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 Due to its numerous advantages, wind turbines with changeable speed power 

production systems are increasingly being used. This study proposes the 

architecture and specifications of an induction turbine generating wind system, 

as well as PI controller-based DC voltage link regulator and optimal torque 

control system. The suggested control technique as stated in this paper allows 

the system to function in grid linked mode as well as islanded mode and also 

in parallel with other power generation units, loads, FACTS devices, etc. This 

paper involves the analysis of different test cases in grid connected mode as 

well as islanded mode with PV generation unit, passive loads, induction motor 

loads, other wind energy generation systems. The paper also includes the 

analysis of response of the system with the switching on and off of the other 

units. MATLAB 2013a thereby validates the system findings and analysis. 
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1. INTRODUCTION  

From the last few years there have been number of disturbances occurring in the power system like 

power quality problems, power shut down problems. So there has to be a solution to reduce these problems 

using renewable energy sources for effective, efficient eradication of environmental issues, continuity of power 

supply. Wind energy and solar energy are considered as sources for power generation among the numerous 

sources as they are unlimited supply of source, environmental friendly [1], [2]. But the disadvantage of the two 

renewable energy sources is may not be available all the day. So, continuity of power supply can be a problem 

and so there is a necessity of the storage elements. Also, there number of energy storage devices like 

superconductive magnetic energy storage (SMES), flywheels, and uninterruptible power supply (UPS) [3]–[6]. 

But due to cost issue problems DC link capacitor and battery has been considered as energy storage devices. 

There may not be necessity or requirement for the grid integration all the time, so a controller for controlling 

the wind energy source is required for effective system operations in grid connected mode or in islanded as per 

the requirement [7], [8]. Solar system has been integrated at the system's point of common connection as an 

alternative renewable energy source. The system is also integrated with other RL load, induction motor load 

which can also be simultaneously operated representing parallel loads operation. The system is also designed 

to working connection with the fixed speed wind energy systems [9]–[11]. There may be abnormal power 

https://creativecommons.org/licenses/by-sa/4.0/
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quality problems within the grid connection and to ensure the proper operation, flexible AC transmission 

system (FACTS) device is also integrated at the common coupling point. 

This study comprises the diagram of a wind turbine of variable speed with a multimode core strategy 

and the analysis of the proposed system's operation using different test scenarios to guarantee the proposed 

system's efficient performance under both normal and faulted scenarios [12]–[14]. The study is organized as: 

the first section makes an introduction of the proposed system, whereas the second section delves into the block 

diagram explanation of the suggested developed framework with parallel units and their computational 

analysis. In addition, section 3 is devoted to discussing simulation efforts as well as outcomes. The fourth 

section is critical at discussing the results obtained from the work [15]. 

 

 

2. A BLOCK MODEL AND MATHEMATICAL MODELLING OF PREFERRED SYSTEM 

Figure 1 highlights the diagram of the block model. The model contains doubly-fed induction 

generator (DFIG) based wind unit, permanent magnet synchronous generator (PMSG) based wind unit, statcom 

FACTS device, and induction generator-based wind generation unit, solar generation unit, RL load and 

induction motor load [16]–[19]. The system is designed to enhance the comparable operated grid connected 

systems. It can be run in grid-connected technique or islanded technique with the disconnection of grid. All the 

parallel units are grouped into a single coupling point so the continuity of grid operation can be obtained with 

enabling any generation unit without any interruptions [20], [21]. All the units are connected through the three 

phase breakers at the common coupling point. Moreover, it can be operated under faulted conditions due to the 

connection of FACTS devices or other parallel units [22]–[26]. 
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Figure 1. A block model of suggested system with parallel units 

 

 

2.1.  DFIG based wind generation unit 

The DFIG based wind generation unit comprises of a wind generator for trying to convert wind energy 

into mechanical energy, an induction generator (DFIG generator) for transforming mechanical power into 

electricity, whose stator windings are actively connected to the utility grid, consecutively connected two 

voltage source converters (VSC) used to connect the DFIG's propellers to the grid, a DC converter capacitor 

and a battery are the energy storage elements connected in between the converters to store the energy to provide 

uninterruptible power supply [27]–[29]. The advantages of DFIG based wind generation unit are availability 

of variable speed operation there by full range of speed, power control, bidirectional power supply. The DFIG 

system also employs two controllers for the two VSC’s for the droop control of system frequency, voltage, 

real, and reactive power [30], [31].  

