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Abstract: Modern energy transmission systems suffer frogurrents, and the transients introduced by thet faul
great voltage dropping due to enormous loads. Tioeee occurrence and the associated control action [3].
appropriate schemes should be devised to regulae tprotection of EHV and HV transmission line distance

voltage. FACTS devices such as Static Synchronoitéﬁa ; ; ; ;
! y is widely used, due to its easy operating
Compensator (STATCOM) are often used for this p&po grinciple and ability to work independently under

However, STATCOM at mid-point of transmission lin t critical ci i D i f
may leads to deteriorate of distance relay operatio most critical circumstances. ue to presence o

resulting in inaccurate estimation of faults locats ie. FACTS devices, transmission line may leads to
over-reach or under reach for different cases. Thaper deteriorate of distance relay operation, resuliing
proposed a new three zone algorithm that utilize#accurate estimation of faults location i.e. over-
synchronized phasors measurement (SPM) to enhhece teach or under-reach for different cases. The
operation of distance protection in many aspectse T improper working of distance relay leads to incotre
proposed method is tested for 230 kV system sietllat  tripping and it not only diminishes the reliabiliand

EMTDC/ PSCAD with Bergeron model of transmissiogecyrity of system but also can initiate the cascad
line. The results prevailed for adaptive approacheme tripping and blackouts [4].

are more accurate, victor and robust in equivalemgth "1 haners reported the inaccurate estimation of
usable transmission line distance protection Wltr}au

Its location of distance relay in presence afnsh
STATCOM.
FACTS devices on the line [5]-[9]. The comparing

Key words. Adaptive algorithm, Phasors measuremengffect of SVC and STATCOM on distance relay
unit, PSCAD/EMTDC, STATCOM, Power systerffipping characteristic varies with level of
protection compensation, type of shunt devices used, and the
installation point of shunt device [5]. The shunt
. compensation devices are mostly installed at mid-
1. Introduction

L , .point of line to increase the power transfer and
Power systems protection is considered as the fi ey .
. . : stability of power system. The operation of
line of defence against power system disturbances : ,
._Impedance protection relay with the STATCOM at
such as faults. Hence, fast, accurate and reliable

operation of the power svstem brotection is vil tmld-point of transmission line, distance relay mal-
P b Y P ?perate to locate the fault point in first zone of

power system S?CU”W and stability [1]. Studies g r{)tection [6], [7]- The main problem arises when
previous large disturbances and blackouts show tha o .
ault occur after the midpoint. In this case therg

protective relay mal-pperatlon either c_au_sed ACTS always comes in fault loop and considerably
aggravated the situation. As a result, it is ve

important to studv the performance of the ro,“mticrﬁ(articipates in fault current. This adversely affec
P tudy peric o P distance relay apparent impedance measurement and
systems for different operating conditions andexyst

configurations [2]. While the use of FACTS!t unqler reaches or over reache; depending on
. : inductive or capacitive compensation. When fault

Controllers in power system improved the power : .
o occur before the mid-point, shunt FACTS does not

transfer capability, and enhanced power system . . S
- . .“come in fault loop and its participation in the lfau
controllability and stability, among the ba3|cCurrent is negligible [8], [9]
concerns of implementing the FACTS Controllers aré glg T

