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1.0 
Scope

1.1 This document will be a guide to preforming the removal of a LCLS II dressed cavity from the Horizontal Test Stand located in the Meson (MDB or ME-7) 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 removal of a cavity from the test stand.  The Responsible Authority will designate personnel authorized to perform this activity.  Removal of the dressed cavity to the transport cart will be handled by trained personnel.
2.2 Review the following document with the Responsible Engineer as required: 
OP 464232 LCLS II Removal of a Dressed Cavity from the Horizontal Test Stand (HTS) 
2.3 All personnel will have proper training ODH – Oxygen Deficiency Hazard 

3.0 HTS 1.3 GHz Elliptical Cavity Removal Procedure

1. Liquid Nitrogen Order
1.1. Order LN2 Dewar to be used to backfill cavity beam-line hose and warm coupler vacuum line. Call X3808 to order a High Pressure Dewar to be delivered to the “HTS cave in MDB”. (There may be an empty Dewar at the cave entrance that should be moved to delivery area to be picked-up when new Dewar arrives.)

1.2. Install the Dewar outside of the HTS cave as shown. If there is an empty Dewar already there, remove regulator and move Dewar to the roll-up door for pick-up as noted in Step I sub a.

[image: ]

Completed By: ________________________		Date: ________________________


2. Sign-off from an HTS Operations Manager to Spoil Insulating Vacuum

2.1. The cavity in the HTS cryostat has begun warming, is powered down and ready to have the insulating vacuum spoiled to speed up warming.

HTS Manager: __________________________		Date: ________________________

3. Backfill (Spoil) Cryostat Insulating Vacuum 
The following section will be rewritten at the end of the current test cycle.
3.1. Check the valves on the insulating vacuum pumping station on top of cryostat labeled “Valve A” and “Valve B” in picture below are closed.
** This will allow the scroll and turbo pump lines to remain under vacuum during downtime. Power to the pumps should be off once the cryostat is cold prior to warm-up.

[image: ]NEED NEW PHOTO AND WRITE-UP


3.2. Open insulating vacuum isolation valve. This electronic valve must be opened through the ACNET program in the HTS control room. An HTS manager should assist with this procedure

3.3. Slowly open the small Nupro valve on the house nitrogen supply line located by the house supply gas panel as shown below.

[image: ]

3.4. Slowly open the nitrogen backfill valve on the insulating vacuum pumping station, as shown below in left picture. You should hear the flow gas to the cryostat. Watch the 316 vacuum gage controller on top of the cryostat; you should see the pressure starting to change. Backfill is complete when the vacuum gage reads approx. 740 Torr or higher as shown in picture on the right.


[image: ]   [image: ]


3.5. After insulating vacuum has been spoiled, it is optional to close the Nupro valve on the house gas panel and close the backfill valve on the insulating vacuum pumping station.  Backfill operation is complete.  Leaving the purge on will cool the unit quicker.

Completed By: _______________________________		Date: ________________________


4. Sign-off from an HTS Operations Manager to Open Cryostat

4.1. Once the insulating vacuum has been spoiled it may take 1-2 days before warm-up is complete. Cavity needs to be at room temperature (>280K) before the domes can be opened. Approval required prior to opening cryostat.

HTS Manager: _________________________________		Date: ________________________



5. Backfill Beam-line (Cavity) Vacuum Pumping System

5.1. An RGA scan of the beam-line vacuum may be required (check with HTS manager). If so, follow RGA scan procedure from “HTS Installation Procedure” steps X-X. If an RGS scan is NOT required proceed to step b.

RGA Scan Yes ______________     RGA Scan No _____________



5.2. Close the right angle valve on the cavity “gooseneck” to preserve the cavity vacuum.

[image: ]

5.3. Manually close the gate-valve located under the beam-line pumping station to preserve the Ion pump vacuum (marked with yellow tape).

[image: ]
5.4. Turn off Ion gage located in the control room. Green light off indicates “Off Mode” for the gage. Pictures below show control room controllers.

[image: ]  [image: ]

5.5. Close right angle valve (marked with red tape) behind cart.



5.6. Check that the backfill throttle valve (marked with green tape), the small dial valve (marked with brown tape), and the Nupro backfill valve are all closed.

