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A design study on waterproof 4—axis manipulator

WOO MYUNG MAN

Department of Mechanical Engineering

Graduate School of
Korea Maritime University

Abstract

This paper is about the development of waterproofed 4-axis small
manipulator. 4-axis manipulator is designed according to payload
2kg, total weight around 10kg of small light weight and
modularization. Each link is designed the modularization to assemble
and replace the parts easily. Also it is waterproof designed by
adapting o-ring and oil seal which facilitate assembly space and are
light weight for working in 10m depth of water. This manipulator
features that patrol and observation is possible to equip camera or
gripper on the end of the axis in case by case. | calculated the
ideal motor capacity by interpreting inertia torque where is on the
each joint actuator and figured out the feature of 4—axis manipulator
motion through the interpretation of dynamics.
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Table 2.1 parameters of the driving Joint

7 a;[mm] b, [mm] d,[mm] 0,[°] m;[kg]
1 60 600 330 140 3
2 60 350 250 140 3
3 60 160 160 140 3
4 75 60 85 360 3
Zr Jae] AAARMES a7 OA et 22 7hg2 gtk
1. 552 ATl 9 3
2. AW ®¥19 6i v ™3kt e A 05 s
3. 7134 A7 015 s
4. A= nZAYEA(THE 0.5 N'm
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Table 22%= 2 2113 (212)% E3] 2oz 7t =9 AAARAE(L
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Table 2.2 moment of inertia of the driving joint

i motion L, kg » m?] L,[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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Table 2.3 angular velocity, acceleration of the driving joints

K, [rad] t,[s] t,[s] wylrad/s]  «a,[rad/s?]
2.44346 4 0.1 0.62653 3
2.44346 4 0.1 0.62653 3
2.44364 4 0.1 0.62653 3
6.28318 4 0.1 1.61107 3
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A g EA(T), 7H&5ol BRI EA(T,,) & B E=(T.),

;=1 -« o (2.6)
T, . =T+ T 2.7)
T,=T;=0.5N+m (2.8)
T, =1;-T (2.9)
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Table 2.4 torque of the driving joints

i TN« m] T pNe m] T[N« m] T,- [N« m]
1 2.9 34 0.5 24
2 14 1.9 0.5 -0.9
3 0.53 1.03 0.5 -0.03
4 04 0.9 0.5 -0.1
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Table 2.5 A weight torque of the driving joints

{ 9/[ ’ ] dL [mm] m; [kg] Ttu; max [N * m]
1 0~140 350 3 10.311

2 0~140 250 3 74

3 0~140 160 3 4714

4 0~360 85 3 2.5041

Fig 25 ~ 27 & 72} AFA Z Fol dist 2o FAC <3 @AY=
Rotaion Angle-Torque —1Z]Z= el Zolil thg Time-Torque 1|3 oF
oA HARMES} A7t w o] AAlA =& B gha 72 szl QA8
RS AZE ghow ke g o)t
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60 <6
NMmax = m (213)
P, =T, . X x (2.14)
max max Nmax 30 .

N

Table 262 7 %o Hv) =t (1) sk Hh AA% (n,,) 2% 7ol we
REEF (P8 EE8] Vb Aotk

Table 2.6 rps and max torque of the driving joints

P e dm] TN em] P W)
1 Pitch 5.833 1418301 8.7

2 Pitch 5.833 9.737254 6

3 Pitch 5.833 6.24051 4

4 Yaw 15 3.890455 6.11
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Fig 3.1 3D design of cross section of motor housing
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Fig 3.7 connector & clamping
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s %o}, Fig 3.11 & QP02 70°, HZ 70°

Fig 3.10 3D model of the joint —1

Fig 3.11 rotation range of the pitch joint —1
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Fig 3.16 3D model of the joint =4 and Rotation range of the Yaw joint -4

Table 3.1 vy &l el B4 F57]9 AM¥a Y.

Table 3.1 specification of the joint actuators

i motion Motor [W] Gear ratio
1 Pitch 40 1:531

2 Pitch 40 1:318

3 Pitch 40 1:318

4 Yaw 15 200
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Fig 4.1 D—H coordinate of 4-axis manipulator



Table 4.1 parameter of D—H coordinate of 4-axis manipulator

Link a; o, d; 0,
1 ay 0° dy 0,
2 g 0° 0 0,
3 0 -90° 0 0,
4 0 0° d, 0,

AAQsA =W Fig 419 29l a, o, d;, 0;
e E wgew & s7e e BaA
e 4.1 oA A3t

P 19k #4 12] 4719 sabv] g (parameter)o]t}. o]
= 4ol(length), o, + H|EH(twist), d; & LAl
=4

i)
o
W
1o
lp‘ m[m
—E' ﬂ.].u

gge e #2 9as ol AR W Ade] §2 o8d 54 W Y
4 AR xdeta, AA W dE TS 45k d35 ved Aot
A;= Rot_, Trans, ,Trans, , Rot,
cosf; —sinf,cosa; sinfsine;  a,cosb,
_ sind, Coseicosai —cosfsina; a;sind, @.1)
0 sina; cosq; d;
0 0 0 1
zhzte] stetulgol] Oigk AAl WE DS waby oo Pk
cosl; —sinf; 0 a,cosb; cosf, —sinf, (0 aycosh,
A, = sinf; cosf; 0 a;sinf, A, = sinf, cosf, (0 aysind,
0 0 1 d; 0 0 1 0
0 0 0 1 0 0 0 1



cosfl; 0 —sinfy 0 cosf, —sinf, 0 0
A, = sinf; 0 cosf; 0 A, = sinf, cosf, 0 0O @.2)
0o -1 0 0 0 0 1 d,
0 0 0 1 0 0 0 1
Ag: A Ay A5A,
11, =c,(c5(cicy— 5185) — 55(c189 4 C5,))
To1 = €4 (030132 + 0231)+ 83 (0102 - 3132)
Ts1 =7 84
Tiy = 84 (03 (clc2 — 3132) — S5 (6182 + 0281))
Tog =— 84 (03 (0182 + 6281) + 55 (0102 — 8182))
Tgg =7 C4
T3 =—C3 (6182 + ¢854 ) — 83 (0102 — 3132)
Tyg = Cg (0102 — 3132)— S3 (0132 + czsl)
733 =0 4.3)
d.’I: == a101 - d4 (03 (6182 + 6281)+ 83 (0162 I 8182))
+ ayci Ty — ay5,5,
d,=a;s;+d, (c3(cicy — 5189) = 85(€18, +¢58,))
+ ayc 85 + aycy8,
d,=d, 4.4
AA w2 W2 e ez xdshd v 2k
C123Cs — Cio3Sy — S123  QoCip Q10 — dySyag
AL | S123C T S12384 Cizz (a2 tays; +dycip
0 - 84 - 64 0 d1
0 0 0 1
4.5)

11 = C123C
To1 = S123C4
Ts1 =7 84

T19 =7 C12354



Tog =7 512354

T3a =7 Cy
T3 =7 S123
T23 = C123
733 =0

d, = ayciy + ay0; —dySyo3
dy =ay515t a5, +dycias

dz :dl

(4.6)

4.7)
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muEeole e 775 2 74 HE9 A F-2 Aluminum, StainlessE AF§-3)

At NGl 489 &dA= Table 513 ).

Table 5.1 material property

Young Poisson’s Density Yield
Modulus(GPa) Ratio (kg/m?®)  Strength(MPa)
Aluminium 70 0.346 2710 95
Stainless 200 0.266 7860 250
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