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Abstract—A dynamic wireless power transfer (WPT) system P, =
for electric vehicles (EVs) has gathered attention and been
expected to extend the limited driving range of EVs. Previous
research has proposed secondary-side-only power and efficiency
control to simplify the road-side facilities, which are installed —,
over long distances. Although the primary voltage and the mutual
inductance between the transmitter and receiver have to be given
or estimated in the control, multi-parameter estimation from the
secondary side without signal communication remains unrealized.
This paper proposes a simultaneous estimation method of the
primary voltage and the mutual inductance using only secondary- ) o )
side information. The simulations and the experiments show that ~ Fig- 1. Circuit diagram of the wireless power transfer system.
the proposed method is effective for secondary-side control.
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vehicles, AC-DC power converters, power control. bridge inverter, which is operated at the resonance frequency
of the transmitter and the receiver. As this paper uses a series-
I, INTRODUCTION series (SS) compensated circuit topology, the operating angular
frequencywy is given as follows:
Wireless power transfer (WPT) has received attention in 1 1
recent years for industrial and automotive applications [1]- wo = = . (1)
[3]. Eliminating the use of wiring can mitigate complicated VLiCr VL0

charging operations and reduce the risk of accidents such as : e :
electrical shock, cable disconnection, and so on. An efficient Half Active Rectifier (HAR) is used as an AC-DC converter

power transmission and a stable supply of energy are importa@f’d_composed of the upper arm diodes and the lower arm
issues for implementing an actual WPT system. MOSFETSs. The load includes batteries, motors, other power

) ) ) ] _converters, and so on. Although a constant power load can

'WPT via magnetic resonance coupling provides a highlybe available, this paper assumes that a constant voltage load
efficient mid-range transmission and robustness to misalignis connected and its amplitude is determined by the battery
ment [4]. These characteristics are suitable for dynamic charg,onage or controlled by other power converters.
ing of electric vehicles (EVs) and it can extend the limited
driving range of EVs [1], [2]. Its road-side facilities, which B secondary-Side Control by HAR
are installed over long distances, should be simplified and _ ) )
secondary-side control is desired. If the primary voltage and HAR is operated by two different modes, which are shown
the mutual inductance between the transmitter and the receivét Fig. 2. During the rectification mode, the MOSFETs are
are given or estimated, power and efficiency control can b&haintained in the off-state and HAR is operated as the diode
achieved on the secondary side [5], [6]. Although multi- rectlflgr. Then, the transmitting powét flows to the DC link
parameter estimation using primary-side information [7] andc@pacitor and the load. On the other hand, the short mode
coupling coefficient estimation from either side [8] have beerlS Worked by turning on the MOSFETs and the receiver is
proposed, multi-parameter estimation from the secondary sidehorted. As a resultP is cut-off and the load powePy, is
without signal communication remains unrealized. supplied by the DC link capacitor.

This paper proposes a simultaneous estimation method of BY combining the two operation modes, power control can
the primary voltage and the mutual inductance using onlye achieved on the secondary side [3]. Furthermore, if an
secondary-side information. The effectiveness of the propose@dditional DC-DC converter is put in the secondary side of the

method is verified by the simulations and the experiments. System, the desired power and maximum power transmitting
efficiency can be achieved simultaneously [5], [6]. However,

II. SYSTEM STRUCTURE in order to obtain the reference value of the control, the
primary voltage and the mutual inductance have to be given
or estimated. In this paper, the two different operation modes
Fig. 1 shows the circuit diagram of the WPT system. Theof HAR are focused and a simultaneous estimation method of
power source consists of the voltage soulgeand the full-  the primary voltage and the mutual inductance is proposed.

A. Circuit Structure
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(a) Rectification mode. (b) Short mode.

(a) Cails. (b) Power converters.

Fig. 2. Operation modes of Half Active Rectifier.
Fig. 3. Experimental equipment.

