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Dilok Tanaparipat 2009: Analysis of Designing 115 kV Transmission Line System
Protection by using Distance Relay with Communication System for PEA’s 115 kV
Closed Loop Transmission Network. Master of Engineering (Electrical Engineering),
Major Field: Electrical Engineering, Department of Electrical Engineering. Thesis

Advisor: Associate Professor Keatyut Kaveyan, Ph.D. 184 pages.

The existing 115 kV transmission network system of PEA in Northern region 1 has
been dispatched by Chaigmai 3 substation. Additional 3 substations with transmission network
comprising Chaigmai 4, Mae Rim and San Kam Paeng were then constructed. The 115 kV
system is an open loop transmission network which is low power system reliability. This paper
studies an improvement of 115 kV closed loop transmission network aiming to increase power
system reliability. The results are obtained as following; 1) Advantage of power flow analysis
associated closed loop transmission network, is that bus voltage is higher than open loop as well
as power losses is also reduced and power flow through transmission line does not exceed rated
of equipment, 2) Fault current analysis is shown that closed loop produces higher fault current
than open loop but not exceed rated of fault current protection equipment, and 3) Simulation is
found that closed loop is able to use the existing setting of protection system, distance relay,

with or without communication system of closed loop is still utilized
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M319n 1 ausaau s augaziansdliila19ssszuuaisad 115 kV $9a01Hauusy —

AOIUATUR NG
ao1il T usas Ilihaey)
aofl Ilfh@ealmi 3 (cMo) 118.04
aofl Ivlfh@eslna s (CME) 117.66
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ao#l IS uMrM) 115.99
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0141 Feq 11l 4(CMD) — anilauiFy (MRM) 4521 14.60 47.51
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Line-Line Voltage, Magnitude [kV] |Active Power [MW] Graphic: Grid
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Voltage, Angle [deg] PowerFactory 13.0.237 Annex.
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ao1il T usas Ilihaey)
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3.1 nsdigunumsne sz uuaeds 115 kv 1uu29soula(Open Loop)

3.1.1 pszuaanNvsuuUaneIasau
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General L.

Max. Single Phase to Ground acc. (o IEC

Short Circuit Nodes Branches Project

Initial Short-Circuit Power A [MVA] Graphic: Grid

Initial Short-Circuit Current A [kA] Date: 4/28/2009
PowerFactory 14.0.510 Annex
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3.1.2 nszudansuuanwea
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Initial Short-Circuit Current B [kA] Date: _4/28/2009
PowerFactory 14.0.510 Annex
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d’ ! v % o) 1 !
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2950 UUA(Open Loop)
aondl T aszua lWilhika)
aoi T uFoalmi 3 (cmc 7.38
aoii lWihi@oalva 5 (CME) 6.67
aoil rlfuFoalna 4 (cMD) 5.30
ao1i TS u(MRM) 391

a0t IWfhdusume (SKp) 4.66
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3.1.3 nszuaaalwsuuuanaasau
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Power B [MVA] Graphic: Grid
Initial Short-Circuit Current B [kA] Date: _4/28/2009
PowerFactory 14.0.510 Annex:
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Ms19h 7 Anszuaaavsuuuanuaasdunsaigiunumse sz ouaieda 115 kv

1uUNsoUa(Open Loop)
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ao#l IS uMrM) 4.17

a0t IWfhdusume (SKp) 5.08
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3.1.4 nIzuaaasuuuad e
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Max. 3-Phase Short-Circuit acc. 0 IEC

Short Circuit Nodes Branches Project

Initial Short-Circuit Power [MVA] | Initial Short-Circuit Pow Graphic: Grid

Initial Short-Circuit Current [kA] | Initial Short-Circuit Cur Date: _4/28/2009
Peak Short-Circuit Curren PowerFactory 14.0.510 Annex.
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PowerFactory version 13.0 AaR15197 8
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aondl T aszua lWilhika)
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Initial Short-Circuit Current A [kA] Date: _4/28/2009

PowerFactory 14.0.510 Annex:
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3.2.2 nszudaasuuuanule
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Initial Short-Circuit Power B [MVA] Graphic: Grid

Initial Short-Circuit Current B [kA] Date: 4/28/2009
PowerFactory 14.0.510 Annex
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HUVNTOUA(Closed Loop)
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3.2.3 nszuaaavsuuuanumaasau
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Initial Short-Circuit Power B [MVA] Graphic: Grid

Initial Short-Circuit Current B [kA] Date: 4/28/2009
PowerFactory 14.0.510 Annex
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Ms1eh 11 Anszuadasuuumanudasaunsaigduuumsoe sz oumede 115 kv

HUVNTOUUA(Closed Loop)
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3.2.4 nIzuaaa s ve
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Peak Short-Circuit Curren PowerFactory 14.0.510 Annex.
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usaiu lilfhgagaiiani T uGealni 5 TasuurseuTaiion 117.71 kv Feganiwwy
seudanaasdimaed 13 mmdsllihildnnmsdnseinms Traveatida lrlih wuh
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aoinToe 11y 3(CMC) — aoriugesIni 5 (CME) 80.33 69.87
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ﬁwﬁuﬁ' 3 Phase (IIAU Impedance(pu)
Fault (kV) R1 X1 RO X0
(kA)
1 8.548 115 0.00798 0.05819 0.00354 0.05746




a
AT NHUINT 2

ADUNUAUTEBTITZUY 115 kV
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MY 1N a4 FHA YU A Impedance (ohm)
"ﬁ My (mm2) ¥ R1 X1 RO X0
a9 (km)

1 CM3 CMC SD 2x400A 0.10  0.00429  0.02677 0.02135  0.13294
2 CM3 CMC SD 2x400A 0.10  0.00429  0.02677 0.02135  0.13294
3 CMC CME SD 2x400A 3.40 0.1459824 0.91018 0.725798 4.51996
4 CME CMD SD 2x400A 9.00 0.3864240 2.40930 1.92123 11.9646
5 CMD MRM SD 2x400A 15.70 0.6740952 4.20289 3.351479 20.8715
6 MRM SKP SD 2x400A 30.90 1.3267224 8.27193 6.596273 41.07846
7 SKP CMC SD 2x400A 18.50 0.794316 4.95245 3.949195 24.5939
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M51ruInd 3 i Tnaagegananiil vdh doyadou Juaw 2551

a W‘U‘ﬁ Substation Peak Load
P(MW) Q(Muvar)

1 CMD TP1 19.70 11.20
TP2 10.30 5.10

2 MRM TP1 23.20 6.10
TP2 21.90 7.80

3 SKP TP1 23.60 6.20
TP2 22.70 7.60

4 CME TP1 4.85 3.50

5 Linell5 LNC,LND 62.00 27.70
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Substation : el WA uFealnu 3 (cMC)
Protection Line : CMC2YB-01/02 aranil Il uFea vy 3 — il It uFealny 4

Distance Relay : Micom P441 Areva

Zone4 Reverse Zone3 ( 120% of Section(I+1I) )

v

.
o .
(15% of Section ) Zone2 ( 100% of Section I + 50% of Section 11 )
| -

|

Zonel ( 80% of Section 1)

Section I | Section 1T | Section 1T

CMC CMD MRM SKP

v Y
MWD 3 MIUSudTauvesSadizesniy CMC2YB-01/02

1. System data

Line impedance (2x400A:SD) :  Z1 =0.042936 +j0.2677 ohm/km
72=71
70 =10.21347 +j1.3294 ohm/km
Line Length : Section | = 12.40 km.
Section 11 = 15.70 km.
Section III = 30.90 km.