[image: ]  [image: ]  [image: ]

5.7. Open valve on LN2 Dewar outside of cave.

5.8. Slightly open the Nupro valve on the pumping cart. You should hear and feel a small amount of N2 gas flowing out of the relief port just before the membrane in-line filter.

5.9. Open the small right angle valve (marked with purple tape).

[image: ]

To begin the backfill process, slowly open the throttle valve. Monitor the vacuum on the wide-range gage on the shelf below the backfill line.

[image: ]

**IMPORTANT** Rule-of-thumb.....When backfilling, open throttle valve enough to spoil vacuum at a rate of ~10 Torr per minute until the vacuum level is at ~1 Torr, then open throttle valve all the way until line is at atmospheric pressure, ~740 Torr or above.

When backfill is complete, close the throttle valve, close the Nupro valve, then close the Dewar valve and continue to step VII.

Completed By: ________________________________________		Date: ________________________

6. Open Cryostat

6.1. Remove the (16) 1-1/16” bolts on both the upstream and downstream doors.
** Note both dome doors may require the white 3 ton floor jack to assist in relieving the downward force to ease in bolt removal. The jack can be removed after all the door bolts have been extracted. From this point on, all removed hardware should be stored in the grey HTS cabinet in one of the appropriately containers.

6.2. Once the domes are opened, use alcohol and clean rags to remove the excess vacuum grease from the door flange and o-ring surface.

6.3. Remove the 80K and 4K domes on both the upstream and downstream ends. ** Note, after removing the screws from the downstream 80K dome, gently lean the dome back and disconnect the RTD connection as shown in the photo below. 
[image: ]

6.4. Close right angle valve on cavity vacuum gooseneck.
6.5. Disconnect all temperature sensors. 
6.6. Disconnect tuner motor and piezo cables.
6.7. Disconnect all RF cables.
6.8. Disconnect (3) electronic connections on the liquid level manifold.
6.9. Disconnect all thermal straps.
6.10. Inspect that all cables are located away from cart rails.

	Completed By: __________________________________		Date: ________________________



7. Disconnect Beam-line Vacuum Connection

7.1. Setup small portable cleanroom inside large cleanroom with gooseneck vacuum connection inside.

[image: ]
[image: ]

7.2. Connect nitrogen purge to particulate blower located on the right side of the small cleanroom

7.3. Roll large cleanroom and position around the small cleanroom.

7.4. Disconnect beam-line vacuum using cleanroom best practice at all times. Attach seal and blank-off to both ends of the vacuum connection.

7.5. Move cleanrooms back to store area in back of cave.

Completed By: ________________________________________		Date: ________________________



8. Remove Warm Coupler End

8.1. Add coupler squirm protector.

8.2. Warm coupler removal may begin. Procedures for removal should be followed by steps as outlined in the document, “TTF-3 Coupler Removal from HTS” authored by Ken Premo.

8.3. Procedure to spoil/backfill warm coupler vacuum.  ** future improvement area
Turn off Ion pump and Ion gage located in the control room. Green light off indicates “Off Mode” for pump and gage. Pictures below show control room controllers.

[image: ]  [image: ]

Check that the coupler backfill throttle valve is closed (handle clockwise until tight). Open LN2 Dewar valve outside cave and check regulator for pressure.

[image: ]

Open Nupro valve located just behind the in-line membrane filter, coupler line is ready for backfill.



To begin the backfill process, slowly open the throttle valve. Monitor the vacuum on the wide-range gage on the shelf below the backfill line.

[image: ]

**IMPORTANT** Rule-of-thumb.....When backfilling, open throttle valve enough to spoil vacuum at a rate of ~10 Torr per minute until the vacuum level is at ~1 Torr, then open throttle valve all the way until line is at atmospheric pressure, ~740 Torr or above.

When backfill is complete, close the throttle valve, close the Nupro valve, then close the Dewar valve and continue coupler removal.

Completed By: ________________________________________		Date: ________________________

9. Disconnect Cryogenic Lines
9.1. Disconnect 4 5/8” 2-phase line and add plastic caps and rubber gloves over the flange to protect the knife-edge.