TABLE I. SPECIFICATIONS OF COILS
: H H 06 = Lm = 37.3 uH (calc.) 2 = Lm = 37.3 uH (calc.)
Primary side | Secondary side o Lm= 373 oh (oxp) o Lm 373 oH (oxm)
Resistancery, Rz 1190 1.23Q = - il <! =4 ~im=TTs )
InductanceL, Lo 617 pH 617 uH g“ %M% é“ WMMWW
CapacitanceC;, Cs 4000 pF 4000 pF g‘” 1 “/*T 2”
Resonance frequencfy, fo 101.3 kHz 101.3 kHz go2 HQA-A-A'Aﬁ-A%hAA-AAAAA[rAAALF £ 0 CARB AR IR A AR AR AR A B
Mutual inductancel,, 77.8 uH (Gap: 200 mm) “o1 ! | “oz
373'U‘H (Gap 300 mm) ° 0 10 20 30 4‘0 50 ° 0 10 20 30 40 50
Coupling coefficientk 0.126 (Gap: 200 mm) DC link voltage V, [V] DC link voltage Vi [V]
0.060 (Gap: 300 mm)
Outer diameter 440 mm @Vi=10V. (b) Vi =20 V.
Number of turns 50 turns . .
Fig. 4. Experimental results of the RMS secondary curgnt
C. Experimental Setup B. Simultaneous Estimation of the Primary Voltage and

In order to verify the effectiveness of the proposed methodMutual Inductance
experimental equipment are implemented. Coils and power
converters are shown in Fig. 3 and specifications of coils arg,
expressed in TABLE |. The power source consists of a DC
power supply (ZX-400LA, TAKASAGO) and the full-bridge wWoLm Vi1 — In(woLm)? = R1(Va1 + Roly). 3)
inverter, which provides the transmitter with a square waver
voltage. The inverter and the HAR are controlled by a DSP

For distinguishing between unknown parameters and mea-
able parameters, eq. (2) is transformed as follows:

hen, the estimation equation is given as follows:

(PE-PRO/F28335A, Myway) and the load is simulated by an w1 — Iyxg = Ry (Vay + Roly) 4)
electronic load (PLZ1004W, KIKUSUI). The RMS secondary B T LV LT c
current, is used for the estimation method and measured by T=[r1 @] = [wolmVi1 (wolm)?]" . ()
a mixed signal oscilloscope (MSO3034, Tektronix). Therefore, estimated parametercan be obtained as follows:
[ll. PROPOSEDESTIMATION METHOD &=[01 2] =A'b (6)
A. Secondary Current |1 I — | Bi(Vair + Ralay)
Y A: {1 —125}’ b [R1<V215+R2125)

If a voltage source is used in the SS circuit topology of
WPT via magnetic resonance coupling, the RMS secondar%herel?ﬁ Vorr, s, and Vs, are measured values éf and
currentl, can be approximated as follows: 51 during the rectification mode and during the short mode.

_ _ Assuming that the secondary voltage is a square wave and
I ~ wolLm Vi1 R1V221 _ 2V2 wolni R1V22 (2)  the voltage drop of the MOSFETSs is negligibié,, and Va1
Ri Ry + (wolim) ™ RiRy + (wolim) are calculated as follows:
where V;; and V5, are the RMS values of the fundamental 22 2,2
primary and secondary voltages. From Fourier series expan- Vorr = — Vo = —— (Ve + 2V5) (7
sion, they can be calculated by the RMS values of the primary 0 T
voltage V; and the secondary voltadé. Assuming that the Vore = 2\/51/—25 -0 (8)

secondary voltage becomes a square wave and the voltage drop T
of the diodes are negligiblé;, equals to the amplitude of the \here V; is the forward voltage of the diodes. From eq. (5)
DC link voltage V. and eq. (6), the estimated values of the mutual inductdnce
Fig. 4 shows experimental results of the RMS secondar@nd the RMS primary voltage; are obtained as follows:
currentl,. As the measured values and the calculated values R 1
are closely matched, eq. (2) can be applied to the estimation L = —+/2 )
method. Sincé’ andl, can be obtained during each operation 0
modes of HAR and eq. (2) is a linear functiondf, any two = ]

m il
1= ——=V11 — — = <~ -
parameters can be estimated simultaneously. 2v2 2v2 woLpm,

(10)
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(@) Vi =10V, Ly, = 37.3 pH. (b) Vi =10V, Ly = 77.8 pH.

