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LHC Q2 - Q3 With TAS Interconnect Procedure
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	Description
	Dwg Size
	Number
	Rev
	Unit
	Quantity Required

	1. 
	KAPTON
	MA
	292722
	
	
	A/R

	2. 
	Bus Housing Base
	MD
	369668
	D
	EA
	1

	3. 
	SOLDER STRIP 96/4
	MA
	369904
	
	
	A/R

	4. 
	FLUX – KESTER 135
	MA
	369911
	
	
	A/R

	5. 
	Drift Tube Assembly, Non-IP End
	
	390191
	
	EA
	1

	6. 
	Outer Vacuum Sleeve
	
	390331
	
	EA
	1

	7. 
	Hx Outer Shell / Upper Cold Mass Pipe Assembly
	
	390337
	
	EA
	1

	8. 
	Cold Mass Pipe Assembly
	
	390357
	
	EA
	2

	9. 
	Cooldown Line Assembly
	
	390359
	
	EA
	1

	10. 
	Pumping Line Assembly
	
	390360
	
	EA
	1

	11. 
	Shield Line Assembly
	
	390361
	
	EA
	2

	12. 
	Aluminum Spacer, 4.6 Long
	
	390373
	
	EA
	32

	13. 
	Retaining Washer
	
	390378
	
	EA
	32

	14. 
	Cold Mass Pipe Support
	
	390450
	
	EA
	1

	15. 
	Cold Mass Pipe Clamp
	
	390451
	
	EA
	3

	16. 
	Cold Mass / Hx Pipe Clamp
	
	390453
	
	EA
	1

	17. 
	Hx Pipe Clamp
	
	390454
	
	EA
	1

	18. 
	Cooldown Pipe Clamp
	
	390455
	
	EA
	1

	19. 
	Upper Pipe Support
	
	390456
	
	EA
	1

	20. 
	Q2-Q3 Common Section A
	
	390511
	
	EA
	2

	21. 
	Q2-Q3 Common Section B
	
	390513
	
	EA
	1

	22. 
	Q2-Q3 Left Hand Vent Section
	
	390514
	
	EA
	1

	23. 
	Shield Connector
	
	390516
	
	EA
	4

	24. 
	Deflector
	
	390517
	
	EA
	1

	25. 
	Center Band Connector
	
	390518
	
	EA
	1

	26. 
	Filler
	
	390519
	
	EA
	4

	27. 
	Center Band
	
	390520
	
	EA
	2

	28. 
	Shield Inner Blanket
	
	390548
	
	EA
	1

	29. 
	Shield Outer Blanket
	
	390549
	
	EA
	1

	30. 
	Aluminum Spacer, 12.4 Long
	
	390553
	
	EA
	4

	31. 
	1/4-20 U-Bolt
	
	390554
	
	EA
	4

	32. 
	Cooldown / Shield Line Bellows Protector
	
	390578
	
	EA
	6

	33. 
	Hx Outer Bellows Protector
	
	390579
	
	EA
	4

	34. 
	Pumping Line Bellows Protector
	
	390580
	
	EA
	2

	35. 
	Piping Blanket
	
	390597
	
	EA
	1

	36. 
	Hx Outer Pipe
	
	390600
	
	EA
	2

	37. 
	Cold Mass Bellows Protector, Single
	
	390603
	
	EA
	2

	38. 
	Cold Mass Bellows Protector, Double
	
	390607
	
	EA
	4

	39. 
	Cold Mass / Pumping Line
	
	390617
	
	EA
	8

	40. 
	Cooldown / Shield Line
	
	390618
	
	EA
	6

	41. 
	Drift Tube Assembly, IP End
	
	390619
	
	EA
	1

	42. 
	Beam Tube Cooling Jacket Flex Hose
	
	390625
	
	EA
	1

	43. 
	TAS Absorber Assembly
	
	390769
	
	EA
	1

	44. 
	TAS Cooling Jacket Connector
	
	390770
	
	EA
	1

	45. 
	TAS Cooling Assembly
	
	390771
	
	EA
	1

	46. 
	Beam Tube Support Assembly
	
	390778
	
	EA
	1

	47. 
	4.5K Flex Line, Return
	
	390790
	
	EA
	1

	48. 
	Pipe Support Flex Hose Retainer Plate
	
	390807
	
	EA
	1

	49. 
	4.5K Tube Brace Bar
	
	390816
	
	EA
	2

	50. 
	Beam Screen Flex Hose
	
	390817
	
	EA
	1

	51. 
	4.5K Flex Line Assembly, Supply
	
	390818
	
	EA
	1

	52. 
	Screw, M8 x 25
	
	393018
	
	EA
	4

	53. 
	M6 Lock Washer
	
	393026
	
	EA
	22

	54. 
	M8 Lock Washer
	
	393027
	
	EA
	4

	55. 
	M5 x 16 Cap Screw
	
	393028
	
	EA
	132

	56. 
	Screw, M6 x 20
	
	393037
	
	EA
	22

	57. 
	Screws for Bellows Protector
	
	393037
	
	EA
	20

	58. 
	M30 x 2.5m Long Threaded Rod
	
	393042
	
	EA
	4

	59. 
	M30 Spherical Washer
	
	393043
	
	EA
	16

	60. 
	M30 Hex Nut
	
	393044
	
	EA
	16

	61. 
	M5 x 25 Cap Screw
	
	393053
	
	EA
	4

	62. 
	1/4-20 Hex Nut
	
	393054
	
	EA
	16

	63. 
	M5 Lock Washer
	
	393056
	
	EA
	100

	64. 
	M5 Flat Washer
	
	393057
	
	EA
	80

	65. 
	#6-32 X .75 SHCS
	MA
	393237
	
	EA
	16

	66. 
	Q3 Corrector Coil Splice Support
	MC
	430005
	
	EA
	1

	67. 
	Bus Spider Assembly
	MD
	430044
	C
	EA
	1

	68. 
	BUS SPLICE SEPARATOR
	MB
	430084
	
	EA
	2

	69. 
	Bus Housing Transition Cover – Short Q2
	MD
	430152
	*
	EA
	1

	70. 
