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Maximum Efficiency of Contactless Power Transfer Systems using k and Q

Takahiro Tohi*, Yasuyoshi Kaneko, Shigeru Abe (Saitama University)

This paper presents a simple theoretical equation of maximum efficiency for contactless power transfer systems. Conventional
theoretical equations are composed of many factors such as transformer's resistances and inductances. The proposed equation is
composed only of coupling factor k and Q factors. This shows ideas to improve efficiency of contactless power transfer systems.
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Fig. 1. Detailed equivalent circuit for method of SP.

(a) Simplified equivalent circuit.  (b) Ideal transformer.
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Fig. 2. Simplified equivalent circuit and ideal transformer.
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Fig.3. Detailed equivalent circuit for method of PS.
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Fig. 5.  Detailed equivalent circuit for method of PP.
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Table 2. Transformer specification.
Transformer
150
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[
unitmm ¥ L
Power 1.5kw
Frequency 30 and 50 kHz
Gap 30mm
Core FI?K 6H40 Bs=0.53T
1i=2400(at 0.1MHz)
Primary 18 turns (2)*
Secondary 9 turns (4)*
Litz wire 0.1mme>800
Aluminum-plate shield 200x200%1.0mm
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Table 3. Transformer parameters.

Frequency[kHz] | 30 [ 50
Gap[mm] 30
N, 18
N, 9
Kk 0.34 0.34
rmQ] 1084 | 139.8
r[mQ] 272 | 340
La[pH] 848 | 847
Lo[pH] 216 | 214
Qi 1475 | 190.4
Q, 149.7 | 1979
RemsrQ] 121 | 202
Rimaxps[Q]* (51 $* (9222)*
Rimaxss[2] 14 2.2
RemaerlQ] 121 | 202
N %] 962 | 97.0
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Fig. 7. Q and efficiency vs. Frequency.
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Table 4. Experimental results.

Resoqant sp ss
capacnor
Frequency [kHz] 30 50 30 50
RL[Q] 25 40 1.5 3.3
Vin[V] 1158 | 161.7 | 109.9 | 135.9
In[A] 16.2 12.7 18.1 15.2
V2 [V] 1427 | 182 51.6 73.3
Ip [A] 16.1 125 35.2 23.8
VL[V] 193.4 | 2450 | 475 70.2
P.[W] 1636 | 1623 | 1717 | 1647
P, [W] 1553 | 1556 | 1624 | 1571
Pour [W] 1501 | 1503 | 1509 | 1501
7[%] 95.0 95.9 94.6 95.4
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(a) resonant capacitor SP (fp=50kHz)  (b) resonant capacitor SS (f,=50kHz)
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Fig. 9. Experimental results.
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