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Rev. A
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TD / E&F Process Engineering Bob Jensen 7/12/04
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TD / LHC Production Engineer Tom P age 7/12/04
Tom Page / Designee
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Tom Nicol / Designee )

TD / LHC Project Physicist Michael Lamm | 7/12/04
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TD/Engineering & Fabrication

Specification # 5520-TR-333732

July 12, 2004
Rev. A
Revision Page
Revision  Step No. Revision Description TRR No. Date
None N/A Initial Release N/A 6/28/04
A 38 Added Quadrant #3 Lead above 13 Ka lead 1650 7/12/04
4.1 Remove 13 Ka lead and added Quadrant #3 lead
6.0 Split step. One for Q2A and one for Q2B Ls & Q readings.
Updated Table 6.0.1, 6.0.2, 6.0.3, 6.0.4 VPot to LPot & HPot.
Updated diagram/test procedure from HP to Agilent Meter
7.0 Updated diagram/test procedure from HP to Agilent Meter
Updated Nominal values in Table 7.0.5, 7.0.6, 7.0.7, & 7.0.8
12.5 Deleted Step
12.6 Deleted Step
2.7 Updated Step to install Bellows Protectors instead of Velco
12.8 Updated Step to include Kapton MA-106723 2 lapped on leads

LHC Q2 LQXB Shipping Traveler

Page 2 of 32

LHC Serial No. |_.QXB04
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TD/Engineering & Fabrication Specification # 5520-TR-333732

July 12, 2004
Rev. A
Ensure appropriate memos and specific instructions are placed with the traveler before issuing the sub
traveler binder to production.
1.0 General Notes
1.1 All steps that require a sign-off shall include the Technician/Technician(s)s first initial and full
last name.
1.2 No erasures or white out will be permitted to any documentation. All incorrectly entered data
shall be corrected by placing a single line through the error, initial and date the error before
adding the correct data.
13 All Discrepancy Reports and Traveler Revision Requests issued shall be recorded in the left
margin next to the applicable step.
1.4 Personnel shall perform all tasks in accordance with current applicable ES&H guidelines and
those specified within the step.
L.5 Cover the product/assembly with Green Herculite {Fermi stock 1740-0100) when not being
serviced or assembied.
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 reKjved is complete.

Process Engineering/Designee I E E a Date

LHC Q2 LQXB Shipping Traveler LHC Serial No.: LQXB04
Notes:
Page 3 of 32



TD/Engineering & Fabrication Specification # 5520-TR-333732
July 12, 2004
Rev. A

3.0 Post MTF Magnet Preparation Non-IP Magnet End

3.1 Compress the beltows on the Non-IP End using Bellows Compression Tool.
32 Locate and identify the 13 KA Bus Leads.

- G . g-oYy
'ch':hnician(s}J Date

XX 33 Verify%e 13 KA Bus Leads have been properly identified.

d@d Person Date

34 Verify thc 13 KA Bus Leads have been proper identified.

05 oS

ponéfb}cf'thorllnyhymcmt Date

3.5 Cut the 13 KA Bus Leads within 17 of the conductor connector.

3.6 ‘Insulgt€'the 13 KA Bus Leads using approved methods.
L/ (/) -

'echnician(s) Date
Ve
3.7 Remove the Bellows Compression Tooling.
] . e

i G SE S

nician(s) \/ Date
LHC Q2 LQXB Shipping Traveler LHC Serial No.: LQXBO4

Notes:
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TD/Engineering & Fabrication Specification # 5520-TR-333732
July 12, 2004

Rev. A
38 Separate, identify, and label the Non-IP Magnet End Corrector leads as

per ME-369895 and figure below.

Note: 120 Spliced area dimension for magnet leads does not include an approximate
40mm of extra buffer cable. Do not cut unless approved by Production Supervisor,
120 .- - 290

(spliced area {to splice)
hﬁ;“azg;‘*" o 249 (bellows

retracted length)

B EoE pRes

320
60

(sp!loed ito SP”CB
area for g— 350

corrector (bellows
coil leads) installed length)

Quadrant #3 Lead
Superconductor (stabilizer)
13Ka —:Superconducior (magnet lead) lva Ivza lm IHZB
Superconductor (bus)
o e [Tolelbe

8Ka Superconductor (bus)
Copper (stabilizer)

To Q3 To Q2

Note:  These leads must be insulated using approved methods (refer to Lead Installation ES-
XXXXXX), first as an individual lead, then insulated as a pair to prevent ‘shorting’
to the othgr leads.

QLT /OY
Date
LHC Q2 LQXB Shipping Traveler LHC Serial No. LQXB04
Notes:
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TD/Engineering & Fabrication Specification # 5520-TR-333732
July 12, 2004

Rev. A
4.0 Post MTF Magnet Preparation IP Magnet End

4.1 Separate, identify, and label the IP Magnet End Corrector leads as
per Me-369895and figure below.

Note: 120 Spliced area dimension for magnet leads does not include an approximate
40mm of extra buffer cable. Do not cut unless approved by Production Supervisor.

1190 {to splice) @¢——-——¢ lg— 120

1149 4 (Spliﬁed area
for magnet
(bellows
500 retracted length) loads)

1220 (to splice} - 60
(spliced area for
1250 -¢—————— corrector coil
(bellows leads)
installed length)
Top (plan) view of IP end of Q2

Superconductor (bus
H1B H1AIV1BIV1A | Copper aablize) SKa
Superconductor (bus) 8Ka

Copper (stabilizer)

To Q2

To Q2

Note:  This lead must be insulated using approved methods to prevent ‘shorting’
o the gther leads.

- S s 2/0
T/p(ﬁnician(sy Date

LHC Q2 LQXB Shipping Traveler LHC Serial No. LQXB04
Notes:
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TD/Engineering & Fabrication Specification # 5520-TR-333732
July 12, 2004
Rev. A

@ | Cut these to length
as per ME-390206

4.2 Measure and mark the XX, XX, and XX tubes for cutting as per Q2 Cyrostat
Dwg (ME-390206).

==l 427.5 REF |-

-

'
|
A
300.0 |-

IP END
W Side View
\L(; YWelyy

Technician(s) Date /7
LHC Q2 LQXB Shipping Traveler LHC Serial No.: LQXB04

Notes:
Page 7 of 32



TD/Engineering & Fabrication Specification # 5520-TR-333732
July 12, 2004
Rev. A

4.5 Verify that the XX, XX and XX tubes have been measured and marked correctly

and ar T cutting. ) ’ X
AL jﬁ 71604

Responsible Authority/Physicist Date
4.6 Cut the XX, XX tubes using approved methods.
<V d- /-5
Techxﬁ{:ian(s) Date
X 4.7 Vert XX, XX, and XX tubes have been properly cut.

A\l

Leall Person Date ' n
LHC Q2 LQXB Shipping Traveler LHC Serial No.: LQXB04
Notes:

Page 8 of 32



TD/Engineering & Fabrication

_ DQ»

Final Resistance Electrical Inspection

5.1

To measure the resistance of a bussed Q32:

Set Test Current to 1 amp.

Set Scale to 2V full scale.

Turn temperature compensation on.
Turn test current off,

Turn test current on.

— OV RN AW

(R —

Read resistance and record in traveler.

EE1312 {Q2a)
EE1612 (Q2b)
¥Tht (FNAL)

EE1322 (Q21a)
EE1622 (Q2b)
VTh2 (FNAL)

Pole

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

EE1112 {Q23)
EE412 (Q2h)
¥Tat (FNAL)

Specification # 5520-TR-333732
July 12, 2004
Rev. A

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 (ES2923006).

Use Valhalla Scientific 4300B digital micro-ohmmeter.

Put jumper between Q2a Quadrant #3 inner power lead and 5 KA bus as shown in figure.
Connect Ty, to the SKA bus (Q2a Quadrant #3 inner power lead) as shown in figure.
Connect I to the Q2b Quadrant #3 inner power lead as shown in figure,

Connect Vi and Vi buttons to voltage taps as shown below.

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

EE1222 {Q2a)
EE 1522 {Q2b)
¥Tc2 (FNAL)

A
EE1222 (G2a) VTd
EE1522 (Q2b) [
VTe2 (FNAL) R EE1122 (Q2a)
- T EE1422 (Q2h)
VYa2 (FNAL)
EE1212 (Q2a) 2b EE1112 (Giza)
EE1512 {Q2b) —ee EE1412 (Q2b)
V¥Tct {(FNAL) VTal (FNAL})
Jumper
from Q2a
Q3 inner
to 5KA
bus
EE1:]§ tgz;g EE1222 (Q2a)
EE1 2 EE1622 {Q2b)
Splice VTb1 (FNAL)
VALHALLA
scenmpic 43008
1A
Vs HI
©
Resistance
Test ‘Temp VLoo ILo
Full Scale 20mv 200mv 2v  Current Comp
voitsge [T [ £
o—

LHC Q2 LQXB Shipping Traveler

LHC Serial No, LQXB04
Notes: ____
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TD/Engineering & Fabrication Specification # 5520-TR-333732

July 12, 2004
Note:  Sign of resistance reading should always be positive. If negative readings notify production e A
SUpErvisor.
TABLE 5.0.1
(Q2a) Resistance Nominal ~ 560 to 585 m§2
Voltage Tap Serial Numbers Quadrant Total
Resistance
----- Fermi
VHI VTdQ2a |EMPTY
Vio VTc1Q2a |EE1212 | 2uadrant L5773 mQ
VHI VTclQ2a | EE1212 Quadrant 2
VLo VTeQ2a  EMPTY S77. - mQ
VHI VTal1Q2a | EE1112
Vio VTdQ2a |EMPTY | Quadrant3| <4, g4 mQ
VHI VIeQ2a |EMPTY [ 0o 0s 4 b
VLo VTb1Q2a | EE1312 577.0 mQ
Note:  Sign of resistance reading should always be positive. If negative readings notify production
SllpchlSOi'.
TABLE 5.0.2
¢ ( [Vm_|VTalQ2a |EEI112 | Quadrant 1S g mQ
s ) Vio | VTclQ2a |EE1212 #3 & #1 Nominal ~ 1120 mQ
5 Vm | VTcl1Q2a | EE1212 Quadrant [iSY. | me2
,% Vio | VIb1Q2a | EE1312 #2 & #4 Nominal ~ 1120 mQ
y Vi | VTalQ2a |[EE1112 | Total Cold . 310 me2
+ o\ [Vio [ VTb1Q23 1EE1312 Mass Nomimal ~ 2.305 Q
. VO B
5 P .
- fchnician(s) Date
N
)

LHC Q2 LQXB Shipping Traveler LHC Serial No, LQXB04
Notes: __
Page 10 of 32



TD/Engineering & Fabrication

Specification # 5520-TR-333732

Tuly 12, 2004
Rev. A
Check resistance of Redundant Voltage Taps.
TABLE 5.0.3
2a Redundant Voltage Taps Resistance

o Fermi
Connect| Fermi CERN Nominal ~1120 m€
VHI VTa2Q2a | EE1122
VLo VTc2Q2a | EE1222 []$Y- 3 mQ
Vi VTc2Q2a | EE1222
Vio | VTb2Q2a|EE1322 bisy .y mQ

Tefhnician(s) Date
TABLE 5.0.4
(Q2b) Resistance Nominal ~ 560 to 585 mQ
Voltage Tap Serial Numbers Quadrant Total
Resistance
Connect | Fermi CERN uadrant F .
ern

