International Journal of Management, Technology And Engineering

MODELLING AND SIMULATION OF DYNAMIC VOLTAGE RESTORER
(DVR) TO IMPROVE POWER QUALITY

R. DEEKSHIT KUMAR!" | G. SASI KUMAR?', Dr. D. RAVI KUMAR"!

[1IM.Tech (PS), Department of Electrical and Electronics Engineering, VNRVIJIET, Hyderabad,
T.S. INDIA
21 Associate Professor, Department of Electrical and Electronics Engineering, VNRVIJIET,
Hyderabad, T.S. INDIA
BlAssociate Professor, Department of Electrical and Electronics Engineering, VNRVIJIET,
Hyderabad, T.S. INDIA

ABSTRACT

This paper deals with improving the voltage
quality of sensitive loads from voltage sags using a
dynamic voltage restorer (DVR). The higher active
power requirement associated with voltage phase
jump compensation has caused a substantial rise in
size and cost of the dc link energy storage system of
DVR. The existing control strategies either mitigate
the phase jump or improve the utilization of dc link
energy by the following:1) reducing the amplitude of
the injected voltage or 2) optimizing the dc bus
energy support. In this paper, an enhanced sag
compensation strategy is proposed, which mitigates
the phase jump in the load voltage while improving
the overall sag compensation time. An analytical
study shows that the proposed method significantly
increases the DVR sag support time (more than 50%)
compared with the existing phase jump compensation
methods. This enhancement can also be seen as a
considerable reduction in dc link capacitor size for
new installation. The performance of the proposed
method is evaluated using simulation study and
finally verified experimentally on a scaled laboratory
prototype.

1.INTRODUCTION
1.1 INTRODUCTION

The importance of electricity first-class (PQ) has
risen substantially inside the course of the maximum
current two many years because of a checked
increment in the amount of hardware that's sensitive
to hostile PQ conditions, the aggravations presented
by using nonlinear burdens, and the multiplication of
renewable energy assets, among others. No less than
half of of all PQ unsettling affects are of the voltage
best type, in which the interest is the research of any
deviation of the voltage waveform from its most
excellent shape. The exceptional in reality understood
aggravations are voltage lists and swells,
symphonious and bury consonant voltages, and, for
3-stage frameworks, voltage irregular characteristics.
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A voltage stoop is often added on through quick out
shortcomings in the energy machine [2], [3] or by
means of the start up of impelling engines of
expansive score [4]. The following unfavorable
results are a lessening within the vitality exchanges
of electrical engines and the detachment of sensitive
hardware and mechanical techniques conveyed to a
halt. A entire portrayal of voltage dangle may be
located in [5]. Sounds are created by nonlinear tools,
for instance, electric powered round segment
warmers, variable speed drives, big centralizations of
bend release lighting fixtures, and stacks which
utilize energy devices. Consonant currents produced
by way of a nonlinear system or made because of
existing symphonious voltages will gas copper and
press misfortunes in electrical hardware. In turning
equipment, they'll create throbbing torques and
overheating [6].

Voltage awkward nature are commonly realized by
unequal masses or lopsided quick out flaws,
consequently developing overheating in synchronous
machines and, in a few great cases, prompting near
downs and equipment disappointment. The DVR is
essentially a voltage supply converter related in
arrangement with the AC system via an interfacing
transformer, which turned into to start with supposed
to enhance voltage lists [7]. The critical running
widespread at the back of the DVR is the infusion of
an in level association voltage with the upcoming
deliver to the heap, sufficiently good enough to repair
the voltage to its presag kingdom. Its charge of
accomplishment in scuffling with voltage lists in true
institutions is all round reported [8], this being a
reason why it continues on drawing in quite a few
enthusiasm for enterprise and in scholarly circles.
Studies work has been accounted for on DVR two-
level [9] and multilevel topologies [10] and further
on manage and operation. The late can be indifferent
into a couple focuses.
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2.POWER QUALITY

2.1 POWER QUALITY

The current holder crane industry, inside the identical
way as different industry sections, is regularly
captivated through the flamboyant odds and ends,
beautiful symptomatic showcases, rapid execution,
and stages of mechanization that can be finished.
Regardless of the fact that those components and
their with the aid of implication related computer
based totally enhancements are key troubles to a
gifted terminal operation, we should no longer forget
about the establishment whereupon we are building.
Strength quality is the mortar which bonds the status
quo squares. Energy high-quality likewise affects
terminal running financial matters, crane unwavering
excellent, our surroundings, and starting hobby in
electricity stream frameworks to reinforce new crane
establishments. To quote the provider business
enterprise pamphlet which went with the last month
to month problem of my home application charging:
'making use of strength astutely is a first rate
ecological and enterprise rehearse which spares you
coins, decreases outflows from generating flora, and
monitors our natural property. As we're all mindful,
holder crane execution requirements maintain on
expanding at a bewildering rate. Reducing edge
holder cranes, as of now within the presenting
process, will require normal power requests of 1500
to 2000 kW — twofold the combination everyday
hobby three years earlier. The quick increment in
strength request degrees, an expansion in holder
crane population, SCR converter crane drive retrofits
and the extensive AC and DC drives expected to
strength and manipulate these cranes will extend
attention of the energy best issue inside the precise
now not so remote destiny

2.2 electricity high-quality problems

Any electricity trouble that effects in failure or
disoperation of customer system, manifests itself as
an economic burden to the person, or produces
negative affects on the environment.

