[image: image17.png]5<Battelle

. . . Putting Technology To Work




HL-OP-030

Revision 1
DECONTAMINATION AND DECOMMISSIONING OPERATIONS

HOT LABORATORY OPERATING PROCEDURE

MAINTAINING HOT CELL MANIPULATORS
BATTELLE

505 King Avenue

Columbus, Ohio 43201
[image: image18.png]5<Battelle

. . . Putting Technology To Work




[image: image19.wmf] 


REVISION RECORD INDICATING

LATEST DOCUMENT REVISION

Title:
Maintaining Hot Cell Manipulators

No. 
HL-OP-030


Page i of ii
INDEX OF PAGE REVISIONS

	Page No.
	i
	ii
	1
	2
	3
	4
	5
	6
	7
	8

	Rev. No.
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	
	
	
	
	
	
	
	
	
	

	Page No.
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	Rev. No.
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	
	
	
	
	
	
	
	
	
	

	Page No.
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28

	Rev. No.
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	
	
	
	
	
	
	
	
	
	

	Page No.
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38

	Rev. No.
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	
	
	
	
	
	
	
	
	
	

	Page No.
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48

	Rev. No.
	1
	1
	1
	
	
	
	
	
	
	


	REVISION RECORD
	
	REVISION RECORD
	
	

	Rev. No.
	Date
	
	Rev. No.
	Date
	
	
	

	0
	12/03/93
	
	
	
	
	REVISION RECORD

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	Rev. No.
	1

	
	
	
	
	
	
	Issue Date
	

	
	
	
	
	
	
	Issued By
	


DDO-009, Rev. 3
(10/93) ksr

HL-OP-030

Revision 1
Page ii of ii

PROCEDURE APPROVAL PAGE

Prepared By:

J. Branton







Date

Senior D&D Technician
This procedure, HL-OP-030, Maintaining Hot Cell Manipulators, has been reviewed and approved by the following.

Approved By:

D. Seifert







Date

Manager, Remedial Action

R. Friedman (Acting)






Date

Manager, Radiological Technical Support

M. Jackson







Date

Manager, Regulatory Compliance and Environment,

Safety, and Health Oversight

G. Eriksen







Date

Manager, Quality

HL-OP-030(psm)

MAINTAINING HOT CELL MANIPULATORS

1.0 Scope

This document describes the method, safety practices, and personnel responsibilities for maintaining the manipulators in JN-1. The manipulators within the scope of this procedure are the Central Research models 8-HD, and E-HD. This procedure addresses both corrective and preventive maintenance.
2.0 Purpose

The purpose of this document is to ensure that the correct steps and safety practices are being performed during both preventive and corrective maintenance to successfully and safely maintain the manipulators in JN-1.
3.0 References, Definitions, and Developmental Resources

3.1 References
3.1.1 HL-OP-055, Removal and Installation of Hot Cell Manipulators

3.1.2 PR-AP-17.1, Operation of the Project Records Management System
3.1.3 DD-OP-029, Decontamination of Equipment, Materials and Tools


3.1.4 
3.1.5 
3.2 Definitions
None.
3.3 Developmental Resources
3.3.1 Videotapes of maintenance procedures
3.3.2 
3.3.3 Central Research Installation, Operation and Maintenance Manual for the Model 8-HD Master-Slave Manipulator
3.3.4 Central Research Installation, Operation and Maintenance Manual for the Model E-HD Master-Slave Manipulator
4.0 General

4.1 Equipment, Tools, and Materials
4.1.1 Standard craft tools
4.1.2 New tape and cables
4.1.3 Tape length lists for all manipulators (see Exhibit 1)
4.1.4 Tensiometer
4.1.5 Tape clamps
4.1.6 Weighted clips
4.1.7 Spring scales and clamp handle for tensioning tapes
4.1.8 Special blocks for clamping down booms and carriages
4.1.9 Pulleys, pulley blocks, counterweight rollers, drums, chains
4.2 Special Safety Practices
None.

4.3 
4.3.1 
4.3.2 
4.3.3 
· 
· 
· 
· 
· 
4.4 

4.4.1 
4.5 

4.5.1 
4.5.2 
4.5.3 
4.5.3.1 
4.5.3.2 
4.5.3.3 
4.5.3.4 
4.5.3.5 
4.5.3.6 
4.5.3.7 
4.5.3.8 
a. 
b. 
c. 
 

5.0 Procedure
	Manipulator Procedure Index

	5.1
	Preventive Maintenance for All Manipulators
	3

	5.2
	Preparing New Tapes
	4

	5.3
	General Cable Adjustment and Replacement
	5

	5.4
	General Pulley Replacement Procedure and Example
	5

	5.5
	Replacing the Slave Z Motion Tapes on the Model E-HD and 8-HD Manipulators
	7

	5.6
	Replacing the Lower Z Motion Counterweight Tapes on the Model E-HD and 8‑HD Manipulators
	10

	5.7
	Replacing the Upper Z Motion Counterweight Tapes on the Model E-HD and 8‑HD Manipulators
	12

	5.8
	Replacing the Azimuth Cables on the Model E-HD and 8-HD Manipulators
	13

	5.9
	Replacing a Pair of Elevation and Wrist Tapes and Cables on the Model E-HD and 8-HD Manipulators
	15

	5.10
	Replacing the Tong-to-Handle Tapes and Cables on the Model E-HD and 8-HD Manipulators
	19

	5.11
	Replacing Chains on the E-HD Manipulator
	22


NOTE:
Some maintenance activities will require removing the manipulator from the cell wall per procedure HL-OP-055, Removal and Installation of Hot Cell Manipulators, Reference 3.1.  When removed from the wall, the manipulator is placed in a controlled area for maintenance.

