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Abstract: In this research the induction heating (IH) furnace is simulated and analyzed to implement 

brazing process using two programs to couple the electromagnetic and thermal analyses, Ansoft Maxwell 

and ANSYS packages. The simulation by Ansoft Maxwell package is used to determine the 

electromagnetic field distribution inside the work coil and calculate the Ohmic loss for three different 

excitation currents (100A, 200A and 300A) and different frequencies (50 kHz, 75 kHz and 100 kHz). The 

simulation by ANSYS package is used to determine the temperature distribution inside the workpiece and 

the required work coil current and its frequency to raise the temperature of the two Copper workpieces up 

to 1000  (below melting point (1083 )) within two minutes only. The simulation results are well 

matched with the practical brazing process done in the lab. 
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تحليلات المجال الكهرومغناطيسي المقرنة بالتحليلات الحرارية لعمليات اللحام بالنحاس الاصفر 
 ن الحثي باستخدام طريقة العنصر المحددفربواسطة ال

 

 لحبم عولٍخ لزٌفٍذ حثً فزى ّرحلٍل هحبكبح فً Ansoft Maxwellّ ANSYS  ُوـــــب ثزًبهجـٍـي أسزخذم الجحث ُذا فً  الخلاصة:

 عٌَ الٌبرجخ ّالخسبئز الوغٌبطٍسً الوجـبل حسبة ًبحٍخ هي الحول لوحبكبح Ansoft Maxwell ثزًبهج اسزخذام رن. الاصفز ثبلٌحبس

 ،(50kHz, 75kHz, 100kHz) هخزلفخ رزدداد ثثلاثخ( 100A, 200A , 300A) هخزلفخ رغذٌخ رٍبراد ثلاثخ ثإسزخذام الوقبّهخ ثسجـت

 الإقزاى عولٍخ خلال هي. الٌحبسٍخ القطعخ داخل الحزارح درجبد رْسٌع رحذٌذ لغزض الحول لوحبكبح  ANSYS ثزًبهج إسزخذام رن فٍوب

 درجخ هي اقل)  هئٌْخ درجخ 1000 الى الٌحبس قطعزً حزارح درجخ لزفع ّرزددٍ الوطلْة الأهثل الزٍبر قٍوخ اٌجبد رن الجزًبهجٍي ثٍي

  .الوحبكبح ًزبئج هع هزطبثقخ جبئذ الٌحبس لحبم لعولٍخ الوخزجزي الزطجٍق ًزبئج إى. دقٍقزٍي خلال(( هئٌْخ درجخ 1038) الجبلغخ الاًصِبر
 

1. Introduction 
 

     Induction heating (IH) is a technique used for heating the metals (workpiece) by 

eddy currents induced directly inside the workpiece using a strong and variable 

magnetic field produced by a high-intensity alternating current through an inductor
 [1]

. 

Brazing is an induction joining application. It requires four components to complete the 

process, these are: 1) work coil, 2) high frequency inverter, 3) the parts to be joined 
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(workpieces) and 4) filler material and flux if required. In brazing process, two pieces of 

metal (workpieces) are held very close together, putting in between a filling material 

and the joint area is heated to a temperature lower than the melting point of the 

workpieces, but higher than the melting point of the filling material; a flux is applied to 

the joint to enhance the flow of the brazed material into the joint by capillary action
 [2]

. 

The filler material is an alloy provides high strength joints that can resist reasonably 

raised temperatures without failure. 

     In order to design a power supply (inverter) used for induction heating  to braze  two 

Copper workpieces, it is necessary to know the required current and frequency used to 

rise up the temperature of the Copper workpiece to a specified degree and time. The 

distribution of the temperature of the workpiece is the approximate form of the 

distribution of induced currents. Computing the eddy current losses and converting 

these losses to heat within a certain time is a complex problem. Such problem is called 

Multiphysics problem because it contains electromagnetic and thermal analysis. 

Computer simulation is becoming more popular in the study, analysis, and development 

in numerous fields.  

     A computer simulation technique is required to get the desired current, frequency 

and time to rise up the temperature of the workpiece to the required limits. Many 

numerical techniques are used to analyze the electromagnetic problems. One of these 

techniques is the finite element method (FEM) 
[3]

. 

