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Improvement of thrust capacity of a wireless thruster module
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Fig. 10 Schematic diagram of conceptual
model of the proposed underwater robot
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Table 1 0 Old prtotype specifications

Item Unit  Value
Span [mm)] 267
Outer diameter [mm] 99
Weight(in air) [kg] 1.8
Weight(in fresh water)  [kg] 0.5
Max.Thrust [N] 44
Pressure performance  [MPa] 1.0
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Fig. 20 Assumed shape of the robot

Table 2 0 Parameters used for estimation of
drag force
Symbol  Unit Value Recital
d [m] 0.5 Diametaer
l [m] 0.5 Length
v [m/s] 0.5 Flow rate
v [m/s?] 1.3x107%  Kinetic viscosity
Cp 0.84 Drag coefficient
A m? 0.20 Cross sectional area
p kg/m3 1.0 x 103 Fluid density
D [N] 21 Drag force
Re 10° Reynolds number
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00000000 (2)0oooo pooOooOoO

D = CpApv?/2 (2)
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Fig. 3 0 Image of old prtotype thruster mod-

ule

Fig. 4 0 Image of old prtotype cylinder cap

00000000 Fig4000000000
gboobooboobo400000b0DbO
gboobooooobooogbooboooogonDg
O000000oo0o0ooooooOooDoOob (0o
O00o00)000oOoOoOoooooOoOoOobooo
gboooooooboobobobooogog
gboooooobobobobooobogonog
gbooboooooboobobooboooobogog
gboboboobobooboboobooooo

4. OD00O0OO0O0OOOOOO0OO
god

obooooooobobooooobogooboon
gbobobobobobobo Figedd OO
FigbOUODODOODOOOOODOOOOODOO
OOoOooboboDooOoODbOO TablesOOOooO



Magnet cupling

Fig. 50 Parts of the improved thruster module

Fig. 6 U Improved thruster module

Table 3 0 Prototype specifications

Item Unit  Value
Length [mm| 364
Outer diameter [mm] 99

Weight(in air) [kg] 1.9
Weight(in fresh water)  [kg] 0.4
Max.Thrust [N] 14
Pressure performance  [MPa] 1.0
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Table 4 00 Specifications of new magnet cou-

pling
Item Unit  Value
Thickness [mm] 20
Diameter [mm] 45
Weight g] 82

Max. holding torque [mNm] 348
(10[mm]Air gap)
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Fig. 70 Old(left) and new magnet coupling
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Table 5 00 Variables and parameters

Symbol Unit Recital

Py [MPa]  Elastic buckling pressure
E [MPa]  Youngs modulus

n [2,3,4...] Buckling mode number
v Poisson’s ratio

t [m] Cylinder thickness

r [m] Cylinder inner radius + ¢/2
l [m] Cylinder length

o [MPa]  Maximum stress
oB [MPa]  Tensile strength

P [MPa]  Crushing pressure

a [mm] Cylinder inner radius

ty [mm] Required thickness

S [1,2,3...] Safety factor
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Table 70 Specifications of R8C/2L

Item Specifications

CPU Multiplier:
16bits x 16bits —» 32bits
Multiply-accumulate instruction:
16bits x 16bits+32bits — 32bits

Operating 20MHz(VCC = 3.0 to 5.5[V])
L frequency 10MHz(VCC = 2.7 to 5.5[V])
:Whtm el . = 5MHz(VCC = 2.2 to 5.5[V])
cwWry . °e Current Typ.10[mA](VCC=5.0[V])
:XBQE : consunption Typ.6[mA](VCC=3.0[V])
®o  wewdigicom ® Timer Watchdog,2 x 8bit,2 x 16bits

Serial Interface  Clock synchronous
serial I/O/UART x2
Size 9.0x9.0x1.7 [mm]

Fig. 8 0 XBee RF module
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Table 6 O Specifications of XBee RF module 000000 ooooooooooooooo

Indoor/Urban Range [m] Up to 30 bbpoouobogoobpugobbod
Outdoor line-of-sight Range [m] Up to 90 00000 5) O

RF Data Rate [kbps] 250

Supply Voltage V] 2.83.4 0oddopbDooOo0o0ooooooooooa
Operating Frequency [GHz]  ISM 2.4 0000000000 DO0000O R8C/2LO
Number of Channels 16
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Table 8 O Specifications of Electoronic Speed

Controller(ESC)
Max.continuous current  [A] 50
Switching rate [kHz| 32
Size [mm] 50x25x10
Weight gl 52

Table 9 O Specifications of Brushless DC mo-

tor(BLDC)
Power rating [W] 50
Nominal voltage V] 18.0
Stall torque [mNm] 1100
Max. continuous current [A] 3.54
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Fig. 11 0 BLDC motor

Table 10 O Specifications of Li-Po battery

Rated voltage  [V] 22.2
Capacity [mAh] 3300
Size [mm]  143x40x43
Weight g] 514
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Fig. 12 0 Pressure and leak tests of the de-
signed pressure vessel
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Fig. 130 4 and 3 blades propeller
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Fig. 150 Measurement of continuous opera-
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