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Abstract

:

A desire to produce power in microgrids has grown as the demand for electricity has expanded and the cost of installing modern transmission lines over long distances has become infeasible. As such, microgrids pose DC/AC harmonic distortion losses to the voltage supply that eventually fluctuate the output voltage. The key takeaways that this study presents are: (a) a configuration for microgrids integrated to the national grid using back-to-back converters in a renewable power system is achieved; (b) different scenarios of various schemes of sustainability of the power management in microgrids are analyzed; and (c) the reliable and stable network output power distribution is achieved. In this, the proposed control configuration provides space for construction and stability of the power system with sustainability of the power management. The results show that this current configuration works and stabilizes the network in the shortest time possible, and that the DC connection voltage is regulated and maintains reliable network output despite declining slope controllers, DC power and voltage, and power electronic back-to-back converters. Overall, the simulation results show that the proposed system shows acceptable performance under different scenarios. The accuracy of the results is validated with mathematical formulation simulation using MATLAB software. This system can be utilized in distant regions where there is no power grid or in areas where, despite having a power infrastructure, renewable energies are used to supply the output load for the majority of the day and night.
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1. Introduction


Rising fuel prices, environmental problems, decreasing fossil fuel reserves, and the growth of new energy generation technologies have led to the need of sustainable energy distributed generation (DG) resources in today’s renewable power systems. Recently, there has been an increase of electric vehicles charging stations and their integration to smart grid systems that has improved the voltage quality and harmonic distortion losses [1,2]. At present, most of the power required by the national grid is provided by large power plants [3,4]. These power plants are often located in remote a location, which leads to an increase of power transmission losses; hence, there is a requirement for the construction of new transmission systems. Distributed generation sources such as photovoltaic systems, wind turbines, fuel cells and battery storage systems are among the main sources currently in use [5,6,7,8]. Unlike large power plants, these distributed generation resources are utilized at low capacities and used in domestic dimensions [9,10]. As distributed generation sources are close to loads, power transmission losses are decreased, and the need for additional transmission lines and substations is reduced [11,12].



At present, due to the growth of the use of distributed generation resources, the use of microgrids to manage and control the power generated and released into the national grid has become a paramount need [13,14]. Mass control of distributed generation sources in a microgrid requires precise design of control systems so that the voltage and frequency are controlled and that the load is adequately supplied by distributed generation sources so that none of the sources are overloaded. The quality of power supply has become increasingly critical as the number of sensitive electronic loads has increased, such as those linked to the grid through thyristor and inverter rectifiers. The power generated by the global grid has harmonic distortion losses and as such a negative influence on voltage quality leading to the sudden voltage drops impacting distribution networks [15,16]. As a result, back-to-back converters are used to link today’s microgrids to the upstream grid. In particular, these converters are used as microgrid isolator of the national grid. With these converters, the desired sustainable power quality is provided for the microgrids. However, the microgrid controllability is complicated and the integrated control of distributed generation sources and the back-to-back converter becomes a challenge.



A microgrid structure is introduced in [17] that consists of new energy sources, in which resources are able to work in two modes: connected to the grid and insular. The methods of power distribution in the microgrid are investigated in [18]. In this, the central and decentralized methods of microgrid control are introduced. According to [19], power generation sources are classified into three categories of forming, feeding and supporting sources according to their role in the microgrid. The work in [20] discussed the design of internal control systems for intermediate converters of distributed generation sources in which, the control methods in the dq field as well as the static device are introduced. Paper [21] reviewed the design methods of voltage, current, power of inverter controllers and the design method in the frequency field for inverter. The parallel performance of inverter-based distributed generation sources has been investigated in [22,23]. It showed decentralized methods and the decentralized control method of power distribution called droop. Droop control is a technique for mimicking the sagging of a conventional generator set. When several communication line-free inverters are linked in parallel, this control technique is commonly used. According to [24], storage capacity and two-way power exchange in energy storage sources along with new energy sources have been used in order to balance the microgrid power. It showed energy storage sources control of voltage and frequency. The works in [25,26] introduced new energy-storage combined systems.



