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Experimental Study of Remote Handling Performance for Pyroprocessing Facilities
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In this study, it is performed that the assessment of feasibility of developed material processing
facilities using tele-operation manipulator system for the pyroprocessing. To evaluate the
performance of developed facilities using tele-operation system, several performance indices are
considered as remote visibility, remote reachability and remote manipulability. These are applied
to RHEM (Remote Handling Evaluation Mock-up) and digital mock-up system respectively.
Through this approaches, several requirements for the system improvement are deduced and
preliminary inspection for real system application is fully performed. Additionally, assembly and
disassembly tasks for the repair of remote handling system are also examined remotely in RHEM

and evaluated those performances.
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(a) Remote handling system for the PRIDE facility
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(b) Visible area of the designed remote handling system
Fig. 1 Overview of the bridge-transported dual-arm servo
manipulators (BDSM) and mechanical master-
slave manipulator (MSM) system
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Fig. 2 Mock-up system for the assessment of facilities
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(b) Remote handling performance of utility systems of
applied facilities
Fig. 3 Simulation of visibility and reachability for applied
facilities in the digital mock-up system
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Fig. 4 Collision detection test between the manipulator

and obstacles using the digital mock-up system
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(b) Camera system attached on the gripper of BDSM
Fig. 5 Remote handling test through the window and
additional camera of BDSM
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(a) Components for remote handling system of evaluation
mock-up and primary parts of target facility
| )t
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(b) Remote handling Test of facility
Fig. 6 Performed experiments in the evaluation mock-up
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Table 1 Experimental results of remote handling task

Position in the
Tasks target facility (from| Test Result
the window)
Separation of .
1 Upper & Front part Possible
thermocouple
Possible
. Upper & .
Tighten/ . (Front/Side)
2 Front/Side/ Rear .
Release a Bolt t & Impossible
a
P (Rear)
3 Put in/out a Upper & Possible with a
electrode Middle part In-cell crane
Put in/Pull out Position moving
4 Lower part . .
a Heater Plug is required
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Fig. 7 Designed scenario for a manipulator disassembly
task based on a MSM and lifting tool
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(a) Approach the moving support

o i

(d) Unlock the mechanical interface

ol o

(c) Llﬂ up the moving support

() Lift down the moving support  (f) Move the slave arm and moving support
I Motion of MSM Motion of BDSM EMotion of moving support

Fig. 8 Experiment of a manipulator disassembly task
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Fig. 9 Elapsed time for each task of manipulator
disassembly performed by three subjects
(Average time of five trials per one operator, A:
Approaching the slave arm and moving support,
B: Approaching the BDSM toward a MSM, C:
Lift up the slave arm and moving support, D:
Lock the mechanical interface, E: Remove the

BDSM of moving support)
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(b) Approach the slave arm and
moving support toward a MSM
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(d) Lift up the slave arm and moving
support
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(e) Lock the mechanical interface (f) Remove the BDSM and moving support
I Motion of MSM Motion of BDSM [l Motion of moving support

Fig. 10 Experiment of a manipulator assembly task
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Fig. 11 Elapsed time for each task of manipulator
assembly performed by one subject (Average
time of five trials of one operator, A: Approach
the slave arm and moving support toward a
MSM, B: Approach the mechanical interface,
C: Lift up the slave arm and moving support,
D: lock the mechanical, E: Remove the BDSM
and moving support)
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