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Introduction
Introduction to Induction Heating

Induction heating is regarded as a cleaner and more efficient 

method of heating up metal for the purpose of blacksmithing. 

Typically, an induction heater is designed with a driving topology 

connected electrically to a heating coil. When the heater is 

operated, a piece of metal can be heated by being placed inside 

of the heating coil.

Project Goals

• Design a driving circuit topology using MOSFET switching 

capabilities.

• Substitute the traditional electrical connection between the 

driving topology and heating coil of an induction heater with 

a magnetic connection by creating a custom transformer.

• Create a resonant circuit with the heating coil using a 

custom capacitor bank.

• Optimize control of the system by maintain resonance and 

measuring current using an FPGA.

Results

Conclusion

Design Features

• The output of the series-parallel battery configuration along with the boost 

converter supplied 90 V to the top of the H-bridge configuration, serving as the 

PCB’s main DC input.

• The FPGA generated two signals that drove the MOSFETs through gate 

drivers.

• The PCB was designed to handle the large amount of current needed for the 

heating coil. 

• Power analysis software was used to ensure that each trace on the PCB could 

handle the power at each node.

• Current was split across four capacitors to limit the current per trace on the 

PCB.

Key Success Factors

• The driving topology and resonant circuit were successfully coupled through the 

custom transformer.

• The output current of the MOSFETs was successfully stepped up by a factor of 

4.5 through the custom transformer and supplied to the heating coil.

• The oscillating current across the heating coil generated eddy currents, 

inducing current flow through the conductive material placed inside of the coil.

The design successfully proved that the electrical connection between the driving topology of an induction heater and the 

heating coil could be substituted with a magnetic connection through a custom-built transformer. The FPGA along with the 

driving topology generated the required signal to maintain resonance on the resonant circuit. The FPGA was also successful in 

displaying current sensor data during operation. Using the methods described, the design shows superior current control 

capabilities with frequency and voltage control. Future design iterations could incorporate an active cooling system to push the 

limits of operation further. 

Theory
What Is Induction Heating?
The basis of induction heating was primarily discovered by Michael Faraday and is 

defined in Faraday’s Law of Induction. Using alternating current, high frequencies, and 

high current flowing through a coil, eddy currents can be generated on the surface of any 

conductive object inside of the coil. These eddy currents then produce heat, heating up 

the conductive material inside of the coil.

Creating a High Frequency Signal

A DE-10 Lite FPGA was used to maintain fine and precise control over the frequency at 

which the resonant circuit operated, mitigating any problems that may be encountered 

due to the differing skin effects of materials heated in the coil. The FPGA also measured 

current through the high-accuracy reference sensor Riedon SSD-250A-R, enabling 

detailed analysis of the system’s behavior.

Designing a Custom Transformer
A custom transformer was designed using a ferrite core and 4.5:1 turns ratio. It served the 

purpose of transforming the high voltage and low current on its primary side to the high 

current and low voltage found on its secondary side, which corresponds to the resonant 

circuit.

Driving Circuit Topology

Knowledge of power electronics was used to create an H-bridge with high power 

MOSFETs. The design utilized the switching capabilities of MOSFETs as well as the DC 

to AC converter characteristics of an H-bridge to create a driving circuit for the design.
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