Vu VTc1Q2b | EE1512 Quadrant 1 |
Vio VTdQ2b |EMPTY | - a¢ran S1¢6-9 m®
Va VTeQ2b | EMPTY Quadrant 2 |
Vio VTclQ2b | EE1512 $21.4 mQ
Vo VTdQ2b | EMPTY
Vio VTalQ2b | EE1412 | Quadrant3 570 mQ
Vi VTb1Q2b | EE1612 o
Vi VTeQ2b | EMPTY | Quadrant4 S7C. 5 mQ

LHC Q2 LQXB Shipping Traveler

Page 11 of 32

LHC Serial No, LQXB04
Notes:



TD/Engineering & Fabrication Specification # 5520-TR-333732

July 12,2004
Rev. A
e Fermi
V.. | VTclQ2b |EE1512 Quadrant (152,71
V., | VTalQ2b  EE1412 #1 & #3 Nominal ~ 1120 m £2
V.. | VTblQ2b|EE1612 Quadrant 1S3 .
V. | VTclQ2b |EE1512 #4 & #2 Nominal ~ 1120 m Q
V. | VTblQ2b|EE1612 Total Cold & . 399
V. |VTalQ2b | EE1412 Mass Nominal ~ 2.305 Q
V ‘.\l S, L e <
A > - é“f: I
'_,f/[‘echhician(s) Date
Check the resistance of the Redundant Voltage Taps.
TABLE 5.0.6
Q2b Redundant Voltage Taps
Resistance

Connect Fermi CERN Fermi

V., VTc2Q2b | EE1522 530

V.. VTa2Q2b | EE1422 11559 0

V., VTb2Q2b | EE1622 (1539

Vi VTc2Q2b | EE1522 Q

ﬂ’< A D R T
, Technician(s) Date
LHC Q2 LQXB Shipping Traveler LHC Serial No |LQXB04

Notes: _
Page 12 of 32



TD/Engineering & Fabrication Specification # 5520-TR-333732
July 12, 2004
Rev. A

6.0 Q2A Final Inductance and Q Electrical Inspection

p———
To measure Ls and Q of a Bussed Q2a:
6.1 Use Agilent 4263B LCR Meter.
6.2  Turn power on by pushing line button. Wait 30 seconds until display screen is lit.
6.3 Recall program #1. To do this, push recall (Rcl) button, then push the #1 button, then
push the Enter button.
6.4 Push Auto/Hold button to release hold.
8.5 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.
6.6  Connect jumper between Q2a/Quadrant 3 inner power lead and 5KA bus as shown in figure.
6.7 Connect He,, to Q2b/Quadrant 3 inner power lead as shown in figure.
6.8 Connect L, to 5KA bus as shown in figure.
6.9 Connect Hyy and Ly, buttons to voitage taps as shown below.
To measure Q2a:
» To measure Q1, connect Hy to VTe1 (EE1212 for Q2a), and Ly to VTd.
» To measure Q2, connect Hpot to VTe, and Ly to VTl (EE1212 for Q2a).
* To measure Q3, connect Hyy to VTd and Loy to VTat (EE1112 for Q2a).
* To measure Q4, connect Hy, to VTb1 (EE1312 for Q2a), and Lpot to VTe.
+ To measure totai, connect Hoor to VTb1 (EE1312 for Q2a),and Loot to VTal (EE1112 for Q2a).
6.10 Read Ls and Q from display and record in traveler.
EE1622 {Q2h) EE1632 (32b) pPole
VTh2 (FNAL) VTb1 (FNAL)
EE1422 (Q2b)
s, N TA2 (FNAL}
E1412 {Q2b)
VTat (FMAL})
-"—2a E£EE1212 (Q2a)
VTel (FNAL)
EE1222 (Q2a)
VTe2 (FNAL)
vtd
EE1122 {Q2a)
VTa2 (FNAL)
e Q2b Rk
il Jumper
frem Q2a
Quadrant
I 3 inner te
. E SKA bus
Pole EE1312 (Q2a) EE1322 (Q2a)
Splice VTb1 (FNAL) VTB2 (FNAL)
M -[06 ’6‘ 8 ?ﬂ Looking at Lead End

LHC Q2 LQXB Shipping Traveler LHC Serial No LQXB0O4
Notes: ___
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TD/Engineering & Fabrication Specification # 5520-TR-333732

July 12, 2004

Rev. A
Note:  All Inductance readings are taken at 1KHz.
TABLE 6.0.1
(Q2a) Inductance Nominal ~ 3.34 to 3.48 mH
Voltage Tap Serial Numbers Quadrant Total Inductance
Quadrant F .
i ermi

LPOT VTdQ2a |EMPTY Quadrant 1 ‘
Heor | VTclQ2a |EEI212 | © S 4 399 mH
Lror VTc1Q2a | EE1212 Quadrant 2 .
Hror VTeQ2a |EMPTY S.3T3 mH
LroT VTalQ2a | EE1112
Hror  [VIdO2a |EMPTY | Quadrant3 3, 38/9 mH
LroT VTeQ2a | EMPTY -
firor | VIblQ2a |EED31Z | Quadrantd| 5 ooy mH
____TABLE 6.0.2
e Nominal ~ 13.28 to 13.78 mH
VTalQ2a |EE1112 Total Cold
VTblQ2a | EE1312 Mass /3. mH
TABLE 6.0.3
(Q2a) Q-Factor Nominal ~ 3.7 — 4.0
Voltage Tap Serial Numbers Quadrant Total Q
Connect CERN | Quadrant Fermi
‘Leor | VIdQ2a | EMPTY u ‘1
Hror | VIc1Q2a | EE1212 an 3. &
LroT VTc1Q2a | EE1212
Hror | VIeO2a |EMPTY | Quadrant2| 3 5
LroT VTalQ2a | EE1112
Tiror [ VIdQ2a |EMPTY | Quadrant3 3 ¢
LroTt VTeQ2a | EMPTY
Hror | VIblAZa | EE1312 Quadrant4| S
vl :?—\:/Q e > £ I
Tefhnician(s) Date
LHC Q2 LQXB Shipping Traveler LHC Serial No.: LQXB04
Notes:

Page 14 of 32



TD/Engineering & Fabrication

Specification # 5520-TR-333732

Tuly 12, 2004
Rev. A
Nominal ~ 3.7 — 4.0
Fermi
Lror | VTalQ2a |EEI112 | Total Cold
Hror | VTb1Q2a | EE1312 Mass 3. ¥

LHC Q2 LQXB Shipping Traveler

Page 15 of 32

LHC Serial No.; LQXB04

Notes: __
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Specification # 5520-TR-333732

July 12, 2004
Rev. A
7.0 Q2B Final Inductance and Q Flectrical Inspection
To measure Ls and Q of a Bussed Q2b:
7.1 Use Agilent 4263B LCR Meter.
7.2 Turn power on by pushing line button. Wait 30 seconds until displayscreen is lit.
7.3 Recall program #1. To do this, push recall (Rcl) button, then push the #1 button, then
push the Enter button.
7.4 Push Auto/Hold button to release hold.
7.5 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.
76 Connect jumper between Q2a/Quadrant 3 inner power lead and 5KA bus
as shown in figure.
7.7 Connect H., to 5KA bus as shown in figure.
78 Connect Ly, to Q2b/Quadrant 3 inner power lead as shown in figure.
7.9 Connect Hp and Ly buttons to voltage taps as shown below.
To measure Q2b:
¢ Tomeasure Q1, connect Hpe to VTel (EE1512 for Q2b), and Lpeeto VTd.
¢ To measure Q2, connect Hpe to VTe and Lpoy to VTcl (EE1512 for Q2b).
e To measure Q3, connect Hp to VTd and Lt to VTal (EE1412 for Q2b).
« To measure Q4, connect Hpy to VTb1 (EE1612 for Q2b) and Lperto VTe.
¢ To measure total, connect Hyo to VTD1 (EE1612 for Q2b) and Lpn to VTal (EE1412 for Q2b).
7.10 Read Ls and Q from display and record in traveler.
EE1622 {G2b) EE1612 (Q2b) Pole
VTh2 (FNAL) ¥Tb1 (FNAL) /Splice
EE1422 {G2b)
VTa2 (FNAL)
EE1412 {Q2b)
VTal (FNAL)

B33 | I‘Hi\ﬁ’a
- |

VAL

£E1522 {Q2b) |l
VTe2 (FNAL)

EE1512 {Q2b)

BB FTTIE

E£E1312 (Q28)
VTbt (FNAL)

EE1322 {Q2a)

P
ols VTbz (FNAL)

Splice
G HRLA L

R AR LD AR R E il |

I e B B A R

EE1222 (Q2a)
V¥Tc2 (FNAL)

VTe1 (FNAL) —— !r. e AT il ] e wﬂ!ﬁi_

e A PP

EE$212 (Q2a)
VTel (FNAL)

EE1122 (Q2a)
VTa2 (FNAL}

EE1112 (Q2a)
VTal (FNAL}

i Jumper

from G2a

il Quadrant
il 3 Inner to

SKA bue

LHC Q2 LQXB Shipping Traveler

|lego0d

Lour bpat Hpar Mfue

Looking at Lead End

LHC Serial No.: LQXB04
Notes: _
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TD/Engineering & Fabrication Specification # 5520-TR-333732

July 12, 2004
Rev. A
TABLE 7.0.1
(Q2b) Inductance Nominal ~ 3.34 to 3.48 mH
Voltage Tap Serial Numbers Quadrant Total Inductance
Connect | Fermi CERN Quadrant F .
ermi
H;or VTclQ2b | EE1512
1
Lo VTdQzb | EMPTY | Quadrant S. Y30 mH
 § (. VTe(Q2b EMPTY
Loor VIclQ2b |EE1s12 | Quadrant2 3. 372 mH
H;or VTdQ2b | EMPTY Quadrant 3
Loor VTalQ2b | EE1412 S. 3755 mH
Heor VTb1Q2b | EE1612
Lyor VTeQzb |EMPTY | Quadrantd ' 3 ., oo mH
TABLE 702
I 13.28 to 13.78 mH
TS TR TR Fermi
Hpyo EE1612 Total Cold )
[ Leot | VTalQ2b | EE1412 Mass 3. 653 mH
— ? e
jﬁ:{hnician(s) Date
LHC Q2 LQXB Shipping Traveler LHC Serial No, LQXB04

Notes:
Page 17 of 32




TD/Engineering & Fabrication Specification # 5520-TR-333732
July 12, 2004

Rev. A
TABLE 7.0.3
(Q2b) Q-Factor Nominal ~ 3.7 — 4.0
Voltage Tap Serial Numbers Quadrant Total Q
Connect Quadrant F .
t
Loor Vidgzp |EMPTY | uadrantl 3&
Hox VTeQ2b | EMPTY
Loor VTclQ2b |EE1s1z | Quadrant 2 3. %
H:or VvTdQ2b | EMPTY >
Loor VTal02b [EE1412 | Suadrant3 5. ¥
Heor VTb1Q2b | EE1612 -
Luor VTeQzb |EMPTY | Juadrant4 5.5
__TABLE 7.04
S 4 Nominal ~ 3.7 to 4.0
VTb1Q2b | EE1612 Total Cold
L.or | VTalQ2b | EE1412 Mass 3.8
S~ //
/ /w/ -(i/_? ci:D) - L=
) Tgchmc;an(s) Date
Y,
LHC Q2 LQXB Shipping Traveler LHC Serial No, L. QXB04

Notes:
Page 18 of 32



TD/Engineering & Fabrication Specification # 5520-TR-333732

July 12, 2004
Rev. A
8.0 Final Thermometer and Heater Electrical Inspection
To measure the resistance of a Thermometer (RTDy;
Use Hewlett Packard HP3457A digital multimeter.
8.1 Record temperature of building within +/- 5 degrees.
8.2 Press line button to turn line on.
8.3 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
8.4 Push blue button (function key) once.
8.5 Push OHMF button.
8.6 Verify arrow in readout is above the 4W[ ] (meaning a 4 wire resistance measurement).
8.7 Read resistance in ohms and record in traveler.
Hewlett
Packard HP3457A SENSE INPUT
> o Y s st Jf o o s | e f | HO
s | e o s R o [ F ] e ~
W0 CLooo oo Lo
Lne (3 X JCar OO0 B R
e e i e e o
11 i

7
OHMF Button Blue {function) Button

U+ Black f———eoo """

b+ Yollow frmr——eemsssin
U_ Hed N m————————————
I- Green

Thermometer
(RTD)

LHC Serial No. LQXB04
Notes:

LHC Q2 LQXB Shipping Traveler
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3.18%
(7396

TD/Engineering & Fabrication

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

8.8 Use Hewlett Packard HP3457A digital multimeter.

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

8.10Press line button to turn line on.
8.11Connect wires as shown in Figure below.
8.12Push blue button (function key) once.
8.13Push OHMF button.