	Bus Housing Transition Cover – Q3
	MD
	430151
	*
	EA
	1

	71. 
	Bus Housing Transition Base – Q3
	MD
	430150
	*
	EA
	1

	72. 
	GLASS TAPE (item #7 on ME-430180)
	
	
	
	
	A/R

	73. 
	Kevlar string
	MA
	369912
	
	
	A/R

	74. 
	Beam Screen Assembly (PROVIDED BY CERN)
	
	
	
	
	1

	75. 
	Kapton sleeves (PROVIDED BY CERN)
	
	
	
	
	8

	76. 
	Hypertronics Tie-Down Link
	MA
	418109
	
	EA
	4

	77. 
	M3 Nut
	MA
	418111
	
	EA
	8

	
	TOOLING:
	
	
	
	
	

	78. 
	Corrector Wire Bus Splice Soldering Fixture
	MD
	430016
	
	
	1

	79. 
	Bus Cable Splice Fixture
	MC
	430138
	
	
	1

	80. 
	Compression Collar
	
	390444
	
	
	16

	81. 
	M12 Threaded Rod
	
	390449
	
	
	24

	82. 
	M12 Flat Washer
	
	393331
	
	
	96

	83. 
	M12 Hex Nut
	
	393039
	
	
	96

	84. 
	Collar Screws, M8 X 50mm
	
	393020
	
	
	16

	85. 
	Compression Collar
	
	390442
	
	
	24

	86. 
	M10 Threaded Rod
	
	390448
	
	
	48

	87. 
	M10 Flat Washer
	
	364306
	
	
	192

	88. 
	M10 Hex Nut
	
	393038
	
	
	192

	89. 
	Collar Screws, M6 X 40mm
	
	393047
	
	
	48

	90. 
	Compression Collar
	
	390440
	
	
	1

	91. 
	Splice Fixture Controllers
	
	N/A
	
	
	

	92. 
	Bellows Restraints
	MB
	418232
	
	
	9 per IR set

	93. 
	Bus lead position setting tool
	MB
	430192
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


GENERAL NOTES:
· All screws installed in the vacuum and cryogenic space must have some form of additional protection from working themselves loose during thermal cycling. The use of Loctite 242 or 245, or Stycast is recommended for this purpose.
(Complete Above Ground)

1.0 Carefully remove all shrink tubing from cable leads.

2.0 If cable labels are place where they will interfere with the splicing operation (e.g. at the end of the leads), then additional labels should be applied at a position on the cable where they will not interfere with the splicing operation. In order to apply new labels, it may be necessary to remove ground wrap which is holding the wire bundles together. If this is the case, be sure to remove only what is necessary. The labels at the ends can be removed in the tunnel, after the length of the lead is correctly determined.

3.0 All leads should be dressed to remove solder/weld excess.

4.0 Verify that the lower 13KA bus lead set coming out of the non-IP-end of the Q2 magnet is trimmed and insulated correctly. It should stick out from the bus housing no more than 25mm, and should have a Kapton, Nomex, glass tape and Kevlar string wrapping. If necessary, solder and then cut the lead to the proper length, and apply the following:

· One layer ½ lapped 3.5mm adhesive-backed Kapton, leaving a flap over the end.
· Nomex sheathing (part supplied by Fermilab, but no part number).
· Two layers of ½ lapped glass tape. The first layer should start from the end of the lead and work towards the magnet, and the second layer should go the opposite direction. Both layers should have at least one width of tape directly on the Kapton near the bus housing.
· Fuse the ends of the glass tape to prevent the tape from unraveling.
· Apply Kevlar string in a similar manner to that described in step 10.6.4 below.

5.0 Verify that the bus leads coming out of the IP-end of the Q3 magnet are correctly wrapped together. You may find them ground-wrapped separately, instead of together. If this is the case, remove the individual ground wraps, and then wrap the two together with one layer 2/3 lapped of Kapton (MA-292722, or equivalent).
6.0 Install Vacuum Outer Shell Sleeve (ME-390331) and Vacuum Vessel Bellows Assembly (Provided by CERN) as per Q2 to Q3 Interconnections with TAS Main Assembly (ME-390869). Position them so that they do not interfere with subsequent work.

