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Abstract—For the current full-bridge series with the
load-frequency induction heating power of the resonant
frequency automatic tracking problems, analysis of the series
resonant inverter load waveform changes in the work process,
this paper designed a whole based on the frequency tracking
circuit analog circuit, the device chosen is simple, fast
frequency adaptive. Finally, the simulation results by
commissioning theoretical analysis and field experimental
prototype was validated, the results prove the rationality of
design.
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l. INTRODUCTION

Full-bridge type load resonant inverter series, when the
working frequency of the resonant frequency near, sine
wave at the output will be operating current, in the process
of induction heating power supply due to load material,
temperature changes and other factors, equivalent
parameters of the load and the natural resonance frequency
changes. the inverter always work in the power factor close
to or equal to the quasi-resonant or resonant state 1, in
order to achieve zero-current or zero voltage switching.
This requires adaptation to increase the range of induction
heating power supply to the load, and improve the
utilization of various types of load material, power
frequency automatic tracking[1].

. POWER FREQUENCY TRACKING CIRCUIT

A. Work Process Analysis

Full-bridge series with the load-frequency induction
heating power inverter circuit shown in Figure 1,
alternating current through the rectifier bridge rectifier,
after filtered by the capacitor DC voltage Uy of about
300V, inverter circuit has four switches, four anti-parallel
diodes, Voltage Ung at the output, L, R are the equivalent
inductance and equivalent resistance of load, resonant
capacitor C are connected in series, RLC composed of
series resonant circuit, K is a current transformer.
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Figurel .Full-bridge series resonant load inverter main circuit

When the high-frequency power supply is working
properly, the driver circuit output frequency is 25KHz,
50% duty cycle of the drive signal in Figure 2, in this case
the resonant sine wave current signal obtained at the output
of the inverter, in series in the circuit for sampling a current
transformer K, sampling the waveform in Figure 3.
because the sampling signal of current level is mA, and can
not be directly applied to the circuit, it is necessary to
analyze the frequency of the signal input to the circuit
shown in Figure 4, Ly and L,. this circuit is composed of
the first half of the differential amplifier circuit by LM358,
can effectively curb the zero drift, increasing the
common-mode rejection ratio, effectively amplifying the
input signal. Its magnification is
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Figure 2. Switch drive signal
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Figure 3. Sampling the current waveform of the inverter output

Since the differential amplifier circuit can handle only
a voltage signal, the current signal obtained needs to be
converted to a voltage signal, the Figure 4 for the sampling
resistor. The current signal into a voltage signal input to the
amplifying circuit[2].
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Figure 4. Frequency analysis circuit

LM311 composed of the second half of the voltage
comparator, its non-inverting input to join an AC signal.
When the AC signal crossing voltage zero into the positive
half cycle, the output voltage will reach the positive supply
voltage. When the AC signal crossing voltage zero into the
negative half cycle, the output voltage will reach the
negative supply voltage. LM311 is OTC (open collector)
output, then a pull-up resistor Ry, to high. Thus, as long as
an output is low, then the result is the low. Obtained from
the differential amplifying circuit amplifying the sine wave
input to the back of the voltage comparator LM311. When
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a sine wave into the positive half cycle, the output voltage
will be positive. When entering the negative half cycle, the
output will be a voltage that is negative 0,in Figure 5. The
square wave in Figure 5 through L5 back to the control
system microcontroller, the microcontroller can analysis

resonant frequency.
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Figure 5. VVoltage comparator output waveform

B. Resonant Process

By the load characteristics of the circuit analysis shows,
as the temperature increases, the change of the support
material, the natural resonant frequency of the load change.
When the state of the inverter circuit in the open-loop, the
state of the inverter circuit in the open-loop, since the
switching frequency is deviated from the natural resonant
frequency of the load, so that power can not operate in the
power factor is equal to or close to the resonant or
quasi-resonant state of the state 1, and then the output
power below standard. It must operate in a closed loop
state, automatic tracking frequency|[3].

