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 This study presents a novel prototype of an induction heating dryer 

integrating hysteresis control with phase-shifted pulse width modulation 

(PWM) for the first time. The system replaces conventional resistance 

heating, improving energy efficiency and thermal stability. The 2 kW 

prototype comprises a drying chamber and a hot air unit with controlled 

airflow of 1.5 m/s. Phase angle adjustment reduces voltage, current, and 

power consumption while maintaining the power factor within acceptable 

limits. The temperature control maintains stability within ±1 °C of the 

setpoint. The results demonstrate fast, energy-efficient, and precise drying, 

offering potential benefits for food processing and textile industries, and 

providing a foundation for future development of intelligent, energy-

efficient induction dryers. 
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1. INTRODUCTION 

Drying processes are fundamental to a wide range of industries, including food preservation, 

pharmaceuticals, textiles, and material processing [1]. Precise temperature control during drying is crucial not 

only for maintaining product quality [2] but also for optimizing energy efficiency [3]. Conventional hot-air 

drying systems [4], however, often suffer from uneven heat distribution [5], excessive energy consumption 

[6], and limited adaptability under diverse operating conditions [7]. Recent research has investigated various 

advanced approaches to overcome these challenges, such as improved drying technologies [8], induction 

heating methods [9], and the implementation of feedback control strategies [10]–[12]. 

Although these advances have improved drying performance, significant limitations remain. Hot-air 

systems are inherently constrained by slow heat transfer and energy inefficiency. Even when induction 

heating is introduced, most studies have addressed only heat generation without integrating advanced real-

time regulation. Similarly, feedback control has been applied to thermal systems, but its systematic 

integration with induction-based dryers is still lacking. Consequently, there is a clear gap in combining both 

high-frequency induction heating and advanced control methods in a single, effective drying system. 

To address this gap, the present study introduces a novel induction-based drying prototype that 

integrates high-frequency induction heating with advanced control mechanisms, specifically hysteresis 

control combined with phase-shifted pulse width modulation (PWM). This integration enables real-time, 

precise thermal regulation within the drying chamber while ensuring stable and uniform heat distribution. 

The proposed system delivers three major benefits. First, it enhances drying efficiency by accelerating heat 
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Int J Pow Elec & Dri Syst  ISSN: 2088-8694  

 

A novel technique for induction heating dryer with temperature and voltage control … (Jeerapong Srivichai) 

439 

transfer, significantly reducing production time compared to hot-air drying alone [13]. Second, it safeguards 

product quality [14]–[16] by minimizing risks such as burning, discoloration, or nutrient degradation, which 

is particularly advantageous in sensitive industries like food and pharmaceuticals. Third, it reduces energy 

costs and environmental impact [17], [18] while offering compatibility with renewable energy integration for 

sustainable industrial operation. 

Therefore, the objective of this study is to design, develop, and evaluate a high-frequency induction 

drying system that combines hysteresis control and phase-shifted PWM to achieve precise and sustainable 

temperature regulation. This integrated control approach addresses the limitations of traditional drying 

methods by minimizing thermal fluctuations and optimizing power efficiency. By harmonizing these 

advanced electronic techniques, the proposed system ensures consistent product quality while reducing 

overall operational costs. Moreover, the research not only advances the state of drying technology but also 

demonstrates transformative potential across multiple industrial sectors, including food processing, 

pharmaceuticals, and textiles, where energy-efficient, high-quality, and environmentally responsible drying 

solutions are increasingly in demand. 
 

 

2. THEORY AND BACKGROUND 

Induction heating has emerged as an efficient and controllable thermal energy source for industrial 

drying processes [19]–[22]. Unlike conventional convective or resistive heating, induction heating is 

contactless, enabling rapid energy transfer with high power density and improved energy utilization. In an 

induction heating dryer, an alternating current flows through the induction coil, producing a time-varying 

magnetic field that penetrates the conductive workpiece and induces eddy currents. The resistive dissipation 

of these currents generates heat directly inside the material, enhancing both uniformity and drying efficiency. 
 

