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 The output voltage of capacitive power transfer (CPT) system will change if 

the load resistance is varied. This paper presents a method to regulate the 

output voltage using a controller that is located on the primary side, known as 

the primary side control technique. It does not require any additional 

components and wireless feedback, which lowers the cost and complexity of 

CPT system compared to the conventional control technique. Instead of 

directly measuring the output voltage on secondary side, it is estimated 

through the measured capacitor voltage on primary side. Modified sine wave 

control of the full-bridge inverter is adopted to regulate the output voltage. 

The proposed control technique is validated by the simulation via PSIM 

software using the practical parameters of capacitive coupler presented in the 

literature. Simulation results of the output voltage control against the step 

change in desired output voltage and load resistance indicate the performance 

of proposed control technique. 

Keywords: 

Capacitive power transfer 

Load variation 

Output voltage regulation  

Primary side control 

Wireless feedback 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Nattapong Hatchavanich 

Department of Electrical Engineering, King Mongkut’s University of Technology Thonburi 

126 Pracha Uthit Rd., Bang Mod, Thung Khru, Bangkok, 10140, Thailand 

Email: nattapong.hat@kmutt.ac.th 

 

 

1. INTRODUCTION 

Capacitive power transfer (CPT) is a novel technique for wirelessly transmitting electrical energy 
across an air gap through electric field between conductive plates. Safety, convenience, and automated 

operation can be obtained from this technique. It has lower cost, weight, and loss compared to the inductive 

power transfer (IPT) technique [1]–[3]. Nowadays, it has been adopted in various applications, such as 

biomedical implants [4]–[6], portable devices [7]–[9], electric vehicles [10]–[13], unmanned aerial vehicles 

(UAVs) [14]–[16], autonomous underwater vehicles (AUVs) [17]–[19], and rotary applications [20]–[25]. 

In practical CPT system, variation of the load is inevitable, e.g., the change in state of charge (SOC) 

of battery while it is charging. This causes the equivalent load resistance to vary which resulted in fluctuations 

of output voltage and output power. Therefore, the close loop control is indispensable to this system. The close 

loop control technique presented in previous research can be categorized by the location of controller as 

primary side control, secondary side control, and dual side control. The dual side control technique is 

introduced in [23] where the full-bridge inverter in primary circuit is used to perform frequency tracking. The 

compensation circuits on both primary and secondary side are controlled to perform the impedance matching, 

which is done by using the additional controllable inductors. The combined frequency tracking and matching 

network can regulate a target current to the secondary side at best power transfer conditions. However, this 

technique needs controllable inductors which are costly and difficult to control. The secondary side control 

technique is presented in previous research [24] which uses the half-bridge inverter in primary side. The extra 
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DC-DC buck-boost converter is added in the secondary side to control the equivalent output resistance. 

Although the optimal equivalent resistance against the load variations can be achieved via tracking the 

maximum power point, it requires an additional circuit which increases the component counts, cost, and loss 

to the system. The primary side control technique is presented in [25]–[29]. The class E inverter is adopted in 

[25] and [26]. The transferred power is controlled by switching extra capacitors parallel to the inverter switch 

[25]. This also increases the component counts and complexity to the system. Lu and Nguang [26] proposed 

any extra component is added to the circuit, but it needs wireless feedback to enable the control. Similarly, 

wireless communication between primary and secondary side is required in [27] and [28] to control the active-

clamped half-bridge (ACHB) inverter and full-bridge inverter, respectively. A three-phase bridge inverter is 

used in the primary circuit [29]. The burst-mode current control is adopted to regulate the dc output current. 

Although wireless feedback is not required, three current sensors are needed in this technique. 

As discussed earlier, the control technique introduced in previous research requires additional 

components on primary and/or secondary circuit and wireless feedback, which increases the cost, complexity, 

and loss to the system. To overcome this issue, the primary side control technique for CPT system without 

need of additional components and wireless feedback is presented in this paper. It requires only one voltage 

sensor in the proposed control technique. Instead of directly measuring the output voltage on the secondary 

side and wirelessly feeding it back to primary side, the output voltage is estimated through the measured voltage 

across a capacitor on the primary side. The output voltage is regulated via the full-bridge inverter with modified 

sine wave control. The proposed control technique is verified by the simulation results using the practical 

parameter of capacitive coupler [30]. For comparison purposes, the proposed control technique is compared 

with the previous control techniques as listed in Table 1. 

