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One of the confrontations with increasing demand on power in the entire
world the methodologies of provided power divided into traditional methods
against renewable methods. This article presents a simulation model to
estimate the integrated power from vertical access wind turbine (VAWT)
stages of development of a simulation model of local power supply system
(LPSS) with (VAWT). However, wind power is one of the quickest
developing advances for the sustainable power age. Disturbingly, in the
ongoing years a few instances of corruption on telecommunication systems
frameworks have emerged because of the presence of wind ranches, and
costly and in fact complex restorative estimations needed. The grade of
variation of power verified according to the grid size. The parameters were
taken in the study through the preparation of the model are (efficiency, cost,

stability and system response) compared to the benefits against disadvantages when
Power stability combining the two systems to achieve a high performance of the power
VAWT response stability.
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1. INTRODUCTION

Wind power is the most developing power source of renewable providing power that generated
electrically by electromechanically movements with not using fuel ingesting and without effect on the
environments. There have been located in many block buildings that have executed wind power turbine
systems through outsized wind turbines in farms there is huge established due to the requirement and
predicting wind speed with direction condition according to the height of the building. However, there has
been no efficient model for looking at wind turbines in vertical access wind turbine (VAWT) against
horizontal access wind turbine (HAWT) combining with energy produce then results from the analysis. In
spite of the fact that the basic obstruction cases are not normal, if they happen when the wind farm is
introduced, the posteriori restorative estimations are typically actually intricate and/or cost restrictive.
Conversely, the expectation of the possible effect of a wind farm on the media transmission administrations
before its establishment permits the arranging of elective arrangements so as to guarantee the concurrence
between the breeze turbines sand the media transmission administrations.
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VAWT may likewise be a more conservative answer for enormous seaward establishments, which
has trigged Sandia National Laboratories to restart their VAWT research program. Moreover, late outcomes
demonstrate that upward hub turbines can perform preferable in ranches over even hub turbines. The material
utilized for building a rotor VAWT is about something very similar or less contrasted with a HAWT of the
relating size. Be that as it may, the general construction of the VAWT will be easier [1].

This potential effect must be broke down in a made to order premise, considering the specific
highlights of every establishment and the included administrations, for example, the precise area of the wind
turbines and the communications framework, terminal time and geology, media transmission towers stature,
administration recurrence and adjustment, transmitting frameworks qualities and gathering conditions. A
whole turbines models computation on power providing to customers simulation such as smart grids wishes
to be able to adapt with these systems considered as a potential model providing design solution [2].

The logical objective with this examination has been tested confirmation of vertical axis wind
turbines. Trial results are significant since they show the conduct of the total framework under practical
conditions, which can't be concentrated in a research center. The reproduction tests introduced in this work
help to examine and foster the best execution of the VAWT framework identified with field tests.

The methodology presented in this article permitted estimating diverse required boundaries of the
rotor arriving at a consistent state. The model gauges the current of the rotor, which relies upon the heap
applied to the rotor shaft. Moreover, the simulation model estimate in this paper parameters is not only
depending on the physical design of the blade of the wind turbine such as the rotor speed, the load in the grid,
and the motor type in rotor the wind turbine through the blade speed ratio and the power coefficient. All the
other HAWT simulation tools do not integrate these sufficient parameters. Instead, the VAWT prevailing
models suggested the average power production as shown in the response with efficiency according to
demand load power [3]. However, a novel classification method will be used to separate and compared
different turbine systems in further work [4]. The paper is organized in the following order. Section 1
introduces the study, followed by section 2, which details the materials and methodology for the simulation
experiment. Section 3 explains the results with discusses them, and section 4 concludes the current study.

