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A Gear-shaped Loosely Coupled Transformer with Guiding Magnetic Core
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Abstract: The coupling coefficient of the loosely coupled transformer in the inductively coupled wireless
power transmission (ICPT) system is a key parameter affecting the conversion efficiency of the wireless energy
transmission system. To improve the coupling coefficient, an equivalent magnetic circuit model was established and
analyzed based on the magnetic field simulation results of ordinary disc-shaped loosely coupled transformer. On
this basis, the disc-shaped magnetic core was optimized by digging through holes and adding guide cores, and a
new gear-shaped transformer structure was proposed combined with multi-U-shaped magnetic core structure.
Simulations and experiments verify that the structure can effectively increase the coupling coefficient of the
transformer while reducing the weight of the transformer,and has good rotation stability.
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Fig.l Sectional diagram of disc-shaped transformer
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Fig2 Electromagnetic field simulation results
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Fig.3  Sketch of flux tube division
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Fig.4 Magnetic reluctance circuit
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Fig.5 Scalar diagram of magnetic induction intensity of magnetic
core at primary side of disc-shaped transformer
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Fig.6 2D magnetic field simulation results of

disc-shaped transformer with guide core
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Fig.7 Section of the flux tube
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Fig.8 Values of coupling coefficient against
width of the guiding magnetic core
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Fig.9 Scalar diagram of magnetic induction intensity of

primary magnetic core with guide magnetic core

FETSCHER[13189 2 U M35 s mE 0 45 M 4 1 —
Tl 7 780 U3 DR 728 R 8 U 25 4, A IR 10 T
VT 1] — B K (R T &5 4 Sl £, oA ol
RS EE R o A IS5 R 5 2.0 R ]
HALAAR R 20 mm, PSS REGE T8 35 mm;
HMIUAE S T 18 K R 150 mm Y U B % 05 i
FEHERN G A I AL, B SR IE LA F R 2 L (A 1)
ot — P 51 80 TE RSN 15 mm, % 4G
A AT A A B (B8] 45 700 o0 B A R v ) STl L BRI
i,

B 10 Wk FE R s R
Fig.10  Structure of gear-shaped transformer
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Fig.11  Comparison of gear-shaped transformers
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Tab.1  Comparison of different transformer structures

ANTR)AE i 2 4 Vx1073/m? k

3 [5d] 1.020 1 0.520

it | 1.120 0 0.555
5,760 mm 0.971 0 0.554
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Fig.12  Variation of coupling coefficient versus

air gap for two types of transformers
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Fig.13 Physical diagram of gear-shaped transformer
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Tab.2  Comparisons coupling coefficient versus air gap
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