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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe
priv_tely owned rights. Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinion s of authors expressed herein
do not necessarily state or reflect those of the United States Government or any agency
thereof.

This report has been reproduced directlyfrom the best available copy.

Availablc to DOE and DOE contractors from the Office of Scientific and Technical
Information, P.O. Box 62, Oak Ridge, 'IN 37831; prices available from (615) 576-8401,
FTS 626-8401.

Available to thc public from the National 'Technical Information Scrvicc, U.S. Department
of Commerce, 5285 Port Royal Rd., Springfield, VA 22161.
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SUMMARY

The Savannah River Site (SRS) will process large bulky transuranic (TRU) waste items with a
robotic gantry manipulator. The Savannah River TechnologyCenter (SRTC) builta TRU Waste
Test Facility(TWTF) to demonstratethisconcept. The test robotusesseveraltools(i.e. plasma
torch,chain saw, and gripper) to open, size reduce, and repackagesimulatedwaste items.
Waste processingcampaigns in the TWTF show the various robot tools require periodic
maintenance,suchas replacingthe torchtip and r_placingsaw blades. The primaryobjectives
of this test were to determine if standard master-slavemanipulators(MSMs) can complete
remoterobottoolmaintenance,and ifso, howlongdoesthemaintenance;ake. Test resultsshow
thatMSMscompleted5 of 8 toolmaintenancetasksattempted,andeachtasktook 15 minutesor
less. The threetasksthatcouldn'tbecompletedinvolvedspeciallydesignedtools,andthesetools
could be redesignedto allow remote MSM mainten3nce. MSMs can complete robot tool
maintenancein a reasonableamountof time. Thisconclusionsupportsthe SRS philosophyof
remotelyprocessinglarge bulkyTRU waste itemsusinga roboticgantry manipulator.

BACKGROUND

The SRS temporarilystoresTRU waste in large steel boxes,concreteculvens,and galvanized
drumson concretepads in the Burial Grounds. This waste must be opened, processed,and
repackagedbefore it can be sent to the Waste IsolationPilot Plant (WIPP) for finaldisposal.
The SRS will processTRU waste for permanentdisposal in the proposedHigh ActivityTRU
Facility (HATF). The HATF will use a large cell and a roboticmanipulatorto processlarge
bulkyTRU waste items,and the SRTC builttheTWTF at TNX to demonstratethisconcept. The
test manipulator,or telerobot, uses severaltoolsto processsimulatedwaste itemsand these
tools need periodicmaintenance. Telerobottools includea plasma arc torch,a chain saw, a
circularsaw, a paralleljaw gripper,and a plasticcuttingdevice.
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DISCUSSION

The followingparagraphsdescribe the test objectives,test equipment, telerobottools, test
preparation,and test procedure.

Objectives

The main test objectives were to 1) determine if MSMs could complete telerobot tool
maintenance,and 2) determinethe time requiredto completemaintenancetasks.

Test Equipment

The equipmentused inthis test includedtwo MSMs,varioushand tools,and a worktable. The
MSMs usedwere a CentralResearchLaboratory(CRL) System50 manipulatorand a CRL Model
8 manipulator.The System50 is a newerheavydutymanipulatorwhile the Model8 is an older
medium duty manipulator. A stand holds both manipulatorsand it contains a window for
operatorsto view the slaveportionof the manipulators.The hand toolsincludedseveralallen
wrenches,screwdriverstyle wrench,screwdriver,and socketwrench. TNX maintenanceadded
a pivotinghandle to the socket wrench so the MSMs could better hold the wrenchduring
rotational movements (see Figure 1). This is needed because the MSM gripper couldn't
efficiently hold the handle while moving in an arc. The work table is 4' x 8' with 8" walls
around the sides to prevent items from fallingoff the table and the table is approximatelyas
high as theoperator'swaist.

Socket Pivot MSM
Wrench Point Gripper
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forMSM MSM
Fingure Fingure

Figure 1 - Modified Socket Wrench

Telerobot Tools

The telerobot tools used in this test are a plasma arc torch, chain saw, circularsaw, parallel
jaw gripper, and plastic cuttingdevice. The plasma torch is a Thermal DynamicsPAK 45
cuttingtorch. A plasmaformsbetweenthe torchelectrodeandthe metalwasteitem. The plasma
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heat melts the metal object and a secondarygas blows the molten metal away. The chain saw is a
Milwaukee heavy duty electric chain saw with a 16" blade, and the circular saw is a Milwaukee
heavy duty electric saw with a 10.25" diameter blade. EES designed the parallel jaw gripper
specifically for the telerobot and a 120 VAC electric motor drives the gripper. The plastic
cutter is an electric motor that turns a flange at high speed. Two whips are attached to the
flange and act as a blade. TNX Maintenance modified ali the tools so they would mate with the
telerobot tool change system.

Test Preparatlon

To prepare for this test, IWT reviewed previous telerobot reports (References 1 & 2),
compiled a list of frequently used telerobot tools, and determined a maintenance procedure for
each tool. Table 1 summarizes the tools and associated common maintenance required, see the
test plan for more details (Reference 3).

Table 1 - Common Maintenance to Telerobot Tools

T0oi CommonMaintenance

Plasma Torch Replace tip assembly
ChainSaw Resetblade

Chain Saw Changeblade
ChainSaw Add oil

Circular Saw ChangeBlade
Gripper Replace sheer pin
Gripper Reset coupling
Plastic Cutting Device (PCD) Replaceblade

Before testing began, operators inspected the telerobot tools, manually performed the tool
maintenance procedures, and reviewed the hand tools required to complete the maintenance
tasks.