2. METHODOLOGY

The destination of renewable using wind energy converters (WEC) is to convert the kinetic energy
mode of energy natural wind for electric energy and applied it to an electrical smart grid depending on the
load requirements for that the model shown the best simulation of integration of diesel power station with
VAWT using in a grid to feed the diminution of electrical energy causing because of load on the grid [5].
Today, the huge majority of renewable wind turbines are HAWT contain three-blade against VAWT for
benefits of the companies if compare to the advantages and disadvantages of many WECs include a gearbox
to minimize the essential generator torque with considering the blade size and angle. These studies provide
mathematical concerns a wind energy transformation system established on a vertical axis wind turbine
(VAWT), with gearbox synchronous motion by load requirements even in low wind speed of wind a
relatively hybrid grid connection strategy [6], [7].

2.1. Analysis of the proposed model

The most society in over the entire world is highly subordinate on the affordable cost to produce
energy. A major part of this power is achieved from nuclear energy in developed countries and on fossil fuels
in most the remain countries [7]. The expenditure of fossil fuels has various negative environmental
influences and resources of this energy going to be limited [8], [9]. Wind power has huge advantages the
most important on the reduce emissions of gases on the environments and other waste oil products [8].
Demanded to increase on fossil fuels, wind power is renewable technologies is formerly the second most
cost-effective [9].

2.2. The advantage of the proposed model

— The major advantage is the VWTA can be used in a grid that because of the structure of the turbine can be
established on building to provide wind farm in less area this not be able in HAWT systems.

— The blade size and angle in HAWT for those requirements for an open area with the long stand to left up
the turbine generator. The VAWT will the rotor structure on roof building or on standing less length of
the stand using in HAWT.

— The cost of manufacturing of HAWT for one unit can build more units of VAWT depends on generation
capacity comparing to design of turbine.

— The most important is to compare between the HAWT and VAWT to combine the generation power with
the main grid as called non-isolated mode (NIM) by using a motor can work with as an alternative with
most common asynchronous and synchronous turbines.

Mode NASA blade used to calculate the power generator for (VAWT) by ... (Ibrahim Amer Ibrahim)



1994 O ISSN: 1693-6930

2.3. Doubly fed induction motors (DFIM)

Several applications that depend on a limited speed range, permitting a decrease in the size of
turbine wind for that this motor will achieve the required goal of the simulation proposed in the model of
the supplying power electronic then gives the references converter as changing load with asynchronous
proposed [9], [10], in a variable-speed generation the torque of the rotor increased as estimated the value of
power by collecting of the voltage and current response by using mathematical (1).

Tem =3P/SWSs - VloadIcos[¢] )

Where:

Tem: Torque generated in DFIM

SWs: Switch converter when load increase

Proctor: RI2 shown increasing current according to the speed of the rotor

Preactive : VloadIcos[¢] 2

The simulation model contains the static part and dynamic part for the classification into: steady-state
simulation circuit.

2.4. Dynamic simulation circuit

Machines that called asynchronous is a doubly fed induction motors (DFIM) or doubly fed induction
generators (DFIG) are utilized for most wind turbine applications as they work in the wide speed range. This
methodology takes into consideration an impressively more modest turbine size [11]. Schematic in the Figure 1
represented the suitable control strategy within the grid load charge of magnificent the mandatory alternating
current (AC) through rotor voltages value to control the complete DFIM operative point and to perform
supply-convertors the power exchange through the rotor to the load grid [11]. Moreover, Figure 1 presents the
ideal control technique utilizing the matrix load, moving toward the charging control by rotor voltages of
DFIM at working focuses just as controlling converters by the matrix stacking.

Frequency and phase changing

AC-DC J. AC-DC
Comverter T Comverter
DC 3AC
\ 30 AC
‘ o Povier
[ Output

Figure 1. Configuration of DFIM with grid and turbine

2.5. Steady-state simulation circuit

In the simulation design represented of the changing the parameters in each stage for that the impact
changing according to state, rotor and speed of rotor according to the load not according the wind speed as
used in HAWT for that this system applied efficiency can reach up to maximum value or approximately
equal from the diesel generation electricity station [12], [13].

