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Abstract— Class-E inverters are high-frequency, high-

efficiency inverters with a constant load rating. The load voltage 

varies when the load resistance at the inverter output changes. 

As the output load value increases, so does the output voltage. 

This study generates the inverter input voltage with a solar 

panel array and enhances it with a boost converter to charge 

multiple E-Scooters. The output of the boost converter is applied 

to the input of the Class-E inverter. By running the prepared 

model at various load values without closed-loop control, it was 

discovered that the inverter output voltage,which has changed 

with E-Scooter counts, is variable. In the same circumstance, the 

inverter power switch has been seen to be in the hard switching 

condition. The inverter output load voltage is kept constant in 

the simulation using a PI controller under identical conditions. 

Keywords—Class-E inverter, Constant output voltage, PI 

Control 

I. INTRODUCTION 

It is involved in many studies using H-Bridge inverters in 
high-frequency power supplies[1]. The power loss of each 
power switch in the H-bridge topology, increasing the total 
power loss of the system, constitutes the most significant 
disadvantage[2]. Class-E inverters come into prominence in 
high-frequency applications due to their low switching losses 
and 100% theoretical efficiency thanks to their single switch 
structure, up to a specific power. 

High efficiency on power conversion , minimal sensitivity 
to component variation, and easy circuit architecture and 
design approaches are made the Class-E inverter ideal for use 
as a high-frequency inverter. [3]. To avoid excessive current 
and voltage on the load line and shape the output voltage and 
current waveform. The switch in Class-E inverters is operated 
in intermittent mode. [4]. This reduces power loss, particularly 
during switching transitions. As a result, under constant load 
Class-E inverters offer considerable benefits due to single 
switch configuration and reduced switching losses [5]. The 
most significant shortcoming of Class-E inverters is their 
inability to keep the constant load voltage at variable loads, 
requiring the obligatory to regulate load inconstancy[3]. In 
order to keep the load voltage constant, the need to change the 
circuit components or control the DC input voltage arises. The 
DC voltage source for wireless charging applications can be 
provided by renewable energy sources such as the sun and 
wind and by rectifying the grid[6].  

If the input voltage is supplied from a renewable energy 
source such as the Solar, the voltage of the solar panel cells 

decreases as they are loaded[7]. The output voltages of the 
solar panels can be adjusted by using various converter 
circuits[7]. When the literature research are analyzed, it is seen 
that Boost Converters are often preferred to increase the 
voltage at the solar panel output and make it controllable. 
Thus, the DC voltage at the solar panels' output is amplified 
and controlled. 

The PI controller is a critical control procedure in closed-
loop systems. This technique is commonly utilized in power 
electronics systems[8-10]. The input signal is compared by the 
PI control to the output feedback and initiates an error based 
on the disparity. In response to this error, the PI controller 
attempts to decrease it and transmits it to the output. In this 
technique, errors are discovered by giving looping feedback 
from the output to the input. The method is repeated until the 
error is decreased to a manageable level. After then, the error 
is reduced by adding controller effects to the output. 

In this study, a simulation study is presented to charge 
multiple E-Scooters. The simulation study amplifies and 
controls the DC voltage obtained from solar energy using a 
Boost converter and controls the obtained voltage using a 
Class-E inverter input voltage using a PI controller. It is 
ensured that the load voltage, which has changed with E-
Scooter counts, of the different scenarios created for the load 
change situations at the Class-E inverter output is kept 
constant. The Block diagram of the model is shown in Fig. 2 
and Fig. 2. 

 

Fig. 1. View of the modeled system 
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Fig. 2. Block diagram of the modeled system 

II. CLASS-E INVERTER 

Class-E inverters are high-frequency, high-efficiency soft-
switched power converters[11]. Zero-Voltage-Switching 
(ZVS) and Zero-Derivative-Switching (ZDS) situations occur 
spontaneously when optimum conditions are met with proper 
selection of the load value and operation of the output filter in 
resonance[12, 13]. The efficiency of this inverter topology, 
which has 100% theoretical efficiency under constant load, 
decreases due to reasons such as the disappearance of the ZVS 
condition under variable load and the failure to meet the 
inverter output resonance condition[14]. Disruption of the 
ZVS condition causes high switching losses and reduces the 
inverter efficiency[15, 16]. Fig. 3 shows the circuit topology 
of the Class-E inverter. 

