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Abstract: This paper deals with the derivation of
oftware models for low and medium voltage power
svstems, including distribution transformers and
different loads with regard to the harmonics and
power factor corrections. For this purpose, each
clement of the system is discussed and lond models
have been developed. The distribution substations
can be supplied by medium or low voltage systems
which require different solutions. The results
presented in this paper are based on the calculation
and measurcments according to the IEC regulations.

I INTRODUCTION'

Harmonic loads have greatly increased during the past
few vears. The voltage and current waveforins are
becoming more distorted. The various techniques
proposed for harmonic elimination have mainly
discussed the power circuit configurations and the
control techniques. The process of modelling the filter
performance in the power system also contributed to
the analysis. However. very few papers of the surveyed
literature analysed the load in order to specifically
model it for reactive and/or harmonic compensation.

I MODELLING AND ANALYSIS OF POWER
LOADS

In reality. it is extremely difficult to model very
complicated power distribution systems and to measure
the frequency dependent network impedance which
affects the values of the components.

The result presented in this paper is to give a better
understanding of the harmonics in the power system
using a software program to calculate harmonic power
flow. A large medium and low voltage distribution
power system  arc sclected to demonstrate the
application of this program. The harmonic current
sources are investigated by measuring harmonics on the
low and medium voltage side. The network impedances
are determined and calculated based on the
measurements at the point of common coupling (PCO) .
Fig | shows a general high. medium and low voltage
power system with different loads and compensation
methods. According to the Fig.1 the individual network
impedance can be calculated and cquivalent circuit for
different orders and loads may be given (Fig.2)
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Normally, the medium voltage impedance 1s
superimposed to the low voltage power sysicim with a
transformer voltage ratio factor (1/n”) and the cable
capacity must be taken into consideration. The
harmonic impedances are mainly determined by the
supply transformers as long as there is no resonance
occurring in the power system. The basic data collection
has been ascertained by harmonic measurement in the
public power supply system.

In the following, a power flow program is developed to
analyse the power quality and all possible system
components and loads are discussed
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Fig 1 General power system plan for voltage and
current harmonics {single line diagram)

Fig 2. Modelling and equivalent circuits of electrical devices

a) equivalent interconnection of the  positive network
b) equivalent circuit diagram seen from the transformer side
¢) equivalent circuit diagram seen from the load side
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The network impedance determines the magnitude of
the harmonics Therefore. it is important to find the
impedance variations of each load. The models can be
divided into four groups in the power system:
residential. industry, rural and city. with different load
characteristics such as T (transformers). R (resistors), C
(capacitors) and S (series resonance) |[l1.2] But, these
groups can not be used for the simulation. because the
simulation program and calculation time can be
extremely large.

Other attempts have been made to derive statistical
load models of the circuits by their probability
distribution |3} For this reason. known and frequently
occurred loads are considered in this work (Fig.3)

Il HARMONIC FLOW CALCULATIONS
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Fig 3 Equivalent circuit of different orders and loads

The harmonic current /, is injected at the point of
common coupling into the distribution system
producing a voltage drop }’, on the frequency
dependent harmonic impedance Z » - Therefore, the bus

bar impedance can be given as:
ey

- Transformer impedance

Generally. harmonics caused by a current source
feeding. transformer and consumer impedance either in
series for the fow voltage system or in parallel for the
medium  voltage system. The transformer impedance
Z ; can be described by a rated power of S,T and

transformer short circuit voltage v « and ohmic voltage

drop Vv,
o ,
Zy =5 (v, +v) @)
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Where v, is the stray inductance of the transformer,

-Ohmic Loads:

Ohmic Load applies to the category of domestic and
industry. The equivalent resistance R, of the ohmic
load can be calculated with the nominal supply voltage
V' and consumer power £, (Fig4).
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- Ohmic and inductive load (Motor)

The impedance of the asynchronous motor can be
reproduced with rated /,,, and starting current I, ratio

—;l and motor rated power S, (Fig.5)
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- Ohmic.inductive and capacitive load (Capacitor)

Power system and facilities contain capacitors which
affect the network impedance in such a way that
resonance frequency f, can be estimated in the system

as (Fig.6)

I

. 1 ,
L= JIC 2ain €

(6)

Fig 6. Equivalent circuit of ohmic. inductive and capacitive load

Further characteristics in Eq 6 can be written as
follows:

- Inductance L., with the short circuit power in the

SySLem .

