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ABSTRACT  

Marine propellers in composite materials present 

numerous advantages over traditional metal propellers. 

The design flexibility of composite materials allows for the 

creation of complex propeller shapes that enhance thrust 

and minimize cavitation—leading to quiet propellers. 

However, due to the lack of experience and dedicated 

standards, few large-sized propellers have been 

manufactured, installed and certified on commercial 

vessels. 

The objective of this paper is to describe the certification 

process for a composite material propeller in accordance 

with the Bureau Veritas Guidance Note NI663. The 

introduction provides an overview of the CRS Certify 

research project, within which the propeller was developed, 

and details the vessel utilized for the propeller's installation 

and for future sea trials. The design phase of the propeller 

started by an optimization process, including the 

optimisation of the blade geometry and the material 

arrangement based on a newly developed tool tailored for 

flexible propellers. Subsequently, fluid-structure 

interaction calculations were performed under operational 

conditions and during crash stop scenarios to assess the 

stresses and strength of the propeller blades. The design 

assessment is conducted using the CRS tool ComPropApp, 

a BEM-FEM (Boundary Element Method – Finite Element 

Method) coupling solution employed by Bureau Veritas to 

ensure the compliance with NI663 requirements. A 

comprehensive characterization testing campaign of the 

materials is described, highlighting the critical properties 

and performance essential in the scope of the certification. 

In additional to small scale coupons tests, a prototype test, 

representative of the blade-hub connection is required. 

Indeed, this area is detrimental to the strength of the 

propeller and is generally too complex to be validated only 

numerically. Finally, the paper elaborates on the 

manufacturing process, addressing the associated 

challenges and the quality control measures implemented 

to achieve high-quality and repeatable propeller blades. 

This comprehensive approach ensures that the composite 

propeller meets all necessary standards for safe and 

efficient marine operation. 
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1 INTRODUCTION 

Composite propellers offer a multitude of advantages over 

traditional metallic propellers, making them a promising 

choice for future maritime applications (Pemberton et al. 

2019): 

Lightweight Design: Composite propellers are 

significantly lighter, reducing the weight on the propulsion 

line and rotative weight. This leads to improved vessel 

performance and reduced fuel consumption. 

Enhanced Hydrodynamic Efficiency: The flexibility of 

composite materials allows for better hydrodynamic 

efficiency, resulting in lower fuel consumption and 

reduced greenhouse gas (GHG) emissions. 

Reduced Cavitation: Flexible composite propellers are less 

prone to cavitation, which reduces noise and vibration, 

improving the overall performance and longevity of the 

propeller. 

Vibration Damping: Composite materials have excellent 

damping properties, reducing vibrations transmitted to the 

vessel. This improves passenger comfort and reduces 

structural stress on the vessel. 

Innovative Manufacturing: Composite propellers can be 

manufactured with advanced techniques, allowing for 

optimized blade design and blade-hub connections. 

Notwithstanding these advantages, composite propellers 

remain rarely installed on commercial vessels, primarily 
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due to the absence of comprehensive standards and 

applicable rules. Currently, only three Classification 

Societies have published guidance on this technology. 

ClassNK, from Japan, pioneered this effort with the first 

composite propeller guideline in 2015 (ClassNK 2015), 

followed by Korean Register (Korean Register 2019) and 

Bureau Veritas (BV) with the Guidance Note NI663 (BV 

NI663 2020) in 2020. The BV NI663 provides a 

comprehensive certification scheme covering the design 

assessment, the testing, the installation and the in-service 

survey of composite propellers (Paboeuf et al. 2024). 

1.1 CRS Certify 

The present study conducted under the Cooperative 

Research Ships program (CRS), led by MARIN, with the 

CRS research project Certify chaired by BV. The project 

aims to certify a composite propeller for installation on the 

naval vessel Nautilus. To achieve this objective, MARIN 

performed a design optimization of the blade to develop a 

flexible propeller. The parameters and the methodology 

applied for this optimization phase are detailed in Section 

2.1. The design, incorporating the manufacturing 

constraints defined by the Jules Dock, is verified by LR-

ATG (Applied Technology Group) through coupled CFD-

FEM (Computational Fluid Dynamics – Finite Element 

Model) analysis presented in Section 2.2. Two 

configurations are considered: (1) operation condition 

ahead and (2) crash-stop. Both are verified and validated 

by BV in the scope of the certification in accordance with 

the guidance note NI663, see details in Section 2.3. 

