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1.0	General Notes

1.1 This traveler specifies and documents the final assembly of the warm end of the TTF3 power couplers to the cryomodule.  The procedure is to be followed for each of the 8 couplers to be installed.  The procedure is the same for all of the couplers.  A separate traveler is required for each coupler.  Record the following important information:

Warm end coupler ID number: 	________________________

Cold end coupler ID number: 	________________________

Cavity ID number:		________________________
 
Installation string location:		________________________


										
		Technician(s)						Date


1.2 Electronically attach all appropriate memos, specific instructions, digital photographs, discrepancy reports and other documentation in the appropriate step in this traveler.
 

2.0 Tooling ,Tools, and Supplies 

Tooling and equipment required:	
1. Portable clean room
2. Strain relief tool and hardware
3. T- handle M5 hex driver (for warm end to cold end antenna connection) (clean)
4. Survey tool MB-458941 (center locating bar)
5. Warm End installation tooling with shims and hardware for connecting to vessel flange
6. Coupler support strap and hardware
7. Coupler support hook and mounting hardware
8. Vacuum pump and leak check apparatus
9. Mylar sleeve for protection of Warm Window
10. Rigid protection cap for Warm Window after tuning rod is installed

Tools Required: 
1. Metric Allen L-key set (clean)
2. Socket driver with 12” extension, universal, and 13mm socket (clean)
3. Wrench set
4. Square and depth micrometer 
5. Scissors
6. DVM (digital volt meter)

Supplies:
1. Alcohol wipes
2. Tape (variety of types and widths)
3. Plastic caps for mini conflat ports
4. Mylar sheet (to protect ceramic)
5. Gloves
6. O-Ring grease



3.0 Prepare Warm End Coupler for Installation (inside mobile clean room)

3.1 Unpack coupler and stand upright on packaging base connected to 6” CF flange.
[image: DSC02715]  [image: DSC02716]

3.2 Remove (2) mini CF blanks, 2.75CF blank from Warm End assembly.  Install clean plastic caps on the exposed flanges.
[image: DSC02719]  [image: DSC02722]

3.3 Remove protective cap from ceramic window and install Mylar protective sleeve on ceramic.
[image: DSC02724]  [image: DSC02726]


3.4 Install strain relief tool to doorknob end of coupler.  Loosen tuning rod retaining bolts, using the tool to counter any torque applied to the ceramic window.  Remove strain relief tool.
[image: DSC02727]  [image: DSC02728]

3.5 Remove tuning rod retaining bolts.  Remove the rod by turning 90deg and then slowly extracting.  Take care not to damage the RF springs retained by detents in the rod.
[image: DSC02729]  [image: DSC02730]

3.6 Loosen the bolts on the 6” CF flange.  Leave bolts snug.
[image: DSC02733]




3.7 Remove the three stiffening rods and brackets.  Support the coupler in order to avoid excessive motion at the bellows.
[image: DSC02737]  [image: DSC02738]

3.8 Remove the flange bolts that were loosened earlier.
[image: DSC02739]
3.9 Position the coupler packaging base in order to gain access to the bolt through the center of the bottom of the base.
3.10 Carefully remove the center bolt and lift the coupler up off the base.
[image: DSC02741]  [image: DSC02742]




3.11 Reposition the coupler with the warm window down.  Have one person support the coupler by hand in this position.
[image: DSC02743]
3.12 Using the T-handled drive, insert the inner conductor socket head screw from underneath and thread it in until it is fully through the hole.
[image: DSC02745]  [image: DSC02748]

3.13 Carefully place coupler aside in a manner that prevents excessive bending. 
 

												
		Technician(s)						Date


4.0 Prepare Cold End coupler for Warm End Installation

4.1 Working through coupler port, pull MLI aside and fix with adhesive tape.  Route cables out bottom port.
[image: ] [image: \\Tdserver1\project\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\DSC00719.JPG]

4.2 Looking through coupler port, check to see that 70K flange is centered.
4.3 Check distance between 70K flange and vacuum flange (should be about 211 mm).
[image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\November 5 Monday Day 1\DSC00615.JPG]  [image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\November 5 Monday Day 1\DSC00616.JPG]

										
[bookmark: _GoBack]	Technician(s)						Date
4.4 Measure coupler antenna and e-pickups impedance with DVM, it must be infinity.