 

Fig. 3. Circuit topology of the Class-E inverter 

At the optimum load resistance value, the inverter's 
optimal operating point is attainable only. [17]. When the load 
resistance exceeds the ideal, the peak current through the 
resonant circuit is less than the current required for optimum 
operation. 

When the switch is conducted, the voltage on the capacitor 
C1 and switch becomes vs=0. When the switch is in the cutoff 
position, the voltage of the C1 capacitor is computed as shown 
in (1). 

�� = 1��� � 	
��(�)��
���  (1) 

(2) presents the solution of the problem based on time 
intervals.; 

�� = � 01��� + (���(� − 2��) +�� cos(� + ") − cos (2�� + ")
,     0 < � ≤ 2��  ,    2�� < � ≤ 2� (2) 

(3) expresses the total current taken from the source as a 
function of input voltage and load resistance. 

�� = 8�� + 4 )�*+ (3) 

It has been emphasized that E-class inverters are ideal for 
high-frequency applications, but they have a few 
disadvantages. It has been evaluated that the most important 
of these disadvantages is that the voltage stress that may occur 
on the power switch can increase up to 3.5 times. It becomes 

difficult to use this inverter under variable load conditions, 
and the efficiency varies a lot[18]. In Fig. 4.(a), the voltage 
and current waveforms of the power switch are given for the 
cases where the inverter is at the optimum operating point, 
below the optimum operating point in (b) and above it in (c). 

 

Fig. 4. Voltage and current waveforms of the Class-E inverter at; 

 a) optimum operation, b) suboptimum operation, c)non-optimum operation 

In Fig. 4.(a) and (b) soft switching occurs, (c) occurs with 
hard switching. In hard switching, the inverter efficiency 
decreases considerably. 

III. PV ARRAY AND BOOST CONVERTER 

A. PV Array 

In the simulation study, a solar panel array consisting of 4 
series-10parallel strings with open circuit voltage Voc=44V 
and short circuit voltage Isc=5.17A was used. The output 
voltage of the panel array is adjusted to be approximately 
192V. 

B. Boost Converter 

Boost converters are power converters in Fig. 5. where the 
output voltage is always greater than the input voltage. The 
converter consists of the DC input voltage source VS, the boost 
inductor L, the controlled switch S, the diode D, the filter 
capacitor C, and the load resistor R[19]. 

 

Fig. 5. Circuit topology of the Boost Converter 

With switch S open in the converter, the current in the 
boost inductor rises in a linear fashion. At the moment, diode 
D is turned off. When the switch S is switched off, the 
inductor's stored energy is released to the input RC circuit 
through the diode[20]. Using Faraday's law to design a boost 
inductor, ),�- = (). − ),)(1 − �)- (4) 

which the dc voltage transfer function is determined to be ).), = 11 − � (5) 

For L> Lb, the boost converter works in the Continuous 
Conduction Mode, 
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/0 = (1 − �)��*21  (6) 

The current provided to the output RC circuit is 
discontinuous, as shown in Fig. 6.  

 

Fig. 6. Continuous Current Mode voltage-current waveforms of Boost 

Converter 

As a result, a bigger filter capacitor is required to minimize 
the output voltage ripple than in buck-derived converters. 
When diode D is turned off, the filter capacitor must supply 
the output dc current to the load. Vr is the minimal value of the 
filter capacitance that results in voltage ripple. 

