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The Archimedes screw turbine (AST) has emerged as a promising technology for 

low-head micro-hydropower generation due to its simple configuration, high 

operational efficiency, and environmental compatibility. Nevertheless, studies 

addressing the structural performance and mechanical reliability of AST casing 

systems remain limited, particularly under different static loading conditions. This 

study aims to evaluate the structural strength of an ASTM A36 steel casing for an 

Archimedes screw turbine using finite element analysis in SolidWorks 2020. The 

novelty of this research lies in the integrated structural assessment of a closed-type 

AST casing, analysing stress distribution, strain behaviour, displacement 

characteristics, and factor of safety under various loading conditions prior to 

practical implementation. Static loads of 55.154 N, 57.704 N, and 84.584 N were 

applied to the casing structure. The simulation results revealed that the maximum 

von Mises stress increased from 7.517 × 10⁶ N/m² to 1.152 × 10⁷ N/m² as the load 

increased, while the maximum displacement rose from 1.050 × 10⁻¹ mm to 1.612 

× 10⁻¹ mm. In contrast, the factor of safety decreased from 33.26 to 21.70, although 

all obtained values remained below the yield strength limit of ASTM A36 steel. 

The highest stress and strain concentrations were identified near the casing support 

and end sections, indicating critical regions requiring structural attention. Overall, 

the proposed casing design demonstrates satisfactory mechanical performance and 

structural safety for low-head micro-hydropower applications employing 

Archimedes screw turbines. 
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ABSTRAK 

Turbin sekrup Archimedes (AST) telah muncul sebagai teknologi yang 

menjanjikan untuk pembangkit listrik mikro-hidro berdaya rendah karena 

konfigurasinya yang sederhana, efisiensi operasional yang tinggi, dan 

kompatibilitas lingkungan. Namun demikian, studi yang membahas kinerja 

struktural dan keandalan mekanis sistem selubung AST masih terbatas, terutama 

di bawah kondisi pembebanan statis yang berbeda. Studi ini bertujuan untuk 

mengevaluasi kekuatan struktural selubung baja ASTM A36 yang dirancang untuk 

turbin sekrup Archimedes melalui analisis elemen hingga menggunakan 

SolidWorks 2020. Kebaruan penelitian ini terletak pada penilaian struktural 

terintegrasi dari selubung AST tipe tertutup dengan menganalisis distribusi 

tegangan, perilaku regangan, karakteristik perpindahan, dan faktor keamanan di 

bawah beberapa variasi pembebanan sebelum implementasi praktis. Beban statis 

sebesar 55,154 N, 57,704 N, dan 84,584 N diterapkan pada struktur selubung. 

Hasil simulasi menunjukkan bahwa tegangan von Mises maksimum meningkat 

dari 7,517 × 10⁶ N/m² menjadi 1,152 × 10⁷ N/m² seiring peningkatan beban, 

sedangkan perpindahan maksimum meningkat dari 1,050 × 10⁻¹ mm menjadi 

1,612 × 10⁻¹ mm. Sebaliknya, faktor keamanan menurun dari 33,26 menjadi 21,70, 

meskipun semua nilai yang diperoleh tetap di bawah batas kekuatan luluh baja 

ASTM A36. Konsentrasi tegangan dan regangan tertinggi diidentifikasi di dekat 

penyangga selubung dan bagian ujung, menunjukkan daerah kritis yang 
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membutuhkan perhatian struktural. Secara keseluruhan, desain selubung yang 

diusulkan menunjukkan kinerja mekanis dan keamanan struktural yang 

memuaskan untuk aplikasi pembangkit listrik mikro-hidro berdaya rendah yang 

menggunakan turbin sekrup Archimedes. 

.  

Kata kunci: Turbin screw Archimedes, Casing turbin AST, Solidworks 

1. Introduction 

Electricity is the primary source of energy in modern life and is generated by various power plants, 

including hydroelectric, gas turbine, steam, diesel, and nuclear power plants. In Indonesia, electricity demand 

is still predominantly met by fossil fuels such as petroleum and coal, which have negative environmental 

impacts due to CO₂ emissions [1]. Therefore, the utilisation of renewable energy has become increasingly 

important, one of which is through the potential of water resources such as rivers and irrigation canals [2]. 

