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ABSTRACT

Objective: The aim of this study is ergonomic analysis of tele-operation tasks using modified remote handling devices
dedicated to the cell of PRIDE(PyRoprocess Integrated inactive DEmonstration facility) in KAERI(Korea Atomic Energy
Research Institute). Background: Tele-operation manipulators of the PRIDE are applied to perform the remote handling
and management of pyroprocessing facilities. Generally, these kinds of systems are composed of master-slave system and
its peripherals installed along a wall or ceiling of the cell, and the manipulators transmit the user's own motion to grippers
directly. However, a user convenience and intuitiveness while operating the manipulators have not been fully considered in
research fields. Method: This study tries to analyze the ergonomic performance of remote handling manipulators in the
developed cell facility. It was included that the analysis of operator's capability for his/her own motion range of upper arm
while manipulating the MSM, considerations of its manipulation margin and related tool modifications to improve the remote
handling performance. Conclusion: The test results of several remote handling tasks performed in PRIDE are represented,
and adequate operation strategies for the tele-operation system of hot-cell type facilities are proposed. Application: The
knowledge represented in this study can be utilized to improve a tele-operation system operated in a large-scale hot-cell system.

Keywords: Tele-operation system, Pyroprocessing, Remote handling system, Master-slave system

1. Introduction WA ZAQzte] 9F-S A7) 2] AEds =
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2. System Configuration
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3. Considerations of Manipulation
Convenience for Remote Handling
Tasks in PRIDE

T HoMe 94 AT 7 7 AAxATE VIR



Vol. 32, No. 1. 2013.2.28

Ergonomic Analysis of Tele-operation Tasks and Remote Handling Devices for a Pyroprocessing Facility 19

Visible Area through the

Operator Processing Facility

Operation Area ‘ Process Area

(a) Master-Slave Manipulator(MSM)

Operator
Operation Arza

Processirfg Facility

| Process Area

(b) Bridge-Transported Dual Servo Manipulator(BDSM)

Figure 2. Installed remote handling systems in PRIDE
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Figure 3. Variance of muscle force for various elbow angle
(Pulat, 1992)
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Figure 4. Four directions of exerted forces for a MSM
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(a) Fully stretched MSM

(b) Operator has to maintain his own position while
handling the tool

Figure 5. One of the worst case of excessive motion:
Manipulation of full stretched arm through the vertical direction
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(a) Extremely folded MSM

(b) Operator has to exert the large force to start the
motion of the object near the MSM

Figure 6. Pushing the heavy plate(Example of Case 2)
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Figure 7. Basic parameters for a consideration of manipulation
margin and a case of minimized manipulation margin
(Manipulator tries to pull out a long thermocouple module toward
a window but joints of manipulator are closed to a motion limit)
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Figure 8. Manipulation margin of MSM to handle the
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3.3 Visibility analysis for the inside of a cell

3.3.1 Utilization of an eye-in-hand camera for remote
handling tasks
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3.3.2 Utilization of a digital mock-up system

PRIDE A ujfof] AX|5]& &
AAEE 7L Aok F, 3489 55l wEbs 7 ZAE
4 AFEEo] A 22 T& QAR oFEHE T2 E
7HA AL Q= Flolth, mjEkA Jr A9 3 ke wA|
SAE B AT 18 o] otk AL AR &
AR 212 A, & T 0 v 3R g =
2719 A4 9l AGA-S B3 Aok FH T2 SHoA
AFsA mejEolof it wEhs B Aol A= Figure
107} #o] PRIDE #74S BAME tAd 54 (Digital
Mock—up)& &3l 7} =2 947 HIA, 713 24 9
zF ZAA7F 7R 28 A AR TE FEA SR dE st

A9 RS A tAE Hgell thst AASE A

1-

N



22 Seung Nam Yu - Jong Kwang Lee - Sung Hyun Kim - Byung Suk Park - Ki Ho Kim - II Je Cho J Ergon Soc Korea

o!‘ -8 O

Right “ Left

Arm Arm
Lef’t ng,ht ;
Tl 7 TI | e
'\." o
-’Iaster ".'[E.StE'I ; nghi The View from the Left

Hand of EDSM

Figure 9. Considered operation strategy for the manipulation of BDSM using the eye-in-hand camera of grippers
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4. Tool Modification for Remote
Handling Tasks in PRIDE
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5.2 Considerations and experimental results
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Figure 15. Elapsed time for each case of remote handling task
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6. Conclusions and Future Works
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