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Abstract: Induction heating (IH) technology is widely recognized and utilized in residential applications due 
to its high efficiency and safe operating characteristics. Resonant inverter circuits are widely used in IH systems 
because of their high efficiency and ability to perform soft-switching. Among the various resonant inverters 
used in IH systems, the single-switch quasi-resonant (SSQR) inverter topology is typically preferred for low-
cost and low-output-power applications. Despite its cost advantage, the SSQR topology has a relatively narrow 
soft-switching range, which can be unstable depending on the electrical parameters of the load and the resonant 
converter circuit. Accurately determining the capacitance value of the resonant capacitor and the inductance 
value of the induction coil, which are the key circuit elements of the SSQR induction cooker, is crucial for 
designing a reliable, efficient, and durable cooking system. In other words, there exists a critical relationship 
between the resonant converter circuit parameters, load characteristics, and safe operating conditions. 
Additionally, when considering closed-loop control methods used for power control and safety, selecting 
appropriate resonant circuit elements becomes vital in ensuring both reliable and efficient operation. This 
paper focuses on a novel and simplified design method for the SSQR inverter utilized in household appliances. 
The proposed method and its advantages in terms of the safe operating area of the switch are theoretically 
investigated and verified through simulations and prototype circuits. 

Keywords: home appliances; induction cooking systems; induction cooker design; resonant 
converter circuit parameters; single switch quasi resonant inverter 

 

1. Introduction 

Induction heating systems have gained significant popularity in industrial, domestic, and 
medical applications over the past few decades due to their notable features including user safety, 
efficient and rapid heating, and easy maintenance [1–4]. The advancements in power electronics as 
well as electronics have contributed to the progress of induction technology [5–8]. In domestic 
induction cooking appliances, one or more induction coils are positioned beneath a vitro ceramic 
glass surface to heat up pans placed on top of it [9–11]. The induction coil is supplied with an 
alternating current, generating a magnetic field at the same frequency as the coil current in order to 
heat the pan. This heating process occurs through the induction surface by inducing eddy currents 
in the pan [2,12]. The main components of induction heating systems consist of a rectifier unit for AC-
DC conversion and resonant inverter units [13,14]. Figure 1 illustrates a general power-transfer loop 
for domestic appliances. 
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Figure 1. General power transfer loop. 

Power converters, which are a crucial component of Induction heating systems, employ either 
single-stage or double-stage structures [15]. Double-stage systems involve both AC to DC and DC to 
AC conversions within IH systems [13,14]. In contrast, single-stage AC to AC systems lack a rectifier 
stage. These systems can be categorized into two groups: those that directly convert the input AC 
voltage and those that boost it. 

Furthermore, Induction heating systems are composed of either single or multiple loads/coils. 
In the past years, single coil systems have been extensively utilized in both industrial and domestic 
induction applications. Recent advancements in multiple output induction heaters suggest 
enhancing performance through adjustable cooking surfaces [16–18]. The selection of different coil 
models depends on factors such as design requirements, cost, output power, and hob geometry. 
Various approaches are employed to configure cooking surfaces based on the pan size and coil design 
[16,19]. While pans made of ferromagnetic material are commonly used as loads, recent studies have 
also explored heating pans made of all metal materials [20–24]. 

Different resonant inverter topologies have been proposed based on the trade-off between cost 
and performance, which needs to be evaluated for each specific application. The most common 
inverter topologies in induction heating (IH) systems are half-bridge series resonant (HBSR) [25–28] 
and single-switch quasi-resonant (SSQR) [29–31] inverters. The SSQR inverter topology provides a 
reliable solution for low-power and low-cost IH applications. However, the main drawback of the 
quasi-resonant inverter circuit is its inability to control the power transferred to the load in a 
frequency-controlled manner, as in HBSR inverter circuits. This limitation stems from the fact that 
the working modes of the SSQR inverter switch between RL and RLC circuits [11,32]. Consequently, 
closed-loop control algorithms are employed to determine the turn-on and turn-off times of the 
semiconductor switch. 

In IH systems utilizing SSQR inverters, a significant correlation exists among the resonant 
converter circuit, load parameters, current and voltage limits of the semiconductor switch, turn-on 
and turn-off times of the semiconductor switch, and closed-loop power control methodologies. 
Furthermore, when assessed in conjunction with the closed-loop control techniques employed for 
power regulation and safety purposes, the selection of resonant circuit elements assumes critical 
importance in guaranteeing a reliable and efficient operation. 

Coil equivalent inductance and resistance values, which form the electrical model of the system 
comprising the coil and the pan, are challenging to determine during the modeling of resonant circuit 
elements. Additionally, these values are subject to variations based on factors such as the operating 
frequency of the resonant circuit, ambient temperature, and air gap between the pan and the coil. As 
a result, there exists a wide range of academic research focusing on pan and load recognition 
[11,29,33–36]. However, the design of the coil itself necessitates a comprehensive academic 
investigation. Numerous studies have been conducted on coil design, particularly in the context of 
magnetic fields [37–39].  

The wide range of electrical loads associated with pans used in domestic induction hob 
applications with SSQR inverters allows for customization of the electrical circuit parameters based 
on user preferences. Furthermore, the heat generated in the pan affects the values of circuit variables 
such as resistance and inductance, and potential variations due to the electrical network necessitate 
certain assumptions to be made in the design of the heating system with SSQR inverter. 
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In [40,41], a Class E inverter design utilizing one inductor and one capacitor is presented. During 
the initial stages of the design, semiconductor losses are disregarded, and it is assumed that the pan 
resistance remains constant. Additionally, the coil design precedes the circuit design, and the 
equivalent inductance (L) and equivalent resistance (R) values are determined based on the operating 
frequency (f). Similarly, in [42], prior to the implementation of the related design, the input voltage 
(Vୗ), work coil parameters (Q, R୐, Lୖ), water mass (m), and required boiling time (t) must be defined. 
In [43], the design process requires the specification of inverter output power (P), DC input voltage 
(Uୈେ), resonant frequency (f), as well as various other load and coil parameters. In [44], the inductance 
value is calculated based on the number of turns N, wire diameter W, and space S between 
consecutive turns. In [45], the finite-element method is employed, utilizing the coil's geometry. It is 
noted that the inductance value varies due to the physical interaction between the coil and the 
ferromagnetic pan; however, there is no provided data regarding the specific inductance value for 
the pan. 

As a result, the studies briefly mentioned above require that critical information such as coil 
geometry, coil design and coil inductance value must be defined before starting the circuit design, by 
making some assumptions. However, while designing the SSQR inverter system, it is very important 
to determine the coil inductance value, as in other converter designs. In other words, the purpose of 
the design is to determine the coil inductance value to be used in the SSQR inverter. Defining a certain 
value for coil inductance before starting the design will complicate the circuit design process and 
prolong the process of obtaining output values such as current, voltage and power at desired values. 

Also, in practical circuit design applications, using the inductance value as an input parameter 
may not be as practical as described in the references provided. From this point of view, the proposed 
method provides a feasible design approach for initial conditions where the critical circuit parameters 
of the resonant circuit, namely coil inductance L୉୕, equivalent circuit resistance R୉୕ and resonant 
circuit capacitor value Cୖ୉ୗ are not known, by utilizing the energy desired to be transferred to the 
coil inductor. 

Input parameters such as the mains input voltage V୅େ, the output power P to be transferred to 
the pot and the switching times of the semiconductor are determined before the design phase. Then 
all circuit parameters including L୉୕ , R୉୕  and Cୖ୉ୗ  can be determined using the proposed 
calculation method. In this way, it is aimed to create a reference method especially for practitioners 
who are new to SSQR design.  

