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DWPT (Dynamic WPT)

line type

- - - - - - -4

coil type

At glance, it looks like the line type has a big advantage for charging time and control, but...

advantages coil advantages

efficiency  lower leakage magnetic field

workability maintenance
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Open type coll

i i N itor
Open end coil for road side

No need of capacitor or ferrite NO ferrite

— low cost

Parameters of actual coil

Platesize : 1300 mm X 400 mm
Coil size + 1280 mm X 380 mm

Wire 3.5 mm?2 KIV wire s oS
Layer gap * 3.6 mMm Overview of the actual coil (Top view)
Wire pitch ¢ 1.6 mm
No. of turns ¢ 40.5 KV Vinyl chloride
Lead-in wire : 2000 mm —

Overview of the actual coil (Side view)



Open type coll
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Magnetic Resonant Coupling (MRC), 2007 ‘

10MHz

2m, 45-50%
(less 1m, over 90% )

Light-bulb

Very large air gap with high

efficiency surprised many
people.

André Kurs, Aristeidis Karalis, Robert Moffatt, J. D. Joannopoulos, Peter Fisher, Marin Soljacic,
“Wireless Power Transfer via Strongly Coupled Magnetic Resonances,” in Science Express on 7 June 2007, Vol. 317. no. 5834, pp. 83 — 86.



History of IPT, before 2007
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History of IPT, after 2007
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History of IPT, after 2007
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Comparison of N-N,N-S,S-N,S-S

(N: Non-resonant, S: Series)

Seamless transient from S-S to N-N
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Takehiro Imura, Yoichi Hori, “Superiority of Magnetic Resonant Coupling at Large Air Gap in Wireless Power Transfer”, 42nd Annual
Conference of the IEEE Industrial Electronics Society (2016).
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P2, received power [W]

N-N vs. S-S
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S-S < N-N
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Comparison of N-N,N-S,S-N and S-S: C, & C,
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K

=0.5 ‘ Comparison of N-N,N-S,S-N and S-S
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k=0.5 ‘ Comparison of N-N,N-S,S-N and S-S ‘
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Picked up at 4 conditions
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Takehiro Imura, Yoichi Hori, “Superiority of Magnetic Resonant Coupling at Large Air Gap in Wireless Power Transfer”, 42nd Annual
Conference of the IEEE Industrial Electronics Society (2016). 18



Overview of our system

CII &R

Open type coil

(capacitor-less and ferrite-less) { Mﬂ—; %—m ?
Sensorless detection (primary)

Power control by HAR (secondary) control A type
Maximum efficiency tracking (secondary) control B type

Slmqltaneous power and maximum control C type
efficiency tracking control (secondary)

Power off (primary)

Automatic driving using coil sensing
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Dynamic Wireless Power Transfer: DWPT

t=0,Detection

P >
e B e

DWPT, maximum efficiency control

=

t=180ms,OFF

It takes 0.18 sec (180 ms) to pass the 5m
transmitting coil when the vehicle speed is

100km/h.

The vehicle moves 27 mm in 1 ms at 100
km/h.

Quick detection and control is necessary. .




Dynamic Wireless Power Transfer: DWPT

t=0,Detection

=—
—

P~
T

T——5m —

DWPT, maximum efficiency control

—

t=180ms,OFF

It takes 0.18 sec (180 ms) to pass the 5m
transmitting coil when the vehicle speed is

100km/h.

The vehicle moves 27 mm in 1 ms at 100
km/h.

