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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, and stored properly. In addition, due to the long lead times for their procurement and preparation, damage to or loss of cavities can have a severe negative impact on the Fermilab’s mission with significant consequences to the SRF 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 handling and storage of 1.3 GHz one-cell and nine-cell cavities within the ANL/FNAL SCSPF and other approved locations.  This procedure is to be followed for all cavity handling and storage from the time a cavity arrives at the ANL/FNAL SCSPF to the time it departs on an approved transport vehicle. The requirements of “Authorized Personnel”, or personnel allowed to handle cavities in the ANL/FNAL SCSPF are defined.  Personal protective equipment requirements are also described. 
2. Authorized Personnel


Cavities are to be handled within ANL/FNAL SCSPF only by authorized and trained personnel. The ANL/FNAL SCSPF Responsible Engineer and the Argonne Scientist in Charge shall perform this training and grant authorization as defined in “Procedure to Authorize Personnel for SRF Cavity Handling at ANL/FNAL SCSPF, OP-333956”.  A list of currently trained and authorized personnel shall be maintained by SRF Department management and the Argonne Scientist in Charge. 
3. PPE, Clothing
Argonne National Laboratory general PPE requirements are to be followed on all ANL premises.  See ANL ES&H manual sections 5.10 and 12.1.
All personnel handling cavities in ANL/FNAL SCSPF shall wear the appropriate Personal Protective Equipment (PPE). This includes, but is not limited to, safety shoes when transporting or lifting cavities or their shipping containers and safety glasses when using hand-held power tools.
To protect the cavity and attached components, personnel must wear clean Nitrile, latex, or equivalent material gloves when manual handling is required.  Bare hands or work gloves likely to deposit any oils or dirt onto the cavity, support frame, or other attached hardware are unacceptable.  

Other PPE requirements are described in activity or tooling specific procedures.
4. ANL/FNAL SCSPF 1.3 GHz SRF Cavity Handling Procedure

4.1. General SRF Cavity Handling
4.1.1. The following general cavity handling procedures apply and are to be followed where appropriate.

4.1.1.1. “Radio-Frequency Cavity Handling Guidelines”.  TD Doc No.:  OP-333951
4.1.1.2. “Procedure for Inter-facility Transport and Handling of 1.3 GHz Nine-cell SRF Cavities”.  TD Doc. No.:  OP-333952
4.1.1.3. “Procedure for Inter-facility Transport and Handling of 1.3 GHz One-cell SRF Cavities”.  TD Doc. No.:  OP-333950
4.1.2. All cavities must be shipped to ANL/FNAL SCSPF in approved shipping crates.  If a cavity arrives at ANL/FNAL SCSPF without such a crate and the crate is not secured with tie down straps to the transport vehicle, receipt of the cavity shall be refused.  Approved shipping containers are detailed in the procedures listed in section 4.1.1.2 and 4.1.1.3.
4.2. Cavity Storage Requirements
4.2.1. Cavities may be stored in their transport boxes in designated storage areas.
4.2.1.1. Cavities may be stored in crates in B101 in approved areas designated by the Scientist in Charge.
4.2.1.2. Cavities may be stored in crates in Bldg. 208, D-Wing storage room.
4.2.2. Both 9-cell and 1-cell cavities may be stored temporarily in process equipment within cleanrooms or chemistry rooms in B101.    Storage durations longer than 1-week shall require approval from the Responsible Engineer or the Scientist in Charge.  Process equipment approved for temporary storage are listed in sections 4.2.2.1-4.2.2.6.
4.2.2.1. HPR Tool (in maximum vertical position only)
4.2.2.2. EP Tool (in horizontal position only)
4.2.2.3. BackTech cleanroom cart

4.2.2.4. Clean assembly frame
4.2.2.5. 4-wheeled cleanroom cart 

4.2.2.5.1. 9-cell cavity in horizontal position with 4-bar frame hooks engaged.
4.2.2.5.2. 1-cell cavity in vertical orientation with 4-bar frame.
4.2.2.6. Cavities may be stored on approved V-blocks on cleanroom tables.
4.2.3. Both 1-cell and 9-cell cavities may be stored without time limit on the cleanroom vertical storage rack shown in Figure 1.
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Figure 1:  Vertical cavity storage rack.

5. 1.3 GHz One-cell Cavity Handling Requirements
5.1. One-cell cavities shall arrive in approved vehicles as described in “Procedure for Inter-facility Transport and Handling of 1.3 GHz One-cell SRF Cavities”.  TD Doc. No.:  OP-333950
5.2. Loading and unloading one-cell cavity crates from the transport vehicle may be performed by hand.  

5.3. Musical instrument style cavity crates must be loaded or unloaded from transport vehicles by two people.  

5.4. Wooden bare-cavity crates containing one cavity may be loaded or unloaded from a transport vehicle by a single person.

5.5. One-cell cavities may be carried by hand with or without a 4-bar frame. 
5.6. Processing activities that require special tooling and cannot be performed by hand are listed in sections 5.3.6.1 - 5.3.6.4.  Refer to the relevant tooling documentation and process procedures as required.

