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INTRODUCTION

• The conductive On-board charger (OBC), Auxiliary Power module (APM)

are necessary charging units for Electric vehicles (EVs).

• The wireless power transfer (WPT)-based charger is also attractive

because of the advantages of convenience, safety and automation.

• Standalone solutions to offer OBC, APM and WPT charging functions

together can be complex and expensive and can lead to low power

density.

• High-level integration of charging units is a main trend to offer better

charging solution.
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Fig. 1 Block diagram of the EV charging system with standalone OBC, WPT 

and APM units.

3-IN-1 INTEGRATED EV CHARGING BOX

Fig. 2 Block diagram of the proposed fully integrated EV charging system with the OBC, APM and WPT functions using multi-

purpose magnetic coupler and shared circuit components.

W1

P3

P4

P1

P2
*

Coh1

S21

S22

S23

S24

Clv

Lo2

W3

*

Lo3
Col

Cdc1

Cdc2

Coh2
Cb

S31

S32

S33

S34

Lo1

S11

S12

S13

S14

W2

*
Cr3 Chv

Vc

Vb

Va

Lc

Lb

La

Qa2

Qa3

Qa1

Qa4

Qa5

Qa6

TX

Loosely 

coupled

Off-board unit

On-board unit

XFMR /

 Receiver Pad

Vdc_wpt

Transmitter Pad

Bidirectional OBC Mode

APM Mode

WPT Mode

Relaya-c

Relayhv

Relaylv

S41

S42

S43

S44

Lr1

Cr2

Cr1

W4

*
*

Vdc

Vhv

Vlv

Kpri

Pri
HV

LV

Voh

Vol
Klv

BattHV

BattLV

HV coil (W2)

LV coil (W3)

Ferrite plate

Pri coil (W1)

Frame

Fig. 3 Three-winding charging pad design.

(a) Schematic of the receiver pad.

(b) Manufactured receiver pad.

PROTOTYPE AND TEST VERIFICATION

Fig. 4 Experimental prototype of the proposed 3-in-1 EV charging box. (a) On-board unit. (b)

Off-board unit.
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Fig. 5 Key waveforms: (a) OBC; (b) WPT inverter; (c) WPT secondary sync rectifier;

(d) APM mode.
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Fig. 6 Efficiency of different modes: (a) OBC, WPT and V2L, (b) APM.

• A prototype was built, and all functions are verified by experiments,

including 10.3 kW OBC, 6.6 kW WPT, 3.7 kW vehicle-to-load (V2L)

and 800 W APM.

• Two conventional HF transformers, two HV active bridges were

eliminated compared with the standalone solution.

• More than 2-L volume and $500 cost reduction can be expected

benefited from the proposed highly integrated structure.

• More functions, such as OBC+APM, V2G and so on, are possible

based on the proposed structure, which is still undergoing.
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