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1. Background of Wireless Power Transfer
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cSVS 27 Why wireless power transfer?
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What is Wireless Power Transfer (WPT)?

»the technology of sending electric power to load without any cable.
If WPT applied to Electric Vehicles (EV) ...

»Convenience & Safety — contactless
» Battery become smaller —be charged anywhere

WPT technology is useful for EV
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How to improve efficiency? Secondary
. . . i d
1.Increase performance of transmitter and receiver Receiver PP
2. Tune secondary impedance to optimum value =
R,
Power
. . S _@
Overview of this research et E—
ransmitter
Study on maximized efficiency using DC-DC converter
1. Relation between efficiency and secondary impedance
2. Principle of changing impedance using DC-DC converter
and control method
3. Experiment of WPT with DC-DC converter o
Soure @L Zii ] Converer [ 10
amtenna
Rectifier
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2. Relation efficiency and secondary impedance
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Equivalent circuit Zim

Receiver

Efficiency equation (Ap)
" Derived from the equivalent circuit

eVS 97 Equivalent circuit
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ransmitting
distance

and transmitting efficiency

Transmitter Power
ource

Transmitter and receiver resistance (relate(i to loss)
Coil inductance

Capacitance

Mutual inductance (related the transmitting distance)
Secondary input impedance (same as R, 1in this case)

A —

Transmit and
Receive antenna

Change according
condition

Z—

(a)OLm )2 Zin2
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Analysis objective
Clarify efficiency characteristics when load value and transmitting distance changes
Analysis condition
*Using Equation of efficiency (4;)

*Parameter :Actual coil used for experiment
*Transmitter and receiver are the same

(Li=L,y, C1=Cy, R =

Description \ZIE

R,)

97 Analyze characteristics of efficiency:
Analysis setup

(a)OLm )2 Zin2

A, =

(ZinZ + R, ){R1Zin2 + RR, + (a)OLm )2 }

Outer diameter [mm] 450 Transfer parameters  Value
Inner diameter [mm] 115 distance [uﬁ] L,L,
Number of turn [turn] 50 [cm] C,, C, 2000 pF
Pitch [mm] 3.4 20 86.3 R, R, 140
Wire cross-section area 20 30 41.4 Resonant 139.59
[mm?2] ' 40 22.2 Frequency KHz

Organized by

Wz avsle
Fira;arc:Iona "@

Hosted by

AVERE Fre™

In collaboration with Supported by

EVAA® EDTA ‘@ oo

OOOOOOOOO



97 Optimum secondary impedance
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EREENS Efficiency (Ap) peaks at certain load value (R))
» Important to set optimum secondary impedance
1

0.9
0.8
. 0.7
; 0.6
505
Optimum secondary £ 0.4
. =03
impedance (Z;,,pmax) 0n | ——Lm=222uH
‘ ——Lm=41.4uH
0.1 [ ——Lm=86.3uH
2 0 ' '
_ (a)OLm ) 1 100 10000
Z in2 AP max \/ R2 [T + RzJ Load resistance R, [Q]
1
Tl.'ansfer L., Optimum impedance
distance 7 Q]
[cm] in2APmax
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3. Change impedance by DC-DC converter
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eVS o7 Method of changing impedance

The 27th INTERNATIONAL Secondary

ELECTRIC VEHICLE .
SYMPOSIUM & EXHIBITION 1mpedance

BARCELONA Receiver

How to chance secondary impedance? @

Load resistance depend on load condition

* Cannot be changed by WPT system Power _@ §RL

» Method of change impedance is needed Source

How to change impedance ? Transmitter 77
1. Impedance matching circuit (LC circuit)

* Popular in radio technology.

* Slow response because of mechanical elements ( relay, variable capacitance)
2. DC-DC converter

* Fast response : No mechanical elements

* Suitable for EV : Power electronics Switching
~— Impedance matching circuit — .
R (ﬁ\]l)C DC converter ———

I
|
I
I

L —_— —_—— T =
Impedance Matching Load

\_ Cireuit
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e e using DC-DC converter
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changing impedance by DC-DC converter
*Changing impedance by switching
*Conversion equation

DC/DC Converter Load
RL on  —
Zinzzﬁ RLSZMZSOO
off e
I I I
*D: Duty cycle KT KTy
T | . | . |
= ﬁ (0D <1 Convert to optimum impedance
. o Secondary Load
. . Receiveing impedance resistan
Application of WPT Antena_ e
Insert in secondary side @_L
. Pow DC/DC
» Changing secondary Power -@ z\g 20DC L1 |oad
. . tt
impedance to optimum “Antonna
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4. Experiment: improve efficiency
by DC-DC converter
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o7 Experiment: setup
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Experiment method & condition
* Compare with and w/o DC-DC converter
" Transmitting distance: 20cm and 40cm

Experiment equipment

* Transmitter and Receiver: same one used for analysis
"DC-DC converter: use IGBT, 20KHz switching

L T r
] I &1 R /{ Ry Ty _2129 I 1
! | I I I
| | | (1 2 1
| | 1 (]
17 (e I | Lli §£2 | V2 (|
I ()' I | I
I L ! Iy
| —o | o0—0 t
I P! | I
L ! J 4!
PoieTsuice = ifaimnin mAReceive anters Redfler  — TDUDE Comerner
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97 Experiment: results

eVS Tl.'ansfer Optimum impedance
distance
e o, il Zinzapmax [<2]
Result: Transmitting distance: 20cm 40 27.8
efficiency has improved in case R < Z. » Apmax R <Z  <w

Result: Transmitting distance: 40cm
efficiency peak is not matched from analysis result
but efficiency has improved in low R;

Improved efficiency

|

. Tlrimsmitting dista C — Transmitting distance: 40cm ~

o1 =>¢=40cm (with DC-DC)

=>¢=20cm (with DC—]JIC)
=é=20cm(w/o DC-D?) | =#=40cm(w/o DC-DC)

1 0 L
\ 0 20 40 60 !o\ 7. y@)—) 40 60 80 l/

Load resistance R, [Q] in2APmax Load resistance R, [Q]
\
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5. Conclusion
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Method for transmission efficiency improvement using
DC-DC converter is proposed

1.Relation between efficiency and secondary impedance 1s explained
2.Principle of changing impedance using DC-DC converter 1s explained

3.Experiment 1s performed. And confirm transmission efficiency is
improved by DC-DC converter.
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Thank you for your attention
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eVS 27 Control method of DC-DC converter
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1
How to obtain Lm value?

=> Fix primary voltage (V,) to a constant value, estimate from secondary voltage (V2)
Communication between primary and secondary is not needed

Receiveing
Antenna
% v Y
1 1
Power _@ DC/DC Load v L+ . Zm] ~4R(Z,, +R,)
Source Converter a 2 2
Transmitting Lm =
Antenna 2&)0
Rectifier
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eVS 97 Analyze characteristics of efficiency:
Analysis result
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Analysis result: transmitting distance has change
Efficiency (A4p) 1s high when mutual inductance (L, ) 1s large
» Efficiency is high when transmitting distance is near

. . Changing distance T\

1

Receiver

Transmitting
distance

emRL=1Q |

a, RL=10Q
< RL =100 €
Transmitter Q>)>
Zinl =
r————- '_>I__________L ————————— | r———-- | g 0.5 ———
| ESIR N R, 'L | | g ~
L T WA | |PVVH°-'— . =
[ | | [ [ |
L S
v | 7| DICE % | | |
. I R
! o o | 0.1 1 10 100
| T U T U | .
'~bower - Trmsmitang ™~ """ ! '—L;a; - \ Mutual inductance Lm [uH] /
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