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Protección de Líneas de 
Transmisión con Relés de 

Impedancia 
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Criterio de Protección “Impedancia“ 
 

 

 El relé determina la impedancia: Z = U/I a partir de la 
tensión y la corriente en la ubicación del relé.

 

 En caso de falla, la 
impedancia medida 
corresponde a la 
distancia a la falla

 

 El tiempo es utilizado 
como criterio adicional 
(para selectividad y 
backup) 
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Cada sistema es solamente tan fuerte como su componente 
más débil ! 
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Historia de las Tecnologías aplicadas en Protección 
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Desarrollo Histórico del Disenio de Relés(HV) 
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Tecnología de Protección Legada 
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Estructura de un Relé Digital 
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Captura de los Datos de Medición (principio) 
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Teorema del Muestreo 
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Análisis de Fourier de los Valores Medidos 
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Análisis de Fourier: Características de Filtrado 
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Transformada de Fourier 
Determinación de los fasores de Tensión y Corriente 
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Cálculo de la Impedancia de Falla a partir de los Fasores 
Complejos U e I para Protección de Distancia 
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Relés Digitales Multi-funcción 
Ej. Feeder protection 
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Load and Short-circuit Impedance
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TypicalDistance Zone Characteristics

MHO-circle

polarised
MHO-circle

combined circle-
and straight line
characteristic

R

polygonal tripping
characteristic
(quadri lateral)
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Applied FaultDiscriminationCharacteristics

offset MHO-circle eight (IIPeanut") lense

offset MHO-circle with blinders quadrilateral



Distance ProtectionwithZone DedicatedTime Control

("ZonePackaged"Design)
'1 SA'5lL

Carriersignal
receive

Trip L1

Tripping Logic

Trip L2 Trip L3



Distance Relay,
Fault Detector Controlled Timing and Tripping Logic

'{SIl1b I?:,

¡
I
I
I
I
I

. t. Iamer slgna
send

Trip L1

Carrier signal
receive

optionally
reverse
setzone

Tripping Logic

Trip L2 Trip L3

\ " Z2
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\ "
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ZA

PSB zone
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Distance Measurement

FaultLoopEquations
IL1 RL + j XL

Phase-to-Ground Loop: VL1 = 1.1 . ( RL+ j XL )- lE . ( RE+j XE)
RE . XE

VL1= RL ( 1.1 - -R . lE) + JXL ( 1.1- X' lE)

L
L L

IL11 lE measured currents
measured voltage

Phase-to-Phase Loop: VL1-L2 = ( RL + j XL) (1L1 -1L2)

t mea~ure~ curr~nt
L- measured voltage

I

IL2
-

1-
IL3 1-

VL1 VL2 VL3

lE RE + j XE
1 _1



Numericallmpedance Calculation, Ph-Ph-Loop

Relay Fault
r-- -- --. -¡ location location

i ~__l~! o+ r } ( } !l ~------l' .. I : l.
I . ~'"
. 1L2 !u RH XH(~): !
l' - ~- - .
. F
I .
. I

I i h L R" ><"(1..)
¡ Infeed . L3 ~ c::J c:::J. i
. I . .
I . . . l:.
. I U U . . so:I . H -R '. I
. lE I l { '

-C
' . ~

I r r ~ ~--------
. I ----
L 1

to remote
Uneend

'7.- UL2- U
LL2-l3=- l3

IL2 - 113

a - - R
{

Y.L2 -Y.l3

}
- lÁ2-l3 [/L2.sin (<j)UL2-l3 - CP1L2)-1l3. sin (<j)UL2-l3- CPIl3)]

nL2-l3 - e - 2 ( )
2

IL2- Il3 1 L2- 2 . IL2.113.COS ,cp1L2-cpll3+ 1 l3

XL2-l3 = 1m
{

Y.L2 -Y.l3

}
= lÁ2-l3 [/L2. COS (<j)UL2-l3-cp1L2)- 1l3.COS(<j)UL2-l3 - CP1L3)]

IL2- Il3 12L2- 2 . IL2. lL3.COS(cp1L2- cp1L3)+1213



Impedance measurement, Phase-to-phase fault

~ ZL=~.c.

~ ~
,'-'\ ~L lL1 RL jXLri EL1 }---: J-

"1.
1 ,- ,
1 '~-,' I: ,-, -L2
1 I ,
L--' E '- 1 ' ~ ....
I I ,--, ,-
I \-L2, .
1" "

1

1: ;:::::. I _L3, ,1, ', ,+---,E 1--, t-II L3 ' -----, ,- I
! '~-,' UL3 UL2 UL 1

¡ ,~~, l,d -:
\ ~

'--y---J
ZE

EL1

7!s.c.

EL3

u =U -U =1 .z -1 .z =2.1 .z-L - L -L2 -L3 -L2 -L -L3 -L -SoCo-L
x

ZL
The impedance diagram
is generally drawn
on basis of single
Uneimpedances .

(positive sequence
impedances).

1 L-L = 1L2 - 1L3 = 2. 1SoC.

u -U U 2./.Z
Z - -L2 -L3 - -L-L - -s.c. -L - Z
-L2-L3 - 1 - 1 - 1 - 2.1 - -L-L2 _L3 -L-L _s.c. R



Numericallmpedance Calculation, Ph-E-Loop

0XBJ
RL XL

L2-
L3

- ~

lE = -<I1 + L. + L)

LlPh- E

ZPh-E = lph -!s.E 'IE
k - ZOL-21.-E- -

3.21.

.
) - lE . RE. sin(q>u - q>E)

sln(q>u- <t>L IL R.

)

:"
LlPh-E RE XE lEXPh-E=/m{zPh-E}=-¡:-'

(
XE RE

) .l. .COS(IpE.cp¡.)+R.' JG.-(IL1- XL+R. IL

)- lE . XE .cos(q>u - q>E)
cos(q>u - q>L IL XL

)

:'
UPh-E . RE XE lERPh-E = Re{Q,h-E}=--¡:-'

(
XE + RE

) . lE. cos(1pE-'1'-)+ RL. Xc -( lL1- XL RL IL
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Imped a nce. measuremerit, ~phase-to-Earth fa uIt
; ¡

'---y l
ZE

(
Z

J
u = u = 1 .Z - 1 .Z = Z . 1 - -E .1
-Rela;s -Ll -Ll -L -E -E -L -Ll Z L -E

1Relais = 1Ll - k E-Relais .1E

1Ll - Z ~ .1 E

Z - !:LRela;s ,d Z . Z-L
-Ll - - -L

1Rela;'s 1Ll - kE-Rela;s .1E

8.1

~~ZsL'ILrZSE'IE
I
I
I
I

I U -u
' _L1- -S,C I k ..1 '.'-Lr -E' -E

!L 1~IS,c, .

