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Equipment Performance Due to Voltage

Sags — Test Results for Contactor and Induction
Motor
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Abstract—This paper presents experimental test results of
contactor and induction motor performances when they were
supplied by voltage sags. A Programmable source is used to
generate various voltage sag characteristics. A small of contactor
and induction motor were used for this purpose. Test results show
that magnitude and duration are very important aspects that
determine performance of the equipments. Influence of other
characteristics such as point on wave and repetitive of voltage sag
are discussed. Difference of point on wave of sag initiation will
cause contactor performance is different for tripping. The
occurrence of the second sag after the first one may affect the
contactor performance. The contactor performance becomes
sensitive when it is supplied by repetitive voltage sags. Voltage
sag cause transient current drawn by the motor is too high and it
occurs at recovery voltage instant and the value depending on
magnitude of the sags. The current peak is not significant
influenced by sag duration. The current peak in the second sag is
similar to first sag. Therefore presence repetitive of voltage sags
on induction motor is not influence on the current peaks.

Index Terms—Voltage sags, Testing, Contactor, Induction
motor.

I. INTRODUCTION

CONTACTOR and induction motor are many found in
industrial application. Both this equipments are sensitive
to voltage sags. Generally the industrial using the contactors
are to control of electric motors. Some problems faced by the
industrial are voltage sags which is most frequent occurs
among various types of power quality disturbance in the utility
electrical supply. When the voltage sags occur in the terminal
supply of the industrial, it can cause degradation performance
of the equipments, such as speed of induction motor will
decrease, high current peaks and torque peaks produced at the
beginning and the end of voltage sags instans and even for the
contactor towards trip. These conditions are very depending on
the characteristics of voltage sags.

S. Hardi, M. Hafizi and M. Isa are with the School of Electrical System
Engineering, University of Malaysia Perlis (UniMAP), Malaysia.

(e-mail: surya@ unimap.edu.my; hafiziidris@ unimap.edu.my; muzamir@
unimap.edu.my).

R. Ismail is with the Electrical Engineering Department, University of
Muhamadyah Sumatera Utara, Indonesia. (e-mail:rohana0511@yahoo.com).

DOI: 10.5176/2251-3701_2.3.90

46

From previous papers show that an ac contactor is
electromechanical devices which act as a switch to connect
and disconect a variety of electrical system for both power and
control purpose that have been identified as sensitive to
voltage sags. Results of contactors testing have been
documented that the contactors can tolerate any voltage sags
drop to about 70% of nominal voltage. When the sag
magnitude is below 70% for longer than few cycles, the
contactor drops out [1]. A study has reported that AC
contactors installed an industrial plant in Venezuelan trips
after 90 milliseconds (ms) when voltage drops below 60% of
its nominal value [2]. These different performances are due to
different a design structure of contactors. During the contactor
drop out or trip there is no energy fed by utility supply to
industrial and cause production stops, finally causes loss
financial.

High current peaks in induction motor can occur when the
terminal is supplied by voltage sags. The transient current
occurs at drop point and recovery voltage instans. The current
peaks at recovery voltage are always higher than drop point.
The high current may triger overcurrent protection to trip and
then the motors become stall, thus causing a stop in
production. The effect of system recovery voltage caused by
severe voltage sag and interruption can stress the motor
protection such as fuse. Specific energy value that is defined
by 12t cause the fuse aging and over heating in motor winding [
3]. The effect resulted by voltage sags on the induction motor
performance depends on some characteristics of the voltage
sags.

Voltage sags are mostly caused by short circuit faults on
transmission and or distribution lines in power systems. The
faults are mainly result from lightning stroke, insulators
polluted, animal contact and accidents involving construction
or transportation activities. The high fault currents will
propagate to entire the circuit that connected together and
result in large drops voltage in the circuit. It can also be caused
by energizing of heavy loads or starting of large motors. Even
though sag durations are generally longer, but voltage drops
are small and do not cause serious problems at the industrial
customer [1].

Voltage sags are defined as a sudden reduction of the supply
the RMS voltage between (10-90) % of the nominal voltage at
the power frequency, for duration from a half cycles to one
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minute. Interruption occurs when the RMS voltage less than
10% of nominal voltage. If the duration is more than 1 minute
it is considered as under voltage [4]. VVoltage sag is grouped as
instantaneous when its duration with ranges from 0.5 to 30
cycles, momentary lasting between 30 cycles and 3 seconds
and temporary extending from 3 to 60 seconds. Point on wave
(POW) of sag initiation is the phase angle of the sinusoidal
voltage wave at which the voltage sag begins whereas
repetitive of voltage sag is sag repeat caused by a fault occurs
as the automatic re-closer will open to clear the fault and
automatically reclose after a time delay. Both the
characteristics are displayed in Fig. 1(a) and (b), respectively.
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(a) Waveform with POW of sag initiation
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(b) Waveform repetitive voltage sag event

Fig. 1 The characteristics of voltage sag generator outputs.

