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Abstract: This paper presents simulation and implementation of Z  source inverter fed induction motor

drive system. Z  source inverter employs an unique impedance network coupled with inverter circuit and

rectifier. By controlling the shoot-through duty cycle, the inverter system using MOSFETS, provide ride-

through capability during voltage sags, reduces the line harmonics, improves power factor, increases

reliability and extends output voltage range. Z Source inverters have recently been proposed as an

alternative power conversion concept as they have both voltage buck and boost capabilities. Simulation

and experimental results are presented to demonstrate these new features. It has reduced harmonics,

electromagnetic interference noise and  low common mode noise. 
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INTRODUCTION

The traditional inverters are voltage source inverter

(VSI) and current source inverter (CSI) which consists

of a diode rectifier front end, dc link and inverter

bridge. In order to improve power factor, either an ac

inductor or dc inductor is normally used. The dc link

voltage is roughly equal to 1.35 times the line voltage,

and the voltage source inverter is a buck converter that

can only produce an ac voltage limited by the dc link

voltage. Because of this nature, the voltage source

inverter and current source inverter are characterized by

relatively low efficiency because of switching losses

and considerable EMI generation. Since switches are

used in the main circuit, each is traditionally composed

of power transistors and anti parallel diode. It provides

bi-directional current flow and unidirectional voltage

blocking capability. Thus inverter presents negligible

switching losses and EMI generation at the line

frequency. The voltage source inverter requires an

output LC filter to provide sinusoidal voltage compared

with current source inverter. The LC filter causes

additional power loss and control complexity. 

The voltage source converter is widely used.

However, It has the following conceptual and

theoretical barriers and limitations:

C The ac output voltage is limited below and cannot

exceed the dc bus voltage or the dc bus voltage

has to be greater than the ac input voltage.

Therefore, the voltage source inverter is a buck

inverter for dc-to-ac power conversion and the

voltage source converter is a boost rectifier for ac-

to-dc power conversion. For applications where

over drive is desirable and the available dc voltage

is limited, an additional dc-dc boost converter is

needed to obtain a desired ac output. The

additional power converter stage increases system

cost and lower the efficiency.

C The upper and lower devices of each phase leg

cannot be switched on simultaneously either by

purpose or by EMI noise. Otherwise, a shoot

through would occur and destroy the devices.

Dead-time to block both upper and lower devices

has to be provided in the voltage source converter,

which causes waveform distortion, etc.

C An output LC filter is needed for providing a

sinusoidal voltage compared with the current-

source inverter, which causes additional power loss

and control complexity. A dc current source feeds

the main converter circuit, a three-phase bridge.

The dc current source can be a relatively large dc

inductor fed by a voltage source such as a battery

or diode rectifier. Six switches are used in the

main circuit, each is composed traditionally by a

semiconductor switching device with reverse block

capability. 

However, the current source converter has the

following conceptual and theoretical barriers and

limitations.

C The ac output voltage has to be greater than the

original dc voltage that feeds the dc inductor or

the dc voltage produced is always smaller than the

ac  input  voltage.  Therefore, the current source
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Fig. 1: Z  Source inverter 

Fig. 2: Circuit model of Z - Source inverter fed induction motor drive

inverter is a boost inverter for dc to-ac power

conversion and the current source converter is a

buck rectifier for ac-to-dc power conversion. For

applications where a wide voltage range is

desirable, an additional dc-dc buck converter is

needed. 

C At least one of the upper devices and one of the

lower devices have to be gated on and maintained

on at any time. Otherwise, an open circuit of the

dc inductor would occur and destroy the devices.

Overlap time for safe current commutation is

needed in the current source converter, which also

causes waveform distortion, etc.

In addition, both the voltage source converter and

the current source converter have the following

common problems.

C They are either a boost or a buck converter and

cannot be a buck-boost converter. That is, the

output voltage range is limited to either greater or

smaller than the input voltage.
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Fig. 3: Voltage Waveform

Fig. 4: Current  Waveform 
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Fig. 5: Rotor Speed 

Fig. 6: Control circuit
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C The main circuit is not be interchangeable. In other

words, neither the voltage source converter main

circuit can be used for the current source converter

and nor vice versa.

They are vulnerable to EMI noise in terms of

reliability.

Z Source Inverter: Z source inverter is used to

overcome the problems in the traditional source

inverters. It employs a unique impedance network

coupled with the inverter main circuit to the power

source. It consists of voltage source from the rectifier

supply, impedance network, three phase inverter and

three phase induction motor. The ac voltage is rectified

to dc voltage by the rectifier. The rectifier output dc

voltage  fed to the impedance network, which consist

of  two  equal  inductors and two equal capacitors.

