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ABSTRACT

In this paper is to study the denominatiPower
quality and large refers to maintaining a proxil
sinusoidal power distribution bus voltage at re
magnitude and frequency. This is mainly affectec
the generation of harmonics. Even though electr
and nonkinear devices are flexible, econccal and
energy efficient, they may degrade power quality
creating harmonic currents and consuming exce:
reactive power.

This paper shows the method of improving the pc
quality using shunt active power filter with propad
optimized PI. Theproposed topic comprises of
controller, filter hysteresis current control looge
link capacitor. The switching signal generation
filter is from hysteresis current controller teaiunes.
With the all these element shunt active power rf
reduce e total harmonic distortion. Its sour
current, compensating current and THD values
studied, then PI control strategy is applied thie@
differences in THD are compared. The PI feedt
compensation design starts with the small si
system’s trarfer function. Then an optimum const:
of Pl for a ShunAPF is proposed and implement
to enhance its response to compensation of hars
of linear and norinear loads. The obtained rest
have demonstrated the ability to compensate
current harmnics effectively under distorted sout
conditions. The fluctuation in the dc bus voltade
the filter depends on the compensation speed o
outer loop that regulates the dc bus volt

The proposed shunt active filter model uses bath
linear and norinear load works successfully lowe
the THD within IEEE norms and satisfactorily wol
to compensate current harmonics. The model is 1
in MATLAB / SIMULINK and successfully reduce
the harmonic in the source currt

Keywords: Active Power Filter, threshold harmonics

distortions, quality factor, transfer Function,
hysteresis etc.
1 INTRODUCTION

In these papers gives the overview of the works’
comprises of a brief description ofower quality,
harmonic sources and effects followed by litera
survey. The objectives and organization of thei#
are mentioned in this paper

The PQ issue Is defined as “any occurre
manifested in  voltage, current, or frequel
deviations thatresults in damage, upset, failure,
miss-operation of endse equipment.” Almost all P
issues are closely related with PE in almost ea&
pect of commercial, domestic, and indust
application. Equipment using power electronic de
are residentiaappliances like TVs, PCs etc. busin
and office equipment like copiers, printers
industrial equipment like programmable lo
controllers (PLCs), adjustable speed drives (AS
rectifiers, inverters, CNC tools and so on. The &c
Quality (PQ) poblem can be detected from one of
following several symptoms depending on the typ
issue involved.
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2. HARMONIC POWER FILTERS

The steady increase in non-linear loads on the powe :

supply network raises question about power quality ’ . .

and reliability. The challenge is knowing how to
Se|eCt and dep|0y harmoniC fl|terS COI’reCﬂy tOIaEb Figure 2.3: Types Of power f”ters

satisfactory performance. In this chapter we discus

about different non-linear loads and what kind of SHUNT ACTIVE POWER FILTER
filters must be used to effectively mitigate harmesn The shunt-connected active power filter, with &-sel

in the system. controlled dc bus, has a topology similar to thiato
_ static compensator (STATCOM) used for reactive
2.1 Current source non-linear load power compensation in power transmission systems.

Thyristor converters are a common and typical Urghunt active power filters compensate load current
of harmonic currents. Fig. 2.1(a) shows a thyrist@farmonics by injecting equal-but opposite harmonic
rectifier where a sufficient dc inductance prOduaeScompensating current. In this case the shunt active
dc current. Therefore, it is called a Current'seur(f‘)ower filter Operates as a current source |njedﬂrmg

nonlinear load and represented as a current SOUKg@monic components generated by the load but
shown in Fig. 2.1(b). Similarly, diode rectifierstiva phase-shifted by 180°.

sufficient dc inductance, a highly inductive loadhw

silicon-controlled rectifier (SCR) ac power conirol Power ystem . )
etc., are current-source nonlinear loads. E = o
I MNonrlinear
Load
"TESTT v T
Py B T E £F £F O
i +:‘:rrent Source - Shunt Active Power Filtar .
o - Figure.3.1. Shunt active power filter topology

Figure 2.1: Typical CSNL

2.2 Voltage sourcenon-linear load

Another common type of harmonic source is a diode
rectifier with smoothing dc capacitors, as shown in ... ...
Fig. 2.2(a). Therefore, the diode rectifiers behbie .
a voltage source, rather than a current source. Fig
2.2(b) shows the equivalent circuit of the diode Shuni Acive
rectifier system where the diode rectifier is Figure 3.2 shows how the active filter works to
represented as a harmonic voltage source or veltage compensate the load harmonic currents.
source nonlinear load.

