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Abstract— Power Quality (PQ) Management undertaken by most utilities including TNB involves monitoring/online measurement,
data processing & analysis, reporting and customers’ complaints management. The Malaysian regulator requires proactive
communication and PQ disturbance report covering specific details such as percentage remaining voltage, duration, and cause of
voltage sag/dip events to be shared with affected customers. The above-stipulated requirement can be easily met for
substations/exposed areas with online PQ measurements, which capture voltage magnitude and duration that could be corroborated
with tripping events. However, it is not practical to have online monitoring facilities as the majority of medium voltage (MV)
substations are not equipped with voltage and current transformers where measurements could be tapped. Current procedures of
characterizing voltage sag for substations without measurements facilities is time-consuming. In this paper, a fast procedure using
combinations of fault simulations and regression analysis to characterize voltage sag is proposed. Extensive results from 160
simulation cases comprising 4 network operating configurations, 20 fault distances, and 2 fault types are used in the regression
formulation. The results based on the proposed fast procedure for MV distribution network without online monitoring is found to be
fairly accurate.

Keywords— voltage sag (dip) characteristic; fault analysis; regression analysis; voltage sag propagation

downstream of the monitoring point, and iii) causes of
I. INTRODUCTION voltage sags, due to permanent faults originating from utility

Like many utilities, Malaysian integrated utility company network or customer’s internal installation or non-permanent

TNB, has set up online Power Quality Monitoring System falfll_tr? which is transllcenrt] orFl)nC|pé¢nt [i] [4]. vsis i
(PQMS) for the monitoring, data processing and diagnosis, e summary of the .Q Isturbance analysis in text
and reporting of PQ events. The system has assisted ir{orrr_]at IS sent to dlstrlbytlon operation and maintenance
managing customers’ complaints and meeting regulator'seng'neers at brgnch qfﬁces via short messaging syst_em
license condition for monthly and annual reports on power (SMS). for shanng W'th the affecteq customerg. This
quality performance. The complete system enCOmpt,issegroactwe communication helps to aIIewaFe complamts_e}nd
Power Quality Recorder (PQR) installed at strategic ena_ble customers - to  restart _tr|_pped sensitive
substations for capturing both voltage and current of I:,Qequment/processes. Reference [5] highlights the threshold

events at MV (33kV or 11kV), and communication link and voltage at Whi(_:h equipment may trip or stop working; such
servers at specific locations. Since 2005, more than 15g3s a starter coil that dr(_)p out at (.)‘6 per-unit (p.u.) voltage, or
monitoring points have been installed with permanent PQR 2 Variable-frequency drive that trip at 0.8 to 0.85 p.u. voltage.
throughout Peninsular Malaysia. The system uses a smar everal measures for surviving voltage sag or provide ride

software which integrates signal processing and artificial 'FOUgn capability were recommended, which include

intelligent techniques to diagnose recorded waveforms [1] [2 unir}terruptible power sm_JppIy (QPS)’ high breakdown torque
or induction motors, higher withstand voltages for control

3]. The system outputs, i) types of PQ disturbances such a: . . ; )
[3] Y utputs, i) typ Q distu N systems, variable-frequency drives, etc. The implementation

voltage sag, swell, harmonics, transient and notches, ii) o . .
location of sources of voltage sags at upstream Orof such mitigation solutions whether partial or for the whole
plant, depends very much on business investment decisions.
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Often, customers particularly in the electronic and plot/formula, and iii) obtain fault current from plot/formula

semiconductor industry expect the utility company to reduce and calculate relay operating time and duration of voltage

the number of voltage sag incidents per year. sag. Section Il shows the material and method while section
Besides a proactive engagement with the affectedlll presents the results and discussion. Validation of

commercial and industrial customers during the occurrencesimulation results and conclusion is provided in Section V.

