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1.0	Scope

This document covers the operating procedures for the Tumbler.

2.0	Equipment/Materials

2.1	The Tumbler, seen in Fig. 1, was made by Mass Finishing Incorporated based on an existing tumbler that they make and specifications given by Fermilab.  It was specially designed to tumble any cavities up to the size of 9 cell Tesla-type cavities. The tumbler rotates two 4.5 ft long barrels at up to 115 rpm with a 16.5 inch moment arm. The tumbler is 86 inches wide by 52.5 inches deep by 68 inches high. The approximate weight of the tumbler is 5,000 lbs. It is hard wired with 3 phase 480V power. It is bolted to the floor.  Initial tests run to verify that the tumbler worked showed little to no vibration and minimal noise.

[image: Tumbling Machine 002]
Figure 1: Tumbler


The tumbler has a simple control panel that allows for the control of the direction the tumbler spins, the speed of rotation, and the duration of operation. The tumbler has several safety features.  There is a mechanical disconnect that disconnects power from the control panel if the control panel is opened.  There is a mechanical switch that does not allow for the machine to spin faster than approximately 3-4 rpms when the door is open.  There is an “electronic eye” which does not allow for any rotation of the tumbler if someone is standing directly in front of the tumbler.  

The tumbler is installed in the North-East corner of IB4 in the north end of the area called the old machine shop.  The tumbling area is shown in Fig. 2.

In February of 2010 the gears on the tumbler were changed from a 1:1 to a 2:1 gear ratio to try to decrease processing time.  Prior to the gear change the cavity was tumbled in a motion similar to a Ferris Wheel.  With the gear change the cavity spins about its own axis of rotation at the same speed and in the opposite direction that the tumbler barrel is spinning. This gear change has in affect doubled the rotation speed that the cavity undergoes. There was a slight change in the hold down tooling associated with this gear change.

In February of 2011 a new plate was added to the end of 9-cell cavities to prevent rotation of the cavities in the frame.  Also, a new condition was added that requires review of any quality control documentation available on cavity geometry prior to assembly of the tooling around the cavity.
[image: 2]
Figure 2: Industrial Building 4 Layout

Tumbling media and fixtures will be stored in two cabinets (shown in Fig 3.) in the north-east corner of the room. The holding fixture will be assembled around the cavity on the assembly benches shown below. In some instances a crane will be used to lift the loaded cavities into the tumbler. The crane rail is shown below. After the process is done the parts will be rinsed in the cleaning area shown below.

[image: 3]
Figure 3: Position of Tumbler in Old Machine Shop


3.0	Operating Procedures

3.1 General Operating Procedure

General Safety Notes:

A.) Personnel Protective Equipment Required:
			1.) Safety Glasses – as needed and when loading media or rinsing the cavity
2.) Steel Toe Shoes – as needed and when handling the cavity and associated tooling
3.) Gloves as Needed – Gloves are to be worn as needed to avoid pinching injuries during frame assembly.
4.) Dust Mask – when handling dry powders (primarily 400 or 800 mesh alumina)

B.) Only people whose name is on the approved operator list can operate the tumbler. The list is to be posted on the machine. TD000018 / OJ - TD MFI Tumbler Operation OJT (annual training requirement)

C.) Only people whose name is on the approved maintenance list can maintain the tumbler. The list is to be posted on the machine. TD000019 / OJ - TD MFI Tumbler Maintenance OJT (annual training requirement)

D.) No loose clothing can be worn during rotation of the barrel or maintenance on the machine.

E.)To insure proper operation the machine must be maintained every 40 operational hours. During this maintenance the belts are checked for wear and bearings lubricated.

F.)To operate the crane personnel must have Fermilab Crane Operator Training (FN000005).

G.) To do maintenance on the machine personnel with Lock Out Tag Out Training 2 (FN000212) must be present.

General Cavity Handling Procedures:

333950-Procedure for Inter-Facility Transport of 1.3 GHz One-Cell SRF Cavities
333951-Radio Frequency Cavity Handling Guidelines
333952-Procedure for Inter-Facility Transport of 1.3 GHz Nine-Cell SRF Cavities

Cavity Handling Procedures Specific to Tumbling:
A.) 333976 – Procedure for 1.3GHz SRF Cavity Handling at the Fermilab IB4 Tumbling Area
B.) 333977 - Procedure to Authorize Personnel for 1.3 GHz SRF Cavity Handling at the IB4 Tumbling Area.

General Operational Notes:

A.) Bare cavities will be fitted into a cage that mounts the cavity in the tumbling machine.  The cavities that are currently imagined to be processed in the tumbler include single cell and nine cell 1.3 GHz and single cell 3.9 GHz cavities. A single cell 1.3 GHz cavity in the holding fixture is shown in Figure 4.
B.) The hour log on the tumbler must be checked prior to tumbler operation to make sure that maintenance is not needed. Maintenance is needed every 40 operational hours on the tumbler. If maintenance is needed operation cannot proceed until maintenance is done. 
C.) Remove the administrative lock before the machine is run.
[image: 4]
Figure 4: Single Cell 1.3 GHz Cavity Being Assembled to go into Tumbler

3.2 	Single Cell Operating Procedures

A. General Preparation for Tumbling
1. Obtain tumbler traveler (TR-333995 Centrifugal Barrel Polishing of Nb SRF Cavities Traveler) from principal investigator detailing media used and length of run.  

2. 	Check maintenance log for tumbler.

3.  	Check to see if quality control’s report from the coordinate measuring machine indicates any deviations from the norm.  Any deviations from the norm for the size and position of the stiffening rings and the length of the 4 ports on the end groups must be noted to the responsible engineer or scientist. 

B. Assembly of Frame around Cavity and  End Plates, Loading of Media 
1. Place the cavity, cavity frame pieces, niobium blank plate, gaskets, and fasteners on the assembly table. Storing of the cavity outside of the box on the table should be kept to a minimum (only during assembly of the 4-bar frame around the cavity) and will require v-blocks.

2. One plastic clamp will be placed on each beam tube of the cavity for single cell cavities. A 1 inch square 1/8th in thick piece of double sided adhesive will be used between the plastic clamp and cavity to assure the cavity does not move in the frame.  The plastic clamps will be hand tightened on the cavity with an Allan wrench. See Fig. 5 below. The clamps should be tightened with 22 in*pound of force max. Use Silicon Bronze ¼-20 SHCS, 1.25 inches long, with 0.26 in ID, 0.37 in OD 18-8 SS Belleville locking washer.  Each clamp requires 2 sets of screws and washers.
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3. Spiders will then be loosely attached to two support rods with spider caps using 0.62 in long ¼-20 Silicon Bronze SHCS and a 0.26 in ID, 0.37 in OD 18-8 SS Belleville locking washer. One spider is needed per plastic clamp used. The spiders will be attached to the plastic clamps underneath the cavity. The spiders will be attached to the plastic clamps using 1.25 in long ¼-20 Silicon Bronze SHCS, 0.28 in ID 0.62 in OD 316 SS flat-washers, and 0.026 in ID 0.49 in OD 316 SS lock-washers.  If the bolt holes don’t align for the spiders and plastic clamps it may be necessary to remove one or both of the plastic clamps and reposition and attach per the previous step. After the spider is aligned and loosely attached to the plastic clamp it should be tightened to 22 in*pound force max. It is important that the plastic clamp is snuggly touching the niobium cavity. It may be necessary in this step to loosen and retighten the plastic clamp to achieve this.  The spider must not be tightened to the point that it separates the plastic clamp form the cavity. See Fig. 6.

4. New spiders will then be placed loosely on the other two support rods and attached to the plastic clamps on the top side of the cavity with 22in*pound force max. 1.25 in long ¼-20 Silicon Bronze SHCS, 0.28 in ID 0.62 in OD 316 SS flat-washers, and 0.26 in ID 0.49 in OD 316 SS lock-washers shall be used. One spider is needed per plastic clamp used. These spiders will then be tightened to the support rods using 0.62 in long ¼-20 Silicon Bronze SHCS and a 0.26 in ID, 0.37 in OD 18-8 SS Belleville locking washer. All spider caps should be tightened down to 38 in*pounds maximum. At this point the superstructure that supports the cavity is completed and should be checked by hand to make sure that the frame is securely in place around the cavity. All visible fasteners should be checked to see if they are securely tightened. See Fig. 7.
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Fig. 9
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5. Next, on a flat surface, tighten the wedge blocks to the bottom two support rods on the outside of each spider.  These wedge blocks will be used to make sure the frame fits snuggly into the tumbler barrel. See Fig. 8 above.  Metal wedge blocks should be used (Drawing Number 460345).  The fasteners used in Fig. 8 are 1.5 in long 10-24 Silicon Bronze SHCS, 0.22 in ID 0.50 in OD 316 SS flat-washers, and 0.20 in ID 0.33 in OD 316 SS lock-washers. 

6. Place the provided rubber gaskets on the sealing surface (drawing number 459777) and the flange (drawing number 459776) on the drain end of the cavity.  Loosely bolt the niobium plate (drawing number 460378 or 460379, 460379 is shown) onto the flange using 8, 1.25 inch Silicon Bronze ¼-20 bolts, 8 SS ¼-20 nuts, and 16 SS ¼-20 washers. See Fig. 9.  Then wet the gasket (drawing number 460381) and locate it on the niobium plate. Next place the niobium flange plate cover (460380) on and loosely bolt on with 4, 1.75 in 5/16-18 Silicon Bronze bolts with 3/8 SS flat washers and 5/16-18 SS nuts.  Next tighten all 12 bolts going through the cavity flange gradually so that the gasket material is not damaged.  Finally insert and tighten the o-ring drain plug.

7. Place the cavity vertically and place the provided rubber gaskets on the sealing surface (drawing number 459777) and the flange (drawing number 459776) on the open end of the cavity.  Load the tumbling media that has been described in the tumbling traveler TR-333995.

8. Loosely bolt the niobium plate (drawing number 460378) onto the flange using 12, 1.25 inch Silicon Bronze ¼-20 bolts, 12 SS ¼-20 nuts, and 24 SS ¼-20 washers. Next tighten all 12 bolts going through the cavity flange gradually so that the gasket material is not damaged.

9. Then place the cavity horizontally again and check for leaks.
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C. Assembly of Frame around Counterweight
1. Place the counterweight and frame pieces on the assembly table. 

2. One plastic clamp will be placed on each end of the counterweight. See Fig. 10 above. A 1 inch square 1/8th in thick piece of double sided adhesive will be used between the plastic clamp and counterweight to assure the counterweight does not move in the frame.  The clamps should be tightened with 22 in*pound of force max. Use Silicon Bronze ¼-20 SHCS, 1.25 inches long, with 0.26 in ID, 0.37 in OD 18-8 SS Belleville locking washer.  Each clamp requires 2 sets of screws and washers.



3. Spiders will then be loosely attached to two support rods with spider caps using 0.62 in long ¼-20 Silicon Bronze SHCS and a 0.26 in ID, 0.37 in OD 18-8 SS Belleville locking washer. See Fig. 11 above. One spider is needed per plastic clamp used. The spiders will be attached to the plastic clamps underneath the counterweight. The spiders will be attached to the plastic clamps using 1.25 in long ¼-20 Silicon Bronze SHCS, 0.28 in ID 0.62 in OD 316 SS flat-washers, and 0.026 in ID 0.49 in OD 316 SS lock-washers.  If the bolt holes don’t align for the spiders and plastic clamps it may be necessary to remove one or both of the plastic clamps and reposition and attach per the previous step. After the spider is aligned and loosely attached to the plastic clamp it should be tightened to 22 in*pound force max. It is important that the plastic clamp is snuggly touching the counterweight. It may be necessary in this step to loosen and retighten the plastic clamp to achieve this.  The spider must not be tightened to the point that it separates the plastic clamp form the counterweight.

