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Abstract: High-frequency transformers are an essential component in series-resonant DC/DC converters, and
their stable operation has a decisive impact on the reliability, efficiency, and power density of power supply
systems. Nanocrystalline magnetic cores are widely used due to their advantages of high saturation magnetic flux,
high magnetic permeability, low coercivity, and low high-frequency losses. In order to improve the power density
of DC/DC converters, the leakage inductance of high-frequency transformers is commonly used as a resonant
inductor to achieve the soft-switching characteristics of the switching devices. However, nanocrystalline alloys
possess a high electrical conductivity, and when high-frequency leakage magnetic flux passes perpendicularly
through the surface strip, it induces strong eddy currents, which could result in potential thermal issues, thereby
compromising the stable and safe operation of the transformer and the system. An improved finite element
simulation method for high-frequency transformers was proposed for determining the distribution characteristics of
additional eddy current losses induced by high frequency leakage flux at large leakage inductance by building a
three-dimensional model of nanocrystalline strips at the edge of the independent core, and its validity was verified
by temperature rise experiments.

Key words:nanocrystalline core; high-frequency transformer;leakage inductance; eddy current loss

AR R AR B B DC/DC AR e #R fe B E 5 DC/DC AR (AR BURN E i i 46 KR 47,
B STCEZ — R E R GG  HMREX TRANREM ARG E LT E, @i
B PR S G T e . AR FEAR RO IR R . (il SiC SRR T DA e A R A Y AR A

B ST P ER B QU 2T H (2020146) s L5 FARRL 54 -2 B LB S AT WFFT I G 5642 (1.201005)

1EE® N X f(1996—) BRI AR AR, AT T ) N K IR ST HL T, Email : liuxue@mail.iee.ac.cn

EIESE G (1984—) , 5 it RIWFSE 5, WG 10 R K TR AR S 2 B PR REF LS 5 45 %R , Email : zhaolu@mail iee.ac.cn
27



WA AR 20255F 554 3

X 55 AR S B IR R R 5 AR R W B AR 4 AT

A BRAR L ARURN B i (EJR B T AR A 42
15 e AU T A RGOSR LB R L X
FREC P TR T i AR e M T 4 Y 7
fir, FE & S REERIFGEPE . PR, ) g 48 T
AR RL AR TR B R L

I, e A2 T o OB AR Y 1O 2 2R
P B T M A MR 5 % o BFE B
T3 X THFE TS LU BHERA , (EL K S TS
W RARZ ZH, IF HAS P FE 70 25 LU B3 IR 3, e
TS B TS RO, DR T S PRt SR R AR Aok
Mo KRBT Al 22 560 28 SOk B
GO AR AE . 2RSS AL AT DL PR T SR R AE
AT 44 Y B JE: Steinmetz 23 2, IEAL i A TR
Steinmetz 232 1Y FEAN L, ARAEAS [A] 0 37 5o 42 1
FIMEIER Steinmetz 233X (modified Steinmetz equa-
tion, MSE) ®'. I ¥ Steinmetz 2> 3 (generalized
Steinmetz equation, GSE )" M il (4] X Steinmetz
2y 3 (improved generalized Steinmetz equation,
iGSE )Y I R %L Steinmetz 2 3 (waveform-coef-
ficient Steinmetz equation, WcSE )™ | R et iE /)
X Steinmetz 23 2 (improved-improved generalized
Steinmetz equation, i2GSE)'®'| Steinmetz 233X 19 55
JE 4" J& (rectangular extension of Steinmetz equa-
tion, RESE) "4 22 57

P UL T A T B G ARH LR R R Bk
AR RS E R G a5, HERE & A I
%o WK ARG B AR D H e R R A R
AR AR | ven AR AR AR A B v S L il R S A
S, LT AR IR RN A A AR AL
T HOREER, BN A R U A T T 255
RESR DL A SR ATRES Y SCERLI2D0 AN b
PRI AN AT i S A 70 B B E AT I A
FESCIR AR, oK AT RE B PR RE I = T 1k
J AR, SCERL131i o 5 22 Rk A Y L
B, R WG OK A BAT AR A P FE 5 B i O
I AR SO A IR AR E IR o AR SRS
] E A bt A SR SR P, AL 1 TR o

20K 3 < ) e LS R AR R R
7R B AR R TR AR R, AR e
FARANAZRATIR T, B 99K AR 5 R Y
DA 1 i 32 N U E s N B 7 21 3 S P I o 4
oA AT 7 1) P R 732 ) S 8 9 1) T8 R RT LAE
PN AL R RE R AR o (EJR Y i RO, EAlY
A TR AR5 [0 B G T8 BRI, JC AT SRR

28

Fig.1  Nanocrystal core
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