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Аннотация. Рассмотрены особенности конструкции, методика и результаты исследования 10 индукционных электромагнитных 

тигельных печей с С-образным магнитопроводом (МПр), сердечник которого охватывают витки электрической катушки (ЭК) малого 
объема (примерно до 14,56 дм3). В печи применяют наборный МПр из использованных трансформаторных пластин с рабочим 
объемом примерно 28,5 – 30,8 дм3, напряжение 380 – 390 В, частоту 50 Гц, конденсаторную батарею (КБ), количество витков 
w = 23 – 50 медного или алюминиевого провода. Охлаждаемая водой ЭК размещена в резиновом резервуаре и создает горизонтальный 
электромагнитный поток с индукцией 70 мТл, который усиливается МПр и направляется за пределы ЭК в больший рабочий объем 
(примерно 30,7 дм3) между его полюсами с индукцией примерно до 100 мТл. При размещении стального тигля в объеме индукция 
возрастает до 125 – 150 мТл и экспериментальная печь ЭМС-30,7-23А мощностью 44 кВ·А позволяет за 65 мин расплавить 21 кг 
силумина со скоростью 10 °С/мин. В печи сопротивления САТ-0,16 мощностью 40 кВт аналогичный процесс протекает за 2 ч. 
При сильном сжатии пластин МПр шум уменьшается с 80 – 85 до 40 – 48 дБ. Для повышения эффективности печи предлагается 
использовать полюсные пластины шириной 155 мм; минеральную вату в теплоизоляции тигля, подстроечные конденсаторы в КБ, ЭК 
из медного кабеля. Целесообразно для плавки высокотемпературных сплавов подключить рассматриваемую печь к повышающему 
напряжение трансформатору, чтобы увеличить плотность тока с 3,7 до допускаемой 20 А/мм2, мощность в контуре ЭК – КБ, индукцию. 
Предлагается для определения области применения продолжить исследования электромагнитных печей, изготовленных и из дешевого 
трансформаторного лома. 
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Abstract. The paper describes design features, methodology and results of the study of 10 induction electromagnetic crucible furnaces with a C-shaped 

magnetic core (MC). The core is covered by turns of an electric coil (EC) of small volume up to ~14.56 dm3. The furnaces have MC from a set of 
used transformer plates with a working volume of ~ 28.5 – 30.8 dm3, a capacitor bank (CB), the number of turns w = 23 – 50 of copper or aluminum 
wire, voltage 380 – 390 V, frequency 50 Hz. The water-cooled EC is placed in a rubber tank and creates a horizontal electromagnetic flow with 
induction of ≈70 mT, which is amplified by MC and directed beyond EC into a larger working volume of ~30.7 dm3 between its poles with induction 
up to ≈100 mT. When placing a steel crucible in the volume, induction increases up to 125 – 150 mT and the experimental furnace EMC-30.7-23A 
with a capacity of 44 kVA allows melting 21 kg of silumin at a speed of 10 °C/min in 65 min, which is faster than in the resistance furnace СAT-0.16 
with a power of 40 kW in 2 h. With strong compression of MC plates, the noise decreases from 80 – 85 to 40 – 48 dB. To increase the furnace 
efficiency, it is proposed to use pole plates with a width of 155 mm, mineral wool in the thermal insulation of the crucible, tuning capacitors in CB, 
and EC from copper cable. For melting of high-temperature alloys, it is advisable to connect this furnace to a step-up transformer in order to increase 
the current density from 3.7 to the permissible 20 A/mm2, power in the EC – CB circuit, and EC induction. The authors suggest to continue research 
on electromagnetic furnaces made from cheap transformer scrap to determine the scope. 
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 Introduction

There are two types of induction melting furnaces used 
in metal casting: 

– a crucible inductor furnace creates a vertical electro-
magnetic flow and is commonly equipped with I-shaped 
outer сore-type open magnetic cores (MC); 

– a channel furnace (transformer) with closed MC [1; 2]. 
In 2013, furnaces of the third type known as crucible 

induction electromagnetic furnaces, with curved O-, U- 
and C-shaped magnetic cores that create a horizontal work-
ing electromagnetic flow, were patented [3; 4]. These fur-
naces differ significantly in design, energy consumption, 
and process performance capabilities compared to the first 
type of furnaces. A comparison between inductor furnaces 
and electromagnetic crucible furnaces revealed several 
advantages of the latter [5; 6], which were further con-
firmed through investigations of the parameters and 
technology of melting aluminum and copper alloys in 
a U-shaped magnetic core electromagnetic furnace [7; 8]. 

