IOSR Journal of Engineering (IOSRJEN) WWW.i0srjen.org
ISSN (e): 2250-3021, ISSN (p): 2278-8719
Vol. 09, Issue 10, October. 2019, Series -1, PP 15-26

Performance Evaluation of VVector Control Z-Source Inverter Fed

Induction Motor

Prashant Kumar Singh*, Vivek Kumar Yadav?
M.Tech Scholar, ?Assistant Professor
SRK University, Bhopal, Madhya Pradesh, India
Received 21 September 2019; Accepted 10 October 2019

Abstract: Z-source inverter is a substitute energy conversion concept for adjustable speed AC drives with
voltage greenback and hike capabilities. It permits inverter to be operated in the shoot via kingdom which
defined as the condition that when both the switches in a phase leg are either completely or in part became on,
for offering a direction for contemporary to “shoot through”. It utilizes an exclusive Z— source network
(approach LC component) to connect main inverter circuit to the power supply (manner rectifier). Through
controlling the shoot-thru responsibility cycle, the inverter system IGBTSs presents ride-thru functionality (the
ability of a power supply, to supply usable energy for a limited time for the duration of electricity loss) during
voltage sags, reduces the line harmonics, which improves electricity element, will increase reliability and
extends the output voltage variety.

In this research paper we proposed, an approach primarily based on vector managed Z-source inverter. Vector
control lets in the manage of inverter fed induction motor, similar to control of one after the other excited DC
motor which is as comparatively simpler. It is viable that it is the best among all of the manipulate strategies for
variable speed packages. It proposed method enormously reduces the complexity and value when we compared
with conventional structures.

Keywords: Voltage Source Inverter (VSI), Current Source Inverter (CSI), Z-Source Inverter (ZSI), Vector
Control.

I. INTRODUCTION TO Z-SOURCE INVERTER

A Z-deliver converter is a completely unique impedance network, called Z-supply impedance network
that matches the converter crucial circuit to the strength supply. A Z-supply inverter is confirmed in Fig 1.1.
Although the traditional inverters used for power manipulate of ASDs are voltage source inverter (VSI) and
current source inverter (CSI) which consists a diode rectifier front quit, DC hyperlink and Inverter Bridge, as
proven in Fig.1.2. Voltage supply inverter and the contemporary supply inverter are characterized by using way
of incredibly low efficiency simply due to switching losses and giant EMI generation. The top and the decrease
devices of every section leg cannot be switched on the equal time, in any other case, a shoot occur and destroy
the devices.
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Fig: 1.1: General Block Diagram Representation of Z-Source Inverter.

International organization of Scientific Research 15 | Page



Performance Evaluation of Vector Control Z-Source Inverter Fed Induction Motor

Wi

IR +hE hE k3

7a) & AhF HhE

AC Supply AC-DC Reactifier DeC linik DC-AC Inverter (WS
Fig: 1.2: A Conventional VSI Drive with Front End Rectifier

Z-supply inverter advantageously uses the shoot by the usage of states to beautify the DC bus voltage
by manner of gating on each the top and the lower switches of the identical segment leg [1]-[3]. The shoot thru
mode permits simultaneous conduction of gadgets in same segment leg. That is the motive; a Z- source inverter
can boost or dollar voltage to a favored output voltage, it's extra or a whole lot much less than the DC bus
voltage. In addition reliability of the inverter may be very quiet advanced due to the reality now the shoot via
can now not destroys the circuit. A Z-supply inverter primarily based induction motor pressure offers a low
price and very relatively green, unmarried degree shape for dependable operation [4].

The conventional inverters are modern source inverter (VSI) and voltage deliver inverter (CSI). It
consists of a diode rectifier front end, inverter bridge and DC link. The DC hyperlink voltage is extra or much
less equal to as a minimum one.35 times the line voltage, and the voltage supply inverter is a buck converter that
may high-quality produce an AC voltage limited with the useful resource of the DC link voltage, so voltage
deliver inverter and modern-day supply inverter are characterized by using alternatively low overall
performance due to switching losses and massive EMI generation. The voltage supply converter is broadly used
however have the subsequent conceptual and theoretical limitations and boundaries [8]:

e The AC output voltage is restrained below and the AC output voltage can't exceed the DC bus voltage or
the DC bus voltage ought to be extra than the AC enters voltage. Therefore, the voltage deliver inverter is a
dollar inverter for DC-to-AC strength conversion and the voltage supply converter is a boost rectifier for
AC to DC strength conversion. For packages wherein over strain is suited and to be had DC voltage is
limited, a similarly DC-DC decorate converter is needed to benefit a favored ac output. The extra energy
converter degree will increase best systems price and lower the performance.