4. New spiders will then be placed loosely on the other two support rods and attached to the plastic clamps on the top side of the counterweight with 22 in*pound force max. 1.25 in long ¼-20 Silicon Bronze SHCS, 0.28 in ID 0.62 in OD 316 SS flat-washers, and 0.26 in ID 0.49 in OD 316 SS lock-washers shall be used. One spider is needed per plastic clamp used. These spiders will then be tightened to the support rods using 0.62 in long ¼-20 Silicon Bronze SHCS and a 0.26 in ID, 0.37 in OD 18-8 SS Belleville locking washer. All spider caps should be tightened down to 38 in*pounds maximum. At this point the superstructure that supports the counterweight is completed and should be checked by hand to make sure that the frame is securely in place around the cavity. All visible fasteners should be checked to see if they are securely tightened. See Fig. 12.
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5. Next, on a flat surface, tighten the wedge blocks to the bottom two support rods on the outside of each spider.  These wedge blocks will be used to make sure the frame fits snuggly into the tumbler barrel. See Fig. 13 above.  Metal wedge blocks should be used (Drawing Number 460345).  The fasteners used in Fig. 13 are 1.5 in long 10-24 Silicon Bronze SHCS, 0.22 in ID 0.50 in OD 316 SS flat-washers, and 0.20 in ID 0.33 in OD 316 SS lock-washers.
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D. Load Cavity or Counterweight into Tumbler
1. The tumbler must be balanced as much as possible before running.  There must be 2 single cell cavities or a single cell cavity and a counterweight.  The tumbler must never be run at full speed with only one barrel loaded.  The only time the tumbler is ever to be operated with one barrel loaded is to jog the other barrel around to load/remove a cavity or counterweight.

2. Remove administrative lock and turn on the power switch to the tumbler.

3. Open the door to the tumbler.

4. Make sure there are no tools, loose clothing, or other items in the tumbler.

5. Jog the position of the tumbler barrel so that the cavity or counterweight can be loaded into the barrel.

6. For single cell cavities the cavities and counterweight can be moved by hand into the tumbler or the crane may be used.  If the crane is used, attach the lifting straps to the top two support rods of the cavity using proper lifting techniques. Lift the straps up using the crane until they are taught. Slowly lift the frame and cavity off the table to make sure the lifting straps are attached properly. Move the cavity or counterweight and frame with crane to the tumbling barrel. Center the cavity or counterweight over the center of the barrel. Lower the cavity or counterweight and frame into the barrel. Figure 14.

7. Make sure the wedge blocks are on the bottom of the barrel. If the wedge blocks are not on the bottom of the barrel, the 4-bar frame must be removed and rotated so that they are.

8. Locate the 4-bar frame as detailed in drawing number (459631). Seen in Figure 15.

9. Remove the lifting straps, if the crane was used.  Check the assembly by hand to make sure it is seated properly in the barrel.

10. Place one plastic bar (UHMWPE) next to each spider and adjacent to the spider.  See Fig. 16 above. Place one metal bar on top of each plastic bar and loosely bolt through the tumbler barrel with 1.5 in 3/8-16 Steel SHCSs, 3/18 in SS hex nuts, 0.41 in ID and 0.81 in OD SS flat washers, and 0.39 in ID and 0.68 in SS lock washers. Tighten to 700 in*pound max. 
11. Install 1.5 in 3/8-16 Steel SHCSs in the holes more toward the middle of the metal bars and tighten the SHCSs no more than 120 in*pounds of force.  Tighten the 3/18 in SS hex nuts on the SHCSs to 120in*pounds max. See Fig. 12 above.

12. Tighten the wedge blocks down by hand with a long handle Allan wrench to 24 in*pound force maximum.

13. Check the entire assembly by hand to make sure it is securely fastened to the barrel.

E. Operation of the Tumbler
1. If there are ever any problems with the operation of the tumbler that requires immediate shut down, there is a large emergency stop button on the front of the control panel that can be used to quickly stop operation of the machine.  This emergency stop should not be used as a normal stopping mechanism of the machine.

2. Make sure there are no tools, loose clothing, or other items in the tumbler.

3. The tumbler must be balanced as much as possible before running.  There must be 2 single cell cavities or a single cell cavity and a counterweight as shown in Fig 17 below.  The tumbler must never be run at full speed with only one barrel loaded.  The only time the tumbler is ever to be operated with one barrel loaded is to jog the other barrel around to load/remove a cavity or counterweight.

4. After 2 single cell cavities or a single cell cavity and a counterweight are installed in the tumbler per the previous section, the tumbler should be checked before operation.  The hold down bars should be checked to see if they are secure. If they are loose all connections should be rechecked. Also, check for any play in the barrels which indicates that the gears are loose and the machine should not be operated.  If there is excessive play in the barrels a preventative maintenance should be done to check for loose gears or bearings.
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5. The door to the tumbler should be closed and the tumbler brought up to the speed specified by the project engineer/scientist in the tumbler traveler TR-333995 for that run.  The tumbler should be run for 5 minutes to make sure all the tooling is secure. The machine should be listened to during the first 5 minutes to see if there are any unusual sounds which could indicate a problem with the machine or tooling.

6. After the 5 minute initial run the machine should be stopped and the door opened.  Both 4 bar frame tooling should be checked to make sure all connections are still good. Also check for leaks in the cavity and for cavity rotation in the 4-bar frame.  Any loose connections must be fixed before starting the machine again. If anything is adjusted the tumbler must go through an additional 5 minute trial run.

7. After checking the 4-bar frames, make sure there are no tools, loose clothing, or other items in the tumbler. Close the lid of the tumbler. Set the timer in minutes. Set the speed in revolutions per minute (range is 0 -115 rpm). 

8. The cavity must be checked after the first hour of operations to check the temperature. Depending on the media being used the tumbler will have to be shut down periodically to allow the cavity to cool. When the cavity is being cooled down examine the cavity for leaks and examine the cavity and the counterweight support frames to make sure they are securely tightened.  If the cavity is approximately 150oF or higher (hot enough that you can’t comfortably touch it for more than a second) the cavity must be cooled down before continuing tumbling.

9. To cool the cavity get a blower and direct it toward the cavity for on the order of 15 minutes.  Jog the cavity periodically to increase the effectiveness of the cooling process.  After the cool-down period, make sure there are no tools, loose clothing, or other items in the tumble and close the lid.  Run the tumbler for the remainder of the total run time, stopping as needed to cool the cavity down.

10. If the tumbler needs to be run for an extended period of time with no operator present see the unattended operation protocols listed in the next section.

F. Unattended Operation of the Tumbler
1. Unattended operation of the tumbler may be possible under certain conditions. They are as follows:
a. The tumbler must have been run for 2 hours with an operator present.  
b. The temperature of the cavity after 2 hours of operation must be on the order of 130 F or less and not thought to exceed the 150 F value during unattended operation.
c. The length of unattended operation can not violate the maintenance requirement. Every 40 hours maintenance must be done.
d.  The unattended operation of the tumbler cannot end during a time frame where no one is present to remove and rinse the cavity if it is feared that the media will be hard to remove from the cavity after sitting for some time.  This is typically the case for the first few tumbling medias.

G. Removal of Cavities from Tumbler & Rinsing of the Cavities
1. Once the cavities are done tumbling they should be removed as quickly as can be safely done to rinse the spent media out of the cavity.  Stop the tumbler and jog a cavity to the horizontal position for easiest removal. Hit the emergency stop button and turn off the power for the tumbler.

2. Remove the tie down bars seen in Figure 16.

3. Loosen the wedge blocks and remove the cavity by hand or by crane and place on the nearby assembly table.

4. Prepare the sink to rinse out the cavity. Remove any clutter from the sink area so that the cavity can be placed on its side on the left side of the sink.  Place the mesh basket in the sink to catch the spent media.
5. Place the single cell cavity in the 4-bar frame on its side on the left side of the sink.  Turn the water on in the sink and run it into the mesh basket. Remove the end cover and drain the spent media into the mesh basket in the sink. Remove the other end cover and rinse the remainder of the cavity out with the sprayer.  Be careful that nothing touches the sealing surfaces on the flanges during the rinsing process. 

6. After the cavity is rinsed put it back on the assembly table on the 4-bar frame and wipe down / dry off the 4-bar frame and outside of the cavity.  Then secure the cavity as detailed in the document 333951-Radio Frequency Cavity Handling Guidelines.

7. Then, if there is a second cavity it must be removed and rinsed as well.  Make sure the path of the tumbler is clear, turn the power on to the tumbler, and disengage the emergency stop button. 

8. Jog the tumbler so that the other cavity is accessible.  Care must be taken when jogging the cavity when one barrel is empty and one barrel is loaded as the machine is not properly balanced and will move some even after the jog buttons are released.

9. Once the second cavity or counterweight is in place for removal, hit the emergency stop button and turn off the power for the tumbler.

10. The second cavity should be rinsed and stored as discussed in steps 3-6 above.  The counterweight can simply be removed and stored.

H. Ending of the Tumbling Procedure
1. At the end of the tumbling procedure the tumbler should be closed.  The power should be turned off and the administrative lock applied to the disconnect switch with the switch in the off position.

2. All areas should be left in a clean state with tools, hardware and media appropriately stored.

3. All cavities must be stored in appropriate manner according to 333951-Radio Frequency Cavity Handling Guidelines.




3.3 	Nine Cell Operating Procedures

A. General Preparation for Tumbling
1. Obtain tumbler traveler (TR-333995 Centrifugal Barrel Polishing of Nb SRF Cavities Traveler) from principal investigator detailing media used and length of run.  

2. Check maintenance log for tumbler.

3. Check to see if quality control’s report from the coordinate measuring machine indicates any deviations from the norm. Any deviations from the norm for the size and position of the stiffening rings and the length of the 4 ports on the end groups must be noted to the responsible engineer or scientist.

B. Assembly of Frame around Cavity and  End Groups 
1. Place the cavity, cavity frame pieces, niobium blank plate, gaskets, and fasteners on the assembly table. Storing of the cavity outside of the box on the table should be kept to a minimum (only during assembly of the 4-bar frame around the cavity) and will require v-blocks. Figure 18 shows the 9 cell cavity sitting on the assembly table on the v-blocks.

2. 4 plastic clamps are required for nine cell cavities. One clamp (drawing number 459642) must be placed on each transition ring.  In addition one clamp (drawing number 459640) must be placed on the stiffening ring between cells 3 and 4 and between cells 6 and 7.  The plastic clamps will be hand tightened on the cavity with an Allan wrench. See Fig. 19 below. The clamps should be tightened with 22 in*pound of force max. Use Silicon Bronze ¼-20 SHCS, 1.25 inches long, with 0.26 in ID, 0.37 in OD 18-8 SS Belleville locking washer.  Each clamp requires 2 sets of screws and washers.

 (
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3. Spiders(drawing number 459653) will then be loosely attached to two support rods with spider caps using 0.62 in long ¼-20 Silicon Bronze SHCS and a 0.26 in ID, 0.37 in OD 18-8 SS Belleville locking washer. One spider is needed per plastic clamp used. The spiders will be attached to the plastic clamps underneath the cavity. The spiders will be attached to the plastic clamps using 1.25 in long ¼-20 Silicon Bronze SHCS, 0.28 in ID 0.62 in OD 316 SS flat-washers, and 0.026 in ID 0.49 in OD 316 SS lock-washers.  If the bolt holes don’t align for the spiders and plastic clamps it may be necessary to remove some of the plastic clamps and reposition and attach per the previous step. After the spider is aligned and loosely attached to the plastic clamp it should be tightened to 22 in*pound force max. It is important that the plastic clamp is snuggly touching the niobium cavity. It may be necessary in this step to loosen and retighten the plastic clamp to achieve this.  The spider must not be tightened to the point that it separates the plastic clamp form the cavity. See Fig. 20.

