
Chapter 5

EXPERIMENTAL VERIFICATION

5.1 Introduction

The objective of the conducted experiment is to assess the versatility of IDH technology, 

which provides heat up of conducting and non-conducting materials.
In this chapter, first the proposed IDH system has been described and the considered 

the experimental parameter has been defined and follows the experimental results.

5.2 Experimental System

Induction Dielectric Heating takes power from the mains, converts it into frequencies 
suitable for specific applications, and then uses this power to create controllable heat in 

any conducting material or non-conducting material.

Power is applied to the work-piece by 3 phase induction coils. An alternating current 
flowing through a coil; (i) Generates a magnetic field, (ii) Places a work-piece, (iii) Induces 

eddy current or displacement current within the magnetic field. Heat is produced only 
after the eddy current or displacement current is induced.

The heating pattern of an object mainly depends on the design of winding or induc
tion coil pattern. However the power and frequency can be obtained by taking suitable 

converter rating. The depth of heat penetration into the work-piece depends on the 

frequency; the lower the frequency, the deeper the penetration.
Figure 5.1 demonstrates structure of the 1 phase to 3 phase IDH coil control which 

can be divided into seven parts as follows:
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TEMP. CONTROL

Figure 5.1: The Experimental System of IDH System Control 

A. Main control unit

Main control unit consists of micro controller and multiplex driver as shown in Figure 

5.1. In the experimental system the main control unit has to do the following tasks:

(i) To determine the SVM signal patterns and the main frequency control values

for the SVM signal generator has been described in chapter 2.

(ii) To read in the three phase signals from the encoder.

(iii) To implement the digital control system.

(iv) To calculate the switching actions for the three inverter-legs.

(v) To control all the six timings individually of the SVM signal for bring circuit 

of the MOSFET devices.

(vi) To send the switching actions to the MOSFET driver card through multiplex 

driver.

B. High frequency generator unit

FILTER

CIRCUIT

SINGLE

PHASE

RECTIFIER PR
IM

A
R

Y

@
@

@
SE

C
O

N
D

A
R

Y

To generate the high frequency signal for desired patterns using 4093 IC. The unit 

has protection circuit for false phase fixing which may damage the MOSFET’s three 
phase inverter.



CHAPTER 5. EXPERIMENTAL VERIFICATION 110

Figure 5.2: High Frequency Transformer

C. MOSFET gate driver unit

Adjusts the signal derived from the multiplex driver to suitable for the MOSFET 

gate in the MOSFET inverter unit.

D. Rectifier unit

1 phase or 3 phase AC to DC converter using bridge rectifier unit.

E. MOSFET inverter unit

Frequency value and patterns have been developed by the micro controller and 
supplying power to primary side of high frequency transformers. The switches used 

are MOSFETs with a rated current of 25 A. The dead-tinre is 6 micro second. The 

maximum switching frequency of the MOSFETs is 20 kHz.

F. High frequency transformer unit

Suppling driving power from the three phase MOSFET inverter to the 3 phase
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Figure 5.3: Three Phase Induction Coils

induction coil. High frequency transformer consisting of three, 1 phase transformers 
designed for specific needs as shown in Figure 5.2.

G. Heating coil unit

Generating high frequency magnetic field at resonance position for distributing heat 

to the material. Three phase induction coils are shown in Figure 5.3.

The hardware circuit layout for IDH control system is shown in Figure 5.4

5.2.1 Determination of control frequency

The control frequency which is required for heating the work-piece and can be determined 
by either main control unit or high frequency generating unit depending on type i.e. 

conducting or non-conducting material.

