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Abstract— We are currently living in an era where we are 

meeting severe energy crisis. For meeting these energy 

requirements, we have been relying on renewable resources of 

energy especially the wind energy for the past few decades. This 

has lead to the development of wind turbine technology all 

across the world. The decreasing cost of wind power and the 

growing interest in renewable energy sources should ensure that 

wind power will become a viable energy source in the world. 

Wind turbines are being used to generate electricity as an 

alternative energy source to conventional fossil fuels and it is 

well known that wind towers must to sustain continuous 

vibration forces throughout their operational life. This thesis 

explores the stability of isotrussed grid structures as a wind 

turbine tower. Isotrussed tower is a type of free standing lattice 

tower and are constructed with fiber filaments that are 

interwoven in an open lattice design. This new generation tower 

offer light weight, high strength and cost effective type of 

construction. The paper discusses about three different types of 

isotrussed wind turbine tower models. These three models are 

developed by varying the positions of longitudinal members. 

Different stability criterion will be explained and analysed both 

analytically and numerically with the help of different 

standards. For analytical analysis all tasks will be performed on 

finite element package ANSYS.  

Keywords—Wind Turbine Tower; Isotruss; Static Analysis; 

Dynamic Analysis. 

I.  INTRODUCTION  
 

One of the bigger challenges for today’s society is the 

change from non-renewable energy resources, such as fossil 

fuel consumption to renewable sources such as wind power. 

In the recent years, due to the worldwide interest on 

renewable energy resources, there has been significant 

advancement in wind energy technology. Therefore, the 

construction of wind turbines and its relevant research will 

rapidly increases in coming decades. The increased capacity 

of the wind turbines also lead to the increase in the height of 

the supporting towers since more energy can be extracted at 

higher elevations. 

 

In a typical wind turbine project, the cost of the tower 

constitutes about 30 - 40 % of the total cost of the project. 

Therefore, selection of the tower structural system is still very 

important to develop a structurally and economically reliable 

wind turbine. A wind turbine is a complex system in which 

design is a matter of constant tradeoff between the competing 

demands of lower cost, better energy productivity, increased 

life time, reliability and durability and maintenance cost. 

 

Here the wind turbine towers are proposed using 

IsoTrussed grid structures since they are give more stability 

to tower against the wind loads and to save the material. 

IsoTruss structures offer a lightweight and efficient 

alternative to traditional wood, steel, aluminium and 

composite structures. The highly symmetric and redundant 

nature of IsoTruss structures provides an attractive, efficient, 

and damage tolerant design. This unique form of advanced 

composite grid structure is revolutionizing structures as they 

exist today, resulting in lighter, more architecturally 

appealing, and more environment friendly structures. 

The Isotruss is a three dimensional lattice structure and is 

woven with a distinct helical configuration that employs 

isosceles triangles to support axial, bending and torsional 

loads. In an isotruss structure, the helical members carry 

torsion and transverse shear loads and the longitudinal 

members carry axial and flexural loads. The helical members 

also stabilize the longitudinal members and are interwoven to 

provide highly redundant load paths, which create a damage 

tolerant Isotruss structure. These advantages offer significant 

advantages in a variety of applications.     

 

II. METHODOLOGY 

A. General 

The methodologies adopted are;  

The finite element procedures are done using ANSYS 

WORKBENCH 16.2. The geometry of the models were 

developed. The next step was specifying the required mesh 

density which determines the accuracy of the results obtained 

after analysis. A highly refined mesh greatly improves the 

accuracy while a less refined mesh decreases the accuracy of 

results obtained. 

Next is assigning the material properties to the structural 

members. The various loads acting on the structure as well as 

the boundary conditions were applied and the analysis was 

done. A point load acting in the downward direction was 

applied at the free end of the tower. The tower is fixed at the 

bottom and free at the top. 

The parameters like stress and deformations of the 

elements were noted and tabulated. The major results and 

findings of the project are then discussed in detail using 

figures and tables. The major findings of the project are again 

enlisted at the end under the title conclusions. Also the future 

scope of the project is discussed. 
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The different optimization strategies considered are: 
 

a) Light weight design 
 

The reduction in structural weight is advantageous from 

the production and cost points of view 

 

b) High stiffness 
 

Maximization of the stiffness is essential to enhance the 

overall structural stability and decrease the possibility of 

fatigue failure 
 

c) Design for minimum vibrations 
 

Minimization of overall vibration level is one of the most 

cost effective solutions for a successful wind turbine 

design. Reduction of vibration can be achieved by 

separating the natural frequencies of the structure from 

the exciting frequencies to avoid large amplitudes caused 

by resonance. Another method for reducing vibration is 

the direct maximization of the system natural 

frequencies. 
 

