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ABSTRACT

The HVDC transmission lines are used for powerdanaission over long distances, inevitably passingugh the
complex terrain and operating under harsh weatheditions. Therefore, HVDC transmission lines aisceptible to the
faults. This paper presents the analysis of faatsnonopolar HVDC transmission line. The impacL&ffault on ac side,
ground fault on the dc side, synchronized ac anfhdlts, and unsynchronized ac and dc faults orvtitage, current and
performance of the converter is investigated. A $gstem having monopolar HVDC transmission linarected between

two utility networks is modeled in MATLAB/Simulinknvironment.
KEYWORDS: HVDC Transmission Line, Fault, Rectifier, Inverteltility Power Network, Power System Model
1. INTRODUCTION

Power system network consists of transmission asttiltition lines used to transfer electrical povierm
generating stations to load centres [1]. HVDC tnaission has advantages, such as longer distanseafa flexible
control, lower losses, and larger power transmissgpability. The HVDC transmission line has bewréasingly used in
modern power systems as an alternative to the atsrirission and effective means for enhancing thbilisy and
economy of the overall power grids [2]. The faditequently occur on the HVDC transmission lines ariich is a major
cause of HVDC outages [3]. The perfect protect®wmary important and necessary to ensure the $geumd reliability of

HVDC transmission lines for which complete knowledy the fault is required.

The wide study of HVDC faults have been reportethm literature. In [4], authors presented a sulimarable
fault detection system for the Hokkaido-Honshu HVIx@k. Combining this detection with a current éifénce detection
system which operates for any fault occurring anlfYDC transmission line, the high voltage dc lpmetection system is
composed. To predict the location of dc line famla HVYDC system, a novel algorithm based on tiangelwave natural
frequency using 10ms current data from the singl& is proposed in [5]. In [6], authors proposed ethad for fault
locating in HVDC transmission lines which only usdtage signal measured at one of the line termiflaé post fault
voltage signal is relatively short time windowcisnsidered and the corresponding fault locaticgstamated based on the
similarity of the captured voltage signal to exigtpatterns. To study the performance of the digtaalay on ac grid with
an offshore wind HVDC network, an apparent impe@acalculation method which utilizes the bus impedamatrix to
calculate the impedances viewed by distance relasiag three-phase short circuit faults is propaseld]. In [8], authors
presented the analysis and control of multileveldodar converter based HVDC transmission system wutite three
possible single lines to ground fault conditiondthwthe special focus on the investigation of thdifferent fault

characteristics. An HVDC fault location scheme ésctibed in [9], which relies on very precise détecof the time of
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arrival of fault created surges at both ends ofitte

This paper presents the study of the analysisudfsfan monopolar HVDC transmission line. The intpaicLG
fault on ac side, ground fault on the dc side, byoized ac and dc faults, and unsynchronized dcdanfaults on the

voltage, current and performance of the convestamiestigated.

This paper is divided into four sections. Startimigh an introduction in section 1, the section e the test
power system model used for the study of faultsrmmopolar HVDC transmission line on DC side and #ide of the
converter. The simulation results and their disusare presented in section 3. Finally, the casicly remark is included
in the section 4.

2. PROPOSED POWER SYSTEM MODEL

The test system used for the analysis of faultthenmonopolar HVDC transmission line is shown igure 1.
The HVDC transmission line is connected betweenutildy power systems UT-1 and UT-2. The utilityssem UT-1 is a
500 kV 60 Hz power network and UT-2 is a 345 kV,HD power network. The HVDC transmission line iswsected to
the UT-1 network through rectifier station Rect aodthe UT-2 network through inverter station INVhe HVDC
transmission line of length 300 kms has resist&n@&5 ohms/kms. The filters F-1 and F-2 are RL&@# of ratings 600
MVA, 60 Hz and 600 MVA, 50 Hz respectively. The irpsoltage of the rectifier is 200 kV as the 500 kdltages is
converted to the 200 kV with the help of transforn&milarly the output voltage of inverter statimnalso 200 kV which
is further converted into the 345 kV with the hefpa transformer. DCF represents the fault on de sif the rectifier and

ACF represent the fault on the ac side of the irver
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Figure 1: Proposed Model of Power System
3. SIMULATION RESULTS AND DISCUSSIONS

