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Abstract: Windmills have been a symbol of sustainable energy for centuries, and their relevance continues to grow in the
modern era. This abstract explores the dual functionality of windmills for both pumping and power generation. Windmills have
evolved from their traditional agricultural use to become versatile renewable energy sources, capable of harnessing wind energy
for various applications. For pumping, windmills are employed to lift water from wells or reservoirs, providing a reliable source
of water for irrigation and domestic use, especially in remote or off-grid areas. Their mechanical design, often featuring rotating
blades, efficiently converts wind energy into rotational motion, driving a pump mechanism. In the realm of power generation,
windmills are pivotal in the transition to cleaner energy sources. Modern wind turbines are designed with advanced
aerodynamics and materials, enabling them to capture substantial kinetic energy from the wind. This energy is then transformed
into electrical power through generators. Wind farms, comprised of multiple turbines, contribute significantly to electricity grids,
reducing carbon emissions and dependence on fossil fuels. This abstract underscores the dual role of windmills as sustainable
solutions for pumping and power generation, emphasizing their versatility and contribution to a greener future.

L. INTRODUCTION

In the world today, wind energy sector has been the fastest growing phenomenon in the sphere of renewable energy. Wind power
can definitely play a significant role for guaranteeing a sustainable future, with the addition of 52 GW in 2017, an annual growth
rate of approximately 11% [1, 2]. According to the Algerian government, the new and renewable energy strategy in Algeria (since
2011) aims to install 22,000 MW of generated energy from renewable sources by 2030 (37 % out of the total generated energy).
Wind energy constitutes the second axis of development after solar energy with an electricity production of about 5010 MW
(approximately 23%) [3, 4]. Algeria ranks at the lowest in the global installed wind energy capacity table in the Africa. The first and
only one wind farm with generating capacity of 10.2 MW (consists 12 GAMESA G52-850 kW wind turbine) was installed in June
2014 by the national company Sonelgaz at Kabertene in Adrar province, which is situated in the southwestern part of the country
(Fig. 1). This site is the most convenient place for wind farm installation because it is the windiest zone in Algeria with the annual
average wind speed of about 6.3 m/s [5, 6]. Wind turbines are continuously subjected to varying dynamic (wind, sand, temperature
variations, etc.) and gravitational loads [7]. As a result of these loads the wind turbine undergoes deformations and rigid body
motions. The first can be divided into two types, a dynamic response and a quasi-static. The dynamic response of a wind turbine
may be characterized by its modal parameters (natural frequencies, damping characteristics and mode shapes) [8, 9]. Modal analysis
has the ability to determine these parameters allowing the tracking of small changes in these parameters over time. These changes
may originate from characteristics of the loads, changes in mass distribution or damage to the structure Tower that carries the
nacelle and the rotor is one of the key components and it represents beyond 20% of the total wind turbine cost. It is also the most
critical component according to structural safety under aerodynamic loadings. Taking into consideration all this, optimal design of
the tower structures (structural behavior) is of great importance related to the final cost of energy [14-16]. In a survey of technical
literature, we see a great number of studies on wind turbine technology (horizontalaxis or vertical-axis) are focused on the
aerodynamics and performance of wind turbines by using the experimental testing [17-19] and Computational Fluid Dynamics
(CFD) numerical simulation [20-24]. In the recent years there has been increasing interest by the scientific community in the
structural design behavior of wind turbines. Most of these studies focused on the structural design behavior (static and dynamic)
either of the rotor blades [25-27] or of the single blades, which are independent of the rest of the structure [28-30].
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On the other hand, many researchers in the wind energy have been interested in the response of the tower structure subjected to
several dynamic loadings [31-36]. The objective of this paper is to investigate the dynamic behavior of an actual 55-m-high steel
tower of 850 KW wind turbine (model G52/850 KW manufactured by Gamesa Company) when subjected to wind excitation by
numerical modal analysis using three-dimensional (3D) Finite Element (FE) method. The analysis was conducted in order to
evaluate natural frequencies, their corresponding mode shapes and mass participation ratios, and the suggestions to avoid resonance
for tower structure. The material presented here is organized as follows: In Section 2, a description of the tower structure is
presented. In Section 3, the Finite Element Method FEM simulations of the model are described.

Fig-1 Wind Mill

1. LITRETURE REVIEW

1) Wake meandering of wind turbines under dynamic yaw control and impacts on power and fatigue [Mou Lin, Fernando Porté-
Agel] RENEWABLE ENERGY 2024 In this study, we use large-eddy simulation (LES) to investigate the wake-meandering
phenomenon within a wind turbine array under dynamic yaw control (DYC) and the effects on power and fatigue. The wind
turbine array consists of eight NREL 5-MW reference turbines aligned with the inflow direction. The first turbine in the array
is subjected to sinusoidal yaw control with a magnitude of 10c and different yaw frequencies. Based on spectral and dynamic-
mode-decomposition (DMD) analyses of the flow fields, we find that the wake meandering within the turbine array is
significantly amplified when the turbine yaw frequency coincides with the natural wake meandering frequency of the turbine
array in the static zero-yaw condition.