Figure 3.1 shows the connection of a shunt active
- SV—— power filter and Figure 3.2shows how the activeefil
=< — 3 works to compensate the load harmonic currents.

Nonlincar load

mc Source

= 4. Pl CONTROL SCHEME

~- - e » Dc voltage control loop
°°°°°°°° s T » Transfer function of PWM converter
Figure 2.2: Typical VSNL » Selection of Pl controller parameters
2.3  Typesof power filter The complete schematic diagram of the shunt active

There are different types of power filter [7]; aymhg power filter is shown in figure 4.1. While figure
the current situation power filters widely classifi 4.2.gives the control scheme realization. The &ctua
into three categories, Fig 2.3 shows these categortapacitor voltage is compared with a set reference
of power filters value.
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Figure4.2. APF Control scheme with Pl controller |

The error signal is fed to Pl controller. The outpti
PI1 controller has been considered as peak valtieeof

.2 HD value for 230 PI consta ced

Figure 5.3 For 250 PI const
load RC

ant unbalanced

Reference current, It is further multiplied by theit

sine vectors (usa, ush, and usc) in phase with t

source voltages to obtain the reference curreass,(i
isb*, and isc*). These reference currents and &ctL

\)‘;!5
i

currents are given to a hysteresis based, cagss |

PWM current controller to generate switching signal
of the PWM converter [2]. The difference of refezen

current template and actual current decides ti-

operation of switches. To increase current
particular phase, the lower switch of the PWM
converter of that particular phase is switched on,
while to decrease the current the upper switchhef tIV. RESULTS

particular phase is switched on. These switching Table-1 Observed results for balanced load:

A
Figure 5.4 THD value for 250 PI constant
Unbalanced load RC

signals after proper isolation and amplificatiore ar

given to the switching devices. Due to these svritgh [ 1 Parameter Obtained results
actions current flows through the filter inductar, lto 1 Source voltage (Vs) 45.99V
compensate the harmonic current and reactive power 5 Source current ( Is) 4 55A
of the load, so that only active power drawn frdra t
source. 3 Load voltage (V load 45.99V
4 Load current (I load 1.972 A
5. SIMULATION MODELS AND RESULTS 5 Power factor (PF) 09968
ANALYSIS
AT Table-2 Observed results for Un-balanced load:
e Sr.no Parameter Obtained results
| 1 Source voltage (Vs) 18.61V
2 Source current ( 1s) 5.79V
3 Load voltage (V load 18.61V
4 Load current (I load 3.04A
Sl Nl - So o wa g
Figure 5.1.230 PI constant balanced load R 5 Power factor (PF) 0.995
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Table-3 Result of Balanced load for different Pl

constant
150 104| 7.4, 544 2551 3.14%
170 51.85 5.88| 51.85|1.45| 0.93| 3.16%
190 4355 6.5 | 43.55 2.4 | 0.92| 3.70%
210 35.9| 6.8/ 359 2.030.90|2.35%]| °-
230 37.99 6.48| 37.99| 2.17| 0.92| 5.53%
- 0
250 91.91 6.0 | 91.91 1.85 057 8.60%
Table-4 Result of Unbalanced RC load for differléht
constant. 6
150 104/ 7.4| 104 | 1.9 0.93 | 2.70%
170 104/ 7.4| 104 | 1.9] 0.90 | 2.65%
190 435/ 6.5| 435 | 2.4/ 0.92 | 3.70%
210 359/ 6.8 359 | 2.0 0.98 | 2.31% 7.
230 78.8/6.1| 78.8 | 1.6/ 0.80 | 4.39&
250 94.8/ 6.2|94.86| 1.6| 0.047| 8.22%

V. CONCLUSION

Presence of constant instantaneous active power_is
due to the positive sequence current and only $e ca?‘

of purely resistive loan but may be unbalance.
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