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TD/Engineering & Fabrication

Specification # 5520-TR-333644

February 2, 2004

Rev.D
Revision Page (1 of 3)
Revision _ Step No. Revision Description TRR Ne. Date
None N/A Initial Release N/A 6/17/02
A 3.1 Removed Step. Not necessary. 1485 10/2/02
32 Modified Step. Changed to “Add Insertion Rails per Vacuum Vessel
Assembly (ME-350129).”
4.1 Modified Step. Added “Suspension System Adjusting Screw, M16 x 70mm
SHCS and Washer” to the Parts table.
43 Modified step. “Install the Suspension System Adjusting Screws
{MB-390039}, M16 Screw and washer into the Vacuum Vessel to hold the
Fixed Support Assembly in place. Coat all screw heads with Molybdenum
disulfide prior to installation.”
4.6 Modified step. “Install the Suspension System Adjusting Screws
{MB-390039), M 16 Screw and washer into the Vacuum Vessel to hold the
Sliding Support Assemblies in place. Coat all screw heads with Molybdenum
disulfide prior to installation.”
4.11 Modified Step. “Slide the Suspension System over the Cold Mass and place
on tooling. The Suspension system may be disassembled during this step.
Record shim sizes and locations prior to disassembly.” New Step 4.13.
5.1 Added Step. “Place the Cold mass assembly on the insertion rail system.”
53 Added Step. “Install Cold mass Insulation per Cold mass Insulation
Installation (ME-390302).”
5.3 Added Step. “Using Pipe Supports as a template, cut the blankets around the
Pipe Support Feet and slit blankets circumferentiaily at the Pipe Supports.”
56 Added Step. “Remove Pipe Supports and blankets. Wrap blankets in plastic
bag to keep clean for later use. Label blankets as they are removed for later
positioning.”
5.7 Added Step. “Install Pipe Supports to same location as in step 5.4.”
5.16 Added Step. “Weld the Pipe Support Gussets to the Cold mass per Q2 Piping
Assembly (ME-390208).”
6.0 Modified Steps per Tom Page.
7.1 Modified Steps per Tom Page.
7.2 Moditied Steps per Tom Page.
7.3 Modified Steps per Tom Page.
7.4 Modified Steps per Tom Page.
7.5 Modified Steps per Tom Page.
B 4.1 Modified Step. Changed 1o “Tabel the IP End and the Non-IP End of the 1539 717103
Vacuum Vessel with a temporary sticker or equivalent.” per Jim Rife.
5.0 Added Note “Note(s): Do not use a strap wrench on the pipes.” per

DR No. HGQ-0394.

LHC Q2 Cryostat Final Assembly

LHC Serial No.: LOXB08-0

Page 2 of 36

Notes:



TD/Engineering & Fabrication Specification # 5520-TR-333644
February 2, 2004

Rev.D
Revision Page (2 of 3)
Revision  Step No. Revision Description TRR No. Date
c 3.2 Added Step. “Inspect the transition area between the support sections and 1570 11/18/03
tube sections. Grind smooth if necessary.”
33 Added Step. “Clean the Vacuum Vessel using a vacuum cleaner or
equivalent.”
3.8 Modified Step. Added “Tap out holes with M10 - 1.5 Tap. Move Vessel to
Table.”
49 Added Step. “Measure the distance between the Suspension Rings at the

bottom of the Threaded Rods. Install Threaded Rods after measurements.”

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

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

5.0 Modified, rearranged and added steps from step 5.13 to 5.35, per Notes taken
by Steve Gould and Tom Page on LQXBO02.

5.8 Added Step. “Install Q2 Installation Tie Rod Assembly (MC-390635) and
Tie Bar Retaining Clamp (MB-390136) as per Q2 Cryostat Assembly -
Internal Piping (ME-390208).” per traveler LQXB03-0.

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

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

5.20 Modified Step. Changed Technician Signoft to Weldor Signoff.

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

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

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

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

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

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

LHC Q2 Cryostat Final Assembly
I.LHC Serial No.: LOXBOS-0

Notes:
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TD/Engineering & Fabrication

Specification # 5520-TR-333644

February 2, 2004

Rev. D
Revision Page (3 of 3)
Revision  Step No. Revision Description TRR No. Date
D CoverPage  Modified. Added signoff for Rodger Bossert for Final Electrical Steps in 1586 272104
traveler.
3.1 Added Step. “Record the Vacuum Vessel Serial Number.” per Jim Rife.
4.9 Modified Step. Moved to after Leak Checks. (New Step 5.34)
4.11 Modified Step. Changed %™ to 2” per Steve Gould.
5.8 Added Step. “Install Q2 Installation Tie Rod Assembly (MC-390635) and
Tie Bar Retaining Clamp (MB-390136) as per Q2 Cryostat Assembly -
Internal Piping (ME-390208).”
5.15 Moadified Step. Changed to Technician Signoff.
5.21 Removed Step. “Re-install the Threaded Rods and lock into place.” per TR-
333644, LQXBO4.
5.22 Remove Step. “Perform a Stretched Wire Measurement.” per TR-333644,
LQXBO4.
5.23 Removed Step. “Insert the Q2 Pumping Line Tube (MB-390147) and Q2
Cool Down Line Tube (MB-390146).” Completed in step 5.10.
5.24 Removed Step. “Weld Pumping Line End Flange (MA-390032) to the Q2
Pumping Line Tube (MB-390147).” Completed in step 5.12.
5.25 Removed Step. “Weld Cool Down Line End Flange (MA-390033) to the Q2
Cool Down Line Tube (MB-390146).” Completed in step 5.12.
6.9 Modified Step. Added “Tap the PEM nuts prior to installing shield. Use care
in tightening screws so they don't break.” per DR No. HGQ-0441.
7.6 Modified Step. Added Note. “Note(s): Ensure proper lubrication on
adjusting screws. Check threads on screw and vacuum vessel prior to
assembly and fix if necessary.”
8.0 Added Step. Added Final Electrical Inspection per Jim Rife.

LHC Q2 Cryostat Final Assembly

LHC Serial No.: LOXB08-0

Page 4 of 36

Notes:



TD/Engineering & Fabrication

Specification # 5520-TR-333644

February 2, 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

12

1.3

1.4

1.5

L6

All steps that require a sign-off shall include the Technician/Inspectors 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.-

All personnel performing steps in this traveler must have documented training for this
traveler and associated operating procedures.