										
	Technician(s)						Date

4.5 Install the coupler upper and lower installation support tooling.
[image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\November 6 Tuesday Day 2\DSC00619.JPG]  [image: ]
4.6 Measure the distance between the installation tooling rails.  The spacing should be 6.03” or more.
4.7 Wiggle the tooling to ensure that it is rigidly connected to the cryomodule.
4.8 Wipe down the protective cap, particularly the outside diameter, with alcohol wipe.
4.9 Remove the threaded rods supporting the Cold End coupler from the cavity.
4.10 Remove the bolts holding the protective cap the Cold End.  Be sure the hold the cap with one hand while removing the last bolt so the cap doesn’t tilt onto the ceramic.  Slowly withdraw the cap straight toward you to clear the ceramic window.
4.11 By hand, unscrew the spring-loaded RF connector from the Cold End antenna.
[image: \\Tdserver1\project\TD_SCRF\Module_6_Assembly_at_DESY\Cold Mass Assembly Pictures\Cold Mass Assembly - Day 18\DSC02484.JPG]
4.12 Without touching the ceramic window, wipe the seal area of the CF flange on the Cold End.
4.13 Mount the brass sled onto the installation tooling and slide it back and forth to check for smooth motion.
[image: ]

											
	Technician(s)						Date


5.0 Install the Warm End Coupler

5.1 Supporting the Warm End’s inner conductor with the T-handle driver, slowly lift Warm End Coupler horizontal and place it onto the brass sled on installation tooling.  The 2-3/4”CF pump out port points to the left.
[image: DSC02758]
5.2 Slide the Warm End towards the Cold End to ensure that the 6”CF flange clears the top bar of the installation tooling.
5.3 Remove the Warm End and turn it around on the tool so that the face of the CF flange faces you.
5.4 Wipe the seal area on the CF flange on the Warm End.
[image: DSC02761]
5.5 Wipe clean the 6”CF gasket (modified with rounded edges on ID).
5.6 Strike the gasket on edge against an unpainted, rigid surface to develop a slight out-of-round shape.  If the gasket becomes non-flat, discard and try again.
[image: DSC02763]  [image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\November 6 Tuesday Day 2\DSC00640.JPG]
5.7 Snap the gasket into the flange on the Warm End.  Check to make sure it is secure.
5.8 Re-orient the Warm End onto the installation tooling for installation and gently slide it into position towards the Cold End.  
5.9 With the T-handle held, feel for contact of the center conductors.  Slowly turn the T-handle to join the center conductors.  Allow the Warm End flange to the Cold End flange with tightening of the screw.  Fully tighten the screw and then back off about ½ turn.
[image: DSC02766]  [image: DSC02768]
5.10 Install (2) M8x35 Nitronic 60 HHCS with washers at the 3 and 9 o’clock positions.  Tighten them finger tight.  Reach in with your hands and wiggle the flange on the Warm End to make sure both flanges are engaged with the CF gasket.  Snug up bolts with wrench.
5.11 Install the rest of the M8 bolts (16 bolts total).   Pull back the brass sled to get the two bottom bolts in.  The coupler will sag down onto the stainless fixture.  Tighten bolts in a circular pattern, making at least (3) full rounds.  Use an inspection mirror and flashlight to check for an even gap between the flange pair.
5.12 Snug the inner conductors together with the T-handle.
5.13 Remove the installation fixture from the 12 o’clock position.
5.14 Attach the suspension link to the Warm End coupler and the vessel flange at the 12 o’clock position.
[image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\DSC00706.JPG]
5.15 Remove the installation fixture from the 6 o’clock position.

											
	Technician(s)						Date
5.16 


6.0 Install e-2 cable and Super-insulation

6.1 First (10) layer blanket of super-insulation has a 3/8” hole punched into it.  Wrap this around the Warm End, pushing the hole over the connector on the e-2 probe.  Tape.

										
	Technician(s)						Date
6.2 Connect RF cable to the e-2 probe using the cable’s torque wrench.
6.3 Have cable checked by RF expert.

										
	Technician(s)						Date

6.4 Fold down (10) layers of the 70K super-insulation.  Tape in a position that follows the curve of the 70K shield.
6.5 Install (10) layer super-insulation ring.  Tape.
6.6 Repeat layering scheme two more times.