9.2. Disconnect the 1/2” upper and lower 1/4” VCR® connections from the liquid level manifold and add male caps to the Cryo lines.

10. Prepare Cavity for Extraction

10.1. Roll cavity cart up to cryostat and engage the cryostat rails with the cart rails. Assure the rails make a smooth transition, the cart may have to be raised or lowered to achieve this.

10.2. Lock die cart wheels.

10.3. Remove shoulder screw that is locking the cavity cart inside the cryostat.

10.4. Perform last check for any sensors, thermal straps or any device that would need to be disconnected before extraction.

10.5. Check to make sure the rails are clear of any items that can be damaged while cavity is rolling out of the cryostat.


11. Lock cavity for Transport

11.1. Once the cavity is removed from cryostat and completely on the cart, add u-clamps to secure the cavity to the die cart.

11.2. Tighten the nuts on the tuner ring to lock tuner position (the same that the 1mm gaps were added at installation)

11.3. Tighten side bearing locks on the cavity to prevent shifting during transport.

11.4. Cavity is ready for transport.

Cavity is Ready for Transport By: _______________________________	Date: ________________________



4.0 Special Precautions

ODH – Oxygen Deficiency Hazard in cave  



5.0 Appendix
	Checklist for 1.3 GHz Cavity
	

	Removal at HTS
	

	Cavity Name:
	Date:

	1
	Confirm with Cryo (Manager), then spoil insulating vacuum. The criteria is: TXH3 > 50K
	 

	2
	Confirm with Cryo (Manager), then fully letup insulating vacuum. Leave the Nitrogen flowing after letup, this will help with the warmup.
	 

	3
	Remove power from Arden's detector.
	 

	4
	Open cryostat. Note: Be careful with the 80K dome RTD on the North end.
	 

	5
	Isolate cavity by slowly closing the all metal right angle valve closest to the cavity.
	 

	6
	Disconnect the two e-pickup cables (blue) on the main input coupler.  One will be on the cold end, and one will be on the warm coupler. 
	 

	7
	Disconnect all (up to 3) coupler RTD cables at their connectors.
	 

	8
	Remove 4K and 80K coupler shielding. Use caution when removing the copper shielding so no wires are damaged.
	 

	9
	Remove RTD(s) from 80K flange on the cold coupler.
	 

	10
	Install bellows restraint fixture.  Manual manipulation of the tuning knob on the backside of the waveguide portion will be necessary to properly align the fixture.
	 

	11
	Install new cold end coupler support fixture that attaches behind the 80K coupler flange
	 

	12
	Install the stiff arm support with the new connecting plate.
	 

	13
	Letup the warm coupler using boil-off nitrogen.
	 

	14
	Remove the warm coupler (follow separate procedure)
	 

	15
	Disconnect instrumentation at the end opposite the main input coupler. This
	 

	 
	includes: RTDs (RTD #13, HOM #2 flange, HOM #2 button, HOM #2 top hat, 
	 

	 
	slow tuner housing motor), Faraday Cup, Transmitted Power Probe cable, 
	 

	 
	HOM #2 cable, Piezos - Actuator and Stack Capacitance, thermal strap to 4K
	 

	 
	shield, and slow tuner housing motor power cable.
	 

	16
	Turn off ion gauge on the cavity vacuum cart.
	 

	17
	Isolate cavity vacuum cart ion pump by closing the gate valve.
	 

	18
	Letup the cavity vacuum manifold (NOT the CAVITY or the Ion Pump) at a rate of
	 

	 
	10 Torr/min = 1 Torr per 6 seconds
	 

	19
	Disconnect instrumentation at the main input coupler end of the cavity.  This
	 

	 
	includes: liquid level probe, liquid level can heater, liquid level can RTD,
	 

	 
	HOM #1 thermometry (HTS #12 RTD, Top Hat, Flange, and Button), Faraday cup,
	 

	 
	HOM #1 cable, HOM #1 thermal strap, Cavity cart RTD (THX #7), Arden's 
	 

	 
	Detector, and the Cavity Cart thermal strap.
	 

