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ABSTRACT

The voltage stability problem of distribution networks is associated with a rapid voltage drop because of heavy
system load. To operate the distribution system under such critical conditions the integration of distributed
resource improves the reliability of supplying power by improving voltage stability and reducing the power
losses. This paper presents voltage stability analysisof radial distribution networksin the presence of distributed
generation. The analysis is accomplished using different methods which can be evaluated at each node of the
distribution system. In this paper study the all types of methods which is used to improve the Voltage Sability

Assessment in radial distribution power system.

Keywords: distributed generation, radial distribution network, Different methods of improving voltage stability.

1. INTRODUCTION

I nadistribution system Voltage stability isoneof the
keeninterestsof industry and research sectorsaround
the world. It concerns stable load operation, and
acceptablevoltagelevelsal over thedigtribution system
buses. Thedistribution system in apower systemis
loaded more heavily than ever before and operates
closer tothelimit to avoid the capital cost of building
new lines. Digtributed resources arethe power sources
(active or reactive) that can be connected to a
distribution system by adistribution company or by
the customer at the customer side of the meter. The
distributed resources, if strategically located and
operated, defer or eliminate system upgrades by
improving various energy efficiency defining
parameterslikevoltageprofile, power lossesand load
ability limit. However, for better energy performance
thes multaneousimprovement inthese parametersis

required. Radial distribution systemshaving ahigh
res stanceto reactanceratio causesahigh power |0ss
so that theradia distribution system isone of the
power systems, which may suffer from voltage
instability. Different methods used toimprovethe
voltage stability such as bifurcation analysis, p-v
curve ,g-v curve and other types of load scheduling
methodswhichisrelated to different software and
different types of numerical problems related to
variousload condition.

2. ELECTRICAL POWER SYSTEM

Electric power supply system in a country
comprisesof generating unitsthat producedectricity;
highvoltagetransmissonlinesthet trangport dectricity
over long distances, distribution linesthat deliver the
electricity to consumers, substationsthat connect the
piecesto each other; and energy control centersto
coordinate the operation of the components.
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2.1Generation System

Electric power isgenerated intherange of 11 kV
to 25 kV, which is increased by stepped up
transformerstothemain tranamissonvoltage. At sub-
stations, the connectionsbetween variouscomponents
aremade, for example, linesand transformersand
switching of these components is carried out.
Transmissionleve voltagesareintherangeof 66 kV
to 400kV (or higher). Large amounts of power are
transmitted from the generating stationsto theload
centersat 220kV or higher. InUSA itisat 345kV,
500kV and 765kV and Britain, itisat 275kV and
400 kV. The network formed by these very high
voltagelinesissometimes called asthe Super Grid.
Thisgrid, inturn, feedsasub-transmission network
operating at 132 kV or less. In our country, networks
operate at 132 kV, 66 kV, 33 kV, 11 kV or 6.6 kV
and supply thefind consumer feedersat 400 volt three
phase, giving 230 volt per phase.

2.2 Transmission System

AC system is used in the transmission of bulk
power, instead of DC (Direct Current), because of
itsability to transformvoltageto variouslevelsusing
atransformer. Thevoltagetransformationfollowsthe
Faraday’s Law which states; the emf induced in a
circuit is directly proportional to the time rate of
changeof magnetic flux through thecircuit. Ability to
transform voltageand to flow power intwo opposite
directions (bidirectional) are the only major
advantages of AC system over DC system. DC
transmission system on the other hand has more
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advantages over AC transmission system. The
industrial growth of a nation requires increased
consumptionenergy, particularly dectricd energy. This
haslead toincreaseinthegeneration and transmission
facilitiesto meet theincreasing demand. Thegeneration
canbeincreased to therequired level but the problem
Isintransmission dueto thethermdl limit, becausethe
transmissonlineload ability isfixed upto 60% of the
power to betransmitted.

