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High Efficiency Operation of the IPT converter with Full and Half bridge
Control for Electric Vehicles

Sang-Joon Ann', Dong-Myoung Joo', Min-Kook Kim' 6 and Byoung-Kuk LeeT

Abstract

This paper proposes a control methodology for a high efficiency operation of an inductive power transfer
(IPT) converter by combining full bridge (FB) and half bridge (HB) controls. To apply the proposed control to
the IPT converter, the characteristics of each control method are analyzed. By examining the output voltages of

the IPT converter and a theoretical loss analysis, the control shifting points between FB and HB controls are
evaluated in accordance with the coupling coefficients and the load. Based on the control shifting points, the
FB-HB control algorithm is implemented. By applying FB-HB control, high efficiency operation at the light

load condition can be achieved.

Key words: IPT(Inductive Power Transfer), WPT(Wireless Power Transfer), Full bridge inverter, Half bridge

control, Light load efficiency improvement
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Fig. 1. Block diagram of a 3 stage IPT system.
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TABLE I

DESIGN CONSIDERATIONS OF IPT CONVERTER

Parameter Value

DC-link voltage, V,, 330 [V]
Output power, P, 410-3300 [W]
Voltage of battery, V,,, 240-410 [V]
Coupling coefficient, k 0.062-0.214
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Fig. 2. Circuit diagram of IPT converter, DC-DC

converter and battery for EV.
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Fig. 3. Switching signals and current paths of full bridge
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] !
o1 11
—_— 01:% Qy:off | 01055 Oy off
Q; Fullyon I, I
I I I+ = | + =
o : Vie +Vin :Vdc;: " Vin
0, Fully off | - —p - N
] 1
v, | Vi ! 0s5% Q::jon : Os.5% Q::jon
] ]

(a) (b) (c)
Fig. 4. Switching signals and current paths of half bridge
control, (a) switching signals, (b) positive half cycle, (c)
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TABLE II
VOLTAGE AND CURRENTS AT THE SAME OUTPUT
POWER IN ACCORDANCE WITH CONTROL METHODS

Parameter FB control | HB control
Resonant | Input voltage * Vie 0 or V.
network | Input current I, 27,

Primary current 1, fp/ 2
Output voltage v, V,/2
Output current 1 21
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Fig. 5. Output voltage of resonant network in accordance
with the variation of coupling coefficient.
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Fig. 6. Primary and secondary coil current in accordance
with the load.

TABLE III
CONDITIONS OF COUPLING COEFFICIENT AND
OUTPUT POWER FOR LOSS ANALYSIS

Coupling coefficient 0.124, 0.154, 0.184, 0.214

Output power [W] 400, 1000, 1500, 2400, 3300
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Fig. 7. Loss distribution charts in accordance with coupling coefficient and output power.

TABLE IV
CONTROL SHIFTING POINTS IN ACCORDANCE WITH
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