2) Identifying wind turbines from multiresolution and multibackground remote sensing imagery [Yichen Zhai, Xuehong Chen,
et.al] The International Journal of Applied Earth Observation and Geoinformation 2024 The wind energy industry has
expanded in recent years. Promotion of the Sustainable Development Goals (SDGs) is expected to further increase the scale of
the wind energy industry. Determining the location and quantity of wind turbines is crucial for monitoring the development
status of the wind energy industry and evaluating wind energy production. In this study, we propose a method for
simultaneously detecting and positioning wind turbines in remote sensing images, namely, Wind Turbine YOLO (WT-
YOLO), based on the You Only Look Once version 5 model (YOLOV5). The wind turbine hub, base, and shadow hub are
treated as key points in the proposed method. Regression terms are incorporated into the head of the YOLOV5 basic
framework to predict the location of these three key points. The base point is utilized to determine the exact position of the
wind turbine.
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3) Optimization of mooring systems for a 10MW semisubmersible offshore wind turbines based on neural network [Yichen
Jiang, Yingjie Duan, et.al] ocean engineering 2024 the gradual transition of wind power from onshore to deep sea poses an
urgent challenge in optimizing cost-efficiency while ensuring the safety of floating wind turbines. This paper presents a new
approach for parametrically optimizing the mooring system for offshore floating wind turbines. A semi-submersible wind
turbine platform was selected as the reference structure, with a calculated water depth of 130 m that meets the requirements of
the application of the wind turbine platform. A sample library of mooring system parameters was established and the wind-
wave coupling simulations were carried out using OpenFAST. Considering platform safety as a priority, a combination of BP
neural network and genetic algorithm was employed to optimize mooring system parameters to minimize the costs. This
approach provides an important foundation for future research on the parameter optimization of mooring systems for floating
wind turbines.

4) Influence of turbulent coherent structures on the performance and wake of a wind turbine [Yan Wang, Ronghu Guan, Liang
Wang, et.al] the European journal of mechanics-b/fluids 2024 Wind energy in the atmospheric boundary layer serves as the
primary source for energy absorption and structural load on wind turbines. However, the impact of turbulent coherent
structures on the aerodynamic performance and wake characteristics of wind turbines has not been comprehensively
evaluated. In this study, the proper orthogonal decomposition (POD) method is employed to assess the influence of turbulent
coherent structures of varying scales on the aerodynamic results show that turbulent coherent coherent structures are the main
factor that determines the wind velocity fluctuation, aerodynamic performance and wake characteristics of wind turbine in the
atmospheric boundary layer. When considering the 13th or lower order POD mode, the wind velocity fluctuation increases
with the increase of energy content (more POD modes) of the turbulent coherent structures. When considering the first 19
POD modes, the dynamic loads and power of wind turbine fluctuate with high frequencies, the thrust fluctuates in an
amplitude range between 2.4 % and 13.9 % around the mean value, and the power fluctuates from 4.5 % to 28.6 % of the
mean value. When considering the first 40 POD modes, the average power generation of the wind turbine increases by 26 %
compared to the case with no turbulent structures considered. The study of turbine wake shows that turbulent coherent
structures can expand the wind turbine wake approximately to a width of 2.5D and a height of 3D (D is the diameter of the
wind turbine), offset the wake approximately to 2D, and move forward the position of the wake vortex beginning to
dissipation approximately to 7D behind the wind turbine. In addition, turbulent coherent structures can accelerate the wake
velocity recovery by increasing the momentum exchange between the atmospheric boundary layer and wind turbine wake.

5) A wind turbine damage detection algorithm designed based onYOLOV8 [PanelLizhao Liu, Pinrui Li, Dahan Wang, Shunzhi
Zhu] Applied Soft Computing 2023 Due to operational conditions, wind turbines may suffer from various types of damage,
including cracks and wear. Traditional methods of wind turbine damage detection face challenges such as low detection
accuracy and high computational resource consumption. This study proposes a wind turbine damage detection algorithm
designed based on the YOLOVS8 to address these issues. Firstly, the C2fFocalNextBlock module is added to the algorithm’s
backbone network, enhancing the feature extraction capability of the main network. Then, the ResNet-EMA module is
incorporated into the algorithm’s neck network. This module effectively captures cross-dimensional interactions and
establishes dependencies between dimensions, thereby enhancing the algorithm’s feature extraction capability. Finally, a slim-
neck structure is introduced into the neck network of the algorithm to better integrate multiscale features of targets and
background information, thus improving the algorithm’s performance. Experimental results demonstrate that the wind turbine
damage detection algorithm designed based on YOLOV8 achieves an mean average precision mean (mAP) of 79.9%,
accurately detecting wind turbine damage.

