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A study on design, experiment control of the waterproof robot arm
Jihoon Ha' - Youngdo Joo - Donghee Kim™ Joon-Young Kim* - Hyeung-Sik Choit

Lo & =wllME AU TR Qo] Agd e UFE S A AR BeE 45 2R
T AAlsta =Re) 71get 3 93 dNe It 2XE2 JEE o8 EAE A9
Pitch-Pitch-Pitch-Yaw 4% T-2= A7AI5laL, o]5 T&dt7] % w5719 &35 A4t =3 4]
1ome] W7bed BdTE71E A sta AA FEAPS Sekel e ASd AAY 2R
o =71tk 8L U1t Ae] e Fel 2Rl sie frieste, MAUAde] v s ued 2R
o] FEHANE H-ode T o FEITh e TS ol gste] NI ZRo] HxRd
e FFE 5 RS SHoldRE A7 AAleka, ARl B 1 4 gtk
FA: W, 2R, 71708, T8, STto|dRE Ao

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 1: Parameter of driving Joint

; a; b; d; 0; m;
[mm] | [om] | [om] | [°] [kg]

1 60 600 330 180 2.5
2 60 350 250 180 2.5
3 60 160 160 180 2.5

4 60 60 825 360 4
649
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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

w
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graph
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i K, [rad] w,; [rad/s] Qi [rad/s?]
1 2443 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)
0, d; m;

1 (2 3 :meax

©) (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
% pATE PR FeETe e
25 o8 ALkt
Tmax:Ta++Tf (11)
_ 60x6
Tmax =360 > ¢, (12
_ T
Pmax ~ “max x Tmax x 30 (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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Table 8: Parameters of controller

parameters values
A diag([1,1,1,1])
K diag ([50, 50, 30, 30])
Q diag([2,2,2,1])
b 0.5
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