CT ratio : 2000/1
VT ratio : 115000/115

2. Zone Reach
2.1 Line Impedance
CT ratio = 2000/1 = 2000
VT ratio = 115000/115 = 1000
CTR/VTR =2000/1000 =2

Line Impedance Secondary = (CTR/VTR)x Line impedance primary



2.2 Zone 1 Reach Setting

Required Zonel reach =

Actual Zonel reach =
2.3 Zone 2 Reach Setting

Required Zone2 reach =

Actual Zone2 reach =
2.4 Zone 3 Reach Setting

Required Zone3 reach =

Actual Zone3 reach =
2.5 Zone 4 Reach Setting

Required Zone4 reverse reach

Actual Zone3 reach

137

80% of Section |
0.8 x 12.40 x (0.042936 +j0.2677) x2
0.85185 +5.31117
5.37905.£80.88802

5.38480.90 ohm secondary

100% of Section I + 50% of Section II
1.0 x 12.40 x (0.042936 +j0.2677) x2
+0.5x 15.70 x (0.042936 + j0.2677) x2
1.73891 +j10.84185
10.98041.,80.88802
10.98.780.90 ohm secondary
120% of Section (I + IT)

1.2 x (12.40 + 15.70) x (0.04294 +j0.2677) x2
2.89560 +j18.05369
18.28442,80.88802
18.28./80.90

ohm secondary

= 15% of Section 1

= 0.15 x 12.40 x (0.04294 +j0.2677) x2
= 0.15972 +j0.99584

= 1.00857.£80.88802

= 1.00£80.90

ohm secondary



3. Residual Compensation for Earth Fault Element

Residual Compensation Factor :kZ0 = (ZL0-ZL1)/3ZL1

ZL0-ZL1

3ZL1

kz0

Actual kZ0

4. Resistive Reach

Load maximum = 250MVA

= (0.21347 +j1.3294)-(0.042936+j0.2677)
= 0.17053 +j1.06170

3x(0.042936 +j0.2677)

= 0.12881 +j0.80310

= (0.17053 +j1.06170)/ (0.12881 +j0.80310)
= 1.32205 —j0.0003

= 1.3220

Z min_pri = kV*2/MVA =11572/250 = 52.90 ohm

Z min_sec = (CTR/VTR) x Z min_pri = 2x52.90 = 105.80 ohm

Max Rph

R3ph-R4ph

R2ph

Rlph

Max RG

R3G-R4G

R2G

RI1G

60% of minimum load impedance

0.6 x 105.80

63.48 ohm

Max Rph = 63.48 ohm
80% of (R3ph — R4ph)

0.8 x63.48 = 50.78 ohm
80% of (R2ph)
0.8 x50.78 = 40.62 ohm

80% of minimum load impedance

0.8 x 105.80
84.64 ohm
Max RG = 84.64 ohm

80% of (R3G —RG)

0.8 x 84.64 = 67.71 ohm
80% of (R2G)
0.8x67.71 = 54.17 ohm
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5. Relay Setting

! ' P 2 P
MSINUINN 4 ATAIFAAIVDITIAITEHLNIII9T CMC2YB-01/02

fuls Auans

Line Length 12.40
Line Impedance 6.72
Line Angle 80.90
CT ratio 2000
VT ratio 1000
kZ1 Res. Comp 1.32
kZ1 Angle 0
Z1 5.38
RIG 54.17
Rlph 40.62
tZ1 0
kZ2 Res. Comp 1.32
kZ2 Angle 0
72 10.98
R2G 67.71
R2ph 50.78
tZ2 0.3
kZ3 Res. Comp 1.32
kZ3 Angle 0
Z3 18.28
R3G 84.64
R3ph 63.48

tZ3 0.6




MININUINN 4 (D)

140

dunls St
kZ4 Res. Comp 1.32
kZ4 Angle 0
74 1
R4G 84.64
Rdph 63.48
tZ4 0.6
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6. ANFNAIUDITIATTLHZNIE 2995 CMC2YB-01/02 91011511054 CAPE

Substation: CMC

LZOP: ""CMC2YB-01-02" (LINE)

Line Impedance: 3.362 P. Ohms @ 80.89 deg.
CMC2YB-01-02-P441 Tag: 12

Model P44x

Style P441111B1A0**0*

1. Distance Z1 Zone 1

Branch Main CT: 200-300 Ckt 2 (115.0 kV) to 300 CMD (CMD)
VT at bus 200 (115.0 KV)

CTR 2000.0 @0 VTR 1000.0 @0 CTR/VTR  2.000

Unit 1: P-P

Reach Setting 2.69 P. Ohms @ 80.9 deg-

unit 2: P-G
Reach Setting 2.69 P. Ohms @ 80.9 deg.

2. Distance Z2 Zone 2

Branch Main CT: 200-300 Ckt 2 (115.0 kV) to 300 CMD (CMD)
VT at bus 200 (115.0 kV)

CTR 2000.0 @0 VTR 1000.0 @0 CTR/VTR 2.000

unit 1: P-P

Reach Setting 5.49 P. Ohms @ 80.9 deg.

unit 2: P-G
Reach Setting 5.49 P. Ohms @ 80.9 deg-

3. Distance Z3 Zone 3

Branch Main CT: 200-300 Ckt 2 (115.0 kV) to 300 CMD (CMD)
VT at bus 200 (115.0 kV)

CTR 2000.0 @0 VTR 1000.0 @0 CTR/VTIR  2.000

Unit 1: P-P

Reach Setting 9.14 P. Ohms @ 80.9 deg-

unit 2: P-G
Reach Setting 9.14 P. Ohms @ 80.9 deg.
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Substation : 8013 I uFealn 3 (cMC)
Protection Line : CMC3YB-02,3YB-03 aonii Wi udealny 3 — aanil Iihdusuna

Distance Relay : Micom P441 Areva

Zone4 Reverse Zone3 ( 120% of Section(I+11) )

v

.
o .
(15% of Section ) Zone2 ( 100% of Section I + 50% of Section 11 )
| -

|

Zonel ( 80% of Section 1)

Section I | Section 1T | Section 1T

CMC SKP MRM CMD

v Y
RN 5 M3V Tyuvedsiadszezn1a CMC3YB-02,3YB-03

1. System data

Line impedance (2x400A:SD) :  Z1 =0.042936 +j0.2677 ohm/km
72=71
70 =10.21347 +j1.3294 ohm/km
Line Length : Section | = 18.50 km.
Section 11 = 30.90 km.
Section III = 15.70 km.

CT ratio : 2000/1
VT ratio : 115000/115

2. Zone Reach
2.1 Line Impedance
CT ratio = 2000/1 = 2000
VT ratio = 115000/115 = 1000
CTR/VTR =2000/1000 =2

Line Impedance Secondary = (CTR/VTR)x Line impedance primary



2.2 Zone 1 Reach Setting

Required Zonel reach =

Actual Zonel reach =
2.3 Zone 2 Reach Setting

Required Zone2 reach =

Actual Zone2 reach =
2.4 Zone 3 Reach Setting

Required Zone3 reach =

Actual Zone3 reach =
2.5 Zone 4 Reach Setting

Required Zone4 reverse reach

Actual Zone3 reach

143

80% of Section I

0.8 x 18.50 x (0.042936 +j0.2677) x2
1.27091 +j7.92392
8.02519./80.88802

8.03£80.90 ohm secondary

100% of Section I + 50% of Section II
1.0 x 18.50 x (0.042936 +j0.2677) x2
+ 0.5 x 30.90 x (0.042936 +j0.2677) x2
291535 +j18.17683
18.40914.,80.88802
18.41,80.90 ohm secondary
120% of Section (I + IT)

