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Specialized Induction Heating 

Simulation Software  

Accuracy Validation and Adoption Benefits 

ENOS has already demonstrated that 

simulation software can be both 

affordable - by utilizing open-source 

tools, and easy-to-use - by building industry 

specialized apps with only relevant and easy-to-

learn functionality. But there are still doubts to 

be clarified - what is the potential return on the 

investment and the accuracy of simulation. 

The goal of this whitepaper is to fill in the 

knowledge gaps. 

What is CENOS? 

CENOS is a finite element method (FEM) 

based computer-aided engineering (CAE) 

desktop software. CENOS Induction Heating 

application is designed for low- and medium-

frequency induction heating calculation, it 

couples electromagnetic and thermal 

calculation algorithms to cover the full 

spectrum of induction heating related problems. 

CENOS allows 2D, axial symmetric, and 3D 

models for induction heating, pre-heating, 

hardening, brazing, annealing, tempering, and 

other processes for heating of various materials, 

such as steel, aluminium, copper, titanium, 

different alloys, and other electrically 

conductive materials. CENOS Induction 

Heating application can also simulate solely 

electromagnetic (steady-state, harmonic, or 

transient), solely thermal (steady-state or 

transient), and resistive heating tasks.
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1. Simulation Accuracy Validation 

Single-Shot Hardening 

This validation of the accuracy of CENOS 

simulation software was performed by GH 

Induction in Valencia, Spain. The hardening of 

the actual workpiece – small splined pinion 

from a gearbox, in the single-shot process was 

simultaneously simulated using CENOS 

simulation software and investigated by cutting 

the real pinion after the experiment similar to 

the simulation conditions. Picture 1 shows the 

image of the workpiece and the inductor. 

 
Picture 1. Geometry of the pinion and the 

inductor, simulated temperature 

The simulation was performed taking into 

account actual spinning of the workpiece at 

400 rpm. The quenching conditions was 

modelled by applying convectional cooling 

conditions after the heating, when the power is 

off. The rest of the parameters of the system are 

shown in Table 1. 

Table 1. Parameters of the single-shot 

hardening system 

Power 15 kW 

Frequency 250 kHz 

Heating time 0.7 s 

Rotation speed 400 rpm 

Workpiece material AISI 1045 

The simulation results demonstrated good 

agreement with the actual hardening depth. 

Picture 2 demonstrates the comparison in two 

cross-sections, while Picture 3 and Table 2 

shows the quantitative analysis of the hardening 

zone in the critical points according to the 

specification. 

 
Picture 2. Comparison of the actual cut of the 

part (left) and the hardening profile prediction 

according to the simulation results (right) 

 
Picture 3. Designation of the critical points in 

the specification 

Table 2. Hardening depth measurements in the 

real cut and the simulation prediction 

(in mm) Specific. Real cut Simulation 

P1 0.3-2.0 1.5 1.19 

P2 0.3-2.0 0.9 0.36 

P3 0.3-2.8 2.2 1.73 

P4 0.3-2.0 1.4 1.17 

P5 0.3-2.0 1.2 1.17 

P5’ 0.3-2.0 1.0 0.99 

L1 min. 15 18.5 19.3 
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Hardening using flux concentrators 

This validation case was carried out by SMS 

Elotherm in Remscheid, Germany. The 

ultimate goal of this study was to optimize flux 

concentrator shape and material for better 

performance of the hardening job. Before actual 

optimization work, CENOS simulation 

software and the model built therein were 

validated by visual comparison with the cut of 

the real part. Picture 4 demonstrates the 

geometry of the part and the inductor with flux 

concentrator made from laminated steel sheets. 

Picture 5 shows the inductor used in the 

experiment. 

 
Picture 4. Geometry of the workpiece, the 

inductor and the lamination 

 
Picture 5. The photo image of the inductor with 

lamination 

The simulation demonstrated excellent match 

with the experimental results – cut of the actual 

shaft after the hardening, see Picture 6 for the 

comparison. 

