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Abstract—There are several technologies 

released world-wide to design and 

implementation control system for modern 

induction furnaces. An Induction Furnace is an 

electrical furnace, which the heat is applied 

by induction heating of metal. In this paper it 

will proposed a new control system for induction 

furnaces using HDL. These digital circuits are 

designed to control the all operations that occur 

in induction furnaces. The implementation of 

furnaces Controller can be through a 

Microcontroller, Field Programmable Gate 

Array or Application Specific Integrated Circuit 

(ASIC). FPGA implementation is advantageous 

over ASIC and microcontroller; number of IO 

ports and performance compared to 

microcontroller and implementation with FPGA 

is less expensive compared to ASIC design. This 

paper presents the FPGA implemented low cost 

advanced induction furnaces controller system 

using QuartusП and Virtual Input Output. The 

system modeling and cooling system controllers 

are emulated in DE2 Board by download it into 

the FPGA and specify the pins of the model by 

QuartusП. The results of the Emulation show the 

effectiveness and superiority of this control 

system. The system has been implemented in 

hardware using Development and Education 

Board (DE2)FPGA. 

Keywords- Induction furnace, DE2 Board, 

FPGA, Verilog HDL. 

I. INTRODUCTION 

FPGA is an Integrated Circuit consisting of an 

array of uncommitted elements; 

interconnection between these elements is 

user-programmable. Using Random Access 

Memory, high density logic is provided. FPGA 

is advantageous compared to microcontroller 

in terms of number of IO (input & output) 

ports and performance. FPGA, an inexpensive 

solution compared to ASIC design; is effective 

with respect to cost in the case of production 

of large number of units but for fabrication in 

small number of units it is always costly and 

time consuming. [1] The Design flow of FPGA 

shown in Fig. 1 is used to implement the 

induction furnaces controller using FPGA. The 

circuit description can be done using HDLs, 

followed by the functional simulation and 

synthesis. The design flow is followed till the 

timing simulation and then the generated file is 

downloaded into the target device (FPGA). 

HDL is used for circuit description to code the 

induction furnaces controller module. [2][3][4] 

 

Fig. 1 FPGA Design steps 

Induction furnace capacities range from less 

than one kilogram to one hundred tones, and 

are used to melt iron , steel, copper 

and aluminum.  The advantage of the induction 

furnace is a clean, energy-efficient and well-

controllable melting process compared to most 

other means of metal melting. An induction 

furnace consists of a nonconductive crucible 

holding the charge of metal to be melted, 

surrounded by a coil of copper wire [5]. In this 

paper we will use induction crucible furnace 

type 2xIPT-50 is a general-purpose furnace, 

assigned to melting steel at a rate working 

temperature of 1700ºC. First start up operation 

with cold charge material (steel) inside the 

crucible Second Turn on the water cycle of the 

furnace, third turn on the frequency switch and 

start increasing the frequency every 5 minutes 

for about an hour to remove the moisture from 

the charge. This magnetic field is produced by 

a big electrical coil that surrounds the crucible 

metals that is going to be melted. This coil is 
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used water for cooling, where the cooling 

systems are a critical part of the furnace and are 

often overlooked until problems arise. When 

the cooling system is out of control, damage 

can begin to occur to the cooling system and 

the components it protects. [6] 

A. Technical data of the furnace    

The table I below shows some specification of 

the Induction furnace which we will use on 

this study. 

     Table I Induction furnace specification 

NO Specification Unit Size 

1 Capacity Kg 50 

2 Furnace heating 

power rating 

KW 70 

3 Power of main KVA 100 

4 Frequency 

rating 

Hz 1600-2000 

5 Temperature 

Rating 

℃ 1700 

 

B. HDL Design Flow 

The design flows consists of three steps for an 

induction furnace as shown in Fig.2 

1. Design entry: Writes a design description by 

the Verilog HDL language and it can be a 

combination of structural and functional 

elements.                                                                                                                                                                    

2.  Simulation process: Modelsim software 

Provides test drivers for the Verilog HDL 

simulator and verifies that the description is 

correct. 