NOTE:  The following maintenance steps are performed by qualified personnel who have received specific training by the manipulator manufacturer.
5.1 Preventive Maintenance for All Manipulators (see Form DDO-004, which is to be used during routine operational checkout).

5.1.1 Visual Inspection

5.1.1.1 Check ledges under pulleys for aluminum dust. If present, check for pulley wear. If any pulley shows wear, replace the pulley or the entire pulley bank.
5.1.1.2 Check tape tension with hand pressure.

5.1.1.3 Check tapes for dings and crimps, and position on center of pulleys.

5.1.1.4 Check cables for proper position and tension.

5.1.2 Mechanical Adjustment
5.1.2.1 Tighten screws on the bottom of the boom tube and top of the wrist joint.
5.1.2.2 Tighten the bolt head near the gear box with 9/16-inch wrench.

5.1.2.3 For the 8-HD, the tie rod shaft may need to be recentered by driving back into place.

5.1.3 Mechanical Inspection
5.1.3.1 Move the hand through full range of motions. Check for dragging and sticking while moving the hand. Dragging and sticking may indicate the need for lubrication on bearings and wrist joint.
5.1.3.2 While moving the hand, also listen for unusual sounds that may indicate problems. These sounds can emanate from both sides of the manipulator and are sometimes difficult to isolate.

5.1.3.3 Check both locking mechanisms for hold. If the boom tube can be moved while the locking mechanism is “ON,” then the locking mechanism needs to be cleaned—clean all parts including insides of boxes.

5.1.4 Electrical Inspection
5.1.4.1 Run through light sequence, checking to ensure that all lights operate and operate in the correct order.

5.1.4.2 Check the trigger and determine whether the manipulator goes in X, Y, and Z motions. If not, check relays, circuit boards, etc.
5.1.4.3 Run Z motion motors to their limits and determine whether the limit switches are cutting off at proper positions.
5.1.4.4 Check coiled cord for frayed edges and breaks in the insulation. Replace the cord or, if the problem is near a connection, unplug, cut the cord, and reconnect.
5.2 Preparing New Tapes
NOTE:
Do not allow newly prepared tapes to be stepped on or otherwise mistreated—dings and crimps can easily result.

5.2.1 Using masking tape, secure the lead of a tape measure to the floor.

5.2.2 Run the tape measure along floor past the length of tape to be cut and tape to floor.
5.2.3 Determine exact length of tape from the tape list (Exhibit 1). Sometimes these lengths should be exact and sometimes extra length can be added. This is noted in the procedure steps where the new tape is being prepared.

5.2.4 Secure the end of the tape along the side of the tape measure at the zero inch mark.

5.2.5 Run the tape along the measure to the desired length by allowing the tape to run along the inside of the fingers so that any dings, crimps, and twists can be felt.

5.2.6 Cut the tape to the desired length using scissors.

5.2.7 Roll the tape (like a garden hose) into a 6- to 8-inch diameter roll and place a rubber clip on the tape to hold it together. Remove the tape measure from the floor.

5.3 General Cable Adjustment and Replacement

5.3.1 With the cable in place, operate turnbuckles to apply tension. Use a tensiometer to determine the proper tension. Manipulate the arm in all directions to check for proper cable operation.

5.3.2 If a cable comes off, then the entire arm needs to be pulled. Loosen the turnbuckles. Then feed the old or new cable through the THRU TUBE (from master to slave end) and proper pulleys and reattach the ends. Readjust the turnbuckles to apply the proper tension to the cable.

5.4 General Pulley Replacement Procedure and Example
The following general repair steps can be used for any pulley or pulley bank replacement. 
On Master End

5.4.1 Insert the timing pin into the wrist.

5.4.2 Raise the stop 10 to 12 inches.

5.4.3 Place a special rubber-sided clamp across all tapes and cables and tighten with C clamps.

5.4.4 Tie the special clamp to the bracket to hold tapes/cables in place.

5.4.5 Loosen Z tapes and cables and place weighted clips on all tapes and cables where they come out of the master boom tube.

5.4.6 Drop boom 6 to 8 inches.

5.4.7 Undo screws in the pulley bracket and carefully remove the bracket from under the tapes. Move tapes from good pulleys and stack on other pulleys to gain access to the worn pulley. Remove only the worn pulley from either end of bank.

5.4.8 Replace the worn pulley in bracket.

5.4.9 Reinstall old bracket or replace with entirely new bracket under tapes, and replace screws. Make certain that all tapes are on their proper pulleys.

5.4.10 Raise boom as far as possible and install stop to put tension on and straighten tapes.

5.4.11 Remove the special clamp from tapes and cables.

5.4.12 Replace Z tapes and cables and tighten to proper tension.

On Slave End
5.4.13 Follow Steps 5.4.1 through 5.4.6.

5.4.14 Remove the plate covering the pulley bank.

5.4.15 See Step 5.4.7 on master end.

5.4.16 Replace the bracket and plate.

5.4.17 Follow Steps 5.4.9 through 5.4.12.

Replacing Pulley on Top of Master End Boom Tube

NOTE:
Loosen both Z tapes and attach weighted clips.

CAUTION:
Do not drop pulley bracket screws down the opening in the boom tube (cover opening).

5.4.18 Remove two screws on the pulley bracket.

5.4.19 Using a screwdriver, lift up the front of the bracket and rock back to show pulley shaft—leave in propped-up position.