of a voltage sag event, a standardized PQ report is generated

from PQMS Web based application (developed to compile Il. MATERIAL AND METHOD

all PQ data, register complaints and generate reports) and ,

shared with the affected customers. Key details include timeA Radial System

and date of the event, percentage remaining voltage and Based on circuit theory for radial systems and

duration, cause of voltage sag, and action plan. The report isymmetrical fault, the magnitude of voltage sag at the point

then submitted as required by the regulator in complianceof common coupling (PCC) during a short circuit can be

with the service level agreement. calculated using basic impedance divider as shown in Fig. 1
Since not all substations are equiped with permanentand equation (1) with the assumption that all load currents be

online PQR, it has been very challenging to communicate neglected [9] [10] [11] [12].

with the affected customers and meet the timeframe

required for the PQ report to address the customers Vsag

complaints. The existing procedure for characterizing

voltage sag for non-monitoring sites involves several steps, —‘ '—\

. . K . E Z g
which are, i) send protection team to check relay operation s fault
from suspected substation and download fault current data/Q——(:l—
from relay, ii) use the fault current data to calculate relay —

load

operating time, iii) calculate voltage sag duration, which is
the relay operating time plus circuit breaker operating time,
iv) verify type of fault and fault distance from the source, v)
draw the simplied diagram of faulted network, vii) calculate 7
source impedance and fault impedance, and vii) calculate Viag = —‘F—I,z 177 E (1)
magnitude of the remaining voltage using equations (1). The i
procedure is tedious and time consuming. ) )

Based on literatures, for lack of measurement networks, Where, E is the prefault voltage and is usually
the characteristics of voltage sag can be derived from singleappfOX'm?\ted as 1 per unit. _
measurement point as recommended by [6] using a Assuming the feeder has an impedance ohm per km
procedure based on Symmetrica' Components at thea.nd the d|Stance betWeen the SubStatlon and the faUlt IS
identified fault pointed. The procedure however requires then z = z|
operation and maintainance engineers at branch offices to =1
handle several parameters and variables which is challenging, Vsrzg - (Z4=z1) (2)
tedious and time consuming. Sazali et al [7] used patterns
captured by digital fault recorder and fault signature analysis
to formulate equations for different types of faults i.e.
lightning, tree encroachment and equipment failure in

PCC
Fig. 1. Voltage sag using impedance divider

The distancé is derived as:

transmission systems. The information from fault signature =% % _Yemg A3)
analysis is useful for transmission system operator to decide z 1-Weng

the next course of actions in an easier and faster manner. The
formulation _o_f pattern obtain_e_d from_ fault _analysi_s_ IS The fault currentlis given as,
relevant as it is not prudent utility practice to install digital
disturbance recorder at every substation.

In 2012, Kamble et al [8] performed a case study using I = - E (4)
fault simulations for 3-phase, phase-to-phase, 2-phase to (Zs+=1)
ground types of fault on an 11kV distribution system with
source of supply from 33/11kV transformers and compare
the results with online monitoring for classification of B. Meshed system
voltage sags in distribution systems due to short circuit faults. For a typical n-bus power system as shown in Fig. 2 and
However, no formulation was provided for non-monitoring assuming balance operating condition, a per-phase circuit
sites. This paper proposes a fast procedure formodel can be used [13]. Each generator/transmission grid is
characterization of voltage sag for MV distribution network represented by a constant voltage source behind appropriate
without online monitoring by using fault and regression machine/source reactance. Each transformer is represented
analyses to derive plots of remaining voltage magnitude andby its reactance while transmission lines are represented by
fault current versus fault distance for various network their equivalentt-model. All impedances are expressed in
configurations and fault types. The procedure involves 3 per unit on a common MVA base, i.e. 100 MVA.
steps i.e. i) verify the fault distance from the source, ii)
obtain the remaining voltage magnitude from the
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Bus | Bus h Bus m Busn Where s is the bus current vector entering the faulted

