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Abstract—Electric Metals and other conductive materials are bonded, hardened, and softened using 

induction heating, which is a non-contact heating method. An induction furnace is an electrical furnace 

that uses induction heating to generate heat. Induction furnaces melt iron and steel, copper, aluminium, 

and other precious metals and have capacities ranging from less than one kilogram to one hundred tones. 

In comparison to most other methods of metal melting, the induction furnace offers a clean, energy-

efficient, and well-controlled melting process. Electric furnaces are used in a variety of industrial 

manufacturing processes to provide heat. When more precise temperature control is necessary, electric 

furnaces are used. The bulk of heating methods use a torch or an open flame to heat the metal item; 

however, induction heating uses circulating electrical currents to "create" heat within the part itself. 

Because the heat is supplied to the product via electromagnetic waves and the part is never in direct contact 

with a flame, there is no product contamination. The method may be reproduced and regulated once it has 

been properly set up. Induction heating provides a high production rate, high heating efficiency, and a 

clean working environment overall. 
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INTRODUCTION 

A metallurgical furnace, or simply a furnace, is a device that is used to heat and melt metal ore in order 
to remove gangue, particularly in the iron and steel industry. Direct combustion, electricity, and induction 
heating in induction furnaces are all examples of heat sources that can be utilised to fuel a furnace. Many 
different types of furnaces are utilised in metallurgy to deal with various metals and ores. An induction 
furnace is an electrical furnace that uses induction heating to generate heat. Michael Faraday, who 
developed the idea of Electromagnetic Induction, is credited with the invention of Induction Furnaces. 
However, De Ferranti did not begin tests on induction furnaces in Europe until the late 1870s. [1] 
Edward Allen Colby patented a metal melting induction furnace in 1890. Kjellin used it for the first time 
in Gysinnge, Sweden, in 1900, and it was similar to the Colby furnace in that the primary was closest to 
the core. In 1907, a Colby furnace near Philadelphia produced the first steel produced in an induction 
furnace in the United States. Rochling-Rodenhauser produced the first induction furnace for three-phase 
applications in Germany in 1906. On the three-phase furnace, the original plans were for single-phase, and 
even two phases were used. Melting iron, aluminium, steel, and other metals is done in these furnaces. The 
induction furnace, in comparison to most other methods of metal melting, provides a clean, energy-
efficient, and well-controlled melting process.  
Electric furnaces use electricity as the principal heat source to melt and alloy metals and refractories at 
extremely high temperatures. Electric furnaces are a better alternative to other types of furnaces. [2] 
 

MARKET POTENTIAL 

Electric furnaces are used in a variety of industries, including engineering, food processing, chemical 
processing, and laboratories. The furnace is developed and built to the specifications of the customer. The 
different characteristics, such as the heating chamber's highest attainable temperature, automatic or semi-
automatic temperature regulation, and so on, are determined by the customer's requirements.  
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The expansion of industrialization affects the demand for this item. The current rate of growth in 
demand for this product is around 10% per year. This commodity is produced by 15 to 20 SSI units in 
Kerala and Tamil Nadu. Because this is industrial machinery, quality is paramount. 

LITERATURE SURVEY 

A. Induction Furnace: An Overview 

Over the last 25 years, a new generation of industrial induction melting furnaces have been developed. 
Batch melting technologies are now widely used in modern foundries, thanks to the development of 
flexible, continuous power-tracking medium-frequency induction power sources [3]. These power supplies 
use heavy-duty silicon-controlled rectifiers to generate both the frequency and the amperage required for 
batch melting, and they have an electrical efficiency of over 97 per cent, a significant improvement over 
the 85 per cent efficiency typical of induction power supplies in the 1970s. The new designs enable optimal 
furnace power consumption throughout the melting cycle while maintaining good stirring control [4]. 
Small furnaces with very high power densities of 700 to 1,000 kWh/tons may currently melt a cold charge 
in 30 to 35 minutes, and some of the largest commercial units can melt approximately 60 tonnes per hour. 
The core type or channel furnace and the coreless induction furnace are two main designs of induction 
furnaces that are not new to the industry. 

B. Construction & Working 

Induction furnaces and combustion furnaces generate heat in two distinct ways. Heat is produced in a 
combustion furnace by the combustion of a fuel such as coke, oil, or natural gas. The furnace's internal 
temperature rises over the melting point of the charge material inside due to the burning fuel. This causes 
the charged material's surface to heat up and melt. Induction furnaces provide heat in a clean, non-
combustible manner. An induction power unit feeds alternating electric current into a furnace and through 
a hollow copper tube coil. This generates an electromagnetic field that travels through the refractory 
material and interacts with conductive metal charges inside the furnace.This induces an electric current to 
flow inside the metal charge itself, producing heat that rapidly causes the metal to melt.  

