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1.1. Background

Wireless Power Transfer (WPT) to EV applications

B Freguent charging and Dynamic charging are acceptable.
B The mileage per charge of EV's can be extended.

B Thesizeof the energy storage system can be reduced.

Ifl> EV becomes cheaper and more useful !

Nissan “LEAF”

(from Nissan HP)

["British Highway Will Recharge Your Batteries as You Drive”, IEEE SPECTRUM, 14 Aug 2015
http://spectrum.ieee.org/cars-that-think/transportation/advanced-cars/british-highwaywill-recharge-your-batteries-as-you-drive]
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1.2. Dynamic charging for EVs

A dynamic WPT system can provide electricity to moving EVs.

Challenges

» Stable supply of energy

Moving car

» Highly efficient mid-range transmission @
> Simplification of ground facilities E3 E3 EESTETES

4 N
When being applied to rugged roadways over long distances,

It 1s important to simplify ground facilities as much as possible.
. =) Controlsshould be achieved on the vehicle side

/
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1.3. Vehicle-side control for DWPT

Previous research: Efficiency and Power control on the vehicle side (Static WPT)
|G. Lovison et al., IECON(2015), K. Hata et al., APEC(2016)]

Ifl> Apply to Dynamic WPT system (Real-time estimation and control)

Ground facility / \ / \
Receiver AC-DC DC-DC % 3? PWM
converter converter — inverter
T converter
|
U ——
— Battery \ /
\ / Motor drive
\ / fransmitter — Electric vehicle 4
Power source w - X

communication Vehicle-side control with power converters
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1.4. Results of proposed control method

Real-time vehicle-side power control and efficiency maximization

Experimental setup w/0 control

Uncontrollable

' |
k. —
0.8 << 1.
: 62% E
Eus' i a— 5 1 |
S ref
P ® \—_-/
204 o 0

2o. 505

a MY I_J
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0 0.04 008 012  0.16 0 0.04 008 012  0.16

s _: e — — ~ &
: S 1. — e i;"’-‘:; rl‘
‘ )~ — w/ control

crcuit [ ; P~ A Controllable
- Hy - E 0.6 T HHL 5 '
sensor viedd! | S ' ' " ﬂ_ 5 T Iref
2 0.4 0
Q ol | —~
0.2 I d-lr 0
0 0.04 0.08 0.12 0.16 0 0.04 0.08 0.12 0.16
Time [s] Time [s]
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2.1. Road-side system (Ground facilities)

e -

Recelver

DC bus system

Road

&

Transmitter < — > < il . > < 1 >

>

Inverter Inverter Inverter
DC Bus

l l l

DC Voltage Source

v Simple structure reduces cost and maintenance work.
v' High power transfer ispossiblewith one inverter for each transmitter.

v DChussystem has less EMI than high-frequency AC bus system.
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y) Vehicle-side system

Vehicle-side control with power converters

P ) V,| |J5 % | = |[Ug%| | = |J8g%F M

Power control for battery charging and motor drive

~

Power converters

» &
AC-DC DC-DC \ 3-phase inverter /
converter converter Motor drive

V, control for efficiency maximization
by Half Active Rectifier (HAR)
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2.3. Circuit configuration on the vehicle

Circuit configuration (Motor drive system is neglected.)

b _> Power control

Recerver 4 ®

m 'y
1o
/= =6

Half Active Rectifier DC-DC converter Battery

Half Active Rectifier (HAR):
Hysteresis control

DC-DC converter:
Model-based FF and FB control

Half Active Rectifier controlsV,. (V,) for efficiency maximization
by rectifying and cutting-off the transmitting power P.
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3.1. Half Active Rectifier (HAR)

/p@ I, %\ Rectification mode
v T 7 * Diode rectifier circuit
o |
o e Turning OFF lower arm MOSFETs
ReR
e » Transmitting power P flows into the DC link.
K[a) RECtlﬁCEL\tIDH mode j
g
g Poo. I -0 Pg\ Short mode
veo T 1  Short circult
O—9 Vdﬂ' |
“ [ Ca e Turning ON lower arm MOSFETs
=% 5%
—e e * Transmitting power P Is cut-off.
K (b) Short mode j
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3.2. Efficiency maximization by HAR

[Kato, Imura, Hori, EVS27 (2013)]

Reference voltage for efficiency maximization

Vs

R woLim . o
Vrc max —
der \V i T (ool - VT l:) Maximum efficiency

DC link voltage control by Half Active Rectifier

(Rectification mode) If Pislarger than P,V . ISIncreased.