Magnitude and duration of voltage sags are main
characteristics of the voltage sags which are very influenced on
equipments performance [1]. These characteristics become
consideration in this study for investigating performance of the
contactor and induction motor. Other characteristics are point
on wave of sag initiation and repetitive of voltage sags (double
sags). All characteristics can appear when a power system
short circuit faults experience.

Il. METHODS AND EQUIPMENT USED
A. Testing Facility

A 9 kVA Programmable source “Taseq” is equipment
which is capable of producing any arbitrary waveform and
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event at the power rating and 0-300 V RMS amplitude/phase.
Personal computer has been used for adjusting to produce sag
characteristics desired. The equipment is shown in Fig. 2.

Fig. 2 A Programmable source used for generating voltage sags

B. Contactor Testing

A small contactor 240 V, continuous rating of 20 A and
frequency 50 Hz was used to investigate effect of voltage sags.
Sag characteristics are applied in various depth, duration, and
point on wave of sag initiation where induction motor was
used as load. Procedure of testing of the contactor as follows:
1. Main electrical contact is supplied by applying nominal

voltage, 240 Volt.

2. Duration starting of 10 ms to 200 ms in step 10

milliseconds.

3. The sag magnitude was set to depth varying from 70% to

0% with a step of 2.5%.

4. Point on wave was adjusted for 0°, 30°, 45°, 60°, 90°.

5. If the voltage sags of certain magnitude, duration and point
on wave causes the contactor to trip was assumed to be
sensitive to this type of sags then are recorded.

6. For to find sensitivity curve of contactor each characteristic
was reproduced repeatedly two to three times to avoid
errors caused by in contactor performance.

7. Especially for repetitive of voltage sags event, the sag
characteristics used are certainty.

C. Induction Motor Testing

A small three phase induction motor 0.37 kW, 1400 rpm
and 0.8 power factor was used for the testing. The motor was
supplied by balance voltage sags with various sag
characteristics. Sag magnitude was adjusted beginning from
90% to 0% of the nominal voltage in step 10% increments
with different sag duration of 50, 100 and 200 milliseconds.
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To investigate influence of sag duration on the current, testing
was carried out for duration of 25, 50, 100, 150, 200,...,500
milliseconds. The values of current peaks are designated in p.u
which is ratio between current peak due to voltage sag and
normal conditions.

I1l. RESULTS AND DISCUSSION

A. Contactor Performance Due to Magnitude and Duration
of Voltage Sags.

The magnitude and duration of voltage sags are main sag
characteristics very important that determined performance of
contactors. There are several studies consider voltage sag
magnitude and duration only as parameters, which are through
experimental and develops model using digital simulation
software [5, 6]. The contactors trip is great influenced by sag
magnitude and sag duration of voltage sags.

To investigate influence of sag magnitude and sag duration
on the performance of the contactor can be observed
throughout Fig. 3 and Fig. 4. From Fig. 3(a) and (b) which are
the contactor was subjected to voltage sag with different sag
magnitude and in similar sag duration. When the contactor
was subjected to voltage of 55% sag depth, the contactor did
not trip (in Fig. 3(a)), and when sag magnitude increases until
depth of 45%, the contactor trips (in Fig. (3b)). The contactor
trip is shown by current waveform through coil contactor is
zero, therefore there is no energy supplied to load (induction

motor).
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Fig. 3 Performance of voltage and current waveform for the
contactor was subjected to voltage sag 100 ms in duration.

In similar way in Fig. 4(a) and (b) shown different
contactor performance for different sag duration and similar
sag magnitude. In Fig. 4(a) the contactor did not trip in 10 ms
and if sag duration increases to 20 ms, the contactor becomes
trip (Fig. 4(a)). From these performances can be explained that
the contactor trip or drop out is greatly influenced by two
parameters i.e., sag magnitude and sag duration.
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(a) Voltage sag (45% depth, 10 ms in duration), the contactor trip

(a) Voltage sag (55% depth, 100 ms in duration), the contactor did not trip
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Fig. 4 Performance of voltage and current waveform for the contactor
was subjected to voltage sag of 45%.

