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After the vertical test of the bare cavity at IB1 VTS, the bare cavity under vacuum is transported to CAF-MP9 for dressing. The dressed cavity is then transported to MDB for horizontal testing. The dressing of the cavity includes the following tasks:

· Transport the cavity to CAF-MP9 from IB1

· Prepare the cavity exterior surfaces to enter the Class 10 clean room
· Stage the cavity in Class 10 clean room from flange re-assembly

· Backfill the cavity to 50 mbar gauge pressure with cryogenic Argon gas 
· Remove the burst disk and replace with a small purge valve

· Remove the right angle valve and replace with a blank off flange

· Remove the field probe and the fixed (or variable coupler) and replace with blank-off flanges
· Pump down and leak check the cavity flanges

· Backfill the cavity to 50 mbar gauge pressure with cryogenic Argon 

· Transport the cavity to Sciaky for e-beam welding of the Ti transition part to the NbTi conical adapter at both ends

· Transportation the cavity back to CAF-MP9

· Leak Check QA for the Ti to NbTi e-beam welded joints
· Assemble the helium vessel sub-assembly to the cavity with the insertion, alignment and tack welding fixture

· Do tack welding at the coupler end (Ti transition part to the helium vessel) and field probe end (1 joint only, Ti transition ring to the Ti helium vessel). Monitor cavity frequency

·  Assemble the cavity to the welding frame and install in the glove box

· Do full TIG welding of the helium vessel to the Ti transition part at the coupler end. (1 joint). Monitor cavity frequency
· Do full TIG welding of the helium vessel to the Ti transition ring at the field probe end. (1 joint). Monitor the frequency

· Wait until the cavity temperature is below 60 degree C and open the glove box
· Remove the spanner bars from the Ti bellows support rings

· Close glove box and prepare for welding

· Do tack welding at field probe end (Ti Transition part to the 
Ti transition ring, this the most critical joint). Monitor cavity frequency

· Do full TIG welding of the transition ring to the Ti transition part at the field probe end. (1 joint, the most critical). Monitor cavity frequency
· Leak Check QA for TIG welded joints
Preparation of the Cavity for E-beam welding at Sciaky: 
Responsible Engineer: Tug Arkan
1. Bring the cavity inside the Class 10/100 portable soft wall clean room at CAF-MP9 production floor in front of the main assembly ante clean room sliding door. 
2. Prepare the cavity exterior surfaces to enter the ante clean room.

3. Move the cavity to Class 100 sluice area and do final preparation to push the cavity into the Class 10 assembly area.

4. Backfill the cavity with boiled-off gas Argon from a dewar to 50 mbar gauge positive pressure. 

5. Remove the burst disk while using Particulate Free Flange Assembly (PFFA) practices.

6. Install a small purge valve to the cavity.

7. Remove the field probe and the fixed (or variable coupler) and install blank-off flanges.

8. Remove the right angle valve and install a blank off flange. 

9. Connect the backfill/purge hose to the cavity small purge valve. Use PFFA practices during assembly. 
10. Backfill the cavity with boiled-off gas Argon from a dewar to 50 mbar gauge positive pressure. 
11. Once the cavity is backfilled, close the cavity small purge valve and disconnect the backfill/purge hose. USE PFFA practices.

12. Move the cavity out of the Clean room to the CAF-MP9 production floor.

13. Install the cavity in the transportation crate and transport to Sciaky (outside vendor) for the e-beam welding of the Ti transition parts to the NbTi conical adapters.
E-beam welding at Sciaky:
Responsible Engineer: Mike Foley

1. Complete the e-beam weld procedure at Sciaky. (Cleaning, setup and welding procedures, parameters to be provided by Mike Foley) See Figure 1.
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Figure 1: Ti transition parts to e-beam welded to the NbTi conical flanges

2. Transport the cavity back from Sciaky to CAF-MP9. 
Leak Check QA:
Responsible Engineer: Tug Arkan
1. Remove the cavity from the transport crate.
2. Install the cavity on a v-block on the workbench. Assemble the leak checking fixtures and perform leak test for both ends of the cavities to assure that e-beam welded joints are leak tight. Leak check setup used at DESY is shown below at Figure 2.
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Figure 2: Leak checking of the welded Ti transition parts to the NbTi conical flanges.

