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MATLAB simulation software. MATALB simulation of AC -AC
Resonate Frequency Converter is done by using MOSFET as switch.
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Introduction:-

To reduce the harmonics and power losses in power electronic converters different topologies are used and for the
better performance studies are keep are going. A Cyclo-converter is the device which is used for converting fixed
AC input to variable frequency and voltage. Present market, different Cyclo-converters are available and it has
various application areas. An AC-AC multi converter [1] is device which has multiple conversion facility and it can
also be used as the Cyclo-converter. AC-AC multi converter consist 2 soft switches and 4 diodes for all mode of
operations with mid-point transformer provide isolation between input supply and output circuit. Using one circuit
we can able to perform all power electronics operations. AC-AC multi-converter can operate as rectifiers, chopper,
and inverters or as variable frequency converter. The converter with modulation, can control and provide desired
shape of output but device go through high di/dt due to large load current also having stress due to high voltage and
cause electromagnetic interference due to high di/dt and dv/dt by this it has some disadvantages such has high
conduction and switches loss and also it has high THD [2] so to eliminate this we proposed modified version of AC-
AC multi converter with resonant circuit. Resonant circuit provide better performance and reduced THD and loss for
particular converter [3]-[4] resonant force to switches to ON and OFF on ZVS (zero voltage switching) or ZCS (zero
current switching), they are forced to pass through zero crossing using inductor and capacitor in it. Resonant
converters are mainly used in high application, they provide us limited regulation in output voltage The performance
of converters can also be improved using Modulation Techniques [5]-[10] there are different modulation techniques
is available for various application [11]. Novelty of this paper is a modified circuit is proposed with resonant
element. A detail of study of AARFC is done in section Il. In section Il operation of converter is discussed.
Mathematical modeling of converter is in section IV. Section V is about modulation technique which used in
converter for the better output. All the simulations and results are shown in section VI. Analysis of result is done in
section VII and finally section VIII concludes all the parameters.
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AC-AC Multi Resonant Converter

Single-Phase AC-AC Resonant Frequency Converter (AARFC) is the modified model of AC-AC multi converter
[1], AC-AC multi- converter is simple and small size device with multiple application it has some advantages such
as it required a smaller number of controllers and Sencer because of less number switches compare to other
converter, lower gate complexity and better efficiency but having some limitation like they have high THD around
of 60-70 % which cannot be neglected when they used for practical application and also they have high switching
and conduction losses in the range of 100-200 watts which should be minimized so, considering all this point a
resonant circuit introduced in converter, where inductor and capacitor connected on the output side of circuit to get
zero crossing, AARFC is also multi-purpose device as AC-AC multi converter having same component and
operation with one extra circuit of L and C and one mode of operation when switch and diode both are not
conducting. It can be used for various conversions by applying proper gate signals to the switches accordingly to
desired output. AC-AC multi concreter has THD and losses due this its performance got affected to reduce this
different correction can be done by using filters or by applying PWM techniques form one of them a technology is
used named resonant converter. This paper gives a detail analysis of AARFC with proper designed and output. The
circuit diagram of AARFC is given in Fig. 1. It consists two soft switching (IGBT or MOSFET) with 4 diode and
parallel resonate circuit consist inductor and capacitor combination and center tapped transformer with input is AC
supply. The center tapped transformer input side winding indicate as w1, output side as w2 and w3 for upper and
lower winding respectively
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Fig.1:- Circuit diagram of AC-AC Resonant Frequency Converter

Operating Principle

The (AARFC) has 4 modes of operation when switch is on at any time of instant and the mode where neither switch
nor diode are conducting. Let's take an example when input frequency 50Hz and we required output frequency of
100Hz, by using the switching pulse according to switching timing shown in tablel. Table 1 shows the state of
Switches and diode where ON and OFF states is indicated by 0 and 1, 0 indicates OFF sates and 1 indicates ON
state.

When the switch is ON

When switch is ON the energy will delivered by source and during this capacitor and inductor will be charge up to it
full capacity. All possible 4 modes are shown here;

Model: O<t<t;

In this mode converter conduct for cycle of 0 to m, the input cycle is positive and sinusoidal in function the S1
(switch) and D1 (diode) will conduct and continued to conduct to t;. The current path, T/F winding 2 — D1- S1-
load- T/F winding2.

Mode2: t;<t<t,

In this mode converter conduct for duration of 7 to 2=, input cycle become negative S1 and D2 will conduct. Current
path is T/F winding 3 — D2- S1- load- T/F winding 3.the diagram of current flow in mode2.

Mode3: t,<t<ts;

In mode3 conduction duration is for 2z to 3w input cycle become positive again and S2 and D4 will conduct. The
path of current is T/F winding 2 — load- S2-D3-T/F winding 2.
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In this mode conduction duration is for 3w to 47 input cycle become negative, S2 and D3 will conduct for this mode.
The Current path, that will be T/F winding3—load-S2-D4- T/F winding3.

