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1. Purpose

SRF Cavities are complex, delicate, and high-value devices. They can be easily damaged, and rendered useless, if they are not handled, transported, or stored appropriately. In addition, due to the long lead times for their procurement and preparation, damage to or loss of a cavity can have a severe negative impact on the Laboratory’s mission with significant consequences to the Laboratory’s program. In order to prevent these negative impacts, a training plan has been established to ensure that only authorized personnel perform these activities, and do so in a manner that is consistent with established procedures and practices.

This procedure controls the activities related to handling of SRF cavities that arrive at CAF. These procedures are to be followed from the point when a cavity arrives by transport vehicle to CAF (MP9, ICB, and IB4) and until it is loaded on a transport vehicle for shipment from CAF. If cavities are to remain at CAF for any length of time before/after testing, they shall remain in their wooden containers, with the lid secured and they need to be stored at the dedicated CAF-MP9 cavity storage area. 

2. Authorized Personnel

Cavities are to be handled / transported within CAF only by authorized and trained personnel. The CAF responsible engineer shall perform this training and grant authorization. A list of currently trained and authorized personnel shall be maintained by SRF Department management (Procedure to Authorize Personnel for SRF Cavity Handling at CAF, OP-333954).

3. PPE, Clothing
All personnel handling cavities in CAF shall wear the appropriate Personal Protective Equipment (PPE). This includes, but is not limited to, safety shoes when transporting /lifting cavities or their shipping containers, and safety glasses when using hand-held power tools (e.g., cordless drill) when removing screws fastening shipping crate covers.

When manual cavity handling is required, personnel must wear clean Nitrile, latex, or equivalent material gloves. Bare hands or work gloves likely to deposit any oils or dirt onto the cavity or support frame are unacceptable.  

4. SRF Cavity Handling Procedure

1. All cavities will be shipped to CAF in an appropriate shipping container/crate, which completely encloses the cavity and protects it from damage during transit. If a cavity arrives at CAF without such a container and the container is not secured with tie down straps to the transport vehicle, receipt of said cavity shall be refused.
2. If a cavity crate arrives to CAF on an open-bed pickup truck, the unloading of the cavity needs to be done with the lifting straps/crane after opening the lid of the crate. The straps (5 feet long, clean) need be installed on the stiffing rings on the cavity between cell #2-#3 and #6-#7 before the cavity is lift off with the crane. See Figure below for reference.
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Figure: Cavity being lifted with slings and crane

3. If a cavity crate arrives to CAF in a van, the unloading of the crate needs to be done with hands (2 technicians) if this is a bare cavity inside a light weight wooden container with handles. If this is a dressed cavity inside a heavy weight wooden container without any handles, then a forklift needs to be used as explained in the “Procedure for Inter-Facility Transport of 1.3 GHz Nine-Cell SRF Cavities” document.
4. Once a cavity or a cavity crate is off-loaded at CAF, the following handling procedures need to be followed strictly by the trained, authorized CAF personnel:

Bare Cavities:

Preparation for Helium Vessel welding

· 1.3GHz vertically tested cavities arrive to CAF-MP9 either from JLAB or IB1 VTS. The cavities are usually sealed and outfitted with flanges and peripheral components needed for VT. These cavities are shipped inside a wood box with foam liners inside. See Figure 1.
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Figure 1: Cavity Shipping Box

· When the cavity arrives to CAF-MP9, the cavity is removed out of the box with straps (5 feet long, clean) and crane. The cavity is then set on the bare cavity storage fixture, tie-down clamps are installed, and the cavity is moved (rolled on the fixture with wheels) into the Class 1000 soft wall clean room. See Figure 2.
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Figure 2: Bare cavity storage fixture

· In the soft wall clean room, cavity is installed (with hands, 2 techs) on the measurement fixture for straightness measurements See Figure 3. If the straightness measurement data is not acceptable by the RF engineer, the cavity needs to be transported to CAF-IB4 RF QC lab for field flatness tuning. The cavity is removed the measurement fixture with hands by 2 techs. It is installed on the bare cavity storage fixture. Tie-down clamps are installed. The vertical test peripheral components and flanges need to be disassembled in the soft wall clean room. The cavity is then outfitted with the flange configuration required for the cavity tank welding. The cavity is then rolled with the fixture outside of the soft wall clean room. The cavity is the installed into a wood box with wheels. See Figure 4. The cavity is transported from MP9 to IB4 with a truck.
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Figure 3: Cavity Straightness Measurement Fixture
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Figure 4: Bare Cavity wood box to move the cavity from CAF-MP9 to CAF-IB4
· After the truck arrives to CAF-IB4, the wood box is off-loaded from the truck and the cavity is removed from the box with straps and the crane. The cavity is installed on the bare cavity storage fixture. The cavity is rolled with this fixture inside the RF QC lab.