rapid changes in line impedance, power angle, load



In the presence of STATCOM, the Conventionahneet this goal, first distance relay behaviour is
distance relay characteristics are greatly subjettie analyzed using the sequence components with
mal-operation in the form of under-reaching an8TATCOM connected at mid-point of line. A
overreaching the fault point. Therefore therocedure to adaptively set the mho distance relay
conventional characteristic cannot be utilizethree zone reach is proposed in this paper.
satisfactorily in the presence of STATCOM. To The paper is organized as follows. First a brief
overcome the problems associated with the shushéscription of the system model and STATCOM
compensation, several solution have been reportedntrol scheme is given in section 2. Section 3
[10]-[15]. Fuzzy based approach, authors has usedprovides an analytical procedure for STATCOM s
overcome the problems related to shunt FACTfesent at mid-point of line, using symmetrical
devices [10]-[12]. Author have used channel aide@halysis method. Consequently, in Section 4, the id
communication methodology using pilot directionabf adaptive mho rely setting using PMU is described
comparison schemes but it take long time to sead tBection 5 explains the adaptive distance protection
trip decision at relaying bus giving rise to defay algorithm for three zones in PSCAD software for
trip decision[13], [14]. To increase the zone settio  study system. In section 6, simulation results for
the characteristics obtained for maximum point fahree zones obtained for adaptive setting for dista
compensation given by STATCOM but not depictegrotection scheme of transmission line in presaifce
any equation by author for midpoint STATCOMSTATCOM are presented. Section 7 concludes the
[15]. paper.

The advancement in Global Positioning System
(GPS) for synchronized measurement and fiber-opt&. STATCOM and power system model
data communication technology has given birth to
Wide Area Measurement system (WAMs). Moderp 1 Study System Modeling
high speed communication transmission rates of the
order of 274.2 Mbps or 155.5 Mb/s, respectively,[16 A power system model with the facility to vary
17]. GPS provides time synchronization of the ordé¢he system strength, types of fault and their iocat
of 1 u sec, which is 0.018 for a 50 Hz power systelnad flow and direction of load is used to study so
and 0.0216 for a 60 Hz power systemthat all possible flow can be simulated. The
Synchronization error can be practically eliminaifed inaccurate estimation of fault locations due to
the same time stamped samples of two terminals &&ATCOM on distance protection is studied. Fig 1
processed together at one relaying location [1&]].[ show the single line diagram of STATCOM with
These advantages motivate us to use this ngewer system model is shown. The distance relay is
advance technology of data communication systelecated at station A, on line 1. The STATCOM
for protection of transmission line. Adaptive cuntre installed is at the mid-point of the transmissiorel|
differential protection scheme[18]., author havedus 1. It is presumed that PMU is available on
the basis of PMU technology to transfer th&TATCOM bus and relaying bus. Also high speed
instantaneous sampled data from other end of ¢ine dptical fiber data communication is usable for data
relaying end line, instead in this work we are gsintransmission. Therefore STATCOM control is
above communication technology for data transf@wvailable at relaying bus without delay. Bergeron
over half of line length which reduces the invesime model is used to model all the three phase
cost. transmission line in PSCAD/EMTDC using given

In this work, the impact of STATCOM is data in Appendix A. It is based on the distribuit«ti
investigated analytically by applying accurat@arameter and travelling wave line model, with
modeling concepts which is missing in most of theimped resistance. It represents the L and C
literature, and then the analytical results ardfieer elements of Pl section in distributed manner. This
by detailed simulations with different cases. Thenodel is suitable for studies where the fundamental
analysis and simulation results help to understaficequency load flow and relay studies is most
errors associated with distance protection amportant [20].
transmission line when STATCOM is present. The
main aim of this paper is to propose a new approaéi? Modeling and Performance of STATCOM
to mitigate the error due to STATCOM on three

zones distance protection of transmission line. To The_ F.ACTS contrgller IS connected o the
transmission system via an interfacing transformer



Performance of STATCOMw ith 100 Mvar

as shown in fig.1. For the dynamic simulation study T
12 pulse STATCOM is considered. The power rating e
of STATCOM controller is selected such that it can s oiw—/
regulate the mid-point voltage at 1p.u. and provide Cc0=
sufficient compensation for all conditions of loagli

and system strength. To accurately model the 2z :
STATCOM controllers used in transmission system, 0o

a three phase balanced firing scheme is adopte 21" Ty S
This implies that all the three phases are fixethat ] r;&?EF

same angle but 120 degree apart. Four filters hav F4005]

o Vol

been provided in the FACTS controllers to limit the 4001% =

effects of system resonance and the harmonics [2 g %gﬂw
[3]. A slope of 3% is employed in the STATCOM. 200
Thus the resulting per unit current is multiplied b 10.04° ApaieCxer