2.3 Distribution System

The part of the power system which distributes
electric power for local useisknown asdistribution
system. Theeffectiveness, withwhichit achievesits
objectivesof distributing electric energy to various
consumers, ismeasuredintermsof voltageregulation,
flexibility, security of supply efficiency and cost.
Didtribution networksaredifferent than transmission
networks in many ways, quite apart from voltage
magnitude. Thegenera structure or topology of the
distribution system is different and the number of
branches and sources is much higher. A typical
distribution system consists of a step-down
transformer (e.g., 132/11kV or 66/11kV or 33/11
kV) at abulk supply point feeding anumber of lines
with varying length from afew hundred metersto
severa kilometers. Several three-phase step-down
transformers, e.g., 11 kV/400 V are spaced along
the feeders and from these, three-phase four-wire
networksof consumersare supplied which give 230
volt single-phase supply to housesand smilar |oads.
Ingenerd, thedistribution system consists of feeders,
distributorsand servicemains. A feeder isaconductor
which connectsthesub-gation (or localized generating
station)to the areas to be fed by those stations.
Generally, no tapping aretaken by from feedersto
theconsumers. Therefore current loading of afeeder
remainssameaongitslength. Itisdesigned mainly
fromthepoint of view of itscurrent carrying capacity.
Didributorsarethe conductorsfromwhich numerous
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tapping for the supply to consumersaretaken. The
current loading of distributor variesalong itslength.
Distributorsare designed from the point of view of
thevoltage drop. Service mainsare the conductors
which connect the consumer’s terminals to the
digtributor.

3. REQUIREMENT OFAPOWER SYSTEM

A condderableeffortismandatory to maintainthe
supply of electric power system within the
requirements of many consumers.The necessary
requirements of agood power system are:-

3.1 Availability of power demand

Power should be available to the consumersin
large amount asper their requirement

3.2 Reliability

Present day indugtry istotally dependent oneectric
power for itsoperation. So thereisan urgent need of
ardiablesarvice. If per chancethereisapower falure
it should befor theminimum possibletime at every
cost. Improvement inreliability canbemadeuptoa
considerable extent by Reliable automatic control
system and providing additiona reservefacilities.

3.3 Proper Voltage

Most important requirement of a distribution
systemisthat the voltage variationsat the consumer
terminasshould beaslow apossible. Themain cause
of changesin voltage variation of |oad on system.
Therefore, adigributionissaidtobegood, if it ensures
that thevoltagevariationsarewithin permissblelimits
at consumer terminals.

3.4 Loading
Thetransmissonlineshould never beover loaded.
3.5 Efficiency

The efficiency of transmission lines should be
maximum say about 90%.
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Fig.2. Power System Stability Chart

Power system stability istheability of anelectric
power system, for agiveninitial operating condition,
toregain astate of operating equilibrium after being
subjected toaphysica disturbance, with most system
variablesbounded sothat practicaly theentiresystem
remainsintact. Thepower sysemisahighly nonlinear
system that operates in a constantly changing
environment; loads, generator outputs and key
operating parameters change continually. When
subjected to adisturbance, the stability of the system
dependsontheinitial operating condition aswell as
the nature of the disturbance. The classification of
power system stability proposed hereisbased onthe
following consderations.

» The physical nature of the resulting mode of
ingtability asindicated by themain sysemvariable
inwhichinstability can be observed.

* Thesize of the disturbance considered, which
influencesthemethod of calculation and prediction
of gability.

» Thedevices, processes, and the time span that
must betaken into considerationin order to assess
Sability.

Fig. 2givestheoverdl pictureof thepower system
stability problem, identifying its categories and
subcategories. Thefollowing are descriptions of the
corresponding formsof stability phenomena.
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4.1 Rotor Angle Stability

Rotor angle stability refers to the ability of
synchronous machines of an interconnected power
systemto remainin synchronism after being subjected
toadisturbance. It dependsontheability to maintain/
restore equilibrium between el ectromagnetic torque
and mechanical torque of each synchronousmachine
inthesystem. Ingtability that may result occursinthe
formof increasing angular swingsof somegenerators
leading to their loss of synchronism with other
generators.

4.2 Frequency Stability

Frequency stability referstotheability of apower
systemto maintain steady frequency following asevere
system upset resulting in a significant imbalance
between generation and load. It dependsontheability
to maintain/restore equilibrium between system
generation andload, withminimumunintentional loss
of load. Ingtability that may result occursintheform
of sustained frequency swingsleading to tripping of
generating unitsand/or loads.

