404

The Transactions of the Korean Institute of Power Electronics, Vol. 25, No. 5, October 2020

LCCL-S EEEX]
ANAERHE FAFAN 29 ZPA

1

’

|

=
o

o
=

https://doi.org/10.6113/TKPE.2020.25.5.404

o] §
754

(o)
‘—‘éa

|

F Ao

ol =T

Zero—Phase Angle Frequency Tracking Control of Wireless Power Transfer
System for Electric Vehicles using Characteristics of LCCL-S Topology

Jongeun Byun' and Byoung-Kuk Lee™

Abstract

Inductive power transfer (IPT) systems for electric vehicles generally require zero phase angle (ZPA)
frequency tracking control to achieve high efficiency. Current sensors are used for ZPA frequency tracking

control. However, the use of current sensors causes several problems, such as switching noise, degrading

control performance, and control complexity.

To solve these problems, this study proposes ZPA frequency

tracking control without current sensors. Such control enables ZPA frequency tracking without real-time control

and achieves stable zero voltage switching operation closed to ZPA frequency within all coupling coefficient and
load ranges. The validity of the proposed control algorithm is verified on LCCL-S topology with a 3.3 kW
rating IPT experimental test bed. Simulation verification is also performed.

Key words: Wireless power transfer system, Electric vehicle, Zero—phase angle, Frequency tracking control
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Fig. 1. Equivalent circuit diagram of LCCL-S topology.
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Fig. 2. The harmonics of input current z,.
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Fig. 3. w, and 7, of LCCL-S topology.
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TABLE I
SYSTEM PARAMETERS

Parameters Value [Unit]

Input voltage, Ve 380 [V]

Maximum output power, Po 3300 [W]

Resonant frequency, £ 85 [kHz]
Coupling coefficient range. & 0.062 - 0.152
Input inductance, L, 4841 [uH]
Primary inductance, Zp 50551 [uH]
Secondary inductance, Zs 227.38 [uH]

Filter capacitance, Cr 767 [nF]
Primary capacitance, G 7242 [nF]
Secondary capacitance, Cs 1542 [nF]

0.35 A

——k=0.062(Lp=505.50pH)
——k=0.104(Lp=507.24pH)

0.15 A

=——k=0.152(Lp=517.52pH)

0.1

100 500 900 1300 1700 2100 2500 2900 3300
Load [W]

Fig. 4. Os depending on self-inductance and load variation.
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Fig. 5. Conceptual diagram of bifurcation depending on
Ls variation.
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Fig. 6. Voltage rating graphs of resonant capacitors
depending on Lp variation.
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TABLE 1T
DESIGN PARAMETERS DEPENDING ON Zp
Value
Parameters [Unit]
#1 #2
L, [uH] 71.40 87.45
L, [uH] 1000 1500
L [uH] 250
Cr [nF] 3.77 2.48
G, [nF] 49.10 40.09
Cs [nF] 14.02 14.02
0.4
Lin=87.45pH
0.35 1 Lin=71.40pH
03 - Lin=48.41pH
< O
<
£.0.25 -
cE 02 - -28.57%
0.15 -
0.1 T T T T T T T !
100 500 900 1300 1700 2100 2500 2900 3300

Load [W]
Fig. 7. 6,s depending on input inductance variation.
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START

System operates at a designed frequency
in no load condition.

fsw = A designed frequency
(ex: 85kHz)

v

The peak voltage of the primary pad,
V, is sensed.

v

Self inductance (Lp) is calculated to derive
the primary resonant frequency (f;).

_ Ve peak

- wolpV2
v

The primary resonant frequency (f;;) is
calculated as follow:

1
2m\L, (CPHCf)
v

System operates at the calculated primary
resonant frequency (f;).

Ssw=rfa

END

Fig. 8. Flowchart of the proposed controller logic.
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Fig. 10. Comparison of input currents as the control
methods.
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400 | (b) k=0.152
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Fig. 13. Simulation of the tracking £ by the proposed
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TABLE I
COMPARISON OF LP ESTIMATION ACCURACY
k Lp [uH] Lp . [uH] Error[%]
0.062 505.5 505.8 0.059
0.102 507.2 506.8 0.079
0.152 517.5 518.2 0.135
Vi (200V /diV J) " TELEDYNE LECROY

Everywheroyoulook

i(20A/div.)
[

" i»(10A/div.)

V,(200V/div.)

Time
(Sps/div.)
+—>

(a) No load operation for sensing I (/s =85 kHz)

i(20A/div.)

L Vu(200V/div.)

"P TELEDYNE LECROY

eryvihereyoulook”

zV,,(ZOOV/div.) \ Time
iw(10A/diV.)  (Susidiv.)
| <+

(b) 1 kW light load operation ( fs =84 kHz)

Vi (200V/div.) iH(20A/div.) g™ TLEDNELECROY

12

(Sps/div.)
<+

(c) 3.3 kW full load operation (/=84 kHz)

in(10A/div.)

Fig. 14. Experiment results of the existing system with
proposed control method (£4=0.152, Lp=517.5uH).
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