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Abstract— In dynamic wireless power transfer (DWPT), it is
essential to embed the power transmission coils in the road.
Previous studies have reported that the properties deteriorate
during embedment in reinforced concrete pavements because of
rebar and concrete. In this paper, a reinforced concrete testbody
was used to simulate the embedment of the coils in the pavement
and to measure the properties of the coils because of the
embedment. We propose a method to reduce the deterioration of
properties by changing the rebar used in the testbody to be
insulated rebar. As a result of measurements with a vector
network analyzer (VNA), the use of insulated rebar reduced the
QO-value of the coil by about 30 % compared to that of normal
rebar. Furthermore, a transmission efficiency of 93.2 % was
obtained at an air gap of 170 mm.

Keywords—Wireless Power Transfer, Dynamic Wireless Power
Transfer, Reinforced Concrete, Coil embedment

I. INTRODUCTION

The replacement of gasoline and diesel vehicles with electric
vehicles (EVs) is gaining importance around the world to
achieve carbon neutral. However, EVs have a short cruising
range, lack of charging infrastructure, and other issues that have
slowed the spread of EVs. To solve these problems is wireless
DWPT (Dynamic Wireless Power Transfer), which is being
actively researched [1]-[8].

Yoichi Hori Megumu Kunigo

Faculty of Science and Technical Development
Engineering Department

Tokyo University of Science GAEART Co., Ltd.
Noda, Japan Tokyo, Japan
Shunsuke Maki
Technical Research and
Development Division

Kumagai Gumi Co.,Ltd.
Tokyo, Japan

For the practical application of DWPT, it is essential that the
transmission coils be embedded in the pavement. However, it
has been reported that embedding the coils degrades their
properties because of the surrounding environment, such as
rebar, concrete, and asphalt [9]-[18]. Furthermore, it has been
reported that not only do coil characteristics deteriorate, but
transmission efficiency also decreases. This paper focuses on
embedment with respect to reinforced concrete pavements and
proposes embedment in reinforced concrete pavements with
insulated steel bars as a method of reducing the deterioration of
the properties of coil embedment. The use of insulated rebar is
expected to have the effect of reducing the effects of the rebar
itself, as well as eddy current losses and resonance misalignment
when high power is applied.

In Japan, asphalt pavements account for about 95 %, in the
US and EU about 80 %, and in Korea about 40 %, with
reinforced concrete pavements accounting for the remaining
percentage. Reinforced concrete pavements account for only a
small percentage in Japan. However, in Japan, rural trunk roads,
metropolitan expressways, bridges, and tunnels, which are
important for logistics, are reinforced concrete pavements, and
for practical use, it is essential to study not only embedding in
asphalt pavements, but also in reinforced concrete pavements.
Furthermore, compared to asphalt pavements, reinforced



concrete pavements have recently received renewed attention
due to their durability, water resistance, seismic resistance, and
lower maintenance and repair costs, and the percentage of
implementation is likely to increase in the future.

Therefore, this paper examines methods of reducing

characteristic deterioration and improving transmission
efficiency by using a testbody with insulated steel bars to

simulate embedment.

II. REINFOCED CONCRETE TESTBODY

The reinforced concrete test bodies used in this measurement
are shown below. The dimensions of the testbody created are
2000 x 1180 x 295 mm, with a box-cut portion 2000 x 980 x 120
mm on top of the testbody. The area where the coils of the
precast RC slab will be buried during the actual embedment is
the box removal area. The distance from the rebar to the bottom
of the box-cutter is 30 mm. In addition, two types of rebar were
made for the test body: normal rebar and insulated rebar.
Concrete blocks of 160 x 160 x 20 mm, 160 x 160 x 40 mm, and
160 x 160 x 60 mm were also made to simulate embedment. Fig.
1 shows a schematic drawing of the test body, and Fig. 2 shows
the actual test bodies and concrete blocks. Furthermore, a
schematic diagram of the experiment is shown in Fig. 3, and a
complete diagram of the practical application is shown in Fig. 4.
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Fig. 4. Completion diagram when put into practical use.

Fig. 5. Normal rebar (Right) and Insulated rebar (Left).

The rebar of the specimen created in this experiment is a

double-layered structure with a lattice of rebars as shown in Fig.
1.

The proposed method, insulated rebar, is achieved by
wrapping a double layer of soft vinyl chloride tape around the
intersection of the rebars. (Fig.5) Measurement with an



insulation tester (HIOKI 3118) confirmed that insulation was
achieved.

III. CONCRETE BLOCK BURIAL SIMULATION EXPERIMENT
A. Basic Measurements

The purpose of this experiment is to confirm the electrical
characteristics and transmission efficiency of the coil by
simulating the conditions of embedding the power transmission
coil in reinforced concrete pavement and measuring it.

The equipment used for the measurements was a vector
network analyzer (VNA: E5061B), a transmission coil, and a
receiving coil (Fig.6).

Table.1 below shows the parameters of the coils used. The
number of strands of Litz wire used was 10000, 0.05 mm in
strand diameter, and 38 A of allowable current.

