Paper accepted for presentation at 2009 IEEE Bucharest Power Tech Conference, June 28th - July 2nd, Bucharest, Romania

Control Real-Time Flowchart for Symmetrical
Components of the Power Systems

S. Costinas, C. Zoller and R. Dobra

Abstract--The symmetry of voltages, among other parameters,
into real power networks, is essential for ensuringoptimum
performances of the electrical systems and a stanahquality of
energy. To control this, there are specific electti and electronic
relays, which are hardware programmed to survey symmetrical
components of currents and voltages, [1], [2]. Thepaper
describes a fast flowchart to control the positivesequence,
negative sequence and zero sequence componentsalfages and
currents that are generated into the real power syems, using the
facilities of the VEE Pro software — for simulation and a data
acquisition board — for real time control with the PC, as a
complex protective relaying.

Index Term-- Data acquisition, Flowcharts, Industrial power
systems, Protective relaying, Power quality, Samplg methods,
Voltage control.

Any arbitrary set of three phasors, say,v, v, can be
represented as a sum of three sequence sets:
Va=VQ+Va +Va

)

0+ -
Vp =Vp+Vp +Vy s

0

Ve =Ve+VE +Ve-

where v9 vQ v0 is the zero sequence set) vi .viis the

positive sequence set and, v,V is the negative sequence

set. The positive sequence set is represented by a dealan
system of phasors having the same phase sequentte as
original unbalanced system. This set consists etphase
line-to-neutral voltages supplied by the power eyst
generator and therefore of positive or counterchos& phase
rotation. Thus, the phasors of the positive segeisystem are
equal in magnitude and displaced from each oth&nl8;

|. INTRODUCTION The negative sequence set is represented by ackdlan

EAL power systems must be symmetrical and balanceystem of phasors having the opposite phase segferm

so for practical purposes they must be analyzelde original system and, therefore, a negative @magation.

consequently[3]. Frequently the degree of unbalanc&he phasors of the negative sequence system areglsl in
cannot be neglected4]. Such cases may occur duringnagnitude and displaced from each other®2
emergency conditions like unsymmetrical faults (@ndéwo- The zero sequence system is represented by thmgke si
phase short-circuiting), unbalanced loads, opendectors, phasors that are equal in magnitude and phase. tNatehe
unsymmetrical operation of rotating machines, ¢ [6]. zero sequence system is a set of rotating phalsars a
Electrical power systems require specific standaeggrding
energy quality [7]. For this reason, we have dgvetb a
digital technologies based on a peculiar fast floavt which
provides information in real time on symmetricahgmnents
generated by the asymmetry of the systems in #imiormal
operating conditions. Reference [8] shows an exarplfast
method for identification of symmetrical componerfts
power system protection.

Electrotechnical general theory offers mathematimabels
based on Fortescue theordgj, Such cases may be calculate:
analytically or graphically with specific difficis when
zssteerraz?tlon theory can be applied (on linear ymesl Only three of the sequence values are un'\ggl,g,;,\l;; the

The key idea of symmetrical component analysis ds bthers are determined as follow:

—a —
yi=afyt Va

Fig. 1The symmetrical components of three unbalancedgett.

discompose any unbalanced (unsymmetrical) thresepha 1 43 3
. _ . 2_ 1 .43 2
system of phasors into three balanced systems a$qps, a——7+17 and a —-5—17-
know as the: positive sequence system, negativeeseq in which aand -2 are phasors operators
system and zero sequence system. a a P P '
vi=vp=vd
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presented in figur8, supported by the temporary voltages. In

+
V. 1 1 1111 1 1| |Va order to obtain the symmetrical components values t
V, =\1§ 1 +\l; a’ +V.| a|=|1 a? a \l; .(4) following calculation will be made.
2 2 -
Ve 1 a aj [1 a aj)\vy START

This being possible because A", the symmetrical

transformation matrix, is different from zero “(5)” SampleVe(t) — Store to Shift Refisterl, Output Curran(t)
SampleVy(t)) — Store to Shift Refisterl, Output Currahgt;)

