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Abstract— Energy associated with high speed wind in certain 

regions will be exploited to generate electrical power with the 

aid of wind turbines. Primary drawback of wind turbine is 

generation of electrical power with low speed and high 

torque. But this needs to be converted to high speed and low 

torque power.  Gear system will be used in wind turbine to do 

so. If any functional problem arises with this gear system it 

needs to be rectified. As the gear system will be installed at 

elevated height in wind turbine its maintenance becomes 

tedious. Hence predictive maintenance is most preferred than 

general maintenance in case of gear system of wind turbine. 

For carrying out predictive maintenance user should have 

idea about useful life of gear system. So far no practical 

system is available which can evaluate the useful life of gear 

system. Hence this project is taken up to design a system 

which can evaluate the useful life of gear system of wind 

turbine. To begin with configuration having all subsystems 

will be identified. Then all the subsystems designed to arrive 

at their dimensions. All the dimensional models are 

transformed to solid model using CATIA V5. Structural 

analysis is carried out using ANSYS software in order to 

ascertain the design adequacy.   

Key words: Wind turbine, Gear box, turbine, analysis of gear 

box, analysis of turbine, CATIA V5, ANSYS 

I. INTRODUCTION 

In the dynamic environment components of wind turbines 

have good profitable conditions. Components of turbines 

located in weather patterns are impacted by strong, deep 

temperatures, ice, and snow, hot and humid climates. 

The load on components, combined with the tough 

environmental conditions, the engineering of main and 

subsystem most particularly the gearbox. The interaction 

between gearbox and wind turbine with the different 

combinations of rotor blades, towers, generators and resulting 

loads that are related to different site conditions. Multi-body 

recreations, FE methodologies of finish frameworks, and the 

approval on test rigs and on location establishments are all 

piece of the gearbox improvement handle. Test and sensor 

plans should be discussed between wind turbine 

manufacturer, gearbox manufacturer and component 

supplier. 

The test rig is driven by a motor and gearbox. The 

gearbox with a shift stage adapts the torque and speed to the 

input level of the gearbox. The generator is connected to the 

output shaft of the gearbox via an original wind turbine. 

Original rubber bushings from the wind turbine isolate the 

gearbox torque arm from the foundational support structure. 

The mounting point of the drivetrain relates to the first 

mounting edge of the wind turbine drivetrain. The ground 

underpins, gearbox lodging and planet bearer of the planetary 

stages are considered as a versatile components. The 

technology for those considerations is based on a mode 

reduction of the finite element models.  

II. PROPOSED WORK 

To design and analyse the wind turbine Gearbox test Rig by 

modelling in CATIA V5 and analyzing in ANSYS software 

in order to ascertain the design adequacy. 

A. Wind Turbine: 

A wind turbine is a device that converts kinetic energy from 

the air into electrical power. Wind turbine used for charging 

batteries may be referred to as a wind charger. The result of 

over a millennium of wind mill development and modern 

engineering, today's wind turbines are produced in an 

extensive variety of vertical and level pivot sorts. The littlest 

turbines are utilized for applications, for example, battery 

charging for helper control for water crafts or processions or 

to power movement cautioning signs. Possibly greater 

turbines can be used for making duties to a family unit control 

supply while offering unused power back to the utility 

supplier by methods for the electrical cross section 

 
Fig. 1: 

B. Horizontal axis wind turbine: 

Horizontal-axis wind turbines (HAWT) have the primary 

rotor shaft and electrical generator at the highest point of a 

tower, and should be pointed into the air. Little turbines are 

pointed by a straightforward wind vane, while extensive 

turbines by and large utilize a wind sensor combined with a 

servo engine. Most have a gearbox, which changes the direct 

turn of the edges into a speedier upset that is more suitable to 

drive an electrical generator.  

Since a tower produces turbulence behind it, the 

turbine is typically situated up quality of its supporting tower. 

Turbine edges are made solid to keep the cutting edges from 

being pushed into the tower by high show. Also, the sharp 

edges are put a significant separation before the tower and are 

once in a while tilted forward into the air a little sum.  