I =-1<:, e ,

_E ~~

7~sc
EL3 EL2

, x

ZL

',. \.. ,r~;c" 1,\ I'\. , ' ,.r.')< '~" ,','''j' \

R



DirectionalMeasurement,
Alternativestorthe PolarizingVoltage

rv

rv

-
Zsource relay

VL1

\1. ' '" \1.
L3 fault-free L2

VL3

If

VL2
VL2-L3

Healthy-phase voltage

VL3

If

VL2

faulty phase voltage

VL1

VL3

voltage memory

If

VL2

rv-
-
rv-
-
rv-

Zline -

fault L1-E



Directional Measurement,
with Healthy-Phase Voltages

iL1 C=:J.
iL2

iL3

UL1

UL2-L3

iE

Measuring quantities for directional determination

fault loop currents voltages

L1 - E iL1-koiE UL2-L3
L2 - E iL2-koiE UL3-L1
L3 - E iL3-koiE UL1-L2

L1 - L2 iL1-iL2 U L2-L3-UL3-L 1

L2-L3 iL2- iL3 UL3-L 1-UL 1-L2

L3 - L1 iL3- iL1 UL 1-L2-UL2-L3



DirectionalDetermination withHealthy Phase Loop
Voltages (Cross-polarisation)

Zs ~ Zsc

EL1 = U~ e + Z . L-<> -s -se

~-1.3 = ~-1.3 = S.1 .~ . e-j90'

equivalent circuit

~1

~=b ~-1.3
~=~

voltage diagram
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Distance Measurement (Ph-E-Loop), Impact 01 Fault
Resistance

lt.---- XL RL

!JPh-E

1 lE----

- Ise )
XE RE

uPh -E =lL @ + ZE)+ RF 'lL

Ze
1+=-

UPh-E ZL RF
zPh-E= - =ZL. - +- .
- [Ph+KE 'lE - 1+kE 1+~

. Ze RF RF
11 ~ set to =-, then zPh-E= Z. + x =Z. +_

1

z. 1+=- 1+ ZeI.ej(cpE-~)
Z. Z.

RF

1+Jse

XI I~}~
;?".""..

z... ZPh-E
,

...-
/

,

R'~

R



Distance Measurement, Impactof remote Infeed on
Appearing Fault Resistance

A ~ B

t _..1"---] ,--. --- I E-C__.r-- I=a- .&...la " \, A./.I I\..."
I
I
I-_.J------------------------

-
lA

fR,

UA=lA-ZL + ([A+ lB). RF

UA=lA. @+ RF)+lB. Rr=

UA lB
ZA==-=.3. + Rr=+=-. Rr=
- lA - lÁ

x

, ---- -- oo.----.oo----- ...~ -oo-.-.oo " 1' .

\

la :' .' .
\ R, -.R, i
\ k ;, .' .
\ ;
\ :
' 7 :' ~ .\ ,
\ ;, .' .' .
\ ;" .

\"
\

...
!

~-'---'--'--'--'-'-'-'--'---' J

R



Apparent fault Resistance Dependent on Fault Location
(influence of the resistance RFon the short-circuit current neglected)

X,
RL

lB
1+ -.R -

L F-A

XL

ZSA X
=--+~

lB ZL I

!...A= ZSB + 1 - X
ZL I

1

ZD = X . ZL + ¡: . RF

1 32

Example: 110 kV overhead line, I = 50 km

Ssc" = 2,4 GW

ZsA ZsB 1

z:=z:=¡

4 6 XRF
R5

L. /g----

ZsA !.z
(1-T) . . ZSBI -L

7



Distanee to FaultMeasurementwithAre

Compensation

~ ZL 0)
rv D rv

Use .. Ise ) f Q RF

RF -
x

Zse1 . sincpse

. [se R

I X use. Z
.

~e prop se = A . SInCPse= se. SInCPse
[ se



Impaet01Are Resistanee on Distanee Measurement
(Ph-E-Fault)

11 Z Z 12
~ L1 L2 ...-

$ v,t .~E' = v.~t i_= ~~ ~
L-.I L-.I

Varc

ZAel = ZL1 + (1 + Ko). /SC1
ZLE1 ZLE2

V1 = /1 . ZL1 + /E1 . ZE1 + Varc

......

a =//1 + /2 -L.!J.

x
Var¿/SC1
1 + KoV1 /1 . ZL1 + /E1 . ZE1 Varc

ZAI= 1< = 1< + / 1<
e /1 + , 'O. /E1 /1 + , 'O. /E1 1+ , 'O. /E1

ZLE ZLO-ZL

For: /1 =/E1 =/S.C.1and Ko= ZL = 3. ~
R



Arc-tolerance of Distance Relays

- i

1m

/

Tripping characteristic
(shown for RIX= 1 and RIX>1)

variable
setting 01RIX

Re

Worrington Formula:

or more practical:
arc-voltage 25 VIcm

28700 Q/m
RA= 11.4

RA =25 V/cm. d Q
1F

distances conductor to earth

d=
d=
d=

400cm
600cm
940cm

(110 kV)
(220 kV)
(400 kV)



Ph-PH-E Short-circuitwithFault Resistancesat the Fault

Location.MeasuredLoopImpedancesDependingon the
FaultLocation

RTF

x L3-E

{=o

~ ~
100 km

12.5 GVA 12.5 GVA

1l:Jl
T4Q

L2-E

,/""
50%~D

R



LoopImpedances duringPh-Ph-E Short-circuit,
Impact of Fault Resistance and Load Transfer Conditions

X
Q

200

20
30

+742 MW

150

Lagging phase I oo~.._-_.......
15 ..0' ',,5.' 'Q
~ '

:' -742 MW
206

¡
30+
40"

500 kV; I =310 km 10 GVA

10 GVA -¡oad I e ><o = 1
X, e l;t --- It x,x = 1 Ph-Ph-E

1

-

~=o

11Ph~ nph '