The prior work by Ghosh and Joshi (2000) [27] presented static compensator by using symmetrical components to develop an algorithm to compute three phase reference currents. More recently, the prior work by Majumder et al. (2009) [28] discussed back-to-back converters in two modes only whilst the limitation of not considering the dynamic power flows. Our work is progressing the state of the art by this paper, with the contribution being a sustainable energy distribution configuration for microgrids integrated to the national grid using back-to-back converters in a renewable power system. The power control scheme is presented for controlling the microgrid’s voltage and frequency while adhering to the aforementioned constraints. Distributed control services systems are implemented for this purpose, and a suitable back-to-back inverter control system is demonstrated to enable two-way power exchange at dynamic range and analyzed at various scenarios. A method of power sharing between resources can be used in this situation, in the case of insular areas where there is no national grid. As a result, in the case of grid-connected systems, the position of the back-to-back converter is investigated in this paper. In this investigation, the microgrid is required to supply part of its power through a back-to-back converter and receive the remainder from available sources under normal conditions. However, there may be times when using this template is not the best option. The simulations conducted in the MATLAB/Simulink software are used to test the output of the control system implemented in this article, and the simulation results are used to validate the proposed process. However, if the distributed generation sources are unable to generate the maximum power output, it is important to automatically change the power of the distributed generation to its full power. As a result, an alternate system must be used in which the power control should be used instead of power delivery. With these converters, the quality of the micro grid makes it difficult to control the micro grid, however, and the integrated control of the manufacturer’s production resources and the back-to-back converter can become a challenge. For this purpose, it is necessary to introduce a control system for the micro grids, in which, without the need to use telecommunication systems, there can be control of the voltage and frequency of payment and the desired ability in the court delivery network. In this case, it is necessary to control the voltage and frequency in the form of the partnership created by all sources and the limitations of electricity generation to accumulate in the sources of the producer.




2. Materials and Methods


2.1. Microgrid


A micro grid usually consists of different loads and resources that are operated as controllable and stand-alone systems as they can be disconnected and connected with high reliability, either on-grid or off-grid. Micro sources are classified into high frequency AC and DC categories. These two micro source categories are compared with different applications of renewable energy based power systems such as PV modules, fuel cells, wind or micro turbines and reciprocating engines. Figure 1 shows a standard microgrid schematic that is supplied from different sources.




2.2. Back to Back Controlled Converter


In the back-to-back converter, there are two VSCs (Voltage Source Converters). In this structure there are two three-phase H bridges that are connected through a common DC link [27]. It should be noted that the filter structure in each VSC depends on the system requirements and control of the converters, the IGBTs (Insulated Gate Bipolar Junction Transistor) used in this structure are shown as controllable switches. The structure of the VSC converter is shown in Figure 2, and the DG1 (Distributed Generator) is assumed to be the ideal DC voltage source.



The VSC output voltage is calculated using Equations (1) and (2).


   V T  =    V P 2  +  Q  T r e f    X G     V p  cos  (   δ T  −  δ p   )     



(1)






   δ T  = t a  n  − 1   (    P  T r e f    X G     V p 2  +  P  T r e f    X G    ) +  δ p   



(2)







In this case, it fills any power gaps, and DGs provide their full usable power through back-to-back converters if necessary. The value of voltage and reference angle VSC-2 can be written as shown in Equations (1) and (2).


   δ T  =  δ  T m a x   −  m T  ×  (   P T  −  P  T m a x    )   



(3)






   V T  =  V  T m a x   −  n T  ×  (   Q T  −  Q  T m a x    )   



(4)







The reference output of DGs is different from the reference output of back-to-back converters. The control strategy is the same for both DGs and hence, only the DG-1 reference generation is discussed here. As the output impedance of DG sources is inductive, inputting active and reactive power from the source into the microgrid can be controlled by changing the voltage and angle. Figure 3 shows the power flow from the DG-1 to the microgrid.



The complex power (both active and reactive powers) from DG to microgrid are calculated by using Equations (5) and (6).