Specification # 5520-TR-333732

July 12, 2004
Rev. A

8.14Verify arrow in readout is above the 4W i (meaning a 4 wire resistance measurement). Note: Although

this is technically a 4 wire measurement, it is effectively a 2 wire meastrement, since there are only 2

wires connected to each heater.
8.15Read resistance in ohms and record in traveler.

Hewlett

packard HP3457A

st | s e |
[ o | s | o
e s J oo e

SENSE INPUT

/@m

Lo

AW
une =3 3 v et i s o e s = ] =R =m] =
O0oocopoog o
F 3 = =
OHME Button Blue (function) Button

Warmup
Heater

Table 8.0.1

Q2a-RTD’sand C

ogenic (warm-u

. aters

Temperature of Building (+/-5°): _ Fermi 5
_______ . F/C
Fermi CERN | Resistance | Resistance
Component to Ground
o Groun
Q2A RTD, Primary
Serial # TaQ2a TT8312 MQ
Original Resistance: Q Q >20 MOhms
(Q2a RTD, redundant
Serial # TbQ2a TT8322 MQ
Original Resistance: Q Q >20 MOhms
Q2A Cryogenic (warm-up) Heater (LE) — wire W1aQ2A | EH8312+
toward cold mass end plate (CERN #11+) ‘ 99)
Q2A Cryogenic (warm-up) Heater (LE) — wire W2aQ2A | EH8312- M
toward cold mass mag center (CERN #11-) Q >20 MOhms
Q2A Cryogenic (warm-up) Heater (Non-LE) — W1bQ2A | EH8322+ '
wire toward cold mass end plate (CERN #21+) 7 P)\ “q
Q2A Cryogenic (warm up) Heater (Non-LE) ~ W2bQ2A | EH8322- | ' MQ
wire toward cold mass mag center (CERN #21-) Q >20 MOhms
s 5o
/ﬁ:chnician(s) Date

LHC Q2 LQXB Shipping Traveler

LHC Serial No. LQXB04

Page 20 of 32
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Table 8.0.2
Q2b — RTD’s and Cryogenic (warm-up) Heaters
1 On . e Fermi
Temperature of Building (+/-5°): 7] Fo/ce
Fermi CERN | Resistance | Resistance
Component .
o Ground
Q2b RTD, Primary - /’ ’, b
Serial # TaQ2b TT8332 79, MO
Original Resistance: Q (9 >20 MOhms
Q2b RTD, redundant - ’g / g
Serial # ThQ2b | TT8342 | (35 MO
Original Resistance: Q Q >20 MOhms
Q2B Cryogenic (warm-up) Heater (LE) — wire W1aQ2b | EH8332+
toward cold mass end plate (CERN #11+) (7 ‘. (6
Q2B Cryogenic (warm-up) Heater (LE) — wire W2a(Q2b | EH8332- a MQ
toward cold mass mag center (CERN #11-) Q >20 MOhms
Q2B Cryogenic (warm-up) Heater (Non-LE) — W1b(Q2b | EH8342+
wire toward cold mass end plate (CERN #21+) 17 720
Q2B Cryogenic (warm up) Heater (Non-LE) — W2bQ2b | EH8342- | ' " MO
wire toward cold mass mag center (CERN #21-) Q >20 MOhms

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

TABLE 8.0.3
Q2a Strip Heater Resistance
Fermi CERN Description Limit Fermi Resistance
H1laQ2a | YT1112+ | .. . fa (70O
H2aQ2a | YT1112- Circuit A 18.20 to 212 K1) 0
H1bQ2a | YT1122+ | .. . e 9
H2bO2a | YT1122. Circuit B 18.20 to 2182 I 9% 0
TABLE 8.0.4
Q2b Strip Heater Resistance
Fermi CERN Description Limit Fermi Resistance
H1aQ2b | YT1132+ ., . o
19 39
H2a02b [YT1133.| Circuit A | 182010210 g 595" Q
H1bQ2b | YT1142+ | .. . | © /
H2bQ2b | YT1142- Circuit B 18.20 to 2182 ; C{' 5 Q
7 z_./. ’(}i s
T_ecﬁcian(s) Date
LHC Q2 L.QXB Shipping Traveler LHC Serial No, | QXB04
Notes:
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9.0 Final Power Lead Electrical Inspection

9.1 Using the HP3457 A, connect power thru the connector Power Leads {(HA2
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 f aseoees
. e Copper VA2 IVB2 IHA2 IHBZ
o
PP I VA1 IVB1 IHA1 IHB1
Superconductor

8Ka

Copper

TABLE 9.0.1
MCBX Corrector Coil Taps
C ¢ Fermilab | CERN Fermi Resistance
OmMponent | apel Label Nominal 0.040 Q
VTH2 EE8122 SO
HA2 N/A ‘ Q

VIV2 | EES112
- i 0
Qv VA2 N/A of Q

e G-z f

;Péchniciaﬁ'(s) Date

Q2-H2

XXX 92 ( Hipot according to table below. Hipot to 1500V. Ramp Rate XX V/second. Dwell
Time 30 seconds. Maximum leakage is 3pA.

Hipot Heaters to Coil and Ground.
Q&? ' TABLE 9.0.2

/High Potential Grounded Floating Fermi Leakage

Coils, Yoke, Q1 Instrumentation Bus,
All Strip Heaters Lead and Corrector Coil Busses, Nothing
RTD's and Warm-up Heaters pA

Hipot Coil to Heaters and Ground.
TABLE 9.0.3
High Potential Grounded Floating Ferml Leakage

Strip Heaters, Yoke, Q1 Instrumentation Bus,
All Coils BkA and 5kA Lead Busses and Corrector Coil Nothing
Busses, RTD’s and Warm-up Heaters ”AI

-~

_Pechiician(s) Date

Responsible Authority/Physicist Date
LHC Q2 LQXB Shipping Traveler LHC Serial No.: LQXB04
Notes:
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9.3 Check Q1 Instrumentation Bus Wires for Continuity.
TABLE 9.0.4
Module|Pin| Fermi CERN |KEK Description ';e’"“
one
M2 | 1 [VTaiQ1 |EE1111 al_|Q1 Lead Voltage Tap "a", primary v
M2 2 [VTa2Q1 |EE71121 a2 Q1 Lead Voltage Tap "a", redundant /
M2 3 VTeiQ1  [EE1211 ¢1 Q1 Center Voltage Tap "¢’, primary -
M2 4 NTc2Q1 |EE1221 c2 Q1 Center Voltage Tap "¢", redundant -
M2 5 NTh1Qt |EE1311 b1 _|Q1 Lead Voltage Tap "b", primary ' - _
M3 | 5 WTb2Q1 |EE1321 b2 |Q1 Lead Voltage Tap "b", redundant e
Corrector voltage tap Q1-H1 (skew dipole) - -
MS |1 viHl RS2 (on MCBX, MCBXH, A+ lead) i
Corrector voltage tap Q1-V1 (normal dipole)
M5 | 2 VTvi  EE81IY (on MCBX, MCBXV A+ lead) -
Q1 Cryogenic Heater iead end - wire at top o
M7 1 W1ia1 EH8311+ (CERN #1 1+)
Q1 Cryogenic Heater iead end - wire at bottom _
M7 2 W2aQ1 EH8311- (CERN #1 I-) yd
o Q1 Cryogenic Heater non-lead end - wire at top s
M7 3 WibQ1 |EH8321+ (CERN#2 |+) : ;
Q1 Cryogenic Heater non-lead end - wire at .
M7 | 4 W2bQ1 |[EHB321- bottom (CERN #2 I-) ~
Q1 Protection (Strip) Heater, ("a" circuit) e
M9 1 |H1aQ1 YT1131+ HA1 |(CERN lead #1+)
Q1Protection (Strip) Heater, ("a" circuit) o
M9 | 3 [H2aQ1  [YT1111- | HA2 |(CERN lead #1-)
' Q1 Protection (Strip) Heater, ("b" circuit) o
M9 5 |H1bQ1 YT1121+ | HB1 (CEBN:lead #2+) '
(1 Protection (Strip) Heater, (*b" circuit) -
M10 | 4 [H2bQn YT1121- HB2 |(CERN lead #2-)
M12 | 1 TaQf_k+ [TT8311 I+ Q1 RTD, primary Wire color: Yeliow /
Mi2 | 2 {TaQ1_l- [TT83111- Q1 RTD, primary Wire color; Green -
Mi2 3 [TaQ1_V+ |TT7T8311 U+ Q1 RTD, primary Wire coior: Black s
M12 | 4 [TaQ1_V- [TT8311 U- Q1 RTD, primary Wire color: Red —
Mi2 | 5 [TbQM_k [TT8321 I+ Q1 RTD, primary Wire color: Yellow /
M12 | 6 [TbQ1_I- [TT8321I- Q1 RTD, primary Wire color: Green 7
M12 | 11 TbQ1_V+ {TT8321 U+ Q1 RTD, primary Wire color: Black " -
M12 |10 [Tb@F V- [TT8321 U- Q1 RTD, primary Wire color: Red e
Wi )-g-o=
/ﬁhnic‘iﬁdﬁfs) Date

LHC Q2 LQXB Shipping Traveler

LHC Serial No. LQXB04
Notes: _
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10.0 Shipping the Magnet

10.1 Acquire the Shipping Frame Assembly (ME-390686).

10.2 Acquire the following shipping hardware:

Eyebolt McMaster-Carr 3016T87 6ea
Eyebolt McMaster-Carr 3016T85 6ea
Hex Nut MA-393328 24 ea
Flat Washer MA-393328 12 ea
Lock Washer MA-393329 12ea
Chain w/2 Hooks MA-390702 Gea
Mouting Bolts MA-393321 Yea
Flat Washer MA-393323 9ea
Lcok Washer MA-393322 9ea
Hoist Rings McMaster-Carr (2994767 10ea

10.3  Remove the Hoist Rings (4 ea) from the Quter Frame as per ME-390710.

;l_]-lolst Rings Remain
(3 ea/per end)

before installing magnet

Technician(s) P'I'Dale

LHC Q2 LQXB Shipping Traveler LHC Serial No. L QXB04
Notes:
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11.0 Magnet to Shipping Frame/Platform Installation

11-.1  Install Bellows End Sliding Flange Assembly (ME-390021) using Bolts XXX (XX ea)on
both the Non-IP and IP Magnet Ends..