 

 

Table 1. Comparison between proposed control technique and previous control techniques 
Sources Inverter topology Control 

technique 

Additional 

components on 

primary side 

Additional 

components on 

secondary side 

Wireless 

feedback 

Number of 

sensors 

[23] Full-bridge Dual side Controlled inductor Controlled inductor No 5 

[24] Half-bridge Secondary side None Buck-boost No 2 

[25] Class E Primary side Switching capacitor None Yes 1 

[26] Class E Primary side None None Yes 1 

[27] ACHB Primary side None None Yes 1 

[28] Full-bridge Primary side None None Yes 2 

[29] Three-phase bridge Primary side None None No 3 

This work Full-bridge Primary side None None No 1 

 

 

2. SYSTEM ANALYSIS 

2.1. System description 

The proposed capacitive power transfer system is shown in Figure 1. A full-bridge inverter circuit is 

used to convert a smooth DC voltage (Vdc) into a high-frequency AC voltage (Vin). The capacitive coupler 
consists of four conductive plates which are P1, P2, P3, and P4. The plate P1 and P2 are located on the primary 

side whereas P3 and P4 are located on secondary side. Using the practical capacitive coupler as presented in 

[30], the plate length (l) and the air gap between plates (d) can be defined as 300 mm and 180 mm, respectively. 

Since the capacitive coupler requires a reactive power to wirelessly transfer the electrical energy across an air 

gap between plates via electric field, the double-sided LC compensation circuit (created by L1, C1, L2, and C2) 

is adopted to compensate for the required reactive power. If this compensation circuit is properly tuned, the 

system will operate at resonance state. Equivalent series resistance (ESR) of resonant inductor L1 and L2 are 

defined by R1 and R2, respectively. A resistor (RL) on secondary-side is a load of the system. In this proposed 

system, the output voltage (Vout) can be regulated by the controller on primary side, known as primary side 

controller, without need of any measurement on secondary side and wireless communication between both 

sides. Only the voltage across capacitor C1 on primary side (V1) is measured and sent to the controller. After 

the output voltage is estimated and compared with the desired (reference) value, the controller will send gate 

signals to the full-bridge inverter circuit to adjust the effective magnitude of inverter voltage (Vin). This will 

regulate the output voltage. 

 

2.2. Circuit analysis 

To simplify the analysis, it is based on some assumptions: The circuit is considered as high-quality 

factor (high Q) circuit where the inverter current (Iin) is sinusoid. Therefore, the first harmonic approximation 

(FHA) can be applied. Since equivalent series resistance (ESR) of resonant inductors are increasing with 

frequency due to the skin effect, they are included in the analysis. The ESR of resonant capacitors are neglected 
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due to the multilayer ceramic chip capacitors (MLCCs) which have very low dissipation factor and very low 

ESR at high frequency are adopted and All switches are ideal. 

The simplified equivalent circuit of proposed capacitive power transfer system is shown in Figure 2, 

based on the two-port model of capacitive coupler. The inverter voltage is replaced by its fundamental 

component, which is denoted by Vin,1. The capacitors Cp and Cs are defined as primary capacitor and secondary 

capacitor, respectively. The voltage-controlled current sources Ip and Is can be expressed as (1) and (2). 
 

𝐼𝑝 = 𝑗𝜔𝐶𝑚𝑉⃑⃑2 (1) 
 

𝐼𝑠 = 𝑗𝜔𝐶𝑚𝑉⃑⃑1 (2) 
 

Where Cm is the mutual capacitance. As referred to the practical capacitive coupler presented in [30], the value 

of Cp, Cs, and Cm can be specified as 9.8 pF, 9.8 pF, and 2.8 pF, respectively. Each element in secondary circuit 

can be represented in terms of its admittance. Their parallel connection can be shown in Figure 3. 
 