	20
	Isolate helium flow.
	 

	 
	a.) Valve out Flow meter and then close the hand valve (both are by the bayonets).
	 

	 
	b.) Disconnect the helium line at the vaporizer.  Caution: there is 1/2 PSI of Helium gas flowing.  It is loud and can be startling.
	 

	21
	Disconnect liquid Helium lines inside the cryostat (3 VCR fittings and 4-5/8" CF flange.
	 

	22
	Disconnect gooseneck from cavity vacuum manifold using PFFD practices.
	 

	23
	Very carefully, roll the cavity out of the cryostat and onto the blue cart.
	 

	24
	Remove small helium line attached to the cavity vessel at the mini-CF flange, and
	 

	 
	remove the liquid level can at the 4-5/8" CF flange.  Use caution when dealing
	 

	 
	with rotatable CF flanges as the knife edge is vulnerable.
	 

	25
	Remove the gooseneck using PFFD practices.
	 

	26
	Remove magnetic shielding, HOM #1 and HOM #2 RTDs, Tuning motor RTD, warm
	 

	 
	coupler RTDs, then clean up varnish and grease from HOM locations.
	 

	27
	Lock the tuner in place using the nuts on each of the 4 rods.  Be careful not to de-
	 

	 
	tune the cavity while locking the tuner in place.
	 

	28
	Carefully remove cold end coupler bellows support fixture, and re-install the original.
	 

	29
	Fully secure the cavity at each of the 4 feet for safe transportation to MP-9.
	 

	30
	Roll the blue cart outside the cave.
	 

	31
	Mount cavity to the transportation fixture and transport the cavity to MP-9.
	 





TTF-3 Coupler Removal from Horizontal Test

Rev 0: Dan Olis, Ryan Montiel				Mar 07, 2007
Rev 1: Ken Premo, Ryan Montiel				Nov 12, 2010
Rev 2: Ken Premo						May 24, 2011

This document describes TTF-3 Coupler Warm End and Waveguide removal from Horizontal Test Chamber.

Time duration: 1) Waveguide Removal – 1hr; 2) Warm End Removal – 3hr.
Tooling required:

1. Warm End installation tooling. 
2. Tee handled M5 hex driver (for warm end to cold end antenna connection) (clean)
3. Warm End packaging base (clean).

Tools Required:

1. Metric Allen L-key set (clean)
2. Socket driver with 12” extension, universal, and 13mm socket (clean)
3. M7 wrench, 10mm wrench, ¼” 12pt. wrench
4. Phillip’s head screw driver
5. Inspection mirror (clean)
6. 6”calipers (to check spacing on warm end installation tooling bars).
7. Dental tools or other thin tool to catch 6”CF gasket during Warm End removal.
8. Scissors.

Other items

1. Mobile clean room and clean room wipes, tape, and garments.
2. Plastic caps for 1.33”CF and 2.75”CF ports.
3. Mylar sleeve for protection of warm window.
4. Warm window protective cap.
5. Mylar sleeve for cold window.
6. Cold window protective cap.
7. Clean room bagging
8. Clean room tape.
9. Boxes for waveguide, warm end, etc.

Goal: Disassemble carefully to preserve cleanliness and prevent damage.

Initial Preparation

1. Confirm insulating vacuum on cryostat is letup.

2. Open cryostat.



3. Confirm that supply waveguide is disconnected from coupler waveguide. 

[image: DSC02535]

4. Remove 4K and 70K shields through open end of cryostat. 

[image: DSC02537]   [image: DSC02539]

5. Through open end of cryostat unplug the (2) e-pickup cables from the coupler.

6. Through the open end of cryostat, install bellows restraint on coupler cold end (be sure to use the short screws to connect the 2 halves of the restraint together).  Use the coupler tuning knob to adjust the bellows for alignment if required.

[image: DSC02534]   [image: DSC03797]



7. Through open end of cryostat remove any existing thermometry from the coupler.  Use acetone to remove cement.

[image: DSC02541]   [image: DSC03798]

8. Working inside cryostat install lower coupler support bracket and lightly tighten.
Install upper coupler flange support arm and bracket.

