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Abstract- Windmills are very important source of energy 

which generates electricity from flowing air. Now days it 

comes with the best choice for generation of electricity in hilly 

areas where other sources become costly and non-reliable. 

For windmill, its blades are crucial components as it performs 

rotary action which causes generation of electricity. There are 

several reasons by which windmill blades may fail or damage 

hence blades need to be perfectly balanced and designed to 

withstand worst condition also. But still there are always 

chances of blade failure due to storms, heavy rainfall etc. 

When windmill rotates beyond its designed speed then the 

vibrations will generate which affects the blade performance. 

If such vibrations come for long period of time then it changes 

the shape of blade and hence the efficiency of windmill 

reduces. Hence it is very important to find natural frequency 

of windmill bade by which we may come to know about 

maximum deviation of blade during vibration. In this paper we 

have discussed modeling of windmill blade on CAD tool and 

perform vibration analysis on CAE Tool to know its natural 

frequency. Further calculation is done to validate results 

obtained by CAE tool. 
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I. INTRODUCTION 

 

 A wind turbine is a device that converts kinetic 

energy from the wind, also called wind energy, into 

mechanical energy; a process known as wind power. If the 

mechanical energy is used to produce electricity, the device 

may be called a wind turbine or wind power plant. If the 

mechanical energy is used to drive machinery, such as for 

grinding grain or pumping water, the device is called a 

windmill or wind pump. Similarly, it may be referred to as a 

wind charger when used for charging batteries. The working 

of wind mill is very simple as the air comes in the structure the 

working blades rotates which is connected to main rotor shaft 

by the supporting arms the main rotor is coupled to a generator 

from where we can get the output. The power in the wind can 

be extracted by allowing it to blow past moving wings that 

exert torque on a rotor. The amount of power transferred is 

directly proportional to the density of the air, the area swept 

out by the rotor, and the cube of the wind speed. The mass 

flow of air that travels through the swept area of a wind 

turbine varies with the wind speed and air density. As an 

example, on a cool 15°C (59°F) day at sea level, air density is 

about 1.22 kilograms per cubic meter (it gets less dense with 

higher humidity). An 8 m/s breeze blowing through a 100 

meter diameter rotor would move about 76,000 kilograms of 

air per second through the swept area. The kinetic energy of a 

given mass varies with the square of its velocity.  

 

 
Fig. 1.1: Schematic Diagram of Windmill 

 

II. NATURAL FREQUENCY CONCEPT 

 

Natural frequency, also known as eigenfrequency, is 

the frequency at which a system tends to oscillate in the 

absence of any driving or damping force. The motion pattern 

of a system oscillating at its natural frequency is called 

the normal mode (if all parts of the system 

move sinusoidally with that same frequency). If the oscillating 

system is driven by an external force at the frequency at which 

the amplitude of its motion is greatest (close to a natural 

frequency of the system), this frequency is called resonant 

frequency. 
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Harmonic Frequency:For a simple harmonic oscillator, the 

period r is given by: 

 
 

where k is the force constant. A molecule can absorb 

a photon that vibrates at the same frequency as one of its 

normal vibration modes. That is, if a molecule, initially in its 

ground vibration state, could be excited so that it vibrated at a 

given frequency, then that molecule could absorb a photon 

that vibrates at the same frequency. Although vibration 

frequencies are usually expressed as kilohertz or megahertz, in 

chemistry vibration frequencies are normally expressed in 

terms of the number of vibrations that would occur in the time 

that light travels one centimeter, i.e., ν = 1/cr Using this 

equation for simple harmonic motion, the vibration frequency 

can be written as: 

 

 
 

In order for ν to be in cm
-1

, c, the speed of light must 

be in cm.sec
-1

, k, the force constant in erg/cm
2
, and μ the 

reduced mass in grams. 

 

For a molecule, the force constants are obtained by 

diagonalization of the mass-weighted Hessian matrix. Most of 

the work in calculating vibration frequencies is spent 

in constructing the Hessian. 

 

Resonance Frequency: In mechanical system, resonance is a 

phenomenon that occurs when the frequency at which 

a force is periodically applied is equal or nearly equal to one 

of the natural frequencies of the system on which it acts. This 

causes the system to oscillate with larger amplitude than when 

the force is applied at other frequencies. Frequencies at which 

the response amplitude is a relative maximum are known 

as resonant frequencies or resonance frequencies of the 

system. Near resonant frequencies, small periodic forces have 

the ability to produce large amplitude oscillations, due to the 

storage of vibration energy. 

 

III.  AIMS AND OBJECTIVES OF STUDY 

 

1) To understand vibration effects on windmill blade.   

2) To know the natural frequency, harmonic vibrational 

frequency and resonant frequency of windmill blade.                                                           

3) To give conclusion which can be utilized for dynamic 

stability of windmill blade and hence the life of windmill 

blade may improve. 