Down wind machines have been worked, paying 

little respect to the issue of turbulence since they needn't 

trouble with an additional framework for keeping them as per 

the air , in high artificiality the front lines can be allowed to 

bend which diminishes their cleared zone and thusly their 

wind resistance. Since rehashing (that is excess) turbulence 

may incite exhaustion frustrations, most HAWTs are of up air 

plot.  

http://en.wikipedia.org/wiki/Kinetic_energy
http://en.wikipedia.org/wiki/Wind_power
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Fig. 2: 

C. Vertical Axis Wind Turbine: 

If the axis of turbine vertical then it can be called as vertical 

hub wind turbine. One favorable position of this course of 

action is that the turbine does not should be indicated into the 

wind be viable, which is preference on a site where the wind 

heading is very factor. It is moreover good position when the 

turbine is consolidated into a working since it is inherently 

less steerable. Moreover, the generator and gearbox can be 

put near the ground, using a prompt drive from the rotor get 

together to the ground-based gearbox, improving openness 

for support.  

The key shortcomings fuse the modestly low 

rotational speed with the critical higher torque and therefore 

higher cost of the drive set up, the actually cut down power 

coefficient, the 360 degree turn of the air impede inside the 

twist current in the midst of each cycle and from this time 

forward the significantly dynamic stacking on the sharp edge, 

the throbbing torque made by some rotor anticipates the drive 

get ready, and the inconvenience of showing the wind current 

exactly and accordingly the troubles of dismembering and 

sketching out the rotor going before assembling a model. At 

the point when a turbine is mounted on a housetop the 

building for the most part diverts air over the rooftop and this 

can twofold the velocity at the turbine. On the off chance that 

the tallness of a housetop mounted turbine tower is around 

half of the building stature it is close to the ideal for greatest 

air vitality and least air turbulence. Velocities inside the 

fabricated condition are by and large much lower than at 

uncovered rustic destinations, clamor might be a worry and a 

current structure may not sufficiently oppose the extra 

anxiety. 

 
Fig. 3: 

III. WIND TURBINE GEARBOX TEST RIG   

In light of the plan rationality an arrangement is recognized. 

Each one of the subsystems of the setup are to be made 

considering utilitarian weights. While organizing the 

subsystems particular mechanical format viewpoints are 

considered. The delayed consequence of the major diagram 

would be strong models of all subsystems of the typical 

framework. The total arrangement process is shut with 

determine of purposes of enthusiasm for the framework, 

which will be found out further by restricted segment 

procedure inconspicuous components of which would be said 

in later parts. This area draws out the purposes of enthusiasm 

of the framework frameworks grasped, solid models of all 

subsystems. 

Desired Factor of Safety = 1.5  

A. Design Philosophy: 

The target of the venture is to outline a test apparatus of wind 

turbine which implies a framework mimicking wind turbine 

at contribution of the rigging box. Many-sided quality 

required in this necessity is that wind turbine won't keep 

running at consistent speed every one of the circumstances 

rather it changes from low to high esteem. To reenact this 

circumstance in ground level (Before the apparatus box is 

connected to wind turbine) a drive is required which can 

bolster movement to rigging box. Just plausibility of 

accomplishing this is through utilization of DC engine all 

things considered drive as speed should be changed. Be that 

as it may, to run the rigging box, engine with high vitality 

(Power) is required especially at rapid which makes the 

expected utilitarian test fix costly. Thus an extra means is 

required amongst engine and apparatus box which can 

substantiate for high vitality prerequisite at fast in order to 

finish the engine with low vitality limit. Subsequently this 

venture fundamentally goes for outline of such gadget which 

can support up the vitality prerequisite with a component of 

variable snapshot of inactivity with differing speed. 

