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v. o
m Distance Protection Voltage and Current Calculations in the Test Room

In distance protection testing, an impedance relay is used to protect a line by calculating impedance
using line current and voltage. The calculations in the distance room require injecting current and
voltage proportional to the impedance of the relay. The training covers distance test calculations,
along with proof for various fault types and testing methods. There are three common methods to
calculate fault voltage and current for distance relay testing:

Constant Z-1 Method

. Constant Z-I Method In this method, the fault current is considered constant, and the fault voltage is
calculated by entering the impedance

- -
TS

In the Test Object window (Test Block), pay attention to the maximum test impedance (max(V)),
which depends on the maximum test voltage displayed in the table for various fault types under the
**Device Limits** section.

Single phase fault 71 max= Ve / V3 1+KL] Tonet

Two phase fault ZL max= Vinax ! 2Itest

Three phase fault Z1 wax= Vinax/ V3 Jiust
Figure 2

Constant Z-V Method

In this method, the fault voltage is considered constant, and the fault current is calculated by entering
the impedance.

V...
jl" — 1851
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Figure 3

calculated by entering the impedance. In the Test Object window (Test Block), pay attention to the
minimum test impedance (maxl), which depends on the maximum fault current displayed in the table
for various fault types under the ‘Device Limits’ section.

Single phase faults Z1 min= Niest/ | 1+KL] Tmax
Two phase faults Z1 win= Yipzt/ 2. Lnaxe
Three phase faults 21 min= Yieat/ Trnaxe

Constant Source Impedance Method

Figure 4

In this method, neither voltage nor current is considered constant, but instead, the fault voltage is
calculated using the source impedance (Zs) and the source factor (Ks). Information from the source
may vary, but eventually, Ks and Zs are converted into usable values for calculations. All of this data

is related to source impedance and is finally used in calculations.

In the next step, based on the chosen test method, fault current and voltage can be calculated in the
‘Distance Room'’ under the ‘Setting’ tab, ‘Fault’ subsection, and ‘Test Model’ group. Click on the sliding

field to select the desired mode.

- Fault
- Test Model —[/] LL Same as LE ———
Constant test cument ~
Test 2000A

Maximum Fault Impedance

L-E

L-L

15.88 0
27.50 0
31.750

Figure 5

Understanding the Concept of Source Impedance Ratio (SIR)
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Consider a single-phase equivalent circuit of the network with a source or SV voltage. This network
consists of the source impedance (Zs) up to the relay installation location and the line impedance
(ZL), which the protection relay will monitor. The voltage measured by the relay is denoted as RV.

Z5 ZL
f | . 2 | 1
—_ | S
VR
= @
Figure 6

The system voltage seen by the relay is calculated using

. Z 1
- V. e - V.=T,= Ve

Z. . Z.
Z (1+—) 1+ —
VA

L

Figure 7

the ratio between Zs and ZL, known as the ‘Source Impedance Ratio (SIR), which is represented by
the following equation:

Z. V.

1+ SIR

SIR =
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Figure 8

Also, using the following relationship, the voltage from the source to the short circuit level can be

calculated asTherefore, the voltage measured by the relay during a fault depends on the SIR value and

ultimately on the line impedance. Using the relationships for Ks and Zs, fault voltage and current can

be calculated for the test.

- Fault
- Test Model
Const 5 no. >
Mode Z5 and KS W
Source Type
ZS maa 1,000 0
Z35 anole 0.00°*
kS maa 0.3333
kS angle 180.00 *
Figure 9
aa dad Zs
ZsandKs
oty w2 Ke
St G ld Zar
Zsyand Zgp
o N oo Zso
e il pagpge 5 Rk S X5, Rs
RSE}E’ ’;(;x Sl 5 (e a2 30 4 ety ey RepRs, XX
(53 med
SIR and Ks ot a g o 2 SR
ot s Ks
LSS gl oy JLatl (g 8l ) 7 Sec
SSCand XR
i B a3 agrge i 2 XR
S sl el s ol sl Lo I
ISC and X'R
(i el 123 bl sy s e XIR
Zs=Zs
Ks=(Zso/Zs—1)/3
Zs=Re+jXe

s* Zs=Rg+j Xg = Rep/Rs * Rs + Xop/Xs * Xs.