Personnel shall perform ali 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.
9/ 29 Lt

; LASSE 7 *7
rocess Erfgineering/Designee Date V4

LHC Q2 Cryostat Final Assembly

Rev.D

LHC Serial No.: LOXB08-0

Page 5 of 36

Notes:



Specification # 3520-TR-333644
February 2, 2004

TD/Engineering & Fabrication

Rev. D
3.0 Vacuum Vessel Preparation and Paintin
3.1 Record the Vacuum Vessel Serial Number.
SNV |3¢]
PN A 1B 30] sy
Q\ \ Technician(s) Date !
/\Q\ @ Add Igsertion Rails per Vacuum Vessel Assembly (ME-390129).
A
Technicijn(s) Date
13 Inspect the transition area between the support sections and tube sections. Grind smooth
Teé'hhician(s) Date
34 Clean the Vacuum VYegsel using a vacuum cleaner or equivalent.
IJ'C‘
3 ® 10/10/0t/
Techmcmn@ ke for Date
. %’@'/\Q cp@ geak Checkx\e Vacuum Vessel Assembly (ME-390003) per ES-107240,and record—
Part No. DETERMINATION OF DETECTABLE LEAK
M.D.S. + ((Response — Background) + Leak value) = MDL
OPERATOR’S SCALE UNITS | SCALE UNTTS
’ BEFORE WHILE
LAST NAME HELIUM ENCLOSURE MDS Response | Background Leak Value MDL
PROBE FLOODING
xE-8 xE"—
Twpeciar “Tohnie jan Date

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

equivalent.
&40 ¢ j0-30-0/
Technician(s) Date
3.7 Mask the Stainless Steel Components of the Vacuum Vessel for painting.
v/ (0-39 ¢
Technician(s) Date

LHC Q2 Cryostat Final Assembly
LHC Scrlal No.: LOXB08§-0
Notes:

Page 6 of 36




TD/Engineering & Fabrication Specification # 5520-TR-333644
February 2, 2004

Rev. D
38 Prime the Vacuum Vessel using Rust-o-leum (Fermi stock 1825-4000).
& tp, (©-30-0f
Technician(s} Date

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

Move, Vessel to Table.
.00 1] 380wt

Leaef Person Date

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

Vacuum Vessel
(ME-390129)

Technician(s) 0 Date

LHC Q2 Cryostat Final Assembly
LHC Serial No.: LOXBO08-0

Notes:
Page 7 of 36



TD/Engineering & Fabrication

4.0 Suspension System

Specification # 5520-TR-333644

February 2, 2004
Rev.D

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

Part Name Part Number Quantity | Completed
Fixed Support Assembly (ME-390041) 1 e
Sliding Support Assembly (ME-3%0042) 2 v
Tie Bar Assembly (ME-390167) 4 e
Tie Bar Shim, .250" (ME-390118) 6 o
Tie Bar Shim, .093" (ME-390119) 6 /
Tie Bar Shim, .031” (ME-390120) 6 o
e | o | 2 |
M16 x 70mm SHCS (MA-393021) 12 v/
Washer (MA-390377) 12 \/

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

equivalent. p

U

Technician(s) 4

LHC Q2 Cryostat Final Assembly

Page 8 of 36

i 9/- 2%

Date

LHC Serial No.: LOXB08-0

Notes:



TD/Engineering & Fabrication Specification # 5520-TR-333644
February 2, 2004
Rev. D

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

/ /@/ [+ 4/ 0]

Tec nicianf‘s/) 4 Date

43 Install the Suspension System Adjusting Screws (MB-390039), M16 Screw and washer
into the Vacuum Vessel to hold the Fixed Support Assembly in place. Coat all screw
threads with Molybdenum disulfide prior to installation.

/ %7/ /~a/ —0{/

Technician(s?’ ‘ Date

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

Wall.
Adjusting Screw
{MEI-390039)
1T Ty T1T
(G NN JI‘ cl <A
Techni&ian(s) @) Date

L.HC Q2 Cryostat Final Assembly
LLHC Serial No.: LOXBOg&-0

Notes:
Page 9 of 36



TD/Engineering & Fabrication Specification # 5520-TR-333644
February 2, 2004
Rev.D

45 Insert the Sliding Support Assemblies (ME-390042) in to the Vacuum Vessel and
position at each of the outboard support sections.

1//&% //-' )'0”}

Te%hnigian(ﬁ Date

4.6 Install the Suspension System Adjusting Screws (MB-390039), M16 Screw and washer
into the Vacuum Vessel to hold the Fixed Support Assembly in place. Coat all screw
threads with Molybdenum disulfide prior to installation.

W /1-0)~34]

Technician(s)' Date

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

Adjusting Screw
{(MB-390039)

O ol l-¢l -

Technician(ls) a Date

LHC Q2 Cryostat Final Assembly
LHC Serial No.: LOXB08-0
Notes:
Page 10 0of 36



TD/Engineering & Fabrication Specification # 5520-TR-333644
February 2, 2004

Rev. D

4.8 Assemble the Suspension System using the Fixed Support Assembly (ME-390041), the
Sliding Support Assemblies (ME-390042) and the Tie Bar Assemblies (MC-390167).
Insert Tie Bar Shims (MC-390118).(MB-390119) and (MB-390120) between the Sliding
Support Assemblies (ME-390042) and the Tie Bar Assemblies (MC-390167) as required.
(Reference drawing: ME-390310)
(" T i-ot-04
Technicidn(s) 4 Date

49 Label the [P End Support and the Non-IP End Support.
{Writing on the G-11 Support is acceptable).
(FD‘ t/NOL/\ ‘\—@\“04
Techniciah(s) () Date

4.10 Loosen each Suspension System Adjusting Screw (MB-390039) 2 turns and remove the

Mn System from the Vacuum Vessel.
:;C<Ev// Lf12y

Tethnician(s) Date

4.11 Configure the Suspension Tooling for Q2 Assembly per (ME-364604). Place Suspension
Assembly on the tooling and make necessary adjusts to the tooling.
oy (1115151
Téé}iﬁ'ician(s) ~ Date

4.12 Assemble the Outboard Suspension Mounting Brackets {(MD-390280} to the Sliding
Support Assemblies (outhoard supports, ME-390042).

CZZ-ZE'% !,!/\S'I\J‘{

Tecﬁician(s) Date

4.13 Assemble the Center Suspension Mounting Brackets (MD-390281) to the Sliding Fixed
Assembljes (center support, ME-3%0041).

' il [157a¢ {
Tecy(nician(s)' Date
oW/ S W FPJ”" SMw LESS
I
y 11" 117 prd o pad o

“THeeayks Rad.

NE SE
7" 12676

S. Gouts
ll\l\(ﬁ

LHC Q2 Cryostat Final Assembly
LHC Serial No.: LOXB08-0

Notes:
Page 11 of 36



TD/Engineering & Fabrication Specification # 5520-TR-333644
. February 2, 2004
Rev. D

4.14 Slide the Suspension System over the Cold Mass and place on tooling. The Suspension

system may be disassembled during this step. Record shim sizes and locations prior to
disassembly.

Note(s):

AK 1T 4 ‘4, Ensure that the Suspension System is configured properly to the Cold Mass with
ﬁ\ eIp)

E!

) m“ _,nir Lié’ﬂ:rson Date

Qr.‘(- f

respect to the IP and Non-IP Ends.

% /s/0Y
ST‘“‘-\“"[ lu-(e\Te%uan(s) Dafte[ /

YC < X 4.15 Verlty locking collars exist only at center support.

Cropee— IDCE s

4.16  Establish alignment between the Cold Mass and the Support system. Install shims

B between the Brass Slide Bars and the Stainless Steel Blocks on each support as needed.
){\%Q:\é)\ Record Shim size and location below.
N\ Y ©4O
East-North __, O East-South __.
Center-North _, ©%S~ Center-South __« Q4 &
West-North __ (O JT West-South . © (>

Ry T .
%:hnician(s) Date

X 4.17 Verify fhe Arlignme t the Cold Mass and the Support System. /
Crew Chief Date

4.18 Weld the €old Mass to the Outboard Cold Mass Brackets as per (ME-390310).

%/Z// i e R R

‘Weldor(s) Date

LHC Q2 Cryostat Final Assembly
LHC Serial No.: LOXB08-0
Notes:
Page 12 of 36



TD/Engineering & Fabrication Specification # 5520-TR-333644
' February 2, 2004
Rev. D

5.0 Piping Assembl

Note(s):
Do not use a Strap Wrench on the Pipes.

