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Machine-Learning Based Optimal Design of A Large-leakage
High—frequency Transformer for DAB Converters

Eunchong Noh!, Kildong Kim? and Seung-Hwan LeeT

Abstract

This study proposes an optimal design process for a high-frequency transformer that has a large leakage
inductance for dual-active-bridge converters. Notably, conventional design processes have large errors in
designing leakage transformers because mathematically modeling the leakage inductance of such transformers is
difficult. In this work, the geometric parameters of a shell-type transformer are identified, and finite element
analysis(FEA) simulation is performed to determine the magnetization inductance, leakage inductance, and
copper loss of various shapes of shell-type transformers. Regression models for magnetization and leakage
inductances and copper loss are established using the simulation results and the machine learning technique. In
addition, to improve the regression models’ performance, the regression models are tuned by adding featured
parameters that consider the physical characteristics of the transformer. With the regression models, optimal
high-frequency transformer designs and the Pareto front (in terms of volume and loss) are determined using
NSGA-II. In the Pareto front, a desirable optimal design is selected and verified by FEA simulation and
experimentation. The simulated and measured leakage inductances of the selected design match well, and this
result shows the validity of the proposed design process.
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TABLE 1
TRANSFORMER SHAPE PARAMETER LIST
Parameters Description
N Primary side number of turns
N, Secondary side number of turns
wy Core geometry parameter(see Fig 1)
L Core geometry parameter(see Fig 1)
l, Core geometry parameter(see Fig 1)
hy Core geometry parameter(see Fig 1) Fig. 1. Transformer core modeling parameter
per Ferrite core relative permeability
space; Winding interval parameter(see Fig 2 D) &
space, Winding interval parameter(see Fig 2 @) (25 Sec. Side
space Winding interval parameter(see Fig 2 @) & -
space,, Winding interval parameter(see Fig 2 @) S Pri. Side
spaces Winding interval parameter(see Fig 2 &)
spaceg Winding interval parameter(see Fig 2 ®)
d, Primary side winding diameter TOP VIEW
d, Secondary side winding diameter 3
movez, Pri. side height direction winding interval
movez, Sec. side height direction winding interval
offsetz, Pri. side height direction winding offset
offsetz, Sec. side height direction winding offset
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Fig. 3. Target transformer model

TABLE II
HYPER PARAMETER LIST
Hyper parameter Value
n_estimator 2000
learning rate 0.025
num_leaves 31

20.0

¥ [mH]
=
o
o

s R?:0.9913

5.0 MAE : 0.22248
. MSE:0.20742
2.5 RMSE : 0.45543
MAPE : 5.77%

o 5 10 15 20

R?:0.97584
MAE : 1.47847
MSE : 5.37987
RMSE : 2.31945
MAPE : 7.0%

(o] 10 20 30 40 50 60

R2?: 0.97546
MAE : 3.91079
MSE : 38.34484
RMSE : 6.19232
MAPE : 5.46%

(o] 50 100 150
y [mQ]

(c)
Fig. 4. Primary-side regression model validation result (a)
magnetizing inductance (b) leakage inductance (c) winding
resistance
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TABLE III
REGRESSION MODEL PERFORMANCE
Parameter R? MAE | RMSE | MAPE
L, 09913 | 02225 | 04554 | 5.77%
L, 09932 | 02096 | 03913 | 6.27%
L, 09758 | 1478 | 23195 | 7.00%
Ly, 0976 | 14513 | 23037 | 691%
I, 09755 | 39108 | 61923 | 5.46%
R, 09750 | 42328 | 64285 | 586%
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Fig. 5. Primary-side regression model validation result (a)
magnetizing inductance (b) leakage inductance (c) winding
resistance after adding featured parameter
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TABLE IV
REGRESSION MODEL PERFORMANCE WITH TUNING
Parameter R? MAE | RMSE | MAPE
L, 09933 | 0.1765 | 04000 | 4.65%
L, 09948 | 0.1765 | 03425 | 487%
Ly, 09861 | 11356 | 1.7581 | 552%
Ly, 09863 | 1.1036 | 1.7248 | 5.45%
i, 0989 | 31618 | 49615 | 455%
R, 09835 | 34462 | 52720 | 481%
TABLE V
TRANSFORMER DESIGN PARAMETER
Parameter Value
Primary side voltage 1400V
Secondary side voltage 537V
Power rate 2kW
Operating frequency 40kHz
Desired leakage inductance 20uH
Ferrite core relative permeability 3200
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TABLE VI
SELECTED DESIGN PARAMETERS
Parameters Value Parameters Value
Ny 20 turns space 1mm
N, 8 turns space; Imm
wy 56mm spaceg 1Imm
Iy 10mm d, 0.6mm
l, 15mm d,y 1.9mm
hy 35mm movez, 2mm
per 3200 movez, 1.5mm
space, 2mm offsetz, Omm
space, 3mm offsetz, Imm
spaces 1Imm
TABLE VII

COMPARISON OF INFERRED AND SIMULATED
PARAMETER RESULT

Parameter Regression FEA Error
L, 14.57mH 14.91mH 2.33%
L, 2.44mH 2.39mH 2.05%
L, 20.18uH 19.04pH 5.65%

Pri -
rmary side | ey 0.683W 8.24%
winding loss
Secondary side
. 1.422W 1.344W 5.49%
winding loss
core loss 37.64W 36.78W 2.34%
TABLE VIII

COMPARISON OF MEASURED & SIMULATED
LEAKAGE INDUCTANCE OF A SMALL-SCALE

TRANSFORMER
Parameter FEA Measurement Error
L, 4.535uH 4529uH 1.48%
L, 8.081uH 8.071uH 1.11%
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