~ B bus andY, is the bus admittance matri¥y,s is the bus
( — () voltage vector giving the voltages of all buses. Bus current
vectorlysactually represents the current source of the n-bus
Fig. 2. Typical n-bus power system network, replacing the voltage source. During symmetrical

fault at bus ‘m’, the nodal equation becomes,

The pre-fault bus voltages are obtained from the load flow

solutions and are given by the column vectgyd@) in

- Y - LR 1) I 1} - .-'ﬁ‘-’ R
equation (5), ? }L% JL? }1T }%n :1
/v (o) 0 g o Vit oo Vo o Yhn || AV
; H = : : : : : =)
Vi (0) ~In(F) | | Yt Vi Yo Y | | AV
Ve o = : (3) H : : : : :
Vi (0) 0 Wt o Voo Yo e Von VALY
- ;U]- Or
" Tous (F) = Ve AWy (10
During fault, short circuit currents are higher than the load Solving for AT we obtain
currents. As such load currents are ignored. Using 9 ous '
Thevenin’s theorem, when a balanced three-phase fault is
applied at bus ‘m’ through a fault impedangetde changes AViye = Zpys Tpus (F) (11)
in the network voltages given  is equivalent to the one
caused by adding voltage{0), with all other sources short Where Z,s is known as the bus impedance matrix and is
circuited as in Fig. 3 [12]. obtained by inverting th#,,s Writing equation (7) in terms
of its matrix elements,
Bus 1 Bus h Bus m Bus n
Zsource —4 ~~~~~~~ %Y_A_an_l(.()) ————————— «‘i Zsource W {F]h i {U:] .«zu: zﬁf z”.‘ zj.‘“ |
i z i W, (F) i (0) Ty o Ei e Zhm o T
N i Im fault - E - E * : : : Nk
L m i L}_{F] Vm':ﬂ:] zrr.j_. zrrr' zrrrF "'zr_r.r!
Fig. 3. Typical n-bus power system during fault. W, (F) vi, (0) 4 “Ing o Eph o Tnm o Tan
0
Hence, the network bus voltage changes will be as follows, 5
FAV, : (12)
: —I,.(F)
AV, :
AWy, = M e 0
S Looking at the M row with non-zero element in the
hﬂ: ; current vector, the relation becomes,
.
Using superposition of the pre-fault bus voltages and the V. (F)=V.(0) - z.. I_(F) (13)
changes in the bus voltages, the bus voltages during fault arg s " " e
obtained as, ’ i
Ve (F) = 2¢ I (F) (14)
Vius (F) = Vs (0) + AV @ Combining these two equations yields,
In the Thevenin’s circuit of Fig 3, current entering every Iy (F) = —25 (15)
bus is zero except at the faulted bus ‘m’, where the fault ) Fmmt If

current is leaving the bus and therefore it is considered as a Therefore, for a fault at bus ‘m’, only element.zfrom

negative current entering the bus ‘m’. For a load flow z,is needed, which is the Thevenin’s impedance as viewed
calculation, the node voltage equation for n-bus network is from the bus ‘m’ into the network under study. For bolted

given by: fault, z is zero and the relation is reduced to,
Ve (00
Ipus = Yous Vous (® InF) = 2= (16)
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For the i row, the voltage during fault can be expressed as,

Ve F) = V(0D — 2 I (F) 17
Subsitute forl, (F} derives,
v, (F) = v,(0) - z—" V. (0) (18)

As such, equation (17) can be used to calculate the

voltage of the monitored bus ‘h’ or the voltage sag at bus ‘h’
due to a fault on any bus ‘m’ of the system under study. In
order to do this, th&,, of the system need to be constructed
and the prefault voltage of both bus h and m must be known
In this paper, DIgSILENT Power Factory commercial

software is used as the simulation tool for load flow and

fault analysis of 3-phase and phase-to-phase faults. Singlg

phase to ground (SLG) is excluded as TNB practise neutral
earthing resistance (NER) grounding method to limit the
earth fault current at full load current of the single power

transformer. Such method of grounding the star point does

not lead to voltage sag propagation to utilization level for
SLG fault [14] [15].