     A coupling field analysis is a recombination of simulations between two or more 

different software programs that connected together to solve a Multiphysics problem 

such that the output of one program simulation depends on the solutions from another 

program simulation, then simulations are coupled.  

     The Multiphysics problems are solved using Ansoft Maxwell program
 [4, 5]

 by 

solving Maxwell’s equations
 [6-8]

 within a bounded region and suitable initial 

conditions to get a guaranteed result. 

  
2. Induction Heating Analysis Using Ansoft Maxwell  
   

     The IH usually consists of three major parts: high-frequency source (Generator), 

workpiece, and work coil. The modeled IH system using Ansoft Maxwell program has 

dimensions listed in Table-1
[9]

. 

 

Table -1- IH load dimensions. 

Descriptions                                                  Dimensions (cm) 

Height of the induction coil                                                   11.00 

Diameter of the induction coil                                                 6.00 

Outer diameter of the pipe of the induction coil                      0.6 

Inner diameter of the pipe of the induction coil                       0.4 

Height of the workpiece                                                           4.0 

Diameter of the workpiece                                                       1.68 

     

http://en.wikipedia.org/wiki/Capillary_action
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 The Induction heating work coil is shown in Fig.1. For high power induction 

heaters, the work coils are composed of hollow tubes to permit a flow of a cooling 

liquid through it. The resistivities of the conducting materials as well as length and 

cross-section area are responsible for the Ohmic losses. These losses can be simulated 

within an Ansoft Maxwell program. 

 

 
Fig.1 IH coil with workpiece dimensions. 

 

 

3. Thermal Coupling Between Ansoft Maxwell Ih Design And Ansys  
  

     Induction heating applications depend on the characteristics of IH power supply 

(inverter) which depends on its frequency and power rating. The power rating of the 

inverter proportional directly with inverter output current. The frequency and current of 

the inverter effect on the uniformity of temperature distribution inside the workpiece 

and the required heating time for each application. 

     The induction work coil is operated at high frequency currents and a workpiece 

which has conductive material property is placed inside the work coil to induce currents 

and create heat. The kilohertz band (the frequency of excitation current) includes time 

scale which is measured in parts of a millisecond, while for thermal responses, the time 

scale is measured in seconds or minutes. Therefore, there are a difficulty and 

complexity in simulation and analysis of IH in these two regions (milliseconds and 

minutes) that need a lot of time and huge computer. A.K.M. AL-Shaikhli et al. state that 

there are three ways to couple the electromagnetic and heat transfer problems
 [10]

. They 

use an indirect coupling method for analyzing induction furnaces with magnetic 
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workpiece. This method was valid and very effective. Therefore, this problem will be 

solved using this approach by using two programs Ansoft Maxwell and ANSYS. 

     The Ansoft Maxwell program is used to simulate the induction heating process with 

the kilohertz region in terms of field distributions and Ohmic losses. While the ANSYS 

program will be used for thermal simulation to convert the Ohmic loss to heat with 

respect to time. 

     This process helps to meet efficiency and high accuracy AC simulation of the 

electromagnetic system with updated temperatures for transient and study state thermal 

analysis. 

     Coupling of Ansoft Maxwell 3D design with ANSYS v.14.5 is supported via the 

Workbench interface. There are many types of coupling with Workbench interface. One 

of these types is thermal feedback, which is supported for Maxwell 3D eddy current 

solver type.  

     The flow chart of coupling Ansoft Maxwell 3D IH design with ANSYS v.14.5 using 

ANSYS Workbench interface is shown in Fig.2. The ANSYS thermal solver is used for 

transient thermal analysis. The Ohmic losses from Ansoft Maxwell program are mapped 

directly to the transient thermal solver.  

     The thermal simulation provides a solution for the heat flow response based on the 

Ohmic loss and boundary conditions. 

  
3.1 Three Dimension (3D) Electromagnetic Fields Analysis Of IH 
 

     The realistic 3D model of IH furnace using Ansoft Maxwell program is shown in 

Fig.3. This figure is too complex for Maxwell to mesh and solve within a reasonable 

time, therefore a simplified IH model is made with rectangular helix coil as shown in 

Fig.4.  