2.1.  Fundamentals of induction heating for drying processes 

The induced heating phenomenon is governed by Maxwell’s equations [23]: 
 

∇ × 𝐸⃑ = −
𝜕𝐵⃑ 

𝜕𝑡
 (1) 

 

∇ × 𝐻⃑⃑ = 𝐽 +
𝜕𝐷⃑⃑ 

𝜕𝑡
 (2) 

 

where the induced current density is related to the electric field and the material’s electrical conductivity: 
 

𝐽 = 𝜎𝐸⃑  (3) 
 

The skin depth determines the penetration of the induced current into the material: 
 

𝛿 = √
2

𝜔𝜇𝜎
 (4) 

 

where 𝐽  is the induced current density in the workpiece, 𝜎 is the electrical conductivity, 𝛿 is the skin depth 

indicating current penetration, 𝜔 is the angular frequency of the excitation, and 𝜇 is the magnetic 

permeability of the material. 

While these equations describe the fundamental heating mechanism, the actual electrical power 

required is estimated in the next section, linking the input power to the thermal energy delivered to both the 

workpiece and air. This transition from theoretical heating principles to power estimation is crucial for 

evaluating the overall energy efficiency of the induction system. By accounting for losses in the surrounding 

medium and the specific heat capacity of the target material, a more precise power profile can be established. 

Consequently, this comprehensive analysis ensures that the induction system is not only theoretically sound 

but also practically optimized for high-performance industrial drying. 
 

2.2.  Energy relationship 

The thermal power required to heat the air can be estimated by (5): 
 

𝑄 = 𝑚̇𝑐𝑝Δ𝑇  (5) 

 

where 𝑄 is the thermal energy of the hot air (kW), 𝑐𝑝 is the specific heat of air, Δ𝑇 is the temperature 

difference between the inlet and outlet air (°C), and 𝑚̇ is the air mass flow rate (kg/s). 
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𝑚̇ = 𝜌𝜐𝐴 (6) 

 

where 𝜌 is the air density (kg/m3), 𝜐 is the air velocity (m/s), and 𝐴 is the cross-sectional area of the air duct 

(m2) [24]. The electrical power input considering system efficiency  is 

 

𝑃𝑖𝑛 = 𝑄/ (7) 

 

This framework allows estimation of required electrical power and supports the design and optimization of 

induction heating dryers for efficient energy use. 

 

 

3. RESEARCH METHOD 

3.1.  Integrated design of induction heating systems 

The parameters of the hot-air drying chamber are summarized in Table 1. Under these conditions, a 

2.45 kW heater was selected to provide sufficient energy for achieving the target drying temperature, as 

calculated by (5) and referenced in Figure 1. The chosen airflow of 1.5 m/s ensures efficient heat transfer 

while minimizing mechanical stress on the agricultural products [22]. 
 
 

Table 1. Operating parameters of the hot air chamber 
Parameter Value (Unit) 

Chamber dimensions 0.75 × 0.62 × 0.21 m³ 

Cross-sectional area (𝐴) 0.04 m² 

Air density (𝜌) 1.22 kg/m³ 

Airflow velocity (𝜐) 1.5 m/s 

Mass flow rate (𝑚̇) 0.074 kg/s 

Temperatures (Tₕ / T₀) 55 °C / 30 °C 

Thermal energy (𝑄) 2.24 kW 

 

 

 
 

Figure 1. Illustration of the hot air generation system using induction heating 
 

 

3.2.     Control design and implementation of high-frequency power inverters 

3.2.1.  Theoretical control strategies 

The series-resonance full-bridge inverter circuit, shown in Figure 2(a), operates with a DC input 

voltage and employs a phase-shifted control method [25], [26] for power regulation. The high-frequency 

output voltage of the inverter is controlled by adjusting the phase shift (ϕ) between one pair of switches 

(S1, S4 or S2, S3). The phase shift ranges from 0 (maximum power transfer) to   (minimum power transfer), 

as illustrated in Figure 2(b). The inverter functions in six distinct operational modes, each critical for 

regulating power transfer to the load: 

− Mode 1 (t1–t2): S1 and S4 conduct, directing current io into the series-resonant output circuit.  

