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ABSTRACT 

Horizontal Axis Wind Turbines are one of the most renewable energy sources (HAWT). In this 

post, we design, analyze, and build the HAWT gearbox. In this article, we build the gearbox in 

combination with Brendan Speechley's method. Analyses are static analyses. We build a gearbox 

prototype instead of the original model due to the high expense of time. The machinery utilized is 

helical or spurry, and the gearbox is a planetary gearbox. The gross transmission ratio is one 

hundred to one. 1500 rpm is the gearbox speed. Horizontal wind turbines may be used for 

commercial or residential purposes. We'll create the ANSYS model by choosing on the gearbox's 

shape and all other characteristics. The model is then evaluated in ANSYS programs. The goals of 

this article are to reduce the size and weight of gearboxes, enhance their dependability, and 

remove vibration. 
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1. INTRODUCTION 

Only the earth, rotation, and translation have necessary speeds for planetary gears. Divergence 

instability may occur at speeds close to critical velocities, and whether or not it occurs depends on 

whether or not a disruption technique is used(1). The wind business, particularly the rapidly 

growing offshore sector, is still much too expensive to be profitable. In the absence of friction and 

constant angular speeds, gyroscopic torques are not used to quantify force flow(2). With the 

greater transmission loss and lower noise changes to the tooth surface, a high productive touch 

ratio may be achieved(3). HAWTs (Figure 1) are the most popular wind turbine designs 

nowadays. HAWTs have rotors with aerodynamic blades (e.g. airfoils) placed either upwind or 

downwind (4). HAWTs usually have two or three blades and operate at high blade tip speeds(5). 

Up-wind rotor machines need a lagoon or tail vane for wind direction, while down-wind rotor 

machines rely only on blades to steer the turbine. However, one disadvantage of down-wind rotors 

is that it was previously assumed that they "wander" under low-speed wind situations, reducing 

energy efficiency (6). 

The aerodynamic elevator force is used by modern HAWTs to convert any rotor blade into a 

soaring aircraft. This is how the lifting force works in general(7). Air circulates through the top 

and bottom portions of a blade when it is exposed to waves. Air flows farther than the bottom over 

the top of the blade due to the curve of the tip, resulting in a low-pressure region on the top. A 

force is created at the top of the blade due to the friction difference between the top and bottom of 

the blade. The shafts of HAWTs are horizontally parallel to the ground(8). Similar to VAWTs, the 

HAWT may be built with two or three blades. The HAWT has three blades is the most prevalent 

technique today, although two-bladed rotors and rotors in front of the wind are also widespread(9). 

It may be on the nacelle's front (upwind) or rear (downwind)(10). Downwind automatically faces 

the wind, so there's no need for a mechanical orientation mechanism. The most significant 

disadvantage is greater fatigue caused by periodic wind oscillations. The upwind and upwind 

models are more frequent than the downwind and downwind ones(11). Kinetic energy exists in 
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everything that moves, and scientists and engineers are harnessing it to generate electricity. Wind 

energy, also known as wind power, is generated by a wind turbine, which is a device that 

harnesses the wind's energy to generate electricity(12).  

The blades of the turbine, which are attached to a rotor, are blown by the wind. To generate 

electricity, the rotor spins a generator. Horizontal-axis wind turbines (HAWTs) and vertical-axis 

wind turbines (VAWTs) are the two types of wind turbines (VAWTs). The most common type of 

wind turbine is the HAWT(13). They usually have two or three long, thin blades that resemble the 

propellers on airplanes. The blades are angled so that they face straight into the wind. VAWTs 

have curved blades that are shorter and wider than those of an electric mixer(14).  

Small wind turbines can generate 100 kilowatts of power, which is enough to power a home. 

Water pumping stations, for example, are equipped with small wind turbines. Wind turbines with 

rotor blades that are 40 meters (130 feet) long and sit on towers as tall as 80 meters (260 feet) are 

slightly larger. These turbines have a capacity of 1.8 megawatts. Wind turbines with rotor blades 

longer than 162 meters (531 feet) can be found perched on towers that stand 240 meters (787 feet) 

tall. The power generated by these massive turbines ranges from 4.8 to 9.5 megawatts. 

After the energy is produced, it may be consumed, linked to the grid, or stored for later use. The 

US Department of Energy is collaborating with the National Laboratories to develop and enhance 

technologies like batteries and pumped-storage hydropower for storing surplus wind energy(15). 

Batteries are installed beside wind turbines by companies like General Electric so that the power 

produced by the wind may be stored immediately(16). 

According to the United States Geological Survey, there are 57,000 wind turbines on land and 

offshore in the United States(17). Wind turbines may be single buildings or grouped together to 

form a wind farm. While a single turbine may provide enough energy to power a single house, a 

wind farm can provide much more electricity, enough to power thousands of homes(18). To take 

use of natural winds, wind farms are typically built on top of a mountain or in an otherwise windy 

location. 