The main control unit frequency generated by the micro controller [108], [115] can be
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Figure 5.4: Hardware Structure of IDH System Control
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Table 5.1: Limits of fpwM and f jj

Range fpWM fn
8 7 6 5 4 3 2 1

Max (kHz) 15.69 2007.84 1003.92 501.96 250.98 125.49 62.75 31.37 15.69
Min (kHz) 0.03 3.94 1.97 0.98 0.49 0.25 0.12 0.06 .0.03

derived from the following equations:

fcpu = fosc
2 x Dqcr

(5.1)

Where
fcpu. = Main control frequency generated by the micro controller in Hz 
fosc = Micro controller clock signal in Hz 
Dock = Divided frequency value in the micro controller in Hz 

PWM frequency is given as follows:

fpwM fcpu 
256 x 2

(5.2)

Where
fpwM = PWM frequency in the induction coil in Hz 
fcpu = Main control frequency generated by the micro controller in Hz 

The high frequency generated unit by the IC 4093 can be derived from the following

equations:

fa = 1
1.1 RC

(5.3)

Where

fn = High frequency in the IDH coil in Hz 
So that, equations of induction coil PWM frequency is obtained as follows:

Jpwm
fosc

1024 x Dock

And equations for calculating the divided frequency value in the micro controller is

(5.4)

Dqcr =
125

16 X fPWM

Where

fosc = 11.0592MHz

(5.5)
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Id

Figure 5.5: Three Phase MOSFET Base Inverter

According to the equation 5.3 and equation 5.4 the frequency generated from J'h and 
Jpwm are shown in Table 5.1. Results from Table shows that by using the PWM principle 

the frequency has been determined between 0.03 - 15.69 kHz by main control unit. The 
high frequency generator unit generates the frequency in the range of 0.03 to 2007.84 

kHz.

5.3 Protection Considerations

Three phase MOSFET base inverter as shown in Figure 5.5. Protection against over 

voltages across the power devices is shorting out devices .S'i k ,S’4 and concurrently forcing 
the DC current to zero. Over voltages could arise as a result of too large a capacitor 
voltage. This in turn could take place if the load coil were to become open circuited. The 

current source inverter has the additional attribute of tolerating fault currents since DC 

current source is controllable. Consequently the applied current source can be phased back 
upon detection of a fault current . A fault current would occur if either the coil or a device 

were to become shorted or if a device had failed to commutate. Additional necessary 

protection includes the capability of maintaining sufficient turn off time margin for the 
load commutated devices. This can be accomplished by monitoring the tank voltage 
and calculating the turn off time available until the succeeding voltage zero crossing. 
Consequently transient changes in the systems could result in a commutation failure. 

Hence additional turn off time margin has been typically provided in order to take into 

account the likelihood of such an event. This type of event mainly occurs for ferrous metal 
melting where the resonance frequency increases during the melt cycle.
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5.4 Component Ratings

The ratings of the components are established by using Fourier analysis techniques. Ini

tially an equivalent circuit model is developed. This model is based on the following 

simplifying assumptions:

1. The input current of the inverter is constant.

2. The semiconductor switches are ideal.

3. The output transformer is ideal and has a unity turns ratio.

4. The inverter operates in the continuous mode.

5. The effect of the overlap period is neglected.

It is also convenient to define base values for voltages, currents and times for adopting 

a comparative reference base from which other inverter schemes are to be judged. From 
a users point of view, it is appropriate to consider the effective coil resistance as a base 

impedance. Furthermore, it is useful to establish the driving source as base value. This 

happens to be the current for the case of a current source.

5.5 Advantages

The technical features of induction dielectric heating deliver three key benefits: improved 

throughput, better and consistent quality and reduced costs.

5.5.1 __ Throughput

Using induction dielectric heating into the production line improves production efficiency. 

It can cut lead times and speed up throughput. The IDH heating process itself is faster 
than open-flame and oven alternatives.

5.5.2 Quality

Quality improves because it can apply pre-set temperatures to pre-set parts of individ

ual work-pieces and because induction coils are special-made for specific work-pieces, in
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advance, the delivered heat pattern. Also, precise heat delivery means any adjoining 

components and/or materials remain unharmed during the heating process.

5.5.3 Costs
Costs go down because of shorter lead times and increased throughput. Integrated in

line induction dielectric heating means lower pre-processing and logistics costs. Swift 

heat cycles, precise delivery and accurate repeatability minimize waste and scrap. IDH 

frequency converters are particularly effective at lowering energy costs, as it has a proven 

higher efficiency and power factor than competing converters.

