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Analysis of Interleaving Effect for Toroidal Type Transformer Windings

Kyoung-Gu Shin', Byeong-Geuk Kang', and Se-Kyo Chung"

Abstract

An analysis of the interleaving effect for the secondary winding distribution of a toroidal transformer is
presented in this paper. The equations to calculate the leakage inductance of the toroidal transformer are
derived using MMF diagrams for the different secondary winding distributions. The simulation and experimental
results are provided to show the validity of the theoretical calculation.
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Fig. 1. Structure of the toroidal transformer.
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(a) Axial flux path
Fig. 2. Flux paths of toroidal transformer with uniform
winding.
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(a) Axial flux path (b) Radial flux path
Fig. 3. Flux paths of toroidal transformer with non—uniform
winding.
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(c) Equivalent winding (d) MMF diagram

Fig. 4. Equivalent winding and MMF diagram for the
different primary and secondary winding width.
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(c) Equivalent winding (d) MMF diagram

Fig. 5. Equivalent winding and MMF diagram for the
secondary winding with 70% width.
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(d) MMF diagram

Fig. 6. Equivalent winding and MMF diagram for the
secondary winding with 70% width and two sections.
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Fig. 7. Equivalent winding and MMF diagram for the Fig. 8 Equ.jva‘lent Winding @d MMF djagram for the
secondary winding with 70% width and three sections. secondary winding with 70% width and four sections.
a9 62 12 AAo] g 23 @AY Eo] 70%olx 22 AAE 35E S¥S W F7HHS A4 MME th
27 AN 258 AL Wel 54 PAF MMF  oloj1@e viehdth 24 AAL 358 92 1 MMF
cheloln@e Uehdch 2% AHS 258 R A9 tololaue 1% Tde 2ol RTUOE e & 9
MMFE thelolzzdle 19 6(d)eF 2ol YUet ¥ 4 o on AA A ALY oux|¢ rA AdYdas thy
o AA R Ake] ouAE et ol 2 F7kel 3 ol vehd 4 gtk
A9 Fo= epE 4 9t
12
g Wy = 33 Wi, ©)
Wy = D Wa, ®) "
n=1
olZY T4 AGEAE o T
Ly, 3= 21 Wi,
1 n =
2 S Nzuoﬁ(h+2r)
fowa = ]_12712:31 Wen - 6h {0'06252 (ys + 115 —90) 10
N (h+2r) {0.0835% (4, + ) ) +0.0422 (ys — y,)
- 6h ' Yo Ys ™ Yo +0.0205% (s + 510 — 9> — ¥s) |

+0.04165% (yg — y») }

91 AolA 19 Th)sk 7ol AAe
& (5% 4) AR lehw A
o ol Ashe] tEhd 4 glnh

o =
B
o
[
rir
ful
lo
ik

9 HelA 7 Gb)sh el AAe W B
£5 (10% #) WAse] gtk A g

3} o] Relste] e 4 ek

I Ny (h+2r)l,,
o Nt 2, s = o
2 _ 2
e 6h 2 Y [{%H)(&)_k(m)} an
: E H(k-i- 1)(&)4-]@(37_—10())} 8 k=0 4 - 100 3. 100
o 3+ 100 2+ 100 . M]
. M] 6 - 100
3100

s
a9 7 1Ak Aadel tigk 22k A Fo] 70%ela  23F AXE 45 SlE W S ?Mj?)r MMF ‘jr



The Transactions of the Korean Institute of Power Electronics, Vol. 20, No. 3, June 2015 259

olojz1glE yEbIth 22k A
1:]—0]0113“9— 19 8(d)sk 2ol v
T A& oy et A JIgEAE

L

16
=) W, (12)
n=1 '
L,y = 21 Wi
N 2pgm (h+-2r) )
:T{O% Wetys—via) (g

+0.0375% (yg + Y10 — ¥s
+0.025%(y, — y5)
+0.0125 (yy t oy —yo— 912)}

_yl())

9 AelA 17 8b)sk 2ol WA W Fito] FEIE
2 (6% #) wAHo] A JE)
2ol Aejste] Yehd 4 Slth

N2pum (h+ 271,
6h

S 100 — 100 }2
(14)
EH (k+1)( 5 - 100)+k( 100)

{2Uoh 2 )

Ly, =

3.2 Interleaving &2}
oF AelA fF=H MMF tholo] 2313 4 QIYy X~
AL 0 ZHE] A £To] WoldsE MMF Hdi#h
of sk AL & g Stk wEkA A QIYHAR
At} o)yt FA oye s~ A EIE ERE
A-85t= 7)o A Interleaved BAES A}
48 49 Yehhs MMF gaaael fApsith 1 1
2k AR & 174%% st 7, MMF Hdlgks Akt
1de] ok 22k Ao F2 50-80%

>i rlo

TABLE 1
MAXIMUM MMF FOR SECTIONAL SECONDARY
WINDINGS (N1)
No. of x (&/h)
sections 50% 60% 70% 80%
1 0.25 0.2 0.15 0.1
2 0.1666 0.1333 0.1 0.0666
3 0.125 0.1 0.075 0.05
4 0.1 0.08 0.06 0.04
TABLE I

LEAKAGE INDUCTANCE FOR SECTIONAL
SECONDARY WINDINGS (pH)

No. of x (&/h)
sections 50% 60% 70% 80%
1 9.926 6.582 3978 2.118
2 3727 1.98 1.746 1.125
3 1.919 1.62 11838 0913
4 1.56 1.311 1.02 0.8
TABLE I
PARAMETERS OF TOROIDAL TRANSFORMER
Parameter Value Unit
Ve 1845 mm’
L. 55.8 mm
Ae 33.1 mm’
L 235 uH
Np diameter 045 mm
Ns diameter 1.1 mm
Turn radio 449
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Fig. 9. Simulation model of toroidal transformer with

different secondary windings (50%).
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Fig. 10. Simulation model of toroidal transformer with
different secondary windings (60%).
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Fig. 11. Simulation model of toroidal transformer
different secondary windings (70%).
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Fig. 12. Simulation model of toroidal transformer with
different secondary windings (80%).
TABLE IV
LEAKAGE INDUCTANCE BY MAXWELL 3D
SIMULATION (pH)
No. of x (&/1)
sections 50% 60% 70% 80%
1 10.54 714 443 2.498
2 5.3 3.66 2.34 1.725
3 34 2.5 191 1.422
4 2.66 2 1.62 1.287
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Fig. 13. Experimental toroidal transformers.
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Fig. 14. Leakage inductances for calculation, simulation and
experiment.

TABLE V
LEAKAGE INDUCTANCE BY EXPERIMENTAL (pH)
No. of x (&/h)
sections 50% 60% 70% 80%
1 6.14 4.35 2.85 1.78
2 391 2.88 2.06 141
3 2.88 2.21 1.65 1.71
4 2.31 1.81 1.44 11
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