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Abstract--The symmetry of voltages, among other parameters, 

into real power networks, is essential for ensuring optimum 
performances of the electrical systems and a standard quality of 
energy. To control this, there are specific electric and electronic 
relays, which are hardware programmed to survey symmetrical 
components of currents and voltages, [1], [2]. The paper 
describes a fast flowchart to control the positive sequence, 
negative sequence and zero sequence components of voltages and 
currents that are generated into the real power systems, 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, Sampling methods, 
Voltage control. 

I.  INTRODUCTION 

EAL power systems must be symmetrical and balanced, 
so for practical purposes they must be analyzed 
consequently [3]. Frequently the degree of unbalance 

cannot be neglected [4]. Such cases may occur during 
emergency conditions like unsymmetrical faults (one or two-
phase short-circuiting), unbalanced loads, open conductors, 
unsymmetrical operation of rotating machines, etc [5], [6]. 
Electrical power systems require specific standards regarding 
energy quality [7]. For this reason, we have developed a 
digital technologies based on a peculiar fast flowchart which 
provides information in real time on symmetrical components 
generated by the asymmetry of the systems in their abnormal 
operating conditions. Reference [8] shows an example of fast 
method for identification of symmetrical components for 
power system protection. 

Electrotechnical general theory offers mathematical models 
based on Fortescue theorem, [9]. Such cases may be calculated 
analytically or graphically with specific difficulties when 
superposition theory can be applied (on linear presumed 
systems). 

The key idea of symmetrical component analysis is to 
discompose any unbalanced (unsymmetrical) three-phase 
system of phasors into three balanced systems of phasors, 
know as the: positive sequence system, negative sequence 
system and zero sequence system.  
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Any arbitrary set of three phasors, say cVbVaV ,, , can be 

represented as a sum of three sequence sets: 
−+++= aVaVaVaV 0 ; 

−+++= bVbVbVbV
0

; 

−+++= cVcVcVcV 0 . 

(1) 

where 0
,

0
,

0
cVbVaV  is the zero sequence set, +++

cVbVaV ,, is the 

positive sequence set and −−−
cVbVaV ,,  is the negative sequence 

set. The positive sequence set is represented by a balanced 
system of phasors having the same phase sequence as the 
original unbalanced system. This set consists of three-phase 
line-to-neutral voltages supplied by the power system 
generator and therefore of positive or counterclockwise phase 
rotation. Thus, the phasors of the positive sequence system are 
equal in magnitude and displaced from each other by 2π/3. 

The negative sequence set is represented by a balanced 
system of phasors having the opposite phase sequence from 
the original system and, therefore, a negative phase rotation. 
The phasors of the negative sequence system are also equal in 
magnitude and displaced from each other by 2π/3. 

The zero sequence system is represented by three single 
phasors that are equal in magnitude and phase. Note that the 
zero sequence system is a set of rotating phasors also. 

Fig. 1 The symmetrical components of three unbalanced voltages. 

Only three of the sequence values are unique, −+
aVaVaV ,,0 ; the 

others are determined as follow: 
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in which aand 2a are phasors operators. 
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This being possible because ”A ”, the symmetrical 
transformation matrix, is different from zero “(5)”. 
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II.  THE SIMULATION  OF SYMMETRICAL 

COMPONENTS 

For simulation of symmetrical voltage components has 
synthesized a graphical program using HPVEE Pro software 
[10] whose graphical interface is presented in figure 2, [11]. 
HP VEE is a powerful visual programming language that 
handles day-to-day programming tasks in instrument control, 
measurement processing and test reporting. It simplifies test 
development with enhancements for system integration, 
debugging, structured program design, and documentation. It 
automates instrument configuration, accelerates the creation of 
operator interfaces, streamlines test sequencing, and simplifies 
application development and management across the World 
Wide Web. It supports ActiveX® Controls that add application-
specific functionality, and provides ActiveX Automation links 
for seamless integration between HP VEE and other 
applications such as databases, spreadsheets, and word 
processors.  

A MATLAB/GUI based fault simulation tool for power 
system education is presented in [12], [13]. 

 

Fig. 2. The simulator interface for direct components. 

III. CONTROL REAL-TIME FLOWCHART  

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

For real time control of the voltage symmetrical 
components was developed a peculiar fast flowchart as 

presented in figure 3, supported by the temporary voltages. In 
order to obtain the symmetrical components values the 
following calculation will be made. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3. The flowchart to obtain symmetrical components.  
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Calculate V- = 1/3[Va(ti-1) + Vb(ti) + Vc(ti-2)] 
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Calculate V 0= 1/3[Va(ti) + Vb(ti) + Vc(ti)] or 1/3[Va(ti-1) + 
+Vb(ti-1) + Vc(ti-1)] or 1/3[Va(ti-2) + Vb(ti-2) + Vc(ti-2) 

 

V 0 ≤ V 0ref  

Symmetrical 
Component 

Fault 

Optical Signaling 
 

Optical Signaling 
& 

Switching-off 
Voltage 

YES 
 

YES 
 

YES 
 

YES 
 

NO 
 

NO 
 

NO 
 

NO 
 



 3 

Using these method measurements will be done at different 

sequence time positions, 
2-i

t,
1-i

t,
i

t  respectively, with a 

specific sampling time of 6.66 [ms] for a 50Hz frequency 
voltage.  