− Mode 2 (t2–t3): S1 ceases conduction while io continues through S4, maintaining efficient transfer.  

− Mode 3 (t3–t4): S2 conducts, and current flows through diode Ds2 under zero-voltage switching to 

minimize losses. 



Int J Pow Elec & Dri Syst  ISSN: 2088-8694  

 

A novel technique for induction heating dryer with temperature and voltage control … (Jeerapong Srivichai) 

441 

− Mode 4 (t4–t5): S4 stops conducting, ensuring smooth mode transition and system stability. 

− Mode 5 (t5–t6): io flows through Ds2 with S3 conducting under ZVS, optimizing efficiency. 

− Mode 6 (t6–t7): S2 and S3 conduct simultaneously, feeding io into the series-resonant circuit.  

From t4 to t10, the circuit mirrors the turn-on phase with reversed current, enabling bidirectional power 

transfer. These principles, combined with hysteresis feedback control [27]−[29] form the foundation for 

designing the feedback-controlled induction heating dryer for industrial applications. 

 

 

  

(a) (b) 

 

Figure 2. Phase-shift PWM-controlled series-resonant full-bridge inverter:  

(a) circuit configuration; (b) phase-shift control waveform 

 

 

3.2.2. Implementation for temperature and voltage control 

The temperature control mechanism employing phase-shift and hysteresis control is illustrated in 

Figure 3(a), while the operational principle of the proposed system is depicted in Figures 3(b) and 3(c). This 

figure presents the gate signals of the full-bridge inverter switches S1–S4, the phase-shift of the output 

voltage, and the resulting output voltage waveform vo generated by the phase-shifting scheme. During 

operation, the left-side switches (S1, S2) and the right-side switches (S3, S4) are controlled to operate in 

complementary pairs, with a dead-time inserted between the switching of each pair to prevent shoot-through. 

The phase difference ϕ between the two bridge legs determines the inverter’s average output voltage, which 

can be expressed mathematically as (8). 

 

vo,avg  = Vdc (1−/), 0    (8) 

 

When ϕ = 0, the two bridge legs operate in phase, resulting in the maximum output voltage and the highest 

heat delivery. Conversely, when ϕ = π rad the two bridge legs operate in anti-phase, leading to a zero average 

output voltage and a complete stop of power delivery. 

The control system relies on temperature measurement from a K-type thermocouple installed inside 

the drying chamber. The measured values are processed by a digital temperature controller, which generates 

control signals for the inverter circuit. A hysteresis-based control strategy is employed, with the reference 

temperature set at 𝑇ℎ
∗= 55 oC and the hysteresis band defined as Δ𝑇 = ±1 °C, as expressed in (17).  

 

𝜙 =  {
0        ;   𝑇ℎ < (𝑇ℎ

∗ − Δ𝑇)

𝜋/2   ;   𝑇ℎ ≥ (𝑇ℎ
∗ + Δ𝑇)

 (9) 

 

Specifically, when the actual temperature Th falls below the lower bound (𝑇ℎ
∗ − Δ𝑇 = 54 ºC) the 

controller sets the phase angle to ϕ = 0 rad in order to increase heat delivery. In contrast, when the 

temperature exceeds the upper bound (𝑇ℎ
∗ + Δ𝑇 = 56 ºC), the controller sets the phase angle to ϕ = π, thereby 

reducing the output voltage nearly to zero and ceasing the heating process. Within the hysteresis range [54 

ºC, 56 ºC], the system maintains its current operating state to minimize unnecessary switching transitions. 