 

 
Figure- Rough sketch of the construction of a furnace  

C.    Induction Electrical System Configuration 

Two different electrical systems are required for induction furnaces: one for cooling, furnace tilting, 
and instrumentation, and the other for induction coil power. The pumps in the induction coil cooling 
system, the hydraulic furnace tilting mechanism, and the instrumentation and control systems are normally 
powered by a line to the plant's power distribution panel. A three-phase, high voltage, high amperage 
utility line supplies power to the induction coils. The power supply connected to the induction coils varies 
in complexity depending on the type of furnace and its use [5].  

The main frequency provided by the local utility can be used to efficiently operate a channel furnace 
that stores and pours molten metal. Most coreless melting furnaces, on the other hand, require a medium 
to a high-frequency power source. The amount of power that can be provided to a given size furnace is 
increased by increasing the frequency of the alternating current flowing through the induction coils. As a 
result, melting occurs more quickly. In two hours, a 10-ton coreless furnace working at 60 Hz may melt 
its capacity. The identical furnace, operating at 275 Hz, can melt the entire 10-ton charge in 26 minutes, 
or four times faster. Higher frequency operation has the extra benefit of allowing furnaces to be started 

http://www.jetir.org/


© 2022 JETIR June 2022, Volume 9, Issue 6                                                            www.jetir.org (ISSN-2349-5162) 

JETIR2206816 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org i115 
 

with less bulky scrap and emptied fully between heats. Transformers, inverters, and capacitors used to 
"tune" the frequency required for high-efficiency induction furnaces can be dangerously electrical. Furnace 
power supplies are therefore housed in key-locked steel enclosures with safety interlocks [6]. 
 

 

IV. PLANNING & WORKING 

A. Working 

Air is drawn into the system and passed through a heat exchanger by electric furnaces. Electric heating 
components warm the air once it enters the heat exchanger. Three to six electric-resistance heating 
elements, each rated at 3.5 to 7 kW, are used in these furnaces [7]. Heat is produced when electrically 
charged particles flow through metal wires. Long wires are coiled into coils and mounted within the 
furnace to create heating elements. A coil conveying alternating electric current surrounds the metal 
container or chamber in an induction furnace Eddy currents are created in the metal, and the circulation of 
these currents causes metals to melt at extremely high temperatures. A nonconductive (in this case, 
graphite) crucible holds the charge of metal to be melted in an induction furnace. The wire is subjected to 
a strong alternating current. A fast reversing magnetic field is created by the coil, which penetrates the 
metal. By electromagnetic induction, the magnetic field creates eddy currents, or circular electric currents, 
inside the metal. Joule heating is caused by eddy currents flowing through the electrical resistance of the 
bulk metal. Magnetic hysteresis, or the reversal of the molecular magnetic dipoles in ferromagnetic 
materials like iron, can also heat the substance.Once melted, the eddy currents cause vigorous stirring of 
the melt, assuring good mixing. 

 
B. Table of components 

 

S/
N 

MATERIAL QTY
. 

PRICE(₹) 

1 MCB Double Pole 2 840 

2 Timer (Paragon 

TMR-23C) 

1 750 

3 Buzzer (220V, AC) 1 294 

4 PID (Selec 

TC533BX) 

1 1280 

5 Thermocouple K-

Type 

1 

(175

0℃) 

130 

6 SSR (I/P 4-32V DC, 

        O/P 24-600V 

AC) 

1 450 

7 SSR Heatsink 1 127 

8 Indicator 3 181 

9 Heating 

Coil/Element 2000W 

2 1830 

10 Wire 10M - 
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11 Steel Wire 10M 344 

12 Steel Bucket 1 1000 

13 Graphite Crucible 1 375 

14 Crucible Tongs 1 339 

15 High-temperature 

Thermal Insulation 

1M 349 

16 Plaster of Paris 25K

G 

280 

17 Sand 5KG - 

18 Panel Box 1 500 

19 Thimble 10 150 

20 Nut Bolts 10 90 

21 Exhaust Fan 1 280 

 

 
                                                                                            Total - 9,838₹ 

V. FURNACE PERFORMANCE & EVALUATION 

Heat-treating mild steel at temperatures ranging from 35 to 1200 for 2000 seconds was used to determine 

the performance of the Electric heat treatment furnace. Table 2 contains the results, which are visually 

shown in Graph 1. The furnace's temperature was sustained at 1200 degrees for over 2000 seconds, 

showing that the furnace was meant to attain that temperature. 