[image: DSC03800]   [image: DSC03806]

9. After flange support tooling is installed, let up warm end coupler vacuum and N2 backfill.

10. Position the clean room centered on the external coupler port.  Tape drapes of clean room to vessel to seal as best as possible.

[image: DSC02543]   [image: DSC02547]



Prepare for Waveguide and Warm End Removal

1. Wipe down vessel, vessel flange, waveguide, outer conductor, vacuum hose, etc.

[image: DSC02548]   [image: DSC02551]

2. Remove tuning knob from back side of waveguide.

[image: DSC02552]

3. Remove cap from back side of waveguide. Disconnect HV wire from doorknob.

[image: DSC02553]   [image: DSC02554]



4. Remove (16) M3x8 fasteners from capacitor and remove capacitor.  Fasteners may be coated with anti-seize so be careful not to spread.  Change gloves if they become contaminated by grease.

[image: DSC02561]   [image: DSC02562]

5. Loosen and remove shoulder bolts securing coupler waveguide to mounting rails on waveguide support brackets.  Be careful not to spread any anti-seize that may coat the shoulder bolts. Change gloves if they become contaminated by grease.

[image: DSC02564]

6. Remove hex head screws that retain the mounting blocks to the support brackets and remove the blocks.

[image: DSC02566]   [image: DSC02567]



7. Slide Mylar sleeve over warm window through annular gap left by capacitor removal.

[image: DSC02568]

8. Loosen cap screws on the front side of the waveguide.

[image: DSC02570]

9. While holding waveguide with one hand, remove nuts and half-rings from front side of waveguide.

[image: DSC02571]



10. Carefully remove waveguide so as not to bump ceramic.

[image: DSC02573]

11. Adjust the Mylar sleeve on the ceramic so the ceramic is fully covered.  Carefully remove the foil from the coupler.

[image: DSC02574]

12. Loosen and remove all but two bolts on the following: 2.75” CF flange, window, e-pickup, split ring, and coupler port vacuum flange.

[image: DSC02575]   [image: DSC02578]

13.  Stage the warm end installation tooling in the clean room.  Make sure all parts of the tooling are in hand, including fasteners.  This needs to be installed while a second person is supporting the warm end coupler so it is important that the required tooling is ready for installation before starting the next steps.

14. Put on clean room gowning.  Change gloves.

[image: DSC02579]

15. Disconnect vacuum hardware from coupler.  Blank off coupler vacuum port with plastic 2.75”CF cap.  Blank off vacuum hose with CF flange and seal.

[image: DSC02580]

16. Remove e-pickup and replace with 1.33”CF plastic cap.

[image: DSC02581]

17. Remove optical window and replace with 1.33”CF plastic cap.


Remove Warm End Coupler

Note: When the large vacuum flange is removed from the cryostat, the warm end coupler will sag unless supported.  We use the T-handle hex driver and two people to support the warm end during the steps below. 

1. Confirm that the bellows support is installed on the cold coupler.  The support must be in place whenever the tuning rod is removed.

2. If not done yet, unplug e-pickup cable from warm end.

3. Remove the four fasteners on the tuning link.  Remove the tuning link by unscrewing it.

[image: DSC02583]   [image: DSC02585]

4. Install the strain relief handle on the back side of the waveguide.  Use the handle as a strain relief and remove the four fasteners holding the flange on the tuning rod.

[image: DSC02586]   [image: DSC02587]

5. Remove the strain relief handle.



6. Remove the tuning rod by turning it 90deg CCW and withdrawing it.

[image: DSC02588]   [image: DSC02589]

7. Remove all but two screws from the 6 and 12 o’clock position on the vacuum flange.  Loosen these last two screws a few turns.

8. Slide the T-handled hex driver into the back side of the doorknob and engage it with captive screw securing the inner conductors.  Use the driver as an additional means of support when handling the warm end during the next steps.

[image: DSC02590]   [image: DSC02591]

9. With one person holding the warm end, remove the split ring that joins the warm end to the vacuum flange.

[image: DSC02593]   [image: DSC02594]

10. Remove the final 2 screws retaining the vacuum flange and carefully remove the flange, taking care to avoid excessive motion of the coupler.