4. New spiders(drawing number 459653) will then be placed loosely on the other two support rods and attached to the plastic clamps on the top side of the cavity with 22in*pound force max. See Figure 21. The spider (drawing number 459636) on the input coupler side of the cavity is notched.  The input coupler should be centered in this notch (insert to Fig. 21). 1.25 in long ¼-20 Silicon Bronze SHCS, 0.28 in ID 0.62 in OD 316 SS flat-washers, and 0.26 in ID 0.49 in OD 316 SS lock-washers shall be used. One spider is needed per plastic clamp used. These spiders will then be tightened to the support rods using 0.62 in long ¼-20 Silicon Bronze SHCS and a 0.26 in ID, 0.37 in OD 18-8 SS Belleville locking washer. All spider caps should be tightened down to 38 in*pounds maximum. At this point the superstructure that supports the cavity is completed and should be checked by hand to make sure that the frame is securely in place around the cavity. All visible fasteners should be checked to see if they are securely tightened. 
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5. Next, on a flat surface, tighten the wedge blocks (459651 & 460345) to the bottom two support rods on the outside of each spider as seen in Figure 22.  These wedge blocks will be used to make sure the frame fits snuggly into the tumbler barrel. Use 1.5 in long 10-24 Silicon Bronze SHCS, 0.22 in ID 0.50 in OD 316 SS flat-washers, and 0.20 in ID 0.33 in OD 316 SS lock-washers.  Then loosely attach the wedge (459652) and spring with a 1.5 in 10-24 SHCS, locking washer, and flat washers as seen in Fig 22.
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6. Next the plug for the field probe port must be installed.  Part number 460375 must be bolted to 460377 with a ½ in long SS 8/32 SHCS with appropriately sized serrated washer.  Then gaskets (part number 460376 and 460374) should be placed on the sealing surface and the assembly inserted into the field probe port.  Then the assembly should be bolted on the flange using 6 Silicon Bronze 8-32 SHCS that are 0.75 inches long.  The appropriately sized nuts or nut plate must be used.  Washers should be stacked on the top of the assembly to insure that the nuts do not dig into the cavity.  Once the plug is fully inserted it should be checked to insure that it is tight.  The inside of the cavity should also be checked to insure the plug is flush with the inside of the cavity.
 (
Fig. 23
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7. Next install the blank off tooling for the 2 HOM cans (one on each end of cavity) as shown in Fig. 23 below. Fig 24(A) shows the cavity before installation and 24 (B) is after installation of the HOM can plugs.  Fig. 24 (C) shows how the plug is installed. First the niobium cap (460293) must be bolted (SS 8-32 SHCS, 1.75 in long) to the plastic plug (460294).  A thin rubber gasket should be placed between the niobium cap and the plastic plug. The slot in the cap and plug must align. Cover the exposed end of the SHCS with RTV so that the bolts can’t back out. Allow the RTV to fully cure before installing the plug. It is important that the niobium cap is not touching the antenna as it could cause it damage during tumbling.  The length of the plastic plug (460294) and the rubber gasket should be 1.88 inches or more. If it is less the niobium cap may hit the antenna in the HOM Can. If it is less than 1.88 inches a continuity test must be done to insure the antenna is not touching the cap and the responsible engineer or scientist should be informed. Additionally if the HOM Can is out of tolerance as determined by the coordinate measuring machine (CMM) the antenna may hit the cap.  Deviations from the norm in the CMM report for the HOM can must be noted to the responsible engineer or scientist. Once the HOM plug is assembled, it must be inserted from the inside of the cavity by hand. Care must be taken not to scratch the beam tube or HOM Can and Nitrile gloves must be worn.  After the HOM Can plug is inserted it is pinned in place with a rubber gasket (460297) and the pin (460296) shown in Fig. 24c. The pin is then bolted into the flange shown using 3/4in 8-32 Silicon Bronze SHCS and appropriately sized nuts or nut plates and washers.  Enough washers must be used to ensure that the SHCS are not digging into the cavity. When plug installation is completed, visually inspect plugs from inside of cavity on both ends of the cavity to assure a good fit.
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8. Next install the blank of tooling for the main power input coupler shown in Fig. 25 below.  The main plastic plug (460369) must be loosely bolted to the niobium cap (460373) with a thin gasket (460370) in between using 2 SS 8/32 1.75 in long SHCS.  It is ok to replace the gasket 460370 with a similar gasket that is of similar thickness but slightly larger diameter to make a better fit between the plug and port. The plug assembly should then be carefully inserted into the flange with 2 gaskets (460371 & 460372) in between.  The plug should be bolted in place with 6 ¼-20 Silicon Bronze 1.25 in SHCS and appropriate nuts and washers as shown.  Finally fully tighten the two SS 8/32 1.75 in long SHCS.  This expands the gasket to insure that no media gets between the plug and cavity.  Visually examine the plug from the inside of the cavity to assure a good fit. 
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9. Next the tooling must be installed on the main flange of the cavity on the end of the cavity that will be draining media out when the tumbling process is done. This is seen in Fig 26. First ring gasket 459777 should be placed on the sealing surface of the cavity. Wetting it with water will help is stick.  Then flange gasket 459776 will be placed on top of that. Again, wetting it with water will help it stay in place.  Then niobium plate 460378 is bolted onto the flange with 8, 1.25 inch long ¼ -20 Silicon Bronze SHCS and appropriately sized washers and nuts.  Note that 4 bolt holes in the end flange are unused at this point and must be used in the next steps. Next loosely attach 4 spider caps (459637) to the anti-rotation spider (482405) using ¼-20 Silicon Bronze SCHS that are 5/8 inch long and serrated belle washers. Then put the anti-rotation spider on the 4-bar frame.  Tighten the o-ring plug into the flange plate (460380).  Wet the ring gasket (460381) and adhere it to the back of the flange plate (460380).  Put the flange plate (460380) roughly in place on the niobium plate (460378) and pull the anti-rotation spider all the way into the cavity so that it supports the flange plate.  Bolt the anti-rotation spider and flange plate to the end flange of the cavity using 4, 2.25 to 2.5 inch 5/16-18 coated steel SHCS and appropriately sized nuts and washers.  Make sure the bolts don’t hit the cavity.  And finally fully tighten the spider caps (459637) to the 4-bar frame using 38in*lbs of force maximum. Fig 27 shows completed assembly.
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 (
Fig. 27 – Anti-rotation spider is partially transparent
)


10. Next, on the opposite end of the cavity where the media will be fed in, the niobium plate (460378) and two gaskets (459776, 459777) must be attached to the end flange of the cavity using 8, 1.25 inch long ¼ -20 Silicon Bronze SHCS and appropriately sized washers and nuts.  This is done per step 9 above.  Note that 4 bolt holes in the end flange are unused at this point and must be used in later steps.

11. Check all bolts to make sure they are tight.



C. Assembly of Frame Around Counterweight 
1. Place the counterweight, cavity frame pieces and fasteners on the assembly table. A crane is needed for the 9 cell counterweight.  The counterweight can be supported on two v-blocks during assembly as needed.

2. 4 plastic clamps (459643 & 459641) must be bolted to the counterweight using 1.25 inch ¼-20 Silicon Bronze SHCS and serrated belle washers as seen in Fig 28 below.  The plastic clamps will be hand tightened on the counterweight with an Allan wrench. The clamps should be tightened with 22.5 in*pound for a 1/4 inch screw.
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3. Next loosely attach 4 spiders (459635) to 2 bars (459638) from the 4 bar frame by bolting spider caps (459637) to the spider using ¼-20 Silicon Bronze SCHS that are 5/8 inch long and serrated belle washers.  A crane should be used to lift the counterweight and lower it into the 4 partially assembled spiders.  Then 8 sets of 1.25 inch ¼-20 Silicon Bronze SHCS, flat washers and locking washers should be used to loosely bolt the spiders to the plastic clamps as shown in Fig 29.  Then fully tighten the spider caps (459637) to the 4-bar frame using 38in*lbs of force maximum.  Then fully tighten the spiders to the plastic clamps with 22.5 in*lbs of force max.
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4. Next loosely attach 4 spiders (1, 459563 and 3, 459635) to 2 bars (459638) from the 4 bar frame by bolting spider caps (459637) to the spider using ¼-20 Silicon Bronze SCHS that are 5/8 inch long and serrated belle washers. Loosely fit the spiders and 2 bars on top of the already assembled bottom half of the counterweight as shown in Fig. 30 below. Then 8 sets of 1.25 inch ¼-20 Silicon Bronze SHCS, flat washers and locking washers should be used to loosely bolt the spiders to the plastic clamps. Then fully tighten the spider caps (459637) to the 4-bar frame using 38in*lbs of force maximum.  Then fully tighten the spiders to the plastic clamps with 22.5 in*lbs of force max.

 (
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5. Next, on a flat surface, tighten the 8 wedge blocks (459651 & 460345) to the bottom two support rods on the outside of each spider as seen in Figure 31.  These wedge blocks will be used to make sure the frame fits snuggly into the tumbler barrel. Use 1.5 in long 10-24 Silicon Bronze SHCS, 0.22 in ID 0.50 in OD 316 SS flat-washers, and 0.20 in ID 0.33 in OD 316 SS lock-washers.  Then loosely attach the wedge (459652) and spring with a 1.5 in 10-24 SHCS, locking washer, and flat washers as seen in Fig 30.
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Fig. 31
)

6. Check to see that all bolts are securely fastened.

D. Loading Cavity with Media

1. Using a crane and appropriate lifting techniques the 9-cell cavity and 4-bar frame should be moved from the assembly table to the rinsing station.  2 lift straps should be used. The straps should lift from the bottom of the top 2 support bars of the 4-bar frame. One strap should be placed between cells 2 and 3 and the other strap should be placed between cells 7 and 8.  Once the lifting straps are in place the cavity should be moved and placed on the rinse station as seen in Fig 32.

2. There are 6 caps that attach the 4-bar frame to the rinsing station.  3 of the caps are shown in yellow on Fig 32.  All 6 of the attachment caps should be securely fastened to the rinsing station thus locking the 4-bar frame in place.  Check the cavity see that it is securely fastened down and cannot move.  Once the cavity is properly attached, the rinse station can be turned on at the disconnect switch.
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Fig. 32
)

3. Move the rinsing station from the horizontal position to the loading position. The loading position is whatever is easiest for the operator, but is typically from 60 degrees to fully vertical

4. Load the tumbling media, water, and soap as detailed in the tumbling traveler (TR-333995) filled out by the responsible engineer or scientist.

5. Next the tooling must be installed on the main flange of the cavity on the end of the cavity that the media was just loaded in. This is the same procedure as detailed in 5.B.9 and seen in Fig 26. First ring gasket (459777) should be placed on the sealing surface of the cavity. Wetting it with water will help is stick.  Then flange gasket (459776) will be placed on top of that. Again, wetting it with water will help it stay in place.  Then niobium plate (460378) is bolted onto the flange with 8, 1.25 inch long ¼ -20 Silicon Bronze SHCS and appropriately sized washers and nuts.  Note that 4 bolt holes in the end flange are unused at this point and must be used in the next steps. Next loosely attach 4 spider caps (459637) to the anti-rotation spider (482405) using ¼-20 Silicon Bronze SCHS that are 5/8 inch long and serrated belle washers. Then put the anti-rotation spider on the 4-bar frame.  Either the flange plate with the plug (460380) or without the plug (459775) may be used. Tighten the o-ring plug into the flange plate (460380) if that flange plate is being used.  Wet the ring gasket (460381) and adhere it to the back of the flange plate (either 459775 or 460380).  Put the flange plate (either 459775 or 460380) roughly in place on the niobium plate (460378) and pull the anti-rotation spider all the way into the cavity so that it supports the flange plate.  Bolt the anti-rotation spider and flange plate to the end flange of the cavity using 4, 2.25 to 2.5 inch 5/16-18 coated steel SHCS and appropriately sized nuts and washers.  Make sure the bolts don’t hit the cavity.  And finally fully tighten the Spider Caps (459637) to the 4-bar frame using 38in*lbs of force maximum. Fig 27 shows completed assembly.

6. Put the rinsing station back into the horizontal position and check for leaks. Turn the rinse station off at the disconnect.

7. Remove the cavity, rotate it 180 degrees, using the crane, and reattach it to the rinse station.  Check to see that the cavity is properly attached to the rinse station. Turn the rinse station on.  Move the cavity in the vertical position to let the media evenly distribute through the cavity.  Move the cavity to the horizontal position.  Turn off the rinse station.  Remove the cavity and load it into the tumbler as described in the following section.

E.  Load Cavity or Counterweight into Tumbler
1. The tumbler must be balanced as much as possible before running.  There must be 2 nine cell cavities or a nine cell cavity and the nine cell counterweight to run.  The tumbler must never be run at full speed with only one barrel loaded.  The only time the tumbler is ever to be operated with one barrel loaded is to jog the other barrel around to load/remove a cavity or counterweight. Extreme care must be taken when jogging the tumbler when only one barrel is loaded as the machine will continue to move after the jogging is finished.  