The rest of the manuscript is structured as follows: In Section II, the circuit description of the 
SSQR inverter converter is explained. In Section III, the detailed proposed design method of SSQR 
inverter is summarized. Section IV shows the calculation, simulation, and experimental results, 
respectively. The conclusion of this study is outlined in Section V. 

2. Circuit Description 

The circuit diagram and schematic of the single-switch quasi-resonant inverter, along with its 
primary operational waveforms, are presented in Figures 2 and 3, respectively. The circuit schematic 
comprises a semiconductor switch denoted as T, a freewheeling diode labeled D, an equivalent 
resistance represented by R୉୕ , an equivalent inductance designated as L୉୕ , and a resonance 
capacitor denoted as Cୖ୉ୗ. Upon the activation of the T switch, the circuit behaves analogously to a 
series RL circuit. During this phase, the coil accumulates energy through the resistance R୉୕ over a 
duration labeled as t୓୒. Throughout the turn-on time, the coil accumulates energy provided by the 
primary voltage source Vୈେ. 
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(a) (b) 

Figure 2. Single switch inverter (a) circuit diagram (b) circuit schematic. 

 

Figure 3. General power transfer loop. 

When the T  switch is closed, the circuit starts to work as a series RLC  circuit. In this 
configuration, resonance is established between the coil and the capacitor, facilitating energy 
exchange. The resonance capacitor, Cୖ୉ୗ , charges to the peak voltage, Vେ୉୑୅ଡ଼ , and eventually 
discharges to zero. A short time after the capacitor has completely discharged, the switch is promptly 
reactivated, in accordance with references [1,46,47]. 

3.1. Circuit Operating Modes – Waveform Equations 

The operational modes of the single-switch resonant inverter, depicted in Figure 4, are examined 
across four primary operational stages. The conduction period of the T semiconductor, denoted as t଺ ൏ t ൏ t଴ , is mathematically modeled as a series RL circuit incorporating components R୉୕  and L୉୕. Simultaneously, the time interval t଴ ൏ t ൏ tହ, characterized by resonance interactions between L୉୕ and Cୖ୉ୗ, is subjected to analysis as a series RLC circuit. Lastly, the conduction duration of the D  freewheeling diode, tହ ൏ t ൏ t଺ , is depicted through a series RL  circuit model. Owing to the 
behavior of the single-switch resonant inverter as a series RLC circuit during states 2 and 3 among 
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the four operational states, and as a series RL circuit during states 1 and 4, the associated circuit is 
evaluated in the time domain as opposed to the frequency domain. 

 

I     II 

 
III     IV 

Figure 4. Circuit operating modes of single switch inverter. 

Throughout the analysis, particular attention is directed towards steady-state analysis, with a 
focus on the initial operational stage. Potential phenomena like resonance capacitor discharge current 
and analogous transient states are deliberately disregarded for the sake of analytical simplicity. 

Stage I(𝑡଺ − 𝑡଴): This interval commences with the initiation of the T semiconductor under zero 
voltage conditions (ZVT) and persists until the T switch deactivates. Regarding the operation of the RL circuit, the subsequent equations can be formulated as illustrated in equations (1)-(3). 𝑖௅ாொ(𝑡଺) = 0 (1)

𝑖௅ாொ(𝑡) = 𝑖்(𝑡) = 𝑉஽஼𝑅௅ாொ ∙ (1 − 𝑒ିோಶೂ௅ಶೂ ∙௧) (2)

𝑉஽஼ = 𝑉௅ாொ + 𝑉ோாொ (3)

Stage II-III(𝑡଴ − 𝑡ହ): This interval initiates with the deactivation of the T semiconductor, and 
the resonance phenomenon between L୉୕ and Cୖ୉ୗ is scrutinized through analysis as a series RLC 
circuit. Furthermore, the subsequent equations can be established to characterize the current I୐୉୕, as 
depicted in equations (4)-(7). 𝑖௅ாொ(𝑡) = 𝑒ିఈ௧(𝐵ଵ𝑐𝑜𝑠(⍵ௗ𝑡) + 𝐵ଶ𝑠𝑖𝑛(⍵ௗ𝑡)) (4)𝑑𝑖௅ாொ(𝑡)/𝑑𝑡 =  −𝑒ିఈ௧[(𝐵ଵ⍵ௗ + 𝐵ଶ𝛼)𝑠𝑖𝑛(⍵ௗ𝑡) + (𝐵ଵ𝛼 − 𝐵ଶ⍵ௗ)𝑐𝑜𝑠(⍵ௗ𝑡)] (5)𝑖௅ாொ(𝑡଴) ⟹ 𝐵ଵ =  𝐼଴ (6)𝑑𝑖௅ாொ(𝑡଴)/𝑑𝑡 ⟹ 
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𝐵ଶ = ((𝑉஽஼ − 𝑅ாொ𝐼଴))/(𝐿ாொ⍵ௗ) + (𝛼𝐼଴)/⍵ௗ (7)

Furthermore, the mentioned equations, along with the circuit equations (8)-(11), can be 
employed to compute the switch collector-emitter voltage Vେ୉ as illustrated in Figure 3. 𝑣(𝑡) = 𝑉஽஼ + 𝑒ିఈ௧(𝐴ଵ𝑐𝑜𝑠(⍵ௗ𝑡) + 𝐴ଶ𝑠𝑖𝑛(⍵ௗ𝑡)) (8)𝑑𝑣(𝑡)/𝑑𝑡 =  −𝑒ିఈ௧[(𝐴ଵ⍵ௗ + 𝐴ଶ𝛼)𝑠𝑖𝑛(⍵ௗ𝑡) + (𝐴ଵ𝛼 − 𝐴ଶ⍵ௗ)𝑐𝑜𝑠(⍵ௗ𝑡)] (9)𝑣(𝑡଴) ⟹  𝐴ଵ =  −𝑉஽஼ (10)𝑑𝑣(𝑡଴)/𝑑𝑡 ⟹ 𝐴ଶ = (𝐼଴/𝐶ோாௌ − 𝛼𝑉஽஼)/⍵ௗ (11)

Stage IV (𝑡ହ − 𝑡଺): This interval initiates with the activation of the D diode, which is connected 
in anti-parallel to the T power switch. As depicted in Figure 3, the dissipation of current or energy 
through the source is managed by a D power diode. Regarding the operation of the RL circuit, the 
ensuing equations can be formulated as demonstrated in equations (12)-(15). The duration of diode 
current conduction, tୈ(t଺ − tହ), and the peak diode current are denoted as Iୈ୫ୟ୶. 𝑖௅ாொ(𝑡) = 𝑉஽஼𝑅ாொ + (𝐼஽௠௔௫ − 𝑉஽஼𝑅ாொ)𝑒ିோಶೂ௅ಶೂ ∙௧

 (12)

𝑖௅ாொ(𝑡஽) = 0 = 𝑉஽஼𝑅ாொ + (𝐼஽௠௔௫ − 𝑉஽஼𝑅ாொ)𝑒ିோಶೂ௅ಶೂ ∙௧ವ (13)

𝑡஽ = ln [ 𝑉஽஼/𝑅ாொ𝑉஽஼/𝑅ாொ − 𝐼஽௠௔௫](− 𝐿ாொ𝑅ாொ) (14)

𝑡஽ = − 𝐿ாொ𝑅ாொ ∙ 𝑙𝑛 ቆ1 + 𝐼஽௠௔௫𝑉஽஼/𝑅ாொ − 𝐼஽௠௔௫ቇ (15)