- V. 1s controllable.
(Short mode) P, issupplied by the DC link. V. IS decreased. Ij'> gc 1S CONIO able

O

¢ .
\ (a) Rectification mode /

o

(b) Short mode

L O

J

3C - Cutting the Cord: Wireless Charging Technology

P i L L | Rectification mode |,| Short mode |,
dc |:> P= 0, Idr = |:> I I I
E> L > o O ® ® O | P=quax>PL | P=0<PL |
A M V.. ! | !
high | | |
T Vdr: L Vd-‘l' L
O 9 Cdr O ® Cdc T
SENEE % =%

Horl - Fujimoto Laboratory, The University of Tokyo
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3.3. Power control by DC-DC converter

Power control

Model-based controller design re g
Recelver * y
-V Iscontrolled by Half Active Rectifier. m %
. . . Vdc
- The DC-DC converter model isssmplified. LR e,
. Feedforward and Feedback controllers are designed V" * =
b ased on the DC-DC converter mOdEI - Half Active Re::t'ﬁq DC-DC converter Battery /
% FF controller i . Qj
dcymax
RN Equilibrium point Slmp“ﬂed P;
—> calculation ::> = }— S, ::)
: N _ d(t) L L r
I Ad + I % — I AANA—
¢ +>R > Cpr(2) +}G > DC-DC converter  — derymax
" FB controller | < _{ Y — E
L
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4.1. Real-time estimation for DWPT

DC bus system
Magnetic coupling changes accor ding to vehicle motion.
Magnetic @ =

| Receiver Reference voltage for efficiency maximization
coupling f

Road [Kato, Imura, Hori, EVS27 (2013)]
ranemiter > ] > [ > - D)
Vdcnma}{ — . Vs

Inverter Inverter Inverter DC Bus R4 \/Rl Ry + @UQ + v/ R1R>
=» Mutual inductance hasto be estimated !

DC Voltage Source

Efficlency maximization

g ; f I’mem\ FF controller Power control\
Vdf-' —> Mutual inductance m Vdmtl > Equﬂlbrlum point
I, — estimation calculhtion —> calculation
\_ D
. Ad |7 i
_ L —>0—>1 Cpr(9) >0—>| DC-DC converter —
& Block diagram 1 +
y FB controller
of proposed control

\_ /
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4.2. Mutual iInductance estimation

Whole topology of the DWPT system P .
dc utual inductance | ™ deymax >| Equilibrium point
I — estimation calculation calculation
D
Pi“ > /11 G R, j R, ¢ Iz\ F :> " - g Ad |t i
t T} I I W\/_ _/\'/v\’ I I _,a\} — A ¢ PL I ey Cpr () +>>\§ > DC-DC converter >
FB controller
J,i} e % = % C> Jli} s, =
d i
® é ’ Vi L % r
Ve — V, L L V, — Y Y Y AAA— :
’ ? 1 g 2 ¢ Ca Operating angular frequency
J'T}J:}L J'?}LJ-;}L J'?}SZ — E 1 1
wo — f — !
° ® ® ® V Ll Cl \V LQCQ
Power source \ Transmitter and receiver j—[alf Active Rectifier DC-DC converter Battery
Equivalent circuit /
C C " " " WOL'ﬂlvl - R VQ
' R, L.L, LyL, R, © From circult equations, <
oAy Ueq Rl + (L)
V . = n u -
1 (o) fixed and given Ly @) k. Estimation equation i Vit VEAREL (Ve + )
[Kobayashi, Imura, Hori, WoW (2015)] e 2 I>wp
Dower source Transmitter and Receiver Load * Recursive Least Square (RLS) filter is used for noise reduction.