Parts list

· VACUUM OUTER SHELL SLEEVE (ME-390331)

· VACUUM VESSEL BELLOWS ASSEMBLY (PROVIDED BY CERN)
7.0 Install Bus Housing (ME-430156) (also refer to ME-430180).
7.1 Inspect Q2-Q3 bus housing assembly (ME-430156) to ensure all parts exist.
7.2 Place bus housing parts items 1 (MD-369668), 5 (MD-430150), 6 (MD-430151) and 7 (MD-430152) around lead and correction coil busses. NOTE: some parts may need to be held in place by hand until they are fastened together.
7.3 Attach item 5 (MD-430150) to item 6 (MD-430151) with four screws item 2 (MA-393237) as shown on Bus Housing Assembly drawing ME-430156. Be sure to apply Loctite (or equivalent).
7.4 Attach item 5 (MD-430150) to item 1 (MD-369668) with two screws item 2 (MA-393237) as shown on Bus Housing Assembly drawing ME-430156. Be sure to apply Loctite (or equivalent).
7.5 Attach item 7 (MD-430152) to item 1 (MA-369668) with four screws item 2 (MA-393237) as shown on Bus Housing Assembly drawing ME-430156. Be sure to apply Loctite (or equivalent).
7.6 Attach item 6 (MD-430151) to item 1 (MD-369668) with two screws item 2 (MA-393237) as shown on Bus Housing Assembly drawing ME-430156. Be sure to apply Loctite (or equivalent).
7.7 Attach item 7 (MD-430152) to item 4 (MD-430072) with four screws item 2 (MA-393237) as shown on Bus Housing Assembly drawing ME-430156. Be sure to apply Loctite (or equivalent).
7.8 Attach item 3 Bus Spider Assembly (MD-430044) to bus housing assembly as shown on Bus Housing Assembly (ME-430155).
7.9 Insert End Flange Spacer Ring (MC-390617) over the bus housing assembly, and slide the Cold Mass Instrumentation Connector (MD-390357) over the Bus Housing Assembly.
7.10 Weld the Cold Mass Instrumentation Connector (MD-390357) to Q3.  Refer to the Q2 to Q3 Piping Connections Installation (ME-390869), View C-C for details.

Parts list
· #6-32 X .75 LG. (SST) (MA-393237)
· BUS SPIDER ASSEMBLY (MD-430044)
· Bus Housing Transition Cover – Short Q2 (MD-430152)
· Bus Housing Transition Cover – Q3 (MD-430151)
· Bus Housing Transition Base – Q3 (MD-430150)
· Bus Housing Base (MD-369668)
· End Flange Spacer Ring (MC-390617)
· COLD MASS INSTRUMENTATION CONNECTOR (MD-390357)
8.0 Install Drift Tubes

8.1 Install and weld the IP End Drift Tube Assembly (ME-390619) onto pipe V of the Q2 magnet, as per Q2 to Q3 Piping Connections Installation (ME-390869), view K-K.

8.2 Install and weld the Non-IP End Drift Tube Assembly (MC-390191) onto pipe V of the Q3 magnet, as per Q2 to Q3 Piping Connections Installation (ME-390869), view K-K.

Parts list

· IP End Drift Tube Assembly (ME-390619)

· Non-IP End Drift Tube Assembly (MC-390191)

9.0 Install the CERN-supplied Beam Screen assemblies per the CERN drawings listed below.
CERN Drawings

· Cold Beam Vacuum Interconnects Types QQ2, QQ3 (LHCLVI GG0001 - Right side, IRs 1, 2, 5 and 8)

· Beam Vacuum Interconnects Assembly Type IT 2 IR Right (LHCLVIGG0006)

· Beam Vacuum Interconnects Assembly Type IT 5 IR Right (LHCLVIGG0008)

· Beam Vacuum Interconnects Assembly Type IT 2 IR Left (LHCLVIGG0011)

· Beam Vacuum Interconnects Assembly Type IT 5 IR Left (LHCLVIGG0012)

(Complete Below Ground)
10.0 Perform Lead Splices (ME-430180)
10.1 Install End Flange Spacer Ring (ME-390617) as per Q2-Q3 Piping Connections Installation (ME-390869).

10.2 Compress cold mass bellows.

10.3 Set the Q3 lead longitudinal position using the supplied tool (MB-430192), as per Q2-Q3 Bus and Splice Configuration (ME-430180).
10.4 Mark position of end of Q3 lead cable at position of end of Q2 lead.

10.5 Perform main lead splices.

10.5.1 Place lead wires in configuration needed for splicing, as per Q2-Q3 Bus and Splice Configuration (ME-430180), section B-B and detail D, and on Figure 10.5.1-A below, making sure end of Q3 lead is at mark on Q2 lead from previous step.
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Figure 10.5.1-A

10.5.2 Clean all leads with Tech spray and Scotch Brite or equivalent. Wipe down with Kay-dry or equivalent.

10.5.3 Paint flux (Kester 135, MA-369911 or equivalent) on all surfaces to be soldered. NOTE: for the first set of splices made this should be the lower set of leads (i.e. the 8KA).