While implemented to the field crane enterprise, the
energy problems which degrade electricity first-class
encompass:

energy component.

Harmonic Distortion.

Voltage Transients.

Voltage Sags or Dips.

Voltage Swells.

The AC and DC variable speed drives used
on board holder cranes are noteworthy consumers to
aggregate consonant cutting-edge and voltage
contortion. Whilst SCR level manage makes the
appealing regular strength element, DC SCR drives

AW -
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paintings at no longer precisely this. What's extra,
line scoring takes place while SCR's commutate,
making transient pinnacle healing voltages that can
be three to four instances the ostensible line voltage
relying on the framework impedance and the quantity
of the drives. The frequency and seriousness of those
strength framework unsettling impacts shifts with the
tempo of the power. Symphonious current infusion
with the aid of AC and DC drives will be maximum
expanded while the drives are working at mild
velocities. Strength element may be most reduced
whilst DC drives are operating at slight speeds or
amid introductory quickening and deceleration
durations, expanding to its best quality when the
SCR's are afflicted directly to deliver appraised or
base pace.

Above base velocity, the electricity calculate
essentially remains constant. Alas, holder cranes can
make investments significant strength at low speeds
as the administrator endeavors to spot and arrive
compartments. Bad strength detail places a more
distinguished kVA request load on the software or
motor alternator strength supply. Low energy
variable burdens can likewise have an impact on the
voltage power that can at ultimate result in
detrimental impacts at the life of sensitive digital
tools or even abnormal glitch. Voltage drifters made
with the aid of DC drive SCR line indenting, AC
force voltage cleaving, and excessive frequency
consonant voltages and currents are all crucial
wellsprings of commotion and unsettling impact to
sensitive digital equipment

It has been our enjoy that give up clients frequently
do not relate power best problems with field cranes,
both in light of the reality that they're actually blind
to such problems or there has been no financial
outcome if power fine turned into not tended to.
Previous to the approach of sturdy kingdom energy
materials, electricity element became sensible, and
consonant present day infusion turned into
insignificant. Not till the crane population duplicated,
strength requests according to crane increased, and
static energy transformation was the way of life, did
energy nice troubles start to broaden.

Certainly, at the same time as consonant contortion
and electricity factor issues surfaced, nobody become
really arranged. Indeed, even nowadays, crane
developers and electrical force device merchants stay
far from the issue amid aggressive providing for
brand new cranes. Rather than give attention to
awareness and comprehension of the ability issues,
the strength great trouble is purposefully or
unintentionally ignored. Electricity great difficulty
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arrangements are handy. Regardless of the truth that
the preparations aren't loose, a lot of the time, they do
talk to a first rate price of profitability. Alternatively,
if power best isn't indicated, it no doubt may not be
conveyed.Energy quality may be advanced through:

1 Strength aspect correction,

2 Harmonic filtering,

3 Special line notch filtering,

4 Temporary voltage surge suppression,
5 Right earthing systems.

3.FACTS

Flexible AC Transmission systems, referred to as
facts, got inside the latest years a widely known time
period for higher controllability in power systems by
way of power digital devices. Several records-devices
had been added for various packages worldwide. A
range of of new kinds of devices are in the level of
being added in exercise.

In most of the programs the controllability is used to
keep away from price in depth or landscape requiring
extensions of energy systems, for example like
upgrades or additions of substations and power
strains. Records-devices provide a higher adaptation
to varying operational situations and improve using
current installations.

Interconnection of renewable and distributed
generation and storages.

The usage of traces for dynamic power transmission
have to be ideally up to as a long way as feasible.
Voltage and dependability limits must be moved with
the approach for the few unique information devices.
It may be visible that with growing line duration, the
open door for records devices gets greater vital.
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Fig 3.1 Difference between Voltage and
Dependability Limits

The advancement of statistics-gadgets has began with
the growing skills of energy electronic segments.
Gadgets for excessive strength levels had been made
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on hand in converters for high or even most amazing
voltage tiers. The overall starting ranges are device
components affecting the receptive energy or the
impedance of a chunk of the energy framework.

4.HARMONICS

The standard definition for a harmonic is “a
sinusoidal component of a periodic wave or amount
having a frequency that is an imperative a couple of
of the fundamental frequency.” [1]. Some references
talk over with “clean” or “pure” strength as the ones
without any harmonics. However such smooth
waveforms usually simplest exist in a laboratory.
Harmonics have been around for a long time and
could keep to accomplish that. In fact, musicians
were aware of such for the reason that invention of
the primary string or woodwind device. Harmonics
(referred to as “overtones” in tune) are answerable for
what makes a trumpet sound like a trumpet, and a
clarinet like a clarinet.