WS = Wr + wm 3)
where:
ws : Stator frequency of voltages and currents, wr: Rotor frequency of voltages and currents
wm : Rotor electrical speed

When the rotor electrical speed changing according to the shaft moving depends on the pole relation shown in (3).
o m=pQ m 4

where: The (p) represented an electromagnetic pole.
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The (Q m) shaft moving in rotor for the previous in (2) that according to the variable signal
represented for that the operation of simulation will divide into three modes with the slip of the rotor [14].

s=(0_s-0_m)/o s=o r/o_s (5)

The operation modes in the entire previous wind turbine depending on the speed variable relating to
wind direction and design of blade all these parameters considered in design also the energy generation via
VAWT to made accurate results for the simulation against HAWT [15]. Figure 2 shows the aerodynamic
design wind turbine VAWT.

2.6. Simulation algorithm

The simulation model calculates the integration power requirement through the VAWT in the grid to
compensate for the increasing demand from the load, to determine accurate power production of the system
by giving the values of voltage and current before and after the rotor generation the energy till reaching the
steady-state model. During the model initialization, the MATLAB program reads the voltage stator, current
stator, the speed of rotation, and the reference value of parameters [16], [17].

In Figure 3, shown the grid required for integration when the load reached (Tem *0.5) for this the
simulation increase the speed of rotation rotor instead of that the torque will be increased until a reach the
synchronization by supply the required power to gird [18]. Having, Ir; Rotor currents. Vs; Stator voltages,
Tita; Rotation angles, Omega_m; Rotors speed, Tem; Electromagnetics torque. Figure 4 shows the
oscilloscope registered measurement parameters, In which, Omega_ref: Reference rotor’s speeds; iqr: The q
component of rotor’s currents; iqr_ref: Reference q component of rotor’s currents; idr: The d component of
rotor currents; idr_ref: Reference d component of rotor’s currents; vdr_ref: Reference d component of rotor’s
voltages; vqr_ref: Reference q component of rotor voltages; Is: Stator’s current*s.
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Figure 4. The measurement parameter via simulation
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3. THE RESULTS

This section details the results of the simulation experiments. The results listed below were based on
the simulation experiments. The elementary active power stability of the DFIM makes known that assuming
a motor speed according to the load alteration, the calculation of the stator mode in active power (Ps) and the
rotor active power in wind turbine (Pr) [19]-[21], is equal when (& _m=®_s) to reach up the ® r= 0 the
mechanical power in the shaft equal to (Pm).

o _m=wo_s/o_r=0/s=0

The circumstance is outlined by the (5) with Figures 5-7.
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Figure 6. The measurement rotor torque response

The control of the DFIM current response during the stator voltage and current stated providing
measurement level increasing the rotor current will reach the steady-state are then stability the current
response as shown in Figure 8. It is necessary to separate the result from the simulation into two different
scenarios [22]: the grid connection operation (GCO) and the stand-alone operation (isolated mode).

Among the different researches try to get the best generation of energy within the methods of
renewable energy methods (water flux, wind flux on the turbine, solar energy, and steam energy) all these
methods depended on build big turbines to give the must and cover the increase of power requirements for
that they depending on same concepts of AC/direct current (DC)/AC or DC/AC converters, in the algorithm
used in a simulation controlled on the rotor current loop response according to alternative the axis vector with
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increasing the rotor speed and stability of the torque. Supporting the force dependability as addressed by
Figure 9.

Irmaxziqr2 + idr2 (6)

where:
igr2: Axis coordinate
idr2: Vertical coordinate
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Figure 7. Stator voltage response
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Figure 8. Stator current response

The simulation model implemented in the integration of the energy in the grid is mainly proposed to
predict the performance of medium or small scale of VAWTSs that are either grid joined or building-connected
wind energy conversion systems [22]. The simulation model test the electricity capacity can supply it through
the turbine from (2000-3000 Kw) the simple approximation algorithm VAWT tested.

