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1. Start by removing all un-necessary equipment from clean room.
2. Wear clean room suits for all operations. These include coverall, booties, gloves, caps and face mask were needed.  For rigging operations using the gantry wear safety shoes and hard hats. 
3. Starting at the top wipe down all surfaces with lint free wipers and alcohol, have hazardous waste container available for dirty wipes. Do not let wipes accumulate. Periodically fold over wipes to use clean surface. Continue wiping until there is no dirt on wipes. Below is an example of smut on a wipe. Wiping should continue until this is not observed.
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4. Test air quality air borne particles record the values the clean room should be class 100 or ISO5. 
Cavity Installation Procedure
1. Lab 5 has an Allis Chalmers 6000 pound fork truck this machine is sufficient for all required operations.  All sub assembly weights are listed at the end of this procedure; consult these before lifting. 
2. Move gantry crane from the MTA Hall to the clean room (clean with wipes and alcohol before bringing into clean room). 
3. Cover chain with plastic bag.
4. Arrange with Dave Cathey for a load test when crane is assembled.
5. In Lab 6 use the overhead crane, rated shackles and slings to remove vacuum vessel covers, protect O ring grooves, save all the metric nuts and bolts.
6. Put the covers on the support stand in lab 6.
7. Wipe out the inside of the vacuum vessel.
8. Install temporary covers on vacuum vessel.
9. Clean the outside of the vacuum vessel. 
10. Use the fork truck to move the vacuum vessel into clean room. Note the box channels on the bottom of the stand are designed to receive the forks. Place the vacuum vessel off to side do not block exits.
11. Clean and assemble cavity rotating fixture in clean room use wipes with alcohol do not let wipes accumulate. Clean until there is no smut on wipes.  See Figure 1 for configuration of clean room. [image: Y:\public\Gaynier\MTA Cavity Cover Plate Cart\CleanRoom4.jpg]
Figure 1: Clean room setup to receive the vacuum vessel and rotation fixture. Need revised picture here
12. Bring in the Vertical measurement fixture clean with wipes and alcohol.
There are water cooling lines brazed onto the copper cavity. Custom conflate flanges and Swagelok fittings need to be brazed on the copper water lines. This should be done outside of the clean room. The cavity should be covered to keep it as clean as possible. Linen or nitrile gloves should be used when handling the cavity. Obtain the necessary welding and brazing permits for Lab 6. The cavity weights 450 kilograms (900 pounds) use proper slings when lifting. All fasteners are metric use the proper size silver plated bolts. Using the lab 6 crane lift the cavity out of the box using the lifting fixtures. 
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Figure 1: the RF cavity as it now exists.
13. The water lines will exit the vacuum vessel near one of the RF ports. Identify the proper ports. 
14. Determine the optimal number of coils to make for the water lines. 
15. Using a tubing bender make the coils of the tubing starting near the cavity so that they line up with the proper ports see figure 2. Do this for both supply and return lines. Note the 5 degree angle with respect to the RF coupler port.
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Figure 2: Water lines with coils.
16. After bending the coils clean the tubing with wipes and isopropyl alcohol. Discard the wipes in the proper container.
17. Clean the internal conflate flange then slide it over the copper tubing see figure 3. Keep the knife edge facing out and do not damage the knife edge. 
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Figure 3: Internal conflate flange on tubing. 
18. Braze the copper tubing to the inside of the conflate flange then braze the Swagelok fitting to the copper tubing. Clean all joints thoroughly no flux or residue is allowed. See figure 4.
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Figure 4: Braze joints for water cooling lines. 
19. Repeat these steps for the other line.
20. Pressure test the water lines with clean dry nitrogen, the system should hold 100 psi for 1 hour with no loss of pressure. 
21. Release the air pressure in the lines.
22. Flush the lines with de-ionized water to remove all flux from inside the tubing. 
23. Gently compress each coil.  The coils must be compressed such that the end of the Swagelok fitting does not extend more than 687 mm (27 inches) from the center of the cavity. 
24. Clean the U clamps and use them to hold the tubing in a compressed state.
25. 
