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STABILITY STUDY OF GRID-CONNECTED POWER SYSTEM FOR WIND FARMS
CONSIDERING POWER CONTROL

LIANGNIAN LV, ZHONG FANG, ZHIQIAN YANG, AISIKAER, LEI WU∗, AND YANCHEN YANG†

Abstract. Wind energy has emerged as a pivotal practice in the contemporary energy landscape, generated through grid-
connected power sources aligning with the vernacular principles of systemic approaches. This study explores the surge in initiation
rates, offering insights into various factors impacting sustainable electricity production. Intriguingly, this research delves into
the intricacies of managing the variability and uncertainty inherent in energy demand, catalysing the integration of grid-based
solutions that enhance sustainability. It probes the dynamic nature of power supply paradigms, revealing a journey of continuous
enhancement by applying cutting-edge resource methodologies. Amidst the backdrop of global shifts in electricity dynamics,
this study uncovers the profound implications of energy depletion and wasteful consumption practices, spotlighting a burgeoning
movement towards optimising grid electricity resources on a macro scale. The intricacies and nuances of power supply challenges
are comprehensively dissected, offering valuable insights. Furthermore, the study explores the pivotal role played by information
technology innovators in consolidating the predictability of wind energy, augmenting its viability. It also aligns with forward-looking
reviews, underscoring the actionable strategies taken. The culmination of these efforts not only enhances predictability but also
unlocks a spectrum of reflective and adaptive resources in wind energy utilisation.
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1. Introduction. The control of grid frequency is an essential power system that is used to penetrate
wind turbines for maintaining the stability of power grids. By allowing individuals to access and evaluate the
source code, the security level increases. The evaluation of such designs is important in terms of predicting the
conditions in considering the grid frequency.

The importance and motivation of this research are multifaceted and underscore its significance within
the broader scientific and technological landscape. Firstly, this study addresses the pressing global need for
sustainable energy sources. In an era characterized by environmental concerns and the imperative to reduce
carbon emissions, wind energy stands out as a clean and renewable solution. Understanding its dynamics
and harnessing its potential is crucial for mitigating climate change and ensuring a more sustainable future.
Moreover, the motivation behind this research is driven by the ever-increasing demand for electricity. As our
societies become more technologically advanced and interconnected, the need for reliable and efficient energy
sources becomes paramount. Wind energy has the potential to contribute significantly to our energy mix, but
its variability and unpredictability pose challenges that this research aims to address. By exploring methods
to enhance the predictability and reliability of wind energy, this study seeks to ensure a stable and consistent
power supply, reducing our dependence on fossil fuels and their associated environmental consequences.

Furthermore, the research’s importance lies in its contribution to technological innovation. As we grapple
with the complex challenges of integrating intermittent renewable energy sources into our power grids, the
development of modern methods and solutions becomes essential. This research explores these cutting-edge
approaches, offering potential solutions that can revolutionize how we harness wind energy. By doing so, it not
only addresses pressing environmental concerns but also contributes to the evolution of energy systems and
grid management. It strives to make wind energy a more reliable and predictable component of our energy
infrastructure, ultimately driving us toward a greener and more sustainable energy future.

2. Objectives.
1. To analyze the role of grid electricity in managing booth variability and uncertainty of loads
2. To determine the importance of generator modeling and wind turbine
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Fig. 3.1: System Ramping Capability (SRC)

Fig. 3.2: Grid in energy management

3. To understand the order of frequency suitable for controlling the power system of wind farms
4. To evaluate the challenges of grid integration of wind power for wind farms

3. Methodology. The analysis of the grid integration comprises a vast course of practices with respect to
the optimization of wind energy. The control of winds is an essential factor which required critical discussion
[1]. The study can be obtained by secondary data analysis in terms of statistical and numerical evaluation.
The analytical spectrum covers the maximum power point tracking, power quality issues and other such valid
resources with respect to the issues related to the integrity of resources [2]. The use of qualitative data has
been verified with valuable aspects providing an array of information related to the study.

3.1. Role of grid electricity in managing both variability and uncertainty of loads. The photo-
voltaic (PV) rays are the power system that serves well in managing both the variability and uncertainty of
loads. Settings aside the practicality of the plan, the problem can be solved by reaching the global target by up
to 20% significantly [3]. The electricity grid plays a crucial role in establishing the power station that results
in the emission of power supplies.