Fig 4.1. Sine wave

Fig 4.2. Fundamental with two harmonics

5.MODEL OF THE DVR -CONNECTION
SYSTEM

A boring check framework, consolidating a
DVR, is delineated in Fig.1. One of a kind varieties
of burdens are joined on the reason of regular
coupling (percent), including a directly load,
nonlinear burden, and a touchy burden. The
arrangement  affiliation of the voltage-source
converter (VSC) making up the DVR with the air
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conditioner framework is completed by means of
technique for a coupling transformer whose essential
is joined in association between the mains and the
heap. In spite of the reality that a uninvolved LC
channel is often used to acquire an changing swell
loose DVR voltage, in this paper, this channel isn't
always taken into consideration retaining in thoughts
the quit purpose to absolutely survey the
symphonious scratching off residences of the dreary
controller.

5.1. Layout OF THE manage gadget

The point of the control framework is to
control the heap voltage in the vicinity of different
forms of unsettling affects. The control structure
proposed in this paper depends on the utilization of a
meals forward time period of the voltage at the % to
collect a brief transient response, and an enter time
period of the heap voltage to guarantee 0 blunder in
enduring kingdom.The load voltage is

V) = E'|-;)—1|.=V_ (5“_[1 _PI —w—;ls]g_:ﬂj

L

1= g. "1“]1(1 -G_rwjl'{;ﬂ:(j) —F;(S)I(S)]

&

(1)

But by using this controller the delay t0 is
not exactly known and the closed loop system will
not be stable. To tackle this problem, a modified
controller C(S) is proposed as

Q(s)e—'ff—r'o )=
1—Q(S)eT*

c(s) =

)

Where Q(S) is the transfer function of a low
pass filter t0 is the estimated value of the time delay

T=—-[
for DVR with wl P .

The transfer functions F(S), Fiy {5} F; (5)
,with the new modified controller C(S) are :

[e—rﬂs i 8 Q[SJE—TS (e—ﬁs = e—rns)

FR = 1+Q(s)e7T (e7% —1)
3)
- [H—e =l — @x)e ]
Fw (5) = 1+ Q(s)e 7= (e";’ —1)
(4)
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The characteristic equation of the resulting
closed loop system is

14+ Q(s)e™T* (9_55 — 1)=0
(6)

=Ti[,~0
Where G(s) = Q[S)E : [e = 1)

Keeping in mind the end goal to ensure
dependability the term G(S) in (6) should agree to the
nyquist standard: if the quantity of shaky shafts of the
open circle framework G(S) is equivalent to zero
(p=0), then the quantity of counter clock astute
enclosures of the point (- 1,0) of the term G(jo) must
be zero (N=0) with - oo < ® < 0.

Since every one of the posts of Q(S) are
steady, which suggests that P=0, then N must be zero
to ensure strength, and an adequate condition for
Q(S) can be acquired by

G| = Q(8)e™ ™ (7% — 1)< 1 ve
(7

Which is fulfilled if

a
2 |sin (Em) Q(iw)l < 1vw
t))

5.2 .Control block

The force framework and the manipulate
framework have been performed in MATLAB .The
check framework is protected a four hundred V 50
Hz supply which sustains three distinct burdens: 1) A
squirrel —cage impelling system 2) A non-direct load
which accommodates of an uncontrolled three stage
rectifier with an inductive-resistive burden and
three)A three stage sensitive burden which comprises
of a celebrity made up of a resistance associated in
arrangement with an inductance in every degree. A
two stage DVR is associated between the percent and
the sensitive burden by method for a 20-KVA
coupling transformer with a cohesion turns share and
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a star joined auxiliary winding. The voltage of the aE AR RATEIS
DC stockpiling system is 650.

Fig 5.1 Model of Control System. w
Fig 6.3 Dynamic performance of the capacitor-

6.SIMULATION RESULTS supported DVR during voltage sag

7.CONCLUSION

The operation of a DVR has been appeared with
another manage approach the usage of one of a kind
voltage mixture arranges. An examination of the
execution of the DVR with distinctive arrangements
has been finished with a reduced score VSC,
inclusive of a capacitor-strengthened DVR. The
reference load voltage has been assessed the use of
the framework for unit vectors, and the manipulate of
DVR has been professional, which minimizes the
misstep of voltage imbuement. The SRF theory has
been used for assessing the reference DVR voltages.
It's far brought on that the voltage implantation in-
level with the p.C voltage results in minimal
evaluating of DVR yet to the detriment of an
essentialness source at its dc delivery. Multiplication
results the use of MATLAB exhibit that the grim
controller and the DVR have yielded splendid
outcomes in wiping out the PQ unsettling affects over
the sensitive weight.

Fig 6.1 Main Simulation Diagram
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