1.2 x (18.50 + 30.90) x (0.04294 +j0.2677) x2

5.09049 +j31.73851
32.14415,80.88802
32.14.80.90

ohm secondary

= 15% of Section 1

= 0.15 x 18.50 x (0.04294 +j0.2677) x2
= 0.23829 +j1.48574

= 1.50472.,80.88802

= 1.50£80.90

ohm secondary



3. Residual Compensation for Earth Fault Element

Residual Compensation Factor :kZ0 =

ZL0-ZL1

3ZL1

kz0

Actual kZ0

4. Resistive Reach

Load maximum = 250MVA

(ZL0-ZL1)/3ZL1

= (0.21347 +j1.3294)-(0.042936+j0.2677)

= 0.17053 +j1.06170

= 3x(0.042936 +j0.2677)

= 0.12881 +j0.80310

= (0.17053 +j1.06170)/ (0.12881 +j0.80310)
= 1.32205 —j0.0003

= 1.32.201.32/0

Z min pri = kV*"2/MVA =11572/250 = 52.90 ohm

Z min_sec = (CTR/VTR) x Z min_pri = 2x52.90 = 105.80 ohm

Max Rph =

R3ph-R4ph =

R2ph =

Rlph =

Max RG =

R3G-R4G =

R2G =

RI1G =

60% of minimum load impedance
0.6 x 105.80

63.48 ohm

Max Rph = 63.48 ohm

80% of (R3ph — R4ph)

0.8x63.48 = 50.78 ohm

80% of (R2ph)
0.8 x 50.78 =

40.62 ohm

80% of minimum load impedance

0.8 x 105.80

84.64 ohm
Max RG = 84.64 ohm
80% of (R3G —R4G)

0.8 x 84.64 = 67.71 ohm
80% of (R2G)

0.8x67.71 = 54.17 ohm

144
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5. Relay Setting

! ' P 2 P
MSNUINN 5 ATAIEAAIVDITIAITLEZNIII99T CMC3YB-02/03

duls i

Line Length 18.50
Line Impedance 10.03
Line Angle 80.90
CT ratio 2000
VT ratio 1000
kZ1 Res. Comp 1.32
kZ1 Angle 0
Z1 8.03
RIG 54.17
Rlph 40.62
tZ1 0
kZ2 Res. Comp 1.32
kZ2 Angle 0
72 18.41
R2G 67.71
R2ph 50.78
tZ2 0.3
kZ3 Res. Comp 1.32
kZ3 Angle 0
Z3 32.14
R3G 84.64
R3ph 63.48

tZ3 0.6




MININUINN 5 (D)

146

aunls St
kZ4 Res. Comp 1.32
kZ4 Angle 0
74 1.50
R4G 84.64
Rdph 63.48
tZ4 0.6
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~ 1++ —————— 21P441,71
2 ++ —————— 21P441,72
3 ++ —————— 21P441,73

! o J
ﬂTWW‘H’Jﬂ‘ﬁ 6 R-X VlﬂﬂZLLﬂiNllﬁﬂ\?ﬂ']ﬁvn\‘ﬂuéllﬂxﬁlﬁ‘c’lﬁgfmﬂﬁ MWIT CMC3YB-02/03

6. ANFNAIUDITIATTLHZNIE 2995 CMC3YB-02/03 91011511054 CAPE

Substation: CMC
LZOP: "CMC3YB-02-03" (LINE)

Line Impedance: 5.016 P. Ohms @ 80.89 deg-
21P441 Tag: 27

Model P44x

Style P441111B1A0**0*

1. Distance Z1 Zone 1

Branch Main CT: 200-500 Ckt 1 (115.0 kV) to 500 SKP (SKP)
VT at bus 200 (115.0 kV)

CTR 2000.0 @0 VTR 1000.0 @0 CTR/VTR  2.000

Unit 1: P-P

Reach Setting 4.02 P. Ohms @ 80.9 deg.

unit 2: P-G
Reach Setting 4.02 P. Ohms @ 80.9 deg.-

2. Distance Z2 Zone 2

Branch Main CT: 200-500 Ckt 1 (115.0 kV) to 500 SKP (SKP)
VT at bus 200 (115.0 kV)

CTR 2000.0 @0 VTR 1000.0 @0 CTR/VTR  2.000

Unit 1: P-P

Reach Setting 9.21 P. Ohms @ 80.9 deg-

unit 2: P-G
Reach Setting 9.21 P. Ohms @ 80.9 deg.

3. Distance Z3 Zone 3

Branch Main CT: 200-500 Ckt 1 (115.0 kV) to 500 SKP (SKP)
VT at bus 200 (115.0 kV)

CTR 2000.0 @0 VTR 1000.0 @0 CTR/VTR  2.000

unit 1: P-P

Reach Setting 16.07 P. Ohms @ 80.9 deg.-

Unit 2: P-G
Reach Setting 16.07 P. Ohms @ 80.9 deg.
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Substation : a1l A uFealvy 4 (cMD )
Protection Line : CMD3YB-01 ol lWiu@ealva 4 — aoii TSy

Distance Relay : LFZP111 GEC

Zone3 Reverse Zone3 ( 120% of Section(I+11))

v

15% of Sectionl
(15% of Section) Zone2 (100% of Section I + 50% of Section II)
»

»

Zonel (80% of Section

| | Section I Section 1T | Section III |

CMC CMD MRM SKP CMC

v 9
[ 4
mwwu’m“ﬁ 7 MsUsuasTsuvessiadszezn1e CMD3YB-01

1. System data

Line impedance (2x400A:SD) :  Z1 =0.042936 +j0.2677 ohm/km
72=71
70 =10.21347 +j1.3294 ohm/km
Line Length : Section | = 15.70 km.
Section 11 = 30.90 km.
Section III = 18.50 km.

CT ratio : 1200/1

VT ratio : 115000/115

2. Zone Reach
2.1 Line Impedance
CT ratio = 1200/1 = 1200
VT ratio = 115000/115 = 1000
CTR/VTR =1200/1000 = 1.2

Line Impedance Secondary = (CTR/VTR)x Line impedance primary
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2.2 Zone 1 Reach Setting
Required Zonel reach = 80% of Section I
= 0.8 x 15.70 x (0.042936 +j0.2677) x1.2

= 0.64713 + j4.03477

= 4.08634.,80.88802
Relay Zonel Reach = KZ1 x KZPh x 5/In
KZ1xKZPh = 4.08634/5 = 0.81727

KZPh Settings 0.040 to 1.0 in steps of 0.001
KZ1 Settings 1.0 to 49.98 in steps of 0.02
KZPh

0.817
KZ1 = 1

THET A Ph Setting 50 to 85 in 5 step
THET A Ph

80.90
Actual Zonel reach = 1.0x 0.817 x 5 £80.90
= 4.09/80.90 ohm secondary

2.3 Zone 2 Reach Setting

Required Zone2 reach = 100% of Section I + 50% of Section II
= 1.0 x 15.70 x (0.042936 +j0.2677) x1.2
+ 0.5 x 30.90 x (0.042936 +j0.2677) x1.2

= 1.60495 +j10.00663

= 10.13452.,80.88802
Relay Zone2 Reach = KZ2 x KZPh x 5/In
K72 = 10.13452/(0.817x5) = 2.48091

KZ2 Settings 1.0 to 49.98 in steps of 0.02
Kz2 = 2.481

THET A Ph Setting 50 to 85 in 5 step
THET A Ph

80.90

2.481x0.817x 5 £80.90
10.13280.90 ohm secondary

Actual Zone2 reach
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2.4 Zone 3 Reach Setting
Required Zone3 reach = 120% of Section (I + II)
= 1.2 x (15.70 + 30.90) x (0.04294 +j0.2677) x1.2

