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Analysis and Optimization of Mechanical and Electrical Characteristics of
Wireless Charging Coils with Multi-strand Serpentine Interconnect

GUO Yi-bing' > ZHANG Xiao'?> YE Fan-wei' > PING Xue-cheng' * SU Ye-wang’
(1. College of Mechanical Engineering Tianjin University of Science and Technology Tianjin 300222 China; 2. Tianjin Key
Laboratory of Integrated Design and Online Monitoring for Light Industry & Food Machinery and Equipment Tianjin 300222 China;
3. State Key Laboratory of Nonlinear Mechanics Institute of Mechanics Chinese Academy of Sciences Beijing 100190 China)

Abstract  The power utilization and functional reliability of wireless charging system are important issues of concern. In order to ob—
tain flexible inductance coil with high elastic stretchability and low resistance the design idea of multi-strand interconnect was pro—
posed. Firstly the electrical properties and elastic stretchability of multi-strand serpentine interconnect and single-strand serpentine in—
terconnect were comparatively studied and the advantages of the multi-strand serpentine interconnect were proved. Then the effects of
wire thickness length of straight segment radius of arc and central angle on the electrical properties and elastic stretchability of ser—
pentine interconnect were investigated. The results show that the length of the straight segment the central angle and radius of arc are
sensitive parameters affecting the elastic stretchability of serpentine interconnect. Finally the sensitive parameters affecting the elastic
stretchability and resistance of serpentine interconnect were optimized by orthogonal experiment. The resistance of the optimized flexible
and stretchability coil is reduced by 13. 5% and the elastic stretchability is increased by 34.3%. The research results provide theoreti—
cal guidance for optimal design of flexible and stretchable wireless charging coil.

Key words serpentine interconnect; three-strand in parallel; resistance; elastic stretchability; mechanical properties;

electrical characteristics
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Fig. 1 Flexible stretchable inductor coil
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Fig.2 Calculation model of serpentine wire
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Fig. 3 Skin effect diagram
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Fig. 4 Effect of thickness on AC resistance of serpentine wire
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Fig. 5 Effect of width on AC resistance of serpentine wire
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Table 2 Geometry parameter design
t/mm L/mm rfmm 0/(°)  w/mm
0.000 2~0. 4 1 1.25 180 0.6
0.1 0-~5 1.25 180 0.6
0.1 1 0.75~2 180 0.6
0.1 1 1.25 100~ 200 0.6
0.1 1 1.25 180 0.6~1.35
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Fig. 6  Effect of thickness on elastic stretchability of

serpentine wire
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Fig. 7  Strain distribution of serpentine wire
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Fig. 8 Deformation mode of wire of different thickness
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Fig. 12 Strain distribution of serpentine wire with different
radius of arc segment
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Fig. 9 Effect of the straight segment length on elastic
stretchability of serpentine wire 2
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Fig. 10  Strain distribution of serpentine wire with different the
straight segment lengths
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Fig. 13 Effect of central angle on elastic stretchability of
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Fig. 14 Strain distribution of serpentine wire with different

central angle
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Fig. 17 Schematic diagram of wireless charging for
electric vehicles
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Fig. 16  Strain distribution of serpentine wire with different
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Table 3 Results of L9(3") orthogontal test (3) n ‘R, 1/2
; Rcuil
0/(°) w/mm  r/mm  L/mm R/Q Al%
1 120 0.2 1 1 0.001 4 3.36 ° 0. 8008 Q
2 120 0.3 .25 2 0.0013 4.82 2.366 Q.
3 120 0.4 1.5 3 0.001 2 3.86 150°
4 150 0.2 1.25 3 0.002 7 12
5 150 0.3 1.5 1 0.001 6 4.52 1 mm 1.35 mm 0.3 mm
6 150 0.4 1 2 0.0008  3.92 0.909 2 Q.
7 180 0.2 1.5 2 0.003 2 15 18 o
8 180 0.3 1 3 0.001 6 12.24 16%
9 180 0.4 1.25 1 0. 001 4.48
18( a) ;
4 9.57% 18( b) ;
Table 4 Results of range analysis with resistance
K10 K/Q K/IQ kiIQ BL/IQ kIO R/Q 10. 51% 18( ¢) o
0 0.003 9 0.0051 0.005 8 0.001 3 0.001 7 0.001 9.000 6
w  0.0073 0.0045 0.003 0.0024 0.0015 0.001 0.001 4 195% 40.2%:
r 0.003 8 0.005 0.004 4 0.001 3 0.001 7 0.001 9. 000 4
L 0.004 0.0053 0.0055 0.001 3 0.001 8 0.001 8.000 5
13. 5% 34.3%.
K Ky K 1.2.3 Fy ko
1.2.3 i R
5
Table 5 Results of range analysis with elastic stretchability
K /% Kyl% K3l% k% kyl% ky/%  RI%
6 12.04 20.44 31.72 4.013 6.813 10.57 6.557
w 30.36  21.58 12.26 10.12  7.193 4.087 6.033
r 19.52 21.3 23.38 6.057 7.1 7.793 1.123
L 12.36 23.74 28.1 4.12  7.91 9.367 5.047
KKKy, 1,233 NN
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(3) Fig. 18 Strain distribution of flexible stretchable coils
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