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Abstract. Strongly coupled magnetic resonance is used to induce currents in a system of resonator coils. 

These induced currents are used to apply torque on a rotating resonator coil (rotor). The rotor angle 

dependent coil-coil torque interactions can be optimized by altering the impedance of the resonator coils, 

shifting their resonance frequency. A 14% gain in average torque is obtained for the considered system by 

detuning the capacitor values of the system’s resonators. 
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INTRODUCTION 

Wireless power transfer (WPT) has found increased research interest over the last decade. WPT is a further 

development of the more general inductive power transfer (IPT) [1]. WPT allows the transfer of energy from a 

transmitter coil to a receiver resonator coil over medium to large air gaps. A resonator is a series connected 

inductor-capacitor (RLC) circuit which has a certain resonance frequency. It has been proven that WPT is the 

most efficient when tuning the transmitter frequency to the resonance frequency of the magnetically coupled 

receiver coils (strongly coupled magnetic resonance – SCMR), as the impedance of the receiver is minimized at 

resonance, while the induced currents are maximized [2]. These currents can be directly used to apply resonator-

resonator or transmitter-resonator forces/torques. Figure 1(left) shows an SCMR based motoring topology with a 

transmitter coil (t), a stator resonator (s) which is fixed in space and a rotor resonator (r) which rotates around an 

axle [3]. 𝑀𝑎𝑏 is the mutual inductance between coil a and coil b and is dependent on the rotor angle (𝜃). 

RESONATOR IMPEDANCE OPTIMIZATION 

For SCMR motoring, the phase difference between the currents in the RLC circuits of the system coils 

(transmitter, rotor and stator) affects the effectiveness of the torque generation. In this work, we explore detuning 

of the resonators by changing their capacitor value in order to improve the motoring capability of the SCMR 

motoring system. In a moving SCMR system, the induced voltage in coil a by the current in coil b can be expressed 

as: 
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The first part of Equation (1) is called the transformer electromotive force (EMF), while the second part is the 

motional EMF. The system currents in the SCMR system can now be derived from circuit laws: 
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with 𝑋𝑖 = 𝜔𝐿𝑖 −
1

𝜔𝐶𝑖
. The generated torque 𝑇𝑚(𝜃) can be obtained starting from the power flows in the system: 
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Resonance occurs for a minimized resonator impedance 𝑅𝑎 + 𝑗𝑋𝑎 by tuning 𝑋𝑎 to zero. Figure 1(middle) shows 

the torque profile for stator and rotor resonators tuned to resonance (blue). The peak torque occurs when no 

magnetic stator-rotor coupling is present. Two coupled resonators display resonant behaviour at a lower frequency 

[4]. Driving the transmitter at the resonators’ original resonance frequency then results in a phase shift and 

amplitude decrease of the resonator currents. Contrary to regular WPT to multiple receivers, the transmitter-rotor 

and stator-rotor phase difference also affects the torque profile of the SCMR motoring system. This angle 

dependent phase difference can be adjusted by detuning the stator and rotor capacitors (𝐶𝑠 and 𝐶𝑟), thus resulting 

in non-zero values for 𝑋𝑠 and/or 𝑋𝑟. Figure 1(right) shows the average torque for varying values of 𝑋𝑠 and 𝑋𝑟. 

The red dot shows the optimum found (𝐗𝑜𝑝𝑡 = [𝑋𝑠
𝑜𝑝𝑡

, 𝑋𝑟
𝑜𝑝𝑡

] = [−1.677, −0.796]) by a gradient based 

optimization procedure starting from the resonant condition (𝐗0 = [𝑋𝑠, 𝑋𝑟] = [0, 0]). When the torque profile has 

negative values (compromising the starting capabilities of the SCMR motoring system), the objective function 

returns a zero average torque. Figure 1(middle) shows the optimized torque profile (red) with a 14% gain 

compared to the torque profile at the resonant condition (blue). The peak torque now occurs for a slightly coupled 

stator and rotor coil. The presented optimization methodology can be used to further optimize the resonator 

impedances when dealing with more complex topologies with multiple system coils. 

   

Figure 1: [left] The SCMR motoring topology with a transmitter coil (t), a stator resonator (s) which is fixed in space and a 

rotor resonator (r) which rotates around an axle. [middle, right] The average torque of the SCMR motoring system can be 

improved by 14% compared to resonant conditions. 

CONCLUSIONS 

It has been shown that the principles of WPT can be used directly for unidirectional motoring. The resonators of 

the SCMR motoring system can be detuned to increase the average torque of the considered system. A torque 

gain of 14% was obtained by detuning the resonators from their resonant condition. 
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