6) Assessing the circularity of onshore wind turbines: Using material flow analysis for improving end-of-life resource
management [Lukas Gast, Fanran Meng, et.al] The journal resources, conversation and recycling 2024 Around 1,600 wind
turbines are expected to be decommissioned annually in Germany after 2026. To reduce the amount of material going to
landfills and minimise energy use, improving the circularity of decommissioned and new wind turbines is essential. However,
there is currently limited understanding regarding wind turbine circularity and end-of-life component utilisation. To address
this, this study examines the material flows of three 2-megawatt (MW) turbines in Germany and estimates their circularity
using the Circularity Index proposed by Cullen (2017). This study finds low circularity in wind turbine material flows and
suggests opportunities for improving resource management for a circular economy transition via enhanced component reuse
and recycling. The authors also discuss options for using the Circularity Index and visualisations to monitor and enhance the
circularity of renewable energy technologies and to identify opportunities for better resource management.
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7) Investigation of the effect of critical structural parameters on the aerodynamic performance of the double darrieus vertical axis
wind turbine [Zhuang Shen, Zhuang Shen, et.al] Energy 2024 Double Darrieus Vertical Axis Wind Turbine (DD-VAWT) can
efficiently capture wind energy at low tip speed ratios. In this work, the laws governing the effects of critical structural
parameters, such as diameter of inner ring wind turbine, height of inner ring wind turbine, inner ring wind turbine blade airfoil
chord length, and phase angle of inner and outer ring wind turbine, on the power performance and aerodynamic load are
investigated. The power coefficient increases from 0.1670 to 0.2403 when the diameter of the inner ring wind turbine
decreases from 1600 mm to 400 mm. The power coefficient increases from 0.1755 to 0.2135 when the height of the inner ring
wind turbine increases from 600 mm to 1200 mm. The power coefficient increases from 0.1773 to 0.2135 when the chord
length of the inner ring wind turbine blade airfoils increases from 0.15 m to 0.3 m. The power coefficient decreases from
0.2135 to 0.1976 when the phase angle of the inner and outer wind turbine is increased from 0° to 135°. Finally, based on
Taguchi's experiments and grey correlation analysis, it is known that the most influential weight on the power coefficient and
the maximum instantaneous torque coefficient is the airfoil chord length of the inner ring wind turbine blades, and the least is
the phase angle of the inner and outer ring wind turbines.

8) Design and control of the mechanical-hydraulic hybrid transmission system in wind turbines [Yonggang Lin, Fuquan Dai,
Wenting Chen, et.al] Mechatronics 2024 As wind turbines become larger and move into deeper sea, their operating
environment worsen. The torque fluctuation inside the drive chain is aggravated, which leads to the premature failure of the
wind turbines. To improve the transmission stability of wind turbines, the mechanical-hydraulic hybrid transmission system
(MHHTS) has been applied. However, existing research has issues with structure and hydraulic control. An MHHTS structure
was proposed to meet the requirements of structural simplicity and high efficiency, corresponding to the design principles
summarized in the article. Based on this structure, we have selected a hydraulic control mode, the constant displacement pump
variable displacement motor (CPVM), that satisfies the reasonable utilization of displacement and the stability of control.

9) Numerical and experimental analysis of blade-tower clearance for large-scale wind turbines [Yazhou Wang, Yuan Zhang,
et.al] Sustainable Energy Technologies and Assessments 2024 With the increase of the rotor diameter and the flexibility of the
blade, the efficient blade-tower clearance control becomes increasingly important. As a widely used strategy in the wind
power industry to increase the blade-tower clearance, the fine pitch strategy still has the problem of power de-rating under
typical operating conditions. Therefore, a novel coupled blade-tower clearance control strategy is_proposed, combining the
fine pitch strategy with a revised LiDAR monitoring system. Incorporating the LiDAR's characteristics and the operation
modes of wind turbines, the LiDAR is designed to be installed at the front of the nacelle to monitor the real-time blade-tower
clearance and feed back to adjust the pitch angle, allowing for safe operation of the wind turbine and maximizing output
power. The reliability of the proposed strategy and the influence of weather on the strategy are verified through 22-day all-
weather field tests on numerous wind turbines in a wind farm in China, nearly 100% of the efficiency can be achieved if
conditions permit. Additionally, the strategy’s two trigger modes—the clearance threshold and data validity protection
mechanism—are exemplified, demonstrating the efficiency of the proposed coupled blade-tower clearance control strategy.