The electrical characteristics (coil resistance R [Q],
[nH],
characteristics of the transmitting and receiving coils in the pre-

inductance L and @ value) and transmission

embedment were measured using a vector network analyzer
(VNA: E5061B). Fig.7 shows the measurement scene, and
Table.2 and Table.3 show the results of the VNA measurements.

Fig. 6. Measuring instruments.
(Left: VNA, Center: Transmission Coil, Right: Receiver
Coil.)

Table. 1. Each parameter of the coils
Transmission coil Receiver coil
Colil size 1300 X600 mm 580X 420 mm
1600 X750 X 35 800 X 550X 35
Coil holder size
mm mm
Number of turns 7 16
Line pitch 10.85 mm 10.85 mm
Wire diameter 5 mm 5 mm

Fig. 7. Measurements in the pre-embedment.

Table. 2. Electrical characteristics in the air

Frequency RI[Q] L[uH] | @Value
[kHz]
Transmission 85 0.056 129.4
coil
Receiver coil 85 0.054 148.1
Table. 3. Transmission characteristics in the air
Frequency Input voltage Q Transmission
[kHz] equivalent [V] Load [0] efficiency [%]
85 600 20 95.23

This value will be used to compare and discuss future
measurements. For the efficiency measurements, the values in
Table.2 were used. The input voltage was set to the 600 V
equivalent value and the load was set to maximize the
transmission efficiency in the pre-embedment. The resonant
frequency was adjusted with a resonant capacitor to 85 kHz
before embedment.

B. Measurement of Electrical Characteristics

The concrete blocks and transmission coils were stacked on
the test body shown in Fig. 2 to simulate burial in reinforced
concrete pavement; Fig. 8 shows a schematic diagram of the
measurements. Fig. 9 shows a view of the -electrical
characteristics measurements.

In Fig.8, The measurement of the five steps:
(i) x=80 mm, y=0 mm (i) x=60 mm, y=20 mm
(iii) x=40 mm, y=40 mm (iv) x=20 mm, y=60 mm
(v) x=0 mm, y=80 mm
was carried out on two types of test body, one with normal rebar

and the other with insulated rebar.
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Fig. 10. Electrical characteristic results.

Fig. 9 shows the measurement view of the electrical
characteristics, and Fig. 10 shows the measurement results of
the electrical characteristics at VNA.

Fig.10 shows that the resistance and Q values of the
testbodies before and after embedment were approximately
5.87 and 0.15 times higher, respectively, than those of the
conventional rebar, while the resistance and Q values of the
insulated rebar were approximately 4.32 and 0.22 times higher,
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respectively, than those of the conventional rebar, confirming

the deterioration of properties due to embedment. Furthermore,
by using the insulated rebar proposed in this paper, the
300 resistance was successfully reduced to about 0.57 times at y=0
250 mm and to about 0.74 times at y=80 mm, compared to the case
200 using conventional ordinary rebar. Furthermore, the Q value

150 was improved by approximately 50% at y=0 mm and by
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approximately 30% at y=80 mm, confirming the effectiveness

100 of using insulated steel bars in reducing deterioration of the
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mm (v) y=80 mm) fixed at x¥=40 mm and x=60 mm.
Fig. 12 shows the measurement scenery. Fig.13 shows the
transmission efficiency by VNA.

- Receiver coil

Fig. 11. Schematic of the measurement.
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Fig. 12. Status of transmission efficiency evaluation with
VNA.
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Fig. 13. Transmission efficiency results.

As shown in Fig. 13(a), a maximum transmission efficiency
of 93.2 % was obtained, and the transmission efficiency was
successfully increased by approximately 3.35 % by using
insulated steel bars. Comparing the case when =0 mm and
when y=80 mm, the transmission efficiency increased by
approximately 4.34 %, confirming that the transmission
efficiency can be increased by increasing the separation
distance from the rebar.

In (b), the transmission efficiency decreased by about 2.34 %
compared to (a) because the transmission distance increased by
20 mm, resulting in a maximum transmission efficiency of
90.9 %, and the transmission efficiency was successfully
increased by about 5.48 % by using insulated rebars.

In case (c), the transmission distance increased by 60 mm
compared to case (a), resulting in a decrease of about 3.77 %
and a maximum transmission efficiency of 89.5 %, and the
transmission efficiency was successfully increased by 6.77 %
by using insulated rebars.

Comparing (a), (b), and (c), the transmission efficiency was
highest for (a) with the smallest transmission distance of 170
mm. This result was obtained because the lowest ground
clearance of the vehicle body was not considered in this



measurement.

IV. CONCLUSION

In this paper, insulated rebar is proposed as a method to
reduce characteristic deterioration in coil embedment in
reinforced concrete pavement, and is verified by making
measurements on a reinforced concrete test body.

As a result, the use of insulated rebar successfully improved
the resistance by a factor of 0.74 and the Q-value by about 30 %.
Furthermore, a transmission efficiency of 93.2% was obtained
at a transmission distance of 170 mm, and the use of insulated
steel bars successfully increased the efficiency by 3.35%.

Future studies will include verification under conditions
similar to actual reinforced concrete pavement. In addition, the
effects of water, such as rain, and pavement strength will be
verified.
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