0.003 to calculate thaV and then added to the ?
measured voltage to capture the actual voltagheof t | © ;
STATCOM. e = v

Fig. 2. Performance of STATCOM with 100 MVAR

Station B

/ j\i @ 3. Analysisof STATCOM impact on the
- @ measur ed impedance by distance relay

In this section, the expression for apparent
impedance is derived when STATCOM is connected
at mid-point of transmission line. To make the
accurate adaptive distance relay setting, the afligit
distance relay is present at bus A which takes the
voltage and current samples from instrument

Fig. 1. Single line diagram of study system model transformer. ~ The symmetrical components of

voltage and current are used to calculate apparent
Measured reactive power and root mean squaffpedance. The voltage and current samples are pre
(RMS) voltage p.u. is given as the input. Theprocessed to calculate phasors (fundamental only)
measured reactive power is divided with the rateflsing Fast Fourier Transform (FFT) which has the
reactive power of the circuit. This output is dieel  ability to filter out dc decaying components ankdest

with the measured RMS voltage p.u. After allowingharmonics and inter-harmonic components presents
a drop of about 3% the output of this block isn the signal [5].

summed up again with the measured RMS voltage.

STATCOM

This summed output is passed through filters. Thevs . . . vr

reference voltage in p.u, is summed with the output| . e |

signal of the filtersThis is given as input to the PI e g |
H Realy bus Ish|

controller. Pl controller is used as a voltage |

‘Rf

regulator. The gain of the PI controller is setdzh
in the step response performance to step 10% change -

in reference voltage with overshoot of not morentharig. 3. Equivalent circuit of study system for ffzan line-
15% and rise time less than 16.667 milliseconds 1 with STATCOM

having settling time not more than 50 milliseconds

[8]. Fig.2 illustrates the performance of Fig.3 shows the equivalent circuit of study system

STATCOM with 100 MVAR reactive power for line-1.  The voltage drop in line is a function
reference. line current from the relaying bus and remote-end

bus current. The remote-end contribution cannot be
measured at relying bus hence it is not considiered



apparent impedance calculation. In the fallowingfter making these changes equation (9) can be
subsections expression for the apparent impedarresvritten as

seen by distance relay for Line to Ground (L-G)itfau

and phase to phase faults (L-L) are derived usifen = PlsaZiiner + [(p — 0.5)(Ziineo —

sequence components of voltage and current Atne1)lsha + Plso(Ziineo — Ziine1)] 9)
relying bus when STATCOM is present at mid-point _ _ _
of line-1. The conventional line to ground element of distance

relay measures apparent impedance for phase-a as

3.1 Apparent impedance seen for L-G and L-L y
fault Zapp = —o— (10)

Isa +m150

When STATCOM is present at the mid-point of N .
line and fault occur after the STATCOM, theS.UbSF'FUt'ng the value of, in (10) and after
plification we get,

sequence components of current and voltage A

relaying bus is expressed as follows: (0=0.5)shaZlinet

Zapp = pZiner + (11)

Isq+mligg
I = Is1 + Ispq 1)
Similarly, the apparent impedance seen by the
Iz = Isz + Isn2 @) distance relay for L-L fault withR;=0 can be
Lo = 1o + Igho (3) calculated and the final equation after simplifioat

is given,
Vs1 = 05151 Zjiner + I (p — 0.5)Zjineq + Rflfl (4)

7 _ le 1 +(P_0-5)Ishzline1 (12)

app — ine

Vsz = O-SISZZlinel + [mz (P - O-S)Zlinel + Rflfz (5) Is
From equation (11), it is observed that if STATCOM
is not present on the linely(,=0), apparent
WhereVy, Voo, Veo, Is1, Isy, and Iy, are positive, Impedance calculated by the distance relay is only
negative and zero sequence components of voltd}§ function of positive sequence impedance of the
and current at relay bus respectivel§iine:, Ziines Ilne (Ziine1) and Fhe per unit distance)(of fault _
and Z,;,,., are positive, negative and zero sequen®®int from relaying bus. When STATCOM s
components of transmission line &g,y = Zyiner- present on the mid-point pf transmission line,
Ir1, Ir, and Ir, are positive, negative and serg?Pparent impedance expression have another factor

ith shunt injected currentiy,) as the main
sequence component of fault curcetyy,,, I, and .00 SOt J ska ,
g b It Isnz ’\%mtnbutmg component. Because of this factor