For obtaining zero sequence components must summed 

three sampling voltages at specific time 
i

t or at 
1-i

t or at 

2-i
t as graphically presented in figure 4 (i.e o””∑ ).  

For obtaining positive sequence components must summed 
three sampling voltages )2-i(tcv )1-i(tav )i(tbv ++ as 

graphically presented in figure 4 (i.e ”” ◊∑ ).  
For obtaining negative sequence components must summed 

three sampling voltages  )2-i(tbv )1-i(tav )i(tcv ++ as 

graphically presented in figure 4 (i.e *””∑ ).  
Every shift registers has an output as current, 1 previous 

and 2 previous which refresh information at every sampling 

moment 
i

t . At one moment on the current output can be read 

voltage amplitude at sampling time 
i

t , on the 1 previous 

output can be read voltage amplitude at sampling time 
1-i

t  

and on the 2 previous output can be read voltage amplitude at 

sampling time 
2-i

t , respectively. The presented flowchart 

sequentially treats what was above presented for each voltage 
component, taking into account that sampling voltages are 
stored in to shift registers. Temporary voltages 

(t)cv(t),bv(t),av are presented in figure 4. 

 

 

Fig. 4. The voltage samplings and the strategy to obtain 
symmetrical components. 

For every measured voltage (t)cv(t),bv(t),av there is a 

specific shift register (i.e shift register1, shift register 2 and 
shift register 3 respectively). For every calculated sampling 
symmetrical voltages an comparator determine if respective 
voltage is in between permissible standard limits 

III.  PROGRAMS SYNTHESIS OF THE FLOWCHART SIMULATOR 

 
Using the facilities of the HPVEE Pro software the 

graphical program presented in figure 5 was obtained. 
Sampling voltages are obtained through the A/D Config. and 
“Get Single Value” instrument.  

 

  Fig. 5. The graphical program for symmetrical components relay. 
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The sampling voltages are refreshing shift register graphical 
instrument outputs (current, 1 previous and 2 previous).The 
direct compilation of the current, 1 previous or 2 previous 
digitized information, by summing them, gives the zero 
sequence voltages component.  

 

 

Fig.6. The graphical program for symmetrical components relay  
and advanced configuration of the hardware. 

 

Fig. 7. The graphical relay interface for voltages symmetrical components. 

The cross compilation of the same information: 
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(6) 

gives the zero sequence, respectively the negative sequence 
voltages components of the system. 

The graphical synthesized program cyclic refreshes voltage 
information with a constant time delay of 0.66(6) [ms]. 

In the graphical program appear also instruments as 
comparators, data continuous inputs as “real knobs” for 
prescribing references admissible values, display color alarm 
indicators and meter indicators [15]. 

For laboratory testing’s of the above described graphical 
software we used a data acquisition board DT 9805 series 
from Data Translation, [10]. 

The obtained virtual instrument is used for real-time control 
of the voltage symmetrical components has the graphical 
interface presented in figure 7 and contain the same graphical 
instruments as already described. 

V. THE EXPERIMENTAL SYSTEM 

The synthesized virtual system gives information in 
connection with voltages lines of the controlled power system. 
Voltages are measured using three voltage measurement 
transducers T1, T2, T3, like in figure 8.  
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Fig. 8. Basis scheme the virtual instrument. 

The information of voltages from the three network phases, 
are brought in computer via a data acquisition board. In order 
to become an operational system, it is necessary to install the 
driver's operating system of the data acquisition board and the 
adapted application software to a dedicated PC.  

If the unbalance degree exceeds the reference value set in 
the graphical program, then using the I/O port of the data 
acquisition board a switching-off command will be given.  

VI.  CONCLUSIONS 

The problem to control voltage symmetrical components in 
power systems, especially in Romania, is a matter of novelty, 
with a high opportunity and seeks adjustment to the specific 
Communitarian European Standards. 

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

The algorithm for processing the synthesized voltage 
information for monitoring power systems requires data 
processing of only nine voltage samples taken in three 
consecutive stages. This method gives the advantage of 
getting a quick response on the state system in terms of its 
symmetry. 
 Was develop a virtual simulator for symmetrical 
components using a dedicated software and in order to 
measure in real time the symmetrical components a virtual 
instrument was developed using data acquisition board and a 
graphical program named HPVEE Pro.  
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The virtual instrument was adapted to the symmetrical 
components flowchart for power networks. 

The symmetrical components flowchart was synthesize and 
based on it, using a virtual instrument we can measure voltage 
symmetrical components with. The virtual instrument will 
work as a protection relay for every symmetrical components, 
positive-sequence, negative-sequence and zero-sequence 
respectively.  
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