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Drives during Sag and Swell Conditions
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Abstract—Process control and energy conservation are the two
primary reasons for using an adjustable speed drive. However,
voltage sags are the most important power quality problems facing
many commercial and industrial customers. The development of
boost converters has raised much excitement and speculation
throughout the electric industry. Now utilities are looking to these
devices for performance improvement and reliability in a variety of
areas. Examples of these include sags, spikes, or transients in supply
voltage as well as unbalanced voltages, poor electrical system
grounding, and harmonics. In this paper, simulations results are
presented for the verification of the proposed boost converter
topology. Boost converter provides ride through capability during
sag and swell. Further, input currents are near sinusoidal. This
eliminates the need of braking resistor also.
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I. INTRODUCTION

power-quality problem is an occurrence manifested in a

nonstandard voltage, current, or frequency deviation that
results in a failure or a miss operation of end-use equipment
[1-2]. Power quality is a reliability issue driven by end users.
There are three concerns firstly the characteristics of the utility
power supply can have a detrimental effect on the
performance of industrial equipment, secondly harmonics
produced by industrial equipment, such as rectifiers or ASDs,
can have a detrimental effect on the reliability of the plant’s
electrical distribution system, the equipment it feeds, and on
the utility system and lastly the characteristics of the current
and voltage produced by ASDs can cause motor problems.
Although, there are number of power quality problems such as
transients, interruption, sag/under-voltage, swell/overvoltage,
waveform distortion, voltage fluctuations and frequency
variations; voltage sag is the major reason for ASDs’
shutdown. Voltage sag is a reduction of AC voltage at a given
frequency for the duration of 0.5 cycles to 1 minute’s time.
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Common causes of sags include starting large loads and
remote fault clearing performed by utility equipment.
Similarly, the starting of large motors inside an industrial
facility can result in significant voltage drop (sag). A motor
can draw six times its normal running current, or more, while
starting. Creating a large and sudden electrical load such as
this will likely cause a significant voltage drop to the rest of
feeder.

Advancements in solid-state power electronics have led to a
new generation of electronic ASDs’, enabling commercial and
industrial facilities to dramatically reduce energy use and
operating and maintenance costs, while improving operations.
ASDs’ can be applied to AC motors regardless of motor
horsepower or location within a facility. They can be used to
drive almost any motorized equipment from a small fan to the
largest extruder or machine tool. ASDs’ unit consists of three
basic parts as shown in Fig. 1. The rectifier converts the fixed
frequency ac input voltage to DC. The inverter switches the
rectified DC voltage to an adjustable frequency AC output
voltage; it may also control output current, if required. The
DC link connects the rectifier to the inverter and may also
contain an inductor as well as a capacitor. Another concern for
ASD applications is the sensitivity of controls to short
duration voltage sags and interruption.

Existing drive topologies can be modified to achieve a
higher level of immunity to line disturbances. These include
adding more capacitors to the DC link, ride-through using
load inertia, operating ASDs’ at reduced speed and/or load,
and using lower voltage motors [3-14]. An important
distinction between each of the possible ride-through
approaches is their ability to provide full-power ride-through,
which is required by many applications. The conventional
topology such of a boost converter can be used to maintain the
DC-link voltage during voltage sag, and can either be
integrated into new drives between the rectifier and the DC-
link capacitors or retrofitted as an add-on module. The add-on
module is used to retrofit existing drives with ride-through
capabilities. During voltage sag, the boost converter will sense
a drop in the DC-link voltage and begin to regulate the DC
link to the minimum voltage required by the inverter which is
user adjustable. In this paper, isolated boost converter has
been applied at the DC link of the ASDs’ at the design stage.
The performance of ASDs’ during power quality problems
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such as voltage sag and swell has been simulated using

MATLAB.
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Fig. 1 Block diagram of conventional ASDs’

Il. PROPOSED RIDE-THROUGH TOPOLOGY

Fig. 2 shows the proposed ride-through topology for
adjustable speed drives which has been directly connected
across a DC link to maintain the voltage level constant under
power quality disturbances such as sags and swells.
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Fig. 2 Block diagram of ASD with isolated buck-boost converter

A. Boost Converter
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Fig. 3 Boost converter topology

This type of converter is a very well known step-up
converter topology and widely used for low power switching
power supplies. This topology schematic diagram is shown in
Fig. 3. The operation of this converter can be described as
follows, when the switch Q is in on state, the diode D is
reverse biased, thus isolating the output stage of the converter.
During this condition the input source supplies energy to the
inductor L. When the switch is in off state, the output stage
receives energy from the inductor as well as from the input
source.

The voltage gain of the converter depends on the duty cycle

value D, and it can be calculated by means of equation (1) as:
Vo/Vin=1/(1-D) 1)

Although from equation (1) it can be inferred that this
converter can have very large voltage gains if a proper duty
cycle is selected, a maximum gain of two is achievable in
practical converters. This difference between the ideal voltage
gain and the practical voltage gain are due to loses in the
inductor, diode and switch. For cases where the output voltage
requirements are higher than two or three times the input
voltage the use of this topology is not appropriate, because of
the reduced efficiency. It is important to consider that this
topology does not need transformers and the voltage stress for
the switch is relatively low when compared to other DC-DC
step-up converter topologies. The use of this topology to step
up the voltage supplied by energy storage devices is feasible
when the ratio between the input voltage and the output
voltage is no higher than two or three and when no galvanic
insulation is required.