2. Remove administrative lock and turn on the power switch to the tumbler. Open the door to the tumbler.

3. Make sure there are no tools, loose clothing, or other items in the tumbler.

4. Make sure that everything is clear of the tumble. Jog the position of the tumbler barrel so that the cavity or counterweight can be loaded into the barrel. Extreme care must be taken when jogging the tumbler when only one barrel is loaded as the machine will continue to move after the jogging is finished.  

5. For nine cell cavities the cavities and counterweight must be moved into the tumbler by crane.  Attach the lifting straps to the top two support rods (between cells 2 & 3 and cells 7 & 8 for the cavity) using proper lifting techniques. Lift the straps up using the crane until they are taught. Slowly lift the frame and cavity off the assembly table or rinse table to make sure the lifting straps are attached properly. Make sure the 6 caps shown in yellow in Fig 32 are removed before the cavity is moved. Move the cavity or counterweight and frame with crane to the tumbling barrel. Center the cavity or counterweight over the center of the barrel. Lower the cavity or counterweight and frame into the barrel. See Fig. 34 & Fig 35 for location.

6. Make sure the wedge blocks are on the bottom of the barrel. If the wedge blocks are not on the bottom of the barrel, the 4-bar frame must be removed and rotated so that they are.
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 (
Fig. 33 – Straps between cells 2-3 and 7-8
)


7. Locate the 4-bar frame as detailed in drawing number (459630). Seen in Figure 34 for the cavity and Fig. 35 for the counterweight.
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Fig. 34 
)
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 (
Fig. 35 
)


8. Remove the lifting straps.  Check the assembly by hand to make sure it is seated properly in the barrel.

9. Place one plastic bar (459655) next to each spider and adjacent to the spider.  See Fig. 34 & 35 above and 36 below. Place one metal bar (460385) on top of each plastic bar and loosely bolt through the tumbler barrel with 1.5 in 3/8-16 Steel SHCSs, 3/18 in SS hex nuts, 0.41 in ID and 0.81 in OD SS flat washers, and 0.39 in ID and 0.68 in SS lock washers. Tighten to 700 in*pound max. 
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 (
Fig. 36 
)


10. Install 1.5 in 3/8-16 Steel SHCSs in the holes more toward the middle of the metal bars and tighten the SHCSs no more than 120 in*pounds of force.  Tighten the 3/18 in SS hex nuts on the SHCSs to 120in*pounds max. See Fig. 36 above.

11. Tighten the wedge blocks down by hand with a long handle Allan wrench to 24 in*pound force maximum.

12. Check the entire assembly by hand to make sure it is securely fastened to the barrel.

F. Operation of the Tumbler
1. If there are ever any problems with the operation of the tumbler that requires immediate shut down, there is a large emergency stop button on the front of the control panel that can be used to quickly stop operation of the machine.  This emergency stop should not be used as a normal stopping mechanism of the machine.

2. Make sure there are no tools, loose clothing, or other items in the tumbler.

3. The tumbler must be balanced as much as possible before running.  There must be 2 nine cell cavities or a nine cell cavity and a nine cell counterweight as shown in Fig. 37.  The tumbler must never be run at full speed with only one barrel loaded.  The only time the tumbler is ever to be operated with one barrel loaded is to jog the other barrel around to load/remove a cavity or counterweight.
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 (
Fig. 37 
)


4. After 2 nine cell cavities or a nine cell cavity and a nine cell counterweight are installed in the tumbler per the previous section, the tumbler should be checked before operation.  The hold down bars should be checked to see if they are secure. If they are loose all connections should be rechecked. Also, check for any play in the barrels which indicates that the gears are loose and the machine should not be operated.  If there is excessive play in the barrels a preventative maintenance should be done to check for loose gears or bearings.

5. The door to the tumbler should be closed and the tumbler brought up to the speed specified by the project engineer/scientist in the tumbler traveler (TR-333995) for that run.  The tumbler should be run for 5 minutes to make sure all the tooling is secure. The machine should be listened to during the first 5 minutes to see if there are any unusual sounds which could indicate a problem with the machine or tooling.

6. After the 5 minute initial run the machine should be stopped and the door opened.  Both 4 bar frame tooling should be checked to make sure all connections are still good. Also check for leaks in the cavity and for cavity rotation in the 4-bar frame.  Any loose connections must be fixed before starting the machine again. If anything is adjusted the tumbler must go through an additional 5 minute trial run.

7. After checking the 4-bar frames, make sure there are no tools, loose clothing, or other items in the tumbler. Close the lid of the tumbler. Set the timer in minutes. Set the speed in revolutions per minute (range is 0 -115 rpm). 

8. The cavity must be checked after the first hour of operations to check the temperature. Depending on the media being used the tumbler will have to be shut down periodically to allow the cavity to cool. When the cavity is being cooled down examine the cavity for leaks and examine the cavity and the counterweight support frames to make sure they are securely tightened.  If the cavity is approximately 150oF or higher (hot enough that you can’t comfortably touch it for more than a second) the cavity must be cooled down before continuing tumbling.
9. To cool the cavity get a blower and direct it toward the cavity for on the order of 15 minutes.  Jog the cavity periodically to increase the effectiveness of the cooling process.  After the cool-down period, make sure there are no tools, loose clothing, or other items in the tumble and close the lid.  Run the tumbler for the remainder of the total run time, stopping as needed to cool the cavity down.

10. If the tumbler needs to be run for an extended period of time with no operator present see the unattended operation protocols listed in the next section.

G. Unattended Operation of the Tumbler
1. Unattended operation of the tumbler may be possible under certain conditions. They are as follows:
a. The tumbler must have been run for 2 hours with an operator present.  
b. The temperature of the cavity after 2 hours of operation must be on the order of 130 F or less and not thought to exceed the 150 F value during unattended operation.
c. The length of unattended operation can not violate the maintenance requirement. Every 40 hours maintenance must be done.
d.  The unattended operation of the tumbler cannot end during a time frame where no one is present to remove and rinse the cavity if it is feared that the media will be hard to remove from the cavity after sitting for some time.  This is typically the case for the first few tumbling medias.

H. Removal of Cavities from Tumbler & Rinsing of the Cavities (Safety Glasses and Nitrile Gloves Required)
1. Once the cavities are done tumbling they should be removed as quickly as can be safely done to rinse the spent media out of the cavity.  Stop the tumbler and jog a cavity to the horizontal position for easiest removal. Hit the emergency stop button and turn off the power for the tumbler.

2. Remove the tie down bars (460385) seen in Figure 36.

3. Loosen the wedge blocks and remove the cavity by crane (using the proper lifting techniques listen in Section E above) and place on the nearby rinse station.

4. Attach the cavity to the rinse station as described in section D above by tightening the 6 caps in place.  Check to see that the caps are in place and then turn the rinse station on at the disconnect.

5. Move the cavity into the vertical position being careful not to hit anything around the drain pan including the pump and mesh basket. 

6. Make sure that safety glasses and Nitrile gloves are being worn. Make sure the drain pan and mesh basket are in place underneath the cavity. Slowly remove the drain plug seen in Fig. 26 to allow the liquid to drain out.

7. Remove the anti-rotation spider (482405) and the flange plate (460380) shown in Figure 26 to allow the solid media to flow out of the bottom of the cavity. The cavity may be moved to the horizontal position, if this aids in removal of the end pieces, but care must be taken not to spill media. Be careful that nothing touches the sealing surfaces on the flanges during the rinsing process. 

8. Remove the anti-rotation spider (482405) and from the top of the cavity.  Remove the flange plate with the plug (460380) or without the plug (459775) depending on which was originally installed.  The cavity may be moved to the horizontal position, if this aids in removal of the end pieces, but care must be taken not to spill media. Be careful that nothing touches the sealing surfaces on the flanges during the rinsing process.
9. Make sure the cavity is securely attached to the rinse station frame.  Move the cavity into the vertical position if it is not already.

10. The rinse nozzle is to be inserted into the cavity and then the water is must turned on. The spray wand and nozzle can only be inserted and retracted when the cavity is fully in the vertical position.

11. The air for the rinse water pump must be turned on.  The air valve on the pump must then be turned on. (If the pump does not start press the stroke button on the bottom of the pump.)

12. The rinse nozzle must be moved up and down the full length of the cavity multiple times to fully rinse the cavity.  The rinsing should be stopped when the water quality coming out of the cavity is good (same as going in). (Be careful not to fully retract the spray nozzle while the water is turned on or the area will be sprayed with water.)

13. Then the water must be turned off and the rinse nozzle fully retracted.  The spray wand and nozzle can only be inserted and retracted when the cavity is fully in the vertical position.

14. When all the rinse water has been pumped out the pump’s air valve and air supply must be turned off.

15. Then all the dressing parts must be removed from the cavity [bottom niobium blank plate, power coupler plug (loosen compression gasket bolts first), 2 HOM antenna caps, and field probe plug].  Gloves must be worn so as not to scratch the inside of the cavity when removing plugs.  The plugs must be pulled straight out with no prying or wedging so as not to damage the beam tubes of the cavity or plugs.

16. All cavity openings except the main beam tube openings must be covered with clean room tape.

17. Repeat steps 9-14 to rinse the cavity with the plugs removed.

18. Move the cavity into the horizontal position.

19. Turn the rinse station off at the disconnect, then the securing blocks must be unbolted and removed.

20. Then the cavity must be rotated lengthwise 180o using proper cavity handling procedures, so the opposite end of the cavity is at the spray nozzle.

21. Then the cavity frame must be bolted on the lifting station with the securing blocks. 

22. The bolts in the securing blocks must be double checked to make sure they are tight.  Then the rinse station can be turned on at the disconnect. Then the cavity should be moved into the vertical position.

23. Repeat steps 9-14 to rinse the cavity again. 

24. Then all clean room tape must be removed.

25. Move the cavity into the horizontal position.

26. Then the lifting straps must be loosely put back on the support rods for the frame, making sure to position the lifting straps between cavities 2 & 3 and 7 & 8 as seen in Fig. 33.

27. Then turn off the rinsing station at the disconnect and remove the lock down clamps. Then remove the cavity with the crane.

28. Then the cavity is to be moved back to the assembly table. At this point the cavity should be prepared for a subsequent tumbling process, ultrasonic degreasing, or disassembled for future processing elsewhere.

29. Then, if there is a second cavity it must be removed and rinsed as well.  Make sure the path of the tumbler is clear, turn the power on to the tumbler, and disengage the emergency stop button. 

30. Jog the tumbler so that the other cavity is accessible.  Care must be taken when jogging the cavity when one barrel is empty and one barrel is loaded as the machine is not properly balanced and will move some even after the jog buttons are released.

31. Once the second cavity or counterweight is in place for removal, hit the emergency stop button and turn off the power for the tumbler.

32. The second cavity should be rinsed and stored as discussed in steps 2-28 above.  The counterweight can simply be removed and stored.

33. The lifting straps must then be removed and stored and the crane must be returned to its home position.

34. Then all cavity dressing hardware must be cleaned and dried.

35. The rinse basket full of used media will be allowed to thoroughly dry out and the dry waste media will be put in the garbage or if it is to be reused the media will be rinsed in the sink, allowed to dry, and saved for future use.

I. Ending of the Tumbling Procedure
1. At the end of the tumbling procedure the tumbler should be closed.  The power should be turned off and the administrative lock applied to the disconnect switch with the switch in the off position.  The power should be off to the rinse station at the disconnect switch also.

2. All areas should be left in a clean state with tools, hardware and media appropriately stored.

3. All cavities must be stored in appropriate manner according to 333951-Radio Frequency Cavity Handling Guidelines.






3.4 Tumbling Media Handling

		Material and Safety Data Sheets for all tumbling associated supplies are kept next to the tumbler.

A. Tumbling Media
1. There are many different types of tumbling media currently being used.  There are various shapes and compositions of plastics, woods, and ceramics.  If there is any concern in using a media the MSDS should be consulted first.  The only known hazard associated with any of the medias is the potential for inhaling particulates.  Therefore an appropriate dust mask should be worn when dealing with small particulates.  This currently includes and particles with mesh size 400 or smaller (….400 Mesh, 800 Mesh, 1200 Mesh).

