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Information about susceptibility of equipment against voltage sags is important in order to avoid system

production drop out. Recently many electrical equipment are develop by using electronic components for
energy saving. The electronic components have been recognizing as susceptible against voltage sags. This
paper presents test results of susceptible equipments to voltage sags which are fluorescent and mercury
vapor lamps, contactors and variable speed drives. A Schaffner Proffline 2100 electromagnetic
compatibility (EMC) has been used to create voltage sag characteristics. Magnitude and duration are
considered as main characteristics for testing. Point on wave of sag initiation was considered for testing
contactor only. Therefore VSDs are three phase, they were test againt voltage sag types I, II and III. The test
results were evaluated by comparing with sensitivty of standard curve availablesuch as ITIC, SEMI F47 and
immunity curves recommended by IEEE P1668™ 2014,

1 INTRODUCTION

Voltage sags are one of power quality problems,
which are interesting in power system. They can
cause a serious effect on the equipment performance
degradation. When the equipment is supplied by
voltage sags may result in disruption, malfunction,
tripping undesired and even damage. Finally,
apparent economic losses can occurred on
consumers. Susceptibility of equipment is depending
on voltage sag qualities and equipment types.
Magnitude and duration of voltage sags are main
characteristics and other characteristics are
symmetrical and unsymmetrical of voltage sags,
phase shift angle, point on wave (POW) of sag
initiation, etc. Voltage sags are resultedfrom short
circuit faults in power system and others are large
motor starting and transformer energizing.

There are some ways to asses susceptibility of
equipment against voltage variation among others is
mentioned power acceptability curve designed by
CBEMA viz. computer business equipment
manufacturers association in (Heydt et al. 2001). But
available specifically for voltage sags is
Semiconductor equipment and material institute
(SEMI-F47).Last is standard curve
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recommendedby(IEEE  P1668™,  2014). The
standards are a method to evaluate ride through of
equipment to voltage sags, whichdistinguishfor one
phase load and three-phase load. Availability
susceptibility curve of equipment individually
become crucial. Because from the curve can be
known ride through of equipment when voltage sag
occurs whether the equipment in operation and
malfunction/trip region. These information can be
get from manufacturer, but it is infrequently or by
other way via laboratory testing. This paper is to
evaluate testing results of equipment sample such as
lamps, contactors and variable speed drives (VSDs).
Those equipment are legitimated as susceptible
against voltage sags. Results obtained were
constructed in a susceptibility curve and then
compared with susceptibility standard curve.

2 STANDARD CURVES RELATED
TO EQUIPMENT
SUSCEPTIBILITY

The CBEMA is earlier standard is named power
acceptability curve was introduced in 1980. The
curve is has become standard guidance within
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industry to asses susceptability of automatic data
processing to voltage change in short duration
(Heydt et al. 2001). But it has been applied in many
equipment. The curve is dispalyed in Figure 1.
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Figure 1:ITIC curve.

This curve explains equipment susceptibility
against voltage variation significantly is influenced
by sag magnitude and duration.

In 1996, CBEMA curve was redesigned and was
called (ITIC), information technology industry
council curve is documented in (IEEE Std. 1346,
1998). This curve is almost similar with old
CBEMA and the different is more piecewise so that
easy to digitize. SEMI F47 is the first time
recommends susceptibility curve specific to voltage
sag (SEMI F47). ITIC and SEMIF47curves are
plotted simultaneously such as in Figure 2.
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Figure 2: SEMI F47 and ITIC curves.

It can be seen that the duration of dip is less than
0.2 seconds, the SEMI curve is under ITIC curve
and it is stricter than ITIC. Several equipments pass
the ITIC requirement but not pass for the SEMI F47
requirement curve border.
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From Figure2, it can be seen that ITIC has four
knee points which are (75%; 20 ms), (75%; 50ms)
and (80%;50ms), (80%, 100ms) and whereas SEMI
F47 has five knee points which are (50%;50ms),
(50%; 200ms) and (75%;:200ms), (75%; 200ms),
(75%; 500ms). Those curves can be used for three
phase and single phase equipment without
distinguish. Generic shape of SEMI F47 has been
applied by some researchers to asses susceptibility
of adjustable speed drive among of found in (Hardi
Surya et al. 2013 and DjokicS. Z et al. 2005).