10) An actuator line method for performance prediction of HAWTSs at urban flow conditions: A case study of rooftop wind
turbines [Alireza ArabGolarcheh, Morteza Anbarsooz, Ernesto Benini] Energy 2023 Blade-resolved numerical modeling of
wind turbines at complex flow conditions are resource expensive due to large computational domains and extra-fine grid
requirements. The Actuator Line Method (ALM) can significantly boost the simulation speed, providing acceptable accuracy
and flow details. This study investigates the performance of NREL Phase VI wind turbine mounted over a high-rise building
at nine different locations, providing practical illustrations of complicated flow situations. To demonstrate the superior
capabilities of this method compared to the actuator disk model, two hub-heights are considered for mounting the wind
turbine. Results showed that the power coefficient of the turbines with higher hub-height are close to the corresponding bare
wind turbine. However, up to 52 % reduction was observed for the low hub-heights. Furthermore, variations of the bending
moment experienced by the turbine's blade in a complete revolution are presented, which is a crucial factor affecting the
fatigue life and structural stability of the wind turbine. Eventually, more in-depth discussions on the time-evolution of rotor
performance at various locations are presented by illustrating the spanwise distributions of Angle-of-Attack histogram and its
PSD diagram for the bladel of the wind turbine.

1. METHODOLY
Water pumping and power generation through wind mills involve a systematic methodology to harness the kinetic energy of the
wind efficiently. This process can be divided into several key steps.
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Firstly, site selection is critical. Identifying a location with consistent and strong wind patterns is essential for optimal performance.
Wind speed, direction, and turbulence must be carefully analyzed to ensure the wind mill operates effectively. Topographical
features, such as hills or obstacles, can significantly impact wind flow and should be considered during site selection.

Once a suitable site is chosen, the next step is to select an appropriate wind mill design. Horizontal-axis wind turbines (HAWTS)
and vertical-axis wind turbines (VAWTS) are common types. Factors like wind speed, energy output requirements, and
environmental conditions influence the choice. Additionally, considering the landscape and community acceptance is crucial to
address potential concerns.

The installation phase involves erecting the wind mill and configuring it for both water pumping and power generation. A tower of
sufficient height is erected to capture higher wind speeds, and the turbine is positioned to face the prevailing wind direction.
Adequate safety measures must be implemented during installation.

For water pumping, a mechanical linkage between the wind mill and a pump is established. The rotational energy from the wind
turbine is converted into mechanical energy to drive the pump, lifting water from a lower to a higher elevation. This is particularly
useful in arid regions or areas without access to conventional power sources, providing a sustainable solution for irrigation or
community water supply.

Simultaneously, power generation involves connecting the wind mill to a generator. The rotational motion of the turbine spins the
generator's rotor, converting mechanical energy into electrical energy. An efficient power transmission system is essential to transfer
the generated electricity to the intended destination, whether it be for local consumption or integration into the grid.

Regular maintenance is crucial to ensure the system's longevity and efficiency. Periodic checks on the turbine blades, gearbox,
generator, and electrical components are necessary. Lubrication and replacement of worn-out parts should be carried out to prevent
downtime and extend the lifespan of the equipment. Environmental impact assessments should be conducted to understand and
mitigate any potential ecological consequences. Monitoring bird and bat interactions, noise levels, and visual aesthetics are essential
aspects of responsible wind mill operation.

Lastly, community engagement and education are vital components of a successful wind mill project. Local residents should be
informed about the benefits of wind energy, addressing any concerns they may have. Inclusion of the community in the decision-
making process fosters acceptance and promotes sustainable development.

(AVA DESIGN AND ANALYSIS

A. Design Of Base Of Wind Mill Using Solidworks
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Fig-2 Base diagram

Designing the base of a windmill using SolidWorks involves several steps. Here's a simplified guide to get you started:

1) Sketching: Begin by sketching the basic shape of the base, considering factors like stability and structural integrity. You might
want to include features such as anchor points for securing the windmill to the ground.

2) Extrusion: Use the sketch to create a 3D model by extruding the sketch profile to the desired height. This will form the main
body of the base.

3) Adding Features: Depending on your design requirements, you may need to add features such as holes for bolts or
reinforcement ribs for additional strength.
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4) Assembly: If your windmill has multiple components, create them separately and assemble them together in SolidWorks.
Ensure that all parts fit together correctly and that there are no interferences.

5) Analysis: Perform structural analysis to ensure that the base can withstand the loads it will experience, such as wind forces.
SolidWorks has simulation tools that can help with this.

6) Detailing: Add any necessary detailing to the model, such as labeling parts or adding surface finishes.

7) Documentation: Finally, create drawings or documentation that detail the dimensions and specifications of the base for
manufacturing and assembly purposes.

Remember to consult with relevant engineering standards and guidelines throughout the design process to ensure that your windmill

base meets safety and performance requirements.

B. Design Of Rotor Of Wind Mill Using Solidworks
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Fig-3 Rotor Diagram

Designing a rotor for a windmill using SolidWorks involves several steps:

1) Sketching: Start by creating a sketch of the rotor's shape. This could be a simple circle or a more complex blade profile.