 

 
 

Figure 1. Proposed capacitive power transfer system 
 

 

 
 

Figure 2. Simplified equivalent circuit of proposed CPT system 
 

 

 
 

Figure 3. Parallel connection of the admittance in secondary circuit 
 

 

Each admittance in Figure 3 is defined by (3)-(6). 

 

𝑌⃑⃑𝐶𝑠 = 𝑗𝜔𝐶𝑠 (3) 
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𝑌⃑⃑𝐶2 = 𝑗𝜔𝐶2 (4) 

 

𝑌⃑⃑𝐿2 =
−𝑗𝜔𝐿2

𝑅𝐿𝑒𝑞
2 +𝜔2𝐿2

2 (5) 

 

𝑌⃑⃑𝑅𝐿 =
𝑅𝐿𝑒𝑞

𝑅𝐿𝑒𝑞
2 +𝜔2𝐿2

2 (6) 

 

Where 𝑅𝐿𝑒𝑞 = 𝑅2 + 𝑅𝐿 is the equivalent load resistance. The equivalent secondary admittance (Y2T) which is 

the parallel combination of each admittance in the secondary circuit can be obtained by (7). 

 

𝑌⃑⃑2𝑇 =
𝑅𝐿𝑒𝑞+𝑗(𝜔

3𝐶𝑠𝐿2
2+𝜔3𝐶2𝐿2

2+𝜔𝐶𝑠𝑅𝐿𝑒𝑞
2 +𝜔𝐶2𝑅𝐿𝑒𝑞

2 −𝜔𝐿2)

𝑅𝐿𝑒𝑞
2 +𝜔2𝐿2

2  (7) 

 

The imaginary part of Y2T will be equal to zero if the system operates at resonant frequency (ω0). This can be 

achieved by tuning the value of C2 by (8). 

 

𝐶2 =
𝐿2−𝐶𝑠𝜔0

2𝐿2
2−𝐶𝑠𝑅𝐿𝑒𝑞

2

𝑅𝐿𝑒𝑞
2 +𝜔0

2𝐿2
2  (8) 

 

Parallel connection of the admittance in primary circuit is shown in Figure 4 where the current source Iin is 

derived from the source transformation technique. 

 

 

 
 

Figure 4. Parallel connection of the admittance in primary circuit 

 

 

Since 𝑌⃑⃑2𝑇 is identical to 𝑌⃑⃑𝑅𝐿 at the resonant frequency (ω0), the admittance that reflects from secondary 

to primary circuit, which is denoted by Yr, can be as (9): 

 

𝑌⃑⃑𝑟 =
𝜔0
2𝐶𝑚

2 (𝑅𝐿𝑒𝑞
2 +𝜔0

2𝐿2
2)

𝑅𝐿𝑒𝑞
 (9) 

 

The equivalent primary admittance (Y1T) which is the parallel combination of each admittance in the primary 

circuit can be obtained by (10). 

 

𝑌⃑⃑1𝑇 =
𝑅𝐿𝑒𝑞𝑅1+𝐶𝑚

2 𝜔0
2(𝑅𝐿𝑒𝑞

2 +𝜔0
2𝐿2

2)(𝑅1
2+𝜔0

2𝐿1
2)−𝑗[𝜔0𝐿1𝑅𝐿𝑒𝑞−𝜔0𝐶1𝑅𝐿𝑒𝑞(𝑅1

2+𝜔0
2𝐿1

2)−𝜔0𝐶𝑝𝑅𝐿𝑒𝑞(𝑅1
2+𝜔0

2𝐿1
2)]

𝑅𝐿𝑒𝑞(𝑅1
2+𝜔0

2𝐿1
2)

 (10) 

 

The imaginary part of Y1T will be equal to zero if the capacitor C1 is tuned to (11). 
 

𝐶1 =
𝐿1−𝐶𝑝𝑅1

2−𝐶𝑝𝐿1
2𝜔0

2

𝑅1
2+𝜔0

2𝐿1
2  (11) 

 

The at resonant state, the voltage across capacitor C1 (V1) is given as (12). 
 