A similar investigation into the operation of a C-shaped 
MС design furnace, referred to as an EMC furnace, holds 
both scientific and practical significance. This EMC fur-
nace features a horizontal open C-shaped MC 1 with 
two poles and core wrapped around by turns of an elec-
tric coil 4 (EC), incased in a protective sealed shell 6 for 
a cooling agent (Fig. 1, а). The magnetic core 1 forms 
the furnace shell, which can be permanently installed or 
equipped with a tilting mechanism. The electric coil 4 and 
magnetic core 1 collaborate to create intensive working 
flow between their facing poles, affecting the crucible 2 
with its charge-containing bath 3, suspended on trun-
nions 7 or installed on a base 5 (Fig. 1, а) [3; 4]. The oper-
ational principles of this furnace are extensively described 
in [5; 6].

No similar and detailed engineering solutions for induc-
tion melting crucible EMC furnaces, their operating para-
meters, and rational scope of application were discovered in 
the Google Scholar and Scopus databases [7 – 9]. Further-
more, they were not found on the websites of major induc-
tion melting furnace manufacturers1, 2, 3, 4, 5, 6, 7, 8, 9.

The objective of this paper is to investigate the design 
and operating parameters of EMC furnaces when melting 
silumin. This investigation aims to gather essential opera-
tional data necessary for design, calculation, and determin-
ing the rational scope of application.

1 Indutherm Erwärmungsanlagen GmbH. URL: http://www.
indutherm.de/ru/ (Accessed:  09.02.2023).

2 EFD Induction GmbH. URL: http://www.efd-induction.com/ru/ 
(Accessed: 09.02.2023).

3 Ajax TOCCO Magnethermic GmbH. URL: http://www.ajaxtocco.
de (Accessed: 09.02.2023).

4 РЭЛТЕК. URL: http://www.reltec.biz (Accessed: 09.02.2023).
5 TG Indutionsanlagen GmbH. URL: http://www.itg-induktion.de 

(Accessed: 09.02.2023).
6 Otto Junker GmbH. URL: http://www.otto-junker.de (Accessed: 

09.02.2023).
7 ABP Induction Systems GmbH. URL: http://www.abpinduction.

com/ru/ (Accessed: 09.02.2023).
8 ABB Process Industries GmbH Giessereien Umformwerke. URL: 

http://www.abb.de (Accessed: 09.02.2023).
9 Ias Induktions Anlagen Service GmbH CO KG. URL: http://www.

ias-gmbh.de (Accessed: 09.02.2023).

Fig. 1. Layout of electromagnetic furnace with a C-shaped  
magnetic core (a), photo of the furnace (b)  

with a flexible tank (without shell) and an oval crucible (c):
1 – MС; 2 – crucible; 3 – bath; 4 – EC; 5 – base; 6 – shell; 7 – trunnions

Рис. 1. Схема электромагнитной печи ЭМС (а), фото печи (b) 
с гибким резервуаром (без кожуха) и овального тигля (c): 

1 – МПр; 2 – тигель; 3 – ванна; 4 – ЭК; 5 – основание; 
6 – кожух; 7 – цапфы

Ключевые слова: индукционная электромагнитная плавильная печь, магнитопровод, электрическая катушка, магнитодвижущая сила, конден-
саторная батарея, тигель
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The tests were conducted on ten manufactured fur-
naces10 (Fig. 1, b).

 Investigation objects

The magnetic core of the furnaces is manually assem-
bled utilizing used transformer plates with thickness 
of 0.35 and 0.40 mm. For pole heights hp of approxi-
mately 195 mm, wider plates measuring 175×615 mm are 
employed for the core, and 155×700 mm plates are used for 
the pole part. In order to increase hp to 240 mm maximize 
the effective volume Ve the furnaces were arranged in layers 
with an approximate height of 45 mm. In this configura-
tion, plates measuring 55 mm, 90 mm or 120 mm in width 
are placed on the pole, while plates measuring 175 mm in 
width are used for the core. These plates are compressed 
using thick asbestos-cement and wooden spacers, belt ties, 
or steel studs insulated with electro-cardboard (Fig. 1, b). 
The pole length lwork in the range of 305 to 330 mm 
(hp /lwork ≈ 0.79).