Indonesia has significant hydropower potential; however, it has not been utilised optimally due to limitations 

in turbine technology, particularly at low-head conditions. At present, Pelton, Francis, Kaplan, and Crossflow 

turbines are still commonly used for medium to high head applications [3]. River and irrigation flows can be 

utilised for micro-hydropower plants. One of the turbines employed is the Archimedes screw turbine, which 

operates as the reverse of a screw pump, utilising low-head water flow to rotate the turbine and generate 

electricity through a generator [4]. The Archimedes screw pump is one of the oldest pumps still in use today 

due to its advantages, with optimal performance achieved at an installation angle of 30°–40° [5].  

Micro-hydropower is a small-scale hydroelectric power generation system that utilises the flow of rivers, 

irrigation channels, or waterfalls [6]. This system consists of water, a turbine, and a generator, and operates by 

harnessing potential energy arising from differences in elevation (head) to produce electricity. The principle 

of micro-hydropower (PLTMH) is to utilise water flow and elevation differences to drive the turbine, 

generating mechanical energy which is then converted into electrical energy by a generator [7]. A water turbine 

is a hydraulic turbine that utilises the flow of water, consisting of a shaft, fixed blades to direct the flow, and 

rotating blades to generate rotational force. Turbines are classified based on head and flow rate into impulse 

and reaction turbines [8]. Hydropower turbines are classified into two types: impulse and reaction. Impulse 

turbines convert potential energy into kinetic energy through a nozzle (e.g. Pelton, Turgo, and Crossflow), 

whereas reaction turbines utilise pressure differences across the blades to rotate the runner (e.g. Francis and 

Kaplan) [9]. The Archimedes screw is an ancient machine for lifting water that remains in use today. It consists 

of a helical surface wrapped around a cylindrical shaft and can also function as a turbine under low-head 

conditions. Operating on the reverse principle of a pump, the flow of water rotates the screw, thereby 

generating electrical energy efficiently [9]. 

 

Figure 1. Schematic AST Turbine [10] 

According to Havendri and Lius [11], the Archimedes screw turbine is particularly advantageous for large 

flow rates under low-head conditions. It features a simple design, is environmentally friendly, does not require 

a draft tube, operates efficiently across a range of flow rates, and requires minimal maintenance. The blade 

plays a crucial role in water interaction. This turbine consists of two types: the steel trough (open) type and the 

closed compact (enclosed) type.  
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   (a)     (b) 

Figure 2. Screw Turbine: (a) Steel Trough Type and (b) Closed Compact Installation Type 

In recent years, significant progress has been achieved in improving the design and performance of 

Archimedes Screw Turbines (ASTs) through numerical and computational approaches. Simulation tools such 

as SolidWorks and ANSYS have been widely utilised to evaluate turbine behaviour under various operating 

conditions [12-14]. These approaches enable detailed analyses of fluid behaviour, hydraulic performance, and 

structural characteristics, thereby reducing experimental costs and accelerating design optimisation processes. 

Previous studies on ASTs have predominantly focused on fluid dynamics and performance optimisation. 

Brinas, et al. [15], for example, performed a numerical simulation of a dual AST system using SolidWorks 

Flow Simulation and provided detailed information regarding flow trajectories, fluid velocity, pressure 

distribution, temperature characteristics, and leakage behaviour. Furthermore, several researchers have 

investigated the effects of geometrical parameters on turbine performance. Chan, et al. [12] reported that the 

inclination angle significantly affects rotational speed, torque, and overall efficiency. Similarly, parameters 

such as blade number, blade curvature angle, blade pitch angle, and turbine inclination angle have been shown 

to influence torque generation and system performance [16, 17]. In addition, important design variables such 

as outer radius, pitch, and the number of pitches can be optimised through simulation-based approaches [18]. 

Abd Rahim, et al. [19] further demonstrated that discrepancies may exist between numerical and experimental 

findings, with simulation results indicating an optimum inclination angle of 25° and experimental results 

suggesting an optimum value of 38°. 