This approach ensures stable temperature regulation within the specified range, suppresses temperature 

fluctuations, and preserves the inverter’s power conversion efficiency. 
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3.2.3. Simulation setup 

To investigate and evaluate the suitability of the power supply for metal heating, a system model 

was developed using engineering software, as shown in Figure 4. The model comprises a rectifier, full-bridge 

inverter, impedance-matching transformer (IMT), and RLC resonant tank. The IMT enhances current density 

and provides galvanic isolation between the power source and the load [30]. The various parameters are 

presented in Table 2, and the simulation was carried out using a series-resonant inverter model controlled by 

phase-shift and hysteresis strategies to examine its dynamic behavior. A 150 V DC-link was applied, and the 

IGBT switches were driven by a PWM signal at 20 kHz with a 48 % duty cycle. The switching angles of (S1, 

S4) and (S2, S3), as shown in Figure 4, were varied from 0° to 90° to observe the inverter output voltage and 

the secondary current of the transformer. Within the hysteresis range [54 ºC, 56 ºC], the system maintains its 

current operating state to minimize unnecessary switching transitions. This approach ensures stable 

temperature regulation within the specified range, suppresses temperature fluctuations, and preserves the 

inverter’s power conversion efficiency 

 

 

 

(a) 

  
(b) (c) 

 

Figure 3. Implementation of the induction heating system with PWM phase-shift feedback control illustrating 

(a) the system schematic and control block diagram, (b) switching waveforms at  = 0, and  

(c) switching waveforms at  = /2 

 

 

Figure 3 system architecture and control signal characteristics of the high-frequency induction 

drying system featuring a feedback-driven PWM phase-shift mechanism. This figure illustrates the 

integration of the power electronics stage with the thermal control logic to achieve precise temperature 

regulation within the drying chamber. The comprehensive details include as shown in Figure 3(a) the overall 

block diagram of the power inverter and heater temperature controller, then Figure 3(b) the PWM switching 

signals and output voltage at zero phase shift (ϕ = 0), and Figure 3(c) the modified pulse waveforms when a 

phase shift is applied (ϕ = /2). By analyzing these waveforms, the relationship between the control logic and 

the resulting electrical output used for induction heating can be clearly understood. 

The operational characteristics and switching dynamics of the inverter described in Figure 4 are 

illustrated in Figures 5–8. To provide a comprehensive context for the performance analysis, the waveforms 

are categorized into three parts: Figures 5(a)–8(a) present the PWM gate signals for S1 (orange) and S2 (blue), 

Figures 5(b)–8(b) display the corresponding signals for S3 (blue) and S4 (orange) with phase-shift increments 
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of 0º, 30º, 60º, and 90º, respectively, and Figures 5(c)–8(c) demonstrate the resulting inverter output voltage 

(vo, purple) and secondary current (io, dark green). The quantitative performance data derived from these 

waveforms are summarized in Table 3, which lists the RMS values for output voltage (vo,rms), output current 

(io,rms), and output power (Po,rms) across the different phase-shift conditions. As shown in Figure 5 and 

Table 3, the system achieves its maximum output at a 0o phase angle, with an output voltage of 149.9 V and a 

secondary current of 28.04 A. As the phase angle increases to 30º, 60º, and 90º (Figures 6–8), the output 

voltage decreases to 135.1 V, 120.3 V, and 103.9 V, while the secondary current of 26.85 A, 23.79 A, and 

19.22 A, respectively. These results clearly demonstrate that increasing the phase angle between S3–S4 and 

S1–S2 results in a proportional decrease in both inverter output voltage and secondary current, which is 

consistent with the expected phase-shift behavior of the series-resonant inverter system. 

 

 

 
 

Figure 4. Simulation of RLC resonant circuit 

 

 

Table 2. Electrical parameters used in the simulation 
 Description Symbol Value Reference 

DC-link 

 

Matching Transformer specifications 

Inductance filter  

Capacitance filter 

Transformer core 

𝐿𝑓 

𝐶𝑓 

Ferrite 

220 F 

0.94 mH 

- 

[31], [32] 

[31], [32] 

 

 Primary turns 𝑁𝑝 20  

 Secondary turns 𝑁𝑠 2  

 Transformer ratio n 10  
Induction coil workpiece Equivalent inductance 𝐿𝑒𝑞 2.5 H [33] 

 Equivalent resistor 𝑅𝑒𝑞 0.048  [33] 

Matching transformer Equivalent inductance 𝐿′𝑒𝑞 0.25 mH [33] 

 Equivalent resistor 𝑅′𝑒𝑞 4.81  [33] 

 Tank capacitor 𝐶𝑟 0.25 F [33] 