The  network  inductors  are  connected  in series

arms and capacitors are connected in diagonal arms.

The impedance network is used to buck or boost the

input voltage depend boosting factor. This network also

act as a second order filter and it should required less

inductance and less capacitance. The inverter main

circuit consists of six switches. These inverters use a

unique  impedance network, coupled between the

power source and converter circuit, to provide both

voltage buck and boost properties, which cannot be

achieved with conventional voltage source and current

source inverters.

The unique feature of the Z source inverter is that

the output ac voltage can be any value between zero

and infinity regardless of dc voltage. That is, the Z

source inverter is a buck-boost inverter that has a wide

range of voltage. To describe the operating principle

and  control  of  the  Z  source  inverter  in Fig.1.

The traditional three-phase voltage source inverter has

six active vectors when the dc voltage is impressed

across the load and two zero vectors when the load

terminals are shorted through either the lower or upper

three devices, respectively. However, three phase Z

source inverter bridge has one extra zero state when

the load terminals are shorted through both the upper

and lower devices of any one phase leg, any two phase

legs, or all three phase legs. This shoot-through zero

state is forbidden in the traditional voltage source

inverter, because it would cause a shoot-through. The

Z source network makes the shoot-through zero state

possible. This shoot-through zero state provides the

unique buck-boost feature to the inverter.

Z-source Inverter Fed Induction Motor: The

induction motor drive system suffers the following

common  limited quite below the input line voltage.

The diode rectifier fed by the 415V ac line  produces

Fig. 7: Hardware circui

abFig. 8: Line voltage waveform V

bcFig. 9: Line voltage waveform V

about 560V dc on the dc link, which is roughly 1.35

times the line to line input voltage under the

assumption of heavy load. For small drives with no

significant inductance, the line current becomes

discontinuous and the dc voltage is closer to 1.41 times
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the line to line input voltage, the low output voltage

significantly limits output power that is proportional to

the square of the voltage. It is a very undesirable

situation for many applications because the motor and

drive system has to be oversized for a required power.

The  voltage sags can interrupt an induction motor

drive system and shut down critical loads and

processes. The dc capacitor in induction motor drives

is a relatively small energy storage element, which

cannot hold dc voltage above the operating level under

such voltage sags. Lack or ride through capacity is a

serious problem for sensitive loads driven by drives .[1 ,17]

Duran et al.  details the vulnerability of  induction[11]

motor drives and the dc voltage under three phase and

two phase voltage sag. Solutions have been sought to

boost ride–through . The industrial drives provide[2 ,17]

options using fly back converter or boost converter

with energy storage to achieve ride-through; however,

these options come with penalties of cost, size and

complexity. Inrush and harmonic current from the

diode rectifier can pollute the line. Low power factor

in another issue of the traditional induction motor

drives. Performance and reliability are compromised by

the voltage source inverter structure, because mis-

switching from EMI can cause shoot-through that leads

to destruction of the inverter, the dead time that is

needed to avoid shoot-through creates distortion and

unstable operation at low speeds, and common-mode

voltage causes shaft current and premature failures of

the motor. A recently developed new inverter, the Z

source inverter , has a niche for drives systems to[1]

overcome the aforementioned problems . [11]

The Z source inverter system can produce an

output voltage greater than the ac input voltage by

controlling the boost factor, which is impossible for the

traditional induction motor drive systems. A Z source

inverter based induction motor drives can:

C produce any desired output a voltage, even greater

than the line voltage, regardless of the input

voltage, thus reducing motor ratings.

C provide ride-through during voltage sags without

any additional circuits.

C improve power factor, reduce harmonic current and

common-mode voltage.

The literature  to  does not deal with the[1] [17]

implementation of Z source inverter fed induction

motor using embedded controller. In this paper the

implementation of Z source inverter fed induction

motor using Atmel Microcontroller is presented.

Modeling of Induction M otor: The induction motor is

represented by the following state equations in the

stationary reference frame.

              (1)

The developed torque equation is

         (2)

The dynamic speed equation governing load torque

and the developed torque is

            (3)

The induction motor model (1) is of the

form , which can further be written as

follows.

         (4)

2The output variable  ‘y’ is assumed to be ‘x ’.  