+742 MW
Leading Phase

50

50
R

100 Q



Effective Arc-resistance "seen"by the Distance Relay
with Double-sided Infeed (Example)

lA=1 kA lB-

R_.I O iH
VA =LA . z + V ARC

15
with eonstant
are voltage
UARC =2500 V/m

ZA= VA=z+ VARC
- lA - lA

Q

5 witheurrent dependent
are voltage

28 700
UARC= V/mL 0.4ARC

iK

ULB

10

lARCin A

2 4 6 8 10 kA ~



Impactof OH-groundwireson Appearing Fault Resistance

E@]
earthing resistance
of the station

~-
L1

L2 }phase-conductor
L3

I 1

:: tower footing11-
:: resistance

/ / / / / / / / / / / / / / / / / / / / / / / / / ) / ) / / / // E
-lE'

tower currents

¡
le

resultant fault
resistance
Ph-E

RKL

60 mm2 steel wire

2 earth-wires, total 60mm2

50 100 Q average tower
footing resistance

4

3

2

1

O
1

O



) ,) )

Shaped Quadrilateral Characterisitc Application Benefits

. Selective fault discrimination . High fault resistance coverage
even with shortest lines

x

RF
k
- RF
J, x

iR~ ¡~ +k

RF

load

x- and R-reach of all zones
independently settablelk

~=Zt. +RF+ L RF-1

R

R



Influenceof Load Flow and FaultResistance on Distance
Measurement

~ ..
Zt., ~

IV.

1. ~ RFIY, J,

IV

'T 1~

RFfault resistance

x )~---
RF~~____-----

k . RF
l,

ZLI

ZSCI . sinq>SCI

R

k
~, =~, + RF+7 .RF-1

Y, !k

J,

k

ZSC2 . sinq>SC2

R

J,
~2 = ~1 + RF+ k . RF



Distance Protection, Measuring Errordue to Fault
Resistance under Load Flow Conditions

P = PNat = 500 MW P = PNot= 500 MW

440 km

400 kV

fR~
Psc=
5000MVA

440 km

400 kV

fR~

Psc=
5000 MVA

Xa

150

o 50 150 Ra

'50t,"
o Ra

- o -- - . ...---



Distance Measurement with faultResistance,

Correction of the Load Transferlmpact

~ A lA {Oad la Brv l. ~I ~

.h fR~ kl ~
Ph-E

system configuration

cpL + dcp

fEA + IEB

RF. /. + & . lEA-A

XLA

IA+15o'IEA R

L
3'~11 3"

lEA + IEB = lE

UAPh -E

ZsCA = (lA + ko . lEA)

Ko =~. (ZLO-2..1)
3 ZL1 XLA =IZsCAIsin(<p+A<p) .

sin (<pL + A<p) sln<pL

symmetrical component representation

---- ---
lA lB

---- ---
12A ke

---- ---
lOA ts
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Command Protection System using PLC
(Typical Operating Times)

Fault Inception Te: F
Fault clearance time for a protectlon system

47 -210 ms
P+T

T
Teleprotecton system overall operating time

7.70ms

Protection
equipment

elecom-
munlcation

clrcuit
-and-or-

link

Teleprotection receiver
Teleprotectlon

transmitter

Fault
recognltlon
time

Time
Initlatlng
command

10 -30 ms 1.5ms

Propagatlon /Selectlon
time (and

declslon time
(command

8'L relay
~~/ Included).o.

406. ms

Tu 7-45ms
Nominal transmlsslon time
(propagation time not Included)

Tac 7 -65 ms

Maxlmum actual transmlssion time under nolsy conditlons
for a defined dependablllty and signal -to -noise ratlo

(propagatlon time not included)

Protection
equlpment

Fault clearance

B

Circuit
breaker

Relay
decision

time

Operating
time

includlng
arclng

time



AII combinations are possible.
Example: -permissive underreach distance protection;

-permissive underreach directional residual current protection;

Note: Protection in permissive overreach mode is sometimes called directional comparison

PROTECTION USING TELECOMMUNICATION

I

UNIT

I

I PHASE-COMPARISONI

LONGITUDINAL
NON-UNIT DIFFERENTIAL

MODE OF OPERATION MEASURING PRINCIPLE

permissive underreach- -distance protection
intertripping underreach- -directional overcurrent protection
accelerated underreach- -directional residual current protection
permissive overreach- -directional travelling wave protection
blocking overreach- -directional superimposed component protection
unblocking overreach



Signal Transmission Channels for Relaying

Power Line Carrier 30 -500 kHz (SSB)

- narrow band communication (4 kHz)
- up to 400 km
- for directional comparison signalling (YES/NO Signals)
- or phase comparison protection (PCP)

Microwave Channels 2 -10 GHz

- wideband communication (n . 64 kbitls)
-digital signal transmission (PCM)
- up to about 50 km (sight connection)
- for directional comparison, phase comparison and differentialprotection

Optical fi bres

-wideband communication (n . 64 kbitls)
-digital signal transmission (PCM)
- up to about 150 km without repeater stations
-noise proof
- for directional comparison, and differentialprotection



Distance ProtectionwithCommunication,
Permissive Under-reachwithFaultDetectionZone

Z1

11m" z,I

(0 to 01 (0
17 I I

Z1

x

signal
receive

ZA

Z1 signal
send This teleprotection

is not used with
MHO-relaystrip ZI

R



Distance Protection with Communication,
PUTT withOver-reaching Zone

Z1 Z1B

c.
A!P ---01--0000001A

.m m -- ~ooo J
Z1

Z1

Z1B

signal
send

: ~-~/-~~: /z"
.
.
.
.
.
.
.
., , ,......

trip

signal
receive :

J
""""""..: R. ~.. .'. . . .. J

x

R



Distance ProtectionwithCommunication,
PermissiveOver-reachingTransferTrip (POTT)

Z1B Z1

I ¡.

~ ' E:l-f,

¡ I

[3} _00_00_00000000:

1 m- :,,.
~ . ¡.

&

Z1 Z1B

R

x ZA

signal
send ¡~------'-"i--,--V, , Z1B, ,, ,,,,,,,,,,,,.

trip

signal
receive



Distance ProtectionwithCommunication,POTT,
Supplementaryfunctions

CB
open

signal
receive

signal
send

echo
circuit

T2

~

weak

u< trip infeedtrip

R R



DirectionalComparisonBlockingScheme

I sz, 1:6 I 1Z~~ ~
,u 000000 - 00__0000 U U U - U 00-.- U -- - U --~ - sz. :. TZ . .
. B . .
.

signal
send

x

signal
receive

TA

trip

SZ =send zone (blockingsignal)
TZ =Trip zone (and stop .signal send")
TA =co-ordination time



DirectionalComparison UnblockingScheme

A Z1B

Z1B

Z1B
trip

from

~
CS

remote
line end UB.