112 Transport the magnet to the Magnet Shipping Fixture and install using Bolt (MA-393321)(9 ea),
Flat Washer (MA-393323)9 ea), and Lock Washer (MA-393322)(9 ea).
Torque bolts to XX FT/LBS.

Note:  Apply a small amount of Anti-Seize (MX-XXXXXX) to all the bolt threads
prior to installing the bolt.

DOC
L o
@ e o 8 o e o -
L o
M
SECTIDN C-C
Q2 Shipping Assembly
ME-390710

11.3 Record Magnet Serial number below. Verify serial number matches the bottom of
this traveler.

Serial . a -
Magnet LKA 00 -
Number
LHC Q2 LQXB Shipping Traveler LHC Serial No; LQXB04
Notes:
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11.4 Install Eyebolts, McMaster-Carr #3016T85 (6 ea), Eyebolts, McMaster Carr #3016T87 (6 ea),
Flat Washer (MA-393328)(12 ea), and Lock Washer (MA-393329)(12 ea) into Shipping Fixture.

Note:  Install all Eyebolts #3016T85 on one side of the shipping fixture. Eyebolts
#3016T87 go on the opposite side.

11.5 Install Lift All Pukka Wear Pad Protectors (MA-393345) onto magnet prior to installing Chain

t%/ 2o/0y
Tech,w(ﬁ’an(si Date
11.6 Install chain sling w/2 hooks (MA-390702) (6 ea) into eyebolts
—_— ' rAR 8/29/’«.)-\/
Techsfician(sy 7 Date
rd
1.7 Tighten eyebolts until chains are snug.
e ~ S/20ky
Teghnician(s) Date
11.8 I itional nut {(double nufting) on each eyeboelt and tighten.
—_— . - 8/30 SOy
Tecbﬁcian(s) - Date
LHC Q2 LQXB Shipping Traveler LHC Serial No, LQXB04

Notes:
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12.0 Magnet End Preparation

Support Crossbar Sliding Flange Assembly
MD-390238 /ME-390021

7 4

g =)
Upper Bridge
ME-3%024 \Spacer Bushing
MB-390577
C}d Mass Collar
MD-390239

Lower Bridge

ME- 41
390 m Spacer Bushing

" MB-390577

R

%ummrt Crossbar

MD-390238

Shipping Restraint
ME-390249
Side View

12.1 Acquire Q2 Shipping Restraint Assembly (ME-390249)(2 ea)

7 Sy G /& /oYy
Tech{ﬂcian(s) . Date
LHC Q2 LQXB Shipping Traveler LHC Serial No: LQXB04

Notes: _
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12.2 Install the Shipping Restraint on the Non- IP Magnet end.

Note: Installation Shipping Restraint bolts should be only finger tight until
complete assembly is installed.

12.2.1 Install Cold Mass Collar (MD-390239) and secure using Bolt (MA-393191) (6 ea}, and
Washer (MX-XXXXXX)(X ea).

12.2.2 Install Upper Support Cross Bar (MD-390238)(1 ea) with Spacer Bushing
(MB-390577) (2 ea) using Bolt (MA-393183 (2 ea), LockWasher (MA-393186) (4 ea),
Plain Washer (MA-393185) (4 ea), and Nut (MA-393184)(2 ea}.

12.2.3  Install Lower Support Cross Bar (MD-390238)(1 ea) with Spacer Bushing
(MB-390577) (2 ea) using Bolt (MA-393183 (2 ea), LockWasher (MA-393186) (4 ea),
Plain Washer (MA-393185) (4 ea), and Nut (MA-393184)}2 ea).

12.2.4 Install the Upper Bridge (ME-390240) to the Upper Support Bar using
Bolt (MA-393187) (7 ea), Lock Washer (MA-393061) (7ea}, and Flat Washer (MA-
393060) (7ea).

12.2.5 Install the Lower Bridge (ME-390241) to the Lower Support Bar using
Bolt (MA-393187) (7 ea), Lock Washer (MA-393061) (7ea), and Flat Washer (MA-
393060) (7ea).

1226 Secure Upper Bridge to Cold Mass Collar with Bolt (MA-393191) (6 ea), Lock Washer
(MA-393061) (6 ea), and Plain Washer (MA-393060) (6 ea).

1227  Secure Upper Bridge to Cold Mass Collar with Bolt (MA-393191) (6 ea}, Lock Washer
(MA-393061) (6 ea), and Plain Washer (MA-393060) (6 ea).

12.2.8 Tighten aJl the Shipping Restraint Bolts.
@ G /1570y

chhaﬂciam N Date

12.3  Install the Shipping Restraint on the IP Magnet end.

Note: Installation Shipping Restraint bolts should be only finger tight until
complete assembly is installed.

12.3.1 Install Cold Mass Collar (MD-390239) and secure using Bolt (MA-393191) (6 ea), and
Washer (MX-XXXXXX)X ea).

12.3.2  Install Upper Support Cross Bar (MD-390238)(1 ea) with Spacer Bushing
(MB-390577) (2 ea) using Bolt (MA-393183 (2 ea), LockWasher (MA-393186) (4 ea),
Plain Washer (MA-393185) (4 ea), and Nut (MA-393184)(2 ea}).

12.3.3 Install Lower Support Cross Bar (MD-390238)(1 ea) with Spacer Bushing
(MB-390577) (2 ea) using Bolt (MA-393183 (2 ea), LockWasher (MA-393186) (4 ea),
Plain Washer (MA-393185) (4 ea), and Nut (MA-393184)(2 ea).

12.3.4 Install the Upper Bridge (ME-390240) to the Upper Support Bar using
Bolt (MA-393187) (7 ea), Lock Washer (MA-393061) (7¢a), and Flat Washer (MA-
393060) (7ea).

12.3.5 Install the Lower Bridge (ME-390241) to the Lower Support Bar using
Bolt (MA-393187) (7 ea), Lock Washer (MA-393061) (7ea), and Flat Washer (MA-
393060) (Tea).

12.3.6  Secure Upper Bridge to Cold Mass Collar with Bolt (MA-393191) (6 ea), Lock Washer
(MA-393061) (6 ea), and Plain Washer (MA-393060) (6 ea}.

12.3.7 Secure Upper Bridge to Cold Mass Collar with Bolt (MA-393191) (6 ea), Lock Washer
(MA-393061) (6 ea), and Plain Washer (MA-393060) (6 ea).

12.3.8 Tighten all the Shipping Restraint Bolts.

s o i

T¢hnician(s) Date
LHC Q2 LQXB Shipping Traveler LHC Serial No., LQXB04
Notes: ____
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Q2 Magnet Non-IP End
12.4  Install Electrical Bus Shipping Restraint Short End Cover (MD-390752) into Lower Cold Mass
Pipe to protect the Buss Wire.

12.5 Install Protective End onto PVC Bus Protector Tube.

12.6 Se ows with BeJlow Restraint/Protective Cover (MX-XXXXXX).

sl S < // Wy
Tecﬁian(s) - Date

12.7 Insulate the magnet leads using Kapton Tape MA-106723 ¥ lapped.

12.8 Insulate the magnet leads using %" Black Shrink Tubing (MA-318797). Ensure that the entire
length of magnet leads are covered before heat shrinking.

G/ 2/0Y

Date

129  Install Electrical Bus Shipping Restraint Assy (MD-390748).

Note:  Magnet wires must be inserted into the Shipping Restraint Assy
during installation.

Note:  Shipping Restraint Assy is to be dry fit assembled, NOT GLUED!!!

— Joining Coupling MA-3931%4 (X2)

909 elbow (X2) (MA-393311)

Middle Section (M C-390750)

End Section (X2) (MC-390749)
(insert into 90° elbow)

3

IP Magnet End
Side View
GO0y
Date
LHC Q2 LQXB Shipping Traveler LHC Serial No, LQXB04

Notes:
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12.10  Install Protective Covers on flanges.
; VTS O

Specification # 5520-TR-333732
July 12, 2004
Rev. A

q//s/9\

Tech;q{cian S

Date

12.11  Install Acceleratoromators as per MX-XXXXXX.

Accelerometer (X1)

};ﬁnician(s) .

G [A37°Y

Date

12.12  Install Magnet Identification Labels as per ME-390760.

[,
] ) <
s E Fermilab o
-3 | -]

NON-IP END

1P END

’Fermilab’ & Fermi Logo

label lettering to be 12" High

Fermilab

g [ = U

IP END

Technician(s)

LHC Q2 LQXB Shipping Traveler

’X’ denotes magnet serial number/ NON-1P END

‘fl\ﬁlod

Date

LHC Serial No, LQXB04
Notes:

Page 30 of 32



L

TD/Engineering & Fabrication

13.0

LHC Q2 LQXB Shipping Traveler

Final InspectionfInstallation
‘Target Holder, Right w/Target
MD-390541
Target Holder w/Targe ]
MD-390211 Target Holder, Left w/Target
MD-390540
. -
s__\‘-‘-_—_.—-——/

13.1 Verify Target Holder (MD-390211)(6 ea), Target Holder, Right (MD-390341)(3 ea), and
Target Holder, Left (MD-390540)(3 ea) with Reference Cup (MA-390426)(12 ea) and
Prdtective Cover (MX-XXXXXX) are installed.

I
Lead Person Date 7

13.2 Verify that the Target Holder had been pinned using Roll Pins (MX-XXXXXX) as per
Dwg MX-XXXXXX.

Lead Person Date e

13.3 Verify Magnet has been properly labeled/stenciled as per ME-390760.

sth o) NUir /ey

Lead Person Date

LHC Serial No. LQXB04
Notes:
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14.0 Documentation Update

14.1 Perform the following:

Update DSR Keywords
Location

Location Verified Date
Status
Make )

y regarding work performed.

NN N

?/3 fey

u'.‘ ”, ' j
TD}E&f Prc?ud{i'o'ﬁ Supervisor/designee Date

/
15.0 Ll?roduction Complete

15.1 Process Engineering verify that the Traveler 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:

12{tolck

Date

LHC Q2 LQXB Shipping Traveler LHC Serial No.: LQXB04
Notes:
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.« TD/Engineering & Fabrication Specification # 5520-TR-333643
. Tuly 17, 2003

) Two A0

“““ _—"———-—-—\\ ATD' S
Coexts-xriany Y afifo
ihermometer) . -

Repeacms wmm o749 ¢ 16131

RTD P SXCLSXI0y
Wires (installed at  TaQ2a w Wires (in;rtnﬁ;neter‘)%
module assembly) : a

module assembly)

Warmup Heater
Wires (installed T -

at module
assembly)

W1ibQ2Za (toward end )
‘ . W2zbQ2a (toward middieg)

Looking at Non-lead End of Q2a

Figure 7.27-C

i,

(' LHC Cold Mass Module Assembly

LHC Serial No.: LMQXB04-0
Notes:
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.
XXX 143 Check installation of Hypertronics. Ensure Hypertronics were installed as per Q2 Module

U ASS{mb]Z (ME-369895) and Hypertronics Connector Assembly Procedure ES-XX3XXX.

: 1233
Technician(s) Date
L (sl
Responsible%uthority/Physicis:t Date -

NoTE = 2. wmew RTDS WAE JuSTMEEd ow

CorRécTor. CoreS Skw. FAcwe e Tr |
Eud  fBum TwE pow- TP EMD, RTH BCX LS.
X I3 1§ on THE LEFT AYD P\mﬁ*cx_c.ﬁ.,y;mr—/cf

IS on  NHe ALGHT .