 
Picture 6. Comparison of the hardening zone: 

actual part cut (left) and simulation prediction 

(right) 

The parameters of the system in the simulation 

are listed in Table 3. In the model, fixed value 

was used for the magnetic permeability μ in 

both the workpiece and the flux concentrator. 

Finally, Table 4 demonstrates the quantitative 

analysis of the hardened spot and the excellent 

fit between experimental data and the 

simulation results. 

Table 3. Parameters of the system 

Power 54.7 kW 

Inductor voltage 94.8 V 

Magnetic permeability μ 

of the workpiece 
200 

Magnetic permeability μ 

of the concentrator 
1000 

Table 4. The measurements of the hardened 

zone 

 Cut Simulation Variation 

Width 9.8 mm 9.89 mm 0.9% 

Depth 4.1 mm 4.00 mm 2.4% 
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Aluminium Billet Heating 

This validation case was carried out by CENOS 

team comparing the simulation results with 

experimental data by Institute of Electro 

technology, Leibniz University of Hanover 

(Germany) in cooperation with the University 

of Oradea (Romania), published in the paper 

Scurtu & Turewicz, 20121. An aluminium billet 

is heated in the simple solenoidal coil as shown 

in Picture 7. 

 
Picture 7. 3D rendering of the parts (right) and 

the scheme of 2D axially symmetric system 

(left). On the scheme: 1 – the aluminium billet, 

2 – the coil. 

A 2D axially-symmetric model was created in 

CENOS as is shown in Picture 7 (left), realistic 

material properties of aluminium was taken into 

account in the software: temperature dependent 

thermal- and electric conductivity, heat 

capacity, as it is defined in the standard material 

library in CENOS software and shown in the 

paper by Geža et al., 20182. Picture 8 

demonstrates that the simulation results of 

CENOS software perfectly match both results 

of benchmark simulation by ANSYS and the 

experimental results. The results represents 

temperature in the middle of the billet, at the 

symmetry axis, over heating time. 

                                                           
1 Scurtu, G. L. & Turewicz, P., “Numerical Modelling of 
Static Induction Heating,” Proc Engineering Numerical 
Modelling and Simulation, Sinaia, Romania, September 
2012. 

 
Picture 8. Temperature at the middle of the 

aluminium billet over heating time. 

The graphs demonstrate excellent match 

between CENOS calculations, benchmark 

simulation with ANSYS software, and the real 

experimental data. 

Steel Billet Heating Over Curie Point 

The same case as in the previous section 

(Picture 7) was simulated by CENOS replacing 

the aluminium billet with a steel billet of the 

same sizes. The experimental data for steel 

heating is also available from Scurtu & 

Turewicz, 2012. 

Induction heating simulation of steel requires to 

consider non-linear properties of ferromagnetic 

materials. Frequently, simulation is limited to 

temperature dependence of magnetic properties 

μ(T) and does not take into account a B-H 

curve. Such approach is demonstrated also in 

the article by Scurty & Turewicz. Beside the 

experimental results, the authors published 

numerical results by ANSYS Classic, see 

Picture 9. The simulated temperature perfectly 

matched the asymptotic (steady state) value, 

2 Geža, V., Eimuss, A., Ščepanskis, M., Viļums, R., “Fully 
Non-linear Modelling of Induction Heating of Carbon 
Steel Using Open Source Simulation Tools,” Proc 
Thermal Processing in Motion, Spartanburg, SC, USA, 
June, 2018. 
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however, significantly underestimates 

temperature during transient heating. E.g., at 

10th second, the benchmark model of ANSYS 

predicts the surface temperature of the steel 

billet 100 °C less than measured during the 

experiment. The simulation by CENOS 

coincides with the benchmark simulation, even 

more, slightly better predicts transient 

temperature during heating (see Picture 9). The 

last fact is just because of adaptive time step, 

which allowed more accurately resolve the 

temperature raise. Nevertheless, the figure 

clearly demonstrates inability of the simple μ(T) 

model to predict temperature at the surface of 

the steel billet during the heating process. 