3. Emulation process: Uses Altera Quartus II 

Software to place and route the FPGA, also 

interfaces the available requirements of the 

design flow during this step.[7][8][9] 

 

Fig.2 Design Flow of system 

C. Expansion Header 

The DE2 Board provides two 40-pin expansion 

headers. Each header connects directly to 36 

pins on the Cyclone II FPGA, and also 

provides DC +5V (VCC), DC +3.3V (VCC), 

and two GND pins. The diagram below in Fig. 

3 shows input and output signals connection 

for DE-2 board, input signals connected with 

switches and output signals connected with 

lamps, valves and motor in DE2 board.  

 
Fig.3 DE-2 Board connection diagram 

 

II. Induction Furnace Controller Flow 

Chart 

The Flow Chart shown in Fig. 5 illustrates the 

actions to be taken by the system. The flow 

chart below shows the steps done in details 

during melting material where explained all 

steps from start working the furnace until 

melting the charge. 
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Star

Detect sensor of 

water level(WL) if 

low 

CS4 =1,  

CS5=1 

     if 

If 

 

H12=1 

Y14=1 

no 

 sensor fixed on the 

tank of water 

 

Breaker switch: bath switch for main 

pump and reserve pump, at the begening 

only main pump will operate  

yes            

  If 

If 

 

H18=1 

Q: Breaker switch  is 

high then control unit 

send signal to H18 for 

lighting    

H11=1,F3=1 
                          H12:red lamp indicates the tank is empty  

Y14-open Cut-off  ball valve to fill tank of water                                                      

                          H11:green lamp indicates the tank is full  

f3: overflow of water....sewage system                                                      

yes            

no 

pump1=1,H13=1 

coo=1,v=1 

                Green lamp H13 lighting indicates main pump is operating 

ventilator V of the room will be automatically switched on 

ventilator of cooler will be automatically switched on                                                      

crucible1=1 

     if 

If 

 

yes            

no 

H1=1,y1=1,y2=1,y3=1,                                           

y6=1,y7=1, y13=1 

is Green lamp H1 lighting 

indicates  crucible1 
selected and these 
valves have to open for  
crucible1 cooling cycle                                                                  

when we select crucible we have to 

open some valves and close other 

5 

crucible2=1 

yes            

no 

H2=1,y1=1,y4=1,y5=1,                                           

y6=1,y8=1, y13=1 

     if 

If 

 

1 
2 

when we select crucible we have to 

open some valves and close others 

is Green lamp H2 lighting 

indicates  crucible2 
selected and these valves 
have to open for  
crucible2 cooling cycle                                                                  

3 

start(Q)=

  If 

If 

 yes            

no 

4 
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Fig.5 shows flow chart of Induction furnace 

 

 

H4=1,H6=1 

 

sensor_of_Te

mp is  high 

cs3=1 

H17=1, voice_alarm=0 

Yes           

if 

If 

 

No 

No 

Yes            

If 

If 

 

No 
If 

If 

 

5 

1 

Flowmeter sensor 

determine how much 

water  passing through 

this  point 

 

Sensor used to measure the 

temperature  of return water in 

system if active compared with 

temperature on LCD then go to next 

state   

Red lamps H15 and H16 lighting indicates there 

is problem in the system where temperature of  

water arrives to temperature in the LCD then 

voice-alarm active and return frequency to zero 

for stop heating operation with continue cooling 

cycle 

 

Breaker switch: used for 

switch off voice-alarm 

sensor1 of 

flowmeter is low 

2 

H3=1,H5=1 

 

If 

If 

 

H15=1,H16=1,voice-alarm=1,coo=1,v=1 

Rst(Emergency=1)=1::(frequency=0) 

voice-alarm=0,coo=1,v=1 

voice-alarm=1,coo=1,v=1 

sensor2 of 

flowmeter is low 

H8=1,H10=1 

 

