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The identification and classification of faults important for safe and
optimal operation of power systems. For secure aijmer of a system a
feasible approach is to monitor signals so thaturmte and rapid
classification of fault is possible for making cat protection control.To
identify HVDC faults by using pure frequency or puimme domain based
method is difficult. The pure frequency domain lthgaethods are not
suitable for time varying transients and the pimetdomain based methods
are very easily influenced by noise.Wavelet analysione of the methods
used for providing discriminative features with dincémensions to classify
different disturbances in HVDC transmission syst&his paper explores the
application of wavelet based Multi-Resolution An#&@y§VIRA) for signal
decomposition to monitor some faults in HVDC systé&ime faults in HYDC

system can be classified by monitoring the sighatkh on AC and DC sides
of the HVDC system. The fault classifier can be dgyed from these
monitored signals which show promising features ctassify different

disturbances in the HVDC system.
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1. INTRODUCTION

The high voltage direct current (HVDC) is most edisé for bulk power transfer and large scale
demands. Due to heavy power demand, maintenangowér quality has become very difficult. Most
common disturbances are faults on the system wdachbe classified as symmetrical and non-symmeétrica
faults. These disturbances lead to heavy damagtv/idC transmission system and converter stations due
bulk power. The other disturbance like internallt&in converter and equipments also produce sdfaete
Some are very severe while some have less impacicéHthe identification and controlling of theseltais
essential and control system plays a prominentirote overall performance of the transmissiortesys
Fault identification and classification is very ionant for the secure and optimal exploitation Iefctic
power systems [1]. The Wavelet Analysis can be wsed tool for providing discriminative featuregtwi
small dimensions to classify different disturbange$iVDC transmission system. This paper explotes t
application of wavelet based multi-resolution as@yMRA) for signal decomposition to monitor soofe
the faults (e.g.- L-G Fault, LL-G,LLL-G, DC line &) in the HVDC system. The faults in HYDC System
can be classified by monitoring the signals bottA@hand DC sides of the HVDC System like Invertieles
AC phase currents, DC Voltage, DC current, and ¥&@wurrents. The fault classifier can be developenhf
these monitored signals which show promising festuo classify different disturbances in the HVDC
System. The simulation results are also presemtecetify the performance of the proposed methoce Th
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method has been used to classify different fagltwell as to identify faulted phase(s) and valva{ase of
AC faults and Commutation failure respectively.

Rashmi A.Keswani, et.all describes fault identifica and classification is very important for the
secure and optimal exploitation of electric powgstems. The Wavelet Analysis can be used as afdool
providing discriminative features with small dimens to classify different disturbances in HVDC
transmission system. This paper explores the agifgit of wavelet based multi-resolution analysisRA)
for signal decomposition to monitor some of thelt&a(e.g.- L-G Fault, DC line fault, Commutatiorilteme)
in the HVDC system [2]. The simulation results al®o presented to verify the performance of theppsed
method. The method has been used to classify eiffefaults as well as to identify faulted phase(sjl
valve(s) in case of AC faults and Commutation f&ltespectively [3], [4].

L L Lai, et.all describes a neural network and its &thon results for fault diagnosis in HVYDC
systems [5]. Fault diagnosis is carried out by nragpmput data patterns, which represent the behnafithe
system, to one or more fault conditions. The beairasf the converters is described in terms of thet
varying patterns of conducting thyristor and ac & fdult characteristics. A three-layer neural netwo
consisting of 20 input nodes, 12 hidden nodes andtgut nodes is used [6]. This paper will desctie
performance of the network for ac and dc faults ttuehanges in number of hidden layers, number of
neurons in the layer, learning rate and momenturynanic characteristics of networks for different
configurations are studied too.

Cailiang Gao, Zhiwei Liao, et.all presented on shegular value decomposition and support vector
machines, a new fault diagnosis of commutationufad method in HVDC system was proposed. The
coefficient matrix acquired from wavelet packagenform is first decomposed on singular value, hictw
fault current are mapped to different time-frequesb-space [7]. Then the singular value is put support
vector machines to carry out the SVM training aadltftype identification. The new method in thigppa
has high recognition rate, identification speed stiadbility. It can solve the fault type classificait well.

