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Novel Core Structure and Iron-loss Modeling for Contactless Power Transfer System of
Electric Vehicle

Masato Chigira*, Student Member, Yuichi Nagatsuka*, Non-member, Yasuyoshi Kaneko*, Member,
Shigeru Abe*, Member, Tomio Yasuda™, Member, Akira Suzuki***, Non-member
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A contactless power transfer system for electric vehicles needs to have a high efficiency, a large air gap, good toler-
ance to misalignment in the lateral direction and be compact and lightweight. In this paper, a new 1.5 kW transformer
has been developed using novel H-shaped core which is more efficient, more robust to misalignment and lighter than
previous rectangular core to satisfy these criteria, and its characteristics are described. An efficiency of 95% was
achieved across 70 mm mechanical gap. The modeling of iron-loss in the equivalent circuit is also presented. The
calculated efficiency using this model shows good agreement with experimental results.
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Fig.1. Contactless power transfer system.

Fig.2. Detailed equivalent circuit.
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Fig.3. Single and double-sided winding transformers.

Mmax = >
2r; 1 rZ’l
1+22, =2
b? I

(2-6) HEEEMmAE NS> X JEHEMEE N T >~
ADOWEER, MBI 7SSO0 LM a 7 mE R
HOOIZKHITE D, fER, TV ATHEICHEEA A
THAERBEK OBV HRED S WS T & 72, Wl
EEMICHREIRNS 72O —JAREA, TV IR HE
FTAUTHHER D TR TR Rk 2 ED 5 2 L3 TE 5,
F o a 7IRIEA AT (T A OVIE+RERIE) o 2 525
DB DR L, WEPETIRZ0R0THEL 20, Mk
DT HRIEINRETE 5,

T 7 FAEREE I, MBETRLENEREDON
40%DIFICHREBEINVFIC R HHENEHINTWSE O,
Fig. 3(a) IR £ 9 (A& Tl F—k 3 A L5tk
AHiEHIE, fE (A) TIRER _RIa A Vi EHMICE L 25,
L& (B) T T AHINCE s fiE> THE (A) LALiE (B) D
MCTHEBEIANNVEEBEOBNNE L L LMNERD Y,
EWAERBKDPBIIRVBRETE L kb, 2O
TREEITNHEHFON 4 FBFOEEPLELSbITn
bo =77, THEIBRITER D A LAy HIIZAE (A) 2 567
B (B) IZZ L L T, B A IV EE L HHED0EbiZ/
L, HERBKDETAVNS WD, (BT IIZmE,

IEEJ Trans. IA, Vol.132, No.1, 2012



EV IEEMARE 7 v AL SHHETIV (THIRA, 1)

3. FRE NS DX EHE NS ADOE M

(3°1) FHREIFSOXEHB ISR %513,
EAHBEMICE, @5 N E L AT RE 2 A
o 7 WA Sl & & 2, Fig. 4(a) (SR 9 AR b
TUYARTOIM LT Y AFREEL, s OIZow
THRELTERZO, Fx v FROME N IIRARIR
(B, 1@ & a4 Vg (Fig.4 Tl x HHOES) TikE
D, IANVIEIEES 2 HITHEEREKITRECEDS v,
o Ta7T % Fig. 4(b) (I d#Ha TS (HA D7) 1242
R, BREIEL 20, e HiEomn EosifFTcE 5,

HE M7 >20E, (1) BREEME 7274 PRI
L piEAl, (2) BHEEM CEHIEPUR) 12X 2 &%
b, (3) MM RIERC & 2 A E $NAFA#PHOILKR, B
i, (4) LD ECEFEREROFRAIC L 2EsE bR & x

250
hal f
N | Ferrite core |
(=} (=] T
I | e __ Winding _
N —_

Ferrite core

(a) Transformer with rectangular core.

