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Abstract

A modified setting strategy for deciding the correct fault zone in distance relays is iniroduced. {t depends on exchanging
information between local relays in the same station in addition to a command from the remote end relay. As a start point,
the convenlional setting strategy is applied to initially determine which distance relays should operate and their zones of
operation. Based on this preliminary information, the proposed system locates the faulty line. Then, the set of relays with
suspected preliminary operation zones, that needs to be examined, is identified using some rules. This limited set of relays is
solely considered in the next validation stages to save the processing time. The scheme verifics the relay zone reach in two
steps. In the first step, a rule-base is applied to determine a modified zone for the relay. In the second step, another rule-base
is applied to determine the final zone for the relay based on its modified zone. The governing rules for the proposed stralepy
are presented. The strategy is examined against a wide range of setting problems of a real part of a high-volitage network. The
results confirm that the proposed strategy achieves the required accurate, sensitive, and selective relay operation.

1. Introduction This is necessary to permit the primary relays
assigned to this backup or overreached area time

to operate. Otherwise, both sets of relays may
operate for faults in this overreached area, the
assigned primary relays for the area and the
backup relays. Operation of the backup
protection is incorrect and undesirable unless the
primary protection of that area fails to clear the
fault [6]-[10].

In power networks, distance protection is
usually used as "main-1" and "main-2" for long
transmission lines. It is also used as "main-2" for
short transmission lines as well as for

Distance relays have an assigned arca
known as the primary protection zone, but they
may properly operate in response to conditions
outside this zone. In these instances, they
provide backup protection for the area outside
their primary zone. This is designated as the
backup or overreached zone [1]- [5]. Selectivity
(also known as relay coordination) is the process
of applying and setting the protective relays that
overreach other relays such that they operate as
fast as possible within their primary zone, but
have delayed operation in their backup zone.
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underground cables which are typically
protected with line differential protection as
"main-1". With the traditional setting strategies,
the distance relay (as main-1) may fail to
respond correctly to some faults. Also, line
differential protection can suffer maloperation
for one reason or another. Then, the distance
rclay (as main-2) is required to respond
selectively and reliably [3], [10].

The different factors affecting the distance relay
reach calculation are 1) sensed fault current, 2)
fault resistance, 3) load encroachment, 4) an
existing long line after a short line or vice-versa.
The actual reach of the relay can be severely
affected and sensitivity will be missed. In the
best case, the relay operates with unaccepted
delay time [1}], [4].

The Available solutions in the literature include
trials to minimize the errors in estimating the
impedances, for example, by suggesting an
online measurement of transmission-line
impedance. Data communication is an essential
part for implementing this proposal [5]. An
adaptive distance protection scheme for parallel
circuits, in which a correction factor based on
the information of the surrounding system of
the protected line under different operating
status was used in the impedance calculation
{6]. Another adaptive technique adjusts its zone
reach based on the availability of input signals
from surrounding system to achieve optimal
distance protection performance [1], [3]. Others
try to increase the second-zone coverage of
distance relays without causing overreach
problems [7], [8].

The system proposed in this work locates the
line that contains the fault using the preliminary
information about which distance relays have
operated and their zones of operation applying
the conventional setting strategy. Then, the set
of relays with suspected preliminary operation
zones, that needs to be examined, is identified
using some rules. This limited set of relays is
solely considered in the next validation stages to
save the processing time. The scheme verifies
the relay zone reach in two steps based on the

availability of input signals from local relays in
the samne substation in addition to a command
from the distance relay on the other end of the
protected line that is transmifted using any
existing teleprotection system [10], [1!1]. In the
first step, a rule-base is applied to determine a
modified zone for the relay. In the second step,
another rule-base is applied to determine the
final zone for the relay based on its modified
zone. The data needed from the remote end are
obtained in the form of the traditional transfer
trip signal in the pilot trip schemes with minor
modifications. Hence, there is no delay time
added in the proposed scheme compared to the
techniques that depend on data from the remote
end. This strategy will alleviate problems
inherent in present strategies using minor
modifications to the frequency-modulation (FM)
circuit of the pilot scheme [11] - [13]. The
proposed modified setting strategy (MSS) is
applied to different case studies in a real high-
voltage network. These case studies show how
the MSS avoids practical problems that severely
affect the conventional setting strategies.

2. Proposed setting strategy

The “setting strategy” is the way in which
relays are set to achieve the goals of
selectivity and security of the power
transmission system. A relay setting strategy is
translated into a number of rules for the relaying
system. In the proposed strategy, there are three
stages within the protective algorithm.