Test Procedure

Plasma Arc Torch

This test demonstrated torch repair by replacing the four torch components. Figure 2 shows the
torch housing and the four major torch components. Operators used MSMs to unscrew the cover
and remove the gasket. They used MSMs and a special vendor provided wrench to loosen and
remove the tip. The MSMs and a screwdriver style wrench were used to remove the electrode
from the torch housing. These steps were repeated in reverse order to assemble the torch.

This test demonstrated three types of chain saw maintenance: resetting the chain, replacing the
chain, and adding oil. The chain saw has four major components: motor, chain, chain cover, and
chain guide. To reset the chain, operators used both MSMs, a screwdriver,and a socket wrench.
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Cover Gasket Tip Electrode TorchHousing

Figure 2- Plasma Torch Assembly

First they loosened but didn't remove the chain cover, which also loosens the blade guide, with
the socket wrench. Second, the chain guide was retractedby turning the guide positioningscrew
with the screwdriver. Third, the chain was placed in the top side of the chain guide and
operators pulled the chain around the guide. This verified the chain was in the guide and on the
drive sprocket. Forth, the blade was tightened by turning the guide positioning screw with the
screwdriver. Fifth the chain cover was secured with the socket wrench.

For the second chain saw repair, replacing the chain, operators used the same tools as above.
First, they loosened and removed the chain cover with the socket wrench and removed the old
chain with the MSMs. Second, the new chain was placed over the drive sprocket and the chain
cover was replaced. A handle was added to the chain cover so the MSMs could lift and hold it. At
this point the blade and saw are in the starting positionof the blade resetting task, so operators
followed the same five steps mentionedabove.

For the third chain saw repair, adding oil to the saw, operators used the MSMs and a bottle small

enough for the MSMs to hold, approximately2" diameter by 4" high. They rotated the saw on its
side, removed the oil reservoir cap, poured oil into the reservoir, and replaced the cap.

Circular Saw

This test demonstrated circular saw repair by replacing the saw blade. The circular saw has
three main components, the motor, blade, and blade retaining bolt. First, operators placed a
screwdriver between the blade and motor housing to prevent the blade from turning. Second,
they used the socket wrench to loosen and remove the blade retaining bolt. Using the socket
wrench requires two MSMs, one to hold the wrench on the bolt and the other to move the wrench
handle. Third, the screwdriver, lock washer, and saw blade were removed. Forth, the blade was

replaced and the screwdriver was inserted between the blade and motor housing. Fifth, the lock
washer was replaced and the blade retaining bolt was tightened with the socket wrench.

Table 1 lists two types of gripper repair, replacing the sheer pin and resetting the coupling.
Operators could not complete these tasks because both require turning screws that the MSMs
couldn't reach or the operators couldn't see. Table 1 also lists replacing the blade on the plastic
cutter, and operators could not complete this task for the same reasons.
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RESULTS

Table 2 summarizes the test results. The first column lists the task, the second column, the
number of MSM arms used, the third column, the number of operators, and the forth column,
the time. Note: the first task, replace the torch tip, took 2 operators and 2 MSMs 34:45
(minutes:seconds) to complete the first time. By improving technique, they reduced the time to
13:15 and they realized the task could be completed with 1 MSM and 1 operator. Table 2 shows
the 1 operator runs in the second row. The last three tasks on Table 2 could not be completed
because they require turning small screws that the MSM grippers couldn't reach or the
operators couldn't see.

Table 2 - Telerobot Tool Maintenance Results

Number of Number of

Task MSM Arms Ooerators Tirnes(minutes:secondsJ

Replace torch tip 2 2 34:45, 13:50, 13:15
Replace torch tip 1 1 12:15, 10:34
ResetChainSaw Blade 2 2 10:15, 8:16, 8:55

ReplaceChainSawBlade 2 2 37:41, 24:08, 14:42
Add Oil to Chain Saw 1 1 2:13, 1:24, 2:00,

2:44, 2:00, 1:43

Replace Circular Saw Blade 2 2 24:08, 22:25, 8:17,
7:00, 5:37, 4:47

Replace Gripper Shear Pin NA NA NA
Reset Gripper Coupling NA NA NA
Replace PCD Blade NA NA NA

RECOMMENDATIONS

Based on the results and experiences learned from this test, the follow four recommendations
canbe made:

• The telerobot gripper and plastic cutting device should be modified to allow easy remote
maintenance. Ali future telerobot tools should be designed this way.

• Incorporate the maintenance times found in this study in future throughput studies.
• Modify an electric screwdriver for MSM use. An MSM can only turn a screw about 180

degrees at a time, so a power screwdriver will save considerable time.

• Modify an electric wrench for MSM use. Turning bolts requires 2 MSMs when using
conventional socket/ratchet wrenclles, so a power wrench will save considerable time.

CONCLUSIONS

Based on the results and experiences learned from this test, the following conclusions can be
made:

• MSMs can complete remote maintenance on most telerobot tools.
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• Remote tool maintenance can be completed in a reasonable amount of time (less than 15
minutes per task)

• When evaluating specially designed or commercial equipment for use in a remote facility, the
following items should be considered:
- Large bolts or screws
- Easy to reach and view bolts or screws

- Self capturing bolts or screws with self starting heads
- A small number of bolts or screws

QUALITY ASSURANCE

Research Notebook WSRC-NB-90-395, maintained by E. M. Kriikku, contains ali test data in
chronological order. Data includes detailed descriptions of maintenance tasks, equipment used,
general observations, operator comments, and operator performance.
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