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AbslraCl- The awareness of e lectric power quality has 
increased over the past decade as electronic eq uipment has 
become more susceptible to power disturbances. The most 
disruptive power disturbances is voltage sags. Voltage sags 
produce an important effect on the behavior of adjustable­
speed drives (ASD 's). Tripping of ASD is one of the 
greatest voltage sag problem, causing motor to stop with the 
resultant interruption of manufac turing process. The 
resulting loss of lime and production, or damaged equipment 
may cause significant economical losses. This paper is 
focused on the effect of vo ltage sags on adjustable speed 
drive (ASD) which commonly used in industry system. 
Voltage sags are nonnally described by magnitude variation 
and unbalance (asynunetry) . These factors are important to 
de tennine the behavior of ac motor drive during sags. A VSI 
(Voltage Source Inverter) driving a three-phase induction 
motor is analyzed through digital simulation. Simulation on 
sag depth and three types of voltage sags which are based on 
voltage sag classification, with an emphasis on the changes 
dc bridge voltage, nns inverter vo ltage and motor speed 
were done. Thus, voltages and speed measurement are 
obtained. Simulation results clearly show that the dine rent 
types of sags and sag depth would cause dc-link vo ltage 
variation and finall y result in motor speed changes. 
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I. INTRODUCTION 

The electric utility environment has never been one of 
constant voltage and frequency due the ex istence of power 
quality disturbances such as voltage sag. According to IEEE 
Standard 11 59- 1995, voltage sag is defined as a decrease to 
between 0. 1 and 0.9 p.u in nns voltage or current at the 
power freque ncy for duration of 0.5 cycles to I min (I]. This 
voltage sag produces an important effect on the behavior of 
sensi tive e lectronic equipment. The sensitive e lectronic 
equipment such as adjustable-speed drives (ASDs) increases 
the potential for problems with elec trical compatibility. 
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The dominant type of ASD is the pu lse-width 
modulation (PWM) cont ro lled voltage source inverter (VS I). 
The PWM ac ASD is a converte r, comprising of a rec tifier 
(or input inverter), a dc link (or dc bus), an inverter (or 
output inverter) , and additiona l cont rol and measurement 
c ircuits. All these·circuits respond to various power quality 
disturbances both individually and as a complete assembly, 
leading (Q high and complex pattems of drive sensitivity. 

To quantify the effect o f AS D to voltage sags, it is 
necessary to characterize the parameters of vo ltage sags. In 
this paper, voltage sags are characterized by a duration and 
depth parameter which represented in a two dimensional nns 
voltage magnitude versus duration plot. The topology of an 
ASD with voltage source inverter, and the sensitivity of 
standard ASD are investigated through digital simulalion. 
Voltage sag can be either balanced or unbalanced, 
depending on the cause [6] . 

Voltage sag is classified into three types which are type 
A, type E and type B as shown in fi gure 1.0 (a) , (b) and (c). 
For type-A vo ltage sag, all three phase voltages drop in 
magnitude. by the same amount whi le retaining 120" 
displacements. For type-B , only one phase voltage drops in 
magnitude while other two unsagged remain at nominal 
vo ltages. While, for type-E, 2 phase voltages drop in 
magnitude by the same amount and onc phase remain at 
nominal voltage [2],[6]. 
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Figure I: Voltage sag types. All sags have a magnitude 
of 50 %: (a) three-phase sags, (b) two-phase sags and (c) 
single-phase sag. 
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II . DEVELOPMENT OF ADJ USTABLE SPEED DRIV ES 
MODEL 

A typical ASD system, which has four basic 
components: rectifi er, DC link, inverter, and regulator. The 
rec tifier converts line frequency ahcm aling current (AC) to 
direc t current (DC). The DC link smooths the output o f the 
rec tifier. And, the inverter generates an adjustable frequency 
and voltage AC output to the mola r. Some applications may 
require regulato rs, which help cont ro l sys tem output to 
optimize the process requirements [3]. 

A balanced voltage source supply to the VSI system 
circuit is COIUlCCled as shown in figure 2. The inverter nns ac 
vo ltage can be detennined as below [5]. 

