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SIEMENS

Basic principle of impedance protection

Localization of short-circuits by means of an impedance
measurement:

» fault on the protected line
Z1

relay A 4
= fault outside the protected line 2 R
relay A
®_ £ é < v, ’
e=m)  selectivity
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SIEMENS

Distance measurement (principle)

O u 4 é Z = R+iX,
|
O o=

_O II?S: Ze = Rp +) Xg
UL1UL2UL3
6 loops: 3 phase- phase loops and

3 phase- ground loops

phase- phase -loop: Uin=2Z (1 -1)

L Measured current
measured voltage
The same applies to the remaining loops

06.08.97

Page 3 November 09 Energy Automation Energy Sector™™”

HV Power Seminar Nov 2009



SIEMENS

Distance measurement (principle)

R +j XL

Lo
il

Ze = Re +) Xg

A 4 A 4 A 4

UL1UL2UL3

phase-ground-loop: Uy =4y - (ReH]X)- e - (Re 4 Xg)

I |

1.1, le measured current
—— U,;  measured voltage

The same applies to the remaining loops

06.08.97
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SIEMENS

Load and short-circuit impedances

distan(_:e relay Z !
2E2rr2(tzltnegristic %’ i
xA Fault area @ — I O1T—F— = I'
SR IER
. : D Fl e Z, gad

Phase - Phase Fault
Rg=Rg/2

Phase - Earth Fault
Rg = R: /(1 + Re/R))

1 -
! Fault in
I reverse

1
! direction

!

Minimum Load Impedance:
Minimum voltage 0,9 Un
Maximum current 1,1 In
Maximum angle  + 30°
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SIEMENS

Principle of (analog) distance relaying

ISC

ARG — | Zsc e

U;= k[ Use= Ky IsclZsc.
| —

VAV
‘”’\;'/ Relay design:

comparator operation if
P U<y,

l.e. ZSC< ZReplica

—

2 \ .
Reoi
P Ext. fault
U=k, [
Zeepica (line replica impedance) IsciZgepica [/ Internal fault
(corresponds to the set zone reach) \/ R
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. . SIEMENS
Fourier analysis of measured values

. ; Processing with two
SEE ST 1 orthogonal filters | =
(k)

st T ji C(k)
A

S

\
[ 1(wt) Bin et dt RVARY

[ I(at)Eosat dt

@-360°
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SIEMENS

Fourier analysis: Filtering characteristics

© Siemens AG 2008
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i, Iz

Discrete Fourier transform (window = 1 cycle)

01 3.

T,

ol

T ryrjypryryryprypr 1
0123\_.‘_|_|_\_‘ N
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ls= 3[
N

||MZ

m(wmmt)m}

lc= %[2 +2 +zcos (wm w)m]
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SIEMENS

Impedance calculation using U- and I-phasors

U =U % =U @/ R 7

| =1 @7 =| @ 9, =¢Iﬁu -9,

Z=21e" =Z[(cosg, + jlsing,)=R+j[X

>»t=0
ity : U U .
Z :LIJ: :% :Llj_@](¢u_¢l) :TEOS(¢U _¢| )+ JI_Sln(¢u _¢| )
B N\ N J N\ - Y
R X
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Distance protection SIEMENS

Impedance calculation using U- und I-phasors (princi ple)

+T/2 +T/2

Re{u,} -—Dj u, (t) Gos(w, M)t Re{l, _—Dj i, () @os(w, Bt
Im{u, } ——ﬁTj/ZL(t)E-km(wom)jt Im{1,} ——ﬁﬁ(t)@mwo[ﬂ)dt
U, =Refu }+jim{u,} 1, =Re{t, }+jim{1,}
ut)=U, (e =U, [[cos(wlt +¢,)+jsinwlt+g,)]  iLlt)=1 @ =1 fros(wd+g)+ jsinwid+g)

U =R O +jX O,

w =ImU }Rell, } -Refu, }m{1,}

Re{!L} + Jlm{QL} :(RL + jXL)[ﬂRe{l_L} + Jlm{l_l_}) L~ Re{l L}Z + |m{| L}Z
Re{u,} =R, (Re{l,} - X, im1,} i i
Im{u, } =X, Re{l, }+R, m{1,} R = Re{QL}I[;;{Gi{I_}Lz}:II:‘{{IQ? s,

Note: This calculation does not consider the a-periodic DC component in the measured signals
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Distance protection SIEMENS

Fast impedance estimation using Kalman Filters

t

= A [5in(ot) + B Ocos(wt) -e T |+ CEos(wt)

[
(t)
Task: Estimation of the coefficients A, B, Conba  sis of
measured currents and voltages
Method: Gauld's Minimization of error squares:

k 2
lta= =T
Delta ZN(U(I) (.)) ) MIN

Delta = quality value

k = sampling number
@ N = length of data window
[ = variable
Delte _
dA dBdC
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Distance protection: Adaptive measuring method

Jump detector

SIEMENS

[ .

)
i Fault mceptlon /-\

\ / Z =100%

R !