C. Fault Smulations and Regression Analysis

Fault simulations and sensitivity analysis by varying the
fault distance from PCC were performed using DIgSILENT
Power Factory software on a meshed power system with
typical transmission and distribution system configurations.

on dual-axis graphs of remaining voltage in per unit and
fault current in kA as a function of fault distance.

1) Case I: 2x30 MVA 132/11kV transformer with bus
section ‘OPEN’ and ‘CLOSE’ operational conditions. See
Fig. 4.

w7l
‘]
Y

[
[

PMUA32KVBuS

PMU11kVBusH1kVT1

Inactive
B Out of Calculation
B De-energised

Voltage Levels

132 kY
1.k

¢

Fig. 4. Case |- Model of 2x30 MVA 132/11 kV developed using DigSilent
Power Factory.

TABLE I
FAULT DISTANCE FROMPCC,REMAINING VOLTAGE AND FAULT
CURRENT FORCASE .

_Two cases of network configurations are considered in d (km) Vsag (pu) Vsag (pu) If(kA) If(kA) 2Txs
this Study_ 1Tx 2TXs 1Tx
 Case |: 2x30 MVA 132/11kV Transformer, 0.0 0.000 0.000 11.482 21.828
« Case Il: 2x90 MVA 132/33kV Transformer, and 2x30 8‘21 8232 gig; iéigg ig‘l‘gg
MVA 33/11kV Transformer. L . 0.6 0.154 0.266 10.367 17.926
The nerork parameters used in simulating the network—03 0.198 0332 10.012 16.790
configuration are as shown in Table 1 [12]. 1.0 0.239 0.389 9.677 15.766
15 0.329 0.502 8.880 13.555
2.0 0.404 0.584 8.167 11.811
TABLE | 25 0.466 0.644 7.537 10.427
NETWORK COMPONENTS ANDPARAMETERS. 3.0 0517 0.690 6.980 9311
No | Components and Network Parameters 3.5 0.561 0.726 6.489 8.400
Description 4.0 0.598 0.755 6.055 7.643
: 45 0.630 0.779 5.669 7.007
1 Grid Source (132|(V) 4600 MVA 3-phase 5.0 0.658 0.799 5.326 6.465
2 132/33 kV Transformer 13% 5.5 0.682 0.815 5.019 6.000
Impedance 0 6.0 0.703 0.829 4.743 5.594
5 | 132/11kV Transformer | . 6.5 0.722 0.842 4.495 5.240
Impedance s o7 Goei | 4ces| 4648
4 I?;ﬁ/ tl(jz\rfczransformer 10% 8.0 0.767 0.870 3.878 4.399
E 5 T cabi 8.5 0.779 0.877 3.707 4.175
11kV underground cable R,=0.1293: R=1.0518 9 0.790 0.884 3.550 3.973
5 | XLPE 240 sq mm 3 core _ vl
Al (ohm/km) X1=0.0889; ¥=12 . .
Table 2 summarized the the remaining voltage and fault
6 | Base MVA 100MVA curent recorded for each fault distance from fault simulations

For both cases | and Il, three-phase and phase-to-phas
faults were applied at various fault points under two (2)
different operating conditions, i) 11kV bus-section “OPEN”,
and ii) 11kV Bus-section “CLOSE".

Simulation results obtained for

fault current and

for Case I.

e The dual-axis graphs of fault current) (and remaining
voltage (M.9 versus fault distance plotted for 11kV bus-
section “OPEN”, and “CLOSE” are shown in Fig. 5.