2. RESEARCH METHOD

A 12- pulse HVDC test system is considered forghaly in Matlab/Simulink environment [8]. A
1000 MW (500 kV, 2kA) DC interconnection is usedttansmit power from a 500 kV, 5000 MVA, 60 Hz
network (AC system 1, having a SCR of 5) to 345 k0000 MVA, 50 Hz network of AC system 2, having
a SCR of 2.5. The AC networks are represented bypdd L-R equivalents with an angle of 80 degrees at
fundamental frequency (60 Hz or 50 Hz) and at ftfirel tharmonic. The rectifier and the inverter aPeplilse
converters using two universal bridge blocks cotewin series. The converters are interconnecteuaigth a
300 km distributed parameter line and 0.5 H smaowothieactor. The converter transformer (YgYis
modelled with three-phase transformer (three-Wigslin The tap position is rather at a fixed position
determined by a multiplication factor applied oe thrimary nominal voltage of the converter transfers
(0.9 on rectifier side; 0.96 on inverter side). Toafiguration of the system is given in Fig. 1.

Table 1. Ratings of 12-pulse HVDC system

Parameters Ttrrerter side Rectifier zside

Voltage (KW 245 00

Ponarer (TuIV A0 10000 s000

Frecuency

(Hz) a0 an

| — A A (o ala A A
e lle ] o e[ kel

Cle—=|C Cle a|C Cla—a|C

phi = 80 deq. Zrd harm phi= 80 deg. 3rd harm

Figure 1. AC system at rectifier side Figure 2. AC system at inverter side
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2.1. TheAC systems

The AC networks, both at the rectifier and inveead, are modelled as infinite sources separated
from their respective commutating buses by systmpedances. The impedances are represented as L-R/L
networks having the same damping at the fundameatdl the third harmonic frequencies [9]. The
impedance angles of the receiving end and the sgretid systems are selected to be 80 degreesisThis
likely to be more representative in the case admasce at low frequencies.

2.2. DC system

The DC system is composed of smoothing reactorsamiC transmission line modelled with
distributed parameter line with lumped losses [T0jis model is based on the Bergeron’s travellirayev
method used by the Electromagnetic Transient ProgEMTP).

2.3. Theconverter transformers

The 1200 MVA converter transformer is modelled whhee-phase transformer (Three-Windings).
The parameters adopted (based on AC rated corsliteoe considered as typical for transformers found
HVDC installation such as leakage.

2.4. AC filtersand capacitor banks

On AC side of 12-pulse HVDC converter, current hanios of the order of 11, 13, 25 and higher
are generated. Filters are installed in order r@tlthe amount of harmonics to the level requirgdtie
network. In the conversion process, the convexdaesgmes reactive power, which is compensated inbyar
the filter banks and the rest by capacitor banl&0&f Mvar on each side.

Control fios Comtrol for
Rectifier Inwverter

Figure 3. DC system

o o
<L m o = =3 =

o o
I a
11th 13th 24th
150 Mvar 150 Mwvar 150 Mwar 150 Mvar
=100 =100 o=3 %

Capacitor banks Tuned filters High-pass
damped filter

=) =L

S0 Hz filters 47150 Mvars (@ S00 KW

Figure 4. AC filters and capacitor banks

2.5. Control systems

The rectifier and the inverter control both haveoliage and a current regulator operating in palrall
calculating firing anglexv andai. Both regulators are of the proportional and gné type (PI). In normal
operation, [11] the rectifier controls the currentthe } reference value whereas the inverter controls the
voltage at the Yref reference value. Theg nargin and \ margin parameters are respectively 0.1 p.u. and
0.05 p.u

The following faults were simulated:
* AC Faults at inverter end (Symmetrical & Unsymnuestifaults)
» DC line Faults (at various lengths from the reetifend i.e. at rectifier, at 100kms from rectifeard, at

inverter end)