2.1 Architecture

1) In the first stage, the distance relay (DR) at
each end of a transmission line calculates a self
pre-estimated fault zone and direction (forward
F / reverse R) based on its own measured
voltage and eurrent according to conventional
DR setting rules [10]. The impedances
calculated at this stage are affected by the
problems mentioned in the introduction and,
hence, are not expected to be completely
accurate. Then, the faulted line(s) is identified
as the line which its two terminal relays "see"
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the fault in the forward direction. There is no
need to examine the pre-estimated fault zone of
all the relays in the system to accelerate the
protective algorithm. Accordingly, a set of
mostly concerned relays with possible incorrect
pre-estimated fault zone, will be called hereafier
suspected relays, is determined as follows.

a) the relays on the faulted line joining buses i
and j.

b)Mirst layer: the relays on the lines which are
directly connected to the faulted line ij, i.e.
connecting bus i to set of buses K or connecting
bus ] to set of buses M,

c)second layer: the relays on any next line(s) to
lines in part (b) above, connecting any bus in the
set K to another bus in a set of buses N or
connecting any bus in the set M to another bus
in a set of buses O, if its length is greater than
125% of any previous line in the first layer.

2) In the second stage, based on this local
information, each relay updates its self pre-
estimated fault zone and calculates a modified
fault zone according to specific rules. The
value of the mnodified-fault zone is used only
within the corrective algorithm and no trip/block
action is based on it.

3) In the third stage, each relay sends a
command to the corresponding relay at the other
end of the TL using a specific modulated
frequency via any available communication
media. This command is interpreted by the
demodulating circuit of the remote end to infer
the value of the modified fault zone at the other
end. Sending a command to the other end is
common in all conventional protective pilot
schemes. However, in the proposed strategy, the
value of the modulated frequency is used to
transfer the value of the modified fault zone
calculated at the other end. The final decision at
each rclay is based on comparing the two
modified fault zones calculated at both ends
according to some rules as given below.

2.2 Rules for estimating the modified fault zone
The modified fault zone is estimated for each
relay in the suspected relays set based on
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comparing the available data from local
surrounding relays according to the following
rules [1], [7].

1. The modified fault zone of a relay is taken as
the zone with the smallest zone number among
the considered local relays set.

2. The fault direction of the modified fault zone
of a relay is similar to the fault direction of its
pre-estimated zone.

3. If a local relay does not “see” the fault at all
but receives the fault zone’s reach from other
local relays, then the relay takes the modified
fault zone as the smailest zone number of all
received local values in a reverse direction.

4, If the fault direction of all local relays is
reverse, then the fault is located at the busbar
itself. In such a case, the modified fault zone for
all relays is identified as zone-1 with a rcverse
direction.

2.3 Rules for estimating the final fault zone

The modified fault zones at both end relays of a
line are compared together in the third stage
according to the following rules to produce their
final fault zones [11, [4].

1) If the two fault directions are forward at both
ends, then the final zone reach is identified as
zone-1 at both ends irrespective of the values of
the modified fault zones at the two ends. For
example, comparing (Z1, Forward) with (Z2,
Forward), will result in a final fault-zone
identification as (Z1, Forward) at both ends.

2) If the two fault directions are opposite, then
the final zone reach at each side is “the smaller
zone-number plus one.” For example, comparing
(Z1, Forward) calculated at side-1 with (Z2,
Reverse) calculated at side-2, will result in a final
fault-zone identification as (Z2, Forward) at side-
1 and (Z2, Reverse) at side-2. The fault direction
at each end is always unchanged.

3) To be consistent with the known setting rules,
any zone reach in the final stage in a reverse
direction will be reset to 74, i.e. the trip time for
any reverse fault will be equal to the zone-4 trip
time. For example, (Z2, Reverse) will be reset to
(Z4, Reverse).
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Zone-1 in the MSS covers the total length of the
protected line while zone-2 covers the full
length of any line following the protected line
irrespective of its length. Similarly, zone-3
covers the full length of any line following the
second zone. Fig.l reveals a flowchart of the
proposed setting strategy.

collect current and
voltage data upon
certain fault

¥

calculate pre-estimatj

fault zones

L

Identify faulty location
L

—X
specify the set of
suspected relays

for suspected relay no. i

determine the modified fault
zone

i>no. of
suspected relays

determine final fault zone
for each suspected relay

Fig.] Flowchart of the modified setting strategy

3. Results and Discussion

To study the performance of the MSS, a
real part of the 220 kV Delta transmission
network, delta zone, Egypt is considered. it is
composed of 15 busbars, 4 generators and 18
lines. Two additional lines 19, 20 are assumed
parallel to line 12. The one line diagram of the

studied network is depicted in Fig.2. The system
data is given in [14]. Line data is listed in Table
1. Each line is equipped with two distance relays
at its two ends. Each relay is looking toward the
opposite end of the line. The network is
modeled and simulated using PSCAD sofiware
to determine the line currents and bus voltages
for the fault cases examined below.