5.1 Place thgyCold Mass Assembly on the insertion rail system.
S rm—— - -
U I-29-c4
_J_%chnician(s) Date

5.2 Clean the Pipe Supports with Ethyl Alcohol (Fermi stock 1920-0550) and Kimwipes
(Fermi stock 1660;2500) or equivalent.

i Z1T0Y

Technician(s) Date

5.3 Install Cald mass Insulation per Cold mass Insulation Installation (ME-390302).

R /)30 - oF

“Fpfhnician(s) Date

5.4 Install the Pipe Supports (MD-350258)Qty. 4) on the Cold Mass per (ME-390208).
Note(s):
A Tie Bar may be disconnected, if necessary, from the Fixed Support Assembly to
install the central two pipe supports.

PIPE SUPPORT ASSEMBLY

\ // s i | |
[ Jen [2-1-0%
mician{s) =

LHC Q2 Cryostat Final Assembly
LHC Serial No.: LOQXB08-0

Notes:
Page 13 of 36



TD/Engineering & Fabrication Specification # 5520-TR-333644
February 2, 2004
Rev. D

5.5 Using Pipe Supports as a template, cut the blankets around the Pipe Support Feet and slit
blanket u’cumfcrentnally at the Pipe Supports.

,!/‘.,34,4,' 12 ~1- oF
echnician(s) . Date
5.6 Remove Pipe Supports and blankets. Wrap blankets in plastic bag to keep clean for later
use. Label blankets as they are removed for later positioning.
/. . o
/x‘chhnrman(s) Date
5.7 Install Pip upports to same location as in step 5.4.
T /2 7t oF
nrman(s) Date

5.8 Install Q2 Installation Tie Rod Assembly (MC-390635} and Tie Bar Retaining Clamp
(MB-390136) as per Q2 Cryostat Assembly - Internal Piping (ME-390208).

e /2.7 <

e /f echmcnan(s) Date

5.9 Clean the Q2 Heat Exchanger Outer Shell (MD-390145), Q2 Pumping Line Tube
(MB-390147) and the Q2 Cool Down Line Tube (MB-390146) with Ethyl Alcohol
(Fermi stock 1920-0550) and KllepeS (Ferrm tock 1660-2500) or equivalent.

fh = DIy

Date

icianfg) < =

5.10  Slide the Q2 Heat Exchanger Outer Shell (MD-390145), Q2 Pumping Line Tube
(MB-390147) and the Q2 Cool Down Line Tube (MB-390146) through all seven
Supports.

Note(s):
Ensure the cross over hole in the Heat Exchanger Pipe is lined up with the
L .}hnle in the Cold Mass Center Tube.

= J2 3 -oF

micgn(s) Date

5.11 Clean the Pumping Line Flanges (MB-390032), the Cool Down Line Flanges
(MB-390033) and the Heat Exchanger Outer Shell Flanges (MB-390031) with Ethyl
PFerm stock 1920-0550) and Kimwipes (Fermi stock 1660-2500) or equivalent.

U————

AN fr—,aL—— ’ 2 ; C¥F

echnician{s) ~ Date

5.12 Weld the Heat Exchanger Outer Shell Flanges (MB-390031), the Pumping Line Flanges
(MB-390032) and the Cool Down Line Flanges (MB-390033) to the ends of the
corresponding pipes.

d(](- //( (rae /‘4/9/(; Y

Weldor(s) Date

LHC Q2 Cryostat Final Assembly :
LHC Serial No.: LOXB08-0
Notes:

Page 14 of 36



TD/Engineering & Fabrication Specification # 5520-TR-333644
February 2, 2004
Rev.D

— 5.13 Clean the Cold Mass and the Retainer Clips (MA-390103) with Ethyl Alcohol
(Fermi stock 1920-0550) andhKi/n:nﬁipes (Fermi stock 1660-2500) or equivalent.

[l e Gk 22/ 204

Technicia Date!

JWeld the Retainer Clips (MA-390103) to the Cold Mass Outer Sheli as per the Pipe
Suy}nt Assembly (ME-390087) or (ME-390208}).

ey 12/ S0

Weldor(s) Date

S ' 5.15 Clean the Pipe Support Gussets with Ethyl Alcohol (Fermi stock 1920-0550) and
Kimwipes (Fermi ,?ock 1660-2500) or equivalent.

A (Do 00 Q28 | Jao wsid o) LeiBo2)

Technici:ln'(s) Date

5.16 Weld the P}pc Support Gussets to the Cold mass per Q2 Piping Assembly (ME-390208).

NMIA (DovE 60 Q2A ke UsED o LQIE-0Z )
Weldor(s) Date

5.17 Clean the Heat Exchanger Connection (MC-390111) with Ethyl Alcohol
(F,s.rmi stcgk 1920-0550) and Kimwipes (Fermi stock 1660-2500) or equivalent.

i ~ , B
(T e /> - ST
o— ///%:hmmg?l(s) Date ’

e
#

5.18 Install the Connector (Heat Exchanger to Cold Mass) (M(C-390111). Verify alignment
and then purge Cold Mass and (2 Heat Exchanger Outer Shell (MD-3901435), with Argon
Gas. -

g
e

) /%'chniciaﬁ(s’) Date

5.19 ‘Weld the Connector {(Heat Exchanger to Cold Mass) (MC-390111) to the Q2 Heat
Exchanger Outer Shell (MD-390145) and to the Cold Mass Center Tube per
(ME-390208, Section F-F).

pla 4. L — 2/ y Loy

Weldor(s) Date

Inse\rt 4,

5.20 ntercept Line Pipes per (ME-390208).

LHC Q2 Cryostat Final Assembly
LHC Serial No.: LOXB08-0
Notes:
Page 15 of 36



Specification # 5520-TR-333644

TD/Engineering & Fabrication
February 2, 2004
Rev. D

5.21 Pressure test the Cold Mass Assembly at 375 psi Nitrogen per
Section 5034 of the Fermilab ES&H Manual and UG- 100 of the Code.

Warning:
The test is to be performed after normal working hours and

only personnel directly invoived with the test will be present.

g e
Date

Iﬁs ector”

Leak Check the Cold Mass Assembly. (This will include the Exchanger Outer Shell).