RV

Estimator 1 (Gauss)
(5 samples)

Estimator 2 (Gauss)
(7 samples)

Estimatorr 3 (Gauss)
(9 samples)

Estimator 4 (Gauss)
(11 samples)

Estlmator 5 SGauss)
(13 samples

Normal measuring step 1 (Fourier)
(2x16 samples, 5 ms shifted)

Normal measuring steﬁ éFourier)
(2x21samples, 5 ms shifte

, As previous measurement

November 09 Energy Automation
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Distance protection,
Typical operating time characteristic

30

25—
Operating time (Ms) 20

SIEMENS

15—

10 -

Short-circuit data:

SIR = 26

f=50Hz

Fault: L1-E

5 shots per fault case
Fault inception: 0°... 90°
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70 ' 80 ' 90 ' 100

Fault location in % zone reach
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Distance measurement
Fault loop formulas

SIEMENS

Vi=R [EI_Ll _% O [+)X |1, -—F0¢
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Relay _
location 1, R+ X,
> 1
o, —
>|L3 : %
Via|Via|Vis Ph-Ph Ph-E
l |E RE + J XE
. — ]
Phase-to-Phase loop: V3.1, = (R + X )Ji{Liy =1.)
Phase-to-Earth loop: Vii=lu [(RL + jXL)_l_E [(RE v jXE)

X
X

L

15.10.97
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SIEMENS

Graded distance zones

L
At = grading time
Ytime Z, g T T
I
Z \¢ t, r-""7°" oo
____T___' I
@ N it I - I ) I _____
D1 D2 D3

_ — distance
Grading rules:

Z,=0,85Z,z ;)z?lfety margin is 15
Z,=0,85(Zpg + 0,85 Zg() = line error

Z;=0,85(Zpg + 0,85 (Zgc + 0,85 Z-p)) =CT, VT error
= measuring error
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Determination of grading times SIEMENS
(With numerical relays 250 ms is possible)

2nd Zone: It mustinitially allow the 1st zone on the neighbouring feeder(s) to clear the fault.
The grading time therefore results from the addition of the following times:

= operating time of the neighbouring feeder mechanical 25 - 80 ms
static: 15-40
digital: 15-30
circuit breaker operating time HV/EHV: 60 ms (3 cycles) / 40 ms (2 cycles)
MV up to about 80 ms (4 cycles)
_distance relay reset time mechanical: approx. 60-100 ms
static: approx. 30 ms
digital: approx. 20 ms.
_errors of the distance relay internal timers mechanical: 5% of the set time, minimum 60-100 ms
static: 3% of the set time, minimum 10 ms
digital: 1% of the set time, minimum 10 ms
_distance protection starting time ~ *) mechanical: O/C starter: 10 ms, impedance starter: 25 ms
static: O/C stater: 5 ms, impedance starter: 25 ms
digital: generally 15 ms
safety margin (ca.) grading; mechanical-mechanical: 100 ms
static/digital-mechanical or vice versa: 75 ms
digital-digital or static-static 50 ms

*) only relevant if the set relay times relate to the instant of fault detection / zone pick-up. This is the case with all Siemens relays. There are other relays where the
time is adapted by software to relate to the instant of fault inception. In the latter case the starting time has to be dropped.
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SIEMENS

Determination of fault direction

Fault location f ‘ % Where is the fault ?
‘D
A Current area for Impedance area for
forward faults X forward faults

Current area for Impedance area for
reverse faults reverse faults
current / voltage diagram impedance diagram

The impedance also shows the direction, but ....
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SIEMENS

Impedance measurement and directional determination

Why impedance measurement and directional determination separately?

Page 19 November 09

=
=

k1]

©

line characteristic

e

fault with arc resistance
in forward direction

fault in forward direction

close-in fault

fault in reverse
direction

Energy Automation

R

— direction may be determined together with the impedance measurement
but: problems may arise in certain cases (e.g. close-in faults)
separate directional determination required!

Energy Sector
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SIEMENS

Alternatives for the directional measurement

S e o T o, B
e = — f
=_=_@_|Z [ El_é_ fault L1-E
Method 2
Vi
Vi
¢
Vs Vi

VL3 V|_2_|_3 VLZ
voltage memory

healthy-phase voltage (pre-fault voltage)

(phase to phase voltage)
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SIEMENS

Directional measurement
Summery of all 3 methods

Ug) = Upo.

/L3
/]L( U= U

/ K/ X
A\
VARV

} Distance measurement

Measuring Uy :
. } } Direction measurement
1
window : l with voltage memory
U 5 . .
L2Ls } Direction measurement
i with unfaulted voltage
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Impedance zones of digital relays (7SA6 and 7SA52)
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Ring feeder: with grading against opposite end

SIEMENS

grading time
(S)
— 0.6

0.3

The same grading from both sides
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Grading in a branched radial system

SIEMENS

O

N— | - |
L2 | |

N — | o — |
L3 | |

The impedances of the Z2 and Z3 must be grading wit

November 09

Energy Automation

h the shortest impedance
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