2) Extruding: Use the sketch to create a 3D model by extruding it. You may need multiple sketches and extrusions to create the
desired blade shape.

3) Fillet and Chamfer: Add fillets and chamfers to smooth out edges and improve aerodynamics.

4) Pattern: Create a circular pattern to replicate the blade around the rotor hub.

5) Hub: Design the hub where the blades attach. This could involve sketching a hub shape and extruding it, then adding holes or
other features for blade attachment.

6) Assembly: Assemble the blades onto the hub.

7) Analysis: Perform stress analysis to ensure the rotor can withstand wind forces.

8) Documentation: Create drawings and documentation for manufacturing.

SolidWorks provides various tools and features to accomplish each of these steps effectively. Make sure to refer to SolidWorks

tutorials or documentation for detailed guidance on each step.

C. Design Of Blade Of Wind Mill Using Solidworks
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fig- 4 Blade Diagram
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Designing a windmill blade in SolidWorks involves several steps: 4. Assembly: If the mast is part of a larger assembly, such as a

wind turbine, you'll need to assemble it with other components like the rotor, gearbox, and tower.

1) Sketching: Begin by sketching the basic shape of the base, considering factors like stability and structural integrity. You might
want to include features such as anchor points for securing the windmill to the ground.

2) Extrusion: Use the sketch to create a 3D model by extruding the sketch profile to the desired height. This will form the main
body of the base.

3) Adding Features: Depending on your design requirements, you may need to add features such as holes for bolts or
reinforcement ribs for additional strength.

4) Assembly: If your windmill has multiple components, create them separately and assemble them together in SolidWorks.
Ensure that all parts fit together correctly and that there are no interferences.

5) Simulation: Perform structural simulation to ensure that the mast can withstand wind loads and other forces it will encounter
during operation.

6) Documentation: Create engineering drawings and documentation for manufacturing, including dimensions, tolerances, and
material specifications.

Throughout the process, make sure to follow best practices for CAD design, such as using parametric modeling techniques to make

the design easily modifiable, and regularly checking for interference between components.

D. Design Of Lower Mast Of Wind Mill Using Solidworks
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Fig- 5 Lower Mast Diagram

Designing the lower mast of a windmill using SolidWorks involves several steps:

1) Create a New Part: Open SolidWorks and create a new part file.

2) Sketch the Profile: Use the sketch tools to create the profile of the lower mast. This could be a cylindrical shape with any
necessary cutouts or features for attachment points.

3) Revolve Feature: Use the revolve feature to extrude the sketch profile around a central axis, creating the basic shape of the
mast.

4) Add Features: Add any necessary features such as mounting holes, reinforcement ribs, or connection points for other
components.

5) Apply Materials: Assign appropriate materials to the part to simulate its real-world behaviour.

6) Perform Simulation: Use SolidWorks Simulation to analyze the structural integrity and performance of the mast under wind
loads.

7) Generate Drawings: Create detailed engineering drawings with dimensions and annotations for manufacturing.

8) Review and Iterate: Review the design to ensure it meets all requirements and iterate as necessary to optimize for performance,
cost, and manufacturability.

Remember to consult relevant engineering standards and guidelines throughout the design process to ensure the final product meets

safety and performance requirements.
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E. Design Of Upper Mast Of Wind Mill Using Solidworks
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Fig- 6 Upper Mast Diagram

Designing the upper mast of a windmill using SolidWorks involves several steps. Here's a general outline:

1) Sketching: Start by sketching the basic shape of the mast's cross-section. This could be a circular or rectangular profile
depending on the design requirements.

2) Extrusion: Use the sketch to create a 3D solid by extruding it along the length of the mast.

3) Adding features: Depending on the design, you might need to add features such as mounting points for the blades, access
hatches, or reinforcement ribs for structural integrity.

4) .Splitting: If necessary, split the blade into multiple sections to allow for easier manufacturing and assembly.

5) Analysis: Perform stress and aerodynamic analysis to ensure the blade design meets performance and safety requirements.

6) Assembly: Incorporate the blade into the windmill assembly, considering factors such as pitch angle and spacing between
blades.

7) .Documentation: Finally, create detailed drawings and documentation for manufacturing and assembly.

Remember to consider factors such as material selection, structural integrity, and aerodynamic efficiency throughout the design

process.

F. Design Of Shaft Of Wind Mill Using Solidworks
L0 50Uk

fig- 7 Shaft Diagram

Designing a shaft for a windmill using SolidWorks involves several steps:

1) Sketching: Start by sketching the basic shape of the shaft, including dimensions and features such as keyways or threads.

2) Extrusion: Use the sketch to create a 3D solid by extruding it along the desired length of the shaft.

3) Fillet and Chamfer: Add fillets and chamfers to the edges to remove sharp corners and improve the aesthetics and strength of
the shaft.

