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6.1 TTF-3 Coupler Installation for Horizontal Test, Manual Tuner


1.0 
Scope

1.1 This document will be a guide and a checklist to preforming the installation of a LCLS II dressed cavity in the Horizontal Test Stand located in the Meson (MDB) building.  The HTS chamber is also referred to as the HTS cave. 

2.0 General Instructions 

2.1 All personnel will have proper training for handling and installation of a cavity in to the test stand.  The Responsible Authority will designate personnel authorized to perform this activity.  

2.2 Review the following document with the Responsible Engineer as required before starting the procedure: 

“LCLS II” OP 464231 Installation of a Dressed Cavity in the Horizontal Test Stand (HTS)
“PFFA” ADDP-ME-000145 Producing Very Low Particle Vacuum Components
TTF-3 Coupler Installation for Horizontal Test, Manual Tuner
Traveler 464177 LCLS II Horizontal Test (HTS) Preparation Traveler (RFCG)

2.3 Print out the checklist and complete as directed.  Give the completed checklist to the HTS Authority/Designee. 

3.0 Operating Checklist to be filed with the test Authority upon completion

1.0 Verify traveler 464177 has been completed and the Responsible Authority has approve.

1.1  HTS Manager has agreed to receive the cavity. 

2.0 Have the transport cart with the cavity delivered from MP9 to MDB (ME-7)

3.0 Transport the cart with cavity to the HTS cave.

4.0 Perform the cavity to cart alignment.  Three methods for alignment – Manual, Blocks/Manual, Fixture

4.1 Set the y-direction (height) first using the blocks (spec is 0.811” (~20.6mm) Note: the blocks get close (± 2mm)

4.2 X-direction (left/right when looking down the cavity to the tuner)spec is 0.216” ~5.49mm (± 2mm)

4.3 Z-direction (beam direction) spec is 0.465” ~11.81mm (± 2mm)

5.0 Secure the cavity feet (Coupler foot is a fixed point aligned in the previous step)

CAVITY
V1
V3
Coupler
V2
V4








5.1 Tighten V1 and V2 simultaneously to 6NM (~53 in-lbs.) with a torque wrench, Then back off by turning the fasteners 90° counterclockwise.

5.2 Tighten V3 and V4 simultaneously to 6NM (~53 in-lbs.) with a torque wrench, Then back off by turning the fasteners 90° counterclockwise.

5.3 Tighten H1 and H2 to 6NM (~53 in-lbs.) with a torque wrench.  Then turn 270° counterclockwise.

5.4 Remove the bearing stops from V2, V3, and V4.  V1 should always remain locked in position.

5.5 Add magnetic shielding to cover the feet.

6.0 Link the blue transport cart and rail to the cryostat.  Unlock the cavity cart from the transport cart.

7.0 Move the cavity cart from the blue transport cart in to the cryostat.  Lock it in place using shoulder screw.

8.0 Move the portable cleanroom and glove box in to position covering the gooseneck and the cryostat connection hose.

9.0 Follow the ADDP-ME-000145 Producing Very Low Particle Vacuum Components to connect the cavity vacuum line to the gooseneck. See Appendix

9.1 Pump down the cavity vacuum system at no faster than 10 Torr/min. 

9.2 Leak check the cavity vacuum system to the RAV (Right Angle Valve)

9.3 Open the RAV on the cavity.

10.0 Install the warm coupler per procedures “TTF-3 Coupler Installation for Horizontal Test, Manual Tuner” See Appendix 

10.1 Leak check the warm coupler system.  (Beam tube limits & specifications)

11.0 Pump down cavity & coupler vacuum systems, and turn on ion pumps and ion gauges when pressure allows. Controls for both are located in the HTS Control Room.  (Beam tube limits & specifications) (for overnight – (time frame to be determined)) 

** OPTIONAL timing dependent

12.0 Prepare to connect the helium circuit.

12.1 Break the ½” VCR® at the vaporizer connection.  Cap the Helium side. Valve and rough pump to cryostat side.  (Cryostat limits & specification)

12.2 In the cryostat make the three helium connections: the ¼” VCR®, the ½” VCR® and 4-5/8” helium manifold connection.

12.3 Pump down the helium circuit to 28” of mercury. (Cryostat limits & specification)

12.4 Pressurize the helium circuit to 5 psi of helium.  Hold for a minimum of 15 minutes.  Zero pressure loss during this time is the only acceptable result.