B. Proposed Design With All Subsystems: 

 
Fig. 4: 

As appeared in figure the proposed configuration 

comprises of a pole which is associated with two centers on 

outrageous finishes. Beat center is associated with shaft 

inflexibly while base center is associated with gearbox shaft 

such a route, to the point that it pivots alongside the pole yet 

it can slide here and there in respect to shaft. A spring will be 

associated amongst top and base center points. Two arms 
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interfaces beat center to levers through rotate which will be 

reached out from base center point. Lever will be fit as a 

fiddle base some portion of which will be associated with 

base center point and top part will house a mass situated on 

its top. This lever can rotate to such an extent that mass 

approaches or leaves from shaft hub. 

C. Design Inputs: 

The following design inputs with regard to wind turbine 

HQ1650 shown in figure 3.4 are considered. 

 
Fig. 5: 

 Minimum speed =11 rpm 

 Maximum speed = 20 rpm 

 Rated speed = 18 rpm 

 Power of rotor =1.65 MW 

 Time taken to attain maximum speed =0.001 sec 

 Mass positioned on lever = 65 Kg 

Other design inputs are as follows. 

 Shear modulus of spring material (Steel) = 84 GPa; 

 Spring index = 20 

 Shear strength of shaft material = 133 N/mm2 

 Number of arms = 2 

 Bending strength of arm = 316 MPa 

D. Design of Configuration: 

In which substituting this we get 1 = 1.1519 rad/sec 

In the same equation substituting N2 = Maximum speed = 20 

rpm 

We get maximum angular velocity 2 = 2.09 rad/sec 

We know that 

Minimum angular velocity can be expressed as follows 

 N1: Minimum speed = 11 rpm 

60

N π 2
  ω

1

1
  

60

NT π 2
 P Pow er,   

In which  

P: Power = 1.65 MW = 1.65x106 W   N: 

Speed T: Torque 

In the above equation by substituting N1 we get maximum 

torque, T2 = 1.43x106 N-m  and by substituting N2 

we get minimum torque, T1 = 7.878x105 N-m 

Angular acceleration can be expressed as 

t

ω-ω
  

12
  

Where t: Time taken to attain maximum speed = 0.001 sec 

From which α = 942.5 rad/sec2 Torque can be expressed as 

T = I x α I: Moment of inertia 

In the above equation by substituting T1 we get 

minimum moment of inertia,  I1 = 835.9 Kg-m2 

And by substituting T2 we get maximum moment of inertia,  

I2 = 1519.8 Kg-m2 

Moment of inertia can also be expressed as   I = m x r2 

Where    m: Mass positioned on lever = 65 Kg 

By substituting I1 we get 

r1: Minimum radius of rotation of mass as 3.5861 m  

And by substituting I2 we get 

r2: Maximum radius of rotation of mass as 4.83 m  

Distance of pivot for lever from axis of rotation when the 

device in mid position can be expressed as 

2

rr
  

21


r  

From which r = 4.2 m 

Energy that can be stored by the device can be expressed as 

2
ω I

2

1
 E    

By substituting I1 and 1 we get 

E1: Minimum energy as 554.6 Joules  

And by substituting I2 and 2 we get 

E2: Maximum energy as 3333.3 Joules  

And increase in energy storage capacity by adopting variable 

moment of inertia feature in the proposed design is found to 

be 

3333.33 – 554.6 = 2778 N 

X: Length of the vertical part of the lever is taken as 1.0909 

times that of r1 which is found to be 3.91 m 

Y: Length of the horizontal part of the lever is taken as 0.909 

times that of r1 which is found to be 3.26 m 

From the decelerated position shown in figure 3.3 

i.e. when the radius of rotation changes from r to r1, the 

compression of spring or the lift of bottom hub, h1 can be 

expressed as 

X

rr
 

X
  

Y

1
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From the accelerated position shown in figure 3.2 i.e. when 

the radius of rotation changes from r to r2, the compression of 

spring or the lift of bottom hub, h2 can be expressed as 

X

rr
 

X
  

Y

2



22
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Combining both the equations we get 