Quick detection and control is necessary.
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DWPT (Dynamic WPT)

Repeater

Total loss & EMC

S e n S O r Detection Detection Detection ﬁ Detection Detection

‘
Sensor
‘

Sensor failure

DC bus

Sensorless
passive

Total loss

Sensorless

Detection Detection Detection Detection Detection

Active
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Sensorless Transmitting ON/OFF Switching System

0 Idea of vehicle detection

Output impedance

I L,
Receiver LM AL
_ﬁT4| |FﬁT‘
Road C1 Ly —Ly| Lz =Ly C,
Tra nsmitter<:v_> <:v_> CP @ é @
s = — 4} Lin V2
Inverter Inverter Inverter o °
DC Voltage I | | - A MZA s
Source - | Wy
I DC Bus ‘ Primary coll Secondary  coil
High output impedance Low output impedance

Transmitting current I; changes depending on position of a receiver

[m] :[ R _MLm] [11] o Ro V1 +wo@Vz
V|~ |jwoLm  —Ray | |5k TR, Ry + w33

resonance

Daita Kobayashi,Katsuhiro Hata, Takehiro Imura,Hiroshi Fujimoto,Yoichi Hori, Sensorless Vehicle Detection Using Voltage Pulses in Dynamic Wireless Power
Transfer System, The 29th International Electric Vehicle Symposium and Exhibition, 2016 23



Sensorless Transmitting ON/OFF Switching System

O Searching voltage pulses

Envelope of the primary current is used to detect the approach of vehicles

A il ‘/Ilenv

Ilenv_th_on """"""""""" N S W I S
Distant receiver P 7\ /\
4 Tpulse \/ \/ g
V1 >< /

.

~

A

l

Searching pulse(resonant frequency) N Lions e !
CNVU_LN_ON [~~~ " " 7 7 i mmmrmroroosomm s oo oo m s

Close receiver
Narrow pulses to reduce standby power

Lienv th_on: Transmitting ON threshold

Transmitting start

Daita Kobayashi,Katsuhiro Hata, Takehiro Imura,Hiroshi Fujimoto,Yoichi Hori, Sensorless Vehicle Detection Using Voltage Pulses in Dynamic Wireless Power
Transfer System, The 29th International Electric Vehicle Symposium and Exhibition, 2016 24



Sensorless Transmitting ON/OFF Switching System

1. Bundles of searching voltages are applied in an interval Tgoq:cn
2. 1 I opny, eXCeedS Iy oy ¢n ons S€Arching is stopped and waits until the next period
3. Power transfer starts if 1, ,, does not exceed I ¢y, ¢n on fOr certain period

Via

Tsearch

A

i
1y Transfer start

Ilenv_th_on -------------------------------------------------------------------------------------------------------------------------------------------------
A Mnnnhv A Mﬂﬂmv I““Ih...w L
11 e H”U"" RN

Daita Kobayashi,Katsuhiro Hata, Takehiro Imura,Hiroshi Fujimoto,Yoichi Hori, Sensorless Vehicle Detection Using Voltage Pulses in Dynamic Wireless Power
Transfer System, The 29th International Electric Vehicle Symposium and Exhibition, 2016 25




Sensorless Transmitting ON/OFF Switching System

1.5 S HAR
AN “~ C A A
< 1 TN J ¢
\ el S v, v TG i
8 '\.\ ........ '
~ i [pE— v, =6V |
gosp N | vdczlzv | ,\RAZ,\ o JEI'E ﬁ} J
d
— | v, =18V - °
. ___short |} Secggi?ary Both OFF ) Rectification Mode
0 0.05 0.1 0.15
Coupling coefficient k Both ON Short Mode
Coupling coefficient and the peak value of
the primary current
_ RaVi+woLf Vs

(pulse duty : 0.1, primary voltage : 18 V)

YT RiRy + WELZ,

I, also depends on V,,

The proposed secondary circuit (Half active rectifier : HAR) turns on two

MOSFET and short the circuit (V, = 0) during standby mode (Short mode).
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Experiment

Transmitting side

Receiving side

Operating frequency : 100 kHz
DC/DC converter frequency : 10 kHz

DC voltage source :18 V
Battery voltage : 6 V

I
A 1 s ~
- Cl CZ
J i J ;
/ey " on3 gL ow| D T¢ M—ww
J i J - E
T L 1k
A~ —AAN—-
Inverter I I
18V — Envelope <% DSP — Envelope F2£2»DSP 6V
Tsearch Searching period 10 ms
L 417.1 uH 208.5 uH Tpuise Pulse width 0.5 us
6.03 nF 12.15nF Lienv th on  ON threshold current 300 mA
R 1.83 Q 1.28Q Lienv airf en  OFF threshold differentiated current  -4000 A/s
kogr OFF threshold coupling coefficient ~ 0.06
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Experiment