Our information obviously shows that covers further develop the force yield of vertical pivot wind
turbines. The outstanding force yield acquired from speeding up the breeze turbine is pivotal to make a
proficient housetop wind turbine. The main thing we closed is that the nook ought to be planned dependent
on the breeze turbine plan. Each wind turbine configuration performs distinctively relying upon the idea of
the cover. However, human brain could be considered as an electric generator through a complex chemical
processes [23], [24]. It is estimated that a VAWT turbine may produce more electricity volume due to the
pre-estimation of load during the peak demand periods in the grid [25]-[30].
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Figure 9. Rotor current when reached steady-state response

4. CONCLUSION

A simulation model for wind energy conversion systems has been implemented to compare the
VAWT and HAWT by using Matlab Simulink to measure the different parameters until reaching a steady
state. The system estimates the current from rotor for depending on the load applied on a system connected to
the grid for that the variable to reached the steady-state is (rotor speed, torque, the coordinate of “igr, idr” and
Synchronization). The VAWT turbine systems for various kinds of outlying areas produce about 50% more
electricity because the turbine gives the estimated load. They are capable to achieve more power-electricity
cost savings than the power manufacturers that the systems essentially produce, declining peak electricity
demand. It is estimated that a VAWT turbine may produce more electricity volume due to the pre-estimation
of load during the peak demand periods in the grid.

ACKNOWLEDGEMENTS

Authors would like to thanks both university of South Ural State, Chelyabinsk/Russia, and the
University of Baghdad, Baghdad/lraq. Moreover, thanks to Madam Fadia for helping in submitting this
article.

REFERENCES
[1] J. Kjellin, "Vertical axis wind turbines: Electrical system and experimental results," Acta Universitatis Upsaliensis,
2012.

[21 A. A. Radionov, A. S. Maklakov, E. A. Maklakova, V. R. Gasiyarov, and S. S. Voronin, "EMC analysis of
18-pulse AC-DC circuit consisting of three level AFE rectifiers based on PWMSHE method with three switching
angles for quarter-period,” IEEE NW Russia Young Researchers in Electrical and Electronic Engineering
Conference (EIConRusNW), 2016, doi: 10.1109/EIConRusNW.2016.7448269.

[3] F. Spinato, P. J. Tavner, G. J. W. van Bussel, and E. Koutoulakos, "Reliability of wind turbine sub-assemblies,"
IET Renew. Power Gener., vol. 3, no. 4, pp. 387-401, 2009, doi: 10.1049/iet-rpg.2008.0060.

[4] 1. A lbrahim, H.-N. Ting, and M. Moghavvemi, "Formulation of a novel classification indices for classification of
human hearing abilities according to cortical auditory event potential signals," Arabian Journal for Science and
Engineering, vol. 44, pp. 7133-7147, 2019, doi: 10.1007/s13369-019-03835-5.

[5] G.J. W. V. Bussel and M. B. Zaaijer, “Reliability, availability and maintenance aspects of large-scale offshore
wind farms, a concepts study,” IMarEst, MAREC Conf., Newcastle Upon Tyne, March 2001

[6] A. Shires, “Design optimisation of an offshore vertical-axis wind turbine," Proceedings of the ICE - Energy, 2013,
pp. 7-18, doi: 10.1680/ener.12.00007.

[71 R. Zehringer, A. Stuck, and T. Lang, "Material requirements for high-voltage high-power IGBT devices," Solid
State Electron., vol. 42, no. 12, pp. 2139-2151, 1998, doi: 10.1016/S0038-1101(98)00209-3.

[8] F. Blaabjerg, M. Liserre, and K. Ma, “Power electronic converters for wind turbine systems," IEEE Transactions
on Industry Applications, vol. 48, no. 2, pp. 708-719, 2012, doi: 10.1109/T1A.2011.2181290.

[9] C. Busca et al., "An overview of the reliability prediction related aspects of high power IGBTs in wind power
applications," Microelectronics Reliability, vol. 51, no. 9-11, pp. 1903-1907, 2011, doi: 10.1016/j.microrel.2011.06.053.