10.5.4 Add solder strips (MA-369904 or equivalent, 0.2 mm thick) to areas to be spliced, between each main lead.

10.5.5 Place solder fixture (MD-430187) around the bottom lead splice set.

10.5.6 Screw solder fixture together around leads.

10.5.7 If desired, add an additional temperature measuring device (e.g. handheld thermocouple).
10.5.8 Turn on resistive heaters, and wait for the solder to melt, while monitoring the temperature. Tighten screws as the solder is softening, so that the fixture is completely closed when the solder is completely melted. When the solder has melted, turn off the heater controller. The solder typically melts at about 220°C, but the temperature should be held at 235°C for one minute. Do not allow the temperature to exceed 240°C.
10.5.9 Monitor the temperature during cool-down, and let splice cool to ~ 40°C. To monitor the temperature, unplug the heating element, and then turn the controller back on.
10.5.10 After cooling (to ~ 40°C), remove the splices from the fixture. NOTE: It is easiest to remove the splices while the fixture is a little warm, so it is best not to let it cool to room temperature before removing the leads from the fixture.
10.5.11 Using the tool provided (MB-430192), verify that the Q3 lead longitudinal position is correct.

10.5.12 Clean exterior of splice with Tech spray and scotch brite or equivalent.  Wipe down with Kay-dry or equivalent.

10.5.13 Wrap the splice, using one wrap of 50 um thick by 9.5mm wide Kapton (MA-292722) with 50% overlap as shown in detail E.

10.5.14 Paint flux (Kester 135, MA-369911 or equivalent) on all surfaces to be soldered on the two top lead splice sets.

10.5.15 Add solder strips (MA-369904 or equivalent, 0.2 mm thick) to areas to be spliced, between each main lead.

10.5.16 Place solder fixture (MD-430138) around the two top lead splice sets. NOTE: the lower main bus lead splice will need to be protected from the heat from soldering the upper main bus leads. If necessary, add insulation between the soldering fixture and the splice below the fixture.

10.5.17 Screw solder fixture together around leads.

10.5.18 If desired, add an additional temperature measuring device (e.g. handheld thermocouple).

10.5.19 Turn on resistive heaters, and wait for the solder to melt, while monitoring the temperature. Tighten screws as the solder is softening, so that the fixture is completely closed when the solder is completely melted. When the solder has melted, turn off the heater controller. The solder typically melts at about 220°C, but the temperature should be held at 235°C for one minute. Do not allow the temperature to exceed 240°C.
10.5.20 Monitor the temperature during cool-down, and let splice cool to ~ 40°C. To monitor the temperature, unplug the heating element, and then turn the controller back on.
10.5.21 After cooling (to ~ 40°C), remove the splices from the fixture. NOTE: It is easiest to remove the splices while the fixture is a little warm, so it is best not to let it cool to room temperature before removing the leads from the fixture.
10.5.22 Using the tool provided (MB-430192), verify that the Q3 lead longitudinal position is correct.

10.5.23 Clean exterior of splices with Tech spray and scotch brite or equivalent. Wipe down with Kay-dry or equivalent.

10.5.24 Wrap each of the upper two splices separately, using one wrap of 50 um thick by 9.5mm wide Kapton (MA-292722) with 50% overlap as shown in detail E.

10.6 Insulate Splice Bundle.

10.6.1 Place one G-11 splice separator (MB-430084) between each of the splices as shown in section B-B.

10.6.2 Wrap entire splice bundle with one wrap of 50 um thick by 9.5mm wide Kapton (MA-292722) with 75% overlap surrounded by one layer of glass tape (item #7 on ME-430180) with 50% overlap as shown in detail E.

10.6.3 Fuse the ends of the glass tape to prevent the tape from unraveling. Use soldering iron to burn line over the last couple of wraps.

10.6.4 Wrap entire splice bundle with Kevlar string (MA-369912, or equivalent) in a similar fashion to cartoon below (figure 10.6.4-A). The spacing between each loop should be ~ 1.5 cm, and the string should be pulled tightly around the splice bundle. Apply Loctite to each cross-over to hold the string in place. The colors of the string in the cartoon below (figure 10.6.4-A) show the way in which the string is wrapped, but the string should be one continuous piece, as much as is possible.

Figure 10.6.4-A
10.7 Perform Corrector lead splices

10.7.1 Cut corrector wires at an appropriate length to provide for a splice 60mm long as shown in Q2-Q3 Bus and Splice Configuration (ME-430180).

10.7.2 Cut back “spare” corrector (shown on section A-A of ME-430180) wire 100mm back from center of splice.

10.7.3 Using appropriate means, remove the varnish from the leads only in the areas to be soldered. See figure 10.7.3-A below.
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Figure 10.7.3-A
10.7.4 Pre-tin the bottom all corrector leads to be spliced with solder made of 96% tin/4% silver.
10.7.5 Slide Kapton sleeves over each corrector lead on the Q3 magnet (CERN part # XXX).
10.7.6 Place the corrector wires in configuration needed for splicing, as per Q2-Q3 Bus and Splice Configuration (ME-430180), section B-B and detail D, and on Figure 10.7.6-A below.
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Figure 10.7.6-A

10.7.7 Place Solder Fixture (MD-430016) under the bottom four corrector leads at the area to be spliced according to Figure 10.7.3-A above. NOTE: The main bus splices should be protected from the heat from soldering the corrector leads. If needed, position insulation between the soldering fixture and the main bus leads.

