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Development of serial manipulator with planetary gear and constant load spring
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(a) 3-D view (b) Side view
Fig.1 Five-axis manipulator
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Fig.2 Structure of the five-axis manipulator
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Fig.3 Motion range of movement
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Fig.4 Structures of each arm
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Table 1 Parameters of the manipulator
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Axis name J1 J2 J3 J4 J5
Hight of base Bond length of joint Length ofarm [ Bond length of joint Length of arm
Dimension [mm] 219.00 168.00 275.00 167.90 242.00
Operable angle [°] +180 +90 +180 +90 +180
Operable angular velocity[°/s] 54.0 17.5 16.7 12.5 21.7
Rated torque of joint[Nm] 111.1 342.8 180.0 240.0 138.0
Backlash[°] 0.32 1.14 1.14 1.14 1.14
Drive motor Brushless DC motor
Rated voltage [V] DC24
Rated current [A] 6.0 6.0 3.1 3.1 3.1
Maximum current [A] 9.8 9.8 5.4 5.4 54
Rated torque [N-m] 0.40 0.40 0.20 0.20 0.20
Starting torque [N-m] 0.50 0.50 0.24 0.24 0.24
Rated speed [rpm] 2,500
Permissive inertia moment
5.6 5.6 33 33 33
x10*[kgm’]
Gear reduction ratio of motor 100
External gear reduction ratio 2.778 8.571 9.000 12.000 | 6.900
Encoder DCS5-12V, Open collector output, A-B-Z phase output. Resolution 2,500 [ppr]
Overload protection circuit on
Overvoltage protection circuit on
Over-speed protection circuit on
Power Supply Power Supply
Sun gear Planetary gear 24V 125V, 7A
Planetary career Outer gear
Manipulator Control Unit(PC)
Encoder >@|
DA Board
Motor |, DIO Board
Board Spec.(Interface Co, 1td.) PC Spec.

Fig.5 A planetary gear
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Fig.6 Motor control system
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Fig. 8 The structure and coordinate of five-axis manipulator
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Fig.9 Dynamics model of the manipulator
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