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Analysis of Leakage Inductance for Toroidal Type Flyback Transformer

Chang-Soo Park1, Byeong-Geuk Kangw, Kyoung—-Gu Shin1, and Se-Kyo ChungT

Abstract - This paper presents an analysis of a leakage inductance for a toroidal type flyback transformer.

The equation to calculate the leakage inductance is derived using the MMF diagram of the transformer. The
analysis for the different types of the cores and winding structures is also provided using the FEM simulation.

The winding structures minimizing the leakage inductance are finally discussed from the simulation

experimental results.

Keywords: toroidal type transformer, flyback converter, leakage inductance, FEM simulation
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Table 1 Parameters of toroidal transformer

Parameter Value Parameter Value
A [mm?] 40.32 Permeability 2500
W, [mm’] 139.7 Turn ratio 5 :9
V. [mm?] 2494 Ap diameter 045
[mml]
MLT [mm] R4 Ns diameter 11
[mm]

Table 2 Comparison of calculation and simulation results

Calculation Simulation
Magnetizing 37883 [uH] 380,88 [uH]
inductance
Coupling coefficient 0.9984 0.9982
Leakage inductance 1.21 [uH] 1.33 [uH]
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Fig. 2 Toroidal transformer

Table 3 Comparison of EE and toroidal core parameters

A [mm?] | W, [mm?] |V [mm’] [MLT [mm]
EE core | 4032 1397 3090 303
Toroidal 1) 4 1397 2494 284
core

Table 4 Simulation results for EE and toroidal

transformers
L L
Transformer [uH] k [uH]
(a) EE
(Np-Np-NS) 378.37 0.9915 6.43
(b) EE-interleaved
(Np-Ns-AD) 380.18 0.9973 2.05
(c) Toroidal
(Np-NS) 330.88 0.9982 1.33
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Fig. 3 Windings structures of EE and toroidal transformers
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Table 5 Comparison of calculation and simulation results

for Fig. 4
Calculation Simulation
Transformer T N In . N I
[uH] [uH] | [uH] [uH]
(a) Np, Ns
oo | 3788309984 | 122 |38088| 09982 | 133
(b) No. NS 7003 0.9979 | 163 | 38336 | 09076 | 1.7
- 75%
(©) N, Ns| a0 a3 09068 | 244 138030 | 09965 | 2:68
- 50%
(d>f¥’5”%NS 37883 | 09936 | 489 |380.88 09932 | 5.1

Toroidal Air gap
core

Insulation

(a) Np=100%, Ns—-100%

&
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(d) Np, Ns-25%
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(b) Np, Ns-75% (c) Np, Ns—50%

Fig. 4 Toroidal transformers with different winding areas
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Fig. 5 Leakage inductances for transformers with

different winding areas
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Table 6 Simulation results for Fig. 6

L

Transformer [1114;1] k [qujI]
(a) Np-100%,

Ns-100% 380.88 0.9982 1.33
(b) Np-100%,

Ns-75% 382.87 0.9934 5.02
(c) Np-100%,

Ns-50% 3713 09783 16.25
(d) Np-100%,

Ns-25% 377.88 0.9513 35.95

Toroidal Air gap
Insu!atmn
) Np-100%, Ns-100% ) Np-100%, Ns-75%

‘Q OQ

) Np—-100%,

Fig. 6 Toroidal transformers with different Ns winding

areas
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Fig. 7 Leakage fluxes for uniform and non-uniform

windings
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Table 7 Leakage inductances for transformers with
different Ns windings

Ns windin Leakage inductance Reduction
° ¢ [uH] [%]
(a) 5.02 -
5%
(b) 2.37 52.9
(c) 16.26 -
50%
(d) 789 515

Table 8 Parameters of experimental toroidal transformer

Parameter Value
Core Ferroxcube
TN 26/15/11-157
Permeability 2300
Turn ratio 48 1 8
Np wire Litz wire 0.1x30
Ns wire Litz wire 0.1%50
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Table 9 Comparison of calculation, simulation, measurement
results for Ln, k, Li of toroidal transformer

L K Li
[uH] [uH]

Calculation 376.96 0.9985 1.16
Simulation 374.65 0.9981 1.35
Measurement 3773 0.9967 247

Table 10 Measured L., K,
different windings

Lk for transformers with

oo Ln Li
k
Winding [ut] [utl]
Np, Ns-100% 3773 0.9967 947
Nb, Ns-75% 380.1 0.9947 406
Np, Ns-50% 3798 09927 561
— 0, — 0,
Np=100%, Ns=T5%| - a0q 0.9913 68
(concentrated)
_ 0, _ 0,
Ap-100%, Ns=50%) o) 4 0.98 158
(concentrated)
Np -100%, Ns-75%
Cisteibten) 3817 0.9951 38
Np -100%, Ns-50%
Cictibtod) 380.3 0.9898 791
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Fig. 10 Experimental toroidal transformer
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Table 11 Parameters of experimental flyback circuit

Parameter Value Parameter Value
Operation . .
Mode DCM Turn Ratio 6:1
M ..
Input Voltage 400 [V] 'agnetlzmg 380 [uH]
inductance
1
Output Voltage 15 [V] ¢ amp 50 [nF]
Capacitor
Cl
Output Power| 50 [W] amb 20 [kl
Resistance
Frequency 100 [kHz] MOSFET | IPP9ORR00C3
Duty Ratio 0.158 Output Diode V30100S
2ASAT, A4 Exod WelrlolAE Web] 9
WA Eo] UF REX|Fell ®oh A7) wfZel uf, £5-¢]
A3 7ke] o] vhEch webq Aurel ANow
SEe 79 mol eFol 41 A Apold|A 7t7o]
o=z, 1, 24 AMo] mo] EW AAZ A= Aol
offith ol FTAH o) Art AlE ol At
vl =7 S85 s Ao A EH
I 102 3FeA EA4E oy fd WS e W
WES] Ag ARz, ARAS, T AgEsg 5
d AxE yeidd, vA QYEs 54 Ade 94
AlEoldoz #A% Ax B tih =4 540l
YA FAR B dehdn gk 1, 274 A4
F0l2 e WA padel me) A QgEss)
wEste] S A HAT & vk EF 24
Mo WA el met w4 APHsE G435 37}
s, 22k AAES BAAIA A2 @A Fxe] A Y

(b) Np, Ns - 50%,
Lik : 5.61 [uH]

(a) Np, Ns - 100%,
LIk : 2.47 [uH]

(c) Np-100%, Ns-50% (d) Np-100%, Ns-50%
(distributed) (concentrated)
LIk : 7.91 [wH] Lik : 15.8 [uH]

Fig. 11 Experimental flyback transformers
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