10.7.8 Paint flux (Kester 135, MA-369911 or equivalent) on all surfaces to be soldered.
10.7.9 Screw solder fixture together.

10.7.10 If desired, add an additional temperature measuring device (e.g. handheld thermocouple).

10.7.11 Turn on resistive heaters, and wait for the solder to melt, while monitoring the temperature. Tighten screws as the solder is softening, so that the fixture is completely closed when the solder is completely melted. When the solder has melted, turn off the heater controller. The solder typically melts at about 220°C, but the temperature should be held at 235°C for one minute. Do not allow the temperature to exceed 240°C.
10.7.12 Monitor the temperature during cool-down, and let splice cool to ~ 40°C. To monitor the temperature, unplug the heating element, and then turn the controller back on.
10.7.13 After cooling (to ~ 40°C), remove the splices from the fixture. NOTE: It is easiest to remove the splices while the fixture is a little warm, so it is best not to let it cool to room temperature before removing the leads from the fixture.
10.7.14 Thoroughly clean the soldering fixture.

10.7.15 Place Solder Fixture (MD-430016) under the top four corrector leads at the area to be spliced according to Figure 10.7.3-A above. NOTE: The previous corrector splices should be protected from the heat from soldering these corrector leads. If needed, position insulation between the soldering fixture and the corrector lead splices below the fixture.

10.7.16 Paint flux (Kester 135, MA-369911 or equivalent) on all surfaces to be soldered.

10.7.17 Screw solder fixture together.

10.7.18 If desired, add an additional temperature measuring device (e.g. handheld thermocouple).

10.7.19 Turn on resistive heaters, and wait for the solder to melt, while monitoring the temperature. Tighten screws as the solder is softening, so that the fixture is completely closed when the solder is completely melted. When the solder has melted, turn off the heater controller. The solder typically melts at about 220°C, but the temperature should be held at 235°C for one minute. Do not allow the temperature to exceed 240°C.
10.7.20 Monitor the temperature during cool-down, and let splice cool to ~ 40°C. To monitor the temperature, unplug the heating element, and then turn the controller back on.
10.7.21 After cooling (to ~ 40°C), remove the splices from the fixture. NOTE: It is easiest to remove the splices while the fixture is a little warm, so it is best not to let it cool to room temperature before removing the leads from the fixture.
10.7.22 Thoroughly clean the soldering fixture.

10.7.23 Clean exterior of splices with Tech spray and scotch brite or equivalent.  Wipe down with Kay-dry or equivalent.

10.7.24 Slide the Kapton sleeves over the splices.
10.7.25 Install corrector bus housing splice support (MC-430005) as shown on drawing. Be sure to add Loctite (or equivalent) to all screws.
10.7.26 Release and connect Cold Mass Bellows.

Parts list

· Glass tape (item #7 on ME-430180)

· Kapton (MA-292722)

· Bus Splice Separator (MB-430084)

· Flux, Kester 135 (MA-369911)

· Solder Strip 96/4 (MA-369904)

· Q3 Correction Coil Splice Support (MC-430005):

· Threaded Tray (MB-430001)

· Non-Threaded Tray (MB-430002)

· Single Cover (MB-430003)

· M3 X .5 X 15 SHCS (MA-393247)

· Kapton sleeves (provided by CERN)

Tooling

· Corrector Wire Bus Splice Soldering Fixture (MD-430016)

· Bus Cable Splice Soldering Fixture (MC-430187)

· Lead position tool (MB-430192)

11.0 Install Cold Mass Connector (MD-390347) on M2 line.
NOTE: On the drawing, MD-390347 is called “Cold Mass Instrumentation Connector”. For the Q2-Q3 interconnect, we are using two of those pipes: one for the M1 current lead pipe and one for the M2 pipe.

11.1 Slide the End Flange Spacer Ring (MC-390617) over the wires and connector.

11.2 Wrap a welding blanket around the cables. The blanket should have a cord attached so that it can be pulled out after the welding operation.

11.3 Slide the Cold Mass Connector (MD-390347) over instrumentation wire and Hypertronics connector, making sure to have the weld blanket cord coming out of the end of the pipe.
11.4 Weld per Q2 to Q3 Piping Connections Installation (ME-390869), View C–C.

11.5 Pull out the welding blanket.

Parts list

· COLD MASS CONNECTOR (MD-390347)
· End Flange Spacer Ring (MC-390617)

12.0 Connect Hypertronics Connectors (Q2 - MB-418083 & Q3 – MB-418118; Assembly drawing MD-430182)

12.1 Compress the M2 line Bellows.

12.2 Install the End Flange Spacer Ring (MB-390617).

12.3 Connect the connectors.

12.4 Using the M3 nuts (MA-418111) install the G11 Tie-Down Links (MA-418109). The nuts should have Loctite, or equivalent, applied prior to installation.
12.5 Release the Bellows.

12.6 Weld per Q2 to Q3 Piping Connections Installation (ME-390869), View F–F.

Parts list

· END FLANGE SPACER RING (MB-390617)
· HYPERTRONICS TIE-DOWN LINKS (MA-418109)
· M3 Nuts (MA-418111)
Tools

· Bellows Tools.