B. Water
1. Ultrapure water from the clean room in IB4 is preferred for the water that will be used in the tumbling process.  Ultrapure water is corrosive so safety glasses and Nitrile gloves should be used when handling it.  DI water can also be used.  Tap water should not be used as it is too hard.

C. Surfactant / Soap
1. There are several different surfactants/soaps that can be used during the tumbling process.  If there is any concern in using a surfactant/soap the MSDS should be consulted first.  Safety glasses and Nitrile gloves should be used when using a surfactant/soap.



4.0 	Emergency Shut-Down Procedure

A. Press the Emergency Stop button on the front of the Control Panel.



5.0   	Lock-Out/Tag-Out Procedure

A. See TD LOTO Procedure Number: TD 512054.


6.0   	Special Precautions

A. There is a mechanical disconnect that disconnects power from the control panel if the control panel is opened.  A key must be used to open the control panel.

B. There is a mechanical switch that does not allow for the machine to spin faster than approximately 3-4 rpms when the door is open.  This is only in jog mode to allow the user to position the barrels. To activate jog mode the user must push two buttons simultaneously (dead man’s switch).

C. There is an “electronic eye” which does not allow for any rotation of the tumbler if someone is standing directly in front of the tumbler.


7.0	Test Reports

A.  	None.


Appendices

Appendix A - Maintenance 

Required:
TD000019 / OJ - TD MFI Tumbler Maintenance OJT (annual training requirement)
FN000212 - Lock Out Tag Out Training 2 – Required for at least one person

Periodic routine maintenance will be conducted by people on the approved to maintain list posted on the tumbler. The maintenance plan is based on the instructions of the machine manufacturer, detailed in pages 19-20 of the operations manual (Appendix F), and Fermilab operating procedures.  Issues other than lubrication or examining belt wear will be handled by contracted professionals or suitably qualified Fermilab personnel in the event this type of need arises. Any serious operation issues will be repaired by or under the supervision of the machine manufacturer, Mass Finish Inc. 
	The machine must be maintained every 40 operational hours. The log of hours is kept on the tumbler and must be updated for every operational and maintenance procedure.
Procedure
1. If multiple people are available, one person must be the lead maintenance operator. The lead maintenance operator must get a Red Lock Out Tag Out lock and sign.  The disconnect must be turned off (down) and then locked out. The sign must have the appropriate information such as operator name, date, and reason for the LOTO (maintenance).

2. Remove the administrative lock that is normally on the breaker shut off switch and place it near the breaker. The LOTO lock supersedes the administrative lock.

3. Turn of the power at the control panel.

4. Hit the emergency shut off switch at the panel.

5. Remove the 3 access panels that allow access to the motor and both sides of the drum. Shown in Fig. 29. Requires 7/16 wrench.





















Figure 29: Diagram of Location of 3 Access Panels for Maintenance.

6. Keep track of all bolts and washers. There should be a 1 to 1 relation of holes, bolts, and washers.

7. Check the belts for wear or cracking. If the belts show any signs of wear of cracking they will have to be replaced. Belt replacement is not considered part of normal maintenance. Belt replacement will be done by the Technical Division Machine Repair Group. If the belts need replacement continue with normal maintenance which involves lubing the bearings. At the end of the maintenance leave the Lock Out Tag Out Lock on and notify the project manager. Update the Lock Out Tag Out Tag to indicate that belts need to be replaced.

8. Lubricate the 3 bearings on each side of the tumbler. All bearings in the machine must be lubricated after every 40 hours of operation. Lubricate these bearings with quality multi-purpose medium-high temperature grease such as Shell Oil Alvina No. 2 or SKF Bearing Grease #LGMT-2. Each bearing has 2 zerks which must be lubricated Do not over lubricate these bearings as they will have a tendency to attract dirt and debris. Simply ensure that you can see fresh grease around the perimeter of the bearing. If the bearing does not take grease, try replacing the grease zerk as it may be plugged. If the zerk is not plugged, the bearing will need to be replaced. If this happens at the end of the maintenance leave the Lock Out Tag Out Lock on and notify the project manager. Update the Lock Out Tag Out Tag to indicate that bearings need to be replaced. Bearing replacement is not considered part of normal maintenance. Bearing replacement will be done by the Technical Division Machine Repair Group.
a. Note: It may be necessary to add grease to some zerks and then rotate the tumbler 180 degrees to reach the rest of the zerks. Since the operational guards are not on extreme care must be taken to avoid bodily injury or damage to the machine.  
b. To rotate the machine 180 degrees
i.  Make sure all equipment and people are away from the machine.  
ii. Remove the Lock Out Tag Out and flip the breaker back up to energize the machine. 
iii. Turn the power on at the machine power panel. 
iv. Lift the emergency stop button up.
v. Hit the Master Start Button – The tumbler is now fully ready to operate.
vi. Make sure all equipment and people are away from the machine.  
vii. Hit both Jog buttons simultaneously to jog the machine the desired 180 degrees.
viii. Power down the machine and turn of the breaker and lock the breaker out again with the Lock Out Tag Out lock.
ix. Proceed with maintenance.

9. Reattach the 3 access panels that allow access to the motor and both sides of the drum. Shown in Fig. 9. Requires 7/16 wrench. Make sure that there are no missing bolts or washers. All bolts and washers must be accounted for to assure no loose parts are left in the machine.

10. If the belt looks ok and the bearings were lubricated successfully remove the LOTO lock and put the administrative lock on the breaker shut off. If any problem occurred that requires further maintenance, leave the LOTO lock on.

11. Update the log sheet/maintenance sheet on the tumbler.






Appendix B:

Approved Operator List

This list is comprised of people that are approved to operate this tumbling machine. Only the people on this list may operate the tumbler.

	Name
	Extension
	Date Approved

	Charlie Cooper
	2538
	

	George Steuer
	2249
	

	Dave Burk
	3235
	

	
	
	

	
	
	

	
	
	

	
	
	




Approved Maintenance List

This list is comprised of people that are approved to maintain this tumbling machine. Only the people on this list may maintain the tumbler.

	Name
	Extension
	Date Approved

	Charlie Cooper
	2538
	

	Dave Burk
	3235
	

	George Steuer
	2249
	

	Dan Assel
	6366
	

	
	
	

	
	
	

	
	
	





Appendix C – Log Sheet
	Date Used
	Hours Used
	Total Hours Since Last Maintenance
	Maintenance Done/Date
	Operator -Maintainer

	1.
	
	
	
	

	2.
	
	
	
	

	3.
	
	
	
	

	4.
	
	
	
	

	5.
	
	
	
	

	6.
	
	
	
	

	7.
	
	
	
	

	8.
	
	
	
	

	9.
	
	
	
	

	10.
	
	
	
	

	11.
	
	
	
	

	12.
	
	
	
	

	13.
	
	
	
	

	14.
	
	
	
	

	15.
	
	
	
	

	16.
	
	
	
	

	17.
	
	
	
	

	18.
	
	
	
	

	19.
	
	
	
	

	20.
	
	
	
	

	21.
	
	
	
	

	22.
	
	
	
	

	23.
	
	
	
	

	24.
	
	
	
	

	25.
	
	
	
	

	26.
	
	
	
	

	27.
	
	
	
	

	28.
	
	
	
	

	29.
	
	
	
	

	30.
	
	
	
	

	31.
	
	
	
	

	32.
	
	
	
	

	33.
	
	
	
	

	34.
	
	
	
	

	35.
	
	
	
	








Appendix D – Assembly Parts List
	Assembly Parts List


Cavity Frame
(16) Silicon bronze ¼-20, 1 ½“ socket head cap screws
(16) Stainless steel ¼“ washers
(16) Stainless steel ¼“ locking washers
(32) Stainless steel ¼-20, 5/8” socket head cap screws
(32) Stainless steel ¼“ serrated washers
(24) Stainless steel 10-24, 1 ½“ socket head cap screws
(24) Stainless steel #10 washers 
(24) Stainless steel #10 locking washers 
(8) Steel ¼“ springs
(1) Roll 2” of double stick tape
(8) UHMW PE half-clamps
(8) Stainless steel half-spiders
(4) Stainless steel support rods
(16) Stainless steel support rod securing blocks
(8) Stainless steel wedge block pieces
(8) Stainless steel wedge pieces
(8) UHMW PE wedge block pieces

Power coupler plug
(6) Silicon bronze ¼-20, 1 ½“ socket head cap screws
(6) Stainless steel ¼-20 nuts
(6) Stainless steel ¼“ washers
(1) Power coupler plug
(1) 3” beige gasket
(1) 2” white gasket

HOM caps
(12) Stainless steel M2 metric-21mm socket head cap screws
(36) Stainless steel #8 washers
(4) Brass M2 metric nut plates
(2) HOM cap
(2) HOM cap pin
(2) ¾“ white gaskets
(2) 1 3/8” beige gaskets

Field probe plug
(6) Stainless steel M2 metric-21mm socket head cap screws
(18) Stainless steel #8 washers
(2) Brass M2 metric nut plates
(1) Field probe plug
(1) ¾“ white gasket
(1) 1 3/8” beige gasket

Niobium spacer plate
(12) Silicon bronze 5/16-18, 1 ¾“ socket head cap screws
(12) Stainless steel 5/16-18 nuts
(24) Stainless steel 5/16” washers
(1) Niobium spacer plate
(1) Stainless steel spacer plate plug
(1) Stainless steel spacer plate plug screw
(1) 5 ½“ beige gasket
(1) 4” beige gasket

Niobium blank plate
(12) Silicon bronze 5/16-18, 1 ¾“ socket head cap screws
(12) Stainless steel 5/16-18 nuts
(24) Stainless steel 5/16” washers
(1) Niobium blank plate
(1) 5 ½“ beige gasket
(1) 4” beige gasket

Tumbler barrel
(8) Stainless steel 3/8-16, 1 ½“ socket head cap screws
(8) Stainless steel 3/8-16 nuts
(8) Stainless steel 3/8” washers
(8) Stainless steel 3/8” locking washers
(8) Stainless steel 3/8-16, 1 ½“ hex head cap screws
(8) Stainless steel 3/8-16 half-nuts
(4) UHMW PE hold down bars
(4) Stainless steel securing bars


Total consumable part list
(22) Silicon bronze ¼-20, 1 ½“ socket head cap screws
(32) Stainless steel ¼-20, 5/8” socket head cap screws
(24) Stainless steel 10-24, 1 ½“ socket head cap screws
(24) Silicon bronze 5/16-18, 1 ¾“ socket head cap screws
(18) Stainless steel M2 metric-21mm socket head cap screws
(8) Stainless steel 3/8-16, 1 ½“ socket head cap screws
(8) Stainless steel 3/8-16, 1 ½“ hex head cap screws
(6) Stainless steel ¼-20 nuts
(24) Stainless steel 5/16-18 nuts
(8) Stainless steel 3/8-16 nuts
(8) Stainless steel 3/8-16 half-nuts
(6) Brass M2 metric nut plates
(22) Stainless steel ¼“ washers
(48) Stainless steel 5/16” washers
(54) Stainless steel #8 washers
(24) Stainless steel #10 washers
(8) Stainless steel 3/8” washers
(16) Stainless steel ¼“ locking washers
(24) Stainless steel #10 locking washers
(8) Stainless steel 3/8” locking washers
(32) Stainless steel ¼“ serrated washers
(8) Steel ¼“ springs
(1) 3” beige gasket
(1) 2” white gasket
(2) 5 ½“ beige gaskets
(2) 4” beige gaskets
(3) ¾“ white gaskets
(3) 1 3/8” beige gaskets
(1) Roll 2” of double stick tape
(1) Roll 2” of blue clean room tape
































Appendix E – Operational Checklist

	Operational Checklist

	Do you have?

	TD000018 / OJ - TD MFI Tumbler Operation OJT                       Yes


	Do you have (Mandatory for 9-cell)?

	FN000005 - Fermilab Crane Operator Training                             Yes


	Do you have?