.

. L.HC Cold Mass Module Assembly

LHC Serial No.: LMOXEBEQ4-0
Notes:
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TD / Engineering Fabrication Specification No.: 5520-FM-318902

February 1, 2002

Rev. K
“= Traveler Title: Specification No: Revision: DR No:
L LHC Q2 L.QXB Cryostat Shipping Traveler ] L 5520-TR-333732 ] L A ] L HGQ-0495 ]
Step No: Drawing No: Routing Form No:  Serial No: | Rework ID:
[ 8.0 1{ 390710 I [ LQXB0O4 NI
Discrepancy Description:

During the final electrical for this magnet, RTD's TT8312 and TT8322 did not get a good number. As per Mike Lamm, two
extra RTD's were added on the corrector magnet during the Module Assembly stage of this magnet assembly. They were then

soldered into the hypertronics connector as per Mike Lamm's instructions, The paperwork for these RTD's are in the Module
Assembly and Shipping Travelers.

I.} J\_ln / "\ i i i =
AN Db L
AN -
,} : DEC 10 e
o
H A S —
Originator: Date:

| Steve Gould I

L9/14/2004 j

Cause of Nonconformance:

Replacement thermometers were not re-wired before sending to MTF.
(RTD's were wired into the hypertronics connector using the shipping traveler TR-333732 Bob Jensen 12/ 10/04)

Responsible Authority: Date:
Rodger Bossert | [ 127272004
.
Discrepancy Report Form DR No: HGQ-0495




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

Disposition:
(Re-issued Hypertonics Installation (Step 14.0) of Q2 Module Assembly (TR-333643) per production request on 9/ 15/04 -

John Szostak)
(Re-issued TR-333732 on 9/15/04 to perform an electrical inspection after installation of RTD's Bob Jensen 9/15/04).

Responsible Authority: Date:
[ Rodger Bossert | [ 12/2/2004

Corrective Action to Prevent Recurrence:

No corrective action necessary. This situation is not likely to recurr. No Traveler Change.

Responsible Authority: Date:
| Rodger Bossert ] | 12722004 |
Corrective Action/Disposition Verified By: Date:
l Bob Jensen | [ 1271012004 |
Will Configuration be affected?: [ ]YES NO
Identified problem area:
Material ] Manpower (] Method [ Machine [ ] Measurement
Reviewed By: Date:
[ Bob Jensen | [ 127102004

Discrepancy Report Form DR No: HGQ-0495



TD/Engineering & Fabrication Specification # 5520-TR-333732
July 12, 2004

Rev. A
5.0 Final Resistance Electrical Inspection
p—
5.1 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 (ES292306).
To measure the resistance of a bussed ()2:
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. Put jumper between Q2a Quadrant #3 inner power lead and 5 KA bus as shown in figure.
7.  Connect Iy to the SKA bus (Q2a Quadrant #3 inner power lead) as shown in figure.
8. Connect I; to the Q2b Quadrant #3 inner power lead as shown in figure.
9. Turn test current on.
10. Connect Vi and V| buttons to voltage taps as shown below.
1l. Read resistance and record in traveler.
EE1322 (G2a) EE1312 (G2a)
EE1622 (Q2b) EE1612 (G2b)  Pole
VTb2 (FNAL) VYTh1 (FNAL)
EE1122 (Q2a}
EE1422 (Q2b)
VTaz (FNAL}
EE1112 (Q2a)
EEt412 (Q2b)
VTal {FNAL) .
___2_2 EEt212 {Q2a)
EE1512 {Q2b)
VTcl (FNAL)
EE1222 (Q2a)
EE1522 (Q2b)
i~ VTe2 (FNAL)
EE1222 (Q22) —— : ' e |
EE1522 (Q2b) ; 7
VTc2 (FNAL) B e, e ' i EE1122 (Q2a)
EE1422 (Q2b)
VTa2 (FNAL)
EE1212 (G2a) 2b EE1112 (Q2a)
EE1512 (Q2b) e EE1412 {(Q2b}
¥Fc1 (FNAL) VTat (FNAL)
Jumpaer
from Q2a
Q3 Inner
EE1312 (Q2a) EE1322 {Q2a)
EE1612 {Q2b} EE1622 {Q2b)
VTd1 (FNAL) YTh2 (FNAL)
LRI T s
VALHALEA
scentirc 43008 A
W
© v
Resistance
Test Temp VLQO Lo
Full Scale 20mV 200my _2v_ Cufrent Comp
Voltage C—I—T— C— =
L

LQXB04

LHC Q2 LQXB Shipping Traveler re-1ssued per DR HGQ-0495

Notes: Re-is
Page 9 of 32

fr—



TD/Engineering & Fabrication Specification # 5520-TR-333732

July 12, 2004
Rev. A
Note:  Sign of resistance reading should always be positive. If negative readings notify production
supervisor.
TABLE 5.0.1
(Q2a) Resistance Nominal ~ 560 to 585 mQ
Voltage Tap Serial Numbers Quadrant Total
Resistance
Fermi
VHi VTdQ2a |EMPTY Quadrant 1
VLo VTclQ2a | EE1212 5773 mQ
Vi VTclQ2a | EE12]12 .
Vio VIeQ2a |EMPTY |Quadrant2| <55 mQ
VHI VTalQ2a i EE1112 Quadrant 3
VLo VTdQ2a |[EMPTY S -9 m£)
VHI VTeQ2a | EMPTY Quadrant 4 5
VLo VTb1Q2a | EE1312 S5722.0 m{2
Note:  Sign of resistance reading should always be positive. If negative readings notify production
SUPErvisor.
TABLE 5.0.2
i Fermi
Vi | VTalQ2a |EE1112 | Quadrant 11<3-& mQ
Vo | VTclQ2a |EE1212 #3 & #1 Nominal ~ 1120 m€
Vur | VTcl1Q2a |EE1212 Quadrant /153 & mQ
Vo | VIblQ2a {EE1312 #2 & #4 Nominal ~ 1120 mQ
Vm | VTalQ2a [EE1112 Total Cold .30 m{2
Vo | VTbl1Q2a |EE1312 Mass Nomimal ~ 2.305 Q2
9 /45 /Oy
Date
. LOXBo4
LHC Q2 LQXB Shipping Traveler re-issuad per DR HGQ-(495 4
Notes: Re-is

Page 10 of 32



TD/Engineering & Fabrication Specification # 5520-TR-333732

July 12, 2004
Rev. A
Check resistance of Redundant Voltage Taps.
TABLE 5.0.3
(Q2a Redundant Voltage Taps Resistance
g Fermi
Connect ermi CER Nominal ~1120 m€
VHi VTa2Q2a | EE1122 |
VLo VTc2Q2a | EE1222 [153.3 mQ
Vi VTc2Q2a | EE1222 ) ‘
Vio VTb2Q2a | EE1322 [/S3.3 mQ
= AN AL %
Techn)'ﬁan(s) Date
TABLE 5.0.4
(Q2b) Resistance Nominal ~ 560 to 585 m£2
Voltage Tap Serial Numbers Quadrant Total
Resistance
Quadrant Fermi
Vi VTclQ2b | EE1512 Quadrant 1
Vio VIdQ2b | EMPTY ' S. s mQ
Vi VTeQ2b | EMPTY
Vio VIciQ2b |EE1512 | Quedramt2) o5 5 mQ
Vi VTdQ2b | EMPTY Quadrant 3
Vio VTalQ2b | EE1412 ' 6. ¢ mQ
Vi VTb1Q2b | EE1612 Quadrant 4
Vio VTeQ2b | EMPTY ' S 6.3 mQ
LHC Q2 LQXB Shipping Traveler LOXBO4 4-1

Nofes: Re. '¢'¢sued per DRHGQ-0495 7
Page 11 of 32 —_



TD/Engineering & Fabrication Specification # 5520-TR-333732

July 12, 2004
Rev. A
TABLE 5.0.5
) Fermi
Vu | VTclQ2b | EE1512 Quadrant 1153 Y
Vo |VTalQ2b ! EE1412 #1 & #3 Nominal ~ 1120 m Q
Vu | VIDb1Q2b|EE1612 Quadrant jiS2. %
Vo | VIclQ2b|EE1512 #4 & #2 Nominal ~ 1120 m Q
Vo | VTb1Q2b | EE1612 Total Cold 2. 397
Vo | VTalQ2b | EE1412 Mass Nominal ~ 2,305 Q
% | G h S5 oy
%nician(s) ~ Date
Check the resistance of the Redundant Voltage Taps.
TABLE 5.0.6
(Q2b Redundant Voltage Taps
Resistance

Connect Fermi CERN Fermi

Vi VTc2Q2b | EE1522

Vio VTa2Q2b | EE1422 | 153. ﬁ Q

Vi VTb2Q2b | EE1622 B :

Vio VIc2Q2b | EE1522 [153- @ Q

: e ' TG [ S0
}é(nician(s) T Date
LHC Q2 LQXB Shipping Traveler LQXB04

Notes: Re-ism '€-issued per DR HGQ-0495
Page 12 of 32
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TD/Engineering & Fabrication

Specification # 5520-TR-333732
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Rev. A

6.0 Q2A Final Inductance and Q Electrical Inspection
To measure Ls and Q of a Bussed Q2a;
6.1 Use Agilent 42638 LCR Meter.
6.2 Turn power on by pushing line button. Wait 30 seconds until display screen is lit.
6.3 HRecall program #1. To do this, push recall {Rcl) button, then push the #1 button, then
push the Enter button,
6.4 Push Auto/Hold button to release hold.
6.5 Verify that the frequency displayed in the upper right corner of the display screen is 1000 Hz
and the level recorded in the [ower right corner of the display screen is 1V or 1000 mV.
6.6 Connect jumper between Q2a/Quadrant 3 inner power lead and 5KA bus as shown in figure.
6.7 Connsct H, to Q2b/Quadrant 3 inner power lead as shown in figure.
6.8 Connect L, to 5KA hus as shown in figure.
6.9 Connect Hyy and L, buttons to voltage taps as shown below.
To measure Q2a;
» To measure Q1, connect My to VTe1 (EE1212 for Q2a), and L to VTd.
« To measure Q2, connect Hpot to VTe, and Loo to VTcl (EE1212 for Q2a).
» To measure Q3, connect Hyy to VTd and Ly to VTal (EE1112 for Q2a).
» To measure Q4, connect Hyy to VTb1 (EEI312 for Q2a), and Lo to VTe.
» To measure total, connect Hpg to VTB1 (EE1312 for Q2a),and Lpg to VTal (EE1112 for Q2a).
6.10 Read Ls and Q from display and record in traveler.
EE1622 (Q2b) €E1612 (Q2b} Pole
VTb2 (FNAL} VTb1 (FHAL} ;Spilce
EE1422 {Q2h)

E1412 (Q2b)
V¥Tal (FNAL)

EE1512 (Q2b)
VTel {FNAL)

R R R G A

EE1212 ({Q2a)
VTel (FNAL)

EE1222 {(32a)
VTc2 (FNAL)

VTd

EE1122 (Q2a)
VTa2 (ENAL)

EE1112 (Q2a)
VTal (FNAL)

Jumper
from Q2a

EE1322 (G2a) [
VTb2 (FNAL)

¥Tb1 {FNAL)