Vso = 0.5150Zjineo + Im1(p — 0.5)Zjineo + RfIfO (6)

I are positive, negative and zero sequen
sho P g d istance relay erroneously calculate the apparent

components of shunt injected current by STATCOM. d d mal te 1o locate the fault point
p is per unit distance of fault from relying bus . impedance and mai-operate fo locate the fault poin

Now, phase-a voltage at relaying busVjs which [ Cooranate T revE !
= mhoX3 mhoY3

can be obtained from sequence components as: A S
Vsa = Vs1 + V2 + Vo (7)

Vsa = PlsaZiiner + [(P - 0-5)(Zlineo -
Zlinel)(lsha + Isho) + pIsO(ZlineO - Zlinel)] +
Relzq (8)

ConsideringR; =0, the last term of equation (8) can -y
be eliminated and zero sequence current of the

STATCOM (4p0) as shown in (8) can be eliminated Fig. 4. Apparent impedance trajectory of L-G unit
due to the fact that there will be no zero sequence (legend: red = without STATCOM, blue = with
current injection because of delta connection & on STATCOM)

side of the coupling transformer for the STATCOM.




When shunt injected current is inductivdy,, is 4. Adaptive approach for distancerelay with
negative, increasing the apparent impedance seen bymid-point STATCOM

relay causing under-reaching effect. When injected _ o _ .

current is capacitivé,,, is positive and it decreased ~ Adaptive Protection is a protection philosophy
the calculated apparent impedance causing ovefhich permits and seeks to make adjustments to
reaching effect. Similar effect in the apparenvarious protection fungt_lons in order to make '_[hem
impedance calculation will occur for L-G fault in Mmore attuned to prevailing power system conditions
other phases. For an L-G fault occurred in Zone BH. The protection algorithm which self tunes twit
from the relay. Fig.4 shows the apparent impedandB€ changing system conditions taking feed-back
calculated by L-G measuring unit, which shows thalfOm various system parameters is said to be adapti
with and without STATCOM trajectory, the Protection system. Th(_a main aim of this v_vork is to
presence of STATCOM in the fault loop and itsmake dlstan_ce protection al_gonth_m “adaptlve"_when
injected capacitive current, force the relay toemd STATCOM is present at mid-point of transmission
reach. This is also due to the zero-sequendé€. Taking feedback of shunt injected curraty)(
component of the injected current increases; thidy STATCOM in distance protection algorithm to
current has a direct impact on the apparedbake it adaptive as observed from (11) and (12) and

impedance. using synchronized measurement at relaying bus and
STATCOM connecting point. Assuming time
3.2 Reactive power setting effect of STATCOM stamped GPS synchronized measurement at both

. _ _ terminal with high speed optical fiber data
Fig.5 shows the apparent impedance trajectory fesmmunication system which transfers information

variation of reactive power by STATCOM. For an L'Of (Ish) at relay bus without any communication
G fault occurred at Zone 2 from the relay, when thgelay as shown in fig 1.

STATCOM reactive power setting (£ are 100 and

-100 MVAR respectively. As can be seen from fig 5, To achieve this aim, we have to modify the
when STATCOM is connected at the mid-point ofpparent impedance calculation formula derived in
the transmission line and working in capacitive ofl1l) or (12). Compare calculated apparent
inductive mode, the measured impedance seen by thppedance with distance relay three zone
relay is out of the zone 2 of line. This causesntia¢  setting€,,;) of relay to make the decision of trip or

operation of the distance relay in the form of undeno trip for fault in the zone of protection. Aset

reaching and over-reaching respectively. information of shunt injected currentiy() is
available at relaying bus, the new distance relay
[ X coordinate Y Coordinate | setting expression is required which adaptively
G e defines the setting. The line to be protected RIBO
= mhox2 mhov2 from station A to station B, the relay setting with

three zones setting criteria, considering apparent
impedance calculated in (11) to be equal to setiing
first zone, second zone and third zone of distance
relay which is 80%, 150% and 225% of the line to be
protected respectively is express as follows.

