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A study on the heavy payloads underwater manipulator

for deep-sea driven by electric motor

Jeon, Ji Hye

Department of Mechanical Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

In this study, a development of a 6 D.O.F underwater manipulator which
is actuated by electric motors capable of carrying over 70kg payload. It
designed to be driven at 3,000m. Balancing weight is applied to reduce the
capacity of the joint-2 actuator. I calculated the ideal motor capacity by
interpreting inertia torque where is on the each joint actuator. The joint
actuator for the manipulator is designed as a double oil jacket for
waterproofness in high pressure. Each link is designed the modularization
to assemble and replace the parts easily. The kinematics and dynamics of
the manipulator has been analyzed based on new designed manipulator. By
doing this, I can figured out the feature of 6-axis manipulator motion and
stability evaluation of link structure. Also, Thickness of link cylinder at
3,000m has been verified through FEM simulation.

KEY WORDS: Electric manipulator; Link structure; Underwater manipulator.
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Table 1 Specification of hydraulic manipulator

o Lift at )
Length of We1ght in full Standard Operating
arm air . D.O.F pressure

extension | depth [m]
[mm] kgl [bar]
kgl
Orion 7P 1,532 54 68 6,500 6+gripper 150~200
Predator 2,013 80 91 6,500 6+gripper 104~200
HLK- 1,500 59 150 2,100 6+gripper | 160~210
40500 ) , gripp

Fig. 1 Orion 7P manipulator




Fig. 2 Predator manipulator

Fig. 3 HLK-40500 manipulator
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4) www.eca-robotics.com/en/robotic-vehicle/robotics-naval-manipulator-arms-arm-7e-7
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(Ishitsuka & Ishii, 2006). Fig. 59+ Twin berger ROV manipulator®] A}zlo]|tt.
Fig. 692 W= 3slefo] oigte]  AUVSl SAUVIMe] Ratslo]  gle
Ansaldo-MARIS7080& 7+1Ar=2] B AFEES 7HA 2 A= A7IEEH 29
% vy &g olE o]tk (Marani, et al., 2009). HA Zo]= 1,400mmE, ILZF#Fo]
L 7kl g s

Fig. 5 Twin berger ROV manipulator

5) Ishitsuka, M., & Ishii, K., 2006. Control of an underwater manipulator mounted for an AUV considering
dynamic manipulability. In: /nternational Congress Series, 1291, pp. 269-272, Elsevier.

6) Marani, G., Choi, S. K., & Yuh, J., 2009. Underwater autonomous manipulation for intervention missions
AUVs. Ocean Engineering, 36(1), pp. 15-23.



Hg 6 Ansald-MARIS7080 manipulator

13 749 % 53

,000m o]ste] AsA FTFHe T2 2ol §iFo] AAT AHA

3
E2 FUA WU EHIHE st AL8E = = H7IEH 7Hke) 6

A7}

= miyEolgol tigh AAATF FZo] At dA tiFEE 5 AFLo
2 AEE Y ALY 5 vy EeIHe EAMEA 15, e gAY
T 52 A5 S 1A AV S5 myEdolE e Aol "asit A

Jug @A AR A7 e dyEelE s et vl v shkst
T g EAE Qe AA Aol 2 Estr]Ql oj#ge] mET o] & s
Balancing weight(:+3F) 883 S$37x #HT57], 25 24 AA F2E +
% iy Edolg el FHEsted drle] EAFHES AS 4 3,000me] At el
A& F e A7 FF uEdoldE Mdetaat gt

AA Aol 1,700mmu <], 7Hiketg 70kge] arbitelE& % 6= miUEE olH
HATF579 SFHEAE S TE Eg 85 e 9 FetE 300bars 11

_6_






A2 A 7 dUEHIH F2AA

21 7% 65 WYy EHIEH 74 H AA=xA
B =2dA Fdsts 5 65 U EHCIHY 24 =1L v 2o

AR, 7hksts T0kg, & FA 60kg Wl (FAF A<, F 4ol 1,700mmuj
99 AR E HAYSS 2t iy & olHE 2.

ulAl. Gel2s AAE S8 AV dAsHEtE 2 Y wAste] wE7
<

Fig. 7¢ 4% 62 nju&eolele] 74< epath

5t joint

4th joint

Four-bar linkage

31 joint
Balancing weight

1t joint

Fig. 7 6 D.O.F underwater manipulator
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Fig. 8 Z; for the 1% joint



Fig. 9 Z, for the 2" joint

Fig. 10 Z; for the 3 joint



Fig. 11 Z, for the 4" joint

Fig. 12 Zs for the 5" joint



Fig. 13 Zs for the 6" joint
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Table 2 Parameters of the driving joint

i a; [mm] bi [mm] di [mm] gi[°] m; [kg]
1 170 1660 938 360 140
2 170 1610 1051 180 125
3 170 1110 918 180 90
4 150 1010 677 360 82
5 150 760 725 180 75
6 130 300 180 360 70
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Table 3 Motion of inertia of the driving joint

i motion I, [kgm?] I. [kgm?]
1 yaw 0.5058 180.5396
2 pitch 108.0042 246.0793
3 pitch 36.963 112.8082
4 roll 0.2306 37.8136
5 pitch 0.5625 39.9844
6 roll 0.1478 2.4159

222 7t #HS] 4= 9 TSR 4
Fig. 149 Ogj= Wi wxe Z2t #Ade] F A4 5 Krad)9t 2T 7}
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Fig. 14 Time-angular velocity graph



Table 4 2} (s} G)F 3l Aoln 7t BHe| Z&x, Zlsse] ge
UERA Blol T,
Table 4 Angular velocity and acceleration of the driving joint

i K; [rad] t; [s] ta [s] w g [rad/s] o [rad/s?]

