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Abstract

The electrical appliances with reactive consumptiosy such as motors, transformers,
compensative equipments etc, use for the operatidhe reactive power. This power is
needed to create a magnetic field, which is necesgao their operation. Reactive
power has the peculiarity that is not converted diectly to useful work (useful energy),
but circulates between the appliance of its consuntipn and generator. [1] Connecting
the source of reactive power to the point of consuption will reduce the reactive
power flow from remote source to the minimum. Thisphenomenon, respectively
technical action is called ,, Compensation“. The comensation doesn’t change the
value of reactive power equipment, which means, theeactive consumption is the
same before and after connecting the compensativevce. Without the compensation
the reactive energy is transmitted over long distazes. Nowadays the solutions are
focused to achieve economical operation of electalkcnetworks. Increasingly congested
electrical networks require reliable voltage reguléion because of the risk of voltage
stability, which ultimately can lead to voltage cdhpse. These phenomenon can occurs
in congested long electrical lines, when the powdpsses due to reactive power
transferring causes the decreasing of voltage levél some electrical network nodes.
Distribution and transmission system operators areresponsible for the safe and
reliable operation of the system and one of the psibilities to prevent the transmission
of reactive power is also the penalty on the basisf pricing decisions. Control of
reactive power is divided by a number of respects.One of the most widely used
methods of reactive power regulation in the industy is a central compensation. This
paper deals with proposal of controller using gradal control of static reactive power
compensator.

1. Theoretical part:

Transfer of reactive power at long distances resalan increasing of power losses on individual
electrical equipments connected in the transmisaiwh distribution system. The losses are directly
proportional to the square of the effective curré@nollows that the reactive power contributeste
electrical network overload. The behavior of eaement in electrical network can by represented via
their impedances, which includes active and reagiart (inductive or capacity) [2]. The impedarge i
generally given by:

Z=Rz jX [Q] 1)
Where
R — real (active) part of the impedance (resistance
X —imaginary (reactive) part of the impedance ¢taace)
The power losses in 3 ph. electrical circuit areegiby
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Where
Ir — real part of the current



cosp2 — power factor of consumption
P1 — active power supplied
P2 — active power consumed

From this formula results, that reducing the constiom (or transfer) of reactive power, the
power factor on the demand side g@sncreased and losses reduced. Reducing the whlgactive
current part via compensation will achieve losssehsing on the power system appliances.

Dependence of reduced losses to the size of thpasation is given by:

DRy =8P~ 0P = [P+ Q7) -7 + (@- Q|- Toiaee-Q )l w @)

Where

AP — the losses without compensation
APk — the losses with compensation
U — voltage

R — resistance

The compensation is therefore:

* to eliminate the losses in electrical networks egdlice voltage drops at the same value
of transmitted active power.

» the possibility of maintaining smaller diametercohductors at higher transmitted power

» to keep the power factor in defined range with dasing transmission of reactive power
by the same active power and to avoid penalizingpdover factor out of range.

Upper harmonics in electrical networks may causenmance and thus damage compensation
device. Therefore, the appropriate filters are dddecompensatory devices, particularly in thosasr
where the dangerous spectrum of upper harmonegiscted.

2. Gradual compensation

The gradual compensation is one of the most widedgd methods of reactive power
compensation. The principle is in gradual switchimgstly of capacitance banks. The area of reactive
power compensation is determined by parallels factheswitched on compensation level that is
proportional to cag = 0,95 (t@ = 0,33, where (tg = Q/P). This area is always below the
corresponding parallels of amount of switched aele Fineness of controlling power factor is set b
the number and size of individual compensationlteve

The following equation describes the change ofpcaepending on the value of active and
reactive power consumption and the number of fwiddevels.

cosp = cosarctg( Q ~QuN j (4)

where QL — consumption of reactive power at theesaime as active power
QC1 - the size of one compensation level
N — the amount of switched on levels

The choice of the number of necessary levels dependhe actual size of one level and the total
amount of necessary compensation power and theamsapon required for the desired value, ie the
value of power factor cgs (Usually a requirement to ap& 0,95).



For the levels of with the same compensation pasvgiven the formula:

QL B NQ:l Stg¢o = N > QL ~ Ptg¢0
P Qax

These relations apply to physical level-sequenaviten each level is the same and switched on
separately. This design is impractical since ituregs many contactors and required outputs of the
controller, which is equal to the number of degreegompensation. This problem is removed by
combining physical levels to one, thereby savingf@number of contactors, a smaller requirements
controller itself, the necessary compensation pawerchieved for less handling capacitor etc. This
coupling of physical levels is called up electrigalels of compensation.

, teh < 0,33=cosh = 0, (5)

3. The proposal of gradual controller for static comp@&sator of reactive power:

The proposal of controller and simulation of itseogtion was carried out using the software
MATLAB / SIMULINK. Electrical circuit and the contiler for the simulation of reactive power
compensation was modeled as is shown at the fiffige1). This picture shows a simply block
diagram - single-phase circuit.
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Fig. 1 — The block diagram of circuit

The power factor value depends on the current @aivd reactive power flow. To create the
change of the current value of this flow, switchofgfour RL blocks with different values were used
(consumption 1 to consumption 4). Switching of thiscks in different times causes the change of
current active and reactive power and thus alshamge of power factor. The last change of power
factor (t > 7s) was deliberately set to the valgept= 0,29, which is the same as aps= 0,96.
According to the required range of power factor tseD,95 to 1, in these phase of simulation the
compensatory device should by unconnected. (corapanysreactive power from capacitors equals to
Zero).