150 -

50- ] Zlapp = Zset = 0.8 Zjine1 (13)
50 Oy 50 1(‘)0 150 200
ZZapp = Zset = 1.5 Zjiner (14)
Fig. 5. Apparent impedance trajectory of L-G fafalt
different reactive power setting () (legend: blue =0 Z3,,, = Zgor = 2.25 Zjjneq (15)
MVAR, red = - 100 MVAR (inductive) , green = 100
MVAR (capacitive)) Comparing equation (11) and (13), we get
As fault resistance increases the deviation are_ 05 + 0.3 (16)

more severe and distance relay mal-operate in bé)th_ (”15 Jr’smhlso)
the cases to detect accurate fault location irfaha
of under-reaching and over-reaching. Comparing equation (11) and (14), we get




p:o_5++sh (17)inductive (sn) is negative and adaptive zone is
(1+15+m150) decreased.

Comparing equation (11) and (15), we get
5. Algorithm of adaptive distance protection
Isp (18)
(+15+m150) Fig.6 shows the algorithm of adaptive distance

_ ] _ _ _ protection setting equation derived in (20-22) in
The adaptive distance protection with this newscap software. The new adaptive setting is

setting will check the calculated apparent impedangptained with actual study system parameter. Three
(Zapp) and take the trip decision when STATCOM iggones  setting obtained dynamically using the
present at mid-point of transmission line. Henze fadaptive setting factor. The adaptive distancayrel
get the new setting, multiply equation (16gxdaptively sets the three zone setting using emuati

p=05+ L75

With Z}61 (20-22) utilizing the information of shunt injected
B current and compares estimated the apparent
Zsetnew =P Ziine1 J19 impedance using equation (10) as soon as there is

any change in the STATCOM compensation level it
modifies the setting parameter to adapt with new
compensation level and when fault will on the line
the relay compares the measured apparent impedance
03 with this setting to issues signal for circuit teato

Zisetnew = <0.5 + m) Ziinel (20) clear faults

Is+mligg

Multiplying equation (16) with Z%;;,.;) and
substituting in (19), we get first zone setting

l g | e

B ————»‘ Measure Vsh &Ish

Multiplying equation (17) with Z£;;,.;) and
substituting in (19), we get second zone setting

Extract Vsh & Ish
phasor using FFT

1
Zosetnew = <0'5 + m) Ziine1 (21)

Is+mligg

Multiplying equation (18) with Z4;;,.;) and
substituting in (19), we get third zone setting

1.75
Z3setnew = (0'5 + W) Ziine1 (22)

Is+mligg

From mentioning equation (20), (21) and (22),
some important information is remarked as: The EE
installation point of STATCOM affects the apparent [ st
impedance calculation. STATCOM injected current
have dominant effect in apparent impedance
calculation for fault after STATCOM. The adaptive  Fig. 6. Algorithm of three zones adaptive distance
distance protection three zone setting formula protection
adaptively adjusted with nature of STATCOM
injected current. The adaptive distance protection _
setting will automatically adjust the three zonagrg ©- Simulation results
depending on the level of compensation. If )