Figure 1 illustrates the project organization and 

certification pathway with the Classification Society. 

1.2 Nautilus 

The vessel selected for the installation of the composite 

propeller is the Nautilus, a Diving Support Vessel operated 

by the Dutch Royal Navy, see Figure 2.  

 

The main characteristics of the Nautilus are: 

• Length 37.8 m 

• Beam 8.76 m 

• Height 13.2 m 

• Draft 1.50 m 

• Speed 10.5 knots 

The current metallic propeller is composed of 4 blades and 

the diameter is 1.0 m. 

1.3 NI663 

The guidance note NI663 (BV NI663 2020) defines the 

procedures and requirements for certification, design, 

construction, installation, test, trials and survey of 

propellers made in composite materials. The document is 

composed of 8 Sections covering the complete scope of 

certification of propellers made in composites: 

• Section 1 General 

• Section 2 Certification Scheme 

• Section 3 Composite Material Certification 

• Section 4 Work’s Recognition Scheme 

• Section 5 Testing Procedures 

• Section 6 Design Assessment of Propeller 

• Section 7 Arrangement, Installation and Sea 

Trials 

• Section 8 In-Service Surveys 

The NI663 is used for the certification of the propeller 

developed within the framework of the CRS Certify 

project. 

2 DESIGN OF THE PROPELLER 

2.1 Optimisation phase 

PropArt, a MARIN tool, was used to optimize the 

composite propeller design. It will produce multiple 

generations of propeller geometries in parallel on a 

LINUX-based computation cluster. For each design within 

each generation, PropArt will start a ComPropApp job to 

solve the fluid-structure interaction problem as described 

in Section 2.3. The subsequent Finite Element Analysis is 

performed by TRIDENT/VAST, which provides blade 

deflections that are used by the automated propeller design 

suite P4C, which is a subset of PropArt, to update the 

propeller geometry. The goal of the study is to establish a 

workflow for optimizing composite propellers. Therefore, 

the workflow is extended by giving PropArt a more central 

role. PropArt is now also used to perform propeller design 

optimization. The workflow not only evaluates the 

structural and hydrodynamic loads and blade deflections 

but also designs the optimal propeller for specific 

conditions as illustrated in Figure 3. To enable the 

optimization process, ComPropApp is configured to run on 

a computational cluster. The optimization results in a 

Pareto front, from which five candidate propeller designs 

are selected for detailed assessment. In total, 14 

generations were produced, each containing 48 propeller 

designs. The third recalculated design is individual 7 from 

generation 14 (Schalk-Meijerink et al. 2026), the Hoffman 

criterion for the final timestep is 1.61 and the maximum 

deflection observed during the blade’s revolution is 3.86 

Figure 2: Diving Support Vessel Nautilus. 

Figure 1: Organisation of the CRS Certify project. 



mm. The value of the cavitation objective is 1.01 and the 

power demand is 244 kW. The efficiency is 0.55.  

2.2 Design calculation 

From the optimised design, high-fidelity computational 

predictions are performed on the morphing propeller 

design to validate preliminary assessments from 

ComPropApp and establish confidence in the design prior 

to manufacturing. Two operational conditions are 

calculated: (1) ahead operation and (2) crash-stop 

maneuver. The crash-stop performance predictions will be 

made using LR’s standard CFD methods using a time-

accurate rigid body propeller rotation (as opposed to a 

moving reference frame). Simulations will be conducted 

with Star-CCM+. FEA predictions will be made in VAST. 