The electric coil (EC) was manually wrapped around 
a dielectric frame using a stranded copper (C) flexible 
wire of the CF type with rubber insulation, having a cross-
sectional area of approximately 78.5 mm2 and 130.0 mm2, 
or aluminum (А) wire with a 62 mm2 cross-sectional area 
and three layers of paper insulation. The length of the EC 
lec measured 2.8 dm, the door section was up to 5.2 dm2, 
and the cavity volume Vec was up to 4.56 dm3. The turns 
of the coil had either three or four bars, which were con-
nected by a terminal at the EC outlets. To cool the EC, it 
was placed under running water, and a bundle of bars was 
inserted into a high-voltage-thermoplastic (HVT) tube 
to provide double electrical insulation. The EC itself was 
situated in a 13 dm3 tank. The section of the cross-sectional 
area and the number of turns took into account the con-
ditions required to achieve a specific induction level and 
allowable heating of the EC when subjected to increased 
current, especially at voltages exceeding 390 V. The num-
ber of turns w for the EC included options like 28М, 30М, 
37М, 50А, 40А, 30А or 23А. This choice had an impact 
on the length of the EC, and, therefore, on the length 
lw of the MC. The tank was placed inside a protective 
asbestos-cement shell, which also reduced the length lp 
of the poles of the MC and the working volume of the fur-
nace Vw = hc lc lw , dm3 (here hw lw = Sw represents the work-
ing surface of the furnace pole).

The furnaces manufactured from transformer scrap were 
designed as EMC-Vр-w-M (or А): 

– EMC-24.6-28М, EMS -24.6-37М, 
– EMC-28.2-30М, 
– EMC-28.7-23А, 

– EMC-30.7-30А, EMC-30.7-40А, EMC-30.7-23А, 
– EMC-30.8-28М, EMC-30.8-50А, 
– EMC-35-50А. 

 Method of experiment

The service experience of the furnace with a U-shaped 
magnetic core was utilized [5; 6]. EMC furnaces were 
supplied with single-phase current Iec (f = 50 Hz) from 
the industrial grid at a voltage of U ≈ 380 ÷ 390 V. 
To explore the impact of the capacitor bank’s capacity СCB 
on furnace parameters, they were connected to the capaci-
tor bank, and EС were connected in parallel. The СCB 
capacity was gradually increased by connecting old capaci-
tor banks of KС2 and KМ2 type (GOST 1282 – 68) with 
a rated capacity of С = 80 ÷ 800 µF, with some variations in 
capacity. No tuning capacitors were employed to approxi-
mate current resonance in EC (Iec ) and CB (ICB ). 

Steel cylindrical crucibles were used, with both round 
and oval sections, constructed from a heavy-wall (8 mm) 
tube with an outer diameter of 220 mm, along with an oxy-
gen cylinder. These were housed within a portable asbes-
tos-cement box featuring two types of thermal insulation: 
sand-clay-liquid glass mixture (Fig. 1, c); mineral wool 
combined with sheet asbestos.

The magnetomotive force (MMF) of EC Iecw, cur-
rent density j, powers (total Sec ≈ SL – C, circulating in 
the L – C-circuit, active Р, and inductive QL ), total impe-
dance Z and inductive reactance x, power factor cosφ, and 
electromagnetic induction Lem of the EMC furnace, active Iа 
and inductive IL currents were all computed based on elect-
rical measurement results, employing electrical engineering 
formulas [5; 6; 10]. 

Integral criteria for energy intensity were also cal-
culated, including magnetic Km = Iecw /Vw , electromag-
netic Kem = Iecw/(ВеVр ), electric heating Keh = Sec/Ve , and 
power supply Keh = Sfeed /Vw [5; 6]. These criteria facilitate 
the comparison of various furnace parameters. 

The temperature of a 21 kg silumin ingot AK7 was 
measured using a TRM-1 tool with a thermocouple XA 
enclosed in ceramic “beads”; temperature readings were 
recorded without applying scaling corrections. Tempera-
tures of the top and bottom core surfaces of MC were mea-
sured using a multimeter M838 with thermocouples XA 
(without hoods). The temperature of the box walls, includ-
ing the crucible and the skid, were measured using mercury 
thermometers. 

The induction on the side and end surfaces of MC, both 
with and without the crucible, were measured at a distance 
from it and between the poles using a flat milliteslameter 
probe Sh1-15. Measurements were taken in three horizon-
tal and seven vertical rows of points located 220 mm away 
from the ends of MC. To prevent potential damage to a Hall 
sensor due to rapid crucible heating, the probe was posi-
tioned up to 5 mm away from the right side of the crucible 
and the right pole. A DT-8851/52 tool, along with smart-

10 S. Yu. Sergeev, D. S. Kuldyaykin, A. V. Levagin, V. V. Kondrikov, 
K. A. Mazko, E. S. Bayandin, A. S. Zinoviev, R. M. Gainulin, P. A. Nava-
likhin took part in the work under the support of Aluminum Casting Plant 
JSC (city of Barnaul).