3.2. Safe Operating Area for Quasi Resonant Inverter 

From the provided first- and second-order circuit equations, it is evident that the precise 
determination of R୉୕, L୉୕ and Cୖ୉ୗ  values hold paramount importance for ensuring the secure 
operational conditions of quasi-resonant induction heating applications. The chief threats to safe 
functionality within power electronic circuits encompass both elevated voltage and current 
surpassing the maximum operational thresholds of the employed semiconductors. Although all 
constituents of electronic circuits can be influenced by overcurrent and overvoltage stress, 
semiconductor switches stand out as the most vulnerable elements in inverter applications. Even if 
excess heat generated by excessive current can be mitigated through enforced cooling methodologies, 
semiconductors subjected to voltages surpassing their breakdown thresholds can promptly render 
them non-operational. By employing the PSpice simulation program, variations in the collector-
emitter voltage ( Vେ୉ ) of the semiconductor switch are assessed across diverse resonant circuit 
parameter configurations, as visually depicted in Figure 5. 
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(a) 

 
(b) 

 
(c) 

Figure 5. Vେ୉ voltage value variances in PSpice. (a)  R୉୕ = 3 Ω, L୉୕ = 80 μH and depending on Cୖ୉ୗ 
values. (b)  Cୖ୉ୗ = 270 nF ,  L୉୕ = 80 μH  and depending on  R୉୕  values. (c)  R୉୕ = 3 Ω ,  Cୖ୉ୗ =270 nF depending on  L୉୕ values. 

Similarly, discharge currents of the Cୖ୉ୗ capacitor, frequently observed within quasi-resonant 
inverter circuits, pose a threat to the reliable operational conditions of both semiconductors and 
power electronics circuits. These instantaneous currents, also referred to as light load currents, can 
exceed the nominal maximum current of the semiconductor (or coil current I୐୉୕) by three to four 
times, resulting in issues such as overheating, stress, and similar challenges. Just like the Vେ୉ voltage 
example, the semiconductor switch current I୘  is derived using the PSpice simulation program, 
contingent upon resonant circuit parameters, as depicted in Figure 6. 
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(a) 

 
(b) 

 
(c) 

Figure 6. I୘ current value variances in PSpice. (a)  R୉୕ = 3 Ω, L୉୕ = 80 μH and depending on Cୖ୉ୗ 
values. (b)  Cୖ୉ୗ = 270 nF ,  L୉୕ = 80 μH  and depending on  R୉୕  values. (c)  R୉୕ = 3 Ω ,  Cୖ୉ୗ =270 nF depending on  L୉୕ values. 

Nonetheless, closed-loop power control techniques and the assessment of input parameters play 
a pivotal role in ensuring dependable operational conditions. When scrutinizing the quasi-resonant 
inverter, it becomes evident that its operating modes oscillate between RL  and RLC  circuits. 
Consequently, the implementation of closed-loop control methodologies to ascertain the turn-on and 
turn-off timings of semiconductor switches emerges as indispensable. Depending on the material 
characteristics, AC supply conditions, and parameters of inverter circuit elements, miscalculations in 
semiconductor switch turn-on or turn-off times exceeding 1μs can swiftly escalate switching losses. 
This outcome can render the switch inoperative due to either overheating or overvoltage occurrences. 

In the next section, a new simplified design method for SSQR inverter used in household 
appliances is examined. 
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3. Proposed Design Method For Quasi Resonant Inverter 

Before starting the inverter design, the circuit variables that we use as input variables and known 
before the design should be defined correctly and the related design should be guided by using 
known circuit variables. In this study, the dc source voltage Vୈେ that obtained as a result of rectified 
of ac mains voltage, the average input power P୅୚ୋ drawn from the main source, the semiconductor 
switch turns on time T୓୒ and turn off time T୓୊୊ variables are used as the initial conditions. The 
method to be followed in the design can be summarized as follows: 

• The dc source voltage Vୈେ, the average input power P୅୚ୋ, the switch turns on time T୓୒ and the 
switch turn off time T୓୊୊ variables are defined. 

• The maximum value of the coil current I୐୉୕୑୅ଡ଼ is calculated with the help of the relevant circuit 
equations. 

• By detecting the 1st harmonic component of the voltage applied to the resonant circuit, the load 
resistance R୐୉୕ is calculated. 

• After calculating the load resistance R୐୉୕, the equivalent inductance value L୉୕ is calculated 
with the help of the RL circuit equations. 

• It is determined the α, ⍵଴ and ωୢ of the series RLC circuit with the help of calculated variables. 
• The resonant capacitor value Cୖ୉ୗ is calculated with the help of resonant frequency ⍵଴ and 

inductance value L୉୕. 
• The design is verified by calculating the coil current and capacitor voltage boundary conditions. 

3.1. Defining of the Time Intervals 𝑻𝑶𝑵 and 𝑻𝑶𝑭𝑭, the Source Voltage 𝑽𝑫𝑪 and the Input Power 𝑷𝑨𝑽𝑮: 

In order not to operate at the audible frequency value, the operating frequency values of 
household induction hobs are not preferred below the 𝟐𝟎𝐤𝐇𝐳 threshold frequency value [48–50]. On 
the other hand, to increase the switching frequency will increase the switching losses of the used 
semiconductors [4,48,51]. 𝑃ௌௐ = 𝑓௦. 𝐸௢௙௙ (16)

For these reasons mentioned above, SSQR inverters used in induction cookers are operated in 
the range of 20 − 40kHz. It should also be noted that SSQR inverter circuits cannot be operated 
directly with frequency control as with half-bridge inverters. 𝐓𝐎𝐅𝐅 time is determined by controlling 
the resonance oscillation of the energy transferred to the load during the 𝐓𝐎𝐍 time. The predefined 
values for starting in this design study are  𝐓𝐎𝐍 = 𝟏𝟓𝛍𝐒 and 𝐓𝐎𝐅𝐅 = 𝟐𝟓𝛍𝐒. The source voltage 𝐕𝐃𝐂 
is obtained by rectifying the AC mains voltage, as shown in Figure 7. 

 

Figure 7. Vୈେ and switch current I୘ as a function of time for the case where the source voltage Vୈେ 
is the DC voltage source. 

The purpose of the capacitor used at the output of the rectifier is to provide the instantaneous 
currents demanded by the inverter circuit and act as a filter. Therefore, the DC voltage obtained 
follows the form of the main. In order to make the calculations easy and understandable, first of all, 𝐕𝐃𝐂 voltage will be accepted as a DC voltage source, and then the calculation values will be updated 
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for the case where 𝐕𝐃𝐂 voltage follows the mains voltage form. The case where the source voltage 𝐕𝐃𝐂 is the DC voltage source is shown in Figure 7, and the case where 𝐕𝐃𝐂 follows the mains voltage 
form is shown in Figure 8. Finally, the predefined average source power for this design study is 
defined as 𝐏𝐀𝐕𝐆 = 𝟏𝟐𝟓𝟎𝐖. 

 

Figure 8. Vୈେ and switch current I୘ as a function of time for the case where the source voltage Vୈେ 
follows the mains voltage form. 