𝑉⃑⃑1 =
𝐼𝑖𝑛

𝑌⃑⃑1𝑇
=

𝑉⃑⃑⃑𝑖𝑛,1𝑅𝐿𝑒𝑞(𝑅1
2+𝜔0

2𝐿1
2)

(𝑅1+𝑗𝜔0𝐿1)[𝑅𝐿𝑒𝑞𝑅1+𝐶𝑚
2 𝜔0

2(𝑅𝐿𝑒𝑞
2 +𝜔0

2𝐿2
2)(𝑅1

2+𝜔0
2𝐿1

2)]
 (12) 

 

From (12), the magnitude of voltage V1 can be obtained by the (13). 
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|𝑉⃑⃑1| =
𝑅𝐿𝑒𝑞|𝑉⃑⃑⃑𝑖𝑛,1|√𝑅1

2+𝜔0
2𝐿1

2

𝑅𝐿𝑒𝑞𝑅1+𝐶𝑚
2 𝜔0

2(𝑅𝐿𝑒𝑞
2 +𝜔0

2𝐿2
2)(𝑅1

2+𝜔0
2𝐿1

2)
 (13) 

 

Where |𝑉⃑⃑𝑖𝑛,1| is the magnitude of fundamental component of inverter voltage. The voltage across capacitor C2 

(V2) can be expressed as (14). 

 

𝑉⃑⃑2 =
𝐼𝑠

𝑌⃑⃑𝑅𝐿
=

𝑗𝜔0𝐶𝑚𝑉⃑⃑⃑1(𝑅𝐿𝑒𝑞
2 +𝜔0

2𝐿2
2)

𝑅𝐿𝑒𝑞
 (14) 

 

Substitute (12) into (14), the magnitude of voltage V2 is obtained as (15). 

 

|𝑉⃑⃑2| =
𝜔0𝐶𝑚|𝑉⃑⃑⃑𝑖𝑛,1|(𝑅𝐿𝑒𝑞

2 +𝜔0
2𝐿2

2)√𝑅1
2+𝜔0

2𝐿1
2

𝑅𝐿𝑒𝑞𝑅1+𝐶𝑚
2 𝜔0

2(𝑅𝐿𝑒𝑞
2 +𝜔0

2𝐿2
2)(𝑅1

2+𝜔0
2𝐿1

2)
 (15) 

 

By applying voltage division technique to the far-right loop of a circuit shown in Figure 2, voltage across the 

equivalent load resistance is given as (16). 

 

𝑉⃑⃑𝑅𝐿𝑒𝑞 =
𝑅𝐿𝑒𝑞𝑉⃑⃑⃑2

𝑅𝐿𝑒𝑞+𝑗𝜔0𝐿2
=

𝑅𝐿𝑒𝑞(𝑅𝐿𝑒𝑞−𝑗𝜔0𝐿2)𝑉⃑⃑⃑2

𝑅𝐿𝑒𝑞
2 +𝜔0

2𝐿2
2  (16) 

 

Substitute (14) into (16), the magnitude of voltage 𝑉⃑⃑𝑅𝐿𝑒𝑞is obtained as (17). 

 

|𝑉⃑⃑𝑅𝐿𝑒𝑞| =
𝜔0𝐶𝑚𝑅𝐿𝑒𝑞|𝑉⃑⃑⃑𝑖𝑛,1|√𝑅1

2+𝜔0
2𝐿1

2√𝑅𝐿𝑒𝑞
2 +𝜔0

2𝐿2
2

𝑅𝐿𝑒𝑞𝑅1+𝐶𝑚
2 𝜔0

2(𝑅𝐿𝑒𝑞
2 +𝜔0

2𝐿2
2)(𝑅1

2+𝜔0
2𝐿1

2)
 (17) 

 

From (17), the magnitude of output voltage can be calculated as (18). 