5.6 Experimental Results
Experimental circuit parameters are given in Table 5.2. The switching frequency gener

ated from encoder is 279Hz . Figure 5.6, Figure 5.7 and Figure 5.8 show waveform of 
encoder, respectively. Figure 5.9, Figure 5.10, Figure 5.11, Figure 5.12, Figure 5.13 and 
Figure 5.14 show waveform of gate pulse applied to power devices using main control unit, 

respectively. High frequency transformer input and output voltages are shown in Figure 

5.15, Figure 5.16, Figure 5.17, Figure 5.18, Figure 5.19 and Figure 5.20, respectively for 
conducting material. Figure 5.21, Figure 5.22 and Figure 5.23 show FFT of three phase 
inverter output voltage waveform, respectively. FFT of three phase IDH (Load) wave

forms are shown in Figure 5.24, Figure 5.25 and Figure 5.26, respectively for conducting 

material.
Figure 5.27 shows high frequency generator unit waveform. Figure 5.28, Figure 5.29, 

Figure 5.30, Figure 5.31, Figure 5.32 and Figure 5.33 show waveform of gate pulse applied 

to power devices using high frequency generator unit, respectively. High frequency trans
former input voltages are shown in Figure 5.34, Figure 5.35, Figure 5.36, respectively for 

non-conducting material. Figure 5.37, Figure 5.38 and Figure 5.39 show FFT of three 
phase inverter output voltage waveform, respectively for lemon. Experimental verification 

summaries are given in Table 5.3. Experimental sample results are shown in Figure 5.40 
and Figure 5.41 respectively.
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Table 5.2: Circuit Parameters

Parameter Value Parameter Value
Utility 220V/50HZ Ni/N2 50
vre/ 300V L F 200////
L p 10 nH cP 26.96//F
R o 50mU L M 20mH

Table 5.3: Experimental Verification Summaries

Parameter Value Parameter Value
"V ab 1.272 V 11 122 A
vbc 1.285 V 12 132 A
vca 1.269 V 13 118 A
PF 0.9999 THD(Vo) 0.7%

Fs 279HZ Pout 100.61W

X Axis Scale in Time (X0.1) 
Y Axis Scale in Volt (XI)

1

}

CHI I ms 1.00 V 1 Frequency 27 875 Hz Penod:35.875 mS PK PK:5.520V

Figure 5.6: Encoder 1
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Figure 5.7: Encoder 2
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CHl 1 mS 1.00V 1 Frequency.6.796 Hz Period 147.146 mS PK PK 5.360 V

Figure 5.8: Encoder 3
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X Axis Scale in Time (XO.l) 
Y Axis Scale in Volt (XI)

CHI 1 mS 5.00 V 1 Ff«vancy 2ai 455 H2 P»od4 320 mS PK PK30.000 V

Figure 5.9: Gate Pulse for Si Using Main Control Unit

4 ;n t> >n5 ph

Figure 5.10: Gate Pulse for S3 Using Main Control Unit
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X Axis Scale in Time (X0.1) 
Y Axis Scale in Volt (XI)

■

•

CHI 1 mS 5.00 V 1 Ffe<*jency 231.555 Hz Period.4.319 mS PK PK.31.200 V

Figure 5.11: Gate Pulse for S$ Using Main Control Unit

Figure 5.12: Gate Pulse for 54 Using Main Control Unit
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X Axis Scale in Time (X0.1) 
Y Axis Scale in Volt (XI)

1

Figure 5.13: Gate Pulse for S6 Using Main Control Unit

Figure 5.14: Gate Pulse for S-2 Using Main Control Unit
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Figure 5.15: High Frequency Transformer Input Voltage Waveform (VtRY)
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Figure 5.16: High Frequency Transformer Input Voltage Waveform (VlYB)
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Figure 5.17: High Frequency Transformer Input Voltage Waveform (V%br)

Figure 5.18: High Frequency Transformer Output Voltage Waveform (V0ry)
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X Axis Scale in Time (XO.l) 
Y Axis Scale in Volt (X10)