1 12 1 SampleVy(t) — Store to Shift Refisterl, Output CurréVy(t;)
A=[l a° a|z0. ©)
1 a al

Delay Atso for f = 50 Hz
DelayAtg for f = 60 Hz

IIl. THESIMULATION OF SYMMETRICAL
COMPONENTS

For simulation of symmetrical voltage components ha ( Samplevy(t.)—Store to Sgift Refésterl,Jr(an)sfms(t.) to Output1Prew
. . —Output Curren¥y(tiq
synthe5|zed a gra_ph|c_al preram USHQVEE -PI’O. software SampleVy(ti.1)—Store to Shift Refister2, Transfej(t;) to OutputlPrev>
[10] whose graphical interface is presented inrigey [11]. N S »s?]qfttp;t Eurregmgj(m)m Outouiop
. . . o(ti-1) — St t ter3, 1) t tput:
HP VEE is a powerful visual programming language that e 10 e Gy ) t0 OutpUzPrew:
handles day-to-day programming tasks in instruncentrol,
measurement processing and test reporting. It Hiegpltest ‘
development with enhancements for system integratio [ Delay Atso for f = 50 Hz]
debugging, structured program design, and docurtientdt Delay Ateo for f = 60 Hz
automates instrument configuration, acceleratesitbation of
operator interfaces, streamlines test sequencirysianplifies ——
. . SampleV,(ti.,)—Store to Shift Refisterl, Transfeyt) to Output2Prew Transfer

application development and management acrossAbed V(ti1) to Output1Prew»Output Curren/tiz)
Wide Weblt supportsActiveX@ControIs that add app”cation- SampleVi(ti.)—Store to Shift Refister2, Transfej(t) to Output2Prew»Transfer

. . . . . N Vi(ti-1) to OutputlPrew>Output Curren¥p(tiz)
SpeC|f|C functlonallty, and prowdeﬁctlvex Automatiorinks SampleV(tio)—Store to Shift Refister3, Transfe(t;) to Output2PrewTransfer

for seamless integration betweeHP VEE and other V(ti1) to Output1PrewOutput Currenw(tiz)
applications such as databases, spreadsheets, and w
processors. :

A MATLAB/GUI based fault simulation tool for power Calculate V= 1/3[Vq(ti1) + Vu(ti) + Ve(ti2)]

Calculate V' = 1/3[Vq(tia) + Vi(tio) + Ve(t)]
CalculateV °= 1/3[Vq(t}) + Vi(t) + Vi(t)] or 1/3]Va(ts) +
+Vi(ti-a) + Ve(tia)] or 1/3[Va(t2) + Vi(tiz) + V(tiz)

system education is presented in [12], [13].
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Fig. 2. The simulator interface for direct compoisen Switching-off

Voltage
Ill. CONTROL REAL-TIME FLOWCHART

A simple algorithm for symmetrical components yaig
and monitoring is described in [14].

For real time control of the voltage symmetrical
components was developed a peculiar fast flowclzart Fig. 3. The flowchart to obtain symmetrical computse




Using these method measurements will be done fatrelift o
sequence time positionst,I ,ti 1,ti 5 respectively,with a WO o s -
specific sampling time 06.66 [ms] for a 50Hz frequency valli) | o Yellil, )

voltage.
For obtaining zero sequence components must sumn

three sampling voltages at specific tinnieor at ti 1or at

ti i 2as graphically presented in figutdi.e " 0" ).

For obtaining positive sequence components mustrean
three sampling voltages v (tj ) +Va(t; 1) +Vc(tj_o) as

graphically presented in figure(i.e " ¢ ).
For obtaining negative sequence components musngdm
three sampling voltages vc(tj ) +Va(tj 1) +Vy(tjo) as

graphically presented in figure(i.e XX *" ). Fig. 4. The voltage samplings and the strategytain
Every shift registers has an output as currénprevious symmetrical components.
and 2 previouswhich refresh information at every sampling
momentt, . At one moment on the current output can be read FOr €very measured voltagg(t),v,(t),ve () there is a
' ) . . ) specific shift register (i.e shift registerl, shiétgister2 and