 
Picture 9. Temperature at the surface of the 

steel billet over heating time, μ(T) model 

Steel Tube Heating: B-H Curve Validation 

This validation case was carried out by CENOS 

team comparing the simulation results with 

experimental data by the University of Buenos 

Aires (Argentina), published in the paper Di 

Luozzo et al, 20123. The case was investigated 

in order to study if a B-H curve and B(H,T) 

model help to increase accuracy of temperature 

prediction for steel heating. The paper by Di 

Luozzo et al. provides very accurate 

                                                           
3 Di Luozzo, N., Fontana, M., Arcondo, B., “Modelling of 
Induction Heating of Carbon Steel Tubes: Mathematical 
Analysis, Numerical Simulation and Validation,” Journal 
of Alloys and Compounds, Vol. 536S (2012), pp. S564-
S568. 

experimental data, so it is convenience to 

validate B-H model in CENOS software. 

While Picture 10 demonstrates simulated 

temperature distribution at the surface of the 

billet, Picture 11 presents the essential results, 

comparing temperature over time at the surface 

of the billet. Temperature maxima is located in 

the coil region and it falls rapidly outside of coil 

where no heating source is present. The curves 

represent the points at different distance from 

the plane or mirror-symmetry of the system. 

Picture 11 demonstrates good match of 

simulation results with the accurate experiment 

proving essential validation of full B(H,T) 

model for heating of ferromagnetic material in 

CENOS. 

Change in the heating rate at the symmetry 

plane appears at lower temperatures (ΔT≈15 K) 

in simulation results than in experimental 

results. We would like to argue here that the 

precise Curie point for the steel used is not 

known. Simulations at different Curie 

temperatures show that this change always 

appears slightly above (10-15 K) Curie point. 

Change in heating rate appear at 747 °C, which 

is 10 degrees higher than Curie point. 

Furthermore, increased heating rate appears 

immediately after Curie point for short period. 

This might be explained with electromagnetic 

effect of joined materials (see, e.g., Rudnev et 

al., 20184), which leads to local Joule heat 

maxima in non-magnetic part of steel above 

Curie point. In general, the results demonstrates 

that B(H,T) model is sensitive to the variation 

of Curie temperature, so it is essential for 

accurate temperature prediction of steel 

heating. 

 

4 Rudnev, V., Loveless, D., Cook, R., Handbook of 
Induction Heating, Second Edition, CRC Press (Boka 
Raton, 2018) 

file:///C:/Users/User/Desktop/www.cenos-platform.com/inductionheating


www.cenos-platform.com/inductionheating 6 

 

Picture 10. Temperature distribution in the tube after 120 seconds 

 

Picture 11. Simulation and experimental results of temperature at the surface of the steel tube. 

The curves differs with the point where the temperature was measured, the distance from the 

symmetry plane is specified in the legend. 
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2. ROI Case Studies 

90% saving on tooling and 30% on energy 

(ThyssenKrupp Presta Schönebeck) 

Marcus Hellriegel – an engineer at 

ThyssenKrupp Presta in Schönebeck (Elbe) 

near Magdeburg in Germany, managed to 

design a new induction coil for hardening of the 

ball track inside a ball nut (a steering system 

part) which reduced the tooling costs per part 

by 90% and energy consumed by 30%, which 

resulted in six-digit savings for the company 

per year. Marcus was able to complete the new 

design just in a couple of months in a very cost-

efficient way by using CENOS Induction 

Heating simulation software and 3D-printing 

technology. 

