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ABSTRACT

In power transmission and distribution system, mhegority of the voltage and current signal distonsi are
caused by faults. These distorsions affect theutygpwer of the generators as well as power contiompby the loads.
This paper presents the study of impact of powetesy faults on the output power of the power plamd power
consumption of dynamic loads. The effect of singhase to ground fault, double line fault, doubfeslto ground fault,
three phase faults involving ground and withoutugisb on power output of plant power and consumptipthe dynamic
load are presented in detail. The variations ofvacand reactive power during the faulty conditicaned post fault
conditions are investigated. A test system haviagegation, loads, and transmission lines and caededo the utility

network is modeled in MATLAB/Simulink environment.
KEYWORDS: Active Power, Dynamic Load, Fault, Power Plant, ®iea Power, Utility Grid
1. INTRODUCTION

Power system network consists of transmission asttiltition lines used to transfer electrical poviem
generating stations to load centres, generatoamsfiormers, capacitors, inductors, and linear/mozal loads [1].
The power transmission lines and loads in the systee susceptible to faults due to continous expaosito the
environment and switching. The single-phase to gdiaults are the most frequent to occur on EHYignaission systems
and most of the faults are transient in nature éeduby lighting [2]. The power system faults afféw performance of
transmission lines, loads, power generators, ctgaciinductors and other measuring and protectignipments [3].
The faults produce disturbances in frequency arthge and any deviation/disturbance manifestediénvbltage, current
and frequency from the standard rating is treated power quality (PQ) problem that results inuf@lor malfunctioning
of electrical/electronic equipments and dynamiatofl]. The performance of the capacitor bankhengower system is

also affected by the faults [5].

The wide study of power system faults have beewrteg in the literature. A novel technique usingvelat
transform for fault detection, classification anddtion in transmission lines is proposed in [6][1], authors described a
transmission line protection scheme with two priitecfunctions: directional zone and fault classition. The proposed
technique requires no information from remote esd uses current measurements of only one phabe dfiree phase
systems for determining the fault direction, thelted line and the fault type. A novel technique flault detection and
classification in the extremely high voltage tramssion line using the fault transients is proposeB]. In [9], authors

presented a novel morphological un-decimated wawideomposition scheme for fault location on powansmission
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lines. This technique is developed based on moogjwdl wavelet theory for both the extraction of thansient features

and noise reduction in signal processing.

This paper presents the study of impact of powstesy faults on the output power of the power ptartt power
consumption of dynamic loads. The effect of singl@se to ground (LG) fault, double line (LL) faulipuble line to
ground (LLG) fault, three-phase (LLL) fault withoimvolving ground, and three-phase (LLLG) faultdiwing ground on
the output power of the power plant and active arattive power consumption by the dynamic loachim presence of
capacitors, RL loads, transformers, transmissiogsli asynchronous generators used in the windsplantl connection of
the test system with utility grid are discussed andlyzed. The power variation of the power plamd dynamic loads

during the faulty conditions and post fault corati§ are investigated.

This paper is divided into four sections. Startwigh an introduction in section 1, the section e the test
power system model used for the study of impagioafer system faults on the output power of the pgwent and power
consumption of dynamic loads. The simulation resahd their discussion are presented in sectiokirilly, the

concluding remark is included in the section 4.
2.PROPOSEDPOWER SYSTEM MODEL

The test system for the analysis of the impactafgr system faults on output power of power plamd power
consumption of dynamic loads is shown in Figur@Hie test system has four voltage levels of 13.812Q kV, 25 kV,
and 575 V. The power plant of 150 MVA and 13.8 Is\cbnnected to the bus (B-1). The test systemrigaxied to the
utility network at bus B-2. The details of transanim line of length 25 km in the system betweerebuB-3 and B-4 are
given in Table 1. The details of three transfornierthe test system are given in Table 2. The logdtatus of loads L-1
and L-2 is given Table 3. A capacitor of capacit® MVAR is connected at bus B-5 which is mainly\ided for reactive
power compensation of the asynchronous generate®V connected at bus B-5. The system operatieguiency is 60
Hz. The measurement of power plant active powempuduis taken at the output terminals of the pow&ntp
The measurement of the active and reactive powsswuption of the dynamic load (L-2) are taken attérminals of the

load.

