N

N

Symmetric Components for Transient Regime
Application in MV Systems
Wan-Ying Huang, Robert Kaczmarek

» To cite this version:

Wan-Ying Huang, Robert Kaczmarek. Symmetric Components for Transient Regime Application in
MV Systems. IPST 2007, 2007, Lyon, France. pp.1-4. hal-00242531

HAL Id: hal-00242531
https://centralesupelec.hal.science/hal-00242531
Submitted on 6 Feb 2008

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://centralesupelec.hal.science/hal-00242531
https://hal.archives-ouvertes.fr

Symmetric Components for Transient Regime
Application in MV Systernr

Wan-Ying Huang and Robert Kaczmarek

Abstract-- In order to apply advantageously the symmetrical
components theory to SLG fault transients in distrbution systems
we take profit of similitude of transient componens in faulty
phase current and in zero sequence current on fayltfeeder. Then
we are able to take into account the load currentantribution
within voltage drop account of zero sequence equilent circuit.
The result is an Extended Zero Sequence circuit, obetter
accuracy comparing to Traditional Zero Sequence cauit or Full
Sequence 0-p-n circuit. It presents accurately engh a MV
system response to an SLG fault occurrence, whereamditional
equivalent circuits assume only one frequency andais.
Consequently, the new zero sequence circuit is moeslapted for
evaluation of amplitudes of actual transients or fofault location
tasks.

Index Terms—power distribution lines, power cables, fault
diagnosis, fault location, equivalent circuits

|. INTRODUCTION

principal problem here is with supply voltage, whio case of
the zero sequence circuit should be the pre-falage in the

fault occurrence point. This voltage, that we gateption one,

often cited in literature [12] has never been gigeranalytical

form and usually is replaced by secondary transéowoltage,

with intention to assure zero sequence voltage theeparallel

branch carrying zero sequence currents (Fig. 2 pitoper

calculation of this voltage is a topological chafie, because it
depends on taking into account the faulty phaseentr
contribution in zero sequence overall voltage demgount,

what seems rather contradictory.

We have solved this difficulty by integrating this
contribution not explicitly, but as a correctionctar in the
input voltage. Thus this voltage is given an anedytform
without altering the zero sequence current paths.

The new circuit is an extended Zero Sequence QCirtui
presents better performances than any of equivalettorks
in use, both in terms of waveforms equivalence tedfault
parameter’s range in location procedures.

mmetrical component theory has been for decades a

successful approach in power system fault analjdis
with negative sequence and zero sequence quaniiess
for relaying. A special challenge is its applicatito the still

Il.
We consider a radial networlFi§g. 1) supplied by a

DEVELOPMENT

unresolved problem of an SLG fault location in disttion 9enerator through a delta — star transformer gredndfith
networks. The problem is fundamental, as an arsabyased on Petersen coil (PC). A single line-to-ground (SLGjulf
symmetrical components assumes only steady stdtsiagle through a resistandg is installed on one of the feeders at the
frequency ph_enomena, either for fund_amental frequen an gistancd; from busbar on the phase 3.

extracted salient component of charging currenitec¢dmain

frequency” component. This orientation, denying essc to = Iy, .
useful fault information contained in transient wborms, i 5
limits efficiency of equivalent circuits in evalimt of N ] |
transients and in fault location procedures. ~oIT- l vy

For almost two decades two Single Frequency appesac J%mki C‘D"CfT SRS R
in full sequence 0-p-n equivalent circuit have betmlied for v, log = .
fault location task: the method exploiting Main éuency of e O I B R R =
charging components [2-5] and the one which useedRa L, i =ty \ = E
Frequency component [2, 4, 6]. The simulation tssulere H Iph: <=2 \\ —
reported satisfactory for small value of fault s¢snce. W b v [Zul i\\‘\?f $ . .

Not more successful were other location proceduies, s RS CfT fT TI
the method based on iterative identification ofltiagection £ = = =

3

followed by application of current pattern ruleq, [@nother
one using recursive least squares approach [8jrtficial
neural networks [9], wavelet, ANN and differenteduation
[10] or least squares fitting [11]. None of thesetiods

rea(c)hed bfeyond Sbfault reﬁlstange Va“lje'k ¢ trul Uital The traditional zero sequence representation caepine
ne of reasons may have been lack of ruly equNae, .., sequence branch in series with the faultyeotirbranch

.CII‘CUIt. capable to reproduce .adequatg response atit fsupplied by the secondary transformer voltage, mnbsthe
inception voltage both in transient and in steathtes The . L
times with line impedances neglected.

