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Abstract

PVC is a widely used thermoplastic material that requires precise temperature management during
processing to avoid degradation and ensure optimal material properties. Traditional heating methods
often face challenges in achieving uniform and rapid heating, which can lead to material inconsistencies
and inefficiencies. This study explores the development of an induction heating system, which leverages
electromagnetic induction to generate heat directly within the PVC material. The design process
involves the selection of appropriate coil configurations, power supply specifications, and control
mechanisms to achieve the desired heating performance. The induction heater is designed to provide
rapid and uniform heating, improving process efficiency and product quality. Results indicate that the
induction heating system offers significant advantages over conventional heating methods, including
faster heating times, enhanced temperature control, and reduced enerqy usage. Future work will focus
on optimizing the system for different PVC formulations and scaling the design for commercial use.

Keywords: Polyvinyl Chloride, DC-to-DC converter, MOSFET, Peak Electromagnetic Torque,
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INTRODUCTION

Induction heating is a process that is used to bond, harden or soften metals, conductive and
non-conductive materials. Induction consists of speed, consistency, and control which are
common to modern manufacturing processes. Since 1920, the principle of induction heating
has been applied in manufacturing industries. In World War II induction heating was used to
harden metal engine parts (Bosazza, 1938; RathiDevi et al., 2023).

There are many benefits of the push-pull topology, but efficiency and stable current top the
list. Unlike typical fly-back and forward topologies, the push-pull topology offers high
efficiency at a stable input and output current. The push-pull has a lower ripple current, which
contributes to higher efficiencies and consequently, a smaller footprint (Fredrick et al., 2021;
N. Ezukwoke E.N Ajimah, S.I Ezichi and K.Ikea, 2019). In addition to the high efficiencies with
stable input and output current mentioned above, a push-pull design is used in an open-loop
configuration, thus permitting a simpler end design. In addition, the transformer offers good
core utilization as it draws current from both halves of the switching cycle. The range of
applications is also limited to ones that operate in the 12 V or 24 V range. The push-pull
converter is a two-switch topology that has very high efficiency (Ajimah N. E Dialoke I.C,
Odaba A, Uwakwe LS, Ezea M.O, Ezea S.N, 2020).

In induction heating, the transfer of energy to the material is not in direct contact with the
flame. The good aspect of induction heating is that the inductor never gets hot and when
properly used, the process is repeatable and controllable. Michael Faraday discovered the
major component of induction heating which is electromagnetic induction (Li et al., 2015;
RathiDevi et al., 2023; Tomita, 2012).

The induction heating system converts Direct Current (DC) to power a higher frequency
alternating current which is delivered to a working coil and produces an electromagnetic field
within the coil. A material placed in that electromagnetic coil induces an eddy current in the
substance. The friction from these currents generates clean, precise, and non-contact heat
(Dialoke et al., 2022). The operating frequency of the induction heating machine is detected by
the size of the material and heating application, that is to say, the smaller the material the
higher the frequency, and the larger the material the lower the frequency. The operation of
this induction heater can be achieved when a Polyvinyl Chloride (PVC) pipe is inserted into
the varying magnetic field; currents are set up in the conductor by the influence of the induced
voltage. The basis of this method of coil design is the reduction of the induction heater coil
and material to their equivalent resistance and inductance.

To maximize the efficiency of the induction heating system, the material should be placed
inside the working coil; if not possible the closer the coil can be placed in the material (Hung
et al., 2024).

The practical example of this process is the induction process that happens when only the
primary side coil of a transformer is used and the heating element serves as the secondary coil
placed in the magnet field to induce the magnetic current that transforms into eddy current
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(Ajimah et al., 2025). The power required to heat a material depends on the mass of the
material, the heat losses, the temperature, the heating time, and the effectiveness of the field
owing to the coil design (Li et al., 2015; Tomita, 2012).

Electricians do encounter challenges in bending PVC pipes during conduit wiring installation
while on site, as they result in to use of physical fire which has led to fire outbreaks that result
in damage to the PVC, fire injury to humans, and sometimes death.
This research work aims to design an induction heater for Polyvinyl Chloride (PVC) materials.
a) The objectives to achieve the aim as stated as follows:
b) To provide a DC source to power the circuit.
c) To achieve regulated and switching current to the working coil.
d) To obtain heat for melting PVC pipes.