 
X

r   
2

Y
rh  

1
  

From which we get h = 1.041 m 

And  
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m 0.52
2

h
h

1
  

Further for decelerated position 

a1 = r – r1 = 0.624 m 

m 3.86a - X  X
2

1

2

1
  

m 3.22h - Y  Y
2

1

2

1
  

Further for accelerated position 

a2 = r2 – r = 0.624 m 

X2 = X1 = 3.86 m 

Y2 = Y1 = 3.22 m 

Centrifugal force can be expressed as 

Fc = m r 2 

In which substituting r1 and 1 we get 

Minimum centrifugal force FC1 as 309.3 N 

And substituting r2 and 2 we get 

Maximum centrifugal force FC2 as 1378.7 N 

For the decelerated position shown in figure 3.3, 

taking moments about point O, we get 

11c11

1
a g m X F  y

2

SMg



 

In which 

S1: Spring force exerted on bottom hub at 1 

(However ‘M’ is neglected) 

Substituting all we get S1 = 494.8 N 

For the accelerated position shown in figure 3.2, 

taking moments about point O, we get 

22c22

2
a g m  X F  y

2

SMg



 

In which 

S2: Spring force exerted on bottom hub at 2 

(However ‘M’ is neglected) 

Substituting all we get S2 = 3061.6 N 

E. Solid Modeling Of Assembly: 

All the solid models pertaining to the components designed 

are assembled to get the assembly of the system. Solid model 

of the assembly is shown in Figure. 

 

IV. STRUCTURAL ANALYSIS USING FINITE ELEMENT 

ANALYSIS 

A. Introduction: 

Helper examination of the arranged commonsense appraisal 

system for wind turbine is done using Finite Element Method 

(FEM) in ANSYS programming. Examination is finished 

against the utilitarian load. The objective of the essential 

examination is to review the arrangement adequacy against 

the helpful load and to support the framework figurings. This 

segment draws out the purposes of enthusiasm of FE showing 

and examination comes to fruition. 

B. Structural Analysis: 

Structural Analysis is completed against the self-weight and 

utilitarian burdens i.e. because of development of the 

framework. Most extreme Von Misses stress is acquired from 

the examination. Most extreme anxiety accordingly got is 

contrasted and reasonable anxiety and acquired the accessible 

component of security. 

Criteria Static analysis: 

Minimum available factor of safety should be more 

than the desired factor of safety (1.5). 

Modal analysis: 

First natural frequency should be above the frequency 

associated with operating speed of rotor i.e. 0.33 Hz (20 rpm). 

1) Finite element modeling: 

The basic approach followed in finite element analysis is 

represented in form of flow chart below. 

 
To begin with geometric model of the system is built 

in CATIA V5 software from its dimensions evolved as an 

outcome in the previous chapter. However load bearing 

members are only considered for analysis. 

Then geometric model is converted into FE model 

by discretizing with elements in commercial FEM software 

package ANSYS. All the subsystems are discretized with 

Linear beam (BEAM4) elements.  

2) Material Properties: 

As all sub systems of the intended deviceare made of steel its 

material properties are considered for the analysis. Material 

properties are given in Table 4.1. 

Material 
Young’s 

modulus (E) 

Poisson’s 

ratio () 

Density 

() 

Spring 

steel 
2.1 x 1011 Pa 0.3 

7850 

Kg/m3 

3) Boundary Conditions: 

Both extreme sides of shaft are constrained for all DOF 

except rotation about shaft axis.  
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4) Load: 

 Following loads given in table 4.2 are applied to the 

FE model. 

1. Static Analysis 

Self-Weight With 1g Acceleration 

2. Static Analysis 

Angular Velocity : 2.09 Rad/Sec (Calculated From 

Maximum Speed Of Rotor) 

3. Dynamic  Analysis 

Modal Analysis 

5) Dynamic (Modal) Analysis: 

Modular investigation is the investigation of the dynamic 

properties of structures under vibration excitation. Modular 

examination is the field of measuring and investigating the 

dynamic reaction of structures as well as liquids when 

energized by an information. Illustrations would incorporate 

measuring the vibration of an auto's body when it is joined to 

an electromagnetic shaker, or the clamor design in a room 

when energized by an amplifier.  

