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Peculiar Properties of Voltage Phase Fluctuation
Calculations at Power Networks with Rapid
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Abstract-This report presents the results of investigations of
active power variation influences on such parameter values of
transients as voltage frequency at power supply networks and
voltage phase at the same network. It was analyzed the main types
of theoretical transfer functions and experimental ones for
equivalent power system with thermoelectric power stations.
Analyzed transfer functions correspond to mane types of
regulators which are used for frequency regulation at power
systems. Active power variations are represented as random
processes with known parameters. The results of calculations have
revealed that on the condition that peak-to-peak value of active
power fluctuations in power networks no more than 0.1% of
active power of equivalent power system generator, it is possible
to neglect the influence of frequency fluctuations on voltage phase
variations.

Index Terms—Active power variations, power system transients,
frequency fluctuations, voltage phase variations.

[. INTRODUCTION

Consumers with rapid variable operational mode of load
such as rolling mils (RM), electric arc furnaces (EAF) and
similar ones are characterized by rapid variable consumption
modes of active and reactive powers. In common case it leads
to appearance of electromagnetic and electromechanical
transients in power supply networks of such consumers and
power supply systems as a hole. These transients are
characterized by fluctuation of voltage module and voltage
phase or frequency in power supply networks, where the
similar consumers are connected [1].

In many cases power equipment of such consumers and their
control systems are connected to different points of their power
supply network. For example, ac/dc converters of power
electric drive of rolling mills, and its automation and control
systems are connected to different bas bar or transformers of
their power supply network [2]. This gives possibility in some
cases to reduce negative influence of electric power quality
deterioration in power supply networks, which is stipulated by
power circuits of the equipment, on its automation and control
systems. For example, it gives possibility to avoid harmonic
instability of electric drives converters of rolling mills. But in
this case two parts of the same equipment are connected to two
different points of the same power supply network with
different variable voltage phases. To avoid this problem it is
necessary to know these phase variations, i.e. it is necessary to
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calculate this phase variations for automatic correction of
phase shift. For this purpose transient processes have to be
calculated in such power supply networks.

On the base of well known equation®@=d@/dt it is
possible to analyze voltage phase fluctuations or its frequency
variations at any point of power supply network. Hereinafter
we will consider at frequency variations.

II. EVALUATION OF CALCULATION ERRORS

Such error evaluates for power networks with rolling mills
and electric arc furnaces may be carried out because of block
diagram, which is depicted on Fig.1. In addition to general
assumptions, which are usually used for analysis of dynamic
conditions under small perturbations [1], let us to take into
consideration the following:
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Fig. 1 Functional block diagram for error evaluation

1. The investigated transients are characterized by small
parameter variations of operation mode. That is why all
calculations can be carried out because of linearized
differential equations of power system elements.

2. The power system is reduced to one equivalent generating
block: generator - turbine. It is characterized by transfer
function:

W(p)=aw(p)/AE(p) ,

where AP, is load variation.

Processes of load variations of above mentioned consumers
are random ones. With allowance for this, determine frequency
variations which depend on rotor speed of equivalent
generator, D, ,, frequency variations, which are determined by
voltage phase variations, caused by transversal component of
voltage drop, Dgs, and total frequency in PCC - D,,. Take into
consideration also, that processes w, and s are not correlated,
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because processes A@(t) and his first derivation are not
correlated, it is possible to write [3]:
D, =D, .+ Dwg 2)
Define error of frequency fluctuation calculations as
A= [1+—=2--1(100% (3)
[oN

In common case D,,, value is defined by following equation

[3]:
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Here W(jw) is the transfer function “active power variations —
voltage frequency” of a power system, Gap(®) is power
spectrum of consumed active power variations APy(t) of rapid
variable load.

III. MAIN TYPES OF POWER SYSTEM TRANSFER FUNCTIONS

Let us to consider some existing theoretical and experimental
types of power-frequency transfer functions for power systems
[4, 5].

We will analyze transfer functions of power systems based
on the linear equations of rotor rotation of equivalent generator
and the linear equations of load dynamic characteristics. Take
into consideration power systems, consisting only of thermal
power stations, because rapid variable loads in power systems
with the mixed types of power stations perceive first of all by
thermal power stations [1].

Analyze theoretical model of power system which consist
equivalent generator with its equivalent load.

The generator has automatic control system of turbine speed

simplified dependence load value on voltage frequency and
presence of hot standby for generator, it is possible to represent
power system block diagram as [5]:
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Fig 2. Block diagram of frequency regulation for simplified power system

The transfer function of such system is [5]
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Here o5 is slope factor of power system static characteristic, T;
is time constant of power system mechanical inertia, Tg is time
constant of drive mechanism of speed automatic control of
turbine, load effect coefficient versus frequency, P,,, and Py,
are rated powers of turbine and generator.