,'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.' ,, ,

& r ¡Cha""" ~~~i~l'mmm,

:: Unblockinglogic :

&

~1

+---+-<:L:..I :: ~ .ms' ~ - I 'ms ' ¡:I , . . .
I , ; ; ;I , , , ,I , , ' '

! !.uQ.-- transmissi~n'Ch8n~e.i...m...m:
l--u__~ disturbed i

. ., ,......

protection signallingdevice
(SWT500F6)

1) Channel supervision signal (CS) receive
2) Unblockingsignal (UB) receive
3) Channel failure



Current Reversal Guard for POTT

trip command current reversal
B1 breaker B1 opens breaker A1 opens

t t t

I
Start B2, forward

: I I
Direction B2: :

: : I

Receive B2: I :; I

blocking¡ ~ ¡: 60-100 ms .!
impulse~ 40 ms ~: . TB .Tw



CurrentReversal Guardfor POTT,

Logic Diagram

Blocking 01the teleprotection scheme
and 01the sending output

Blocking 01the teleprotection scheme
(Sending 01the release signal to the
remote and 1urtherpossibre)

forward -C Tw
&

Te

- 1------1-1
......

starting ...,

L-

Signal & - Tw Te

receive -O
1------1



Applicationof Teleprotection Schemes

PUTT POTT Blocking Unblocking
Middle + long lines Pref. short lines Alllines with EHV-lines with
with FS-Carrier with FS-Carrier AM-Carrier FS-Carrier.
or FO (2-Ph coupling) (Iess reliable Continuous signal

FO or MW channel) sending necessary
(must be admissible).

If second zone Only forward Reverse looking No reverse looking
tripping for near end overreaching zone blocking zone (fast) blocking zone
faults not allowed. necessary additionally necessary
Not applicable to necessary
lines with weak in
feed.

Simple logic!
Complex logic!
Current reversal

guide No monitoring of the
ECHO-Iogic AM-channel!
(WI-Iogic)
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Distance Protection,TrippingLogic

Zt.1-L2

0 ZD

ZL3

'0
~-LI

&

R

ZL2

operating characteristic

logic (principie)
L1 L2 L3

CB trip

A: 3-pole trip with
2-phase faults

B: trip of the leading
phase only

C: trip of the lagging
phase only



Placing of the Data Window for the Distance-to-fault
Computation

fault inception Fault trip
detection command

CS contacts
start to open

Reset of
fault detector

t o.
1 CS operating time! ~!

u

1

,,,,,,o.
: 8 :

IRecharging of !

¡line capacitances¡, '. o. . o. . o. o

,

- o

V.. ~ -\ !
. . ; o '''",

o , o o . :

! W ! \..7 ! !cr-demagnn¡z¡ng!
! ¡ ¡ ¡ ! !! ! ¡! : :o , o *

) o . ::10ms *
)! : 15 ms ! ! :: o ¿ .. , :.- t . o :

5 *
) :

' : :: : maxo 2 ms :: : 'J : -.V/ / / / / / / / / / / / / / / / / / / / / :4.
f

:
o ¡ . Reset time o !
¡.. -: fault detector i
! mino25 ms' ¡o ,: o

35 *
) ::10 ms *)

: ! ms J
o . '". .i.. t : :

~./ ¿Z¿></,./ ¿¿¿//./,/./././ /' /' /' ¿j .) IN=50 Hz

data window for calculation
of fault location:

- if protection
trips

- if protection
only starts (no trip)
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PylonT1/25 10

10.50 10.50

o
o
N...

o
'1:1;
GI

~
I

~
.10

o 1ft...

8
lIS
C'\I

~
10...

6.50

110 kV

Phaseconductor
380 kV:2x3x4AI/St340/30
110 kV:2x3 AI/St230130

Earthconductor
ESLK AI/St 120nO



Mutuallnductance of two Conductor-EarthLoops

~
[O]

1.0

0.8

0.6

0.4

0.2

100

Xo..,= 0.1884 . A1 931 [Q/km]
AL

p=1oo0.m

~[m]
200 300 400 500



Zero-sequence System Coupling 01 Overhead Lines
CalculatedMutual Reactance 01two 110 kV Overhead Lines

p=100Q.m

l. d ~I

!;
:!

!;
~

Ii;
!!

Ii;
~

-. -. -. without earth-wlre
. . . . . . .. with earth-wire on one system

earth-wire on both systems

\
I .

0.5-f t ,, .
0.4-f1., " .

~ "....
~ . .....

~~ ."".-"'.,.
-----.........0.1

o
I
O 400 500 d [m]100 200 300

110 kV overhead line mutual reactance in the zero-sequence system



MeasuredImpedances withoutParallelLine
Compensation

ZoM

-

-
ZE

Z = 0.86L

ZoM = 0.65
3.ZL

0.2 0.4 0.6 0.8 1.0

200
1%

Z

ZL

150

100

50

x
I

- . . - - --



The Impactof MutualCouplingon Distance
Measurement(Relayon FaultedLine)

IR2' ~
l.,. lE' - I

ZE = Zo - Z1
3

x
-

Va

Z¡ = 1 + ko1 . 1E1a1

Phase-to-Earth fault in Phase a

x [ZL . 1a1 + ZE . 1E1 + Z;M . 1E2 ]~=
ZE

1a1+ - .1E1~
~.~
3,4. 21-x

~ =x.ZL+x.4.
1 ZE+-

4., ,.
measuringerror

-~'IE1with IE2-21-x Ia1 = IE1



The Impact of MutualCouplingon Distance
Measurement(Relayon HealthyLine)

Ia2'~

1." lE1 - I
x 1-x

Z2 = ~a with Ua2= (2 .1- X)(ZL . 1a2+ ZE . 1 E2)+ x . 1 E1. ZOM- 2 (1- x) ZOM. 1 E2
1 +~.I 3 3
a2 Z E2

L Ia2 =IE2

21-x
1 E1=-.I E2

x

(21- x) 1+ ZE +x. ZOM

Z2 =2;. 2;. 3.2;.
1+ZE

2;.