4) Holes and Bores: Create any necessary holes or bores for mounting components or attaching blades.

5) Keyways: If needed, add keyways to the shaft to ensure proper alignment and connection with other components.
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6) Threads: If the shaft requires threaded sections for connecting nuts or other fasteners, add them using SolidWorks' threading
features.

7) Analysis: Perform stress analysis to ensure that the shaft can withstand the forces it will experience during operation,
considering factors such as wind speed and blade weight.

8) Documentation: Finally, create detailed drawings and documentation of the shaft design for manufacturing and assembly.

Remember to refer to windmill specifications and any applicable standards or regulations throughout the design process.

G. Design Of Housing Of Wind Mill Using Solidworks
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Fig- 8 Housing Diagram

Designing the housing of a windmill using SolidWorks involves several steps:

1) Sketching: Begin by sketching the basic shape of the housing, considering factors like aerodynamics, structural integrity, and
space for the turbine components.

2) Extrusion: Use the sketch to create a 3D solid model by extruding the sketch profile. This will form the basic shape of the
housing.

3) Fillet and Chamfer: Add fillets and chamfers to smooth out edges and improve the aerodynamics of the housing.

4) Holes and Openings: Create holes and openings for ventilation, maintenance access, and to allow the blades to protrude.

5) Assembly: If necessary, create separate components for different parts of the housing, such as the base, sides, and top. Then
assemble them together.

6) Testing: Use simulation tools in SolidWorks to analyze the structural integrity and aerodynamic performance of the housing
design.

7) Refinement: Make any necessary adjustments based on simulation results or design considerations.

8) Detailing: Add any additional features or details to enhance the functionality or aesthetics of the housing.

9) Documentation: Create drawings and documentation for manufacturing, assembly, and maintenance of the housing.

SolidWorks provides a range of tools and features to assist with each step of the design process, allowing you to create a detailed

and functional housing for your windmill.

V. CALCULATIONS
Calculations for windmills used for pumping water and power generation involve several key factors:
1) Wind Speed: Measure the average wind speed at the site where the windmill will be installed. This is crucial for determining
the potential power output.
2) Blade Design: Calculate the blade design parameters such as blade length, chord length, and twist angle based on the wind
speed and desired power output. Aerodynamic principles and empirical data are typically used for this calculation.
3) Power Output: Determine the theoretical power output of the windmill using the formula:
P = 1/2 X Air Density X Rotor Area X Wind Speed® X Efficiency
Where:
- (P) is the power output.
- Air Density is the density of air.
- Rotor Area is the swept area covered by the blades.
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- Wind Speed is the velocity of the wind.
- Efficiency is the efficiency of the windmill system.

4) Pumping Capacity: Calculate the pumping capacity of the windmill based on factors such as the depth of the water table, the
required flow rate, and the efficiency of the pump mechanism.

5) Generator Size: Determine the size of the generator needed for power generation based on the calculated power output and the
efficiency of the generator.

6) Transmission Efficiency: Account for transmission losses in the power transmission system, which may include losses in the
gearbox, bearings, and electrical transmission.

7) Overall Efficiency: Calculate the overall efficiency of the windmill system, taking into account losses in the mechanical and
electrical components.

By accurately calculating these parameters, you can design a windmill system optimized for either pumping water or generating

electricity, depending on your specific requirements and site conditions.

Thus, the power available to a wind turbine is based on the density of the air (usually about 1.2 kg/m3), the swept area of the turbine

blades (picture a big circle being made by the spinning blades), and the velocity of the wind. Of these, clearly, the most variable

input is wind speed. However, wind speed is also the most impactful variable because it is cubed, whereas the other inputs are not.

The following are calculations for power available in the wind at three different velocities for the Northwind 100C turbine. This is

the newer version of the Northwind 100A on the previous page. The calculations will show what happens when you double, then

triple the velocity. Take a moment to think about how much available power will increase if you double and triple the velocity:

e The standard(link is external) density of air is 1.225 kg/m®

e The turbine has a 24 m diameter, which means the radius *2*2 m. Thus, the swept area of the turbine is: (pi)r2 = 3.14159(122) =
452.4 m?

o We'll start with a 6 m/s wind.

e The power in the wind at 6 m/s is: 1/2 x p x A x v3 = 0.5 x 1.225 kg/m® x 452.4 m2 x (6 m/s)3 = 59,851 W = 59.85 kW

e Atl12m/s: 1/2xpx Axv3=0.5x 1.225 kg/m3 x 452.4 m? x (12 m/s)® = 478,808 W = 478.8 kW (8 times as large)

o Atl18m/s: 1/2xpx Axv3=0.5x1225kg/m3 x 452.4 m?* x (18 m/s)® = 1,615,979 W = 1,616 kW = 1.616 MW (27 times as
large)

As you can see, when the velocity doubles, the power increased by a factor of 8 and when the velocity triples, it increases by a

factor of 27. This is because the velocity is cubed: 2° = 8 and 3° = 27.

