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Abstract

This paper proposes a new single-stage boost high frequency ac series resonant power inverter for high frequency induction heating (IH)
applications. The proposed ac-ac converter consist of a single stage boost (SSB) converter and full-bridge ac series resonant inverter
integrated circuit with a ac source voltage control strategy by controlling the inverter switches. The Simulink model is developed using
MATLAB simulation software and the simulated results are examined. The output power is maintained to the required level by using

phase shift control strategy and the simulated results are validated.

Index Terms: Phase-shift control, Single stage boost inverter, and induction heating.

1. Introduction

Nowadays high frequency induction heating (IH) has been used in
most of the industrial application such as hardening, bracing
heating treatment etc. The merits of induction heating is the
capability of partial heating, fast and efficient response for load
power variations an so on. [1] The process of power conversion
from low frequency ac to the high-frequency ac the ac series
resonant inverter is used which is commonly used inverter
topology for induction heating application. Fig. 1. shows a
commonly used process stages diagram. In that process contains
generally three parts has to use which consists of diode bridge
rectifier for converting the ac supply in to the dc supply, a boost
converter which is for boosting the input voltage to the required
level, and a high frequency series resonant inverter which
produces the ac supply by converting the given dc with required
frequency. Since for improving the efficiency of the inverter and
also reducing the components cost of the circuit, a single-stage
boost (SSB) Integrated Inverter have been proposed [2]-[6]. In the
proposed paper, instead of a full-bridge diode rectifier and a
separate boost converter and inverter circuit a single stage boost-
inverter-integrated circuit is developed, which ensures the boost
operation and inverter operation whose operating frequency is as
resonant frequency and also ensures the reduction in the
conduction losses in the circuit by avoiding the diodes in the
circuit [6].

A single stage boost full- bridge inverter is proposed in this paper.
The proposed paper consists of ac-boost-ac converter in which
boost operation in a single stage and series full-bridge inverter-
integrated system by sustaining the advantages of diode rectifier
as a SSB power doubling process.

And also the required voltage as well as power level is maintained
by using Phase Shift Control strategy, which ensures the simple
power control operation of the SSB. Fig. 2. shows the integrated
SSB-inverter scheme.
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Fig. 1: Convention Power conversion process stages

Fig. 2: Single-Stage Power conversion process stages

In this paper, a simulation of the proposed circuit is developed and
the results are examined. The organization of the paper the circuit
configuration along with the phase-shift power control of the SSB-
integrated inverter are explained, and further the principle of
operation of the proposed circuit is also explained.

2. Principle and Operation of Proposed Circuit

A. Control Strategy

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.



http://creativecommons.org/licenses/by/3.0/

64

International Journal of Engineering & Technology

The proposed single stage boost (SSB)-integrated inverter circuit
is described in Fig. 3. The AC voltage input vin is converter in to
DC by using the diodes Ds and Ds, then the voltage is boosted by
the inductor Ly. The two switches leading Si1 - Sz is the fixed leg
and the two switches lagging Ss - S operates as the control leg.
The snubber capacitors Csi — Css4 connected across the
corresponding switch S1 - S4 which is not shown for simplicity. S1
- S4 along with the load inductance Lo of the IH. The low-pass
filter consists of Lt and Cf  avoids switching-frequency

component of ijn.
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Fig. 3: Single Stage Boost-Integrated Inverter converter

The output voltage v, output current i, and instantaneous output
power po is controlled and detected by the SSB full bridge

inverter and the control circuit can be expressed by equations are
given below.

Vo= \/EV orSin et + '\/EV 0s1SIN @nt + Z \/EV 0snSiN @snt

n=35....

(1)

lo= '\/El orSin et + '\/E' 0s1SiN it + z «/EI 0snSIN @snt
n=3,5...

(2

Po =V orl or cOS G- 7Sin(2a)rt — er) —+
V os1l 0s1COS @sn Sin(za)snt — an) +

Z V osnl 0sn COS snBsn - Sin(za)snt - esn) ?3)
n=35...

Po =V orl or COS & +V os1 0s1€OS Gsn +
z V osnl 0sn COS sn@sn (4)

n=3,5...
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Fig. 4: Switching pulse pattern of phase shift control technique

Where the load switching frequency is wy = 2zfy, ohl =
27fs, and phase angles is ohn = n - wh. The power of the load is
expressed in equation (4).

For switch S1 and S4 similarly S2 and S3 is controlled by the
phase shift of te time interval with the polarity of the
supplied voltage and the phase shift time is expressed by
equation (5)

to= T

360° (5)
Where Time taken for_one cycle is Ts, The output voltage as
well as the current is controlled be controlled by the phase-shift
control. The output RMS voltage Vos1 and the output RMS current
lost are expressed in equation (6) and (7) respectively.