- (21-x)[ 1+~ ] x. 3~
Z2 -2;. .le + .le1+- 1+-

ZL 2;.' v '
Measuring Error



Measured Impedances with Parallel Line Compensation

-

~1100ZL

.. I ..

-
IE2

IE1-
x

-
ZL =Une impedance

(
ZE

/-
~M

)ZL= 0.86 3. ~= 0.65

90

80

70

60

50

40

30

20

10

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 -
x
I

20
IE1

IE218

16

14

12

10

8

6
I

2./- x

14
x

2



Parallel-line Compensation;
Connection in the Case of Relay 7SA513

-- Une1

-- Une2



The Impactof MutualCompensationon Distance
Measurement01the Faulted Line Relay

Ia1' IE1

~

Z1

-
-

x
-

VRZ
- 1 + k "IE2

1- 1 +ko1" E1 ~a1

ZOM

k02 = 3" ZL

Mutual Compensation

ZOM
X(ZL " 1a1 + ZE " 1E1 + - " 1E2 )3

Z1 =
ZE ZOM

1a1 + - " 1E1 + " 1E2
ZL 3 " ZL

Z1 = X . ZL (Correct distance to the fault)



The Impactof MutualCompensationon Distance
Measurementof the HealthyLineRelay

1

Ia2,I~

1 .,, 1 El ~ /

U
Z2= Z a2 Z with

1a2 + ~ . 1E2 + OM. 1E1
ZL 3.ZL

'---y---J
Mutual Compensation

x
-

Ia2,IE2 1 - 21 -xE1-- X

u - (2 . 1- X) (z . 1 + Z . 1 ) + x . 1 . ZOM- 2 (1- X) ZOM. 1
a2 - L a2 E E2 E1 3 3 E2

Z ZOM

(21-X)(1+t)+x .UL
Z2 =ZL . Z 21- X ZOM1 E + .

+Z X 3.ZLL

( X _21-x). ZOM
21- X X 3. Z

Z2 =ZL . (21- x) + Z Z '-)1 ",L .4. . (21- x)
1+~+ OM.

4. 3.4. X
, v J

-
measuring error



Protectionof ParallelLines,Measuringerrorof Distance
Relays(Ko=O.66and KOM=O.4)

-IEP

!:!z = 1~M leo .~) 24 % of 4.

Fault at the end of the line:
in-feed to positive and zero-sequence system at the same
line end

-

kp-

/:!Z= ~ . 4. ~ -24 % of 4.
Fault at the end of the line: .
one breaker open, transformer star-point earth and relayat
opposite line ends

-

IEP --
.. '7= 3. ko.., . 7 =~M . 7 ~ 40 % of 7
~ ~..- '"L ~ '"L '"L

Fault at the end of the line:
in-feed to positive and zero-sequence system
at opposite line ends

-

Ph-E

~

~..z;.. Á= -10 % of ~
!:!Z=-~. 1+ko

Fault at the end of the line:
parallelline isolated and earthed on both ends

- - -



DistanceMeasurement at Parallel Lines

Zone reach dependent on setting of the Ko-factorand switching state of the line
(Example: 400kV-line: Ko= 0.77, KoM= 0.70

Zone reach in % of line length dependent
on the switching state

- ¡ ¡ 1-!- +1

- 850/0 70% 117%

Ko= 0.77

Setting to

¡ ¡

85% line
length in 120% 85% 164%
case of: Ko= 1.44

1+ -1.1 620/0 550/0 850/0

Ko= 0.264



Earth-fault on a Double-circuit Line

Distance Measuring Errorwith Double-sided Infeed

lA o I la

Ph-EI -
Tower geometry

L

conductor: St Al 340/110 mm2
earth-wire: St 70 mm2

residual
compensation
factor
residual
compensation
factor

- -

measuring error

+AX

(underreach)

-

I

40

1 Slngle-slded ¡n-tead, lB= o
2 Double-sided In-tead, lB= lA
3 Double-slded In-tead, lB= 5. ~

20

x
1,0

20 ~
-AX

(overreach)

a = fault location

~ = apparent fault location
40

Ze = 0.84
~

~ = 0.68
3.~



Multi-Circuit Line Protection

==}

-

{:=

Double-faulton a parallelline

Selective Single.pole trippingand autoreclosure
requires

Phase-segregated Protection:

- Differential

- Phase-Comparison

- Directional Comparison

- Permissive Underreach Transfer trip

}

}

Protectionper phase

Teleprotectionwithsignal
transmission per phase

T
,

1 ph a-E

,

1 nh h-F



Intercircuit-Fault400/11OkV

Replica Circuit (Principie)

~ +~' = UL2400kV- UL1110kV
¡se Three-phase Diagram

¡se
1;)

Zs

tu

Zl

400 kV-
¡se

O
...-

Z' Zl's

tUL1_110 kV
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Fault Statistics

Relative Number of Different Type of Faults
on Transmission Lines:

Fault type
H.V.

E.H.V. (500 kV)Percent

single phase-to-earth 70 93

phase-to-phase 15 4
2

double phase-to-earth 10 1
Three-phase 5

Total 100 100



Autoreclosure
Practised Versions
High speed three-pole AR

- typical dead time: 0.3...0.5 s
- synchrocheck normally not required

Single-pole AR

- always high speed
- typical dead time: 0.6...1.2 s
- AR only with single phase-to-earth faults
- some times also with phase-to-phase faults
- C.B.'s must have phase segregated trip mechanismus
- Protection must operate phase selective

Single- and three-pole AR

- single-pole AR with single-phase-to-earth faults
- tree-pole AR with all other faults
- in case of sequential faults during the single-pole dead time:

change-over to three-pole AR or definite three-phase tripping

Delaved AR

-only three-pole for all fault types
- dead-time: 5 s and more
- requires synchro-checking function



Deionizing Times

Three-pole reclosing
kV

ta-pole > 10.5 + 34.5 cycles
50Hz:

ta-pole > 210 + 0.58. kV . [ms]

500 kV (50 Hz) : t = 0.5 s

Single-pole reclosing

tor lines up to about 500 km:

The AR will be sueeesstul with high probability it the seeondary are eurrent is kept below tollowing value

1;;: = 43 ('-;.me-0.2J

Une lengths tor single-pole AR without supplemental are extinetion deviees, e.g. shunt reaetors

Line-to-line Voltage Successful Range doubtfulRange
(kV) (km) (km)

765 0-80 80-130
500 0-100 100-160
345 0-230 230-420
230 0-480 480-800



Single-pole Auto-Reelosure
Influeneedand Indueed Seeondary Are Currents

'tIN

13 .e lo.