 

2.1.1. DFIG equivalent circuit 

The DFIG constitutes of both rotor and stator windings whose parallel circuit is illustrated in  

Figure 2 containing rotor, stator resistance and inductances, voltages at the rotor and stator windings are 

represented with their sources of voltage power. 
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Figure 2. Analogous circuit of DFIG 

 

 

Below are the dynamical equations representing the equivalent circuit (1) and (2): 

 

𝑉𝑠 = 𝐼𝑠𝑅𝑠 + 𝑗𝑤𝑠𝐿𝑠𝐼𝑠 + 𝑗𝑤𝑠𝑚𝐼𝑟  (1) 

 

𝑉𝑟 = 𝐼𝑟𝑅𝑟 + 𝑗𝑤𝑠𝐿𝑟𝐼𝑟 + 𝑗𝑤𝑠𝑚𝐼𝑠 (2) 

 

the power flow equations can be given as: 

 

𝑃𝑚 = 𝑇𝑚𝑤𝑟  (3) 

 

𝑃𝑠 = 𝑇𝑒𝑤𝑠 (4) 

 

the expression for the mechanical torque and electro- magnetic torque can be given as (5). 

 

𝑇𝑚 = 𝐽
𝑑𝑤𝑟

𝑑𝑡
+ 𝐷𝑤𝑟 + 𝑇𝑒 (5) 

 

Assuming the rotational and friction losses are negligible, then the above equation becomes: 

 

𝑇𝑚 − 𝑇𝑒 = 𝐽
𝑑𝑤𝑟

𝑑𝑡
 (6) 

 

assuming the generator is loss less: 

 

𝑇𝑚 = 𝑇𝑒 (7) 

 

𝑃𝑚 = 𝑃𝑠 + 𝑃𝑟 (8) 

 

2.1.2. Droop based method 

The droop-based method is based on the relationship between voltage, power and frequency and their 

regulation. It determines the variation of real, reactive power in relation to voltage and frequency. The 

following are the equations relating the voltage, power and frequency. Representation of transmission line 

shown in Figure 3 and their droop characteristics shown in Figure 4 (a) frequency droop and (b) voltage droop 

characteristics. 
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Figure 3. Representation of transmission line 
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The equation relating active power and voltage of a line can be given as (9). 

 

𝑃 =
𝑉1

2

𝑍
𝑐𝑜𝑠𝜃 −

𝑉1𝑉2

𝑍
cos⁡(𝜃 + 𝛿) (9) 

 

The equation relating reactive power and voltage of a line can be given as (10) to (12), 
 

𝑄 =
𝑉1

2

𝑍
𝑠𝑖𝑛𝜃 −

𝑉1𝑉2

𝑍
sin⁡(𝜃 + 𝛿) (10) 

 

𝛿 =
𝑋𝑃

𝑉1𝑉2
 (11) 

 

𝑉1 − 𝑉2 =
𝑋𝑄

𝑉1
 (12) 

 

the equation linking with the active power and frequency of a line with a gain of 𝑘𝑝is as (13) and (14), 

 

𝑓 − 𝑓0 = 𝑘𝑝(𝑃 − 𝑃0) (13) 

 

𝑉 − 𝑉0 = 𝑘𝑄(𝑄 − 𝑄0) (14) 

 

 

  
(a) (b) 

 

Figure 4. Droop characteristic of transmission line, (a) frequency droop and (b) voltage droop characteristics 

 

 

2.1.3. Rotor side controller (RSC) 

The expression for torque in terms of the above-mentioned equivalent circuit can be given as (15) and 

(16) 
 

𝑖𝑑𝑟−𝑟𝑒𝑓 =
𝑤𝑠(𝐿𝑠+𝐿𝑚)

𝐿𝑚𝑉𝑑𝑠
𝑇𝑒−𝑟𝑒𝑓 (15) 

 

𝑄 = (
𝑉𝑑𝑠

2

𝑤𝑠(𝐿𝑚+𝐿𝑚)
+

𝑉𝑑𝑠𝐿𝑚𝑖𝑞𝑟

(𝐿𝑠+𝐿𝑚)
) (16) 

 

a. Active power controller 

Wind energy that was drawn is as (17), 
 

𝑃 =
1

2
ƿ𝐴𝑉3𝐶𝑝 (17) 

 

(17) can be modified as (18). 
 

