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ABSTRACT

The aim of this paper is to analyze the performasfc Voltage sag is usually distinguishety remaining
the threephase squirrel cage induction motor un voltage, duration and phase jump. The effect
various voltage fluctuation levels. Genera voltage sags are less dangerous and happens
Induction motor drives are preferred for its simand frequent compared to voltage interruptions. Beci

easy control. Their performance depends on rel
power supply quality such as voltage sag, harmo
voltage unbalance and voltage fluctuations.
induction motor is more sensitive to volte
fluctuations within certain amplitude levels ¢
frequencies. This paper presents a study of vol
sag effects on an induction motor using simulatibm
this paper, the impact of voltage fluctuations
induction motor performance is investiga

KEYWORD: Induction motor, Power quality, Upper
side band, Lower side band, Electromotive force,
Electro Magnetic Transients Program, Alternative
Transients Program.

l. INTRODUCTION

Power quality problem is major concern in po\
system issues. In the past years, power qualitptis
serious issue but once the electricity needs’ |
fulfilled, consumers need a quality of electricitihey
require constant voltage, constant freqyy and
uninterruptible power supply.

of significant effect to sensitive equipment, it
considered as important as voltage intetion [3].
The electric loads that are affected by voltages sag
electric motors, particularly induction motor [.

There is a diversity of the causes of voltage <
which make it difficult to prevent them [5]. But i
of the causes of voltage saare short circuit one [6
This paper simulates the effects of short circui
high voltage distribution network to an inducti
motor in low voltage side [7

Induction motors are widely used in many indust
commercial and residential applicatiobecause of
various techneconomic advantages [8, 9]. It is sta
that more than 50% of the world’s generated elesit
energy is consumed by electric machines mainh
induction motors [10]. Subsequently, it is impottan
study the effects of any durbance such as volta
fluctuations on the behaviour of induction mot
[11].

The number of tools suitable for the analysis

One of the frequent power quality problems is \g#t voltage sag and fluctuations are increasing inldke
sag. Voltage sag is defined as the decrease ir years. Among these tools, to get high accurac
voltage at a short duration. A decrease in nol voltage sag charaatstics, Matla-Simulink tool
voltage from 10% to 90% of nominal rms voltage helps the academicians in the teac-learning
the power frguency of 0.5 cycles to 1 minL process have become very popular [12] other
duration is treated as voltage sag [1]. Also, ita Electro Magnetic Transients Program (EMTP) anc
sudden voltage reduction at a particular pointwed« variants Alternative Transients Program (ATP)
specified threshold, followed by its recovery afte used. [13]

short duration [2].
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Using this simulation tool, complex networks anc #Voltage |
control systems of arbitrary structure can b |
simulated. It is having wide-range of modelinc
capabilities and significant features with the sieant V'
computation.

A. Voltage fluctuationsin an Induction Motor 04
A voltage fluctuation is an unsystematic voltage
change that happen when devices or equipme
requiring a higher load are used. The voltag
fluctuation effect is similar to the effects of ander
voltage. The fluctuation characteristic dependshan
type of connected load and power system capacity.

Figure 1: Voltage fluctuation with a periodical
sinusoidal modulation.

Voltage fluctuations are caused by the connected
loads which are having significant sudden or peciod

variations. The fluctuating current drawn from siypp However, certain fluctuation levels can cause s@&rio

grlhoblems to the motor operation, which in turn may

causes additional voltage drops in the power Syst cause protection systems triggering, and ultimatel
which leads to fluctuations in the supply voltageoc P Sy ggering. y
eading to production loss. [14]

Loads that show continuous and quick variations are

the causes of voltage TRICRIagio™ As figure 1shows, AV represents the voltage

magnitude variation. In figure 1, the voltage chesg

to motor starting operations where the motor cUrreﬁrSVZ?t%Vglne :SS bfr:gg\;gﬁgu'eatiﬂ;?] aezlnurs;“jealvr;:ﬁlnggr
is between 3-5 times of rated current for a shor ' 9 9 P

duration. If the same motor frequently starts aops reitri?]?glrzr\,v?]rt;”fﬁglﬁl:é& :t?r?pfoggd[fse]pends en th
or a number of motors are started at a time, tﬁg y 9 '

frequency of voltage changes may create flicker i .
lighting system. chordlng to the EN50160 [16] standard, voltage

fluctuations are the variations in RMS or peak alu

: . o )
Figure 1 Iillustrates voltage fluctuation with aWIth a magnitydle &f legs4than +10% of nominal

periodical sinusoidal modulation. The voItagé’onage They are characterized by the frequency of

waveform exhibits variations in magnitude due te thvarlatlon (m), up to 30 Hz and magnitude\\).

fluctuating nature or intermittent operation of dsa Genergliy,"volghe flyQyations are incorporatedhwi

The frequency of voltage envelope is referred as tWe ficker efipct and Ty be the effect of fludioas

: 4 the energy system transmission and its
flicker frequency. So, the freqrieqipy of Tuctiagn ermissibility limits are established by the staxda

the magnitude of fluctuation are the two importar%
parameters of voltage fluctuations. Both of thes CRLaGHE8-3 [17] and IEC 610000-3-5 [18].

components are important in the bad effects ofagalt
fluctuations.