The load coupling functionality was previously developed 

for a previous project of a flexible composite propeller. The 

FE model of the propeller in a NASTRAN format, is 

imported into Star-CCM+. Pressure distributions are 

mapped onto the FE mesh, exported in NASTRAN format,  

and then translated to a TRIDENT/VAST-compatible 

format for structural analysis. Since propeller loading 

varies throughout rotation due to non-uniform wake fields, 

deflections are load-dependent. Full dynamic fluid-

structure interaction (FSI) analysis, while physically 

complete, is computationally prohibitive. Instead, a quasi-

steady iterative approach is adopted: 

• Load Application: A constant load from CFD 

analysis induces propeller deformation at a given 

rotational position 

• Geometry Update: The deformed geometry is 

used in subsequent CFD simulations to determine 

updated loads 

• Convergence: Typically, 3 iterations are required; 

up to 5 iterations are performed for maximum 

loading conditions to demonstrate convergence 

Four blade positions are analyzed at a single vessel speed, 

generating four distinct load cases representing: (1) 

maximum total loading, (2) maximum local loading, (3) 

maximum load differential, and (4) representative wake 

conditions. Each condition produces a unique deformed 

propeller geometry with corresponding stress distributions. 

Post-processing includes ply-by-ply stress analysis and an 

evaluation of Hoffman criteria in accordance with BV 

Guidance Note NI663. VAST output provides minimum 

safety factors  and element-wise factors which are 

extracted via TECPLOT to identify potential element 

failure. 

Crash-stop response is assessed using the same coupled 

methodology as ahead operation. Maximum loads occur 

during the initial 1/3 of the crash-stop when vessel forward 

speed remains near-maximum while the propeller operates 

at full reverse. Dynamic loads from this critical phase are 

applied in a one-way coupled fashion to capture propeller 

structural response. Subsequent deformation at maximum 

loading is determined during the deceleration phase. The 

crash-stop scenario (or the near-maximum-loading 

portion) is re-simulated with the deformed geometry to 

verify whether maximum loading increases with the 

updated shape. Propeller RPM is prescribed from rigid-

body crash-stop analysis rather than determined 

dynamically. 

2.3 Design review  

2.3.1 Tools  

In the scope of the certification of the propeller according 

to BV Guidance Note NI663, Bureau Veritas carried out 

independent calculations using ComPropApp and 

FEMAP/Nastran to verify results submitted by the CRS 

Certify consortium. 

ComPropApp is a BEM-FEM coupling tool developed by 

MARIN within CRS programme. The graphical user 

interface is shown in Figure 4. The ComPropApp uses an 

in-house Boundary Element Method code developed by 

MARIN to obtain the hydrodynamic solution of the flow 

around the propeller known as PROCAL (Vaz and 

Bosschers 2006). The structural solution is obtained 

through the Finite Element software provided by FEMAP-

Nastran used by BV. ComPropApp implements a 

Figure 4:ComPropApp window. 

Figure 3: Optimisation flowchart 



partitioned fluid-structure interaction (FSI) approach, 

solving hydrodynamic and structural responses 

sequentially rather than simultaneously. This partitioned 

methodology offers flexibility in selecting independent 

hydrodynamic and structural solvers—an advantage 

unavailable in monolithic codes. However, partitioned FSI 

requires numerical coupling between solutions, 

introducing potential numerical errors and computational 

uncertainty. This low-fidelity tool has been extensively 

validated in prior studies (Rehman et al. 2021) (Van 

Bemmel 2022) (Ali et al. 2025). 

2.3.2 Safety factors 

Design of the blade is to be verified in accordance with BV 

NI663 and should respect safety factors defined by 

equation (1) and (2): 

• For main stress analysis in the individual layer, 

the minimum safety factor 𝑆𝐹 in each layer is to 

fulfil the following condition:  

𝑆𝐹 ≥ 𝛼 ⋅ 𝐶𝑉 ⋅ 𝐶𝐹 ⋅ 𝐶𝑅 ⋅ 𝐶𝑖 (1) 

• For combined stresses analysis in individual 

layers, the safety factor 𝑆𝐹𝐶𝑆  has to fulfil the 

following condition: 

𝑆𝐹𝐶𝑆 = 𝛼 ⋅ 𝐶𝐶𝑆 ⋅ 𝐶𝑉 ⋅ 𝐶𝐹 ⋅ 𝐶𝑖 < 𝑆𝐹𝐶𝑆𝑖𝑎𝑝𝑝 (2) 

The combined criterion 𝑆𝐹𝐶𝑆𝑖𝑎𝑝𝑝  is obtained from the 

Hoffman criterion as defined in BV NI663 (‘BV - NI663 - 

Propeller in Composite Materials’ 2020). 