remaining voltage at various buses are tabulated and plotted
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1.5 0.345 0.838 0.477 0.787 9.305
Iy and V. vs distance for 1Tx and 2Txs(parallel) 20 0.421 0.855 0.558 0.81d 8513
29.00 u.gou 2.5 0.483 0.869 0.620 0.844 7.820
23.00 —_ r 3'25“‘; 3.0 0.535 0.882 0.667 0.864 7.214
2100 K = [ o750 35 0578 0.892 0.705  0.87¢ 6.685
2000 I\ - ——=t 0700 = 40 0.615 0.902 0.735] 0.897 6.220
3 1700 = g - 45 0.646 0.910 0.760]  0.902 5.810
< 199 FNC —  osse 2 5.0 0.673 0.916 0.781]  0.911 5.447
£ 12.00 L y.a 0500 & 5.5 0.696 0.923 0.798 0.91§ 5.124
g 13.00 i — I 0.450 £
5 ﬁ% INT 0400 E 6.0 0.717 0.928 0.813 0.925 4.835
S 10000 [ KL oaso = 6.5 0.735 0.932 0.827] 0.93( 4575
R _7’ r AN L o300 E 7.0 0.751 0.937 0.838]  0.934 4341
7o -~ I g-fﬂ‘; H 75 0.765 0.940 0.848]  0.934 4.128
20 [/ — | o150 8.0 0.778 0.944 0.857]  0.943 3.958
300 |, =1 0100 8.5 0.789 0.947 0.865]  0.944 3.758
1o f T oo 9 0.800 0.949 0.872] 0.949 3.596
Distance, d (km)
l.andV.., vsdistancetor 132/33kV 2200 MWVA & 53/11KS 2x30 MVA
HkA) 1Tx F(kA) 2Txs vm I I~ .
Wsag (pul 1Tx Vsag (pu) 2Txs e 1 === - D=
i: — = | | - oo
Fig 5. Graph of fault current and remaining voltage vs distance for Case I. 210 - ! ' - D83
2000 - — D8O
2N —— o
2) Case Il: 2x90 MVA 132/33kV transformer and 2x30 70 A el s T
MVA 33/11kV transformer with 11kV bus section ‘OPEN’ | Z:z= \\ X —'7*'5-«- Tl e B
and ‘CLOSE’ operational conditions. See Fig. 6. oo P - Eji &
B2 soreoe éi: k\ N - e gn
E] Eroe o IS -
. =0 7 - 035 =
FILI1226VBus rere i: 11 e T 030
E E &0 |— 4 -““'""'- -....,""--.., - 025
50 —,’ P ——] D.20
B g :‘: __‘f — - D.15
; s ; s l'o _rf R
' ' 10 Hf X
oo 000
0005101520 1’5 3035404550556065707.5E50859085
FMUZIEY B/ 2260 T : ﬂ ﬂ ! Dist=nce (km)
i If ITXFPU P It 2Tx PPL(PMIL)
“N E] L=l Ej E] 1Tx PAL Wsmg 11kY — — 1T MU Vg 33k
T 2T PAL Wasg11kW 2T P Usag 33K
% - % @ Fig. 7. Graph of fault current and remaining voltage vs distance for Case II.
i O i

11kVBus/11kVBusT1

nacthe
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Fig. 6. Model of 2x90 MVA 132/33kV and 2x30 MVA 33/11kV

TABLE Il
FAULT DISTANCE FROMPCC,REMAINING VOLTAGE AND FAULT CURRENT
FORCASE .
1Tx 2Tx 2Tx
¢ (km) %/ngglplﬁ PMU | PPU | PMU If 1Tx
v Vsag33k | Vsagll| Vsag33| PPU(PMU)
\ kV kV
0.0 0.000 0.780 0.000 0.634 12.280
0.2 0.059 0.787 0.094 0.66( 11.845
0.4 0.113 0.795 0.176 0.687 11.415
0.6 0.163 0.803 0.248 0.705 10.997
0.8 0.209 0.810 0.311 0.726 10.593
1.0 0.252 0.819 0.367 0.745 10.204
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The results obtained for Case Il are summarized in Table
3 and graphed in Fig. 7.

The graphical representation of both fault current and
remaining voltage versus fault distance provides clear visual
guide to operation and maintenance engineers at branch
offices to obtain information on fault current and remaining
voltage of an impactful fault event causing voltage sag when
the distance of fault from PCC is known. By projecting
upwards from the horizontal distance axis, both remaining
voltage and fault current of the particular fault distance can
be obtained from the primary and secondary vertical axes.
As an example, for a fault distance of 2.5km, the remaining
voltage is 0.65 (pu) and fault current is 10 kA under 11kV
bus-section “CLOSE”" configuration.