3. Record the ultimate vacuum and the leak check sensitivity.

Installation of the cavity onto the Insertion / Alignment fixture:
Responsible Engineer: Tug Arkan
RF Engineer: Timergali Khabiboulline

1. Install the cavity to the Insertion/Alignment fixture along with the helium vessel tank and the necessary Ti transition parts. Be cautious to use the specific length (with respect to the cavity length after tuning) Ti ring adapter for the field probe end. See Figure 3.
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Figure 3: Cavity with e-beam welded Ti transition parts (at both ends) and installed Ti transition ring (at field probe end)

2. See Figure 4 for the Insertion/Alignment fixture layout.
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Figure 4: Cavity and Helium Vessel installed in the fixture

3. Ensure that the spanner rods for the titanium bellows are installed.

4. Slide the helium vessel tank onto the cavity; assure proper X-Y alignment so that there is minimum gap between the mating parts. Use shims as needed.

5. The rotational alignment of the vessel is done with a special tool to reference the four lugs on the helium vessel tank to the fundamental power coupler flange of the cavity. 
6. Once the X-Y and rotational alignment is assured, secure the position of the vessel at coupler end. 
7. Tack weld the Ti helium vessel tank to the Ti transition part at the coupler end with a TIG welding machine. Be cautious to install a boiled-off argon purge line to the warm up/cool down flange at the bottom of the helium vessel tank and purge (abundant flow) the inside of the helium vessel tank with argon during the tack welding. RF Engineer will monitor the cavity frequency throughout this step. See Figure 5.
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Figure 5: Helium vessel to be tacked welded to the Ti transition part (coupler end)
8. Slide and install the Ti ring (machined to length for the specific cavity) onto the Ti transition part at the field probe end of the cavity. This part has to be snaked in around the HOM body in order to be installed in place. Ensure proper X-Y alignment and clamp the assembly. Use shims as necessary.
9. Tack weld the Ti helium vessel tank to the Ti transition ring at the field probe end with a TIG welding machine. Be cautious to install a boiled-off argon purge line to the warm up/cool down flange at the bottom of the helium vessel tank and purge (abundant flow) the inside of the helium vessel tank with argon during the tack welding. RF Engineer will monitor the cavity frequency throughout this step. 

Preparation of the cavity for TIG welding in the glove box:
Responsible Engineer: Tug Arkan / Mike Foley

1. Install the cavity lifting fixture around the helium vessel tank body and remove the cavity from the Insertion/Alignment fixture. Caution: Ensure that spanner rods for the titanium bellows are installed.
2. Move the cavity to the workbench.
3. Install the cavity to the welding frame on the workbench. The lifting fixture will stay with the cavity when it is installed to the welding frame. 
TIG welding at the coupler end (1 joint) and field probe end (1 joint only):
Responsible Engineer: Mike Foley

RF Engineer: Timergali Khabiboulline

1. Move the cavity installed to the welding frame into the glove box for TIG welding. Install the welding frame inside the glove box. Ensure free rotation of the cavity in its welding frame inside the glove box chamber. See Figure 6.
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Figure 6: Cavity with the welding fixture installed in the glove box

2. Connect the coax cables for cavity frequency monitoring. Ensure that all the feedthroughs all leak tight before closing and pulling vacuum to the glove box chamber. 
3. Attach temperature sensor for cavity temperature monitoring during welding.

4. Ensure that spanner rods for the titanium bellows are installed.

5. Ensure proper pump down and purge sequences to have the oxygen level in the glove box below 20 ppm. Closely monitor the oxygen sensor of the glove box.
6. Weld the already tack welded helium vessel tank to the Ti transition part at the coupler end. Be cautious to weld in a star pattern the four quadrants of the weld joint to eliminate excessive weld shrinkage and stresses on the parts. Ensure 100% penetration weld joints.
7. Weld the already tacked welded Ti transition ring to the helium vessel tank at the field probe end. Be cautious to weld in a star pattern the four quadrants of the weld joint to eliminate excessive weld shrinkage and stresses on the parts. Ensure 100% penetration weld joints. Closely monitor the cavity frequency during welding.