STATCOM injects capacitive currentf) is positive 10 Jjudge the performance of the proposed

and adaptive zone increased while if current gdaptive distance protection, study system shown in
fig.1, is modelled in PSCAD software [20]. The 12-




pulse dynamic model of STATCOM is designed andd is observed that prior to the introduction of
control system is tuned to regulate the mid-poir8TATCOM, the shunt currentsf,) is zero. The
voltage to 1 per unit. But to calculate variousetting factorp value is 0.8 per unit distance. When
adaptive zone settings of distance relay, contvek o STATCOM is connected at 0.1 sec into the system
the reactive power injection is set betweenl00 and absorbing inductive reactive power of 100
MVAR. The STATCOM connected at mid-point iSMVAR, the setting factop is adaptively decreased
connected at 0.1 sec into the system. Wheand settled to 1.2353 per unit distance value ¢pkin
STATCOM absorbs inductive reactive power, th&0 milliseconds to derive new adaptive setting for
mid-point voltage decreases, from normal operatirgecond zone. This adaptive setting factor iszeiili
voltage without STATCOM. This results decrease ito define mho distance relay reach dynamically as
relaying bus voltage due to this apparent impedanskown in fig.8. It is observed that for inductive
seen by distance relay decreases causing ovegactive power injection, adaptive mho distancayrel
reaching. reach is reduced shown in green colour as compared

to conventional setting shown in black colour.
Adaptive Distance Protection New Setting

O NeW Adantive Distance Protection New Setting
170 O New
E f L 210
5 L50gey = 20 |
o 1404 5 g M
= 5 o
g 1301 W 2 i W
= I=
g A2 g 1M
a 110 = 160
1.00- k7] |
T T T T T T T T T 1 = llm
010 020 030 040 050 060 070 08 09 100 140

010 020 030 040 05 060 070 08 09 100

Fig. 7. Adaptive mho relay second zone settingofapt
with STATCOM supplying inductive reactive power offig. 9. Adaptive mho relay second zone settingofapt
100 MVAR into the system with forward power flow with STATCOM supplying capacitive reactive power of

) ) ) . 100 MVAR into the system with forward power flow
From adaptive distance relay simulation for second

zone with STATCOM absorbing inductive reactive When STATCOM is injecting capacitive reactive
power of 100 MVAR, the setting factpris shown in power into the system, the mid-point voltage
fig.7 for forward power flow (consider, from statio increased as compared to normal operating voltage
A to station B). without STATCOM. Consequently there is increase
in relaying bus voltage and the apparent impedance
seen by distance relay increases causing under-

Untitled 2.dist relavl : XY Hot

A = havs reaching. The adaptive relay setting factor
= ek St obtained for STATCOM supplying capacitive

reactive power of 100 MVAR into the system is
shown in fig.9 for forward power flow. It is
observed that in absence of STATCOM setting factor

100 -
80- is 0.8 and with introduction of STATCOM at 0.1
. seconds for this case, it adaptively increases and
:2_ settles to 1.8263 per unit distance value taking 80
0-X milliseconds to settle. Fig.10 shows the adaptite® m
-100 - distance relay with green colour and conventional
Aperre Lo panio mho relay with black colour.

Fig. 8. Adaptive mho relay second zone charactesist It iS observed that for capacitive reactive power

with STATCOM supplying inductive reactive power ofinjection adaptive mho relay reach is increased in

100 MVAR into the system with forward power flow comparison with conventional mho relay reach.
Similarly, results are obtained for second zonerwhe
STATCOM injecting inductive and capacitive



Uniiied 2.dist relev1: XY Fit Fig.13 shows adaptive setting factor when

L e STATCOM supplying capacitive reactive power of
e o 100 MVAR into the system for reverses power flow.

For above case Fig.14 shows the characteristics of
adaptive mho distance relay with conventional mho
relay. Similar conclusion is drawn from fig.11-fi4
inductive and capacitive reactive power injection b
STATCOM into the system for adaptive distance
relay setting factor and adaptive distance mhoyrela
characteristics.

Aperture ] » Width |1.0
0.000s 1.000s Position 0.000

Adantive Distance Protection New Settina
Fig. 10. Adaptive mho relay second zone charatiesis [0 New
with STATCOM supplying capacitive reactive power of 80
100 MVAR into the system with forward power flow 704
6.0
504
4.0
3.0
204

reactive power into the system for reverses powe
flow (consider, from station B to station A).