The Walney Extension is the biggest offshore wind farm in the world. This wind farm is about 19 

kilometers (11 miles) west of the northwest coast of England in the Irish Sea. The Walney 

Extension is larger than the city of San Francisco, California, or the island of Manhattan in New 

York, with a total size of 149 square kilometers (56 square miles)(19). The 87 wind turbines in the 

grid reach 195 meters (640 feet) tall, making these offshore wind turbines among of the world's 

biggest. The Walney Extension has the capacity to produce 659 megawatts of energy, enough to 

power 600,000 households in the United Kingdom(16).  

Due to the challenges the industry confronts in designing, operating, and repairing gearboxes, 

gearbox field efficiency (RAM) has emerged as a major force in science. In a small to medium 

wind turbine transmission, a variable ratio gearbox (VRG) may be utilized to improve 

aerodynamic performance. A fixed-speed wind turbine, on the other hand, has a Gearbox Variable 

Ratio (VDR), which allows operation with a specific range of variable speeds to enhance 

performance (20). 

The majority of this information could be obtained from the vibration signal itself parallel stage in 

the process in the wind turbine gearbox of one planetary and two helical. Gears and rollers are 

classified based on their fatigue damage and are designed to focus on components that are more 

prone to fatigue failures and are less stable. Take tooth spacing, back touch, and angle of 

inclination to bed plate seriously. The development of a spur planetary gear rotational, 

translational, and dynamic model is being considered (21).Figure 1 shows the Horizontal axis 

wind turbine. 
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Figure 1: Horizontal axis wind turbine(22). 

Due to the challenges the industry confronts in designing, operating, and repairing gearboxes, 

gearbox field efficiency (RAM) has emerged as a major force in science. In a small to medium 

wind turbine transmission, a variable ratio gearbox (VRG) may be utilized to improve 

aerodynamic performance. A fixed-speed wind turbine, on the other hand, has a Gearbox Variable 

Ratio (VDR), which allows operation with a specific range of variable speeds to enhance 

performance (23).Modern wind turbines utilize solid state converters to convert the energy 

produced to the voltage and frequency required to power the electric grid, since the rotational 

speed of a wind turbine changes with wind pressure(24). 

2. DISCUSSION 

HAWTs are the most common and effective kind of wind turbine. The electric power generator 

and the rotor shaft are anchored horizontally to the ground at the top of a tall tower. The rotor 

blades must rotate because of the air flow. The rotor shaft meshes with the motor, which spins the 

shaft and contributes to the generation of energy. Because the rotor blades face the wind, a wind 

sensor and servo motor are utilized in this kind of turbine. The turbine has the potential to cause 

damage to the wind turbine, therefore a brake is installed to reduce the rotor shaft's speed. The 

bigger towers, which contribute to more heavy winds with wind shafts and improved turbine 

performance, are the main advantages of HAWT. They may be constructed offshore in the woods 

above the trees or on uneven terrain. The disadvantage of HAWTs is that they need a braking 

system to slow down their rotor blades in high winds, as well as another mechanism to enable the 

rotor blades to spin in the wind direction. 

On the horizontal axis, a wind generating plant has three wind turbines (HAWT). With three 

blades and less ribbon torque, there is a more physically durable arrangement. A turbine with an 

80-meter blade length can produce up to 8 MW of power and is often painted bright white to allow 

for easy examination in any aircraft. For big commercial turbines, heights of up to 70 m to 120 m 

and up to 160 m in severity may be utilized. Poles made of steel tubing are used in modern wind 

turbine installations. For a large wind turbine, RPMs may range from 10 to 22. Turbine blades that 

are this broad can't spin faster than the rotating rpm. 

However, certain prototypes exist that perfectly line the generator with the rotor shaft of the 
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turbine. Modern wind turbines utilize solid state converters to convert the energy produced to the 

voltage level and frequency required to power the electric grid, since the rotational speed of a wind 

turbine changes with wind pressure. 

3. CONCLUSION 

This article focuses on the design and analysis of a horizontal axis transmission mechanism for a 

wind turbine. The gearbox has three stages, the first two of which utilize a compound epicylic 

planetary gear. The third step is a parallel shaft helical machinery. The input and output shafts 

were not coaxially balanced. In the first cycle, there are four planets, and in the second cycle, there 

are five planets. The gross gearbox ratio is one hundred to one. There are 57,000 wind turbines on 

land and offshore in the United States, according to the US Geological Survey. Wind turbines may 

be solitary structures or can be clustered to create a wind farm. While a single turbine may be 

capable of powering a single home, a wind farm may generate enough electricity to power 

thousands of houses. Wind farms are usually constructed on top of a mountain or in a breezy area 

to take use of natural breezes. The Walney Extension is the world's largest offshore wind farm. 

This wind farm is located in the Irish Sea, approximately 19 kilometers (11 miles) west of 

England's northwest coast. With a total area of 149 square kilometers, the Walney Extension is 

bigger than the city of San Francisco, California, or the island of Manhattan in New York (56 

square miles). The 87 wind turbines in the grid stand at a height of 195 meters (640 feet), making 

them among the world's largest offshore wind turbines. The Walney Extension can generate 659 

megawatts of electricity, enough to power 600,000 homes in the United Kingdom. 
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