5.22
Part No. DETERMINATION OF DETECTABLE LEAK
M 6[/': 3\.[)‘0\ &\ M.D.S. + ({Response — Background} + Leak value) = MDL
o RS SCALE UNITS | SCALE UNITS
PERATOR’ BEFORE WHILE .
LAST NAME HELIUM ENCLOSURE MDS Response | Background [ Leak Value MDL
PROPY g AL
4 ) ) ’,"‘ —— -‘/,- I3 . R - v e {’ (1‘
O\ (pD\()\ NS Oy [R8Bxesj5 xe'
ANN74

% .0 m, (=
¢; lnMr Date

5.23 Clean the Pumping Line Pipe Stop (MB-390149), (4 ea.) and the Cool Down Line Pipe
Stop (MB-390150) (4 ea.) with Ethyl Alcohol (Fermi stock 1920-0550) and Kimwipes

v by . .
N \5’ (Fermt stock 1660-2500) or equivalent.
N ' e .- ‘
LE A P . - < / ‘)7/(‘1‘/“
T | Techfician( Date
Al.’sf a
r7 524 Weld the Pumping Line Pipe Stop (MB-390149), (4 ea.) and Cool Down Line Pipe Stop

(MB>390150) (4 ea.) on the Pumping Line and Cool Down Lines. '
ROV

Pk fily A s /

L) Weldor(s‘)
3 - sy
£ N 5.25 We?*the fixed collar to the 4.5k Intercept Line Tube (MB-390204) per (ME-390208).
el ’ ] . 7 '
Lo / /Q‘ Y/ S 12/ /Y
Weldor(s) Date
LHC Q2 Cryostat Final Assembly
LHC Serial No.; LOXB08-0
Notes:
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TD/Engineering & Fabrication

Specification # 5520-TR-333644
February 2, 2004

Rev. D
5.26 Leak Check the Cool Down Line Tube (MB-390146).
Part No. DETERMINATION OF DETECTABLE LEAK
‘JL\Q’Q ..u"'-"_‘\
M.D.S. = ((Response — Background} + Leak value) = MDL
OPERATOR'S SCALE UNITS | SCALE m;u;rs ' "‘ L :
PERA ’ BEFORE WHILE -~ . ' R
LAST NAME HELIUM | ENCLOSURE MDS Respofise | Background | Leak Value MDL
PROBE FLOODING
_ - t, L ) >? C? ,% &
. B \ . % -8 [ L -
Codes AN 149 | S Hes U R®xes) ke
) -
D D D-3-oy
Inspector Date
5.27 Leak Check the Q2 Pumping Line Tube (MB-390147).
Part No. DETERMINATION OF DETECTABLE LEAK
M.D.S. = ((Response — Background) + Leak value) = MDL
SCALE UNITS | SCALE UNITS
OPERATOR’S BEFORE WHILE .
LAST NAME HELIUM ENCLOSURE MDS Response | Background Leak Value MDL
PROBE FLOODING
D [4ovt slars 2t
"y (- Ay ;usxs- XE-
T
- J— '? 4
VNN |3 =\2- O
Inspector Date
5.28 Leak check 4.5k Intercept Lines Tubes (MB-390204).
Part No. DETERMINATION OF DBETECTABLE LEAK
M.D.S. + ((Response — Background) + Leak value) = MDL
SCALE UNITS | SCALE UNITS
OPERATOR’S BEFORE WHILE .
LAST NAME HELIUM ENCLOSURE MDS Response | Background Leak Value MDL
PROBE FLOODING
/O

S

“4ax

G\

o

A%

¥

2.2

XE —

N \\ C’)%wf B

Inspector

LHC Q2 Cryostat Final Assembly
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o

|
t

Date
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/\ b"IO\S 29 Measuré the distance between the Suspension Rings at the bottom of the Threaded Rods.
Install Threaded Rods (MC-390635 and MA- 393227) ager measurements
Ars ﬁ-r‘ru‘

H443mm. 3“462/,‘.,, Non-IP %tbtom e, )

Non-IP South to IP “?;Elﬁgf-'m
o YU QY __“Efl_ ot —
o Lant Ip S 1o C,FWK /L!/Sby’

Lo Sga Technician(s) M Date

5.30 Install bottom ofshjeld (ME-320162, Qty 2) (ME-390163, Qty 2) (ME-390164).

& “%\.. [ fee /{)L/

Technician(s) Date

5.31 Install Center Retainers (MA-390086) before installing Support Bands (ME-390083).
Install Aluminum Spacers (MA-390373) and screws to the End Sections before attaching

the Support Bands.
A A

Technician(s) - Date

Clean the following parts from(Q2 Heat Exchanger Corrugated Tube Assembly
(ME-390143).

&E : Part Name Part Number Quantity | Completed
N Corrugated Tube Weldment |  (ME-390394) 1 o
Corrugated Tube Support (MB-390028) 8 o
Corrugate_d Tube Restrictor (ME-390029) 2 M
-7 e s s = -
o et ///,f«?f‘“’z ’,4? e e
Téchnic‘ian(s)/‘ Date

LHC Q2 Cryostat Final Assembly

LHC Serial No.: LQXB0B-0
Notes:
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6.0 Shield Assembly
6.1 Lift the Cold Mass Assembly and place the Center Section (ME-390164) and End
Sections (ME-390162) on the Insertion Rails. Lower the Cold mass back onto the rails
enstﬁhe holes in the Shield Sections line up with Support Rollers.
Ted‘f’fhlcmn(s) Date ' [ r
6.2 Install the Cold MdSS MLI Blankets per (ME-390302) and in the same position as Step 5.6.
¢ A_L/j 12 [ 2(V1
] Techhician(s) Date
g NES ' _ :
D - 0.3 Insert the I\fﬁctlons (ME-390163) and the Support Bands (MD-390083).
OS!;E} o7 - - &Y
( e pl ?(w T Technician(s) Date
G
L
Gﬂpﬁﬁ—"\ 6.4 Assemble the bottom half of the shield. Leave all bolts loose. Spray all screw threads with

Molybdenum.

Lower Shield Section
(ME-390082)

T

‘-"h-ra' ~.,1,.- ol

- \M,nﬁ i 2/ j&/o0y

Technician(s) - Date

LHC Q2 Cryostat Final Assembly

LHC Serial No.: LOXBQ8-0
Notes:
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6.5

6.6

6.7

6.8

6.9

6.10

February 2, 2004
Rev. D

Assemble t}_}ﬁoling Tubes (MD-390165) to the Bottom Half of the Shield.

ﬂcC;ﬂx? o /e oy

Techﬁician(s) Date

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

Note(s):
Place the Quter Blanket (ME-390314) on the Rails first.

. )
S, C WA

Technician(s} Date

Lower the Cold mass onto the raiis. Ensure the slits in the blankets line up with Support

Rollers:
/ﬁ /21112

T#niciaﬂ(s) Date

Cut and install the piplc; MLI blankets per Q2 Piping Insulation (ME-390306).

