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Evaluation of Structural Performance of 3D Printed Composite Rudder
according to Internal Topology Shape

Young-Jae Cho*, Hyoung-Seock Seo*’, Hui-Seung Park**

ABSTRACT: Recently, regulations on greenhouse gas emissions have been strengthened, and the International
Maritime Organization (IMO) has been strengthening greenhouse gas regulations with a goal of net 'zero' emissions
by 2050. In addition, in the shipbuilding/offshore sector, it is important to reduce operating costs, such as improving
propulsion efficiency and lightening structures. In this regard, research is currently being conducted on topology
optimization using 3D printed composite materials to satisfy structural lightness and high rigidity. In this study, three
topology shapes (hexagonal, square, and triangular) were applied to the interior of a rudder, a ship structure, using 3D
printed composite materials. Structural analysis was performed to determine the appropriate shape for the rudder.
CFD analysis was performed at 10° intervals from 0° to 30° for each rudder angle under the condition of 8 knots, and
the load conditions were set based on the CFD analysis results. As a result of the structural analysis considering the
internal topology shape of the rudder, it was confirmed that the triangular, square, and hexagonal topology shapes
have excellent performance. The rudder with a square topology shape weighs 78.5% of the rudder with a triangular
shape, and the square topology shape is considered to superior in terms of weight reduction.
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Fig. 2. The cross section of 3D printed rudder surface: (a) Hexagonal
(b) Triangular (c) Rectangular
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Fig. 3. Total pressure (0°)

Fig. 4. Total pressure (10°)
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Fig. 5. Total pressure (20°)

e Zlstk

WeFere] B 7ol UM E Hae SUY, ES o
gHo g fgatol7t Frlshe Ae AT = AR °]
@7 FEH o] 8ol EIE 4 = ol EY '
Zo] Z71R4E £ W Az gelo] F/ks: A
e HERE Bl 4 gl
3. AxEsiA
3.1 =iy el

A7, AVZEE, S7H U 914 9AMS ZXE 3D =
HE WfEE nddstlon A48 22 E ]l Patran/
Nastran 2023.25 AF8-3}o] L8| 4 S 4~ 3} <t} Fig.7-

et mEY RS Tejste] WE Wo] 449 AHOE of
FolAt Quadd H4F 10 mm A0 2 B Sk &
29 B4 L B9 49 F 015749 848 7]
o % B 3055749) A4 ololA et A2 g

1

Fig. 7. 3D printed rudder FE model with hexagonal topology
shape

Fig. 8. 3D printed rudder FE model with rectangular topology
shape
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Fig. 9. 3D printed rudder FE model with triangular topology
shape
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Table 1. Material properties [9]

(b)
Property Symbol Units Onyx CF
E, GPa 1.61 411 ot o~
Elastic modulus b e
E, GPa 1.61 2.88 et bty
Gy, GPa 0.52 1.57 - —
ﬁ i
Shear modulus Gy, GPa 0.52 0.59 v i
v »ﬂ‘"
G, GPa 0.52 1.57 e S
ki ﬂ’-‘:
Poisson’s ratio Vi - 0.49 0.34 et e
S, MPa 36.13 450.7 (d)
Tensile strength
S, MPa | 3613 | 1505
Shear strength S MPa 46.27 52.6
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Fig. 13. Stress results of 3D printed rudder with hexagonal Fig. 17. Stress results of internal rectangular topology shape: (a)
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Fig. 14. Stress results of 3D printed rudder with rectangular Fig. 18. Stress results of internal triangular topology shape: (a)
topology shape: (a) 0° (b) 10° (c) 20° (d) 30° 0° (b) 10° (c) 20° (d) 30°
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Fig. 15. Stress results of 3D printed rudder with triangular
topology shape: (a) 0° (b) 10° (c) 20° (d) 30°
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Fig. 16. Stress results of internal hexagonal topology shape: (a) Fig. 20. Deformation results of 3D printed rudder with hexago-
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(a) 4 (b)
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Fig. 21. Deformation results of 3D printed rudder with rectan-
gular topology shape: (a) 0° (b) 10° (c) 20° (d) 30°

(a) (b

(c)

Fig. 22. Deformation results of 3D printed rudder with triangu-
lar topology shape: (a) 0° (b) 10° (c) 20° (d) 30°

Table 2. Mass of 3D printed rudder

Topology shape Mass [kg]
Hexagonal 0.179
Rectangular 0.165

Triangular 0.21
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