The partial safety factors are used for:  

• 𝛼, the accuracy of calculation 

• 𝐶𝐶𝑆, the type of stress in the fibres for the combined 

stresses calculation 

• 𝐶𝑅, the type of stress in the fibres for the main stresses 

calculation 

• 𝐶𝑉, the ageing effect 

• 𝐶𝐹, the fabrication process 

• 𝐶𝑖, the type of load 

Table 1: Safety coefficient for combined stresses 

 Combined stresses 

 
Uni 

directional 
Twill 

𝛼 1.1 1.1 

𝐶𝑉 1.2 1.2 

𝐶𝐹 1.15 1.15 

𝐶𝑖 without fatigue 

justification 
2.2 2.2 

𝐶𝑖 with fatigue 

justification 
1 1 

𝐶𝐶𝑆 1.7 2.1 

SF without fatigue 5.68 7.01 

SF with fatigue 2.58 3.19 

Only combined stresses safety factors are presented in 

Table 1 even if main stresses are also to be checked for the 

validation of the propeller. 

According to BV NI663, when the calculated safety factor 

is greater than the minimum rule safety factor (𝑆𝐹 or 𝑆𝐹𝐶𝑆), 

fatigue analysis is not required. Otherwise, fatigue analysis 

based on S/N curve, or full-scale fatigue tests must be 

performed. 

2.3.3 Model for design review 

The finite element model was imported directly from 

ComPropApp's optimization phase into Femap-

NASTRAN, including the mesh, coordinate systems, and 

material properties. Figure 5 illustrates the mesh 

refinement, which was concentrated near the tip to 

maintain element quality. The model contains 5,200 

elements with a single solid laminate element through the 

thickness. 

ComPropApp assigned one property to each element. A 

reference layup thicker than all elements in the model was 

defined, then, element-specific layups were generated by 

systematically removing plies from the inner surface based 

on local geometry. Boundary conditions were applied by 

fixing all nodes at the bottom section. 

Figure 5: Meshing of the model used for design review 

Figure 6: Pressure load on pressure side (N/mm²) 



Hydrodynamic loads from the advance condition were 

imported from ComPropApp’s BEM analysis as 

distributed pressure over the blade, see Figure 6. The thrust 

on one blade is 6.5 kN. 

2.3.4 Results 

Static analysis in advance condition was performed with 

NASTRAN and displacements of the blade are shown in 

Figure 7. The stresses were then assessed and compared to 

the Class rule requirements without fatigue justification. 

As explained in section 2.3.2, all safety factors in the model 

are to be above the minimum rule safety factors, for 

combined stress and main stress analysis. Results are 

summarised in Table 2. Stresses are calculated in all plies 

and all elements, x and y being the in-plane fibre and 

transverse direction respectively, z the out of plane 

direction and ILSS the Inter-Laminar Shear Stress. Table 2 

displays only the minimum safety factor for each type of 

stress across the entire model. Although out-of-plane 

stresses are not required by the rule, they were evaluated as 

solid laminate elements to enable this assessment. Figure 8 

presents a map of safety factors based on the Hoffman 

combined stress criterion, showing the minimum value 

across all plies for each element. 

 

Table 2: Comparison between safety factor from model and 

minimum rule safety factor, for all stresses 

 
UD 300 

 
Minimum rule 

safety factor  

Safety factor 

from model 

Combined 5.68 11.57 

S_XX 7.01 14.43 

S_YY 4.17 13.30 

S_ZZ 
 

59.00 

S_XY 5.34 14.03 

ILSS 5.34 16.90 

 

3 TESTING 

Composite propeller qualification requires testing in 

accordance with BV Guidance Note NI663 as shown with 

the test pyramid in Figure 9. 