Izvestiya. Ferrous Metallurgy. 2023;66(4):492–497.
Levshin G.E. Investigation of electromagnetic furnaces with a C-shaped magnetic core

495

phones offered reliable reading proximity, was used to mea-
sure noise level. 

 Experiment result and discussion

Results reflecting changes in the average values of feed 
currents Ifeed = Itot , as well as Iec and ICB , circulating in 
the EC – CB (L – C) circuit, depending on the capacity 
of СCB are presented in Fig. 2. The current Iec increases 
from 780 to 912 А, and the current ICB rises to around 920 А 
at an approximate СCB capacity of 8,134 µF (where these 
graphs intersect). What makes this particularly interesting 
is the decrease in the current Ifeed reducing from approxi-
mately 780 to 113 А at the same СCB capacity. This signifi-
cantly lowers the power consumed from the circuit, tran-
sitioning from Sec = IfeedUfeed = 780·390 = 304,200 W up 
to Sfeed = 113·390 = 44,070 W (approximately a sevenfold 
reduction). Further reduction in power consumption can be 
achieved through the use of tuning capacitors. 

From experiments involving the heating and melting 
of a 21 kg silumin ingot in EMC furnaces equipped with a 
working volume Vw , EC, and crucibles, the most successful 
experience was observed in furnace EMC-30.7-23А fea-
turing an oval crucible within a lining mix. This furnace 
achieved a silumin melting temperature of 650 °С within 
65 min, with an average heating rate of 10 °С/min. High 
heating speed (14 – 19 °С/min) were maintained until 
the 30th min, reaching a temperature of 519 °C (Fig. 3). 
The heating speed decreased to 6 °С/min (reaching 
560 °С), and then further to 3 °С/min. One of the reasons 
for this speed decrease is the heating of the box wall and 
increased heat loss outward. However, after the 60th min, 
the speed increased again to 6 °C/min due to overheating 
during melting. 

The core of MC is heated unevenly (Fig. 3). The lower 
surface, measuring 175 mm in width, reaches temperatures 

of approximately 160 °C as the melting process concludes, 
while the upper surface, characterized by narrow 120 mm 
plates intersecting, heats up to 268 °C. The increased heat-
ing in this section of the core can be attributed to the lower 
specific weight of the narrow plates. 

Heating of the outer walls of the box remains nearly 
uniform and does not exceed 170 °С (Fig. 3). This tempe-
rature can be reduced by increasing the thickness (as space 
allows) or by using linings made from materials with low 
thermal conductivity, such as lightweight cha motte, mine-
ral wool, and others. The steel crucible “burned out”, 
causing the melt to flow through cracks in the li ning and 
the left wall of the box, emptying into the tank below 
the furnace at the end of the melting process. These cracks 
were formed due to recurring thermal deformations 
of the steel crucible, lining, and asbestos-cement walls. 
The top of the steel skid was heated by the leakage field 
to approximately 120 °С. 

This heating of all elements contributed to the follow-
ing performance parameters of the EMC-30.7-23А furnace 
(without the crucible): 

– СCB ≈ 8,134 µF; 
– Iec ≈ 911 А; ICB ≈ 893 А; Ifeed ≈ 113 А; 
– SL – C ≈ 355 kV·А; Sfeed ≈ 44 kV·А; SL – C / Sfeed = 8; 
– j ≈ 3.7 А/mm2; 
– Z ≈ 0.428 Ω; 
– Lem ≈ 0.001363 H; 
– Iekw ≈ 20,953 А; Нc ≈ 74,800 А/m; 
– Вcm = 94 mT; Вms = 47 mT; Вec = (Вcm + Вms )/2 ≈ 70 mT; 
– Km ≈ 682.5 А/dm3; 
– Kem ˃ 6.825 А/(dm3·mT); 
– Ken ˃ 11.6 kV·А/dm3; Kec ˃ 1.43 kV·А/dm3. 