3.2. Calculation of the Maximum Coil Current 𝑰𝑳𝑬𝑸𝑴𝑨𝑿: 

In the case of quasi resonant inverter circuit operating in 𝐑𝐋 operating mode, the coil current 𝐢𝐋𝐄𝐐(𝐭) equals the semiconductor switch current 𝐢𝐓(𝐭) ( i୐୉୕(t) = i୘(t)). When the operating states of 
the quasi-resonant inverter circuit are examined, finding the maximum value of the switch current 𝐢𝐓(𝐭) means finding the approximate maximum value of the coil current 𝐢𝐋𝐄𝐐(𝐭). 𝐼௅ாொெ஺௑ ≈ 𝐼்ெ஺௑ (17)

When the source voltage Vୈେ is considered constant as the DC voltage source, the power-time 
graph becomes the multiplier of the current-time graph. The switch current 𝐢𝐓(𝐭) and input power 𝐏(𝐭) graphs as a function of time 𝐭 are shown in Figures 9 and 10 respectively. The variation of RL 
circuit switch current i୘(t)  with time t  depends on the values of R  and L  and is defined by 
equation (18) in case i୐୉୕(0) = 0. 

 

Figure 9. Switch current i୘(t) as a function of time t. 
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Figure 10. Input power P(t) as a function of time t. 
𝑖௅ாொ(𝑡) = 𝑖்(𝑡) = 𝑉஽஼𝑅௅ாொ ∙ (1 − 𝑒ିோಶೂ௅ಶೂ ∙௧) (18)

From equation (18) it is clear that the graphs of i(t) − t and P(t) − t cannot be linear and will 
behave variably depending on the RL circuit values. However, since the resistance values created by 
the pots used in induction heated cookers in the primary circuits are in the range of 1Ω − 5Ω , 
accepting these graphs as linear will be very useful for finding the I୘୑୅ଡ଼ current. For the case where 
the average power transferred to the RL circuit is defined as P୅୚ୋ and the instantaneous maximum 
power is defined as P୑୅ଡ଼, the following equation is obtained with the help of Figure 10. 𝑃஺௏ீ = 𝑃ெ஺௑. 𝑇ைே2. (𝑇ைே + 𝑇ைிி) = 𝑉஽஼ . 𝐼்ெ஺௑. 𝑇ைே2. (𝑇ைே + 𝑇ைிி)  (19)

As a result of equation (19), I୘୑୅ଡ଼ value can be easily calculated (20). 𝐼்ெ஺௑ = 𝑃஺௏ீ . 2. (𝑇ைே + 𝑇ைிி)𝑉஽஼ . 𝑇ைே = 𝑃ெ஺௑𝑉஽஼  (20)

On the other hand, for the case where the source voltage 𝐕𝐃𝐂 follows the mains voltage form, 
let's define the switch current and power variables as shown below: 𝐼்ெ஺௑   𝐼்ெ஺௑ଶ 𝑃ெ஺௑   𝑃ெ஺௑ଶ 𝑃஺௏ீ  𝑃஺௏ீଶ 𝑉஽஼   𝑉஽஼ଶ 

Equation (21) is written for the case where the average power drawn from the source during the π/2 interval is accepted as P୅୚ୋଶ, and the average power drawn from the source only at the time of 
π/2 is accepted as P୅୚ୋଶି୑୅ଡ଼. 𝑃஺௏ீଶ = 1𝜋 න 𝑃஺௏ீଶିெ஺௑గ

଴ . sin 𝜔𝑡 𝑑(𝜔𝑡) (21)

And then the equation (21) is simplified, equation (22) is obtained. 𝑃஺௏ீଶ = 𝑃஺௏ீଶିெ஺௑. 2𝜋 (22)

When the equations (19) and (20) are rearranged, 𝑃஺௏ீଶିெ஺௑ = 𝑃ெ஺௑ଶ. 𝑇ைே2. (𝑇ைே + 𝑇ைிி) = 𝑉஽஼ଶ. 𝐼்ெ஺௑ଶ. 𝑇ைே2. (𝑇ைே + 𝑇ைிி)   (23)

𝐼்ெ஺௑ଶ = 𝑃஺௏ீ . 2. (𝑇ைே + 𝑇ைிி)𝑉஽஼ଶ. 𝑇ைே . 𝜋2 (24)

As can be easily seen from the equations (23) and (24), the switch current I୘୑୅ଡ଼ଶ  and the 
instantaneous maximum power value P୑୅ଡ଼ଶ to be obtained for the case where the source voltage 
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follows the mains voltage will increase by π/2 compared to the case where the source voltage is DC. 
This is because the same P୅୚ୋ value is desired to be drawn from the source, regardless of the source 
voltage form. 

3.3. Calculation of 𝑹𝑳𝑬𝑸 Value by Determining the 1st Harmonic Component of The DC Voltage: 

Assuming that the resonant circuit current 𝐢𝐋𝐄𝐐(𝐭) is sinusoidal, the 1st harmonic component of 
the voltage applied to the resonant circuit is obtained. In this way, the value of resistance 𝐑 is 
reached by using the maximum value of the resonant circuit current. According to the Fourier 
theorem, any practical periodic function with an angular frequency of 𝛚𝟎 can be expressed as an 
infinite sum of sine or cosine functions that are integer multiples of 𝛚𝟎  [52]. Thus, 𝐟(𝐭) can be 
expressed as: 𝑓(𝑡) = 𝑎଴ + 𝑎ଵ cos 𝜔଴𝑡 + 𝑏ଵ sin 𝜔଴𝑡 (25)

The value a଴ is the mean value of the function f(t) and is indicated by the below equation. 𝑎଴ = 1𝑇 න 𝑓(𝑡)்
଴ 𝑑𝑡 (26)

The variation of Vୈେ voltage applied to the quasi-resonant circuit as a function of time is shown 
in Figure 11. The value of a଴ is found with the help of equation (26) so that the T୓୒ + T୓୊୊ value is 
the period of the function. 

 
Figure 11. Input voltage Vୈେ as a function of time t. 

𝒂𝟎 = 1𝑇 න 𝑓(𝑡)்
଴ 𝑑𝑡 = 1𝑇 න 𝑉஽஼்ೀಿ଴ 𝑑𝑡 = 𝑽𝑫𝑪. 𝑻𝑶𝑵𝑻𝑶𝑵 + 𝑻𝑶𝑭𝑭 

And then, aଵ and bଵ values of the related Vୈେ voltage waveform will be found respectively. 𝑎ଵ = 2𝑇 න 𝑓(𝑡)்
଴ 𝑐𝑜𝑠 𝜔଴𝑡 𝑑𝑡 (27)

𝑎ଵ = 2𝑇 න 𝑓(𝑡)்
଴ 𝑐𝑜𝑠 𝜔଴𝑡 𝑑𝑡 = 2𝑇 න 𝑉஽஼்ೀಿ଴ 𝑐𝑜𝑠 𝜔଴𝑡 𝑑𝑡 

𝒂𝟏 = 2𝑉஽஼𝑇𝜔଴ |𝑠𝑖𝑛 𝜔଴𝑡|଴்ೀಿ = 𝑽𝑫𝑪𝝅 𝒔𝒊𝒏( 𝟐𝝅. 𝑻𝑶𝑵𝑻𝑶𝑵 + 𝑻𝑶𝑭𝑭) 

𝑏ଵ = 2𝑇 න 𝑓(𝑡)்
଴ 𝑠𝑖𝑛 𝜔଴𝑡 𝑑𝑡 (28)

𝑏ଵ = 2𝑇 න 𝑓(𝑡)்
଴ 𝑠𝑖𝑛 𝜔଴𝑡 𝑑𝑡 = 2𝑇 න 𝑉஽஼்ೀಿ଴ 𝑠𝑖𝑛 𝜔଴𝑡 𝑑𝑡 
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𝒃𝟏 = 2𝑉஽஼𝑇𝜔଴ |−𝑐𝑜𝑠 𝜔଴𝑡|଴்ೀಿ = 𝑽𝑫𝑪𝝅 (𝟏 − 𝒄𝒐𝒔 ൬ 𝟐𝝅. 𝑻𝑶𝑵𝑻𝑶𝑵 + 𝑻𝑶𝑭𝑭൰) 

It is also possible to represent the equation in (25) in amplitude-phasor form [52]. 𝑓(𝑡) = 𝑎଴ + 𝐴ଵ cos(𝜔଴𝑡 + 𝜙)  (29)

𝐴ଵ = ට𝑎ଵଶ + 𝑏ଵଶ (30)

In (30) Aଵ is the amplitude value of the 1st harmonic component of the f(t) function. And so, 
the next steps are to find the amplitude, in other words, the peak value of the 1st harmonic component 
of the Vୈେ voltage applied to the quasi-resonant circuit, and to reach the R୉୕ value by proportioning 
this value to the maximum value of the coil current I୐୉୕୑୅ଡ଼. 