 Quality factor 𝑄 6.53  

 Resonant frequency 𝑓𝑟 20 kHz [34], [35] 

 

 

 
 

Figure 5. Inverter output voltage and current waveforms at a PWM phase angle of 0°, showing  

(a) gate signals S1, S2, (b) gate signals S3, S4, and (c) output voltage (vo) and current (io) 

(a) 

(b) 

(c) 



                ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 17, No. 1, March 2026: 438-452 

444 

 
 

Figure 6. Inverter output voltage and current waveforms at a PWM phase angle of 30° showing  

(a) gate signals S1, S2 (b) gate signals S3, S4, and (c) output voltage (vo) and current (io) 
 

 

 
 

Figure 7. Inverter output voltage and current waveforms at a PWM phase angle of 60° showing  

(a) gate signals S1, S2 (b) gate signals S3, S4, and (c) output voltage (vo) and current (io) 
 

 

 
 

Figure 8. Inverter output voltage and current waveforms at a PWM phase angle of 90°, showing  

(a) gate signals S1, S2 (b) gate signals S3, S4, and (c) output voltage (vo) and current (io) 
 

 

Table 3. Simulation results 
Figure PWM phase shift (o) Inverter output voltage 𝑣𝑜,𝑟𝑚𝑠(V) Inverter output current 𝑖𝑜,𝑟𝑚𝑠(A) Inverter output power 𝑃𝑜,𝑟𝑚𝑠(W) 

6 0 149.9 28.04 2.102 

7 30 135.1 26.85 2.002 

8 60 120.3 23.79 1.719 

9 90 103.9 19.22 1.286 

(a) 

(b) 

(c) 

(a) 

(b) 

(c) 

(a) 

(b) 

(c) 
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4. EXPERIMENTAL RESULTS AND EVALUATION 

4.1.  Phase-shift control test results 

In this study, experiments were conducted to investigate the effects of PWM phase-shift on the 

output voltage and current of an inverter in a hot-air drying system. The experimental procedure comprised 

three main steps: i) PWM phase-shift adjustment, where the phase angle between the output arms of switches 

S1 and S4 was varied in 30° increments at 0°, 30°, 60°, and 90° to evaluate its impact on power delivery, the 

experimental setup and PWM phase-shift diagram are shown in Figures 9(a) and 9(b); ii) Electrical 

measurements, in which inverter output voltage and current waveforms were recorded using an oscilloscope, 

and input power was measured with a power analyzer to determine the supplied power and assess energy 

conversion efficiency under different phase-shift conditions; and iii) Temperature measurements, where 

digital thermometers were used to monitor temperatures in the hot-air generation and drying chambers to 

examine the thermal response to phase-shift variations. 

The experimental verification of the phase-shift control strategy and its direct impact on the inverter 

output is illustrated in Figure 10. The measured waveforms, captured across various phase-shift angles (), 

provide a practical correlation between the control signals and the electrical output. As observed in 

Figures 10(a)–10(d), both the inverter output voltage (vo,rms) and current (io,rms) exhibit a consistent 

decreasing trend as the phase-shift angle increases. Specifically, at  = 0° (Figure 10(a)), the system delivers 

a measured voltage of 132 V and a current of 13.9 A. When the phase angle is adjusted to 90° (Figure 10(d)), 

these values decrease to 99.5 V and 10.1 A, respectively. This reduction in electrical magnitude demonstrates 

a corresponding decrease in total output power, thereby validating the expected phase-shift behavior and 

confirming the effective power regulation capability of the proposed series-resonant inverter system under 

actual operating conditions. 

 

 

(a) 

 

(b) 

 

 

Figure 9. Experimental setup of the series-resonant inverter system and its control synchronization, 

comparing (a) the physical system prototype and (b) the PWM output phase-shift diagram 

 

 

Figure 11 illustrates the relationship between phase shift, input power, and power factor of the 

induction heating system. As the phase shift increases from 0° to 90°, the input power decreases from 2,090 W 

to 1,270 W, indicating maximum power transfer at zero phase shift and a reduction as the phase displacement 

grows a typical characteristic of phase-shift control in resonant inverters. Simultaneously, the power factor 

drops from 0.91 to 0.82 due to the increasing reactive component in the input current, which lowers real power 

transfer. This inverse correlation between phase shift and both power and power factor reflect the trade-off 

between output regulation and input power quality in phase-shift controlled induction heating. 