1/3 scale DWPT simulation setup

Secondary .
circuit S
\

inverter " =

Photo ~
sensor

Tsearch Searching period 10 ms
L 417.1 uH 208.5 uH T siise Pulse width 0.5 us
6.03 nF 12.15nF Lienv th on  ON threshold current 300 mA
R 1.83 Q 1.28Q Lienv aiff en  OFF threshold differentiated current  -4000 A/s
kogs OFF threshold coupling coefficient 0.06
Operating frequency : 100 kHz DC voltage source :18 V
DC/DC converter frequency : 10 kHz Battery voltage : 6 V

28



Experiment

.)))))))))»)))))))))))»)»))

; ; ;;'»:"
"i,“
. 20X 40 cm Transmitter
T
A AN

DC/DC converter Receiver and Transmitter

Daita Kobayashi,Katsuhiro Hata, Takehiro Imura,Hiroshi Fujimoto,Yoichi Hori, Sensorless Vehicle Detection Using Voltage Pulses in Dynamic Wireless Power
Transfer System, The 29th International Electric Vehicle Symposium and Exhibition, 2016 29



Experiment

Primary Inverter, DC/DC converter, Controller

Daita Kobayashi,Katsuhiro Hata, Takehiro Imura,Hiroshi Fujimoto,Yoichi Hori, Sensorless Vehicle Detection Using Voltage Pulses in Dynamic Wireless Power
Transfer System, The 29th International Electric Vehicle Symposium and Exhibition, 2016 30



Experiment

O Experimental movie

:primary voltage v, ——— . primary current i,




Experiment

O Experimental movie

:primary voltage v, —_—

. primary current i,
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Experiment

Search mode Transmitting mode

@ 200% _ J400ms 1361605 @B 132 2,45455kHz]| |[4.00ms 1361605 @132y

[4000s 1361600 |[@m <132 <10H J e [400us  I3RIGDUS[@ER 132V 2404GEkH]

‘primary voltage v, . primary current i,




Experiment

=10 Hz
J20:16:04

— ‘primary voltage v, . primary current iy

Power transfer automatically switches ON/OFF while 10 km/h driving

Daita Kobayashi,Katsuhiro Hata, Takehiro Imura,Hiroshi Fujimoto,Yoichi Hori, Sensorless Vehicle Detection Using Voltage Pulses in Dynamic Wireless Power
Transfer System, The 29th International Electric Vehicle Symposium and Exhibition, 2016 34
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Power was successfully transferred only when the two coils are close enough (k > 0.06).
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Coupling coefficient

Primary and secondary current

25 ;
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Power was successfully transferred only when the two coils are close enough (k > 0.06).
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Experiment

T I E 500 Jl2.00rms — 5.30000rs [ 000 A
' |

Search mode

Average power 7.228 mW

= - i 1 =

A g ||uT|||'| DA 0 {0 O g LA

m

i

-

Transmitting mode

Average power 10.02 W

Average power consumption in search mode is less than 1/1000 of transmitting mode

Daita Kobayashi,Katsuhiro Hata, Takehiro Imura,Hiroshi Fujimoto,Yoichi Hori, Sensorless Vehicle Detection Using Voltage Pulses in Dynamic Wireless Power

Transfer System, The 29th International Electric Vehicle Symposium and Exhibition, 2016
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Overview of our system

CII &R

Open type coil

(capacitor-less and ferrite-less) { mv—; %—«w ?

