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Abstract An underwater robot has developed a floating type with a swimming and vehicle type with contact
between the surface of the sea. The floating-type robot operates using attached an underwater thruster
on the robot body, but the vehicle-type robot employs a hydraulic rotary motor. It is also general the
vehicle-type robot uses a continuous track that is suitable for an underwater environment. Therefore,
it is necessary to select appropriate specifications for the hydraulic motor in the detailed design phase.
This paper deals with the selection of an actuator for a tracked underwater robot, including the trailing
arm suspension. On the tracked underwater vehicle, it is necessary that actuators of the vehicle are
suitable for running over an irregular underwater road. They usually employ according to maximum
torques using analysis of the static and dynamic response of the vehicle. In order to analyze the
dynamics of the tracked underwater vehicle, a detailed model was developed based on the multibody
dynamics formulation using DAFUL software. The underwater vehicle model consists of an
under-carriage with a trailing suspension and an upper-carriage with a manipulator and tool. Using the
developed model, we carried out a simulation of the tracked vehicle running on a plat road, bumpy
road, and slop road at a speed of 0.5 m/s. The maximum torque and force of each actuator were
analyzed.

Keywords : Hydraulic Actuator, Multibody Dynamics, Underwater Tracked Vehicle, Dynamics Analysis,
Undercarriage
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Fig. 1. Configuration of underwater tracked vehicle
(a) Full vehicle model
(b) 1/4 suspension of undercarriage model
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Fig. 2. The size of underwater tracked vehicle
(a) top view (b) side view
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Table 2. The specification of upper carriage parameters

4 BolE ShATIAE T 2 B Wt e Vo Ty T
= e [kgl [kgm°] [kgm?] [kem?]
WIRHE E/dAE Table 1o YERHIT. Cabin 590.00 | 8110 | 107.00 | 113.00
g;fpumor 1685 | 0.09 0.15 0.11
Table 1. The specification of under carriage parameters -
Manipulator 4824 | 033 2.97 3.04
Boom
Mass Ixx Iyy lzz Manipul
Item ) ) ) anipulator
kel [kgm?l [kgm?l [kgm?l Actuator] Cylinder 4.22 0.00 0.04 0.04
Chassis 273.60 61.2 51.6 53.2 Manipulator' 126 0.00 0.01 0.01
Upper Link 17.74 8.08 8.54 13.06 Actuatorl Piston
Under Link 4126 | 1478 | 17.28 | 31.62 Manipulator 31.65 0.81 0.79 0.14
A o 15.93 654 5.00 1056 Actuator2 Cylinder
ctuator ylinder . . . bl Manipulator
Actuatorl Piston 4.56 1.77 2.66 4.07 Actuator2 Piston 585 0.00 0.03 0.03
Link Hinge 16.98 6.28 17.72 23.21 Manipulator Arm 1.26 0.00 0.01 0.01
Track Hinge 14.38 4.95 21.35 26.23 i\)/[(/a}’]itp;l.tatzr 12.71 0.06 0.08 0.09
Actuator2 Cylinder 14.42 5.50 18.89 23.24 M;:'iui;or
anipulz
Actuator2 Piston 4.15 1.44 7.04 8.43 Wristleaw 9.14 0.03 0.07 0.05
Track Housing 55.87 36.03 76.11 111.52 Manipulator 16.50 0.13 0.19 022
Sprocket 8.24 6.12 7.34 13.24 Tool Bracket ) ) ) )
Roller 11.72 8.72 24.32 32.79 gf;g%it;; 14.30 0.10 0.20 0.10
Track 17.74 13.59 26.89 39.43
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Table 3. Track contact parameters

I
body

Force

j
body | element

Direction

Axial /
Rot.axial

Lateral /
Rot.lateral

Vertical/
Rot.vertical

Spring
stiffness

Track [N/mm]

1,000,000

1,000,000

1,000,000

Sprock
shoe [P < Damper
coefficient

[N/mm/s]

10,000

10,000

10,000

Spring
stiffness
[N/mm]

200,000

200,000

200,000

Damper
coefficient
[N/mm/s]

2,000

2,000

2,000

Track
shoe

Track

shoe Spring

stiffness
[Nmm/rad]

1,000,000

1,000,000

Damper
coefficient
[Nmm/rad/

s]

10,000

10,000

Spring
stiffness

Track [N/mm]

Road

100,000

shoe Damper
coefficient

[N/mm/s]

1,000
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Table 4. Dynamic analysis scenario

c Actuatorl | Actuator2 | Actuator3 Road
ase (mm) (mm) (rad/s) oa
I 0 0 2.7 Plat road
Slop road
11 0 0 2.7 (15 deg)
il 0 0 2.7 Bump road
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Table 5. Simulation results

Case Actuatorl Actuator2 Actuator3
I 32.6 kN 6 kN 0.54 kNm
11 33.6 kN 16.1 kN 0.58 kNm
I 32.3 kN 8.5 kN 0.58 kNm
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