IEEE P1668™ 2014 recommended immunity
test for three phase equipment categorized as type I,
type II and type III. These categorizes base on
amount of phase voltage dropping. Susceptibility
curves are shown in Figure 3 and Figure 4. Those
can be seen that the curves are more simple
compared with earlier curve because they have three
knee points respectively.
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Figure 3:Susceptibility standard curve for voltage sagtype
I and type II.
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Figure 4:Susceptibility standard curve for voltage sags
type III.
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3 FACILITY AND EQUIPMENT
TESTED

3.1 Facility

Schaffner  Proffline 2100  electromagnetic
compatibility (EMC) is equipment capable for
generating the waveform required. It has 3x3kVA
power rating atvoltage magnitude in ranges O-
300Vrms/phase. The equipment can produce kind
of power quality problems and one of them is as
voltage sag generator (VSG). Voltage sag
chracteristic is set via  personal computer (PC).
There are two types out put available of the
equipment i.e. single phase and three phase. Photo of
the equipment tester is shown in Figure 5. This
equipment available at laboratory in Universiti
Malaysia Perlis (UniMAP) and has been used for
testing of equipmentsusceptibility.
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Figure 5: Photograph of Schaffner 2100 EMC.
3.2 Equipment Tested

There are three sensitive equipment tested against
voltage sag i.e. lamps, contactors and VSDs.

3.2.1 Lamps

In general the lamps can be extinguished when
supplied with voltage sag, except incandescent lamp.
Both types of lamps such as fluorescent (FCL) lamp
with electronic ballast and mercury vapor lamp
many are widely used people with efficiency reason.

Electronic ballast uses a switch-mode power
supply to modify the input fundamental frequency

voltage to a much higher frequency voltage typically
in the range of 25 to 40 kHz.

The mercury vapor lamp (MVL) is a high
intensity discharge lamp. It uses an arc through
mercury vaporization in a high pressure tube to
generate greatly light bright which is obtained
straight from it is own arc. The lamps need high
voltage at first start. They also are developed from
electronic components therefore susceptible against
voltage sags.

3.2.2 Contactors

AC contactor is an electromagnetic device that acts
when the electromagnetic coil is connected to a
voltage source. Current will flow through the coil
induces a magnetic field consequnce spring attract
for closingits contacts. Magnetic force produced is
influenced by the voltage magnitude. When the
supply voltage is decreased or interrupted, the
springposition is back to initial position so the
contact keeps in open position. Contactors take large
current starting instants to close it contact is
compared with small current in operation condition.

Contactors are recognized also as susceptible
against voltage sags. Motor get energy supply form
utility via contactor. When contactor is subjected
voltage sags, it may trip so that connection between
motor and contactor disconnected.

3.2.3 Variable Speed Drives

Variable speed drives (VSDs) is many found
industrial sectors for controlling speed of an electric
motor. Rotational speed variation of the motor is not
expected, particularly in industry process. Because
can cause damage in end product. VSD is fabricated
from electronic components consequently it is
susceptible toward voltage sag (Petronijevic et al.
2010). It can trip if is supplied by certain low
voltage level in fixed sag duration. Specs ofthe
equipment tested are summarized as in Table 1.
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Table 1:Specs of the equipment tested.

Type Lamp Contactor VSD
FCL“w1th VSD (1)
Ballast 3 phase
c Phase,
electronic (1 0.5 HP,
A0V AC 240V, 20A 380-450V,
36W 400Hz.
Mercury VSD (2)
Rated 3 phase
vapor lamp Q) 1.5KW.
240V AC 240V, 20A | 380-450V,
250W 500Hz

3.2.4 Testing Procedure

The equipment was connected to VSG for genera-
ting voltage sags. Out-put voltage of VSG was set
from 90% up down 0% of nominal voltage with step
2.5%. Sag duration of 10ms was progressively
increased until the equipment trip/switch off. If the
equipment is not trip, proceeds for another voltage
sag level, record the equipment trip or not. The
lamps take into account sag magnitude and duration
only, because POW is not influenced on the Lamp.
But the POWof sag initiation was considered in
contactor testing. Because the VDF is three phase, it
was tested for voltage sags types I, II and III such as
recommended.

