
SENAFOR 2015  19.a INTERNATIONAL FORGING CONFERENCE 

PROJETO SENAFOR 2015 



SENAFOR 2015  19.a INTERNATIONAL FORGING CONFERENCE 



SENAFOR 2015  19.a INTERNATIONAL FORGING CONFERENCE 



Produtos e Serviços: 
Produtos: ELTA 5.5 , ELTA 6.0 e 2DELTA (ELectroThermal Analysis) 
  Software de dimensionamento e simulação de processos de aquecimento  
indutivo  
  para a indústria e instituições de ensino (laboratório virtual) nas áreas de:             
  - Tratamento Térmico por indução; 
  - Aquecimento por indução para conformação à quente; 
Serviços: 
   - Consultoria e treinamentos em engenharia elétrica de potência 
   - Implantação de Sistema de Gestão da Energia – ISO 50001 
   - Treinamento em processos de aquecimento por indução 
   - Otimização de processos indutivos  

www.synergeticasp.com.br 
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www.nsgsoft.com 
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 A process approach to investigate an induction heating before forging: 

The principle of forging is to obtain, using hot deformation of a metal, by shock or 
pressure, the approximate or definitive required shape and dimensions of a work 
piece, while improving its mechanical characteristics. 
Induction heating lines are widely used in steel industry for heat treatment and hot 
deformation (extrusion, rolling, forging) of billets, slabs, tubes and others products.  
 
Multi-zone lines of high productivity are the most effective equipment for this 
purpose. Simulation of such lines using traditional software package requires multi-
stage processing with transfer of heating results from one stage to the next. This 
presentation will use 2D ELectroThermal Analysis software (2D ELTA) to investigate the 
electromagnetic and thermal process of an existing induction heating line comparing 
calculation with field results.  
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 A process approach to investigate an induction heating before forging: 

By definition a billet induction heating line must deliver work pieces  at the 
right temperature profile and right production rate, defined by the forging 
process, using the best economical and technical practices . 

The design or optimization of any induction system must balance the use of 
power and time against the required thermal profile in the load. Simulation 
with 2DELTA reveals the relationship between power, time and thermal 
profile during heating, transportation and cooling, allowing induction 
equipment users to balance and optimize complex induction processes. 

To enter the simulation into ELTA it is necessary the billet mechanical 
characteristics and an understanding of the billet heated specification prior to 
forge. Based on this it is possible to select the proper coil and a preliminary 
start point for initial calculation to achieve the required thermal specs and 
adequate coupling to the induction heating power supply. 
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2DELTA calculation approach: 

2DELTA (Two Dimensional ELectroThermal Analysis) is a subject oriented program developed to 
design of induction heating processes and equipment for a cylindrical system [1].  
2DELTA program provides a two dimensional simulation of electromagnetic and thermal fields in 
cylindrical induction heating using both integral and differential numerical methods. A sketch of 2D 
induction heating system is shown in Figure 1. 

Figure 1. Sketch of calculated  
induction heating system  

Algorithm realization for this works was supported by Dr. V. Bukanin and Dr. A. Ivanov from St. 
Petersburg Electrotechnical University LETI and NSG Soft.  
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SIMULAÇÃO DE PROCESSOS DE  

AQUECIMENTO POR INDUÇÃO 
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Figure 5. Temperature along the induction heating line in 2DELTA program 

It is very difficult to select the correct value of capacitance in both regimes. In starting regime 
capacitance must be less than in stationary one, but often the control system of the power 
generator in some cases doesn’t allow to start the heating process. 

At cold start of induction heating line the only possible way to overpass this situation is 
to heat in stationary the whole work pieces line until generator goes to the set point 
(out of limit) before starting the pusher mechanism. 

SENAFOR 2015  19.a INTERNATIONAL FORGING CONFERENCE 



Figure 6A and Figure 6B shows that for stationary regime set point (1060 V) initial power 
should be approx. 1400kW + 900 kW = 2300 kW what is not possible from a 1500 kW 
(nominal) power converter. Power supply sees a load that is greater than nominal and goes 
to current limit. In fact the challenge is to balance the high coil power factor of the load at 
the starting regime to the nominal coil power factor in stationary regime. 