 

Table 2 - Performance Analysis of Heat treatment of mild steel conducted on the furnace 

TIME (SECONDS) TEMPERATURE (DEGREES) 

0 0 

30 200 

120 400 

260 600 

580 800 

1000 1000 

1500 1200 

2000 1200 
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 Graph 1 - Graphical representation of the performance of furnace during heat treatment of mild steel 

 

 

 

Figure 5.1- Electric Furnace in its testing stage, using a heating element of 2000W 

 

 

Figure 5.2 - Final setup of the components inside the panel box 

 

http://www.jetir.org/


© 2022 JETIR June 2022, Volume 9, Issue 6                                                            www.jetir.org (ISSN-2349-5162) 

JETIR2206816 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org i118 
 

 

Figure 4.3 - E-Furnace running at a temperature of 1200°C+ 

 

VII. CONCLUSION 

 
The basic functions of the Induction Furnace, as well as the importance of its particular parameters, are 

investigated through an extensive analysis of literature and experimentation.  

An induction furnace is a type of electric furnace that generates heat by induction heating. In these 
furnaces, iron, aluminium, steel, and other metals are melted. In comparison to most other methods of 
metal melting, the induction furnace provides a clean, energy-efficient, and well-controlled melting 
process. 

The furnace was built with the following considerations in mind: temperature attainment, metal 
capacity, depth/surface area to be heat-treated, operator safety, workshop floor space, cost constraints, 
availability of the materials utilized, maintainability, and portability [9]. In the aforementioned Electric 
Furnace, any metal with a melting point within the specified range can be melted within a specified time 
period. If necessary, the melted metal can be cast again. 

 

VI. FUTURE PROSPECTS 

After observing the metal melting process, we learnt about the various losses and where heat is lost. As 
a consequence, we have made recommendations to enhance efficiency and reduce losses, such as 
scheduling operations, molten metal delivery, preheating, no time delay in keeping the molten metal, reuse 
of hot gases, using good quality raw material, and suitable charging technique. If you practice this on a 
regular basis, your efficiency will surely improve. Material and energy losses occur during these process 
steps, indicating inefficiencies that waste energy and raise melting process costs [8]. Any modification to 
the design and/or operation of a melting step can have an impact on the stages that follow it. As a result, 
it's vital to evaluate the impact of all proposed changes across the entire melting process to ensure that 
energy savings in one phase don't result in energy load in the next. Steel melting energy efficiency can be 
improved, for example, if there is no time delay in keeping the molten metal and no additional energy is 
required to maintain the molten metal's temperature until it is poured. The energy needs for melting steel 
can be significantly decreased if a furnace can be planned to run at full power continuously [10].  

 

http://www.jetir.org/


© 2022 JETIR June 2022, Volume 9, Issue 6                                                            www.jetir.org (ISSN-2349-5162) 

JETIR2206816 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org i119 
 

 

VIII. REFERENCES 

 
[1] Laughton, M. A.; Warne, D.F. (2002). Electrical Engineer's Reference Book, 16th Ed. Newnes. pp. 17–
19 
[2] Benoit Boulet, Gino Lalli and Mark Ajersch, Modeling and Control of an Electric Arc Furnace 
[3] Ramanujan Deb, Development of Portable Induction Furnace for MSME Sector (2021), 
https://ieeexplore.ieee.org/abstract/document/9598742 
[4] Murtadha S. Khadim, Implementation of an Induction Furnace for Copper Melting (2021), 
https://ieeexplore.ieee.org/abstract/document/9717444 
[5,6] Vivek R. Gandhewar, Induction Furnace - A Review, Jawaharlal Darda Inst. of Engg. & Tech. 
Yavatmal, India (2011),  
https://www.enggjournals.com/ijet/docs/IJET11-03-04-06.pdf 
[7,8] Botao Xue, Design and Construction of an Electric Arc Furnace, Central South University, 
Changsha 410083, China (2021) 
[9] Ufuoma Peter Anaidhuno, Development of an Electric induction furnace for heat treatment of ferrous 
and non-ferrous alloys, Federal University of Petroleum Resources, Effurun, Nigeria (2015) 
https://www.ajer.org/papers/v4(05)/D045029035.pdf 
[10] Vivek R. Gandhewar, Induction Furnace - A Review, Jawaharlal Darda Inst. of Engg. & Tech. 
Yavatmal, India (2011) 
https://www.enggjournals.com/ijet/docs/IJET11-03-04-06.pdf 
 
 

http://www.jetir.org/
https://books.google.com/books?id=5jOblzV5eZ8C&q=solenoid+%252522induction+furnace%252522&pg=SA9-PA18
http://www.cim.mcgill.ca/~ialab/ev/TM18-4_as_published.pdf
https://ieeexplore.ieee.org/abstract/document/9598742
https://ieeexplore.ieee.org/abstract/document/9717444