𝐴ଵ = ඨ൬𝑉஽஼𝜋 sin( 2𝜋. 𝑇ைே𝑇ைே + 𝑇ைிி)൰ଶ + ൬𝑉஽஼𝜋 (1 − cos ൬ 2𝜋. 𝑇ைே𝑇ைே + 𝑇ைிி൰)൰ଶ
 

𝑖௅ாொெ஺௑ ≈ 𝐼்ெ஺௑ = 𝑃஺௏ீ . 2. (𝑇ைே + 𝑇ைிி)𝑉஽஼ . 𝑇ைே  

𝑹𝑬𝑸 = 𝑨𝟏𝒊𝑳𝑬𝑸𝑴𝑨𝑿 (31)

3.4. Calculation of the Equivalent Inductance Value 𝑳𝑬𝑸: 

In order to calculate the 𝐋𝐄𝐐 inductance value, 3 different methods are used, and the results are 
compared with each other and verified. The first of these is to use the current equation of the series 
RL circuit, the second is to use the voltage at the inductor ends, and the third is to calculate the 
inductance value by using the energy accumulated in the inductor. 

3.4.1. L୉୕ calculation using series RL circuit switch current i୘ value: 

As mentioned earlier, the series RL circuit switch current i୘(t) as a function of time t, depends 
on the R୉୕ and L୉୕ values and is defined by equation (32) for i୐୉୕(0) = 0. 𝑖௅ாொ(𝑡) = 𝑖்(𝑡) = 𝑉஽஼𝑅௅ாொ ∙ (1 − 𝑒ିோಶೂ௅ಶೂ ∙௧) (32)

Since the source voltage Vୈେ, equivalent resistance R୉୕, maximum value of coil current I୐୉୕୑୅ଡ଼ 
and time information T୓୒ are now known, 𝐋𝐄𝐐 value can be found by using equation (33). 𝑳𝑬𝑸 = − 𝑅௅ாொ . 𝑇ைே𝐿𝑛 ൬1 − 𝑅௅ாொ . 𝐼௅ாொெ௔௫𝑉஽஼ ൰ (33)

3.4.2. L୉୕ calculation using inductor voltage V୐୉୕ value: 

Equation (34) is obtained by using Kirchhoff’s voltage law in series RL circuit. 𝑉஽஼ = 𝑉௅ாொ + 𝑉ோாொ (34)

And also, the voltage V୐୉୕ at the inductor ends is presented by the below equation (35). 𝑣௅ாொ = 𝐿ாொ 𝑑𝑖௅ாொ(𝑡)𝑑𝑡  (35)

We will also make the linearity assumption that we used when finding the I୘୑୅ଡ଼ current in the 
series RL circuit. The inductance value for this range where the semiconductor switch and coil 
currents are equal to each other indicated by the below equation. 
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𝐿ாொ = 𝑉௅ாொ . ∆𝑡∆𝑖௅ாொ = (𝑉஽஼ − 𝑉ோாொ) 𝑇ைே𝐼்ெ஺௑ (36)

Although the Vୈେ voltage is constant, the Vୖ୉୕ voltage is expressed as (37) for the case where 
the current is considered linear. 𝑉ோாொ = 𝐼்ெ஺௑. 𝑅ாொ2  (37)

When this expression is substituted in (36), the equation (38) is reached. 𝑳𝑬𝑸 = (𝑉஽஼ − 𝐼்ெ஺௑. 𝑅ாொ2 ) 𝑇ைே𝐼்ெ஺௑ (38)

3.4.3. L୉୕ calculation using inductor energy W୐୉୕ value: 

The energy accumulated in the inductor is expressed by the equation (39) in terms of inductance 
and inductor current. 𝑊௅ாொெ஺௑ = 12 𝐿ாொ. 𝐼௅ாொெ஺௑ଶ (39)

When the area under the P(t) − t graph shown in Figure 10 is integrated, the total energy 
transferred to the series RL circuit is found. Assuming the P(t) − t graph as linear (40) is found. 𝑊ெ஺௑ = 𝑃ெ஺௑. 𝑇ைே2  (40)

To find the total energy transferred to the inductor, the energy dissipated in the resistor is 
subtracted from the total energy transferred to the series RL circuit. 𝑊௅ாொெ஺௑ = 𝑊ெ஺௑ − 𝑊ோாொெ஺௑ (41)

Equation (42) is obtained as a result of equations (40) and (41). 𝑊௅ாொெ஺௑ = 𝑃ெ஺௑. 𝑇ைே2 − ൬𝐼்ெ஺௑2 ൰ଶ . 𝑅ாொ (42)

After the energy accumulated in the inductor is reached, equation (43) is used to arrive at the L୉୕ equivalent inductance. 12 𝐿ாொ . 𝐼௅ாொெ஺௑ଶ = 𝑃ெ஺௑. 𝑇ைே2 − ൬𝐼்ெ஺௑2 ൰ଶ . 𝑅ாொ (43)

And finally, it is getting the equation (44) by the help of equations (39) and (43). 𝑳𝑬𝑸 = 2𝐼்ெ஺௑ଶ ቆ𝑃ெ஺௑. 𝑇ைே2 − ൬𝐼்ெ஺௑2 ൰ଶ . 𝑅ாொቇ (44)

3.5. Determination The Series RLC Circuit Parameters: 

Since the 𝐓𝐎𝐅𝐅  time, which is the turnoff time of the semiconductor switch, is defined and 
known before the design, and the 𝐋𝐄𝐐 and 𝐑𝐄𝐐 values are calculated, the damping coefficient 𝛂, 
resonant frequency ⍵𝟎 and damped resonant frequent ⍵𝐝 values of the series 𝐑𝐋𝐂 circuit can be 
calculated easily. First, the damped resonant frequency ⍵𝐝 is calculated by using the relationship 
between the 𝐓𝐎𝐅𝐅 time and the resonant frequency 𝐓𝐑𝐄𝐒 of the series 𝐑𝐋𝐂 circuit. 𝑇ோாௌ ≈ 𝑇ைிி . 43 (45)

𝑓ோாௌ = 𝑓ௗ = 1𝑇ோாௌ (46)
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𝜔ௗ = 2𝜋𝑓ௗ = 2𝜋𝑇ோாௌ (47)

𝝎𝒅 = 2𝜋𝑇ைிி . 34 (48)

And then, the damping coefficient α of the series RLC circuit is found by the equation (49). 𝜶 = 𝑅ாொ2𝐿ாொ (49)

Finally, the resonant frequency ⍵଴ is calculated with the help of the equation (51). ⍵ௗ = ඥ⍵଴ଶ − 𝛼ଶ (50)⍵𝟎 = ඥ⍵ௗଶ + 𝛼ଶ (51)