e The decrease and better devices of each segment leg can't be switched on simultaneously each via EMI
noise or with the aid of the use of cause. Otherwise, a shoot could arise and damage the gadgets. The
lifeless-time to dam each of better and reduce gadgets wants to be furnished in voltage source converter,
motives waveform distortion and so forth.

e The output of LC filter is needed to provide a sinusoidal voltage that as compared with the modern supply
inverter causes extra energy loss and extra manage complexity.

However, the current Source converter has the following conceptual and theoretical obstacles and
difficultyand limitations[8].

e The output voltage of AC has to be more than the actual DC voltage, this is used to feeds the DC inductor
or DC voltage produced will continuously smaller than the enter voltage of AC. Hence, the modern deliver
inverter is a boost inverter honestly for DC to-AC energy conversion and the modern-day deliver converter
is a greenback rectifier for AC-to-DC strength conversion. For any applications in which a highly voltage
range is suitable, then a in addition DC-DC dollar converter is needed.

At least one of the pinnacle gadgets and one of the decrease gadgets must be gated on and maintained
on at any time. Otherwise, an open circuit of DC inductor may occur and may damage the devices. Waveform
distortion is also feasible if Overlap time for secure modern commutation is needed within the modern-day-day
supply converter.

In extra, both of the voltage source converter and current source converter have the following common

International organization of Scientific Research 16 | Page



Performance Evaluation of Vector Control Z-Source Inverter Fed Induction Motor

or main problems:
e They can be both a boost and a buck converter. They cannot be a buck-boost converter i.e. the output
voltage range is limited to either more or smaller than the enter voltage.

e The primary circuit isn't interchangeable. In other phrases, neither the voltage source converter most
important circuit may be used for the present day supply converter and nor vice versa.

e Interms of reliability they are vulnerable to EMInoise.

I1. FUNDAMENTAL OF Z-SOURCE INVERTER

The Z-source inverter is used to overcome the problems within the traditional inverters in reality. It
makes use of a completely specific impedance network coupled with the inverter’s important circuit to energy
supply. The AC voltage is rectified to DC voltage via manner of the rectifier. Rectifier output of DC voltage fed
to the impedance network that includes equal capacitors and same inductors. The network inductors are related
in collection hands and capacitors are related in diagonal hands. This impedance network is used to decrease or
boom the input voltage. This community additionally acts as a second order filter and it ought to required less
inductance and plenty less capacitance [9]. The inverter most important circuit consists of six switches.

These inverters use a completely unique impedance network actually that coupled most of the converter
circuit and strength supply, to offer that homes that cannot be find out with schematic cutting-edge source and
voltage source inverters [4]. Now specific characteristic of Z supply inverter is- the output of AC voltage can be
any wide variety that exists amongst 0 and Infinity irrespective of DC voltage. That is, Z-supply inverter is an
inverter that has a big type of voltage Control.
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Fig2.1 Z-Source Inverter with RL Load

To describe the running precept and manage of the Z source inverter in Fig.2.1, allow us to do not
forget the traditional three-segment voltage source inverter shown in Fig 2.2 Which has six lively vectors.
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Fig 2.2 Three Phase VVSI Topology
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When the DC voltage is struck at some stage in two zero vectors and load, a zero nation is produced. When the
higher 3 (or decrease three) switches are grew to come to be on at the equal time, shorting the output terminals.

I11. INTRODUCTION TO VECTOR CONTROL
The simple goal of the vector manage scheme is, to be able, to manipulate the electromagnetic torque
of induction motor in a fashion that's equal to a one after the other excited DC gadget. Vector control is likewise
referred to as field-oriented manage that enables control over both the excitation flux- linkages and the torque-
generating modern-day in a decoupled fashion. Still, most effective the rotor-flux- oriented manage yields

complete decoupling. It illustrate to the induction motor operation in a synchronously rotating d® qe reference
body this is aligned with one of the motor fluxes, usually the rotor flux [5]. In this fashion of operation, manager
of the torque and flux is decoupled such as the d- Axis element of the stator modern-day controls the rotor flux
value. And the g-axis component controls the output torque [6]. The tool terminal phase currents ia,, ib ,ic and
are transformed to and with the resource of three section to 2 section transformation. These are converted to
synchronously rotating reference frame through three-unit vector components.

