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On the other hand, if T, (0) is detected, a bit “0” is pushed into
the FIFO queue. It will be regarded as the start bit of an
emergency message. Then, the subsequent bits will be collected
sequentially and composed as an emergency message for
decode.
4) Receive a pack completely and check correctness of the data
(explained in Section III).
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operates, based on the ZVS, to transfer power such as those illustrated

in Figs. 4 to 7. Then Q2 works with pulse weight modulation to Fig. 16 System block diagram

transfer data (Figs. 11 and 13) of the normal or emergency messages

(Figs. 17 to 19). C. Emergency message

During power transmission, if there is over charging voltage or
current, the system can, with the highest priority, stop transfer
immediately through emergency communication.

To examine the practical concern of degradation of the power
transmission efficiency when data is simultaneously transmitted with
the AC power. Experiments have been conducted by considering
reduction of the duty cycle of @, from 94% to 89% to induce an extra

time delay A7 =3 s . The results are displayed in Figs. 17 to 19. Itis
seen that when the output power is settled to 300W, it can’t detect the
start bit at the primary side, because T, '(o) has out of the linear
operational region (Fig. 14). However, it is seen from Figs. 18 and19
that when the output power are settled to 400 to 700W, the primary

Fig. 15. Insignificant efficiency drop of the simultaneous wireless power ~ unit can decode data correctly.
and data transfer
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Referring to the system structure illustrated in Fig. 16, the = . o

secondary unit sends data along the following steps:
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1) Arrange the normal messages into a queue to prevent data [N N ¥ FI )C el ol ol il f :
congestion. The emergency message possesses the highest bAoA f\ A i I f O
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2) Pack data according to the protocol listed in Table 1. ' ' ‘

—

3) If data exists, it is then sent to the TX station according to the
clock (related to 7 ), one bit per clock.

4) If data is normal message or emergency message, then send a data
bit (for the normal message) or whole data set (for the emergency
message including data, checksum and stop segments). The data —b
bit synchronizes to the clock related to .

The working principles of the primary unit are

1) The primary unit works in a synchronous manner with clock

(related to 7 ) to pick up data at the shadow section. Fig. 17. Simultaneous wireless 300W and emergency message transfer
¢ at At =3us.

2) Data is sent through the gate, one bit per clock.
3) If all clocks detected are Tc(l)’ the controller places a bit “1” to

the FIFO queue. This will be referred as the start bit of the normal
message.
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Fig. 18. Simultaneous wireless 400W and emergency message transfer
at At =3us
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Fig. 19. Simultaneous wireless 700W and emergency message
transfer at Az =3us.
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IV. EXPERIMENTAL VERIFICATION
The primary unit is operated based on the ZVS method. Since the
operational frequency may change with the load R,, (J is tuned to
work under zero voltage switching to achieve lower switching loss
with higher efficiency. For instance, when the load RL changes or a

vertical shift of the gap between L, and Ls happens, it will cause a
change of the operational frequency between 19kHz and 24kHz.
Therefore, T.(1) in Figs. 4 to 7 is unlikely to be fixed. To tackle, we

apply a preamble pattern detection technique during data transmission,
which places a preamble period ahead of the data segment as
illustrated in Fig. 9. The following experiments are conducted to check
whether the data transmission quality still remains when there is a load
change or a shift between two power transmission pads. The circuit
parameters of the proposed IPT system are listed in Table II. Arefis set
to be A7 /2 in all experiments. The hardware construction and
testing scenario are shown in Figs. 20 and 21 respectively. The
primary and secondary units are equipped with an ARM Cortex-M0
CPU to handle human-computer interaction, power transmission and
information decoding. The operational frequency of CPU is 24MHz
which is enough to meet the current requirements.
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Fig. 20. The prototype power/data transmission modules

To evaluate the proposed method, performance of transmitting
power and data from the secondary side to the primary side is tested
extensively. The data transmission quality is measured by considering
the index defined as

pass count % (16)
- /0

Data trasmission quality =
total count

where the total count, as indicated in Table I, is 1000 normal messages
transmitted from the secondary unit, and pass count is the number of
the correct data packet received at the primary unit defined by

Checksum=(Data's) +1 (17)

If checksum is equal to Data2's +1, the data received is recognized as
correct.

TABLE |l. PARAMETERS OF THE IPT EXPERIMENTAL SYSTEM.

nominal frequency 22 kHz
Rated power 700W
Rate load 40Q
Primary inductance 70uH
Primary capacitance 0.35uF
Primary outer diameter 165mm
Primary windings 20 turns
Mutual inductance 26.1uH
Secondary inductance 69.4uH
Secondary capacitance 0.35uH
Secondary outer diameter 165mm
Secondary windings 20 turns
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Fig. 21. Test scenario of the wireless power/data transmission system
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Fig. 22 shows the results of data transmission quality. The index is
recorded by adjusting the gap between Ls and L, from -30mm to
+30mm. From the experimental results it is observed that an increase
of A7 yields effect on the index improvement. Furthermore, the
index can be maintained up to 85% when the air gap remains between
-10mm and +10mm and A 7 is kept in between 35 and Sus.
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Fig. 22. Quality of data transmission for the different lateral offsets

between Ls and Lp with the air gap fixed at 25mm

Fig. 23 presents the effect of power output on data transmission
quality. The system achieves an excellent performance when it
operates between 400 to 700W.
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Fig. 23. Quality of data transmission under different output power

Fig. 24 indicates that the optimal air gap between L, and Ls is
between 15mm and 25mm in this system. It is noted that the
experimental result was obtained based on the prototype of the current
design. The optimal air gap between transceiver and receiver changes
with the system.
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Fig. 24. Quality of data transmission under different gap between two
pads

V. CONCLUSION

This work proposes a prototype simultaneous wireless power/data
transfer for electric vehicle charging solutions. The proposed system
possesses the following advantages:

1) The design is practical. The controller at the primary side can
control and adjust the output current to achieve steady-state
compensation at the secondary side via wireless communication.

2) The proposed system improves the security during energy charge.
When an emergency contingency appears at the secondary side,
the system can inform the primary side with the highest priority
channel within 1/120 sec.

3) The contactless charging and discharging technology is to be
used for energy exchange between car batteries and apartment
complex’s energy storage tank (V2G and G2V). The excessive
energy stored in the vehicle battery could be transferred to the
apartment complex’s energy storage tank, and vice versa, via
contactless energy transfer technique. [31]

In addition to power transfer, data related to battery status, vehicle

status or ID code, etc can be simultaneously transferred between the

grid and vehicle in a compact scheme in real time. Experimental
verification has been successfully conducted to verify applicability of
the proposed design.
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