𝑃 = 𝐾𝑤𝑟
3 (18) 

 

Based on the power-torque relation, the expression for the torque can be obtained from the power equation and 

can be given as (19). 
 

𝑇 = 𝐾𝑤𝑟
2 (19) 

 

Form (19) it can be conclude that controlling torque, speed, and active power can be done with the rotor side 

controller [32]–[35]. 
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b. Current controller 

Based on the torque and current measurements, the q and d axes are calculated and then processed 

through the controllers to produce d and q axes voltages to generate gating pulses for rotor side converter. A 

model representation of current controller in shown in Figure 5. 
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Figure 5. A model representation of current controller 

 

 

2.1.4. Grid side controller (GSC) 

a. Active power controller 

The DC link voltage is connected between the GSC and RSC converters. The power from the grid 

side is measured by altering the DC voltage, as shown in (20). The current controlling is also performed with 

the DC link as shown in Figure 6. 

 

𝑃𝑟𝑠𝑐 − 𝑃𝑔𝑠𝑐 =
1

2
𝐶

𝑑

𝑑𝑡
(𝑉𝑑𝑐

2 ) (20) 
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Figure 6. DC link voltage controller 

 

 

2.1.5. Control of the pitch angle 

This has also been performed in the proposed system to control the angle of the blades there by running 

the power according to the low speed and high wind speeds. 

 

2.2.  PMSG wind generation unit and IG based wind generation 
The two parallel wind power generation units that are linked at the common coupling point includes: 

varying wind power speed generation system and wind energy generation system within the limited range. The 

fixed speed wind generation unit employs the PMSG and wind energy is shown in Figure 7. The induction 

squirrel cage power supply (IG) and wind energy are used in the variable speed generation unit. The energy 

transmitted is same as the DFIG wind generation unit but the disparity is there is no bidirectional power flow 

and these are intertwined directly to the grid without side-to-side connection. Also, no controlling strategy has 

been employed for these generation units as these are back up devices. 

 

2.3.  Solar power generation unit 

Solar power is one of the efficient sustainable resources utilizing sun rays to produce electrical energy. 

The proposed solar power generation unit consists of solar panel, boost converter, power tracker, as well as 

three phase inverters. A solar panel was created by connecting numerous solar panels in parallel and series 
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configurations. The circuit model for a solar array is shown in Figure 8, which contains a diode, current source, 

and series and parallel impedances. 
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wind generators 

Figure 8. Comparable circuit for a solar cell 

 

 

The following is the formula for the power generated by the solar cell: 

 

𝐼 = 𝐼𝑝ℎ − 𝐼𝐷 − 𝐼𝑠ℎ (21) 

 

the input power that flows through the diode is denoted by (22). 

 

𝐼𝐷 = 𝐼0[𝑒
𝑞(

𝑉+𝐼𝑅𝑆
𝐴𝐾𝑇

) − 1 (22) 

 

The voltage passing through the resistance value is denoted as: 

 

𝐼𝑠ℎ =
𝑉+𝐼𝑅𝑆

𝑅𝑠ℎ
 (23) 

 

2.4.  STATCOM 

These days there are frequent disturbances like voltage drops, transients, fluctuations occurring in the 

power system. So, to provide ripple free and disturbance free supply compensation of the reactive power has 

to be done which can be efficiently performed by the FACTS devices. Among the number of available FACTS 

devices, distribution static compensator (D-STATCOM) has been chosen in the proposed work due to its 

advantages like less expensive, less maintenance, effective in compensating line voltage harmonics.  

D-STATCOM is a voltage source converter with output current designed with GTO or IGBT which 

is fuelled by batteries or capacitors and is linked to the network in parallel via a coupling capacitor as shown 

in Figure 9(a). It generates alternating voltage thee by changing the reactive power with the change of gate 

pulse of voltage source converter. The D-STATCOM output voltage (𝑉𝑠ℎ) is adjusted in sync with the voltage 

level (𝑉𝑡), and the voltage fluctuates with the voltage. If 𝑉𝑡<𝑉𝑠ℎ, voltage is leading the output voltage, 𝑉𝑡>𝑉𝑠ℎ, 

voltage is lagging the output voltage and if 𝑉𝑡=𝑉𝑠ℎ, no dynamic current is transmitted to the network. Analogy 

circuit of D-STATCOM is shown in Figure 9(b). 