Power control by HAR (secondary) control A type
Maximum efficiency tracking (secondary) control B type

Slmqltaneous power and maximum control C type
efficiency tracking control (secondary)

Power off (primary)

Sensorless detection (primary)

Automatic driving using coil sensing
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HAR: half active rectifier

Power shut down, P,=0

secondary side voltage control

R N

— stability of secondary
Vil power control by secondary
—o efficiency control by secondary
L 2
Z2 — ((0 m) :. CX)
I
1,=0
P,=0

40



HAR: half active rectifier

Vhigh = Vdc* + AV
‘/low — Vdc* — AV

|| Rectification mode

P=anax>PL

1 1
i| Short mode |

| P=0<Pp |
1 1

o P Py
L n G h_“; . f:::) X IZ_’DC . ::: P=0, Lpc=0 [I::)
|_O_ A
£ % L Qg , 4
b Sl . My WS ¥
L2 V2< C__> % Ru Vz . [ EJ v V2 =0 E% v
- - de [_L_ de
Vs [T i
RS =F

rectification

mode

short
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secondary side voltage control

stability of secondary

power control by secondary

efficiency control by secondary a1



Overview of our system

=

Open type coil

(capacitor-less and ferrite-less)

5 g ?W?

Power control by HAR (secondary) control A type
Maximum efficiency tracking (secondary) control B type

Slmqltaneous power and maximum control C type
efficiency tracking control (secondary)

Power off (primary)

Sensorless detection (primary)

Automatic driving using coil sensing
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Maximum efficiency tracklng

Power source Transmit and Receive antenna Load

R,
There is a maximum-efficiency load Ry qx
on the circuit of magnetic resonance coupling

Equivalent circuit of magnetic resonant coupling

2
(WOkV Ll LQ) RL ! B e — Im=180 uH

BN R | | m=75.7 uH
(Rr + Rs) {RlRL+R1R2+ (WOkVLlLQ)Q}

Efficiency n =

o
@

— L_r_'n:36.4 uH

o
2}

Efficiency Ap

o
~

2
(wokv/L1Lz) 02
Ranaa: = R R
R]' 0 \‘:’;\:::::
10° 10’ 10° 10° 10° 10°

Secondary load RL (Ohm)

Relationship between load R, and efficiency n

Optimal Secondary side structure
» Controllable secondary side

Normally, secondary storage system determines secondary equivalent load

Need of controllable secondary side to change the secondary equivalent load t0 Ry ;max
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Maximum efficiency tracking

Maximum efficiency control with secondary DC/DC converter

A
J
— — nm
V2 * B Wy Battery
J guay or
Receiver Capacitor

Rectifier DC/DC
converter

Secondary DC/DC converter controls secondary equivalent load to R4, by controlling V;

Control to Vo pmax

o

nmax
2 4
. . . wokv/ L1 L 1 —
Maximum-efficiency Riymaz = \IRQ (u + Rg) N | T k=023
R,y / N | —k=0.05
load 08 A —k=0.01
KVL equation 306
. » /R wok VT L \
Maximum-efficiency voltage Vaymaz = R—2 0 Lt Vi 0.2
% L]
! \/R1Rz + (wok)? LiLa + VR R, N Cael \

10° 10" 10° 10° 10
Secondary voltage v,, (V)

4

Relationship between V, and efficiency n (V; = 100 V)

Proposed method
Real-time maximum efficiency control for dynamic wireless power transfer system
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Maximum efficiency tracking

V2 - RQ W[ﬁ:g/ Ll LQ Vl
nmax — R
VB /Ry Ry + (fBF LiLs + VR R

Need of information of coupling coefficient k to calculate Vaymax

However..

k is not directly measurable

* k estimation only with secondary (EVs’) information
no communication between sides

* Kk estimation online because k drastically changes in DWPT system.

