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Abstract: The distinctive toroidal core structure and asymmetric winding mode of toroidal high-frequency transformers
facilitate the leakage magnetic field distribution characteristics to differ significantly from those of shell and core trans-
formers. Consequently, the conventional method for calculating transformer leakage inductance is limited. This paper
introduces a novel analytical approach for determining the leakage inductance of toroidal high-frequency transformers.
Analytical expressions for the internal and external magnetic field intensities generated by a round conductor and a sur-
rounding conductor are derived by using the magnetic field energy method and Ampere’s law. Spatial subdivisions are
then implemented based on the distribution characteristics of the leakage magnetic field, and the magnetic leakage energy
of each sub-region is calculated through independent integration. The impact of eddy current loss on leakage inductance at
high frequencies is thoroughly taken into account, and the leakage magnetic energy of irregular gaps between turns is in-
directly considered to enhance calculation accuracy. A toroidal transformer prototype is designed and fabricated for
experimental validation, demonstrating a relative error of less than 4% between the measured and theoretical values, sur-
passing traditional calculation methods. To systematically assess the analytical approach, 16 sets of simulation verification
systems are established, comprising one benchmark group mirroring the prototype’s specifications and 15 derivative

groups with core parameters adjusted discretely. The relative deviation between calculated and simulated values is below
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5%, verifying the efficacy and accuracy of the proposed method.

Key words: toroidal high-frequency transformer; leakage inductance; high-frequency eddy current effects; irregular gap

between turns; analysis of the calculation method

jillls

0 3

I e PR s i DR LR 1) P e e i 5
Byt i o ARt EIACH ) BT S R LT B
R Il o3y 8 U Uk M vy v ] g I 7 s A
e, TR TR RO R SE. BT PUE
78 HL e DA RO 5% FL R A5 SR B 7 R BT 5 7e
st AR IR S 2 B AR AN, PR S5 H I = SRR
Jre S8 455 38 S AL 5 GRS TV R T R 1) HL T A 5 AL
Hl, HIRH RIARN IR, 2 BRI E 4 [ 204
Rt X R LR S AL G0 AR I dn B T 4R R
B SRR AEA R 25, 3B T Ak
B OTEAE IR ™ A B2 R 72 . AT A ks
FERIIA AL I AU U T T i, ORI 20
WAL i 5 RERALAL IR R R AT -

e Gt i) 72 AU A2 [ A i F T SR
FERUE T FE ST RS . STR[6-912 T IR T
P ARSI RS 0. REA
BRIGIETT ARG B I 07 A5 R, (EH A K
REFI AR TSRS, TR AR R it
FEER. EMNTIHRIETT, SCHR10]E et
TSt IR R B — e W T ik
SCHR[1R A T AR A R0, ot B A BEAS AR 1 J
YO, e B8] 3 2 S8 R0 R T AT IR LT B o SCRR[12]
STt EiS, =_I 7R EIARE R R
IR . SCRRI3IHR 3 (B 5 2k S 4 1) 4K
LY AN R ST R A P g S MUEA LI RS U i L
B X Ik R 7 B 2 X — E G AR Y F) SR PR A
SCHR[14]5% R R BARIE 70 A s o 1 ) — 4 i
Wtes, GINEIRRSAIRIT S, PLRAE
LB AR R . SCRR[ISTIKS BE 7 VR e 2 |
HIZELRAR IS4 I FURENT U5, RGMEIE 1 HE
I RBRAN G AT SR s HLUK PR R o

Hill, RTHRRESRBES IS iHHE
(IR T AR 3D o SCHR[16]32 B T —Fl B 38 f 0 —
UETRTTE, IR AL T 2 1) = e 70
YRR RN Yk T AR R BEAT P[RSR, SEERL
TR HAGHERI RS b 2T IR, STER[17)
BALVEAG T G4 ARG 7 200 I HUEFISZ i i B 52

