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Performance Analysis of Impedance Source
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Abstract: Nowadays most of the available Power Electronic
DC-AC Converters are of buck type voltage source converters.
The drawback of these converters is, it is not given equivalent DC
source voltage at the output of AC power because of switching and
modulation losses. To overcome this problem Impedance Source
Converter (ISC) and Battery Energy Impedance Source Converter
(BEISC) are used. These converters are voltage source boost and
buck type converters and give more and less output AC power
when compared to the standard voltage source converters. For
modulating the ISC and BEISC, Modified Sinusoidal Pulse Width
Modulation (MSPWM) technique is used.

Index Terms: Impedance Source Converter, Voltage Source
Converter,Battery Energy Impedance Source Converter Modified
Sinusoidal Pulse Width Modulation.

I. INTRODUCTION

Many traditional power electronic converters have been used
for converting DC-AC,andDC-DC. Most of the normal
converters are of voltage source and current source converter
types. The output voltage of the voltage source converter
(VSC) is not more than the input DC voltage source. This is
very much drawback of voltage source converter by
considering renewable energy sources [1].

To overcome this drawback of VSC, impedance source
converter and battery energy based impedance source
converters are used. ISC is first proposed by Fang ZhengPeng
[2]. This ISC has shoot through switching states that are not
present in traditional VSC. The ISC utilizes the shoot through
stateeither to boost or buck output voltage [3]. The existed
Sinusoidal Pulse Width (SPWM) modulation technique [4] is
not sufficient to generate the shoot through state. For this
purpose, we modified the existed SPWM to produce the
shoot through state and to reduce the voltage burden of the
converter. The electrical load is a device which needs
electrical energy to be delivered to it. Basing upon certain
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factors, electrical loads can be classified into various

categories.

e Basing upon the nature of the load, they are classified as
resistive, inductive and capacitive loads. Mostly, however,
in the real-timepower system, we do not have pure forms of
these kinds of loads,but they are present as combinations of
them.

¢ Basing upon the importance of loads, they are classified as
normal, essential and critical loads.

o Critical loads are the ones that need continuity of power
supply. Such loads include hospitals, etc. So, to supply
uninterrupted supply to the critical loads, impedance

source converter (ISC) is helpful.

Il. MODELING OF ISC AND BEISC

The main network and principle of Impedance Source

Converter (ISC) and Battery Energy Impedance Source

Converter (BEISC) are discussed in detail in this section [5].
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Fig.1. ISC and BEISC networks.
We assume that the inductors L1 and L2 and capacitors C1
and C2 are having equal values, ie., L1=L2=L and
C1=C2=C. So, from this, we can say,
Vii=V,=V,
@
Ver=Vea = Ve

And, V. - DC source voltage
V,;— the Voltage across diode and

Vpy — DC link voltage of the inverter bridge.
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Fig.2. ISC and BEISC nonshoot through and shoot through
states
During shoot through mode (ST, Tytime interval)
Vo=V,
)
Vy =2V,
@)
Vpy =0
(4)
During non-shoot through mode (non ST, T; time interval)
Vo#z Ve, Vg=Vae =V, + V¢ ©)
Vo =Vac = Ve =V = Vpy (6)
Vpny = Ve =V, =2V — Vg, )

We know that, T = T, + T, where T is the time period of

switching frequency.

During steady state, average voltage value across L1 is zero

over switching period, T.

7L:VL*To‘|‘(Vdc_Vc)*T1 =0

=VexTo+ Vac — Vo) * Ty

Ve _ T

Vae  Ti-To ®)

Where T;is the non shoot through time period and Tyis the

shoot through time period.

Average DC link voltage of the inverter bridge

——  Tox0+Ty*(2Ve—Vge
Voy = 2240 (from (@), (7))

Vo = ———Vac = V¢ (from (8))
1 0

©)
(10)

Peak DC link voltage during non ST,
Ven = Ve =V, =2V — Vg,
Substitute V€ from (8) in (10),

— T

VPNzﬁ Vac
V};V =B * Vg,

Where B is the boosting factor
p=—F —_ 1
T1-To 1—(2(;—‘1’))

B=>=1

(11

(12)

Retrieval Number E6894068519/19©BEIESP
Journal Website: www.ijeat.org

268

The output peak phase voltage from the inverter can be
expressed as,

Vao=M ~E= 2274 from (11))

Where M is the modulation index (M < 1)

Let Bl=MB, which is the buck-boost factor. By choosing the
appropriate value for B!, the output voltage can be stepped
up or down.

From (8),

(13)

N Tl - To
By using (12) , the above equation is simplified by writing in
terms of B as,

VC Vdc

B+1
Ve =—5Vac (14)
A. Inductor design
Inductor value can be calculated using
L="00 (15)
Where, V can be calculated using (14) since during ST
VL = VC == V,

Tois the shoot through time period,
Al =T, — I, I- maximum current through inductor
I,=I,+30%

I, - minimum current through an inductor

I, =1,-30%
(The general rule for most of the cases which involve ISC is
that about 30% current ripple is chosen for the design.)

— P o
IL—Vdc , P is the total power.