e (2 /1279y
Techniéian(s} Date

Tap the PEM nuts prior to installing shield. Use care in tightening screws so they don't
break. Install the Upper Shield per Q2 Thermal Shield Assembly (ME-390161). Spray

a]ﬁWim Molybdenum.
i =00

Techmc‘l'“a';l( 5} Date

Install the Shield Blankets (ME-390313 & ME-390314). Cutouts will have to be made

for the UppTS}port Lugs.
= / 1S /Oy

=4 Date

LHC Q2 Cryostat Final Assembly

LHC Serial No.: LOXB08-0
Notes:
Page 20 of 36
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A . 7.0 Cold Mass Insertion into the Vacuum Vessel
7.1 Install Green Pytty between the Vacuum Vessel and the Insertion Rails.
, Z N
Tethnician(s) Date
7.2 Install the Cold Mass Pull-in Tooling.
- / //_’ ,.r’{2/',/§) '\/
T,échnician‘fs) Date
7.3 Mount the Pneumatic Winch to floor on the West side of the Vacuum Vessel.
>
e /2/2170
T?ﬁ'niuan(s) Date
7.4 Connect the cable to the Pull-in Tooling.
. 74%/[ (>[z22 /oy
chl)fﬁician(s) : Date
1.5 Pult the Cold mass Assembly into the Vacuum Vessel.
> ’ [2 /2274
Tec%'ician—(g) Date
— 7.6 When the Cold Mass is fully inserted, install the Suspension System Adjusting Screws
{MB-390039).
Note(s):
Ensure proper lubrication on adjusting screws. Check threads on screw
and vacuum vessel prior to assembly and fix if necessary.
? B ) S '
. __”__f"ﬁ.r.«-‘ { B ),--' ,,» i L .
L_. ' ‘_‘;(/\‘ﬁ_ S 4 L“,.[rk i ;) C F"‘,f.‘: L!"!/
Technician(s)'v - ’ Date '
7.7 Assemble Corrugated Tube Supports (MB-390028) and Restrictors (MB-390029) to the
Heat Exchanger Corrugated Tube{ pef (ME-390143).
7 /
LIl oy e B R, ”7////
TCChniCIB.D((S) / s Date/ &7 7 7
7.8 Slide the Corrugated Tube Assembly (ME-390143) into the Heat Exchanger Outer Shell
per (ME-390142).
e re - 2704
"”:Technfc?ian(s) Date
m—

LHC Q2 Cryostat Final Assembly

LHC Serial No.: LOQXB08-0
Notes:
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7.9 Adjust the Suspension System Adjusting Screw (MB-390039) as needed to center the

Cold Mass in the Vaguum Vessel.
b 9-5.82- 01

Tec!‘i’nician(s)v 7 Date

7.10  Atthe Q2a end, measure Im 411.8 mm {55.58 in.] and cut the lead as per Q2 Module
Assembly Q2a Lead End (ME-369895, sheet 3 of 4). Have a Weldor fuse the ends of the

Superconductm@ble before shipping Magnet.

i, | 10 2% 8

Techmcmn(q ,, . ate
¢

e *z-u; s 2 -Ad- ol
eldor(q) s , o/ Date

711 Atthe Q2b end, measure 511.8 mm [20.15 in.] and cut the lead as per Q2 Module
Assembly Q2b Lead End Details (ME-369895, sheet 2 of 4). Have a Weldor fuse the
ends of the Superconducting Cable before shipping Magnet.

Techﬂfcxan(s/) o | - Date
P . S

. \MM‘C}L l/ -';’*’”;m/: g 0} o o

Weldor(s) - =7 =

LHC Q2 Cryostat Final Assembly
LHC Serial No.: LOXB08-0
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:

1. 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. Connect Iy to the S5KA bus (Q2a Q3 inner power lead) as shown in figure.
8. Connect | o to the Q2b Q3 inner power lead as shown in figure.
9. Turn test current on,
10. Connect Vi and V¢ buttons to voltage taps as shown below.
11. Read resistance and record in traveler.
EE1322 (Q2a) EE1312 (Q2a)
EE1622 (Q2b) EE1672 (Q2b) Pole

VTh2 (FNAL) VTb1 {(FNAL) /Splice

EE1122 (Q2a)
EE1422 (Q2b)
¥Ta2 (FNAL)

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

o
N
-

EE1212 (Q2a)
EE1512 {Q2b)
V¥el (FNAL)

(FAERRR P b ) B e T
‘ - EE1222 {Q2a)
, VTe2 (FNAL)
emzzz (Q ! ——:—.—__. VTd
e s (oz) 2 ===
T2 ( K ' i
. £ . 3 EE1122 (Q2a)
— K EE1422 (Q2b)
o . V¥Ta2 (ENAL)
| =ei212 020 2b R E€ 1112 (aza)
il EE1512 (Q2p) p_E_1.1 B ——— ; | . EE1412 (Q2b)
¥Tel (FNAL) . . B vTat (FNAL)
F - ’ Jumper
| e — B rram Qza
(4 sseoy ¥ 03 Inner
B ' I to 5KA
; | bus
Pole EE1312 (Q2a) EE1322 (Q2a) .
Splice EE1612 (Q2b) EE1622 (Q2b) &
VTh1 (FNAL) VTb2 (FNAL) :
R R R i
U
—
VALHALLA
scienTine 33008 1A
© o &
Reslstance
Test Temp VLoo Lo
Full Seale 20mV 200mv 2y Current Comp
Voitage [T [ 4

LHC Q2 Cryostat Final Assembly

LHC Serial No.: LOXB08-0

Notes:
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(Q2a) Resistance Nominal ~ 560 to 585 mQ
Voltage Tap Serial Numbers
g - P Quadrant Total Resistance
Connect] Fermi CERN Quadrant
Vi [VTIdQ2a [EMPTY
— Quadrant 1 T
Vo |VTclQ2a |EE1212 5712 mQ
V' VTel
HI TciQ2a |EE1212 Quadrant 2 ’
Vio [VTeQ2a |EMPTY 5713 mQ
VHI VTalQ2a EE1112
. Quadrant 3 - -
Vio |VTdQ2a |EMPTY S DS mQ
Vv
m_|VTeQ2a |EMPTY Quadrant 4 ——
Vio |VTbiQ2a |EE1312 35 7/f me
V, |VTalQZa |EE1112 Total Cold Nominal ~ 2.305 Q
Vo |VIbIQ2a |EE1312 Mass A A 0
= 12/28(07
Techrﬁian(s) Date
Check resistance of Redundant Voltage Taps.
Q2a Redundant Voltage Taps
Connect CERN Resistance
Vu |V E1122 -
Vio VTe2Q2: E1222 11ez.2 Q
V|.|| VTCZQZ& EE1222
Vio VTb2Q2a EE1322 FIN 2.5 o
A [ 5] o
Technicf)'é'ﬁ’(s) Date

LHC Q2 Cryostat Final Assembly
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s~ 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 ieft 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.

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 L, to Q2b/Q3 inner power lead as shown in figure.
9. Connect Hoy and L,y buttons to voltage taps as shown below.
10. Read Ls and Q from display and record in traveler.
EE1322 {G2a) EE1312 (Q2a)
EE1622 {024} EE1612 {Q2b) Pole
¥Tb2 (FNAL) Splice

VThE (FNAL)

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

EE1112 {Q2a)
EE141Z {G2h)
VTal (FNAL

——— EE1212 (Q2a)
EE1512 (Q2b)

// FSRRIEE o Vel (FNAL)
f N EE1222 (G2a)
—-— | b EE1522 (Q2Db)
i i VTc2 (FNAL)
B EE 1222 0 vTd
M EE1522 {Q25
lvTez (FNAL)
. 1 :

EE1122 (G 2a}
EE1422 (G2h)
VTa2 (FNAL)
EE1112 (Q2a)
EE1412 ((G2b)
VTal {FNAL)

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

| Jumper
i from Q2a
| Q3 inner
to SKA

i bus

EE1312 (Q2a) EE1322 (Q2a)
EE16%2 (Q2b} EE1622 (Q2b)
¥Thb1 {FNAL) VTb2 {F

ST

Pole
Splice

Hewilett
Packard HP42B4\A

Lgi Xxxx

Qe

=
Line cur Lpol Hpol‘ ur ?
O © o O

LHC Q2 Cryostat Final Assembly

LHC Serial No.: LOXBO08-0
Notes:
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(Q2a) Inductance