In addition to hydraulic and performance studies, structural analyses have been conducted to evaluate the 

mechanical behaviour of turbine components. Andi Saidah [20] investigated stress and strain distributions in 

screw blades to understand the structural response under loading conditions. However, these structural 

investigations have primarily concentrated on rotating components, particularly the blades, while limited 

attention has been given to other supporting structures, especially the turbine casing. 

The turbine casing plays an essential role beyond functioning as a protective enclosure. It acts as a load-

bearing component, maintaining structural integrity, supporting component alignment, and withstanding forces 

from water pressure and turbine operation. Inadequate casing strength may result in excessive deformation, 

localised stress concentrations, and structural instability, ultimately reducing system efficiency and operational 

reliability. Such conditions may become increasingly critical during long-term operation in micro-hydropower 

systems where the turbine is continuously subjected to mechanical loading. 

Despite the considerable number of studies on AST performance and blade behaviour, a clear research gap 

remains in the structural assessment of turbine casing components. Existing investigations have focused 

predominantly on hydraulic performance and blade-related characteristics, whereas comprehensive studies of 

the casing's mechanical integrity remain limited. Consequently, the structural reliability of the casing under 

operational loading conditions is not well understood. 

Therefore, this study aims to address this gap by investigating the structural integrity of the Archimedes 

screw turbine casing under loading conditions using Finite Element Analysis (FEA) in SolidWorks Simulation. 

Unlike previous studies that mainly focused on fluid dynamics and turbine performance optimisation, this 

work evaluates stress distribution, strain characteristics, displacement behaviour, and factor of safety within 

the casing structure. The findings are expected to provide a better understanding of the mechanical reliability 

of AST casing systems and to contribute to the development of safer, more durable turbine designs for long-

term micro-hydropower applications. 

 

2. Methods 

2.1. AST Turbine Design 

In this study, SolidWorks 2020 software was used to design the AST turbine, as presented in Figure 3. 
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Figure 3. Design of Archimedes Screw Turbine. 

Table 1 Specification of Archimedes Screw Turbine 

Parameters Value 

Inclination Angle 30° 

Outer Diameter screw 

Outer Diameter Casing 

302 mm 

306 mm 

Thickness of Screw 2 mm 

Pitch of Screw 

High of Screw 

Blade of Screw 

180 mm 

100 mm 

1  

Number of Screw 

Diameter axle 

Length axle 

Length frame 

High frame 

Width frame 

6  

25 mm 

1220 mm 

1488 mm 

1100 mm 

450 mm 

 

2.2. Materials Selection 

Prior to conducting the simulation, material selection was performed. The material used in this study is 

ASTM A36 mild steel plate. ASTM A36 carbon steel is a general low-carbon steel, with a carbon content of 

less than 0.3%, making it very ductile and suitable for forming, machining, and welding. Heat treatment has 

only a minimal effect on ASTM A36 steel. This steel also contains several alloying elements, including 

manganese, sulphur, phosphorus, and silicon. The mechanical properties of ASTM A36 steel are presented in 

Table 2. 

Table 2: Properties of Mild Steel ASTM A36 

Property  value 

Elastic Modulus (N/mm2)  200000 

Poisson ratio  0.26 

Shear modulus (N/mm2)  79300 

Mass density (kg/m3)  7850 

Tensile strength (N/mm2)  400 

Yield strength (N/mm2)  250 

 
2.3. Screw Casing Design. 

The turbine casing design and material strength simulation were performed in SolidWorks. The 

simulation was used to determine the stress, displacement, and Factor of Safety of the turbine casing. 

The turbine casing design is presented in Figure 4. 
 

1. Chassis 

2. Holder Cover Turbine   

3. Bolt Adjuster  

4. Holder Turbine  

5. Holder Turbine  

6. Bearing 

7. Pulley  

8. Turbine Casing 

9. Turbine  

10.  Alternator  

11.  Belt  

12.  Hinge 
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Figure 4. Design of AST turbine Casing. 

 

2.4. Structural Strength Simulation of the Screw Turbine Casing 

The final stage is to perform a structural strength simulation of the casing by applying loading 

variations to determine the resulting stress, displacement, and Factor of Safety. The structural strength 

simulation process consists of: 

1. Selecting the material type for the designed casing as presented in Table 2 

2. Selecting the area to restrain the part from movement when a load is applied. For the casing, the upper 

and lower base sections are selected. This process is carried out in the Fixtures section, then right-click 

and choose Fixed Geometry as shown in Figure 5. 

