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Abstract— In this work, the Finite Element 
Analysis for Photovoltaic Pumped Hydroelectric 
Storage (PHES) system is presented. The FEA was 
conducted using ANSYS 2019 to evaluate the 
structural integrity of the turbine and water stand 
under operational loads for the pumped water 
storage solar hydropower plant. The analysis 
focused on determining the total deformation and 
maximum principal stress distribution within the 
system components.The deformation plots of 
Turbines 1 through 6 revealed moderate 
displacement concentrated near blade tips and 
hub edges locations typically susceptible to 
torsional loading. Meanwhile, the maximum 
principal stress plots indicated that the blade 
roots and shaft coupling zones experienced the 
highest stress intensities. The water stand also 
showed moderate deformation and stress 
concentrations at its anchoring points. The 
structural integrity, as visualized in the various 
results displayed, supports the mechanical 
feasibility of the design, suggesting that all 
turbines can withstand expected hydraulic loads 
with minimal risk of failure under steady-state 
operation. However, regular monitoring and 
reinforcement of stress-prone zones are 
advisable. 

Keywords— Finite Element Analysis (FEA), 
Maximum Principal Stress Distribution, 
Hydropower, Photovoltaic, deformation contour 
plot, Pumped Hydroelectric Storage, static 
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1. Introduction 
Photovoltaic Pumped Hydroelectric Storage 

(PHES) system is a power system that requires pumping 
and storage of large volume of water to upper reservoir and 

utilizing the stored water to drive the hydro turbine for the 
generation of the electrical energy that eventually get 
delivered to the load [1,2,3]. The water volume and 
involvement the movement of water mass to drive the 
turbine brings up the need for thorough analysis of the 
system to ensure the safety and durability of the system 
[4,5,6]. 

Notably, Finite Element Analysis (FEA) approach 
can be used to carry out fine-grained analysis on the system 
components so as to ensure they meet the required standard 
both at the design time and in the course of operation of the 
system [7,8,9]. Also, the FAE will make it cheaper to study 
the system under different operating conditions, such as 
different load level, different weather conditions, among 
others without spending money on building the actual 
facility for the experimental evaluation [10,11,12]. For the 
PHES, the FAE will also help to obtain requisite insight 
that will help to optimize the design, enhance safety, and 
reduce the design time, among other benefits. Accordingly, 
this study is focused on presenting the Finite Element 
Analysis (FEA) of a Photovoltaic Pumped Hydroelectric 
Storage (PHES) system using a case study system for the 
design calculations and result presentations. 

 
2. Methodology: The Finite Element Analysis (FEA) of 

the system 
       In this work, the focus is to conduct Finite Element 
Analysis (FEA) ANSYS 2019 to evaluate the structural 
integrity of the turbine and water stand under operational 
loads for a pumped water storage solar hydropower plant 
[13,14]. The analysis focused on determining the total 
deformation and maximum principal stress distribution 
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These results outline the stress distribution across 

Turbine1 to Turbine 6 and the water stand, demonstrating 
the application of finite element analysis in evaluating 
structural performance under simulated operational 
conditions. This analysis is instrumental to identify 
potential failure zones, assessing component rigidity and 
displacement limits, validating design safety margins, and 
to optimize performance under operational loads.  
      The diagrams in Figure 11 to Figure 30 present results 
from Finite Element Analysis (FEA) simulations conducted 
using ANSYS 2019 on all the six turbine models and the 
structural stand. Each turbine underwent static structural 
analysis to evaluate deformation contours and principal 
stress distributions under simulated operational load. The 
deformation plots of Turbines 1 through 6 (Figure 11 to 
Figure 16) revealed moderate displacement concentrated 
near blade tips and hub edges locations typically 
susceptible to torsional loading. Meanwhile, the maximum 
principal stress plots indicated that the blade roots and shaft 
coupling zones experienced the highest stress intensities, as 
shown in Figure 17 to Figure 22. The water stand also 
showed moderate deformation and stress concentrations at 
its anchoring points (Figure 29 and Figure 30). The 
structural integrity, as visualized in these figures, supports 
the mechanical feasibility of the design, suggesting that all 
turbines can withstand expected hydraulic loads with 
minimal risk of failure under steady-state operation. 
However, regular monitoring and reinforcement of stress-
prone zones are advisable. 
 
4. Conclusion 
 

The Finite Element Analysis (FEA) conducted on 
the turbines and water stand showed used in a Photovoltaic 
Pumped Hydroelectric Storage (PHES) system is presented, 
The FEA is conducted using ANSYS 2019. The finite 
element analysis (FEA) of the PHES turbines and water 
stands was performed to assess structural deformation and 
stress distribution. The results of the Finite Element 
Analysis (FEA) on the turbines and water stand showed that 
structural stress and deformation were within allowable 
limits, validating mechanical design safety.  
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