= 2.88118 +j17.96374

= 18.19333.£80.88802
Relay Zone3 Reach = KZ3 x KZPh x 5/In
KZ3 = 18.19333/(0.817x5) = 4.45369

KZ3 Settings 0.040 to 1.0 in steps of 0.001
KZ3 = 4.454

THET A Ph Setting 50 to 85 in 5 step

THET A Ph = 80.90
Actual Zone3 reach = 4.454x0.817x5 £80.90
= 18.19,80.90 ohm secondary
2.5 Zone 3 reverse Reach Setting
Required Zone3 reverse reach = 15% of Section 1
= 0.15x 15.70 x (0.04294 +j0.2677) x1.2
= 0.12134 +j0.75652
= 0.76619.,80.88802
Relay Zone3 reverse Reach = KZ3’> x KZPh x 5/In
KZ3’ = 0.76619/(0.817 x 5) = 0.18756

KZ3’ Settings 1.0 to 49.98 in steps of 0.02

KzZ3’ = 0.188
THET A Ph Setting 50 to 85 in 5 step

THET A Ph = 80.90
0.188x 0.817 x5 £80.90
0.77480.90 ohm secondary

Actual Zone3 reverse reach



3. Residual Compensation for Earth Fault Element

Residual Compensation Factor :KN =

(ZL0-ZL1)/3ZL1

ZL0-ZL1 = (0.21347 +j1.3294)-(0.042936+j0.2677)

= 0.17053 +j1.06170

3ZL1 = 3x(0.042936 +j0.2677)
= 0.12881 +j0.80310
KN = (0.17053 +j1.06170)/ (0.12881 + j0.80310)

= 1.32205 —j0.0003
= 1.3220

Residual Compensation Setting KZN = (ZL0-ZL1) x KZPh/3ZL1

KZN = 1.32x 0.817

1.078
KZN Setting 0 to 1.36 in steps of 0.001

KZN

1.078

THET AN

80.90

4. Resistive Reach of Earth Fault Comparators
Required Resistive Coverage for earth faults

Mimimum Load Impedance

Quadrileteral Reach(Rigth)
Quadrileteral Reach(Left)
KR=1to30step 1

Required KR Setting = 48/5

Actual Resistive Reach = 96x5

Zone 1 earth loop impedance reach

Ratio of resistive reach/Zonel earth loop reach

Ratio

= 40 ohms primary
= 40x 1.2

= 48 ohms secondary
= KR x 5/In

= KR x 6/In

9.6
48
4.08 +4.08 +16.36

24.52

48/24.50

1.95759

< 15 accepted
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5. Relay Setting

/ ' s 2 ¢
ﬂ1§1ﬂwu3ﬂﬁ 6 ﬂﬁ'!,aElLWIGIWfJﬁLﬁEI‘i%EJ%ﬂNN%i CMD3YB-01

152

auls Dt

Line Length 15.70
CT ratio 1200
VT ratio 1000
KZPh 0.817
KZN 1.078
KR 9.6
KZ1 1
K72 2.481
KZ3 4.454
KZ3 PRIME 0.188
THETA Ph 80.90
THETA N 80.90
TZ2 0.3
TZ3 0.6
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1++—— 211 FZP111,71
2 ++ — 21LFZP111,72
3 ++ —— 21LFZP111,73
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! o J
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6. ANFNAIUDITIATTZHZNIE 2995 CMD3YB-01 91011511051 CAPE

Substation: CMD

LZOP: "CMD3YB-01" (LINE)

Line Impedance: 4.257 P. Ohms @ 80.89 deg-
21LFZP111 Tag: 4

Model LFZP111

Style LFZP111_1A

1. Distance Z1 Zone 1

Branch Main CT: 300-400 Ckt 1 (115.0 kV) to 400 MRM (MRM)
VT at bus 300 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0 CTR/VTR  1.200

unit 1: P-P

Reach Setting 3.40 P. Ohms @ 80.9 deg.-

unit 2: P-G
Reach Setting 3.40 P. Ohms @ 80.9 deg.-

2. Distance 72 Zone 2

Branch Main CT: 300-400 Ckt 1 (115.0 kV) to 400 MRM (MRM)
VT at bus 300 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0 CTR/VTR 1.200

Unit 1: P-P

Reach Setting 8.44 P. Ohms @ 80.9 deg.-

unit 2: P-G
Reach Setting 8.43 P. Ohms @ 80.9 deg.-

3. Distance Z3 Zone 3

Branch Main CT: 300-400 Ckt 1 (115.0 kV) to 400 MRM (MRM)
VT at bus 300 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0 CTR/VTR 1.200

unit 1: P-P
Reach Setting 15.11 P. Ohms @ 80.9 deg.-
Offset 0.68 P. Ohms @ 260.0 deg-
unit 2: P-G
Reach Setting 15.09 P. Ohms @ 80.9 deg-
Offset 0.68 P. Ohms @ 260.0 deg.



Substation : a1 IWHuFeeln 4 (CMD)

Protection Line : CMD5YB-01 a0t W udealn 4 — il I udealna 3

Distance Relay : LFZP111 GEC

Zone3 (120% of Section (I+11))

A

Zone2 (100% of Section I + 50% of Section II)
dl

w

Zonel (80% of Section I)
—

Zone3 Reverse

(15% of Section I)

| Section IIT Section 1T | Section I |

MRM SKP oMC CMD

v 9
[ 4
mwwu’m“ﬁ 9 M5U5uaslsuvessIadszezn1e CMDSYB-01

1. System data
Line impedance (2x400A:SD) :  Z1 =0.042936 +j0.2677
72=71

70=0.21347 +j1.3294

Line Length: Section I = 12.40
Section II = 18.50
Section III = 30.90

CT ratio : 1200/1

VT ratio : 115000/115

2. Zone Reach
2.1 Line Impedance
CT ratio = 1200/1 = 1200
VT ratio = 115000/115 = 1000
CTR/VTR =1200/1000 = 1.2

MRM

ohm/km

ohm/km

km.

km.

Line Impedance Secondary = (CTR/VTR)x Line impedance primary
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2.2 Zone 1 Reach Setting
Required Zonel reach = 80% of Section I
= 0.8 x 12.40 x (0.042936 +j0.2677) x1.2

= 0.51111 +j3.18670

= 3.22743./80.88802
Relay Zonel Reach = KZ1 x KZPh x 5/In
KZ1xKZPh = 3.22743/5 = 0.64549

KZPh Settings 0.040 to 1.0 in steps of 0.001
KZ1 Settings 1.0 to 49.98 in steps of 0.02

KZPh

0.645
KZ1 = 1
THET A Ph Setting 50 to 85 in 5 step

THET A Ph

80.90
Actual Zonel reach = 1.0x 0.645 x5 £80.90
= 3.23/80.90 ohm secondary

2.3 Zone 2 Reach Setting

Required Zone2 reach = 100% of Section I + 50% of Section II
= 1.0 x 12.40 x (0.042936 +j0.2677) x1.2
+ 0.5 x 18.50 x (0.042936 +j0.2677) x1.2

= 1.11548 +j6.95485

= 7.04373£80.88802
Relay Zone2 Reach = KZ2 x KZPh x 5/In
K72 = 7.04373/(0.645 x 5) = 2.18410

KZ2 Settings 1.0 to 49.98 in steps of 0.02
Kz2 = 2.184

THET A Ph Setting 50 to 85 in 5 step
THET A Ph

80.90

2.184x 0.645 x5 £80.90
7.04.,80.90 ohm secondary

Actual Zone2 reach
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2.4 Zone 3 Reach Setting
Required Zone3 reach = 120% of Section (I+11)
= 1.2 x (12.40 + 18.50) x (0.042936 +j0.2677) x1.2

