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A Study on Design for Hybrid Underwater Glider

Ha, Ji Hoon

Department of Mechanical Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

In this paper, the design of hybrid underwater glider(HUG) having the
benefits of the Autonomous Underwater Vehicle and Underwater
Glider was studied. The HUG was designed to be able to perform
exploration in 200m water. In order to minimize the drag force to
hull, the fore head shape of the HUG was designed using Myring
profile equation. Buoyancy controller and posture controller was
located inside the hull. In overall structure of the hull, DVL sensor
and check valve were designed to be placed in the front section, and
the thruster and rudder was design to be placed in the rear section.
It was designed for the pitching motion to be controlled by varying
the weight center of the HUG. And a symmetric buoyancy control
mechanism was designed for the posture of HUG body. Also
pressure-resistant analysis and a buckling analysis for enduring the
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pressure of the 200m sea depth, and the pressure endurance
performance was verified through the test in a pressure test
chamber. In addition to this, dynamics of the HUG were studied.

KEY WORDS: Hybrid Underwater Glider 3slolB 8= 4% =glold,
Design of structures &7 A7, Pressure-resistant Analysis Wt 3l A,

Buckling Analysis &= &4}, Dynamics &% %}
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Fig. 1 ROV with underwater Cable
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Table 1 Specification of over-the-seas AUV
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Table 2 Specification of Underwater Glider
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-

S

ey
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=]
T

/ Scrpps Inst. of Oceanography(u] =)

=]

FFEE BE 2

= LB
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Sea Explorer /
ACSA(Z % 2)

- 25 e
g &5
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- % 60kgf
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. A g Ay 4
Spray Glider ) . L N
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Fig. 2 Driving Concept of hybrid underwater glider
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Fig. 4 Driving principle of the underwater glider
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Table 3 Design conditions of K-HUG

3 = AA F3E
EE 54 200m
g so G Mode 1.5 knot

A Mode 3 knot

AR = 4 D.O.F (Pitch, Yaw, Surge, Heave)
Q1 2A AR a3
AR Aol 2m 4] <]
Wi 24 B4 WHE I3 A [ 25389 HYAP 1y
Eol A% WA FHA o7l 73
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Fig. 5 Conceptual design of the K-HUG
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Table 4 Design conditions of Buoyancy controller

Glider Volume( 1) 0.06m* [60¢]
Desired velocity(7, ,.) 0.7717m/s [1.5 knot]
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Fig. 10 Pressure applied to K-HUG
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Table 5 Parameters of Myring profile equation

parameters Description Value
a Nose Length 0.15m
Ay ffset Nose Offset Om
b Mid Length 1.3m
c Tail Length 0.3m
Coffset Tail Offset 0.01m
n Exponential Coeffinient 2
0 Include Tail Angle 0.436rad
d Max. Hull Diameter 0.2m
Ly Forward Length 2m
[ Total Length 2m

olw], ne A5 AFFEe g gk WMol ofe] Fig. 173 o]
37FA @24l whel A JjF-o wjx]=€ DVL 2 AZWBEE % F
e 183t n=2 2 AASHT

- E}ﬂ
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Fig. 17 Exponential Coeffinient Fig. 18 Include tail angle value
value for Myring profile equation for Myring profile equation
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Fig. 19 Result plot of myring profile equation

Fig. 20 3D design of front part Fig. 21 3D design of rear part
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Table 6 Specifications of rudder driving motor
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Table 7 Specifications of Thruster

TECNADYNE MODEL 300
Forward bollard
755 N
Output
Reverse bollard
314 N
Output
Depth Rating 850 m
Weight in air 1 kgf
Weight in water 0.8 kgf

Underwater

Connector
Thruster

Thruster
Supporter

Fig. 25 Structure of Rear parts
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Table 8 Material property

Property Value
Material Aluminum Alloy6061 — 76
Density 2700kg/m?
Modulus of Elasticity 68 GPa
Poisson’ s Ratio 0.3
Allowable Stress 121MPa
Tensile Yield Stress 276 MPa
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Fig. 34 Dimension of Hull
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Table 9 Analysis Conditions

Boundary Condition Value
Internal Pressure 0.101325MPa
External Pressure 2MPa

Fig. 35 FE Model Fig. 36 Boundary condition
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Fig. 37 Distribution of stress
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Table 10 Results of buckling analysis

Mode Number Buckling Pressure
1 5.9067MPa
5.9067MPa
12.372MPa
12.372MPa
12.904MPa
12.904MPa
13.397MPa
13.397MPa
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Table 11 Conditions of Pressure-resistant test

R
NE No. o T2 [kPal | A &AL 8]
H
1 7Hek 0 - 500 600
2 71k 500 - 1,000 600
K-HUG 414
3 71k 1,000 - 2,600 1800
4 7t 2,600 - 0 -




Fig. 39 Hull for Pressure-resistant test

Fig. 40 Fixed Hull with Test support
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Fig. 41 Monitoring of Pressure-resistant test
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Table 12 Result of Pressure-resistant test

AR e <& 34
N&E § A & . z
F | A | qEre | aaEm | | ssae |2
7t [kPa] | $+% [kPal [S]L o+ [kPa]
7kt 0 - 500 460 600 460
500 -
7kt 980 600 980
K-HUG 1,000 .
[elle]
27 1,000 -
7kt 2,590 1800 2,520
2,600
29t | 2,600 - 0 - -