voltage amplitude at sampling time , on thel previous ghift register3 respectively). For every calculated sampling

symmetrical voltages an comparator determine ipeetve
1 voltage is in between permissible standard limits
and on the2 previous output can be read voltage amplitude at

sampling timeti o respectively. The presented flowchart [ll. PROGRAMS SYNTHESIS OF THELOWCHART SIMULATOR

output can be read voltage amplitude at samplimg tﬁi

sequentially treats what was above presented fdr ealtage

component, taking into account that sampling vaitagre  USiNg the facilities of the HPVEE Pro software the
stored in to shift registers. Temporary voltage%raph'cal program presented in figure 5 was obthine

e Sampling voltages are obtained through #iB Config and
Va(t),vp(t),ve(t) are presented in figurd. “Get Single Valuginstrument.
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Fig. 5. The graphical program for symmetrical comgras relay.

1926 c
= Ve i " @
89 18m
—|Ve {t+66ms) |«
2312

i

o




The sampling voltages are refreshing shift regigtaphical
instrument outputs (current, previous ani2 previous).The
direct compilation of the current, previous or2 previous
digitized information, by summing them, gives thera
sequence voltages component.
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Fig.6. The graphical program for symmetrical congas relay
and advanced configuration of the hardware.
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Fig. 7. The graphical relay interface for voltaggsmetrical components

The cross compilation of the same information:

Vp(ti ) +Vvaltjq) +veltin)

Ve(ti ) +Valtig )+ Vp(ti o) ©)
gives the zero sequence, respectively the negatageience
voltages components of the system.

The graphical synthesized program cyclic refresiudsge
information with a constant time delay of 0.66(6)s].

In the graphical program appear also instruments
comparators, data continuous inputs as “real knofos”
prescribing references admissible values, disptdgrcalarm
indicators and meter indicators [15].

For laboratory testing’s of the above describedplgical
software we used a data acquisition boBfl 9805 series
from Data Translation, [10].
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The obtained virtual instrument is used for readeicontrol
of the voltage symmetrical components has the gcaph
interface presented in figuiand contain the same graphical
instruments as already described.

V. THE EXPERIMENTAL SYSTEM

The synthesized virtual system gives information
connection with voltages lines of the controlledveo system.
Voltages are measured using three voltage measoteme
transducerd, T,, T;, like in figure8.

in
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Fig. 8. Basis scheme the virtual instrument.

The information of voltages from the three netwphases,
are brought in computer via a data acquisition @obr order
to become an operational system, it is necessainstall the
driver's operating system of the data acquisitioarh and the
adapted application software to a dedicated PC.

If the unbalance degree exceeds the reference gaium
the graphical program, then using the I/O port leé tata
acquisition board a switching-off command will Geem.

VI. CONCLUSIONS

The problem to control voltage symmetrical compdasiém
power systems, especially in Romania, is a mafteiowvelty,
with a high opportunity and seeks adjustment togpecific
Communitarian European Standards

In order to determine the voltage symmetrical congmbs
has developed a new technology that allows a fast
identification in the abnormal conditions for manmihg and
maintaining them in the default indicators in terofstheir
asymmetrical point of view.

The algorithm for processing the synthesized veltag
information for monitoring power systems requireatad
processing of only nine voltage samples taken ireeh
e@nsecutive stagesThis method gives the advantage of
getting a quick response on the state system mstef its
symmetry.

Was develop a virtual simulator for symmetrical
components using a dedicated software and in otder
measure in real time the symmetrical componentsrtaal
instrument was developed using data acquisitionchaad a
graphical program namédPVEE Pro.
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The virtual instrument was adapted to the symrrmjtridli%] Zoller, C.,Fotu |., Virtual instruments to analyze the quality of the

components flowchart for power networks.

The symmetrical components flowchart was synthesimk
based on it, using a virtual instrument we can meagoltage
symmetrical components with. The virtual instrumenitl
work as a protection relay for every symmetricahponents,
positive-sequence, negative-sequence and zero+ssgju
respectively.
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