 

 

  
(a) (b) 

 

Figure 9. These figures are; (a) structure of D-STATCOM and (b) analogy circuit of D-STATCOM 
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The equations defining active power, reactive power of the network is given as (24) and (25) 
 

𝑃 =
𝑉𝑆𝑉𝑠ℎ

𝑋𝑡
𝑠𝑖𝑛𝛿𝑠ℎ (24) 

 

𝑄 =
𝑉𝑠
2

𝑋𝑡
−

𝑉𝑆𝑉𝑠ℎ

𝑋𝑡
𝑐𝑜𝑠𝛿𝑠ℎ (25) 

 

2.5.  RL load and induction motor load 

Another test case has been conducted for the proposed system with the connection of parallel RL load 

and a three-phase induction motor. An RL load can be operated with the utilization of supply at the point of 

common coupling.  

 

 

3. SIMULATION RESULTS 

3.1.  Test 1: when the operating system (OS) is grid-connected with a battery  

The waveforms of voltage of the DC link are shown in Figure 10(a). Battery power is shown in  

Figure 10(b). Frequency is shown in Figure 10(c) and speed when running the system in grid mode is shown 

in Figure 10(d). 
 

 

  
(a) (b) 

  
(c) (d) 

 

Figure 10. The waveforms of (a) voltage of the DC link, (b) power from a battery, (c) frequency, and  

(d) speed when running the system in grid mode 

 

 

It is activated during system start up from t=0 to t=7 s. From t=0 to t=7 s, a wind velocity of 10 m/s 

is sent to the rotor. The DC connection is kept at the initial capacitor voltage value from t=0 to t=3 s. At t=3 s, 

the GSC breaker is activated, followed by a fluctuation in the output, after which the DC voltage controller 

switches on and conserves the amplitude and current at the value of reference. The circuit at RSC is activated 

at t=3.5 s, and the battery is closed from t=4 s to t=7 s, indicating that the controllers are tracking continuously 

by keeping the speed, frequency, and DC connection current constant. 

 

3.2.  Test 2: when the OS is connected with the grid and the battery is suddenly disconnected 

The waveforms of Voltage of the DC link are shown in Figure 11(a). Battery power is shown in Figure 

11(b). Frequency is shown in Figure 11(c) and when the system is linked with the grid and the battery is 

suddenly disconnected, the speed is increased as shown in Figure 11(d). 
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When the system is linked with the grid and the battery is suddenly disconnected, the speed is 

increased. This configuration is similar as the start-up scenario from t=0 s to t=4 s, and at t=4 s, the charger is 

abruptly disengaged from the mechanism, with the strength of the power supply depicted in the under start 

figuring being lowered to a negative figure, indicating that the power supply is accessible and thus no 

transmission of power, but the link voltage is monitored by the controller, and bandwidth control is also 

performed. 

 

 

 
 

(a) (b) 

  
(c) (d) 

 

Figure 11. The waveforms of (a) voltage of the DC link, (b) power from a battery, (c) frequency, and  

(d) speed 

 

 

3.3.  Test 3: when the OS is in grid connected mode and other units connect suddenly (t=0 to t=15 s) 

Waveforms of link voltage, battery energy, converter’s active current, converter’s reactive energy, 

frequency, pitch angle, power generated, power transmitted and speed are shown in Figures 12(a) to 12(i). 

This mode is same as the start up case from t=0, to t=7 s. At t=7 s, RL load and induction motor loads 

are tuned ON and turned OFF at t=8 s. In the same manner other wind units, PV system, D-STATCOM are 

turned on at t=9 s, t=11 s, t=13 s. The below waveforms show that the controlling is performed all the time but 

the turning ON the PV, FACTS device injects huge amount of voltage, power. 

 

3.4.  Test 4: when OS is connected in grid with instant fault 

It is same as the initial case from t=0 s to t=7 s and at t=7 s, three phase fault has been created at the 

common coupling point to ensure the controlling which is shown in Figure 13. Waveforms of DC link voltage, 

Battery power, frequency and power transmitted are shown in Figures 13(a) to 13(d). 

