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To provide large-capacity transformers with a lower-loss and compact core, we devised a hybrid configuration consisting

of amorphous wound- and silicon steel stacked-cores.

In this study, we manufactured a small model of three-phase five-

legged hybrid-core designed with conventional method and evaluated the distribution of magnetic flux density (B). It was
proved that the measured B-distribution could be reproduced reasonably with the calculated results using the magnetic
circuit analysis. However, the hybrid-core has a challenge for capacity enlargement due to different yoke width between
amorphous and silicon steel cores resulting in lower static stability. Hence, we proposed a shape of hybrid-core in which
the both yoke widths were aligned to half that of the main-leg part. On the basis of magnetic circuit analysis, we demon-
strated that the proposed hybrid-core enabled a 10% higher magnetic flux density than configurations with an amorphous
core only, and the increase of iron loss against a conventionally designed hybrid-core was suppressed less than 0.8%.
Key words: hybrid core, three-phase five-legged transformer, iron loss
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Fig. 1 Photographs of hybrid core for excitation tests
(Unit: mm).
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Fig. 2 Set-up of search coils in cores for excitation tests.
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Fig. 3 Measured Bdistribution in the hybrid model core.
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Fig. 4 Wiring diagram(upper) and equivalent magnetic
circuit(lower) of the investigated three-phase hybrid-core.
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Table 1 Specifications of the investigated three-phase
hybrid-core.
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12 & Uiz, % - a2 MoREIIdaE S D03, HER
R0 53— 2 SRORGHEEED < 720, EAFIOEE DY
IMEHELIGEN DD, £z, HBT & L CORGEHEEL, #f
WAL D\ EERSNFES D OBIATE I AT T 5. 165, B
SREBRTER NG B OESIED A A TR 735G, s Hos
EETTEB55870< 25, T2 TR, B
— 7 EONEE IO 13 7D 12 ([EH LIZBAD B4k
T OBRBIME D2 T ONT,  ATP fifhir4 AV CRHt L 7=

£, Fig. 4 Tk LIBEKRIGO/ 3T A—Z & T, HSR
PRRRRERR 00D = — 7 EROIFEZ TR 1 N3 738 12 [TEE LT
BAD BAREINT Uiz, SBIT, BERLOBHERMND, A
7V RERLAAROSIREAFR L2, A 7V RERLO BulZ
KT DEEROND B O R% Fig. 7 (@) (2, $EFM% Fig.
70) TR

Fig. 7 (@) XV, BaOHEINIAE, EHEEGREERUND BA
I, 7L L EMREL RSB E R L. BlE LT, Ba

Transaction of the Magnetics Society of Japan (Special Issues) Vol.5, No.1, 2021 35



=168TI|\ZAEBT % &, Bk 0o 2 — 2 fE4 350 17212
L7=5a, 3—280 BiZ1.50T 725 1.51 ~, 0.01 T 35,
—J5, HEEREER OO Bid 152 T 2>5 1.51 T~, 0.01
T Wb3 5. iEoC, HERMWAERLD 5 —7 o4 IR
1/2 & LI23h, a—2780 BIdid 2 bOOFRED B LT
W E D728, BEEHTEE DTN Z LD gioTe. Fz,
RERZL LT BR L LT, I— 2 ORI L TE0D B
IMUT-AER,  HERENAR DOREH I L= 2 & 238055
N5, M7V RERLDND BOGHRITIT VT 7 A& EEE
SRR D ORI/ T A CIRTE SN DT80, HEFREHR
FESRDOREHGAIIM UTAER, 707 7 ABER M LY
%< ORERANHTN, FER & U CEERIE O OB
W L= E&E 2 Binb.

WICFig. 7() L0, BRI LD 3 — 7% T 1/2 18
& LIS, ™A 70y REROABEOSBIEOZ IR K0.8% &,
IHFRIE LN b T

DI EDRERDS, BRSO I — 254 12 (C L ChEESE
kR, TENT 7 AR B OBEEHINIEAT, AofkE
DZIX 0.8%LINTIH D Z Exbn-tz. Ziud, $hlopak
U L DEHEDIRBENR &, I —27 0 B ORI S SN
DR ST LB Z DD, 18- T, RK¥Ema BYET 2855
WZiE, Rl & REEOBLR SESRERREE 0 I — 7 OlEE £
R 1/2 £ LT, HBT & LTHOIT 5 S Sns.

o
o

—— Main leg part : Yoke part = 1:1/V3
--- Main leg part : Yoke part = 1:1/2

—
ot

Magnetic flux density, B (T)
—
=)

0.5 SiFe core
’ (Yoke part) ™. SiFe core
(Main leg part)
0 . \
0.5 1.0 1.5 2.0

Excited Magnetic flux density, B,, (T)
(a) Bdistribution in silicon steel core.
- — Main leg part : Yoke part = 1:1/43 —
--- Main leg part : Yoke part =1:1/2

o
ot

©
=~

o
o

Iron loss (W/kg)
o
e

e
i

o

1.0 1.5 2.0
Excited Magnetic flux density, B,, (T)
(b) Iron loss density in hybrid core.

e
o

Fig. 7 Comparison of calculated B distribution and iron
loss density between two types of hybrid core.