Nominal ~ 2.880 to 2.935 mH

Voltage Tap Serial Numbers

Quadrant Total Inductance

)Q( " Connect Fermi CERN Quadrant
~H [vragza |EmpTY ﬁ 3.4 ;
Q\Q“dk 7\\ POTN Q — Quadrant 1 ;l 7"
A \/\ ) > Lpoi& [VTe1Q2a  [EE1212 ' mH
H VTelQ2a |EE1212
i POT\} c1Q Quadrant 2 o,
Lpor® [VIeQ2a  |EMPTY S.udni mH
H VTdQ2a EMPTY '
'(‘ POT) Q22 | Quadrant 3 3 3 -
Lpo? |VTalQ2a |[EE1112 O A mH
H VTeQ2 EMPTY
”Q POT‘J eQ2a Quadrant 4 34076
Leot! {VIb1Q2a |EE1312 A mH
H VTalQ2a |EE1112 Nominal ~ 13.3376 mH
4 Pony - 2 Q2 Total Cold Mass -
Leort [VTb1Q2a |EE1312 13: ¢y m
(Q2a) Q-Factor Nominal ~ 4.5 to 5.2
Voltage Tap Serial Numbers
Quadrant Total Q
Connect Fermi CERN Quadrant
H {VTdQ2a [EMPTY :
\ Lpord [VieiQea  [EE1212 o 1 % < _3‘?
H VTclQ2a |EE1212
/’C pm} Q Quadrant 2 —-
Loorl [VTeQ2a  |EMPTY 35
Hpory |VTal@2a |EEt
”‘"'?OT) B B Quadrant 3 -
\Lpord [VTaQ2a EMPTY - 3 &
H VTeQ2 EMPTY _
2 POT‘} e Quadrant 4 QY
\Lporl |vIb1Q2a [EE1312 =i
H VTalQ2 EE1112 Nominal ~ 5.036
"[\ POT[\l alQ2a Total Cold Mass
Lpor~ [VIbIQ2a |EE1312 2 &
&77‘%4 [Tl gl oy

Technicﬁo{s)

LHC Q2 Cryostat Final Assembly
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EET122 {Q2a)
EE1422 (Q2b}
¥Ta2 (FNAL)

EE1112 (G2a)
EE1412 (Q2b)
vTal (FNAL)

[MEET222 (Q2a)
PR EETS22 (Q2b) [k

Specification # 5520-TR-333644
February 2, 2004
Rev. D

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 (2a Q3 inner power lead) as shown in figure.
Connect | to the Q2b Q3 inner power lead as shown in figure.

Turn test current on.

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

Read resistance and record in traveler.

SooeNOURLN S

EE1312 {Q2a)
EE1612 {Q2b}
VTbt {ENAL)

EE1322 (G2a)
E£1622 (Q2b)
VTHh2 (FNAL)

Pole
Splice

EE1212 (Q2a)
EE1512 (Q20)
¥Tcl (FNAL}

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

VTd

VTe2 (FNAL) EE1122 (G2a)

EE1422 (Q2b)
VTa2 (FNAL)

EE1112 (Q2a)
EE1412 (Q2h)

EE122 (Q2a)
EE1512 (G2b) _2.l2
VTet (FNAL)

from Q2a
Q3 Inner
to 5KA
. N bus
Pole EE1312 (Q2a) EE1322 {Q2a)
Salice EE1612 {Q2b) EE1622 (Q2b)

¥Tb1 (FNAL} VTb2 (FNAL)

~—.
VALHALLA
SCIENTIFIC 43008 1A
® o d
O
Resistance
Test Temp

Full Scale 20mv 200my 2y Current Comp

Voltage

L.HC Q2 Cryostat Final Assembly

LHC Serial No.: LQXB08-0
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 —
Vio |VTdQ2b |EMPTY ' S 9. 9 mg
Vi |VTeQ2b |[EMPTY

Quadrant 2 =

Vo |VIclQ2b |EE1512 " 3% 0 me
Vi [VTdQ2b |EMPTY

- - Quadrant 3
Vio |VTalQzb |EE1412 | $I0.9% me
v

w |VTb1Q2b |EE1612 Quadrant 4 0.1
Vio [vTeQzb |EMPTY 0. mQ
V, [VTblQ2b [EE1612 Total Cold Nominal ~ 2.305 Q
Mass

Vio |VTalQ2b |EE1412 & . aglr Ql

N

/2 fos/ 0
Teghnician(s) Date

Check the resistance of the Redundant Voltage Taps.

Q2b Redundant Voltage Taps

Connect Fermi CERN Resistance
Vi | VIe2Q2b EE1522
Vio ‘VTa2Q2b EE1422 lryo 0
Vi VTh2Q2b EE1622 /
Vio VTc2Q2b EE1522 ﬂ%’ W Q
e K foiey
Tec 101ar)1?§) Date

LHC Q2 Cryostat Final Assembly
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— To measure Ls and Q of a Bussed G2:

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

Read Ls and Q from display and record in traveler.

w

oL N®

EE1312 (QZa}
EE1612 (2B} Pole
V¥Tb1 (FNAL) /Splice

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

EE1122 (Q2a)
EE1422 (Q2h)
¥Taz (FNAL)

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

2ea EE1212 (Q24)
EE1512 {Q2b)
¥Te1 (FNAL)

EE1222 (Q28)
Pas VTd ! £E1522 (Q2b)
it | VTc2 (FNAL)
v :
Bl 1222 (G2a) | vTd
Wres raaL
: 3
P EE$122 (Q2a)
i EE1422 (Q2hb)
VTe2 (FNAL)
EE1212 (G 2a) 2b EE1112 (Q2a)
EE1512 {Q2b) ——— - EE1412 (Q2b)
¥Te1 {FNAL} : VTel (FNAL)
Jumper
] from Q2a
_ Btl Q3 inner
i : ‘ DR B to 5KA
H : bus
Pole EE1312 {Q2a) EE1322 (Q2a)
Splice EE1612 (Q2b) EE1622 (Q2b)
VTb1 (FNAL) 2 (FNAL) :
S 1 (s —— e ‘
Howlett
Packard deza%
Lyt 2oxxx g &
Q: X0 % -] =
Line Leur Lpot Hpot %ur ?
0 o900
Y
o——

LHC Q2 Cryostat Final Assembly
LHC Serial No.: LOXB08-0

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 |[VTclQ2b |EE1512
: ' : uadrant 1
Loor IvTdozs |EMPTY | @ Y159 mH
Heor [VTeQ2b |EMPTY
adrant 2 .
Leor [VTc1Q2b |EE1512 Qu 3. 4453 mH
Hpor [VTdQ2b [EMPTY
— Quadrant 3 .
Leor [VTalQ2b [EE1412 2. 3534 mH
Hpor [VTb1Q2b [EE1612
Quadrant 4
Leor [VvTeQ2b |EMPTY S v Rye mH
Hpor |VTbIQ2b [EE1612 | Total Cold Nominal ~ 13.3376 mH
Loor |VTalQ2b |EE1412 Mass /3 ¢zy mH
(Q2b) Q-Factor Nominal ~ 4.5 10 5.2
Voltage Tap Serial Numbers Quadrant Total Q
Connect | Fermi CERN Quadrant
Hpor |VTc1Q2b |EE1512 -
e e e uadrant 1 .,
Loor |VTdQ2o [EMPTY | Quadrar 3%
Hpo'r VTeQ2b EMPTY .
Quadrant 2 D oo
Lpor |VIclQ2b |EE1512 | 5%
Hoor |VIdQZ6 |EMPTY ' )
LI i < it Quadrant 3 5-%
Leor |VTalQ2b |EE1412 3
H
LPOT VTb1Q2b |EE1612 Quadrant 4 3 5
poT |VTeQ2b |[EMPTY R
Leor |VTalQ2b |EE1412 Mass 3.y
- [ Jlal o
Technifi’émm \ Date