Often quick fluctuations in load currents are htited

Recently, PQ issues meet a new challenge for wltag
fluctuation, including online monitoring system,

o , , : . flicker trace analysis and flicker mitigation
The main aim of this paper is to study the mductlotechnology, etc [19, 20].

motor behaviour under periodical voltage fluctuasio

with constant amplitude. Typically induction mOtor%/oltage fluctuations can be classified into, peicod

are designed to tolerate a small level of voltage S ) . .
fluctuations. oltage oscillations with constant amplitude, kg

amplitude and continuous random fluctuations. Ia th
paper, the periodic sinusoidal voltage fluctuatiath
constant amplitude and with different modulating
frequencies is used to study the behavior of an
induction motor [21].
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. Impacts of Voltage Sags on Induction decreases, the current will increase in roughly the
Motors same proportion that the voltage decreases. For

Induction motors characterize the most typical foadxample, a 10% voltage decrease would cause a 10%

in power system applications. It consumes about 50&a&d current increase.

of the electrical energy generated in industriaize

countries. The impact of voltage sag on an Inductidf the same motor is operating a heavy load, disoet

motor is shown in figure 2. Is a reduction in voltage, the load current wilerito a
| new value with already high current drawn, which
10 o may exceed the full-load rated current. When low
5 o8} ___Slow vollagsrcovery voltage is applied, overheating, reduced life, tstgr
g os | p—— ability and reduced pull-up and pull-out torque may
£ ~ = Without Induction Motor occur [23]
> 04 p .
= With Induction Motor
| C. High Voltage Condition
T R g High voltage on an IM pushes the magnetic portibn o
Time (s) the motor into saturation. The concept of saturaiso
Figure 2: Impact of voltage sags on an Induction similar to the operation of 60 Hz transformer int30
motor supply system. Saturation will cause the motoaket
excessive current in an effort to magnetize tha iro
A. Negative Torque Spike beyond the point where magnetizing is practical.

Consider an Induction motor is operated in steadjotors can tolerate a certain increase in voltdys/a
state condition and the supply voltage is removetl athe mentioned rating [24].
then reapplied after a short period of time. Whuean t
supply voltage is restored, the back EMF is out éfowever, extremes will cause the current to go up
phase with the supply voltage. To alter the rotevith a corresponding increase in heating and a
currents, the motor will decelerate, which resits shortening of motor life. Although the manufacturer
negative torque transients that may reach up to p@vides a tolerance curve for the supply voltabe,
times the rated torque of the motor [22]. The negat good performance will be achieved when the rated
torque will ultimately result in rotor shaft andnding  voltage is applied to the motor.
damage if it continues.

D. Effectsof Voltage I mbalance
B. Low Voltage Condition When the line voltages applied to the motor terisina
Motor operation below the voltage rating reducss iare not equal, as in unsymmetrical voltage sags,
efficiency, shortens lifetime and causes impulsivenbalance currents in the stator windings will @ccu
failure. To operate a constant mechanical load, Aasmall percentage of voltage unbalance makes a
motor draws a specific power from the source. Thigrger percentage of current unbalance. 3 phase
power has a direct correlation to the voltage amdotors supplied with unbalanced voltage will draw
current drawn. Thus, when supply voltage is love, trapproximately 6-10 times of unbalanced current with
current must increase to compensate the power lemermal value. It causes overheating and premature
to operate the load. When the current exceeds, hdamage to the motors. Short duration sags will have
begins to build up in the motor. Without timellittle heating effect if it continues; will degradee
correction, excessive heat will eventually damdge tmotor insulation as well as the life [25, 26].
motor.

E. FactorsAffecting Voltage Sag

Temperature B 112t + L%t (Ro/Ra) (01) Type of fault: It is the main factor which affedtse
Where, sag characteristic. Voltage sags can be eithenbata
Rr> = Negative sequence or unbalanced, depending on the causes or type of
Rr1 = Positive sequence fault. If the phase voltages are equal, the sag is

balanced and vice-versa.
The connected load is a main factor to determirve ho
much of a decrease in supply voltage a motor cancation of fault: It has a great impact on the
handle. For a light load operating motor, if thétage magnitude as well as the phase-angle jump of the sa
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X/R ratio of the lines: With change in the X/Rioat 1V. Voltage Sag at I ntermediate Conditions

of the line there is change in the X/R ratio oflffaa Even though we are considering the open and short

source impedance which will affect the magnitude agcuit conditions, we should concentrate the

well as phase-angle jump, intermediate conditions, where voltage sag exists b
its magnitude is less than 100%. A 3 phase short

Point on wave of sag initiation: The point on wafe circuit at a particular point away from motor tenalis

sag initiation is the phase angle of the fundamientzan cause the voltage sag.

voltage wave at which the voltage sag starts. This

angle corresponds to the angle at which the shdaitte final voltage sag depends on the distance legtwe

circuit fault occurs, [27, 28]. the fault location from the motor and the motordoa
level. In this paper, simulation results of two
[11.  Induction Motor Dynamic Model symmetrical voltage sags, one with a 70% decrease