 

|𝑉⃑⃑𝑜𝑢𝑡| =
𝑅𝐿|𝑉⃑⃑⃑𝑅𝐿𝑒𝑞|

𝑅2+𝑅𝐿
=

𝜔0𝐶𝑚𝑅𝐿|𝑉⃑⃑⃑𝑖𝑛,1|√𝑅1
2+𝜔0

2𝐿1
2√𝑅𝐿𝑒𝑞

2 +𝜔0
2𝐿2

2

𝑅𝐿𝑒𝑞𝑅1+𝐶𝑚
2 𝜔0

2(𝑅𝐿𝑒𝑞
2 +𝜔0

2𝐿2
2)(𝑅1

2+𝜔0
2𝐿1

2)
 (18) 

 

It is obviously seen from (18) that the magnitude of output voltage (|𝑉⃑⃑𝑜𝑢𝑡|) varies with the change in load 

resistance (𝑅𝐿). However, it can be regulated by adjusting the magnitude of an input voltage |𝑉⃑⃑𝑖𝑛,1|.  

 

 

3. PRIMARY SIDE CONTROL TECHNIQUE 

The method to regulate the magnitude of output voltage based on the primary side controller is 

presented in this paper. The measurements on the secondary side and wireless communication between primary 

and secondary side are not required in the proposed technique. Only the voltage across a resonant capacitor on 

the primary side is measured and taken as the feedback signal for controller. This reduces the component counts 

and complexity of CPT system.  

As discussed in section 2, the magnitude of output voltage can be regulated by controlling the 

magnitude of fundamental component of inverter voltage (|𝑉⃑⃑𝑖𝑛,1|). This can be done by adjusting the waveform 

of inverter voltage (Vin). To achieve this waveform shaping, the modified sine wave control technique for full-

bridge inverter is adopted in this work which can be shown in Figure 5. The waveform of inverter voltage 

obtained in this technique is identical to the phase-shift (PS) control strategy [31]–[33], which is a modified 

sine wave. In PS control, the duty cycle of each gate signal is fixed at 50 percent and the shape of inverter 

output voltage is adjusted by shifting the phase between the gate signals. On the other hand, in modified sine 

wave technique presented in this paper, duty cycle of each gate signal is varied. Gate signals of switch S1 (VG1) 

and switch S2 (VG2) are active for DT seconds where D is a duty cycle and T is a switching period. The phase 

difference between VG1 and VG2 is fixed at 180 degrees. Gate signals of switch S3 (VG3) and switch S4 (VG4) 

operate in the complementary manner to VG1 and VG2, respectively. If VG3 and VG4 are active at the same time, 

the inverter voltage (Vin) will be equal to zero. The duty cycle of VG1 and VG2 range between 0 (0%) and 0.5 

(50%). When D = 0.5, the Vin is a square wave. If 0 < D < 0.5, it will be a modified sinewave. It is noted that 

the switching frequency is constant throughout the operation. 
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Figure 5. Timing diagram of the full-bridge inverter with modified sine wave control 

 

 

As referred to Figure 5, the magnitude of fundamental component of inverter voltage can be controlled 

by adjusting the duty cycle (D) of gate signals VG1 and VG2, which can be calculated by (19). 

 

|𝑉⃑⃑𝑖𝑛,1| =
4𝑉𝑑𝑐

𝜋
cos (

𝜋

2
− 𝜋𝐷) (19) 

 

As considered in (13) and (18), load resistance and the magnitude of output voltage can be estimated through 

the measured value of voltage V1. The estimated values of load resistance and the magnitude of output voltage are 

defined as 𝑅𝐿
𝑒𝑠𝑡 and |𝑉⃑⃑𝑜𝑢𝑡

𝑒𝑠𝑡|, respectively. By substituting (19) into (13), load resistance can be estimated by (20). 

 

𝑅𝐿
𝑒𝑠𝑡 = 𝛼(𝛽 + √𝛾 + 𝛿 + 𝜌) − 𝑅2 (20) 

 

Where 𝛼, 𝛽, 𝛾, 𝛿, and 𝜌 are defined as (21)-(25). 

