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A Study on Dynamics Modeling and Performance Analysis

of Track-based Underwater Construction Robot

Lee, Young Jin

Department of Marine Equipment Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

The ROV performing the mission in place of a human being is required
in the field of underwater construction that is dangerous working
environment in the deep water. Especially, in the case of the work such
as laying cable and pipe-line under the seabed, the tracked-vehicle has

advantage in gaining tractive force and dynamic performance.

This thesis mainly focuses on the development of track-based underwater
construction robot. In all sorts of engineering design and manufacture, the
result of performance analysis according to the design changes can be
easily checked through the numerical simulation using computer. Also,
dynamic behavior analysis can be categorized as Multi-body model,

modeling each component to make similar to real model, and Single-body

_xi_



model, modeling real model as a rigid body. In this thesis, tracked vehicle’s
dynamic performance of the two models, single-body model and Multi-body
model, were compared through the numerical simulation. The dynamic
analysis program of the tracked vehicle was developed using

Matlab/Simulink and RecurDyn.

Moreover, the trencher model was applied to the simulator for analysis

of vehicle’s tractive force.

KEY WORDS: Tracked vehicle #l%=x2}%; Trencher E#i*; Multi Body

Dynamics TH&H &<l
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Table 1 Specifications of the Tracked Vehicle Model

[tems

Specification

Dimensions (L, X W h)

5800 3495%2290 (mm)

Mass 30 Ton

Track tread (B) 2595 mm
Track width (D) 900 mm
Contact length of track (L) 5000 mm
Maximum traveling speed 2 km/h

Climbing capacity

30° (No load)
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Fig. 7 Free Body Diagram on the tracked vehicle
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2.3 MBD(Multi Body Dynamics) Model
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Fig. 8 Multi Body Vehicle Model using RecurDyn-TrackLM
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Table 2 Material properties

Body Mass(kg) Moment of inertia(kgmm?)
Sprocket 84 2.8e6, 2.8e6, 5.58e6
Idler 494 1.4e7, 1.4e7, 2.47e7
Support roller 44.6 2.39e5, 2.39e5, 2.04e5
Road wheel 22 1.49e5, 1.49e5, 4.17e5
Track link 38 1.58e6, 1.74e5, 2.57e5




Fig. 10 Model of sprocket

Table 3 Dimension information of sprocket

Tooth Profile “Front

We

Sprocket wheel radius(R,) 202mm
Width of Teeth(W)) 68mm
Dedendum Circle Radius(R,) 290mm
Base Circle Radius(R,) 316.85mm
Pitch Circle Radius(R,) 322.9mm
Addendum Circle Radius(R,) 330mm
Number of Teeth 2lea

_14_




Fig. 11 Model of idler & support roller

Table 4 Dimension information of idler & support roller

Front

Side

Dimension Idler Support roller
Inner Flange Width( W) 100mm 100mm
Total Width( ) 210mm 200mm
Inner Flange Radius(F}) 325mm 100mm
Wheel Radius(R,) 300mm 90mm

_15_




Fig. 12 Model of road wheel

Table 5 Dimension information of road wheel

Side

Hub Width(W}) 0.1mm

Hub and Inner Flange Width( W;,) 100mm
Hub, Inner Flange and Wheel Width(W) 190mm
Total Width( W) 250mm

Hub Radius(R,) 60mm

Inner Flange Radius(R,) 60mm

Wheel Radius(R,) 50mm

Outer Flange Radius(R,) 7T1mm

_16_




Fig. 13 Model of track link

Table 6 Dimension information of track link

Side

Pin Radius(R) 29.5mm

Pin Length(Z,) 180mm

Track Link Inner Width( W) 110mm

Track Link Outer Width(W)) 180mm

Track Link Left Length(Z,) 138.1mm

Track Link Right Length(Z,) 138.1mm

Track Link Height(H) 100mm
Left Pin Position(P,) — 95,50 (mm)
Left Pin Position(P,)) 95, 50 (mm)

Grouser Width(W,) 900mm

_‘]7_
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2.4 Trencher =4

A=A Fe] sheko] F2HEo] AlolE 9 mo]xzeql mjdES ) A nies
S = ALESE FY8 £ Trenching cutter =+ Trenchergtal st 7§
J AA 9 Trenchere 983 AW z+7zt Fig. 159 Table 7¢] JeER) L 9l
T3 Fig. 16& Trenching=d Al cutter bar9} EFAloloA A= FES
et 1 glom, oju] Trencher RdloA ALgH WHEES Table 89F Zt}.

Fig. 15 3D illustration of the trencher

Table 7 Specifications of the Trencher

Parameters Specification
Dimensions (L < Wx H) 5700 x 500 x 4150 (mm)
Maximum trenching speed 300m/h
Maximum of cutting depth 2m
Trencher width 0.5m

_20_



i

Fig. 16 Illustration of forces on the trenching cutter bar

Table 8 Definition of trencher’s variables

Variables Description Values
Eok The proportionality constants with dimensions of 605
! force(representing tool geometry and rock properties)
r Bit radius 11mm
u, Belt speed Im/s
) Belt angle 15" ~45°
S Longitudinal bit spacing 0.15m
d Cutting depth 0~ 2m
m Number of cutting track 3
K The coefficient of shape bit 1.8

Fig. 150 H®o]& Trencherol A Z+zte] Bite} Eokato] AARAANA TAYst=
T2, FEREY <

1Rl £, £, okEle] A (12)9} o] EoFe] 543 BitY

4= 283 Bit7p vl Zo] (9 2 29T 4+ Yok
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F
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Tractive thrust H and Normal reaction V
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