13.0 Trace and connect the instrumentation and power package. Need the Excel file printout

14.0 Locate and connect/check all heat sinks and thermal straps.   

15.0 Notify the HTS testing authority/HTS Manager the system is ready for Checkout

15.1 Instrumentation – Contact the HTS Manager

15.2 Waveguide launcher – Contact the AD RF Engineer

15.3 RF (Radio Frequency) – Contact the RF Engineer

16.0 Check for the OK to start magnetic shield end caps installation and final insulation.

17.0 Check out by HTS Authority

18.0 Verify approved to continue 

19.0 Install 5K and 80K end caps

19.1 Clean and grease the doors

19.2 Close the seal the doors

20.0 Pump Down the insulating space – (Cryostat limits & specification)

20.1 Leak Check the Cryostat – (Cryostat limits & specification)

20.2 Perform the final helium circuit leak check – (Cryostat limits & specification)

20.2.1 Pressurize the helium circuit to 5 PSI, hold for 15 minutes and monitor the leak detector on the insulating vacuum

21.0 Make the entry in the SRF Logbook to notify the group of completion of installation and checkout.

21.1 Include the HTS Authority and Cryo Authority on entry via email from the logbook.

4.0 Special Precautions

ODH – Oxygen Deficiency Hazard in cave

5.0 Installation Report

[bookmark: _Toc289775307]	Checklist to be filed with the test Authority upon completion.  

This checklist defines the order of operations for safe installation of SCRF cavities into the horizontal test cryostat (HTC) located at the Meson Detector Building (MDB).  At the completion of each operation, the Technician Team Leader or suitable designee must confirm the action by checking the “Completed” box to the right of the operation listed in this document.  At critical steps, the Technician Team Leader must initialize and date that the task was completed correctly.

	Step
	VISUAL VERIFICATION CHECKLIST

	
	VERIFY ALL PREPARATION WORK of 464177  HAS BEEN COMPLETED

	1.0 
	Verify all thermometry on cavity and coupler 

	2.0 
	Verify Install of cavity body magnetic shielding

	3.0 
	Verify cavity secure on the transport cart, transport to HTS

	4.0 
	Verify cavity pumping line (goose neck) to RAV installed

	5.0 
	Verify Installed coupler 80K flange heat shields

	6.0 
	Verify Installed liquid level Dewar assembly and mini-CF LHe line

	
	PROCEED WITH THE CART IN TO CAVE FOR INSTALLATION TO HTS


 

	464231 LCLS II Installation of a Dressed Cavity in the Horizontal Test Stand (HTS)

	STEP
	DESCRIPTION
	INITIALS

	1.0 
	Visual Verification of receiving cavity completed
	

	2.0 
	Align cavity for coupler installation
	

	3.0 
	Tighten mounting bolts on V1 foot closest to coupler
	

	4.0 
	Remove the stops for V2, V3, and V4 feet
	

	5.0 
	Install cavity into HTC and Lock in place
	

	6.0 
	Connect cavity to vacuum line in cleanroom glove box.  Follow ADDP-ME-000145 Producing Very Low Particle Vacuum Components
	

	7.0 
	Pump down vacuum circuit to RAV, leak check circuit, then slowly open RAV to vacuum system
	

	8.0 
	Install WARM coupler and leak check (see 1.3 GHZ Coupler Install for HTS)
	
	

	9.0 
	Connect the helium circuit.  Pressurize to 5PSI and hold for 15 minutes
	
	

	10.0 
	Trace and Connect the Instrumentation Package
(Excel file Uploaded from Traveler 464178)
Package A    ________________________________
Package B    ________________________________
Package C    ________________________________
Package D    ________________________________
	
	

	11.0 
	Connect thermal and heat sinks
	
	

	12.0 
	Leak Check the cavity vacuum circuit
	
	