13
14
BAMANHOUR TALKHA FT
15 9 ol /|
ABOSOLTAN

_a'l—:j_:.r'[' - -—61—

Fig.20ne-line diagram of the studied
transmission network

Table | Line data

LINE R X B Lehgth
NO. | (km) | (€¥km) | (moh/km) | (km)
1 0.0412 | 0302 3.72 10
[ 2 0.0412 | 0302 3.72 30
3 0.0412 | 0.302 3.72 76.2
4 0.0412 | 0.302 3.72 33
5 0.0412 | 0.302 372 56.8
[ 0.0412 | 0.302 3.72 100
7 0.0412 | 0.302 3.72 18
[ 00412 | 0.302 3.72 60
9 0.0412 | 0302 372 95
10 | 00412 | 0.302 7] 65
11 00412 | 0.302 3.72 55
12 | 0.0412 | 0.302 .72 30
13 | 0.0412 | 0.302 3.72 30
14 | 0.0412 | 0.302 3.72 23
15 | 0.0412 [ 0302 3.72 42
16 [ 0.0412 [ 0.302 372 46.2
17 | 0.0412 | 0.302 372 75
18 | 0.0412 | 0302 372 37.5
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In the system shown in Fig.2, there are three
parallel lines (L12, L19, and L20). There is also
short line(s) connected next to Jong line(s).
These conditions can cause DR initial
maloperation that needs correction by the MSS as
will be remarked in the following case studies. In
Tables 2- 18 below, D refers to direction and Z
refers to zone.

3.1 System performance

3.1.1 Three phase to ground fault in the middle of
line 12

From the three-phase currents and voltages at
cach relay obtained by PSCAD simulation of the
system, the fault zone reach of each relay is
estimated according to the traditional setting
rules [2], [10]. These are provided in Table 2.

Table 2 Pre-estimated fault zone for all relays for

3phase fault in line 12
Relay |Z |D |Relay [Z | D] Relay | Z D
Ri-1 Z4 | R_| R8-1 Z4d [R|RI5-) [ Z4 | F
R12 | 7A | F | R8=2 74 |F |RI52 |74 | R
R2-1 [ Z4 [ F | RO 7Za |F | RI61 |74 | F
IR22_ |74 |R | RS2 Z4 |R|Ri62 |74 | R
[ ®31 ZZ|F |RWO-1 |74 [F | RI71 |24 | R
R32 |Z4|R | RiO2 |74 [R|RI72 |74 | F |
| R4 Z4 [R_{Rif1_ |74 | F | Ri81 |74 | F
\R4-7__ (74 |[F | RIlZ |74 |R|Ri&2 |74 | K
R5-1 ZA|F (R12<1 | ZI |F|Ri91 |24 | R
R5-2 |74 | R _{Ri22 |ZI | F | Ri%2 |28 | F
R6-1 Z4 | R | RI31 |74 | R | F20-1 |74 | R
[Re-2 |74 | F | Ri3-2 |23 | F |R22 | Z4 | F
R7-1 Z4 | R [ RI4-1 |74 | R|R20-1 [ 24 | R_|
[ R72_ [Z4|F [Ri42 |74 |F [ RAIZ |73 | F |

It is observed that the two relays at the end of the
line 12 see the fault in zone 1 at forward
direction. So, the fault is at the middle 60% of
line 12 (30 km). A more accurate fault location
can be found from the average measured relay-
to-fault impedance at both end relays. The
measured fault reactance of the right-hand relay
is 4.45. So, the fault is at 4.45/0.302= 14. 73 km
from the line 12 right end. The measured fault
reactance of the left-hand relay is 4.49. So, the
fault is at 4.49/0.302= 14.87 km from the line 12
left end. Then, the falt location is at: (i14. 73+
(30-14.87))/2=14.93 km from the line 12 right
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end which is accurate enough compared to the
actual 15 km fault location. The suspected relays
are (R3-1,R3-2,R12-1,R12-2,R13-1,R13-2,R19-
1,R19-2,R20-1,R20-2,R21-1 and R21-2). The
modified and final fault zone for each of the
suspected relays is to be identified. Selecting two
facing relays R19-1, R19-2 and applying the
MSS rules, Tabie 3 can be formed.