Wi SCER[ISTE B A Ik =4EA IRITIi /., KRGt
T T o BLGR AL T A 1R HUBRF IR, T3 1
AR AR, SCER[19132 1 T — R T HiA g
BRI RO, T SRR SRR R
A IR R, (R B8 R e T 5 o I L JR )
M. SCRR201ERABT I T [ 3258 4L, R AR
FRANRILAF ROV, IR T A SR AL
A R T TS E VSR, OB R T IR )
SRR PRI, IR RS T T A SRR AL
i, RIETTHRERIELRN, FEOHFLE R M A L
WR[21)2% T HAMERE S I I e BT f2 e, oL 7
e AL IR RSO X A5 5 1 G A e PR IR R, (ELATS
e CAHERA F3A [ 5 26 IR s A i RN . b4, T
GBI SR e &R E, SBURE
T SAE I o

B B REL, AR T R A AL
S BT U RO . B, BT HRERIRIF
G IMEE, RS A SRR A
| 3 2k L UL 2B R P9 PTG 3 58 E A SR B 3 58 RE )
fiEbr ik sl HI, AR SRR IR
AR, KRGS B AT TR AR R, JF
XHREANT DX B B AT L AR T 55 LAt
FNHIE T B G LA AT T BRI RNLXT s
JEREIREI, RIS Ta] 2 v R I ) AR 0 2 52 ) e 1
B, MR AR foa, BOHIRRIE TIE
A s FENUT R SIS IE . Dt — DU UE P iR Ag AT
THEIT & I, L0 16 AN [ A2 S 4%
PR R R A N AT O 32005, UESE T J5VEA )
A R .

1 ISR E SRR R 5 A

AL I T i A0 s s T P B AT T 5
JHER AR BN 1 o, Horf NIRRT,
TN L A R0, BB BRI SCpnid
11 RS R R AR IARE 57T

LG P B NANFRDIAR (52 AR B, 200k
A2 s g GedH X 35 5 248 G X IR i 73 A i AN R
IR . Biltn, BT Eedh 2 A] i 26 2 X 38R SR [T
[ 8] B2 DX 3 A it PRI AT BAA O T 26 [X 35K



1996

i LB ROR

2026, 52(4)

i B S48 Y S B R T
i
v
AR B 5 2 P B
G

VIS0 T2k e Y NI 2 8 7 A
WAER T BRI RE R

l

‘ LS S

SRR R R T X 5y

ARSI REE W o 1ot =Winit Wt

¥ 17 v
EEXIFHQ | | KPR | | i KE @
M) M)
" i
HAR EIFS
E T

[ |

L2
[ ST F R

I

|
|
|
|
|
|
|
|
AT |
|
|
|
|
|
|
|

THELAR AT LML 28 7 A A Sl
WIER TR R

¥

SNSRI AN &8 3 285 T TR U S e A RN 5 2
BRI BE B IREN (AWt AW o)

v

] BT R R Wi st = Wi ot N (AW iAW) \

)

R LG = 2 Whig ora/ I

K1
Fig.1

FERAN IR T . SR, 2[5 54 X I
N A A LN, R RN 2 3 B A
ARG R R 52 B PRIE, PTRASRHE DA 2 ri B
AR :

1) FEARBUEBL T, SedH X4k b 4 5 X I 1
Iy AT AN B IRRBNF o

2) FERBUEHL T, SRR AU (5] 5 28 [X 35
(IR 7 A 7 AL R

TR [ 5 2 SR AR AR IR 4% (10 /KT K e
SR DX S 48 G XS G 0 A i 2 Pl A
2 AT LU Y, R LR RN 32 21 2 AN IR,
Fer Hine 72 5[5 S 2 PN DN P00 I BT 2E O3
TN RIS TRL s Hoxe MIZSEALIX I A I AT [ 2K
TN BT 5 A T A MR 315

