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A Study on Dynamics Modeling and Field test

for Underwater Glider

Nam, Keon Seok

Department of Material Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Generally, underwater gliders do not have separate propellers to move
forward. They are driven from propulsive force by difference between
their buoyancy and gravity. Also the attitude of a underwater glider is
controlled by changing the relative position of the buoyancy center and
mass center. The proposedunderwater glider in this paper is designed to
use an inner buoyancy engine of cylinder-piston type and movable mass
controller, with which buoyancy and attitude can be controlled. The
buoyancy engine changes the volume of a ballast tank to make a heave
motion of the underwater glider. The movable mass, which enables
translational and rotational motion, makes a pitch and roll motion of the

underwater glider. In this paper, as a basic research of the underwater

- Xii —



glider, we derive nonlinear 6DOF dynamic equations that only consider
the kinematic characteristics, such as the location of the movable mass,
and the piston of the buoyancy engine. Using these equations, we
performed dynamic simulations of the proposed underwater glider, and
verified the suitability of the design and a dynamic performance of the

proposed underwater glider.

control ZFAAo]; 6-DOF dynamics 645 &%; dynamics simulation <&

% AlEd o) A; Field test A3y A3

KEY WORDS: Unmanned underwater glider %1 %3 ¢2}°|t]; Motion
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Table 1 Specification of commercial Unmanned Underwater Gliders

Littoral ! i
Slocum Seaglider Spra
Glider 8 pray
Speed 2 kts 0.75 kts 0.90 kts 0.90 kts
Payload 5 kg(6L) 5 kg 4 kg 3.5 kg
Buoyancy 25 L 052 L 084 L 091 L
Engine Volume
Li Primary Alkaline Li Primary Li Primary
Battery Cap. 27.5 MJ 8 MJ 10 MJ 13 MJ
30.8 kg 18 kg 94 kg 94 kg
Sat Comms Globallsl’;alr/ Iridi Iridium Iridium Iridium
Weight 112 kg 51 kg 51 kg 50 kg
Op. Depth 200m 200m 1,000m 1,500m
Mission 30 days 20 days 220 days 330 days
: CTD &
Duration
Acoustic CTD only CTD only CTD only




Fig. 1.1 Littoral glider

Fig. 1.3 Sea glider
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Table 2.1 Parameters of myring profile for Underwater Glider

parameters Description
a Nose Length
Qyfrset Nose Offset
b Mid Length
c Tail Length
Coffset Tail Offset
n Exponential Coeffinient
0 Include Tail Angle
d Max. Hull Diameter
Ly Forward Length
l Total Length

A 4=5.9] Myring profiles 2 -83}7] Elo] H8L Fig. 237 o
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Fig. 2.3 Vehicle hull radius as a function of axial position[9]

(a) 2D Drawing of nose cone (b)3D Shape of nose cone

Fig. 2.4 Shape of nose cone
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h
Fig. 2.8 Shape of Hull
Table 2.2 Analysis case
CASE Thickness Length Diameter
Case 1 t,mm [, mm Dmm
Case 2 t,mm [, mm Dmm

2231 #FZ AHzA L AA=xA

fo
P

+ Shell181(4-Node structural shell)= AF83tH3, ZA(Mesh)= +¢
ZH(Uniform quad method)® A3t ow a4 x42 ot Table 2.3
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Table 2.3 Analysis Conditions

Property Value
Material Aluminum Alloy 6061-T6
Modulus of Elasticity 68 GPa (Room Temperature)
Poisson’s Ratio 0.3
Element Type Shell181
External Pressure 1Pa (On All Area)
AN

Fig. 2.9 Boundary condition
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Fig. 2.10 Results of buckling mode shapes
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Table 2.4 Results of buckling analysis

(@) Result of case 1 (b) Result of case 2
Case 1 Case 2

Mode Number Buckling Mode Number Buckling
Pressure Pressure

Case 1-1 3.30 MPa Case 2-1 5.35 MPa
Case 1-2 6.94 MPa Case 2-2 11.93 MPa
Case 1-3 7.65 MPa Case 2-3 1211 MPa
Case 1-4 8.83 MPa Case 2-4 12.09 MPa

oA S Tt FATE FFoA dES e W FA ©wE H=sleS
s Mstgch 22 A 9o W2 HZF5ES Table 24 o Uelych

olwl S|4g Eake] HA HA6l ol Case 1,2 BT HE FAl6IA b
2 @ Ugou Aee DAITH Case 29 AITF FALA HE A
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Fig. 3.6 Inner configuration of hydraulic pump
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(@) Pitch motion mechanism (b) Roll motion mechanism

Fig. 3.10 Motion controller mechanism
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TEEE 3 A5 age daste] REE AASAG. ok &2 2AE
T AAA 7o) AA B Fig. 3113 2.