 
Picture 12. The illustration of the inner ball 

track of a ball nut 

The problem Marcus was trying to solve was a 

very short lifetime of the inductor like a so-

called hairpin-type coil used for hardening of 

the inner ball track. Thus, Marcus’ primary goal 

was to improve the coil design to achieve a 

longer lifetime and lower production costs. It 

took about 10 design iterations to come up with 

the new coil shape, which demonstrated 

excellent results in tests. Now, ThyssenKrupp 

is pending the patent for this brand new coil 

design. For this job, Marcus decided to use 

simulation software to test design candidates 

virtually and 3D print the final coil. Table  5 

explains the economics behind this decision. 

Thus, if things were done the traditional way by 

ordering conventionally manufactured coils 

from a supplier, 10 design & prototyping 

iterations would take more than a half-year 

(taking into account the time for design, tests 

and result analysis) and would cost around EUR 

60,000 just for different coil design version 

trials. For such a sophisticated coil type, one 

could save time by ordering 3D printed coil 

prototypes from an additive manufacturing 

supplier but still it would take 3-4 months and 

cost around EUR 10,000. 

Marcus decided to learn the simulation software 

to be able doing all design iterations by means 

of the computer simulation and 3D-print the 

final design candidate for the real-life test. 

From all simulation software available in the 

market, Marcus chose CENOS because it is 

focused on induction heating and ensures 

unmatched speed of learning due to its straight-

to-the-point interface for induction tasks. So, 

the new design of the coil was completed in a 

couple of months. The use of simulation 

unleashed the engineering talent of the designer 

allowing to test even the craziest ideas at no 

extra cost – everything was tested virtually on a 

PC and eventually fabricated with the help of 

3D printing. 

Table 5. Comparison of costs and timing for manufacturing of induction coil 

 Production time with 

delivery 

The approximate cost (with 

Fluxtrol material) 

Conventionally manufactured coil 

by a supplier 
4-5 working days EUR 6,000 

3D-printed coil by a supplier 2-3 working days EUR 1,000 

3D-printed coil in-house within a day EUR 800 
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When the new coil was 3D-printed, it was time 

for the lab tests. It was surprising that the test 

demonstrated up to 30% of energy saving for 

the newly designed coil compared to the old 

one. The reason for this dramatic increase of 

energy efficiency is due to the fact that the 3D-

printed coil has no soldering joints. This 

particular inductor type, if conventionally 

manufactured, has up to 20 soldering joints – 

each joint increases overall coil resistance that 

results in a higher energy consumption. A 3D-

printed coil on the contrary has zero soldering – 

thus, lower electric resistance. 

While the main goal of the project was to create 

a new design for the coil that will not break so 

often, tremendous savings came from lowered 

production costs and increased energy 

efficiency of the coil. The coil efficiency was 

enabled by 3D-printing technology, and 

simulation software made the design process 

extremely efficient. That all, multiplied by the 

engineering talent of Marcus Hellriegel, led to 

an exceptional return on investment (ROI) for 

the combination of CENOS simulation 

software (EUR 7,800 per year) and the 3D-

printed part (EUR 1,000 per coil) which 

resulted in saving 90% on tooling and 30% on 

energy costs. 

9% OEE increase (GKN Driveline Celaya) 

Kevin Tovar Estrada - a manufacturing 

engineer at GKN Driveline Celaya in Mexico, 

supervises induction hardening lines at the 

plant. He created a hardening “cookbook” – an 

algorithmic instruction for a machine operator 

to troubleshoot wrong hardening results. For 

example, the operator can change the gap size 

between a part and an inductor to correct the 

hardening profile when there is a slight change 

in part design, or some other parameters 

changes – quenching liquid, outside 

temperature, steel, etc. The operator makes an 

inspection of the hardening profile by cutting 

the part. If there is a deviation from the desired 

profile, he/she adjusts the parameters according 

to the “cookbook”, which ensures a reliable 

result with less scrap. 

Simulation software helped Kevin to create 

such a cookbook 60% faster than in the 

traditional way with physical experiments. For 

a CV joint shaft hardening, the simulation 

approach also saved about 14 parts, which 

would be otherwise wasted. As a result, the 

production process runs with 60% less scrap. 