B. Description of the structure 

Three different isotrussed grid wind turbine towers were 

modeled for 1.5 Mw. They are designed as isotruss with 

helical and longitudinal members having 10 cm diameter. 

The cross section remains constant throughout the height of 

the tower. The structure of isotruss (8 node) has a cross 

sectional view having two square mutually aligned at 45°. 

This cross section is formed by helical winding of the fibre 

along the squares. The height of the tower is constant and is 

60m.  

 

C. Modeling  

The tower is modelled as isotrussed grid tower and the 

three models were developed by varying the positions of the 

longitudinal members. Three different types of eight nodded 

IsoTruss models are developed for finite element analysis as 

follows; 

 

Tower 1: IsoTruss with internal longitudinal members 

Tower 2: IsoTruss with external longitudinal members 

Tower 3: IsoTruss with both internal and external 

longitudinal members 
 

 
Fig. 1. Geometry of the tower in ANSYS 

D. Meshing  

To achieve high accuracy the meshing of the meshing of 
the element should be fine as possible. The results are highly 
depends on the quality of mesh. 

 
Fig. 2. Meshing of the tower in ANSYS 

E. Loads and Boundary Conditions 

 The tower is rigidly attached to the ground, fixed – free 
boundary condition is applied. That is tower is fixed from the 
base and free at the top. 
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Fig. 3. Loads on the tower 

F. Finite element analysis  

 The static and seismic analysis was performed on the three 
tower models. In static analysis only aerodynamic and gravity 
loads are considered. Wind load along the tower is calculated 
for each node up to 60m height. In this analysis the loads 
which are not varying with time is calculated which includes 
displacement analysis, principal stress and Von Mises stresses. 
Seismic analysis is used to determine the effect of earthquake 
on the structure. The material of the tower is modeled as beam 
188 element. Tall towers are usually designed considering the 
effect of wind load as the only source of environmental 
dynamic disturbances. The effect of earthquakes is often 
neglected, even in high risk seismic areas. However, 
neglecting earthquake effects should at least be justified by 
means of appropriate methods of analysis 

III. RESULTS AND DISCUSSIONS 

A. static analysis 

For tower model 1, the maximum deflection in the 

direction of wind comes out to be 430.68mm. For tower 

model 2, the maximum deflection is 256.93mm and for 

model 3, the maximum deflection is 164.68mm. All these 

deflections are well within the safe zone. The maximum Von- 

Mises stresses for tower model 1 comes out to be 147MPa, 

for model 2 it is 116MPa and for model 3 it is 73 MPa. The 

principal stresses are from 65MPa tensile stresses to 147MPa 

compressive stresses for model 1, 42MPa tensile stresses to 

116MPa compressive stresses for model 2, and 30MPa tensile 

stresses to 73MPa compressive stresses for model 3. All these 

stresses are within safe zone. Graphical representation of 

static analysis results are shown in figure 7. 
 

 
Fig. 4. Maximum horizontal deflection for tower 1 

 
Fig. 5. Maximum horizontal deflection for tower 2 

 
Fig. 6. Maximum horizontal deflection for tower3 
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TABLE I.  STATIC ANALYSIS RESULT 

 

Maximum 

horizontal 

deflection (mm) 

Maximum 

Von-Mises 
stresses 

(MPa) 

Maximum 

principal 
stress 

(Mpa) 

Minimum 

principal 
stress 

(Mpa) 

Model 1 
 

430.68 147 65 147 

Model 2 256.93 116 42 116 

Model 3 164.68 73 30 73 

 

 

Fig. 7. Comparison of maximum horizontal deflection of models 

 

B. Seismic analysis 

Seismic analysis is performed to find out the vibration 

characteristics of isotruss towers. The time – displacement 

graph obtained for the models are given below. Tower model 

1 has maximum displacement of 1.88 m. For model 2 

maximum displacement is 1.64m and for model 3 it is 1.12m. 

The comparison of displacement of models is also given in 

the figure 11. 

 
Fig. 8. Time-displacement graph for model 1 

 

 
Fig. 9. Time-displacement graph for model2 

 

 

Fig. 10. Time-displacement graph for model 3 

TABLE II.  SEISMIC ANALYSIS RESULT 

 Maximum displacement (mm) 

Model 1 
 

188 

Model 2 164 

Model 3 112 

 

Fig. 11. Graphical representation of variation of displacement for different 

models 
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IV. CONCLUSIONS 
 

In this work different tower models were developed based 

on the positions of longitudinal members. It is also observed 

that IsoTruss tower with both external and internal 

longitudinal members have better compressive buckling load 

carrying capacity and better strength to weight ratio in 

compare to other two types of IsoTruss towers. 

The isotrussed tower require lesser materials for 

construction which reduces the material cost and it become 

more economical than steel tubular towers of same cross 

section. 

In seismic analysis time – displacement graph is obtained. 