4) Validation of CAE results with manual calculation shows 

the accuracy of project and entire study, hence to learn 

method of validation 

5) To design a windmill blade on CAD tool like CATIA. 

6) Perform Vibration Analysis by using CAE Tool like 

ANSYS. 

7) Validate the results obtained by CAE tool. 

8) To reach on proper conclusion and resonant frequency. 

 

IV. CAD MODELLING OF WINDMILL BLADE 

 

CATIA enables the creation of 3D parts, from 2D 

sketches, Sheetmetal, composites, molded, forged or tooling 

parts up to the definition of mechanical assemblies. The 

software provides advanced technologies for mechanical 

surfacing & BIW. It provides tools to complete product 

definition, including functional tolerances as well 

as kinematics definition.  

 

Some of the commands in CATIA used for modeling are as 

below 

 

1) PAD command 

2) POCKET command 

3) SHAFT command 

4) RIB command 

5) SLOT command 

 

 
 

V. VIBRATION ANALYSIS OF WINDMILL BLADE 

 

A. Ansys as a CAE Tool: 

 

Ansys software is used to design products and 

semiconductors, as well as to create simulations that test a 

product’s durability, temperature distribution, fluid 

movements, and electromagnetic properties. 

 

B. Material Properties Required 
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Poisson’s Ratio:When applying a load in a certain 

axis direction and consequently deforming in that direction, 

the ratio of deformation on the opposite side is called 

Poisson’s Ratio. Basically, it can be used at the elastic region 

because of the assumption of Hooke’s Law, theoretically 

having a value less than 0.5 greater than zero. 

 

Yield Stress:As described above, yield stress is the point at 

which permanent deformation is drastically increased when an 

external force is increased beyond the elastic limit.  

 

Density:Since density is mass per unit volume, the density of a 

metal can be calculated by submerging it in a known amount 

of water and measuring how much the water rises. This rise is 

the volume of the metal. Its mass can be measured using a 

scale.    

                 

 
 

In this study we are directly using three-dimensional 

model of windmill blade to perform vibration analysis.  

 

C.Discretization (Meshing): 

 

 
Figure. Meshing of a windmill blade. 

 

 
 

VI. NATURAL FREQUENCY CALCULATION 

 

A. Mass of Windmill Blade: 

 

Consider, 

A= Area of windmill blade = 0.2×1 m =0.2m
2
 

T= Thickness of Blade =0.5 mm = 0.5×10
-3

 m
 

Therefore, 

 

Volume of Blade = 0.2 × 0.5 × 10
-3 

= 1×10
-4

 m
3
…(1) 

Therefore, 

 

Mass of Blade = m = Volume × Density 

 

m = V × ρ   …(Density of GI sheet= 7.85×10
3
 kg/m

3
) 

m = 1×10
-4

×7.85×10
3 

m = 0.785 kg 

 

B. Natural Frequency of Windmill Blade: 

 

To obtain natural frequency of windmill blade we have 

formula. 

 

…(2) 

 

Where, 

 

fn = Natural Frequency of Blade (Hz) 

k = Young’s Modulus/Stiffness of Windmill Blade (MPA) = 

1.65×10
5
 MPA 

m = Mass of Windmill Blade 

 

Therefore,  

 

Eq.
n
 (2) can be written as, 

 

 
 

fn = 72.9967 Hz 

 

C. Displacement due to vibrations at mode shapes. 

 

1) Displacement at mode shape 1. 

 

Displacement at various mode shapes can be obtained  

 

…(3) 

Where, 

 

G = Load on Windmill Blade generating Natural Frequency. 

D = Static Deflection of windmill Blade. 

To know the value of G, we have 

G = Weight of Windmill blade / Angular displacement 
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G = W / α 

 

 
 

G = 12834 N 

 

Therefore,  

 

Eq.
n
 (3) can be written as, 

 

 
 

D = 0.0599 m  

D = 59.9 mm 

 

VII. RESULTS OBTAINED BY ANSYS 

 

 
 

A. Actual Displacement of windmill blade with ANSYS 

software: 

 

 
 

 

 
 

VIII. CONCLUSION 

 

By performing virtual test on windmill blade at 

vibrating condition for six different modes we can predict 

following conclusions. 

 

1) Vibrations of windmill blade affect the performance of 

windmill. 

2) Dynamic balancing of windmill blade may affect due to 

vibration of windmill blade at resonant frequency. 

3) Resonance frequency of windmill blade is sufficiently 

high but continuous impact of such frequency range 

affects the blade performance. Hence the life of windmill 

blade is less. 

4) Stability of blade can be improved by providing more 

support at the top, which may reduce the vibrations. 
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