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Abstract. This study investigates the structural reliability of B-Series propellers 
used in electric motor-driven ships under axial loads induced by fluid flow. The 
distinct operating characteristics of electric propulsion systems require dedicated 
reliability assessment to ensure safe and efficient performance. Computational 
Fluid Dynamics (CFD) simulations were conducted under uniform viscous flow 
conditions to evaluate hydrodynamic loading, yielding a maximum axial load of 
32.74 kN at a rotational speed of 1500 RPM. The resulting loads were applied in 
Finite Element Method (FEM) simulations to assess structural stress and 
deformation, with maximum values of 273.27 MPa and 5.10 mm, respectively. 
Structural reliability analysis was performed using probability density functions 
of hydrodynamic loads and aluminum alloy material strength. The results 
indicate a structural reliability of 99.90% at a ship speed of 10 knots, which 
decreases significantly to 33.31% at 20 knots. The inclusion of safety factors of 
10% and 40% effectively increased reliability by 9.99% and 100%, respectively. 
These findings emphasize the importance of appropriate safety factors and 
material selection to improve the structural reliability of electric motor ship 
propellers under high-speed operating conditions. 

Keywords: B-Series Propeller, Computational Fluid Dynamics, Electric Motor 
Ship, Structural Reliability, Finite Element Method. 
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3. Methodology 

Figure 1 Flowchart 
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Table 1 Principal Dimensions Propeller 
 

PRINCIPAL DIMENSIONS 
Nama Dimension Unit 

Diameter 0.7 M 
Pitch 2.2 M 

Blade Area 0.056  M2 

Number of Blades 4 - 
 

Figure 2 Propeller Design 

3.1. CFD Simulation 

–
–ε model, which is widely 

Figure 3 Boundary Condition 
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Table 2 Grid Independence Study 
 

Grid Independence Study 

Element size Number 
of Mesh 

Max Stress, 
MPa Gap 

 

 
Figure 4 Meshing 

3.2. Static Structural Analysis 

–

based on Hooke’s law. This coupled CFD–

Figure 5 Static Structural 
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3.3. Strength of Material 

Table 3 Tensile properties of aluminium samples from different thicknesses and heat treatments  
[Kim et al., 2021] 
 

 
 
3.4. Reliability Analysis 

𝑓𝑓ᵣ(R₀) and load 𝑓𝑓ₛ
6, where R₀ and S are expressed in stress units. The probability of failure is determined from the overlap region 

Stress 
 
 
 

 
Figure 6 PDF Variabel 𝑹𝑹𝒐𝒐 dan S 
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𝑃𝑃𝑓𝑓 𝑃𝑃 𝑀𝑀 𝑔𝑔 𝑆𝑆 𝑅𝑅 ≤ ∬𝑔𝑔 𝑆𝑆 𝑅𝑅 )≤0 𝑓𝑓𝑠𝑠 𝑆𝑆 ∙ 𝑓𝑓𝑟𝑟 𝑅𝑅 𝑑𝑑𝑑𝑑 𝑑𝑑𝑑𝑑

𝑓𝑓𝑠𝑠 𝑟𝑟 𝑆𝑆 𝑅𝑅 𝑓𝑓𝑟𝑟 𝑅𝑅 𝑓𝑓𝑠𝑠 𝑆𝑆
𝑅𝑅

𝛟𝛟 (−β)

Where 𝛟𝛟(∙) is the standard normal cumulative distribution function and β is the safety index, which can be calculated 
by equation (4), where μ is the average, and σ is the standard deviation. 
 

β μ𝑅𝑅 − μ

√σ𝑅𝑅 σ

𝑃𝑃𝑓𝑓

– 𝑃𝑃𝑃𝑃

4. Results and Discussion 

4.1. Pressure Distribution dan Axial Drag Analysis 

– –

Table 4 Pressure Data Table 
 

RPM Minimum (Mpa) Maximum (Mpa) 
1050 0.026031 0.04129 
1100 0.0290164 0.0443551 
1150 0.0311521 0.0492308 
1200 0.0328566 0.0518323 
1250 0.0344271 0.0542286 
1300 0.0360817 0.059595 
1350 0.037105 0.0581774 
1400 0.0393519 0.0614345 
1450 0.0411436 0.0639996 

 1500  0.0426101  0.0660518  
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Table 5 Axial Drag 