 
Figure 5. Selection of Support Areas on the Turbine Casing. 

 

3. Apply force or loading via the External Loads menu, then right-click and select Force. The loading area 

is located in the upper and middle sections (Figure 6) 
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Figure 6. Input of the Applied Load. 

 

4. Performing the meshing process via the Mesh menu, then selecting Create Mesh to initiate the meshing 

process. In this stage, the entire casing geometry is divided into smaller elements to approximate real 

conditions. This stage uses the Finite Element Method, in which the meshing process runs automatically 

in a few minutes (Figure 7). The duration of this process depends on the number of elements in the 

designed structure. 

 
Figure 7. Meshing Process. 

 

5. Running the ‘Run This Study' command to observe the results of the structural strength simulation of the 

casing made of ASTM A36 mild steel. SolidWorks, with its capability to perform Finite Element Method 

analysis through its built-in programming, can provide simulation results including stress, displacement, 

strain, and Factor of Safety. The simulation results are saved using the Report feature in the Command 

Manager. 

6. The finite element model was discretised using a curvature-based mesh with high mesh quality. The 

maximum and minimum element sizes were set to 7 mm and 3 mm, respectively. The mesh consisted of 

15,418 nodes and 8,596 tetrahedral elements. Boundary conditions were defined by applying a fixed 

constraint at one end of the structure and an external force of 55.154 N to the loading region. 

3. Result and Discussions 

The structural strength simulation of the screw turbine casing made of ASTM A36 material was carried 

out under three loading variations of 55.154 N, 57.704 N, and 84.584 N. The results of the simulation can be 

described as follows: 
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Stress Distribution Analysis  

Von Mises stress is a static stress calculated based on the applied loading. The material strength analysis 

of the screw turbine casing using SolidWorks 2020 with ASTM A36 material shows that the maximum stress 

is indicated by a red colour gradient, while the minimum stress is indicated by a blue colour gradient. 

 
Figure 8. Stress simulation results under a load of 55.154 N. 

The area of maximum stress is located at the base of the casing and at the end of the screw turbine casing. 

Under a load of 55.154 N, the maximum stress obtained is 7.517 × 10⁶ N/m² (Figure 8). The area of minimum 

stress is located around the elements leading towards the end section, close to the casing support area. 

Meanwhile, the minimum stress obtained is 3.742 × 10 N/m² (Figure 8). 

 

 
Figure 9. Stress simulation results under a load of 57.704 N 

 

The area of maximum stress is located at the base of the casing and at the end of the screw turbine casing. 

Under a load of 57.704 N, the maximum stress obtained is 7.861 × 10⁶ N/m² (Figure 9). The area of minimum 

stress is located around the elements leading towards the end section, close to the casing support area. 

Meanwhile, the minimum stress obtained is 4.790 × 10 N/m² (Figure 9). 
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Figure 10. Stress simulation results under a load of 84.584 N 

 

The area of maximum stress is located at the base of the casing and at the end of the screw turbine casing. 

Under a load of 84.584 N, the maximum stress obtained is 1.152 × 10⁷ N/m² (Figure 10). The area of minimum 

stress is located around the elements leading towards the end section, close to the casing support area. 

Meanwhile, the minimum stress obtained is 5.785 × 10 N/m² (Figure 10). 

Based on the yield strength of the mild steel used, ASTM A36 at 2.5 × 10⁸ N/m², it can be confirmed that 

the design can withstand the applied load, as the maximum stress obtained does not exceed the material's yield 

strength. 