     The eddy current solver is used in Ansoft Maxwell for the AC simulation in the kHz 

band (75 kHz excitation current frequency) to resolve skin depths and Ohmic losses 

within the workpiece. 

     The electromagnetic property of the workpiece in Ansoft Maxwell program is 

defined as a function of temperature, for which the temperature can be mapped directly 

after that to ANSYS thermal tools.  

     To set temperature dependent material properties of the workpiece, the conductivity 

of the Copper workpiece is set as a function of temperature according to the following 

formula: 

 

If                      , But if                , otherwise, 

                          .  
 

Since      : is the temperature of the workpiece at a certain point 
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Fig.2 Flow chart of coupling Ansoft Maxwell 3D IH design with ANSYS using the ANSYS Workbench 

interface 

No 

Yes 

S Start 

Create geometry of the IH problem using Ansoft Maxwell 

Assign material for all geometry of IH load 

(Coil and Workpiece) using Ansoft 

Create and solve the electromagnetic problem using Ansoft 

Maxwell 

Export geometry and Ohmic loss from Ansoft Maxwell to 

ANSYS Mechanical (Transient Thermal Solver) in ANSYS 

Workbench 

Import the losses calculated by Ansoft Maxwell to ANSY 

Transient Thermal Solver and create the corresponding 

ANSYS thermal model (Temperature) 

 

Export the results (Temperature) from ANSYS Mechanical 

Enable update the results (Temperature) in Ansoft 

Is temperature = required temperature 

End 
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Fig.3 Real 3D simulation model for IH with cylindrical Copper hollow pipe 

 

 

 

 

Fig.4 Simplified 3D simulation model for IH with rectangular helix coil. 

 

     At the starting of heating process, the temperature of the Copper workpiece is 

considered to be at 22 . After solving the eddy current, data is transferred to the Ohmic 

loss in Ansoft Maxwell program after that the Ohmic loss will be transferred to 

temperature in ANSYS Mechanical transient thermal analysis.  

    Then temperature data is transferred back to Ansoft Maxwell. The new solution is 

recalculated with new temperatures applied through ANSYS Mechanical. 

 
 

Workpiece 

Work coil 

Workpiece 

Work coil 
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3.2 Meshing Operation In 3D 
 

     In 3D, Ansoft Maxwell program needs to mesh operation for efficient and accurate 

solution of Ohmic losses due to induced currents in the workpiece. Solving an 

electromagnetic field problem is always based on solving Maxwell's equations. The 

desired level of the accuracy of the solution depends on the size of each of the 

individual elements (tetrahedral).  

     The solutions based on meshes using thousands of elements are more accurate than 

solutions based on coarse meshes using relatively few elements. This requires a 

significant amount of computing power and memory.  

     Using fine mesh is a tradeoff between the accuracy of the solution and not confusing 

the available computer memory and processing power. 

     To assist the meshing, the Copper workpiece was created of multi layers depending 

on the skin depth. Because of this effect, 86% of the current density is concentrated at 

the outer surface of the workpiece
 [1, 2]

. This depth is well known with the penetration 

depth ( ).  The penetration depth ( ) depends on the following complicated parameters: 

 

1- The source current frequency. 

2- The resistivity of the workpiece. 

3- The permeability of the workpiece.  

The thickness ( ) is given by
 [1, 2]

:  

 

     √
  

    
                                                                                     

 

     Where,    is the penetration depth, in m,    is the resistivity of the workpiece, in 

Ωm,    is the relative permeability of the workpiece (unitless) and   is the frequency of 

the AC field of the work coil, in Hz.  

     The skin depth of 0.24 is solved using Eq. (1) at a frequency 75 kHz. To resolve the 

skin depth effectively without the need of too many elements, the surface of the 

workpiece is created at a depth of 0.125. This will ensure that there are at least two 

elements in skin region. Figure 5 shows how to create three layers while Fig.6 shows 

the workpiece after meshing operations. 

     Ansoft Maxwell program simulation tools are linked within the ANSYS Workbench 

interface by definition of the project schematic as shown in Fig.7. The geometry and 

solutions are transferred through this link. The geometry is shared in such a way that 

only the necessary pieces are used by suppressing the induction coil in the thermal 

simulations, but all the geometry is transferred and updated. 
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Fig.5 Workpiece is built from three layers to assist meshing operation. 