ENTRY ar
- | oopEEo d
R = e T i [ 3 e =
h'o O EICICIE Looking at Lead End

EHC Q2 LQXB Shipping Traveler

1 LGQXBo4
Notes: Re-issue re-issued per DR HGQ-0495

Page 13 of 32



TD/Engineering & Fabrication Specification # 5520-TR-333732

July 12, 2004
Rev. A
Note:  All Inductance readings are taken at 1KHz.
TABLE 6.0.1
(Q2a) Inductance Nominal ~ 3.34 to 3.48 mH
Voltage Tap Serial Numbers Quadrant Total Inductance
Connect | Fermi CE . drant Fermi
LroT VTdQ2a | EMPTY drant 1
Hror | ViciQza |EEi212 | 2uadran 3 Y43& mH
LroTt VTeclQ2a | EE1212 Quadrant 2
HroT VTeQ2a |EMPTY S, Y2y mH
Lrot VTalQ2a |EELI2 | 5oo0a) o
Hror | VIdQ2a | EMPTY 33817 mH
Lrot VTeQ2a | EMPTY Quadrant 4
Hror | VIb1Q2a | EE1312 37 mH

BLE 6.0.2

Nominal ~ 13.28 to 13.78 mH

Fermi
Lror | VTalQ2a |EE1112 Total Cold L )
Hror | VTb1Q2a | EE1312 Mass [3- 66! mH
TABLE 6.0.3
(Q2a) Q-Factor Nominal ~ 3.7 - 4.0
Voltage Tap Serial Numbers Quadrant Total
Connect .
: Fermi
Hror | VIciQza |EELR12 | Quadrantl 3.0
Lrot VTclQ2a | EE1212
Heor | VIeQ2a |EMPTY | Quadrant2 3.6
Lrot VTalQ2a | EE1112 _
Hror | VTdQ2a |EMPTy | Quadrant3 3. &
LroT VTeQ2a | EMPTY
Hrot VIblAZa |EE1312 | Quadrantd S- &
. . //J7U<,1
chhni%m(sjl Date
LHC Q2 LQXB Shipping Traveler LHC Serial No, LQXB04

Notes: Re-1ssued per DR No. b re-issued per DR HGQ-0485

Page 14 of 32
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Lrot

VTalQ2a

EE1112

Hrot

VTblQ2a

EE1312

Nominal ~ 3.7 - 4.0

Total Cold
Mass

Fermi

by 3.5

LHC Q2 LQXRB Shipping Traveler

Page 15 of 32

LHC Serial No [QXB04
Notes: Re-issued per DR No, . re-issued per DR HGQ-0495
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7.0

EE1422 (Q2B)
Va2 (ENAL)

EE1412 (G2b)

VTal (FNAL)

LHC Q2 LQXB Shipping Traveler

Q2B Final Inductance and Q Electrical Inspection

To measure Ls and Q of a Bussed Q2b:

7.1 Use Agilent 4263B LCR Meter.
7.2 Turn power on by pushing line button. Wait 30 seconds until displayscreen is lit.
7.3 Recall program #1. To do this, push recall (Rcl} button, then push the #1 button, then
push the Enter button.
7.4 Push Auto/Hold button to release hold.
7.5 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.
7.6 Connect jumper between Q2a/Quadrant 3 inner power lead and 5KA bus
as shown in figure.
7.7 Connect H,, to 5KA bus as shown in figure.
7.8 Connect Ly, to Q2b/Quadrant 3 inner power lead as shown in figure.
7.9 Connect Hy and Ly buttons to voltage taps as shown below.
To measure Q2b:
To measure Q1, connect Hyy to VTcl (EELS12 for Q2b), and Lywto VTd.
To measure Q2, connect Hyg to VTe and Ly to VTcl (EE1512 for Q2b).
To measure Q3, connect Hyo, to VId and Lo to VTat (EE1412 for Q2b).
To measure Q4, connect Hyo to VTb1 (EE1612 for Q2b) and Lyoito VTe.
To measure total, connect Hyy 10 VTb1 (EE1612 for Q2b) and L 10 VTail (EE1412 for Q2b).
7.10 Head Ls and Q from display and record in traveler.

L
L]
L]
L]
L]
A

EE1612 (Q2b)
VTB1 (ENAL)

Pole
Spilce

EE1622 (G2b)
VTh2 (FNAL)

EE1212 (Q2a)
¥Tcl (FNAL)

EE1222 (Q2a)
VTe2 (FNAL)

i

Hi
i

]

VTd

EE1522 (G2b)f]
llvToz (FaL
i

!

EE1122 (24}
¥Ta2 (FNAL}

EE1112 (Q2a)

EE1512 (B2b}
VTal (FNAL)

VTl (FNAL)

Jumper
from Q2a
Quadrant

3 innar fo
SKA bus

|
i!*'

l T Y T e G L e TR T R R T O R L 4

|

EE1312 {Q2a)
¥Tbi (FNAL) ¥Th2 (FNAL}

EEt322 (R22) | éi
Splice }
|

SRR

R T P ) T

H T ERH NG SRR RN
I TRT RS et it etideesl

Looking at Lead End

T (N R L VLR RS Bt R TR AR O CHHHEUNRNE

RECHRTHROSH T UHGTIR )

JBEHEN ALY,
N

btz R R

b T T T R TR N A P e e

LHC Serial No LQXB04

Notes: Re-issued per DR No. 1 re-issued per DR HGQ-0495
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Page 17 of 32
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TABLE 7.0.1
(Q2b) Inductance Nominal ~ 3.34 to 3.48 mH
Voltage Tap Serial Numbers Quadrant Total Inductance
Connect Quadrant Fermi
Heor VTclQ2b | EE1512 Quadrant 1 ]
Leo: VTdQ2b |EMPTY O-Y2 95 mH
Heor VTeQ2b |EMPTY
Loor VTc1Q2b |EEIS12 | Quadrant2) 3 3. mH
Hoor VIdQ2b |[EMPTY |
Lo VIalQ2b |EE141z | Quadrant3 | 3 5552 mH
Hor VTb1Q2b | EE1612
Lyor VTeQ2b |EMPTY |Quadrantd| 3 o, o mH
13.28 to 13.78 mH
Fermi
Heo EE1612 Total Cold _
Leot | VTalQ2b | EE1412 Mass 13.¢Cs50 mH
<Y, T a0y
Technigrin(s) ~ Date

LHC Serial No. LQXB04
Notes: Re-issued per DR No. b re-issued per DR HGQ-0495
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TABLE 7.0.3
(Q2b) Q-Factor Nominal ~ 3.7 - 4.0
Voltage Tap Serial Numbers Quadrant Total Q
Connect i CERN Quadrant Fermi
erm
H,o: VTclQ2b | EE1512 Quadrant 1
Lror VIdqzb | EMPTY 28
H,o, VTeQ2b | EMPTY _
Loor VTc1Q2b |EE1512 | Quadrant2i 2 o
Hyor VTdQ2b | EMPTY
Leor VTalQ2b | EEl41z | Quadrant3 | 3 o
Hyor VTb1Q2b | EE1612
Leor VTeQ2b | EMPTY | Quadrantd 5. ¥
Nominal ~ 3.7 to 4.0
VTblQ2b | EE1612 Total Cold
Lo | VIalQ2b | EE1412 Mass 3.8
- 55% ) G /05/ 4
Techniﬂdn(s) e Date
LHC Q2 LQXB Shipping Traveler LHC Serial No, LQXB04

Notes: Re-issued per DR No. I re-issued per DR HGQ-0495
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8.0 Final Thermometer and Heater Electrical Inspection

To measure the resistance of a Thermometer (RTD):
Use Hewlett Packard HP3457A digital multimeter.
8.1 Record temperature of building within +/- 5 degrees.
8.2 Press line button to turn line on.
8.3 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
8.4 Push blue button (function key) once.
8.5 Push OHMF button.
8.6 Verify arrow in readout is above the 4W[J (meaning a 4 wire resistance measurement).
8.7 Read resistance in ohms and record in traveler.

Hewlett
Packard HP3457A SENSE INPUT
fwmm J naom [ oo [ m | [ | e [ s | nQ
o (o Y e B e e S =N = = [ = 0
Lne (33 O3 Y v | oocacac e L
0 oo —
"‘3

7 !

OHMF Button Blue (function) Button

U+ Black}———— e

T4+ Yl Jommmmm-me s
U- Red ......_.__._......-———-""’"’:‘
| e

I Green .

Thermometer

RTD)

LHC Q2 LQXB Shipping Traveler LQXB04

re-issued per DR HGQ-0495

LEC Serial N¢
Notes: Re-issued per DR No.
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To measure the resistance of a Cryogenic (Warm-up) Heater

8.8 Use Hewlett Packard HP3457A digital multimeter.

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

8.10Press line button to turn line on.

8.11Connect wires as shown in Figure below.

8.12Push blue button (function key) once.

8.13Push OHMF button.

8.14Verify arrow in readout is above the 4Wi] (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.

8.15Read resistance in ohms and record in traveler.

Hewlett
Packard HP3457A SENSE INPUT
| o [ s s | [ v | e o | e | "
| mese | men | s | nom | e e I s e | /9
T o I e Y e I e R e e e Y e Lo
Line 3 3 e oo B0
Ooopbhoo = 0
F At - L
OHMF éuuon Blue {function) Button
Warmup
Heater
Table 8.0.1

(Q2a — RTD’s and Cryogenic (warm-up) Heaters

. Fermi

Temperature of Building (+/-5°):

p g ( ) 73 @/C°

Fermi CERN | Resistance | Resistance
Component t0 Ground
O Lroun
Q2A RTD, Primary
Serial # rw 1S X 1{,13] TaQ2a TT8312 ! 7‘ ch_z MO
Original Resistance: (,¢, , S )% Q I >20 MOhms
(Q2a RTD, redundant -
Serial # ¢x_ LS. X J .7 YY ThQ2a TT8322 - MO
Original Resistance: il Q (""["' wh >20 MOhms
Q2A Cryogenic (warm-up) Heater (LE) — wire W1aQ2A | EH8312+
toward cold mass end plate (CERN #11+)
Q2A Cryogenic (warm-up) Heater (LE) — wire W2a(Q2A | EH8312- | s . HO MO
toward cold mass mag center (CERN #11-) Q >20 MOhms
Q2A Cryogenic (warm-up) Heater (Non-LE) - WI1bQ2A | EH8322+
wire toward cold mass end plate (CERN #21+)
Q2A Cryogenic (warm up) Heater (Non-LE) W2bQ2A | EH8322- l ’L 42\ MO
wire toward cold mass mag center (CERN #21-) Q >20 MOhms
“7//5/0y
Technigﬂn(s) ™ Date
LHC Q2 LQXB Shipping Traveler LHC Serial No LQXB04

Notes: Re-issued per DR No, ] re-issued per DR HGQ-0485
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Table 8.0.2

Q2b - RTD’s and Cryogenic (warm-

Temperature of Building (+/-5°):

Fermi

7.3 Force
Fermi CERN | Resistance | Resistance
Component ¢
o Ground
Q2b RTD, Primary
Serial# /2y 18 X907 TaQ2b TT8332 : - MO
Original Resistance: (/. 7.5.3 Q LS. 525 Q >20 MOhms
Q2b RTD, redundant
Serial # o~ < LS. ¥ if, 720 ThQ2b TT8342 (g 5.30 ('!'2 MO
Original Resistance: {, Y. o, 2 Q >20 MOhms
Q2B Cryogenic (warm-up) Heater (LE) — wire Wi1aQ2b | EH8332+
toward cold mass end plate (CERN #11+)
Q2B Cryogenic (warm-up) Heater (LE) — wire W2aQ2b | EH8332- j Y 09 MO
toward cold mass mag center (CERN #11-) Q >20 MOhms
Q2B Cryogenic (warm-up) Heater (Non-LE) — WibQ2b | EH8342+
wire toward cold mass end plate (CERN #21+)
Q2B Cryogenic (warm up) Heater (Non-LE)— | W2bQ2b | EH8342- | [ 7,73 ch MQ
wire toward cold mass mag center (CERN #21-) >20 MOhms

Using the Hewlett Packard HP3457 A digital multimeter, measure the Strip Heater Resistance for Q2a and Q2b.