	13.0 
	Leak check the (warm/cold) coupler circuit and system
	

	14.0 
	NOTIFY HTS AUTORITY/HTS MANAGER for checkout
	

	
	a. Waveguide launcher
	
	

	
	b. Radio Frequency Coupler
	
	

	
	c. Instrumentation 
	
	

	15.0 
	Install magnetic shielding and insulation
	
	

	16.0 
	Notify HTS Authority for -
	Install external coupler instrumentation/checkout
	
	

	17.0 
	Close the Cryostat
	

	18.0 
	Pump down HTC and Leak Check
	

	19.0 
	Install waveguide
	

	20.0 
	Notify HTS Authority 
	Install external coupler Instrumentation/checkout
	





6.0 APPENDIX 

TTF-3 Coupler Installation for Horizontal Test, Manual Tuner
Rev 0: Frank Hoffmann, Dan Olis	May 16, 2008
Rev 1: Ken Premo, Ryan Montiel	Nov 10, 2010
Rev 2: Ken Premo	May 24, 2011

This document describes TTF-3 Coupler Warm End and Waveguide installation onto Horizontal Test Chamber.  It also includes coupler motorized tuner installation procedures if the tuner is to be used.
Time duration: 1) Warm end installation – 3hrs, 2) Leak check – 1hr, 3) Waveguide Installation
· 1hr.

Tooling required:
1. Warm End installation tooling with shims for connecting to vessel flange
2. Tee handled M5 hex driver (for warm end to cold end antenna connection) (clean)
3. Mylar sleeve for protection of Warm Window
4. Rigid protection cap for Warm Window after tuning rod is installed
5. Survey tool, MB-458941, square, and depth micrometer with 8”-9” gage.

Tools Required:
1. Metric Allen L-key set (clean)
2. Socket driver with 12” extension, universal, and 13mm socket (clean)
3. M7 wrench
4. Phillip’s head screw driver
5. Inspection mirror (clean)
6. Vacuum grease for O-rings.
7. Anti-seize.
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Check Cold Coupler alignment and Install Outer Conductor tooling

1. Through open end of HTS vessel, check that serial number on Cold End matches traveler.

2. Assure that the cavity beam line vacuum connections are leak tight and the pumps are running (Note: the right angle valve should remain closed at this point.).

3. Through open end of HTS vessel, install coupler support brackets to cold end coupler flange (if the brackets have not already been installed).

4. Use survey tool, MB-458941 and a square to check that Cold End is aligned to vessel port with +/- 2mm, vertically and horizontally.  Adjust cavity position to align if required.
[image: ]

5. Use survey tool, MB-458941 and a precision ruler to check distance from vessel flange to Cold End coupler.  With Cold Cap in place, flange face-to-face should measure between 210mm to 214mm (8.27in to 8.43in).   Measure in four locations, i.e. 12 o’clock, 3 o’clock, 6 o’clock, 9 o’clock).
[image: ]

6. Install Warm End installation bottom tooling (6 o’clock) using M8x20 SS SHCS, taking care not to load the cavity through the coupler.

7. Use level to ensure installation tooling is level and perpendicular to flange.
8. 
9. Remove the bottom 2 bolts from the cap on the cold end window.
[image: ]

10. Install the brass installation sled and assure that it moves freely on the tooling and that the end pins engage the open bolt holes on the Cold End window cap.

11. Move to inside the vacuum vessel and detach the support link from the cold end coupler flange.  Move the link out of the way.

12. Install the top half (12 o’clock) of the installation tooling using M8x20 SS SHCS. Measure the distance between the rails of the top and bottom installation tooling as installed to check that the spacing is 6.03” or greater.
[image: ] 	[image: ]
13. Position the clean room.  Tape drapes of clean room to the vessel to seal as best as possible.  Wipe down vessel, vessel flange, and tooling.
[image: ] 	[image: ]

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

1. Put on clean room clothing.

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

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

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


5. 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: ] [image: ]

6. 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: ] [image: ]

[image: ]

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

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


9. Remove the flange bolts that were loosened in step 7.
[image: ]

10. Position the coupler packaging base in order to gain access to the bolt through the center of the bottom of the base.
11. 