C'12 x(l- x)2 C'12 x(l- x)2

-
fl~

C'o jooMolL

Tx(l- x)

jooMolL
C'o
-x
2

C'o-x
2

VN ¡a.-.e
,../3~

C'ox(l- x)
2

1.. x ~ L. I-x -1

¡arCe:::::VN. oo.C'12.1
../3

1- = ILoroM'(~ -x } COo(C'o+2 oC'12)o¡



Autoreclosure,Signal Sequence

Fault detec. I I I I '

I I

Trip . ¡ l' i I ,
I

I

1 I I
I 1 I

I I
I I
I 1stdead time I I
1'" "1 i
13-pole: RAR T-3POLI I
11-pole: RAR T-1POLl I

I --------.

Reclose

T -CLOSE

Action time
RART-ACT. ..1 I '. DART-ACT..1 1

I 1 I
I I II

Discrimination time I T-DISCR. 1: I :... .. I I I

Switching over to RAR T-3POL I : 1
if 3-poleARpermitted I I 1~---r--' I

iJ RAR T-3POL lH :
I I II

Reclaim time I I I ~T-RECLAIM.. .
RAR = RapidAuto-reclosure T-ACT = actiontime Reclaim time
DAR = DelayedAuto-reclosue T-DISCR= discriminationtime



ProtectionConcept for a HighVoltageLine

;. .... - .... .----.. .. .. .. .. .. .
¡ I .Close......... .. ,. ,. .. .. .. .. .. .
¡ 2 ¡. .. .. .. .. ,. .I II *

)
I

: ,"U m. ~ H:m..~ 25 ~m 79 .::.::'00.00...'

*) '

tH

-. 9,_u"- I m.~mm"~u_m: R I signaltransmission
I 85 ' PSD I h

.
'm..~.".m:..uuu:uuu~ S . to t e opposlteend

: : 1.00.u !, ,
, I, ,, ,
I I
, I, ,. ,, ,I ,I ,
I I
I I
I I
I I
I I
I I

67N ~ul ¡

21 distance protection
FO fault-Iocator
79 ARC, three phase
25 synchro-check
85 tele-protection supplement
67N DEF protection
PSD Protection signallingdevice

*) only in exceptional cases(as a rule only
ARC-controlledzone extension)



ProtectionConcept for EHV-lines
, ~

I I:. .Close,,,,I,,,,,II,,,,,I
I
I
I,,,

CS

3 3
Trip1 , Trip2

: :
: :I I
I I, ,: '
I L t ~-:
L ¡. :l. I

¡,
I
I
I
I,,,,I
I

50/51! !I ,, ,, I, ,, I-
.J., II ,I ,' "! ¡).f ---~ ,I I

I I
I I, I, I, ,, ,, ,
! 87R!

L_~-:.t ~ Ttripping of the
!circuit-breakerI

!block. ARC,
! ., I, I, ,I ,, ,
: :I ,

~
direct-tripping

channel

DIST.2 1*)
or ~lc,

¡21,
!or
I

: 87L,,,,II
I,-----------------------------------. ,,,,I

r-~-.~
channel 2 **)

I,,,,t_-------------------------------

,,I
I
I,,,,,,,I
I
I
I,,,I
I.--------------------------------------

,,
. ', ', '
: :
: :I I, ', '
: :
I I
: !.,-----,,, ,I

r-~-.ffi
channel 1 *)

*) distance protection 2 also with supplementary functions as
018T.1

**) differential protection 780522 requires a digital communication
channel (64 kSitls)

***) only on very long lines > approx. 150 km
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:quivalent Current Transformer Circuit

11 .x-- J 1

, N1
12=11'-

R N21 ......

N ,U2

jX2...
~ lo

lo

R 122 --

N1

81P1

Zb

P2 L¡--J
Ideal CT

82

Note:

X1= Prlmary leakage reactance
R1 = Prlmary wlndlng reslstance
~ = Secondary leakage reactance
lo = Magnetlzlng Impedance
R2 = Secondary windlng reslstance
~ = Secondary load

Normally the leakage fluxes X1and ~ can be negelected
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Current Transformer:

Phase Displacement (8) and Current Ratio Error (E)

N1
11. N2

N1 11.~ 12

N2

tl2
o

Zb

lo
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Course of the CT-fluxin the Case of Off-setShort-circuit
Current

Ip primary current I I
B - W. TN°TS(eIN -e TS)--1+
B- TN- Ts

t
8Max

(

TN

J

TS~TN
-=1+w.Ts. -
B- Ts

TN

total flux
- TN.Ts . k1Ts

tBMax- Ts - TN TNB

T. - Lw -~
s - R+Rs - w.tan<>

BMaX

A
B-

t

For 50 Hz (60 Hz) applies:

T. - 10900 r. ]
(

-r. - 9083 r.

])
s - Lms IS--Lms

<>[min] <>[min]



c. T.Overdimensioning Factor KTF

KTF (

Ts

K..=1+wT. ~: rT'

60

50

40

20

10

50 100 150

00 (KTF ::=1+ooT N)

closed
iron core5000

TN = Time constant of the
primary system

Ts = C. T. secondary time
constant

200 TN [ms]

_u_-- !- _! - -- . !_- - - . .. - - - . -- - ---

1000

r Ts [ms]500

250
linear core

100



Closed Iron-coreCT, Over-dimensioning Factor,

Limited Saturation-free Time (TM)
K'TF
25 TM~oo

K' TF = 1 + CJ)TN = 1 + XN
RN

20

16~:::¡ ~
!