The dynamic d- g model of an electric machine shovaalled deep voltage sag and the other with a 1596 ar
in figure 3 is one of the common methods used tmnsidered.
analyse induction machine performance. Parameters
such as torque, stator and rotor current, rotoe@gpeFigure 5 shows a stator line current after the eeén
etc. will be experimented with this model. Based or0% symmetrical voltage sag within duration of 5
figure 1, the per-phase equivalent circuit can lmycles. The current increases at first and then its
converted to a side-band equivalent circuit withmplitude was decreased gradually after the end of
respect to USB and LSB components. magnetic transience. If voltage sag duration irseea

R, % L L, Cah R, the current will increase once again due to reduced
EMFs due to the reduction in motor speed, but With
cycle duration, the maximum current occurred at the
starting point and its magnitude is 3 times of nwathi
motor current.

Figure 3: Dynamic d -q model of an induction motorAt the end of voltage sag, it may be 2 times of the
nominal motor current. However, during the voltage

Mathematically, the slip at the USB and LSB fieithc Sag: the wasted energy in motor conductdtit)(is 5
be defined as, times of the motor when it works at 85% of rated

load.

Suse = {(wuse- o) / ®uss }
Sise = {(oLse- o) / oLse }

The dynamic simulation model of 3 phase induction
motor is shown in figure 4.

Current (&)

i H ; i i ;
0 s a1 0.15 02 0% 03
Time (g8c)

Figure 5: Simulation of stator current waveform
during 70% of voltage sag and 85% of rated load

A. Symmetrical Voltage Sag
A stator current waveform after the event of 15%
symmetrical voltage sag within 5 cycle duration is

Figure 4: Dynamic simulation model of 3 phase shown in figure 6. In this case, the motor curnent
Induction motor. approximately 20% higher than its nominal current.
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The speed reduction is not sensible. The wastEdjure 7 shows the motor line current waveform in a
energy in motor conductors is almost similar to thaulty phase. As seen, both voltage sag types have
normal operatlon of motor under 85% of rated load. increased the magnitude of current waveform alfter t

; : : - : starting and end of voltage sags. In addition, the
amplitude of the current waveform due to double
phase sag has a higher value. Similar simulatioas a
done in which the motor is under 85% of its rated
load, but small increases in current is observéil [2

(&)

Current

V. Simulation results
The result illustrates both stator and rotor curren

s e : : : characteristics which includes the analysis of dyica
- i model and the per-phase equivalent calculation, are
I Tim:fsec)“ = B reviewed in figure 8 and figure 9.
Figure 6:Simulation of stator current waveform e a‘ e
during 15% of voltage sag and 85% of rated load il f ‘\‘ HiN “ il i ; H I i WEN ‘i'\l H‘
| | . Seiens THINEHoaTIT JHu‘.mmwmm
The main factor of reducing the motor life time is ¢ J11 1111 \H‘i“'l“‘ LT
excessive current flowing through their windings. | W H"‘ H“" “H‘ ‘\‘HHH‘\ M"l \""‘\H\'H “'.H‘
causes impulsive aging in machines through il U‘ H (ANINAERE ‘” i
increasing thermal stresses and electromagnetic — | [ T T T
effects on insulation. The severity of poor effeots I A N S L N
excessive current on the machine is a function of e
current amplitude and its duration. So, high cuse fal {p) Statdr culyat waveform
very short time periods will be problematic. O N U U T U T I T .
PINE OO SO T U WO ... ...c... ..o OO OO
Also, it is noted that based on the deepness ¢agel I el
sag, the induction motor winding current may be T R ;
increased impressively in starting time and end of 3
voltage sags. il
" T~ I e e
B. Asymmetrlcal Voltage Sag - m—— R 5 \ SRR, ISR 199 L-—m;e.l__;id;b;n.d..(.‘L“u:l_el;t“ i —|
When only one or two phase voltages are affected, t 1 ‘ ' / =1
relevant voltage sag is called as asymmetrical. As 7 S J ‘ I l "
single phase to ground and double phase shortitsircu Lissstutisamenlou “"‘“w R T
are the main causes of asymmetrical voltage sags, s
these faults are used to simulate the asymmetrical (b) Stator current frequency spectrum
voltage sags. Under no load condition, a relevhatts . . , ,
circuit was applied to its terminals for about Bles. Figure 8: Simulation of stator current profile L_Jnde
i R 10% voltage changes and 20 Hz modulation
i frequency condition
A A I Al Nl N
s Il L
5 : [ B [ T l
: <) |rh “ |nu |{ Iﬂu | I“u |“ I E I ‘I
5 z ‘ ‘ ‘ Jonel§ ! | | ‘1 | |
’ JEREEERERERRN
o I VA
S N Y A Y Y 1Y
0 0% 01 o 0z 0% 03 0% | | | | | |
. . . s (SGC] 7201 15 2 25 3 a5 4
Figure 7:Simulation of stator current waveform Time
during Asymmetric voltage sags under no load (@  Rotor current waveform
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