											
	Technician(s)						Date
6.7 



7.0 Close Warm End and Vessel Port

7.1 Install hook through instrumentation port to support Warm End.  Be careful not to contact the cable or e-2 probe.  Set hook height slightly below Warm End.
[image: \\Tdserver1\project\TD_SCRF\Module_6_Assembly_at_DESY\Cold Mass Assembly Pictures\Cold Mass Assembly - Day 19\DSC02716.JPG]  [image: ]
7.2 Remove suspension link between Warm End and vessel flange at 12o’clock and gently lower Warm End onto hook.  It is important that when the vacuum port flange is installed that the hook doesn’t over-constrain the coupler.  Check to make sure coupler is held slightly below center so that it lifts up off the hook when vacuum flange is installed.
7.3 Remove T-handled driver.
7.4 Apply thin film of O-ring grease to both seals used on the port flange.
7.5 Install small diameter seal on the Warm End; be sure not to touch the Mylar sleeve with the seal.
7.6 Install large diameter seal on vessel flange or sealing flange (depends on design); be sure not to touch the Mylar sleeve with the sealing.
[image: \\Tdserver1\project\TD_SCRF\Module_6_Assembly_at_DESY\Cold Mass Assembly Pictures\Cold Mass Assembly - Day 19\DSC02711.JPG] 
7.7 Change gloves.
7.8 Install vacuum flange and secure to vessel with stainless M8x SHCS and washers; if necessary remove plastic covers for CF-flanges for this short time of taking the big flange on its place.
[image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\November 6 Tuesday Day 2\DSC00666.JPG]  [image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\November 6 Tuesday Day 2\DSC00667.JPG]
7.9 Install ceramic protection cap again (Mylar sleeve left installed). Install split rings into vacuum flange and secure with M6x SHCS.  Split seam runs left and right.
7.10 Attach mini CF optical window, with wiped seal, and M4x25 SHCS SS screws and plate nuts.  Do NOT use washers.
7.11 Attach e-3 pickup with wiped seal and M4x20 SS SHCSscrews, washers, and plate nuts.
[image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\November 6 Tuesday Day 2\DSC00668.JPG]
7.12 Remove protective cap from warm window.
7.13 Look into back of doorknob with a flashlight to verify the orientation of the slit in the inner conductor.
7.14 Locate tuning rod and verify that both RF springs are in place.  Blow tuning rod with ultra-pure nitrogen.
7.15 With 2.125”CF gasket, install tuning rod, with engagement pin and rod end oriented to match position of slot in inner conductor.  Gently rotate tuning rod CW 90degrees.  If rod will not rotate, use a small hex key or other blunt tool to push inward on inside of threaded portion of tuning rod to extend the bellows and then rotate it CW 90degress.
[image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\November 6 Tuesday Day 2\DSC00670.JPG]  [image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\November 6 Tuesday Day 2\DSC00673.JPG]
7.16 Make sure CF gasket is seated properly and secure flange with (4) M6x20 HHCS and washers.
7.17 Install threaded tuning link (for manual adjustment).
[image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\November 6 Tuesday Day 2\DSC00674.JPG]  [image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\November 6 Tuesday Day 2\DSC00675.JPG]

7.18 Install protective cap over ceramic and fix it with small screw at outer coax of the warm window
7.19 Attach right angle all-metal valve with wiped seal and M6x35 SS HHCS, washers, and silicon bronze nuts.  Set valve port angle 47degrees from vertical.
[image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\November 6 Tuesday Day 2\DSC00676.JPG]  [image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\DSC00683.JPG]

7.20 Leak check coupler and then back-fill with ultra-pure GN2.  Note: Do NOT attempt to leak check without the manual tuning link installed in the tuning rod.  Without it, the inner conductor is unrestrained against vacuum loads and the tuning bellows will stretch and possibly become damaged.  Be sure to also leak check the 6”CF flange mating the Warm End and Cold Ends.
[image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\DSC00684.JPG]


												
		Technician(s)						Date
7.21 



8.0 Install Wave Guide

8.1 Make sure that Mylar sleeve is in place.

8.2 Mount side rails to vessel using 3 M10 x 30 bolts only hand tighten.
[image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\DSC00685.JPG]  

8.3 Install Wave Guide mounting support bars on side rails with 4 M10 x 30 bolts and large washers only hand tighten and coat threats with anti-seize.
[image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\DSC00687.JPG]  [image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\DSC00688.JPG]

8.4 Leave mounting rods pulled back so only 1 or 2 threads protrude so that the waveguide can be installed.

8.5 Install RF-foil-seal around raised square edge surface just pass the ceramic, once one layer is around, push down to form the foil around the edge being sure, no part of the foil goes past the stainless area into the copper area.

