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Abstract: This paper presents an Impedance Source Inverter for A.C electrical drives. The impedance source inverter employs a
unique combination of inductor and capacitor impedance network couple with inverter main circuit and rectifier. By controlling the
short circuit provide through duty cycle, voltage, current and the impedance source inverter systems using IGBT provide ride-through
capability during voltage sags, reduces line harmonics, buck-boost the voltage, high reliability, and extends output voltage range.
Analysis, simulation, and experimental results will be presented to demonstrate these new features. It reduces pre-dominate harmonics,
electromagnetic interference noise and it has low common made noise. MATLAB simulations have been performed to analyses these
issues.
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1. Introduction B
Traditional voltage source inverter (VSI) and current source \;x s SJ} S5
inverter (CSI) are commonly used in many power electronic C bg )
applications. Recently, a Z-source inverter is introduced as a Vao (D) ;E;A}]
new topology of power electronic converters. The ZSI is a TN
buck-boost inverter that has special features which cannot be _ - SG..\'} &5 ]}
observed in the traditional inverters. The power source. The Lz
unique feature of the Z-source B
Figure 2: A three phase Z-source converter
As shown in table. 1, a three phase Z-source inverter has nine
(wfl’t‘g‘ge V"’gfge possible switching states: six active states (vectors) when the
or Curnent dc voltage is impressed across the load, two zero states
Current) Source (vectors) when the load terminals are shorted through either
Source Inverter the lower or the upper three switches and one shoot through
state (vector) when the load terminals are shorted through
Figure 1: General structure of Z-source converter both the upper and the lower switches of any one leg or two

legs or all three legs. These switching states and their
Inverter is that its output voltage can theoretically be  combinations introduce a new PWM method for the Z-source
changed between zero and infinity. The main circuit of the  inverter.
Z-source and its operating principle has been described in. A

comparison between three types of inverters: traditional Table 1: Switching states of a three phase ZSI
PWM inverter, dc/dc boosted PWM inverter and Z-source Switching SL | S4 | S3 | S6 | S5 |82
inverter for fuel cell vehicles are investigated in [2]. The states
. . . Active states 1 0 0 1 0 1
control methods, to obtain a maximum voltage gain and to ) 1 o 1 0
minimize the voltage stress across the inverter for any 0 1 1 0 0 1
desired voltage gain have been described in [3]. Application 0 1 1 0 1 0
of Z-source inverter for adjustable speed drives by 0 |1 0 |1 1 |0
controlling the boost factor is presented in [4,5] .This paper 1 0 0 1 1 v
. . . . Zero states 1 0 0] 1 0 1
presents a pre dominate harmonic analysis of symmetrical Z- T To 1 o 1 0
source inverter. 1 1 31 3 (5| =
) ) ) Shoot through ST | 4 1 1 S5 | =5
2. Circuit topology and operating states of a states ST |53 3 |1 [1
three-phase ZSlI T |1 1 S5 | =
) 1 1 33| 3 |1 1
Fig-2 shows the topology of the three phase Z-source ST = 1 1 1 1
. . . sl
inverter, where the impedance network is placed between the 1 I I 1 I I

power source and the inverter.
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Figure 3: Operating modes of a Z-source inverter (a) shoot-
through zero state (b) non shoot through states

Fig.3.a shows a shoot through switching state of the Z-source
inverter where two switches of one leg or two legs or all
three legs are turned on simultaneously. In this state, the
diode D at input side is reverse biased and the capacitors, C1
and C2 charge the inductors, L1 and L2 and the voltage
across the inductors are:

Assume the inductors (L1&L2) and capacitors (C1 &C2)

have the same inductance and capacitance values
respectively. From the above equivalent circuit
Ve1= V2=V, eqn (2.1)
VU= VL2ZVL eqgn (2.2)

During the switching cycle T

VI=Vo-Ve oo, eqn (2.3)
Vd= Vo
Vi= Vce-VL (Vo= Vi-Vo)
Vim2Ve—Vo. oo, eqn (2.4)
Where Vo is the dc source voltage and
T=To+T1.iiiiiiiiiii, eqn (2.5)

The average voltage of the inductors over one switching
period (T) should be zero in steady state
Vi=Vi=To.Vc+T1(Vo-Vc)/T =0
Vi=(To.Ve+Vo.T1- Ve.T1)/T=0
Vi=(To-Te)Ve/T +(T1.Vo)/T

Ve/Vo=TUT1-To e, eqn (2.6)

Similarly the average dc link voltage across the inverter
bridge can be found as follows.

From equation 2.4

Vi=Vi=(T0.0+T1.(2Vc-V0))/T..eqn (2.7)

= (2Vc. TJT)-(T1Vo/T)

2Vc=Vo
From equation 2.6
T1.Vo/( T1-To)=2Vc. T1/( T1-To)

Vc=Vo. T1/( T1-To)
The peak dc-link voltage across the inverter bridge is
Vi=Vc-VI=2Vce-Vo
=T/( T1-To).Vo=B.Vo

Where B=T/(T1+-To)i.e(J1 ................ eqn (2.8)
B is a boost factor

The output peak phase voltage from the inverter
Vac=M.vi/2 ..o eqn (2.9)

Where M is the modulation index In this source
Vac=M.B.V0/2 ........cooeit i, eqn (2.10)

In the traditional sources
Vac = M.Vo/2

For Z-Source inverter output voltage is as given below
Vac = M.B.Vo/2

The output voltage can be stepped up and down by choosing
an appropriate buck — boost factor Bs
Be=B.M (it varies from0to (1) ........... eqn (2.11)

The capacitor voltage can be expressed as
Vcl=Vc2=Vc=(1-To/T).Vo/(1-2To/T)

The boost factor Be is determined by the modulation index M
and the boost factor B. The boost factor B can be controlled
by duty cycle of the shoot through zero state over the non-
shoot through states of the PWM inverter. The shoot through
zero state does not affect PWM control of the inverter.
Because it equivalently produce the same zero voltage to the
load terminal. The available shoot through period is limited
by the zero state periods that are determined by the
modulation index.

