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Transcutaneous energy transmission using magnetic resonance for implantable devices

- Improvement of the coupling factor between coils -
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Abstract: Transcutaneous energy transmission is useful to improve QOL (Quality of Life) and supply energy for
implantable devices non-invasively. In order to supply highly efficient energy transmission through the skin, it is necessary
to increase the coupling factor between the coils and increase the inductance of each coil. In this study, the optimal shape
of the coils to increase the coupling factor was investigated.
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Fig. 2 Equivalent circuit to evaluate efficiency
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Fig. 3 Equivalent circuit to evaluate coupling factor
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Fig. 4 Appearance of coreless coils

Table 1 Inductances and resistances of coils

Coil Inductance[pH] Resistance[Q]
A L, 14.24 0.213
L, 14.72 0.216
B L, 14.54 0.209
L, 14.36 0.206
C L, 13.34 0.191
L, 13.25 0.189
D L, 11.75 0.180
L, 12.02 0.183
E L, 8.858 0.150
L, 8.810 0.150
F L, 3.832 0.0942
L, 3.866 0.0930
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Fig. 5 Coupling factors (outside diameter 50 mm)
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Table 2 Inductances and resistances of coils
(outside diameter 40 mm)

Table 3 Inductances and resistances of coils
(outside diameter 60 mm)

Coil Inductance[pH] Resistance[Q] Coil Inductance[puH] Resistance[Q]
A L, 7.914 0.149 A L, 26.78 0.322
! L, 8.229 0.149 2 L, 26.39 0.315
B L, 7.756 0.140 B L, 26.17 0.309
! L, 7.883 0.142 2 L, 26.42 0.307
c L, 5.769 0.117 c L, 2431 0.288
! L, 5.826 0.117 2 L, 24.25 0.285
D L, 2.667 0.0743 b L, 19.08 0.245
! L, 2.706 0.0791 2 L, 19.42 0.247
E L, 8.004 0.145 E L, 12.46 0.188
! L, 7.844 0.144 2 L, 12.49 0.188
. L, 6.650 0.123 . L, 5.036 0.115
! L, 6.955 0.125 2 L, 5.114 0.113
G L, 6.661 0.125 G L, 26.00 0.301
! L, 6.710 0.127 2 L, 25.63 0.300
q L 4.989 0.104 H L, 22.09 0.267
! L, 4.961 0.105 2 L, 21.83 0.264
| L 2.181 0.0690 | L, 14.68 0.205
! L, 2.174 0.0692 2 L, 14.82 0.205
L, 6.23 0.130
% L, 6.29 0.128
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Fig. 6 Coupling factors (outside diameter 40 mm)
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Fig. 7 Coupling factors (outside diameter 60 mm)
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Fig. 8 Coupling factor (outside diameter 100 mm)




Table 4 Inductances and resistances of coils
(outside diameter 100 mm)
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Fig. 9 Normalized coupling factor (outside diameter 50 mm)

Coil Inductance[pH] Resistance[Q]

A L, 122.9 0.905
3 L, 122.3 0.899
B, L, 115.8 0.857

L, 116.8 0.859
c, L, 117.0 0.854

L, 113.0 0.823
D, L, 105.7 0.785

L, 106.7 0.794
E, L, 109.7 0.807

L, 109.4 0.805
F L 95.36 0.722
3 L, 94.47 0.721
G L 83.07 0.663
3 L, 83.93 0.661
q L, 64.40 0.556
3 L, 64.71 0.557
| L, 48.01 0.460
3 L, 4791 0.457
| L, 27.71 0.329
3 L, 27.73 0.328
K L, 10.31 0.190
3 L, 10.38 0.191
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Table 5 Coupling factors

Outside diameter 50 mm Outside diameter 100mm

d=10 d=15 d=20 d=30

0 0.3861 0.2576 0 0.3998 0.2697
10 0.4047 0.2727 20 | 0.4102 0.2730
16.7 | 0.4119 0.2741 33.3 | 0.4216 0.2784
20 0.3999 0.2695 40 | 0.4115 0.2723
30 0.3912 0.2679 60 | 0.3935 0.2716
40 0.3538 0.2409 80 | 0.3484 0.2447
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Fig. 10 Normalized coupling factor (outside diameter 100 mm)
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Table 6 Efficiency [%]
d 5 10 15 20 25 30
95.8 | 91.5 | 829 | 71.8 | 552 | 423
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