= 1.91048 +j11.91158

= 12.06382.,80.88802
Relay Zone3 Reach = KZ3 x KZPh x 5/In
KZ3 = 12.06382/(0.645x5) = 3.74072

KZ3 Settings 1.0 to 49.98 in steps of 0.02
KZ3 = 3.741

THET A Ph Setting 50 to 85 in 5 step

THET A Ph = 80.90
Actual Zone3 reach = 3.741 x 0.645x 5 £80.90
= 12.06280.90 ohm secondary
2.5 Zone 3 reverse Reach Setting
Required Zone3 reverse reach = 15% of Section 1
= 0.15 x 12.40 x (0.04294 +j0.2677) x1.2
= 0.09583 +j0.59751
= 0.60514.,80.88802
Relay Zone3 reverse Reach = KZ3’> x KZPh x 5/In
KZ3’ = 0.60514/(0.645 x 5) = 0.18764

KZ3’ Settings 1.0 to 49.9 in steps of 0.1

K73’ = 0.188
THET A Ph Setting 50 to 85 in 5 step

THET A Ph = 80.90
0.188 x 0.645 x 5 £80.90
0.61280.90 ohm secondary

Actual Zone3 reverse reach



3. Residual Compensation for Earth Fault Element

Residual Compensation Factor :KN =

(ZL0-ZL1)/3ZL1

ZL0-ZL1 = (0.21347 +j1.3294)-(0.042936+j0.2677)

= 0.17053 +j1.06170

3ZL1 = 3x(0.042936 +j0.2677)
= 0.12881 +j0.80310
KN = (0.17053 +j1.06170)/ (0.12881 + j0.80310)

= 1.32205 —j0.0003
= 1.3220

Residual Compensation Setting KZN = (ZL0-ZL1) x KZPh/3ZL1

KZN = 1.32 x 0.645

KZN Setting 0 to 1.36 in steps of 0.001

KZN

0.851

THET AN

80.90

4. Resistive Reach of Earth Fault Comparators
Required Resistive Coverage for earth faults

Mimimum Load Impedance

Quadrileteral Reach(Rigth)
Quadrileteral Reach(Left)
KR=1to30step 1

Required KR Setting = 48/5

Actual Resistive Reach = 96x5

Zone 1 earth loop impedance reach

Ratio of resistive reach/Zonel earth loop reach

Ratio

0.85140

= 40 ohms primary
= 40x 1.2

= 48 ohms secondary
= KR x 5/In

= KR x 6/In

9.6
48
3.22+3.22+4.84
11.28

48/11.28

4.26

< 15 accepted
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5. Relay Setting

! ' P 2 P
MSINUINN 7 ATAIFAAIVDITIAITLEZNIII99 CMD5YB-01

auls Ot

Line Length 12.40
CT ratio 1200
VT ratio 1000
KZPh 0.645
KZN 0.851
KR 9.6
KZ1 1
K72 2.184
KZ3 3.741
KZ3 PRIME 0.188
THETA Ph 80.90
THETA N 80.90
TZ2 0.3

TZ3 0.6
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6. mmmﬁwm‘%taﬁszﬂwn 1995 CMD5YB-01 910 11511053 CAPE

Substation: CMD

LZOP: "CMD5YB-01" (LINE)

Line Impedance: 3.362 P. Ohms @ 80.89 deg.
21LFZP111 Tag: 13

Model LFZP111

Style LFZP111_1A

1. Distance Z1 Zone 1

Branch Main CT: 300-200 Ckt 2 (115.0 kV) to 200 CMC (CMC)
VT at bus 300 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @ CTR/VTR  1.200

Unit 1: P-P

Reach Setting 2.69 P. Ohms @ 80.9 deg.-

unit 2: P-G
Reach Setting 2.68 P. Ohms @ 80.9 deg.-

2. Distance Z2 Zone 2

Branch Main CT: 300-200 Ckt 2 (115.0 kV) to 200 CMC (CMC)
VT at bus 300 (115.0 kV)

CTR 1200.0 @O VTR 1000.0 @0 CTR/VTR 1.200

unit 1: P-P

Reach Setting 5.86 P. Ohms @ 80.9 deg.

unit 2: P-G
Reach Setting 5.85 P. Ohms @ 80.9 deg.

3. Distance Z3 Zone 3

Branch Main CT: 300-200 Ckt 2 (115.0 kV) to 200 CMC (CMC)
VT at bus 300 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0 CTR/VTR 1.200

Unit 1: P-P
Reach Setting 10.05 P. Ohms @ 80.9 deg.-
Offset 0.54 P. Ohms @ 260.0 deg.-
unit 2: P-G
Reach Setting 10.03 P. Ohms @ 80.9 deg.-
Offset 0.54 P. Ohms @ 260.0 deg-



Substation : g1 TSy ( MRM )

Protection Line : MRM3YB-01 aa1il Inl#uisy — aoii TuihuSealva 4

Distance Relay : DLP3112C GE

(120% of Section(I+11) ) Zone3

A

( 100% of Section I + 50% of SectionlI)Zone2

Pl
<«

( 80% of Section I) Zonel

Zone4 Reverse

(15% of Section I)

Section 11T |

Section IT | Section I |

SKP CMC CMD MRM

v 9
Y 4
<ﬂ1WN‘H3ﬂ°ﬁ 11 M3U5uaelsuvesTiadszezn1e MRM3YB-01

1. System data

Line impedance (2x400A:SD) :  Z1 =0.042936 +j0.2677
72=71
70 =10.21347 +j1.3294

Line Length : Section] =15.70
Section II =12.40
Section I1I = 18.50

CT ratio : 1200/1

VT ratio : 115000/115

2. Zone Reach
2.1 Line Impedance
CT ratio = 1200/1 = 1200
VT ratio = 115000/115 = 1000
CTR/VTR =1200/1000 = 1.2

Line Impedance Secondary = (CTR/VTR)x Line impedance primary

SKP

ohm/km

ohm/km

km.

km.
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2.2 Zone 1 Reach Setting

Required Zonel reach =

Actual Zonel reach =

2.3 Zone 2 Reach Setting

Required Zone2 reach =

Actual Zone2 reach =

2.4 Zone 3 Reach Setting

Required Zone3 reach =

Actual Zone3 reach =

2.5 Zone 4 Reach Setting

Required Zone4 reverse reach

Actual Zone3 reach

161

80% of Section |

0.8 x 15.70 x (0.042936 +j0.2677) x 1.2
0.64713 +j4.03477
4.08634.,80.88802

4.09./80.90 ohm secondary

100% of Section I + 50% of Section II

1.0 x 15.70 x (0.042936 +j0.2677) x 1.2
+0.5 x 12.40 x (0.042936 +j0.2677) x 1.2
1.12836 +j7.03516

7.12507.£80.88802

7.13,80.90 ohm secondary

120% of Section (I+11 )

1.2 x (15.70 + 12.40)x (0.04294 +j0.2677) x1.2
1.73736 +j10.83221
10.97065.,80.88802

10.97.£80.90 ohm secondary

= 15% of Section 1

= 0.15x 15.70 x (0.04294 +j0.2677) x1.2
= 0.12134 +j0.75652

- 0.76619./80.88802

- 0.77480.90 ohm secondary
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3. Zero- Sequence Current Compensation
Z1K0 = 0.95x (ZL0/ZL1)
= 0.95 x (0.21347 +j1.3294)/(0.042936+j0.2677)
= 0.95 x (4.96615 —j0.00091)