Figure 6 is a frequency control circuit, a reference
voltage of CPU into the reverse side of amplifying
circuit(1). Its magnification :
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Figure 6. Frequency control circuit

An amplified negative voltage signal, this signal is
input to a voltage comparator (3) of the same phase ends.
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While the amplified sine wave in Figure 4 via L3 a voltage
input to the comparator (3) of the inverting terminal. (a) of



Figure 8 will be obtained (2) signal in Figure 9;From the
reference voltage signal to the CPU at the same time into
the amplifying circuit (2).1ts magnification :

A =1+ Ry 3)
19
E00 I8¢
400 or
2001 . ]
Yo% \

oo i N, p 0
200 o
400 1
600 .

BOE2u i E804n 9175 G546 .7
(@)
) 50
300 0o
200
00 * / * 0
\ /
o » ,
200 o
400 -100
H0.0 L L i : : i i : -150
72060 TS34p 76630 819.0p EEm =T

Figure 7. Voltage comparator input signal

An amplified positive voltage signal, this signal is input
to the voltage comparator (4) of the inverting terminal,
while the amplified sine wave in Figure 4 via L3 a voltage
input to the comparator (3) of the inverting terminal, (b) of
Figure 7 will be obtained (1) the signal in Figure 8; Figure
8 (1), (2) the two signals and the current signals of the same

frequency, the same phase in Figure 2. The two
square-wave signals through Lg, Lg are input to the switch
driving circuit as a drive signal[4]. The resonant frequency

of the switching tube catheter frequency f and the output
sine wave signal coincides f,.

150 150
100 100

50 50

5 0 AR o AN
R e et e

-100 -100

-150 -150
581m 5.84m 587m 5.90m 593m 5.96m

Figure 8. Voltage comparator output signal

C. Power Start

High frequency induction heating power supply work
to be done before the normal start-up resonant circuit, at
this point system does not start but entered the detection
status. Issued narrow pulse drive signal control the switch
drive circuit to the inverter conduction, in this case the
output of the inverter circuit in the load to obtain a sine
wave oscillation damping. Figure 9 is a narrow pulse
driving signal waveform obtained by several cycles.
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Figure 9. When the inverter output current waveform start

After several cycles of the system sends a short pulse
signal, immediately stop sending, the resulting damped
sinusoidal oscillations in the circuit through the series
current transformer samples the input to the frequency
analyzer circuit. After the differential amplifier circuit and
a voltage comparator circuit, the resulting method in
Figure 9 sine wave signals to the control system with the
frequency of the microcontroller in AD. SCM identifies
signal rising and low, after calculating the square wave
period, issued a PWM drive signal to the driver circuit by
microcontroller DA, so that the inverter circuit can operate
normally[5].
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D. Experimental Results

In order to verify the correctness of the analysis of the
above theory, the designed circuit was simulated and built
a prototype of 25kHz / 5kW.

Figure 10 is a frequency tracking simulation map in
saber software. Wherein the voltage waveform is a square
wave output from the inverter, sine wave is the load current
waveform. Be seen from Fig.10, In the moments before
one, the operating frequency of the inverter and the
resonance frequency of the same; In one moment, changes
the resonance frequency of the load. In two moments, has



been completed the resonant frequency tracking. Voltage,
current, a smooth transition.
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Figure 10. Frequency tracking simulation map

1. SUMMARY

The proposed power-up approach - narrow pulse
excitation method, it can be well applied to the resonant
circuit power-up. The new frequency analysis tracking
circuit for high frequency induction heating power supply,
analog components uses fewer in control circuit, reducing
the switching time of electronic devices, it can accurately
and rapidly automatic tracking frequency, to overcome the
traditional circuit-track narrow frequency range, the
disadvantage of the different frequency bands require
different parameters of the filter network. Finally produced
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a prototype, through on-site commissioning prove the
correctness of the theory.
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