 
Picture 13. CV joint produced by GKN 

Driveline 

Kevin did comparison tests to choose the right 

simulation software. CENOS - an induction 

heating specialized simulation software, 

demonstrated exceptionally good results: case 

preparation (setting of geometry and 

operational parameters) was 10 times faster 

than with other software, while calculation time 

was the same or faster. There was also a handy 

function that simplified the model by using 

constant magnetic permeability for faster 

calculation – the feature which was absent in 

other software. Total time for simulation 

analysis of a CV joint shaft hardening took 7.5 

hours with CENOS. 

To be sure about the results, Kevin compared 

the simulated hardening profile with the cross-

section cut of the real part, the software had 

prediction accuracy of 93.8%. Then, Kevin 

redesigned the coil for CV joint hardening 

based on the simulation. He altered the position 

of flux concentrators and found a better design 

which eliminated local overheating. Old coil 

design failed and started leaking after 20,000 

shots, while the redesigned coil is still running 
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after 122,000 shots – more than five-fold 

improvement of the coil lifetime. 

By summing all of the benefits of the simulation 

software adoption in the engineering routine of 

the plant, Kevin got a 9% increase of the overall 

equipment efficiency (OEE). 

Opportunity to discover hidden operational 

parameters of an induction machine 

(Netzsch do Brasil) 

Klaus Heizinger - the head of research and 

development at hydraulic pump producer 

Netzsch do Brasil, is responsible for the 

production process R&D, efficient hardening of 

parts is an important part of his work. The 

company purchased an induction hardening 

machine a couple of years ago. Multiple things 

had changed since then - the design of the parts, 

the steel used, etc., as Netzsch was constantly 

working to improve their products and 

manufacturing processes. When trying to adjust 

the hardening process, Klaus and his colleagues 

were struggling to get satisfactory results. The 

main reason was very limited control over the 

hardening machine. “The operational interface 

gave us almost no quantitative data of the 

process”, explained Klaus. “For example, there 

are just three options for the frequency: high 

frequency, medium frequency, and low 

frequency, without any information of what are 

the absolute values of those frequencies. So, the 

engineers were wasting parts and time by doing 

numerous experiments, but still were struggling 

to get good results in many cases” Klaus 

admitted. 

Then, Klaus decided to purchase a specialized 

induction heating simulation software with an 

idea to support reverse engineering of the 

machine settings for a better understanding of 

the process. That turned out to be a successful 

approach. “Now, we know much better what 

and how our machine can do”, proudly reported 

Klaus, “thus, we can work on the process 

improvements with confidence, experiment 

with new materials for parts. CENOS 

significantly improves R&D at our plants.” 

 
Picture 14. Pumps produced by Netzsch do 

Brasil 

5x shorter heating cycle (Volkswagen 

Group Services) 

Marcel Ruthmann - a young engineer at 

Volkswagen Group Services in Braunschweig, 

Germany, began using simulation to increase 

the efficiency of induction heating in the 

production processes of the company. While 

the majority of his successful projects will 

remain hidden for external observers, there is 

one worth a mention. By means of simulation 

with CENOS software and working together 

with Fabian Bauer - an engineer at Volkswagen 

in Wolfsburg, Marcel reduced the induction 

heating time for the mounting of the power 

steering rack about 5 times - from 9 seconds 

down to 2 seconds. Thus, the productivity of 

power steering parts manufacturing line is 

almost 5 times higher now. 

 
Picture 15. Volkswagen plant in Braunschweig 
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50% saving on design and manufacturing 

time of induction coils (GH Induction) 

Juan Carlos Rodriguez Lara - an application 

and process manager at GH Electrotermia, the 

headquarter of GH Induction Group in 

Valencia, Spain, oversees the development of 

customer projects like induction coil design. 