 

𝛼 =
−1

2𝐶𝑚
2 𝜔0

2|𝑉⃑⃑⃑1|(𝑅1
2+𝜔0

2𝐿1
2)

 (21) 

 

𝛽 = 𝑅1|𝑉⃑⃑1| −
4𝑉𝑑𝑐

𝜋
cos (

𝜋

2
− 𝜋𝐷)√𝑅1

2 +𝜔0
2𝐿1

2 (22) 

 

𝛾 = −4𝐶𝑚
4 𝐿1

4𝐿2
2𝜔0

10|𝑉⃑⃑1|
2
− 8𝐶𝑚

4 𝐿1
2𝐿2

2𝑅1
2𝜔0

8|𝑉⃑⃑1|
2
 (23) 

 

𝛿 = −4𝐶𝑚
4 𝐿2

2𝑅1
4𝜔0

6|𝑉⃑⃑1| + 𝜔0
2𝐿1

2 [
4𝑉𝑑𝑐

𝜋
cos (

𝜋

2
− 𝜋𝐷)]

2

+ 𝑅1
2|𝑉⃑⃑1|

2
 (24) 

 

𝜌 = −8𝑅1|𝑉⃑⃑1|
𝑉𝑑𝑐

𝜋
cos (

𝜋

2
− 𝜋𝐷)√𝑅1

2 + 𝜔0
2𝐿1

2 + 𝑅1
2 [

4𝑉𝑑𝑐

𝜋
cos (

𝜋

2
− 𝜋𝐷)]

2

 (25) 

 

If the estimated value of load resistance is obtained, the magnitude of output voltage can be estimated using 

(18) as (26). 

 

|𝑉⃑⃑𝑜𝑢𝑡
𝑒𝑠𝑡| =

𝜔0𝐶𝑚𝑅𝐿
𝑒𝑠𝑡[

4𝑉𝑑𝑐
𝜋

cos(
𝜋

2
−𝜋𝐷)]√𝑅1

2+𝜔0
2𝐿1

2√(𝑅2+𝑅𝐿
𝑒𝑠𝑡)

2
+𝜔0

2𝐿2
2

(𝑅2+𝑅𝐿
𝑒𝑠𝑡)𝑅1+𝐶𝑚

2 𝜔0
2((𝑅2+𝑅𝐿

𝑒𝑠𝑡)
2
+𝜔0

2𝐿2
2)(𝑅1

2+𝜔0
2𝐿1

2)
 (26) 
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It is noted in (20) and (26) that load resistance and the magnitude of an output voltage can be simply estimated 

by measuring the magnitude of voltage across the capacitor C1 (|𝑉⃑⃑1|), which can be done on primary side. 

The workflow of proposed primary side control technique for CPT system is shown in Figure 6. First, 

the signal of voltage across the capacitor C1 (V1) is sent to the peak detector circuit to obtain its magnitude. 

Then, resistance of the load is estimated by using (20)-(25). After the load resistance is identified, the 

magnitude of output voltage is then estimated by using (26). Next, the estimated value of output voltage (|𝑉⃑⃑𝑜𝑢𝑡
𝑒𝑠𝑡|) 

is compared with the desired or reference value (|𝑉⃑⃑𝑜𝑢𝑡
∗ |). The error is then sent to PI controller to adjust the 

duty cycle of the gate signals VG1 and VG2. Finally, gate signals for the full-bridge inverter circuit are obtained.  

 

 

 
 

Figure 6. Block diagram of the proposed primary side control technique for CPT system 

 

 

4. SIMULATION RESULTS AND DISCUSSION 

To validate the proposed primary side control technique, computer simulation of the CPT system is 

performed as shown in Figure 7 through PSIM software. The two-port model of capacitive coupler is replaced 

by the equivalent 𝜋-model where 𝐶𝑝
′ = 𝐶𝑝 − 𝐶𝑚 and 𝐶𝑠

′ = 𝐶𝑠 − 𝐶𝑚. The voltage sensor is used to measure the 

voltage across the capacitor C1 (V1). By multiplying the rms value of V1 with √2, the magnitude of V1 (|𝑉⃑⃑1|) 

is obtained. The duty cycle (D) is extracted from the gate signal of switch S1 (VG1). The estimation of load 

resistance and magnitude of an output voltage is implemented in the Simplified C Block. This block receives 

two signals which are |𝑉⃑⃑1| and D. The output signal from this block is the estimated magnitude of output voltage 

(|𝑉⃑⃑𝑜𝑢𝑡
𝑒𝑠𝑡|). This signal will be compared with the desired value (|𝑉⃑⃑𝑜𝑢𝑡

∗ |). After sending their error to PI controller, 

the command signal which is the duty cycle of gate signals VG1 and VG2 of full-bridge inverter are obtained. 