5.4.20 Remove the small snap ring holding the pulleys on the shaft.

5.4.21 Back off screws on wheels on either side of the pulley shaft and remove wheels.

5.4.22 Lay the tape on top of adjacent pulley.

5.4.23 Using a hammer and punch, strike the shaft until pulley is released.

5.4.24 Pull out the punch, roll the pulley back and out; let the tape hang naturally—be careful of spacers falling into boom tube.

5.4.25 Put grease on spacer and place back on shaft to hold in place.

5.4.26 Put on the new pulley and then another greased spacer.

5.4.27 Insert punch into end of pulley to hold it in place and then tap other end of shaft until the shaft and the punch come out the other end.

5.4.28 Replace the small snap ring on the shaft and return the tape to the new pulley. If needed, oil bearings down in tube.

5.4.29 Replace both wheels and secure screws.

NOTE:
The remainder of this procedure pertains to the maintenance of the tapes and cables on the model E-HD and 8-HD manipulators. 
5.5 Replacing the Slave Z Motion Tapes on the Model E-HD and 8-HD Manipulators (see Exhibit 2, Fig. 5()

5.5.1 Remove Z MOTION DOWN STOP, using 3/16-inch Allen wrench and lower the boom tube to floor. Attach weight clip on good Z motion tape.

5.5.2 Loosen upper nut of tension screw. Using the tape tensioning tool, unhook each tension adjusting screw and its upper counterweight tape from the master carriage (Fig. 9) and lower the Z motion counterweights slowly until the counterweight is sitting on top of pulley at bottom of tube. At the same time, pull tape out from bottom of tube and be careful of the loose tape hanging from the bottom of each counterweight.

NOTE:
If the manipulator is to be repaired on a repair rack, a crane may have to be used to raise the arm to expose the Z MOTION LOW STOP CLIPS on the slave end. STOP BRACKET and PULLEY BRACKET on master end may need to be removed to give enough clearance to show the slave end Z MOTION LOW STOP CLIPS. Tape clamp screws may have to be exposed by pulling down on the manipulator arm.

5.5.3 Lower the master end Z MOTION DOWN STOP just far enough so the Z motion clamps on the slave carriage are exposed or remove it completely (Fig. 10).

5.5.4 Loosen the tape clamp on the slave carriage and remove the tape to be replaced.

NOTE:
It is best to replace both Z motion tapes at the same time. Start at the master end to avoid dragging contaminated tape from slave end through the pulleys to the master end of the manipulator. During handling, if the tapes fall to the floor, examine for damage. If damaged in any way, discard and use new tape.

WARNING:
Tape edges are sharp and can cut the skin.

5.5.5 Remove the broken tape and all parts of it on both slave and master ends.

5.5.6 Put the weighted clip near end of good tape on master side, and loosen the good tape at master end connector so that it can move through THRU TUBE.

5.5.7 Cut two lengths of new tape 15 inches longer than required, and mark lines on both sides of tape 5/8 inches from leading edge.

5.5.8 Using masking tape, tape end of one new tape to end of old (but good) tape, then place and tape the other new tape on top of previous taped pair so that the three tapes are stacked one on top of the other and each is taped to the leader.

5.5.9 Have a helper stand at the master end to hold tape ends, and undo the four screws on the slave side to remove the plate; pull all tapes through master side upper pulleys, through THRU TUBE, and through upper pulleys on slave end.

5.5.10 Undo masking tape and remove leader from new tapes, and secure both tapes onto slave end boom tube using masking tape.

5.5.11 On master end,  put weighted clip near end of the bottom tape.

5.5.12 Concurrently, on master end (using helper) and slave end, undo the top tape from all pulleys and move it across manipulator and rethread on adjacent pulleys. On slave end, pull out extra tape and secure to boom tube using masking tape. Look through THRU TUBE with a flashlight to ensure that tapes are not twisted. Put weighted clips on master end.

On Slave End

5.5.13 Undo one tape from boom tube, pull 1 foot below the pulley, and retape to the boom tube. There should be sufficient tape below the masking tape to reach and attach to connector.

5.5.14 Pull the tape quickly across a flat or round edge to cause a curl and feed curled tape under pulley. Cause a curl in the opposite direction, loosen four screws on tape clamp plate, and continue to feed up under tape clamp plate to marked line.

5.5.15 Tighten the four screws on the plate to hold end of tape and remove masking tape on the boom to allow the tape on master end with the weighted clip to fall into place.

5.5.16 Repeat above steps for the other tape.

On Master End
5.5.17 Visually check tapes on the master end to ensure that the tape ends are even in length.

5.5.18 Raise the LOWER Z MOTION DOWN STOP on the master trunk tube up another 12 to 18 inches. If desired, put another “stop” on the tube just above the upper boom tube pulley bracket.

5.5.19 Run the bottom nut on the adjusting screw all the way down to the end of the threads to give room for tensioning tool to fit onto adjusting screw.

5.5.20 Reconnect an upper counterweight tape by slipping adjusting screw into slot of the master carriage by using the tape tensioning tool (Figure 9).

5.5.21 Loosely connect the new tape to the tape clamp links fastened to the end of the lower counterweight tape. Make certain that tape clamp link is even with upper boom tube pulley bracket.

5.5.22 Repeat above steps for the other tape.

On Slave End and Master End

NOTE:
In a one-man operation, tie a rope on a spring scale (0-100 lb), wrap it around the axle, pull on the rope to place tension on the scale, and tighten the tape clamp with the other hand. Keep the tape clamp up near the shaft on master boom tube to keep it away from pulley during operation.