= 4.71

Actual Z1KO 4.71
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4. Relay Setting

! ' P 2 P
MSINUINN 8 ATAIFAAIVDITIAITLHILNII99T MRM3YB-01

aauils anAg

CT ratio 1200
VT ratio 1000
Z1R/M1 4.09
Z1GR/M1G 4.09
SELZ1U 0
Z1SU 83.59
Z1KO0 4.71
Z2R/MT 7.125
Z2GR/MTG 7.125
SELZ2U 0
Z2PANG 90
Z2GANG 90
Z3R/M3 10.97
Z3GR/M3G 10.97
SELZ3U 0
Z3PANG 90
Z3GANG 90
Z4R/M4 0.77
Z4AGR/M4G 0.77
Z40R 0
Z3PANG 80
Z3GANG 80
SELZ4D 1
TL2P 0.3

TL3P 0.6
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MINUINT 8 (AD)

aails AN
TL4P 0.6
TL2G 0.3
TL3G 0.6
TL4AG 0.6
POSANG 80
ZERANG 80
7P 4.26
KO 4.97
LINELEN 15.70

X in'P.Ohms
L 3

N
)
s

7
N

//'—\
T

00 1+ ———21DLP3112C,ML
2++—— 21DLP3112C,M1G

T i RinPOhs 3+ ————21DLP3112C,M3
4+ —— 21DLP3112C,M3G

5+ —— 21DLP3112C,MT
6+ ——— 21DLP3112C,MTG

MARUINT 12 R-X "lﬂaxuﬂsmmmmﬁﬁwmmaﬁmﬁizazmq WIT MRM3YB-01
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6. mgwﬁwaﬁms‘fﬁwzmq 1995 MRM3YB-01 9101151054 CAPE

Substation: MRM
LZOP: "MRM3YB-01'" (LINE)

Line Impedance: 4.257 P. Ohms @ 80.89 deg.
21DLP3112C Tag: 5

Model DLP3

Style DLP31?7?7?A

1. Distance M1

Branch Main CT: 400-300 Ckt 1
VT at bus 400 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
Reach Setting 3.41 P. Ohms

2. Distance M1G

Branch Main CT: 400-300 Ckt 1
VT at bus 400 (115.0 kV)

CTR 1200.0 @O VTR 1000.0 @O
unit 1: Mho

Reach Setting 3.41 P. Ohms

unit 2: React
Reach Setting 3.45 P. Ohms

3. Distance M3

Branch Main CT: 400-300 Ckt 1
VT at bus 400 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
Reach Setting 9.14 P. Ohms

4. Distance M3G

Branch Main CT: 400-300 Ckt 1
VT at bus 400 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
Reach Setting 9.14 P. Ohms

5. Distance MT

Branch Main CT: 400-300 Ckt 1
VT at bus 400 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
Reach Setting 5.94 P. Ohms

6. Distance MTG

Branch Main CT: 400-300 Ckt 1
VT at bus 400 (115.0 kV)

CTR 1200.0 @O VTR 1000.0 @O
Reach Setting 5.94 P. Ohms

Zone 1
(115.0 kV) to 300 CMD (CMD)

CTR/VTR 1.200
@ 80.9 deg.

Zone 1
(115.0 kV) to 300 CMD (CMD)

CTR/VTR 1.200

@ 80.9 deg.
@ 80.9 deg.
Zone 3

(115.0 kV) to 300 CMD (CMD)

CTR/VTR 1.200
@ 80.9 deg.

Zone 3
(115.0 kV) to 300 CMD (CMD)

CTR/VTR  1.200
@ 80.9 deg.-

Zone 2
(115.0 kV) to 300 CMD (CMD)

CTR/VTR 1.200
@ 80.9 deg.-

Zone 2
(115.0 kV) to 300 CMD (CMD)

CTR/VTR 1.200
@ 80.9 deg.
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Substation : g1l ISy (MRM)
Protection Line : MRM4YB-01 aro1il Inl#uniSy — aaii TuifuSealv 4

Distance Relay : DLP3112C GE

Zone4 Reverse Zone3 ( 120% of Section (I+11))

v

15% of Section 1
(15% of Section I) Zone2 (100% of Section I + 50% of Section II)
| -

|

Zonel (80% of Section I)

| | | Section I

CMC CMD MRM SKP cMC

Section IT Section 1T |

CMD

v Y
MDA 13 MIUSudTsuaessiadizesnia MRM4YB-01

1. System data

Line impedance (2x400A) : Z1=0.042936 +j0.2677 ohm/km
72=71
70=0.21347 +j1.3294 ohm/km
Line Length : Section =30.90 km.
Section II =18.50 km.
Sectionlll = 12.40 km.

CT ratio : 1200/1

VT ratio : 115000/115

2. Zone Reach
2.1 Line Impedance
CT ratio = 1200/1 = 1200
VT ratio = 115000/115 = 1000
CTR/VTR =1200/1000 = 1.2

Line Impedance Secondary = (CTR/VTR) x Line impedance primary



2.2 Zone 1 Reach Setting

Required Zonel reach =

Actual Zonel reach =

2.3 Zone 2 Reach Setting

Required Zone2 reach =

Actual Zone?2 reach =

2.4 Zone 3 Reach Setting

Required Zone3 reach =

Actual Zone3 reach =

2.5 Zone 4 Reach Setting

Required Zone4 reverse reach

Actual Zone3 reach

167

80% of Section |

0.8 x 30.90 x (0.042936 +j0.2677) x 1.2
1.27365 +j7.94105
8.0454.,80.88802

8.04/80.90 ohm secondary

100% of Section I + 50% of Section II

1.0 x 30.90 x (0.042936 +j0.2677) x 1.2
+0.5 x 18.50 x (0.042936 +j0.2677) x 1.2
2.06866 +j12.89779
13.06263.£80.88802

13.06280.90 ohm secondary

120% of Section (I + II)

1.2 x(30.90 + 18.5)x (0.04294 +j0.2677) x1.2
3.05430 +j19.04311

19.28649.,80.88802

19.29.,80.90 ohm secondary

= 15% of Section 1

= 0.15 x 30.90 x (0.04294 +j0.2677) x1.2
= 0.23881 +j1.48895

= 1.50798.,80.88802

= 1.51/80.90 ohm secondary
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3. Zero- Sequence Current Compensation
Z1K0 = 0.95x (ZL0/ZL1)
= 0.95 x (0.21347 +j1.3294)/(0.042936+j0.2677)
= 0.95 x (4.96615 —j0.00091)

= 4.71

Actual Z1KO 4.71
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4. Relay Setting

! ' P 2 P
MSINUINN 9 AT AIFAAIVDITIAITZHILNII99T MRMAYB-01

dals g
CT ratio 1200
VT ratio 1000
Z1R/M1 8.04
Z1GR/M1G 8.04
SELZ1U 0
Z1SU 83.59
Z1KO0 4.71
Z2R/MT 13.06
Z2GR/MTG 13.06
SELZ2U 0
Z2PANG 90
Z2GANG 90
Z3R/M3 19.28
Z3GR/M3G 19.28
SELZ3U 0
Z3PANG 90
Z3GANG 90
ZAR/M4 1.51
Z4GR/M4G 1.51
Z40R 0
Z3PANG 80
Z3GANG 80
SELZ4D 1
TL2P 0.3

TL3P 0.6
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MINWUINT 9 (D)

dals g
TL4P 0.6
TL2G 0.3
TL3G 0.6
TL4AG 0.6
POSANG 80
ZERANG 80
7P 8.38
KO 497
LINELEN 30.90

N

2 (Z1U1)