   P 1  =    V 1  ×  V  P 1   sin  (   δ 1  −  δ  P 1    )    X 1    



(5)






   Q 1  =    V 1 2  −  V 1  ×  V  P 1   cos  (   δ 1  −  δ  P 1    )    X 1    



(6)







Hence, to control the transfer of P and/or Q, one of the four variables in the equation should be changed. As shown earlier, the phase values and the voltage range generated can be controlled by the microgrid governor, respectively. However, from a power transmission point of view, generator control is slow and inefficient because it imposes a limit on power transmission at the steady-state operating point. Due to this, the power angle δ in the equation must be kept small to avoid large disturbances and maintain transfer stability relatively large demand for reactive power that unnecessarily overloads generation and transmission systems. The voltage and voltage angle are expressed in Equations (7) and (8).


   δ T  =  δ  1 r a t e d   −  m 1  ×  (   P 1  −  P  1 r a t e d    )   



(7)






   V 1  =  V  1 r a t e d   −  n 1  ×  (   Q 1  −  Q  1 r a t e d    )   



(8)







The complex voltage in polar form (magnitude and angle) from DG-1 is the outcome of when a load is applied to it and to show the power distribution with angle drop, two DGs and a load are considered as in Figure 4.



Voltage angle relations are calculated using Equations (9) and (10).


   δ 1  − δ =  (   X 1  +  X  L 1    )  ×  P 1   



(9)






   δ 2  − δ =  (   X 1  +  X  L 2    )  ×  P 2   



(10)




where, X1 and X2 are expressed as according to Equations (11) and (12).


   X 1  =   w  l 1     V 1  V    



(11)






   X 2  =   w  l 2     V 2  V    



(12)







The reactance of the lines calculated using Equations (13) and (14).


   X  L i n e   1   =   w  l  L i n e   1      V 1  V    



(13)






   X  L i n e   2   =   w  l  L i n e   2      V 2  V    



(14)







Using the above equations, the complex angles can be written as shown in Equations (15)–(21).


   δ 1  =  δ  1 r a t e d   −  m 1  ×  (   P 1  −  P  1 r a t e d    )   



(15)






   δ 2  =  δ  2 r a t e d   −  m 1  ×  (   P 1  −  P  2 r a t e d    )   



(16)






   δ 1  −  δ 2  =  (   X 1  +  X  L 1    )  ×  P 1  −  (   X 2  +  X  L 2    )  ×  P 2   



(17)






   P 2  =  P L  −  P 1   



(18)






   (   X 1  +  X  L 1    )  ×  P 1  −  (   X 2  +  X  L 2    )   P 2   (   P L  −  P 1   )   



(19)






   X 1  +  X  L 1   = M  



(20)






   X 2  +  X  L 2   = N  



(21)







Equations (22) and (23) can be used to distribute power between two generation units.


   P 1  =    X 2  +  X  L 2   + N    X 2  +  X  L 2   + N +  X 1  +  X  L 1   + M   × PL  



(22)






   P 2  =    X 1  +  X  L 1   + M    X 2  +  X  L 2   + N +  X 1  +  X  L 1   + M   × PL  



(23)








2.3. DC Microgrid Method of Control


DC–DC converters are electrical circuits that have lower energy losses during transmission between different circuits as well as converters used to convert DC voltage [28,29]. The current of DC distributed generation sources with constant power control is obtained through Equation (24).


   I  F C r e f   =  (   K  p p   +    K  i p p    S   )   (   P  d r e f   −  P  d m e a s    )   



(24)







For the slope control performance, the reference current is obtained according to Equation (25).


   I  F C r e f   =  (   K  p d   +    K  i d    S   )   (   V  d r a t e d   −  V  d m e a s   −  K  D R P    (   P  d r e f   −  P  d m e a s    )   )   



(25)







Distributed DC sources that have storage and can be controlled according to the output power or small sudden changes in the requested power.