10 -1 / I

K'TF = 1+ro TN[1-e-~:]

TM=35ms

TM=25ms

5

!
50 100 TN [ms]
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Course of the CT-flux in Case of Unsuccessful ARC

B

-----

BMax

t
1,:1 Ígp 1,:2

[

tF1 tF1

]

tsP+tF2

[

tF2 tF2

]

8Max
1

WoTNoTs
( TN Ts Ts 1

W.TNoTs
( TN Ts-= + e -e.e + + e-e

~ Th-~ Th-~

tF1 = duration of the first fault
tsp = duration of the ARC dead-time
tF2 =duration of the second fault after ARC



CT, MagnetisationCurveand Pointof Remanance

B
".~ 11I

" "
..,' ", /.~

/' ,,' /'/'
,l ,/' /'/'

l" ,,,' /'/'

,/,/ /'/'
;' / /.'/'
,,' ,~'," /'

1

'~ II ,/,"~'
, , ,/'
l ,l,/,
/ //,'/, '/
, ,

11

'/

1

;

,/,/1 l

/':'/// ,,/'" "

,/../ / /1
//

l l
, , "

//
l l

, , I l

/..f/ //
/./' / ,1, , l '~.~ ' "

~"..' ,,'"-.,; " ,=...,,,

H=im,w

1: closed iron care (TPX)
11: care with anti-remanance air-gap (TPY)
111: linear care (TPZ)



Course of the CT FluxduringUnsuccessfulARC
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A: clased iron care (TPX)
B: care with anti-remanance air-gap (TPY)
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ProtectionSettings on a double CircuitLine:
System Data for the Calculation Example

400 kV A

2000/1A

S"sc = 10000 MVA

Zo =1
21

ZVA1= 16 g

B e 400 kV

L2

double circuit line
1=150km

L4

double circuit line
1=80km

L1 L3

S"sc = 20000 MVA

Zo=1
21

ZVC1= 8 g

PN= 1000 MVA
S"sc = 2500 MVA

Zo =1
21

ZVB1= 64 g



ProtectionSettingintheCaseot doubleCircuitLines:
EquivalentCircuittorthe CalculationExample

A 8 e-........
ZL4 = 28.5Q :

. . . . . . . . . . . . . .'
./

IK1 = 2.19 kA ,'".'''.''.''',
.. :

~

Zu = 53.4 Q ZL3= 28.5 Q

IK2= 1.19 kA. Ph-Ph



Distance Measurement for Earth Faults:

Reach (in X-direction) Depending on the Relay Setting

kxER=(~~le and the SwitchingCondition

a) this equation applies tor ~ ~ 1.It ~ > 1
I I

X'OM
SF1(1+ kxER)+kxEM'-

then: X'OL
1+ kxEL

(

X' EL

1b) kxEL= X'1L 'ne

(

X'OM

1e) kxEM= 3. X'OL 'ne

~!- - ~ ~ -- . .

lay Reachot xii Ph-Eshort-circuits

i- --4 t ¡---4
x (1 + kxER). SF1 a)

x = SF1. 1+ kxER
x -
- =retertoEqu.(205) I X'OM

I 1+ kxEL I 1+ kxEL-kxEM.-
X'OL

i- --4
kXER setting with

J 85% 71% 108%
1+kEL x (75%) (64%) (98%)kER=-.--1 kER=0.71(0.5)
SF1 I

x f- = 0.85
I

1+ kxEL+ kxEM'
x / I

SF1 = 0.85 108% 85% 132%
kXEL= 0.71 kxER= 2-x/1 1

SF1

b) kXEM= 0.64 kxER=1.18

-Í-4e)
X'oM=0.72OIkm X'OM
X'oL=1.11 OIkm 1+kxEL+kxEM'- 65% 56% 85%
X'1L=0.3560Ikm X'OL xkxER= .--1

SF1 I

kxER= 0.31



Párallel Line

Measured Impedance in Back-up one 12

A Iph2- x -1

.

BI Iph3- z-ZL2' -E2ZL1' ZE1
~

IE2

ZoM1-2

Iph1-

--
IE1

ZOM1-2 X X
uPh-E =2..1. Iph1+ZE1. IE1+ - . IE2+-2..2. Iph3+-.ZE2. IE3
- - - - - 3 - /2- - /2 - -

With Iph1=IE1=IE2=lsc and Iph3 =IE3 = 2.lsc:

Zí U>h-E 1+~EU+~M1-2 Z 2 x 1+~EL3ZPh-E= - . u+ .-. . L2
Iph1+~EA.IE1 1+~EA /2 1+~EA

-
IE3

Iph4-

.
IE4

ZL2'ZE2

Ph-E

ZoM3-4

e

Ze1 ZOM1-2 ZE2
where: kEL1==--, kEM1-2 =- and kEL3==--

- 2..1 - 3.2..1 - 2..2

KERis the compensation factor set at the relay



 

 
 

 

 

 EJEMPLO DE AJUSTE 

 

El siguiente caso de estudio ilustra el procedimiento el cual debe seguirse para obtener 
los ajustes de un relé de distancia. La determinación de los ajustes es un proceso 
conocido, siempre y cuando se apliquen correctamente los criterios, pero la verdadera  
implementación variará, dependiendo no solamente de cada fabricante sino también de 
cada tipo de relé. 

 

Para este caso se considera un relé de distancia instalado en la subestación Pance en el 
circuito que va a la subestación Juanchito del sistema diagramado en la fig.  39, el cual 
provee un diagrama esquemático de las impedancias vistas por el relé. 

 

Fig.  39 Diagrama de impedancias del ejemplo  1 mostrando las impedancias vistas por un 
relé en la subestación Pance en el circuito a Juanchito 

 

Los números de cada barra corresponden a aquellos usados en los estudios de 
cortocircuito, mostrados en la fig.  40. Las relaciones de transformación del TI y el TV son 
600/5 y 1000/1 respectivamente. 

 

De los criterios de ajuste para la zona1: 

 

Z1 = 0.85 Z10-11 = 0.85(7.21 ∠80.5º )=6.13∠80.5º  del lado primario 

 

Y para la zona 2: 

 

Z2 = Z10-11+0.5(1+K1)Z11-9 

 
 

En este caso la constante de infeed se define como: 

11101118115111711141 /)( −−−−− +++= IIIIIK

para una falla en la barra 11. De los resultados obtenidos del cálculo de fallas listados en 
la tabla de la fig.  35 se obtienen la corrientes; luego reemplazando las mismas, se tiene 
que: 

K1 = 3.38 ∠ -0.37º  
Luego, 1 + K1 = 4.38 

De la misma forma, el ajuste para la zona 2 resulta: 

Z2 = 8.77 ∠ 80.93º del lado primario 



 

 

45 

 

 
Fig.  40  Salida impresa de corrientes de cortocircuito para una falla en la barra 11 

 
 

 
 



 

 

 
Para el ajuste de zona 3: 
 

Z3 = Z10-11+(1+K2)*Z11-17+0.25*(1+K3)*Ztrafo 
 
En este caso, la constante de infeed K3 se considera igual que K2 dado que el sub-
alcance en esa sección no es significante. Este procedimiento es común cuando se 
determinan los ajustes de zona 3. 
 