The more detailed conception of theoretical model of power
system consists of thermoelectric power station without
intermediate steam superheat and with automatic control
system of frequency according to its instantaneous deviation
and with speed control system. The block diagram of such
system is present on Fig. 3 [4.5].
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Fig.3 Block diagram of power system with frequency regulator and speed regulator



The transfer function of such system may be written as [5]:

o, (1+ pTy ) (1+ pT, ) 1+
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Where Ty, is time constant of steam space, T, is time constant
of motor of automatic control system of frequency, & is

W(p)= ©)

3

feedback factor of equivalent turbine regulator, 1/, is transfer
constant of regulator metering section, Kracis gain constant of
automatic control system of frequency.

Fig. 4 shows functional diagram of theoretical model of
power system with control system of frequency and power
regulator and without intermediate steam superheat, i.e.
Ty=Tyn=0 [5].
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Fig. 4. Block diagram of power system with power regulator
Its transfer function is [4, 5]
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where a,  and y are special system parameters.
The simplest theoretical transfer function of power system
under consideration may be represented as follows [1, 4, 5]:
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Experimental investigations have shown, that transfer
function of power system may be approximated by the equation

[4]
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under aperiodic nature of transients, and

)

IV. CALCULATION RESULTS

The equations (2)+(9) give possibility to carry out all
necessary calculations. The calculations were carried out
according to real average parameters of different types of
power systems. Thus, for example, for the system, which is
shown on Fig. 2, it was used following data: K; = 2, 3; 5=
0.1; Ts = 0.5 sec; T; = 10 and 20 sec; Ppoy = 1.0; Py = 1.0.
Power spectrum of active power variations is approximated by
following equation [6]:
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Here o and w, are parameters of power spectrum, g2, is

dispersion of active power variation process. For rolling mill it
was taken into consideration o = 0.064 sec” and ©,= 0.13 sec”
! for electric arc furnace o= 2.3 sec” and wy= 2.0 sec” [6].
For diagram Fig. 3 it was used Kgac = 3; 6 =1; T, = Ty =
0.25 sec; T;j = 10 sec, Ts = 0.5 sec, K; = 2; o; = 0.05. For



diagram Fig. 4 in additional it was taken into consideration y =
10, B =9.1, 8 =1 [1, 4, 5]. Parameters of experimental transfer
functions are as follows: B, =3; b= 15; T, = 1 sec, T, = 200
sec for equation (8) and B, = 1.85; b =160; T, = 144 sec, T, =
8100 sec [4].

The Fig.5 below depicts results of calculation using
aforementioned equations:
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Fig. 5. Frequency fluctuation

Dotted lines in the Fig.5 present frequency fluctuation which
are produced by operation of electric arc furnace; solid line is
used for rolling mill characterictics. Following graphs present
several types of power system transfer functions:

° 1 —equation (7)
2 — equation (5)

° 3,4, 8 — equation (6)

° 5 —equation (9)

° 6,7 — equation (10)

° 9,10 — equation (8)
For graphs 5, 7, 10 Tj = 10 sec, for graphs 6, 7 Tj = 20 sec.

The analysis of the results of calculations allows
concluding, for example, that electric arc furnace influences on
voltage phase fluctuations in its power supply systems in a
smaller degree in comparison with rolling mills. Frequency
band, in which the fluctuations of active power, consumed by
electric arc furnace, are concentrated, is higher in a comparison
with similar frequency band of rolling mills. Therefore
fluctuations of active power consumption of electric arc
furnace are not so largely affect on the equivalent generator of
a power system.

The errors of calculations of voltage phase fluctuations in
power network for example of 110 kV with rolling mills, which
are connected with the help of 110/10 kV transformer, are
larger.

In 10 kV network, which is connected to above mentioned
point of common coupling (PCC) of 110 kV, phase
fluctuations are significant larger, than in the network of 110
kV. Increase of a short-circuit power under the same values of
rapid variable load, brings about increasing an errors of voltage
phase calculations in PCC power network, stipulated by
neglecting of frequency fluctuations.

o

The magnitudes of phase fluctuations in power systems
depend on types of the used frequency regulators and the
simulation method of equivalent generator of a power system.
In all cases under simulation of the equivalent generator of a
power system by the simplest type with automatic control
systems of frequency according to its values, the calculated
phase fluctuations are the greatest. Using the assumption about
an acceptability of 5% error of engineering calculations, in the
most hard case of 110 kV networks it is possible to neglect
frequency oscillations in power systems under calculations of
voltage phase fluctuations provided that cp/Pyy. < 0.001. As a
rule, it exists in high-power power supply systems.
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