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I. Distribution feeder power factor correction methods and voltage regulation/stabilization techniques:

  Voltage stability refers to the ability of a power system to maintain steady voltages at all buses in the system after being subjected to a disturbance from a given initial operating condition. It depends on the ability to maintain/restore equilibrium between load demand and load supply from the power system. Instability that may result occurs in the form of a progressive fall or rise of voltages of some buses. A possible outcome of voltage instability is loss of load in an area, or tripping of transmission lines and other elements by their protective systems leading to cascading outages. Loss of synchronism of some generators may result from these outages or from operating conditions that violate field current limit. From the practical point of view, voltage quality is a very important index of power supply in power system operation. Voltage regulation was achieved by introducing voltage feedback.
The increased uses of non-linear devices cause voltage distortion in the network. This leads to malfunctions of the electric facilities and to costly interruptions of production. Reactive power appears in every power system and many loads consume not only active but also reactive power. There is a strong coupling between reactive power balance and of a power system and the voltages. Today, many techniques are used to compensate the reactive power. Shunt and series compensation is widely used in the industry. The non-linear supply voltage which influences the loads behavior and non-linear loads which cause voltage distortions in other supply feedings. The main characteristics of a non-linear supply are the voltage interruptions, harmonic predistortions and unbalance in the systems. On the other side, the main characteristics of non-linear loads are the harmonics, fundamental reactive current, unsymmetrical parts and the stochastic fluctuations called flicker.

  Power factor improvement in power systems with nonsinusoidal supply voltage has been a subject of concern for a long time. As a consequence, various types of compensators have been developed to improve the efficiency of power transmission and distribution to increase the power factor. Power filters are an important means to increase power quality, due to wide use of nonlinear loads and switching mode power converters. The power factor corrector and the reactive power filter can be used to decrease current harmonics drawn from a nonlinear load. The conventional power quality compensation approach uses the active rectifier of the AC/DC/AC converter to regulate the DC busbar voltage for motor drive. The nonlinear load produces a pulsating current with large current harmonics. An active power filter is employed to compensate the reactive power and current harmonics drawn from the nonlinear load. And we need an additional inverter and measurement of both the nonlinear load currents and the compensated currents. Then we can achieve the goal of improving power factor and voltage stabilization by using the active power filter.

II. Novel design for a DVR/MPF/SVC compensator (developed by Dr. Sharaf):
Novel Dynamic Compensator (DVR/MPF/SVC):
  DVR/MPF/SCC compensator is used to reduce the voltage harmonic and power quality. DVR/MPF/SCC compensator can achieve to the goal for voltage regulation/stabilization in radial distribution feeder system. And nonlinear load can exist in the radial distribution feeder. Figure 2-1 shows the DVR/MPF/SVC scheme.
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                    Figure 2-1: DVR/MPF/SCC scheme
Figure 2-2 shows the scheme of the PMW controller.

[image: image2.png].

g
7
e —
2o
e ot Torserfant
C—pfsome 2
) e
s
»f
<
(-

Ep

Ll fsimacguizes

Saturstion

PR Gamsrator

Pz




Figure 2-2: PMW controller
The model of nonlinear load is shown as Figure 2-3 below.
[image: image3.png]Eile Bdit Viev Simlation Fornat Tools Help

Bele B@E &

DEES =82 b =foo fma <

Curent Meazurement!

Powsr

I
Al

T
]—I—L -~

vz
ﬂ Z@ Diods signatms.
] 1 e
M- O
S Re s Lenic Lo = e Panerasor
[~ >l
[ ralp[F—
1 — u w
{ e e o101 -

oo%





Figure 2-3: Model of nonlinear load

Model of the distribution system:

  This is my system parameters:
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And the parameters of DVR are shown below:
C1=10µf, C2=45µf, L=10mH, R=0.05. The system power factor is 0.8

1). Power distribution system including the nonlinear load without any compensation:
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Power Factor:

Nonlilear Load:0.67  Load5:0.74  Load4:0.76  Load3:0.77  Load2:0.76  Load1:0.77
· MEASUREMENTS : 

· Voltage Measurement3 = 9.0698e+003 V rms -6.89° 

· Load1/Voltage Measurement1 = 9.8730e+003 V rms -5.52° 

· Load2/Voltage Measurement2 = 9.6502e+003 V rms -5.88° 

· Load3/Voltage Measurement3 = 9.4851e+003 V rms -6.16° 

· Load4/Voltage Measurement3 = 9.1238e+003 V rms -6.79° 

· Load5/Voltage Measurement5 = 9.0698e+003 V rms -6.89° 

· Voltage Measurement = 1.0155e+004 V rms -5.08° 

· Current Measurement2 = 1.8139e-003 A rms -6.83° 

· Load1/Current Measurement = 3.9008e+002 A rms -43.10° 

· Load2/Current Measurement = 3.0850e+002 A rms -43.29° 

· Load3/Current Measurement = 2.2875e+002 A rms -43.48° 

· Load4/Current Measurement = 1.5036e+002 A rms -43.71° 

· Load5/Current Measurement = 7.4958e+001 A rms -43.76° 
2). Power distribution system including the nonlinear load with SVC(3.5e-5F) at load4:
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Power Factor:

