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Path Planning of Master—Slave Manipulator using Graphic Simulator
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Abstract

To handle the high level radioactive materials such as spent fuels remotely, the Master-Slave
manipulator is generally used as a remote handling equipment in the hot cell. To analyze the motion
and to implement the training system by virtua reality technology, the simulator for M-S manipulator
using the computer graphics is developed. The parts are modelled in 3-D graphics, assembled, and
kinematics are assigned. The inverse kinematics of the manipulator is defined, and the slave of
manipulator is coupled with master by the manipulator's specification. Also, the virtual workcell is
implemented in the graphical environment which is the same as the rea environment and the path
planning method using the function of the collision detection for a manipulator are proposed.

This graphic simulator of manipulator can be effectively used in designing of the maintenance
processes for the hot cell equipment and enhance the reliability of the spent fuel management.
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Fig. 1 Picture of L-HD model M-S manipulator.
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Fig. 2 3-D graphic Parts model of Manipulator.

magy 7 FES BR
gubol 2 T4

29T Eelo| Bk vh2EE e Aol

S aLEEte] x¥ek &
inverse kinematicsel] <] &l —TL
PE 2P 2 299AE 4 i‘f%}ﬂl oMOF o, fig. 3¢ 7 wEel %

1



Table 1 Kinematic Types of the Device

Joint No. Master

Joint 1 Rotate Rotate
Joint 2 Rotate Rotate
Joint 3 Translate Translate
Joint 4 Rotate Rotate
Joint 5 Rotate Rotate
Joint 6 Rotate Rotate
Joint 7 Rotate 'Rl'gigi(leate,
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Fig. 3 The device of master & dave
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Fig. 4 Motion characteristics of M-S manipulator.
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2.4.2 Slave Kinematics

A vrol d el AXE vty A7 A o3 TEde & H
TE AABEe] T7He] ZQIE table 2.4 e whel o] XH"TE% ottt Eo] B e
E 1A 671A] = vh~H b 5 dgh inverse kinematicsel] ©ste] FEE ¢ AEE HAASSH S
, tablecll Az} %<1 E 9] kinematicsol] Fo]7 Cx %27 FEEA(fig. 5)0 W mfxygo] ot
dolB FE} dEsEE vEg Aol

rzo

my 2O

Table 2 Kinematics of Manipulator device

Joint No. Master Slave

Joint 1 Rotate X = 1 Rotate X = C * dof(1)
Joint 2 Rotate Y = 2 Rotate Y = C * dof(2)
Joint 3 Translate Z = 3 Translate Z = C * dof(3)
Joint 4 Rotate Z = 4 Rotate Z = C * dof(4)
Joint 5 Rotate Y = 5 Rotate Y = C * dof(5)
Joint 6 Rotate X = 6 Rotate X = C * dof(6)
Joint 7 Rotate Y = 7 ;gigi;%e:YCZ*Cde?g;(7)
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tong-pl = 180* RAD+sasssal(57.8465, 19.1058*RAD, 70.6133+dof(7), 30.5, 22.57)
tong-p2 = 19.1058* RAD+sasssal(57.8465, 19.1058* RAD, 70.6133+dof(7), 30.5, 22.57)+ sasssa2(57.846

5, 19.1058*RAD, 70.6133+ dof(7), 30.5, 22.57)
tong-p3 = -19.1058* RAD-sasssal(57.8465, 19.1058* RAD, 70.6133+dof(7), 30.5, 22.57)- sasssa2(57.846
5, 19.1058*RAD, 70.6133+ dof(7), 30.5, 22.57)
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Fig. 5 Motion characteristics of M-S manipulator.
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Fig. 7 Operating Simulation of

M-S manipulator.
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Fig. 9 Path planning of M/S Manipulator in the workcell.
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