Para una falla en la barra 17, la constante de infeed se define como: 
 

1110111811511141192 /)( −−−−− +++= IIIIIK  
 
De la misma manera, reemplazando los valores de corriente obtenidos del listado de la 
fig.  35, se obtiene: 
 

K2 = 4.44 ∠ -1.36º 
Así, 
 

1+ K2 = 5.44 ∠ -1.10º 
 
Por lo tanto, el ajuste de zona 3 es: 
 
Z3 = 7.21 ∠80.50º + (5.44  ∠ -1.10º x  8.07 ∠ 68.71º ) + (1+4.44) ∠ -1.36º ) 11.95 ∠90º  
    = 114.35 ∠ 80.20º  
 
Los ajustes del relé, en ohms referidos al primario, son: 
 

Z1 = 6.13 ∠ 80.5º  
Z2 = 8.77 ∠ 80.93º  
Z3 = 114.35 ∠ 80.20º  

 
Los valores referidos al secundario se calculan con la siguiente expresión: 
 

TVRxTIRZZ prim /sec =  
Así se obtienen los siguientes valores, tomando solamente el módulo: 
 

Z1 = 0.736 Ohm 
Z2 = 1.052 Ohm 
Z3 = 13.72 Ohm 

 
Para el caso de relés digitales con característica poligonal, el ajuste se realiza 
normalmente con valores disgregados en R y X. 
 
Ajuste de la unidad de arranque: 
 
La unidad de arranque se ajusta tomando el 50% de la impedancia de carga máxima. De 
los estudios de flujo de carga, la potencia transferida de Pance a Juanchito es: 
 
 
 



 

 

S = 30.4 + j 13.2 MVA 
|S| = 33.14 MVA 

 
Por ello, 
 

Zc = V²/S = 115²/33.14 = 399.03 Ohm primarios 
    = 47.88 Ohms secundarios 
 
Zarr = 200 Ohms primarios 
        = 23,94 Ohms secundarios 

 
Ajuste de la constante de compensación residual para fallas a tierra 
 

1

10

30 Z
ZZK −=  

donde: 
 
K0  = constante de compensación residual 
Z1, Z0 = impedancias de secuencia positiva y cero de la línea 
 
Reemplazando por los datos de las líneas se tiene: 
 

K0 = 1.377 ∠ -6º 
 
Se adopta luego K0 = 1.4 
 
Ajuste de tiempo 
 
Retardo de tiempo para la zona 2: 0.4 s 
Retardo de tiempo para la zona 3: 1.0 s 
 
Chequeo de carga 
 
El ajuste de la unidad que determina la característica con mayor retardo de operación del 
relé debe ser chequeado para asegurar que no se solape con la zona de carga. En el 
ejemplo la carga es 33.14 MVA, lo cual es equivalente a una impedancia de carga de: 
 
 

Zc = V²/S = 115²/33.14 = 399.03 Ohm primarios 
    = 47.88 Ohms secundarios 

 
El alcance del relé en la dirección de la carga se determina como sigue: 
 

sin β = 0.818 sin(φ -30º) 
 
Donde el ajuste de φ es 75º. 
 

sin β = 0.818 sin(45º) 
es decir, 

β = 35.34º 
α = 180º - β -(φ -30º) 



 

 

definiendo α = 99.66º de tal forma que el alcance será: 

45sin
66.99sin)35.114(55.0

45sin

66.99sin55.0 3 ==
Z

ZX  

68.87=XZ ohms primarios 
 
La distancia hasta el punto de carga, expresado en %, es: 

%03.78%100
03.399

68.8703.399% =
−

= x  

Se concluye por lo tanto, que el ajuste es apropiado. 
 
Determinación de la cobertura efectiva 
 
De acuerdo con los ajustes calculados, en  zona 2 el relé cubre el 50% de la línea 11-9. 
Sin embargo, es importante determinar la cobertura de este ajuste a lo largo de la línea  
Juanchito-Yumbo (11-5) de 115kV y para ello se utiliza la siguiente expresión: 

 

)1( 12

12
2 KZ

ZZX
L

L

+
−

=  

 
La constante de infeed K1 en la subestación Juanchito (11) se calcula como: 

 
9.1/)( 11101118111711141191 =+++= −−−−− IIIIIK  

 
para una falla en 11. Por lo tanto: 

 

%9.7079.0
)90.11(79.6

21.777.8
2 ==

+
−

=X  

 
Como era de esperarse, el alcance de la zona 2 es menor a 50% de la línea Juanchito-
Yumbo, ya que la línea más corta es el circuito Juanchito 115 a juanchito 220. Los 
alcances del relé se dan en la fig.  41. 

 

 
Fig.  41 Alcances del relé de distancia del ejemplo  1 



 

 

 
 
EJERCICIOS PROPUESTOS 
 
Ejercicio 1: Para el sistema de potencia de la fig.  42, calcular: 
 

i) La resistencia de falla si la corriente de falla es de 200 A para una falla 
monofásica. 

ii) El valor de la constante de compensación residual. 
iii) La impedancia referida el secundario que ve el relé si es ajustado con una 

constante de compensación residual igual a 1 (100%) 
 
Datos: el TI tiene una relación 800/1 y el TV 11800/ 3  : 110/ 3 . 
 

 
Fig.  42 Sistema de potencia del ejercicio  

 
Ejercicio 2: Para el sistema mostrado en la fig.  43, determinar el alcance en ohms 
secundarios, de la zona 3 del relé de distancia instalado en la subestación Juanchito, en 
la línea que a la subestación Pance. Hacer chequeo de proximidad a la carga máxima. 
Calcular la constante de infeed para cubrir las líneas adyacentes y remotas, considerando 
los infeeds intermedios asociados con la barra 7 únicamente. 
 
Datos: 
 
Relaciones de transformación de los Ti y TV son 800/5 y 2000/1 respectivamente. 
En la fig.  44 se dan valores de cortocircuito trifásico para una falla en la barra 7; ellos 
corresponden a valores de línea (no por circuito). 
El ángulo de ajuste del relé es 75º. 
La carga máxima por circuito para la línea Juanchito-Pance es 40MVA con un ángulo de 
±30º. 
 



 

 

 
 

Fig.  43 Sistema de potencia del ejercicio 2 
 

 
Fig.  44 Magnitudes de corriente de cortocircuito trifásico para una falla en la barra 7 

 
 