Inspection

· Electrical checkout?

13.0 Install Heat Exchanger / Cold Mass Connector (MD-390337).
13.1 Compress the Hx Outer Bellows, both sides.

13.2 Compress the Cold Mass Bellows.

13.3 Install the End Flange Spacer Rings (MB-390600) for the Hx bellows.

13.4 Install the End Flange Spacer Rings (MB-390617) for the cold mass connector bellows.

13.5 Position Heat Exchanger/Cold Mass Connector Pipe Assembly (MD-390337).

13.6 Position the Hx inner Tube (XB on ME-390869).

13.7 Weld inner Hx Tube (XB on ME-390869) both sides per Q2 to Q3 Piping Connections Installation (ME-390869), View B–B.

13.8 Release the Hx outer Bellows.

13.9 Weld outer Hx Tube (L on ME-390869) both sides per Q2 to Q3 Piping Connections Installation (ME-390869), View A–A.

13.10 Weld M4 Line (M4 on ME-390869) both sides per Q2 to Q3 Piping Connections Installation (ME-390869), View C–C.

Parts list

· END FLANGE SPACER RING (MB-390600)

· END FLANGE SPACER RING (MB-390617)

· HEAT EXCHANGER/COLD MASS CONNECTOR (MD-390337)

Weld Details

· View C–C, Upper Cold Mass (M4) both sides.

· View A–A, Hx Outer Shell both sides.

· View B–B, Hx Inner Shell both sides.

14.0 Install the CERN-supplied Plug-in Module per the CERN drawings listed below.
CERN Drawings

· Cold Beam Vacuum Interconnects Types QQ2, QQ3 (LHCLVI GG0001 - Right side, IRs 1, 2, 5 and 8)

· Beam Vacuum Interconnects Assembly Type IT 2 IR Right (LHCLVIGG0006)

· Beam Vacuum Interconnects Assembly Type IT 5 IR Right (LHCLVIGG0008)

· Beam Vacuum Interconnects Assembly Type IT 2 IR Left (LHCLVIGG0011)

· Beam Vacuum Interconnects Assembly Type IT 5 IR Left (LHCLVIGG0012)

15.0 Install the TAS and Absorber Cooling Assembly
15.1 Set in place the Absorber Assembly (ME-390769) around the Non-IP End Drift Tube (MC-390191). This is done by placing the Upper and Lower Port Segment Assemblies (MD-390767 & MD-390768) around the port on the Drift Tube, and placing the Segment Assembly (MD-390765) on the other side of the Drift Tube.
15.2 Using the Lock Washers (MA-393026) and the Hex Screws (MA-393045) tighten the Absorber Assembly onto the Drift Tube. Be sure to apply Loctite (or equivalent) to all screws.
15.3 Set in place the Absorber Cooling Assembly (ME-390771) around the Absorber Assembly (ME-390769). Using the Lock Washers (MA-393026) and the Hex Screws (MA-393363) tighten the Absorber Cooling Assembly onto the Absorber Assembly. Be sure to apply Loctite (or equivalent) to all screws.
15.4 Install and weld the Cooling Connector Tube (MD-390770) onto the Absorber Cooling Assembly (ME-390771) as per Q2 to Q3 Interconnection With TAS Piping Connections Installation (ME-390869), View P-P (NOTE: the revision B drawing has the weld call-out in the wrong place).
Parts list

· Absorber Assembly (ME-390769):

· Segment Assembly (MD-390765)

· Upper Cooling Port Segment Assembly (MD-390767)

· Lower Cooling Port Segment Assembly (MD-390768)

· M6 X 35 Hex Screw (MA-393045)

· M6 Lock Washer (MA-393026)

· Absorber Cooling Assembly (ME-390771)

· Cooling Connector Tube (MD-390770)

16.0 Install Pumping Line Connector (MD-390360).

16.1 Compress the Bellows.

16.2 Install the End Flange Spacer Rings (MB-390617).

16.3 Position the Pumping Line Connector (MD-390360, XBt on ME-390869).

16.4 Release the Bellows.

16.5 Weld Pumping Line Connector (MD-390360, XBt on ME-390866) per Q2 to Q3 Piping Connections Installation (ME-390869), Views C–C and E–E.

Parts list

· PUMPING LINE CONNECTOR (MD-390360)
· END FLANGE SPACER RINGS (MB-390617)

Weld Details

· View C–C

· View E–E

17.0 Install Cooldown Line Connector (MD-390359).

17.1 Compress the Bellows.

17.2 Install the End Flange Spacer Rings (MB-390618).

17.3 Position the Cooldown Line Connector (MD-390344).
17.4 Release the Bellows.

17.5 Weld Cooldown Line Connector (MD-390359) both ends, per Q2 to Q3 Piping Connections Installation (ME-390869), View D–D.

Parts list

· COOLDOWN LINE CONNECTOR (MD-390359)
· END FLANGE SPACER RINGS (MB-390618)

18.0 Install Cooling Jacket Flex Hose (MA-390625).

18.1 Install the Cooling Jacket Flex Hose (MA-390625) between the port on the Non-IP End Drift Tube (MC-390191) and the port on the M4 pipe, as per Q2-Q3 Piping Connections Installation (ME-390869).