Table 4 summarizes the relationship between phase shift, input power, and heating time at a 

constant target temperature of 55.2 °C. As the phase shift increases, input power declines from 2,009 W to 

1,270 W, while heating time extends from 7.18 min to 18.05 min, respectively. This inverse trend indicates 

that increasing the phase shift reduces power delivery, thereby slowing the system’s thermal response. 

 

 

Table 4. Outlet air temperature during phase-shift adjustment 
Phase shift (º) Pin (W) Temperature (ºC) Time (min) 

0 2,009 55.2 7.18 

30 1,930 55.2 8.33 

60 1,706 55.2 9.47 

90 1,270 55.2 18.05 
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0o =

 

 
30o =

 
(a) (b) 

 
60o =

 

 
90o =

 
(c) (d) 

 

Figure 10. Experimental inverter output voltage and current waveforms at phase-shift angles of  

(a) φ = 0°, (b) φ = 30°, (c) φ = 60°, and (d) φ = 90°, showing a progressive decrease in  

output magnitude with increasing phase-shift angle 

 

 

 
 

Figure 11. Input power and power factor as a function of phase shift 

 

 

4.2.  Temperature control test results 

Temperature in the drying chamber was regulated via a feedback control system to maintain stable 

conditions. Power input was adjusted based on measured temperatures, ensuring efficient and consistent 

drying. Control signal waveforms were recorded with an oscilloscope, and input power was measured with a 

power meter to evaluate energy use. Temperatures in both the heat generation and drying chambers were 

continuously monitored by sensors. The complete experimental setup is shown in Figure 12. 

Figure 13 illustrates hot-air temperature control in the induction-heated drying chamber. Chamber 

temperature was measured with a K-type thermocouple and processed by a digital controller to command the 

inverter. Hysteresis control was used with a reference temperature of 𝑇ℎ
∗  = 55 °C and a band of Δ𝑇 = 1 °C. 

When temperature falls below 𝑇ℎ
∗ − Δ𝑇, the phase angle is set to 𝜙 = 0∘ to increase heating, when it exceeds 
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𝑇ℎ
∗ + Δ𝑇, 𝜙 = 90∘ to reduce heating. Within 54–56 °C, the system maintains its state to avoid unnecessary 

switching. This ensures stable temperature, minimal fluctuations, and preserved inverter efficiency. Ambient 

temperature was approximately 30 °C. Figure 14 presents thermal images of the drying chamber. As shown 

in Figure 14(a), the actual temperature measurement points (Th) at the initial stage indicate a rise in 

temperature to 57 °C within 10 minutes. Following this initial increase, the feedback control system 

effectively stabilizes the chamber temperature, as illustrated in Figure 14(b), ensuring uniform thermal 

conditions throughout the drying process. 

 

 

 
 

Figure 12. Temperature control diagram of the drying chamber using hysteresis feedback 

 

 

 
 

Figure 13. Results of temperature control inside the drying chamber 

 

 

Figure 15 shows the input voltage and current of the induction heating system. The average root 

mean square (RMS) voltage was 226 V at startup, with the inverter phase angle set to 0° at 00:00:00, 

00:15:00, 00:01:25, 00:01:55, and 00:02:15. The RMS current reached 10.5 A, achieving the set temperature 

of 55 °C (Figure 13). After stabilization, the phase angle was set to 90°, reducing the RMS current to 5.1 A. 

Figure 13 presents the input power and power factor, with the inverter initially at 0° at the same time. 

The induction heating system reached 2 kW to achieve 55 °C (Figure 13). After stabilization, the 

inverter phase angle was set to 90°, reducing power to 850 W. The average input RMS voltage and current 

were 226 V and 10.5 A, respectively, with an average power factor of 0.83. Measured THDv and THDi were 

1.5% and 10%, within recommended limits per IEC 61000-2-2 and IEEE 519 (Figure 17) [36], [37]. 