Table3 Pre-estimated, modified and final fault
zones for R19-1, R19-2

At relay19-1 At relay 19-2
1D Z D 1D Z b
Group-1:
Seif pre- R19-1 Z4 R [ RI9-2 Z4 |F
estimation
Group-2: R13-t Z4 IR
Collected local Ri2-1 Z1 F | RI2-2 Zl | F
information R20-1 Z4 R | R20-2 | Z4 |¥
R21-1 | Z4 |R
Group-3:
Meodifed fault R19-1 Z1 R | RI9-2 | Zi IF
zone
Group-4: R19-1 Zz (R )
Final faull zone R19-2 ! Z2 |F
L | 72-+74

The modified fault zone is determined as the
smallest zone number of all local relays
according to rule 1. The direction of modified
fault zone at each side is identical to that of the
transmitter relays (R19-1 and R19-2) according
to rule 2. The final fault zone’s category is
obtained by comparing these two modified fault
zones according to the rules. R19-2 which
originally locates the fault as (Z4, Forward) will
now locate it correctly as (72, forward) as
shown in Table 3. R19-1 will continuously see
the fault in reverse direction (Z2, Reverse). To
be consistent with the known setting rules, (Z2,
Reverse) at relay R19-1 will be reset to (Z4,
Reverse) according to rule 3. Similar analysis
can be repeated for the other suspected relays.
As another example, Table4 shows Pre-
estimated, modified and final fault zone for
Ri3-1, R13-2.

The pre-estimation shows that R13-2 incorrectly
locates the fault in zone-3, not in zone-2 as it
should be. The modified fault zone is determined
as the smaller zone number of local relays,
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according to rulei.The direetion of the modified
fault zone at each side is identieal to that of the
transmitter relays (R13-1 and R13-2) according
to rule 2.

Table4 Pre-estimated, modified and final fault
zone for R13-1, R13-2

Atrelayl3-2 | Atrelay 131

D [ Z][ D[ D Z D
Group-i: Ri32| Z3] F| mi31| 24 | R
Self pre-
estimation
Group-2: R2¥-2] Z3] F{ R19-2 24 F
Collected R12-2 VA F
local R20-2 74 F
information R21-1 24 R
Group-3: RI3-2 | 23] F | Ri3] Zi R
Modified
fault zone ]
Group-4: Ri3-2 | 22| F; R131 72 R
Final fault Z2—74
20ne

In the second stage of P-SS, the modified fault-
zone and fault dircction of R13-1 and R13-2 are
compared according to rule 2. The final fault-
zone is determined as zone-2, which is “one digit
higher than the smaller zone-number of the two
modified fault zones”. With MSS, the fault
detected by relays R13-2 (or R21-2) will be
correctly cleared with zone-2 clearing time and
not zone-3. This improves the overall stability
of the network. Itis noted also that with MSS,
the second zone covers the total length of any
next line to the relay line, e.g., zone-2 for R13-2
covers the full length of lines 12, 19, 20. The
voltage and current measuring errors as well as
other factors, which limit the distance relay reach
in conventional strategies, are avoided.

3.1.2 Three phase to ground fault in the middle
of line 21

The fault zone reach of each relay is estimated
according to the traditional setting rules {2], [10].
These are provided in Table 5. From Table 6, the
fault is at the middle 60% of line 21 because the
two relays at the end of the line 21 see the fault
in zone | in forward direction. The suspected
relays are R11-1,R11-2,R12-1,R12-2,R13-1,R13-

2,R14-1,R14-2,R19-1,R19-2,R20-1,R20-2,R21-1
and R21-2.

Table5 Pre-estimated fauit zone for all relays for
3phase fault in line 21

[Relay | Z | D |Relay | Z D [Relay | Z | D
Rl-t |Z4 [R JR8&1 |Z4 |R [RI51 [Z4]F
Ri-Z |Z4 |F |R82 |Z4 |F |RIS2 |Z4 | R
'R2-1 | Z4 |F |R9-1 |Z4 |F [Ri6l |Z4 | F
R2-2 | Z4 [R |[R9-2 (74 |R |Ri62 [Z4 [ R |
I'R3.1 [Z4|F |RI0-1 | Z4 |F [ Ri7T-1 |Z4 | R
| R3-2_[Z4[R |R10-2 [74 [R [RI7-2 | Z4 [F |
Rd-1 |ZAJFE TRIN-1 |Z1 |F |RI81 [Z4 | F
R4-2 |74 /R |R11-2 |24 | R | Rig2 |24 [R
R5-1 |24 |F |RI21 {Z4 | R |RI9-1 [Z4 | R
R5-2 174 [R |Ri22 |74 |F [Ri192 |Z4|F
R6-1 [Z4[R |Ri3-1 |24 [R [R20-1 |74 [ R
(R62 |24 |[F |RI3-2 |74 |F |R20-2 |74 | F
(R7-1 |74 IR [RI4-f [ 74 [R |R2I-1 [Z1 | F
IR7-2 1za|F |[RI42 |24 |F [ R21-2 |21 |F