B. Performance of the Contactor Due to Point on Wave of
Sag Initiation.

POW of voltage sag initiation is one of other factors that
influenced on performance of the contactors. This is indicated
by sensitivity curve such as in Fig. 5. This figure shows
sensitivity curves of the contactors for different POW of
voltage sag initiation (0°, 30°, 45° 60° and 90°). From the
figure clearly that sensitivity of the contactor to voltage sag
generally is different and it is very influenced by the POW of
sag initiation. As illustration, the contactor is more sensitive to
voltage sag magnitude at POW of 60° with the sag magnitude
threshold value of 40%. Sensitivity to sag duration almost
similar to all POWs which the contactor starting to trip at 20
ms. Especially intresting is the sensitivity of the contactor is
not vertical line to sag duration for POW of less than 90° and it
generally less sensitive to longer sag duration.
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Fig. 5 Sensitivity of contactor in various POW

C. Performance of Contactor Due to Repetitive of Voltage
Sags.

Fig. 6 shows two different conditions, where the contactor
was subjected to repetitive voltage sags. In Fig. 6(a) shows the
contactor was supplied by repetitive event with sag magnitude
of 60% and 50 ms in duration for each event. It did not trip
because voltage sag applied on the contactor still lower than
value threshold that caused the contactor to trip. Then testing
was continued by increasing sag magnitude and sag duration.
The sag magnitude selected is the critical value that cause the
contactor trip i.e., 45% depth. Performance of the contactor is
shown in Fig. 6(b) which is the contactor trip for second sag
but in first sag it did not trip. This indicate that repetitive of
voltage sag can influence on contactor performance that result
in the contactor trip. The contactor trip after around half cycles
sag occurs.
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(a) Voltage sag (60% depth, 50 ms duration), the contactor
did not trip
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(b) Voltage sag (45% depth, 80 ms duration), the contactor
trip.

Fig. 6 Wave form of voltage and current on the contactor due to
repetitive of voltage sags event.

D. Performance of Induction Motor Due to Sag Magnitude
and Sag Duration.

Influences of sag magnitude and sag duration on induction
motor are shown in Fig. 7 and Fig. 8. The current peak is
current maximum occurred due to voltage sags. Commonly it
happened after the voltage sag is over (recovery voltage). In
Fig. 7 the motor was subjected to voltage sags from 90% to
0% in different sag duration. The current peaks are higher for
deeper sag, even for interruption the current peaks can reach
more than 4 per unit. Eventhough the curve shows tend linear,
the current increasing is higher when the voltage sag occurs for
sag magnitude of 30 up to 50%. For voltage sag magnitude of
90% to 40%, the current peaks produced are almost similar.

From Fig. 8, it can be seen that the current peak caused by
sag magnitude of 80% and 50% in is not influence
significantly for sag duration 25, 50, 75, 100, 150, 200, ..., to
500 ms and the curves tend linear. This is according to
simulation result from previous study that state the current
peak and torque peak produced in different sag duration is not
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significant and thy always occur at the beginning of voltage
sag [7].

The current peak caused by sag magnitude of 20% tend is
not linear and the current tend increases then approximately
linear. In interruption event, the current increase sharply and
then decrease gradually. The current increasing too large
occurs in shorter sag duration below 100 milliseconds. The
same result also was indicated in [8] by simulation which the
induction motor was subjected to sag magnitude of 10%. The
current peak is higher slightly for duration less than 200
millisecond. Therefore sag duration has little influence on the
current peaks.
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Fig. 7 The current peak Vs sag magnitude in different sag duration
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Fig. 8 The Current Peak Vs sag duration

E. Performance of Induction Motor Due to Repetitive of
Voltage Sags.

The purpose this testing is to investigate motor performance
on the current peak in second sag caused by first sag duration.
Several different sag durations are carried out in first sag
duration. The value of sag magnitude is similar to 50% depth
for each of voltage sags. The sag durations in second sag is
remain in100 ms and the results are shown in Fig. 9
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(c) For first sag duration of 300 ms

Fig. 9 Current waveform of the motor caused by repetitive of voltage sags
in different first sag duration.

. The current peaks are shown only in phase-a because the
current peak is higher than two other phases. Based on result
obtained can be observed that there is no difference
significantly occurred on the current peak in second sag caused
by different duration of the first voltage sag. The current peaks
resulted in second sag is almost similar to all sag duration.
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IV. CONCLUSION

Voltage sag may occur at the supply terminal of the
industrial caused by short circuit fault in utility transmission or
distribution that it supplies. Various characteristics of the
voltage sag were applied on the equipments to investigate they
performance. By doing varies sag magnitude and sag duration,
from test results show that magnitude and duration of the
voltage sags have great influence on performance contactor. It
starts to trip at 20 ms sag duration. The value of sag magnitude
threshold is depending on point on wave of sag initiation. The
minimum sag magnitude threshold when the contactor was
subjected to voltage sag with POW of 60 degrees, it trips at
sag magnitude of 60%. Repetitive of voltage sag event can
become the contactor more sensitive.

The result also is shown on induction motor where sag
magnitude has great influence on the current peaks, but sag
duration is not significant. Influence sag duration on the
current peak due to interruption occurs in short time only.
Occurrence of the second voltage sag after the first sag
produces the same current peaks.
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