Vos1= @COS& los1= Vost (6)
4 Zo
1
Zo=1Ro2+X 02 Xo:a)sLo—m (7

Equation (7) shows the load impedance of the circuit
B. Operation Principle

Fig. 5. Shows the gate switching sequence, output voltage and
output current waveforms together of the SSB converter for a high
switching frequency cycles. And also the transitions mode for the
proposed circuit and also for one switching cycle are shown in
Fig. 6 (a)
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Fig. 5: Switching Transition Modes

Mode 1: (to <t < t1) In this mode Capacitor Cq discharges during
this interval of time. The switches Si and Ss4 are ON, and the
current io flows through the source to load.

Mode 2: (t1 <t< t2) the switch S1 is turned off at ti, and the
snubbing capacitors Cs1 , Cs2 and load inductance Lo make the
resonance condition on the circuit

Mode 3: (t2 <t <ts) In this mode v« attains va at time period tz,
and switch S1 is commutated and the ZVS turn-off achieved.

Mode 4: (t3 <t< ts) In this mode the switch S4 is OFF at t3
time period, IH load inductance Lo and the snubbing capacitors
Cs3, Csa make the resonance condition.

Mode 5: (t4 <t < t5) In this mode vs4 attains vd at time period ts,
S4 is OFF.

Mode 6: (ts <t < tg) In this mode due to resonance condition the
output current io changes such that it reverses its polarity at time
period ts

Mode 7: (ts <t < t7) In this mode the boost inductor Ly de-
energies capacitor Cd also starts discharging immediately.

Mode 8: (t7 <t < tg) In this mode the switch Sz is off attime t7,

and load inductance Lo and the snubbing capacitors Cs: , Cs2 and
the IH make the resonance.

Mode 9: (ts <t < to) In this mode vs attains va at time period ts,
and the Sz is OFF. Same time, the voltage vsi reaches zero
voltage.

Mode 10: (tg <t < t10) In this mode switch S3 is turned off at
the period tg, and load inductor Lg and the snubbing capacitors
Cs3, Cs4 make the partial resonance in the circuit.

Mode 11: (t,, <t < t;;) Voltage vs3 reaches vd at t10
and S3 isturned OFF in this mode.

The output voltage across the load and the output current through
the load in the SSB-integrated inverter topology are expressed as

[6]
Vo, ssB = Vc1+ Vco = Vd + Veo — Ve2

®)
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Fig. 6: (a) Positive polarity half cycle Switching Mode of operations (b) Negative polarity half cycle switching mode of operations
i 0 a)12Cchl(0) et o 3. Simulation Results for proposed circuit
0,BHB(l) = —F/—7———= y1
0)12 —a To confirm the validity of the proposed Phase - Shift control
technique the simulation study to be done. Table. 1. shows the
Ro CoC1 parameter of proposed configuration of the induction heating
oa=—,)1= —(—) , Cn=——— system. The proposed Phase Shift control technique is simulated
2Lo LOCrl 2Lo Co+Cu using MATLAB Simulink model in Fig. 7. the simulation results
(10) as follows. Fig. 8. shows the Phase — Shift Switching of S, Sz, S3
— and Ss, Fig. 9. shows the Voltage across RL load. Fig. 10. shows
Vo, BHB Vd + Vco (11) the voltage across the RLC. Fig. 11. shows the output current
through load RL.
2 Table 1: Parameter of Proposed Configuration
. t) = 2 Cchl(O) —-at . t Item Symbol \Value
fo,sre(t) = & Sinyz (12) Source voltage \VDC 50 vV
0)22 —a :quéivalent resistance of each Req 1.2 Q
oal
CoC: Equivalent inductance of Coil 1 L, 24 uH
Y2 = - (—) =— (13) Resonant capacitance of each
LoCr2 2Lo Co+Ca load o3 300 pF
From those equations we can understand that the output voltage  |Filter inductance L. 200 pH
across the load and output current through the SSB-intergated E_cljfstlnduc_ttance (L:b 755%0 'L;H
inveter are much higher than the other topologies.. Therefore, the tHier capacttance f i
boost full bridge topology is effective and best suitable controlling Delay time in each leg " 450 nsec
topolgy. . i i . Resonant frequency of load If; 20 kHz
The boost inductor voltage Lp is proposed in Fig. 6. (@) |ircuit
Since by taking the source voltage Vin as constant. Lp  [Switching frequency of each Ifs 22 kHz
becomes zero voltage when the source is continuous. leg

Vd = 2Vin (16)
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Fig. 7: Simulink Model of proposed Boost Series Full-Bridge High Frequency inverter
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Fig. 9: Voltage across RL
Fig. 8: Phase-Shift Switching of S;, S;, Ssand S4
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Fig. 11: Current through RL

It is noted that the phase-shift control technique is controls the
power by varying the phase shift angle the output also varies such
that when a increases continuously the load voltage as well the
current decreases proportionately.

4. Conclusion

The Phase — Shift controlled SSB-Integrated inverter has
been proposed for the IH applications and its feasibility of
operation by control circuit is developed using the Simulink —
Matlab software and the simulated results has described and
proven that by varying the phase shift angle the voltage across the
load and current through the load varies proportionately.
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