Selecting a local relay RI3-1, RI3-2 and
applying the MSS rules, the modified and final
fault zone for the suspected R13-1, R13-2 are
obtained as in Table 6. By applying the rules of
MSS, relay R13-2 which originally locates the
fault as (Z4, Forward) will eventually locate it
correctly as (Z2, forward) as shown in Table 6.
The other relay, R13-1 will continuously see the
fault in reverse direction (Z2, Reverse). To be
consistent with the known setting rules, (Z2,
Reverse) at relay R13-1 will be reset to (Z4,
Reverse) according to rule 3.

Table6 Pre-estimated, modified and final fault
zone for R13-1, R13-2 for 3-phase fault

in line 21
At relayl3-1 At relay 13-2

D Z | b D Z | D]
Group-1: R13-1 Z4 R | RI13-:2 | Z4 F
Self pre-
estimation
Group-2: R21-1 Z1 F | R2M2 | 20 F
Collected R20-1 Z4 R | R11-2 | Z4 R
local Rid-| Z4 R
information

Group-3: R13-1 Zl R [ RI13-2 | Z} F
Modified

fault zone i
Group-4: R13-1 Z2 R | RI3-2 | Z2 F
Final fault £2-74
Zone l




Mansoura Engineering Journal, (MEJ), Vol. 35, No. 3, September 2010.

3.2 Effects of the fault type

3.2.1 Single phase to ground fault in line 12
When single phase to ground fault (a-g) occurs
in middle of line 12, the pre-estimated zones of
all relays are shown in Table 7.

Table7 pre-estimated fault zone for all relays for
single phase fault in line 12

Relay [Z [ D [Relay JZ D [Relay [ Z D
Ri-t |24 [ R [R&t [Z4 [R JRi5-1 [2Z4 1F
RI-2 1Z4 |F [Rr82 [z4 |F TRIS2 174 [ R
R2-1 {74 |F [ RrRo-1 [7z4 |F TRiI61 [Z4 | F
R2-2 (24 |R [R%2 (74 | R [RI62]7Z4 R |
R}-t (21 [F JRIO-V [24 |[F [RIT-1|Z4 R
R3-2 1Z4 [R [R10-2 |74 |R JRI72T72Z4 JF
\R4-! 1724 [F [RUO-1I [24 |[F [RIB1I [Z4 |F
R42 [Z4 R [R1-2 [z4 R TRIZ2[Z4 (R |
R5-1 [Zz4 |F {Ri2.10 [Z1 |F |RI1941 74 [R
R5-2 |24 R [wri1z2 [z TF Tri921z4 |F
Ré-1 124 TR [RI3-1U [Z4 |R [R2-1 |Z4 | R
R6-2 [Z4 [F TR132[2zv |F [R202 1274 |F
R7-t [zd [R [R4-1 [z4 R [RBIGTz4 R
R7-2 |74 |F | rta2 [Z4 JF JRU-ZTZI |F

From Table 7, the fault is at the middle 60% of
line 12 because the two relays at the ends of the
line 12 see¢ the fault in zone | in forward
direction. The suspected relays are R3-1,R3-
2,R12-1,R12-2,R13-1,R13-2,R19-1,R19-2, R20-
I,R20-2,R21-1 and R21-2, The modified and
final fault zones for the suspected relays are
obtained as in Table 8.

Table 8 Pre-estimated, Modified and Final fault
zones for single phase fault in line 12

Relay | Pre- modified | final
cstimated | fault zone | fault
2one
Z1-F Z2F |
ZI-R Z4-R
ZI-F Z1-F
Z1-F Z1-F
Zi-R ZA-R
Z1-F Z2-F
Z1-F Z2-F
ZI-R ZA-R
Z1-F Z2-F
Z1-R Z4-R
Z1-R Z4-R
Z1-F Z2-F

By applying the rules of MSS, relays R13-2,
R21-2, R3-1 which originally locates the fault as
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(Z1, Forward) will now locate it correctly as (72,
forward).