When the switch is OFF
When the switch is off there is no supply present in the circuit the input side will be as open circuit and in the output
side only L, C and load will present. The current continued to load by the energy stored in inductor and capacitor.

Mathematical Modeling
For the proposed circuit the mathematical modeling is done here:

Case 1: When switch is on
When the switch is on the parameter will defined following, diode and switch is conducting simplified version of fig
1 is shown in fig.2 where Vin is supply of 230 volts at 50 Hz frequency, vc is voltage across capacitor with the
polarity shown in fig and the i is the current through inductor is start rising from zero, by Appling KVL to input side
in fig. 2 we get equation (1) v, where is capacitor voltage

v, =V, sinwt (1)

Now apply KVL to output loop, equation (2), i, is the current in inductor L and Ris load.
SNV

Table 1:- AARFC switching state.

i
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Fig.2:- AARFC when switch is ON.

Output T/F
Operation frequency winding switches Output voltage
S1 | s2] D1 | D2 D3 | D4 (Vo)
2 1 0 1 0 0 0 Vi 5in©
12.5 0 1 0 0 1 0 Vi 5in©
3 1 0 0 1 0 0 -V sin®©
Step down 0 1 0 0 0 1 -V 5in©
frequency 2 1 0 1 0 0 0 Vi sin©
25 0 1 0 0 1 0 Vi 5in©
3 1 0 0 1 0 0 Vi sin©
0 1 0 0 0 1 Vi sin©
2 1 0 1 0 0 0 Vi sin©
100 0 1 0 0 1 0 Vi 5in©
3 1 0 0 1 0 0 Vi sin©
Step up 0 1 0 0 0 1 -V 5in©
frequency 2 1 0 1 0 0 0 Vi sin©
200 0 1 0 0 1 0 Vi 5in©
3 1 0 0 1 0 0 -V sin©
0 1 0 0 0 1 -V sin©
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diy

v, =1L
¢ dt

+i;R (2)
Equating from equation (1) to (2) we get

Vo sinwt = LEE+0,(3)
By solving this equation, we get the inductor current

i, = ke '/t + %sin(wt - ) (4

Where,

|Z|is, the impedance of circuit defined in (5), ¢ is delay angle express as the tan inverse of the ratio of inductive
reactance to resistance (6).

1Z] = VRZ + (wL)2(5)

¢ = tan™! % (6)
Time constant of system is given as (7)
L
r=1(7)
k = constant

Appling initial conditions at wt =0, i;, = 0, to equation 4 and we will get equation (8)

So,
0=ke® + %sin(o - ) 8)

By solving this equation, we get the constant value of k (9)

k=%mmw®

So, i is express as

. VU _ Vi
ip = msm((p) el + 2l (10)

Output voltage is given for this state in equation (10)

—%sin((p) e~ — w cos(wt — @)
(10)

V,_V.. sin wt LV’“
n=Vm SIn W ]

Case 2: When switch is off
When the switch is off the charged voltage now supply the current to load, apply KVL to fig. 3 we get vc capacitor
voltage (11), defining capacitor voltage in term of current and putting in (11), equation (12) will form.
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Fig.3:- AARFC when switch is OFF.
v, = LZL+ i, R(11)

—=fiydt = LS+ iR (12)
By arranging equation (12) we will get

L de+ L% +,R=0 (13)

c) L e L

Differentiating the equation w.r.t time we get

1, d?i, | dip 5
ELL+ LF+ER—O (14)
dziL+diLR+ 1 —o
dez Tacr et T

Solution of the following equation is given as
ip = e~‘/t1[Acoswt + B sin(wt)](15)

At wt = 0, i; = 0 putting these values to equation (15) we will get the value of constant A (17)

0 =e"[Acos0 + Bsin0] (16)
A=0 (17)
Andat  wt =T"/5, i} = inay, value of B is given in (19)
imax = € 121(B sin™/, (18)
B = iLmaxe_n/ZT (19)
To minimize the THD and losses switching is done at resonant
So,
X
Xc = XLz—JrLRﬂ (20)
1 2nflL
2nfC  2mfL? + R?
omfC = 2nfL? + R?
=L

By solving and rearranging the above equation the capacitor value is give as in (21)
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__ (2mfL)?+R?
T @nf)?L (1)

For the output frequency f,= 100Hz, let R=10 chm and L= 150mH than the capacitor value will be 1470uF

Trapezoidal Pulse Width Modulation

In power electronics different modulation technique is available to improve the performance and efficiency of
converter such as PWM (pulse width modulation), SPWM (sinusoidal pulse width modulation), TPWM
(Trapezoidal Pulse Width Modulation) and 3HIPWM (3" harmonics injection method). SPWM is commonly used,
but it has some drawbacks like low fundamental components thus an advance modulation technique is used in the
proposed converter that is TPWM. The pulse is generated by comparing trapezoidal reference pulse (frequency is
same as output frequency) with triangular carrier signal of frequency 1k-10k Hz. The trapezoidal wave formed by
limiting the triangular wave with some value it defined by flat portion (2¢) express in equation 22. Modulation
index (M) is given as equation 23. Generated gate pulse is shown in fig 4

2¢0=(1-0) n (22)
A= £Ai(Max) (23)

Where Agi(max) = triangular wave amplitude
A= trapezoidal wave amplitude
o= triangular factor
The modulation index M is
M= Atrp/ Acar(21)
A= Carrier wave amplitude

camer
relerence

yignal

signal
Acar , soa

trp

Fig 4:- Generated pulse for o/p frequency of 100Hz.

