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  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 virtual 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 real 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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3-D / Delmia IGRIP (Interactive Graphics Robot Instruction 

Program) .

2. 3-D Kinematics 

 2.1 M-S 

     M-S(Master-Slave) 

. 

, fig. 1 CRL. L-HD type M-S . 

hot cell 
shielded wall

Master Slave

hot cell 
shielded wall

Master Slave

Fig. 1  Picture of L-HD model M-S manipulator.
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     M-S 
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  3

fig. 2 . 

Slave-arm

Sleeve & shoulder

Slave-wrist

Slave-tong

Master-Shoulder

Master-arm
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Master-Grip

Slave-arm

Sleeve & shoulder

Slave-wrist

Slave-tong

Master-Shoulder

Master-arm

Master-wrist

Master-Grip

Fig. 2  3-D graphic Parts model of Manipulator.  

 2.3 Device 

     3

. M/S inverse kinematics

, . fig. 3

.



             Table 1  Kinematic Types of the Device

Joint No. Master 슬레이브

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 Translate,
Rotate 

  Fig 4. M/S 7

. , , 

. type table 1.

.

J o in t  1

J o in t  3

J o in t  5

J o in t  7

J o in t  2

J o in t  4
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J o in t  3

J o in t  5

J o in t  7

J o in t  2

J o in t  4

J o in t  6
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J o i n t  5J o i n t  7

J o i n t  2
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J o i n t  1

J o i n t  3

J o i n t  5J o i n t  7

J o i n t  2

J o i n t  6

J o i n t  4

  

                    (a) Master                             (b) Slave

Fig. 3 The device of master & slave
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. 

fig. 4 , X, Y, Z 
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Fig. 4  Motion characteristics of M-S manipulator.

  2.4.1 Master Kinematics

       

table 2. 7 Rotate Translate 

. 1 6 inverse kinematics , 

6 offset TCP(Tool Center Point) , end effector(grip) 7

. Fig. 5 .

  2.4.2 Slave Kinematics

       

7 table 2. . 

1 6 inverse kinematics

, table kinematics C (fig. 5.)

.

             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
Translate Y = C * dof(7)
Rotate Y = C * dof(7)



  , 6 offset TCP (Tool Center Point) , 

end effector(tong) 7 . , 

7 tong grip type , 

kinematics 

.

tong-p1 = 180*RAD+sasssa1(57.8465, 19.1058*RAD,  70.6133+dof(7), 30.5, 22.57)

tong-p2 = 19.1058*RAD+sasssa1(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-sasssa1(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)

Fig. 5 slave Slave tong .

Master SlaveMaster Slave

 

Fig. 5  Motion characteristics of M-S manipulator.

3. Workcell 

 3.1 Workcell 

     M-S 

. 

fig. 6 workcell . 

fig. 6

, 

. 



Fig. 6  Workcell for M-S manipulator.
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#1. Joint

#1. TCP#2. TCP

#2.  Joint
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#2

#1. Joint

#1. TCP#2. TCP

#2.  Joint

Fig. 7  Operating Simulation of M-S manipulator.
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.
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Fig. 8

, tool IGRIP .
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Fig. 8  Flow diagram of M/S manipulator path planning.

  Fig. 9 (Workcell) M/S A 

B . Fig. 9

A B (obstacle) B 
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inverse kinematics . , 



kinematics , 

TCP . 
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BA

obstacle

BA

obstacle

   

BA BA

                (a) Start from A to B                    (b) Collision detection

A

B

A

B
   

B

A

B

A

                 (c) Path trajectory                      (d) Front view of a path

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