VI. MATERIAL SELECTION FOR WIND TURBINE

Selecting materials for wind turbines involves considering factors such as strength, durability, weight, cost, and environmental

impact. Here's a detailed breakdown:

1) Blades: Typically made from fiberglass, carbon fiber, or a combination of both. These materials offer a balance of strength,
flexibility, and lightness. Fiberglass is commonly used due to its cost-effectiveness, while carbon fiber offers higher strength-to-
weight ratio but at a higher cost.

2) Tower: Steel is the most common material for wind turbine towers due to its strength and durability. However, some newer
designs use concrete or hybrid concrete-steel towers for their cost-effectiveness and environmental benefits.

3) Gearbox and Drivetrain: Components like gearboxes require materials with high strength and wear resistance. Alloy steels, such
as chromium-molybdenum steel, are commonly used for their excellent mechanical properties.

4) Generator: The generator housing may be made from aluminum or steel for strength and heat dissipation. Copper is used
extensively in the generator windings due to its high conductivity.

5) Nacelle: The nacelle housing, which contains the gearbox, generator, and other components, is often made from steel or
aluminum for structural integrity and weather resistance.

6) Foundation: Foundations must withstand the weight and forces of the turbine. Concrete is the most common material, offering
stability and durability, though steel piles or hybrid solutions are also used in some cases.

7) Electrical Wiring: Copper wiring is preferred for its high conductivity and resistance to corrosion.

8) Fasteners and Bearings: Stainless steel or high-strength alloy steel is typically used for fasteners and bearings to withstand the
forces and environmental conditions.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 1963



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue IV Apr 2024- Available at www.ijraset.com

When selecting materials, engineers must also consider factors such as manufacturing processes, maintenance requirements, and
end-of-life recyclability to ensure a sustainable and cost-effective solution. Additionally, advancements in materials science and
technology continue to influence material selection, with an increasing emphasis on lightweight composites and recyclable materials
to improve efficiency and reduce environmental impact.

the pump efficiently even in light winds. Additionally, variable pitch or adjustable blades can be used to optimize performance for
both power generation and pumping, allowing the turbine to adapt to changing wind conditions.

The generator system is another important component of the design. For power generation, the turbine needs a generator capable of
efficiently converting mechanical energy from the rotating blades into electrical energy. Permanent magnet generators are
commonly used in small-scale wind turbines due to their high efficiency and compact size. However, for pumping applications, the
generator needs to be able to provide mechanical power directly to the pump, either through a mechanical linkage or by using a
hydraulic system. This requires careful design to ensure compatibility between the generator and the pump and to minimize energy
losses in the transmission system.

In addition to the turbine and generator, the pump system must also be carefully designed. The pump needs to be able to lift water or
perform other tasks efficiently while being driven by the turbine. Depending on the specific application, different types of pumps
may be used, such as centrifugal pumps or positive displacement pumps. The pump system must also be designed to match the flow
rate and pressure requirements of the application, which may require the use of variable speed drives or other control mechanisms to
adjust the pump speed based on the available wind energy and the desired output.

Furthermore, the overall system design must take into account factors such as site conditions, wind patterns, and load requirements.
The turbine should be positioned in a location with a consistent and strong wind resource to maximize energy production. Site-
specific factors such as terrain and obstacles must also be considered to minimize turbulence and maximize the efficiency of the
turbine. Additionally, the system must be able to withstand the forces exerted by high winds and other environmental factors to
ensure reliable operation over the long term.

Overall, designing a wind turbine for both pumping and power generation requires a holistic approach that considers the specific
requirements of each application and integrates them into a single, efficient system. By carefully optimizing the design of the
turbine blades, generator system, pump system, and overall system configuration, it is possible to create a versatile and effective
solution for harnessing wind energy for a variety of applications.