Real-time k estimation from V,, I,

Daita Kobayashi, Takehiro Imura, Yoich Hori, Real-time Coupling Coefficient Estimation and Maximum Efficiency Control on Dynamic Wireless
Power Transfer Using Secondary DC-DC converter, 41st Annual Conference of the IEEE Industrial Electronics Society , pp. 4650-4655, 2015
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Maximum efficiency tracking

ldc d(t) : Duty ratio of upper switch

State space model of DC/DC converter

Sx(®) = AUO)IX® +Bu() Ve (1) = ex(t)
R d(t) 1 |
L L L _ | ® _| E
A a B = ;o1 c=[0 1]  x() {Vdc(t)} u(t) de(t)
C C

This non-linear model is linearized with a equilibrium point and a small signal model around the point

Daita Kobayashi, Takehiro Imura, Yoich Hori, Real-time Coupling Coefficient Estimation and Maximum Efficiency Control on Dynamic Wireless
Power Transfer Using Secondary DC-DC converter, 41st Annual Conference of the IEEE Industrial Electronics Society , pp. 4650-4655, 2015 46



Maximum efficiency tracking

At an equilibrium point, 0 = A(d(t))x(t) + Bu(t) (Vae, Lge, I, D : stady state values of v, ige, iz, d)
ED +RI l E+E2-4RV, I,
Voe=——=— I, =—= D=
D D N,

) ) . D at an equilibrium point (maximum efficiency control
1, 1s determined by WPT characteristics, a P ( y )

— i a)ok \ L1L2V5 B RlVdC E * JEZ - 4RVdC77maX IdC Vdc:Vdc ma
dc 7Z'2 Rle + (a)ok)z L1L2 D —
2Vdcn max

Small signal model
: N

%Ax(t) = AAAX(t) + ABAu(t) AV, (t) = ACAX(t)
R D Vv
T T N A (1)
M=l [ g R, ac=[o 1 aB=| § | Ax@®)= vy ] AU=AMO

\_ C 2% CRR, +(opk FLiL,) C Y.

Daita Kobayashi, Takehiro Imura, Yoich Hori, Real-time Coupling Coefficient Estimation and Maximum Efficiency Control on Dynamic Wireless
Power Transfer Using Secondary DC-DC converter, 41st Annual Conference of the IEEE Industrial Electronics Society , pp. 4650-4655, 2015 47




Maximum efficiency tracking

Vdc Coupling coefficient | k | Equilibrium point
estimation calculation

idc >

Maximum efficiency
Vg4 calculation

Vdermazx PD | Ad}+ | bpc/pc | Vac
> ——>0—>
+ 4 controller + converter

Block diagram of k estimation and maximum efficiency control

ﬁ Ad(s) = Avy.(s) ﬁ

Av,, b,s + by Designing a PID controller through pole placement
)
Ad  s° +a;s+a, K, Kps
Coip(s)=Kp+—+
S 1pS+1
1., 8 R, RI, +DV,,
a,=—1{D*+— by = ——b —do
° LC{ T RR, + (k)2 LlLZ} ° LC
L _R. 8 R, ol Tustin transformation & Implementation
1= T 5 W=~

\ L 72 CRiR, +(@pk P LiL, |

Daita Kobayashi, Takehiro Imura, Yoich Hori, Real-time Coupling Coefficient Estimation and Maximum Efficiency Control on Dynamic Wireless
Power Transfer Using Secondary DC-DC converter, 41st Annual Conference of the IEEE Industrial Electronics Society , pp. 4650-4655, 2015
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Maximum efficiency tracking

Experimenal SetUp 1/3 scale DWPT simulation setup

Secondary N

circuit <-

Battery PWM
inverter

L 417.1 uH 208.5 uH L 1000 uH
6.03 nF 12.15 nF C 1000 uF
R 1.83Q 1.28 Q R 020
Operating frequency : 100 kHz DC voltage source :18 V
DC/DC converter frequency : 10 kHz Battery voltage : 6 V
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Maximum efficiency tracking

Experimental setup

DD, »

DC/DC converter Receiver and Transmitter

Daita Kobayashi, Takehiro Imura, Yoich Hori, Real-time Coupling Coefficient Estimation and Maximum Efficiency Control on Dynamic Wireless
Power Transfer Using Secondary DC-DC converter, 41st Annual Conference of the IEEE Industrial Electronics Society , pp. 4650-4655, 2015 50