LHC Q2 LQXB Shipping Traveler

Page 21 of 32

TABLE 8.0.3
(Q2a Strip Heater Resistance
Fermi CERN Description Limit Fermi Resistance
H1aQ2a | YTI112+| .. . ‘
H2a02a | YT1112- Circuit A 18.20 to 21Q2 i9 121 o
H1bQ2a | YT1122+ | .. . o
H2b02a | YT1122- Circuit B 18.20 to 2102 l9, 295 0
TABLE 8.0.4
(Q2b Strip Heater Resistance
Fermi CERN Description Limit Fermi Resistance
H1aQ2b | YT1132+ | .. . .
12202b | YT1132. Circuit A 18.20 to 212 14, 2yY o
H1bQ2b | YT1142+ | .. .
H2b02b | YT1142- Circuit B 18.20 to 212 | % . 908 0
2 - <) /45AY
Té‘hnician(s) N Date

LHC Serial No |LQXB04

Notes: Re-issued per DR No. | re-issued per DR HGQ-0495
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9.0 Final Power Lead Electrical Inspection
9.1 Using the HP3457 A, connect power thru the connector Power Leads (HA2
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)
R R« Superconductor
13Ka e - A
- §< Copper I VA2 Ivaz IHA2 IHBZ
o I
PP I VA1 IVB't IHA1 IHB1
8Ka e t—Superconductor .
“M— Copper
Vi Looking into Q2b)
TABLE 9.0.1
MCBX Corrector Coil Taps
Component Fermilab | CERN Fermi Resistance
O 11| .
p Label Label Nominal 0.040 Q |
Q2-H2 VTH2 | EES8122 iy v
HA2 N/A 38.9 o~ Q
Q2-V2 VTV2 EES8112 29 4
XVE Va2 N/A 34 o Q
=t G /(S5 /0Y
Tecy{cian(s) ~ Date
XXX 92 Hipot according to table below. Hipot to 1500V, Ramp Rate XXV/second. Dwell
Time 30 seconds. Maximum leakage is 3JA.
Hipot Heaters to Coil and Ground.
TABLE 9.0.2
High Potential Grounded Floating Fermi Leakage
Coils, Yoke, Q1 Instrumentation Bus,
All Strip Heaters Lead and Carrector Coil Busses, Nothing ’&
RTD's and Warm-up Heaters ,% 494 A A‘
Hipot Coil to Heaters and Ground.
TABLE 9.0.3
High Potential Grounded Floating Fermi Leakage
Strip Heaters, Yoke, Q1 Instrumentation Bus,
All Coils 8kA and 5kA Lead Busses and Corrector Coil Nothing ” {,0 g
/J?l@ses RTD's and Warm-up Heaters n A
=5 ﬁm - G 1 16/9 Y
Tec,l'rmt/lan(s) \-\_. Date
7 1L ok
RBSpSnSIb’[é Authority/Physicist Date
LHC Q2 LQXB Shipping Traveler LHC Serial No LQXB04

Notes: Re-issued per DR No. [ re-ssued per DR HGQ-0485
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9.3 Check Q1 Instrumentation Bus Wires for Continuity.
TABLE 9.04
Module | Pin| Fermi CEBN |KEK Description Fermi
Done
M2 | 1 [VTalQl  [EE1111 a1 |Q1 Lead Voltage Tap "a", primary dl
M2 | 2 VTa2Q1 [EE1121 ! a2 |Q1 Lead Voltage Tap 'a’, redundant -
M2 3 |VTc1Q1 |[EE1211 ¢l _|Q1 Center Voltage Tap "c¢", primary v/
M2 4 VTc2Q1 [EE1221 c2 |Q1 Center Voltage Tap "c", redundant /
M2 5 VTbiQdt |[EE1311 b1 _|Q1 Lead Voltage Tap “b", primary v/ ,
M3 5 |[VTbh2Q1 EE1321 b2 Q1 Lead Voltage Tap "b", redundant v
: Corrector voltage tap Q1-H1 (skew dipole) .
MS | 1 |vTHT  EES121 (on MCBX, MCBXH, A+ lead) v
Corrector voltage tap Q1-V1 (normal dipole)
M5 | 2 vTvi  [EEBIN (on MCBX, MCBXV A+ lead) /
Q1 Cryogenic Heater lead end - wire at top /
M7 1 WiaQ1  |EH8311+ (CERN #1 14)
Q1 Cryogenic Heater lead end - wire at bottom v
M7 2 W2aQ1 EH8311- (CERN #1 |-)
Q1 Cryogenic Heater non-lead end - wire at top J
M7 3 Wi1bQ1 |EHB8321+ (CERN #2 1+) o
Q1 Cryogenic Heater non-iead end - wire at
M7 4 W2bQ1 |EH8321- bottom (CERN #2 [-) v
Q1 Protection (Strip} Heater, (*a* circuit) /
M9 1 H1aQt  [YT1111+ HA1 (CERN lead #1+)
Q1Protection (Strip) Heater, ("a" circuit) S
M9 3 [H2adn YT1111- HA2 [(CERN lead #1-)
Q1 Protection (Strip) Heater, ("b" circuit) v
M9 5 H1bQ1  YT1121+ HB1 [(CERN lead #2+)
Q1 Protection (Strip) Heater, ("b" circuit) Ve
M10 | 4 H2bQ1  [YT1121- HB2 |(CERN lead #2-)
M12 | 1 [TaQi_l+ [TT8311 i+ Q1 RTD, primary Wire color: Yellow v
M12 | 2 [TaQ1 |- [TT8311 - Q1 RTD, primary Wire color: Green v
Mi2 | 3 [TaQ1_V+ [TT8311 U+ Q1 RTD, primary Wire color: Black
Mi12 | 4 [TaQ1_V- |TT8311 U- Q1 RTD, primary Wire color: Red v
M12 5 |[TbQ1_I+ ({TT8321 I+ Q1 RTD, primary Wire color: Yellow v
M12 | 6 [TbQ1 I [TT8321 J- Q1 RTD, primary Wire color: Green v
M12 | 11 [TbQ1_V+ [TT8321 U+ Q1 RTD, primary Wire colar: Black v
M12 | 10 [TbQ1 V- [TT8321 U- Q1 RTD, primary Wire color: Red v/
T S A - /¢
Te}ﬁcian@)/ ~/ Date
LHC Q2 LQXB Shipping Traveler LHC Serial No LQXB04
Notes: Re-issued per DR No. ] re-issued per DR HGQ-0495
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10.0 Shipping the Magnet

10.1 Acquire the Shipping Frame Assembly (ME-390686).

10.2 Acquire the following shipping hardware:

Eyebolt McMaster-Carr 3016T87 6ea
Eyebolt McMaster-Carr 3016T83 6ea
Hex Nut MA-393328 24 ea
Flat Washer MA-393328 12 ea
Lock Washer MA-393329 12 ea
Chain w/2 Hooks MA-390702 6ea
Mouting Bolts MA-39332] Yea
Flat Washer MA-393323 9ea
Lcok Washer MA-393322 Oea
Hoist Rings McMaster-Carr (2994767) I0ea

10.3 Remove the Hoist Rings (4 ea) from the Outer Frame as per ME-390710.

- ;I_Hoisl Rings Remain
(3 ea/per end)

7 before insialling magnet
P (1"7,\/? g o 7" < 7
ST Tecﬂqnf@ian(s) Date
LHC Q2 1.QXB Shipping Traveler LHC Serial No LQXB04

Notes: Re-issued per DR No. 1 re-issued per DR HG(Q-0495
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14.0

Installation of Hypertronics

14.1

Specification # 5520-TR-333643
July 14, 2004
Rev.D

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
M1 5
M2 1 |[VTa1Q1 EE1111 at Q1 Lead Voltage Tap "a", primary
M2 2 |VTa2Qt EE1121 a2 Q1 Lead Voltage Tap "a" redundant
M2 3 |VTel! EE1211 ¢l Q1 Center Voltage Tap "c", primary
M2 4 EE1221 c2
M2 5

No Connection

1

M3 2 Empty Empty No Connection

M3 3 |Empty Empty No Connection

M3 4  |Empty Empty No Connection
5

Q!

ead!ta e T D "b",redant

M4

M4 1 Blank Module
M4 2
M4 3
M4 4
5

Corrector voltage tap Q1-H1 (skew dipole)

M5 T vVIH EE8121 (on MCBX, MCBXH, A+ lead)
Corrector voltage tap Q1-V1 (normal dipole)
M5 2 |vmvi 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.: LMOQXB04-1
Notes: Re-issued per DR No. HGQ-0495
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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 CryogenicHeater lead end - wire at top

M7 1 [WiaQ1 EH8311+ (CERN #1 1+)
Q1 Cryogenic Heater lead end - wire at
M7 2 |wzaQ1 EH8311 bottorn (CERN #1 1-)
Q1 Cryogenic Heater non-lead end - wire at
M7 3 [(Wibth EH8321+ top (CERN #2 I4)
M7 4 |wobai EHB8321- Q1 Cryogenic Heater non-lead end - wire at

bottom (CERN #2 |-}

Empt

No connection

Blank Module

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

M9 1 |H1aQ1 YT1111+ (CERN lead #1+)
M9 2 |Empty Empty No connection
i Q1Protection (Strip) Heater, ("a" circuit)
M9 3 H2aQi1 YT1111 (CERN lead #1-)
M9 4  |Empty Empty No connection
M9 5  |H1bO1 YT11214 Q1 Protection (Strip) Heater, ("b" circuit)

(CERN lead #2+)

i

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

Q2 LMQXEB Cold Mass Module Assembly

LHC Serial No.: LMQXB04-1
Notes: Re-issued per DR No. HGQ-0495
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Table 14.1
Module | Pin FT::;';Tb ﬁ::g :: IIIE:Ie(I Description
M11 1 Blank Module
M11 2
M11 3
M11 4
M11 5
Note: Pin numbers of Module M12 are not listed in numerical order
M12 1 |TaQi_i+ [TT8311 I+ Q1 RTD, primary Wire color: Yellow
M12 2 |TaQi_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- 778311 U- Q1 RTD, primary Wire color: Red
M12 5 |TbQ1_I+ 1778321 I+ Q1 RTD, redundant: Wire color: Yellow
M12 6 |ThQ1_I- |TT8321 |- Q1 RTD, redundant: Wire color: Green
M12 11 1TbQ1_V+ [TT8321 U+ Q1 RTD, redundant: Wire color: Black
M12 10 [TbQ1i_V- |TT8321 U- Q1 RTD, redundant: Wire color: Red
M12 9 [Empty Empty No connection
M12 8 |Empty Empty No connection
Mi2 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
Mi2 17 |Empty Empty No connection