3.5.  Test 5: when the OS in an islanded manner 

This mode is same as the start up case from t=0 s to t=7 s and at t=7 s, the grid is suddenly isolated 

from the system where the power transmitted or at the common coupling point is reduced to zero but all the 

parameters of the DFIG are simultaneously controlled. The waveforms of voltage of the DC link, power from 

a battery, converter active power, converter reactive power, frequency, angle of pitch, transmission of power 

and when the OS is in islanded mode, the speed increases are shown in Figures 14(a) to 14(h). 
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

  
(g) (h) 

 
(i) 

 

Figure 12. Waveforms of (a) link voltage, (b) battery energy, (c) converter’s active current, (d) converter’s 

reactive energy, (e) frequency, (f) pitch angle, (g) power generated, (h) power transmitted, and (i) speed 
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(a) (b) 

  
(c) (d) 

 

Figure 13. Waveforms of (a) DC link voltage, (b) battery power, (c) frequency, and (d) power transmitted 
 
 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

 
 

(g) (h) 

 

Figure 14. The waveforms of (a) voltage of the DC link, (b) power from a battery, (c) converter active power, 

(d) converter reactive power, (e) frequency, (f) angle of pitch, (g) transmission of power, and  

(h) when the OS is in islanded mode, the speed increases 
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3.6.  Test 6: when the OS is in islanded mode and more units are suddenly connected 

This mode is identical to the start-up scenario from t=0 to t=7 s, and at t=7 s, the same procedure of 

turning on certain loads was conducted as test 3. The waveforms of voltage of the DC link are shown in Figure 

15(a). Battery power is shown in Figure 15(b). Frequency is shown in Figure 15(c) and speed when operating 

system in islanded mode with instant link of varying units is shown in Figure 15(d). 
 

 

  
(a) (b) 

  
(c) (d) 

 

Figure 15. Waveforms of (a) DC voltage, (b) battery power, (c) frequency, and (d) speed when operating 

system in islanded mode with instant link of varying units 
 

 

3.7.  Test 7: when the system is in islanded mode 

It is same as the start up case from t=0 s to t=7 s and at t=7 s, three phase fault has been created at 

point of common coupling and the same observations have been done as test 4. Waveforms of DC link voltage 

are shown in Figure 16(a). Frequency shown in Figure 16(b). Power generated is shown in Figure 16(c) and 

power transmitted when OS is in islanded mode with sudden fault is shown in Figure 16(d). From these tests 

(test 1 to 7), it can be concluded that for every disturbance that has been occurring in the proposed system, the 

controllers are continuously tracking the reference values to minimize the error and become stable. The setup 

of DFIG is shown in Table 1. The details regarding RL load is shown in Table 2. Induction generator 

specifications are shown in Table 3. Parameter values of the PV system are shown in Table 4. 
 

 
 

  
(a) (b) 

 
 

(c) (d) 

 

Figure 16. Waveforms of (a) DC link voltage, (b) frequency, (c) power generated, and (d) power transmitted 

when OS is in islanded mode with sudden fault 
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Table 1. The DFIG setup 

S. No Parameter Value 

1 DC Link voltage 1150 V 
2 DC Link capacitor 1000 µF 

3 Wind velocity 10 m/s 

4 Grid nominal voltage 120 KV 
5 DFIG rated voltage 575 V 

 

Table 2. Details regarding RL load 
S. No Parameters Value 

1 Active power 10e6 
2 Inductive Reactive power 100e3 

3 Capacitive Reactive Power 100e3 

4 Nominal Voltage 25e3 
5 Frequency 60 Hz 

 

 

 

Table 3. Induction generator technical specifications 
S. No Parameter Value 

1 Purported current 6e6 
2 Nominal voltage 575 V 

3 Frequency 60 Hz 
 

Table 4. Parameter values of the PV system 
S. No Parameter Value 

1 Nominal power 3730 
2 Nominal voltage 460 V 

3 Rated voltage of PV system 560 V 
 

 

 

4. CONCLUSION 

This study demonstrates the creation of a renewable power apparatus that is contingent on an induction 

generator with the architecture of PI control technique DC voltage controller and direct torque regulator. The 

employed strategy enabled the system to functions efficiently in grid mode as well as islanded mode and also 

in parallel with other power generation units, loads, and FACTS devices. The analysis of different test cases in 

grid connected mode as well as islanded mode with PV generation unit, passive loads, induction motor loads, 

other wind power generation systems has been performed as test cases. The analysis of response of the system 

with the switching on and off of the other units has been performed and the results are verified using MATLAB 

2013a. 
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