Table 1: Test System Transmission Line Parameters

S. No. Attributes Value
1 Positive sequence resistance RI1kMm) 0.01165
2 Zero sequence resistance BOKm) 0.2676
3 Positive sequence inductance L1 (H/km) 0.8679e-3
4 Zero sequence inductance LO (H/km) 3.008g-3
5 Positive sequence capacitance C1 (F/km) 13.41e-9
6 Zero sequence capacitance CO (F/km) 8.57¢-9

Table 2: Transformer Parameters
HV Winding LV Winding

Transformer | MVA kV-High | kV-Low R (pu) L (ou) R (pu) L (ou)
T-1 175 120 13.8 0.002 0.08 0.002 0.08
T-2 50 120 25 0.002 0.06 0.007 0.06
T-3 12.5 25 0.575 8.33e-4 0.025 8.33¢g-4 0.025
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Table 3: Loading Status

Quantity of Load
Load P (MW) 0 (Mvar) Remarks
L-1 3 1.5 Parallel RL load
L-2 10 3 Dynamic load
Itility wa
L(_t;l!i(ti B-2 B-3 B-4 T

T2 TRL [ %-; -
(:)7 l 3t GE!

Power B-1

plant I-1 al
E— L-2

Figure 1: Proposed Model of Power System
3.SIMULATION RESULTS AND DISCUSSION

The power system model shown in Figure 1 is sinadlan Matlab/Simulink environment. The faults areated
on bus B-2 at 12cycle and cleared at ¥&ycle. The active power output of the power pkamd active and reactive power

consumption of the dynamic load are plotted foedqa of 2 seconds.
3.1. Single-Line to Ground Fault

The single line to ground fault is created on bug & 12" cycle and cleared at ¥&ycle. The results are taken
for a period of 2 seconds. The active power ougiuhe power plant is plotted in the Figure 2. Twtive and reactive
power consumption of the dynamic load is plotte&igure 3. The power output of the plant decreased the fault and
high frequency oscillations are observed. The ntadei of the oscillating transients increases dfterclearance of the
fault. Power fluctuations are observed after tleai@dnce of the fault and power output becomes aphafter a period of
the 2 seconds. The active and reactive power caotsomof the dynamic load also decreases durindgabky conditions.
The power oscillations are also observed in ther@cnd reactive power consumption of the dynaroad!after fault
clearance. The active power consumption reaches0t60 and reactive reaches to the value of 3.2ightSpower
variations are observed in the active and reagixger consumption in the load and become consttert@earance of the
fault during short duration. Minimum values of aetipower output of power plant, active and reagbiieerer consumption

of dynamic load during LG fault are provided in Tea#.

25

Time

Figure 2: Power Plant Output Power (PU) during LG Fault
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Figure 3: Active and Reactive Power Consumption ddynamic Load during LL Fault
3.2. Double Line Fault

The double line fault is created on bus B-2 &t ¢gcle and cleared at £&ycle. The results are taken for a period
of 2 seconds. The active power output of the poplant is plotted in the Figure 4. The active andctive power
consumption of the dynamic load is plotted in Feg6r The power output of the plant decrease dutiegault and high
frequency oscillations are observed. The decraasigei power is high as compared to the LG faule fagnitude of the
oscillating transients increases after the cleaari¢he fault and reaches to the 2.60. Powerdhtans are observed after
the clearance of the fault and output power becarnastant after a period of the 2 seconds. Theead reactive power
consumption of the dynamic load also decreasesglthie faulty conditions. The power oscillations atso observed in
the active and reactive power consumption of theadyic load. The active power reaches to 11 andivea®aches to the
value of 3.75. Slight power variations are observethe active and reactive power consumption anltdad and become
constant after clearance of the fault during skdotation. Minimum values of active output of pows#ant, active and

reactive power consumption of dynamic load durihgféult are provided in Table 4.

Active power (MW)
Reactive power (MVAR)

Figure 5: Active and Reactive Power Consumption dbynamic Load during LL Fault
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3.3. Double Line to Ground Fault