By comparing this signal with a sawtooth signal through the comparator circuit, the square wave pulse is 

obtained which is taken to be the gate signal. The NOT gate is adopted to invert the gate signals (VG3 is opposite 

to VG1 and VG4 is opposite to VG2). The circuit parameters used in the simulation are listed in Table 2. It is 

noted that the value of Cp, Cs, and Cm are from the practical capacitive coupler presented in [30]. The value of 

C1 and C2 are calculated using (11) and (8), respectively. The switching frequency of inverter circuits (fs) is set 

to constant and identical to the system resonant frequency. 

 

 

 
 

Figure 7. Simulation circuit of the proposed CPT system 
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Table 2. Parameters used in the simulation circuit 
Parameters Values Parameters Values 

Capacitance of primary capacitor (Cp) 9.8 pF Secondary compensation inductance (L2)  86.8 µH 

Capacitance of secondary capacitor (Cs) 9.8 pF ESR of primary resonant inductor (R1) 1 Ω 

Mutual capacitance (Cm)  2.8 pF ESR of secondary resonant inductor (R2) 1 Ω 

Primary compensation capacitance (C1)  119.9 pF Load resistance (RL)  20 – 40 Ω 

Secondary compensation capacitance (C2)  119.8 pF Input DC voltage (Vdc)  20 V 

Primary compensation inductance (L1)  86.8 µH Switching frequency (fs)  1.5 MHz 

 

 

Simulation result of the output voltage step response is shown in Figure 8. First, the desired magnitude 

of an output voltage (|𝑉⃑⃑𝑜𝑢𝑡
∗ |) is set to 20 V. Then, it is instantly changed to 40 V at 0.5 milliseconds (0.5m). As 

seen from the measured magnitude of an output voltage (|𝑉⃑⃑𝑜𝑢𝑡
𝑚𝑒𝑎|), it is controlled to follow this step change. 

The waveform of inverter voltage (Vin) and inverter current (Iin) are modified sinewave and sinusoid, 

respectively. If the pulse width of Vin is increased, the magnitude of output voltage will be boosted up. This 

can be achieved by increasing the duty cycle of VG1 and VG2. The magnitude of Iin is also rising with the output 

voltage. 

Simulation result of the output voltage regulation against load variation is shown in Figure 9. First, 

the load resistance is set to 40 Ω. Then, it is instantly changed to 20 Ω at 0.5 milliseconds (0.5m). The desired 

magnitude of an output voltage is fixed at 20 V throughout the operation. As seen from the measured magnitude 

of output voltage, it decreases for a moment when load resistance is reduced. However, with the proposed 

controller, it is regulated to increase to the desired value (20 V). 

Considering conduction losses in the switches and ESR of resonant inductors, efficiency of the 

proposed system is analyzed from the simulation results of input power (Pin) and output power (Pout) as shown 

in Figure 10. On-resistance of each MOSFET is assumed to be 100 mΩ and the ESR of resonant inductor is 

indicated in Table 2. The measured DC input power and AC output power are 36.1 Watts and 29.6 Watts, 

respectively. Thus, the system efficiency is obtained as 82 percent. 
 

 

 
 

Figure 8. Simulation result of the output voltage step response 
 

 

 
 

Figure 9. Simulation result of the output voltage regulation against load variation 
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Figure 10. Simulation result of the input and output power 

 

 

5. CONCLUSION 

A method to regulate the output voltage of capacitive power transfer (CPT) system based on primary 

side control technique is presented in this paper. Additional components and wireless feedback are not required 

in the proposed control technique. Only a voltage sensor is required in the primary circuit. This reduces the 

component counts, cost, and complexity of CPT system. Instead of directly measuring the output voltage on 

secondary side, it is estimated through the measured capacitor voltage on primary side. This estimated value is 

used as the feedback signal for the controller. The output voltage is controlled to follow the desired (reference) 

value by adjusting duty cycle of the inverter switch. This is achieved by using the modified sine wave control 

of full-bridge inverter. The simulation results indicate that the output voltage can be regulated against the step 

change in desired value and load resistance. This validates the proposed control technique. 
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