Rpm Axial Drag (N) Vs(m/s) ω 
1050 19406.6 8.084 0.573 
1100 23750.4 8.099 0.576 
1150 23845.5 8.216 0.598 
1200 24598.6 8.417 0.638 
1250 25918.6 8.624 0.678 
1300 27309.8 8.714 0.695 
1350 27925.3 9.020 0.755 
1400 30061.2 9.226 0.795 
1450 31542.0 9.389 0.827 
1500 32743.6 2.267 0.559 

Figure 7 Imported Pressure by (a) 1050 Rpm, (b) 1100 Rpm, (c) 1150 Rpm, (d) 1200 Rpm, (e) 1250 
Rpm, (f) 1300 Rpm, (g) 1350 Rpm, (h) 1400 Rpm, (i) 1450 Rpm, (j) 1500 Rpm 
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4.2. Stress Distribution Analysis 

Figure 8 Equivalent Stress by (a) 1050 Rpm, (b) 1100 Rpm, (c) 1150 Rpm, (d) 1200 Rpm, (e) 1250 
Rpm, (f) 1300 Rpm, (g) 1350 Rpm, (h) 1400 Rpm, (i) 1450 Rpm, (j) 1500 Rpm 

Table 6 Stress & Deformation 
 

RPM Max Stress 
(Mpa) 

Max Deformation 
(mm) 

1050 163.84 3.0524 
1100 193.16 3.5920 
1150 199.40 3.7173 
1200 207.26 3.8643 
1250 218.00 4.0666 
1300 229.20 4.2779 
1350 234.94 4.3853 
1400 251.54 4.6983 
1450 263.56 4.9239 
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1500 273.27 5.1022 

4.3. Deformation Structure 

Figure 9 Total Deformation by (a) 1050 Rpm, (b) 1100 Rpm, (c) 1150 Rpm, (d) 1200 Rpm, (e) 1250 
Rpm, (f) 1300 Rpm, (g) 1350 Rpm, (h) 1400 Rpm, (i) 1450 Rpm, (j) 1500 Rpm 

4.4. Structural Reliability Analysis with Safety Factor 

y R = 1 − P_f (Equation (5)). The results confirm high structural reliability, especially with 
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Figure 10 : Joint Probability Density Function (PDF) with Safety Factor 

Table 7 : Stress of loads and compared to material strength at various safety factors. 

Parameter Stress of loads 
(𝛍𝛍𝐬𝐬)

Stress of Tensile Test 
True 

Strength 
(𝛍𝛍𝐑𝐑𝟎𝟎)

Safety Factor 
1.2 (𝛍𝛍𝐑𝐑𝟎𝟎)

Safety Factor 
1.4 (𝛍𝛍𝐑𝐑𝟎𝟎)

Mean (μ) 223.42 403.8 484.56 565.32 

Sigma (σ) 32.23 48.36 58.03 67.70 

Table 8 : Analysis of safety index, failure probability, and structural reliability with safety factors. 
Parameter True Strength Safety Factory Safety Factor 1.4 

Safety Index (β) 3.104 3.934 4.561 

Failure (Pf) 0.10% 0.004% 0.00% 

Reliability (1 – pf) 99.90% 99.996% 100% 

4.5. Structural Reliability Analysis with Various Loads 
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Figure 11 : Curve Probability Density Function (PDF) with Various Load 

Table 9 : Stress of Loads with Various Flow Speed and Tensile Test 

Stress of Loads with Various Flow Speed Stress of Tensile 
Test 

Parameter 10 Knot 
(𝛍𝛍𝐬𝐬)

15 Knot 
(𝛍𝛍𝐬𝐬)

20 Knot 
(𝛍𝛍𝐬𝐬)

True Strength 
(𝛍𝛍𝐑𝐑𝟎𝟎)

Mean (μ) 223.417 315.272 433.244 403.8 

Sigma (σ) 32.227 33.002 48.154 48.357 

Table 10 : Analysis of safety index, failure probability, and reliability with Various Flow Speed 
Parameter Stress 10 Knot Stress 15 Knot Stress 20 Knot 

Safety Index (β) 3.104077 1.51213643 -0.4314569
Failure (pf) 0.10% 6.525% 66.693% 

Reliability (1 – pf) 99.90% 93.475% 33.307% 
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5. Conclusion 
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