5.5.23 Loosen the tape clamp on the new tape or tapes at the link and tension the new tape or tapes by pulling 40 lb using the clamp handle and spring scale (Fig. 11) by pulling up on the tape end. Tighten the tape clamp and cut off the excess tape, but leave a 1½‑inch tail and tape it to the outside of tape.

NOTE:
The following adjustment must be done with master and slave booms in the vertical position.

5.5.24 Tension the Z motion system by pulling 50 lb on each tension adjusting screw with the tape tensioning tool and the 0 to 100-lb spring scale (Fig. 12). Adjust the lower nuts so that 50 lb of tension are maintained in the tapes, and lock in place with the upper lock nuts.

5.5.25 Move the Z MOTION DOWN STOP down to normal position.

5.6 Replacing the Lower Z Motion Counterweight Tapes on the E-HD and 8-HD Manipulators (see Exhibit 2, Fig. 5)

NOTE:
These tapes are not replaced often and usually only need replacement when a nick is detected. These tapes should be inspected weekly for nicks and loose screws. If the tape breaks, then the manipulator may need to be removed from the wall (if clamps are about even, then it may not need to be removed from the wall). These tapes need not be replaced as pairs. Inspect pulleys for wear or aluminum dust and replace as necessary.

5.6.1 Move the Z MOTION DOWN STOP up 12 to 18 inches.

5.6.2 Place weighted clips on good Z motion tapes above the tape clamp.

5.6.3 Tie the rope on the end of tensioning tool, loosen the top nut of the tension screw, insert tensioning tool, and pull down on rope (Fig. 13). Slowly remove tape from pulleys in the open slot at the bottom of the tube while letting up on the rope to allow the counterweight to lower. Stop pulling out tape when counterweight is resting on pulley.

5.6.4 Remove the Z motion pulley bracket mounting screw.

NOTE:
The next step is valid only for E-HDs.

5.6.5 Remove the two screws on tong tape tension monitoring bracket (above pulley bracket) to lift the bracket up, and then remove the Z motion pulley bracket.

5.6.6 Slowly lower the counterweight assembly with the upper counterweight tape until the tape terminal on bottom of counterweight is exposed (Fig. 14).

5.6.7 Use loose end of rope to hold counterweight up by tying to manipulator.

5.6.8 Remove the old lower Z motion counterweight tape from the counterweight and the tape link.

5.6.9 Inspect all parts of counterweight (including bearings) for wear and need for lubrication.

CAUTION:
The orientation of the tape clamp with respect to the counterweight for replacement in next step is very important. The screws should be oriented so that they are always away from the pulley.

5.6.10 Cut a new lower Z motion counterweight tape to the length specified on the tape list (see Exhibit 1, tape list value should include an extra amount of tape), and connect one end to the counterweight with a tape clamp. Leave ½‑inch tail.

5.6.11 Pull counterweight up into tube with rope.

5.6.12 Reconnect the tension adjusting screw, with its upper counterweight tape, to the master carriage. Back off lower tension adjusting nut to end of threads.

5.6.13 Feed end of tape back up the tube, out open slot, and let hang.

5.6.14 Replace pulley bracket and replace screw (on E‑HD, replace tong tape tension mounting bracket, and install two screws above pulley bracket).

5.6.15 Place loose end of the tape under pulleys, reassemble tape clamp and anchor, and attach to tape clamp of Z motion tape.

5.6.16 Repeat above steps for other lower Z motion counterweight tape, if it is also being replaced.

5.6.17 Pull 40 lb on lower Z motion counterweight tape using the clamp handle and spring scale (Fig. 15), clamp tight, and leave 1‑½-inch-long tail for later use for tensioning.

5.6.18 Tension Z motion system by pulling 50 lb on each tension adjusting screw with the tape tensioning tool and spring scale (Fig. 16). Adjust the lower nuts so that 50 lb are maintained in the tapes, and lock in place with the upper lock nuts.

5.6.19 Reset Z MOTION DOWN STOP to normal position.

5.7 Replacing the Upper Z Motion Counterweight Tapes on the Model E-HD and 8-HD Manipulators (see Exhibit 2, Fig. 5)

NOTE:
These rarely, if ever, break and have been replaced only once or twice. If these do break, everything goes awry; counterweight rollers, lower pulleys, and lower counterweight tapes will get damaged.

5.7.1 Move Z MOTION DOWN STOP up 12 to 18 inches.

5.7.2 Using the tape tensioning tool on the side where the tape is being replaced, unhook the tension adjusting screw (remove and leave off) from the master carriage (Fig. 17).

5.7.3 Use a rod or screwdriver to push the counterweight up the tube, and remove the pulley bracket screw. Remove the two screws above it to loosen the tong tape tensioning bracket, lift the bracket, and remove the Z motion pulley bracket on the master azimuth.

5.7.4 Disconnect the lower counterweight tape from the tape clamp and work back through the slot until the lower counterweight tape is hanging down; then lower the counterweight down and out of tube (Fig. 18).

5.7.5 Inspect all parts of the counterweight for wear, damage, and need for lubrication.

5.7.6 Disconnect the old upper counterweight tape from the counterweight.

5.7.7 Cut a new upper counterweight tape as shown on the tape list (see Exhibit 1).

5.7.8 Cut a length of tape 8 to 10 feet long, place over top pulley and down THRU TUBE, and attach weight clips on either end—use as leader to pull through new tape (Fig. 19).

5.7.9 Attach end of new tape to end of leader tape with tape clamp. Note the orientation of the tape clamp in the counterweight top and also to the pulley at the top of the master arm (Fig. 5). Orient clamp screw face out so that the flat side goes over pulley.