4.3 \Voltage Sability

Voltage stability refersto the ability of apower
system to maintain steady voltagesat all busesinthe
system after being subjected to adisturbancefroma
giveninitial operating condition. It dependsonthe
ability to maintain/restore equilibrium between load
demand and load supply from the power system.
Instability that may result occursin the form of a
progressivefall or rise of voltagesof somebuses. A
possible outcome of voltage Instability islossof load
inanarea, or tripping of transmission linesand other
elements by their protective systems leading to
cascading outages. Loss of synchronism of some
generators may result from these outages or from
operating conditionsthat violatefield current limit.
Consderingsmplebussystemwhich caneasly define
the equation of thevoltage stability.

[80]
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Fig.3. Voltage Stability Diagram

Red power transfer from busisgiven by

P=—sind
Reactive power transfer from busisgiven by

V2
Q:——+ﬂcos5
X X

where, E=E Zdisthevoltage

V =V Z0isthevoltage
X =impedanceof theline
O =power angle.
5. TOOLS FOR VOLTAGE STABILITY
ANALYSIS

Different methodsexist intheliteraturefor carrying
out a steady state voltage stability analysis. The
conventiona methods can be broadly classifiedinto
thefollowingtypes.

1. P-V curvemethod

2. V-Q curve method and reactive power reserve.
3. VS Index method

4. Bifurcationanayssmethod

5.1 P-V curve method

When considering voltage tahility, therdaionship
between transmitted P and Receiving end V is of
interest. The process of voltage stability analysis
involvesthetransfer of Pfrom oneregion of asystem
to another, and monitoring the effectsto the System
voltagesV. Thistypeof anayssiscommonly referred
to as a P-V study. The P-V curves, rea power-
voltagecurve, areused to determinethe MW distance
from the operating point to the critical voltage.
Consider asingle, constant power load connected
through atransmissionlineto aninfinite-bus. Let us
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consider fig-4 the solution to the power-flow
equations, where P, the real p ower ofthe load, is taken

as a parameter that is slowly varied, and V is the
voltage of the load bus the parameter P. In the first
region, the power flow has two distinct solutions for
each choice of P; one is the desired stable voltage
and the other is the unstable voltage. AsP isincreased,

the system enters the second region, where the two
solutions intersect to form on e solution for P, which is

the maximum. If P is further increased, the power-
flow equations fail to have a solution. This process
can be viewed as a bifurcation of the power-flow
problem. The method of maximum power transfer
determines critical limits on the load bus voltages,
above which the system maintans steady-state
operation.

p A |
MW distance to
critical point

———P

Stability Limit

Operating Point

Fig. 4. Voltage Load vs Power Flow

The P-V curve is drawn for the load bus and the
maximum transmissible power is calculated. Each
value of the transmissible power corresponds to a
value of the voltage at the bus until VV = Vcrit after
which further increase in powe r results in deterioration
of bus voltage. The top portion of the curve is
acceptable operation whereas the bottom half is
considered to be the worsening operation. The risk
of voltage collapse is much | ower if the bus voltage is
further away, by an upper value, from the critical
voltage corresponding to Pmax. Hence, the P-V curve

can be used to determine the g/stem’s critical
operating voltage and collapse margin.

5.2 V-Q Curve Method

The Q-V curves, reactive power - voltage curve,
are used to determine the Mvar distance from the
operating point to the critica | voltage. Atypical Q-V
curve isshownin Figure 5 It shows the sensitivity
and variation of bus voltages with respectto reactive
power injections or absorption s. Scheduling reactive
loads rather than voltage produces Q-V curves.
These curvesare a more genera | method of assessing
voltage stability. They are used by utilities as a
workhorse for voltage stabilit y analysis to determine
the proximity to voltage collapse and to establish
system design criteria based on Q and V margins
determined fromthe curves. Op erators may use the
curves to check whether the vo ltage stability of the
system can be maintained or no t take suitable control
actions.

Mvar distance to
critical point

Stable region
E

Stability Limit I

Unstable region

Operating Point [

=ma

Fig.5. Voltage Load vs Reactive Power

’U

In Figure 5, the Q axis shows the reactive power
that needs to be added or removed fromthe bus to
maintaina givenvoltage at a given load. The reactive
power margin is the Mvar dista nce fromthe operating
point to the bottom of the curve. The curve can be
used as anindex for voltage i nstability. Near the nose
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of aQ-V curve, sengitivitiesget very largeand then
reversesign. Also, it can be seenthat the curve shows
two possible values of voltagefor the samevalue of
power. The power system operated at lower voltage
valuewould requirevery high current to produce the
power.