Wl 2 s, BT HRIRAMR IR EER AT K
TRENAE r, ISHL R ARG S8 X 3N R 7
AR AN, AT AT 70 A . DRI, R A
WG RIT N ARG R HTT %, S RT ¥
Jey BB IX IS 37 58 L 7 17 (R A O 7 L 3 el 2
5. T BRI, R SCR IR 2 Rl
IR It RE AT 2047 o
1.2 AERHEIAIER TRYRIEREE

MR 22 R AR e, BT[] S 2R A B TR
SR Hin(r) 21K N

RTAR s A R T SRR

Flowchart of leakage inductance calculation of toroidal transformer

A

@
H,, / X‘ f—[ixl

- @-

B2 ARSI R TEAL S R W37 50 A

Fig.2 Magnetic field distribution of toroidal transformer at a

low frequency

I
Him(r)=ﬁr (1)
X: R AFEGLIERE,

AR 5] 4 N B kI R FE Rk =X, AT A4S 2]
TEARARAAE T, W/ G N I [ S 2R 78 A S 7 1
TR BE R Win RIE AN

2
W, =%h%%mjkmfﬁxﬂdS=NmﬁméE 2)

s o NETHEFE; Ls RVIIRBEGH T
@f[ﬁ; Sround%%@@%%ﬁ*ﬁo



Ve M, B30, BRJE, 5. TR EIARIINE s I AR R AR AT TS VA 1997

1.3 IMNRHEAER TRYRHLEE S

H T PR AR s 38 B Re A ) B R &5 ) S8 2 7
X, HAESNTREIAE N s oA 51 s
MFAARL RS REE R, SBULS ST
EMECLE . Ak, EFXTIR AR 28 X — R,
FEH TR o XA BT, X & X 1L
Re T TN SR W 3 s, fERIE
AR 2% B oo R, KR XIS R ORI
PREE AR AL IR R 3 A F B XK
AT TR AAMEEXIROQ). EF AKX
@A WAMNAX DG

Bl 3 JER 1 IR AR e 4 I o R T 1, e
RLFEREES . WIS Ao ) AR 4 AR 57 o
B3 1, Riv Ro ARG NI R Ss2H 10 SRR 8
OIIFEED; Rs Ra RS NI G420 10 5 PR R &5
HUOIIEE RS Rs. Re ARG M) 25 Be 4 12 57 FE 1
CSHUOEEES ;s Rry Re ARG MR 25 GeH i Gt iR
WS D IIEE BT doris dseen diso 73 AWK R B4
Wi P R G2 [R) B 46 2 00 5 5 dins VIR G S0 2
IR S s h MRS S R NI TERES N 2
125 Ro AMTEHLE SN AR

5 DX I fd 37y 58 FEAE x y 37 1) b 1943 A B G
Kl 4 por, &7 RS SCEAE G SCh TR, T
I3 IRt % DX g 37 5 FE AT 0 M S H L.
1.3.1  FEE XIS

WK 4 s, ERNEE XSO, #igimeE
W x Bty ) IR = B A REE: A a R E
b, BRI T  E E E B F R A A RS n T £
BRI, HAER RGN FIERNEE Hes D
RE] ¢ 5, A XA I RE Hoe(x)3E AR EF
PR, AN R % K B PR 8 I vy 2 s s ek,
Hox N TR AR RPN B R M e BBl d
R FEXTGeZH T L 5 R 52 R IR i Bh B AR R T 2k
PEEN, BAAE d RN 00 SMINEE B X BRI
W EE AT AR S A XS B A A, EDAN e T
B b SRR S iR R — B AR,
FH T A DX SR B K R B 35 38, PRtk e 37 58
FEBARART WA X3, 3X —RRE vt He<Hy 1) 5E
HRRGENIUE, Hrh He BT B X I@4% )2 N 1)
W37 R -