26. Use the Lab 6 overhead crane and lifting fixtures to remove cavity from shipping crate; the top cover plate must be removed to gain access to hold down bolt inside of cavity.  See Figure 2 below 
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Figure 2: Lifting fixtures on cavity and cavity being lifted.
27. Use the fork lift to bring the cavity into clean room. The cavity weighs 940 pounds inspect slings and shackles before lifting. 
28. Clean the cavity with wipes and alcohol. Do not let wipes accumulate. 
29. Mount cavity on vertical measurement fixture see figure 3.
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Figure 3: cavity on vertical measurement stand. 
30. Retrieve Beryllium windows from MTA
31. Clean Beryllium windows.
32. Clean and install the Kato M6 tang-less coil threaded inserts on the cavity for windows.
33. Install Beryllium Windows with M6 bolts, use care not to scratch surface.
34. Install RF pickups on cavity.
35. Measure cavity RF parameters with Beryllium windows. See section 3 for this procedure. 
36. Decide if cavity needs to be deformed to meet RF specifications. (Still needs to be worked out and may not be done).
37. Remove Beryllium Windows and store in clean room.
38. Using the gantry crane and fork truck install the cavity on the cavity rotating fixture.
39. Remove vertical measurement stand from clean room.
40. Remove lifting fixtures from cavity store them for future use.
41. Seal the clean room doors. Clean all tools, fixtures and objects in clean room.
42. Remove cover plates from the vacuum vessel.
43. Store cover plates somewhere inside the clean room if that is not possible put them in sealed plastic bags and store outside of clean room. 
44. Clean inside of vacuum vessel as needed.
45. Test air quality clean as needed to obtain a class 100 status. 
46. All fastens are metric and silver plated these should be cleaned before bringing into clean room.
47. Install flat copper endplates on the cavity.
48. Clean and then bring the tuning forks into the clean room.
49. Install M6 Kato tang-less coil threaded inserts on tuning fork mounting rings.
50. Measure tuning fork mounting rings. 
51. This will be done by AMG; ensure all clean room procedures are followed.
52. Measure cavity to determine fit for tuning forks. The tuning forks weigh 60 lbs each use care in lifting. Calculate changes needed. See figure 4 below for what the room should look like.
53. Send tuning forks to VMS machine tuning forks as necessary.
54. Clean tuning forks before bringing them back into clean room.
55. Return tuning forks to clean room.
56. Install tuning forks on the cavity using M6 stainless steel silver plated bolts. 
57. Install linear pots on tuning forks.
58. Install water cooling lines and test with clean dry air. Lines must hold 60 psi for 1 hour. 
59. Bend water lines to fit.
60. Install the M10 Kato tangles coil inserts in the strut studs. 
61. Test air quality, if particle count is above class 100 repeat cleaning process. 
62. Rotate cavity to vertical position, beware of pinch points.
63. Clean the cavity insertion fixture.
64. Carry the cavity insertion fixture in the clean room. See Figure 4. [image: Y:\public\Gaynier\MTA Cavity Cover Plate Cart\CleanRoom7.jpg]
Figure 4: Cavity on rotating fixture in clean room at front of insertion fixture with tuning forks attached
65. Use the gantry crane to move cavity from rotation fixture to the insertion fixture the cavity weighs 940 pounds check ratings on all slings and shackles before moving.[image: Y:\public\Gaynier\MTA Cavity Cover Plate Cart\CleanRoom10.jpg]
Figure 5: Cavity on insertions stand.
66. Disassemble and remove tuning fork mounting fixture from the clean room see figure 6.
67. Install RF pickups on cavity this includes the top hat.
68. Measure cavity RF parameters with copper windows on while vertical on the insertion stand. See section 3 for this procedure. 
69. Remove copper windows.
70. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Install Beryllium windows take care not to scratch the windows, use gloves while handling the Beryllium windows.
71. Repeat RF parameters test from step 44.
72. Remove top hat.
73. Remove Beryllium windows.
74. Clean and insert cavity vacuum port extension tube into vessel bottom. THIS IS IMPORTANT it won’t fit after the cavity is installed. 
75. Clean and install thread inserts for strut mounts on cavity.
76. Retest water lines with dry air 60 psi for 1 hour.
[image: Y:\public\Gaynier\MTA Cavity Cover Plate Cart\CleanRoom13.jpg]
Figure 6: Rotation fixture is gone Cavity on insertions stand.