	Safe Handling of SRF Cavities Training (FN000434/CR)               Yes


	Do you have ?

	A completed traveler, TR-333995                                                      Yes
Cent. Barrel Polish. of Nb SRF Cavities?

	Do you have?	

	OP333977 IB4 Tumbling Cavity Handeling Approval?                   Yes


	1. Check the hour log on the tumbler and make sure that maintenance is not needed. 
	

	
2. Assemble the frame around the cavity or counterweight
	

	2a. Place the cavity in the v-blocks.  
	

	2b. Loosely attach the plastic clamps to the cavity.  The plastic clamp for the end groups of nine cell cavity/counterweight is notched. 
	  

	2c. Attach the needed number of spiders, on 2 bars, to the bottom of each plastic clamp.
	    

	2d. Finish tightening the plastic clamps to assure the cavity/counterweight cannot move within the clamp. 
	      

	2e. Attach the needed number of spiders, in 2 bars, to the top of each plastic clamp.
	        

	2f. Make sure the plastic clamp is snuggly touching the niobium cavity or counterweight.
	

	2g. Attach the metal wedge blocks to the bottom support bar on the outside of each spider. 
	  

	3. Attach hardware and load media into the cavity
	

	3a. For 9 cell cavity attach 2 HOM can plugs.  Do continuity test.
	  

	3b. For 9cell cavity attach input coupler plug.
	    

	3c. For 9 cell cavity attach field probe plug.
	       

	3d. Attach hardware on the main flange that will be the drain side of the cavity.  Anti-rotation spider needed for nine cell cavity.
	         

	3e. Check all fasteners to make sure they are tight.
	        

	3f. For nine cell cavity move the cavity and attach to the cavity rinsing station.  Make sure the cavity is attached to the rinsing station before turning the rinse stations on and moving into the vertical position. Position cavity to load media. 
	

	3g. Load media wearing proper PPE.
	  

	3h. Attach hardware on the undressed main flange of the cavity.  Anti-rotation spider needed for nine cell cavity.
	    

	3i. For 9-cell cavity put the cavity in horizontal position, turn off the rinse station and detach from the cavity rinse station.
	      

	4. Install Cavity/Counterweight into tumbler
	

	4a. Move the cavity into the tumbler.
	  

	4b. Position the cavity in the tumbler barrel and install the hold down tooling.
	    

	4c. Check the hold down tooling to see if it is tight.
	      

	5. Repeat steps 2-4 for the other cavity or counterweight.
	

	6. Test the cavities/counterweight before operation to make sure all fittings are tight for the hold down tooling. There is a large emergency stop button on the front of the control panel that can be used to quickly stop operation of the machine.  This emergency stop should not be used as a normal stopping mechanism of the machine.
	

	7.  Operation of the tumbler.
	

	7a. Run the tumbler at full speed for 5 mins.
	     

	7b. Examine the cavity and the counterweight support frames to make sure they are securely tightened.  Make sure there is minimal play in the barrels.
	           

	7c. Run the tumbler for one hour. If a cavity is approximately 130oF or higher (hot enough that you can’t comfortably touch it for more than a second) the cavity must be cooled down before continuing tumbling.
	     

	7d. Position the blower over the cavity and jog periodically to cool the cavity.
	           

	7r. Tumble the cavity for the time noted in the tumbling traveler.
	

	
8. Unmanned Operation
	     

	8a. Run for two hours before leaving unattended.
	           

	8b. Stop the tumbler and check the cavity and counterweight. Check for leaks and to see that all bolts are tight.
	

	8c. Leave plainly visible contact information in the near vicinity of or on the tumbler. Information must include name and telephone number.
	     

	8d. The tumbler cannot be run unmanned unless all conditions listed in the operating procedure are met. Specifically the tumbler should not run through a PM or allow a cavity to get to hot.
	        

	
9. Removal of the Cavity and Counterweight
	           

	9a. Once the process is over stop rotation, open the lid of the tumbler and jog the tumbler for easy removal of a cavity.
	

	9b. Remove the metal bars and plastic bars and put them on the assembly table.
	  

	9c. Loosen the wedge blocks on the bottom of the barrel.  Check to make sure the cavity frame is loose.
	    

	9d. Move the single cell cavity to the assembly table and the 9-cell cavity to the rinse station.
	      

	
10. Note the total time of the run on the log sheet.	
	           

	
11. Cleaning the cavity.
	

	11a. Single Cell Cleaning
	     

	11a1. Remove the bolts from the bottom niobium blank plate and then remove the plate. This should be done in the sink.
	           

	11a2. Place the mesh basket in the sink and drain the cavity contents into the basket.
	

	11a3. Remove the bolts from the top niobium blank plate and then remove the plate.
	     

	11a4. Rinse out the cavity into the rinse basket to get any large debris out the cavity.
	           

	11a5. Rinse out the cavity thoroughly with water going to drain as long as there is no more visible tumbling media debris in it.
	

	11a6. Completely air dry out the rinse basket of used media.  The dry waste media can be put in the garbage or rinsed clean and saved for later use if the process engineer requests.
	     

	11b. Nine Cell Cavity Cleaning
	           

	11b1. Load the cavity onto and bolt it to the loading fixture with the securing blocks.  Turn the rinse station on.
	

	11b2. Remove the lifting straps and double check to make sure all the bolts in the securing blocks are tight.
	     

	11b3. Place the rinse basket in the used media tub.
	           

	11b4. Move the cavity to the vertical, remove the drain plug and let the cavity drain.
	

	11b5. Remove all the attached hardware on the bottom flange.
When removing hardware extreme care must be taken not to drop hardware into cavity.
	  

	11b6. Remove all the attached hardware on the top flange.
When removing hardware extreme care must be taken not to drop hardware into cavity.
	    

	11b7. Insert the rinse nozzle into the cavity and rinse the cavity.
	      

	11b8. Turn off the water and retract the rinse nozzle.
	        

	11b9. Remove the power coupler flange plug. Cavity can be moved into horizontal position if needed.
When removing hardware extreme care must be taken not to drop hardware into cavity.
	          

	11b10. Remove the HOM can plugs. When removing hardware extreme care must be taken not to drop hardware into cavity.
	

	11b11. Remove the field probe plug.
	  

	11b12. Cover all cavity openings except the main beam tube openings with clean room tape.
	    

	11b13. Tilt the cavity completely vertical while making sure that the loading frame has clearance and does not hit the used media tub.
	      

	11b14. Rinse the cavity until the exiting water quality is good.
	        

	11b15. Remove all clean room tape from the cavity.
	          

	11b16. Unbolt and remove the securing blocks from the cavity frame. Turn off the rinse station.
	

	11b17. Move the cavity to the assembly table.
	  

	11b18. Completely air dry out the rinse basket of used media.  The dry waste media can be put in the garbage or rinsed clean in the sink, allowed to dry, and saved for later use if the requested.
	    

	
12. Repeat Steps 9-11 if there are 2 cavities. If there is a counterweight the counterweight may be removed and stored.
	     

	13. Rinse off, dry and store all tooling and hardware associated with tumbling.
	      

	
14. Turn off the power at the circuit breaker disconnect.
	       

	
15. Apply the administrative lock.
	         

	
	

	
	

	
	

	
	

	
	

	
	


 (
1.3 GHz Single Cell in Frame
)
Appendix F – Maintenance Checklist
	Maintenance Checklist

	Do you have current MFI Tumbler Maintenance OJT (TD000019) 

	YES

	Do you have current FN000212 - Lock Out Tag Out Training 2 

	YES

	

	1. Install LOTO lock on circuit breaker disconnect
	

	2. Remove administrative lock
	

	3. Turn of the power at the control panel.
	

	4. Hit the emergency shut off switch at the panel.
	

	5. Remove the 3 access panels that allow access to the motor and both sides of the drum.
	

	6. Keep track of all bolts and washers
	

	7. Check the belts for wear or cracking
	

	8. Lubricate the 3 bearings on each side of the tumbler with quality multi-purpose medium-high temperature grease such as Shell Oil Alvina No. 2 or SKF Bearing Grease #LGMT-2. Lubricate the zerks that are accessible. There are 2 zerks per bearing.
	

	9. If not all the zerks can be reached rotate the tumbler 180 degrees. If all the zerks can be reached go to step 10. 
     To rotate the machine 180 degrees:
	

	9a. Make sure all equipment and people are away from the machine.  
	

	9b. Remove the Lock Out Tag Out and flip the breaker back up to energize the machine. 
	

	9c. Turn the power on at the machine power panel. 
	

	9d. Lift the emergency stop button up.
	

	9e. Hit the Master Start Button – The tumbler is now fully ready to operate.
	

	9f. Make sure all equipment and people are away from the machine. Notify people that you are going to jog the machine.
	

	9g. Hit both Jog buttons simultaneously to jog the machine the desired 180 degrees.
	

	9h. Power down the machine and turn of the breaker and lock the breaker out again with the Lock Out Tag Out lock
	

	10. Reattach the 3 access panels that allow access to the motor and both sides of the drum.
	

	10a. Make sure that there are no missing bolts or washers. All bolts and washers must be accounted for to assure no loose parts are left in the machine.
	

	11. If the belt looks ok and the bearings were lubricated successfully remove the LOTO lock and put the administrative lock back on the breaker shut off.
	

	12. If any problem occurred that requires further maintenance, leave the LOTO lock on and notify the project manager to initiate repairs.
	

	13. Update the log sheet/maintenance sheet on the tumbler.

	

	14. Return LOTO lock.
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	








Appendix G – Operation Manual
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[bookmark: _Toc102984091]Introduction
The Mass Finishing, Inc. model HZ-280 Centrifugal Finishing Machine is comprised of two individual barrels mounted on the periphery of a turret.  The turret is rotated in one direction, causing the barrels to rotate in the opposite direction. This action is due to gears that are connected between the main shaft and the centerline of the 2 barrels.  In operation, this turret rotation creates a high centrifugal force.  This force compresses the load into a tight mass causing the media and parts to slide against each other removing burrs and creating a superior finish.  Short cycle times are realized as a result of the high centrifugal energy being applied to the parts.
[bookmark: _Toc102984092]Contact Information
At MFI, our goal is complete customer satisfaction. We pride ourselves on our commitment to our customers both before and after the sale. Please feel free to contact us at any time if you have any questions and or problems with the machine.

Shipping/BillingAddress:	Mass Finishing Incorporated
1060 Commerce Blvd.
Howard Lake, MN. 55349
Toll Free: 			(888) 260-6277
Direct: 			(320) 543-3222
Fax: 				(320) 543-3355
Internet:			 http://www.massfin.com
[bookmark: _Toc102984093]Company Personnel
President: 		Mike Mathisen
Vice President: 	Tommy Mathisen
Office Manager:	Marci Theisen
Technicians: 		Ron Clover
			Paul Zellman
[bookmark: _Toc102984095]Mass Finishing Warranty
MASS FINISHING INC.
 “WARRANTY PLUS”  5 -- 2 – 1
MASS FINISHING INC. warrants that if any part of our product, which has been properly maintained and which is used under normal operating conditions in the plant of the original purchaser, proves to be defective in material or workmanship, it will be replaced free of charge and shipped prepaid using standard UPS or truck and installed at the expense of the purchaser.  The schedule is as follows:
FIVE (5) YEAR WARRANTY  or 10,400 hours, whichever comes first:
Any part manufactured to MFI specifications, such as frames, brackets, casting, weldments.
 TWO (2) YEAR WARRANTY or 4,160 hours, whichever comes first:
All component parts not manufactured by MFI such as electrical control devices (Relays, Starters).  Warranty on motors and variable frequency drives is subject to manufacturer’s warranty as offered.
ONE (1) YEAR WARRANTY or 2,080 hours, whichever comes first:
Expendable parts such as bearings, v-belts, timing belts, barrel liners, discs, reducers and pumps.  Warranty will be prorated on the expendable portion of parts on a one-year life.
Mass Finishing Inc. shall not be responsible for work done, material furnished, or repairs made by others unless agreed to in writing.  We reserve the right of performing or supervising any repair work necessary to put equipment in proper operation under this warranty.