3.6. Calculation of the Resonant Circuit Capacitor Value Inductance Value 𝑪𝑹𝑬𝑺: 

After calculating the resonant frequency ⍵𝟎  and the equivalent inductance 𝐋𝐄𝐐  values, the 
resonant circuit capacitance value 𝐂𝐑𝐄𝐒 is found by using equation (52). ⍵𝟎 = 𝟏ඥ𝑳𝑬𝑸𝑪𝑹𝑬𝑺 (52)

𝑪𝑹𝑬𝑺 = 𝟏𝑳𝑬𝑸(⍵𝟎)𝟐 (53)

3.7. Calculation of Current and Voltage Boundary Conditions of Semiconductor Switch: 

Defining boundary conditions for the single switch inverter design is very important. In working 
stage II and stage III (series 𝐑𝐋𝐂 circuit mode) the coil current 𝐈𝐋𝐄𝐐 and switch voltage 𝐕𝐂𝐄 values 
reach their maximum values. Knowledge about these two parameters is very important and valuable 
for the designer not only for reliable working conditions but also to control system parameters such 
as power. As it can be seen from Figure 3 that when the coil current 𝐈𝐋𝐄𝐐  reach its maximum 
value 𝐈𝐋𝐄𝐐𝐌𝐀𝐗, the derivation of the 𝐈𝐋𝐄𝐐 current is zero (𝐭 = 𝐭𝟏). As result of this the maximum coil 
current 𝐈𝐋𝐄𝐐𝐌𝐀𝐗 can be derived by the help of (54)-(56). 𝑑𝑖௅ாொ(𝑡ଵ)/𝑑𝑡 = 0 ⟹ 𝑖௅ாொ(𝑡ଵ) =  𝐼௅ாொெ஺௑ (54)𝑡ଵ = 𝑡𝑎𝑛ିଵ[−(𝐵ଵ𝛼 − 𝐵ଶ⍵ௗ)/(𝐵ଵ⍵ௗ + 𝐵ଶ𝛼)])/⍵ௗ   (55)𝑰𝑳𝑬𝑸𝑴𝑨𝑿 = 𝑖௅ாொ(𝑡ଵ) = 𝑒ିఈ௧భ(𝐵ଵ𝑐𝑜𝑠(⍵ௗ𝑡ଵ) + 𝐵ଶ𝑠𝑖𝑛(⍵ௗ𝑡ଵ)) (56)

Single switch induction cooker’s maximum power level is limited by power switch maximum 
breakdown voltage level. When the switch voltage Vେ୉ reach its maximum value Vେ୉୑୅ଡ଼, the I୐୉୕ 
current is zero (t = tଷ). As result of this the maximum switch voltage Vେ୉୑୅ଡ଼ can be derived by the 
help of (57)-(59). 𝑖௅ாொ(𝑡ଷ) =  0 ⟹  𝑣(𝑡ଷ) = 𝑉஼ாெ஺௑ (57)𝑡ଷ = 𝑡𝑎𝑛ିଵ(− 𝐵ଵ/𝐵ଶ)/⍵ௗ (58)𝑽𝑪𝑬𝑴𝑨𝑿 = 𝑣(𝑡ଷ) = 𝑉஽஼ + 𝑒ିఈ௧య(𝐴ଵ𝑐𝑜𝑠(⍵ௗ𝑡ଷ) + 𝐴ଶ𝑠𝑖𝑛(⍵ௗ𝑡ଷ)) (59)
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3.8. The Flowchart of the Proposed Design Method 

The flowchart shown in Figure 12 is developed to understand the determining of the L୉୕ and R୉୕ more clearly. It determines the boundary conditions of the semiconductor switch with the help 
of the same flow chart. If the boundary conditions are not within the defined safe limit values of the 
semiconductor, the design is started from the beginning. 

 

Figure 12. Flowchart of proposed method to determine L୉୕, R୉୕, I୐୉୕୑୅ଡ଼ and Vେ୉୑୅ଡ଼. 

4. Verification of Proposed Analysis Method 

In order to prove the accuracy of the proposed design method, first of all, critical circuit 
parameter values are calculated using predefined input parameters depending on the design 
requirements. By using the circuit parameters obtained as a result of the calculation, simulation 
studies are carried out and the boundary conditions required to ensure reliable operation of the 
inverter circuit are measured.  
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4.1. Calculation Results 

As a result of the proposed method and calculation tools, a standard design example has been 
carried out and the calculated results are listed in Table 1. Firstly, the initial values are defined and 
then the critical circuit elements’ values are calculated. As previously mentioned, the average source 
power for this design study is defined as the 𝐏𝐀𝐕𝐆 = 𝟏𝟐𝟕𝟓𝐖. And also, the switch turn-on and turn-
off times are defined as the  𝐓𝐎𝐍 = 𝟏𝟓𝛍𝐒 and 𝐓𝐎𝐅𝐅 = 𝟐𝟓𝛍𝐒. The source voltage 𝐕𝐃𝐂 is obtained by 
rectifying the 𝐀𝐂 mains voltage.  

Table 1. Calculating circuit parameters. 

Pre-Defined Circuit Parameters 𝑻𝑶𝑵 𝟏𝟓 𝛍𝐒 𝑻𝑶𝑭𝑭 𝟐𝟓 𝛍𝐒 𝑷𝑨𝑽𝑮 𝟏𝟐𝟕𝟓 𝐖 𝑽𝑨𝑪 𝟐𝟑𝟎 𝐕𝐀𝐂 𝑽𝑫𝑪𝟐 𝟑𝟐𝟓, 𝟐𝟕 𝐕𝐃𝐂 

Calculated Circuit Parameters 𝑷𝑨𝑽𝑮𝟐 𝟏𝟐𝟕𝟓 𝐖 𝑷𝑨𝑽𝑮𝟐ି𝑴𝑨𝑿 𝟐𝟎𝟎𝟐, 𝟕𝟕 𝐖 𝑷𝑴𝑨𝑿𝟐 𝟏𝟎𝟔𝟖𝟏, 𝟒𝟐𝐖 𝑰𝑻𝑴𝑨𝑿𝟐 𝟑𝟐 , 𝟖𝟒𝐀  𝒂𝟎 𝟏𝟐𝟏, 𝟗𝟕 𝒂𝟏 𝟕𝟑, 𝟐𝟏 𝒃𝟏 𝟏𝟕𝟔, 𝟕𝟓 𝑨𝟏 𝟏𝟗𝟏, 𝟑𝟏 𝑹𝑬𝑸 𝟓, 𝟖𝟑 𝛀 𝑳𝑬𝑸 𝟗𝟖, 𝟓 𝛍𝐇 𝑻𝑹𝑬𝑺 𝟑𝟑, 𝟑𝟑 𝛍𝐒 𝒇𝑹𝑬𝑺 𝟑𝟎 𝐤𝐇𝐳 𝝎𝒅 𝟏𝟖𝟖𝟒𝟗𝟓, 𝟓𝟔 𝜶 𝟐𝟗𝟓𝟕𝟎, 𝟔𝟖 ⍵𝟎 𝟏𝟗𝟎𝟖𝟎𝟎, 𝟗𝟓 𝑪𝑹𝑬𝑺 𝟐𝟕𝟖, 𝟖𝟔 𝐧𝐅 

Calculated Boundary Conditions 𝑰𝑳𝑬𝑸𝑴𝑨𝑿 𝟑𝟑, 𝟓𝟕 𝑨 𝑽𝑪𝑬𝑴𝑨𝑿 𝟖𝟑𝟒, 𝟒𝟗 𝑽 

The critical circuit elements values are calculated as 𝐑𝐄𝐐 = 𝟓, 𝟖𝟑𝛀, 𝐋𝐄𝐐 = 𝟗𝟖, 𝟓𝛍𝐇 , and 𝐂𝐑𝐄𝐒 =𝟐𝟕𝟖, 𝟖𝟔𝐧𝐅 . In addition to circuit parameters 𝐋𝐄𝐐  and 𝐑𝐄𝐐 , the current and voltage boundary 
conditions of the semiconductor switch are calculated to check design reliability. As can be seen from 
Table 1, depending on the input values defined for this study, the maximum value of the switch 
voltage 𝐕𝐂𝐄𝐌𝐀𝐗 is calculated as 𝟖𝟑𝟒, 𝟒𝟗𝐕, and the maximum value of the switch current 𝐈𝐋𝐄𝐐𝐌𝐀𝐗 is 
calculated as 𝟑𝟑, 𝟓𝟕𝐀. 

