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Application of Wireless Power Transmission Technology to Contactless
Umbilical Connector of Unmanned Vehicle
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Abstract

In the future battlefield, the role of the unmanned vehicle is very important. Currently, charging and management systems for un-
manned vehicles are all wired. However, for convenience and stability, it is desirable that the charging of the unmanned vehicle uses
wireless power transfer system. In this paper, we have studied the application of wireless power transfer system to the charging of
unmanned vehicles. Considering the size of the unmanned vehicle and the required power, the transmission coil and the receiving coil
are designed through the finite element analysis based magnetic field simulation. The coil was made according to the simulation results
and the circuit simulation was performed through the measured parameter values. Finally, we show that wireless power transmission
can be applied to unmanned mobile charging through actual experiments.
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Table 1. The length of the air gap and the number of turns
of the receiving coil and the transmitting coil.
Parameters Value
Number of turns of Tx coil 25 turns
Number of turns of Rx coil 25 turns
Air gap 4 cm
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Table 2. Simulation results of self inductance and mutual
inductance.
Parameters Simulation result
Self inductance of the Tx coil 178.02 1+H
Self inductance of the Rx coil 16792 1H
Mutual inductance between the Tx coil 1035 pH

and the Rx coil
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Table 3. The Litz wire used on the transmitting side and the
receiving side.
Parameters Value
Diameter of a single line of Litz wire used
. . 0. mm
in Tx coil
Total number of strands used in the Tx coil 500
Diameter of a single line of Litz wire used
. . 0.12 mm
in Rx coil
Total number of strands used in the Rx coil 300
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Table 5. Measured inductance value and calculated capa-

simulation. citor value of the compensation circuit.
Parameter Measured | Simulation Error Parameters Value
value result Self inductance of the Tx coil(measured) 1857 n#H
Self inductance of The capacitor of the Tx side compensation
. 185.7 pH| 178.02 xH | 439 .. 12.86 nF
the Tx coil 8.7 1 802 1 3% circuit (Resonance frequency : 103 kHz) 86
Parasitic resistance of 033 O _ _ Self inductance of the Rx coil(measured) 1742 pH
the Tx coil . The capacitor of the Rx side compensation
Self inductance of ircuit (Resonance frequency : 105 kHz) 132 nF
u 1742 £H| 16792 #H | 37 % circuit (Resonance frequency : z

the Rx coil
Parasitic resistance of
the Rx coil 0215 ©
Mutual i
utual inductance between 013 4H| 1035 xH |118 %

the Tx coil and the Rx coil
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Table 6. Simulated input, output power and the transfer

efficiency of wireless power transfer system.

Parameters Value

System input power 255 W
Power delivered to the Rx coil 212 W
Power delivered to the load 203 W
System overall efficiency 79.6 %
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Fig. 14. Overall setting of experiment.
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Table 7. The capacitor value for the simulation and the
actual capacitor value.

Simulation result Actual value

Parameters (Resonance (Resonance
frequency) frequency)
The capacitor of the Tx 12.86 nF 12.79 nF
side compensation circuit (103 kHz) (103.26 kHz)

The capacitor of the Rx 132 nF 133 nF
side compensation circuit (105 kHz) (104.56 kHz)
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Table 8. Comparison of simulated and measured input, out-
put power and transfer efficiency.

Parameters Simulation | Measurement
Result Result
System input power 255 W 287 W
Power delivered to the Rx coil 212 W 2144 W
Power delivered to the load 203 W 205 W
System overall efficiency 79.6 % %
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