3.1 Sample or coupon tests: 

Mechanical and physico-chemical tests are performed on 

coupons representative of the propeller laminate scantling 

and manufacturing process. Results are compared against 

theoretical laminate properties determined per NI663 

requirements and used in structural design assessment. 

Required tests are: 

o measurement of density 

o reinforcement content in weight 

o tensile tests 

o bending tests 

o interlaminar shear tests 

o immersion test, for coating 

Ageing and fatigue tests may be required by the Class 

Society on a case-by-case basis. 

Figure 9: Testing pyramid according to NI663. 

Figure 7: Displacement (mm) for advance condition 

Figure 8: Minimum safety factor for all elements, for 

combined stress criterion 



3.2 Prototype tests: 

A full-scale static load test is conducted by the 

manufacturer on a representative blade or blade section, 

including the blade-hub connection. The test serves two 

objectives: to demonstrate that prototype behavior matches 

design predictions, and to experimentally validate 

numerical simulations. Stress and displacement 

measurements are acquired at two locations—0.25R and 

0.6R (where R denotes blade radius)—under loading 

representative of 1.25× the maximum bending moment and 

shear force. Comparison with finite element model 

predictions is mandatory. Since the blade-hub connection 

is a critical interface where numerical analysis may be 

insufficient for accurate stress and strain assessment, 

experimental validation is essential. Fatigue tests may be 

required by the Class Society on a case-by-case basis. 

3.3 Full-scale blade checks: 

Each manufactured blade undergoes a check of: 

o dimensions 

o weight 

o centre of gravity 

o stiffness (modal analysis/eigenvalue). 

In addition to these checks, some non-destructive tests 

(NDT) may be carried out in order to verify the quality of 

the blade during the production process. 

3.4 Sea trials 

The sea trials are intended to demonstrate that the propeller 

is functioning properly according to the criteria defined by 

the Class Society. The sea trials procedure is to be 

submitted to the Society before testing and should include 

the following information: 

• Sea trials objectives 

• Organization (date, attendees) 

• Environmental conditions (place, weather and 

environmental conditions…) 

• Tests procedure (duration of the tests, checks) 

• Measurements protocol and results. 

The testing procedure shall include tests that are 

representative of ship maneuvering (i.e. gyration, crash 

stop, maneuvering ahead and astern…). 

3.5 Testing status 

Unfortunately, at this stage, the testing campaign has not 

yet started, however, coupons will be tested in soon to 

confirm  materials properties used in the calculation 

models. Coupons will be manufactured by Jules Dock and 

test specimen dimensions are given in NR546 (BV NR546 

2021). Following tests will be performed: 

• Mechanical tests: 

o Tensile tests ISO527 or equivalent: 

▪ Minimum 5 specimens in fibre direction 

▪ Minimum 5 specimens in perpendicular 

direction of fibre 

o Bending tests ISO14125 or equivalent: 

▪ Minimum 5 specimens in fibre direction 

▪ Minimum 5 specimens in perpendicular 

direction of fibre 

o Interlaminar shear tests ISO14130 or 

equivalent: 

▪ Minimum 5 specimens in fibre direction 

▪ Minimum 5 specimens in perpendicular 

direction of fibre 

• Physico-chemical tests: 

o Measurement of density ISO1183: 

▪ Minimum 4 specimens 

o Reinforcement content ISO1172/ISO14127: 

▪ Minimum 4 specimens 

• Coating: 

o Immersion tests ISO62: 

▪ Minimum 3 specimens 

• Core: 

o Tensile tests ISO527 or equivalent: 

▪ Minimum 5 specimens  

The prototype test to confirm the blade-hub connection 

design will be carried out soon as the assembly has already 

been used in a previous project. Additional tests are 

expected to be surveyed by BV in the scope of the 

certification. 

4 MANUFACTURING 

Composite propeller manufacturing requires tightly 

controlled processes, digitally driven layup definition, and 

documented inspection to meet certification requirements. 

This paper summarizes a production workflow aligned 

with Bureau Veritas NI663 and ISO 9001, covering CAD-

based (Computer Aided Design) layup design, Computer 

Numerical Control (CNC) ply cutting, Resin Transfer 

Molding (RTM) with engineered tooling and in-mold 

curing, laser-assisted fibre placement with traceability 

logging, and advanced non-destructive testing (NDT) for 

internal integrity verification. 

