#IFERP

ISSN (Online) 2395-2717

International Journal of Engineering Research in Electrical and Electronic Engineering
(IJEREEE)

Vol 9, Issue 6, June 2022

Modeling, Simulation and FFT Based Dynamic
Performance Analysis of Three Phase
Asynchronous Machine

[ Rikta Majumder, ™ Dr Debasree Saha, ! Dr Papun Biswas [/ Dr Aveek Chattopadhyaya

MBI Gury Nanak Institute of Technology, West Bengal, India.
M J1SCE, West Bengal, India.
Corresponding Author Email : ™ rikta.majumder@gnit.ac.in, ! debasree.saha@gnit.ac.in, ¥ papun.biswas@jisce.ac.in,
I aveek.chattopadhyaya@gnit.ac.in

Abstract— Induction machines are very popular in renewable energy sectors and load sectors, hence; it demands continuous
performance assessments of the machines. This work highlighted the Park transformation based mathematical modeling of induction
machine and total harmonic distortion (THD) based performance assessments of induction machine. Reference frame theory and axis
transformation-based theory is used to design and simulate the machine in MATLAB environment. Fast Fourier transformation (FFT)
based THD has also been calculated on the captured stator current signals of induction motor (IM) for its performance analysis. Results
have come out very much optimistic which indicates proper designing and performance assessment of this type of machines. This
analysis is also equally important for the analysis of protection and control of asynchronous machines.

Index Terms— Three phase induction motor, Reference frames, Dynamic models, dq0 axis transformations, FFT, THD.

I. INTRODUCTION

Motors are used everywhere in industries and they become
complex and technical, sometimes making it a challenge to
keep them running at peak performance. However, the
efficiency and lifetime of IMs can be considerably affected
by some operating conditions, in particular those related to
unbalanced supply voltages (USV), Power quality issues,
Transient voltage, Harmonic distortion, Variable frequency
drives, Operational overloads, Shaft voltage. This study
illustrates by building a simple protection system in
MATLAB Simulink. The reference theory of machine has
been effectively used as an efficient approach to derive
mathematical model of a 3 phase Induction motor. The author
presented a step-by-step MATLAB/Simulink
implementation of an induction machine using dqg0 axis
transformations to better understand the behavior of IM in
both state (steady and transient) [1]. The author designed a
system and implemented to make protection for faults due to
single phasing, voltage unbalance and under voltage in a 3-ph
Induction  motor using  Microsoft PIC  16F877
microcontroller [3]. The efficiency and lifetime of IMs can be
considerably affected by unbalanced supply voltages (USV),
which is quite a common condition in industrial plants.
Therefore, early detection and a precise severity estimation of
the USV for all working conditions can prevent major
breakdowns and increase reliability and safety of industrial
facilities. Author proposed a reliable method allowing for a
precise and USV condition detection, by monitoring a
pertinent indicator calculated using the voltage symmetrical
components. The usefulness of the proposed method is

validated experimentally for several different working
conditions [4]. The different unbalanced conditions have
been analyzed for induction machines [5]. The results prove
that, the operation performance of an asynchronous machine
can be analyzed using simulated result from MATLAB
without going through the rigorous analytical method.
Adaptive strategies for protection in power system are briefly
described by author based on the following techniques:
Multi-agent Systems, Artificial Neural Networks, Genetic
Algorithms, Expert Systems (ES) and (FL)Fuzzy Logic [6].
And the author’s reviewed that some old unsolved issues of
protection can be solved and well-known protection
philosophies can become more reliable and effective.

As we know that motors are used everywhere in industrial
environments & motor life span depends on insulation
deterioration and system of protection against different
faults. Though some mechanical protections are there for
insulation deterioration. But a more effective method is
needed for the protection of a three-phase IM. The integration
of distributed energy resources (DERSs) into distribution
networks is becoming increasingly important, as it supports
the continued adoption of renewable power generation,
combined heat and power plants, and storage systems. Hence,
in this work, axis transformation theory based on Park
transformation, induction motor modeling has been proposed
and then THD analysis based performance assessments of
induction motor has also been discussed which can reduce the
down time of the industry.
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1. AMATHEMATICAL MODEL OF AN
ASYNCHRONOUS MACHINE

The stator windings are identical,i.e , both windings have
an identical number of effective turns N, identical resistance
rs . identical leakage inductance L;, and identical
self-inductance L Similarly, equaivalent rotor windings are
identical and have the same turns N,, resistance r,leakage
inductance Lj, and self inductance L, The equations for the
rotor and stator phase voltages are written below:

Stator:

Vs TslgstWAgs +d/dtAgs) (1)
V= rsid5+wlqs+ d/dt(ﬂ.ds) (2)
Vos= IsiostWAgs+ d/dt(Ags) (3)
Rotor: Vo= rsigrt(W-w;) g, +d/dt(A,) (4)
V= ligt(W-wp) Aq+ d/dt(Ag) ... (5)
Vo= Fo + didte) 6)
And the equations for flux linkage are:

Ags =(igskst Linlg) . @)
Ads=(igskst L) (8)
Aq :(iqu—r"' I—miqs) ......... (9)
Aq =(igrbet Limigs) (10)