   V  r e f   = s q r t  (   V  d r e f  2  +  V  q r e f  2   )  −  K  d r p v    (   Q  r a t e d   −  Q  m e a s    )   



(26)






   δ  r e f   = t a  n  − 1    (     V  q r e f      V  d r e f      )  −  k  d r p p    (   P  r a t e d   −  P  m e a s    )   



(27)








2.4. AC Microgrid Method of Control


It is worth noting that the DGs in the AC microgrid are ideal DC sources [28,29]. The reference current is calculated using the following equations.


   I  d r e f   =  (   K  p a c   +    K  i p a c    S   )   (   P  r e f   −  P  m e a s    )   



(28)






   I  q r e f   =  (   K  q a c   +    K  i q a c    S   )   (   Q  r e f   −  Q  m e a s    )   



(29)







The reference voltage is calculated using Equations (30) and (31).


   V  d r e f   =  (   K  v d a c   +    K  i v d a c    S   )   (   I  d r e f   −  I  d m e a s    )  +  V  d e m a s   +  I  d e m a s    R  t r   +  I  q m e a s    X  t r    



(30)






   V  q r e f   =  (   K  v q a c   +    K  i v q a c    S   )   (   I  q r e f   −  I  q m e a s    )  +  V  q e m a s   +  I  q e m a s    R  t r   +  I  d m e a s    X  t r    



(31)







The equations for voltage and angle adjustment are calculated as Equations (32) and (33).


   V  r e f   = s q r t  (   V  d r e f  2  +  V  q r e f  2   )  −  K  d r p v    (   Q  r a t e d   −  Q  m e a s    )   



(32)






   δ  r e f   = t a  n  − 1    (     V  q r e f      V  d r e f      )  −  k  d r p p    (   P  r a t e d   −  P  m e a s    )   



(33)








2.5. Simulation of the Studied System


The outline model of the simulated system in the software is shown in Figure 5. The information of this model is given in Table 1.



In this design, back-to-back converters are created from two VSC 2- VSC1 with a common DC link. AC micro grids are connected to the system with 2 DG sources and once. Manufacturers of connectors connected to VSCs (AC) convert the output voltage of the DGs to AC in the micro grid. They are connected to the system via a DC/DC converter. DC/DC output voltage converter, DG increases the voltage level by increasing the DC. The back-to back connects to the mains and the mains at a point. Both VSC 1-VSC-2 converters are pressurized by a common capacitive DC bus with voltage if you assume that at the distribution level, the micro grid has deep resistive lines shown as a filter.





3. Results and Discussion


3.1. Scenario 1: Normal System Operation When AC Microgrid Receives Continuous Power from the National Grid and Vice-Versa


Figure 6 shows the DC voltage and Figure 7 shows the common point voltage between the national grid and microgrid. There is no disruption in the DC base voltage and the common connection point voltage, as seen in these Figures. For instance, after 0.15 s, if the microgrid is connected to the system, the DC voltage will be slightly disturbed and shows the performance of a stable system.



Figure 8 shows the current of the common point (common base) of the grid and the microgrid, which has increased after the instantaneous time of 0.15 s.



For this purpose, distributed generation resources control systems are introduced and a suitable control system for back-to-back inverter is designed to allow two-way power exchange. In the case of insular mode, where there is no national grid, a method of dividing power between resources can be used. However, in the case of on-grid, it is necessary to examine the role of the back-to-back converter. Under normal circumstances, the microgrid is expected to supply part of its power through a back-to-back converter and take the rest of the power from available sources. However, circumstances may arise in which the use of this method is inappropriate. For example, when the load power increases and the power of the distributed generation sources reaches the maximum allowable value, these sources can no longer control the voltage and frequency, so it is necessary in this case, the working condition of the back-to-back converter is changed and provide the required load power that cannot be provided by distributed generation sources. Active and reactive power distribution is also shown in Figure 9. In this figure, the active and reactive power are denoted by P and Q, respectively. As can be seen, before the moment of adding the microgrid, the power distribution is less than in the case of adding the microgrid.



The two-phase voltage ab for each two converters is also shown in Figure 10 and Figure 11. Their changes are also noticeable at the moment 0.15 s.