Distance in per unit

Adative Distance Protection New Setting 1.0
902 Nnew 00—t | ——t | | | | | !
801 010 020 03 04 05 08 00 080 0% 100
2 50
3 pod Fig. 13. Adaptive mho relay second zone settictpfep ,
£ 20 L with STATCOM supplying capacitive reactive power of
a w47 100 MVAR into the system with reverse power flow

000 010 020 030 040 050 060 070 080 09 100

It is observed that, the adaptive setting faptbakes
. . . very less time to get settle for inductive reactive
Fig. 11. Adaptive mho relay second zone settingofge  hower compensation as compare to get settle for
with STATCOM supplying inductive reactive power Ofcapacitive reactive power compensation. It is tue

100 MVAR into the system with reverse power flow the fact the PI controller is used which has itsnow
Fig.11 shows adaptive distance protection settif§ttling time is constant as discussed in STATCOM
factor with STATCOM absorbing inductive reactivehodeling section.

power of 100 MVAR. Fig.12 shows characteristics
of adaptive mho distance relay for above case with

. X Coordinate Y Coordinate

conventional mho relay reach. = mhoxa = mhova
= mhoX2 = mhoY2
= mhoX3 = thovY3

900 —

X Coordinate Y Coordinate 800 —

= nhoX1 = nhoYl 700 —

= mhoX2 = mhoY2 600 —

= mhoX3 = mhoY3 500 —

400 -

300 ~

Y 200 ~

800
+x Aperture L] > Width [1.0
——— T 0.000s 1.000s Position 0.000
With [1.0 Fig. 14. Adaptive mho relay second zone charastiesi
0.000s 1.000s Position 0.000

with STATCOM supplying capacitive reactive power of

Fig. 12. Adaptive mho relay second zone charatiesis 100 MVAR into the system with reverse power flow

with STATCOM supplying inductive reactive power of
100 MVAR into the system with reverse power flow



Table | and Il, shows the adaptive setting factorsompensation level of 100 MVAR capacitive, and for
obtained by varying the value of STATCOM reactivd OOMVAR inductive compensation, adaptive setting
power injection Q,.r) reference in the step of 10factor is 0.7206, 1.2353 and 1.7868 per unit dian
MVAR. The positive value shows capacitivefor three zones. For reverse power flow, adaptive
reactive power injection and negative value shovggtting factor is 1.0902, 2.4676 and 3.9430 foedhr
inductive reactive power absorption. zones compensation level of 100 MVAR capacitive,
and for 100 MVAR inductive compensation, setting
factor is 0.6268, 0.9229 and 1.2402 for three zones
respectively.

Table I: Adaptive distance relay setting for threees,
forward power

Adaptive setting factop per unit Table II: Adaptive distance relay setting for theemes,
) distance reverse power
Reactive
power
reference Forward Power Adaptive setting factop per unit
Value in distance
MVAR First Second | Third Reactive
Zone Zone Zone power
reference Reverse Power
100 0.8979 1.8263 2.8211] value in
90 0.8875 1.7919 2.7608 MVAR
80 0.8773 | 1.7578| 2.7012 First Second | Third
Zone Zone Zone
70 0.8670 1.7236 2.6414
60 0.8570 1.6900 2.5826 100 1.0902 2.4676 3.9430
50 0.8471 1.6570 2.5248 90 1.0573 2.3578 3.7511
40 0.8373 | 1.6243| 2.4676 80 1.0250 | 2.2501| 3.5628
30 0.8277 1.5923 2 4116 70 0.9930 2.1436 3.3763
0 08181 15604 > 3557 60 0.9621 2.0404 3.1958
10 0.8086 15288 23004 50 0.9323 1.9412 3.0222
0 07996 14987 > 2477 40 0.9034 1.8448 2.8535
30 0.8758 1.7528 2.6924
-10 0.7907 1.4691 2.1959 >0 08488 16629 > 5350
-20 0.7819 1.4399 2.1449 10 08228 15763 > 3835
-30 0.7734 1.4116 2.0953 0 07989 14966 > 2441
-40 0.7652 1.3840 2.0470 10 07761 14205 > 1109
% Tomil iRl 2o || o | o[ iow
-70 0.7418 1.3060 1.9105 -30 0.7340 1.2803 1.8655
-80 0.7344 1.2815 1.8677 40 0.7150 1.2169 1.7546
-90 0.7274 1.2580 1.8266 -0 0.6973 1.1579 1.6514
-60 0.6809 1.1030 1.5552
-100 0.7206 1.2353 1.7868 0 0 6656 10522 14664
When STATCOM is present into the system neither Sg 8:2;2 égggz izggg
injecting nor absorbing any reactive power the : : :
setting factor observed is 0.7996, 1.4987 and 2.247 -100 0.6268 0.9229 1.2402