Rin P.Ohms

1+ — 21DLP3112C,M1
2 ++ — 21DLP3112C,M1G
3+ — 21DLP3112C,M3
4+ —— 21DLP3112C,M3G
5+ —— 21DLP3112C,MT
6+ — 21DLP3112C,MTG

MNAHINT 14 R-X Vlﬂ’i]%uﬂillllﬁﬂ\‘lﬂ1i‘ﬁ1\ﬂusllﬂxﬁ'lﬁg§$ﬂ$ﬂ1ﬁ MWIT MRM4YB-01
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5. mgwﬁwaﬁms‘fﬁwzmq 1995 MRM4YB-01 91011511054 CAPE

Substation: MRM

LZOP: "MRM4YB-01" (LINE)

Line Impedance: 8.378 P. Ohms @ 80.89 deg.-
21DLP3112C Tag: 6

Model DLP3

Style DLP31?7?7?A

1. Distance M1

Branch Main CT: 400-500 Ckt 1
VT at bus 400 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
Reach Setting 6.70 P. Ohms

2. Distance M1G

Branch Main CT: 400-500 Ckt 1
VT at bus 400 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
unit 1: Mho

Reach Setting 6.70 P. Ohms

unit 2: React
Reach Setting 6.79 P. Ohms

3. Distance M3

Branch Main CT: 400-500 Ckt 1
VT at bus 400 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
Reach Setting 16.06 P. Ohms

4. Distance M3G

Branch Main CT: 400-500 Ckt 1
VT at bus 400 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
Reach Setting 16.06 P. Ohms

5. Distance MT

Branch Main CT: 400-500 Ckt 1
VT at bus 400 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @O0
Reach Setting 10.51 P. Ohms

6. Distance MTG

Branch Main CT: 400-500 Ckt 1
VT at bus 400 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
Reach Setting 10.51 P. Ohms

Zone 1
(115.0 kV) to 500 SKP (SKP)

CTR/VTR  1.200
@ 80.9 deg.-

Zone 1
(115.0 kV) to 500 SKP (SKP)

CTR/VTR 1.200

@ 80.9 deg.-
@ 80.9 deg.
Zone 3

(115.0 kV) to 500 SKP (SKP)

CTR/VTR 1.200
@ 80.9 deg.-

Zone 3
(115.0 kV) to 500 SKP (SKP)

CTR/VTR  1.200
@ 80.9 deg.

Zone 2
(115.0 kV) to 500 SKP (SKP)

CTR/VTR  1.200
@ 80.9 deg.-

Zone 2
(115.0 kV) to 500 SKP (SKP)

CTR/VTR 1.200
@ 80.9 deg.
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Substation a1 I duiuma (SKP)
Protection Line : SKP2YB-01 @013l Iihdusdwma — aoil TSy

Distance Relay : DLP3112C GE

0, 1 +]
Zone3 (120% of Section (I+11)) Zoned Reverse

A

> .
Zone2 (100% of Section I + 50% of Section I1) (15% of section I)

Pl
<«

Zonel(80% of section I)
4 —

Section I1I | Section 1T | Section I | |

MRM CMD oMC SKP MRM

v 9
Y 4
mwwu’mﬁ 15 MsUsuaelsuvesTiadszaznig SKP2YB-01

1. System data

Line impedance (2x400A) : Z1=10.042936 +j0.2677 ohm/km
72=71
70 =10.21347 +j1.3294 ohm/km
Line Length : Section I =18.50 km.
Section II = 12.40 km.
Section Il = 15.70 km.

CT ratio : 1200/1

VT ratio : 115000/115

2. Zone Reach
2.1 Line Impedance
CT ratio = 1200/1 = 1200
VT ratio = 115000/115 = 1000
CTR/VTR =1200/1000 = 1.2

Line Impedance Secondary = (CTR/VTR)x Line impedance primary
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2.2 Zone 1 Reach Setting

Required Zonel reach =

Actual Zonel reach =

2.3 Zone 2 Reach Setting

Required Zone2 reach =

Actual Zone?2 reach =

2.4 Zone 3 Reach Setting

Required Zone3 reach =

Actual Zone3 reach =

2.5 Zone 4 Reach Setting

Required Zone4 reverse reach

Actual Zone3 reach

173

80% of Section |

0.8 x 18.50 x (0.042936 +j0.2677) x 1.2
0.76254 + j4.75435
4.81512.,80.88802

4.82/80.90 ohm secondary

100% of Section I + 50% of Section II

1.0 x 18.50 x (0.042936 +j0.2677) x 1.2
+0.5 x 12.40 x (0.042936 +j0.2677) x 1.2
1.27262 +j7.93463

8.03604.280.88802

8.04.,80.90 ohm secondary

120% of Section (I+11)

1.2 x (18.50 + 12.40) x (0.042936 +j0.2677) x 1.2
1.91048 +j11.91158
12.06382.,80.88802

12.06280.90 ohm secondary

= 15% of Section 1

= 0.15 x 18.50 x (0.04294 +j0.2677) x1.2
= 0.14298 +j0.89144

~  0.90283.80.88802

~ 0.9080.90 ohm sccondary



3. Zero- Sequence Current Compensation

Z1K0

j1.3294)/(0.042936+j0.2677)

Actual Z1KO

0.95 x (ZL0/ZL1)
0.95x(0.21347 +

0.95 x (4.96615 —j0.00091)
4.71

4.71
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4. Relay Setting

! ' P 2 s
M519INUINT 10 AT IATIFAAIUDI3IAITZIZN19995 SKP2YB-01

dauls VT
CT ratio 1200
VT ratio 1000
Z1R/M1 4.82
Z1GR/M1G 4.82
SELZ1U 0
Z1SU 83.59
Z1KO0 4.71
Z2R/MT 8.036
Z2GR/MTG 8.036
SELZ2U 0
Z2PANG 90
Z2GANG 90
Z3R/M3 12.064
Z3GR/M3G 12.064
SELZ3U 0
Z3PANG 90
Z3GANG 90
Z4R/M4 0.9
Z4AGR/M4G 0.9
Z40R 0
Z3PANG 80
Z3GANG 80
SELZ4D 1
TL2P 0.3

TL3P 0.6
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MI19UINH 10 (AD)

auls ANENAY
TL4P 0.6
TL2G 0.3
TL3G 0.6
TLAG 0.6
POSANG 80
ZERANG 80
zp 5.01
KO 4.97
LINELEN 18.50
—
\ 2(Z1U1) /
Sy % 1+ 21DPL3112C,M1
2++ 21DPL3112C,M1G
] ¥ t RinP.ohms 3+ 21DPL3112C,M3
4+ 21DPL3112C,M3G
5+ 21DPL3112C,MT
6+ 21DPL3112C,MTG

Y o -4
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Y
5. mgwﬁwaﬁms‘fﬁwzw 14995 SKP2YB-01 910 1514054 CAPE

Substation: SKP

LZOP: "SKP2YB-01" (LINE)

Line Impedance: 5.016 P. Ohms @ 80.89 deg.-
21DPL3112C Tag: 69

Model DLP3

Style DLP31?7?7?A

1. Distance M1

Branch Main CT: 500-200 Ckt 1
VT at bus 500 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
Reach Setting 4.02 P. Ohms

2. Distance M1G

Branch Main CT: 500-200 Ckt 1
VT at bus 500 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
unit 1: Mho

Reach Setting 4.02 P. Ohms

unit 2: React
Reach Setting 4.07 P. Ohms

3. Distance M3

Branch Main CT: 500-200 Ckt 1
VT at bus 500 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
Reach Setting 10.06 P. Ohms

4. Distance M3G

Branch Main CT: 500-200 Ckt 1
VT at bus 500 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
Reach Setting 10.06 P. Ohms

5. Distance MT

Branch Main CT: 500-200 Ckt 1
VT at bus 500 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @O0
Reach Setting 6.70 P. Ohms

6. Distance MTG

Branch Main CT: 500-200 Ckt 1
VT at bus 500 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
Reach Setting 6.70 P. Ohms

Zone 1
(115.0 kV) to 200 CMC (CMC)

CTR/VTR  1.200
@ 80.9 deg.-

Zone 1
(115.0 kV) to 200 CMC (CMC)

CTR/VTR 1.200

@ 80.9 deg.-
@ 80.9 deg.
Zone 3

(115.0 kV) to 200 CMC (CMC)

CTR/VTR 1.200
@ 80.9 deg.-

Zone 3
(115.0 kV) to 200 CMC (CMC)

CTR/VTR  1.200
@ 80.9 deg.