SIR = |Zs|/|Z.]. Z line length in Ohms set on Test object’s “System Settings™ Tab

Sscr1r=Veamrs " 2/1Zs

Sscra= Vaamrin" 2/ 125 * (1+ Ksll

XRor:=tanlIm{Zs} /Re{Zs})

X/R: = tan(lm{Zs * (1 + Ks)} / Re{Zs * (1 + Ks)})

Tscrr1= Vamin/ |Zs|

Ticn=Naamra/[Zs * (1 + Ksll

Figure 10

Current and Voltage in Different Fault Types

So far, explanations have been provided regarding methods for impedance calculation. This section
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discusses the relationships of fault current and voltage in the software using the equivalent circuit for
single-phase, two-phase, and three-phase faults

Single-Phase Fault:

The figure below shows the equivalent circuit of the line in the case of a single-phase fault. For
calculating the current and voltage of the faulted phase and the other phases, methods such as
constant current, constant voltage, and constant source impedance are used, with the calculations for
each provided separately.

S
Zake ~ O .
B WBR
Zake —— O .
| I | h—y
I WaR
28,8 A~ S
\, ViR
) | | 1)
(1) = Relay
Figure 11

In Z-1 Constant Method, the fault current (test current) is considered constant for all test points. Using
the impedance and test current, the voltage is calculated as follows:

i, | _Imtiq}ﬁix}'q*{lﬁ._}z._}_ [ Vi | _Itaat'|(]+KL)'zL|iq}vﬁ_
i, |=|0 | Vi =] Vi
;| |0 | Vi ] | Vi

Figure 12 ) i

In Z-V Constant Method the fault voltage (test voltage) is fixed for all test points. Using the
impedance and test voltage, the current is determined by:

Vi —
Vi | [Veidov,, i |z |0 teson
Va || e i |0
Vel |V i |o
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Figure 13

In the Constant Source Impedance method, the fault current and voltage are calculated according to

Kirchhoff's law as follows:

Vi
L (1+K ) Z, + (11K )Z ., Vig L (ItK)Z .,
15 | 0 _1”'31%_ _“vﬂ.-ll K.Z, |
Figure 14
Proof of calculations in the Constant method:
—_— . —_— ——
| I | | I |
VN 69 (R IR?
VR? Fault
ZSE = (Z05-215)/3 ZLE={Z0L-Z1L)/3
1 ' 1
ISE L — IE D —
— —
Figure 15
Z.'m.'..'.'

[=] = =T,
i LE

If_\‘r ZZEJ.E +ZL.IL_ZLE.IE_ZE.IE4)V\‘: ZI(ZE +ZL +ZLE +ZE)

V‘-‘ factor- £ Z, If\-‘ Zr: Z
= XY=z —ERh s V7 (1+2E)+ 2,1+ 25)
I Iz oz

Tota
l—JE—' \—.L—l
Z(1+K)+Z,(1+K,
=, LW R A AR g r—0
Vi
Vig=1-Z, (1+K}) Vip =V -1, K;.Z; Vizg = Vay
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Figure 16

. Two-Phase Fault

The equivalent circuit for a two-phase fault is shown below. For the faulted and healthy phases,
methods like constant current, constant voltage, and constant source impedance are used, with each
calculation presented separately

ke~ B .
2 WR Z
Y O - v
H | VaR a jm
L] VFT.
| (1)
[~ ]
(1) = Relay ZE

Figure 17

In Z-1 Constant Method, the fault current remains constant across all test points and is the same for
the two faulted phases but 180° out of phase. This results in the following relationships for current
and voltage:

- test™ 1

1 _Itaati P vy Pz Vi
1, (=] 1,*1.£180° . Vo [=| £
Vir

1. 0

Figure 18

Proof of calculations in the Z-I constant method:
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Relay Position