From this analysis it is clear that the isotruss tower with both 

internal and external longitudinal members show lower 

displacements as compared to other two types of towers. 

 

ACKNOWLEDGMENT  
 

We express our sincere gratitude to Dr. T. G. Santhosh 

Kumar, Principal, JBCMET and Prof. K. Soman, Head of the 

Civil Engineering Department, for all the facilities provided 

to successfully complete this work. 

We are also very thankful to all the faculty members of 

the department, especially Structural Engineering 

specialization for their constant encouragement during the 

project. 

We would like to take the opportunity to thank our family 

members and all our friends who have directly or indirectly 

helped us in our work and in the completion of this paper. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES 
 

[1] Ajay A.Gaikwad, Akshay C.Kenjale, Ajinkya B.Bhosale, Tushar 
V.Dumbre, Dr. R.R.Arakerimath, Dr. Sajal Roy (2015). “Design 
Analysis & Manufacturing Of Carbon Composite Isotruss For Bending 
Analysis”, International Journal of Engineering and Management 
Research (IJEMR), pp: 133-136. 

[2] Ajay R. Vaghela, G.S.Doiphode (2014), “Door opening analysis of 
wind turbine steel tubular tower”, International Journal of Research in 
Engineering and Technology, Volume: 03 Issue: 05, May. 

[3] Amlan Das, Dr. Shiva Kumar (2013), “Modelling and Analysis of 
Lattice Towers for Wind Turbines”, International Journal of Science 
and Research (IJSR), ISSN (Online): 2319-7064. 

[4] A. Sathe, J. Mann, T. Barlas, W. A. A. M. Bierbooms,  G. J. W. van 
Bussel (2012), “Influence of atmospheric stability on wind turbine 
loads” , Published online in Wiley Online Library 
(wileyonlinelibrary.com). DOI: 10.1002/we.1528. 

[5] Begona Mediano Valiente, J.L. Domınguez Garcıa, M. Isabel Garcıa 
Planas (2013), “Analysis of Support Structure of Wind Turbine 
Tower”, PHYSCON 2013, San Luis Potos, Mexico, August, pp: 26–29. 

[6] Darooka, D. K. (2001). “Advanced space structure concepts and their 
development”, American Institute of Aeronautics and Astronautics, 
AIAA-2001-1257. 

[7] E. H. Miyaura, Y. Aoues, D. Lemosse, E. Souza de Cursi, C. Gout 
(2015), “Fatigue analysis on a wind turbine tower under random 
loading”, Proceedings of the XVII International Symposium on 
Dynamic Problems of Mechanics, ABCM, Natal, RN, Brazil, February 
pp: 22-27. 

[8] Hani M. Negm, Karam Y. Maalawi (2000), “Structural design 
optimization of wind turbine towers”, Computers and Structures 74, pp: 
649 – 666. 

[9] Hansen S. M (2004), “Influence of Consolidation and Interweaving on 
Compression Behavior of IsoTruss™ Structures”, M.S. Thesis, 
Brigham Young University, Provo, Utah. 

[10] Ian Prowell, Marc Veletzos, and Ahmed Elgamal (2010), “Full Scale 
Testing for Investigation of Wind Turbine Seismic Response”, 
University of California, San Diego, Department of Structural 
Engineering, La Jolla, CA 92093-0085. 

[11] James T. Ayers 1 and David W. Jensen (2011), “Hydrodynamic Drag 
Measurements of Advanced Composite IsoTruss® Lattice Structures”, 
52nd AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics 
and Materials Conference<BR> 19th 4 - 7 April 2011, Denver, 
Colorado. 

[12] Kirsten Hinds, David W. Jensen (2014), “Shear Behavior of 
Rectangular Composite Lattice Structures”, M.S Thesis, Brigham 
Young University, Provo, UT 84602, USA. 

[13] M. Gavade, S. Roy (2016), “Buckling characteristics study of isotruss 
structure with different positions of longitudinal members”, 
International Journal on Cybernetics & Informatics (IJCI) Vol. 5, No. 
1, February. 

[14] Sonia Wharton, Julie Lundquist (2007), “Assessing atmospheric 
stability and the impacts on wind characteristics at an onshore wind 
farm”, Atmospheric, Earth and Energy Division, Lawrence Livermore 
National Laboratory, Livermore, California, CA 94551. 

[15] Zili Zhang, Soren.R.K. Nielsen (2014), “The influence of turbulence on 
the aeroelastic instability of wind turbines”, Proceedings of the 9th 
International Conference on Structural Dynamics, EURODYN 2014, 
Porto, Portugal, 30 June - 2 July, ISSN: 2311-9020. 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181http://www.ijert.org

IJERTV5IS080439

Vol. 5 Issue 08, August-2016

(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Published by :

www.ijert.org 601