5.7.10 Connect the other end of the new upper counterweight tape to the top of the counterweight and connect the lower Z counterweight tape to the bottom of the counterweight.

5.7.11 Insert the counterweight assembly into the tube and allow weighted clip to pull the leader and new tape over the pulley and up through tube (Fig. 20) until the upper Z motion counterweight tape is in place.

5.7.12 Support the counterweight with a rod, remove the leader, and attach the end of new tape to tensioning screw—leave 1½-inch tail.

5.7.13 Using the tape tensioning tool, carefully pull down on the tension adjusting screw and slip into slot of the master carriage.

5.7.14 Feed lower counterweight tape back through open slot and let hang.

5.7.15 Replace the Z motion pulley bracket on the master azimuth and the two screws that attach the one end of the tong tension monitoring bracket.

5.7.16 Pull the lower counterweight tape under pulleys and reconnect to tape clamp.

5.7.17 If both upper Z motion counterweight tapes are being replaced, repeat steps for the second tape.

5.7.18 With clamp handle and spring scale, pull 40 lb on the end of the new lower counterweight tape (Fig. 21). 
5.7.19 Move the Z MOTION DOWN STOP to its normal position.

5.7.20 Tension the Z motion system by pulling 50 lb on each tension adjusting screw with the tape tensioning tool and spring scale (Fig. 22). Adjust the lower nut so that the 50 lb is maintained in the tape, and lock in place with the upper lock nuts.

5.8 Replacing the Azimuth Cables on the Model E-HD and 8-HD Manipulators (see Exhibit 2, Fig. 6)

NOTE: 
Cables rarely, if ever, break. However, they do come off the pulley and lose tension.



Replacing Cable on Pulley
NOTE: 
HP will survey the slave end of the manipulator as it is pulled from the wall in accordance with applicable HP procedures.

5.8.1 If cable problem is on slave end, pull manipulator from wall.

5.8.2 Put weight clips on cables so they will hold on pulley in accordance with Reference 3.1.1.

5.8.3 Loosen turnbuckle to give slack or take completely apart. Then screw barrel back on just enough so it will not get lost.

5.8.4 Put cable back on pulley.

5.8.5 Reconnect both cables on turnbuckle and tighten snug to proper tension using tensiometer.

Replacing Azimuth Cable
5.8.6 Insert a wire in each terminal of azimuth cable assembly A-14335 where they attach to the spring anchor assembly A-14332 on the master pivot frame to maintain compres​sion in the spring (Fig. 23).

5.8.7 Release the tension in the azimuth cable loop with the turnbuckle barrels (part number 93,924 in Fig. 6) on the master end.

5.8.8 Replace only the A-14136 and/or A-14134 cable assemblies. Disconnect the turnbuckle barrel from the master azimuth cable assembly (A-14136) and replace with new cable assemblies. Disassemble the slave pulley block (A-14142) and replace the slave azimuth cable assemblies (A‑14134). If these are the only cables to be replaced, proceed to Step 5.8.11 for tensioning the cables.

5.8.9 To replace the A-14335 cable assembly, disassemble the pulley blocks A‑14142 and A-14140.

5.8.10 Disassemble the terminals on the A-14335 cable assembly from the slave pivot casting and the master pivot casting, and remove the cable from the arm.

5.8.11 String the A-14335 azimuth cable assembly through the manipulator THRU TUBE following the schematic diagram in Fig. 6. The threaded terminal on the cable assemblies should be on the master end.

5.8.12 Assemble cable assembly A-14134 to the slave azimuth pulley block assembly A‑14142 and cable assembly A-14335. Attach the end terminal on A-14335 to the slave pivot casting (Fig. 6).

5.8.13 Assemble cable assemblies A-14136 and A-14335 to the master azimuth pulley block assembly A-14140 (Fig. 6).

5.8.14 Assemble the spring anchor cable assembly A-14332 to the threaded end of A-14335. Compress the spring and insert a wire to keep the spring compressed (Fig. 24).

5.8.15 Mount assembly A-14332 to the master pivot frame.

5.8.16 Check to see that the azimuth cables are on all pulleys and tension the azimuth cable loop with the turnbuckles in the loop (Fig. 6) until the installed wires can be removed.

5.8.17 Tighten the turnbuckle barrels on the azimuth cables so the wrist joints are aligned and the lower cables have 45 lb tension (Fig. 25). The turnbuckle barrels on the azimuth cables may be safety wired if desired.

5.9 Replacing a Pair of Elevation and Wrist Tapes and Cables on the Model E‑HD and 8-HD Manipulators (see Exhibit 2, Fig. 7)

NOTE:

This repair always takes two people. In general, these are replaced in pairs, but if the outer ring of the other pair of tapes’ pulleys show wear, then replace all tapes. Assume that the tape break is on the slave end.

NOTE:

HP will survey the slave end of the manipulator as it is pulled from the wall in accordance with applicable HP procedures.

5.9.1 Remove slave fingers and bag. Pull manipulator from wall in accordance with Reference 3.1.1 and decontaminate in accordance with Reference 3.1.3.

5.9.2 Place both boom tubes in a vertical position and install STOP on the master end to limit arm travel (above 12 inches from floor).

5.9.3 Remove the two inner screws from master and slave lower wrist sections (may need flashlight to see screw heads). Put wrist timing pins in both wrist joints while they are in their neutral position.

5.9.4 Place weight clips near ends of Z tapes.

5.9.5 Using the tape tensioning tool, unhook both Z tape tension adjusting screws and their upper counterweight tapes from the master carriage (Fig. 26) and slowly lower each Z motion counterweight (make certain that lower tape comes out properly) until they rest on the pulleys near the bottom of the master trunk tubes. Tape tapes to boom.