 
Figure 11. Graph of Maximum Stress versus Load Variation 

 

The finite element simulation results illustrate the variation of maximum stress on the AST casing made of 

A36 steel under different loading conditions. As shown in the graph, the applied loads of 55,154 N, 57,704 N, 

and 84,584 N produce maximum stress values of approximately 7.52 MPa, 7.86 MPa, and 11.52 MPa, 

respectively. A clear upward trend in maximum stress is observed as the applied load increases. Between 

55,154 N and 57,704 N, the stress increment is relatively small, indicating a near-linear elastic response of the 

material within this loading range. However, a more significant increase in stress is observed when the load 

reaches 84,584 N, indicating that the structure experiences higher stress concentration under higher loading 

conditions. Despite this increase, the maximum stress values remain substantially below the yield strength of 

A36 steel (approximately 250 MPa). This indicates that the casing structure operates well within the elastic 

region for all simulated load cases, and no plastic deformation is expected. Therefore, from a strength 

perspective, the AST casing demonstrates a high level of structural safety under the applied loads. 
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Figure 12. Minimum Stress Graph with Respect to Load Variation 

 

The finite element simulation results indicate that the maximum von Mises stress increased with increasing 

applied load, demonstrating the expected mechanical response of the AST casing structure under elastic 

loading conditions. The highest stress values were consistently observed at the casing support and end regions, 

indicating localised stress concentrations. 

The occurrence of stress concentrations in these regions may be attributed to abrupt geometric transitions 

and constrained boundary conditions that alter the load-transfer path through the structure. Such locations are 

generally considered critical regions because localised stresses may initiate structural failure or fatigue damage 

under long-term operation. Although the stress magnitude increased with applied load, the maximum stress 

remained significantly below the ASTM A36 yield strength (250 MPa), confirming that the structure operated 

within the elastic deformation region. 

Compared with previous studies that primarily analysed blade stress behaviour in Archimedes screw 

turbines, the present study demonstrates that the casing structure exhibits similar concentration behaviour in 

geometrically constrained regions, although the overall stress level remains substantially below the material 

limit. This finding highlights the importance of evaluating casing integrity in addition to turbine blade 

performance. 

From a design perspective, stress concentration areas near support regions could be reduced through local 

geometric modification, such as smoother curvature transitions or additional reinforcement features to improve 

load distribution. 

 

Strain Behaviour Analysis  

Strain is a component of deformation, defined as the relative change in the positions of particles within a 

non-rigid body. Areas experiencing maximum strain are indicated by a red colour gradient, whereas areas 

experiencing minimum strain are indicated by a blue colour gradient. 
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Figure 13. Results of the Strain Simulation under a Load of 55.154 N 

 

The area of maximum strain is located at the base of the casing and at the end of the screw turbine casing. 

Under a load of 55.154 N, the maximum strain obtained is 2.361 × 10⁻⁵ N/m² (Figure 13). The area of minimum 

strain is located around the elements leading towards the end section, close to the casing support area. 

Meanwhile, the minimum strain obtained is 2.547 × 10⁻¹¹ N/m² (Figure 13). 

 
Figure 14. Results of the Strain Simulation under a Load of 57.704 N 

 

The area of maximum strain is located at the base of the casing and at the end of the screw turbine casing. 

Under a load of 57.704 N, the maximum strain obtained is 2.470 × 10⁻⁵ N/m² (Figure 14). The area of minimum 

strain is located around the elements leading towards the end section, close to the casing support area. 

Meanwhile, the minimum strain obtained is 1.493 × 10⁻¹¹ N/m² (Figure 14). 
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Figure 15. Results of the Strain Simulation under a Load of 84.584 N 

 

The area of maximum strain is located at the base of the casing and at the end of the screw turbine casing. 

Under a load of 84.584 N, the maximum strain obtained is 3.620 × 10⁻⁵ N/m² (Figure 15). The area of minimum 

strain is located around the elements leading towards the end section, close to the casing support area. 

Meanwhile, the minimum strain obtained is 2.207 × 10⁻¹¹ N/m² (Figure 15). Based on the strain analysis results, 

it is found that under elastic conditions, stress and strain vary proportionally, indicating that higher stress 

corresponds to higher strain. 

