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SIEMENS

Calculation examples of distance protection

Ph-Ph fault location
Ph-G fault location

Determine Fault Loop
direction
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Example 1: SIEMENS

Calculate fault location for L2-L3 fault (in km)

Line length = 50km, ZL=50 (0.0195 + j0.15) Ohm
| o] =]
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Current IL-L 20k,

Current IL-L2

Current IL-L3fkA |

0w d feasuring Signal Real Imag
A /’\ ﬂ [\ /\ -DI1
’ U U i Current  IL-L1 100 A 308 A
1 Y Current IL-L2 529 k& 471 kA
Current IL-L3 Current IL-L3 -5 ,60 k& -4 B8 kA,
Waoltage WL-L1 Bt A STT SR
Valtage WL SR

] {\[\ ﬂ/\ﬂ {\[\ ﬂ[\ /\/\ﬂ /” Voltage  wL-L2 104 kv 917 kY
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Example 1:
Solution:
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Z —
I|‘_1,_'—| Uoi3=Z (Lo—1)
g = |
||:_2 Z, = U,-Us
L=l

¥
N

_O

L , _ (104+]91.7)- (124~ j14.2)kV
Z L= B i .
| le Ze (8.59+ j4.71) - (-8.60- | 4.68)kA
— 1
; j100.7°
U,ULU ;5 - (-20+ j105.9)kV _ 107.8¢™*7
(17.19+ j9.39)kA 19.50¢/%°
Messuring Signal Real Imizg
Current IL-L1 100 A 308 A ZL — 5.561'72.1 :1.69+ 15-239
Current IL-Lz 859k 4,71 k&
Current IL-L3 -5 ,60 kA -4 B8 kA
Volttage WL-L1 229 kY TTS Y _ 5230
Violtage WL-L2 104 kY 91,7 k' Fault — | 0C_ km= W =34.9km
Voltage  WL-L3 124 kY EEET ' km
Page 4 November 09 Energy Automation

SIEMENS

06.08.97

Energy Sector”

HV Power Seminar Nov 2009




SIEMENS

Measuring Signal

Example 2:
Calculate fault location for L1-G fault (in km)
I
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Energy Automation

Real Imag

— Current IL-L1 512 kA 5,95 kA

\Currerd IL-L2 -32 A G40 &

Current IL-L3 ME A 235 A

s oltage WL-L1 -TE 4 kY -4 3 kY

woltage WL-L2 47 2 kY 23T kW

oltage YWL-L3 181 kY 129 kY

IE* ST kS -9,01 k&,

e /
//
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SIEMENS

V=g IR+ X)) =T (R + jX¢)

=1, 0R +jX)-1¢ ( R +] EXJ

\_/Ll_( P j[RL-I-J( 2;)7|_E)XL

V,, = (—5.12+ j8.98—§(5.13— j9.01)j R + j(—5.12+ j8.98—%(5.13— j9.01)jx

-76.4- j14.3=(-13.67+ j24.00)[R_+(-15.20- j8.66)X,

Example 2:
Solution:
I, ZL
O 2
T
_O |:2 1
g |
_O |:3 —1
T
A 4 v v E |_E|
g |
U L1 U L2 U L3
Meazuring Signal Real Imag
Currert IL-L1 S12kA .95 ka
Current IL-L2 -31,2 A G40 &
Currernt IL-L3 26 & 235 4
“oltage WL-L1 -TE 4 kY 14 3 kY
Yoltage WL-L2 47 2 kY 23T kW
“oltage WL-L3 181 kY =159 kN
IE* 513 kA -9,01 kA
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-76.4=-13.67[R_—15.20[ X,
~14.3=24.00[R_—8.660X, X, =4.20Q
4.20Q
Fault loc_km=——F"T—=28.0km
- = Q
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Pre-Fault

cument I3
Curet, 1Lt

a0

Curent - ILL2

-a0°

Fault

Current

Curent

L3

L2

Cument  IL-LT

a0

Voltage L3

oltage

Voltage

80,0 v
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Voltage VL3

Voltage VL2
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Example 2: Determine direction of all 6 loops -
(memory and actual voltage) [KO = 1]

SIEMENS

Pre-Fault
Measuring Signal Real Imag Walle Phase
Current IL-L1 277 A 025 A 279 A 2.2
Current IL-L2 ST A -253 A 279 4 -114 8°
Current IL-L3 S1.61 & 228 A 279 A 12527
Votage WL-L1 B35 ¥ 0,000 B35 WV oo
- Woltage WL-L2 S3E Y -850 635 W -1z20,0°
Vottage WL-L3 S3E Y 550 W B35 W 120,07
IE* 0,000 A -0,001 A 00006 A -B1.3"
L2 953 v 550 W 110 % 30,07
LL23* 0,003 v =110 % 10 Y -90,.0°
LL31* -95,3 W 250 % 10 Y 150,0°
Fault
Measuring Sigral Real Iz Walue Phase
Current IL-L1 467 & 986 A 1089 4 -64 7"
Current IL-L2 AT A 243 8 270 4 -15,8°
Current IL-L3 -1 B A 238 4 287 4 124.2°
oltage WL-L1 206 W 2ET N 208 W -7.40
oltage WL-L2 EHE Y EE0N B33 W -19.7°
| vottage WL-L3 a3 S50 633 % 119.7°
IE* -1.88 4 991 A 101 A 100,8°
LIL12% 8N 524 73T 452"
LIL23* 0,003 v =110 110 -80,0°
LL31* 518 aTE W TTE Y 132,0°
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Example 2:
Solution: Example L1-G