Q2 LMQXB Coid Mass Module Assembly

Page 65 of 88
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Hypertronics Connector Pin Locations for Q2 (ip, or Q2a end)
VIEW: Female (receptacle) solder cup side
®6 ®17 : .
o5 e11 016 05| O5| @5} 05/ 05| O5|] O5| O5| @5| @5| O5| _
o1 ®10 o15 O4| ®4| 04| 04| @4} 04| 04| 04| 04] ‘®#4| O4 — -
o3 2% oqa| O3] O3] ®3| o3| e3f o3 03| 03| 08f @3] 03 Wires —»
o2 ©8 ©13 o2| o2| o2| o2| e2| 02| e2i 02| o2| e2| o2
@7 | o1| 01| @1| o1| e1| 01| @1} 01| 01| @1| Ot
o1 ®12 ‘ ; . .
M12 Mi1 M10 M9 M8 M7 M6 M5 M4 M3 M2 M1

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

Black U+
Yellow I+
Red U -

Green | -

Individual Thermometer Layout

U/

Techniciafn(s) Date

Q2 LMQXB Cold Mass Module Assembtly LHC Serial No.: LMOQXB04-1
Notes: Re-issued per DR No. HGQ-0495
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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

Module

Pin

Fermilab
Label

CERN
Label

Description

M1

Blank Module

M1

M1

M1

M1

M2

iblWiN=

VTaiQt1

EE1111

Q1 Lead Voltage Tap "a" , primary

M2 VTa2Q1 EE1121 Q1 Lead Voltage Tap "a", redundant
M2 VTeiQi EE1211 Q1 Center Voltage Tap "c", primary
M2 VTe2Q1 EE1221

Q1 Center Voltage Tap "¢", redundant

M3

]
2
3
4
5

—

VTb1

VTc1Q2a

EE1311

EE1212

ary

Q2a Center Voltage Tap "c¢", primary

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

VTb2Q1

M3 2 |VIdQza |Empty outer interface)

M3 3 |VTa2Q2a |EE1122 Q2a lead Voltage Tap "a", redundant

M3 4 (VTatQ2a |EE1112 Q2a Lead Voltage Tap "a", primary
5

EE1321

EE1222

H

M Lead Voltage Tap redundant

VTb1Q2b

M4 1 |[VTe2Q2a Q2a Center Voltage Tap "¢", redundant

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

M4 3 {VTb1Q2a |EE1312 Q2a Lead Voltage Tap "b", primary

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

M4 5 EE1612

02b Iead Voltage Tap "b" primary

T

O2b Quarter Cosl Voltage Tap "d" (1 |nner-03

M5 ! VTdQzb Empty outer interface)

M5 2 {VTc2Q2b |[EE1522 Q2b Center Voltage Tap "¢", redundant

M5 3 |VTe1Q2b |EE1512 Q2b Center Voltage Tap "c", primary

M5 4 |vTeQzb |Empty Q2b Quaner Voltage Tap "e", (Q2 inner -Q4
outer interface)

M5 5 |VTb2Q2b [EE1622 Q2b Lead Voltage Tap "b" redundant

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMOXB04-1
Notes: Re-issued per DR No. HGO-0495
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Table 14.2
. Fermil ERN KEK e
Module | Pin T.:'befb fabel Label Description
MG 1 VTalQ2b |EE1412 Q2b Lead Voltage Tap "a", primary
M6 2 |VTa2Q2b |EE1422 Q2b Lead Voltage Tap "a“, redundant
Mé 3 |Empty Empty No connection
M6 4 |Empty Empty No connection
5 {Empt No connection

Blank Module

M7

M7

M7

M7

G| ||| —

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

M8 1 |VTH1 EE8121 MCBX, MCBXH, A+ lead)

Corrector voltage tap Q1-V1 (normal dipole) (on
M8 2 VTV1 EES8111 MCBX, MCBXV A+ lead)

Corrector voltage tap Q2-H2 (skew dipole) (on
M8 3 |VTH2 EE8122 MCBX, MCBXH, A+ lead)
e s |vrve EEB112 Corrector voltage tap Q2-V2 (nhormal dipole} (on

MCBX, MCBXV, A+ lead)

Emty |

No connection

Blank Module

Q1 Cryogenic Heater lead end - wire at top

M10 1 WiaQ1 EHB8311+ (CERN #1 I+)

M10 > |woagi EHB8311- (% 152{304?19?-;0 Heater lead end - wire at bottom
M10 3 |wibQi EHB321+ g; E)Cnéogﬁn;c; I;ifa)ater non-lead end - wire at
M10 4 |wobai EH8321- bQ;ttgr:]yc()g?EnFichH#ezatlir non-lead end - wire at
M10 5 |Empty Empty No connection

Q2 LMQXB Cold Mass Module Assembly

LHC Serial No.: LMQXB04-1
Notes: Re-issued per DR No, HGQ-0495
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toward cold mass mag center (CERN #2 I-)

. Rev. D
Table 14.2
. Fermilab CERN KEK ‘s
Module | Pin Label Label Label Description

Q2A Cryogenic Heater lead end - wire toward
M11 1 |W1aQ2A  [EHB312+ 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
M11 3 |W1bQ2A |EHB522+ toward cold mass end plate (CERN #2 |+)
M1 1 4 |W2bQ2A |EHS322- Q2A Cryogenic Heater non-lead end- wire

Empty

E

Q2B Cryogenic Heater lead end - wire toward

M12 1 (WiaQ2B |EH8332+ cold mass end plate (CERN #1 |+)

we | o fwescos Jeussse | |328 Compeme stried i e
wiz | o |wioes |aweasee | [028 Cogens sl ralead ord i
iz | 4 wanazo, [eaasz. | 020 Crvoqen et nomeed nd e
Mi2 5 |Empty Empty No connection

Blank Module

M13 1
M13 2
M13 3
M13 4
M13 5

Q1 Protection

(Strip) Heater, ("a" circuit)

M14 1 H1aQ1 YT1111+ |HA1 (CERN lead #1+4)

M14 2 |Empty Empty No connection

M14 3 |H2a01 YT1111- HA2 Q1Protection (Strip) Heater, ("a” circuit) (CERN
lead #1-)

M14 4 |Empty Empty No connection

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

(CERN lead #2+)

Q2 LMQXB Cold Mass Module Assembly

Page 69 of
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Table 14.2
. Fermilab CERN KEK -
Module | Pin Label Label Label Description
M15 1 Empty Empty No connection
Q2a Protection (Strip) Heater, 1-4 & 2-3 circuit
M5 | 2 |H1aQ2a |¥YTi112+ (FNAL lead A+) (CERN lead #1+)
M15 3 |Empty Empty No connection
i Q1 Protection (Strip) Heater, ("b" circuit)

M15 4 |H2bQH1 YT1121 HB2 (CERN lead #2-)
M15 5 |Empty Empty No connection

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

M16 1 |HeaQza YTI112- (FNAL lead A-) (CERN lead #1-)
M16 2 |Empty Empty No connection
Q2a Protection (Strip) Heater, 1-2 & 3-4 circuit
M16 1 3 |H1bQea ¥YT1122+ (FNAL lead B+) (CERN lead#2+)
M16 4 |Empty Empty No connection
M16 5 |HobQza |YT1122- Q2a Protection (Strip) Heater, 1-2 & 3-4 circuit

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

M17 1 Empty Empty No connection
} Q2b Protection (Strip) Heater, 1-4 & 2-3 circuit
Mi7z | 2 |H2aQ2b |YT1132 (FNAL lead A-) (CERN fead #1-)
M17 3 |Empty Empty No connection
M17 4 |H1aczp  YT1132+ Q2b Protection (Strip) Heater, 1-4 & 2-3 circuit

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

Empty

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
Q2b Protection (Strip) Heater, 1-2 & 3-4 circuit
Mg | 3 H20Q2b  YTi142 (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.: LMQXB04-1
Notes: Re-issued per DR No. HGQ-0495
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Table 14.2
. Fermilab CERN KEK .
Module | Pin Label Label Label Description

M19 1 Blank Module

M19 2

M19 3

M19 4

M1g 5

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

M20 1 TaQi_i+ {TT8311 |+ 1 RTD, primary Wire color: Yellow
M20 2 |TaQ1_I- [TT83111- Q1 RTD, primary Wire color: Green
M20 3 |TaQi1_V+ |TT8311 U+ Q1 RTD, primary Wire color: Black

M20 4 {TaQ1_V- |TT8311 U- Q1 RTD, primary Wire color: Red

M20 5 |TbQ1_Il+ {TT8321 i+ Qt RTD, redundant: Wire color: Yellow
M20 6 |TbQ1_I- |[TT8321 |- Q1 RTD, redundant: Wire color: Green
M20 11 |TbQ1_V+ [T78321 U+ Q1 RTD, redundant: Wire color: Black
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_l+ [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 [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.: LMQXB04-1
Notes: Re-issued per DR No. HGOQ-0495
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Table 14.2
Note: Pin numbers of Module M21 are not listed in numerical order
. Fermilab CERN KEK I
Module | Pin Label Label Label Description
M21 1 TaQ2b_l+ |TT8332 I+ Q2b RTD, primary Wire color: Yellow
M21 2 |TaQ2b_I- [TT8332I- 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: Yellow
M21 6 |ThQ2b_l- |TT8342 I- Q2b RTD, redundant: Wire color: Green
M21 11 |TbQ2b_V+|TT8342 U+ Q2b RTD, redundant: Wire color: Black
M21 10 [TbQ2b_V- |TT8342 U- Q2b RTD, redundant: Wire color: Red
M21 9 |Empty Empty No connection
M21 8 |Empty Empty No connection
M21 7 |Empty Empty No connection
M21 12 |Empty Empty No connection
M21 13 |Empty Empty No connection
M21 14  |Empty Empty No connection
M21 15 |Empty Empty No connection
M21 16 |Empty Empty No connection
M21 17 |Empty Empty No connection

Q2 LMQXB Cold Mass Module Assembly
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Hypertronics Connector pin locations for Q2 (non-ip, or Q2b end)
VIEW: Male (pin) solder cup side
170 Ee|17 9 LX)
50 [5@ 15 |5@ [58 |50 |50 |50 {50 |50 [50 i50 5C |5@ |50 |58 {50 {50 |80 11 e [ ]
: 168 59|60 5@
40 |4@ (40 [40 |40 {20 [40 [4a® |40 |4@ |ae@ 49 140 140 (49 }40 |ae |40 a0 “10@ 10
: 1 _ 15 @ 481150 40 Wires
30 |3® |38 |38 [3@ |30 |30 [3@ {30 3@ (3@ 38 (30 [3e |30 [3e [30 [3e |30 9 @ ] 9 o
4@ 301140 3¢] |
20 [2@ 20 [20 |20 [20 [20 [28 |20 [2e |20 |28 |20 20 28 {20 |20 |20 (20 ..13.8 2.1303 20
10 J1® (10 |1e |10 [1@ |10 |18 |10 [1@ |18 |10 |10 [1e |10 |18 {10 {18 J1o0 [P ] 7 —
. 128  {eliz0 1@
M M2 M3 M4 M5 M6 M7 M M9 MIDO MI1 MI12 MI3 M14 M15 M16 M17 M18 M19 M20 M1
@ Hole filled in grey: Wire soldered to pin.
© Hole with dot in center: Pin exists but no wire soldered to it.
O Hole filled in white: No pin. Hole is drilled out.
=3 Black U+
(g Yelow I+
= Red U -
3 Green | -
Individual Thermometer Layout
1cian(s) Date ¥ 7
XXX 143 Check installation of Hypertronics. Ensure Hypertronics were installed as per Q2 Cold

Mass Welded Assembly (ME-390309), Hypertronics Connector Assembly Q2 Magnet
Return End (MB-418133) and H pertronics Connector Assembly (MB-4]18083).

//
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Responsible Authority/Physicist

Q2 LMQXB Cold Mass Module Assembly
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