Z35 ZL

1 I 1
I | I
s VR3 R=i5 ZL
— — —
| S| | S |
VR2
zs zL Fault
1 1
I VR1 T I

V3N "‘\;’ V2N {’\J' VIN
ZE
I 1

Figure 19

Vin =Zsls +Viy
Vix =—Zsls +Vayy p———>
Vi = Vasy

= Ve =21 - VR;E

= V...
]ﬂ = Vaoy =Vauw — 24,1 Vesw =21, — R;L —2Z,1;

Verw +Vraw +Vgsy =0 .
i ———> 2y +Vasy = 22,1,
—>Vay —Vaan = ZZLILIE

Negaive
= V AT V AT
= Vey=-2; I; - R;" = Ve =Z1; - R;"
Figure 20

-In the Z-V constant method, the fault voltage for all test points is equal to the faulted two-phase line
voltage (Vtest = VIN-V2N). Given the fault impedance, the line current and voltage are obtained from
the following relationships:

C OV ] o Vi |
—. - = i"'-P['.. 5 ;.'EPE___ N _ ztaatl-T‘H
il 2| best "'i,.,i'iR _ﬁ.‘:
i, |=|1,%1.180° | Vi 7| Zahm
i.| |0 V, )
RS
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Figure 21

Example: Two-Phase Fault (L1-L2) Assume a fault impedance of 1 ohm with an angle of 0° is used for
testing. In this fault type, the angle between the line-to-line voltage and the corresponding current
creates the desired impedance angle. The results for phase angles and magnitudes are:

PreFait:

Vi =11020 . Vg =63.512-30 , I, =1,..20
Vipp; =110£-120 . Vi,p =63.512-150 . I, =1,.,2-120
Vg, =1104120 . Vi3 =63.51.290 . I,=1_,2120

Fault(L.1-L2):
Vi, =V, 20

test

V.5 =63.51.290

- W'”?_I-E, _\f?_E-E, = V;p.n‘éo Sumn Pt _ . T _ T —
pEs 524V, = 5020 - 63.51290 > Vi, = 40.412-51.79 , Vi, =40.412-128.21
= Vg + Vg = Viss

Figure 22

In the Constant Source Impedance method, the fault current and voltage are obtained as follows
according to Kirchhoff's law:

1'”"1::' r::*{
i1 2(E5+‘E tas-t) V]R 1";11‘{- il‘EE-
i, [=| i, | Ve [=| Vet 1,Zs

| i 3 | 0 Vi Vi

Figure 23
Three-Phase Fault

The equivalent circuit for a three-phase symmetrical fault is illustrated below. Faulted phase
calculations are performed separately for constant current, constant voltage, and constant source
impedance methods.
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B
ZeKo .
? 2. VR z
ZsKs O ? Feuik
. VR 3
Zsits | I,
ViR
ISS)
. . . 2]
ZE

(1) = Relay
Figure 24

In Z-1 Constant Method, fault current is fixed across all test points, and the fault voltage for all three
phases is calculated using:

i, ] | L0y 02 Vi || L |20 | £,
L [=| Ll @y 0z | - | Vg || Lew- |2 | £ Py,
5 _Imtiq::,;:~~ "z, | | Vag | _IEI. Z; | L0y ]

Figure 25

In the Z-V Constant Method the fault voltage is set equal to the phase-to-ground voltage for all test
points. Fault currents for each phase are determined as:

_V _
_ - ZESI étpv'-\ -{PE|
1i'lr;-l-l;\‘.._ 1"“;-t.a-g,t‘él::'l:'!Tn.._‘b‘ 11 L
v
Vg |= V:es:itpv.m - |12 |7 ZEH £, Pz
. L
1“33- Rrrtestitp*» M 13 vV
= ‘itpl'. 0
ZL 1M 1
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Figure 26

In this method, both fault current and voltage are calculated using Kirchhoff's laws, considering the
source impedance. The relationships for fault current and relay voltage are

1i|i':-]:'--.' "i,v.-"]:"_ z test

B l ] Z & T2 best _1'5-"1- ] Z 5 TZ test
1 _ 1. .

i L= v 2N ) W — 1;2_ Z tegt

-‘ ZE-+Zt=-at _m ZE-+Z tast
15 o Vig ]

Vay ) Vi L

ZE-_l_Z tst ZE--I_Z tzst

Figure 27
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