8. Once the temperature of the welded joint cools down to 60 degree Celsius, open the glove box dome.

9. Remove the spanner bars from the Ti bellows support rings.

10. Close the glove box dome.

11. Ensure proper pump down and purge sequences to have the oxygen level in the glove box below 20 ppm. Closely monitor the oxygen sensor of the glove box.

12. Tack Weld Ti transition ring (fully welded to helium vessel) to the Ti transition part (fully welded to the NbTi conical part) in the glove box. This is the most critical weld joint which will put stress on the cavity if it is not properly. Closely monitor the frequency. Caution: This is the final tack weld which might put stresses on the cavity that will disturb the field flatness, be extra cautious and monitor cavity frequency accordingly.
TIG welding at the field probe end, last joint, most critical:
Responsible Engineer: Mike Foley

RF Engineer: Timergali Khabiboulline

1. Ensure the spanner bars are removed from the Ti bellows support rings.

2. Weld the already tacked welded Ti transition part to the Ti transition ring at the field probe end. Be cautious to weld in a star pattern the four quadrants of the weld joint to eliminate excessive weld shrinkage and stresses on the parts. Ensure 100% penetration weld joints. Closely monitor the cavity frequency during welding. Caution: This is the final full weld which might put stresses on the cavity that will disturb the field flatness, be extra cautious and monitor cavity frequency accordingly. See Figure 7.
[image: image8.png]



Figure 7: Ti transition ring tack welded then fully welded to the Ti transition part (field probe end)

3. Once the temperature of the both welded joints cools down to 60 degree Celsius, open the glove box dome.
4. Install the spanner rods across the titanium bellows.

5. Remove the cavity from the glove box.

Leak Check TIG welded joints QA:

Responsible Engineer: Tug Arkan
1. Place the cavity on a workbench.

2. Do not remove the welding frame.

3. Put a rubber cork in the 2-phase protruded pipe on the helium vessel tank.

4. Install a dry leak detector to the warm up/cool down flange (mini Conflat).
5. Pump down the helium vessel tank and perform a thorough leak check of all the welded joints. 

6. Record the ultimate vacuum and the leak check sensitivity.
RF check QA:
RF Engineer: Timergali Khabiboulline

1. RF engineer will conduct final frequency measurements to ensure that the cavity frequency and tuning were not disturbed during the welding operations.

Preparation of the cavity for the High Pressure Rinsing:
Responsible Engineer: Tug Arkan / Genfa Wu / Allan Rowe
1. Remove the welding frame from the cavity on the workbench.

2. Remove the lifting fixture.

3. Install the cavity into transportation crate.

High Pressure Rinsing at ANL:
Responsible Engineer: Allan Rowe / Genfa Wu
1. Prepare cavity exterior surfaces for entry into the clean room at ANL

2. Prepare the cavity for high pressure rinsing in the clean room.

3. High pressure rinse the cavity.

4. Dry the cavity.

5. Install the blank off flanges, right angle valve to the cavity in the clean room. 

6. Perform a leak check. 
7. Leave the cavity under vacuum. 

8. Take the cavity out of the clean room.

9. Install the cavity into the transportation crate.

10. Ship the cavity to CAF-MP9.

Cavity Preparation for HTS at CAF-MP9:
Responsible Engineer: Tug Arkan
1. Remove the cavity from the crate.

2. Prepare the cavity for entry into the clean room.

3. Connect the cavity to the pump and purge lines. 

4. Perform a leak check.

5. Backfill the cavity.

6. Remove the fixed or variable coupler used at VTS and install cold part of the power coupler for HTS in Class 10 assembly area.
7. Install the Faraday cup Goose neck flange if needed.

8. Perform a leak check.

9. Leave the cavity under vacuum.

10. Remove the cavity from the clean room.

11. Install the cavity into the transportation fixture. (coupler at 90 degree vertical position)

12. Transport the cavity to MDB for the horizontal testing.
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