The use of an induction heater for PVC pipe becomes necessary as it will help reduce the risk
of fire outbreaks on site and help the electricians achieve the desired bending of PVC pipes to
suit their purpose during installation.

This research project work of induction heater for PVC pipe is limited to pipe range of 20mm
and 25mm.

Pascual et. al (2023) worked on a novel use of induction cooktops that allows infusion
preparation directly in a ceramic mug. The proposal of an immersible water heater design of
ametallic load. The authors' suggestion was investigated using a finite element analysis model,
and its practicality was shown by experimental findings of its performance (Pascual et al.,
2023).

Yang et. Al (2020) worked on the Analysis of Peak Electromagnetic Torque Characteristics for
Superconducting DC Induction Heaters, The impact of billet materials (copper, titanium alloy,
and stainless steel) on torque was investigated and evaluated. These findings are anticipated
to inform cheaper and more practical billet drive systems for superconducting DC induction
heaters (Yang et al., 2020).

Dai et. al (2021) worked on 'Development and Test of One Commercial Megawatt
Superconducting DC Induction Heater With Extra High Energy Efficiency', Over the last
decade, high-temperature superconducting (HTS) technology has been effectively proven to
have a significant promise for energy conservation in this industry. Their research
comprehensively describes the development of the world's first commercial megawatt HTS
DC inducting heater using 2nd generation HTS tapes (Pandith & Srivastava, 2018). First, the
commercial design of this IMW HTS DC induction heater, including design requirements,
energy efficiency, and commercial viability, is extensively examined (Dai et al., 2021).

Yan et. al (2020) worked on A 3D finite component simulation framework for electromagnetic
and heat coupling studies that were constructed based on the actual IMW HTS DC induction
heater and optimized for computing performance by employing a permanent magnet instead
of the HTS magnet. The heating procedure for the cylindrical aluminium billet was also
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simulated and compared to experimental data (Yan et al., 2020).

MATERIALS AND METHODS

A push-pull converter is a type of DC-to-DC converter, a switching converter that uses a
transformer to change the voltage of a DC power supply. The distinguishing feature of a push-
pull converter is the transformer primary is supplied with current from the input line by pairs
of transistors in a symmetrical push-pull circuit. The transistors are alternatively ON and OFF
periodically reversing the current in the transformer. Therefore, the current is drawn from the
line during both halves of the switching cycle. A push-pull topology is a method of powering
a switching current from the input line of a DC source. In other words, it is a DC-DC converter.
It uses a transformer and two pairs of MOSFETs. These MOSFETs switch ON and OFF
alternatively the current from the input lines during the halves of the switching cycle (Ji et al.,
2023; Ma et al., 2016).

The MOSEFET is required here because of its high current switching and inherently low ON
resistance. Fig. 1 shows the push-pull circuit design.

||—| |R44N |

Fig. 1: Push-Pull Design

Design Specification

Any engineering document contains the fundamental information required to do work. This
includes the desired method to be used, required conditions that may be encountered, and
the environmental safety requirement. It also contains drawing details and where
recommendations are provided (Areitioaurtena et al., 2021; Ji et al., 2023). Table 1 shows the
description of the components and their ratings.

Table 1 List of components

S/N | Components QTY Rating
Measurement

1. Casing 1 5mm  Aluminum
sheet

2. Battery 1 12v,18A

3. Soldering lead 2 0.5mm

4. Capacitor 2 750/1100V

5. MOSFET 2 IR44N

6. Work Coil 1 18 turns, 6mm
copper
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S/N | Components QTY Rating
Measurement

7. Cable 1 yard 4mm twin flex

8. Heat sink 4 0.65mm thickness

9. Fan 1 12VDC 2.5Amp

10. Zener diode 2 12V

11. Jumper wire 6 2.5mm core

12. Input terminal 1 12v DC

13. Switch 1 12V

14. Inductor 2 200uF

15. Cable luck 4 8mm & 6mm

16. Resistor 4 10KQ

17. Diode 1 FR207

18. Vero board 2 5x10 inch

19. Capacitor 1 0.33uF

20. Resistor 11K 2 1KQ

Design Calculation

Essential decision-making processes using analytical tools derived from basic sciences
mathematics, statistics, and engineering fundamentals are utilized to develop and come up
with a product model that can be converted into an actual product. The type of analysis
required usually depends on the product concept. It is where the common analytical tools
used in the design are strictly observed (Areitioaurtena et al., 2021; Gilev et al., 2019).
Considering, that the typical switching frequency of MOSFET is from 25Hz - 500KHz, and for
IGB is between 10 - 20KHz.