[10] I. A. Yakimov, A. A. Radionov, and E. A. Maklakova, "Investigation of electrical characteristics of high-power
electric arc furnaces in the mode of stabilizing the primary current of the furnace transformer by means the thyristor

TELKOMNIKA Telecommun Comput El Control, Vol. 19, No. 6, December 2021: 1992 - 1999


http://dx.doi.org/10.1109/EIConRusNW.2016.7448269
http://dx.doi.org/10.1049/iet-rpg.2008.0060
http://dx.doi.org/10.1007/s13369-019-03835-5
http://dx.doi.org/10.1680/ener.12.00007
http://dx.doi.org/10.1016/S0038-1101(98)00209-3
http://dx.doi.org/10.1109/TIA.2011.2181290
http://dx.doi.org/10.1016/j.microrel.2011.06.053

TELKOMNIKA Telecommun Comput El Control O 1999

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

regulator in the intermediate circuit,” IEEE Conference of Russian Young Researchers in Electrical and Electronic
Engineering (EIConRus), 2018, doi: 10.1109/EIConRus.2018.8317219.

S. Yang, D. Xiang, A. Bryant, P. Mawby, L. Ran, and P. Tavner, "Condition monitoring for device reliability in
power electronic converters: A review," IEEE Trans. Power Electron., vol. 25, no. 11, pp. 2734-2752, 2010,
doi: 10.1109/TPEL.2010.2049377.

K. Fischer et al., "Field-experience based root-cause analysis of power-converter failure in wind turbines," IEEE
Trans. Power Electron., vol. 30, no. 5, pp. 2481-2492, 2015, doi: 10.1109/TPEL.2014.2361733.

M. Bartram, . von Bloh, and R. W. D. Doncker, "Doubly-fed-machines in wind-turbine systems: is this application
limiting the lifetime of IGBT-frequency-converters?," Thirty-fifth IEEE Annual Power Electronics Specialist Conf.
(PESC 04), 2004, doi: 10.1109/PESC.2004.1355237.

D. Weiss and H. G. Eckel, "Fundamental frequency and mission profile wearout of IGBT in DFIG converters for
windpower," 2013 15th European Conference on Power Electronics and Applications (EPE) 2013, doi:
10.1109/EPE.2013.6631944.

F. Fuchs and A. Mertens, "Steady state lifetime estimation of the power semiconductors in the rotor side converter
of a 2 MW DFIG wind turbine via power cycling capability analysis," Proceedings of the 2011 14th European
Conference on Power Electronics and Applications, 2011.

D. S. Chavan, P. Kulhari, N. Kadaganchi, P. B. Karandikar, P. Singh, and R. Giri, "Prediction of power yield from
wind turbines for hilly sites," IEEE 2nd International Future Energy Electronics Conf. (IFEEC), 2015, pp. 1-5, doi:
10.1109/IFEEC.2015.7361624.

D. S. Chavan and P. B. Karandikar, "Assessment of flicker due to vertical wind shear in a wind turbine mounted on
a hill with linear approach,” 4th International Conference on Artificial Intelligence with Applications in
Engineering and Technology, 2014, pp. 259-263, doi: 10.1109/ICAIET.2014.50.

B. Muhaimeen and R. W. Mehler, "Wind shear detection for small and improvised airfields," IEEE Aerospace
Conf., 2012, pp. 1-8, doi: 10.1109/AER0.2012.6187319.

D. S. Chavan and P. B. Karandikar, "Linear Model of Flicker Due to Vertical Wind Shear for a Turbine Mounted
on a Green Building," 4th International Conference on Artificial Intelligence with Applications in Engineering and
Technology, 2014, pp. 253-258, doi: 10.1109/ICAIET.2014.49.

T. L. Van, T. H. Nguyen, and D. C. Lee, "Flicker mitigation in DFIG wind turbine systems," Proceedings of the
2011 14th European Conference on Power Electronics and Applications, 2011, pp. 1-10.

D. S. Chavan, P. B. Karandikar; A. K. Pande, and S. Kumar, "Computation of flicker as a result of turbulence in a
wind turbine sited on a green building using wind tunnel,” 2014 International Conference on Circuits, Power and
Computing Technologies [ICCPCT-2014], 2014, pp. 554-559, doi: 10.1109/ICCPCT.2014.7054810.

