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1 Unbalance 4-wire line equations:

Ua Zs Zm Zm Zpn||la
Ub Zm Zs Zm Zpn||Ib

= 1
Uc Im Zm Zs Zpn| |lIc W

Un Zpn Zpn Zpn Zn | |In

Zs :%(zo +2[71) @)
Zm = %(ZO -71) (3)

1.1 Measurement between phase A and phase B wire

A la_

Ua Ub

\4

Phase-phase measurement
Using equation (1)

Ua =ZsUa + Zm b
Ub=ZmUa+Zs b

and

la =—1b

Ua -Ub =2la(Zs — Zm[)

With equation (2) and (3)
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Ua -Ub
Ila

=21

The positive sequence impedance Z1 will be received as the result of the phase to phase measurement.

Input data in PowerFactory: R1, X1 (Z1)

1.2 Measurement between neutral and PE (earth) wire

A

U"l PE

Neutral —PE measurement
Using equation (1) with Ia=Ib=Ic=0:
Un=Z(N-PE)Un

? =Z(N — PE) with Z(N — PE) = Zneutral + Ze
n

The Z(N-PE) impedance will be received as the result of the neutral — ground (PE) measurement.

Input data in PowerFactory: Neutral impedance (Rn, Xn)

Zn = Z(N - PE)
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i SILEN
H

1.3 Measurement between phase and PE (earth) wire

A 173l

1/31

— |B

c 13l

N

u JPE

Phase — PE (earth wire) measurement

Using equation (1) with In =0

U=1/30ZsT+Zm 0 +Zm )
With equation (2) and (3):
U=1/3xz00

ZO(PH -E)=2Z0= g

Input data in PowerFactory: Zero-sequence impedance (RO, X0)

Z0=Z0(PH - E)

1.4 Measurement between phase and neutral wire

A 13l

1 |g 1l

c 13l

N In

U lU" PE

Phase — neutral measurement

Using equation (1):
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U=13WzsT+ZmU+Zm)+ Zpn Un
Un =1/3U WZpn + Zpn + Zpn) + Zn Un

With:

U=1/3WzZsT+ZmU+ZmU)-Zpn
Un =1/3U UWZpn+ Zpn+ Zpn)—Zn

With equation (2) and (3):

U=1/3Z0T -Zpn and Un = I {Zpn — Zn)

Subtraction of both equations:

30U - Un)
I

ZO0(PH - N) = =7Z20-6pn+31¥n

Zn from measurement neutral to ground, Z0 from measurement phase to ground (PE)

_ Z0+3Zn-Z0(PH - N)

Zpn
P 6

Q)

Input data in PowerFactory: Phase-neutral coupling impedance (Rpn, Xpn)

1.5 Data conversion without N-PE measurement

If the measurement between the neutral and the PE (earth) wire does not exist the following simplification can be assume:

Phase — neutral wire measurement:
ZO(PH — N) = Z1 + 3 [Zneutral (5)
Phase — PE (earth) wire measurement:

ZO(PH -E) = Z1+3 e )

The neutral — PE (earth) wire measurement is:
Z(N = E) = Zneutral + Ze

With equation (5) and equation (6)
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Z(N_E):Zn:ZO(PH—N)+Z(;(PH—E)—2DZ1 -

Using equation (4), (5) and (6)
ZO(PH - E)-Z1

Zpn =Ze =
P 3

Q)

Input data in PowerFactory:

Zero-sequence impedance ( R0,X0)

Z0=Z0(PH - E)

Neutral impedance (Rn, Xn)

_ ZO(PH = N) + ZO(PH = E) =2[ZI
3

Zn

Input data in PowerFactory: Phase-neutral coupling impedance (Rpn, Xpn)
_ZO(PH -E)-Z71

Zpn
P 3
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