3.2. Scenario 2: AC Grid Error and Checking Microgrid Becoming Insular


Grid Side Error starts with the error at separators side and blocks VSC-1. Power exchange between microgrids is still possible despite the VSC-2 by changing the voltage control. In this case, a 3-phase connection to the ground on the grid side occurs in second 0.14 for 50 milliseconds and is fixed. Figure 12 shows the DC voltage in scenario 2 when AC grid error occurred. Figure 13 shows the common point voltage between the grid and the microgrid, and Figure 14 shows the current resulting from this.



The system operates in two different modes depending on the power requested in the microgrid. In the first case, a certain amount of active and reactive power is provided by the grid to the microgrid through a back-to-back converter, and the remaining requested power is divided proportionally among the DGs according to their output power. When the total power generated by the DGs exceeds the load, the excess power is returned to the grid. This mode results in highly reliable performance. So, the amount of electricity consumed or delivered to the grid is predetermined. Figure 15 shows the power distribution. Figure 16 and Figure 17 show the two-phase voltage of the converters. The voltage of the load is also shown in Figure 18.




3.3. Scenario 3: Error on the Microgrid Side and Checking Becoming Insular


Back-to-back converter base microgrid error: when DC errors occur, the back-to-back converters are blocked, and separators isolate the system. With the loss of grid connection, it may be necessary to change the control mode and reduce the load on the microgrids. It is observed that the DC base voltage is recovered in the period after the error is fixed and the DGs in the DC microgrid provide the additional power required after becoming insular and no disturbance occurs in the flow of the microgrid power. Figure 19 shows the DC voltage values and Figure 20 and Figure 21 show the voltage and current values.



When the power consumption in the microgrid is greater than the total maximum production capacity of the DGs, the power predetermined by the grid is supplied to the microgrid. When the DGs are operating at their maximum power, the grid provides the remaining power consumption in the microgrid under the conditions of the second mode control. When all DGs reach their maximum output range, the microgrid performance changes from mode 1 to mode 2. While mode 1 provides a seamless connection to the grid, mode 2 provides more reliable power and can handle large loads and unstable outputs. Figure 22 shows the power distribution diagram and Figure 23, Figure 24 and Figure 25 show the converter voltage and load diagrams.





4. Conclusions


In this study, a sustainable energy distribution configuration for microgrids integrated to the national grid using back-to-back converters in a renewable power system is investigated. Distributed generators need to use power electronic devices to convert the output to the desirable output. These electronic devices include electronic power converters that can cause harmonic distortion losses to the voltage supply that eventually fluctuate the output voltage. In this paper, the structure of a combined microgrid that is connected to the grid through back-to-back converters is presented. The results implicate that the proposed control configuration provides space for construction and stability of the power system with sustainability of the power management. In addition, according to the various control modes available, the results implicate that the proposed method works properly and stabilizes the network in the shortest possible time. The DC link voltage—despite the decrease in slope controllers, DC power and voltage, as well as power electronic back-to-back converters—is well controlled and ensures stable system performance. Overall, the simulation results show that the proposed system shows acceptable performance under different scenarios. This paper shows that this configuration can be used in remote areas without a power grid or even in areas that, despite the presence of a power grid, tend to use renewable energies, and to supply the output load most of the hours of the day and night.
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Figure 1. A schematic of microgrids, converters and micro sources [28]. 
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Figure 2. A schematic diagram of Voltage Source Converter (VSC) structure [28]. 
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Figure 3. Power distribution from DG to microgrid. 
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Figure 4. Power distribution between DGs [28]. 
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Figure 5. Studied simulation system. 