Maximum efficiency tracking

Experimental setup

DC-DC converter B

Primary Inverter, DC/DC converter, Controller

Daita Kobayashi, Takehiro Imura, Yoich Hori, Real-time Coupling Coefficient Estimation and Maximum Efficiency Control on Dynamic Wireless
Power Transfer Using Secondary DC-DC converter, 41st Annual Conference of the IEEE Industrial Electronics Society , pp. 4650-4655, 2015
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Maximum efficiency tracking

Experimental movig

|

20 km/h

Daita Kobayashi, Takehiro Imura, Yoich Hori, Real-time Coupling Coefficient Estimation and Maximum Efficiency Control on Dynamic Wireless
Power Transfer Using Secondary DC-DC converter, 41st Annual Conference of the IEEE Industrial Electronics Society , pp. 4650-4655, 2015




Maximum efficiency tracking

« Simulation « EXxperiment
0.14

0.14 0.12 /;Q‘"\\
012 T 0.1 \
0.1 \
/ \ 0.08
0.08 / \ ~ /
0.06 0.06

|7 Y ]
o.oat 0.04 A | actual k
0.02 I/'l ----- actualk || R w/o RLS |
' 7 — estimated k 0.02 7 —w/ RLS
- } [ * L ./’ N\ A
% 0.2 0.4 0.6 o= : | s
Position (m) 0 0.2 0.4 0.6
Transfer Position (m) Transfer
Start End
* No estimation delay the static k estimation equation is applicable

* RLS filter has obvious effect

Daita Kobayashi, Takehiro Imura, Yoich Hori, Real-time Coupling Coefficient Estimation and Maximum Efficiency Control on Dynamic Wireless
Power Transfer Using Secondary DC-DC converter, 41st Annual Conference of the IEEE Industrial Electronics Society , pp. 4650-4655, 2015
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Maximum efficiency tracking

Simulation
! 15
0.8 o
A <10
206 b
g . d o
2 S \ A
304 e R e l/\/\
5 r
o2t T wlocontrol| [ b Van max
’ —w/contro! || i |- w/o control
1' 1 —w/ control
00z o004 o005 o008 o1 % o0z o002 006 008 o1
Time (S) Time (S)
L Experiment
15
A <10
206 S
[ (NS ] | |
----- w/o control T Y denmax
0.2 —w/control [t T w/o control
—w/ control
00 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04_ 0.06 0.08 0.1
Time (s) Time (s)
Upper switch duty ratio d(t) Secondary voltage v,

Response can be improved by adjustment of DC-link capacitor and the feedback controller gain

Daita Kobayashi, Takehiro Imura, Yoich Hori, Real-time Coupling Coefficient Estimation and Maximum Efficiency Control on Dynamic Wireless
Power Transfer Using Secondary DC-DC converter, 41st Annual Conference of the IEEE Industrial Electronics Society , pp. 4650-4655, 2015 54



Maximum efficiency tracking
Experimental Result: DC to DC efficiency

« Simulation « EXxperiment
0.8
0.8 0.7 -
0.7 / ---------- .\ O 6 : ﬁ*MMMﬁﬁHa#’ii‘l |
(/" T T \\ > \ /"
0.6 & 9 Y
§ ; % 0.5
205 = .
g i ol
T 0.4 LI H
______ w/o control M -----w/o control
03 ——wicontrol | | 0.3 —w/ control
0.2 il
0 002 004 006 008 01 0.2
Time (s) 0 0.02 0.04 0.06 0.08 0.1

Time (s)

« DC to DC efficiency has improved by 10% at 20 km/h

The proposed real-time control is sufficiently applicable to dynamic wireless power transfer system.

