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Magnetic Coupling Improvement for Transformers Focusing on Winding Method

Keita Furukawa, Student Member, Keisuke Kusaka, Member, Jun-ich Itoh, Senior Member

This paper proposes a novel design method of a transformer for high boost/buck ratio in order to improve

magnetic coupling between primary side and secondary side. In the proposed design method, two pairs of wires of a

4-winding transformer is connected in parallel to each the primary side and the secondary side. The coupling

coefficients of parallel-connected wires are intentionally designed low in order to improve the entire coupling

coefficient. In order to validate the proposed design, the entire coupling coefficient is compared with three designs:

one conventional transformer and two proposed transformers which are a three-legged transformer (I) and a

transformer constructed as a pair of cut cores (II) respectively. As an experimental result, the coupling coefficient of
the conventional transformer is 0.980. Whereas, that of the three-legged transformer (I) is 0.987, that of the
transformer constructed as a pair of cut cores (II) is 0.987. Therefore, the coupling coefficient can be improved by

the proposed design method.
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Fig. 1. Conventional transformers for large winding number ratio.
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Fig. 2. Schematics of proposed 4-winding transformer.
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Fig. 5. Conventional transformer.
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Fig. 3. Equivalent circuit of proposed 4-winding transformers.
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Fig. 4. Schematic drawing of transformer attached small core.
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Fig. 6. Proposed 4-winding transformer (I) applied three-legged transformer.
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Fig. 7. Proposed 4-winding transformer (II) constructed as pair of cores with secondary windings.
Table 1. Measurement result of inductance and coupling coefficients of conventional transformer and proposed transformers.
Characteristics Conventional Proposed Transformers
Transformer Three-legged transformer (I) Constructed as a pair of cores (1)
. Primary coils 50 50 50
Coils turns Secondary coils 3 3 3
5110 1200 301 70.8 1890 -127 105 104
As 4-winding 1200 4630 73.7 273 -127 1660 91.3 91.4
[uH] [uH]
transformer 301 73.7 185 4.31 105 913 129 11.1
708 273 431 16.6 104 914 11.1 128
Inductance —
matrixes As 2-vamdlng [9370 553) () (3060 180] ) [820 97.6) [WH]
transformer n u
(Measured values) 553 40.0 180 109 97.6 11.9
As 2-x¥inding (3030 179] W] [822 97.8] (W]
transformer n u
(Calculated values) 179 109 978 11.9
Maximum error of Calculated values 1.0% 0.2%

1.000
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j: e
O 0985 '
g
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Fig. 8. Coupling coefficients between primary side and secondary side
of measured transformers.
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