An N-tune copper coil with an excitation, coil is assumed to be ideal with zero resistance. The
induced EMF in the coil must be sinusoidal for it to balance the applied voltage. This
constrains the flux in and around the coil to be sinusoidal.
Let @ = dpaxSsinwt
Pmax = maximum flux
= 2T frad/s
F = frequency
The workpiece induces emf as per Faraday’s law is

V=E=-NE=wNomax

2
V = E = ZfNmay = 4.44Npmay

Where A. is the core or workpiece cross-sectional area
Coil inductance,L. = N?/R
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Flux densityﬁ = @/A Tesla. Where B is the magnetic intensity in part

The excitation current of the coil, I = F/N
Where F = Hy, = Hy,
H = Inductor value, 1 = the length of the inductor
Flux density B = pHwbm™ Tesla (T)
= HoHr
| = permeability

Lo = Permeability of free space,

I, = permeability of the medium,
Maximum flux density, (Bmax)
—_ V1
Bmax = 4.11fN,
Recall,
. . d
Induce EMF equation given as; E = d—f

Power = IR

Power factor (PF) = Cos© = R/Z,

Where Aapp =1V

Power consumed (P) =1V CosO Power loss in p = resistivity of the material | =length a
= cross-sectional area

Power was taken by potential circuit = V2/R

Impedance = ./R, X X,

Current,] = V/Z

The phase angle between current and voltage @ = tan™! (g)

The negative sign with @shows that the current is leading the voltage.
The voltage drop across the circuit element is given as:

dl
Inductor = Ldt,

Resistor = R/I,

7
Capacitor =z Q
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Heat Flow and Output Temperature

Heat flow and temperature of the coil (inductor) is a complex task, hence, the final
temperature of the inductor can be obtained using mathematical analysis. Here, the
temperature difference is like the voltage difference, the flow of heat with time is like the flow
of charge with time (current) and there is a thermal resistance that is similar to that of electrical
resistance (Bayerl et al., 2014; Gilev et al., 2019; Khodamoradi et al., 2015). Fig. 2 shows the
Thermal Resistance Circuit

Base: k1 Conductor: k2 |

w2

w4

Insulator: k,
Lj2 == ‘ ™

344 i

L 1

Fig. 2: Thermal Resistance Circuit

Where:

Q = heat flow per unit time - analogous to charge flow per unit time
AT = the difference in temperature across some thermal resistance
RT = Thermal Resistance Mathematically:

1) 1
Re= ()3
The stored energy in the magnetic field of an inductor can be calculated as

= ~LI
2

= energy stored (Joules) ]
L = inductance (Henrys) H

[ = current (Amps) A
With the 18A current applied to a 200H inductor used in this circuit, the possible energy stored;

w = LI2
2

1
w= E* 200 = 182 = 32.4]

The value of resistivity depends also on the temperature of the material (copper);

Resistivity (R) = RLLA

Where R = resistance,

A = area,and

L = inductance value.

From this circuit, resistance on a line of each inductor (L1 and L2) is 10K and 1K connected in
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series, an inductor of 200H and cross-section of 0.005m?
The inductance of the working coil and the heat (temperature) of the design was obtained as
follows:

For inductance, L = o KN 2?