Daita Kobayashi, Takehiro Imura, Yoich Hori, Real-time Coupling Coefficient Estimation and Maximum Efficiency Control on Dynamic Wireless
Power Transfer Using Secondary DC-DC converter, 41st Annual Conference of the IEEE Industrial Electronics Society , pp. 4650-4655, 2015 55



Overview of our system

CII &R

(capacitor-less and ferrite-less)

5 g ?W?
Maximum efficiency tracking (secondary)
eficiency tracking control(secondary)

Power off (primary)

Automatic driving using coil sensing
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Simultaneous power and maximum efficiency tracking control ‘

1 Operation point: Only secondary control
Power 25% short ot — 7! /‘ Operation point with efficiency

== = Power (25% short mode) [T 77
control only by secondary

« = Power (50% short mode) T"

Power (75% short mode)
w— Transmitting efficiency | : s

12} 408 .
Power Is FIXED
S . ~ Typical solution needs V1
E. % control for power
: 2 \ (pri '
z 2 primary side) /
= 6 - 10.4 E -
Power
: control
3 Wi ] HH
Efficieney 1] Operation range with proposed
control || NG
T control
. d =T T e . « maximum efficiency
10° 10" 107 * power
Load impedance [{2] ‘
It was impossible to control power and efficiency Power is VARIABLE

simultaneously only secondary side.



Simultaneous power and maximum efficiency tracking control

O Reference circuit: WPT with SS compensation
Primary side <== : mm) Secondary side

Py Z P, : Py R,

2 T N
| Iy i | Gy Ry Ly-Ly Lz-Lyy Rz Gy :I I
= e i .: -
I i I h I
| I | I1 ‘;2 Iy 1
[ Jh. Jt 1 | "op i
I = — I 1 :| L

: I I Lm % ': :
| Vo IR V2 S
! J — J - [ I =| g1
, - M S h "1
| — =l I

I I I I 1
I : [ :J I
| | I 1
i 1 I h i
- —— Power source F---- ' '~ |Primary and secondary coils [ - - DC/DC Converter 7~ | Battery |

Power control (HAR) Efficiency control

short mode

Controlled average power |s h|Ie efficiency controlled by the
DC link voltage é The half active rectifier (HAR) is used for

power control and buck converter is used for efficiency control.



‘ Simultaneous power and maximum efficiency tracking control ‘

~— Small power —~— Large power —
Concept Only secondary control
2 V
. Poc

5
T Vzm H H " H
S e e s H——+—+— ! PL
ower Shortable DC/DC Battery
nverter nsmitter Receiver rectifier DClink  converter (load)

TN |_O_ Ve
I 1 I C
Vi _|; , L: A CD—L—> JEI'} — v

Ik
R 00—
L
Ran{ RLop! - - -
e IV sl Typical Only efficiency or power control
—Efficiency P2 o )
Poc p 100 3000 Here, only efficiency is
ret T hr : I IIIIIII so ” I é 40 iggg o pOWGI’ can not be
mode CHe -. g D 20 500 controlled.
efficiency J g 1 Fixed power g
max meax 1 10 100 1000
111T1115IIIIIITIIII7.[ p
Proposal
f’ L TL . —Efficiency =P2 —Efficiency e==P
""""""""""" 100 . 3000 100 : 1000
y v < 80 2500 ¥ 80 ' 800
v /i 2 ; 2000 5 5 / "\ =
nnnannnn., g | 1500 = 2 % N | 2
tE 40 ' 1000 & 8 40 Power 400 o
JUUUUUUuuut € V/ 2 Control
83} 20 | 500 m 20 / 200
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59



 Experimental results: secondary power

Efficiency only control Proposed control (efficiency & power)
, (diode bridge + DC/DC) " (HAR + DC/DC)
' ' ' — Py(inst.)
10} F——— 10} — Py(avg)
Ppo(inst.)
3k g} — Ppc(avg.)
= " = = Reference
zf') 6 ; 6 '1|||||||||p| 'lm"'f ||| |||I||II|IFII||”I] IWI il
: 2 AR
= 4} 4
1! —P, 2
— Ppc
0 : : : 0 : . .
0.1 -0.05 0 0.05 0.1 -0.1 -0.05 0 0.05 0.1
Time [s] Time [s]
Power cannot be controlled due to diode Average power controlled,
bridge, max efficiency condition robustness to power step

Giorgio Lovison, Takehiro Imura, Yoichi Hori, Secondary-side-only Simultaneous Power and Efficiency Control by Online Mutual Inductance
Estimation for Dynamic Wireless Power Transfer, 42nd Annual Conference of the IEEE Industrial Electronics Society , pp. 4553-4558, 2016