[image: DSC02596]   [image: DSC02597]

11. Remove the o-rings and retainers.  CAUTION: The O-rings have vacuum grease on them.  Wipe grease off of vessel flange and coupler to eliminate chance of spreading it.

[image: DSC02599]   [image: DSC02601]

12. Change gloves to avoid spreading grease.

13. Use care during this step not to overly flex the warm end. Install warm end installation tooling at 6 o’clock position in coordination with the person holding the warm end coupler.

[image: DSC02606]   [image: DSC02608]

14. Check that this tooling is secure and then place brass sled onto this tooling.  Carefully lower the coupler to the sled.  Use padding (clean room wipe) between sled support and ceramic window to prevent damage.

[image: DSC02611]   [image: DSC02614]

15. Install the other half of the tooling at the 12 o’clock position.

[image: DSC02615]   [image: DSC02616]

16. Check the spacing between the parallel bars on the installation tooling to make sure the Warm End’s 6”CF flange will clear on removal.  The spacing between the bars needs to be 6.03” or bigger.

17. Verify that the tooling at 6 and 12 o’clock position are indeed secure.

18. Using the T-handle unscrew the captive screw a half turn.  Do not yet fully unscrew.

[image: DSC02623]

19. With one person supporting the coupler, slide the sled out to gain access to the bottom 2 bolts on the 6” CF flange.

20. Remove the bottom two screws and slide sled in and fully engage the two pins on the end of the sled into the vacant bolt holes on the flange.  Lower the coupler back onto the sled support.

[image: DSC02627]

Note: In the next steps, the 6”CF flange will be disassembled.  The copper gasket in this flange could damage the ceramic cold window if it falls when the flanges are loosened.  A second person will watch for this through the open end of the cryostat and try to catch the gasket if it looks like it might fall.

21. Loosen the bolts on the 6” CF flange one half turn.

22. Leave the bolts in the 5 and 7 o’clock positions.  These will help catch the gasket if it becomes loose.  Remove all other fasteners.

[image: DSC02630]   [image: DSC02633]

23. A person needs to now be positioned outside the clean room at the end of the cryostat in order to watch for the gasket and catch it if necessary.  This person needs to be wearing clean room gloves and have some dental tools and clean room tape to grab the gasket if necessary.

24. Use the T-handle to fully unscrew the captive screw connecting the inner conductors but do not remove the screw.  Be sure the handle remains engaged with the screw.

25. Tape the T-handle to the back side of the doorknob with clean room tape.  This will support the inner conductor so it doesn’t sag and bump around.

26. Loosen but do not remove the last two bolts in the 6”CF flange.  The bolts should be backed out as much as possible while remaining engaged in the threads of the cold end flange.

[image: DSC02634]   [image: DSC02635]

27. While in communication with the helper outside the clean room, slide the warm end coupler back just enough for the helper to see the gasket.  Together ensure that the gasket will not drop onto the ceramic window.

28. Remove the last two bolts from the flange and carefully slide coupler and sled out until the CF flange is clear of the cold window ceramic.

[image: DSC02636]   [image: DSC02639]

29. Remove the warm end coupler and sled.



30. Place a Mylar sleeve over the cold window.

[image: DSC02642]   [image: DSC02644]

31. Wipe the surface of the CF flange with a clean room wipe.

32. Install the RF connector plunger onto the end of the cold end.  Hand tighten.

[image: DSC02645]

33. Carefully place the SS protective cap over the window, being sure not to bump the ceramic, and secure with fasteners.  When attaching the cap be sure that the valve is rotated to approximately the 12 o’clock position.

[image: DSC02646]   [image: DSC02649]



34. Fasten cap with cap screws.

[image: DSC02646]   [image: DSC02650]

35. Wipe excess grease off of the warm end O-ring groove to eliminate chance of accidentally spreading vacuum grease.  Change gloves in order to prevent spreading grease.

36. Package the warm end in a manner that preserves cleanliness and allows safe transport.

37. Remove lower flange support tooling after cavity is out of cryostat.  Do not remove upper support.
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