System Ramping Capability (SRC). System ramping capability is the power that changes the direction of
the wind by generating power. This speed is essential that can ramp up or ramp down based on the systematic
supply functions [4]. Rating the ramp event is essential as it generates the maximum capacity of wind farms
with a range smaller than 4h.

The above systematic diagram shows the quality of adaptability that provided a pathway towards a robust
comprehensive declaration strategy [5]. The passage of electricity has been estimated to be productive in various
ways.

Purpose of the grid in energy management. The link between the smart grid and energy management
allows for monitoring the redundant factors with respect to preventing system disruptions. Electric grids in
wind supply are the integrated solutions that are relevant to administration practices [7]. Smart grids use
digital technologies, sensors and software applications which maintain the stability of the grid pertaining to the
reliability of resources.

The figure 3.2 reflects the importance of the grid in energy management with a connection of the AC-DC
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Fig. 3.3: Integrated variable renewable energy

Fig. 3.4: Passive stall control

controller. The service practices are sufficient in the utility grid showing prominent outcomes.
Integrated variable renewable energy. Running the grid integration increases the generation and collection

of loads that are metered to associate demand and supply services. An energy capacitor system has strong
connectivity to stabilize the wind farms during a change in wind speed [8]. The voluntary use of resources has
initiated the interconnections that seek to accommodate significant power system provisions.

The figure 3.3 highlights the systematic practices that are essential for fostering low emissions as well as
the use of conventional energies. The percentage of storage increases with an increase in variable generations
[9]. This has improved the quality of power stations by sharing the resources predominantly.

3.2. Importance of generator modeling and wind turbine. Wind energy plays a crucial role in
establishing an environment-friendly low-carbon economy. Traditionally, DSC machines have synchronized the
machines and induction tools that lead to the modeling of wind turbines [10].

Passive stall control. The utilization of wind energy is subjective to initializing passive stall control to pump
water and to install various resources that create turbulence to the rotor blade that is designed to progress with
a subtle process [11].

The figure 3.4 declares the passive role of practices that are relevant for medium and large-scale wind
turbines, and inductors. These are needed to make permanent magnets that can consider various machines
featuring guidelines for quicker reference [12].

Rectifiers and inverters. Rectifiers and inverters are the electrical mechanisms that aim in improving the
electronic circuits for a better flow of current. They rectify the power supply and make the programming stable
for wind farms [15].

The act of converting an alternative current into a direct current is relevant to the current flows that are
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Fig. 3.5: Rectifiers and inverters

Fig. 3.6: Wind power integrated system

measured as rectification. Inverters increase the rate of sustainability by modifying the course of wind energy
and with a better knowledge of controlled rectifiers.

3.3. Order of frequency suitable for controlling the power system of wind farms. The frequency
level for controlling the power supply projects is managed by the transformer. When an alternative current is
linked with alternating voltage, a magnetic field gets generated significantly [16].

Wind power integrated system. Grip integration is a collection of activities that are spilt into categories
based on the activation of planning and execution activities. In addition to that, network development and
system operations are relevant that help in increasing the power technology [17]. It helps in providing a
significant change in the production system of power supply that allows proper optimization of wind energy in
real-time analysis.

The figure 3.6 illustrates the terminologies based on energy production hydraulic turbines that are pumped
up from the low storage reservoirs. With respect to the power delivery services, it is the generation of power
supply that is objective in avoiding the unbalanced state of grid practices [18].

Optimization of wind energy. The optimization is obtained by associating a wind farm that helps in im-
proving the feasibility of the wind energy system [19]. There are various ways odd improving wind turbine
performance that can change the scenario towards sophistication.

1. Predicting the course of the wind
2. Establishing a constant speed transmitter
3. Variability in speed generator
4. Sophistication in loads programming and RPM

The systematic diagram elaborates on the features that increased the reliability of wind energy by with-
drawing power from solar energy and converting it into power transmitters.
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Fig. 3.7: Optimization of wind energy

Fig. 3.8: A trajectory optimization model

Trajectory optimization model. The model is a power of sizing the trajectories for non-linear programming
of wind energy which is a solution to all the negative consequences. Classically, the indirect methods have
inculcated the optimization of partial and implicit differentiation in a significant manner [20].

The figure 3.8 highlights the process of attraction and repulsion that are interconnected in terms of non-
optimal practices. Moreover, analyzing the wind scale and parameters of the trajectory optimization in terms
of stabilizing the wind energy operations in a respective manner [21].