4 RESULT AND DISCUSSION

Magnitude and duration of voltage sags are main
characteristics used for testing of three types of
equipment namely; lamps, contactors and variable
speed drives.

4.1 Lamp Testing

Two types of lamps were used for testing viz.
Fluorescent lamp (FCL) and Mercury vapor
lamp(MVL).Waveform example of voltage supplied
and current drawn by FCL lamp is shown in Figure
6. This Figure shows the lamp was supplied by
voltage sag of 20% and 200ms in duration which it
in tripping condition. It can be seen during sag, the
current is zero and while end of the voltage sag, the
current extremely increased.
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Figure 6: Voltage and current waveform for sag of 20%
and 200ms in duration.
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Figure 7:Susceptibility curves for MVL and FCL lamps.

Susceptibilties of the lamps is shown in Figure 7.
MVL lamp is more sensitive than FCL lamp and it
trips is starting at voltage level 40% whereas FCL
sensitive voltage level at 30%. Even so the lamps
meet standard required because they curve lines are
far below standard curves.

4.2 Contactors Testing

Two contactors from distinct manufacturer, which
have same rated, were used in the testing. The
voltage and current waveform when the contactor
Cl subjected to voltage sag of 40% in 100ms
duration. Figure 8 shows the contactor is tripping
condition.  Earlier study considered other
characteristics of voltage sag such as POW of sag
initiation was studied by (Jeong et al.2007) in
simulation model and(S. Hardi and 1. Daut, 2010) in
experimental test. In this paper the POW considered
from 0° until 90° in step 15°. The most sensitive test
results only are displayed in this paper which the
contactors was supplied by voltage sags with 60°
POW. The curves resulted such as in Figure 9.
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Figure 8: Voltage sag of 40% and current waveform
throughcontactorCl1.
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Figure 9: Susceptibility curve for contactor C1 and C2.

From Figure 9, it can be seen that there are some
testing points from 20ms to 50ms are above curve
line of SEMI F47. It means the contactors are not
meeting the standard curve but pass for ITIC
standard. For other POWSs, the contactors are
satisfying curve standards. The result is not
prensented in this paper. Contactor C1 begins to trip
at voltage level 52.5% and below for duration
around 30ms. Contactor C2 less sensitive compared
with contactor C1. It starts to trip at voltage level
47.5% and duration of 30ms above.

4.3 Variable Speed Drives Testing

Three phase VSDs of distinct rated power and
distinct brand were used for testing against voltage
sag types I, I and III. Difference these types are
based on number of phases dropping and phase
angle shift. Voltage sag type I, only single phase the
voltage drops and voltage sag type II, two phases
voltage drop and phase shift occured. Voltage sag
type III, third phase voltage drop and there is no
phase shift. Test results of VSD subjected to voltage

sags are shown in Figure 10 and Figure 11. Voltage
sag type I did not cause VSD trip hence
susceptibility curve is not presented.
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Figure 10:Susceptibility curve of VSDs caused by voltage
sag type II.
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Figure 11. Susceptibility curve of VSDs caused by voltage
sag type III.

Figures 10 and 11 show susceptibilities of
VSD(1) are higher than VSD(2). This is because
distinct in VSD capacitance design as energy saving
and setting over current or under voltage protection
of the ASD (Stockman, 2003 and Pedra et
al.2005).VSD(2) is not passing for voltage sag type
II, because some of the curve lines are in operation
region. But it satify standard curve for testing type
1.

5 CONCLUSIONS

fabrication of
different

Difference
susceptibility

equipment  gives
results. In  general
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susceptibility of the equipment is within tolerance
limit, except for contactors. This is because
susceptible contactors was presented has highest
susceptibility at 60° POW. But it passes for ITIC
standard curve. VSD (1) is more susceptible than
VSD (2). It is not get through when subjected to
voltage sags type II and trip at voltage level of 60%
below, 80ms in duration.
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