12. Carefully remove the center bolt and lift the coupler up off the base.
[image: ] [image: ]

13. Reposition the coupler with the warm window down.  Have one person support the coupler by hand in this position.
[image: ]

14. 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: ] [image: ]

15. Carefully place coupler aside in a manner that prevents excessive bending.
16. 
Prepare Cold End coupler for Warm End Installation

1. Wiggle the Warm End installation tooling to ensure that it is rigidly connected.

2. Wipe down the protective cap, particularly the outside diameter, with alcohol wipe.
[image: ]

3. Remove the bolts holding the protective cap to Cold End. Be sure to hold the cap with one hand while removing the last bolt so the cap doesn’t tilt onto the ceramic.
[image: ] [image: ]

4. Using the sled as a guide, slowly withdraw the cap straight toward you to clear the ceramic window.
[image: ]

5. By hand, unscrew the spring-loaded RF connector from the Cold End antenna.
[image: ]

6. Without touching the ceramic window, wipe the seal area of the CF flange on the Cold End with a clean room alcohol wipe.
[image: ]

Install the Warm End Coupler

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.  Position so the 2-3/4”CF pump out port points to the left.
[image: ]

2. Slide the Warm End towards the Cold End to ensure that the 6”CF flange clears the top bar of the installation tooling.

3. Remove the Warm End and sled and turn it 180 degrees around on the tool so that the face of the 6”CF flange faces outward.  Wipe the seal area on the CF flange on the Warm End.
[image: ]

4. Wipe clean the 6”CF gasket (modified with rounded edges on ID).
5. 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: ]

6. Snap the gasket into the flange on the Warm End.  Check to make sure it is secure.
[image: ]

7. Re-orient the Warm End and sled onto the installation tooling for installation and gently slide it into position towards the Cold End.
[image: ] 	[image: ]
8. With the T-handle held, feel for contact of the center conductor screw and threaded hole. Slowly turn the T-handle to join the center conductors.
[image: ]

9. Draw the Warm End flange to the Cold End flange by tightening the screw. Tighten the screw and then back off about ½ turn.

10. Install (2) M8x35 silicon bronze HHCS with washers at the 3 and 9 o’clock positions. Tighten them finger tight.

11. Reach in with your hands and wiggle the flange on the Warm End to make sure both flanges are engaged with the CF gasket.

12. Visually inspect the flange interface to assure proper fit up. Snug up fasteners.

13. Install the rest of the M8 bolts. Pull back the brass sled to get the two bottom bolts in. The coupler will sag down onto the stainless fixture. Use a clean room rag between the coupler and sled to protect the ceramic.
[image: ] [image: ]

14. Tighten bolts in a circular pattern, making at least (3) full rounds.  Inspect the flanges to assure there is an even gap between the flanges.

15. Tighten the inner conductor cap screw with the T-handle.
16. Apply thin film of O-ring grease to both seals used on the port flange.  Install large diameter seal on the holder.

17. Support the coupler by hand.  Support the coupler end using the T-handle.  Be sure to avoid large movements that could damage the coupler.

18. Remove the sled and the top and bottom installation fixture.
19. 

Close Warm End and Vessel Port

1. Install small diameter seal on the Warm End; be sure not to touch the Mylar sleeve with the seal.

2. Carefully move the large seal and the vacuum flange over the coupler and into position.  Be sure not to touch the Mylar sleeve with the seal.

3. Secure the large flange to the vessel with (2) stainless M8x25 SHCS and washers in the 12 and 6 o’clock positions.

4. Install split rings into vacuum flange with the split seam in the 9 and 3 o’clock position and secure with M6 SHCS. Assure that the coupler is centered before tightening the screws.