���� = �).)2*1 (7) 

C. PI Controller 

One of the most important control processes in closed-loop 
and control systems is the PI controller. This technique is 
commonly applied in power electronics systems[19]. The 
mathematical model for PI control, which is a linear control 
approach, is provided in (8). Here, Kp and Ki indicate 
proportional and integral gain, respectively, F(t) stands for the 
control signal, and e stands for error[21, 22]. 

3() = 456() + 4� � 6()�() (8) 

The PI control compares the input signal to the output 
feedback and generates an error based on the difference 
between these two signals. The PI controller responds to this 
error by attempting to reduce it and passing it to the output. 
Errors are recognized in this manner by continual feedback 
from the output to the input. The procedure is repeated until 
the error is reduced. The error is then decreased by applying 
controller effects to the output. Because the mathematical 
model is simple and the number of adjustment parameters to 
be altered is limited, this control approach is highly 
recommended[22, 23]. 

IV. SIMULATION 

The model consisting of a solar panel array, boost 
converter, and Class-E inverter was modeled using 
Matlab/Simulink and presented in Fig. 7.  

 

Fig. 7. Prepared model on Simulink 

In the model, the solar array is provided to produce DC 
bus voltage under constant solar radiation and panel 
temperature. The obtained DC bus voltage is applied to the 
Boost converter input. The DC voltage obtained at the boost 
converter output is applied to the Class-E inverter input. 
Class-E inverter has a switching frequency of 85kHz and the 
optimum load value is designed as 50Ω. It was increased by 
25 Ω steps in the range of 25-150 Ω, respectively, for the 
change of the load value. As a result of operating the boost 
converter with a fixed switching ratio in the system, the 
inverter output load voltage was monitored. It has been 
observed that the output voltage increases as the inverter 
output load resistance increases. Under these conditions, VDS 
and IDS waveforms of Class-E inverter were also obtained. 
Output load voltage graph and waveforms of power switch 
voltage and current obtained when Class-E inverter operates 
without PI controller are presented in Fig. 8. and Fig. 9.(a)-(f). 

 

Fig. 8. Output load voltage without PI Controller 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

Fig. 9. Power switch voltage and current waveforms without PI Controller; 

a) RL=25Ω, b) RL=50Ω, c) RL=75Ω, d) RL=100Ω, e)RL=125Ω, f) RL=150Ω. 
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When the VDS and IDS graphics of the power switch are 
examined, the optimum-suboptimum conditions presented in 
Fig. 9.(a) and (b) for 25 Ω and 50 Ω load values have been 
realized and the power switch is operating under ZVS 
conditions. For load values of 75 Ω and above, the inverter has 
entered the hard switching zone. In the case of hard switching, 
the switching losses increase. 

The inverter was operated under the same load conditions 
using a PI controller. The variation of the inverter load voltage 
and the voltage-current graphs of the inverter are presented in 
Fig. 10. and Fig. 11(a)-(f). It has been observed that the PI 
controller keeps the inverter output voltage constant at 200V 
RMS. When the voltage-current graphs of the power switch 
are examined, it is observed that the inverter operates under 
suboptimal conditions. 

 

Fig. 10. Output load voltage with PI Controller 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

Fig. 11. Power switch voltage and current waveforms with PI Controller; a) 

RL=25Ω, b) RL=50Ω, c) RL=75Ω, d) RL=100Ω, e)RL=125Ω,  

f) RL=150Ω. 

V. RESULTS 

Class-E inverters are high-frequency inverters with high 
efficiency for constant load rating. If the load resistance at the 
inverter output changes, the load voltage changes. As the 
output load value increases, the output voltage also increases. 
In this study, the inverter input voltage is generated with a 
solar panel array and increased using a boost converter. The 
boost converter output voltage is applied to the Class-E 
inverter input. It has been observed that the inverter output 
voltage is variable by operating the prepared model at variable 
load values without closed-loop control. In the same situation, 
it has been observed that the inverter power switch is in the 
hard switching state. In the simulation using a PI controller 
under the same conditions, the inverter output load voltage is 

kept constant. The prepared simulation study can also be run 
in variable solar radiation and panel temperatures. 
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