18.2 Weld Cooling Jacket Flex Hose (MA-390625) per Q2 to Q3 Piping Connections Installation (ME-390869), View J–J for both welds.

Parts list

· COOLING JACKET FLEX HOSE (MA-390625)

19.0 Install Cooling Spool (MC-390817)

19.1 Install and weld the Cooling Spool (MC-390817) onto the Beam Screen Assembly, as per Q2-Q3 Piping Connections Installation (ME-390869) views N-N and J-J.

Parts list
· Cooling Spool (MC-390817)

20.0 Install Absorber Cooling line (MB-390790)
20.1 Install the Beamtube Cooling Ret. Flex Hose (MB-390790) between the Absorber Cooling Assembly (ME-390771) and the 4.5K Intercept Connection line on the Q3, as per Q2-Q3 Piping Connections Installation (ME-390869) views G-G and L-L.

Parts list

· Beam Tube Cooling Ret. Flex Hose (MB-390790)
21.0 Install 4.5K Intercept Cooling Flex Hoses Assembly (MB-390818).

21.1 Install 4.5K Intercept Cooling Flex Hoses (MB-390818) between the Absorber Cooling Assembly (ME-390771) and the 4.5K Intercept Connections on the Q2 and Q3 magnets, as per Q2-Q3 Piping Connections Installation (ME-390869).

21.2 Weld 4.5K Intercept Cooling Flex Hoses (MB-390818) per Q2 to Q3 Piping Connections Installation (ME-390869), Views M-M, G–G and L-L (NOTE: revision B of the drawing has two weld call-outs for the same joint; the correct call-out is L-L).

Parts list

· Cooling Flex Hoses Assembly (MB-390818)

22.0 Install 4.5K Intercept Tube Brace Bar (MB-390816).

22.1 Install 4.5K Intercept Tube Brace Bar (MB-390816), if necessary.

Parts list

· 4.5K INTERCEPT TUBE BRACE BAR (MB-390816)

23.0 Install Cold Mass Pipe Support Assembly (ME-390820).

23.1 Install Cold Mass Pipe Support Assembly (ME-390820) as per Q2 to Q3 Interconnection with TAS Bellows Protectors Installation (ME-390870). Be sure to apply Loctite (or equivalent) to all screws.
Parts list

· COLDMASS PIPE SUPPORT (MC-390450)
· COLDMASS PIPE SUPPORT CLAMP (MC-390451)

· Hx PIPE SUPPORT CLAMP (MC-390453)
· FLEX HOSE RETAINER PLATE (MA-390807)

· SCREW M6 X 20 (MA-393037)
· M6 LOCK WASHER (MA-393026)
24.0 Install Beam Tube Support Assembly (ME-390778).

24.1 Using the Flex Hose Retainer Plate (MA-390807), position Flex - Hose (MB-390818) in Pipe Support Assembly (ME-390820) shown in “Opposite Side View” on Q2 to Q3 Bellows Protectors Installation (ME-390870).

24.2 Install Beam Tube Support Assembly (ME-390778) as per Q2 to Q3 Bellows Protectors Installation (ME-390870).

Parts list

· BEAM TUBE SUPPORT ASSEMBLY (ME-390778)

· FLEX HOSE RETAINER PLATE (MA-390807)

25.0 Install Upper Pipe Support Assembly (ME-390821).

25.1 Install Upper Pipe Support Assembly (ME-390821) as per Q2 to Q3 Bellows Protectors Installation (ME-390870). Be sure to apply Loctite (or equivalent) to all screws.
Parts list

· COLDMASS PIPE SUPPORT CLAMP (MC-390451)
· HEAT EXCHANGER PIPE SUPPORT (MC-390454)
· COOLDOWN PIPE SUPPORT CLAMP (MB-390455)
· HEAT EXCH. COOLDOWN-PUMPING PIPES SUPPORT (ME-390456)
· SHCS M8 X 25.0 (MA-393018) [NOTE: for the first magnet we sent MA-393040 M8 X 20]
· M6 LOCK WASHER (MA-393026)
· M8 LOCK WASHER (MA-393027)
· SCREW M6 X 20 (MA-393037)
26.0 Install Shield Line Connectors (FF & EE) (MD-390361).

26.1 Compress the Bellows.

26.2 Install the End Flange Spacer Rings (MB-390618).

26.3 Position the Shield Line Connectors (FF & EE) (MD-390361) (See Q2 to Q3 Piping Connections Installation ME-390869 for pipe orientation.)

26.4 Release the Bellows.

26.5 Weld Shield Line Connectors per Q2 to Q3 Piping Connections Installation (ME-390869), View D–D for all connections.

Parts list

· SHIELD LINE CONNECTORS (FF & EE) (MD-390361)

· END FLANGE SPACER RINGS (MB-390618)

27.0 Leak Check

27.1 When all assemblies have been installed, perform a Leak Check on the entire Assembly.

28.0 Install Bellows Protectors.

NOTE: Be sure to apply Loctite (or equivalent) to all screws.
28.1 Install Cold Mass Electrical Bus (M1) Bellows Protectors (ME-390607) as per Q2 to Q3 Bellows Protectors Installation (ME-390870).