In basic designing, modular investigation utilizes a 

structure's general mass and solidness to locate the different 

periods that it will actually resound at. These times of 

vibration are essential to note in quake designing, as it is basic 

that a building's normal recurrence does not coordinate the 

recurrence of expected seismic tremors in the district in which 

the building is to be built. In the event that a structure's regular 

recurrence coordinates a seismic tremor's recurrence, the 

structure could proceed to resound and encounter auxiliary 

harm.  

Albeit modular examination is typically completed 

by PCs, it is conceivable to hand-compute the time of 

vibration of any elevated structure by admiring it as a settled 

finished cantilever with lumped masses.  

A modular investigation computes the undamped 

normal methods of a framework. These modes are given in 

diminishing request of period and are numbered beginning 

from 1. 

The investigation ascertains the characteristic 

methods of the discretized display, not those of the genuine 

nonstop framework. However the discretized modes are near 

the nonstop ones and for a mode number the exactness 

enhances as an ever increasing number of components are 

utilized to display the framework. For any given level of 

discretization the exactness is better for the lower modes and 

logically intensifies as you go to ever more elevated modes. 

The most astounding numbered modes are probably not going 

to be reasonable since they are motions whose wavelengths 

are of an indistinguishable request from the fragment length.  

 

V. RESULTS AND DISCUSSION 

The outcome of design process is summarized in this chapter. 

This chapter also brings out results of structural analysis 

carried out using Finite Element Method (FEM).  

A. Summary Of Design Calculations: 

The design parameters pertaining to configuration are 

summarized in Table 

Sl. 

No. 
Design Parameter Value 

CONFIGURATION 

1 Minimum angular velocity 
1.1519 

rad/sec 

2 Maximum angular velocity 2.09 rad/sec 

3 Minimum torque 
7.878x105 

N-m 

4 Maximum torque 
1.43x106 N-

m 

5 Angular acceleration 
942.5 

rad/sec2 

6 Minimum moment of inertia 835.9 Kg-m2 

7 Maximum moment of inertia 
1519.8 Kg-

m2 

8 
Minimum radius of rotation of 

mass 
3.5861 m 

9 
Maximum radius of rotation of 

mass 
4.83 m 

10 
Distance of pivot for lever from 

axis of rotation 
4.2 m 

11 
Minimum energy that can be 

stored by the system 
554.6 Joules 

12 
Maximum energy that can be 

stored by the system 

3333.3 

Joules 

13 
Increase in energy storage 

capacity 
2778 N 

14 Compression of spring 1.041 m 

15 Minimum centrifugal force 309.3 N 

16 Maximum centrifugal force 1378.7 N 

17 
Minimum spring force exerted on 

bottom hub 
494.8 N 

18 
Maximum spring force exerted 

on bottom hub 
3061.6 N 

Table 

The design parameters pertaining to spring are summarized 

in Table below 

Sl.No. Design Parameter Value 

SPRING 

1. Spring index 20 

2. Wahl’s stress factor 1.07 

3. Wire diameter 25 mm 

4. Mean coil diameter 507 mm 

5. Number of turns 16 

6. Stiffness 2465.6 N 

7. Maximum deflection 1.24 m 

8. Free length 1.83 m 

9. Pitch of the coil 122 mm 

Table 
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The design parameters pertaining to shaft are 

summarized in Table below.  

Sl.No. Design Parameter Value 

SHAFT 

1. Diameter 380 mm 

2. Length 3734 mm 

The design parameters pertaining to hub are 

summarized in Table below  

Sl.No. Design Parameter Value 

HUB 

1. Outer diameter 760 mm 

2. Inner diameter 380 mm 

3. Length 760 mm 

The design parameters pertaining to arm are 

summarized in Table below. 

 Sl.No. Design Parameter Value 

ARM 

1. Bending moment 6.48 x 105 N-m 

2. Section modulus 2.05x10-3 m3 

3. Cross section Circular 

4. Size 275 mm 

5. Length 4 m 

The design parameters pertaining to lever are 

summarized in Table below.  

Sl. No. Design Parameter Value 

LEVER 

1. Cross section Circular 

2. Size 275 mm 

3. Length of the vertical part 3.91 m 

4. Length of the horizontal part 3.26 m 

The design parameters pertaining to mass are 

summarized in Table below.  