 

 
(a)  Top view 

 

 

 

 

 

 

 

 

 

 

 

(b) Side view  
 

Fig.6 Workpiece after meshing operations 

 

 
Fig.7 Coupling between Ansoft Maxwell 3D IH design and transient thermal using ANSYS Workbench 

interface 

Brazing region 

Workpiece 

Work coil 



Journal of Engineering and Sustainable Development Vol. 21, No. 01, January 2017                                                                   www.jeasd.org (ISSN 2520-0917) 

    

21 
 

4. Results Of ANSYS Workbench Interface 
 

     The ANSYS Workbench interface enables coupling of solution data between Ansoft 

Maxwell programs and ANSYS with highly accurate simulations. The thermal problem 

is solved step by step using a time step of 1s, 10s, 20s up to when the workpiece reaches 

the desired temperature 1000 . The IH furnace is tested for three different peak 

excitation current (100A, 200A and 300A). The distribution temperatures on the 

workpiece are shown in Fig.8. One can note that the temperature distribution is not 

homogeneous due to non-homogeneous current density. To measure the temperature at 

the middle of the workpiece (brazing region), a line segment in the center of the 

workpiece is used (line-X3 from point (-8.4, 0, 54) to point (8.4, 0, 54)).  

     Figures 9-11 show the temperature at the middle of the workpiece along the line-X3 

for three different peak excitation current through one second using 75kHz (after 

fitting). These figures show that the temperature distributions are non-uniform, but the 

difference in temperature at the surface and the core of the workpiece are not large due 

to the high thermal conductivity of Copper material. 

 

 
a) After 1s, Tmin            

 
b) After 50s, Tmin            

 
c) After 100s, Tmin             

 

d) After 130s, Tmin            (Brazing point). 

 

Fig.8 Temperature distribution at the workpiece for four different times and 300A peak excitation 

current with 75 kHz 
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Fig.9 Temperature inside the workpiece along the line-X3 for 100A peak excitation current with 75 kHz 

after one second 

 

 
Fig.10 Temperature inside the workpiece along the line-X3 for 200A peak excitation current with 75 kHz 

after one second 
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Fig.11. The temperature inside the workpiece along the line-X3 for 300A peak excitation current with 

(75 kHz) after one second. 

 

     Figure 12 shows the temperature rising at the workpiece versus time for three 

different excitation currents (100A, 200A and 300A) at 75 kHz. It is clear that using 

100A peak excitation current is not suitable to raise the temperature of the workpiece up 

to 1000 .  

     While using 200A peak excitation current, the workpiece requires greater than 300s 

to raise the temperature up to 1000 , which is a very long time. The reasonable time to 

raise the temperature of the workpiece up to 1000  is by using 300A peak excitation 

current which needs only 120s. 

     Figure 13 shows the temperature rise at the workpiece versus time for three different 

frequencies (50 kHz, 75 kHz and 100 kHz) using 300A peak excitation current. This 

figure states that in spite of the workpiece is non-magnetic material, the workpiece 

temperature increases as frequency increases.  
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Fig.12 Temperature rise at the workpiece versus time for three different excitation currents (100A, 200A 

and 300A) at 75 kHz. 

 

 

 
Fig.13 Temperature rise at the workpiece versus time for three different frequencies using 300A peak  

 

excitation current. 
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5. Conclusions  
    

     The analysis shows that the temperature inside the workpiece is not uniform. The 

main reason for the temperature differences in the core of a cylindrical workpiece is the 

skin effect. This effect depends upon the metal properties and the frequency of 

excitation current. Where the current is constrained at the surface of the workpiece and 

decreases to zero toward the core. 

     The IH inverter requires high current to increase the workpiece temperature to a limit 

less than 1083  (melting point of the Copper workpiece) to braze two pieces of 

Copper. Therefore, a 300A peak excitation current with 75 kHz must be considered in 

designing the IH inverter. This will approximately take reasonable time (120s) to raise 

the temperature of the workpiece up to 1000  for melting the filler. 
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