77. Move the vacuum vessel to the front of the insertion fixture see figure 5 below.
[image: Y:\public\Gaynier\MTA Cavity Cover Plate Cart\CleanRoom14.jpg]
Figure 7: Vacuum vessel in front of insertion stand cavity being advanced.
78. Advance the cavity on the insertion frame until it slides into the vacuum vessel. See figure 7.
79. Attached the cavity to the vacuum vessel with the 6 struts using M10 metric bolts.
80. Remove vertical fixture from room
81. Use the 6 struts to rotate the cavity until the coupler openings line up.
82. Have AMG align cavity such that RF couplers will fit through the vacuum ports. In addition determine the center of the cavity with respect to the outer fiducials on vacuum vessel. 
83. Remove the both U clamps from the water tubing.
84. Gently pull each of the water lines through the ports with the conflate flange extending beyond the port. 
85. Clean BOTH the special copper gasket and the regular 4.62 inch copper gasket install both over the Swagelok fittings. 
86. Clean the external conflate flange.
87. Using silver plated bolts attached the special conflate flange to the external conflate flange.  First finger tight then torque each bolt to 16 N-m alternating sides. See figure 8.
[image: ]
Figure 8: Conflate flanges and bolts.
88. Push the copper water lines back into the vacuum vessel until the conflate flange touches the gaskets.
89. Install the silver plated bolts and tighten first finger tight then torque to 20 N-m in an alternating pattern. Figure 9 shows the flanges fully assembled.
[image: ]
Figure 9: Fully assembled flanges for water cooling.
90. Test system with dry nitrogen is shall hole 100 psi for 1 hour. 
91. Install top hat (need separate installation procedure worry about interference)
92. Attach vacuum port extension tube to cavity.
93. Install actuators these need to be cleaned of all markings before bringing in clean room. 
94. Setup air supply and manifold pressure control (separate procedure for this)
95. Install linear pots on tuning forks connect readout through a port.
96. At this point the cavity is installed in the vacuum vessel and the mechanical techs are done. 
Cavity testing procedures

1. With the copper windows installed.
2. Install actuators on tuning forks with M8 by 25 mm silver plated bolts. Test air lines. These should hold 90 psi for 1 hour.  Use clean air for testing. 
3. Measure and record RF parameters with copper windows using a network analyzer located outside of the clean room these are;
a. F
b. S11
c. S21
d. Q 
4. Install other diagnostic list to be determined.
5. Install water feed through.
6. Pressure test water lines must hold 60 psi of dry air for 60 minutes.
7. Simulate the failure of one or more actuators by shutting off the air supply to one or more actuators (we need to put in more detail here as to how many and what order to shut off) 
8. Remove copper windows and store in a safe place. 
9. Install Beryllium windows use care handling do not scratch, nick or dent windows.  
10. Repeat the measurements in steps 3 to 7.
11. Measure tuning fork transfer function.
12. Install microphones and other diagnostics as required.
13. Vacuum test the RF couplers using the LBNL test stand.
14. Install the RF couplers, these weigh 176 pounds care is needed in rigging these into place. Beware of pinch and crush hazards. 
15. Measure RF parameters and record steps 3 to 7.
16. Adjust couplers according to measurements mark rotation of couplers on body. 
17. Remove couplers, actuators, and any other devices that may get damaged during shipping.
18. Replace Beryllium windows with Al cover plates.  More discussion needed here
19. Clean everything test air quality.  
20. Install temporary covers on module.
21. Remove gantry from clean room transport to MTA.
22. When gantry re-assembled in MTA contact Dave Cathey for a load test. 
23. Transport module into the MTA Hall.
24. Transport covers into the MTA Hall.
25. Move Be windows to MTA Hall.
26. Remove temporary cover and install permanent cover on module inside clean room.
27. Remove module from transport stand and install on operational stand.
28. Using monorail, move module into its operational location on the stage.

Weights of all parts
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Additional Pictures
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Braze joint - copper tube

Braze joint - copper tube to stainless steel flange
to stainless steel fitting
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