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Summary:  
The Ventis 20-100WT turbine is operated in wind farms in 

Hurghada. The blades were locally manufactured because of the 

multiple failures and lack of spare parts at the AOI. Here in this 

thesis, the re-designed blades are aerodynamically and structurally 

examined. First, the steady and unsteady aerodynamic loads are 

computed using BEM theory. The structural properties of the 10m 

composite blade are then obtained from NREL dedicated HAWT 

software PreComp. The steady loads are computed using NREL 

software and compared to a FEM, and agree reasonably well. The 

dynamic loads are then analyzed to determine the fatigue life and 

that the blades operating at frequencies other than the resonant 

modes. The fatigue analysis suggests that the re-designed blades 

have a short life about (70 month at operating RPM). Furthermore, 

results from an environmental study suggest that the blades life will 

be shorter about (52 month). In future plan we will test 

experimentally the manufactured blade locally to meet the design 

constraints requirements and try to optimize it and find a solution 

for isolating the material used from the environmental effect. 
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ABSTRACT 

The Ventis 20-100WT turbine is operated in wind farms in Hurghada. The blades were 

locally manufactured because of the multiple failures and lack of spare parts at the AOI. 

Here in this thesis, the re-designed blades are aerodynamically and structurally examined. 

First, the steady and unsteady aerodynamic loads are computed using BEM theory. The 

structural properties of the 10m composite blade are then obtained from NREL dedicated 

HAWT software PreComp. The steady loads are computed using NREL software and 

compared to a FEM, and agree reasonably well. The dynamic loads are then analyzed to 

determine the fatigue life and that the blades operating at frequencies other than the 

resonant modes. The fatigue analysis suggests that the re-designed blades have a short 

life about (70 months at operating RPM). Furthermore, results from an environmental 

study suggest that the blades life will be shorter about (52 months).In future plan we will 

test experimentally the locally manufactured blade to meet the design constraints 

requirements and try to optimize it and find a solution for isolating the material used from 

the environmental effect. 
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1 Introduction 

The Ventis 20-100WT is a 100 kW wind turbine system used in wind farms in Hurghada. 

The system consists of a rotor drive train assembly, yaw system, tower, foundation and 

electrical system. Multiple failures and lack of spare blades initiated a multidisciplinary 

project led by the AOI to study the cause for the failure and manufacture blades locally. 

To this end in this thesis, a study is performed to examine the cause of failure and suggest 

improvements for future blades. Figure (1-1) shows the original and manufactured blade 

locally. 

  

(a) (b) 

Figure ‎1-1 (a) The original blade (Ventis) and (b) The manufactured blade locally 

The locally manufactured blade had some problems. First, in the analysis, the unsteady 

dynamic analysis was ignored for both aerodynamic and structure loads. Second, the 

service lifetime estimation, which is an important factor in any dynamic system, was not 

accounted for. Third, in the manufacturing process, the materials used were not as 

recommended by the design team. 
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Here in this thesis, the shortcomings in the analysis are examined, an estimate for the 

service lifetime is computed and environmental effect on the composite material are 

taken into account, in order to make a safe wind turbine blade designed with an accurate 

service life. 

1.1 Statement of Purpose 

The main objective of the thesis is to answer several questions that will help manufacture 

serviceable wind turbine blades. The three questions are: 

 What is the main root cause failure of the original blades? 

 Can we estimate the service lifetime of the manufactured blades? 

 What is the effect of the environmental conditions on the manufactured blades? 

In order to answer the first question we analyze the original blade, which is made from 

composite orthotropic materials, with an irregular and asymmetrical shape and extract the 

geometrical properties. We then determine the aerodynamic steady loads for this blade. 

Software tools such as Abaqus, Q-Blade, and AeroDyn are used to obtain the 

aerodynamic and structural loads. 

In order to answer the second question we will need to make an unsteady dynamic 

simulation for the blade to meet the requirements of IEC 61400-1 standards[1] by using 

tools available such as Q-Blade, Fast, AeroDyn, SNL wind simulators, B-modes, 

PreComp and M-life. The dynamic loading for a turbulent wind profile is computed to 

determine the fatigue loading applied on the blade. 

By using available data at the AOI for the environmental effect on the composite 

materials subjected to weather conditions, we will investigate weathering effects on our 

blade to know what will happen after a long period of operation for the blade. The data 