[image: \\Tdserver1\project\TD_SCRF\Module_6_Assembly_at_DESY\Cold Mass Assembly Pictures\Cold Mass Assembly - Day 19\DSC02608.JPG]  [image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\DSC00693.JPG]

8.6 Check to ensure you have the correct wave guide for the location and unpack the wave guide and capacitor; also be sure to take the right capacitor.

8.7 Locate the 2 half rings that secure the wave guide and also locate all necessary screws.

8.8 Carefully place 2 pieces of kapton tape on Mylar-sleeve at 12 and 6 o’clock, attach these to the adjuster; otherwise the sleeve may not be removable.
[image: Q:\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\DSC00695.JPG]

8.9 Install the wave guide carefully sliding it over the ceramic and sleeve and onto the RF-foil (be sure the foil stays on its place!). Install the half-rings and mounting screws and hand tighten.
[image: \\Tdserver1\project\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\DSC00694.JPG]

8.10 Check the top of the guide with a level grasp kapton tape and pull to remove Mylar sleeve. 
[image: \\Tdserver1\project\TD_SCRF\Module_6_Assembly_at_DESY\Cold Mass Assembly Pictures\Cold Mass Assembly - Day 19\DSC02605.JPG]

8.11 Install capacitor into front of wave guide making sure the deeper side faces in.

8.12 Install all M3 x 8 bolts (with threads coated with anti-seize) with extra small washers into inner and outer threaded holes and snug.

[image: \\Tdserver1\project\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\DSC00700.JPG]  [image: \\Tdserver1\project\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\DSC00702.JPG]

8.13 Re-level the guide.

8.14 When the wave guide is in level, tighten all bolts of capacitor crosswise.

8.15 Tighten all screws on the back of the wave guide.

8.16 Push the mounting rods out till they touch the wave guide, then slide and move the support bar and mounting rails till the rods can freely turn into the wave guide.

8.17 Tighten all mounting rail bolts, support-bar bolts and verify rods turn reasonable freely and then snug rods into wave guide by hand and fix it hand tighten.

8.18 Install vacuum pipe bracket on right side of the rail with 3 M10 x 30 bolts and leave bolts loose for later vacuum pipe mounting.

[image: \\Tdserver1\project\TD_SCRF\Cryomodule 1 Assembly @ FNAL\pictures\Coupler Assembly\DSC00713.JPG]




												
		Technician(s)						Date



9.0 Install Motorized Coupler Tuner

9.1 If in place, remove existing cover from back of Waveguide.
 
9.2 If manual tuning link is in place, remove (4) M4 HHCS securing it.  Unscrew tuning link CCW to remove.

9.3 Install automatic tuning link.  Turn by hand to bottom of travel.  Do not force.

9.4 Locate WG cover that includes (4) mounting holes for the tuner assembly.  HV bias cable and connector should be installed onto it.

9.5 Install forked spade of HV cable onto backside of doorknob with (1) M4x8 HHCS into one of the (4) vacant tapped holes.

9.6 Stuff coiled HV cable into WG and secure cover in place with (8) M4x8 Phillips head screws.

9.7 With a calipers or scale, measure distance that plastic threaded link rod protrudes from backside of Waveguide.  Length should be ≤ 25mm.  Do not include small boss/tang at end of rod in this measurement.

9.8 Locate tuner motor assembly.  Measure distance from motor shaft face to mounting surfaces of brackets which fasten to WG.  Length should be ≥ 25mm.

9.9 Mount tuner assembly with LVDT up using (4) M5x10mm SHCS and washers.  Watch that plastic tuning link and motor shaft end are properly mated/aligned. Do not jam the two shafts end to end.

9.10 Back out plastic tuning link from coupler to just close gap between rod ends.  Do not end-load shafts.

9.11 Finger tighten coupling being careful not to damage plastic shaft.

9.12 Use M8 wrench on plastic tuning link and custom spanner wrench to tighten this coupling.
  
9.13 Adjust the position of the two limit switches so that they are centered about the limit switch activation arm mounted on the motor shaft.  

	1.3 GHz Module Assembly Traveler
Coupler Warm End Assembly

	Serial No.:  «SerialNo»-«ReworkID»
Note(s):  «Notes»
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