Fig. 1. A phase-to-ground fault in a radial netkyaall the sound feeders
aggregated in one



t=0 where the Fortescue transformation matrix T is

ZL Ry YEID 5 Iy 1 1
T=la* a ©)
T-‘h@ g 7= 3 Chot - ) a a

When getting back to the phase referential by left-
multiplying the equation (5) by T, we obtain (7)

Fig. 2 Traditional equivalent circuit

It can produce good transient response for weallt fau Var =Va—E+Z,, 1y +kY, (7)

resistance values and with the fault located neasbér. _ _
Otherwise the equivalence is always poor evenéf fulty With the correction component of the supply voltage
segment from the fault to busbar is included inesewith R

(Fig. 2). Z, 1 1 [,
A. Steady state fault regime E=|Z, . 2% a 1l (8)

With fault on phase 3 we take this phase as referéh) 7 a a? |

up_0 |1 ph2
1

‘V ViV ‘ ah @) the capacitive correction factor
and the equation system for the network of the Eipas the k=1-Z,, .jwsC, (9)
form (2) -

where the up-stream self impedance is

Vsl |- Ri1; 1 [

V., | =V, =V,|] +V|a® _[Zup]lphl @ Z _l(z +Z +Z ) (10)

sz f2 a | o up_s — 3 p_up n_up 0_up

where the symbols are:gVphase to ground voltage on fault The voltagev,, in (7) can be expressed (Fig. 1) by
emplacement for the k-th phase,-Von Petersen coil, - on s =R (-1,) and then the (7) becomes

the k-th transformer secondary winding, 5 the matrix of the

up-stream line impedances angy is the k-th phase steady

state current in system with fault. v, =V *E {R’f +ZS_UP} f (11)
The voltages Y are considered the same before and after k k k

fault occurrence, in other words the influence hid fault on

the internal voltage drops in sources is neglected. This equation is structurally the same as the one

The phase currents on phase 1 and 2 are composealdof representing the traditional zero sequence equivatgcuit
and capacitive current, whereag;lis the sum of load, (Fig. 2):
capacitive and fault currents. The latter can beodgosed to
get explicitly the fault current | V,=-V,-R I, (12)

Loba = (1 ong = Vor )+ Lop =(1 g =1og )+ Ja3C Vo =1 B)  ith the zero sequence voltagk and the fault current;
supplying the zero sequence branch of Petersemandilthe

We note zero sequence capacitances in parallel. In the empvivalent
circuit the fault position is taken into accountida through
I 'prg =1 ohs ~ lof (4) the correction componentE/k of the supply voltage

(accounting for the role of the symmetric up-stream
impedances) and explicitly through the upstreamf sel

and get in the symmetric components domain impedance in the fault current branch.

Vio L 2w s Vora ¥ 168C; Vo ' In usual conditions the coefficient k can be asated to 1,

— -1 . .
Vin| =Vo|0 +V|0 = Zip_n T o 3 as the up-stream self impedance is always very weak
Vio 1 Zip_o I oho comparing to that of the capacitive reactance ef fdwlty

(5) feeder. For a network e.g. of 8 line feeders, 3@auh, fault



location near loads and distributed line paramefgr.144F

and Z,=(0.198+j0.325Q/km the value is /_\1 oo
1-(3M07° +j10°) 01. This leads to simple form of the = 50+
extended zero sequence circuit (Fig. 3) with incepéoltage g 0
o -Ie, Io_r
Vipe =-V3 +E (13) 0
inc 3 oo | , , , . |
10 15 20 25
t=0 t (ms)

Igp s Zlg

"”I 3Cy ,‘\EKCtnt : cg%

Fig. 3 The new extended zero sequence equivaieotit

"
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In order to construct the new equivalent circuit wesd to
know the transformer secondary voltage before thelt f
occurrence, three phase currents on the faultyefeexttual
tuning and symmetric distributed line impedancese T

calculated inception voltage (3¥E) is very near the simulated

value on EMTP complete system model (Tab.1).

TABLE |
INCEPTION VOLTAGE SIMULATED IN FULLEMTP MODEL VS THE EQUATION
BASED VALUES (THE CAPACITIVE COMPONENT NOT CORRECTED

Fault position 0 0.5 1
Inception voltage [V] as i
equation (13) 5507 5183 4874
Inception voltage [V]
simulated 5507 5209 4932
Error [%] 0 05 1

B. Transient regime

Once the inception voltage properly calculated, ¢heuit
will reproduce transient regimes upon its switchimg at
inception moment. The equivalence is much bettn that on
traditional circuit (Fig. 4), permitting good evation of
charging currents’ amplitudes.