3C - Cutting the Cord: Wireless Charging Technology Horl - Fujimoto Laboratory, The University of Tokyo 17 /30



4.3. Efficiency maximization by HAR

[ f} \ FF controller
dcymax

quilibrium point
calculation

L,

Reference voltage for efficiency maximization N v s A
[Kato, Imura, Hori, EVS27 (2013)] lie = estimation calculation

>~
-
>~
-

]-/r RQ 'f-"'-’TUL m ]-/;r . ff . . i N Cpr (s) Ad+>>~3 ' > DC-DC converter i
deqmax = \/ 1o Tl (ol VInls E:> Maximum efficiency

DC link voltage control with hysteresis comparator  [Gunji, Imura, Fujimoto, ICM (2015)]

V

The upper bound V,, ., and the lower bound V,,,, are defined Viieh = Ve + AV .
PP high low Ifl> mieh 7 T d Hysteresis control

using the reference voltage V,. and the hysteresis band AV. View = Vi — AV

/P ; P, \ / P, \ t
= S Ve > Vhign o0 lu=b B

A A Vii
> high

Short mode
P=0<pP

Rectification mode
P= quax > PL

>
p
p|
p|
A

L Y

CI—)'
|_ T
ENEN
O A

]

| |
G I

L
o <
]

| |
LN
2 “ %
/
|

|

|
_____I

L e sy

2% (VI0W>Vdc L : :/
\ (a) Rectiﬁca::iml m{;de G/ K (b) Shﬂr‘: 111-:1:d+e:"I ) / T ? T >/
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= 44.P | by DC-DC
. . K / f}dcmax FF controller \
Simplified DC-DC converter model Ve | Mutwal inductance] & | vl [ Eequilibrium point
Iy — estimation calculafion calculation
P lcul lcul @ |
1 L i n Cpr (5) Ad+>>.§ > DC-DC converter i >
> 9% S ::> State space averaging model " B controller {
. Designed by Pole placement
d(1) L &t vy doo w1 d) \_ /
v — Y AAA— gpit () = —pielt) = pE+ =7 Vaenmax
dcenymax
e Linearized transfer function model (transient)
ko A S, — E
_ o ﬁLL (5) - Vdcnma}{ st
. AP;i(s) = Ad(s) ~ Ls+r 15t order system — PI controller
Equilibrium point (steady state) < Pl controller gainsare designed by pole placement.
=L’ ; 2Lwe — 7 Lw.’
I, =ir, Reference current Cpi(s) = sikp + K1 oo Vﬂv ; K= w
5 denmax denmax
b+ rig” o .
D= Vdenma FF controller * FB controller isdiscretized by Tustin transform
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# Receiver =

Secondary &%
circuit =@

i

b

Photo
sensor

200 mm X 200 mm Receiver |

200 mm X 400 mm Transmitter

Transmitter Receiver
Resistance R1. R9 1.95 Q) 1.60
Inductance L1, Lo 417.1 nH 210.6 ;tH
Parameter Value Parameter Value Capacitance (. Cs 6030 pE 12110 pF
Power source voltage Vg 18V Battery voltage & 6V Resonant frequency f1. fo | 100.4 kHz 99 7 kHz7
Operating frequency fo | 100 kHz Reactor resistance r 0.3 €} Coil gap 100 mm
Hysteresis band AV 0.5V Reactor inductance L. | 1000 H Mutual inductance L,, 36.3 1H (no misalignment)
Carrier frequency f. 20 kHz || DC link capacitance C'y. | 2000 pF Coupling coefficient k 0.122 (no misalignment)
3C - Cutting the Cord: Wireless Charging Technology Horl - Fujimoto Laboratory, The University of Tokyo
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5.1. Experimental setup (2/2)

— - —_—

| q - ———
YU 4

\RY —~ 3 ad

DSP, Sensor,etc..