B. Isolated Boost Converter

This DC-DC converter topology is an extension of the
conventional boost converter. In this case the input and output
sides of the converter are isolated by a transformer. The
function of the transformer is not only to isolate the grounds
of the input and output but also to provide most of the voltage
gain of the converter. The circuit schematic of this converter
is shown in Fig. 4. As can be seen from this figure the
converter is constituted by two switches two inductors one
transformer, snubber capacitor and resistor, four diodes and
two output capacitors.

Fig. 4 Isolated boost converter topology

Basically in this case two boost converters are connected in
parallel. The switches Q1 and Q2 operate alternating in order
to invert the input DC voltage to get a square wave voltage at
the input terminals of the transformer. This voltage is then
stepped up by the transformer and then rectified by the half
wave rectifier at the secondary part of the circuit. Although
most of the voltage gain of the converter is due the
transformer the presence of the input inductors L1 and L2
produce a small gain in the same manner as in a boost
converter. Also these two inductors allow the converter to
work in continuous conduction, which reduces the input
current peak value. This makes this converter suitable for high
power applications. It is obvious that this topology has a much
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higher component count that the previous one, but has the
advantage of being suitable for high power applications and
the voltage gain characteristic is better for high gain values
than the boost converter. The main problem of this topology is
the high switch stress, which can be about 4 times the in put
voltage of the converter.

The advantages of the Boost converter are: it can provide
ride-through for sags up to 50%, the DC-link voltage can be
regulated as required by the inverter, and is user adjustable.
And the disadvantages are: additional hardware is required,
which will have to be suitably rated due to the additional
current drawn during a voltage sag, in the case of an outage,
the boost converter will not be able to provide ride-through,
and the drive will trip.

I1l. PROBLEM FORMULATION

ASDs’ are often susceptible to voltage disturbances, such as
voltage sags and swells during balance and unbalance
conditions. The above said power quality problems are the
major cause of ASDs’/industry process disruptions.
Depending upon the characteristics of the disturbance, the
ASD’s controlled process may be momentarily interrupted or
permanently tripped out. To avoid such circumstances, ASD’s
have been provided a ride through topology or an external
energy backup during fault conditions. An energy storage
device like battery, capacitor, super-capacitors,
superconducting Magnetic Energy Storage, load inertia, boost
converter, flywheels, fuel cell etc have to be connected across
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DC-link to maintain the required voltage level. In this paper
the objective is to investigate the methods to enhance
adjustable speed, induction motor drives tolerance to voltage
sags through the addition of boost converter by keeping the
DC link voltage level constant. In this topology the boost
converter is directly connected across Units the DC link to
maintain its level constant at any abnormal condition of
voltage sag or swell.

IV. MATLAB SIMULATION AND RESULTS

A. Balanced Sag Conditions

MATLAB Simulink Power System block set tool box has
been used to study the performance of isolated boost converter
topology connected directly across DC link. The MATLAB
simulated circuit is shown in Fig. 5. The simulation has been
done for balanced sag conditions. The voltage sag of 50% has
been introduced between the time intervals from 0.75 sec to 1
sec. The various resultant waveforms generated are shown in
Fig. 6. The DC voltage remains constant during sag condition
and the drive performance does not deteriorate as the machine
current, torque and speed remains same. Further, the source
current drawn is near to sinusoidal. The THD in the source
current is reduced to a low level as is evident from Fig. 7.
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Fig. 5 MATLAB simulation of ASD’s with isolated boost converter
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Fig. 6 Source voltage, source current, DC link voltage, motor current,
torque and speed with a balanced sag of 50%

1000

source voltages
o
%

source voltages
=)
T
—

-1000

source currents
=) n
g
source currents
o
g

04l 4

THD

0.2 =

0 I I I I I I I
0.8 0.85 0.9 0.95 1 1.05 11 115 12

time(sec)

Ei

g. 7 Source voltage, source current and current THD with a
balanced sag of 50%

B. Balanced Swell Conditions

The simulation has been set for balanced swell conditions.
The voltage swell of 25% has been introduced between the
time intervals from 0.75 sec to 1 secs. The various resultant
waveforms generated are shown in Fig. 8.

During the swell also, the DC link voltage remains constant
and there is no need to have a braking resistor, which is
generally used to maintain the constant DC link voltage.
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Fig. 8 Source voltage, source current, DC link voltage, motor current,
torque and speed with a balanced swell of 25%
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Fig. 9 Source voltage, source current and current THD with a
balanced swell of 25%

V. CONCLUSION

This isolated boost converter topology is capable of
providing ride through for voltage sags as well as voltage
swell. Several DC-DC topologies are available to perform this
function. This proposed boost converter topology maintains
the DC link voltage level constant during the abnormal
conditions. For this reason a simple design procedure for
maintaining the DC link voltage constant is presented. The
effectiveness of the proposed ride through topology is shown
by means of simulations.

From these results is clear that the boost converter dynamic
response is fast enough to respond to the abnormal conditions
and avoid the effects of the voltage sags and swells on the
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adjustable speed drive.
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