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Three-Dimensional Structural Analysis of a Composite Propeller Using
CLPT-Based Equivalent Stiffness and Its Validation Through Structural
Testing

Min-Gyu Kang*', Ji-Sang Park*, Woo-Kyoung Lee*, Mungyu Jung*, Ji-Hoon Kim*, Chung-Ug Ko*,
Heeyoung Choi**, Hyeong-sun Cho***

ABSTRACT: This study presents the structural analysis of a composite propeller considering CLPT-based equivalent
stiffness and validation through structural tests. Continuously varying laminate configurations along the radial
direction were incorporated by evaluating equivalent stiffness using classical laminate plate theory (CLPT), and a
three-dimensional finite element model with solid elements was employed to capture the full strain field including
out-of-plane deformation. The obtained strain tensor was transformed into the principal material coordinate of each
ply to evaluate ply stresses. Structural testing was also conducted, and the measured strains were compared with
analytical results. The comparison shows good agreement within approximately 10% difference. The results
demonstrate that the proposed approach can effectively predict the structural behavior of composite propellers with
continuously varying laminate configurations while considering three-dimensional stresses including out-of-plane shear

stress.
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Fig. 1. Geometry of the composite propeller

Fig. 2. Lamina stacking contour of the composite propeller lam-
inate
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Fig. 3. Computational domain for hydrodynamic load analysis
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Fig. 4. Hydrodynamic pressure distribution on the propeller

Table 1. MCR operating condition for the composite propeller

Parameter Value
Ship speed at MCR 13.2 knots
Engine power at MCR 1,100 kW
Rotation speed at MCR 395 rpm
Light running margin 3%
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Fig. 5. 3D solid FE model of the composite propeller
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Table 2. Material properties of the UD lamina: Engineering constants

Property Symbol Value Unit Direction/Note
Longitudinal modulus Ell 122.5 GPa Fiber direction
Transverse modulus E22 8.0 GPa In-plane transverse
Through-thickness modulus E33 8.0 GPa Thickness direction
In-plane shear modulus G12 43 GPa 1-2 plane
Out-of-plane shear modulus G132 43 GPa 1-3 plane
G23 43 GPa 2-3 plane
v12 0.37 - 1-2 coupling
Poisson’ ratio v13 0.37 - 1-3 coupling
v23 0.37 - 2-3 coupling
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Table 3. Material property: Lamina strength

Property Symbol Value Unit Direction/Note
Longitudinal tensile strength S11+ 1446 MPa Fiber tension
Longitudinal compressive strength S11- 621 MPa Fiber compression
Transverse tensile strength S22+ 35 MPa In-plane transverse tension
Transverse compressive strength S22- 150 MPa In-plane transverse compression
Through-thickness tensile strength S33+ 35 MPa Thickness tension
Through-thickness compressive strength S33- 150 MPa Thickness compression
In-plane shear strength S12 48 MPa 1-2 plane
S13 48 MPa 1-3 plane
Out-of-plane shear strength
S23 48 MPa 2-3 plane
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Fig. 8. Resulting FE model incorporating a continuously varying
laminate configuration
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