W 0 — i
é‘ F‘»}ﬂ"\\ l 7 .,;"_..,' .
e W .

;;'."' \ '

- W’ .
’ ‘i«u . N <
¢ N 15 Ul

B o ks Sy .

« ' - ; =5 -~ ') v

‘\ -
WA ..

Half Active Rectifier
e | .-\.;'.‘ﬁ _1) \ =

g 8 3V -3

PWM o
inverter | %

LV
!d - - -

Parameter Value Parameter Value Ve s Mool imdoctanca | L Ve V"”’“‘“Z Eq;;;;::im
Power source voltage Vg 18V Battery voltage £ 6V lie =] estimation calculation calculation D
Operating frequency fo | 100 kHz Reactor resistance r 0.3 Q2 4d Lt i
Hysteresis band AV 0.5V Reactor inductance L | 1000 pH W4 Cri(s) [ _>©—>| DC-DC converte >
Carrier frequency f. 20 kHz | DC link capacitance C'y. | 2000 i F - FB controller
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.
.



1\ = | J/
5.2. Experimental movie

1/3 scale DWPT simulation setup (10km/h)

/]
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5.3. Mutual inductance estimation

Estimation equation of mutual inductance ", , i Vacqmes T ML
de —>| Mutual inductance | ™ Vdeymax 2| Equilibrium point
[Kobayashi, Imura, Hori, WoW (2015)] lie =] estimation calculation calculation b
. J
Aad T iy
R Vl -+ V2 _ 4}?6 IQ § :i $| RE IQ > i Cpr () >0—> DC-DC converter >
L'ﬂl — \/ 1 ) — \/) VZ and |2 are Cal CUIated from VdC and IdC' * " FB controller ¥ [
21 22U
Simulation Experiment
/ w/o control w/ control \ / w/o control w/ control \
60 : ' 60 ' 60 ‘-*- actual Lm I 60 =+ = actual Lm

E _--ac:alil:.d ) E ::::::tl::j . E —es[imlated Lm E —estimlated Lm\

_E 50} — _E 50t S f E

° o v 40 v 40

E 40— E 40 S g

-é -g | E 20 E 20

§ 30 | | E 30/ - 3 3

= 20}/ A M R = 2 N ® o " o

0 002 004 006 008 0.1 0 002 004 006 008 01 0 0.04 008 012  0.16

K Time [s] Time [s] / \ Time [s]

* (w/ control) ﬁm was updated only during the rectification mode of HAR.

* Notimedelay on the estimation lfl> The proposed estimation isworking.
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5.4. DC link voltage control

Reference voltage for efficiency maximization ) | i s
de —> Mutual inductancg | ™ Vdeymax 2| Equilibrium point
[Kato, Imura, Hori, EVS27 (2013)] . | I —>|  cstimation caloulation | —>| | _caleulation N
L, Is used for the calculation. ) |
]./T RQ w ]_/T $ I\/I . m m f f . . n I N Cp; () Ad+>>\§ > DC-DC converter ! >
d — S - controller
crnmax '\;‘ Rl \/Rlﬁg n (w Lm 5 i \/R1R2 aX| U e |C|e Cy FB Il {
Simulation Experiment
/ w/0 control w/ control \ / w/0 control w/ control \
w{ - i —actualV,, N 22 etimated vden ’
E ------------- E 16 - . -estimated "'.-"d nmax E 16 —ff?j.lgma ) e E 16 :ffsdtimamd veenmex
:::»-1Eﬂ e >® — = \r=T T T TR, - = L~
v R L - o 12 [ .- 212 i - 1
g gl s £ | \ £ | .
SN S 14} > 8 y R )
< b 1| [—-actualVv d;nm = = _!| _— = , L‘
g ——==&stimated "'.-"dt g 13F E 4 | H 4 :
— |
K U 1|IIIIIIl:lv:. 120 i { ! ! D U I

0 002 004 006 008 0.1 002 004 006 008 0.1 0 004 008 012  0.16 0 004 008 012  0.16
Time [s] Time [s] Time [s] Time [s]

* (w/ocontrol) V. depends on the battery voltage and the charging current.