4. Challenges of grid integration of wind power for wind farms. One of the primary issues in grid
integration is wind power is an intermittent nature of wind energy. The controlling elements are to be treated
so as to generate turbine technology and protection issues [22]. Challenges address the instability and quality
of energy integration that are outsourced as special elements.

Output power prediction. Although power prediction is an essential part of wind energy, it may sometimes
give rise to various issues that include voltage fluctuations and the inability to meet reactants at the right time.
This may lead to the deployment of resources which in turn is responsible for de-tracking reactive powers [23].

The high rate of fluctuation is clearly presented in the above figure 4.1 but fails to resonate with the
variation in wind speed. This reduces the smoothness of variable speed up to 75% which in turn is responsible
for the high consumption of power [24].

Low voltage capability . The ability of voltage protection reduces with excessive turbine programming
resulting in disruptions in the power stations. The equivalence of the stimulation control is suppressed due
to the post-fault segments which are currently irrelevant to develop non-superconducting issues [25]. The
dispatchable issues are always high in the demand scale policies to a greater extent.
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Fig. 4.1: Output power prediction

Fig. 4.2: Low voltage capability

The figure 4.2 illustrates the low voltage capability which is low key and is least maintained in the sage of
voltage. It loses the capability to remain in service and to organize deep-volt segments [26].

The issue in power quality. The fault in the rising supply is detrimental in nature declining the efficiency
level predominantly. The frequent processes may at times become unable in controlling the contingency events
[27].

The figure 4.3 highlights that the rate of interruptions and imbalance in electrical flow is prevalent in
nature. It can be proven that a deviation in frequency can cause harmful effects on the wind power supply in
accordance with the harmonics of electricity.

5. Results. The above systematic diagram determines the factors that are respective to stabilizing power
control. The ideas relevant to the practice of ideas are figured as original in terms of replenishing irrelevant
prodigies.

Power plant developers. The range of power plant supplies induces the level of proximity in the field of
electricity. Power plant developers have facilitated the course of building possibilities that are subjective to
resource analysis [28].

Information technology developers. Developments are essential in terms of navigating the technical plan-
nings that are significant in working profitability.

Service providers. Service providers have a proper significance resolution of the fundamental approaches
with the optimal supply level services. The range of possibilities rises with a rise in the association of significant
applicants based on global programming of practices [29]. The verification is well established in accordance
with the technical prospects based on projective modules to enhance the service provider practices. As a result
of this, the relevant approaches have evoked the practice of pepper initiation in a significant manner.

Variability and uncertainty of the power system. When considering the power balance, the variability of the
power system plays an important role that reducing the risk factors to a certain extent. Uncertainty exists in
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Fig. 4.3: Issue in power quality

Fig. 5.1: Factors responsible for conducting wind farms

measuring the forecast values that are respective of the multiple instances [6]. Variability is quantified by the
distribution of power frequencies that are derived from sufficient data resources.

The structure shown in figure 5.2 proposes the separation of variability and uncertainty in the power system.
The countermeasures address the efficiency of operations in applying the strategies that are determined to
renewable energy resources significantly [6].

Variable speed with partial scale frequency. Variable speeds are an essential way of measuring the frequency
of the scales that are used for converting kinetic energy with large power-capturing capabilities. Basically,
partial scale frequency depends upon the level of electricity that are approachable in nature [13].

The systematic diagram shown in figure 5.3 focuses on the power rating scales that are defined as speed
ranges. The smaller the frequency converter, the more conceptualized it is from an economic point of view [14].

6. Conclusion. In conclusion, the systematic examination presented in this study reveals a comprehensive
understanding of the factors that play a pivotal role in stabilizing power control, particularly within the context
of wind power stations. The novel insights into these factors are instrumental in optimizing the utilization of
this global resource, ushering in real-time benefits and heightened electricity generation. The authenticity
of these findings accentuates the significance of prioritizing effective power control, ultimately resulting in a
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Fig. 5.2: Variability and uncertainty of power system

Fig. 5.3: Partial scale frequency level

heightened level of stability within grid-connected power supplies. The establishment of wind farms, as a direct
outcome of this research, embodies a transformative step towards realizing enhanced reliability and efficiency in
energy generation. This progression towards knowledge refinement underscores the importance of continually
advancing the sophistication of practices in the field. By addressing the marginalization of resources and
embracing innovative techniques, we can elevate the sustainability and dependability of wind power, further
contributing to the broader goals of a sustainable energy future. The journey toward a greener and more
resilient energy landscape is contingent upon the thoughtful application of such research-driven insights and
the ongoing pursuit of excellence in power control within wind energy systems. The research may offer insights
into power control and stability for specific wind energy setups, but generalizing these findings to all wind energy
systems worldwide should be done with caution. Wind energy varies widely in terms of scale, technology, and
environmental context, and the research may not account for all these nuances.