The switching progress of the RL blocks via switlsd to S4 is shown in figure (fig 2.) — time
change of consumption
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Fig. 2 — time change of consumption (power factange)

After running the simulation the individual blocksll start switching , This causes the time
change of active and reactive power consumptiorangl of power factor)during the period of
simulation. The time simulation is set to 8s. Theasurements are installed in two places —
measurement No.1 and measurement No. 2. Measuravitotit compensation is installed after the
place of compensatory device (measurement No.l) raedsurement with the compensation is
installed in front of compensatory device (measumei™No.2). These two measurements were chosen
to evaluate the controller functionality.

On the basis of voltage and current measuremerddtiee and reactive power, and very ig
evaluated at the both places. Consequently, insthesystem where the controller is modeled is
calculated the necessary number of relay gradethéorequired tg, respectively cos. Because of
the analogy between tgand cosp (cos¢ > 0,95~ tg ¢ < 0,3286), the required power factor value is
given by tg ¢. The model scheme and scheme of controller arésted in the Annexes (Annex A —
Model scheme, Annex B — Controller scheme).

Description of the principle of controller functionality

Variables entering the controller are active arattige power consumption - Pcons and Qcons
and the value of desired power factor -¢g The active and reactive power flow is obtaineshfr
measurement No. 1 and the desired power factoefinetl manually by the user. The proposed
controller operates on a principle of comparisotwaf straight lines displacement. One line represen
the consumption of active and reactive power. Tihis is led by penetration of active consumption
Pcons and reactive consumption Qcons, the valygaafient of this line is equivalent to the desired
power factor cas, (respectively tg). Other lines represent different graduals of cengation and
define the area of compensation. Displacement e$ehines on the y-axis, which represents the
setting of compensation levels, is directly defiredl its value depends on the value of a selected
compensation level. It follows that condition, hemuch compensation levels, so many lines with
given displacement on the y-axis. The followingufig (fig. 3) illustrates the principle of that pogal
of controller operation. At this the is shown #igiation at the simulation time from 4. s to 5wehen
Pcons = 200W and Qcons = 80VAr, consumption 2 aiegrto figure (fig. 2).
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Fig. 3— the controller principle — comparison ofedé displacement on the y-axis (desired value of
power factor is 0,96)

The controller monitors the consumption of actieavpr Pcons and reactive power Qcons. These
variables substitute to the line equation and seledhe number of necessary switched levels in the
following way:

a) Line equation — linear equation
A common form of a linear equation of line equatioithe two variables x and y is
y=cx+q (6)

where ¢ and q designate constants. In this paati@quation, the constant ¢ determines the slope
or gradient of that line, and the constant q deimemthe point at which the line crosses the y;axis
otherwise known as the y-intercept. According tesehrules, the controller creates the line equation
as:

X= PCOFIS

y = QCOFIS
¢ = the gradient of line equals to the desiredevaiupower factor

Parameter c is set to the controller as an inpuiualdy by the user. (In this way is possible ta se
the desired power factor for which the regulatos ba compensate the value of reactive power
consumption.) Substituting variableg,Rand Qsinto the line equation, the program will calculate
the displacement of the line (parameter q):

80 =10,29%200+q— q=22

b) comparison:

In the second step, the controller calculates tisplatement of line which represents the
consumption (q = 22, red dashed line) and compareth the displacement of the lines of individual
compensation levels. In the first level the paramnef displacement q is always equal to zero. df th
displacement of line consumption q is greater ttendisplacement of line compensation level, the
controller turn on the corresponding level. Othermyithe compensation level stays switched of. As
shown in figure above (fig. 3) controller compaties size of computed displacement q = 22 > 0, 10,



20 . The third level is switched on, it means tbmpensation power is 30VAr. The resulting value of
9o
Q,q, —30 _80-30

t =
a¢ P 200

= 025= cosp = 097

Turning the compensation power of the value 30VBytBe power factor has been changed from
the previous value cag = 0,928 to the value cas= 0,97. The following figures (fig. 4 and fig. 5)
shows the simulation results with varying consumptas shown in figure above (fig. 2) and desired
power factor cog> 0,96 (ie, tarp < 0,29).
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Fig. 4 — the active and reactive power consumpitthcompensation output power with the
switched levels

The next figure (fig. 5) shows the course of povemtor measured at the No.1 and No.2
according the circuit in Figure (fig. 1). This figushows how the power factor has been changed
depending on by the controller output signals (augempensation power). The resultant power factor
with compensation in all cases meets the usersadiegalue of cag> 0,96.
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Fig. 5 — The course of power factor with and withcompensation

4. Conclusion:

The results of the power factor during the simolatusing the compensation and without
compensation, it can be stated that the regulateorking correctly. This also confirms the fauatt
in the simulation time from 7.s and 8.s , the coligr did not switch on any compensation levelgcsin



value of power factor without compensation was eéquired range. This proposal of operation of
gradual regulator on the basis of lines comparsanby use for the compensation and thus to reduce
the real losses during the energy transfer.
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Annex A — Model scheme

Jajjonuon

B rEueduicy Eeq ¢
ERIE]

vroprpndas dngsha

Aoiings jasod

i e —

AT TR R T
= o
B e
I
7 e nods
Degpedl :
LI .|A|_ |.__u.._T__.E1I_...I_I
R T | vganoids
i Py 2lgewouaby g
sisvzadusoyzog Ul e oA STHE prag lul_nli_._'_l-
||}~
=== o e

rZURdwoy Zag joyn

_EHNUH

AR F ARy

_L [UELTY

od
(W]

Fig. 6 — The model scheme built in MATLAB/SIMULINK
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Annex B — Controller scheme:
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Fig. 7 — The model of controller built in MATLAB/SIULINK