 (w/control) V. can be controlled around V using Half Active Rectifier.
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5.5. Efficiency maximization

Reference voltage for efficiency maximization

[Kato, Imura, Hori, EVS27 (2013)]

o \/172 <
denmax — R \/R1R2 + (wdLm)? + v/ R1Rs

Simulation (AC to AC)

~

~

w/0 control w/ control
1 1
= Vb =
08 S 0.8 .
S o
o ]
£ 0.6 E 0.60f——ftrt i -
[1b] 1]
o2 o
e 0.4 £ 0.4
: :
£ 0.2 —n_ T g 02
= : : : — 1 - - '
0 ; L ' I 0 i |
0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06

0 0.08 0.1
K Time [s] Time [s] /

r

Vdc —

Idc —>

Mutual inductancg

estimation

L,

L. is used for the calculation.

~

et

deymax
Viey
calculation

AN
Vdcqmax

FF controller

VvV VY

Equilibrium point

calculation

Vs Ii) Maximum efficiency

i

+

Ad

3

D
+

Cpr ()

B FB controller

+

~,
-

DC-DC converter

w/o control

DC to DC efficiency ng.
o o
n oo

2
=

0.08

Time [s]

0.12

62%

0.16

DC to DC efficiency ng.

Experiment (DC to DC)
w/ control

l\

* (w/ocontrol) 7., Cannot be achieved because V. IS not optimized.

* (w/ control)
3C - Cutting the Cord: Wireless Charging Technology

n can be maximized by V. control using Half Active Rectifier.
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Reference current and FB controller design

» Referencecurrenti,” wassetto 1 A.

* Closed loop poles w were placed at -2000 rad/s or -1000 rad/s.

-~

Load current IL [A]

-~

M~

-
an

Q@

o
on
I

Uncontrollable

_\

o

o

| | | |
002 004 006 008 0.1

Time [s]

Simulation (w4 =-2000 rad/s)
w/o control

Load current IL [A]

~

w/ control
2 H H
15— Controllable —
05} ' ' '
DU U.[iJE U.fiLM D.fil‘.'ﬁ 0

Time [s]

i
08 ['.H/

5.6. Power control (Charging current control)

A
/ Vdcqmax

-~

FF controller

~

« (w/ control) Thedesired charging current can be achieved by the proposed control

» Feedback control of DC/DC converter will improve the response speed.
3C - Cutting the Cord: Wireless Charging Technology

Vae —>| Mutual inductance i"” Vdc,,iax > Equilibrium point
I — estimation calculdqtion calculation
D
. 4d " LN
I ey Cpr(s) 2o DC-DC converter >
FB controller
Experiment (e, =-1000 rad/s)
w/o control w/ control \
2 : . , 2
| Uncontrollable | Controllable
<15 <15
12 10 -
E 0.5 E 0.5
0 0 |
0 0.04 0.08 0.12 0.16 0 0.04 0.08 0.12 0.16
\ Time [s] Time [s] /
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6. Conclusion

Summary

» Power control and efficiency maximization snould be
achieved on the vehicle side In dynamic charging.

* Real-time estimation and control were proposed.

* The effectiveness of the proposed method was verified
by the ssmulations and the experiments.

Controllable

Future work E l (7750 : “
» Experimental verification of the proposed method -_.'Q’H h“ : ’
using thetrial unit on the experimental vehicle & # '

0 0.04 0.08 0.1 0.16 0 0.04 0.08 0.12 0.16
Time [s] Time [s]
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Appendix: Circuit analysis