Fundings. This work is funded by the Science and Technology Project of SGCC (Research on Wind
Generator Transient Voltage Optimal Control Technology in Weak Power Grid) (4000-202214067A-1-1-ZN).

REFERENCES

[1] M. K. Bakhshizadeh, S. Ghosh, Ł. Kocewiak, and G. Yang, Improved reduced-order model for pll instability investigations,
IEEE Access, (2023).

[2] U. Buragohain and N. Senroy, Reduced order dfig models for pll-based grid synchronization stability assessment, IEEE
Transactions on Power Systems, (2022).

[3] S. S. Das and J. Kumar, Socio-economic advancement and grid-frequency control of a wind farm-phs-solar connected ev
hybrid electrical system considering imbalance prices, Energy & Environment, (2023), p. 0958305X231192366.

[4] W. Du, Y. Wang, H. Wang, B. Ren, and X. Xiao, Small-disturbance stability limit of a grid-connected wind farm with
pmsgs in the timescale of dc voltage dynamics, IEEE Transactions on Power Systems, 36 (2020), pp. 2366–2379.

[5] X. Feng, S. Lin, Y. Liang, G. Fan, and M. Liu, Distributed risk-averse approximate dynamic programming algorithm for
stochastic economic dispatch of power system with multiple offshore wind farms, CSEE Journal of Power and Energy
Systems, (2023).

[6] C. Ge, M. Liu, and J. Chen, Modeling of direct-drive permanent magnet synchronous wind power generation system
considering the power system analysis in multi-timescales, Energies, 15 (2022), p. 7471.



708 Liangnian LV, Zhong Fang, Zhiqian Yang, Aisikaer, Lei Wu, Yanchen Yang

[7] M. Hajiaghapour-Moghimi, E. Hajipour, K. A. Hosseini, M. Tavakkoli, S. Fattaheian-Dehkordi, M. Vakilian, and
M. Lehtonen, Hedging investments of grid-connected pv-bess in buildings using cryptocurrency mining: A case study
in finland, IEEE Access, (2023).

[8] H. Hua, T. Liu, C. He, L. Nan, H. Zeng, X. Hu, and B. Che, Day-ahead scheduling of power system with short-circuit
current constraints considering transmission switching and wind generation, IEEE Access, 9 (2021), pp. 110735–110745.

[9] J. Ma, Y. Gu, Y. Shen, Y. Zhou, A. Phadke, and P. Cheng, Stability analysis of power grid connected with direct-drive
wind farm containing virtual inertia based on integrated dissipation energy model, IEEE Transactions on Sustainable
Energy, 12 (2021), pp. 2378–2392.

[10] N. Mohammed and M. Ciobotaru, Adaptive power control strategy for smart droop-based grid-connected inverters, IEEE
Transactions on Smart Grid, 13 (2022), pp. 2075–2085.

[11] J. Ouyang, T. Tang, J. Yao, and M. Li, Active voltage control for dfig-based wind farm integrated power system by
coordinating active and reactive powers under wind speed variations, IEEE Transactions on Energy Conversion, 34
(2019), pp. 1504–1511.

[12] M. S. Paulo, A. d. O. Almeida, P. M. d. Almeida, and P. G. Barbosa, Control of an offshore wind farm considering grid-
connected and stand-alone operation of a high-voltage direct current transmission system based on multilevel modular
converters, Energies, 16 (2023), p. 5891.

[13] Z. Peng, Q. Peng, Y. Zhang, H. Han, Y. Yin, and T. Liu, Online inertia allocation for grid-connected renewable energy
systems based on generic asf model under frequency nadir constraint, IEEE Transactions on Power Systems, (2023).

