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Development of Underwater Manipulator Driven by Electric Motor
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Abstract: In this paper, a development of a new 5 d.o.f. underwater manipulator which is
actuated by electric motors capable of carrying over 20kg payload and of various
operation under the water has been studied. The manipulator for applying to
midium-sized AUV or ROV has been designed small and light but to handle a heavy
25kg payload. The joint actuator for the manipulator is designed and builted as a new
modular typed double oil jacket for waterproofness. Also, superior joint torque
performance of the developed joint actuator has been varified through tests in the air.
And, a 5 d.o.f. highly perfomable underwater manipulator has been builted applying the
developed underwater joint actuators.

Key words: joint actuator, Waterproof Structure of the motor, underwater manipulator
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Figure 1: Degree of freedom of the manipulator
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Figure 2: Joint structure of the manipulator
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i a b, d, 0. m,
(mm) (mm ] (mm) | (rad) | (ke)
1 150 800 565 1.57 34
2 150 660 484 1.57 30
3 150 410 342 6.28 21
4 150 340 283 1.57 21
5 150 200 0 1.57 18
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Table 2: Moment of Inertia of the driving Joint

i | motion | Z, kg m?] | I, kg + m?]
1 yaw 1.877 12.719
2 yaw 1.145 8.173
3 roll 0.334 2.785
4 pitch 0.242 1.928
5 roll 0.0675 0.675
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Figure 3: Time - angular velocity graph
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Table 3: Angular velocity, acceleration of the
manipulator joints

i k; b ty We; @

(rad) | (s) | (s) |(rad/s)| [rad/s?]

1 1.57 2 0.4 | 0.981 2.453

2 1.57 2 0.4 | 0.981 2.453

3 6.28 4 0.4 1.744 4.361

4 1.57 2 0.4 0.981 2.453

5 1.57 2 0.4 0.981 2.453
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Table 6: Drag torque of the manipulator joints

Table 4: Torque of the manipulator joints

q W P C D; Tp;
i|Z;IN-m)| 7, (N-m]| T,(N-m)| 7, (N-m) (rad/s) |ke/m’]| ° | (N] | (Nm)
1| 31.202 32.202 1.00 -30.202 1 0.981 1029 | 0.38 | 4.819 | 2.891
21 20.049 21.049 1.00 -19.049 2 0.981 1029 | 0.38 | 2.706 | 1.339
3| 12.146 13.145 1.00 -11.146 3 1.744 | 1029 | 0.38 | 2.050 | 0.630
4| 4.728 5.728 1.00 -3.728 4 0.981 1029 | 0.38 | 0.370 | 0.094
5/ 0.166 1.166 1.00 -0.834 5 0.981 1029 | 0.38 | 0.042 | 0.005
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Table 5: A weight torque of the driving Joint

Table 7: Peak power of the driving joint

| et | oo e | Move | e | Tow | P
1 565 34 0 0 ' | Direction| (rpm) (Nm) (W)
5 | 484 30 0 0 1| vaw | 9.375 | 35.954 | 34.436
3 | 342 51 | 0349 | 24.037 2| vaw | 9.375 | 22.389 | 21.969
1 | 283 T T o195 | 11370 3| roll | 16.667 | 37.814 | 65.964
51 0 18 0 5 4| pitch | 9.375 | 17.193 | 16.870
5| roll | 9375 | 1.170 | 1.148
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Figure 4: 3D design of cross section of joint
actuator.

Figure S5: Overall picture of joint actuator

Figure 6: Motor in the joint actuator
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Figure 7: Picture of developed driver
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Figure 9(a): Underwater manipulator
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Figure 11: Underwater manipulator
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