1 Experimental results: DC-to-DC efficiency

Efficiency only control Proposed control (efficiency & power)
(diode bridge + DC/DC) (HAR + DC/DC)
1 . . . ] e :
| - E 0.8 k
> IR AR by > I
£ o6l
EILEJ 0.6 &E .
© ®
= 04} = 04
3 2
@ @
;02 A 02 npc (inst.)
—npc(avg.)
0 : : : 0 . : :
-0.1 -0.05 0 0.05 0.1 -0.1 -0.05 0 0.05 0.1
Time [s] Time [s]
Max efficiency condition Average efficiency 4% lower than max,

unchanged with power step

Giorgio Lovison, Takehiro Imura, Yoichi Hori, Secondary-side-only Simultaneous Power and Efficiency Control by Online Mutual Inductance
Estimation for Dynamic Wireless Power Transfer, 42nd Annual Conference of the IEEE Industrial Electronics Society , pp. 4553-4558, 2016



Overview of our system

=

Open type coil

(capacitor-less and ferrite-less)

5 g ?W?

Power control by HAR (secondary) control A type
Maximum efficiency tracking (secondary) control B type

Slmqltaneous power and maximum control C type
efficiency tracking control (secondary)

Power off (primary)

Sensorless detection (primary)

Automatic driving using coil sensing
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Automatic driving using coil sensing

T : Lane Following Control

Sp'aed

o 1 2 3 4 5 8 74 8 9 10 al

Time (s)
S 4 Voltage
>
&2
£
£ 1
o
0 1 2 3 4 5 5 7 8 9 10 11
Time (s)
0.05

S

-

eering angle

Seerngz g e,s (ad
=]
]

i 1 2 3 4 5 5 o 8 8 10 "
Time (s)
= 92 "
= Lateral displacement i
Z o1 —
2
5
g
g
b
2
5

Time (3)

Master thesis: Pakorn SUKPRASERT |, " Estimation and Control of Lateral Displacement of Electric Vehicle Using Wireless Power ransfer

Information”, 2015.3
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Real vehicle

04



Our first iIn-motion system using real vehicle

CII &R

(capacitor-less and ferrite-less)

{W? )
Maximum efficiency tracking (secondary)
eficiency tracking conrol(secondary)

Power off (primary)

Automatic driving using coil sensing

- —
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Our first iIn-motion system using real vehicle

o

Open type caoil

(capacitor-less and ferrite-less) N o

v({ Lt L )Vz
it
Sensorless detection (primary)

Power control by HAR (secondary) control A type
Maximum efficiency tracking (secondary) control B type

Slr_nqltaneous power and maximum control C type
efficiency tracking control (secondary)

Power off (primary)

Automatic driving using coil sensing
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In-motion charging

Wireless in-wheel moter project
The University of Tokyo
Toyodenki Seizo K.K.
NSK Ltd.

T.Takeuchi, T.Imura, H.Fujimoto and Y.Hori, “Power Management on Wireless In-Wheel Motor with Dynamic Wireless Power
Transfer”, EVS30, 2017




OEfficiency measurement

Road to Wheel power transmission

Road-side input power is 8.2 kW
Input power of IWM is 7.2 kW

Total efficiency (including loss of converters)

reached 90.24 % Road to
wheel coil

—J4K

Power
converter

D-WPT

|F
>

)
System
m—— Power

PN =— converter

supply

j\} 8.2 KW

Total efficiency is 90.24 %

Road-side
coil

T.Takeuchi, T.Imura, H.Fujimoto and Y.Hori, “Power Management on Wireless In-Wheel Motor with Dynamic Wireless Power

Transfer”, EVS30, 2017



Conclusion

In-motion charging project at our laboratory is shown.

We use S-S topology and sensorless detection
technology.

HAR is important to control power at secondary.
Low cost open end coll is one option for our system.

Simultaneous power and efficiency control is another
option.




