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Comparison of Efficiency According to the Two Control Method of the Wireless
Charging System Considering Wired/Wireless Integrated Charging System for EV
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, Won-Jin Son!, and Byoung-Kuk Lee™

Abstract

The charging methods of electric vehicles are divided

into wired charging and wireless charging. Restrictions

on the use of charging infrastructure for wireless charging vehicles currently exist because most charging
infrastructure uses the wired charging method. Thus, wired and wireless integrated charging system has been
studied. In this system, a wireless charging system especially requires a control method for high—efficiency

operation in consideration of a change in a coupling coefficient. Therefore, this paper introduces two control

methods for the high-efficiency operation of wireless

charging that can be applied to wired and wireless

integrated charging systems. In addition, loss analysis is performed through PSIM simulation to select a more

advantageous method for high-efficiency operation
simulation-based loss analysis result, the two control

among the two control methods. To verify the

methods are applied to the actual wireless charging

system, and the efficiency is compared through the experiments Based on the experimental results, a control
method suitable for high—efficiency operation of the wireless charging method is selected.

Key words: IPT converter, LLC converter, Wireless charging system
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TABLE I
JMAG SIMULATION CONDITIONS

Offset Direction Value [Unit]

Ax £75 [mm]

Ay +100 [mm]

Az 100 - 170 [mm]

TABLE II
SPECIFICATIONS OF IPT/LLC CONVERTER

Parameter Value [Unit]
IPT converter input voltage, V;, 600 [V]
DC_link voltage, Vpq 400 - 1200 [V]
Output power, Py, 7200 [W]
Voltage of battery, V;,, 440 - 820 [V]
Coupling coefficient, k 0.099 - 0.286
IPT resonance frequency f; ipr 85 [kHz]
IPT resonance inductor, L;, 22.837 [uH]
G, 106.54 [nF]
W resonace [T 1024 [oF]
C, 2348 [nF]
DC_link capacitor 960 [uF]
LLC Transformer turns 105
LLC Transformer turns ratio 11
LLC resonance frequency f; 11c 300 [kHz]
LLC resonance inductor, Z, 10.452 [uH]
LLC magnetized inductor, L, 52.259 [uH]
LLC resonance capacitor, C. 26927 [nF]
LLC output capacitor, C, 5 [uF]
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Fig. 4. Design of CP-CP coil using JMAG simulation.
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TABLE I
DESIGN PARAMETERS OF IPT CONVERTER
Component Parameter
IPT converter switch C3M0120090D
On resistance 120 [mQ]
Diode forward voltage 48 [V]
IPT converter diode CoD25170H
Forward voltage 15 [V]

TABLE IV
DESIGN PARAMETERS OF LLC CONVERTER
Component Parameter
LLC converter switch C2MO0080170D
On resistance 80 [mQ]
Diode forward voltage 1.35 [V]
LLC converter diode C5D25170H
Forward voltage 15 [V]
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Fig. 11. CC-CP-CV battery charging profile.

TABLE V
LOSS ANALYSIS CONDITIONS ACCORDING TO THE
COUPLING COEFFICIENT

Counli Separation |IPT Input|LLC Output| Output
G upEE'ciricit Distance Voltage | Voltage Power
[x v, zl [Vl [Vl (kW]
440 (FB) 26, 5.3

Eyin  |[75, 100, 170]| 600 (FB) | 600 (FB)
36, 7.2

820 (FB)
440 (PS) 26, 5.3

600 (FB) | 600 (PS)
36, 72

820 (PS)

Konid [0, 0, 155]

440 (FB) 26, 5.3

600 (PS) | 600 (FB)
36, 72

820 (FB)
440 (HB) | 26, 5.3

600 (FB) | 600 (HB)
36, 72

820 (HB)

Fiax [0, 0, 1001

440 (FB) 26, 5.3

600 (HB)| 600 (FB
(HB) (FB) 36, 7.2

820 (FB)

Prop o= ]ers * Ry @®)

7(35}‘“4, @%ﬁ]ﬁ: kmin, kmid,
0LV, 600[V],
72[kW]2}

P =
&4 2y
_1

74]‘/1: kmin = 0099y kmid = 0189, kmax = 0286
LLC #WE <l 440[VIeH 6000V,

Rectifier
Conduction loss

8§ MmosFeT Diode loss

Conduction loss

ol
MOSFET . 2%

Switching los:

Transformer . Inductor
loss loss

o
cploss  EE Cfloss Cs loss

0 50 100 150 200 250 300 350 400
400 (IPT, FB) 42145 3822 123381 111.65
440 (LLC, FB) ::35:6%: 3434 1 73.21
" 600 (LLC, FB) :::60:670:3 32,56 | 98.57
820 (LLC, FB) =:55:84:::023.76 | 84.51
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820 (LLC, PS) 26:44:23.16' 52.23
1200 (IPT, FB)
440 (LLC, HB)23:22 32.83 | 59.27
"™ 600 (LLC, HB)2%:65: 3321 | 64.22
820 (LLC,HB) 27:99:24.24 | 55.68

40:3225.98123:381 262.4

1:23:38 350.97

FEHFFAGIPAAA

(a) LLC control loss

0 50 100 150 200 250 300 350 400
400 (IPT, FB) 42i14:: 3822 23381 111.66
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820 (LLC, FB) 3481123271 61.37
600 (IPT, HB) oinigh2Ginnis sy | 28,38 132.3
440 (LLC, FB) 28:51° 32.4 1 64.04
"™ 600 (LLC, FB) :34:87: 3245 1 70.61
820 (LLC, FB) =35:48::23.65| 62.48

(b) IPT/LLC control loss

Fig. 12. Loss comparison according to control method under
7.2 [kW] output condition.
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Fig. 13. Efficiency comparison according to control method
under 7.2 [kW] output condition.
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Rectifier
Conduction loss

MOSFET ;88

Switching loss

& MOSFET

= Conduction loss

Diode loss

Transformer . Inductor
loss loss

Cp loss & Cf loss . Cs loss

0 50 100 150 200 250 300 350 400
400 (IPT, FB) 226 24,6 1 23:381 85.19
440 (LLC, FB) s 27.17
" 600 (LLC, FB) s 34.92
820 (LLC, FB) s 40.94
820 (IPT, FB) w0 8748200000 39:37426.53 1:23:381 183,14
440 (LLC, PS) o 2437
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1200 (IPT, FB)
440 (LLC, HB):: 25.32
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Fig. 14. Loss comparison according to control method under
3.6 [kW] output condition.
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Fig. 15. Efficiency comparison according to control method
under 3.6 [kW] output condition.
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Fig. 17. Efficiency analysis of wireless charging system
through experiment under 3.6 [kW] output condition.
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