Three phase peak voltage, Vm f 

(1) 

Three phase bridge rectifier average output voltage can be 
found using equation (2) and (3). Three phase average de 
vo ltage, Vl lc.3: 

V"e.3 = (3.J3 / 7r );",.3 (2) 

Three phase inverter nns ac voltage, V"CI'ms3: 

V,e,,,,,,3 = ~2/3V,,J (3) 

Where V,.3 is nns input supply voltage = 4 15 V. 

VSI (Voltage Source Inverter) Induction Motor System 
with Three Phase Balanced Sag 

Figure 2 shows the circuit o f three phase 
balanced voltage sags where during sag voltage, the 
magnitudes in a ll three phases are equal. Duration of all sags 
reduced in tes ts was the same in all sagged phases. The 
constructions of the circuit were conducted with three 
different depth sag vo ltages (80 %, 50 % and 20 % of rated 
voltage, 339 V). 

VSI (Voltage Source Inverter) Induction Motor System 
with Two I)hase Sag 

Figure 3 shows the construction circuits of two­
phase voltage sag with three different sag conditions. Two­
phase voltage sag is where during sag voltage, magnitudes of 
two sagged phases are equal; voltage in third is "unsagged" 
phase is used as parameter, and it can be either rated or 
below rated. In this case, rated voltage 339 V is chosen. 

VSI (Voltage Source Inverter) Induction Motor System 
with Single Phase Sag 

Single-phase voltage sag, i.e., during sag voltage 
magnitude of one (sagged) phase is below the ra ted value, 
339 V and voltage magnitudes in two other phases are used 
as a parameter-they are always equal and rated, or equal and 
below rated voltage. In this case, the rated voltage was 
chosen for two other phases. Figure 4 shows the circuit of 
80% single-phase voltage sag. 
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Figure 2: Three phase VS I system with 80 % three-phase 
balanced voltage sag. 
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Figure 3: Three phase VSI system with 80% two-phase 
voltage sag. 

Figure 4: Three phase VSI system with 80% of single-phase 
voltage sag. 
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III. SIM ULATI ON OF THREE PH ASE BALANCED 
VOLTAGE SAG (TYPE A) 

The result simulation of three-phase balanced voltage 
sag circuit with different percentages are shown in figure 
5,6and 7. 
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Figure 5: Simulation result of 80 % three-phase voltage sag: 
(a) Line voltages, VA l , VBI and VC I; (b)average de 
voltage, VPDC I and nns ae voltages, VPAC I , VPAC2 and 
VPAC3 ; and (e) Motor speed and torque. 

'l'fOC 10"1" 
1 1~O ~ 

';ml . ....••••••••.••••••.. .• •••••••••••••••••••••• •••• •. ••••••• ••• ••• •. ~ .~ 
::::-~ 

000 llO U U D~ 

1one(11 

Figure 6: Simulation result of 50 % three-phase vo ltage sag: 
(a) Line voltages, VA l , VBland VC I; (b)average de 
voltage, VPDC I and fins ae voltages, VPAC I, VPAC2 and 
VPAC3; and (e) Motor speed and torque. 
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Figure 7: Simulation result of 20 % three-phase vo ltage sag: 
(aJ Line voltages, VA l , VB land VC I; (b)average de 
voltage, VPDC I and nns ae voltages, VPAC I , VPAC2 and 
VPAC3; and (e) Motor speed and torque. 

From fi gure 5, 6 and 7, it is detennine that lower 
voltage sag would cause the average dc voltage and inverter 
nns ac voltage drop to a lower level. For motor speed 
wavefonns, deeper the voltage sags, the rate of motor speed 
increased . • 

IV. SIMULA nON OF TWO-PHASE VOLTAGE SAG 
(TYPE E) 

Figure 8, 9 and 10 show the result simulation from VS I 
system under two-phase with differcnt pcrcentage of voltage 
sag. 
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. of 80 % two-phase voltage sag : 
Fiuure 8: SimulatIOn result d VC I' (b) average de 

o VA l VBlan , 
(a) Line voltages, , , . VPAC I , VPAC2 and 

VP DC I and n11S ac Yohages, voltage, d Ie 
VPAC3; and (c) Motor speed an torql . 