3.3 Effect of fault location

When a three phase fault occurs in the end of
line 12 near to relay R12-1, the pre-estimated
zones of all relays are shown in Table 9.

Table 9 Pre-estimated fault zone for all relays
for three phase fault in the end of line 12

[Relay [ Z [ D [Relay | Z | D[ Relay [ Z | D
RI-1 |Z4 [R |R81 |Zz4 |R |[Ris-t [z4 |F
Ri-2 |Z4 |F |R82 |74 |F |RI5-2 174 |R
R2-1_|Z4 |F | R9-1 _[Z4 |F |RIGI |24 |F
R22 |74 |R |R92 |74 |R |RI62 |74 |R
[ R3-1 |72 |F_|RI0-1|Z4 |F [RI7-1 |24 |R
R32 [Z4 [R |RI02| 24 [R |RI72 {24 |F
[ Ra-1_[Z4 |[F_[RI-1|24 |F |RI8-i |Z4 |F
| R4-2 |74 [R_[Ri1-2|Z4 |R |RI82 |74 |R
R5-1 |24 |F [Ri2-1|Z1 |F |RISI {74 |F
R52 (74 |[R |RI22[Z2 [F |RI92 |24 [R
R6-1 |74 |R | RI3-1 |74 |R |R20-1 |74 [F
R6-2 |74 |F | R132|72 |F [R202 |74 [R
R71 |24 |R |R14-1]74 |R |R21-1 |74 |R
R7-2 |24 |F |RJ42|Z4 |F |R2I-2 |72 |F

From Table 9, the fault is close to the right end of
line 12 because the relay at the left end of the line
12 (R12-2) sees the fault in zone 2 at forward
direction and the relay at the right end of the line
12 (R12-1) sees the fault in zone 1 at forward
direction. The suspected relays are R3-1,R3-
2,R12-1,R12-2)R13-1,R13-2,R19-1,R19-2,R20-
1,R20-2,R2]-1 and R21-2. The modified and
final fault zones for the suspected relays are
obtained as in Table 10.

Table 10 pre-estimated, modified and final fault
zones for three phase fault in the end of line 12

Relay | Seif prc-] modified | final fault
estimation| fault zone | zone
R3-1 | Z2-F | ZI-F Z2-F
R3-2 | Z4-R ZI-R Z4-R |
Ri2-1 | ZI.F ZI-F Z1-F
72-F Z2-F ZI-F
RI3-1 | ZA-R ZI-R Z4-R
| R132 | Z2-F ZI-F Z2F
R19-1 | ZA-R ZI-R Z4-R
R 74 ZI-F Z2-F
o 74 F ZI-F Z2-F
Z4A-R ZI-R Z4-R
R2i-1 | Z4-R ZI-R ZA-R
ZA-F ZI-F Z2-F
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From Table 10, relay R12-2 initially locates the
fault incorrectly in Zone-2 (pre-estimation) as
the fault is very close to the remote bus.
Comparing the two modified fault zones: (Z2,
Forward) calculated at relay R12-2 with (Z1,
Forward) calculated at relay R12-1 results in the
final zone (Z1, Forward) at both sides according
to rule 1. Consequently, relay R12-2 identifies
the fault in zone | and hence, trips
instantaneously. Zones of R19-2, R20-]1 and
R21-2, marked cells in Table 10, are also
corrected.

3.4 Effect of multiple fault

Two simultaneous faults (three phase to
ground) occur in the middle of lines 12 and 3.
Pre-estimation zones of all relays are shown in
Table 11.

Tablel 1 Pre-estimated fault zone for al relays
for two simultaneous faults in the middle
of lines 12 and 3

Table 12 pre-estimated, modified and final fault
zones for two simultaneous faults in the
middle of lines 12 and 3

Self pre- modified | final
Relay . | fault fault
estimation
zone zone
R3-1 | ZI-F ZI-F ZI-F |
R3-2 | ZI-F Z1-F ZI-F
R12-1 | ZI-F Z}-F Z1-F
R12-:2 | ZI-F Z1-F Z1-F
R13-1 | Z4-R Z1-R Z4-R
Z3-F Z1-F Z2-F
Ri9-1 | Z4-R ZI-R Z4-R
Z4-F Zi-F Z2F |
R20-1 | Z4-R Z1-R Z4-R
ZA-F Z1-F Z2-F
R21-1 | Z4-R ZI-R Z4-R |
Z3-F Z1-F Z2-F

By applying the MSS, relays (R13-2, R21-2)
which originally locate the fault as (Z3,
Forward) will now locate it correctly as (Z2,
forward). Relays (R20-2, RI9-2) which
originally locate the fault as (Z4, Forward) will
now locate it correctly as (Z2, forward).