LHC Q2 Cryostat Final Assembly
LHC Serial No.: LOXB08-0
Notes:
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To measure the resistance of a Thermometer (RTD):

1. Use Hewlstt 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 H!
I+ (Yellow) to Input HI
U- (Red) to Sense LO
I- (Green) to Input LO
5. Push blue button (function key) once.
6. Push OHMF button.
7. Verify arrow in readout is above the 4W({2 (meaning a 4 wire resistance measurement).
8. Read resistance in ohms and record in traveler.
Packard HP3457A SENSE INPUT
- oo [ e e Y s e | HO.
_ ‘ e e I e B e B o o ¥ e e
— X — IS COCcacc o 1
Line 23 €21 o ] it I o | oo BPRoa
Doopoo _[('Cx
I ri

/

OHMF Button Biue (function) Button

Us Black ———————

I Yellow g =0 e e
U- Red | et
i Green—————""

Thermometer
(RTD)

To measure the resistance of a Crycgenic (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) cnce.

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. Head resistance in ohms and record in traveler.

Nogkwn—=

Hewlett
Packard HP3457A SENSE INPUT
& s 1Y e e Y s R v I e N e /9

T s 1 e 1 o [ e R e I e e e | Lo
Line T =3 v Y o N | oo [ e [ s [ e B = = = )
0 ooopocoo - ©

/f \\ el ol

OHMF Button Blue {function) Button
Warmup

Heater

LHC Q2 Cryostat Final Assembly
LHC Serial No.: LQXB08-0
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Q2a - RTD's and Cryogenic (warm-up) Heaters
Temperature of Building (+-5°): __ 70" F
Component Fermi CERN Resistance
Qea RTD, primary TaQa | TT8312 § 7.3 ql
Q2a RTD, redundant TbQ2a TT8322 G35 063 O
Q2A Cryogenic (warm-up) Heater (LE) - wire toward] - s
cold mass end plate (CERN #1 14) | WA | EHES12
Q2A Cryogenic (warm-up) Heater (LE) - wire toward| ... | ooor [ & .9494
cold mass mag center (CERN #1 |-) ‘ W2aQ2A | EHB312 Q)
Q2A Cryogenic (warm-up) Heater (Non-LE) - wire
toward cold mass end plate (CERN #2 1+) WibQ2A | EH8322+ ] 7
Q2A Cryogenic (warm-up) Heater (Non-LE) - wire ! P07
toward cold mass mag center (CERN #2 |-) W2bQ2A | EHE322 9
= 2 s2570
Tecﬁcian(s) ‘ Date
Q2b - RTD's and Cryogenic (warm-up) Heaters
Temperature of Building (+-5%: ___70° F
Component Fermi Resistance
Q2 RTD, primary TaQ2b Lo 199 o
| Qeb RTD, redundant | TS | TeM2 | (,6.cq, o
QeB Cryogenic (wamm-up) Heater (LE) - wiretoward} . | =
cold mass end plate (CERN #1 |+) - WiaQ2B -} EFB332+ |
Q2B Cryogenic (wairr-up) Hestter (LE) - wire toward] . C}? | Ereso. [ S
cold mass mag center (CERN #1 |-) : | B (9
Q2B Cryogenic (wanm-up) Heater (Non-LE) - wire
toward cold mass end plate (CERN #2 +) WIbQZB | EH8342+ 17y
Q2B Cryogenic (warm-up) Heater (Non-LE) - wire W2hQ2B | EHesa2- ’
toward cold mass mag center (CERN #2 I-) Q)
/ {’ / 5 fQ'y

T nician(si‘f Date

LHC Q2 Cryostat Final Assembly
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Using the Hewlett Packard HP3437A digital multimeter, measure the Strip Heater
Resistance for (2a and Q2b.
Q2a Strip Heater Resistance
Fermi CERN Description Limit Resistance
H1aQ2a YT1112+ N 1 B
—— - & Circuit A | 18. 211 —~¢
H2aQ2a YT1112- 8201021Q| 20.13( g
H1bQ2a YT1122+ N
Circuit B | 18.20 to 21 0.
H2bQ2a | YT1122- °21Qf 20./7p
A (2128 Dy
Techniﬁan(s) Date
Q2b Strip Heater Resistance
Fermi C_ERN Description Limit Resistance
"H1aQ2b | YTI1132+¢ | o oin P amiome. -
_ o . - — Circuit A {18.20t0 21 Q 1
- H2aQ2b YT1132- _ ' 23 s L 20% 9]
H1bQ2b YT1142+ N
Circuit B | 18.20 to 21 3

H2bQ2b | YT1142- B 8-20t021Qf 16,23 ¢

LHC Serial No.: LOXB08-0
Notes:
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Using the HP3457A, connect power thru the connector Power Leads

(HAZ2 and HB? 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)

Superconductor

13Ka Gopper

(Corrector Bus Leads)

VA2 IVBZ IHAZ IHBZ

Superconductor
VA1 IVB1 IHA1 lHB1
8Ka Superconductor
Copper
View Looking i Q2b)
MCBX Corrector Coil Taps
Component FermiL.ab Label CERN Label Resistance
e 122 _ b
2-H2 ienc o :
@ HA2 "~ N/A fs.9L o
VTV2 EE8112
Q2-v2 {
VA2 N/A M3 Q
%\&f t2/ 25/ %
Techfl/ician(s) N Date

LHC Q2 Cryostat Final Assembly
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8.3 Check Q1 Instrumentation Bus Wires for Continuity.