 
Figure 16. Maximum Strain Graph with Load Variation 

 

The SolidWorks simulation results demonstrate that the maximum strain in the AST turbine casing 

increases with the applied load, indicating a consistent mechanical response (Figure 16). At 55.154 N and 

57.704 N, the strain values are 2.361 × 10⁻⁵ and 2.47 × 10⁻⁵, respectively, indicating nearly linear, stable elastic 

behaviour. A more pronounced increase is observed at 84.584 N, where the strain reaches 3.62 × 10⁻⁵. This 

suggests a higher degree of deformation, potentially influenced by local stress concentrations. Nevertheless, 

the strain values remain within the elastic range, indicating no plastic deformation. Overall, the results confirm 

that the casing structure maintains good mechanical integrity under the applied loading conditions, although 

further evaluation of critical and safety factors is recommended for improved reliability. 
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Figure 17. Minimum Strain Graph with Load Variation 

The strain analysis demonstrated a proportional relationship between stress and deformation behaviour, 

which is consistent with Hooke’s law under elastic conditions. The highest strain values were observed in 

regions of maximum stress concentration, particularly near the casing support and end sections. 

It should be noted that strain is a dimensionless quantity and therefore does not possess units of N/m². The 

strain values obtained in this study indicate that the casing deformation remained within the elastic range, 

suggesting that no permanent deformation occurred under the investigated loading conditions. 

The gradual increase in strain with increasing load confirms the casing's structural stability and indicates 

that the material exhibits predictable deformation behaviour. Nevertheless, repeated operational loading may 

introduce fatigue effects over extended periods; therefore, fatigue analysis should be considered in future 

investigations. 

 

Displacement Analysis 

The results of the displacement analysis are shown for the regions experiencing deformation under the 

applied force. Areas with maximum displacement are indicated by a red colour gradient, whereas areas with 

minimum displacement are indicated by a blue colour gradient. 

 
Figure 18. Results of the Displacement Simulation under a Load of 55.154 N. 

Under a load of 55.154 N, the maximum displacement obtained is 1.050 × 10⁻¹ mm (Figure 18). The area 

of maximum displacement under this loading is located around the edges of the screw casing. Meanwhile, the 

minimum displacement of the screw casing under a load of 55.154 N is 0 mm (Figure 18). The area of minimum 

displacement is located at the centre of the screw casing. 
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Figure 19. Results of the Displacement Simulation under a Load of 57.704 N 

 

Under a load of 57.704 N, the maximum displacement obtained is 1.100 × 10⁻¹ mm (Figure 19). The area 

of maximum displacement under this loading is located around the edges of the screw casing. Meanwhile, the 

minimum displacement of the screw casing under a load of 57.704 N is 0 mm (Figure 19). The area of minimum 

displacement is located at the centre of the screw casing. 

 

 
Figure 20 Results of the Displacement Simulation under a Load of 84.584 N 

 

Under a load of 84.584 N, the maximum displacement obtained is 1.612 × 10⁻¹ mm (Figure 20). The area 

of maximum displacement under this loading is located around the edges of the screw casing. Meanwhile, the 

minimum displacement of the screw casing under a load of 84.584 N is 0 mm (Figure 20). The area of minimum 

displacement is located at the centre of the screw casing. 

Therefore, from the results of this displacement analysis, it can be concluded that the screw casing made of 

ASTM A36 material experiences varying displacements corresponding to different loading variations. This 

indicates that the greater the load applied to the screw casing, the greater the resulting displacement. 
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Figure 21. Displacement Graph with Load Variation 

The displacement results revealed that deformation increased progressively with increasing applied load, 

with the maximum displacement occurring near the outer edges of the casing structure. This behaviour 

indicates that the unsupported regions exhibit greater flexibility than the constrained support sections. 

Although displacement increased under higher loading conditions, the magnitude of deformation remained 

relatively small compared with the casing's overall dimensions. Consequently, no significant structural 

instability or excessive deflection is expected during operation. 

From an engineering standpoint, minimising displacement is important because excessive deformation may 

affect alignment between the turbine shaft and casing assembly. Future design optimisation could therefore 

include increasing local stiffness in regions experiencing higher displacement. 

