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A Study on Design for Underwater Glider

Seo, Jung Min

Department of Mechanical Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

A design study was performed on the torpedo-shaped underwater
glider which can control the orientation using a weight shifter and
buoyancy engine. An analysis on the structure of the glider was
performed. The size of the glider was designed to have weight a
little over the buoyancy and the shape of the hull was designed
using Myring profile to reduce down the drag force. Also, the stress
and strain analysis was performed. The interior parts of the glider
including electronic components was designed. An analysis on the
posture of the underwater glider was performed. In addition to this,
the dynamics analysis in the underwater glider was performed with a
numerical analysis.

KEY WORDS: Underwater Glider 4% ==@tolt, Design of structures &7 A4,

Buckling Analysis #= 3|4, Static balance 2# % 3¥, Dynamics modeling & <&
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Table 2.1 Parameters of myring profile for Underwater Glider

parameters Description

a Nose Length

Ay ffset 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
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Fig. 2.9 Vehicle hull radius as a function of axial position [9]

(a) 2D Drawing of Nose corn (b) 3D Design of Nose corn

Fig. 2.10 Shape of nose corn
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Table 2.2 Parameters of shaft

Variables description
Omax Maximum displacement (mm)
P Concentrated load (V)
l Length of shaft (mm)
I moment of inertia (mm?)
E Module of direct elasticity 2.06 > 10° (N/mm?)

AAA7 Y BEE ATl 9ol EAsh FUke BANL gL

™, BA A

T=——"— 2.4)

o] 2] 2.40] AHEE WHSS Table 2.39) FESATh T3 A& e

Table 2.3 Parameters of motors

Variables description

Fu Generate force
Vs Frictional resistance of guide surface (u><m,, * g)
i Frictional resistance
m,, Mass of movable mass
g
T

Acceleration of gravity (9.8m/s%)
Driving torque
Ph Read of screw

un Efficiency of screw
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Table 3.1 Analysis case

CASE Thickness Length Diameter
Case 1 t,mm [, mm Dmm
Case 2 t,mm [, mm Dmm
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Fig. 3.2 FE Modeling



3.2 i¥=x 8 BA=A

8 A& Shelll81(4-Node structural shel)S A3, AAMesh)= <Y Ab
Z+ AZHUniform quad method)Z AAstEom s x1-& olg] Table 3.29]

CEES
FHI2ANL AT WY AARDS FAS RYAost AR E B
wE g7 2 5d AREE THANON, drgye) 4 wE pPow &
Ho] 12/ 2&3=F stAt) Fig 3.39 H& o FEo] BEAor|9} AT
He FREOE 99 & 753 FiEYdS AT Atk
Table 3.2 Analysis Conditions
Property Value
Material Aluminum Alloy 6061-T6
Modulus of Elasticity 68 GPa (Room Temperature)
Poisson” s Ratio 0.3
Element Type Shell184
External Pressure 1Pa (On All Area)
i O AN

Fig. 3.3 Boundary condition
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Fig. 3.4 Results of buckling mode shapes



Table 3.3 Results of buckling analysis

(a) Result of case 1 (b) Result of case 2
Case 1 Case 2
Buckling Buckling
Mode Number Mode Number
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 12.11 MPa
Case 1-4 8.83 MPa Case 2-4 12.09 MPa

2 Fala] 54 A0 o) Case 1, 2 BF BE 4004 HAF
Aot o
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Table 4.1 Definition of variables for static analysis

Variables Description
Py Position of total buoyancy center
P, Position of total mass center
m, Total mass of the underwater glider
m,, Movable mass of the underwater glider
m, Static block mass without movable mass
Tp z-axis length of buoyancy
x, zr-axis length of total mass
x,, x-axis length of movable mass
z, z-axis length of Static block mass
Y, y-axis length of total mass
Yoo y-axis length of movable mass
Ye y-axis length of Static block mass
d Variable length of movable mass
x; r-axis length of total mass
Y y-axis length of total mass

& 2oy

s WFY A 7RHeR S WFeR FAe YT ATt
A==

rp=x,=0

4.1
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Fig. 4.2 Static balance of underwater glider
0 = arctan (y,/z;) (4.10)
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Table 5.1 Definition of variables for dynamic modeling

Variables description
Yy [u,v,w]?, translational velocity vector in the body-fixed frame
w [p,q,r]T, angular velocity vector in the body-fixed frame
L linear momentum in the earth-fixed frame
H, angular momentum in the earth-fixed frame
F, [X,Y, 7", external forces
M, [K, M, N]T, moment of external forces about O
A inertia tensor in the body-fixed frame
m, total mass of the glider
my, mass of the hull
m mass of the static block inside glider
m,, movable mass of the glider
T position vector to movable mass in the body-fixed frame
T, position vector to center of hull
T position vector of static block
Ty position vector from origin of the body-fixed frame to CB
Teg position vector from origin of the body-fixed frame to CG
Vo variable volume due to buoyancy device
Viie fixed volume of the glider
o rotational angle of movable mass
T, variable length of buoyancy piston
x variable length of movable mass
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Table 5.2 Parameters of the underwater glider
BEEE L5745 E A
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