The company provides a unique service 

offering the design and 3D printing of inductors 

(3Dinductors.com) utilizing electron beam 

melting (EBM) technology. Combining this 

technology with CENOS simulation GH 

shortened the time to discover and demonstrate 

coil design improvements to their customers 

and currently provides the utmost reliability and 

maximum performance of the inductors. 

 
Picture 16. Simulation of inductor performance 

by GH Induction 

With one of the latest cases, Juan Carlos’ 

engineers managed to achieve 50% savings on 

the design and production time which led to 

surprising their customer with exceptionally 

fast delivery of a top-quality inductor. The 

customer's request was to redesign the coil to 

meet the change in the hardening profile 

specification for wheel hub production the 

customer did. So, GH Electrotermia needed to 

adapt the inductor design quickly to meet the 

new requirements. 

First, the heating pattern was simulated for the 

customer's original inductor design. Based on 

induction heating experience it was pretty clear 

which parameters had to be modified in the coil 

to meet the new specifications. A couple of 

simulations later the design was nailed - way 

faster than producing prototype inductors and 

testing them in a lab. Since GH’s 3D printing 

technology allows absolute freedom of external 

and internal design (cooling improvement, hot 

spot elimination, section strength, etc.), the new 

better design was proposed by the engineering 

team of GH and fulfilled by 3D printing in a few 

hours. 

Desired hardening profile with the first 

inductor design built (SMS Elotherm) 

Judith Levermann - a process development 

engineer at SMS Elotherm in Remscheid, 

Germany, is responsible for the design of 

inductors and hardening processes for 

sophisticated customer cases. “With CENOS, 

we are able to develop inductors for new 

hardening cases without large expenses and set 

up more advanced heat treatment approaches 

without multiple lab trials,” Judith explained. 

 

Picture 17. Hardening zone simulation for the gear ring (left) and the gear 
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Judith agreed to share two examples of the 

design she performed: ring inductor for a gear 

ring (the upper left image) and pre-heating 

followed by hardening of another gear with 

scanning inductor (the lower right image). “We 

had many ideas on how to harden the tooth area 

of the gear ring. However, we wanted to try out 

different options without creating large 

expenses but also meet the hardening zone 

requirements with the first inductor built,” 

Judith explained the motivation behind the use 

of simulation. Without any experiments and in 

a very short time, the process department was 

able to test all ideas and selected the best 

performing one. When the inductor was built, 

Judith ran the physical test and found the zone 

affected by hardening matched well with the 

predicted zone by the 3D model in CENOS. 

Visualization as a sales boost for smaller 

companies (COBES and Lötec) 

The last two cases are from small German 

companies, so-called Mittelstand, which work 

as induction heating tooling shops and hold a 

huge number of orders from the automotive 

industry due to decades of experience they have 

in the engineering of induction projects. The 

induction-heating-specialized simulation 

software CENOS helps them by supporting 

their experience with bullet-proof evidence that 

attracts more orders and demonstrates 

sustainably good results even upon the change 

of engineer’s generations. 

“We are a small induction heating company 

with more than 30 years of experience in 

designing excellent induction systems,” told 

Cay-Oliver Bartsch - the owner & director of 

COBES in Ettenheim, north from Freiburg. 

“Nevertheless, when we approach new 

customers, they still want to be 100% confident 

in our work. Simulation helps us to visualize 

results, ensure customers, and eliminate friction 

in getting orders.” 

 
Picture 18. Induction heating at COBES GmbH 

“Already in the first month of using CENOS, 

we have been able to close several coil design 

projects,” proudly told Lucas Tebes - an 

engineer at Lötec in Rheinmünster south from 

Karlsruhe, the son of the founder of the 

company Harald Dieter Tebes. “The results of 

the simulation have been spot on and fully 

match real-life cases. CENOS has helped us a 

great deal,” Lucas adds. 

 
Picture 19. Simulation of induction brazing 
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