4.1 Production technology and certification framework 

Composite propeller production is executed under Bureau 

Veritas NI663 and an ISO 9001 quality management 

system, establishing process traceability, controlled work 

instructions, and verification records across manufacturing 

stages. A digital thread links engineering definition to 

shop-floor execution through Siemens FiberSim, enabling 

CAD-based ply definition and manufacturing 

documentation. This approach supports repeatable 

laminate construction by controlling fibre orientations, ply 

boundaries, and reinforcement zones while maintaining 

auditable records for certification compliance. 

4.2 Lay-up design and CNC preparation 

The laminate definition is generated in a CAD layup 

environment, where fibre orientations and stacking 

sequences are specified according to structural 

requirements. Fibre deformation evaluation is used to 

anticipate drape behavior and mitigate risks such as 

wrinkling, bridging, and fibre misalignment prior to 

production. Once the layup is validated, cutting files are 

produced for CNC ply cutting, improving geometric 

accuracy and reducing variability compared with manual 

cutting. This digital-to-CNC path supports consistent ply 



kitting and minimizes material waste by controlling ply 

boundaries and kitting repeatability. 

4.3 Fibre placement, traceability, and preform 

consolidation 

Layup accuracy is supported by layer laser projection (SL 

laser) systems that guide ply placement, while camera-

based layup logging strengthens traceability and process 

documentation. For improved handling and consolidation 

quality, half-blade consolidated preforms may be produced 

prior to final molding, supporting fibre alignment and 

reducing defect formation during subsequent infusion and 

cure operations. 

4.4 RTM infusion, tooling engineering, and in mold 

curing 

Manufacturing is based on RTM, using a conditioned 

injection machine and heated, degassed resin and hardener 

to stabilize flow and reduce void content. Tooling is 

engineered to withstand structural and thermal loads during 

infusion and cure, with analyses applied to compensate for 

product shrinkage and residual stresses. Advanced tooling 

solutions include 3D-printed or composite smart tooling 

and jigs with integrated pressure and temperature sensors 

for real-time monitoring. In-mold curing provides 

controlled temperature and pressure management to 

support consistent consolidation, mechanical performance, 

and dimensional stability. 

4.5 Quality control and non-destructive testing 

Quality assurance combines dimensional verification and 

internal integrity assessment. 3D scanning is used to 

validate geometry against design intent, while NDT 

methods are applied to detect voids, delamination, and 

laminate discontinuities. Inspection techniques include 

thermography, ultrasonic testing (UT) and CT-scanning for 

volumetric assessment where higher resolution is required. 

The use of complementary inspection methods supports 

certification evidence and release decisions prior to 

delivery. 

5 CONCLUSION 

This paper presents a comprehensive pathway for the 

certification of a composite propeller in accordance with 

Bureau Veritas Guidance Note NI663. The work 

conducted within the CRS Certify research project 

demonstrates that composite propellers represent a 

promising technology for marine propulsion. 

The design optimisation process, utilising the MARIN 

PropArt tool, successfully generated a Pareto front of 

efficient propeller designs that balance hydrodynamic 

performance with structural integrity and cavitation 

mitigation. The design verification through independent 

calculations using ComPropApp and FEMAP/Nastran 

confirms that all safety factors meet the minimum rule 

requirements defined in NI663 for both combined and main 

stress analyses. These results are to be now confirmed by 

advanced fluid-structure interaction analysis in ahead 

operation and crash-stop. 

The testing pyramid outlined in this work—encompassing 

coupon tests, prototype validation, full-scale blade 

controls, and sea trials—will ensure that the composite 

propeller meets all necessary performance and safety 

standards. Particular attention will be paid to the prototype 

blade-hub connection tests, as numerical analysis alone 

may prove insufficient to validate complex stress 

distributions. 

Manufacturing considerations and quality control 

measures implemented by Jules Dock demonstrate the 

feasibility of producing high-quality, repeatable composite 

propeller blades. 
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