[14] A. Prakash, R. K. Tiwari, K. Kumar, and S. Parida, Interacting multiple model strategy based adaptive wide-area
damping controller design for wind farm embedded power system, IEEE Transactions on Sustainable Energy, 14 (2022),
pp. 962–973.

[15] A. Rauf, M. Kassas, and M. Khalid, Data-driven optimal battery storage sizing for grid-connected hybrid distributed
generations considering solar and wind uncertainty, Sustainability, 14 (2022), p. 11002.

[16] B. Sahu and B. P. Padhy, Small signal stability analysis of dfig integrated power system considering pll dynamics under
different grid strengths, in 2023 IEEE PES Conference on Innovative Smart Grid Technologies-Middle East (ISGT Middle
East), IEEE, 2023, pp. 1–5.

[17] U. T. Salman, F. S. Al-Ismail, and M. Khalid, Optimal sizing of battery energy storage for grid-connected and isolated
wind-penetrated microgrid, IEEE Access, 8 (2020), pp. 91129–91138.

[18] H. Tan, H. Li, R. Yao, Z. Zhou, R. Liu, X. Wang, and J. Zheng, Reactive-voltage coordinated control of offshore wind farm
considering multiple optimization objectives, International Journal of Electrical Power & Energy Systems, 136 (2022),
p. 107602.

[19] S. Tao, Q. Xu, A. Feijóo, P. Hou, and G. Zheng, Bi-hierarchy optimization of a wind farm considering environmental
impact, IEEE Transactions on Sustainable Energy, 11 (2020), pp. 2515–2524.

[20] A. Thakallapelli, A. R. Nair, B. D. Biswas, and S. Kamalasadan, Frequency regulation and control of grid-connected
wind farms based on online reduced-order modeling and adaptive control, IEEE Transactions on Industry Applications,
56 (2020), pp. 1980–1989.

[21] M. N. Uddin, N. Rezaei, and M. S. Arifin, Hybrid machine learning-based intelligent distance protection and control
schemes with fault and zonal classification capabilities for grid-connected wind farms, IEEE Transactions on Industry
Applications, (2023).

[22] X. Wang, J. Zhou, B. Qin, and L. Guo, Coordinated power smoothing control strategy of multi-wind turbines and energy
storage systems in wind farm based on madrl, IEEE Transactions on Sustainable Energy, (2023).

[23] T. Wen, Z. Zhang, X. Lin, Z. Li, C. Chen, and Z. Wang, Research on modeling and the operation strategy of a hydrogen-
battery hybrid energy storage system for flexible wind farm grid-connection, IEEE Access, 8 (2020), pp. 79347–79356.

[24] Y.-K. Wu, S.-M. Chang, and P. Mandal, Grid-connected wind power plants: A survey on the integration requirements in
modern grid codes, IEEE Transactions on Industry Applications, 55 (2019), pp. 5584–5593.

[25] D. Xie, J. Wang, D. Chen, C. Ding, L. Wang, H. Tian, and S. Li, A static equivalent method considering dfig grid-connected
control strategy, in International Conference on Energy and Environmental Science, Springer, 2023, pp. 231–244.

[26] Y. Yoo, S. Song, J. Suh, J.-H. Kim, R.-J. Park, and S. Jung, Adaptive response method for communication failures of
hierarchical reactive power control in wind farms, IEEE Transactions on Sustainable Energy, 13 (2022), pp. 2343–2352.

[27] Z. Zhang and X. Zhao, Coordinated power oscillation damping from a vsc-hvdc grid integrated with offshore wind farms:
Using capacitors energy, IEEE Transactions on Sustainable Energy, 14 (2022), pp. 751–762.

[28] Z. Zhang, M. Zhou, Z. Wu, S. Liu, Z. Guo, and G. Li, A frequency security constrained scheduling approach considering
wind farm providing frequency support and reserve, IEEE Transactions on Sustainable Energy, 13 (2022), pp. 1086–1100.

[29] Y. Zhao, K. Xie, C. Shao, C. Lin, M. Shahidehpour, H.-M. Tai, B. Hu, and X. Du, Integrated assessment of the reliability
and frequency deviation risks in power systems considering the frequency regulation of dfig-based wind turbines, IEEE
Transactions on Sustainable Energy, (2023).

Edited by: Sathishkumar V E
Special issue on: Scalability and Sustainability in Distributed Sensor Networks
Received: Aug 25, 2023
Accepted: Oct 29, 2023