20
T15
210
B
EC ,EMTP
0
0 0.01 0.02 0.03
t (=)

Fig. 4 Faulty residual current from the full EMTRrctit and from its
equivalent circuits: the traditional zero sequeciceuit (T) and the extended
one (EC). in a 10kV network of 8 feeders,
(22.5+24+26+28+32+34+36+37.5)km, tuning 100%, ttmatls 10MVA and
R = 50Q at 0.8 ofthe 37.5km feeder’s length.

The zero sequence current on the faulty feelderis
dominated by the faulty curreht (Fig. 5).

Fig. 5(-I1) , lpnz andlo ¢ in a low resistancghase-to-ground fault in a radial
network

The zero sequence current being easily measunableise
it to get a quasi-sinusoidal componénis (4) out of the faulty
phase transient current. This component is vergecho the
pre-fault phase current on the faulty phase (Figpaticularly
on low capacitive lines and at heavy loads.

15 20 25
t(ms)

Fig. 6 The pre-fault current on the faulty phasmnstructed out of the after-
fault faulty phase current :(Igfo 1) vs. the original pre-fault current
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With zero sequence capacitance the corresponding t
constants are very short and the capacitive cuwgreah be
rapidly taken as sinusoidal. If on the other hahd fault
resistance is not too high, then the zero sequeoitage also
takes rapidly sinusoidal form.

Then the right side of the equation system is quasi
sinusoidal and the system (14) can be reasonaddyed with
Fortescue transformation, with its right side tfanwed
explicitly when multiplied by T:

-R/1, -4V, 1 |'ph3 + ja3C,V,
-1 Jp— 2 [ ] (14)
TV, =T (V1 +V(a = Z,]! o )
Vi, a I oh2

with both voltage drops of the fault current asated, the first
over fault resistanceRd; and the second over upstream
impedance\V;.

When getting back to phase coordinates, the lafe,si
without being transformed explicitly, presents agk drop
over the faulty current brandfi + Z,,) carrying the faulty
currentl;, whereas the rignt side completes the extended zero
sequence circuit by the inception voltage/s~ E) and the

zero sequence brankRp.

The assumption of quasi - sinusoidal nature of (is4)
pertinent only under conditions mentioned above. #s

consequence, the equivalence of circuit issued abuthis
analysis will be assured in shorter range of feedistance in
cable systems comparing to that in overhead lines.



I1l. NEW CIRCUIT TO FAULT LOCATION

The extended zero sequence circuit has been appliad [5)

three parameters least squares minimization prgbiemere
the actual fault resistand& fault positionl; and inception
angle @ are given by the equivalent circuit's best fittiogyve,
with EMTP currents taken for reference data. Tkien§j uses

data of transient fault regime. The EMTP currente
calculated with

frequency dependant parameters.

robustness reasons the Levenberg — Marquart digwitis
adopted with a modifiable positive tepgd added to diagonal
Hessien matrix.

At each iteration the output parameters are under a
fulfilment test,

satisfied in proximity of the reested

minimum of minimization function at confirmation ah the
next calculation step involves less than 10% viamabf R,

1% variation ofl; and 0.2° variation of inception angle. As the

optimization constraints we haw >0 and O<I<1(relative
values).

The algorithm has been tested on overhead and &able

radial networks with a SLG fault. In an eight feexldine

system of lengths (22.5+24+26+28+32+34+36+37.5)kin, [12]

95...105% tuning, inception angles from 0° to 90°MMA
total load and the fault resistance up t@3ke have got the
fault position with less than 10% mean error re&tio fault
position.

In cables high fault resistances are not relevdng

insulation breakdown being generally definitive, iokly
developing to permanent solid fault. The cable iver®f the
extended zero sequence circuit [13] can be easiyldped
on the basis presented here. In tests on a 3 feeaudie
network of feeders’ length (3.63; 4.84; 6.05)kmMMA total
load, at 95...105% tuning and inception angles frértoMO0°,
we have got the fault position with average eresslthan 10%
up toR=2000Q.

V. CONCLUSION

Correct calculation of inception voltage assuresodyo

equivalence of new extended zero sequence cirdiiis

voltage takes into account the contributions otlloarrents on
the fault-to-busbar segment of the faulty line. Agxbin curve
fitting procedures the new circuit permitted to fpdsrward

the parametrical limits in SLG fault location prdcees.
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