Energy consumption during the 00:00:00–00:02:30 test period was 2.46 kWh (Figure 18). PWM 

phase shift adjustments in 30° increments affected performance voltage and current decreased from 132 V 

and 13.9 A at 0° to 99.5 V and 10.1 A at 90°, respectively, while the power factor remained stable 

(Figure 11). Phase shift also influenced heating time and power: 0° required 2.07 kW and 7.18 min to reach 

55.2 °C, whereas 90° reduced power to 1.15 kW but increased heating time to 18.05 min. 
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The feedback-controlled drying chamber-maintained temperature within ±1 °C of 55 °C (Figure 13), 

with minor variations attributed to ambient conditions and heat losses. Input RMS voltage, current, and 

power factor data (Figures 15 and 16) confirm efficient operation, maintaining a power factor of 0.90 and 

THDv and THDi within standard limits. 

Table 5 compares the energy performance of the induction heating dryer with a conventional hot-air 

dryer for the same chamber volume. The induction dryer achieved the target temperature of 55 °C in 

2.5 hours using 2.46 kWh of active energy, significantly lower than the 3-4 kWh required by conventional 

dryers. Reactive energy was also reduced to 0.89 kVarh, while precise feedback control minimized 

temperature fluctuations and heat losses. These results demonstrate that induction heating provides a more 

energy-efficient and precise drying solution, suitable for industrial applications. 
 

 

  

(a) (b) 
 

Figure 14. Analysis of the thermal performance within the drying chamber showing the photograph of the 

temperature distribution in (a) the side-view profile and (b) the top-view cross-section 
 

 

 
 

Figure 15. Input voltage and current of the induction heating device 
 

 

 
 

Figure 16. Input power and power factor of the induction heating device 
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Figure 17. Input THDv and THDi of the induction heating device 

 

 

 
 

Figure 18. The electric energy consumption rate of the induction heating device 

 

 

Table 5. Comparison of energy consumption between induction heating and conventional hot-air dryers 
Parameter Induction heating dryer Conventional hot-air dryer [38], [39] 

Chamber dimensions (m × m × m) 0.75×0.62×0.21 0.75×0.62×0.21 

Chamber cross-sectional area (m²) 0.04 0.04 
Thermal power (kW) 2 3–4 

Drying time (h) 2.5 2.5–3 

Active energy (kWh) 2.46 3–4 

Reactive energy (kVarh) 0.89 1.45 

Chamber temperature (°C) 55 55 

Ambient temperature (°C) 30 30 
Air density (kg/m³) 1.22 1.22 

Airflow velocity (m/s) 1.5 1.5 

Mass flow rate (kg/s) 0.074 0.074 
Advantages Energy-efficient, fast response, precise 

temperature control, minimized heat loss 

Simple operation, conventional technology, 

widely used 

 

 

5. CONCLUSION 

This study introduces a novel approach for induction heating dryers by integrating hysteresis control 

with phase-shifted PWM, marking the first implementation of this combined technique. Experimental results 

demonstrate that increasing the phase angle reduces output voltage, current, and electrical power 

consumption while maintaining the power factor within an acceptable range, enabling efficient system 

operation. The feedback temperature control effectively stabilizes the drying chamber, reflecting the system’s 

adaptability to dynamic conditions. Nonetheless, the energy-saving effect achieved via phase angle 

adjustment results in extended heating time, highlighting the inherent trade-off between energy efficiency 

and processing speed. Existing limitations include the controlled laboratory environment, potential 
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mismatches between induction coil design and industrial-scale applications, and constraints of the 

temperature control system that may require further refinement. Future work should address these gaps by 

developing intelligent control algorithms, optimizing coil structures, validating performance in real industrial 

settings, and employing predictive mathematical models. The findings provide a foundational framework for 

energy-efficient induction heating, offering significant potential for industrial applications in sectors 

demanding precise thermal management, such as food processing and textile manufacturing. The 

demonstrated ability to modulate phase angle to enhance system performance underscores the prospect for 

further innovation in induction heating technology. 
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