5.9.6 Remove two outer screws on slave wrist joint—joint will be suspended by cable (may need to loosen other two screws to let joint hang).

CAUTION:
Never remove both lower wrist sections from the manipulator at the same time or wrist tape timing will be lost.

5.9.7 Tape or use hose clamp to tie the tong jaws together so that the two wrist sections separate easily (Fig. 27).

On Slave End

5.9.8 Remove the upper section of the slave wrist joint from the slave boom tube by removing the four flat-head screws on boom tube just above the wrist joint section. Raise the boom tube a couple of inches (Fig. 28) and tie rope to the boom tube and secure in place.

WARNING:
Always string from master side to slave side to minimize spread of contamination.

5.9.9 Remove all old, broken tape and pieces, and check outer ring for wear.

5.9.10 Prepare new set of tape pairs and cut to exact length as given on the tape list (see Exhibit 1).

5.9.11 Tape pair of new tapes side by side with masking tape, taping one end to good tape (cut off corner of tape to ease feeding). Mark tape ends and masking tape with O and I (Outside and Inside) appropriately.

5.9.12 Drop the top section of the wrist joint down so that new tapes can go on either side of the multiplier.

5.9.13 Using a helper on the master end, pull the tape through the THRU TUBE and check markings for appropriate orientation.

5.9.14 Pull 2 to 2½ feet of new tape out of the tube and clip against lower end of boom tube (Fig. 29); place weighted clips on other end of tapes (Fig. 30).

5.9.15 Drop the top section of the wrist joint down so that new tapes can go on either side of the multiplier. One tape (marked “O”) is fed through front side and the other (marked “I”) is fed in back of the multiplier.

5.9.16 Lower the boom tube (remove hook and rope) and replace the four flat-head screws just above wrist joint.

5.9.17 Remove the four screws from the upper wrist half. Drop the upper wrist half down (replace hook and rope) and remove the two side screws. Take the upper wrist half apart. Clip the tape not being replaced onto the boom tube or the other drum in the wrist half.

5.9.18 Remove the wrist drum and take out set screw and drum half screws. On the drum, remove old tape, and mark or scribe tape slot and screw locations to guide count of tape wraps. Replace “ring” as necessary.

5.9.19 Connect tapes to slots in drum, and replace set screws. Make 3‑3/4 turns on drums (mark on drum should always be on top). Replace drum half screws in same holes.

5.9.20 Slip drum back on shaft in proper orientation. The lower screw should point toward the slave hand. If not, readjust adjusting screws on drums.

5.9.21 Reassemble the upper section of the slave wrist joint and replace the two outer screws. Ensure that the tapes are oriented as shown in the schematic diagram in Fig. 7 and that the holes and fasteners on one drum line up with the holes and the fasteners on the other drum (Figs. 31 and 32).

5.9.22 Anchor the master side tapes with clips. Remove the clip from the slave end tape. Untie rope and allow wrist joint to settle into place and fasten with four screws. Take off the hose clamp holding the tongs together, lift the tongs into place, and replace the two screws. A line through the center of the fasteners on one drum should be close to 60 degrees from the boom tube axis.

5.9.23 Be sure that the tong cable goes over the wrist and multiplier pulleys as shown in the schematic diagram in Fig. 8. The wrist timing pin should hold the lower section of the wrist at its midpoint of travel when the upper and lower sections are connected.

NOTE:
Check the tape ends on the master side to ensure that they are of equal length. If not, rewrap drums on slave end.

On Master Side
5.9.24 Tape the loose ends of new tapes onto remaining tapes on the master end with masking tape. Mark with O and I.

5.9.25 Unfasten the two outer screws to remove the lower section of the master wrist joint. Its weight should close the tong jaws and allow room to work on the upper section. Remove the upper section of the wrist joint with four screws (may need to loosen screws on joint), and pull down from the boom tube a couple of inches (Fig. 33). Tie the slave boom tube in its position so that the upper section of the master wrist joint will remain in this exposed position.

5.9.26 Complete stringing the new tapes through the master arm (through either side of multiplier like slave end) to the wrist joint and clip to the boom tube in their normal position (Fig. 34). Also, clip the tapes on the other drum to the boom tube.

NOTE:
If the old tape cannot be used as a leader, it may be necessary to disconnect the master tong multiplier from the end of the boom tube and raise the slave boom tube further to get the new tape through. The tape must also be oriented correctly (use tape markings) and not twisted.

5.9.27 Disassemble the upper section of the master wrist joint (remove two screws) and remove the drum with the tapes to be replaced. Make certain that the drum is marked for proper orientation.

5.9.28 Remove the set screws on the drum, remove the tape to be replaced from its drum, and remove the two screws from the drum so that the two main parts of the drum can rotate. Attach the ends of the new tapes to the wrist drum and replace set screws. Note the orientation of the tapes as shown on the schematic diagram in Fig. 7. The outside tapes are on the side away from the slave. Replace outer ring, if necessary.

5.9.29 Rotate the two main parts of the drum and wind up the tape until there is 3-3/4 wraps of each tape on the drum. Be sure that the tape comes out of its anchoring slot and lays right down on the drum and does not fold back over the edge of the anchoring slot. Lock the drum so that there are 3‑3/4 wraps of each tape on the drum and the screws and holes are located exactly as shown on Fig. 35. The screws and holes should line up with the screws and holes on the other drum if it is in its center or neutral position.