N = number of turn, K = inductance coefficient, “¢= permeability of free space = 411107, A
= cross-section area, | = length of the coil

0.05
L = (4 x 107)(1.2 X 1070)18% —~
L =81x107"?H
The energy released from the inductor as the current through it decreases, where exactly the
energy goes to, depends on the rest of the circuit, and the energy might be dissipated in a
resistor or stored in the electric field of the capacitor.
For the heat or hot temperature output of the induction heater:

Recall that,
R = L

AT_(l)IZR( L)
~\k)272\P 2

The area the heat passes through is also the same as | used to determine resistance. In the
above formula, “A” is the inductor cross-sectional area. In separating AT and solving for
the final/hot temperature (Khodamoradi et al., 2015).
Ty = (1/K)1?/2n(p/A) + Tc
Where:
TH = heat transfer =?
K = inductance coef ficient = 0.04

p = resistivity of the material (copper) given as 0.02
I = applied current = 184
A = cross — section area of copper = 0.05
TC = temperature coef ficient = 20°C
~TH = (1/0.04) (182/2m) (0.02/0.05) + 20°C
= (25) (51.6) (0.4) + 20°C
= 536°C,

Design Analysis

The systematic process of developing a design includes all information discovery, planning,
and how they are communicated to a layman. It can be applied to designs of any type. It shows
the gaps between the current state of things and the desired state, estimating design objectives
and cost in terms of money and time as well as design alternatives that derive information in
support of a design process.

This block diagram explains the procedures used for this project, the design of this circuit
block and how it is been integrated into the entire system. The explanations in this chapter are
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achieved with the help of a block diagram and circuit diagram. This project has a list of
components that were used to achieve the design and these components have been discussed
in the previous section.

Fig. 3 is the block diagram of an Induction heater. In this project, a 12V 18A DC source was

used to supply power to the system. The switch regulatory circuit regulates the supplied

power and switches it from DC to AC in the form of a square wave. The working coil (Inductor)
takes the AC form of current from the switch regulatory circuit for its operation (Induction)

which creates the needed heat to heat the material. The feedback is there to serve as a

correction link. The regulated switched current going to the inductor must be suitable for the
coil and efficiency purposes.

SWITCHING AMD
DCS0OURCE REGULATORY
CIRCUIT

L 4

WORKING
COIL

FEEDBACK

Fig 3: Block Diagram of an Induction Heater

IMPLEMENTATION AND TESTING

Implementation
In the construction of the circuit, the components were mounted and soldered on the Vero
board. The MOSFET is mounted on the heat sink to absorb and dispense heat from the

Fig. 4: Circuit Diagram

MOSFET. Jumper wires were also used for looping two or more terminals. Fig. 4 is the circuit
diagram of the work.
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Fig. 5: Construction Process

In packaging, the researcher makes use of square pipe (40mm) to construct the frame in other
to provide a firm grieve on the structure, while an Aluminium composite of 5mm thickness is
used to form the casing, the working coil is mounted on top of the casing to enable easy usage
in melting the PVC, cooling fan is also provide for further cooling of the inner part of the
casing, as shown in Fig. 6 and Fig. 7-A.

Fig. 7: Cooling Fan (B) Casing of the Project
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Testing

The battery was properly connected to the input terminals of the induction heater and firmly
guided to prevent partial contact at the terminals. The switch button was switched ON to
power the circuit. The PVC pipe was inserted into the coil and allowed to heat up to its
bending point of 45°C which made it soft and flexible to be bent to suit the purpose. The device
was then switched OFF and the pipe was removed and bent to the desired shape, allowing
cooling in the atmosphere before use. Fig. 8 A and B show the machine in operation.

Fig. 8: The Machine in Operation

CONCLUSION

The induction heater is designed to produce heat generated from an eddy current which is
induced by an electromagnetic field. The electromagnetic field is a result of electric current
passing through the coil. Push-pull topology is used as a methodology to design the circuit. It
is a system designed to process an operation whereby a DC source from a 12V 18A Battery is
supplied to the switching circuit which turns ON and OFF at intervals to provide the square
wave that forms the AC supply to the working coil.

The design and construction of this induction heater are to provide heat that will melt a PVC
pipe on-site by bending it to the desired shape by electrical installation technicians which often
results in the use of physical fire (Ajimah & Ezukwoke, 2018).

The use of an induction heater will prevent the wastage of PVC pipe during the installation.
This research also intends to minimize the risk of fire outbreak on site and the time taken to
bend PVC pipe into desired shapes.

RECOMMENDATIONS
The researcher in the course of this research work recommended the following for further
research on the field of studies:
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a) The use of a microcontroller
b) Provision of temperature and voltage indicators
c) Provision of solar and charging controller
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