2.1Simulation results of the VSI, CSI and ZSI. Harmonic
Order of the Frequency Spectrum

Let FN=Fc/Fsine

Where n=jFN+K  Fc=carrier wave

Where j=1,3,4.......... ForK=2,4,6.............
J=2,4,6......... ForK=1,3,5............. Such that 'n" is not a
multiple of 3.Their for line to line there are no 3 order
harmonics eliminated.

If FN=30 j=1. k=2, 4....

F of harmonic = 30 Fsinex+2 Fsine
30 Fsinex4 Fsine.

Here j=2 k=1,3 60 Fsine+1 Fsine
60Fsine+3 Fsine

There are 4 harmonics i.e 28 Fsine,32 Fsine and 59
Fsine,61 Fsine

Harmonic orderis=j Fc + KFm

Fm is a to our reference amplitude

j=even value k=odd value

i.e. j=odd value k=even value

To shift Fc to high frequency side we have to increase the
frequency of the regular wave. If Fc is increases the number
of switching per fundamental cycle will increase. Switching
losses will increases. Efficiency of the power converter will
decreases .Disadvantage of the six-step current waveform
such as harmonic heating, torque pulsation and acoustic
noise, can be significantly reduced by PWM wave shaping of
the inverter‘s current wave. The PWM current wave with
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reduced harmonics content are further filtered by the T e

commutating capacitor bank to make the machine current ___ B

nearly sinusoidal PWM.

['] J_‘ _‘I——} I - :‘ e
| ‘9 ﬂ | .f:} _[!@ _‘g Eﬂ;ﬁ EJ ETDL 2 L oLy S E—— - -
| | I R R o Fig 8 current waveform THD is 0.19%
oL RERET T T W
- E@%& 2 f&ﬂﬂj _ >

Traditional PWM Voltage Source Inverter for Motor Drive . 1.

O Ml s
HIIIIIIIINHHINIIilI||||||||||IIHIII|||NIHIIIIIIIIHNWIIIIJIIIIIIIINIIIIHIIIHNHIIIHIIiHII 1T Hﬁjlﬁ .

10t o
MIIIIHIII (AR VIIIIIIIHIlHHIIIHII [LIAAMOUTUNLES  readitional PWM Current Source Inverter for Motor Drive

T
T
TR
ST
— [
B
R
-y
I1
Le o B
I —

Ll

BT or—

Ut Sarisa FLC Bieascht.

e hluhKlnmlnl||lmnnm ||||Jnmhnmnhihnnh\mlnhnumInmh\\uhmmnm\lhlmlnuluIlmnmum
UL
e m‘WW “‘WIWWMWWWHWM me I

Figure 9: Inverter line-line voltage waveforms
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Figure 7: Voltage waveform THD 39.73%
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__Figure 18: voltage waveform THD3.7%

Figure 13: simulation of the Z-source inverter ' w

Figure 19: current waveform THD 0.11%

Figure 14: fnput voltage and current waveforms Table for the Total Harmonic distortion of the inverters
VSI, CSl and ZSI
e S— S Harmonic order (6N+1) VSITHD |CSITHD |ZSI THD
- - 39.73%  |74.78%  [35.60%
— e 5th 1.74% 1.52% 1.40%
: : - 7th 1.33% 1.70%  [1.54%
e 11th 0.68% 3.37% 0.46%
e 13th 0.35% 3.11% 0.32%
Predominate harmonics VS| Csl ZSl
T : order(FN=JFsin+KFsin)
] o " 28th 22.40% 37.48% 20.00%
B e T 32nd 2267%  [28.09%  [15.15%
== 0, 0, 0,
Figure 15: voltage waveform THD 12.37% gig: 12(1)202 353302 %%(7);/0

3. Conclusions

Following common limitations and problems in VSI and

Csl.

1. Obtainable output voltage is limited quite below the input
line voltage.

2. Inrush and harmonic current from the diode rectifier can
pollute the line.

Performance and reliability are compromised by the V-
source inverter structure, because 1) miss-gating from EMI
can cause short circuit-through that leads to destruction of
the inverter, 2) the dead time that is needed to avoid short
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circuit -through creates distortion and unstable operation at
low speeds, and 3) common-mode voltage causes shaft
current and premature failures of the motor. the Z-source
inverter [7],has a niche for ASD systems to overcome the
aforementioned problems [5].

A Z-source inverter based ASD system can:

1) Produce any desired output ac voltage, even greater than
the line voltage, regardless of the input voltage, thus
reducing motor ratings;

2) Provide ride-through during voltage sags without any
additional circuits; 3) Reduce the harmonic current and
common-mode voltage. The control method has been
verified by simulation and experiments.
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