Fig. 2. Dependence of currents of Icurrent ( ), Iec ( ) and ICB ( ) 
on capacity СCB of EMS-30.7-23A furnace

Рис. 2. Зависимость токов Iпит ( ), Iэк ( ) и Iкб ( ) 
от емкости Скб печи ЭМС-30,7-23А

Fig. 3. Dependence of temperature of ingot  
and elements of EMS-30.7-23A furnace on time:

 – TRM-1;  – bottom of the core;  – top of the core; 
 – at the crucible on the left;  – at the crucible on the right

Рис. 3. Зависимость температуры слитка 
и элементов печи ЭМС-30,7-23А от времени:

 – ТРМ-1;  – низ сердечника;  – верх сердечника; 
 – у тигля слева;  – у тигля справа
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An analysis of the results of induction measurements 
on the surface of MC (with/without crucible) reveals 
the following (Fig. 4): 

– expectedly increased induction Вd at the poles of the 
MC (91.0 – 111.2/125 – 150 mT);

– lower induction at the end faces of the MC (67.3 – 
– 92.5/65 – 82 mT); 

– lower induction at the outer surfaces of the MC (53.7 – 
– 67.1/52 – 69 mT); 

– the expectedly lowest induction is in the center 
between the poles (55 – 70 mT without crucible). 

The distribution of induction Ве at the middle hori-
zontal section points (Fig. 4) between the poles with-
out the cru cible (91 – 85 – 70 – 81.4 – 107 mT) reveals 
that the electro magnetic field is non-uniform and exhibits a 
horizontal gradient of 0.6 mT/mm directed from the center 
of lwork towards the poles. 

The induction Вp is approximately 100 mT at the poles 
of MC, which significantly limits the volume Vw to approxi-
mately 30.7 dm3. This induction level greatly surpasses 
the induction in EC (Вek = 70 mT), despite EC having 
a much smaller volume Vec of approximately 14.56 dm3. 
This difference in induction is due to the magnetiza-
tion of MC by the EC field. The induction of the leakage 
field of MC decreases rapidly with distance l following 
the equation Вdis ≈ 0.0012l2 – 0.6987l + 134.88. 

When a steel crucible with a diameter of 220 mm is 
installed, the induction Вp at the poles and between the cru-
cible and the poles has noticeably and expectedly increased 
(approximately 1.25 – 1.50 times). This can be explained 
by the presence of a ferromagnetic body with a diameter 
of 220 mm and two smaller gaps of 55 mm each within 
an open magnetic circuit with one larger air gap of length 
lwork = 330 mm. This configuration reduces the total mag-
netic resistance of the circuit and thus increases the induc-
tion at the poles. Such an increase in induction is highly 
beneficial when melting a ferromagnetic charge, as dis-
cussed in [11]. 

With the plates of MC being compressed more tightly, 
the noise level decreases at a distance of 600 mm from 
the furnace and 200 mm above EC, going from 80–85 dB 
(when compressed with belts) down to 40–48 dB (when 
compressed with pins). This signifies a substantial reduc-
tion in noise levels, decreasing from 80–85 dB to 40–48 dB 
with a strong compression of MC plates. 

 Conclusion

The experimental furnace EMC-30.7-23А, with a capa-
city of 44 kW, enables the melting of 21 kg of silumin 
at a rate of 10 °C/min in just 65 min. In contrast, a resis-
tance furnace СAT-0.16, with a power of 40 kW, requires 
120 min to achieve the same result (at a rate of 5.4 °С/min). 

To further improve the efficiency of heating and 
the operation of the furnace, it is advisable to increase 
the hp /lwork ratio from 0.79 to 1.0, broaden the pole plates 
to 155 mm, and incorporate mineral wool in the thermal 
insulation of the crucible. Additionally, tuning capacitors in 
CB and EC made from copper wire can be used.

Magnetizing the MC with a weak field at an induc-
tion level of Вec = 70 mT in EC, having a relatively small 
volume Vec of approximately 14.56 dm3, allows the field 
to be safely shifted beyond the limits of EC. This results 
in a notable increase in the induction Вp by around 100 mT 
within a significantly larger volume Vр (approximately 
30.7 dm3). This reduction in EC size and electricity con-
sumption, coupled with enhanced reliability, positively 
impacts the EC and overall furnace performance.

For testing the melting of copper alloys and cast iron, it 
is advisable to connect the furnace to a step-up transformer, 
which will increase the current density from 3.7 A/mm2 
to the allowable 20 A/mm2. This increase significantly 
boosts the currents Iec , ICB , power SL – C, MMF Iecw, induc-
tion (Вec and Вp ), and enhances criteria such as Kem , Ken , Kec . 

Building upon these successful experiences, it becomes 
feasible to create small-sized EMC furnaces from cost-
effective transformer scrap. Further investigations can then 
be conducted to improve the parameters and determine 
their range of application, including heating charges, melt-
ing various types of alloys, holding and finishing molten 
materials, and facilitating the transfer of the crucible for 
casting purposes, among other applications.
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