· In the RF QC lab, a tech helps the RF Engineer to install the cavity manually on the bead pull device for field flatness tuning. A tech will help to remove the cavity from the bead pull device and install the cavity on the bare cavity storage fixture.

· After the field flatness tuning, the cavity is then brought back to CAF-MP9 inside the wood box with the truck. The cavity is removed from the wood box, installed on the storage cart and rolled inside the soft wall clean room. The cavity has to be leak checked to ensure that the flanges are leak tight and then the cavity needs to be backfilled to 50 mbar gauge positive pressure with LAr boiled off gas.  Then the top hats are installed on the cavity and the cavity is installed back on the measurement table to ensure that the top hats are installed concentrically. The cavity with top hats is then installed on the storage fixture. See Figure 5.
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Figure 5: Cavity with top hats on the storage fixture

· Cavity is then installed into a wood box to be transported to Sciaky for Ti rings e-beam welding. See Figure 6.
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Figure 6: Cavity inside the wood box ready to be transported to Sciaky
· Brian Smith goes to Sciaky with Chuck Grimm and Mike Foley. The wood box is loaded to the van at CAF-MP9 with hands and off-loaded at Sciaky. The wood box is rolled to the e-beam welding machine area. The cavity is removed from the wood box with straps (5 feet long, clean) and crane and it is installed on the e-beam welding machine. See Figure 7 and Figure 8.
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Figure 7: Cavity being removed from the crate with straps and crane at Sciaky
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Figure 8: Cavity installed in the e-beam welding machine chuck at Sciaky

· After the welding is complete, the cavity is lifted with straps and crane and installed inside the wood box. The wood box is rolled to the van and loaded to the van to be transported to CAF-MP9.

· When the cavity comes back to CAF-MP9 from Sciaky, the cavity is removed from the wood box with slings and crane and it is installed on the cavity storage fixture, rolled to the soft wall clean room and stored in the Class 1000 soft wall clean room.

· The cavity is then moved on the storage fixture from the soft wall clean room to the glove box area in CAF-MP9 for helium vessel insertion and welding. The cavity is first installed on the insertion fixture. See Figure 7.
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Figure 7: Cavity being installed on the insertion Fixture

· After the cavity is inserted and tack welded to its helium vessel, the cavity is moved into the glove box for TIG welding of the vessel to the cavity Ti rings using the designated lifting fixture (TLF 1168), a 4 feet long strap attached the shackle and the crane. See Figure 8.
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Figure 8: Cavity being installed in the glove box

· After the TIG welding of the cavity to its helium vessel, the cavity is ready to be moved out of glove box. The cavity is then moved out from the glove box and it is installed on the cavity with tank storage fixture.  See Figure 9
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Figure 9: Cavity with tank on the storage Fixture

Dressed Cavities
· Cavity with tank is then transported to CAF-IB4 RF QC lab for final field flatness measurements. See Figure 10.
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Figure 10: Dressed Cavity Transport Box
· Cavity is then stored at CAF-IB4 RF QC lab on the cavity storage fixture until it is ready to be transported to ANL high pressure rinse facility. 
· After the HPR, the cavity is outfitted with its flanges and peripheral components needed for horizontal test (except the cold end of the main coupler) at ANL clean room.
· The cavity is brought back from ANL to CAF-MP9. 
· The cavity is outfitted with the HPR cage and double bagged when it comes to CAF-MP9. The cavity needs to be moved into the soft wall clean room adjacent to the main clean room, the cage needs to be removed. Clean room compatible crane is used to bring the cavity inside the soft wall clean room and place the cavity on the clean room platform floor. The cage is then removed.

· Cavity in installed on the cavity coupler installation cart and moved to the Class 10 clean room area for leak check and coupler installation. See Figure 11.
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Figure 11: Cavity with Tank inside Class 10 clean room
· After the clean room assembly is complete in CAF-MP9, the cavity is moved from the assembly cart to the cavity support posts on the rail with the dressed cavity lifting fixture (See Figure 12) inside the Class 10 clean room. The cavity is pushed out of the clean room and it needs to be outfitted with the magnetic shielding and blade tuner for preparation to be tested in HTS. 
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Figure 12: Dressed Cavity lifting fixture

· Magnetic Shielding and Blade Tuner are assembled to the cavity outside of the clean room on the CAF-MP9 production floor while the cavity is supported by the cavity support posts on the rail.
· After the cavity if fully dressed for the horizontal tested, it needs to be transported to MDB for installation into the HTS.
· After successful test at HTS, cavity needs to be brought back to CAF-MP9 and it will be stored in the Class 10 clean room until string assembly.






















































Sling between Cell #2 and Cell #3





Sling between Cell #6 and Cell #7








