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Outline

�Motivation
�Finding the Source of Harmonics by Using 

Wavelets.
�Propagation of Harmonics in Future Electric 

Energy Systems.
�Characteristics, and Choosing Locations for Filters 

to Cancel the Most Sensitive Customers.
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Motivation

�Rapid deployment of power-electronically controlled equipment 
in electric power systems creates major problems with harmonic  
pollution. 
� Need to identify sources of harmonics and their effects.
�Harmonic resonance of particular concern since significant 
distortion may happen at the unexpected places. 
�We introduce a systematic way of identifying possible harmonic 
resonance, and the relation to the electrical distance and system 
load.
�Possible to use this analysis results to implement  differentiated 
quality of service. 
� Design filters for ensuring differentiated quality of service to 
meet  broad range of customer needs. 
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Discrete,
Ts = 0.0001302 s.
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Table 1:  Harmonic content in bus voltages  
using linear flow

Simulation for 5-Bus Network

Figure (1) : The Simulation of 5-bus system 
in MATLAB
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The Discrete Wavelet Transform

�a signal is decomposed  
into approximations and 
details.

�The approximations are 
the high-scale, low-
frequency components of 
the signal.

�The details are the low-
scale, high-frequency 
components of the signal..
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Multiple Signal Decomposition (MSD)

��Wavelet decomposes a signal into different scales Wavelet decomposes a signal into different scales 
with multiple levels of resolution by dilating a single with multiple levels of resolution by dilating a single 
mother wavelet.mother wavelet.

��Decomposes a signal into its detailed and smoothed Decomposes a signal into its detailed and smoothed 
versions.versions.



Multiple Signal Decomposition (MSD)

db4 
wavelet

Table (2) Different resolution levels and their frequency bands
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Determine The Location Of Harmonic Source

Figure (2):  Voltage signals at each bus when 
harmonic source is connected to bus 5.
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Figure (3): the features of voltage signals when the 
source of harmonic located at bus 5 with 5th order of 

harmonic.
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Figure (4): the features of voltage signals when the 
source of harmonic located at bus 5 with 11th order of 

harmonic.
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The percentage of harmonic voltage at different harmonics order 
when the non-linear Load connected to bus 3

Case I
� The harmonic source ( non-linear 

load) is connected to the bus no. 
3, the percentage of the harmonic 
voltage to rated voltage is shown 
in figure (5).

� the highest voltage distortion is at 
third harmonic order and the 
propagation of that is indicate in 
figure (6).
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Electrical distance 
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Electrical distance 

0.00E+00

1.00E+00

2.00E+00

3.00E+00

4.00E+00

5.00E+00

6.00E+00

7.00E+00

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

Harmonic order

M
ag

ni
tu

d
e 

o
f i

m
pe

da
nc

e

Z8-1
Z8-2
Z8-3
Z8-4
Z8-5
Z8-6
Z8-7
Z8-8
Z8-9
Z8-10
Z8-11
Z8-12
Z8-13
Z8-14

Z8-8

Z8-7

Z8-14

Z8-6

/ 
$ # ����� 8 � �������$ 	
!# � �����!���


�� �� �	������� # � �	��+ ��	� ������ # � �� �

/ 
$ # ����� * � �������$ 	
!# � �����!���
�� �� �	���

���� # � �	��, ��	� ������ # � �� �

0.00E+00

5.00E-01

1.00E+00

1.50E+00

2.00E+00

2.50E+00

3.00E+00

3.50E+00

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49

Harmonic order

T
he

 m
ag

n
itu

d
e 

o
f i

m
p

ed
an

ce
 

Z6-1
Z6-2
Z6-3
Z6-4
Z6-5
Z6-6
Z6-7
Z6-8
Z6-9
Z6-10
Z6-11
Z6-12
Z6-13
Z6-14

Z6-8

Z6-6

Z6-12

Z6-10



16

����� ��
� 
�	�!�� ���
��# � !��!�� �!���9 # ��
!�!
� ���	��� � 
� �����


 ���� ��# �� �
	� !�����
�!��: �

Who should install the filter ? 
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Problem formulation 

Where :
If   is the vectors of the filtering current.
Zh is the harmonic impedance matrix.

The approach is to minimize the total filtering power so that can be achieved by 
minimize the total current If . 

Where: 
K= the total number of buses that filters are connected.

The  constraint is all harmonic voltage in every bus is minimum than certain limit.

To find the best placement of the harmonic active filters to be installed in a 
distribution system with their minimum power size. The objective is to minimize the 
power size in view of maximum savings in the equipment cost.

)(* f
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Design active filters
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� Wavelet technique can determine the source of 
harmonics and also the harmonic order in any polluted 
signals.

� Impedance versus frequency for each bus of the system 
is useful feature in a modeling system, a self impedance 
plot gives a quick visual indication of the natural 
frequencies at a specific bus. 

� A peak in the impedance plot indicates a parallel 
resonant frequency. 

� The effect of a parallel resonance is to amplify one or 
more current harmonics if they fall at or near a natural 
frequency of the system. 

� Design active filter with optimal place improves the 
power quality of the distribution system. 

Conclusions



Questions?