Zone 2
(115.0 kV) to 200 CMC (CMC)

CTR/VTR  1.200
@ 80.9 deg.-

Zone 2
(115.0 kV) to 200 CMC (CMC)

CTR/VTR 1.200
@ 80.9 deg.
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Substation : el I duiuma (SKp)
Protection Line : SKP4YB-01 @013l Iihdusdwma — aoil TSy

Distance Relay : DLP3112C GE

Zone4 Reverse Zone3 (120% of Section( I +1I)

v

(15% of Section 1) Zone2 (100% of Section 1 + 50% of Section IT)

»
»

Zonel ( 80% of Section I)

Section 1T |

Section [ Section II

CMC SKP MRM CMD CMC
d‘ Y] 3 = I'd
NMNANUINN 17 mﬁﬂsmﬂmummsmﬂszﬂzmq SKP4YB-01

1. System data

Line impedance (2x400A) : Z1=10.042936 +j0.2677 ohm/km
72=71
70 =10.21347 +j1.3294 ohm/km
Line Length : Section I =30.90 km.
Section II =15.70 km.
Section III =12.40 km.

CT ratio : 1200/1

VT ratio : 115000/115

2. Zone Reach
2.1 Line Impedance
CT ratio = 1200/1 = 1200
VT ratio = 115000/115 = 1000
CTR/VTR =1200/1000 = 1.2

Line Impedance Secondary = (CTR/VTR)x Line impedance primary



2.2 Zone 1 Reach Setting

Required Zonel reach =

Actual Zonel reach =

2.3 Zone 2 Reach Setting

Required Zone2 reach =

Actual Zone?2 reach =

2.4 Zone 3 Reach Setting

Required Zone3 reach

Actual Zone3 reach =

2.5 Zone 4 Reach Setting

Required Zone4 reverse reach

Actual Zone3 reach

179

80% of Section |

0.8 x 30.90 x (0.042936 +j0.2677) x 1.2
1.27365 +j7.94105

8.04254 /80.88802

8.0480.90 ohm secondary

100% of Section I + 50% of Section II

1.0 x 30.90 x (0.042936 +j0.2677) x 1.2
+0.5 x 15.70 x (0.042936 +j0.2677) x 1.2
1.99652 +j12.44805

12.60714 280.88802

12.61.780.90 ohm secondary

120% of Section( I + II)

1.2x(30.90 + 15.70)x(0.04294 +j0.2677) x1.2
2.88118 +j17.96374

18.19333.£80.88802

18.19./80.90 ohm secondary

= 15% of Section 1

= 0.15 x 30.90 x (0.04294 +j0.2677) x1.2
= 0.23881 +j1.48895

= 1.50798.£80.88802

= 1.51/80.90 ohm secondary
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3. Zero- Sequence Current Compensation
Z1K0 = 0.95x (ZL0/ZL1)
= 0.95 x (0.21347 +j1.3294)/(0.042936+j0.2677)
= 0.95 x (4.96615 —j0.00091)

= 4.71

Actual Z1KO 4.71



4. Relay Setting
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! ' P 2 s
MS1NUINT 11 AT ASIFAAIUD931AdTZIZN192995 SKPAYB-01

A
CT ratio 1200
VT ratio 1000
Z1R/M1 8.04
Z1GR/M1G 8.04
SELZ1U 0
Z1SU 83.59
Z1K0 4.71
Z2R/MT 12.60
Z2GR/MTG 12.60
SELZ2U 0
Z2PANG 90
Z2GANG 90
Z3R/M3 18.193
Z3GR/M3G 18.193
SELZ3U 0
Z3PANG 90
Z3GANG 90
Z4AR/M4 1.51
Z4GR/M4AG 1.51
Z40R 0
Z3PANG 80
Z3GANG 80
SELZ4D 1
TL2P 0.3
TL3P 0.6
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MSWUINT 11 (99)

auls i
TL4P 0.6
TL2G 03
TL3G 0.6
TL4AG 0.6
POSANG 80
ZERANG 80
7P 8.38
KO 4.97
LINELEN 30.90

N\

2(z1 1)

Rin P.Ohns

1+ —21DLP3112C,M1
2 ++ — 21DLP3112CM1G
3+ — 21DLP3112C,M3
4+ — 21DLP3112C,M3G
5+ — 21DLP3112CMT
6+ — 21DLP3112C,MTG

! o J
ﬂ1WW1»!'Jﬂ‘ﬁ 18 R-X Vlﬂﬂgllﬂﬁﬂllﬁﬂ\?ﬂTi“ﬂN'luGUfJ\ﬁlﬂﬂigﬂ$‘VlN 1993 SKP4YB-01
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5. mgwﬁwaﬁms‘fﬁwzw 14995 SKP4YB-01 910 15141054 CAPE

Substation: SKP

LZOP: "SKP4YB-01" (LINE)

Line Impedance: 8.378 P. Ohms @ 80.89 deg.-
21DLP3112C Tag: 7

Model DLP3

Style DLP31?7?7?A

1. Distance M1

Branch Main CT: 500-400 Ckt 1
VT at bus 500 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
Reach Setting 6.70 P. Ohms

2. Distance M1G

Branch Main CT: 500-400 Ckt 1
VT at bus 500 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
unit 1: Mho

Reach Setting 6.70 P. Ohms

unit 2: React
Reach Setting 6.79 P. Ohms

3. Distance M3

Branch Main CT: 500-400 Ckt 1
VT at bus 500 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
Reach Setting 16.07 P. Ohms

4. Distance M3G

Branch Main CT: 500-400 Ckt 1
VT at bus 500 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
Reach Setting 16.07 P. Ohms

5. Distance MT

Branch Main CT: 500-400 Ckt 1
VT at bus 500 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @O0
Reach Setting 10.88 P. Ohms

6. Distance MTG

Branch Main CT: 500-400 Ckt 1
VT at bus 500 (115.0 kV)

CTR 1200.0 @0 VTR 1000.0 @0
Reach Setting 10.88 P. Ohms

Zone 1
(115.0 kV) to 400 MRM (MRM)

CTR/VTR  1.200
@ 80.9 deg.-

Zone 1
(115.0 kV) to 400 MRM (MRM)

CTR/VTR 1.200

@ 80.9 deg.-
@ 80.9 deg.
Zone 3

(115.0 kV) to 400 MRM (MRM)

CTR/VTR 1.200
@ 80.9 deg.-

Zone 3
(115.0 kV) to 400 MRM (MRM)

CTR/VTR  1.200
@ 80.9 deg.

Zone 2
(115.0 kV) to 400 MRM (MRM)

CTR/VTR  1.200
@ 80.9 deg.-

Zone 2
(115.0 kV) to 400 MRM (MRM)

CTR/VTR 1.200
@ 80.9 deg.
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