. It of 50 % two-phase vo ltage sag: 
Figure 9: Simulation resu d VC I ' (b) average de 

. . VAl VBlan , d 
(a) LlIle voltages, , , . VPAC I, VPAC2 an 

VPDCI and nns ac voltages, voltage, d que 
VPAC3 ; and (c) Motor speed an tor . 

SIMULATION OF SINGLE-PH ASE VOLTAGE SAG 
V. (TYPE B) 

- the simulation results under 
By referring to fi gure 4 , .. Itage sag are shown 

s ingle-phase wi th percentage V3n atIOIl va 
in (igure II , 12 and 13. 

. t of 80 % single-phase voltage 
Figure II : Simulallon resul VBland VCI ; (b) average de 
sag: (a) Line voltages, VAl, I . VPACI, VPAC2 and 

VPDCI and nns ac va tages, 
volta

g
Ce3,· d (c) Motor speed and torque. VPA ,an 
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. . . It of 20 % two-phase voltage sag : 
Figure 10: SunulatlOn resu VBland VCI ; (b) average de 
(a) Line voltages, VAl , I . VPACI , VPAC2 and 

VPDC I and nns ac va tages, 
voltage, ddt rque 
VPAC3; and (c) Motor spee an a . 

o show that as the percentage of 
Figure 8, 9 and I I It ge during sagging at the . Teased t lC va a d 

voltage drop lIle . d ced For motor spec 
'd d inverter are re u . h 

output of bn ge an "tude in third p ase 
I voltage magm 

wavefonns, as." t ~e f he drive increases (ra te of motor decreases , sensl ltv lty a t 
speed is reduced). 
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" 'of 50 % single-phase voltage 
Figure 12: SimulatIon result VBland VCI; (b) average de 
sag: (a) Line vo ltages, VAl , ,. VPACI , VPAC2 and 

VPDC I and nns ac voltages, voltage, d que 
VPAC3 ; and (c) Motor speed an tor . 
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Figure 13: Simulation result o f 20 % single-phase vo ltage 
sag: (a) Line voltages, VA l , VB land VC I; (b) average de 
voltage, VPDC I and rms ac voltages, VPAC I , VPAC2 and 
VPAC3; and (c) Motor speed and torque. 

The result obtained are similar to those previously 
for type A and E where the highest de vo ltage and inverter 
vo ltage drop are obtained for lower vo ltage sags during 
voltage sags. 

Refer to figure II , 12 and 13; it is observed tha t as the 
percentage of vo ltage drop increased , the voltage dur ing 
sagging at the output of bridge and inverter are reduced. The 
rale of motor speed getting lower as the pe rcentage of 
vo ltage drop increased during sagging. 

VI. CONCLUS ION 

From simulation o f three phase VSI sys tem, the 
measured voltages of average bridge output and rms inverter 
output are approx imate ly the same from calculated voltage. 
As expected in s imulation of three-phase sags (type A), the 
sag depth (percentage of voltage sag) is proportiona l with 
average bridge and inverter outpu t where the deeper the sag, 
the lower the magnitude voltages. 

The simulation o f two-phase sag (type E) and single­
phase sags (type B) shows the same results as th ree-phase 
sag but the vo ltage magnitude drop for both bridge and 
inverter output are lower than the vo ltage magnitude drop of 
three-phase sag simulation. These also conclude that lower 
sag would cause lower vo ltage level at both output of bridge 
rec tifi er and inverter. 

During the vo ltage sag, it is shown clearly evident that 
the speed drops off as the bridge output vo ltage and inverter 
output vo ltage level drops. Therefore, it is clearly evident 
that the inverter output voltage variation under voltage sag 
innuence the motor speed rate. Moreover, the higher 
percentage drop o f nominal vohage for certain types of sag, 
will produced lower speed and it takes longer time to reach 
steady-state. 
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