That iswhy the bottom portion of the curveis
classified asan unstable region; the system cannot be
operated, in steady state, in this region. The top
portion of the curverepresentsthe stability region
while the bottom portion from the stability limit
indicatesthe unstable operating region. Itispreferred
to keeptheoperating point far fromthestability limit.

5.3VSl Index method

To accurately predict the operating condition of a
power system need a fast and accurate voltage
stability index (V SI) to help them monitoring the
Voltagesahility indexisnumerica solutionwhichhelps
operator to monitor how closethesystemisto collgpse
or toinitiate automatic remedial action schemesto
prevent voltage collgpse. Themain objectiveof VS|
istofind thedistancefrom current operating point to
themarginally stable point. The purpose of finding
VSl isto find most sensitive node of the system.
Voltage coll apse starts at the most sensitive node and
then spread out to other sensitive nodes. system
condition for identifying the node, which is most
senstiveto voltage collgpse. Fig.6 showsthedectricd
equivalent of radid distribution system.

‘V(m_?)‘ Zo(m2)

1 Receiving end

P(m2)+ jO(m?2)
Fig. 6. Electrical Equipment Radial Distribution System

|V/m 1 }|z o(ml)

mi I 1)) e m2

I riit Jx (i)
Sending end
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FromFig. 6, thefoll owing equation can bewritten:

V() -V (m2)
r(jj)+ ix(ij)

1(ij) =

Where

Jj =branch number.

ml = sending end node,

m_2 = receiving end node,

I (ij) = current of branchij,

V (ml) = voltage of nodem1,

V (m2) = voltage of nodem2,

P (m2) =total real power |oad fed through node
m2,

Q (m?2) =total reactive power |oad fed through
nodem2.

Thenodeat which thevalue of the stability index
Isminimum, ismoresengitiveto thevoltage collapse.
Different load models, i.e., constant power, constant
current, constant impedance and composite load
modeling are considered for the purpose of voltage
dability andyss.

5.4 Bifurcation analysis method

Inany systemwiththechangein parametersthere
issome changein thedynamic behavior. Most of the
time, these changesare only quantitativein nature.
But theremay dso bestuations, whereasmall change
in parametersmay result qualitative changein steady
state behavior of adynamic system. Such eventsare
cdled Bifurcations,

Thenumber of attractorsinanon—linear dynamic
system can change when the system parameter is
changed. This change is called Bifurcation. It is
accomplished by achange of stability of an attractor.
Inabifurcation point, at |east one Eigen value of the
Jacobian matrix gets azero real part. The sudden
changeinthebehavior of the system asaparameter
passesthrough acritical value called abifurcation

point.
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Bifurcation

//J\

Local Global

Saddle-node

Hopf

Singularity induced

In generd therearetwo typesof bifurcation such
asglobd andloca hifurcation. Globa bifurcation often
occurswhen larger invariant setsof thesystem collide
with each other or with equilibrium of thesystem. They
cannot be detected purely by astability analysis of
the equilibrium. Local bifurcation can beanalyzed
entirely throughout changes in the local stability
property of equilibrium, periodic orbits or other
invariant sets as parameters cross through critical
thresholds. Thenfurther Local Bifurcationindivided
into three different types such as saddle-node, Hopf
and Singularity induced bifurcation.

6. CONCLUSION

A precisedefinition of power system stability that
isinclusiveof al formsisprovided .A sdlient feature
of thereport isasystematic classification of power
system stability, and theidentification of different
categoriesof stability behavior. Thispaper explains
al the methods of improving voltage stability
assessment briefly. According to thispaper take any
form of method to explain thevoltage stability briefly
by using different types of software such as VST
toolbox, power flow smulate software and different
typesof numerical solving methods. Thereport aso
includes a rigorous treatment of definitions and
concepts of stability from mathematicsand control

theory. This materia is provided as background
information and to establish theoretical connections.
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