Figure 5.19: High Frequency Transformer Output Voltage Waveform (V0yb)

Figure 5.20: High Frequency Transformer Output Voltage Waveform (Vqbr)
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X Axis Scale in Time (X0.1)
Y Axis Scale in Volt (X10)

L
CHi 1 mS 5.00 V 1 Fr«»j«ncy 1 504 kHz Paroo 664.811 uS PK PK.28.000 V
ffM 25.00 KHz 2 00 V '1 F»*aj«ncy 1 504 KHz Pttod 664 811 uS PK PK28 OOO V

Figure 5.21: FFT of Three Phase Inverter Output Voltage Waveform ( V,ry )

X Axis Scale in Time (X0.1)
Y Axis Scale in Volt (X10)

1•
I
V 1 Mi

CHi 1 mS 5.00 V i Ffe<>>eocy.862 776 Hj Peroo 1 159 mS PK PK.28.000 V

Figure 5.22: FFT of Three Phase Inverter Output Voltage Waveform (Vyb)
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X Axis Scale in Time (X0.1)
Y Axis Scale in Volt (X10)

--I

.

CHi i mS 5.00 V '1 Ffo<>iaocy.077 40i Hz Panocl.1.140 mS PK PK:27.400 V
fill 25.00 kHz 2.00 V /I Frequency 877.482 Hz Pared 1140 mS PK PK.27.400 V

Figure 5.23: FFT of Three Phase Inverter Output Voltage Waveform (Ywr)

CHi 2 mS 200 mV 1 Ff«>iaocy.21.304 kHz Pared 46 940 uS PK PK 2 040 V *>
ff11 12.50 kHz 50 OmV 1 F»eai«ncy 21 304 kHz Pared 40 940 uS PK PKJ2 040 V 7

Figure 5.24: FFT of Three Phase IDH (V0ry)
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X Axis Scale in Time (X0.1)
Y Axis Scale in Volt (X10)

CH • 2 >nS 500 mV 1 C'ntiry.* P»<xi B2J jS PH R» _b UMJ
till 12 SO «H; 200 mv r>Mai«o^y25 "b# • If P«»*) J9 823 jS PV. Pk 5

Figure 5.25: FFT of Three Phase IDFI (V„yb)

•

X Axis Scale in Time (X0.1) 
Y Axis Scale in Volt (X10)

-

CH1 2 mS 500 mV 1 FfequBncy.24.316 kHz PefOO 41.125 uS PK PK:5.100 V ?
1111 12.50 KHz 200mV 1 Frequency 24.316 kHz Paioa.41.125 uS PK PK.5.100 V ’

Figure 5.26: FFT of Three Phase IDH (V0br)
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T • I - - • . T- *    ——|.................... ; ■ ■ ■

X Axis Scale in Time (XO.l) 
Y Axis Scale in Volt (XI)

A*"'

CHI 50 uS 1.00V 1 Frequency28.334 H/ Pared.35.203 mS PK PK b 600 V

Figure 5.27: High Frequency Generator Unit

X Axis Scale in Time (XO.l) 
Y Axis Scale in Volt (XI)

CHI I mS 5 00V 1 Frequency 5.830 FMz P««x) 171 540 uS PK PK 31.600 V

Figure 5.28: Gate Pulse for Si Using High Frequency Generator Unit
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Figure 5.29: Gate Pulse for S3 Using High Frequency Generator Unit

Figure 5.30: Gate Pulse for S5 Using High Frequency Generator Unit



CHAPTER 5. EXPERIMENTAL VERIFICATION 130

CHI I *S 5.00 V •! F'squency 6.456 KHz Paoa 154 905 uS PK «31.200 V

Figure 5.31: Gate Pulse for S4 Using High Frequency Generator Unit

X Axis Scale in Time (X0.1) 
Y Axis Scale in Volt (XI)

Figure 5.32: Gate Pulse for Se Using High Frequency Generator Unit
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X Axis Scale in Time (XO.l) 
Y Axis Scale in Volt (XI)

