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A Study on Design and Operation LARS for USV

Jo, Sung Won

Department of Mechanical Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Launch and Recovery Systems(LARS) are developed for underwater exploration
automatically. Side Scan Sonar(SSS) is mainly used for underwater exploration.
LARS is essential to launch and to recover the underwater Tow-Fish.

In this study, the requirements for the design of automatic LARS for operating
underwater Tow-Fish of USV(Unmanned Surface Vehicle) were analyzed. The
currently developed LARS mechanism had been investigated to design the
optimal mechanisms of LARS. Based on the investigated mechanism, the
mechanism of structure of link assem bly which is able to slide and tilt
simultaneously was studied. In this study, LARS was designed according to
analyzed requirements and proposed mechanism. Structure analysis for the
designed LARS was performed using FEM(Finite Element Method). In addition,

kinematics and dynamics simulations were performed for the developed LARS.

KEY WORDS: LARS(Launch and Recovery System) %13]4=%%]; USV(Unmanned
Surface Vehicle) F<1573%; Underwater Exploration %%, Underwater

Tow-Fish %o 4; SSS(Side Scan Sonar) S FAF S FEAL7].
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<lsrael, Stingray> <US, Sea Fox>

<Israel, Protector> <US, Spartan>
Fig. 2 Overseas development case of USV's

Table 1 Specifications of USV

L [m] B [m] Displ [t] V [kn] Payload [t]
QST-35
17.00 4.50 19.00 35 10
Septar
Roboski SDST 2.70 1.20 0.20 42 0.16
Spartan 7.00 3.00 4.00 30 0.7
Sea Fox 5.00 - 0.64 40 -
Protector 9.00 - - 40 1
- 1 1 -
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Fig. 4 Dynamical requirement for LARS
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Table 2 Characteristics data for sea state 3

Index Value Dimension

Length (Recovery) 2.22 m
Length (Launch) 2.80 m
Breadth 1.00 m
Height (Recovery) 0.42 m
Height (Launch) 0.68 m
Depth (Launch) 0.61 m
Launching Angle 25.0 deg.
Weight 90 kg

Fig. 6 Exterior of LARS
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Fig. 10 Convected coordinate system in the deformation

process
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Ea sEAAE £8T e Wl $¥ BEE 498k ANIFoRH HZ

AN R S B S ek

421 7|78 2433 AAxA

e Ykl AR N3FAR Y 7)FE 3D 2dHe Fg 1 3 2ok Zo] 2200mm,
Z 620mm, ¥°o| 420mm o] PFA FEREOIth VIR J)FHY HEA HAY
AR, BAZAS A4 I8 Fig 1 7 2o AA8E AR AFE A2 Table
13 2ok W3 eAR 7Ry g 2E 3z 9 IAA[FEE 7455,
FEAAA ] HEFHo FFAUAS FA@45kegh)7F Uniform Distributed Load =
2+ g3tk Table 1 2 7759 A& &FrH = 6061-T62] =43 X o] THASME,
2013).

Fig. 12 Contact condition, boundary condition and FE modeling
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Table 3 Condition of mesh

Object Name Mesh
Sizing
Use Advanced Size Function Off
Relevance Center Fine
Element Size 2.e-002 m
Initial Size Seed Active Assembly
Smoothing High
Transition Fast
Span Angle Center Fine
Minimum Edge Length 3.e-003 m
Inflation
Use Automatic Inflation None
Inflation Option Smooth Transition
Transition Ratio 0.272
Maximum Layers 5
Growth Rate 1.2
Inflation Algorithm Pre
View Advanced Options No
Advanced
Shape Checking Standard Mechanical
Element Midside Nodes Program Controlled
Straight Sided Elements No
Number of Retries Default (4)
Extra Retries For Assembly Yes
Rigid Body Behavior Dimensionally Reduced
Mesh Morphing Disabled
Defeaturing
Pinch Tolerance Please Define
Generate Pinch on Refresh No
Automatic Mesh Based Defeaturing On
Defeaturing Tolerance Default
Statistics
Nodes 172833
Elements 72517
Mesh Metric None
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Table 4 Material property of aluminum alloy 6061-T6

Property Value
Modulus of Elasticity 69GPa
Poisson‘s Ratio 0.33

Allowable stress 121MPa

422 7178 f3es 4 243
AA)AL WYl Von mises stressE Fate] AL Hrstgch Fig 1 & Yo
g A otk Fig. 1 & Wy2AYe 200 FAste] oD HIHEA £ F

T2k

=

AT HAdl ®9E 1472Imm= 3| 5AA]e] Head F-9folA]

(=R i D450

Fig. 13 Distribution of total deformation
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Fig. 1. & Von mises stressol]l thdt i Aztolt}. sfjaie] A% Azl= Table 1 3} 2t}
AZu)E FF 6061-T62 3§ S8 12IMPac|th. o= EAd 7piAle Ho-33d
47.9MPakith & grolB= bdsitha ATd 4= gloth

Fig. 14 Distribution of von mises stress

Table 5 Results of finite element analysis

Object Name Equivalent Stress
Definition
Type Equivalent (von-Mises) Stress
Results
Minimum 1.5724 Pa
Maximum 4.7972e+007 Pa
Minimum Occurs On lars main frame
Maximum Occurs On link shaft
- 33 -
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Fig. 15 Dead Point

Fig. 16 Link Structure of LARS
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5.2 LARS 93 zte] A4
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2 2 2
_ag +a; —p;
CoSQ, = Dy, (5.3)
_ \/ 2 2
P, = \ag +a; —2asa,C08¢, (5.4)
2 2 2
_agtpr —ag
COS <¢3 +N3) = Td)l (55)
2 2 2
a; +pi —a
¢y =cos (—————)—N, (5.6)

2a,p,
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LARSY 2l Zo] p,= 2 .73 2.

by = Sin¢3 (CL5 _p1) 5.7
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ol o] B] 9] (Linear actuator displacement), %3] Z}<4 % (Angular velocity), 2l o] <
Follole WMo e Mg+ 4% 2 gyo] AFoo]E] F=ZH(Linear actuator thrust
force), Yo Ao o] < X(Linear velocity)®] Z3E Fig. 17 ~18dp YERI ST}
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Fig. 17 Kinematics Simulation of LARS-angle, displacement, angular velocity
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Table 6 Characteristics data for sea state 3

significant wave significant range of
height(Ft.) periods (sec)

4 2~7 4 15

average period (sec) wind speed (Knots)
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Pilerson-Moskonvitz spectrum (significant wawve height: 1.2192[m])
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Fig. 19 Wave spectrum curve for sea state 3
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Fig. 22 Coordinate of USV
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Fig. 23 Rolling, pitching, heaving date of USV

Fig. 24 Motion simulation of LARS
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Fig. 25 Height difference of LARS and sea surface
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