Vector control scheme depends on the sphere attitude, labeled as follows-
1. Direct or feedbackcontrol.
2. Indirect or feedback forwardcontrol

In this dissertation paintings oblique vector manage is used, that is based on reconstruction (estimation)
procedures using terminal quantities along with voltage and currents in a motor model to calculate the flux
position. The speed blunders, with the help of a PI speed controller, is transformed into a torque controlling
present day thing igs of the stator cutting-edge. This modern-day aspect is used to modify the torque at the side
of the slip pace [7].

Induction cars are rugged, less expensive, green and requires less renovation. In spite of those
advantages the motor possesses a hard torque speed traits i.e. Its velocity is nearly consistent with the torque and
subsequently it's miles typically a regular pace device. However, many programs want variable velocity
operations. The controlling and riding to the induction motor expeditiously are essential issues in conscious
global of these days power area. Various induction motor control strategies are in exercise today, which might
be discussed in this bankruptcy.

IV. PROPOSED DRIVESYSTEM

The suitability of any power for an utility depends on its conduct underneath temporary and steady
kingdom situations. In order to have a look at the conduct a MATLAB/Simulink model is advanced to take a
look at the temporary performance of the induction motor force. The simulations use the parameters of the 1.5
hp 50 Hz induction motor that is listed later inside the bankruptcy.

The schematic block diagram of entire drive machine is proven in Fig: 4.1. The vector managed Z-
supply inverter fed induction motor pressure consists of a three section AC source, a 3 section diode rectifier, a
Z-source inverter, a three section squirrel cage induction motor as proven in Fig: 4.1. The design of feedback
loop parameter calls for entire analysis and simulation. The present paintings makes use of vector manipulate
loop for you to be mentioned in detail later in this bankruptcy.

A 3 Phase diode rectifier is a tool that converts AC signal into DC signal. It is composed three segment
legs every having two diodes, one in superb institution and other in bad organization. The diodes in fine
organization will behavior whilst the supply is high quality while diodes in terrible institution will conduct while
deliver is negative [25]. The output of this converter is constantly a direct emf. So right here the usage of diode
rectifier is to transform the AC into DC so as to in addition be utilized by Z- supply inverter.

Z-source inverter employs a unique impedance network to couple rectifier main circuit to inverter main
circuit in order to have a wide range of obtainable voltage.
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Fig: 4.1: Proposed Vector Controlled Z-Source Inverter Fed Induction Motor Drive.

A Z-impedance network is present at the front end of the inverter which consist of two inductors (L1,
L2)and two capacitors (C1, C2) connected in X fashion. This Z-impedance network helps to boost or buck the
input voltage. The voltage boost is obtained by the introduction of shoot through states in the firing pulses as
already discussed in chapter 2. During the fire a shot through state, the thyristors of the same phase leg conduct
and the inverter both creates a short circuit.

In the vector control method the AC automobiles are controlled like DC cars that have impartial
channels for flux and torque control. The vector manipulate block consist of several sub- blocks as shown in
block diagram in Fig: 4.1 which might be a Pl velocity controller, theta calculation block, I1d*  calculation
block, Igs* calculation block, flux calculation block ABC tod-q transformation block, d-q to
transformation block of ABC and a contemporary regulator block. Now every block and there importance could
be discussed here after.

V. SIMULATION RESULTS

A Matlab/Simulink version is created to test the transient performance of vector controlled Z- supply
inverter Fed three- segment induction motor electricity. The standard overall performance of the induction
motor has been studied using the parameters of the actual gadget which has been already defined earlier.
Simulation results are shown in Fig. 5.1 to Fig.5.24. The overall performance is analyzed for exclusive instances
wherein firstly the step changes in reference pace have been done in acceleration mode. The velocity has the
step changes from 500 rpm to one thousand rpm and then from a thousand rpm to 1415 rpm. Again the step
alternate in reference speed has been considered however now in deceleration mode in which the rate has been
step decreased first of all from 1415 rpm to a thousand rpm and then from one thousand rpm to 500 rpm. The
load torque for this example is stored constant i.e. Full load torque of 7.4 N-m. In the next case the rate is saved
consistent at 500 rpm and load torque is varied from 0 to full load i.E. 7.4 N-m. Each case is analyzed for 1 2nd.
The results show that the torque and pace responses are rapid.