1, is the average current through Inductor.
B. Capacitor design
Capacitor voltage is calculated as,

_ I*To

(16)
Ave _
Where T, and I, are as explained before and AV,=V*3%

I11. MODIFIED SPWM

The existing Sinusoidal PWM(SPWM) technique which is
being used for traditional VSC cannot introduce shoot
through state into the converter. So, to overcome this
drawback, we move to modified SPWM [6], which can
produce shoot through states.

Modulating
sine wave

Comparator {>)

Carrier
triangular wave

Comparator(>)
Positive
reference line
" Comparator (<)
Negative
reference line

Fig.3.Block diagram for understanding Modified SPWM.

Qi
Q2
- Q3
Qa4
Qs

Qs

Modified SPWM is explained using Fig.3. In this, we use two
reference lines, one is a positive reference line,and the other
is a negative reference line.
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These reference lines help to adjust the shoot through duty
ratio.The positive reference line is taken equal to or slightly
greater than the positive peak of the modulating sine
wave.The negative reference line is the negative of the
positive reference line. Waveforms for Modified SPWM s
shown in fig.4.

Fig.4. Waveforms for pulse generation in Modified SPWM.

Shoot through state is inserted when the carrier wave is
higher than the positive reference line (Vp) or lower than the
negative reference line (Vn). This is implemented using OR
gate, as shown in fig.4. When either of these conditions is
satisfied, then the inverter operates in shoot through the state
by gating all the six devices, irrespective of whatever state the
device may be in . If the triangular carrier wave is in between
the reference lines, then normal SPWM is implemented by
comparing the sinusoidal modulating wave with a triangular
wave. In normal SPWM the deviceis switched ON when the
amplitude of the sine wave is more significant than
magnitude of the triangular wave.

IVV. I1SC UNDER DIFFERENT LOAD CONDITIONS
A. Three phase Series RLC load

&8 .88

B8 _gs-

Voltage in volts

£ .88

=)

05
Time in seconds

Retrieval Number E6894068519/19O©BEIESP

Journal Website: www.ijeat.org 269

International Journal of Engineering and Advanced Technology (IJEAT)

ISSN: 2249-8958 (Online), Volume-8 Issue-5, June 2019

afF T T T T T T T T 3
- [k
ol 4
2 g
gl ! ! ! I I I I L |
091 082 083 084 085 086 087 088 099 1
g 4 F T T T T T T T T =
-
£l —n]
EofF 8
g4t | ! 1 1 1 | 1 | =
0.91 092 083 0.84 0.95 0.96 097 0.98 099 1
4 T T T T T T T T
2 4
ol
2 .
gk L L L I I I I L |
091 082 083 084 085 086 087 088 0.99

Time in seconds
Fig.5. Simulation results of three Phase voltages and
currents respectively and the output voltage is 260V and
output current is 3.6 A

B. Three phase Series RL load
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Fig.6. Simulation results of three Phase voltages and
currents respectively and the output voltage is 255V and
output current is 3.4 A

C. Three phase series RC Load
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Fig.7. Simulation results of three Phase voltages and

currents respectively and the output voltage is 253V and

output current is 3.6 A
D. Three phase parallel RLC load
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Fig.8. Simulation results of three Phase voltages and
currents respectively and the output voltage is 236V and
output current is 10 A

E. Three phase parallel RL load
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Fig.9. Simulation results of three Phase voltages and
currents respectively and the output voltage is 250V and
output current is 10 A
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Fig.11. Simulation results of three Phase voltages and
20 . .
‘ ' ' ' ' ‘ currents respectively and the output voltage is 375 and
the outputcurrent is 10 A

V. BEISC UNDER DIFFERENT LOAD CONDITIONS
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A. Three phase series RLC load
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Fig.12. Simulation results of three Phase voltages and
currents respectively and the output voltage is 320V and
output currentis 3.9 A
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B. Three phase series RL load
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Fig.13. Simulation results of three Phase voltages and
currents respectively and the output voltage is 340V and
output current is 6 A

C. Three phase series RC load
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Fig.14. Simulation results of three Phase voltages and
currents respectively and the output voltage is 350V and
output currentis 7 A

D. Three phase parallel RLC load
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Fig.15. Simulation results of three Phase voltages and
currents respectively and the output voltage is 360V and
output current is 30 A
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E. Three phase parallel RL load
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Fig.16. Simulation results of three Phase voltages and
currents respectively and the output voltage is 360V and
output current is 20 A

F. Three phase parallel RC load
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Fig.17. Simulation results of three Phase voltages and
currents respectively and the output voltage is 310V and
output current is 30 A

G. Three phase parallel LC load
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Fig.18. Simulation results of three Phase voltages and
currents respectively and the output voltage is 400V and
the outputcurrent is 25 A

VI. CONCLUSION

Impedance source converter (ISC) and battery energy
impedance source converter (BEISC) are tested for different
load conditions,and simulated results are shown. Control of
ISC and BEISC is done by using Modified sinusoidal pulse

width ~ modulation  (Modified
SPWM),
£
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which introduces shoot through states in the converter,
thereby, utilizing the buck-boost feature of ISC. The overall
performance of ISC and BEISC for different tested load
conditions is found to be good.
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