The following signals were monitored:
e Inverter side Phase Currents and voltages
« Rectifier side Phase Currents and voltage
« DC Voltage
e DC Current

Identification of Faults in HVDC System using Wavéinalysis (K.Satyanarayana)
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3. RESULTSAND ANALYSIS

The wavelet transform is used to identify and ¢fgssf different faults in HVDC system (i.e. AC
faults and DC fault). From the test system, voltage current signals are monitored at two locatimarsely;
ac inverter side and DC rectifier side [12], [1Bist simulation describes the classification atehtification
of signals based on DC side monitoring. Second lsition describes the classification and identifmatof
signals based on Inverter ac side monitoring. ftm Isamulations fault is applied for 5 cycle’s i®7- 0.8 sec.
The following four system fault cases were simudate
1. Normal operating case used as base case
2. DC line fault
3. LG at inverter end
For each of the above cases following four signasee monitored.

Inverter side phase A, voltage inverter side ph&seurrent, DC voltage and DC current. Two
signals were monitored an AC side and two signalthe DC side of the system. The wavelet basedreat
extraction technique was applied to these signalgliscriminate and identify the faults. The follogi
algorithm briefly identifies the type of fault.

3.1 Algorithm:

Step-1: Start the program in new m-file.

Step-2: Load the denoised voltage and current kigna

Step-3: Decompose the signal with db4 for degiesdlution level.

Step-4: Obtain the detailed coefficients at eaghlle

Step-5: Calculate the absolute mean of detailefficimats at each resolution level.
Step-6: End

3.2 Wavelet decomposition program:
loaddenoised current or voltage signal (X)]
s=length(X);
g=0;h=initial no.of samples;h1=h+g;
for p=1:no.of cycles
k=X(h1:h1+no.of samples per cycle);
[c,l]=wavedec (k,8b4);
cd8=detcoef(c,lI,8);
r=abs(cd8);ref(p)=sum(r);
h1l=h1+no.of samples per cycle;
end
X=[ref(p)]
X1=mean(ref)

3.3 DC SideMonitoring
3.3.1 Normal case:

The normal DC voltage and current wave forms amwshin Figure 5 here the voltage and current
signals having transient and steady state peri@sisient signal period is 0 to 0.3sec and stetatg signal
period is 0.3 to sec. the magnitude of DC voltagg RC current is 1pu.

04

Figure 5. DC voltage and current under normal ¢

3.3.2DC linefault case

With the application of the fauttta0.7sec the DC current shown in figure 3.2.iases to 2.3pu
and DC voltage shown in fig 5.2.fall to zero at theerter. The voltage dependent current ordert Isenses
the DC voltage drop and reduces the referencertuioe.3pu. Now the rectifier firing angle is fextto 160
and now the rectifier operates in inverter modee DIC line voltage becomes negative and energydsiare
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the line is return to AC network causing rapid eetion of the fault current at its next zero crogsiThe
firing angle alpha is released at t=0.8sec andrthemal DC voltage and DC current will recover at
approximately 0.4sec when fault is cleared.

3.3.3 AC fault case

A single phase to ground fault is applied to thagghA of the inverter bus the duration of the fault
was 5 cycles (100msec). when this fault is appéed=0.7sec the fault causes the voltage to calass
shown in Figure And DC current rises to 2pu as shown in Figutiee7rectifier current controller attends to
reduce the current by increasing it firing anglphal and operating in its inverter region. The D@ent
decreases to low average value as determine by \D@©fault is cleared at t=0.8sec the VDCOL opesat
and rises the reference current to 1pu. The systeovers in approximately 0.3sec after fault clear.

The percentage variations in three cases are shotelow Figure 7. The percentage increasing of
voltage and current under normal, DC fault and Adltfcases are represented by different colors.

3.3.4 Observation by DC side monitoring
The percentage variations in three cases are shotelow Figure 8. The percentage increasing of
voltage and current under normal, DC fault and Adltfcases are represented by different colors.