TE y #l7 WM b, H TR s A R AN B G )
AR FFIEE , WAL Has £ A JE] B piZ |6
SIS AR . X —REER I, 2B XA

=Y #ts [ wgsd [ %4%)7
[—

B3 AR s et K 1 i 1

Fig.3 Axisymmetric section of toroidal transformer

B4 & X750 R A H

Fig.4 Distribution pattern of magnetic field strength

in each region

Wysa AN x MARRAH IR ) — TR £
MR LA E R, A S A 5 X



1998 5 R 2026, 52(4)
R CDFISMI T F [ IR @45 JE b O R - P +2Rf+1, =127 ©
NI
b :27;1;2 AAF: Rmis Rm2s Rmis Rms< Rums Fl Rm7 53 5 9GS
o NL PAMIIGRER I A2 BRI T
W= R e TS ) 132 KTEBH
NI B 4 R, 7 EBACEIRI@H, #y HirT
“ 2R, ORI 5305 S LA S BRI : B 551 n 15,
N S ORGSR Hom oy BRGNS HOLE M T 52
TR, EHI K, TR SR T, Mon 5]
NI 0 M. HTREARHEE, B Ho)lE4s%
o= kom /<58 @ R Mo Elp ik, feRigh,
N, SRV BEEN A, BATRRE Huplo) RIS
Karery PE, JRATE p MEERE 0. KT SROMRLAR

X Hee Hy 5 Hig() 7359 BIXIH@QBE LR A
HNA T ARG R T IR GRE s Now Ns 20 A%/
RBGRITEL b LR ) IR S AT U E

MR 26 25 )= 9 AN A 5 1 G 3 9 vT BLTH S5
H X I 9L

Hab(x)sz(dx j a<x<bh
do—x ®)
Hcd(x)zHc[ = J,chSd
dpri

(6)

s Han(x)s Hea(x) 73 5 A 3 B X IROIR P G4
WIS T IREIA 8L s Het(x)~ Hen(x) 70 73] 9 H.
XIH@BI K G SR RGeS 92

e 2% 0 20 Wi 7 9 P T HE S LR A A X
HOMOKIIREEREE Wea Fl Wexe FIRIE A :

dsec 2 dlso 2
Wi = bt Ry [, A GO+ R [ HE (0dx+

NZI tyh

i
Ry [, HEy (x| ==

R 1
Zmil Fsec 7
(ﬁ 3 (7

Rm2 diso + Rmz3 dpri
R, R, R3 3

i digy
VVeth = 7.[/uOh (RmS J.O Hezf (x)dx + Rm6 J.O Hfzg (x)dx +

272
Np[p'uoh Ry dpri +
an (R 3 ®)

d‘CC
R, _[0 ngh (x)dx) =

R R . d
e diso + m27 -
R.R, R 3

FE A S i X IR FRE, BIAN @ 2 1 A
ARG sR A S i it e —F
W x BT, BT IR RGN, W
RIS LB A . B, fERRGAY,
C RB| D 55, W58 FE Hep SR LA T B Rt .
1T SR A X I I i % T B Bl I G Bh 350 il
KA, TIREEES I EEHT x Bk A48, Rlkss
H X IR R P LA o Ay B —ooek . M
EEZ N, S X IR % 0 R R sh 34 AR KRB
€, INTEERACTEAUE x FhARAL, Rl 2 X SR
WL x W — ok ST i AR g 7K1 X
HAMFEF7 70 A5, B RT AL BLT S XA A
9t B AT 53 A RSR A
IRV 2B ER B, TG E IR R
ij(x) = ];;IXS
P Hi() 7KV X IR @2 2% 2 IR 5
(] P AT S Se 20 X SR R 3 98

Hij(xy) = H-k(x)dl,

R <x<R, (10)

f iISy<j
(1D
dpri_y

Hkl(xy)ijk(x)£ J,kﬁyﬁl

pri
i Hi(oy)s Hia(o) 0 587K F X G IR G Se 41 A
WIS 1T 9 L

e T 2% B0 7> B 7 9 E T HE T L KCP DXIECT S
MIRHLRE B Wexo IIRIE A :
VVCX13 = TcluoRmh (J‘I:O J.Od’“ Hj (xy)dydx +