Sl.No. Design Parameter Value 

MASS 

1. Mass 65 Kg 

2. Diameter 400 mm 

3. Thickness 66 mm 

4. Material Steel 

 

The design parameters pertaining to bearing are summarized 

in Table below.  

 

Sl. 

No. 
Design Parameter 

Value 

 

BEARING 

1. Outer Diameter 480 Mm 

2. Width 46 Mm 

3. Designation 61876 MA 

                       

VI. SUMMARY OF FE ANALYSIS 

Results of different analyses carried out using FEA are 

summarized in Table below. 

Static Analysis 
Allowable Stress=770 Mpa 

Maximum Stress Fos 

1. Self Weight 67 Mpa > 10 

2. Functional Load 67 Mpa > 10 

Dynamic  Analysis 
Critical Frequency = 0.33 

Hz 

1. 
First Natural 

Frequency 
2 Hz  

VII. CONCLUSIONS& RECOMMENDATIONS 

The total work carried out in this project is concluded in this 

chapter. Further certain recommendations are also given 

which will elaborate the scope of the project for a practical 

use. 

A. Conclusions 

Design of wind turbine gearbox test rigis done which 

provides variable moment of inertia which enhances energy 

storage capacity of motor.  

1) Static Analysis – Self Weight: 

 Maximum Von Misses stress is observed to be 67 MPa. 

 Available factor of safety is observed to be (>10) by 

comparing the maximum stress with that of allowable 

stress (Yield) of steel material i.e. 770 MPa. 

 As the available factor of safety (>10) is more than 

minimum desired factor of safety (1.5) the design is safe. 

2) Static Analysis – Functional Load 

 Maximum Von Misses stress is seen to be 67 MPa  

 No change is seen in the estimation of stress contrasted 

with that of examination with self weight which passes 

on that impact of useful load i.e. precise speed is 

unimportant contrasted with that of self weight.  

 Available element of wellbeing is seen to be (>10) by 

contrasting the most extreme anxiety and that of 

permissible anxiety (Yield) of steel material i.e. 770 

MPa.  

 As the accessible element of security (>10) is more than 

least sought variable of wellbeing (1.5) the outline is 

protected.  

 Modular examination  

 Frequency of the planned framework comparing to first 

twisting mode is observed to be 2 Hz.  

 First characteristic recurrence (2 Hz) is much over the 

recurrence related with working velocity of rotor i.e. 0.33 

Hz (20 rpm).  

 Hence framework doesn't encounter reverberation. 

B. Recommendations: 

 It is prescribed to fuse the practical assessment 

framework for testing gear box of wind turbine proposed 

in this venture and improve the vitality stockpiling limit 

of the engine.  

 It is additionally prescribed to expand the plan for higher 

limit wind turbines. 

REFERENCES 

[1] Heege, Y. Radovcic and J. Betran., “Fatigue Load 

Computation of Wind Turbine Gearboxes by Coupled 

Structural, Mechanism and Aerodynamic Analysis”, 

External article, Dewi magazine, 2006. 

[2] Gagandeep singh., “Increasing life of spur gears with the 

help of finite element analysis”, International journal of 

recent advances in mechanical engineering, 2014. 

[3] W. Musial and S. Butterfield, “Improving Wind Turbine 

Gearbox Reliability”,European Wind Energy 

Conference, 2007. 



Design and Analysis of Wind Turbine Gearbox Test Rig 

 (IJSRD/Vol. 5/Issue 02/2017/121) 

 

 All rights reserved by www.ijsrd.com 457 

[4] James F. Manwell, Anthony Rogers, Utama Abdulwahid 

and Anthony Ellis., “Wind turbine gearbox evaluation”. 

[5] Hyoungwoo Lee and Kibong Han, “ Development of 

Gearboxfor High Speed VerticalCentrifugal Pump”, 

International Journal of Emerging Technology and 

Advanced Engineering, 2014. 

 

 

 

 

 