240

v & TR L7,

HE b S > 20%EFHIEZ Table 1 127R$, B (x
Fi1f) ORETNEFEFIZ, 71 VIEO%2 Huiudh e
CTHRWY, AR (y HI) BRELSTLLEDND 5,
FHB T YA LA b T 2 ADfLEEE Table 2 12,
B L% Fig 4 ICHE L TRT, Table2 L) HE b
I v ADHERFHMERL3.9kg T, FAHRE D 4.6kg & b &
fETETWVD, AREREIL29kg 75 2.0kg (A L7,

H BB ARG E CIIBEERRIC b7 v A E TR,
HERLBHEICLL NI Y ADF vy v TEOEEHEET
LM%\, BEMEIF v v TR 70mm THLE $ A% WIREE
RREEMERAEL L, ¥y v SR £30mm, fETIUEE%
HE (X A1) +45mm, EAJE (y HTH) £150 mm O
PACHRE 2 B L7z

DT, HEL N 5 > 205 & B FER R4, TS b 5

Ferrite core

| Winding |

Ferrite core

unit : mm
(b) Transformer with H-shaped core.

Fig.4. Transformer’s photographs and their dimensions.

Table 1. Design goal.

Rated power 1.5kW
Weight 4.0kg
Gap length 70£30mm
Tolerance to [ X +45mm
Misalignment | y +150mm

Table 2. Specification.

Type Rectangular H-shaped core
Core FDK 6H20 FDK 6H20, TDK PC40
Litz wire 0.25mm@x24x16 0.1mme=800
‘Weight of the secondary 4.6kg 3.9kg
Size 240x250x40mm 240x300x40mm
L [ Primary 1px 18T 3px20T
Winding | Secondary 2px9T 9p*x6T
Aluminum sheet 400x600x Imm
11 IEEJ Trans. IA, Vol.132, No.1, 2012
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Table 3. Parameters of standard position (gap
70 mm).

Type Rectangular H-shaped core
fo [kHz] 20 30
ro [mQ] 0.45 0
ri [mQ] 82.5 106
r, [mQ] 20.9 9.30
Iy [uH] 40.2 554
[; [uH] 64.3 115
L [pH] 17.2 9.70
Ly [uH] 104 170
L, [pH] 27.3 14.7

k 0.38 0.33
b 0.37 0.34
Rinax [Q] 9.85 8.69
Nmax [%0] 96.6 97.9

Table 4. Experimental results (gap = 70 mm).

Type Rectangular H-shaped core
fo [kHz] 20 30
gap [mm] 70* 70
x[mm] |0 45 0 0 |45 Jo o=
y[mm] | 0 0 150 o o 150 [o
R [Q] 23 50 23 80
Vin [V] 112 | 117 | 86.6 | 168 | 143 128 || 226
V> [V] 139 178 | 137 | 128 120 | 129 | 182
Vi [VI*E | 186 | 241 186 | 346 | 346 | 346 | 491
Pour [W]] 1489 | 1166 | 1528 | 1507 | 1503 | 1506 || 3060
7 [%] 953 | 91.9 [ 93.1 | 94.9 | 93.7 | 93.0 || 94.7
B, [T] 0.11 | 0.10 | 0.13 | 0.09 | 0.01 | 0.12 || 0.13
B, [T] 0.14 | 0.18 | 0.14 ] 0.21 ] 0.21 | 0.22 | 0.29
Cs [uF] 0.696 0.189
Co [pF] 2.30 1.91

* If the transformer case is put up to Rectangular core, the gap length

becomes 60mm.

V1 is the output voltage value of either full-wave rectifier for
Rectangular core or double-voltage rectifier for H-shaped core.
***  Values when 3kW feeding power.
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Fig.9. Circuit for no-load test.
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Table 5. No-load test results.

Pour 1.5kW 3kW
Vo [V] 129 185
Vio [V] 361 519
Vi1 [V] 142 211
V51 [V] 14.7 20.7
V2 [V] 35.7 514
Py [W] 47.1 88.2
Py [W] 2.6 4.3
Pc [W] 12.5 35.6
Pp [W] 57.0 119
Iy [A] 18 26
7o [mQ)] 177 177

Table 6. Breakdown of transformer loss.

Pour 1.5kW 3kW
Total loss [W] 83 175
Loss_r [W] 13 26
Loss_r; [W] 20 41
Copper loss [W] 33 67
Other loss [W] 50 108
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