Whole topology of the DWPT system

/ \ Ranax RLPmax
Pin > I, i R, L R, C2 I P _> Iy
— > — — 1 10
! 0 VWY VY i\ ! AT Py B [T I
" — - - - -~ =08 | — - P(VI=100V)|| g
J,;}L Man i A A ?J,;}L \Y | = : Gl N — - evisoow|  E
. | v L i S o | AL B L NG T 6 %
VS o ® Vl Ll 3 g LZ Vz ® Cdc T .m_/\/\/\li E‘u 0.4 Vil %
£o. £
=% 5% =g =g - =f W —E  E |l Ll RN , &
. ® ® ® 0 0
. : : : 1 10 100 000 10000 100000
Power source \ Transmitter and receiver j—[alf Active Rectifier DC-DC converter Battery o resistanCJHL a
Equivalent circult
c c Operati ar f -
I, 1R, L,-L, L,-L, R, 2 I, peratng anguliar frreguency wo = Nirren = NS
=] =
K\ = u = u u n
Transmitting efficiency Transmitting power
Vl Lm Vz RL
r (wﬂL'm)QRL P = (WUL.m)QRL % 2
o = 1
o s / (Ro + Rp){R Ry + R\Rp + (woL,,)?} {RiRy + R R}, + (woL,,)?}"
Power source Transmitter and Recerver Load
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Appendix: Transmitting efficiency and power

Transmitting efficiency Transmitting power Ripmex  RLpmas
n = (WDLm)QRL P — (WDLm)QRL V12 : jzmzmow s
(Ry + Rp)\R1 Ry + R\ R, + (woly,)? } {R1 Ry + R\ Ry + (WoLm)Q}Q [l N pvimon) 2

||||||||||||||
LSS i S ke bl ol o b bl b b ke B B R

n and P are determined by R . I:> Vehicle-Side Control

(RL COntrOI Only) S ‘D;rESEHHCEL L — ..;;UUUU
Maximum efficiency and desired power CANNOT be achieved ssimultaneously.

. .. N 4 .
For maximum efficiency For maximum power
M ,
Lm)? e (wolLim)” |
R-anax — \/RQ { (WDR.I ) | RE} A R-LPma,x — Rl | R-E

\_ / \_ /
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Appendix: Stability analysis of DC link voltage

Whole topology of the DWPT system

— Power control
/ Py 1, ¢ R, L R, % Iz\ i >
—> || ah | L—
! AN I A A% | e // !
J,i} < A A A
* * Vi
Vs — I Vi L, L, Vs o C,.
% 5% [ =
¢ ®
\ Power source Transmitter and receiver ){alf Active Rectifier DC-DC converter Battery

Equivalent current source [Irie, Tahara, IEEJ Trans. IA (2009)]

. L —> Simplified circuit model [Gunii, Imura, Fujimoto, IEEE ICPE-ECCE Asia (2015)]
A
(" )
ival Constant Avr(s 1

E?:lllll;erim [, C{} C, _— v; power P_ﬁ(S) _ *L( ) .

source load Aﬁ's (9) C PrL.
S g s |8 > Unstable pole

C. Vi
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Appendix: Efficiency maximization by HAR

Reference voltage for efficiency maximization . b ) connoler
Vie —> Mutual inductance m > uilibrium point
[Kato, Imura, Hori; EVS27 (2013)] I, — es‘:im:tion V call/c‘:jlclri]an:fon > |3q Céliltéulati(f:l
J D
#Rg LdULm : i 4d \>\+ e b
]./T = ].-/r . . . L e Cpr () N DC-DC converter >
e R \/R1R2 + (MDLm)Q + v/ R1 R ” Maximum efflCIenCy v controller {
Operating point in each modes of Half Active Rectifier
Ranax
1 e | 0 -, . - . .
T T T (Rectification mode) R, Isoptimized.
s AN g © Transmitting efficiency is maximized.
2 06 12 %
@ 3 : C e
£ . = (Short mode) R, Isminimized.
£ %
E 02 « 5 0y Transmitting power is drastically decreased.
R ST (RN R -
o O = e > Lossesduring the short mode can be neglected.
Load resistance R, [(Q]
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Simplified DC-DC converter mode|

Appendix: Modeling of DC-DC converter

State equation of each operation modes

-

(Continuous current mode only)