The duration of the voltage sag event can then be easily
obtain from the formula for relay operating time (for typical
Standard Inverse definite minimum time relay) involving
fault current as shown in equation (19).

Relay operating time (s) = 7 o % TMS i(19)

ST

Where,



Ir = =,
i

8.027x10C - 1.485x10x" - 9.916x10

Fault Current (kA) 453 4+ 2.202x10% - 2.31K + 12.29

lg: Fault current (A)

Network configuration: Bus-Section “CLOSE” (Equations for 11 kV|

I5: Relay Pickup current setting (A)

Voltage/Fault Current Derived Equations

TMS: Time Multiplier Setting

Assuming that breaker operating time is 50 ms, then the
duration of voltage sag is relay operating time plus breaker
operating time. As such the full characteristic of a voltage

6.982x10°¢ - 2.039x10x* + 2.364x10
¢ - 1.414x10%% + 4.825x10x +
2.742x10°

Remaining Voltage (p.u)

-2.129x10% + 8.859x10%* - 1.471x10

Fault Current (kA) 181 12792 - 6.46% + 20.17

sag i.e. magnitude and duration can easily be derived from
the dual-axis graph developed from fault simulations.

On top of the visual dual-axes graphs, formulation of the
curves is done using regression [16] analysis. A summary of
the formulas derived are shown in Table 4 for 3-phase fault
of 132/11kV 2x30 MVA configuration and Table 5 for 3-
phase fault of 132/3/11 kV 2x90/2x30 MVA configuration.
The formulas for 2-phase faults and other network
configurations can be derived using similar method.

Key variable that must be known for using the formulas is

Network configuration: Bus-Section “OPEN”" (Equations for 33kV)

Voltage/Fault Current Derived Equations

-8.337x10P¢ + 1.942x10%* — 1.417x10
3¢ + 7.319x10% + 4.021x10x +
0.7792

Remaining Voltage (p.u)

Network congiguration: Bus-Section “CLOSE” (Equations for 33 kV]|

-2.994x10P¢ - 1.741x10x* + 1.806x10

Remaining Voltage (p-U) | a5 3595105 + 1.303x10x + 0.6360

the fault distance: in the formulation. By knowing the fault
distance and type of 11kV cable, remaining voltage
magnitude and duration can be quickly derived for areas
without online monitoring. PQ report can be completed on
time without delay and having to send protection personnel
to download relay data which is a time consuming effort.

I1l. RESULTS ANDDISCUSSION

A. Validation of simulation with calculation

The accuracy of formulation based on simulation is being

validated by comparing the values from simulation with

TABLE IV

DERIVED EQUATIONS FORCASE | CONFIGURATION WITH3-PHASE FAULT
AT 11KV FEEDER

Network configuration:

Bus-Section “OPEN”

Voltage/Fault Current

Derived Equations

1.094x10°% - 3.992x10x* + 6.161x10
% - 5.318x10%° + 2.866x10x -

calculation using equation (1) for 3-phase fault as shown in
Table 6 for remaining voltage (Case | — Bus-section
“CLOSE") [16][17].

TABLE VI
% DIFFERENCEBETWEEN SIMULATION AND CALCULATION FOR
REMAINING VOLTAGE (CASE | —BUS-SECTION“CLOSE")

Remaining Voltage (p.u) > 367210 dkm) | VS29 (pu) 2Txs | Vsag (pu) 2Txs| Difference
201X (Simulation) (Calculation) (%)

0.2 0.100 0.098 -2.04%

9.484x10%C - 1.976x10x* + 6.601x10
Fault Current (kA) 3% + 1.532x10x - 1.977x10x + 11.492 0.4 0.190 0.179 -6.15%
0.6 0.260 0.246 -5.69%
Network configuration: Bus-Section “CLOSE” 0.8 0.330 0.303 -8.91%
Voltage/Fault Current Derived Equations 1.0 0.380 0.352 ~7.95%
8.460x10°¢ - 2.434x10%* + 2.762x10 15 0.490 0.449 9.05%