Figure 5. Studied simulation system.
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Figure 6. DC voltage in scenario 1. 
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Figure 7. Common point voltage between the grid and microgrid. 
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Figure 8. Common point (common base) grid and microgrid current. 
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Figure 9. Active and reactive power distribution. 
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Figure 10. Two-phase voltage ab for VSC-1. 
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Figure 11. Two-phase voltage ab for VSC-2. 
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Figure 12. DC voltage in scenario 2. 
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Figure 13. Grid and microgrid voltage common point. 
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Figure 14. Common point (common base) grid and microgrid current. 
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Figure 15. Active and reactive power distribution. 
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Figure 16. Two-phase voltage ab for VSC-1. 
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Figure 17. Two-phase voltage ab for VSC-2. 






Figure 17. Two-phase voltage ab for VSC-2.



[image: Electronics 10 01826 g017]







[image: Electronics 10 01826 g018 550] 





Figure 18. Load voltage. 






Figure 18. Load voltage.



[image: Electronics 10 01826 g018]







[image: Electronics 10 01826 g019 550] 





Figure 19. DC voltage in scenario 3. 
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Figure 20. Grid and microgrid voltage common point. 
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Figure 21. Common point (common base) grid and microgrid current. 
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Figure 22. Active and reactive power distribution. 
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Figure 23. Two-phase voltage ab for VSC-1. 
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Figure 24. Two-phase voltage ab for VSC-2. 






Figure 24. Two-phase voltage ab for VSC-2.



[image: Electronics 10 01826 g024]







[image: Electronics 10 01826 g025 550] 





Figure 25. Load voltage. 
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Table 1. Information of the studied system (load and microgrid).
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	Grid
	Load
	Permitted Output Power
	Converter Losses
	DC Voltage
	Transformer
	LC Filter





	25 kW and 10 MVA
	25 kW
	30 kW
	R = 0.1 Ω per phase
	750 V
	25 kV/380 V
	L = 5 mh, C = 8 kVar
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
(pu)

Vabe_B1

15

05

05

0.05

01

0.15
Time (seconds)

02

0.25

03





media/file4.png
1‘ {.I .r
—

LBl

ML

e T—-I-

f
f
f

C

éfm]: |

L8

gl

L @Tfln

1"”u'j-

211 fa |

-~ =






media/file39.jpg
(pu)

Vabe_B1

15

°
@

o

05

0.05

01

0.15
Time (seconds)

02

0.25

03





media/file18.png
P(KW),Q(KWAR)

'

Nl

P
—Q

-30 1 A
0 0.05 01

0.15
Time (seconds)

02

0.25

03





media/file21.jpg
Vab_VSC2

600

-800

-1000

0.05

0.15
Time (seconds)

02

025

03





media/file44.png
100

e O
<L
<
g
=
<
&

=]
—Q

0.05

01 0.15
Time (seconds)

02

0.25

03





media/file26.png
o e — —_— 1 —
el

mmmmmmmmmm






media/file7.jpg
R

vis





media/file28.png
(A)

labc B1

U

0 0.05 0.1 0.15
Time (seconds)

02

0.25

03





media/file10.png
Ciacrete
2000 5.

Pl Geneealor
2 kHz1

DC/AOC Converter:

= =

e 1
WSC1 Cantrol s
a

34
Pasitive-Sequance
Active & Reactive Power

Ve el (jui}
Vab_VSC2

Theea-Phase Fauh

26 ki
380V s
51 Hr

.|}—

Thi i
Sarigs FLC Branch?

P
WGET Imsertnr

N

v ms
50 Hel

Waltage Reguistor

ral (puj 1






media/file49.jpg





media/file11.jpg
Vdc(V)

100

0.05

01

0.15
Time (seconds)

02

0.25

03





media/file6.png
Vp1£ 0p
I Microgrid
ro|

JX)
V2 o I

-0d L £-OSA





media/file36.png
N 0 - o) =] 0 - o)





media/file15.jpg
‘ s






nav.xhtml


  electronics-10-01826


  
    		
      electronics-10-01826
    


  




  





media/file2.png
utility load

Breaker

9

Three-Phase Source

Breaker

VSC-1

VC

—

VSC-2

Breaker

s

VSC-4

-

DG-2

Ly

Load

VSC-3

Jv DG-1

P1-Q1





media/file23.jpg
1400

0.05

01

0.15
Time (seconds)

02

025

03





media/file24.png
Vdc

1400

400

0.05

0.1

0.15
Time (seconds)

0.2

0.25

03





media/file29.jpg
P(KW),Q(KWAR)