~

Py
AP WO (S;: ON, S, : OFF) (S, : OFF, S, : ON)
d(f) L i r L & r L &
— ._rwv\_/\/\/\/_ fWV\_/\/\/\,_ M_/\/\/\/_
Vdcqmax
<< A S, — E Vieymax — — E Vienmax — — E
@
State space averading model d. . T, 1 1 d . r 1
p g g — UL (IL) — _EiL(t) — IE -+ EVdcﬁma}c giL (IL) — —E&L(t) — IE

d d(t)

T

/

1
—F

EEL (IL) — _L LI (t) — T T, Vdcﬁma:{
Linearized model
d _ o T y | Vdcnma&c &P;(S) —

\_

/-Transfer function model ~

ﬁ’iL(S) _ Vdcnma}{
Ad(s) Ls+ 7

I:) Controller des
J
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Estimation equation of mutual inductance

[Kobayashi, Imura, Hori, WoW (2015)]

VVZ = AR(I RGT,)

QIQWO

Simulation

DC current

D
o

o
oo

—————————————————————————————————————————————————————————————————

m
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(&)

©
o

____________________________________________

—

N
B
(@»)

DC current [d [A]
C

O

N
w
o

_________________________

Mutual inductance L [uH]

Mutual inductance\
| | [ tual L_
— estimated L

| i | |
002 004 006 008
Time [s]

\ %

0.02 0.0 006 008 0.1
Time [s]

.

FF controller

Vdc —>
I de —>

Mutual inductance
estimation

calculation

>| Equilibrium point

calculation

V, and |, are calculated from V. and | ..

Ad

Appendix: Conditional updating of estimation

r

Cpr ()

B FB controller

——> DC-DC converter

V

Experiment

-~

1.2

DC current | [A]

DC current

(o)}
o

ot
oo

1

Time [s]

Mutual inductance

- + = gctual Lm

— cstimated Lm

0 0.04

0.08
Time [s]

0.12 y

» During short mode, the calculated L . isnot correct because | 4. becomes 0.

* Theestimated value should be updated during the rectification mode.
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Appendix: Recursive Least Square (RLS) filter

Output y[i] and regressor ¢[1] are determined as follows: Simulation result
60 |
ylil = i+ \/ Ve — 4Ry L] (Vali] + Ralali]) % 1 T —eimted
plil] = 2Is]ilwo. :
RLSfilter 1s used to estimate Lm statistically <
by updating L, [i], y[i] and ¢[i] with following equations. s Yy N\
0 002 00 EJ;J 008 0.1
: . Time |s
. . pli|Pli — 1] .
SR e | R N
elil| = yli] — [i|L,,[i — 1] Mt ndctnce 2| Vi [ Eailriumpin )
| (. oli]2P[i — 1] ) o
P — . P L 1 I oS Crr () o DC-DC converter
[Z] A { [Z ] A _I_ SO[Z]QP[Z L 1] FB controller
3C - Cutting the Cord: Wireless Charging Technology Horl - Fujimoto Laboratory, The University of Tokyo 37 /30

.
.



N

Appendix: Results of efficiency maximization

Simulation results of efficiency maximization using Half Active Rectifier

|
| —_—
I
I

o I N L e
N Py YT | B ]
O I s N I O R
s |1 ] Sl a o T
A IS S A R [ 1 I R I A Y | W ¥
i) QG T,r[!;] IR E 02 ] 008 r.iJ[E] 015 02 i) 0N e Lo 004 L i) 0N ﬂﬂ.:_‘m [:;.ﬂ.'] 004 Qs
(a) DC link voltage V;. (b) Transmitting efficiency 7 (c) Transmitting efficiency n (d) Input power Fin,
(zoom) B
(w/o control) V. Isunstable and » Is decreased. 1
(w/ control) Vy Isstabilized around V., max-
(Rect. mode) Transmitting efficiency » Is maximized. PRI Brd RELGE R
(Short mode) Input power P, Isdrastically decreased. R
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