5.6.1. Electropolishing

5.6.2. Ultrasonic cleaning

5.6.3. High pressure rinsing

5.6.4. Cleanroom assembly
6. 1.3 GHz Nine-cell Cavity Handling Requirements
6.1. General Requirements
6.1.1. Cavities in crates shall arrive by approved transport vehicle as described in “Procedure for Inter-facility Transport and Handling of 1.3 GHz Nine-cell SRF Cavities”.  TD Doc. No.:  OP-333952
6.1.2. Crates shall be loaded and unloaded from the transport vehicle using an appropriate fork truck.  The minimum fork truck requirement are as follows: 

6.1.2.1. Load capacity at end of forks:  400 lbs.

6.1.2.2. Fork engagement length:  38 inches minimum.
6.1.3. Cavity crates must be put on wooden 4-wheeled low-boy dollies or a large platform rolling dolly for transport within Bldg. 208.  
6.2. 1.3 GHz Nine-cell Manual Cavity Handing in B101 High Bay
6.2.1. Manual loading and unloading of bare cavities from crates requires two people.  Figures 2 and 3 show appropriate techniques for handling a bare nine-cell cavity without a 4-bar frame and one with a 4-bar frame.
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Figure 2:  Proper technique for manual handling of bare nine-call cavity.
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Figure 3:  Proper technique for handling bare cavity in 4-bar frame.

6.2.2. Manual handling of dressed cavities is NOT permitted.

6.2.3. Two people may carry a bare cavity into the ante-room or chemistry rooms to an appropriate fixture.
6.2.4. Two people may carry a cavity from the ante-room or chemistry rooms to an awaiting empty transport crate for packaging.

6.3. 1.3 GHz Nine-cell Manual Cavity Handing in B101 Processing Areas
6.3.1. The following manual cavity handling steps are permissible.  Two people are required to perform manual handling.
6.3.1.1. A cavity installed in a 4-bar frame may be put into the horizontal or vertical position by hand by two people.  Figure 4 shows the correct technique when installing a cavity vertically into the 4-wheeled cleanroom cart.
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Figure 4:  Manual handling of a bare cavity in 4-bar frame.

6.3.1.2. Figures 5 and 6 show the two orientations of a cavity on the 4-wheeled cleanroom cart.
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Figure 5:  9-cell cavity in vertical position on cleanroom cart.
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Figure 6:  9-cell cavity in horizontal position on cleanroom cart.

6.3.1.3. A cavity may be loaded or removed by hand into or out of the floor-level 4-bar frame vertical receiver plate. This plate is used to support the cavity when mounting the US tank gantry hoist to the cavity.  
6.3.1.4. A 4-bar frame may be installed on a bare cavity while the cavity is supported securely.

6.3.1.5. 4-bar frame bars for use with the EP tool may be swapped while the cavity is supported securely on a flat surface.

6.3.1.6. Other manual handling must be approved by the Responsible Engineer.
6.4. 1.3 GHz Nine-cell Dressed Cavity Handing 
6.4.1. Loading and unloading of dressed cavities from transport crates must be performed using the B101 overhead crane.  Dressed cavities must arrive with 4-bar frames installed.
6.4.1.1. Unloading dressed cavities from crates.  Dressed cavities must be unloaded from transport crates in the following way.
6.4.1.1.1. Position the 4-wheeled cleanroom cart on the step as shown in Figure 7.  Lock the cart casters.  The edge guard must be installed to prevent the 4-wheeled cart from rolling off the edge.
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Figure 7:  Cleanroom cart position for dressed cavity loading.
6.4.1.1.2. Sling the cavity under the alignment lugs on the opposite end of the input coupler port as shown in Figure 8.  The input couple side should always remain down.
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Figure 8:  Lifting strap location for crane lift of dressed cavity.
6.4.1.1.3. Slowly upright the cavity from horizontal to vertical position.  One person operates the crane and another assists in controlling the cavity during the lift.  Figure 9 shows an in-process lift.
[image: image10.jpg]



Figure 9:  In-process lift of 9-cell dressed cavity.
6.4.1.1.4. Once in the vertical position, the cavity is placed in the 4-wheeled cleanroom cart in the 4-bar frame receivers.  Figure 10 shows the cavity loaded on the cleanroom cart ready to be unstrapped.  The cavity may then be wheeled into the Ante-room directly or through the FNAL BCP room depending on the unloading location.
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Figure 10:  Dressed 9-cell cavity ready to be rolled into processing rooms.

6.4.1.2. Loading dressed cavities in crates.  Dressed cavities must be loaded into transport crates using the opposite procedure as shown in sections 6.6.1.1.1 – 6.6.1.1.4.  Additional vacuum hardware may be installed requiring extra care when loading.  Fully dressed cavities must be loaded into transport crates in the orientation shown in Figure 11.
[image: image12.emf]
Figure 11:  Dressed cavity transport crate orientation.

6.4.2. In the event that the B101 crane is out of service, a dressed cavity may be loaded onto a cleanroom cart in the D-wing of Bldg. 208 using the D-wing crane.  Approval must be granted by the Scientist in Charge.

6.5. Cleanroom handling.  In the cleanroom, approved cavity handling tooling is required for 9-cell cavity movement.
6.6. EP room handling.  In the EP room, approved cavity handling tooling is required for 9-cell cavities. 
7. Cavity Handling Procedure Variance Requests

7.1. Where the above procedure is not suitable for handling nine-cell 1.3 GHz cavities in the ANL/FNAL SCSPF and other authorized areas, an exception request shall be requested from the Responsible Engineer and approved by SRF Development Department Head.

7.2. A justification statement as to why this procedure is not appropriate as well as an alternative handling procedure and hazard analysis as necessary must be provided to receive the exception.

7.3. Variance requests will be handled on a case-by-case basis.
































