Table 3.1 Parameters of motor

Variables description
Fa Generate force
b Frictional resistance of guide surface (u>xm,, * g)
I Frictional resistance
m, Mass of movable mass
g Acceleration of gravity (9.8m/s”)
T Driving torque
Ph Read of screw
M Efficiency of screw

Fig. 3.11 Motion controller
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Table 4.1 Variable for dynamics modeling

variables description
v [u,v,w]", translational velocity vector in the body-fixed
0 frame
w [p,q,r]", angular velocity vector in the body-fixed frame
F, [X,Y,Z]", external forces
M. [K,M,N]¥, moment of external forces about O
I inertia tensor in the body-fixed frame
m, total mass of the glider
T, position vector to movable mass in the body-fixed frame
T, position vector to center of hull
Ty position vector of static block
T position vector from origin of the body-fixed frame to CB
Teg position vector from origin of the body-fixed frame to CG
Voar variable volume due to buoyancy device
Viie fixed volume of the glider
@, rotational angle of movable mass

variable length of buoyancy piston

variable length of movable mass
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Fig. 4.3 The change of volume according to the location of buoyancy engine
piston
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AT a), ay, ay, a, a;= Table 4.2°] Ag]stAT.

Table 4.2 Coefficient value of buoyancy piston velocity

coefficient value
a 1.073e-007
a, -7.127e-005
a3 0.01677
a, -1.718
a 127
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according to the location of inner moving mass
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Table 4.3 Parameter for Electric motor

Parameter Description
J Moment of inertia of the rotor
b Motor viscous friction constant
K, Electromotive force constant
K, Motor torque constant
R Electric resistance
L Electric inductance
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Aol A-gE gHe] AU Table 4.4 st

Table 4.4 Specification of VPMM equipment

Item Specification
Test model L=1~3m
Test speed U=0.5~2.0m/s
Pure heave motion +0.05m ~+0.25m
Pure pitch motion +0" ~+10°
Strut type 2-streamline shape strut
Control motor Servo motor 1 set
Reduction motor Worm reducer
Control system Oscillation control

A Ao} AY &S Fig 463 2T

(@) VPMM equipment (b) Underwater glider test model
Fig. 4.6 VPMM Test
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Fig. 4.7 Right-handed coordinate system for VPMM test

Table 4.5 VPMM test conditions

Heave
Test Cycle Velocity
amplitude
VPMM 5,6,7,8,9,10 sec 1m/s 0.05m

2ol VPMM A &S 53] Heave®l Pitch®] Linear motion®l] gt 3o ofsh

A4S F484 A2 Pure Heave motionol| ti3t 224 %=+ Fig. 4.83 2t}

—

/'H.'_._ e
T Sl o= \B » X

Fig. 4.8 Pure heave motion
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Pure heave motion®] #3+ FWA A2 2] 441~433} 2o}

z = zpSInwt

W= z= Z ;wCoSwt
v=— 2z wsinwt
w= ZO

TEQE Pure pitch motion®l ™3t B2+ Fig. 499 2t}

Fig. 4.9 Pure pitch motion

SN 4 444~4483 Lo

z2 = zpSinwt
0 = 0 scoswt
2w
0. =
o U

q=—0 wsinwt

=10 OwQCoswt
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(@) Comparison of original heaving force with fourier analysis
Fourier Curve fitting of Pithcing moment
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Table 5.1 Specification of Underwater Glider

Specification
Speed 3kts
Be Volume 3.5L
Li Polymer
Battery Cap. 3.5M]
10kg
Sat Comms CDMA
Weight 60kg
Op. Depth 200m
33h
Mission Duration
Buoyancy ratio 0.11

AA FEIetoly] Al Zo] ALEE FEAA, AojRES} FARELS Fig. 52
I Zom AojHE=9 AP Table 529 A&+t

(c) Depth meter (d) Control board

2

- -

() CDMA modem (f) Rf modem
Fig. 5.2 Sensors, control board and communication modems
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Table 5.2 Specification of control board

AREA BeagleBoard-xM
Processor DM3730
ARM Frequency 1GHZ
DSP Frequency 800Mhz
SGX Frequency 200Mhz
DDR 512MB
DDR Speed 166MHz
NAND 0
SD Connector uSD
USB Host Ports 4
Host Port Speed FS/LS/HS
Serial Connector DB9
Camera Header Yes
Ships with 4G SD Yes
Overvoltage Protection Yes
Power LED turnoff Yes
Serial Port Power Turnoff Yes

S9h ol AR FEFIHINE o8ty AL FAstg o sy A

Poll %M FIsAFohstm A EGH LA e FxAM pitch ZE Aol
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Fig. 5.8 Field test area
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