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A study on design, experiment control of the waterproof robot arm
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Abstract: This paper is about the study on a newly developed small waterproofed 4-axis robot arm and the
analysis of its kinematics and dynamics. The structure of robot arm is designed to have Pitch - Pitch -
Pitch-Yaw joint motion for inspection using a camera on itself and the joint actuator driving capacity are se-
lected and the joint actuators are designed and test for 10m waterproofness. The closed-form solution for the
robot arm is derived through the forward and inverse kinematics analysis. Also, the dynamics model equation
including the damping force due to the mechanical seal for waterproofness is derived using Newton-Euler
method. Using derived dynamics equation, a sliding mode controller is designed to track the desired path of
the developed robot arm, and its performance is verified through a simulation.
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Figure 1: Degree of freedom of the manipulator
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Table 2: Moment of inertia of the joint

i motion | Z; kg-m?) | I,(kg-m?
1 Pitch 0.1 0.46
2 Pitch 0.32 0.22
3 Pitch 0.0073 0.0841
4 Yaw 0.00231 0.024
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Figure 2: Time-angular velocity
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Table 3: Angular velocity, acceleration
i K, [rad] w,; [rad/s] Qi [rad/s?]
1 2.443 0.6265 6.265
2 2.443 0.6265 6.265
3 2.443 0.6265 6.265
4 6.283 1.611 16.11
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Table 4: Torque of the driving joints (I)

ClNem | Nem | Nem) | N
1 2.9 3.4 0.5 2.4
2 1.4 1.9 0.5 -0.9
3 0.53 1.03 0.5 -0.03
4 0.4 0.9 0.5 -0.1
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Table 5: Torque of the driving joints (W)

. 91 dl m; wmax
7
©) (mm) kg) | N-m)

1 +90 306 7.5 44.2

2 +90 414 6 24.4

3 +90 277 5 13.59

4 +180 100 4 3.59
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Tmax =360 x ¢, (12
Pmax = Lmax ™ Tax X % (13)
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Table 6: Power of Driving joint

i | Mepm) | 7, N | P (W)
1 5.833 14.18301 8.7

2 5.833 9.737254 6

3 5.833 6.24051 4

4 1.5 3.890455 6.11
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Figure 4: Structure of waterproof housing
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Figure 5: Developed 4-axis waterproof robot arm

Figure 6: Water proof test of 1st Actuator

Figure 7: Water proof test of 2nd Actuator
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Figure 8: Water proof test of 3rd Actuator
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Figure 9: D-H coordinate of 4-axis manipulator
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Table 7: D-H coordinate parameter of manipulator = arcsin(—7y) (18)
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Table 8: Parameters of controller

parameters values
diag([1,1,1,1])
diag ([50, 50, 30, 30])
diag([2,2,2,1])
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