4. F£EH

KA = HAITARA~T )L 7 7 AEER & EESEAER R O A
HEDRTANAT Y » RERLEETT 5720, —ABETV8kL%E
BYEL, WUEEE BOSMiaTHEiL7. S 618, ATP & fviofié
SIREAITIZ L 0 A 7 REROND B 43T & A1 L,
LUROfER AT

(D) ZAA 7Y RERUD BT BAEAERRE By ORI
PENEERERBAEE 00 BOSEINL, 787 7 AR OOIEE
Z B BRI, 1o T, TEIT 7 ADITRERR LT-80NT
TR 10% DS E LN FTRE T D Z & ooz,

@ TV RERLORFEIINT, 5, MEOBLRD>
AR EEZ DNDIIRE LT, EERERRE L0 I — 27 HoiE
EEHERD 12 £ L, THRIT 7 ZRERL A DGR ERE L
72 BT ABOO TR IS SR U - REmIR AR 2 3 0
TEICIRO A T RERINZEBT, SHEOBINN 0.8%LL TIZ
¥, HBT & LTORNEE R L.

BIEE AT 2015 RS 2017 £ DBREEE CO2 HE
HA B e SR TR LA A AT B A « SERE S 3IC BT D Bk
bLbemEon-boThD.

References

1) K. Inagaki, M. Kuwabara, K. Sato, K. Fukui, S. Nakajima,
and D. Azuma: Hitachi Hyouron, 938, no. 2, 73 (2011) (in Jap-
anese).

2) S. Yurekten, A. Kara, and K. Mardikyan: Proc. of Inter. Conf.
on Renewable Energy Research and Applications, 534, 2013.

3) M. Carlen, D. Xu, J. Clausen, T. Nunn, R. Ramanan, and D.
M Getson: Proc. of IEEE PES Transmission and Distribution
Conf. and Exposition, 2010.

4) K. Sato: Jitsumu Hyoumen Gijutsu, 28, 556, (1981) (in Japa-
nese).

5) Hitachi Metals Corp. : Catalogue No.HJ-B13-A (2015).

6) Y.-H. Chang, C.-H. Hsu, and C.-P. Tseng: Proc. 9th World Sci.
Eng. Acad. Soc. (WSEAS), 78 (2009).

7) JFE steel Corp. : Catalogue No.F1J-001-05 (2019).

8) A.J. Moses and S. Hamadeh: /. Appl. Phys., 64, 5379 (1988).

9) D. Snell and A. Coombs: JJ. Magn. Magn. Mater., 254-255, 349
(2003).

10) T.D. Kefalas, P.S. Georgilakis, A.G. Kladas, A.T. Souflaris,
and D.G.Paparigas: IEEE Trans. Magn., 44, 1082 (2008).

11) N. Kurita, A. Nishimizu, C. Kobayashi, Y. Tanaka, A. Yamag-
ishi, M. Ogi, K. Takahashi, and M. Kuwabara: /EEE Trans.
Magn., 54, No.11, 8400604 (2018).

12) K. Shinya and K. Saitoh: JEEJ Trans. IA, 123, 732 (2003) (in
Japanese).

13) T. Takeuchi: Denki Sekkeigaku (in Japanese), (Ohmsha, To-
kyo, 1993).

14) E. Rosolowski, P. Stakhiv: proceedings of the IEEE Electric
Power Networks 2016.

15) K. Takahashi, D. Azuma, and R. Hasegawa: IEEE Trans.
Magn., 49, 4001 (2013).

16) N. Kurita, A. Nishimizu, H. Morooka, C. Kobayashi, N.
Miyamoto, Y. Hamadate, T. Ishigami, Y. Yamada, K. Sasaki,
T. Satake, and T. Fukuyama: IEEJ Trans. PE, 138, 53 (2018)
(in Japanese).

2020512 A21H 3, 20212 ANBEZE, 2021493 A4R &

36 Transaction of the Magnetics Society of Japan (Special Issues) Vol.5, No.1, 2021





