertronics connectors were installed, the heaters to everything hipot failed at 147V. The resisitance and Ls and Q's
were alright during the first part of the electrical.

Originator: Date:
Steve Gould 8/13/2005 12:36:31 PM

Cause of Nonconformance:

Flux remover on connector not yet evaporated.

Responsible Authority: Date:
Andy Hocker | 0/1/2005 10:20:19 AM

Discrepancy Report Form DR No: 4281



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

Disposition:

Hipot again. (Hipot was performed the next day with no problems. -John Szostak)

Responsible Authority: Date:
Andy Hocker | 9/1/2005

Corrective Action to Prevent Recurrence:

Do not hipot immediately after hypertronics instaliation.

Disposition verify notes: Added Note to Step 15.2: "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." TRR No. 1734.

Responsible Authority: Date:

| Andy Hocker | { 97172005 |
Corrective Action/Disposition Verified By: Date:

| John Szostak | [ 10/10/2005 10:57:29 AM |
Will Configuration be affected?: ) YES NO
1dentified problem area:
(I Material 1 Manpower Method " | Machine L. Measurement

Reviewed By: Date:

Bob Jensen | 10/11/2005

Discrepancy Report Form DR No: 4281



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

Rev. K
Traveler Title: Specification No: Revision: DR No:
[ LHCQ3 LMQXC Module Asscmbly Traveler | [ 5520-TR-333729 | { E || 4314 |
Step No: Drawing No: Routing Form No:  Serial No: Rework ID:
{ 67 || 430065 11 | LMQXC03 | o |

Discrepancy Description:

Bus tray total length is longer than specified by approx 8". Also, upon removal of assembty, it was noted that the soldered
length of the short/tong bus cable (middle bus) is long by approx 8". More specifically, the soldered fength of the cable is
called out to be 259", In this case. it was approx. 267 "

Originator: Date:
[ Dameon Bice | 12/14/2005 7:28:51 AM

Cause of Nonconformance:

Unknown,
Responsible Authority: Date:
[ Bob Jensen | [ 6/18/2006 1:18:54 PM

Discrepancy Report Form DR No: 4314



TD / Engineering Fabrication Specification No.: 5520-FM-3189(2
February 1. 2002

Rev. K

Disposition:
Remake and replace middle but cut 8 from bus tray and reassemble.

Responsible Authority: Date:

Rodger Bossert 6/18/2006 1:18:54 PM

Corrective Action to Prevent Recurrence:
None. This the final bus tray to be used, and cause was unknown.

Responsible Authority: Date:

| Bab Jensen | I 6/18/2006 1:18:54 PM 1
Corrective Action/Disposition Verified By: Date:

| Bob Jensen | | 6/26/2006 1:26:20 PM |
Will Configuration be affected?: L] YES NO
Identified problem area;
U Material L] Manpower M Mezhod L] Machine [} Measurement

Reviewed By: Date:

| Bob Jensen | [ 6/26/2006 1:29:16 PM |

Discrepancy Report Form DR No: 4314