         (5)

where

s r s And  r  & r  - Stator and rotor resistance in  Ù , L &

r mL  - Stator and rotor self-inductance in H, L  -

Magnetizing inductance in H, ó - Leakage coefficient,

r ds q sw  - Motor angular velocity in rad /sec,  Ø  & Ø  -
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ds qDirect and quadrature axes stator fluxes in Wb,  i , i  -

Direct and quadrature axes stator currents, J - Motor

cinertia, Kg- m ,  P - No. of poles,  D  - Damping2

e Lcoefficient N-m/rad/sec, T , T  - Developed and load

torque in N-m.

Simulation Results: The Matlab Simulink model of Z

source inverter fed induction motor is shown in Fig. 2.

The  three  phase  voltages  are shown  in  Fig.3.

The phase current is shown in Fig.4. The rotor speed

curve  is  shown in Fig. 5. The rotor speed settles at

140 rad / sec.

Experimental Results: The laboratory model for Z

source inverter fed motor drive is fabricated and tested.

The experimental results are presented. The

microcontroller based driver circuit is shown in Fig.6.

The output pulse from the microcontroller are amplified

using the driver chip IR 2110. The hardware

abimplementation is shown Fig. 7. The line voltages V

bc & V are shown in Fig. 8 & Fig. 9 respectively.

Conclusion: This paper has presented the simulation

and experimental model of Z source inverter fed

induction motor drive system. Simulation and

experimental results verified the operation and

demonstrated the promising features. The induction

motor drive system has several unique advantages that

are very desirable for many industrial drive

applications. It can produce any desired output ac

voltage, even greater than the line voltage, provides

ride through during voltage sags without any additional

circuits and energy storage, minimizes the motor

ratings to deliver a required power and reduces

harmonic current. The experimental results closely

agree with the simulation results.

REFERENCES

1. Fang Zheng Peng, Z- Source Inverter. IEEE Trans.

Industry Applications. 39: 2003, 2.  Wuhan,China.

2 Muhammad H. Rashid, 1993. Power Electronics

Circuits Devices and Applications. 2nd Edn.

Englewood Cliffs, N.J., Prentice Hall.

3. Mohan, N., W .P. Robbin and T. Undealand, 1995.

Power Electronics, Converters, Applications and

Design. 2nd Edn. New York,Wiley.

4. Umesh Sinha, 1994. Network Analysis and

Synthesis. Satya prakasan, Incorporating Tech India

Publications. 5th Edn., New Delhi.

5. Robert, L. and Boylestad Louis Nashelsky, 2000.

Electronics Devices and Circuit Theory. Prentice

Hall of India, New Delhi.

6. Comptun, K.T., 1947. Electric Circuit Hand Book.

6th Edn., London.

7. Sarmiento, H.G. and E. Estrada, 1996. A voltage

sag study in an industry with adjustable speed

drives. IEEE Ind. Applicat. Mag., 2: 16-19.

8. Van Zyl, A., R. Spee, A. Faveluke, and S.

Bhowmik, 1998. Voltage sag ride through for

adjustable  speed drives with active rectifiers.

IEEE Trans. Ind. Applicat., 34: 1270-1277.

9. Von Jouanne, A., P.N. Enjeti and B. Banerjee,

1999. Assessment of ride through alternatives for

adjustable-speed drives. IEEE Trans. Ind. Applicat.,

35: 908-916.

10. Kim, Y. and S. Sul, 2001. A novel ride-through

system  for  adjustable-speed  drives using

common mode voltage. IEEE Trans. Ind. Applicat.,

37: 1373-1382.

11. Duran-Gomez, J.L., P.N. Enjeti and A. von

Jouanne, 2002. An approach to achieve ride

through of an adjustable-speed drive with fly back

converter modules power by super capacitors.

IEEE Trans. Ind. Applicat., 38: 514-522.

12. Prasad, N. Enjeti, Phoivos D. Ziogas, James F.

Lindsey and Muhammad H. Rashid, 2005. “A New

current control scheme for an ac motor Drives”,

IEEE  Transactions  on Industry Application,

28(4): 2005.

13. Maria Imecs, M. Andrzej Trzynadlowski,  I. Ioan

Incze and Csaba Szabo, 2005. “Vector control

schemes  for Tandem converter fed induction

motor drives” IEEE transactions on Power

Electronics, 20(2).

14. Leonard, W., 1985. “Control of Electric Drives”,

Springer-Verlag, Newyork.

15. Pillai, S.K. and IIT Bombay, “Analysis of thyristor

power conditioned motors” University Press.  [16]

Bimal Bose, “Modern Power Electronics and AC

Drives”, Prentice Hall.

17. Fukuda, S., Y. Kubo and M. Kitano, 2002.

“Introduction to a hybrid multi converter system

and its control strategy,” in Proc. PCC’02 Conf.,

Osaka, Japan,  pp: 372-377.


