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ABSTRACT  

This paper offers with a restrict load assessment 

and preliminary experimental trying out of a 

lattice-type metal tower used to aid a newly 

designed, prototype small wind turbine having 9 

blades and a rotor diameter of three.4 m. Small 

wind turbine and structural engineering codes of 

requirements had been followed with the motive of 

imposing a device that meets ecu Union nations’ 

regulation. The assisting lattice tower structure 

turned into subjected to a full-scale load take a 

look at. This test demonstrated that the structure 

can face up to the design loads. The finite element 

software ANSYS Mechanical become used to model 

and analyse the real shape, and to determine the 

feasible failure modes and their related load 

ranges. The most in all likelihood mode of failure 

for such a structure became discovered to be 

elastic buckling of the primary nook posts. a 

number of finite detail lattice tower fashions 

utilising exclusive modelling strategies and answer 

techniques are presented and analysed. The paper 

highlights the significance of the usage of non-

linear analyses as opposed to linear analyses and 

gives suggestions on the maximum dependable 

available modeling method. Computational 

analyses’ outcomes are in comparison with 

measurements from a full-scale test at the tower 

shape. 

INTRODUCTION 

The wind-driven water pump turned into 

introduced to the Maltese geographical 

region with themain purpose of extracting 

water from the aquifer for agricultural 

irrigation purposes. maximum of these 

wind pumps are now not in use in 

particular because of the creation of the 

electrical water pump and the extension of 

the electricity grid. over time maximum of 

those wind pumps have been abandoned 

and left to go to pot. driven by way of the 

motivation to revamp these wind machines 

as a part of the united states’s rural 

landscape and the usage of the finite 

element software ANSYS Mechanical [1], 

the authors have designed and built a 9 

bladed wind turbine machine that 

resembles the yank wind machines of 

vintage, but that generates electricity, 

feeding the country wide electric grid [2]. 

The prototype wind turbine is shown in 

Fig. 2. The shape used to assist the turbine 

is a 15-m tapering lattice-kind tower (Fig. 

three). It has a three 9 3 m base with 4 

predominant legs consisting of 50 nine 50 

9 5 mm metal perspective sections. 30 9 30 

9 5 mm perspective sections have been 

used for the decrease pass and horizontal 

members, and 30 nine eight mm flat bars 

had been utilised for the higher cross 

participants. The designation of the tower 

structural participants is shown in Fig. 

four. on the top of the tower there may be 

a vertical mast constructed from seamless 

schedule 40 (141.20 mm OD nine 128.2 

mm id) metal tube. The pinnacle mast is 

attached to the tower with the aid of a 

welded plate reinforced with webs. Gusset 

plates and bolts have been used to attach 

the tower individuals 

collectively. 
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The majority of literature assets on lattice 

tower are observed within the 

telecommunications and electricity 

transmission fields as opposed to in the 

wind energy field. A lattice tower is a 

totally efficient structure for sporting the 

dynamic and static load actions bobbing 

up from environmental effects and weight 

of the conversation and power strains, 

respectively. 

LATTICE TOWERS  

Lattice towers are used in many civil 

engineering applications, commonly 

consisting of roofing structures and 

telecommunications and electric strength 

transmission towers. those structures are 

suitable for weight minimization and for 

reducing wind resistance. For structural 

layout and evaluation of lattice towers, the 

modern commercial tools are finite 

element (FE) software applications 

combined with established layout codes 

[3–10]. the general public of the work in 

published literature with regard to lattice 

towers issues the evaluation of strength 

transmission towers [11–19]. For the 

reason of the paintings provided right here, 

strength transmission towers are specially 

thrilling due to the fact they've a method of 

loading similar to that of wind mills. The 

IEC61400 design standard The design of 

the wind turbine accompanied the 

worldwide Electrotechnical fee’s IEC 

61400 design preferred for small wind 

mills [32], which defines a number of 

small wind turbine (SWT) instructions in 

terms of wind velocity and turbulence 

parameters. For the island of Malta, the 

wind situations for a SWT magnificence 

IV had been selected. these supply a Vref 

of 30.zero m/s and a Vave of 6.zero m/s, 

as well as some of other parameters which 

include the dimensionless feature fee of 

turbulence depth at 15 m/s. three 

techniques may be used to calculate the 

burden movements on the turbine for 

every given load case [32]. those are the 

‘simple load version’ (SLM), ‘Aero-elastic 

modelling’ and ‘Load measurements with 

extrapolations for severe wind 

situations’. The latter calls for initial area 

checking out, whereas the primary two 

methodologies may be used on the design 

stage. For the work pronounced on this 

paper, the adopted technique was the 

SLM. The SLM gives some of load 

instances that want to be considered. the 

load cases cover a number of operating 

eventualities including the normal 

operational mode, turbine yawing, most 

wind thrust and maximum rotational 

velocity situations. the burden cases 

include static and dynamic hundreds which 

are caused by the airflow and its interplay 

with the stationary or moving components 

of the wind turbine. IEC 61400-2 requires 

both load and fabric safety elements. The 

component of protection for loads while 

the SLM technique is used is 3, while the 

issue of safety for cloth is based totally on 

the amount of checking out carried out on 

the cloth itself and by considering different 

issues which include 
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corrosion and environmental 

consequences. For the reason of this paper, 

the safety element on fabric became 

calculated to be 1.43. The governing load 

cases for the designed turbine had been as 

follows: 