Angle_U ,
Angle_(1,, - KOME)

Dir _L1G [

First calculate the loop current angle

= Angle (6.55- j19.77)
=-717°

Angle_(1, —IE) = Angle_((4.67+1.88) + |(—9.86—9.91))

Calculate the direction angle (here actual fault voltage)

Dir _angle L1G =
=-7.4-(-71.7)
=64.3° = forward
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SIEMENS

Pre-Fault

Measuring Signal Real Imag Walle Phase

Current IL-L1 277 A 025 A 279 A 2.2
Current IL-L2 ST A -253 A 279 4 -114 8°
Current IL-L3 S1.61 & 228 A 279 A 12527
Votage WL-L1 B35 ¥ 0,000 B35 WV oo
Woltage WL-L2 S3E Y -850 635 W -1z20,0°
Vottage WL-L3 S3E Y 550 W B35 W 120,07
IE* 0,000 A -0,001 A 00006 A -B1.3"
L2 953 v 550 W 110 % 30,07
LL23* 0,003 v =110 % 10 Y -90,.0°
LL31* -95,3 W 250 % 10 Y 150,0°

Fault

Measuring Sigral Real Iz Walue Phase

Current IL-L1 467 & 986 A 1089 4 -64 7"
Current IL-L2 AT A 243 8 270 4 -15,8°
Current IL-L3 -1 B A 238 4 287 4 124.2°
oltage WL-L1 206 W 2ET N 208 W -7.40
oltage WL-L2 EHE Y EE0N B33 W -19.7°
Yoltage WL-L3 a3 S50 633 % 119.7°
IE* -1.88 4 991 A 101 A 100,8°
LIL12% 8N 524 73T 452"
LIL23* 0,003 v =110 110 -80,0°
LL31* 518 aTE W TTE Y 132,0°
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Example 2:

SIEMENS

Solution
\l\;ljtm Actual Volt | oop Current
Loop |Mag |Angle Mag Angle Mag Angle
L1-G 63,5 0,0 20,8 -7,41 20,8 -71,7
L2-G 63,5| -120,0 63,3 -119,7| 12,4 -86,7
L3-G 63,5| 120,0 63,3 119,7 7,5 -87,9
L1-L2 110 30,0 73,7 45,2 9,5 -51,8
L2-L3 110| -90,0 110 -90,0 4,8 -84,8
L3-L1 110| 150,0 77,6 132,0] 13,8 117,2
Loo Mem Dir | Actual Direction
P Angle Dir Angle
L1-G 71,7 64.3 Forward
L2-G -33,3 -33.0 Reverse
L3-G 207.9 207.6 Reverse
L1-L2 81.8 97.0 Forward
L2-L3 -5.2 -5.2 Forward
L3-L1 32.8 14.8 Forward
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Pre-Fault

Measuring Signal Real Imag Walle Phase

Current IL-L1 277 A 025 A 279 A 2.2
Current IL-L2 ST A -253 A 279 4 -114 8°
Current IL-L3 S1.61 & 228 A 279 A 12527
Votage WL-L1 B35 ¥ 0,000 B35 WV oo
Woltage WL-L2 S3E Y -850 635 W -1z20,0°
Vottage WL-L3 S3E Y 550 W B35 W 120,07
IE* 0,000 A -0,001 A 00006 A -B1.3"
L2 953 v 550 W 110 % 30,07
LL23* 0,003 v =110 % 10 Y -90,.0°
LL31* -95,3 W 250 % 10 Y 150,0°

Fault

Measuring Sigral Real Iz Walue Phase

Current IL-L1 467 & 986 A 1089 4 -64 7"
Current IL-L2 AT A 243 8 270 4 -15,8°
Current IL-L3 -1 B A 238 4 287 4 124.2°
oltage WL-L1 206 W 2ET N 208 W -7.40
oltage WL-L2 EHE Y EE0N B33 W -19.7°
Yoltage WL-L3 a3 S50 633 % 119.7°
IE* -1.88 4 991 A 101 A 100,8°
LIL12% 8N 524 73T 452"
LIL23* 0,003 v =110 110 -80,0°
LL31* 518 aTE W TTE Y 132,0°
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