for forward first, second and third zones respetyiv

similarly 0.7989, 1.4966 and 2.2441 for reversst fir

second and third zones respectively. This is m@xau
of reactance of coupling transformer comes int
feature which is 0.1 per unit. For forward powe
flow, adaptive setting factor is 0.8979, 1.8263 an
2.8211 per unit distance for three zone¥

Results obtained from simulation show some

portant aspects noted are -Adaptive setting facto
or 100 MVAR inductive reactive power absorption
I forward power flow is 0.7671 per unit distance
hile is more than the setting factor in reverse/go



flow which is 0.7071 per unit distance. For 100
MVAR capacitive reactive power injections setting
factor in forward power flow is 0.8425 per unit
distance which is lesser than the reverse power flo
0.8575 per unit distance.

Appendix A

Study System Data of fig.1.

7. Conclusion

The major contribution of this research is the
measured impedance at the relaying point in preseng
of STATCOM on a transmission line and
representation of the relay characteristic impedanc

in presence of theTATCOM for L-G and L-L fault.
An adaptive distance protection setting scheme i
presented using the information of shunt injected
current by STATCOM at mid-point of line. The

Elements
of Study Parametric quantity
System
Equivalent | System Voltage = 230 KV
Source System Frequency = 60Hz
(1-2) Z; = 25.9480° 2
Zy =125.9480° ]
Interfacing | Transformer ratio =230/11/11KV

s Transform
er=3
winding
(Ylyld)

Transformer rating = 200 MVA
Transformer Impedance = 0.1 p.u.

adaptive distance protection three zone setting
procedure gives absolutely necessary data to modifi
the zone reach of mho distance relay for different

ySTATCO
M rating

+/- 100 (capacitive & inductive)

level of compensation. At lower level of
compensation, adaptive distance protection settin
factor is found to be lesser. At larger level of

Transmissi
jyon Line

Line length = 300 Km
Z, = 0.514£85.92° 2 /Km
Zy, = 1.385274.68° Q/Km

compensation adaptive distance protection setting
factor is increased.

Comparing the adaptive scheme with the
conventional technique, it is observed that, there
significant increase in the covered region by dista
relay and the mal-operation of the distance reldly w
STATCOM has been overcome. The results show
that, with the proposed setting the distance relay
zones is adaptively increased and gives relay trif
decision very accurately. The proposed scheme i
new and simple to implement with the knowledge of
transmission system and operating modes o
STATCOM.

) Fig A.1
shows the
physical
structure of
the
Bergeron
model
transmissio
n line. By
utilizing of

stransmissio
nline in

f PSCAD/E
MTDC
with
proper
tower
configurati
on and
height of
conductor
and ground
wire as
shown in

the fig.A.1

Tower. 3H5 Tower Cente 0[]

Conductors:chukar 7 Ground_Wires: 112 HighStiengthSteel
Cond Conngctinn X(fom Y e Conn_ectiqn X(fom y
Phasing# [towercente)| (attower) Phasing# owercense) (atove)
1 1 B | W] | 1 | Eiminaed| -25[m) | 40[n]
/ 1 O] | 30 | 2 | Eiminaed| 25[] | 0]
3 3 S| 30[m]
/‘\.<7 GL G2
w0mpF -7 " ez T~
10 [m]
c1 5 [m] c3
S
10 [m]
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Fig.A.1.Physical Structure of Bergero
model Transmission Line
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