– Load Case B (Yawing), that is a bending 

second shaft having a price of 2242 N m 

appearing at the turbine drive shaft, Load 

Case G (Shutdown braking), which is a 

torque load Mx-shaft having a price of 500 

N m acting on the pressure shaft, and – 

Load Case H (Parked wind loading), that 

is the thrust load Fx-shaft at the rotor 

having a cost of 3063 N [2, 32]. The layout 

hundreds had been used within the 

wellknown IEC 61400 [32] if you want to 

layout the main additives for the turbine 

and nacelle. Such essential additives 

include the turbine and generator force 

shaft, the yaw shaft and turbine blade root 

dimensions. The turbine blades were 

fabricated using E glass fibre composite 

cloth with metal timber at the blade root in 

order to minimise damage at the rotor hub 

cease. The turbine blades have been 

examined as required. Structural linear 

static tower evaluation 

the principle goal of the linear static 

analysis become to check for any stresses 

that passed the allowable stress stage. The 

tower foremost members, horizontal 

individuals, decrease pass members and 

the pinnacle mast were modelled with 

BEAM188 elements. alternatively, the 

upper pass individuals had been modelled 

with LINK180 elements because of their 

excessive slenderness ratio (Fig. four). 

8000 factors have been used to generate 

the FE version of the tower that rendered a 

converged solution. A macro application 

the use of ANSYS APDL [1] turned into 

written at put up-processing degree so that 

you can listing various stresses and 

displacements in each element and at each 

node, respectively. 

STRUCTURAL NON-LINEAR 

BUCKLING STATIC TOWER 

ANALYSIS 

 

The structural non-linear buckling static 

evaluation was carried out as a buckling 

and plastic fall apart layout check. Non-

linear analysis required some adjustments 

to the tower model that become used 

inside the elastic static evaluation. the 

primary adjustments had been to consist of 

each geometric imperfections and fabric 

non-linearities in the version. The 

geometric imperfections had been 

blanketed to behave as a perturbation to 

initiate  

buckling. 

 

 
 

CONCLUSION 

 

Linear elastic and complete non-linear 

buckling analyses have been performed on 

the existing SWT lattice tower. 4 load 



AIJREAS                 VOLUME 1,  ISSUE 8 (2016, AUG)                      (ISSN-2455-6300)ONLINE 
Anveshana’s International Journal of Research in Engineering and Applied Sciences 

 

Anveshana’s International Journal of Research in Engineering and Applied Sciences 
EMAILID:anveshanaindia@gmail.com,WEBSITE:www.anveshanaindia.com 

108 

cases were applied according with MSA 

EN61400- 2:2006 [32]. the overall overall 

performance of the mounted tower 

changed into found to be able to resisting 

all the carried out masses in conformity 

with this general. The failure criterion used 

inside the linear elastic model become the 

most member stresses. those have been as 

compared to the allowable strain imposed 

by MSA EN61400-2:2006 [32]. on the 

layout load, no part of the tower passed the 

allowable limit, besides for small pressure 

attention regions within the lattice tower 

mast transition piece. those stresses do no 

longer contribute to average structural or 

localised buckling and might in a while be 

used for a fatigue assessment. aside from 

those areas, the most stresses took place 

particularly inside the top 

mast factor. Linear elastic evaluation is a 

good deal less complicated than non-linear 

analysis but does now not don't forget 

different factors which include material 

plasticity and pre-deformations in the 

geometry of the members. those elements 

can cause buckling instability which 

cannot be modelled in an elastic 

evaluation. in this paper, non-linear 

analysis was used to calculate the buckling 

load of the shape for the numerous load 

cases. The results showed that at the 

design masses, the tower has additional 

reserve capability towards buckling 

failure. It changed into located that the 

buckling load could be very touchy to each 

the value and the mode of pre-deformation 

appliedto the version. diverse fashions 

were used to discover the worst 

preliminary deformation that reasons the 

tower no longer to comply to the relevant 

EN requirements [26, 32]. pressure 

assessment among the non-linear 

numerical fashions and the test agreed 

pretty properly in tensileloaded regions, 

whereas a extra divergent dating became 

visible for individuals under compression. 

standard, thinking about the uncertainties 

worried, the stress measurements for all 

locations were properly within the range 

anticipated via FEA. 
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