H7=1,H9=1 

 

No 

Yes           

if 

If 

 

Yes           

if 

If 

 

If 

If 

 

pump2=1 ,H14=1 ,v=1, coo=1 

Flowmeter sensor 

determine how much 

water  passing through 

this  point 

 

Red lamps H4 and H6 lighting 

indicates abnormal in water flow 

through the pipe of the furnace 

Green lamps H7 and H9 lighting 

indicates the water flow through the 

pipe of the furnace is normal 

Green lamps H3 and H5 lighting 

indicates the  water flow through the 

pipe of the furnace is normal 

Red lamps H8 and H10 lighting 

indicates abnormal in water flow 

through the pipe of the furnace 

                Green lamp H13 lighting indicates main pump is operating 

ventilator V of the room will be automatically switched on 

ventilator of cooler will be automatically switched on                                                      

3 

       start heating operation 
start heating by change in frequency 

to generate magnetic field  

4 
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III. Hardware Implementation 

The state machine is coded using the Hardware 

Description Language, Verilog. DE-2 board is shown 

in Fig. 6. The Altera DE2 board is to provide the 

ideal vehicle for learning about digital logic, 

computer organization, and FPGAs. The board offers 

a rich set of features that make it suitable for use in a 

laboratory environment and a variety of design 

projects. Altera provides a suite of supporting 

materials for the DE2 board [10]. All important 

components on the board are connected to the pins of 

this chip, allowing the user to conjure the connection 

between the various components as desired [11]. 

 

Fig.6 A photograph of the DE2 board 

 

Figures (7) and (8) respectively shows the 

circuit diagram in RTL by choose the 

technology map Viewer (Post-Mapping) 

command. Figure (9) shows State Machine 

viewer of Induction furnace.  

 

 
Fig.7 Synthesized Design of the induction 

furnace 

 

 

Fig.8 Synthesized Design of the induction 

furnace 

 
 

Fig.9 State Machine of Induction furnace 
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IV. Download and Emulation program 

into DE2 Board 

After connect DE2 board to computer by JTAG 

programming for configuration and assignment 

of the pins by pin assignment in the Quartus 

software then it will be download program of 

the induction furnace to the board. Then FPGA 

will retain the configuration as long as the 

power is applied to the board. [12][13]These 

input signals are coming from different sensors  

will be applied to DE2 board to process it, the 

output signals derived from DE2 board will be  

sent to other control circuits of valves and 

motors. [14][15] 

 

 

 

Fig.10 shows output using Modelsim 

 

 

 

Fig.11 Flow Summary of Induction furnace by 

Quartus 

 

 

V. EXPERIMENTAL RESULTS 

The induction furnaces controller has large 

number of outputs. ModelSim Software shows 

the results that retrieved by simulation 

programs of the induction furnace in Fig.10. 

The output of the induction furnaces controller 

is verified with modelsim in Fig. 10. For 

testing the system it must be used QuartusII 

software as shown in Fig.11. Figure (12) shows 

 the result of Induction furnace by Quartus 

software 

 

 

Fig.12.a shows simulation result of induction 

furnace by Quartus software 

 

VI. Conclusion 

 

From this study we can introduce a new 

method to design control system of an 

induction crucible furnace instead of old 

technology based on old control circuit with 

many limitation and constraints. The control 

system designed based on FPGA to overcome 

all problems in the previous system and it has 

many benefits like automatic melting programs 

for a variety of alloys, automatic startup of a 

cold furnace, self-diagnostics. Methods to 

reduce the states in the state machine also help 

in reducing the required hardware thus leading 

to low power and area efficient design. In 

addition to the general procedure the Quartus 

& Modelsim of DE2 Board tool gives the 

flexibility in verification for the design with 

large number of inputs & outputs, also used for 

easy implementation of the design into the 

FPGA.Troubleshooting and maintenance of the 

control system are very easy because it can 

changed, added, removed any component via 

the software in the design time and uploading 

that software again intoFPGA 
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