Fig. 5. Simulation results o¥; and L,,, estimation.
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Fig. 6. Experimental results df; and L,, estimation.

IV.  SIMULATION AND EXPERIMENT
Simulations were performed by MATLAB Simlink Sim-
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1. The load was assumed to be a constant voltage and its
amplitude V. was gradually increased in 2.5 V increments
from 2.5 V to 50 V during the simulation and the experiment.
V1 and L,,, were estimated in each conditions. (1

Simulation results of/; and L,,, estimation are shown in
Fig. 5 and indicate that the proposed method can obtain thd?
estimated values adequately. Although the estimated values are
slightly larger than the actual values in Fig. 5 (b) and (d), these
estimated errors are acceptable for secondary-side control.

Fig. 6 shows experimental results\éf and L,,, estimation. 3]

In comparison with simulation results, the accuracy of the
estimated values is reduced. Especially, Fig. 6 (b) is the worst
case due to a low/; and a highL,,. This is because the [4]
difference ofI, between the rectification mode and the short
mode is quite small. As a result, a resolution capability of the
current measurement greatly affects the estimation accuracy,
However, Fig. 6 (c) shows that the estimated values accoroI5 ]
closely with the actual values. Therefore, the proposed method
is more effective in high power and low coupling application
such as dynamic charging for EVs. [6]

V. CONCLUSION

This paper proposed a simultaneous estimation method7]
of the primary voltage and the mutual inductance based on
the different operation modes of HAR. The simulation and
experimental results demonstrated that the proposed method i[gg]
effective for secondary-side control.

In future works, the proposed method is analyzed from
the perspective of dynamic characteristics for secondary-side
control and applied to dynamic WPT systems for EVs.

REFERENCES

G. A. Covic and J. T. Boys, “Modern trends in inductive power
transfer for transportation applicationlEEE J. Emerg. Sel. Topics
Power Electron.vol. 1, no.1, pp. 28-41, Mar. 2013.

J. Shin, S. Shin, Y. Kim, S. Ahn, S. Lee, G. Jung, S. Jeon, and D.
Cho, “Design and implementation of shaped magnetic-resonance-based
wireless power transfer system for roadway-powered moving electric
vehicles,”IEEE Trans. Ind. Electron.vol. 61, no. 3, pp. 1179-1192,
Mar. 2014.

D. Gunji, T. Imura, and H. Fujimoto, “Basic study of transmitting
power control method without signal communication for wireless in-
wheel motor via magnetic resonance coupling,Piroc. IEEE/IES Int.
Conf. Mech, 2015, pp. 313-318.

A. Kurs, A. Karalis, R. Moffatt, J. D. Joannopoulos, P. Fisher, and
M. Soljacic, “Wireless power transfer via strongly coupled magnetic
resonance,’Science Express on 7 June 20@@l. 317, no. 5834, pp.
83-86, Jun. 2007.

G. Lovison, M. Sato, T. Imura, and Y. Hori, “Secondary-side-only
simultaneous power and efficiency control for two converters in wireless
power transfer system,” iRroc. IEEE Ind. Electron. Soc. ConR015,

pp. 4824-4829.

K. Hata, T. Imura, and Y. Hori, “Dynamic wireless power transfer
system for electric vehicle to simplify ground facilities - power control
and efficiency maximization on the secondary side -,Pimc. IEEE
Appl. Power Electron. Conf. Expa2016, pp. 1731-1736.

J. P. W. Chow and H. S. H. Chung, “Use of primary-side information
to perform online estimation of the secondary-side information and
mutual inductance in wireless inductive link,” iRroc. IEEE Appl.
Power Electron. Conf. Expp2015, pp. 2648-2655.

V. Jiwariyavej, T. Imura, and Y. Hori, “Coupling coefficients estimation
of wireless power transfer system via magnetic resonance coupling
using information from either side of the systefEEE J. Emerg. Sel.
Topics Power Electronvol. 3, no.1, pp. 191-200, Mar. 2015.