5.9.30 Slip the drum back on the shaft in proper orientation. Remove the clips holding the tapes to the boom.

5.9.31 Reassemble the upper section of the master wrist joint and attach it to the boom tube (Fig. 36). The slave boom tube must be untied and lowered to bring the master upper section and the boom tube together. Replace the four lower screws.

5.9.32 Remove the slave wrist joint timing pin and move the slave wrist through its entire range of travel several times. This will equalize the wrist tape tensions and remove any loose wraps from the drums. Replace the slave wrist joint timing pin at the slave wrist center or neutral position.

5.9.33 By lightly pushing on the wrist tapes just above the master azimuth assembly, compare the tension in one part of wrist tapes with the other pair of wrist tapes (Fig. 37). If the wrist tapes have been accurately cut to the length specified and the assembly and timing procedures are followed, the tension in both pair of tapes should be approximately equal. If the new pair of tapes has more or less tension, the two main parts of the master drum may be rotated after the two drum screws are loosened. By selecting different holes for the drum screws, the tapes can be slightly unwrapped or wrapped up to equalize the tension. Check the tape tension again after any adjustments.

5.9.34 Assemble the lower section of the master wrist joint to the upper section. After the two fasteners on the back of the lower section have been tightened into the upper section, remove the wrist timing pins and install the inside fasteners in both master and slave wrist joints.

5.9.35 Reconnect the Z motion tape tension adjusting screws and upper counterweight tapes to the master carriage (Fig. 38).

5.9.36 Tension the elevation-twist and Z motion systems by pulling 50 lb on each tension adjusting screw with the tape tensioning tool and a spring scale (Fig. 39). Adjust the lower nuts so that 50 lb are maintained in the tapes and lock in place with the upper nuts.

5.9.37 Reposition the master Z MOTION DOWN STOP to its normal position.

5.10 Replacing the Tong-to-Handle Tapes and Cables on the Model E-HD and 8‑HD Manipulators (see Exhibit 2, Fig. 8)
5.10.1 Raise the boom tubes and the master Z MOTION DOWN STOP until about 24 inches of boom tube travel remains.

5.10.2 Using the tape tensioning tool, unhook both tension adjusting screws and their upper counterweight tapes from the master carriage (Fig. 40) and slowly lower each Z motion counterweight until they rest on the pulleys near the bottom of the master trunk tubes.

CAUTION:
Do not remove the two outside screws from either wrist joint.

5.10.3 If the A-9885 handle cable assembly and/or the A-14230 tong cable assembly is to be replaced, remove the two screws from inside the master and/or slave wrist joint that help hold the upper and lower wrist joint sections together.

CAUTION:
Never remove both lower wrist sections from the manipulator at the same time or wrist tape timing will be lost.

5.10.4 Pin both of the wrist joints in their neutral position, handle and tong pointed about 45 degrees down, using two wrist joint pins.

5.10.5 Remove the four flat-head screws in the end of the slave boom tube.

5.10.6 Disconnect the slave multiplier and wrist joint from the boom tube by holding the wrist joint while raising the boom tube about 24 inches and tie in place (Fig. 41).

5.10.7 Remove the tape from the slave multiplier cable assembly A-6462 and clip the tape to the boom tube. If tape is in good condition, use it as a leader when stringing the new tong tape (Fig. 42).

NOTE:
In next step, note the tong cable assembly so that reassembly can be done correctly.

5.10.8 To replace the A-14230 tong cable assembly, disconnect the cable ends, remove the tong pulleys, loosen or remove the two outside screws to separate the upper and lower wrist joint sections, and pull the cable through the wrist joint. Feed the new cable assembly through the wrist joint, reassemble the upper and lower wrist sections, reassemble the pulleys with the cable in place, and reconnect the ends (Fig. 43). Be sure that the cable is installed correctly over the wrist pulleys as shown on the schematic diagram in Fig. 8.

5.10.9 Replace the slave multiplier cable assembly A-6462, if necessary.

5.10.10 Cut a new tong tape to the exact length specified on the tape list (see Exhibit 1).

5.10.11 Clamp the new tong tape to the new slave multiplier cable and string through the manipulator through tube to the master side, following the schematic diagram in Fig. 8. Note the 1-3/8-inch dimension on the schematic diagram. Use the old tong tape as a leader, if possible.

5.10.12 Lower the slave boom tube and reassemble it to the wrist joint. Check if the elevation-twist tapes have about equal tension and if not, separate the upper and lower sections of the slave wrist joint, pull the slave boom tube down, and reconnect the wrist joint. Be sure that all slave wrist screws are tightened.

5.10.13 Remove the four screws in the end of the master boom tube.

5.10.14 Remove the handle from the wrist joint. To disconnect the handle cable assembly A-9885 from the handle, the handle must be partially disassembled. Remove the roller that holds the handle gear rack in mesh, rotate the handle cable drum, remove the screw that holds the cable end fitting, and remove the cable.

5.10.15 Separate the master multiplier and wrist joint from its boom tube by pulling the master wrist joint down while raising the slave boom tube (Fig. 44). Be sure to maintain tension on the wrist motion tapes by pulling the master wrist joint down, or the tapes may go slack and come off their pulleys or drums. Tie the slave boom tube in the upper position.

5.10.16 Remove the old tape from the master multiplier cable assembly A-8519 and complete stringing the new tape through the master boom tube.

5.10.17 If the handle cable assembly A-9885 is to be replaced, separate the upper and lower sections of the master wrist joint (Fig. 45). Disconnect the cable from the multiplier pulley block and replace.