28.2 Install Cold Mass Instrumentation (M2) Bellows Protectors (ME-390607) as per Q2 to Q3 Bellows Protectors Installation (ME-390870).

28.3 Install Cold Mass Heat Exchanger (M4) Bellows Protectors (ME-390603) as per Q2 to Q3 Bellows Protectors Installation (ME-390870).

28.4 Install Heat Exchanger (L) Bellows Protectors (ME-390579) as per Q2 to Q3 Bellows Protectors Installation (ME-390870).

28.5 Install Pumping Line (XBt) Bellows Protectors (MD-390580) as per Q2 to Q3 Bellows Protectors Installation (ME-390870).

28.6 Install Cooldown Line (LD1) Bellows Protectors (MC-390578) as per Q2 to Q3 Bellows Protectors Installation (ME-390870).

28.7 Install Shield Line (FF) Bellows Protectors (MC-390578) as per Q2 to Q3 Bellows Protectors Installation (ME-390870).

28.8 Install Shield Line (EE) Bellows Protectors (MC-390578) as per Q2 to Q3 Bellows Protectors Installation (ME-390870).

Parts list

· COLD MASS ELECTRICAL BUS (M1) BELLOWS PROTECTORS (ME-390607)

· COLD MASS INSTRUMENTATION (M2) BELLOWS PROTECTORS (ME-390607)

· COLD MASS HEAT EXCHANGER (M4) BELLOWS PROTECTORS (ME-390603)

· HEAT EXCHANGER (L) BELLOWS PROTECTORS (ME-390579)

· PUMPING LINE (XBT) BELLOWS PROTECTORS (MD-390580)

· COOLDOWN LINE (LD1) BELLOWS PROTECTORS (MC-390578)

· SHIELD LINE (FF) BELLOWS PROTECTORS (MC-390578)

· SHIELD LINE (EE) BELLOWS PROTECTORS (MC-390578)

· SCREW, M6 X 20 (MA-393037)

29.0 Pipe Insulation

29.1 Wrap piping with MLI blankets as per Q2 to Q3 Interconnection with TAS Main Assembly (ME-390868).

Parts list

· SHIELD MLI INSULATION – OUTER BLANKET (ME-390549)

· SHIELD MLI INSULATION – INNER BLANKET (ME-390548)

· PIPING INSULATION MLI BLANKET (ME-390597)
30.0 Install Thermal Shield (ME-390504)

30.1 Install parts listed below as per Q2 to Q3 Interconnection with TAS Main Assembly (ME-390868). Be sure to apply Loctite (or equivalent) to all screws.
Parts list

· THERMAL SHIELD Q2-Q3 COMMON SECTION A (ME-390511)
· THERMAL SHIELD Q2-Q3 COMMON SECTION B (ME-390513)
· THERMAL SHIELD Q2-Q3 LEFT HAND VENT SECTION (ME-390514)
· THERMAL SHIELD - SHIELD CONNECTOR (ME-390516)
· THERMAL SHIELD DEFLECTOR (MB-390517)
· THERMAL SHIELD CENTER BAND CONNECTOR (MC-390518)
· THERMAL SHIELD FILLER (MB-390519)
· THERMAL SHIELD CENTER BAND (ME-390520)
· THERMAL SHIELD ALUMINUM SPACER, 12.4 LONG (MA-390553)
· SHIELD ASSEMBLY ALUM SPACER (MA-390373)
· SHIELD ASSEMBLY RETAINING WASHER (MA-390378)
· Q2-Q3 INTERCONNECT SHIELD INNER BLANKET (ME-390548)
· Q2-Q3 INTERCONNECT SHIELD OUTER BLANKET (ME-390549)
· INTERCONNECT THERMAL SHIELD, U- BOLT (MB-390554)
· M5 X 16 CAP SCREW (MA-393028)
· M5 X 25 CAP SCREW (MA-393053)
· 1/4-20 HEX JAM NUT (MA-393054)
· M5 LOCK WASHER (MA-393056)
· M5 FLAT WASHER (MA-393057)
31.0 Shield Insulation

31.1 Wrap thermal shielding with MLI blankets as per Q2 to Q3 Interconnection with TAS Main Assembly (ME-390868).

Parts list

· SHIELD MLI INSULATION – OUTER BLANKET (ME-390549)

· SHIELD MLI INSULATION – INNER BLANKET (ME-390548)
32.0 Connect the vacuum shell sleeve and bellows

32.1 Reposition the outer vacuum shell and vacuum bellows over the interconnect region, and attach per Q2 to Q3 Interconnections with TAS Main Assembly (ME-390869).
Parts list

· Claw Clamps (MA-393337, PROVIDED BY CERN)
33.0 Install Threaded Rods

33.1 Install Threaded Rods (Qty. 4) (MA-393042) as per Q2 to Q3 Interconnections with TAS Main Assembly (ME-390869).

Parts list

· THREADED RODS (MA-393042)

· M30 X 3.5 HEX NUT (MA-393044)

· M30 SPHERICAL WASHER (MA-393043)
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Spacing between loops should be ~ 1.5 cm.





Apply Loctite.
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