3 i5

—n

- then the capacitor (C can be calculated with capacitive
charging power O,

O
&= TN “;/'3 : ®
1 B3

Then. the resonance frequency corresponding to the
fundamental frequency ﬁ gives:

- Medium voltage power system

The occurrence of the resonance in the medium voltage
power system is high. and all consumers. such as loads,
capacitors of the facilities must be taken into account

Therefore. the resonance can be given in the medium
vollage system as (Fig 7):

and further the short circuit power of Eq. 10 for
medium (MV) and low (LV) voltage results in

S sor =S ww + Z[(l ~ k) S”kLV]' 1y

provided that the distortion factor k=0 for f, . [,
andk=1for [,  fan

- Losses of the power system

The harmonic current is added to the real and reactive
current then results in the power losses of the systemn

P

loss

P,=RI’ [(gcosqol)2 + (gsin (p,)2 +(1 - g)z].
12)

2 2 2
= R (] real + ] reactive + ] hammnics)

where g is the fundamental oscillation contents

- Earth leakage extinguishing

The magnitude of the earth remaining current [ is
very important to distinguish from the earth fault
current. It defines the value of the allowable earthing
resistance. The earth remaining current can then be

calculated by

]rem II Ilmm): ( [h jz
e | Bt B Bl I (13)
](‘E \ ](‘I-‘ ; 1(‘F:

In the industry, capacitors and absorption circuits
(filter) arc installed to limit thc harmonics which also
influence the network impedance.

The characteristics of this filters can be evaluated as
follows:
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Capacitor C

¢ 0
= w, V5, 14
Reactance X
s Ve
X, =- i (15)
Qw Ov
Inductor L
v AV 6
_(Ugl(,_‘lezﬂ_Q ( )
Then the coil reactance gives
M (1A .
L TOL= 0 o amn
The resistance
2z £ L £,V
= = . (18)
O, LH00,

IV. SIMULATION
MODEL

OF THE MODEL OF THE

The valid compatibility level for particular harmonic
voltages in public low voltage (LV) and medium voltage
(MV) system and the measured values are given in
Tab 1 These values were put into the load harmonic
model to investigate the power system.

Table 1: valid compatibility level (IEC 1000-2-2) and measured values
of a industrial power system

Harmonic Harmonic measured measured
order voltage in %  values LV values MV
3 50 0.54 0.54
5 6.0 5.87 5.75
7 50 1.55 1.35
9 1.5 129 0.18
11 35 0.47 046
13 3 0.37 027

; J:_I_ | N || Y . »
2 4 6 8 10 12 14 16 18 20 22 24
Harmome orders

Figure 8 Comparison of the harmonic values

Fig. 8 presents a comparison of the compatibility level
with the calculated harmonics.

Frequency Reaponce Curve

Rah‘é) Impedance In %/ NVA
RDRORAETLOB

Figure 9. Simulation result

Fig. 9 shows the simulated curve and efficiency of the
load modelling. The sufficient accuracy of this model
has been checked up to 110 kV voltage level at 2x40
MVA transformer and 8000 MVA network short circuit
power

V. CONCLUSION

In reality. it is extremely difficult to model very
complicated power distribution systems and to measure
the frequency dependent network impedance which
affects the values of the components

The information presented in this paper is to give a
better understanding of the harmonics in the power
system using a software program to calculate harmonic
power flow. A large medium and low voltage
distribution power system was selected to demonstrate
the application of this program. The harmonic current
sources were investigated by measuring harmonics on
the low and medium voltage side. The network
impedance’s were determined and calculated based on
the measurements at the point of common coupling
(PCC)
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