04

Figure 7. DC voltage and DC current signals for fadlts

dc under three conditions \}. under three conditions
R 1.6
26 i 1.4
UL 1.2
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Figure 8. Percentage variations of DC voltage amdeat in three cases

If observe at DC side monitoring whenever the disince is occurs corresponding the mean values
of DC current and DC voltage denoised signals meeeased with respect to disturbance. if it is Rdltfthe
mean values of current is increased by 95.05% hedvoltage value is increased by 83.9% and if the
disturbance is AC fault corresponding the mean eslaf current is more increased by 97.2% and the
voltage is increased by 93.6% when compared witmaboperating condition (NOC).

Identification of Faults in HVDC System using Wavéinalysis (K.Satyanarayana)
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Table 1. Percentage variation in between DC & A@téaat DC side

Type of faudt DC oxrent (Ide) | DO wvoltage (VW dd

D2 fandt 95 .05% 23.9%

AT fardt 9T 2% 93.6%

34 Inverter Side Monitoring
3.4.1 Normal case

The three phase voltages and currents under nanpeaiiting condition are shown in Figure 9 The
voltage magnitude of each phase is same and A pu-—The phase current signals magnitude is alses

3.4.2DC linefault case

The three phase voltage signals were shown in €&idl@ in which phase fault is occurs
corresponding that phase voltages and currents itmdgs were changed there is no change in remaining
healthy phases it is shown in Figure 10. Here faulappened in phase A at time t=0.7sec the wltag
magnitude is become zero and remaining phases BCamdagnitudes are same as normal operating
condition. The current magnitude also decreasesgative value.

3.4.3 AC fault (LG) case

The three phase voltage signals were shown in €idik. in which phase fault is occurs
corresponding that phase voltages and currents itndgs were changed there is no change in remaining
healthy phases it is shown in Figure 11. Here fauhappened in phase A at time t=0.7sec the woltag
magnitude is become zero and remaining phases BCamdagnitudes are same as normal operating
condition. The current magnitude also decreasesgative value.

3.4.4 Observation by inverter side monitoring
The percentage variations in three cases are shob&low Figure 12. The percentage increasing of
voltage and current under normal, DC fault and Adltfcases are represented by different colors.
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Figure 11. Inverter side phase voltage and cusigmals for AC fault
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Figure 12. Percentage variations of phase voltagecarrents in three cases

If observe the Table 2. At inverter side monitoringhenever the disturbance is occurs
corresponding the mean values of phase currenty@itajes denoised signals are decreased or imcteas
with respect to disturbance. if it is DC fault theean values of current is decreased by 28.02% leand t
voltage value is increased by 0.68% and if theudigtnce is AC fault corresponding the mean valdes o
current is more decreased by 52.81% and the voltagecreased by 6.58% when compared with normal
operating condition (NOC).based on this informatinnverter side monitoring we can identify thpeyof
fault in HYDC system.

Table 2. Percentage variation in between DC & Aiitéaat inverter side
Type of fault Phase cwrent Phase voltage

DC fault 2802% 0.68%

A0 fault J4E1% f.58%

4. CONCLUSION

This paper introduces a new technique that is basedwavelet multi-resolution signal
decomposition for classifying typical disturbandasHVDC systems. The ability to recognize and react
quickly to these disturbances can be extremelyuligetto secure an optimal operation of such systebhe
wavelet-based proposed technique shows highEffigieompared with fast Fourier transform and shoret
Fourier transforms. The main advantage of the pegomethod comes from its ability to extract
discriminative, translation invariant features wstihall dimensionality from the signals monitoredtbe AC
and DC sides of the HVDC system. Simple rules wargined and can be implemented to design an
automated recognition and protection system. Ineiord further reduce the computational burden of
processing the monitored signals and obtainingezipe disturbance classification, a study was ntade
utilize only the AC current at the faulted sidetbé HVDC system. The proposed technique proves that
monitoring only the AC voltage and current at thelfed side can produce unique features to diffexen
between typical disturbances. Similarly, monitorgignals from the DC side also show promising fesstu
that can help classify different disturbances thight occur anywhere in the HVDC system
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