All the resulting waveforms are discussed from which it is clear that the torque, speed and current
responses are fast. So it can be concluded that the proposed drive gives better dynamic and steady state
performance.
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Figures: 5.1 to 5.3 show the transient performance curves of drive for successive step changes in
reference speed and torque after each interval of 1 seconds of complete drive operation. The effectiveness of
controller can be analyzed by considering the response of motor speed, torque and current for each alteration in
reference speed and loadtorque.
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Fig: 5.1: The Combine Waveform of Three Phase Stator Current labc.

Fig: 5.2: The Combine Waveform of Rotor Speed in RPM.

Fig: 5.3: The Combine Waveform of Electromagnetic Torque in N-m

Fig: 5.1 shows the three phase stator current response, Fig: 5.2 shows the speed response and Fig: 5.3
Shows the torque reaction of the force when the reference velocity or load torque is expanded and/or reduced
right away after every interval of 1 seconds. Firstly the speed have been step expanded from 500 rpm to a
thousand rpm after which from 1000 rpm to 1415 rpm after which step decelerated from 1415 rpm to 1000 rpm
and then from one thousand rpm to 500 rpm. The effectiveness of controller can be analyzed properly by
thinking about every transient situation respectively.
Transient performance of drive during accelerationat constant load torque:
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Fig: 5.5: The Rotor Speed In Rpm (At N=500 Rpm &TI=7.4N-M)
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Fig: 5.8: The Rotor Speed In Rpm. (At N=1000 Rpm &TI=7.4N-M)
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Fig:5.9:ElectromagneticTorquelnN-M.(AtN=1000RpmM&T|=7.4N-M)
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Fig: 5.11: The Rotor Speed in Rpm. (At N=1415 Rpm &TI=7.4N-M)
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Fig: 5.12: Electromagnetic Torque in N-M (At N=1415 Rpm &TI=7.4N-M)
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Fig: 5.13: Three Phase Stator Current labc. (At N=1000 Rpm &TI=7.4N-M)
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Fig: 5.14: The Rotor Speed In Rpm. (At N=1000 Rpm &TI=7.4N-M)
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Fig: 5.15: Electromagnetic Torque In N-M. (At N=1000 Rpm &TI=7.4N-M)
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Fig: 5.16: Three Phase Stator Current labc. (At N=500 Rpm &TI=7.4N-M)

Fig: 5.17: The Rotor Speed In Rpm. (At N=500 Rpm &TI=7.4N-M)

Fig: 5.18: Electromagnetic Torque In N-M. (At N=500 Rpm &TI=7.4N-M)
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Transient performance of drive during variable load torque at constant speed:

Fig: 5.20: The Rotor Speed In Rpm (At N=500 Rpm &TI=0 N-M)

Fig: 5.21: The Electromagnetic Torque In N-M (At N=500 Rpm &TI=0 N-M)

Fig: 5.22: Three Phase Stator Current labc. (At N=500 Rpm &TI= 7.4 N-M)

Fig: 5.23: The Rotor Speed In Rpm. (At N=500 Rpm &TI= 7.4 N-M)
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Fig: 5.24: The Electromagnetic Torque In N-M. (At N=500 Rpm &TI = 7.4 N-M)

V1. CONCLUSION

A smooth speed control is simple want of any business force. Lots of manage Schemes for inverter fed
induction motor have supplied quality normal kingdom and terrible dynamic reaction. In this dissertation work a
Z-source fed induction motor pressure has been simulated using oblique vector manage approach. The look at of
force dynamics has been finished by making use of two changing running situations to the drive: a step alternate
in velocity Are reference and a step trade in load torque. The simulation effects express the notable performance
in transient country and steady state situation at unique load situation of 3-segment induction motor.

The induction motor has been fed from a Z-source inverter that has many blessings over conventional
converters as an instance voltage supply converter or modern-day supply converters. The theoretical boundaries
and limitations of VSI and CSI ore triumph over by means of Z-supply inverter. It gives the ability of an energy
supply to deliver usable strength for a bounded time for the duration of an energy loss this is also known as trip
thru functionality throughout voltage sags, decrease the road harmonics, higher strength factor, enhance
reliability and output voltage variety extends.

The indirect vector managed induction motor pressure offers decoupling of the stator cutting-edge into
torque and flux producing additives. Possibly, its miles the nice among all of the manage strategies for variable
velocity packages. This proposed method substantially reduces the complexity and value whilst as compared
with conventional systems or traditional structures.
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