5. Install the remaining M8 cap screws on the vacuum flange. Space the screws every other hole.
[image: ]

6. Remove the T-handle from the coupler and set aside.

7. Attach mini CF optical window and new copper seal with M4x25 SS screws and plate nuts. Do NOT use washers.
[image: ] 	[image: ]

8. Attach e-3 pickup and new copper seal with M4x20 SS screws, washers, and plate nuts.
[image: ] [image: ]

9. Attach vacuum line and seal with cap screws, washers, and plate nuts.
[image: ] [image: ]

10. Look into back of doorknob to verify the orientation of the slit in the inner conductor.

11. Insert tuning rod and 2.125”CF gasket with engagement pin and rod end oriented to match position of slot in inner conductor.   Assure that both RF springs are in place and are not disturbed during the insertion process.
[image: ] 	[image: ]

12. 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: ] [image: ]

13. Make sure CF gasket is seated properly and secure flange with (4) M6x20 HHCS and washers.  Do not fully tighten.
[image: ]

14. Install strain relief tool to coupler door knob and use to counter the torque when tightening tuning rod attachment bolts.  Tighten bolts and remove tool.
[image: ] [image: ]

15. Clean room clothing may be removed at this point. Continue to wear gloves.
16. 

17. Install threaded tuning link by treading it in clockwise.  Assure that the link flange is in contact with the coupler face.  Secure with 4 cap screws.
[image: ] [image: ]

18. Leak check coupler. Do not proceed until leak proof connections are confirmed. WARNING: 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.

19. Working inside cryostat, remove coupler flange support tooling and bellows support.
20. 
[image: ]	[image: ]

Install Wave Guide

1. Make sure that Mylar sleeve is in place.

2. If not already installed, mount side rails to vessel using (3) M10 x 30 hex head bolts.  Hand tighten bolts.

3. Install Wave Guide mounting support bars on side rails with (4) M10 x 30 hex head bolts and large washers. Coat threads with anti-seize and hand tighten only.
[image: ] [image: ]

4. Leave mounting rods pulled back so only 1 or 2 threads protrude so that the waveguide can be installed.
[image: ] 	[image: ]

5. Install RF-foil-seal around raised square edge surface just past the ceramic. Once one layer is around, push down to form foil around the edge, being sure no part of the foil goes past the stainless area into the copper area.
[image: ] [image: ]

6. Check to ensure you have the correct serial number wave guide and capacitor for the coupler. Unpack the wave guide and capacitor.  Locate installation hardware.
[image: ] [image: ]

7. Carefully place (2) pieces of Kapton tape on Mylar-sleeve at 12 and 6 o’clock. These will be used to withdraw the sleeve after the Waveguide is installed. Attach loose ends of the tape to the adjuster.
[image: ] 	[image: ]

8. Carefully slide Waveguide over the ceramic and sleeve and onto the RF-foil. Be sure the foil stays in place.
[image: ] [image: ]

9. Once seated on the foil, install the half-rings, washers, and cap screws. The half ring split should be at the 9 and 3 o’clock positions.  Hand tighten the cap screws.
[image: ] [image: ]

10. Check that the Waveguide is level. Adjust if required.
[image: ] 	[image: ]

11. Grab Kapton tape and pull to remove Mylar sleeve.
[image: ]

12. Install capacitor into front of Waveguide making sure the deeper side faces in.
[image: ] [image: ]

13. Install all M3 x 8 SHCS (threads coated with silver anti-seize) with extra small washers into inner and outer threaded holes and snug.
[image: ]

14. Re-level the guide. If WG cannot be leveled, the oblong holes in the capacitor may need be rotated for more adjustment.
[image: ]

15. Once WG is level, tighten all screws of capacitor crosswise.

16. Tighten the cap screws on the backside of the Waveguide.

17. Push the mounting rods in until they touch the Waveguide, then slide and move the support bar and mounting rails till the rods can freely turn into the Waveguide.
[image: ] 	[image: ]

18. Tighten all mounting rail bolts, support-bar bolts, and verify rods turn  freely and then snug rods into Waveguide by hand.  Hand tighten.
[image: ] [image: ]

19. Locate WG cover.  HV bias cable and connector should be installed.

20. Install forked spade of HV cable under one of the M4x8 SHCS holding in the manual tuning mechanism.
[image: ]

21. Stuff coiled HV cable into WG and secure cover in place with (8) M4x8 Phillips head screws.
[image: ]

22. Install tuning knob.
[image: ] 	[image: ]
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