—.—■—.—.—i———.—.—1_—.—.——i—   —.—i---- . -L - .    i   .- * - - - i _ . . . _ . I

CH1 1 mS 5 00 V 1 Frec*jency 5774 kHz Perod 173.198 uS PK PK 31.200 V

Figure 5.33: Gate Pulse for S2 Using High Frequency Generator Unit

X Ax s Scale in Time (XO.l) 
Y Ax s Scale in Volt (X10)

minuiiii iiiiiiiiiiiiiiiii

Ji l' U U JluPUl

CHI 200uS 2.00V -1 FfeOioncy 17.855 KHz P«o<1 56.006 uS PK PK 17 840 V 7

Figure 5.34: High Frequency Transformer Input Voltage Waveform {Vmy)
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X Axis Scale in Time (X0.1)
Y Axis Scale in Volt (X10)
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l i | [I ' - ' ’■* 'M• L n

Figure 5.35: High Frequency Transformer Input Voltage Waveform (ViYb)

CH1

0 V / V

CH1 200uS 2.00 V 1 FreQiency 18.108 kH2

X Axis Scale in Time (X0.1) 
Y Axis Scale in Volt (X10)

:

:______________ i_____ _ . . .. . ........................................... I

Paod:55.225 uS PK PK.20.400 V 7

Figure 5.36: High Frequency Transformer Input Voltage Waveform (V,br)
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X Axis Scale in Time (X0.1)
Y Axis Scale in Volt (X10)

IL_ i.ijJL i\i
1 li . . Luuu '

CHi 2<JGuS 2.00 V 1 Ff«>jeocy 1 ,'.855 kHz Pared 56.006 uS PK PK 17.840 V f
fill 10 00 KHz 500 mV 1 Fiequancy 17 855 hHz P®od 56 006 uS PH PK17 84 C V 7

Figure 5.37: FFT of Three Phase Inverter Output Voltage Waveform (Vmy)

X Axis Scale in Time (X0.1)
Y Axis Scale in Volt (X10)

. 1
m i i U

J i i 1 . . , 1 |
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Figure 5.38: FFT of Three Phase Inverter Output Voltage Waveform (V^ye)



CHAPTER 5. EXPERIMENTAL VERIFICATION 134

X Axis Scale in Time (X0.1)
Y Axis Scale in Volt (X10)
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CHI 200uS 2.00 V t Frequency, 18.1 OB KHz PeriM.55.225 uS PK PK20.400 V ’
1111 10.00 kHz 500 mV '1 Frequency 18.108 KHz Per rod. 55.225 uS PK PK:20.400 V ’

Figure 5.39: FFT of Three Phase Inverter Output Voltage Waveform (Visit)
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Figure 5.40: Sample Result 1
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Figure 5.41: Sample Result 2
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5.7 Conclusions

This chapter has described an induction dielectric heating experimental control structure 

and reveals the following findings:

1. This experiment demonstrated the ability of voltage level conversion ability, which 

leads to desired power even at low input voltage levels.

2. As frequency increases, the current becomes concentrated along the outer surface of

the object. ^

3. The frequency of load can be varied by encoder.

4. The proposed algorithm is flexible and suitable for advanced vector control.

5. The strategy of the switching minimizes the distortion of load current as well as loss 

due to minimization commutations in the inverter.

6. Experimental technique of Induction Dielectric Heating (IDH) has been developed 

using micro controller.

7. The effectiveness of the SVM in the contribution in the switching power losses 
reduction has been demonstrated by performing an experiment,

8. SVM is one of the best solutions to achieve good voltage transfer.

9. It also provides excellent output performance optimized efficiency and high reliabil

ity compared to similar three phase inverter with conventional pulse width modu

lations.

10. Flexibility aspects of switching transformer leads to several advantages such as 
nearly unity power factor without using any reactive elements, symmetric loading 

from utility point of view, isolation of working coil, compact dimensions and almost 
uniform output voltage and temperature. It is proved by experimental setup.