EXCEPT AS STATED ABOVE, THERE ARE NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING THE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.  MASS FINISHING INC. ACKNOWLEDGES THAT PURCHASER’S SOLE AND EXCLUSIVE REMEDY AGAINST COMPANY SHALL BE FOR THE REPAIR OR REPLACEMENT OF DEFECTIVE PARTS AS PROVIDED FOR HEREIN AND THE WARRANTY AS STATED ABOVE IS IN LIEU OF ANY OTHER WARRANTY OR REMEDY.  IN NO EVENT, BE IT DUE TO A BREACH OF ANY WARRANTY OR ANY OTHER CAUSE ARISING FROM THE PERFORMANCE OR NON-PERFORMANCE OF THE GOODS SOLD THEREUNDER, SHALL MASS FINISHING INC. BE OBLIGATED OR LIABLE TO PURCHASER IN ANY MANNER FOR CONSEQUENTIAL OR INCIDENTAL DAMAGES, INCLUDING, BUT NOT LIMITED TO, LOST PROFITS, PLANT DOWNTIME OR SUITS BY THIRD PARTIES.
RETURNS

1. Copy of Invoice or copy of Replacement Item Packing Slip must accompany all returned goods.
2. Returned goods are subject to a 15% restocking charge.
3. All returns must be shipped prepaid.
4. Machine orders canceled shall require a cancellation charge of 10% to 70%, depending upon amount of work completed and the series of machine ordered.
[bookmark: _Toc102984100]

Electrical Specifications

	Drive/Motor 
	15
	HP

	Input Voltage
	180-264
(230 nominal)
	Volts, 3 Phase

	
	342-528
(460 nominal)
	Volts, 3 Phase

	Recommended Supply Current (230 Volts)
	43.3
	Amps

	Recommended Supply Current (460 Volts)
	25
	Amps



[bookmark: _Toc102984101]Mechanical Specifications

	Minimum Speed
	10
	RPM (@ turret)
NOTE: Do not operate the turret for sustained times at low speeds as this will unduly stress the motor.

	Maximum Speed
	115
	RPM (@ turret)

	Max Barrel Weight 
	80
	Lbs./barrel
NOTE:  Do not exceed 120 RPM when using “XM” media!

	Max Internal Barrel Temp
	200
	Deg. F

	
	
	

	Barrel Capacity (Total) 
	   9
	Cu. Ft.


[bookmark: _Toc102984102]Machine Safety Precautions
[image: warnsymb]	Please review these Safety Precautions carefully! Always follow accepted Safety practices whenever operating or servicing this machine. Failure to adhere to these precautions could result in severe personal injury and or death!
These instructions should be read and understood by all persons who will be installing, operating or maintaining the machine.
1. ALWAYS disconnect power supply before doing maintenance, servicing or cleaning the machine.
2. NEVER attempt to clean, lubricate or repair the machine while it is in motion.
3. KEEP hands, feet and clothing away from all moving parts such as belts and flywheels.
4. KEEP all guards, covers, and doors in place at all times.
5. DO NOT remove warning/advisory decals and labels from machine.
6. KEEP hands and feet clear of any pinch points.
7. NEVER use any combustible solvents in the machine. Flash fire or explosion may occur.
8. ALWAYS lock barrel clamps securely in place before operating machine.
9. NEVER operate the machine with missing and or loose barrel clamps.
10. ALWAYS stay clear of the machine when jogging the turret. Keep loose articles of clothing such as ties, lab coats etc. away from turret.
11. This machine must be installed following all applicable local and National Electrical Codes. Whether this is the NEC Code 250, CSA Codes or European Code BS7671. IEEE wiring regulations- 16th addition.
12. Any Electrical maintenance should always be performed by a qualified Electrician.
13. WARNING: Barrels may be under extreme pressure. ALWAYS open barrels slowly to allow any built up pressure to vent slowly before opening the barrel completely.  
14. DO NOT operate the turret motor at slow speeds for extended time periods. Doing so can/will cause the turret motor to overheat causing irreparable damage.
15. AT NO TIME should the machine be operated at full speed for 30 minutes or more with ANY MEDIA weighing over 100 lbs. per cu. Ft. Failure to heed this warning will result in extreme internal barrel temperatures and pressure accumulation.
16. DO NOT operate the machine without at least 2 barrels loaded into the turret. If you intend to operate a single barrel, please ensure that you have another barrel mounted directly across from it to serve as a counterbalance. The other barrel can be filled with water and media.
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[bookmark: _Toc102984103]Section 1: Machine Installation    
[bookmark: _Toc102984104]Machine Inspection
Please inspect the machine carefully immediately upon arrival. If you notice any sign of damage, notify your carrier and follow appropriate procedures.
[bookmark: _Toc102984105]Machine Documentation
The documentation for the machine is located inside the Electrical enclosure mounted on the right side of the machine.
Documentation includes:
1. This manual
A Manual for the Variable Frequency Drive that operates the turret
Electrical Schematic
Please remove the documentation and store it in a safe location.
[bookmark: _Toc102984106]Machine Installation
1. Carefully remove any protective crating from the machine.
Remove any protective wrapping from the machine.
Place the machine on a firm, level surface.
a. Due to the nature of this machine, it is very important that it be leveled as accurately as possible. 
Connect AC Power to the machine.
Refer to the Electrical Specifications for recommended supply current.
If the AC power is subject to frequent sags and or surges, it may be necessary to install an isolation transformer to supply the machine with power. Please call MFI if you have any questions.
This work should be performed by a qualified and licensed Electrician.
Refer to the “Electrical Panel Layout” diagram for the location of power lead termination into the Electrical cabinet.
For convenience, locate the machine somewhere in close proximity to a water supply.

[bookmark: _Toc102984107]Section 2: Machine Operation
[bookmark: _Toc102984108]Loading and Unloading Barrels

TO BE DETERMINED BY FERMILAB
[bookmark: _Toc102984114]
Machine Controls
Figure 5 shows the location of the controls used to operate the machine.
 (
000
Turret Speed
Indicator
Programmable Timer
Jog Button 2
End of Cycle Buzzer
Master Start Button
Emergency Stop
Button
Timer/Buzzer Reset
Button
Jog Button 1
Cycle Stop
Button
Turret Direction
Switch
Turret Speed
Control
Cycle Start
Button
Jog Position
Auto/Manual
BarGearthe machine 
)
Figure 5
[bookmark: _Toc102984115]Operating the Machine in “Jog” mode
1. Apply power to the machine by pressing the Green, “Master Start” pushbutton.
To Jog the machine, you must press both of the Jog buttons simultaneously. The turret will rotate at slow speed for as long as you have both of the buttons pressed.
[bookmark: _Toc102984116]
Running a Timed Cycle
[bookmark: _Toc102984117]Adjusting the Timer
As the name implies, a Timed Cycle is going to utilize the Programmable Timer that is mounted to the machine control panel. Refer to the procedure below for making adjustments to the timer.
[image: timer]
Figure 6
Figure 6 shows the layout of the Cycle Timer. This timer is preset at the factory to be a “Count Down” timer with a maximum time of 99 minutes. 
Each digit of the timer is controlled with its corresponding Time Adjustment Key as shown in the diagram. The Time Adjust keys are 2 position rocker switches. Pressing the top of the key will increase the time for that digit and pressing the bottom of the key will decrease the time.
To program a Cycle Time of 20 minutes:
1. Press the top of the adjustment key for digit 1 until it shows a 0 (zero).
Press the top of the adjustment key for digit 2 until it shows a 2.
Press either the “RST” key on the timer itself or the “Timer Buzzer Reset” pushbutton on control panel to reset the cycle time to the value you’ve programmed.
[bookmark: _Toc102984118]Adjusting the Machine Speed
The rotational speed of the turret is adjusted using the rotary potentiometer labeled “Drum Speed” on the machine control panel. Refer to Figure 5 for the location of this potentiometer.
The minimum speed of the machine is approximately 10 RPM and the maximum speed is 115 RPM.
NOTE: Running the machine at low speed for sustained periods of time is not recommended and may damage the main turret motor.
Rotating the knob CW will increase the rotational speed of the turret. Rotating the know CCW will decrease the speed of the turret.
[bookmark: _Toc102984119]Starting the Cycle
To start a Timed Cycle:
1. Ensure that all barrel clamps are fully secured prior to closing the hood.
21. [image: warnsymb]WARNING! Failure to fully secure the barrel clamps to the barrels will cause severe damage to the inside of the machine.
1. Once the barrel clamps are fully secured, close the hood.
Press the yellow “Cycle Start” button.
NOTE: If the machine does not start, please refer to the Troubleshooting section of this manual for suggestions.
Adjust the machine speed to the speed desired. The machine will continue to operate at the selected speed for the time programmed.
The Cycle may be stopped at any time by pressing the red “Cycle Stop” pushbutton.
[bookmark: _Toc102984120]Adjusting Turret Rotational Direction
The turret can be operated in either the forward or reverse direction. The direction of rotation does not have any bearing on the processing of the part.
To change the rotational direction of the barrel, use the 2 position selector switch labeled “Drum Rotation”. Refer to Figure 5 for the location of this switch.
“FWD” is defined as the turret rotating towards you. “REV” is defined as the turret rotating away from you.
[bookmark: _Toc102984121]Section 3: Processing Parts
[bookmark: _Toc102984122]Using Media
The quantity of media and parts that comprises a barrel load is measured by volume and is stated as a ratio.  A ratio of 3:1 means that there are three parts by volume of media and one part by volume of parts.
The number of parts that can be processed at one time in a barrel is dependent on the physical nature of the part and its final desired state.  For some parts, this may allow the desired results to be obtained by self-tumbling or self-vibrating; that is, finishing the parts without any media.  The physical nature and desired results on other parts may require them to be processed at ratios of 6:1 or 7:1, and occasionally even higher.
The lower the ratio, the more likely it is that the parts will come into contact with each other during the course of processing. This is called “part impingement”.  Some parts, due to design or desired results, can withstand considerable self-contact during the course of processing.  Other parts made of soft materials and requiring a low microinch surface with no nicks will require a higher degree of protection from the media.  Generally, precision machined or ground parts and parts that are being prepared for decorative plating are processed at the higher ratios, as are parts that are fragile or that have a tendency to nest or entangle.
When too many parts are in a barrel, they can interfere with each other.  This condition prevents the media from having free access to internal areas that require work or to inside areas where the direction of the plane changes.
A method of estimating the quantity of parts per barrel load for sample processing, or a first time production cycle, is the box volume method.  This method is excellent for estimating formed stampings, machine parts, die castings and some larger parts.  For example, suppose a part is 3 inches high, 3 inches wide and 3 inches deep.  For estimating purposes, the total volume of the part would be 27 cubic inches.  That is, the volume of the smallest box that would contain the part is 27 cubic inches.  Screw machine parts, rivets, and some other small parts can be estimated by bulk or by the size of the container in which they are packaged.  There are 1,728 cubic inches in a cubic foot (12” x 12” x 12”); therefore, 64 parts would occupy a cubic foot of space (1728/27).
Assume that a 4 cubic foot capacity barrel (model HZ-120) will be used to finish the parts, and that a 60% fill level with a 3:1 ratio will be used.  Sixty percent of the 4 cubic foot compartment equals 2.4 cubic feet for the work load.  With a 3:1 ratio of media to parts, the media would occupy 1.8 cubic feet and the parts would occupy .6 cubic feet.  With 64 parts per cubic foot, the work load would contain 38 parts (.6 x 64).


A 60% fill level was used in the barrel because some settling of the work load may take place after a few revolutions and will bring the total work load close to 50% which offers the greatest length of slide in the rotating barrel and hence, is the most efficient.
Many parts containing open areas, such as tubing or open ended, box-formed parts, will fill with media within a short time after starting a cycle.  This condition will usually allow an additional number of parts to be added to the work load.
By experimenting with various media types and the cushioning effects of compounds, and by regulating the forces which drive the media, the number of parts that can be processed at one time can often be increased.  Every extra part that can be included in the work load will reduce the processing costs associated with each part. 
[bookmark: _Toc102984123]Media-Parts Ratio Examples
RATIO
0 : 1			Part on part. Used for knocking off burrs.  No media required.
1 : 1			Deburring only, leaves very rough surfaces. 
3 : 1	Still considerable part on part, but good for most ferrous metals.
5 : 1			Good for non-ferrous metals.  Minimal part impingement.
8 : 1 to 15 :1		For high quality finishes. 
No contact		1 part per barrel. Provides superior finishes.
[bookmark: _Toc102984124]Choosing Tumbling Media
MFI stocks and sells tumbling media and compounds from all of the leading manufacturers as well as media that we manufacture ourselves. Please view our website at http://www.massfin.com for more information.
Choosing the correct tumbling media for your finishing process can be a difficult task. Most mass finishing processes require more than 1 step to complete. 