.460x - 2.434x +2.762x
2.0 0.570 0.521 -9.40%
Remaining Voltage (p.u) | 3¢ - 1.560x10h + 5.193x10x +

3 44115 2.5 0.630 0.576 -9.38%
3.0 0.680 0.620 -9.68%
Fault Current (kA) -3.349x10% + 1.269x10X* - 1.950x10 3.5 0.710 0.656 -8.23%
% + 1.585¢- 7.508 + 21.88 4.0 0.740 0.685 -8.03%
4.5 0.770 0.710 -8.45%
5.0 0.790 0.731 -8.07%
TABLE V 5.5 0.800 0.749 -6.81%
DERIVED EQUATIONS FORCASE || CONFIGURATION WITH3-PHASE FAULT 6.0 0.820 0.765 7.19%
AT 11KV FEEDER 65 0.830 0.780 6.41%
Network configuration: Bus-Section “OPEN” (Equations for 11kV) ;g 8228 8;(9):2% 'g'gizf
. . . -o. (1]
Voltage/Fault Current Derived Equations 8.0 0.860 0.813 -5.78%
8.5 0.870 0.822 -5.84%

Remaining Voltage (p.u)

% - 6.079x10% + 3.057x10x +
1.527x10
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The percentage difference is marginal with highest being
9.68%. The Root Mean Square Error (RMSE) calculated for



remaining voltage formulation is 0.0461 (4.61%), which is
small. [

B. Validation of simulation with online measurement
The result for % remaining voltage from simulation is

being compare with voltage sag (% V) from actual event (2]
captured by online measurement as shown in Table 7.
[3]
TABLE VII
% DIFFERENCE BETWEEN FORMULA FROM SIMULATION AND ONLINE [4]
MEASUREMENT FOR REMAINING VOLTAGE(CASEI —BUS-SECTION
“CLOSE”)
| ooy | vsag 5]
Point of Date & q ITxs ®Y | Difere [6]
common time of (km) (Online 2Txs nce
coupling event measure (formu
ment) la) 7]
SMRK 29/11/14, | 4.0 0.70 0.75 -7.14
03:55AM
TKLG 17/01/16, | 3.0 0.65 0.69 -6.15 [8]
10:50AM
BBRU 02/08/16, | 1.5 0.46 0.50 -8.69
02:55PM 9]
RBDR 06/07/17, | 0.4 0.18 0.19 -55 [10]
06.19PM

The percentage difference is between -5.5 % and -8.69%d11]
for fault distance between 0.4 to 4.0 km. This showed that[lz]
the formulation for characterization of voltage sag using
fault simulation and regression analysis is fairly accurate. 13

13

IV. CONCLUSIONS [14]

The authors have formulated equations for deriving
voltage sag characteristics for distribution system under tW°[15]
(2) different configurations 132/11kV and 132/33/11kV and [1¢]
two (2) operating condition i.e. bus-section “OPEN" and
“CLOSE". The formulation is done using short circuit
simulations of DIgSILENT Power Factory commercial
software and regression analysis for two (2) types of [17]
impactful faults i.e. 3-phase and phase-to-phase faults.

The fast derivation method enables voltage sag
characteristic to be made known to affected customers in
areas without online monitoring. The characteristic of %
remaining voltage and duration can be evaluate against18]
standard like MS IEC 61000-4-34 (Class 3) to understand
the immunity level of these customers. With this simplified
and fast method, utility like TNB can not only meet the
timeframe imposed by the regulator on PQ event reporting
but also provides full detail on the voltage sag characteristic
fairly accurately.

Further research is ongoing to extend the formulation for
other distribution network configuration such as 132/33kV
2x90 MVA with 33kV cables of various lengths to 33/11kV
2x30 MVA substation.
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