VII. RESULT
Windmills play a pivotal role in both water pumping and power generation, harnessing the kinetic energy of the wind to meet
various human needs sustainably. In the context of water pumping, windmills have been employed for centuries to lift water from
wells and aquifers, providing a reliable source of irrigation for agriculture and a consistent supply of water for communities in arid
regions.
The basic principle behind a windmill for water pumping involves converting the rotational energy of the wind's force into
mechanical energy to drive a pump. Traditional windmills, such as the iconic Dutch windmills, employ a system of blades
connected to a central shaft. As the wind blows, it imparts rotational motion to the blades, which in turn rotate the shaft connected to
a pump. This mechanical energy is then used to lift water from the ground or lower levels to the surface, making it accessible for
agricultural activities or human consumption.
In recent times, modern wind turbines have emerged as efficient alternatives for water pumping. These turbines, equipped with
advanced technology such as aerodynamic blades and electric generators, can harness wind power more effectively. The electricity
generated can be used to power electric pumps, offering a more versatile and controllable means of water extraction. This
modernization enhances the reliability and efficiency of water pumping systems, contributing to sustainable agriculture practices
and water resource management.
Beyond water pumping, windmills are integral to power generation, producing clean and renewable energy. Wind turbines used for
power generation are designed to capture the kinetic energy of the wind and convert it into electricity. The basic components include
rotor blades, a generator, and a tower to support the structure. As the wind flows, the rotor blades rotate, driving the generator and
producing electrical energy. This electricity can be integrated into the grid for general consumption or stored for later use.
The environmental benefits of wind power for electricity generation are significant. Unlike fossil fuel-based power generation,
windmills produce electricity without emitting greenhouse gases, contributing to mitigating climate change. The renewable nature of
wind energy ensures a sustainable and inexhaustible source of power. Additionally, wind power reduces dependence on finite fossil
fuel resources, enhancing energy security and diversifying the energy mix.
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One of the challenges faced by wind power is its intermittent nature. The wind doesn't always blow consistently, leading to
fluctuations in power output. To address this, advancements in energy storage technologies, such as batteries, are being explored to
store excess energy during windy periods for use when the wind is calm. Integrating wind power with other renewable sources in a
hybrid energy system can also enhance overall reliability.

In conclusion, windmills serve a dual purpose in water pumping and power generation, leveraging the natural force of the wind to
address essential human needs sustainably. From the traditional windmills used for water extraction to modern wind turbines
contributing to the global transition to clean energy, these structures have evolved to meet the demands of society while minimizing
environmental impact. As technology continues to advance, the efficiency and effectiveness of windmills for both water pumping
and power generation will likely increase, further promoting a sustainable and greener future.

Designing a wind turbine for both pumping and power generation requires careful consideration of various factors to ensure
efficiency and effectiveness in both functions. The turbine must be able to harness wind energy efficiently for power generation
while also being capable of driving a pump to lift water or perform other tasks.

Firstly, the design of the turbine blades is crucial. Blades need to be aerodynamically optimized to capture as much wind energy as
possible. For power generation, longer blades with a larger surface area are typically more effective at capturing wind energy.
However, for pumping applications, shorter blades may be preferred to provide more torque at lower wind speeds, allowing the
turbine to operate features such as remote monitoring and automated maintenance routines can enhance operational flexibility and
reliability, particularly in remote or inaccessible locations.

In parallel, the power generation aspect of the windmill necessitates seamless integration with the electrical grid or standalone
microgrid systems. This involves designing robust power electronics, transformers, and inverters to convert the variable AC output
of the wind turbine into a stable, grid-compatible form. Additionally, implementing energy storage solutions such as batteries or
capacitors can mitigate intermittency issues and ensure consistent power delivery, even during periods of low wind activity.
Environmental considerations are also integral to the design and fabrication process, with an emphasis on minimizing ecological
impact and promoting sustainability. This encompasses factors such as wildlife protection, noise mitigation, and visual aesthetics,
which influence site selection, turbine placement, and operational protocols. By adhering to environmental regulations and
employing eco-friendly practices, the windmill project can coexist harmoniously with its surrounding ecosystem while contributing
to global efforts to combat climate change.

In conclusion, the design and fabrication of a windmill for pumping and power generation represent a convergence of engineering
ingenuity, environmental stewardship, and renewable energy innovation. By leveraging advanced technologies, interdisciplinary
collaboration, and a commitment to sustainability, it is possible to create a robust, efficient, and environmentally responsible
solution that addresses the pressing challenges of water access and energy security. Through continuous research, development, and
optimization, the potential of wind energy can be fully realized, offering a sustainable pathway towards a cleaner, greener future for
generations to come.

VIIl.  CONCLUSION
The design and fabrication of a windmill for pumping and power generation is a multidimensional endeavor, integrating engineering
principles, environmental considerations, and technological innovations. Through meticulous planning, analysis, and
implementation, a comprehensive solution can be developed to harness the renewable energy potential of wind while addressing the
specific needs of pumping and power generation.
First and foremost, the design phase involves understanding the local wind patterns, topography, and energy requirements. This
necessitates thorough research and data collection to ascertain the optimal location, wind turbine type, and sizing for both pumping
and power generation purposes. Additionally, considerations such as wind turbine efficiency, rotor design, and material selection
play pivotal roles in maximizing energy extraction while ensuring durability and reliability.
In the fabrication process, attention to detail and precision are paramount. Utilizing advanced manufacturing techniques and quality
control measures, components such as turbine blades, tower structures, and electrical systems are constructed to exact specifications.
Moreover, incorporating innovative materials and methodologies can enhance performance, reduce maintenance costs, and extend
the operational lifespan of the windmill.
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