1 6.283 6 1.8 1.496 0.831111

2 3.142 6 1.8 0.748 0.415556

3 3.142 6 1.8 0.748 0.415556

4 6.283 12 3.6 0.748 0.207778

5 3.142 6 18 0.748 0.415556

6 6.283 12 3.6 0.748 0.207778

B ol o3k BEA(T), 7h&ell 283 EA(T, ), 55 a3 B=a(To), &
o 2o7 BEA(T,) 28 = vp2Agd EA(Toe th=3 2t

T.=1 » q (6)
1,,=1,+1, ™
T,=1; ®)
7. =1—1T )

Table 5% 2 ©)3F (), @), OE Fa] Fold 7+ B2 FE7)o Bage U
Bl 7ol T,



Table 5 Torque of the driving joint

i Ti [N-m] T.+ [Nm] T [Nm] T,- [Nm]
1 150.048 155.048 5 ~145.048
2 102.26 107.26 5 -97.26
3 46.878 51.878 5 -41.878
4 7.857 12.857 5 -2.857
5 16.616 21.616 5 -11.616
6 0.502 1.502 1 0.498
Fig. 15~20& Z+ 3 A 54 ZZ=o| 3k Time-torque L =S VERW ZHo|t},

180

Z1 (Driving Axis)

120

D
(a»]

Torque (N.m)
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=120

-180

Fig. 15 Time-torque for Z; axis of joint-1
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Fig. 16 Time-torque for Z, axis of joint-2
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Fig. 17 Time-torque for Zj; axis of joint-3



Z4 (Driving Axis)
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Fig. 18 Time-torque for Z, axis of joint-4
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Fig. 19 Time-torque for Zs axis of joint-5
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Fig. 20 Time-torque for Zg axis of joint-6
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Table 6 Torque of the driving joint by weight

i 6;i[°1] di [mm] m; [mm] Tomax [Nm]
1 -180~180 938 140 0

2 -90~90 1051 125 1899.27
3 -90~90 918 90 810.5

4 -180~180 677 82 544.59

) -90~90 725 75 533.42

6 -180~180 180 70 123.61

2.25 9ol o3 3= 7 #HY EF 34

ol e 2t BAFF/) Aele I B3 @Toe THA 39
4 okelel 4 (D3} 2k

¢

D= CE 24 (1)

Table 7¢ 2 ADE B3 2 P32 Feo] oa) L= 238 bl A
ol



Table 7 Drag torque of the driving joint

i v [m/s] o [kg/m?] Co D; [N] Tpi [N-m]
1 1.496 1029 0.38 2.285 1.371
2 0.748 1029 0.38 1.661 0.828
3 0.748 1029 0.38 1.661 0.828
4 0.748 1029 0.38 0.841 0.334
5 0.748 1029 0.38 0.841 0.334
6 0.748 1029 0.38 0.472 0.018

22,6 2t FH| YA FA|, Y o3 EAst= EF Y

2 BATE7 N 27EHE TFEEH ¥ ted 4 (12), 13), 14)el 9

TmaX:Twmaw+Ta++TD (12)
77max 360 >< tt
s
Pmax = Tmax X Nmax X % (14)
Table 82 7} #A9f AU EA(Th )t HU I AT(n ne) 2 20 IE 2H
B FPra= =3t YeERH Aol



Table 8 Torque and power

of the driving joint

Applying a

i 7 max [rpm] Trmay [N'm] Prax [W] safety factor
Priax [W]

1 10 155.05 162.37 292.27

2 5 2006.53 1050.62 1891.12

3 5 862.38 451.54 812.77

4 5 557.447 291.88 525.38

5 5 555.036 290.62 523.12

6 5 125.112 65.51 117.92
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Fig. 31 Four-bar link part of underwater manipulator

2n joint actuator

31 joint actuator Balancing weight

Fig. 32 Balancing weight part of underwater manipulator
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Table 9 Link parameters of D-H coordinate of 6-axis manipulator
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Top area
Ti=25 mm.

3asmm.

Shell and bottom area
Ta= 25 mm.

Fig. 36 Design model of joint actuator

- o L

Fig. 37 Geometry, FE modeling and boundary condition of actuator

Table 10 Material property of aluminum alloy 6061-T6

Property Value
Modulus of Elasticity 69GPa
Poisson’ s Ratio 0.33
Element Type Shell 181 (4 node)
Allowable stress 121MPa
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