Calculation shows that the average converter power in regime will be approximately 1180 
kW, not taking into account the skid rails power losses and the time required to reach set 
point will be approx. 170 sec using an energy approach to estimate the limitation starting 
time.  
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Figure 7A. Temperature difference for work 
piece #6 in 2DELTA calculation 

Figure 7C. Temperature difference for 
work piece #19 in 2DELTA calculation 

2DELTA allows to follow each billet temperature evolution taking in consideration their 
position at the induction heating coil line.  

Results of simulation are shown in Figures 7A (#6) , 7C (#19). 
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2DELTA allows to follow each billet temperature evolution taking in consideration their 
position at the induction heating coil line.  

Results of simulation are shown in Figure 7F (#20) and in Table 2. 

Last work piece has an offset of 100 mm as in Figure 4. 
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Color map shows that due to heat losses from last work piece end to the environment this 
one is sufficiently under-heated which can decrease the quality of the forgings. 

As the last billet is in direct contact with air at the exit of induction heating coil line there 
are additional energy losses and consequently lower temperatures as well as generation 
of scale due to the chemical reaction of Fe and O2 for one pusher cycle time. 
Temperature map feature from 2DELTA calculation helps design temperature gradient 
along the billet length when required by a specific heating process design like typical 
aluminum work piece specification prior to extrusion. The values of temperature on the 
length of last work piece at 40 mm radius are: 1244 – 1252 – 1243 – 1180 C. 
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Real x Calculated Processing parameters: 

Final average temperature for last work piece 1220±50 °C (1270 -1170), frequency of 
power converter in stationary stage of heating 275 Hz, constant coil voltage 1060 V (coils 
are connected in parallel), production rate is 2910 kg/h (rate of push 13.5 sec). Calculation 
time are found knowing production rate (calculations are made in time, which is related to 
position of the test point on the part surface in a real process of heating t = T× (n+1), with 
T – rate of push and n – number of workpieces in the coil, i.e. heating time for coil line is 
20+1 x 13, 5 = 283.5 sec). Results of calculation are shown in Table 1. 

Table 1. Integral parameters of induction coils 

From Figure 6A and Figure 6B average generator power is 1343 - 1244 kW @ 275 Hz which 
means that at 2910 kg/h the energy consumption is 462 - 427 kWh/t for this process. 
Investigated work piece diameter is equal to 84% of maximum coil work piece (100 mm 
diameter) for this line. 
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From reactive power Figure 8A and 8B in stationary regime it is possible to calculate the 
capacitor bank for this application. Total reactive power is 3508 + 2912 = 6420 kVAr. 

Cpar from 2DELTA calculation are 1808 and 1500 microfarads.  
At the circuit configuration (parallel) running at 275 Hz and 1060 V the 
capacitor bank will be: 3308 microfarads. 

From calculation 

At the heat station 
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Maximum temperature expected from 3D map temperature at the external layer: 1268oC (Figure 10) 
A pyrometer with a  peak detect measurement approach is being used at exit of the induction coil line to 
accept work piece quality temperature .Average peak temperature got from a 10 measurement: 1186oC 
Pyrometer emissivity: 0,95  

SENAFOR 2015  19.a INTERNATIONAL FORGING CONFERENCE 



Conclusion: 
This investigation shows that observed results at the real operation condition of an existing 
induction heating line before forging are very close to the that 2DELTA calculation. 
2DELTA calculation shows that thermal temperature quality is within the specification.  
Further simulation shows that a better energy efficiency operation (approx. 15%) with the 
same thermal process can be achieved by improving the coupling of work pieces to the coil.    
The time required to the power converter getting to set point was measured as 152 sec and 
compared with the calculated estimated time of approx. 170 sec. This verification and 
additional simulation allows end users to simulate stationary regime (starts with cold work 
pieces) and get the best starting point to the pusher mechanism in order to minimize starting 
time before first good work piece delivered to the press.  
2DELTA is an important tools for teaching, design and troubleshooting induction heating 
process.. 
Further investigation must be done to set the influence of the scale generation on the 
temperature measurement and thermal conductivity restriction at the external surface of 
work piece.  
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