 

Factor of Safety Analysis 

The Factor of Safety in this plot represents the model's material strength in resisting the stresses induced 

by the applied load. By comparing the material's yield strength with the maximum von Mises stress, the 

distribution of the Factor of Safety (FOS) across the entire model can be obtained. In the FOS analysis, the 

colour blue indicates a very high level of design safety. Based on the analysis results, the FOS distribution is 

predominantly represented by areas with a red colour gradient. 

 
Figure 22. Results of the Factor of Safety Simulation under a Load of 55.154 N 

 

Under a load of 55.154 N, the Factor of Safety obtained is 3.326 × 10¹ (Figure 22). This safety value occurs 

across the entire casing subjected to the applied force. This indicates that the mild steel casing provides a good 

level of safety. Therefore, it can be confirmed that the screw casing made of ASTM A36 material is safe in 

withstanding the applied load. 
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Figure 23. Results of the Factor of Safety Simulation under a Load of 57.704 N 

 

Under a load of 57.704 N, the Factor of Safety obtained is 3.180 × 10¹ (Figure 23). This safety value occurs 

across the entire casing subjected to the applied force. This indicates that the mild steel casing provides a good 

level of safety. Therefore, it can be confirmed that the screw casing made of ASTM A36 material is safe in 

withstanding the applied load. 

 
Figure 24. Results of the Factor of Safety Simulation under a Load of 84.584 N 

 

Under a load of 84.584 N, the Factor of Safety obtained is 2.170 × 10¹ (Figure 24). This safety value occurs 

across the entire casing subjected to the applied force. This indicates that the mild steel casing provides a good 

level of safety. Therefore, it can be confirmed that the screw casing made of ASTM A36 material is safe in 

withstanding the applied load. If the Factor of Safety is very low, the likelihood of failure becomes high, and 

thus the structural design is unacceptable. Failure may refer to a fracture or damage occurring within a 

structure. From the results of the Factor of Safety (FOS) analysis, it can be concluded that the screw casing 

made of ASTM A36 mild steel is considered safe to withstand a maximum load of 55.154 N. Meanwhile, the 

resulting FOS values indicate that as the applied load increases, the Factor of Safety decreases. 
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Figure 25 Graph of Factor of Safety versus Load Variation. 

The Factor of Safety (FOS) analysis indicated a gradual reduction in safety margin with increasing applied 

load. Nevertheless, even at the highest applied load of 84.584 N, the minimum FOS remained significantly 

above the commonly accepted engineering safety limit. 

The very high FOS values obtained in this study suggest that the casing design may exhibit characteristics 

of structural overdesign. While high safety margins improve reliability and reduce the probability of structural 

failure, excessively conservative designs may increase material usage, manufacturing cost, and overall system 

weight. 

Therefore, optimisation of the casing geometry may be considered to reduce material consumption while 

maintaining adequate structural integrity. This optimisation approach could potentially improve both economic 

efficiency and overall system performance. 

Furthermore, all simulated loading conditions demonstrated safe structural behaviour; therefore, it is 

inappropriate to state that the casing is only safe up to a load of 55.154 N. The simulation results indicate that 

the casing remained structurally safe throughout all investigated loading conditions, including the maximum 

applied load of 84.584 N. 

4. Conclusions 

The finite element simulation demonstrated that the proposed Archimedes screw turbine (AST) casing 

made of ASTM A36 steel exhibits adequate structural performance under the applied loading conditions. The 

results confirm that the casing operates within the elastic region and maintains a sufficient safety margin 

throughout all simulated cases, indicating reliable structural behaviour for micro-hydropower applications. 

The identified stress and strain concentrations near the casing support and end regions highlight critical areas 

for future structural optimisation to improve load distribution and minimise localised mechanical effects. From 

a design perspective, the findings suggest that the proposed casing configuration can provide a stable and 

mechanically reliable structure for AST systems operating under low-head conditions. Future studies should 

incorporate dynamic loading, fatigue analysis, and experimental validation to further evaluate long-term 

structural performance under real operating conditions. Future work should include experimental validation, 

dynamic loading, fatigue analysis, and water pressure distribution from  

CFD, coupled CFD-FEA analysis, weld/joint assessment, and optimisation of casing thickness to avoid 

overdesign. 
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