[ i H odvde [ 37 15 (odve) = (1

NeL o RunRo = RonRi (e, I
47[ R,'RO 3 3




Ve M, B30, BRJE, 5. TR EIARIINE s I AR R AR AT TS VA 1999

_R+R,
Ry ==

s Ron NRGCHFE42.
1.3.3 [R5 B

1 [ I X 45 5 T B X 3k R R 3 o0 A — 35
BT RIX @, O FmAl T b B A A R i)
a3, DRIMAN 7 DA b iy DX 35 PR 10 7 56 B2 R 81 1464 T
PRI g . i 5 ps, B IRIX S8g 7 5 B () 5
BRI AAR RAE B AR R, DL (4 HLifk
Tiff M 8 3R Lo A R 1

EWANRR T, FIIXIR@. © Fhised X 5
Y2 2 AR E

(13)

Hab(r’):Hb[g“__; j, S,<r’'<S,
4 3
, =S, ,
Hbc(r):Hc+(Hb_Hc) S —S H S2<I" <S3 (14)
3 2
mﬂﬂ=H{;_?} S <r'<S,
279
H&(r):}@(; :?j S, <r”<S,
6 95
” S7—l”” ”
H@u)=Hé+@q—Hg-§t§-“g<r<S7a$
7 796
S, —r ”
th(r )_Hg{Ss—SJ S, <r’< S
g T 97
A PO RGN I R TR AT 2 O BE

0"~ r'5 x J7 MBI s O IR R X S T A AT
BEE OIIEE; 0N "5 x IR A Ha(r)s
Hyo(r') 5 Hea(r') 53 WA IRIX @ ik e 54 4
GE KWW G H WAL s He(r') Hre(r") 5
Han(r" 7 SRR IS il gedl . 4% )2 K&
RBGHWITIHEEE ;s Siv Sav S5 Sa 43 AR ds
cv by a B OMIEEES; S5 Sev S7+ Sz 437N . es
frogs h B OMIFEES.

KIS B9 Siidsz o A B A b 2o T 1

Fig.5 Schematic diagram of the polar coordinate system of the

magnetic field distribution in the circular arc region

LT 25 8 43l gy vk P W) 4t B R IX B @ A
@J:ﬁ'f_fuﬁ E@Eﬁﬁﬁ%% Wext4 *D WextS B(]i%iiﬁy‘j
Wu =Tl (J‘;(Rm, j: HE (r)r'dr’ + R, j;‘ HE (r)r'dr +

R, J‘j HZ(r) r'dr') d9') =

N2y R%l S +25,5,-387 ) R, S5 —2S§+
8 R; 12 2R;

[1 1 2][3S32—252S3—S22]+ (16)

R R RR, 12

1 1)(2857-5,85,-5; N
RR, R 3
R, |(3S; 25,5, -8;
R} 12

L

Sb ’” ’” ’” S7 ’” ’” 4
Wes = Tty [IOZ (RmS '[Ss Hg () ar” + Rmf,_[sb Hfzg (r")r"dr” +

Rm7 J‘ix ngh (r//)r//dr//)dgn) —
Nolyth ([ Rys \(38: =258, =85 ),  (S7-5¢
2 'm6 2

8 R? 12 2R?
[L+L_ 2 ][s$+2s(,s7—3sj]+ (17)
R R RR, 12
[ 1 _IJ{S72+S6S7—2S§B+

RR, R 3

Ry, \[ Si+28,5,-35;

R 12

2R (8). (12)s (16). (17), A[HESHIFR
TEAZ s 35 Ge2H X BN 4t 25 X S8 AE AN W /R R 1
IR RE R We FIRIEAXN:

Wei =Wes T Wero 7 2W s + 2W s +2W s (18)

ext extl

D, S5aQ)MAA8), "I EMRI%
PR IR AL T A5 SR 2 XA 28 R X IAE N . A BTG
R RTN (R HERE B Wiow tor FIZRIE TN

Wow totat = Wini + Wext (19)