5.10.18 Replace the old master multiplier cable assembly A-8519, if necessary.

5.10.19 Clamp the new tong tape to the new master multiplier cable assembly A‑8519. The tong tape should extend 1-3/8 inch beyond the clamp.

5.10.20 Untie the slave boom tube and guide the master multiplier and upper section of the master wrist joint into the master boom tube (Fig. 46). Assemble the multiplier to the master boom.

CAUTION:
When the slave boom tube is untied, the master upper wrist and multiplier must be held down to prevent the heavier slave from pulling the master section up and damaging the tapes.

5.10.21 Reposition the master Z MOTION DOWN STOP to the normal position.

5.10.22 Reconnect the tension adjusting screws and upper counterweight tapes to the master carriage (Fig. 47).

5.10.23 Tension the elevation-twist and Z motion systems by pulling 50 lb on each tension adjusting screw with the tape tensioning tool and a spring scale (Fig. 48). Adjust the lower nuts so that 50 lb are maintained in the tapes and lock in place with the upper nuts.

5.10.24 Assemble the lower section of the master wrist joint to the upper section. Be sure that the handle cable is on its pulley so that the cable guard on the wrist lower section will hold it in place. Remove the wrist joint timing pins and install the inside fasteners in both the master and slave wrist joints.

5.10.25 Replace the handle on the master wrist joint. Attach the end of the handle cable assembly to the handle drum. After the cable is fixed to the handle drum, rotate the drum to remove the tape and cable slack. Then remesh the rack with the gear while holding the handle full open and the tong opening at 3¼ inches. It may be necessary to disengage the gear rack and reassemble to get the correct tong-to-handle relationship.

5.11 Replacing Chains on the E-HD Manipulator
5.11.1 Disconnect both ends of the broken chain from carriage.

5.11.2 Determine the correct chain length, and obtain sufficient links to make up new chain.

5.11.3 Reinstall the end of chain to top of carriage first, feed around sprockets, and reconnect the remaining end of the chain to the bottom of the carriage. Apply tension on the chain using the attached turnbuckle.

5.11.4 To replace the motor chain, move the motor bracket a sufficient distance to remove the chain, fix the chain, and reinstall it on sprockets. Readjust the motor bracket so that the chain has some slack, but will not fall off.

6.0 Records
The records generated by the use of this procedure shall be provided, in duplicate, to Project Records according to PR-AP-17.1 (Reference 3.1.2)
· Manipulator Surveillance and Maintenance—Routine Operational Checkout

7.0 Forms, Exhibits and Attachments
7.1 Forms

· DDO-004, Manipulator Surveillance and Maintenance—Routine Operational Checkout

7.2 Exhibits

· Exhibit 1, Tape Length and Tension for 8-HD, and E-HD Manipulators 

· Exhibit 2, Schematics and Figures for 8-HD and Similar Model Manipulators

· 
7.3 Attachments

None.
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EXHIBIT 1

TAPE LENGTH AND TENSION FOR

8-HD, AND E-HD MANIPULATORS
	Serial No.
	Model
	Slave Z(1,2)
	Lower Z, 

Cwt(2)
	Upper Z, 

cwt(2)
	E&T – Wrist
	Tong
	Pounds

Tension

	
	
	
	
	
	Master
	Slave
	Master
	Slave
	

	3595-3600(3)
	8 HD
	16'10"
	5'2"
	5'11"
	Exact
	Exact
	50

	
	
	
	
	
	28'4-3/16"
	22'2-3/16"
	50

	3601-3604
	E-HD
	21'
	5'10"
	7'5"
	Exact
	Exact
	50

	
	
	
	
	
	31'11-1/8"
	25'9-1/8"
	50


Note:
(1)
Add 15" to all slave Z tapes

(2) Tighten Z tapes in nearly extended position

(3) 


(4) 3597 8-HD – cut E&T tapes and tong tape 3/15" longer
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Procedure Status:





[ X ]	Non-Critical Procedure





[   ]	Critical Procedure—Procedure Qualification Packet (PQP) Required
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( Figure numbers in text match those given in Developmental Resources 3.3.3 and are reproduced in Exhibit 12.
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MANIPULATOR SURVEILLANCE AND MAINTENANCE
ROUTINE OPERATIONAL CHECKOUT

Inspector: Date:

ArmModel __ Window R L Serial No.

1. - Remove the lock securing the manipulator arm to the cell wall.

2. - Overall inspection of the manipulator in the “at rest” position.

3. — Inspect all the electrical cords and wires associated with the arm.

4, — Check the anchor bolt that secures the manipulator in the wall.

5. - Turn on the cell interior lights to assure the slave end is clear and to observe the functions of the
slave end.

6. - Visually inspect the arm bag to assure it is serviceable.

7. —_— Visually examine the condition of all the tapes and cables.

8. - Check all the tapes and cables for proper tension.

9. - Move the stepping relay through all of its steps (off thru off).

10. Check each of the operating mode (X,Y,Z) lights.

. Operate the arm through the full range of motions to assure operability and to cycle all systems that
have been at rest.

12, Gently run the motor drives to the end of their travel each way to assure that
the limit switches function properly for each motion.

3. On the extended reach models, extend and retract to assure proper operation.

14, Lubricate any exterior functioning parts that need it for easier operation.

15. Check the locking mechanism for all motions (X,Y,Z).

16. ______ Return the arm to the normal “at rest” position.

17. Return the switch to the “off” position (unpower the arm).

18, Secure the manipulator arm in the locking bracket; attach the lock.

19. Turn off the cell interior lights.

200 Inspection is complete; no defects detected.

21, Defect has been detected; manipulator maintenance required.
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