100

200

——q|

0.05

01

0.15
Time (seconds)

02

025

03





media/file1.jpg
ey loas

I

e

=Y






media/file12.png
Vdc(V)

400

200 i

100

0.05

01

0.15
Time (seconds)

0.2

0.25

0.3





media/file9.jpg





media/file42.png
bc_B1 (A)

< 0 ‘ll""v‘w‘"""""?""‘Q""‘?‘f‘w

"1Wo’9&'"t‘¢'¢"’$’i"’&'i"’t’i’t’i’b’t"

Time (seconds)





media/file47.jpg
Vab_VsC2

1000

800

600

400

200

-200

400

600

800

-1000

0.05

0.15
Time (seconds)

02

025

03





media/file38.png
Vdc

1000

100

il

J )

il

0.05

0.1

0.15
Time (seconds)

02

0.25

0.3





media/file17.jpg
Pl
Q

B

8 & e °
(VMO (MmN

20

-30

01 015 02 025 03
Time (seconds)

0.05





media/file30.png
P(KW),Q(KWAR)

400

100

L L

P
Q

0.05 0.1

0.15
Time (seconds)

02

0.25





media/file35.jpg
(pu)
o
&

Vabe_load

15

°

05

15

0.05

01

015
Time (seconds)

02

0.25

03





media/file48.png
Vab VSC2

1000 '

800

600 [

400

200

-200 1

400 1

-600 1

-800 1

'l

-1000 '
0 0.05

0.1

0.15
Time (seconds)

02






media/file27.jpg
20

30

0.05 01 0.15 02 0.25 03
Time (seconds)





media/file3.jpg





media/file22.png
Vab VSC2

800 '

600

400 r

200

-200 t1

400 r

-600

-800 1

A

'

A

-1000 *
0 0.05

0.1

0.15
Time (seconds)

0.2






media/file19.jpg
1000

800

600

400

200

Vab_VSC1

200

400

-600

800

-1000
° 005 01 0.15 02 025 03

Time (seconds)





media/file40.png
Vabc _B1 (pu)

1.5

05§

05T

-15

A A AR A
A A AR





media/file33.jpg
Vab_VSC2

1500

1000

500

1000

1500

0.05

01

015
Time (seconds)

02

025

03





media/file32.png
Vab_VSC1

1500

1000

-500 [

-1500 ' ' )
0 0.05 0.1 0.15
Time (seconds)

02 0.25 03





media/file14.png
Vabc_B1 (pu)






media/file41.jpg
labc_B1(A)






media/file37.jpg
Vdc

0.05

01

0.15
Time (seconds)

02

025

03





media/file46.png
Vab VSC1

1000 T T T ' T

800 1

600 r T

400

200

-200

400 r

-600

-800

-1000 A L L A L
0 0.05 0.1 0.15 0.2 0.25 0.3

Time (seconds)





media/file45.jpg
Vab_VSC1

1000

800

-200

400

600

01

0.15
Time (seconds)

02

025

03





media/file16.png





media/file20.png
Vab VSC1

1000

800

600

400

200

-200

-400

-600

-800

-1000

A

A

0.05

0.1

0.15
Time (seconds)

02

0.25






media/file50.png
1





media/file5.jpg
o
9





media/file31.jpg
1500

1000

Vab_VSC1
°

500

-1000

1500

0.05

01

015
Time (seconds)

02

025

03





media/file25.jpg
(pu)

Vabe B1

15

°
o

°

0.05

01

015
Time (seconds)

02

025

03





media/file0.png





media/file8.png
Kpy Ved  Km






media/file43.jpg
100

P(KW),QKWAR)
2

o

50

0.05

01

015
Time (seconds)

02

0.25

03





media/file34.png
1500

1000

Vab_VSC2
o

500 |

0 0.05 0.1 0.15 0.2 0.25 03
Time (seconds)