2 EEEIRRMNEREGEEEIEIE

21 BR[BESLEERMIMNIEL THIREES

25 18 B ve A AL AN 2 5 B IR 3 2 DX
MARE RN, N TR IR, TIHHEK
BRSRAT T BRI R S LRAE N« SMERREAE F N ARG
RER. o, FH(Q2) AT B AT B T A [ 5
LAENE I ERT S lemiRe &, R, ERFEt—
ATHRARSUT H R ARSI F R AR
RER. VL, ARSCEN T 6 Fros M BAE AR &R,
TR A5

FERIREARRR R T, B AR RES M (I TR 2 A T
5] 5 24 AR5 A AN L DX 7K~ DX P i 7 i



2000 i LB ROR

2026, 52(4)

J& Hao(r,0) Hon(r,0)F1 Hij(r,0,2) 115N

R, +rcos@
o552

S

Hij (roaoz):ij(Z)(}eS%Rcose] (20)

S

H, (r,6)=H, (RS_;—R‘:OWJ
s Ry NIRRT ENAE: 0 Y12 r 5 x T
JeMIINEE ;s z Nl S .

[FEE,  SEHINHRE ) 5 ()R] 20 B I (] 2 2 A 1
O P A0 B DX SR 7K DX S R 137 5 B Hea(r,0)
Het(r, )M Ha(r,0,2)[1 5N
R, —rcosé’]

2R,

H, (r,é’) =Hc[

RP —rcosé
Hkl(r,H,z)ijk(z) _ 201
2Rp

Rp +rcos€]

2R,

Hef(r,ﬁ)sz(
K Ry AVIRIA S 412

FE T80 0 Wl 3 o BE o] HE S IR RN AT 2 R
I [7] 5 S AE AN E N IRMERE B Wex s FI

Wextj E‘J%‘%ﬁﬁy‘j’
1 2m R,
W =E;¢O((h+2zcs)jO (" 12 r.0yrdrdo +

ext s
2 jlf joz jORS HZ(z,r,0)rdrd0dz +

(h+20,) [ [ 2, (r,e)rdrde) - )

128 R} RR,

N2 (h +2zcs)]

(Ro_&)'i- R72

Wy =500 (120, [ [ 0y +

€

o[ F [ [ 1 (2. O)rdrd6dz +

(h+20,) [ [ H2 0, e)rdrde) -
(23)

SuR: [ N2IZ (h+21,) 2N?p2
+ sTs
1287 R} RR,

(R -R)+ N2I2 (h+210p)]

R
TN Lo A Les 73 IR TRATI BRI IR HL L[] 5 28 A

[ R DX 3 P 3K
22 ESATNTESHSE O RIRHbEE
ST AR A v AR Y AR % [ 5 2 s T
BRI, R STER221FTR, X T RS L
5, RGBT R IEAC . Bk, BTy
SIXFIX 2 PR SIFEAT AL AT, ke E R AT &
TnAbEE,
221 [A'FLMERRSR
Wl 7 s, BRI B iR iR
NI FIER o AR R, A IR AR Ae AR
R U 2 A R WY A R YA 1N b S S 2 e S
AR HIRAE IS, TS LT AL I IR 5
MRYESCHR[23], PTCATERAEAAAR R T, FIHZE
TR TR AR 2L S RN IR SR H(r, f)
MRIE N :
L 1,0m)

1O D=2 1. 0m)

1+] 2
:—, 5: —
4 o \| wuyo 25)

A AR RRAIIE; )N —K 1B I
IREREG jORRBURAL 0 NI SLEIRRIE: oA
L TR y ARG AR

(24)