3.5 Effect of fault resistance

3.5.1 Three phase to ground fault in middle of
line 12 with fault resistance R < 15 Q
Pre-estimation zones of all relays are shown in
Table 13.

Table13 pre-estimate fault zone of all relays for
three phase to ground fault in middle of
line 12 with fault resistance Ry < 15 Q

(’Ee‘lay Z[D[Relay | Z 1 D[ Rela Z | D
RI-l [Z4|R |[R81 |74 | R |RI51 |[Z4 |F
[R1-2 [Z24]F w82 [z4 |F TR152 (724 |R
[R2-1 [Z4|F [Ro-1 [Z4 |F [Ri61 [Z4 [F
IR2-2 [Z4[R [R92 [Z4 [R [RI&2 [Z4 R
R3-1 [Z1 |F | R10-1 [Z4 |F [Ri7-1 [z4 |R
R3-2 | Zi [F [Ri02 [24 |R |RI7-2[Z4 |F
[Ra-t [Z4 [F | RII-1 [ 24 [F [RISY |Z4 |F
(R42 [Z4[R [R11-2 |24 |[R [RI82 [Z4 [R
[rs-1 [Za|F JRI221 21 |F [R191 [Z4 [R
[R5-2 [Z4 [R TRIZ2 [Z1 |F [R192 [Z4 [F
R6-1 [ Z4 [R [R13-1 [z4 [R |R30-1 [Z4 |R
R6-2 | Z4 |F | Ri3-2 |[Z3 |F |R202 |24 |F
l%l Z4 |R [Ri4-1 [Z4 [R [R2I-1 [7Z4 |R
R7-2 [Z4 |[F |Ri42 (724 |F [R21-2 [Z3 [|F

As can be noted from Table 11, two faults are
located. The first is at the middle 60% of line 12
because the two relays of line 12 see the fault in
zone 1 in forward direction. The second is at the
middle 60% of line 3 because the two relays of
line 3 see the fault in zone 1 in forward direction.
Relays R3-1, R3-2, R12-1, R12-2, R13-1, R13-2,
R19-1, R19-2, R20-1, R20-2, R21-1 and R21-2
are suspected. The modified and final fault zones
for these suspected relays are obtained as in
Table 12.

[Relay [Z [ D [Relay | Z D [Relay [Z D
[R1-1 [Zz4[R [R81 [Z4 [R |RIS) [24 [F
[Rt-2 [ZA|F |[R8$2 [74 |F |RI52[Z4 |R
[R2-} [Z4]F [R9-1 [74 [F [RI6-1 [Z4 [F
[R2-2 [Z4|R [R92 [Z4 [R [Rle2 |Z4 [R
[R3-1 [Z2|F |Rio-t [24 |[F [Ri7-i [Z¢ |R
[R3-2 [Zz4 R [R10-2 (24 [R [R172 [24 |[F

R4-1 [Z4|R [R11-1 (74 |F [Rig1 [74 [F

R4&-2 [Z4 [F [RII2 |74 [R [RI&2 |74 [R

R5-1 [Z4 [F [Ri2-1 [Z1 [F [R194 [Z4 |R
IR5-2 | Za[R [R122 |Z1 |F [R192 |Z4 |F
[R6-1 [Z4 TR |RI3-1 |Z4 [R JR20-1 |[Z4 [R
[R6-2 [z4 ¥ [Ri3-2 {23 |F [rR202 (24 [F
[R7-1 [Z4 [R [RI4-1 [Zz4 [R [R2l-1 [24 [R

R72 |[z4|F [R142 [24 [F [R212 [Z3 [F

From Table 13, the fault is at the middle 60% of
line 12 because the two relays at the end of the
line 12 see the fault in zone 1 at forward
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direction, The suspected relays are R3-1, R3-2, It is observed from Table 15 that all relays in the
R12-1, R12-2, R13-1, RI3-2, RI9-1, R19-2, network sce the fault in zone 4. Therefore, no
R20-1, R20-2, R21-1 and R21-2., The modified fault can be detected or located, i.e. the situation
and final fault zones for the suspected relays are points to no fault conditions. This is due to the

obtained as in Table 4. high value of the fault resistance. Hence the MSS
can not progress any more. More rigorous
Table 14 Pre-estimated, modified and final fault technique is required to determine the pre-
zone for 3 phase fault in line 12, estimate zone of the relays considering high fauit

Re<l5 Q2 resistance. Then MSS can work properly.