Putting equ"” (vii) and equ" (viii) in (i) for finding the value
Of s :

iqs= f(1/Ls)(VC{S'iC{srs'Lmd/dt(iqr) - WLsids-WLmidr) (11)

Putting equ" (vii) and equ"” (viii) in (ii) for finding the value
of igs:

|§ss= f(l/LS)(Vds'idsrs' Lmd/dt(idr) +W|—siqs-W|—miqr) (12)

Putting equ” (ix) and equ" (ix) in (iv) for finding the value
of g :

iqr= f(1/LT)(Vqr'iqrrr'l—md/dt(iqs) - WLridr— WLmids)- (13)
Putting equ" (vii) and equ” (viii) in (v) for finding the value
of iy :

idr: f(l/LT)(Vdr'idrrr' Lmd/dt(ids) +WLriqr+ WLmiqs) (14)

Torque equation:

Te= (3/2) (PI2) Ly (igsigr- igsiqr) ~ ceeenennes (15)
Speed Equation:
Wr=[(Te—-TD)=P/2*]) ... (16)

A mathematical model of a three-phase asynchronous
machine using reference theory is developed on MATLAB.
The simulation is done for the analysis of speed, torque,
stator & rotor current of a three-phase asynchronous machine
under healthy conditions shown in fig.1.and all equations for
voltage, flux, current, torque and speed are written in (i) to
(xvi)

Mathematical Modelling of 3 Phase Induction Motor
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Fig 1. Mathematical Modelling of an 3 Phase Induction
Machine Using MATLAB/Simulink

I11. THREE PHASE INDUCTION MOTOR
PARAMETERS

Table I: Electrical Parameters of a phase Induction motor

HP rating (Power) 3
Poles(P) 4
Frequency(f) 50
Line voltage (Vige 375V
Magnetizing resistance(Ly,) 0.1780
Rotorinertia(J) 0.0131
Base speed (w) 100%x
Load torque (T1) 26.50
Rotorinductance (Lr) 0.1780
Stator inductance (Ls) 0.1780
Stator resistance (r;) 1.4050
Rotor resistance (ry 1.3950
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Fig2: Current, Torque & Speed curves for the healthy
condition of a three phase Induction machine.
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IV. ANALYSIS AND RESULTS

Simulation of a mathematical model of three-phase
asynchronous machine are done using MATLAB/Simulink
in a step-by-step manner shown in fig2.The response of the
machine is satisfactory in terms of the torque and speed
characteristics. Initially the torque is high, when speed comes
under normal condition then torque decreases.

V. HARMONIC ANALYSIS OF CURRENT IN
ROTOR AND STATOR SIDE

After modeling and simulation, THD analysis has been
implemented of stator and rotor current signals. For this
purpose, at first three phase currents in rotor and stator side
has been captured at 20 kHz sampling frequency then FFT
and THD has been done for frequency analysis. In stator
current signals, THD value is observed 0.45% whereas in
rotor current, it is 2.21%. Fig. 3 to Fig. 5 deleniates FFT
results of R)Y and B phase current signals in stator
respectively and Fig. 6 is used to depict the FFT result of
rotor current.

Selected signal: 50 cycles. FFT window (in red): 50 cycles
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Fig. 3. FFT analysis of R phase stator currrent
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Fig. 4. FFT analysis of Y phase stator currrent

Mag (% of Fundarmental)

Selected signal: 50 cycles. FFT window (in red): 50 cycles
a0t 1
0

-E0 4

0 0.2 0.4 06 0.8 1
Time (s)

-FFT analysi

Fundamental (80Hz) =39.11 |, THD=0.45%
a0 T T T -

[} (X3} £
[mm) () [
T T T
1 1 1

MWag (% of Fundamental)

)
1

1] 200 400 500 800 1000

Frequency (Hz)
Fig. 5. FFT analysis of B phase stator currrent

)

Selected signal: 50 cycles. FFT window (in red): 50 cycles

1] 0z 0.4 06 0.8 1
Time (s)

-FFT analysi

Fundamental (30Hz) = 4.171 , THD= 2.21%

Py o [ux}
= = =

Wag (% of Fundamental)

[}
[

0 200 400 500 500 1000
Frequency (Hz)

Fig. 6. FFT analysis of R phase rotor currrent

VI. SPECIFIC OUTCOME

In this analysis, a mathematical model of a three phase
induction motor has been achieved and simulated in
MATLAB Simulink environment. THD of stator current
signals has also been measured for its performance analysis.
Maximum THD has been recorded as 2% in normal condition
which can be used to detect the unhealthy condition of
induction motor. Here tested parameters for the model of
three phase induction motor are given in Table I.
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VII. CONCLUSION

Design of mathematical model of three-phase
asynchronous machine in MATLAB can be used for getting
the features of motors under healthy as well as faulty
conditions of given ratings. It gives the advantage of
independent control over the parameters. Here the THD
analysis of stator current has been done in steady state
condition. Maximum THD is observed very low in steady
state condition. So, for furthur study, this model can be
considered with changing the parameters to detect any
abnormal condition of induction motor which can save the
down time of the industry.
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