The single line to ground fault is created on bug & 12" cycle and cleared at &ycle. The results are taken
for a period of 2 seconds. The active power ougiuhe power plant is plotted in the Figure 6. Tative and reactive
power consumption of the dynamic load is plottedigure 7. The power output of the plant decreasend the fault and
high frequency oscillations are observed. The niadgi of the oscillating transients increases dfterclearance of the
fault and reaches to the 3.25. Power fluctuatiorsodbserved after the clearance of the fault antlep@utput becomes
constant after a period of the 2 seconds. The @ethd reactive power consumption of the dynamid lmlao decreases
during the faulty conditions. The power oscillascere also observed in the active and reactive poarsumption of the
dynamic load. The active power reaches to 12 aactike reaches to the value of 4. Slight poweratams are observed
in the active and reactive power consumption inltdal and become constant after clearance of thi¢ daring short
duration. Minimum values of active power outputpofver plant, active and reactive power consumptiogiynamic load

during LLG fault are provided in Table 4.
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Figure 7: Active and Reactive Power of Dynamic Loaduring LLG Fault
3.4. Three Phase Fault without Involving Ground

The three phase fault without involving ground (L)Li& created on bus B-2 at"12ycle and cleared at ¥&ycle.
The results are taken for a period of 2 seconds. ddtive power output of the power plant is plottedhe Figure 8.
The active and reactive power consumption of theadyic load is plotted in Figure 9. The power outpfithe plant
decrease during the fault and no significant poesaillations are observed. The magnitude of théllaBng transients
increases after the clearance of the fault andhemato the 4. Power fluctuations are observed #iterclearance of the

fault and power output becomes constant after mghef the 2 seconds. The active and reactive p@amsumption of the
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dynamic load also decreases to zero during théyfaahditions. The power oscillations are also obese in the active and
reactive power consumption of the dynamic loadraftearance of fault. The active power reaches3caid reactive
reaches to the value of 4.5. Slight power variatiare observed in the active and reactive powesuroption in the load
and become constant after clearance of the fauvibglshort duration. Minimum values of active outpd power plant,

active and reactive power consumption of dynamécllduring LLL fault are provided in Table 4.

a

14

Active power (MW)

12 Reactive power (MVAR)
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Figure 9: Active and Reactive Power Consumption ddynamic Load during LLL Fault
3.5. Three Phase Fault Involving Ground

Three phase fault involving ground is created os B2 at 12 cycle and cleared at 1&ycle. The results are
taken for a period of 2 seconds. The active powstpud of the power plant is plotted in the Figu@ The active and
reactive power consumption of the dynamic loadasted in Figure 11. The power output of the pldetrease during the
fault and no significant power oscillations are efyed. The magnitude of the oscillating transiéntseases after the
clearance of the fault and reaches to the 4. Puetuations are observed after the clearanceefdhlt and power output
becomes constant after a period of the 2 secortts.attive and reactive power consumption of theadho load also
decreases to zero during the faulty conditions. pdwer oscillations are also observed in the acdive reactive power
consumption of the dynamic load after clearanckolt. The active power reaches to 13 and reacéaehes to the value
of 4.5. Slight power variations are observed inahve and reactive power consumption in the laad become constant
after clearance of the fault during short duratidtinimum values of active output of power planttiae and reactive
power consumption of dynamic load during LLG faaué provided in Table 4. The three phase fault itimm$ involving
ground are similar to the conditions of three pHasé without involving the ground.
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Figure 11: Active and Reactive Power of Dynamic Lodduring LLLG Fault

Table 4: Minimum Values of Active and Reactive Powe

Power Type of Fault
LG LL LLG LLL LLLG
Active power output of plant (pu) 0.75 0.75 0.5 0 0
Active power consumption of dynamic
load (MW) 4.25 3 1 0 0
Reactive power consumption of dynamic
load (MVAR) 1 0.25 0.25 0 0

4.CONCLUSIONS

In this paper, the impact of the power system fulh the power output of the power plant and power
consumption by the dynamic load is discussed. Tiadyais is carried out for the impact of LG, LL, Gl.LLL and LLG
faults on the power output of the power plant andigr consumption by the dynamic load. From the e study, it
can be concluded that during the faulty condititrespower output of the power plant decreases.effieet of LG and LL
faults is minimum, where the power output decredse.75 and maximum effect is observed for LLL dnd5 fault
where the power output reduces to zero. In theitiond of LG, LL and LLG fault, the high frequeng@pwer transients
are observed during the faulty conditions. The Higlquency power transients are observed aftecldaance of the fault
in all the faulty conditions. The active and reaetpower consumption by the dynamic load decreased the faulty
conditions. The effect is minimum during the LG Ifanhere active power reduces from 10 MW to 4.25 MW reactive
power reduces from 3 MVAR to 1 MVAR. The effectrisaximum during LLL and LLG faults where the actigad
reactive power reduces to zero.
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