Vi.Simulation
All the simulations are performed on MATLAB software using Simulink model and for the switches MOSFET is
used with power diode and liner mid-pint transformer all parameter values are given as standard values or from
table2. Value of L and C is calculated by mathematical modelin\éofor the different frequencies. The calculation for
THD is done by using MATLAB. The modulation techniques usdt®is Trapezoidal Pulse Width Modulation by which
the harmonic is reduced. For the TPWM carrier frequency is takegel0 kHz with 0.9 modulation index.

(\N\
Table 2:- Simulink model parameters.

Parameters Values
Input Supply Voltage (Vin) 230 Volt
Input Supply Frequency (fin) 50 Hz
Load Resistance (R) 10 Q
Resonant Capacitor (C1) 1470uF (for Step up frequency)
470uF (for step down\fPequency)
Resonant Inductor (L1) 150mH (for step up faquency)
15mH (for step downgéequency)

M\
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Output wave for different frequency shown below, fig 5 shows the waveform of frequency 200 Hz, output frequency
of 12.5 Hz shown in fig 6, whereas the waveform of frequency 25 Hz and 100 Hz shown in fig 7 and fig 8. For all
the results the input frequency is 50 Hz.

| | | | | | | | | | | |

Vo
Ita | | | | | | |

ge
[}

Time (sec)

Fig 5:- AC-AC Resonant Frequency Converterwith output frequency 200Hz.

Vo
Ita

ge
NN\

Time (sec)

Fig 6:- AC-AC Resonant Frequency Converterwith output frequency 12.5Hz.

Time (sec)
Fig 7:- AC-AC Resonant Frequency Converterwith output frequency 25Hz.

Time (sec)
Fig 8:- AC-AC Resonant Frequency Converterwith output frequency 100Hz.
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Trapezoidal pule width modulation technique is applied in AC-AC multi resonant converter and the THD for
frequencies 200Hz, 25 Hz ,12.5 Hz and 100Hz are 37.62%, 25.92%, 22.92% and 22.35% shown in fig 9-fig 11.
Trapezoidal Pulse width modulation is performed in converter the gate pules is generated by comparing trapezoidal
signal of magnitude 0.7 (A to triangular carrier with magnitude of lunit. Frequency of carrier is 10 kHz. By
TPWM we able to reduce the THD with significant amount and also its able to remove 5™ and 7" harmonics in
converter and almost zero high order harmonics components.

Jill “I |"l|||||III|I|II1||||||mm

Fig 9:- THD of AC-AC Resonant Frequency ConverterW|th TPWM at output frequency 200 Hz.

g

‘ |.I|l.‘gm---r

Fig 11:- THD of AC-AC Resonant Frequency Converterwith TPWM at output frequency 12.5Hz.
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L ' | S

3

Fig 12:- THD of AC-AC Resonant Frequency Converterwith TPWM at output frequency 100 Hz

Analysis

The performance of AARFC is shown above section, with and without modulation for different frequencies the
THD of converter shown in table 3. resonant converter is show very better result compare to another converter the
THD is in the range of 20-30% and by using modulation we can able to reduce this range to 10-25%. By the chart 1

we can easily see the results are very effective and better.

Table 3:- AARFC THD Analysis.

AARFC
Frequency Without any Modulation TPWM
12.5 22.95 21.54
25 25.62 18.61
100 27.04 22.10
200 24.13 18.51
30.00% -
25.00% -
20.00% -
15.00% - - W Without
10.00% - B PWM
5.00% - = With TPWM
0.00% -
N N N N
I T T T
n n o o
~ N © O
- —

Output frequency

Fig 13:- Total harmonics distortion comparison chart.

Conclusion:-

A performance single-phase AC-AC Resonant Frequency Converterwith simple and compact size having resonant
circuit has been proposed. The proposed single-phase AC-AC Resonant Frequency Convertercan use as higher/
lower frequency conversion of input voltage depending on the switching. The converter is compact, simple and less
complex gate designed and modeling of converter is done which not so difficult. The proposed single-phase AARFC
uses the Trapezoidal Modulation technique as controlling method for better performance. Thus, the control circuit in
proposed AARFC is easy to design with low cost. Converter has resonant unit, which work on zero crossing
switching during ON and OFF condition. Thus, the converter has less switching losses, THD, and higher efficiency
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is achieved with this topology. Total harmonic distortion (THD) of converter is reduced very much and by using
TPWM the THD able to reduce to 10-25 %.
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