R. A. Walling, K. Clark, N. W. Miller, and J. J. S. Gasca, "Advanced controls for mitigation of flicker using
doubly-fed asynchronous wind turbine-generators,” CIRED 2005-18th International Conf. and Exhibition on
Electricity Distribution, 2005, pp. 1-5, dpi: 10.1049/cp:20051262.

M. G. Al-Zidi, J. Santhosh, S. C. Ng, A. R. A. Bakar, and I. A. Ibrahim,"Cortical auditory evoked potentials as
indicators of hearing aids performance in speech perception,” Journal of Engineering Research, vol. 5, 2017.

H. N. Ting, A. R. ABakar, J. Santhosh, M. G. Al-Zidi, I. A. Ibrahim, and N. S. Cheok, "Effects of speech
phonological features during passive perception on cortical auditory evoked potential in sensorineural hearing loss,"
Sains Malaysiana, vol. 46, pp. 2477-2, doi: 10.17576/jsm-2017-4612-25.

E. V. Solomin, E. A. Sirotkin, and A. S. Martyanov, "Adaptive Control over the Permanent Characteristics of a
Wind Turbine," Procedia Engineering Journal, vol. 129, pp. 640-646, 2015, doi: 10.1016/j.proeng.2015.12.084.

G. Bedon, M. R. Castelli, and E. Benini, "Optimization of a Darrieus vertical-axis wind turbine using blade
element-momentum theory and evolutionary algorithm,” Renewable Energy, vol. 59, pp. 184-192, 2013,
doi: 10.1016/j.renene.2013.03.023.

O. A. Omar, H. M. Ahmed, and R. A. Elbarkouky, "Commercial wind turbines modeling using single and
composite cumulative probability density functions," International Journal of Electrical & Computer Engineering,
vol. 11, no. 1, pp. 47-56, 2021, doi: 10.11591/ijece.v11il.pp47-56.

C. E. B. D. Hammoumi, M. Karim, M. Taoussi, N. E. Ouanjli, and B. Bossoufi, "Direct controls for wind turbine with
PMSG used on the real wind profile of Essaouira-Morocco city,” Indonesian Journal of Electrical Engineering and
Computer Science, vol. 16, no. 3, pp. 1229-1239, December 2019, doi: 10.11591/ijeecs.v16.i3.pp1229-1239.

R. Gianto and K. H. Khwee, "A new T-circuit model of wind turbine generator for power system steady state studies,"
Bulletin of Electrical Engineering and Informatics, vol. 10, no. 2, pp. 550-558, 2021, doi: 10.11591/eei.v10i2.2306.

V. S. lhor Shchur, I. Bilyakovskyy, and M. Khai, "Hardwareintheloop simulative setup for testing the combined
heatpower generating wind turbine," International Journal of Power Electronics and Drive System (IJPEDS),
vol. 12, no. 1, pp. 499-510, Mar 2021, doi: 10.11591/ijpeds.v12.i1.pp499-510.

Mode NASA blade used to calculate the power generator for (VAWT) by ... (Ibrahim Amer Ibrahim)


http://dx.doi.org/10.1109/EIConRus.2018.8317219
http://dx.doi.org/10.1109/TPEL.2014.2361733
http://dx.doi.org/10.1109/PESC.2004.1355237
http://dx.doi.org/10.1109/EPE.2013.6631944
https://doi.org/10.1109/IFEEC.2015.7361624
https://doi.org/10.1109/ICAIET.2014.50
https://doi.org/10.1109/AERO.2012.6187319
https://doi.org/10.1109/ICAIET.2014.49
https://doi.org/10.1109/ICCPCT.2014.7054810
https://doi.org/10.1049/cp:20051262
http://dx.doi.org/10.1016/j.proeng.2015.12.084
http://dx.doi.org/10.1016/j.renene.2013.03.023
http://doi.org/10.11591/ijece.v11i1.pp47-56
http://doi.org/10.11591/ijeecs.v16.i3.pp1229-1239
https://doi.org/10.11591/eei.v10i2.2306
http://doi.org/10.11591/ijpeds.v12.i1.pp499-510