4.2. Simulation Results 

A simulation prototype circuit has been developed using the predefined and calculated circuit 
parameters from Table 1, and it is shown in Figure 13. The OrCAD PSpice software program has been 
used for the simulation, with a particular emphasis on ensuring that the maximum coil current 
(𝐈𝐋𝐄𝐐𝐌𝐀𝐗 ) and maximum switch voltage (𝐕𝐂𝐄𝐌𝐀𝐗 ) values align with the values calculated in the 
previous section. 
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Figure 13. Prototype simulation circuit for proposed converter. 

When the critical circuit element values obtained from measurement results were directly used 
in the designed circuit for simulation, some deviations were observed in the 𝐈𝐋𝐄𝐐𝐌𝐀𝐗 and 𝐕𝐂𝐄𝐌𝐀𝐗 
values. The measured switch voltage was found to be 𝟕𝟔𝟎𝐕 instead of the expected 𝟖𝟑𝟓𝐕, resulting 
in an error of approximately 𝟗%. Similarly, the maximum coil current, which should have been 𝟑𝟑. 𝟓𝟕𝐀, was measured as 𝟑𝟎. 𝟖𝟓𝐀, indicating an error of approximately 𝟖%. 

Although the deviation values might be acceptable for many designers, the root cause of the 
discrepancy has been investigated to continue the simulation studies. It was hypothesized that the 
deviation arose from the proposed design method, which assumed a linear current-time graph by 
neglecting the resistance value in the RL operating mode of the SSQR inverter. Based on this 
assumption, a sweep analysis method has been employed in the relevant simulation program, 
scanning 𝐑𝐄𝐐 resistance values between 4𝛀 and 6𝛀 with a precision of 0,1𝛀. The resistance value 
that yielded the same current and voltage values as the calculated ones has been determined. Figure 
14 illustrates the graph of the obtained current and voltage values from the scanning process. It has 
been observed that when a resistance value of 4,3𝛀 was used instead of the calculated resistance 
value of 5,83𝛀, the calculated values matched exactly with the simulation results. All the results 
obtained from the scanning process are presented numerically in Table 2.  

 

Figure 14. Coil current I୐୉୕ and switch voltage Vେ୉ for sweeped R୉୕values as a function of time t. 
Table 2. Simulation circuit results. 

Input Circuit Parameters Output Boundary Parameters Output Power 𝑹𝑬𝑸 𝑳𝑬𝑸 𝑪𝑹𝑬𝑺 𝑰𝑳𝑬𝑸𝑴𝑨𝑿 𝑽𝑪𝑬𝑴𝑨𝑿 𝑷𝑨𝑽𝑮𝟐 4,0 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 34,20 𝐴 852 𝑉 1060 𝑊 4,1 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 34,00 𝐴 846 𝑉 1080 𝑊 4,2 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 33,80 𝐴 842 𝑉 1100 𝑊 𝟒, 𝟑 𝛀 𝟗𝟖, 𝟓 𝝁𝑯 𝟐𝟕𝟖, 𝟖𝟔 𝒏𝑭 𝟑𝟑, 𝟔𝟎 𝑨 𝟖𝟑𝟓 𝑽 𝟏𝟏𝟏𝟎 𝑾 
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4,4 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 33,40 𝐴 832 𝑉 1120 𝑊 4,5 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 33,30 𝐴 826 𝑉 1130 𝑊 4,6 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 33,10 𝐴 821 𝑉 1140 𝑊 4,7 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 32,90 𝐴 815 𝑉 1150 𝑊 4,8 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 32,70 𝐴 810 𝑉 1155 𝑊 4,9 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 32,50 𝐴 805 𝑉 1160 𝑊 5,0 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 32,30 𝐴 800 𝑉 1165 𝑊 5,1 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 32,10 𝐴 795 𝑉 1170 𝑊 5,2 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 31,90 𝐴 790 𝑉 1180 𝑊 5,3 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 31,75 𝐴 785 𝑉 1190 𝑊 5,4 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 31,60 𝐴 780 𝑉 1200 𝑊 5,5 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 31,45 𝐴 775 𝑉 1210 𝑊 5,6 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 31,20 𝐴 770 𝑉 1215 𝑊 5,7 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 31,05 𝐴 765 𝑉 1220 𝑊 𝟓, 𝟖 𝛀 𝟗𝟖, 𝟓 𝝁𝑯 𝟐𝟕𝟖, 𝟖𝟔 𝒏𝑭 𝟑𝟎, 𝟖𝟓 𝑨 𝟕𝟔𝟎 𝑽 𝟏𝟐𝟐𝟓 𝑾 5,9 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 30,70 𝐴 755 𝑉 1230 𝑊 6,0 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 30,50 𝐴 750 𝑉 1235 𝑊 

To compare the results from the simulation circuit with the application circuit under the same 
conditions, the coil current (𝐈𝐋𝐄𝐐) and switch voltage (𝐕𝐂𝐄) graphs are separately presented over a 
20ms time interval in Figures 15 and 16. The primary advantage of this representation is to provide 
a comprehensive and detailed understanding of how these variables change over time for those 
examining the study. By placing the simulation and application circuit results side by side, 
researchers can directly compare them and assess the accuracy or deviation between the simulated 
and actual circuit performance. This comparative analysis allows for a better understanding of the 
similarities and differences, enabling researchers to gain insights into potential factors that may affect 
the circuit's behavior. Furthermore, by examining the variation of coil current and switch voltage 
over time, researchers can gain valuable insights into the dynamic behavior of the circuit. This 
information can be used to optimize the circuit's performance, identify potential issues such as 
transient spikes or oscillations, and make informed design decisions to ensure the circuit operates 
within desired parameters. 

 

Figure 15. Coil current I୐୉୕ as a function of time t obtained using the simulation circuit. 
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Figure 16. Switch voltage Vେ୉ as a function of time t obtained using the simulation circuit. 

4.3. Experimental Results 

Once the theoretical calculations and simulation studies developed for the calculation of critical 
circuit parameters are completed, the outputs of the proposed calculation method are tested using a 
practical application circuit. Before examining the results of the application circuit, it is beneficial to 
review the technical specifications of the induction coil and the heated pans used in the application 
circuit. This will facilitate the interpretation of deviations between the practical application results 
and the theoretical calculations and simulation circuit results. 