[bookmark: _Toc102984125]Shapes, Sizes and Compositions
Tumbling media is available in a wide variety of different shapes, sizes and compositions. 
The shape of the media chosen for the process is determined largely by the type of work to be performed and the physical properties of the piece being processed. Refer to the chart below for an example of the most common shapes of media.
	 Cones
	 [image: cone]

	 Triangles/Pyramids
	 [image: pyramid]

	 Cylinders
	 [image: cylinder]

	 Spheres
	 [image: sphere]


Specialized shapes such as Angle Cut Cylinders, Tetrahedrons, TriStars and Ellipses are also available.
Just as there is a wide variety of media shapes available, there is also a wide variety of compositions too.
MFI stocks media from all of the major media manufacturers. Each manufacturer has a unique way of describing composition. The table below shows some of our more commonly requested compositions. 
	 Media Type
	 Composition
	 Characteristics

	 Ceramic
	30, D-30, Dura30
	Good for cutting and deburring. Fast metal removal. Medium wear rate.

	 
	F33
	High density, general purpose cutting and deburring. Good wear rate.

	 
	AX-65
	Fast cutting. Medium wear rate. Good for medium and heavy burr removal. 

	 
	AX-90
	Good general purpose media. Long wear life. Good for burnishing. 

	 
	H-33
	High density, medium cut, long life. Works well in high energy machines. 

	 
	WK
	Fast cutting, very durable. Well suited for high energy machines. 

	 
	XF
	Extra fast cutting. Moderate wear rate. 

	Plastic 
	SJ
	Light weight, long lasting, fast cutting. 

	 
	RG 
	Special forumlation. Good for pre-plating. Medium wear rate. 

	 
	#2000 
	Good cut and wear rate. Produces a galvanized style of finish. Well suited for pre-plating. 

	 
	#2050
	Slower cut rate than #2000. 12% longer life. 

	 
	#4000 M2 
	Long life, medium cut rate. Low foaming composition. 

	 
	#4000 M4 
	Produces a low luster finish compared to #4000 M2. Excellent pre-plating media. Medium foam. 



[bookmark: _Toc102984126] Section 4: Troubleshooting
Please review the following safety information prior to performing any troubleshooting or scheduled maintenance on the machine.
SAFETY RELATED WORK PRACTICES
MASS FINISHING, INC. recommends that the employer review the following codes to assure employee safety compliance.
		(J.I.C.)	Joint Industrial Council
		(O.S.H.A.)Occupational Safety Health Act 1970
		(N.F.P.A.)National Fire Protection Association
		Federal, State or Local Codes as applicable
		CSA standard or local laws
		European standards or local laws
REFER TO NFPA-70E which covers electrical safety related work practices and procedures for employees who work on, near, or with electric circuits and equipment in the work place.
The practices and procedures are intended to be implemented by the employee, but it is the responsibility of employers that their employees use these safety related work practices. 
In accordance with the N.F.P.A. Codes, the employer shall provide training to assure that all employees who are assigned to work on or near de-energized circuits or equipment, understand the purpose of the disconnect lockout- procedure, and understand the requirements of the procedure that applies to their specific work assignments.
In accordance with the N.F.P.A.-70E, employees shall not be permitted to work in an area where they are likely to encounter electrical hazards unless they have been trained to recognize and avoid the electrical hazards to which they are exposed.

ELECTRICAL TROUBLE-SHOOTING
In accordance with N.F.P.A.-70, employees shall not be permitted to work on electric circuit parts or equipment that have not been de-energized and locked out or tagged out unless they are qualified and trained to use safe work practices.
Employees shall be instructed to be alert at all times when they are working near exposed energized parts and work situations where unexpected electrical hazards may exist.
Employees shall be instructed not to reach blindly into areas which may contain energized parts.  
Employees shall not knowingly be permitted to work in areas containing exposed energized parts or other electrical hazards while their alertness is recognizably impaired due to illness, fatigue or other reasons.
The N.F.P.A.-70 covers a wide variety of employee safety related information, including:
A.	Adequate illumination of space containing exposed energized parts.
B.	Conducive articles of jewelry and clothing worn by employees exposed to energized parts.
C.	Conducive materials and equipment.
D.	Insulated tools and equipment.
The items listed here are excerpts from the NFPA code and do not list all applicable codes or standards.  MASS FINISHING, INC. suggests that your firm acquire the N.F.P.A. Codes for the protection of all parties concerned.
ALWAYS DISCONNECT POWER AND LOCK MAIN DISCONNECT SWITCH of machine before doing maintenance work on this equipment.
The lock must prevent other personnel from connecting power to the machine while maintenance work is being performed.  A lockout device that permits several padlocks to be installed is recommended by MASS FINISHING, INC.
The device provides safety to all parties working on this machine from accidental start-up.  This device is commercially available.
After maintenance is performed and BEFORE the power is restored to the machine, all personnel in the area must be warned to stand clear.
All affected employees shall be notified to stay clear of the circuits and equipment.  There shall also be a visual verification that all employees are in the clear.  (NFPA-70E)
[bookmark: _Toc102984127]Electrical Control Panel Layout
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[bookmark: _Toc102984128]
Common Problems and Suggestions 
The table that follows lists some common machine problems with suggestions for isolating their cause. Please follow all safety guidelines outlined in this manual prior to servicing or making adjustments to the machine.
If you cannot resolve the problem, or if spare parts are required, please contact MFI at (888)260-6277 for assistance.
	Symptom:
	Check:

	The “Master Start” button will not engage (light)
	Is power applied to the machine?
Is the disconnect switch on the door of the Electrical Enclosure in the “ON” position?
Check the state of the Emergency Stop pushbutton. It should be pulled out.
Open the Electrical Enclosure door and check the status of fuse numbers FU1-3 and the status of the fuses in the main disconnect. Refer to Figure 8 for the location of these fuses. 

	The machine will not start a Timed Cycle
	Is there a time programmed into the Timer? Change the cycle time and press the “Reset Timer Buzzer” button.
Is the hood closed? The machine will not start a Timed cycle unless the hood is closed.
Using the Electrical schematic as a guide, check the operation of the hood safety switch. This switch is mounted to the frame of the machine and is located directly underneath and to the right inside edge of where the hood contacts the machine frame when the hood is closed. As a quick check, have someone press down on the hood to force contact and then try pressing the Cycle Start button again. It may be necessary to make a mechanical adjustment to the position of this switch so that it makes positive contact when the hood closes. Contact MFI for an illustrated procedure that outlines troubleshooting and replacing this switch.
Using the Electrical schematic as a guide, check the operation of the “Cycle Start” pushbutton and the “Drum Rotation” pushbutton.
Using the Electrical schematic as a guide, check the operation of the Timer itself.
Check the operation of the failsafe brake that is mounted to the back of the main turret motor. This brake has a manual release lever. Release the brake with this lever and try running the cycle again. If you are able to run the cycle with the brake released, check the operation of control relays CR-3 and CR-4 as these control the release of the brake.
Check the operation of the potentiometer labeled “Drum Speed”. Have someone rotate the potentiometer while monitoring the DC voltage change at the input to the VFD. Refer to the Electrical schematic and the VFD wiring schematic to determine the location of this input.

	The turret is making a “clunking” sound as it rotates
	This is an indication that 1 or both of the main turret bearings are in need of adjustment. These bearings are tapered, self centering bearings. Please call MFI for assistance with making adjustments to these bearings.

	The motor brake will not lock the turret in position, or it is slow to engage
	The brake tension for the motor may be adjusted in the field. Please record the model of the brake that you have on your motor then contact MFI for assistance with this procedure.


[bookmark: _Toc102984129]Section 5: Machine Maintenance
[bookmark: _Toc102984130]Important Considerations
· The machine will operate much better if it is kept clean and free of media residue. The residue from tumbling media is abrasive by nature and can be harmful to belts and bearings. Always keep belts and bearings free of residual accumulation.
· Never operate the machine with barrels that are leaking. It will be very evident if you have a leaking barrel by the presence of a “racing stripe” around the inside of the hood. If you have leaking barrels, check the tension of the Cam Lock Levers that hold the lids onto the barrels or replace the barrel liners and barrel seal. See the list of recommended spare parts for the Part Numbers of these items.
[bookmark: _Toc102984131]Lubrication
To lubricate the machine, begin by removing the protective side covers as shown below.
[image: 120 005]
All bearings in the machine must be lubricated after every 40 hours of operation. Lubricate these bearings with quality multi-purpose medium-high temperature grease such as Shell Oil Alvina No. 2 or SKF Bearing Grease #LGMT-2.
Do not over lubricate these bearings as they will have a tendency to attract dirt and debris. Simply ensure that you can see fresh grease around the perimeter of the bearing. 

If the bearing does not take grease, try replacing the grease zerk as it may be plugged. If the zerk is not plugged, the bearing will need to be replaced. See the list of recommended spare parts for the Part Number of the bearings on the machine.
[bookmark: _Toc102984132]Belt Inspection/Replacement
Inspect the belts on the machine for wear on a monthly basis. Replace any belt that shows cracking or extreme wear. Refer to the procedure for belt replacement for assistance.
· Proper belt tension for the main turret V belts is approximately .25”.
[bookmark: _Toc102984133]Main Turret V-Belt Adjustment
To adjust and or replace the V-belts for the main turret, begin by removing the protective cover. This cover is located on the left side of the machine (as you are facing the machine) and towards the back.

Figure 9 shows the motor with the cover removed.
[image: 120 001]
To adjust tension, loosen the nuts on the underside of the motor plate by 3-4 turns, then tighten the nut on the top side of the plate until it the plate makes firm contact with the nut on the underside of the plate.
[image: warnsymb]WARNING! Do not apply excessive tension to these V-Belts! Excess tension will result in undue stress on the motor bearings and cause premature motor failure. 
[bookmark: _Toc102984134]V Belt Replacement 
To replace the V Belts:
1. Remove the hood assembly entirely. The hood is secured to the frame of the machine. Remove these bolts and then lift the hood free of the machine using either a forklift or another type of suitable hoist.
23. NOTE: Prior to removing the hood from the machine, ensure that the wiring for the hood safety switch(es) is removed from the Electrical enclosure. Refer to the machine schematic for wiring detail.
Loosen the top bolts on the Motor Adjustment Plate.
Tilt the motor towards the front of the machine so that you may remove the belts from the motor pulley.
The turret is mounted to the main drive shaft. The main drive shaft is mounted to the machine using 2 shaft supports. Remove the 2 bolts that hold the motor side (the side that the V Belts are on) shaft support to the frame of the machine so that the shaft support is no longer attached to the frame of the machine.
Loosen the 2 bolts on the opposite side main shaft support. It is not necessary to remove them.
Using a hoist (a forklift comes in handy here, but an Engine hoist will also work), carefully lift the turret such that you can slip the V Belts from between the frame of the machine and the underside of the main shaft support to remove them.
Replace the belts with new ones. Refer to the recommended Spare Parts list for the Part Number of these belts.



[bookmark: _Toc102984139]Section 6: Recommended Spare Parts
Please review the list of recommended spare parts. We try to maintain these parts in inventory, but on occasion we are subject to shortage. It is advisable to have these parts on hand to minimize machine downtime and to streamline your maintenance operation.
	Description
	Part Number
	Qty.

	Barrel Bearings
	2100-20045
	4

	Main Drum Bearings
	2100-30061
	2

	Main Shaft Gear
	2300-70012
	1

	Idler Gear
	2300-70013
	2

	Barrel Rotation Gear
	2300-70011
	2

	C-154 V-Belts
	2200-30091
	3

	Barrel Clamp Bar
	6000-10027
	4
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