Fig. 43 Result of Pressure-resistant test 2
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A th.(Fossen. 1994)
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Earth-fixed
Reference frame

Fig. 44 Earth-fixed and body-fixed coordinate system

Table 13 Notation used for Rigid-body

z—axis(Yaw)

Linear and .
. Force and Position and
Motion of 6 D.O.F angular
moment ) Euler angles
velocity
Motion in the x—direction
X U x
(Surge)
Motion in the y-direction
Y v Y
(Sway)
Motion in the z-—direction
Z w z
(Heave)
Rotation about the 1% p
x—axis(Roll) P
Rotation about the
. M q 0
y-axis(Pitch)
Rotation about the
N T P
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Fig. 45 Coordinate system of K-HUG



Table 14 Definition of variables for dynamic modeling

description

Y | [u,v,w]?, translational velocity vector in the body-fixed frame

w | [p,qr]?, angular velocity vector in the body-fixed frame

L. |linear momentum in the earth-fixed frame

angular momentum in the earth-fixed frame

[K, M, N, moment of external forces about O

HG
F, | [x,V,2]", external forces
MG’
A

inertia tensor in the body-fixed frame

m, | total mass of the K-HUG

my,, | mass of the hull

m, | mass of the static block inside glider

m,,, | movable mass of the glider

r,, | position vector to movable mass in the body-fixed frame

r, | position vector to center of hull

r, | position vector of static block

2o,y 207, position vector from origin of the body-fixed

frame to CG

[, Y, 2] 7, position vector from origin of the body-fixed

frame to BG

V.. | variable volume due to buoyancy device

Vi | fixed volume of the glider

&, | rotational angle of movable mass

x variable length of buoyancy piston

z,, | variable length of movable mass

K-HUGS| AA A= m-&
m, =my, +m,+m, (26)

2 @6)3} ol AA Aekm, 3 MA el nAH Aakm, ol
N5AF m, o FOoT HoHck

K-HUGS] BA5 5934 e
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m(z;o—i-w ><v0+c.u><7"G+w><(a)><rG)):E) (28)

sh o] EAH I, 2(28)9] v, wE A nAFEA BF K-HUG &

=9 n& Folt

MM = E(HG) (29)

I o wtwx(f o w)+mrgx(vtwxv,) =M, (30)

A7 me AFelH, & AA nAHFEAC o Wtk 2(28)-
2(BD& ©] &3t

FER FFolde KHUGE moals A9 6A4% S5R44e
53 Zo] xdHAT

mlu— vr—i—wq—xG(qZ —0—r2)+yG(pq— %)+Zg(pr+é)] =X 3D

mlv— wp%—ur—yG(T2 +p2)+zG(qr—]5)+xG(pq+§“)] =Y (32)

m[iu—uq%—vp—zc(p? +q2)+$G(pr—£])+yG(qr+Z5)] =Z (33)

Lo+ (L.~ )g—1.(¢—r")+1,(or—q)—L,(pg+r) (34)
—i—m[yG(ﬁJ—uq—i—vp)—zG(iJ—wp+ur)] =K

Lyt (L, =L )pr— L, —p")+1, (pg—r)— I, (qr+p) (35)
—O—m[zG(iL— vr+wq) —a:G(iu— uq+uvp)l =M

Lr+ (L, ~1 )pg— L, —¢)+L,(qr—p)—1_ (pr+q) (36)

+m[mG(b— wp+ur) — yG(iL— Ur+wq)] =N



21(3DHE-E 24(36)2 K-HUGS] Surge, Sway, Heave, Roll, Pitch, Yaws&
vebith.(Leonard, N.E. & Graver, J.G., 2001)
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Fig. 46 External force of K-HUG
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Fig. 47 Rudder Moment of K-HUG



‘]Vrudder = Pru ><Eru (37)

= P, x5 Lxcosd (L: 2, 258 A FA4744 A))
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X= xu|u|u|u|+Xﬁic-l-quwq—i-quqq-\-xwvr-l-Xm,rr— (W= B)sinf+ X, ., (40)

Y= Yv|v|v|v|+ YT|T|T|T|+ Y12}+ Y;T+ Y, ur+Y, pw+Y, pg+ Y, uw (4D
+ (W= B)cosfsing

Z=Z, wlw|+ Z, 44l + 7wt Z(»J'q—i- Z g+ Z,op+ Z rp+ 7, uw (42)

lql

+ (W4 B)cosfcose
K= Kp|p|p|p | +KI-}5~|— (y o W—yzB)cosfcosp— (2, W— z zB)cosfsing 43)
M= Mw|w|w|w| +]l4q|q|q| ql +%iu+ ]W(-Ié]+]lluquq+ M, vp+ M, rp (44)

+ M uw— (ZGW— 2zB)sind — (xG W—x zB)cosfcose

uw

N= ]Vv|v|v|v|—|—]\/;|r|r|7“| +]\Qb+]\§,%+mrur+]\;wpw+]\/;qpq—l—]\/;wuv (45)
+ (x W=z pB)cosfsing + (y, W—1yzB)sin + N,

rudder
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