As described in detail in the introduction of the study, a wide range of pan types are used in 
household induction cooktops. The electrical effects of these pans on the electronic circuitry are 
particularly critical due to their ability to change the equivalent resistance and equivalent inductance 
values. However, it is not feasible to test all possible pan models in practical applications. Therefore, 
in the experimental implementation of the proposed method, three different pan models with 
different electrical and magnetic characteristics, as shown in Figure 17, have been used. These pan 
models include cast iron, stainless steel, and specially designed alloy pans for induction heating. 

 

Figure 17. General pan models are used with induction cookers. 

On the other hand, Table 3 provides the physical and electrical characteristics of the induction 
coil used in the practical application circuit, as well as the measured equivalent inductance and 
resistance values when using three different types of pans. In practical application, although an exact 
match of the calculated resistance and inductance values obtained through the proposed calculation 
method is not achieved, the feasibility of the proposed method has been demonstrated. 
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Table 3. Technical specifications of the reference induction coil. 

Parameter Symbol Value Unit 
Number of turns 𝑛 28  

External diameter of the coil 𝑎௡ 180 mm 
Inner diameter of the coil 𝑎ଵ 30 mm 

Distance between coil winding and ferrite bars h 4 mm 
Distance between coil winding and pan 𝑑 4 mm 

Strand amount of a litz wire  66  
Wire diameter of single strand  0,27 𝑚𝑚 

Ferrite permeability µ௥ 800  
Equivalent inductance with no load 𝐿ாொே௢௅௢௔ௗ 110 µH 
Equivalent resistance with no load 𝑅ாொே௢௅௢௔ௗ 0,12 Ω 

Equivalent inductance with cast iron pan 𝐿ாொ௉௔௡ 89,76 µH 
Equivalent resistance with cast iron pan 𝑅ாொ௉௔௡ 4,21 Ω 

Equivalent inductance with stainless steel pan 𝐿ாொ௉௔௡ 81,81 µH 
Equivalent resistance with stainless steel pan 𝑅ாொ௉௔௡ 3,36 Ω 
Equivalent inductance with silit silargan pan 𝐿ாொ௉௔௡ 69,07 µH 
Equivalent resistance with silit silargan pan 𝑅ாொ௉௔௡ 2,48 Ω 

The coil current, the switch voltage and the output power values obtained when using three 
different pan models are presented in Table 4. In addition, in Table 5, the output results obtained 
using the calculation, simulation and application circuit for similar conditions are compared. Upon 
closer examination of Table 5, it is evident that the values obtained through the calculation method 
closely match the nearest capacitor value used. 

Table 4. Experimental circuit results. 

Input Circuit  

Parameters 

Output Boundary  

Parameters 
Output Power 𝑹𝑬𝑸 𝑳𝑬𝑸 𝑪𝑹𝑬𝑺 𝑰𝑳𝑬𝑸𝑴𝑨𝑿 𝑽𝑪𝑬𝑴𝑨𝑿 𝑷𝑨𝑽𝑮𝟐 4,21 Ω 89,76 𝜇𝐻 270 𝑛𝐹 42,4 𝐴 928 𝑉 1276 𝑊 3,36 Ω 81,81 𝜇𝐻 270 𝑛𝐹 42,8 𝐴 968 𝑉 1270 𝑊 2,48 Ω 69,07 𝜇𝐻 270 𝑛𝐹 45,6 𝐴 920 𝑉 1255 𝑊 

Table 5. Comparison of the calculation, simulation, and experimental circuit results. 

Input Circuit  

Parameters 

Output Boundary  

Parameters 
Output Power 𝑹𝑬𝑸 𝑳𝑬𝑸 𝑪𝑹𝑬𝑺 𝑰𝑳𝑬𝑸𝑴𝑨𝑿 𝑽𝑪𝑬𝑴𝑨𝑿 𝑷𝑨𝑽𝑮𝟐 Calculation Results 5,83 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 33,57 𝐴 834,49 𝑉 1275 𝑊 Simulation Results 4,3 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 33,60 𝐴 835 𝑉 1110 𝑊 5,8 Ω 98,5 𝜇𝐻 278,86 𝑛𝐹 30,85 𝐴 760 𝑉 1225 𝑊 Experimental Results 4,21 Ω 89,76 𝜇𝐻 270 𝑛𝐹 42,4 𝐴 928 𝑉 1276 𝑊 3,36 Ω 81,81 𝜇𝐻 270 𝑛𝐹 42,8 𝐴 968 𝑉 1270 𝑊 2,48 Ω 69,07 𝜇𝐻 270 𝑛𝐹 45,6 𝐴 920 𝑉 1255 𝑊 

However, the different electrical characteristics of the pans used in practical applications make 
it challenging to directly compare the calculation and application circuits. In practical 
implementation, a coil current (𝐈𝐋𝐄𝐐𝐌𝐀𝐗) of 𝟒𝟐, 𝟒𝐀 and a switch voltage (𝐕𝐂𝐄𝐌𝐀𝐗) of 𝟗𝟐𝟖𝐕 have 
been measured for a resistance of 𝟒, 𝟐𝟏𝛀, while in theoretical calculations and simulation circuit, 
these values were 𝟑𝟑, 𝟔𝐀 and 𝟖𝟑𝟓𝐕, respectively. The deviation is approximately 𝟐𝟎% for current 
and 𝟏𝟎% for voltage. The main reason for this discrepancy is the change in the resistance and 
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inductance values measured at the initial conditions when the pan is heated. As a result of these 
studies, considering the variety of pans used in practical applications, the proposed calculation 
method is proven to be reliable for initiating the design process.  

To compare the results from the simulation circuit with the application circuit under the same 
conditions, the coil current (𝐈𝐋𝐄𝐐) and switch voltage (𝐕𝐂𝐄) graphs are separately presented over a 
20ms time interval in Figures 18 and 19. When comparing these graphs with the results obtained from 
the simulation circuit in Figures 15 and 16, it is evident that very similar results can be achieved. Also, 
the detailed waveforms of the coil current and switch voltage are shown in Figure 20. Finally, the 
experimental setup is shown in Figure 21. 

 

Figure 18. Coil current I୐୉୕ as a function of time t obtained using the prototype circuit. 

 

Figure 19. IGBT collector emitter voltage Vେ୉ as a function of time t obtained using the prototype 
circuit. 

 

Figure 20. Detailed waveforms obtained using the prototype circuit. Blue signal: IGBT collector 
emitter voltage Vେ୉ (200V/div), Purple signal: coil current I୐୉୕ (10A/div), Yellow signal: IGBT gate 
control signal (5V/div). 
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Figure 21. Experimental setup. 

5. Conclusions 

This paper is focused on a new design method for SSQR inverter used in household appliances. 
Before starting the inverter design, the circuit variables that we use as input variables and known 
before the design should be defined correctly and the related design should be guided by using 
known circuit variables. In this study, the dc source voltage Vୈେ that obtained as a result of rectified 
of ac mains voltage, the average input power P୅୚ୋ drawn from the main source, the semiconductor 
switch turns on time T୓୒ and turn off time T୓୊୊ variables are used as the initial conditions. In order 
to prove the accuracy of the proposed design method, first of all, critical circuit parameter values are 
calculated using predefined input parameters depending on the design requirements. By using the 
circuit parameters obtained as a result of the calculation, simulation studies are carried out and the 
boundary conditions required to ensure reliable operation of the inverter circuit are measured.  

After the completion of the theoretical background and simulation studies developed for use in 
critical circuit parameter calculation studies, the outputs of the relevant design method are run with 
the help of a practical application circuit. The results obtained from the experimental circuit are also 
compatible with the simulation results. The reliability of the proposed design and calculation method 
is proven by comparing the data obtained as a result of the simulation and experimental with the 
data obtained as a result of the calculation. 
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