Hext  Hext

K6 FLIM 5 3 LR AR AL br 2 o Wi 2

Fig.6  Analytical model of single-turn round conductor

cylindrical coordinate system

i

K7 SRR B

Fig.7 Round wire flowing with alternating current



Ve M, TS0, Bl S BT EIRE RN S A e T RO 2001

CUA AN TR AL T I 5 4 A0 0 370 35 P (0 A
FAa, T DUR A RON SE R o SR AEHEIR AL
R B S £ Tt 1 S8

Sl oy
o, =1-% (26)
EILIOJ.J‘J.Hiit(r)dV
222 [SLIARER

1 5 4 P 408302 207 3 B 2 DA AT 4D 2% 2 ]
FORESA M TLAR A, SR TLAR Y S B A A A
ISR (81 o

B 8 Frs s e seHs— R 6 5 48 B T HR1E A Ho-
FAEN o RIBEIRIN ARG, DU 526 3 3
Yy JE Ho(r,0.0)5 Hi(r,0,)iIZE P
Hy(r,0,1)=

oLl B

J1 JRm
27)
’”2 3
|1+ 5 Ry, i s
H,(r,0,f)=Re R 5 (28)
rJl .]Rm

2 _ p2 2J1(\/E) (R :
e (WE) _IJ’ R‘“‘(Ej @
K R NREEEEG Jo(x)NEE—2 0 B DIZER
PRI
455 NQ7)—Q9) W LI1F BILEAM S Wi 1E T
(5] A PR B TR DR Ny
S I (200, )+ H 0, )Y
o, =1- 1 (30)
S I (#7(.0,0)+ H; (,6,0))av
TE CAMAR B A RAN RGBT ] L AEN . Fb
Erin Ve T s e Re B B b, i 5] NI
RN TEIRAR o5 AR RN TEIES o, W] 5 R A0
RN B R A e B R . BT S,
PR B 52 5 2 P A TS B 3 e S DA % B TR 8807 T U
R as, HRIRARNL T i B0 BRI (5] 3 24 e T 9 T R R
AWini s FIFIE AN :
12

1
AI/Vint_p/s = Easluolp/s I J.Sn)und Hiflt (V)dS = asﬂolp/s E

(31)

[EI, 454 a0Q2) N (23) LA K AR 250N T 8 %

ap AT, AR 51 L ) B[] 5 2k R i e B S U
% AWext_p/s Eg%%jiﬁj"j

AVVextJ)/s = apVVextJ)/s (32)

(19 B, (32), EILAHTH R AL
T s G 2 X M £ 25 [X 3 1 S s 2 R 2 v A0
TR 5 R S IR R R, RT3 3
BN G T AL RIS HERE R Whig o [ RIZ N
Whig_total = Wlow_wtal - Np/s (AWim_p/s + AWext_p/s) (33)

s Nps WVIAR B S H I [T KL
3 SESHEIE

T AR AT ERE R, IR T
— BT R AR FENL ARFEN LI RE SR A S A,
WIRANR B G IR SR ST R . WIR SR
SJHVEE SRR REE b, IR SR N 5 5] 7 55 74
ol b B 9(a). (b)7 il N SEERFEAL I IE AL AT
MLE . FENLEZESHIE 1.

SEEF AP 10 s . KA 26 LCR-8205 FH
P53 BT A G B2 A5 2 £0.08%) 0 BRI AL e 28 AE AL I Ui
HBGEATIN R . FE S FE v, R e bl e B Ak
HRCSY, AT SR I 5] 22 I B BT 4 AT A
B b, WEMZEEES 50 Hz~200 kHz, FH7E
DS H BEBT A BT OGHAT TR E,  DARE & 1 v
Pk

Tes

H=Hcos(wt+6)

SR (S RS R GNP sy
Fig.8 Schematic diagram of the external magnetic field acting

on a round conductor

(2) SHFHLIERA (b) SEEAFEHLIRLE
K9 IR ARSI

Fig.9 Experimental prototype of toroidal transformer



2002 LR ROR

2026, 52(4)

R AR L ESH

Table 1 Main parameters of toroidal transformer prototype
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Fig.10 Experimental platform for leakage inductance

of toroidal transformer
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Fig.11 Simulation model of toroidal transformer and

magnetic field distribution
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Fig.12 Comparative analysis of experimental, simulation and

computational results of toroidal transformer leakage induct-

ance at different frequencies
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