ModuleiPin| Fermi CERN {KEK Description Done
M2 1 |VTa1Q1 |[EE1111 al Q1 Lead Voltage Tap "a", primary v’
M2 2 NTa2Q1 |[EE1121 a2 |Q1 Lead Voltage Tap "a", redundant v
M2 3 VTelQt  [EE1211 ¢1 Q1 Center Voltage Tap "¢", primary v
M2 4 VTc2Q1 |[EE1221 c¢2 |Q1 Center Voltage Tap "c", redundant v
M2 5 VTb1Q1 [EE1311 b1 |Q1 Lead Voltage Tap "b", primary v’
M3 5 |VTh2Q1 |EE1321 b2 |Q1 Lead Voltage Tap "b", redundant v
ws |1 [T Jeesior | |coredtsetage ap O ekew cpo) 7
Ms |2 VTV  |EEBi1f (on MGEX. MOBXY Ad load) T v
M7 1 W1aQy1 |[EH8311+ Q1 Cryogenic Heater 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 WibQ1 |[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 |-) v
M9 1 HialA YT1111+ HA1 |Q1 Protection (Strip) Heater, ("a" circuit) (CERN lead #1+) /
M9 3 |H2aQA YT1111- HA2 |Q1Protection (Strip) Heater, ("a" circuit} (CERN lead #1-) Vv
Mo 5 H1bQA1 YT1121+ HB1 Q1 Protection (Strip) Heater, ("b" circuit} (CERN lead #2+) /
M1i0 | 4 [H2bQ1 YT1121- HB2 |Q1 Protection (Strip) Heater, ("b" circuit) (CERN lead #2-) 4
M12 1 [TaQt 1+ {TT8311 I+ Q1 RTD, primary Wire color: Yellow v
M12 2 |TaQi1_|- [TT8311 - Q1 RTD, primary Wire color: Green v
M12 | 3 [TaQi_V+ [TT8311 U+ Q1 RTD, primary Wire color: Black /|
M12 4 |TaQ1_V- [TT8311 U- Q1 RTD, primary Wire color: Red vV
M12 5 [IbQ1_I+ {TT8321 I+ 1 BRTD, primary Wire color; Yellow 4
M12 | 6 [TbQi_l- [TT8321 1 Q1 RTD, primary Wire color: Green 4
M12 | 11 {ThQ1_V+ [TT8321 U+ Q1 RTD, primary Wire color: Black ’/-
M12 | 10 [TbQ1_V- [TT8321 U- Q1 RTD, primary Wire color: Red

(e A 12/ 25704
Techﬂ:ian‘fg)r v Date

LHC Q2 Cryostat Final Assembly

LHC Serial No.: LOXB0S-¢
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9.0 Production Complete

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

Comments:

?24@2;% FEB 1 4 2005
tocess Effgineering/Designee Date

LHC Q2 Cryostat Final Assembly
LHC Serial No.: LOXB08§-0
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TD / Engineering Fabrication Specification No.: 5520-FM-318902
February 1, 2002

Rev. K

Traveler Title: Specification No: Revision: DR No:
[ Q2 LQXB Cryostat Final Assembly Traveler | | 5520-TR-333644 | [ D | | HGQ-0469 |
Step No: Drawing No: Routing Form No:  Serial No: Rework ID:
| 3.5 H 390206 i [l LQXB06 [1 o ]
Discrepancy Description:
During the building process, the leak check ticket for the vacuum vessel was lost.

Originator: Date:

Steve Gould 719/2004

Cause of Nonconformance:
Someone misplaced the leak check ticket.

Responsible Authority: Date:

Thomas Page | [ 7/912004 j

Discrepancy Report Form DR No: HGQ-0469



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

Rev. K

Disposition:
Use vessel. All the vessels passed leak check.

Responsible Authority: Date:

Thomas Page | 7/9/2004

Corrective Action to Prevent Recurrence:
Remove leak check tickets prior to performing any work on components. No traveler revision required.

Responsible Authority: Date:

| Thomas Page I | 719/2004 I
Corrective Action/Disposition Verified By: Date:

I John Szostak | | 7/27/2004 I
Will Configuration be affected?: (1 YES VI NO
Identified problem area:
"] Material [} Manpower ¥ Method [} Machine (| Measurement

Reviewed By: Date:

| Bob Jensen ] [ 7282004 |

Discrepancy Report Form DR No: HGQ-0469



TD / Engineering Fabrication

Specification No.: 5520-FM-318902
February 1, 2002

Rev. K
Traveler Title: Specification No: Revision: DR No:
| Q2 LQXB Cryostat Final Assembly Traveler J |  5520-TR-333644 | [ D | [ HGQ-0508 |
Step No: Drawing No: Routing Form No:  Serial No: Rework ID:
| 6.3 [ ME 390083 H 77146 [ LQXBOS | o ]

Discrepancy Description:

the hole of the band.

During the cleaning and tapping of the holes on this support band, one of the threaded inserts was found to be misaligned with

Originator:
l Damon Bice l

Cause of Nonconformance:

Date:
11/20/2004 ]

PEM nut was not installed properly.

Responsible Authority:

’ Thomas Page I

Discrepancy Report Form

Date:
11/24/2004 ]

DR No: HGQ-0508



TD / Engineering Fabrication

Disposition:

Specification No.: 5520-FM-318902

February 1, 2002
Rev. K

when installing this shield bridge.

Remove PEM nut from shield bridge. Use this shield bridge on the center section of the shield and use a standard hex nut

Responsible Authority: Date:
Thomas Page 11242004

Corrective Action to Prevent Recurrence:
None. No Traveler Change.

Responsible Authority: Date:

| Thomas Page ] [ 1172412004 |
Corrective Action/Disposition Verified By: Date:

[ 12762004 |

[ John Szostak I

Will Configuration be affected?: L1 YES vl NO

Identified problem area:
v| Material ] Manpower L1 Method

Reviewed By:
I Bob Jensen I

Discrepancy Report Form

[ | Machine

(] Measurement

Date:
| 12/6/2004 |

DR No: HGQ-0508




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

Revision Request Control Number: 1639

Specification Number: ISSZO- TR - 333644] Current Revision: |II

Traveler or Document Title |Q2 LQXB Cryostat Final Assernbly Traveler

Step #/Description of Revision:

1.4 Removed Step. “All personnel performing steps in this traveler must have documented training for this traveler and
associated operating procedures.”

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

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

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

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

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

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

6.8  Modified Step. Added “The center blanket may need to be rotated 90 degrees. Tape the seams instead of using the Velcro,
if necessary.” DR No. HGQ-0466.

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

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

7.1 Modified Step. Changed *“Green Putty” to “Pig Putty” per LQXB07.

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

9.0 Added Step. “‘Final Preparations”

John Szostak | Jim Rife | I
Originator Respensible Authority Date

Revision Incorporated into the Traveler: Jahn Szostak 12/17/2004 I
Revision Incorporated By Date

Process Engineering Final Review: Bob Jensen 12/17/2004 |
Process Engineering/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 nserted 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 # 5520-FM-318904
September 24, 1999
Rev. H

Revision Request Control Number: 1709
Specification Number: [5520- TR - 333644] Current Revision:

Traveler or Document Title IQZ LQXB Cryostat Final Assembly Traveler

Step #/Description of Revision:

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

4.15 Added Step. “If needed, perform a stretched wire measurement of the system, noting the relative position and roll of
the three magnetic elements to each other. Perform Stretched Wire Measurement?” per LQXBO0S.

5.24 Modified Step. Moved Step to before Step 5.21 (Pressurs testing the Cold Mass) per LQXBO0S.

5.25 Modified Step. Moved Step to before Step 5.21 (Pressure testing the Cold Mass) per LQXBO0S.

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

5.30 Modified Step. Moved to before Assembling the Corrugated Tube Assembly. Per LQXBO08. (New Step 7.7).

8.1 Modified Step. Reversed Hpot and Lpot Voltage Taps for Inductance and Q-factor, in table, to allow for correct values
taken at Q2a end of Magnet. Per LQXBOS.

John Szostak Jim Rife | { 12072005 |
Originator Respcnsible Authority Date

Revision Incorporated into the Traveler: | i )
Revision Incorporated By Date

Process Engineering Final Review: | | |
Process Engineering/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 capy 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