Nonlilear Load:0.66  Load5:0.74  Load4:0.99  Load3:0.94  Load2:0.92  Load1:0.89
· MEASUREMENTS : 

· Load1/Voltage Measurement1 = 1.0270e+004 V rms -6.26° 

· Load2/Voltage Measurement2 = 1.0106e+004 V rms -6.96° 

· Load3/Voltage Measurement3 = 1.0004e+004 V rms -7.57° 

· Load4/Voltage Measurement3 = 9.8694e+003 V rms -9.34° 

· Load5/Voltage Measurement5 = 9.8110e+003 V rms -9.44° 

· Voltage Measurement = 1.0496e+004 V rms -5.49° 

· Voltage Measurement3 = 9.8110e+003 V rms -9.44° 

· Current Measurement = 1.3404e+002 A rms 4.70° 

· Current Measurement2 = 1.9622e-003 A rms -9.38° 

· Load1/Current Measurement = 3.5440e+002 A rms -27.34° 

· Load2/Current Measurement = 2.7371e+002 A rms -22.50° 

· Load3/Current Measurement = 1.9825e+002 A rms -13.69° 

· Load5/Current Measurement = 8.1084e+001 A rms -46.31° 

3). Power distribution system including the nonlinear load with SVC(3.5e-5F) at load4 and DVR at load6:
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Power Factor:

Nonlilear Load:0.99  Load5:0.96  Load4:0.91  Load3:0.99  Load2:0.99  Load1:0.95
· MEASUREMENTS : 

· Voltage Measurement3 = 9.8105e+003 V rms -9.29° 

· Load1/Voltage Measurement1 = 1.0269e+004 V rms -6.26° 

· Load2/Voltage Measurement2 = 1.0106e+004 V rms -6.96° 

· Load3/Voltage Measurement3 = 1.0004e+004 V rms -7.58° 

· Load4/Voltage Measurement3 = 9.8690e+003 V rms -9.34° 

· Load5/Voltage Measurement5 = 9.8106e+003 V rms -9.44° 

· Voltage Measurement = 1.0496e+004 V rms -5.49° 

· Current Measurement = 1.3413e+002 A rms 4.69° 

· Current Measurement1 = 1.9621e-003 A rms -9.23° 

· Load1/Current Measurement = 3.5449e+002 A rms -27.34° 

· Load2/Current Measurement = 2.7380e+002 A rms -22.50° 

· Load3/Current Measurement = 1.9834e+002 A rms -13.69° 

· Load5/Current Measurement = 8.1159e+001 A rms -46.27° 

Conclusion: From the results above, we can see that the distribution system has low values of power factor when there is no any compensation; when there is a SVC(3.5e-5F) at the load4(in the middle of the system), the power factors are improved but not very obviously; when there are both SVC(3.5e-5F) and DVR compensations in the distribution system, the power factors are improved significantly. So the DVR compensation can improve the power factor greatly, and the system cannot be improved obviously when there is only SVC compensation.
4).Voltage drop:
①. Distribution system without any compensation:

Voltage drop=(1.0155e+004-9.0698e+003)/ 1.0155e+004*100%=10.7%

② Distribution system with SVC compensation:
Voltage drop=(1.0496e+004-9.8110e+003)/ 1.0496e+004*100%=6.5%

③ Distribution system with SVC and DVR compensation:

Voltage drop=(1.0496e+004-9.8105e+003)/ 1.0496e+004*100%=6.5%
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         Figure 2-3: Voltage profile of the three schemes referred above

Conclusion: From the graph above, we can see that the voltage profile performs better when there is a SVC compensation or both SVC and DVR compensations. But each scheme has the same result which is the descending curve of voltage drop. That means the DVR can not improve the voltage profile very well.
5). System power loss:

①. Distribution system without any compensation:
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          Power loss in distribution system without any compensation

② Distribution system with SVC compensation:
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Power loss in distribution system with SVC compensation

③ Distribution system with SVC and DVR compensation:
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Power loss in distribution system with SVC and DVR compensation

Conclusion: From the results above, we can see that the power loss achieve the minimum value when there is a SVC compensation in distribution system, and the power loss has the similar small value when there are SVC and DVR compensations in distribution system.
6). Power harmonic:

① Distribution system without any compensation:

THD (Total Harmonic Distortion) =0.0523

② Distribution system with SVC compensation:

THD (Total Harmonic Distortion) =0.06444

③ Distribution system with SVC and DVR compensation:

THD (Total Harmonic Distortion) =0.009026

Conclusion: From the results above, we can see that the THD has the minimum value when there is DVR compensation in distribution system, the current harmonics is eliminated greatly and the power quality is improved. The current harmonics of the distribution system with a SVC is worse than that of the distribution system without compensation. This maybe due to that the resonance occurs because of the capacitive reactance introduced by fixed capacitor which offsets its inductive reactance in the distribution system.
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