Relay | Self pre-| modified| final {ault
estimation ;?,':,I; eone 3.6 Dealing with communication failure

R3-1_ | Z2-F Z\-F | Z2-F A general feature of the MSS is that in case
| R3-2_ | Z4-R Zi-R | Z4-R of a communication failure, the protection
%;; %:E %:’; g::: system is not affected since the relay
"Ri3-1 | ZA-R ZI-R Z4R | automatically responds with the traditional

1335 73-F ZI-F_ | Z2F | setting rules.

é::f %%‘:f—ﬂ Since some relays in the proposed scheme
ZIR [ ZAR | receive local information from more than one
ZI-F Z2-F relay (e.g., Relay R19-2 in Table 3), there is a
ZI-R | Z4-R probability of lost information.

L 2tF | Z2F | In order to evaluate the effect of lost

By applying the MSS, relays (R13-2, R21-2)
which originally locate the fault as (Z3,
Forward) will now locate it correctly as (Z2,
forward). Relays (R20-2, RI19-2) which
originally locatc the fault as (Z4, Forward) will
now locate it correctly as (Z2, forward).

information, Table 3 was chosen as an example.
The modified fault zone at station R19-2 will
not be affected by missing any data from the
local relays except for the data from relay R12-2
because it is the relay with the smallest zone
number. In case of lost information from R12-2,
) ) the modified fault zone at the station R19-2 will
a:ezl ;ﬁiﬁ tg }Lll"l‘fie;?s tﬁ;‘;léng filldst g‘ middle of be (th,F) i‘nstead of (Z1,F). Bowever, the fmal
Pre-estimation zones of all rfsl;ys are shown in decision will not be affected since the modified

fault zone at the remote end station R19-1 is

Table 15. ;
. correctly estimated.
Table 15 pre-cstimate fault zone of all relays for The worst condition in that case is to lose two

;breel ghaiit? g:'ounc} fault i;mi(i(;lg’f specific data: The data from relay R12-2 and, at
ine 12 with fault resistance Ke > the same time, to lose the data from relay R12-1,

Relay 12 [ D [Relay | 2 D [Relay [2Z D | S . .

RMy 74 | R Rs,]y 74 TR IR 5_11 74 TL F which 15 2 complex‘ assumption with very l‘ow
RI-2 [Z4 |F [R82 Jz¢ | F [RI52 |74 [R probability. Even with such remote possibility,
R2-1 |24 | F [ R9-1 174 |F |RI6N [ 24 | F the MSS gives a similar response to the
R22 1 z4 | R |R92 [Z4 |R [RI62 | Z¢ |R traditional strate

R3-1 Jz4 | F [RIO-1 [Z¢ | F [RIT-1 [ Z4d (R CAR
|R3-2 Z+ [k JRIO2 {24 |R |R172 [2¢ [F

R&-1 (74 [R |RI-1 |24 | F [RI81 [ 24 | F :

R4-2 |74 |F |RII-2 |24 | R |RI82 |24 | R 4. Conclusion , )

RS-0 [ 74 | F |RI2-V [Z¢ | F RISt [Z4 [R A proposed strategy for the distance relay
::ﬁ 54 g l’:'z'z Z4 | F RIS\ Z¢ | F setting is introduced. The determination of the
Rﬁ:z 7: 5 R:i:; —+ g: ’; gg:é Z ii fault zone by the MSS is based on data
[ R7-1_ [ 24 (R | Ri4-1 | Z4 | R |R2I-1 | 24 R shared locally with other distance relays at the
R7-2 [z+ [F |RI42 |Z4 | F [R2U2 | Z¢ | F same substation. Also, a command from the
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distance relay on the other end of the protected
line is needed. The latter is transmitted using
any existing teleprotection system. Based on
analyzing this information, the relay decides the
proper fault zone.

Sharing data in the MSS eliminates the effect of
voltage and current measuring errors. The MSS
succeeds in solving many distance relays backup
setting problems (e.g., the problem of a long line
following a short line or vice-versa and parallel
lines). The improvement of protection
performance using the MSS has been verified
for an Egyptian transmission network under
different fault conditions. The application of the
MSS would provide enhanced performance for
distance  protection to mostly avoid
maloperation. Besides, it can determine the
faulty line or lines and locate precisely the faulty
point on the line. This will help in lowering the
fauit locating and repair time.
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