The power system model shown in Figure 1 is sinedla Matlab/Simulink environment. The ac faultisated
on the bus B-2 and the dc fault is created on theidk of the rectifier. The voltage and currenasiements are taken at
rectifier bus B-1 and inverter bus B-2. The reetifand inverter stations are switched on at 0.4reicand switched off at

1.6 seconds. The simulation is carried out foréeds. The four cases of the study are shown isubsections follows:
3.1 Single-Line to Ground Fault on AC side

The single line to ground fault on the ac side teais of the inverter is created at 70 secondscimted at the
80 seconds. The three phase voltages and currezasumed on the bus B-1 are plotted in the Figuem@ Figure 3
respectively. The three phase voltages and curreetsured on the bus B-2 are plotted in the Figueand Figure 5
respectively. From Figures 2 and 4, it is conclutteat the voltage decreases as soon as the restdigons are switched
on because the rectifier and inverter stations dheareactive power from the ac side network. Effeanore on rectifier

side as compared to the inverter side. Duringithe for which the fault persist the current in Hi¢DC transmission line
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Figure 5: Three Phase Current on Inverter Bus
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Figure 7: Three Phase Current on Rectifier Bus
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Figure 8: Three Phase Voltage on Inverter Bus
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Figure 9: Three Phase Current on Inverter Bus

3.3 Fault on AC and HVDC Lines with same time of FaultOccurrence and Clearance

The single line to ground fault on the ac side teais of the inverter is created at 70 secondscémted at the
80 seconds simultaneously the fault is createdhendt side terminals of the rectifier at 70 secomdd cleared at 80
seconds. The three phase voltages and currentsuredasn the bus B-1 are plotted in the Figure 16 Bigure 11
respectively. The three phase voltages and curreatssured on the bus B-2 are plotted in the Fig@rand Figure 13
respectively. From Figures 10 and 12, it is conetudhat the voltage decreases as soon as theieesti#tions are
switched on because the rectifier and inverteiicstatdraw the reactive power from the ac side nekvtbe effect is
pronounced as compared to the ac of dc faultscEiemore on rectifier side as compared to theiiter side. During the
time for which the fault persist the current in tH¥DC transmission line decreases which is higic@®spared to the
either ac or dc fault. After the clearance of thelts the transients and oscillations are obseirvéite currents as depicted

in the Figures 11 and 13. The effect of fault omitiverter side converter is minimum.

Impact Factor (JCC): 2.4886 Index Copernicus Value (ICV): 3.0
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Figure 10: Three Phas Vltg n Rectifier Bus
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Figure 11: Three Phase Current on Rectifier Bus
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Figure 13: Three Phase Current on Inverter Bus
3.4 Fault on AC and HVDC Lines with Different Time of Fault Occurrence and Clearance

The single line to ground fault on the ac side teats of the inverter is created at 70 secondscated at the
80 seconds simultaneously the fault is createdhendt side terminals of the rectifier at 70 secomds cleared at 75
seconds. The three phase voltages and currentsuradasn the bus B-1 are plotted in the Figure 14 Bigure 15
respectively. The three phase voltages and curreatssured on the bus B-2 are plotted in the Figérand Figure 17
respectively. From Figure 14 and 16, it is conctutteat the voltage decreases as soon as the eestiditions are switched
on because the rectifier and inverter stations dreareactive power from the ac side network tliecgfs pronounced as
compared to the ac of dc faults. Effect is moreamiifier side as compared to the inverter sideim@uthe time for which
the fault persist the current in the HVDC transiwisdine decreases which is high as compared teither ac or dc fault.
After the clearance of the faults the transients @stillations are observed in the currents asctieghin the Figures 15 and
17. The effect of fault on the inverter side coteeis minimum.
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Figure 15 : Three Phase Current on Rectifier Bus
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4. CONCLUSIONS

In this paper, the analysis of ac and dc faultsttom monopolar HVDC transmission line is carried.out

he analysis is carried out for the impact of L@lf@n ac side, ground fault on the dc side, symiized ac and dc faults
nd unsynchronized ac and dc faults is carried The. effect of simultaneous ac and dc faults isimarm which results

rrent afiearance of the fault. During the faulty condiicthe current decreases

from its normal value. Faults also affect the parfance of the converter stations. The voltageschamges during the
faulty conditions. The effect is maximum on thetifear station as compared to the inverter station
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