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The control fin is a key component in a guided missile's propulsion system, stabilizing the missile's attitude and maintaining
its flight trajectory under high-speed conditions. Such components demand high mechanical strength and thermal stability.
However, traditional control fin designs have primarily focused on external geometry, overlooking opportunities to enhance
performance through internal structural design.To address this limitation, this study proposes a design approach that
integrates lattice structures within the control fin using metal additive manufacturing. A body-centered cubic (BCC) lattice
was selected, with strut diameter and unit cell aspect ratio defined as the primary design variables. Finite element analysis
in Abaqus was used to evaluate structural behavior, analyzing stress and displacement distributions based on variations in
these lattice parameters. Manufacturability and lightweight characteristics were also assessed. Results indicate that
increasing the strut diameter improves structural stability, with stress predominantly concentrated near lattice joints. Building
on these findings, a non-uniform lattice design, derived from the uniform lattice analysis, was applied, demonstrating
improved stress distribution and overall structural performance. This approach shows that lattice-based internal structures,
enabled by metal additive manufacturing, can significantly enhance the structural performance of guided missile control fins
while achieving substantial weight reduction.
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(a) Effect of strut diameter (b) Effect of unit cell aspect ratio

Fig. 4 Comparison of lattice structure geometries with varying
design variables
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Tail Fin Sign (Starboard View)

Fig. 7 Definition of the coordinate system
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(c) 0.8 mm

Fig. 8 Geometry variation of lattice structure according to strut
diameter

Table 2 Analysis results with respect to unit cell aspect ratio

Solid 1:1.87 1:2.125 1:275 1:425
Stlr\::"s,nff\j[“;‘a] 11 3.7 38 41 41
Maximum
displacement 168.5 80.6 80.6 78.5 934
[nm]
Mass [g] 106.4 66.9 66.3 65.5 64.8
4.1.3 3[4 #A AR 7= MF
ZES A7 U ge SRl T T S ANE £
Hog #sto], AEZ A 0.6 mm, T £3H] 1 : 1.87
2% Hze] 39 A% 22 Ak A2 20 7%}
A Wl igt s S Ve r HFA e AES F
o wmste] AT, £ Aol £eE B oy
A Gag WS GRS 28 P R0 ARSI
o, dg 2ol AL oF 37.2%, e WL oF 52.1%

(a) Location of maximum stress in the uniform lattice

(b) Location of maximum displacement in the uniform lattice

Fig. 9 Locations of maximum stress and maximum displacement in
the optimal uniform lattice structure
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(a) Location of maximum stress in the non-uniform lattice

(b) Location of maximum displacement in the non-uniform lattice

Fig. 10 Locations of maximum stress and maximum displacement
in the non-uniform lattice structure
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Toleranco check

(a) X-axis build orientation

(b) Y-axis build orientation

Tolerance chock

"

(c) Z-axis build orientation

Fig. 11 Additive manufacturing simulation results with respect to
build direction
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Table 3 Simulation results according to build orientation

X-axis Y-axis Z-axis

Maximum surface
deviation [mm]

Shape similarity [%] 85.9 96.7 67.0
6h56m57s10h35m46s5h25m23s

0.1 0.1 0.6

Processing time

Table 4 Comparison of stability with improved support structures

Original support Improved support

Maximum stress [MPa] 1,334.9 1,180.5
Maximum displacement [mm] 0.4 0.2
Dimensional accuracy [%] 96.9 96.9

(a) Single-build model (b) Multi-build model

Fig. 12 Stability analysis results according to build quantity
conditions
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(a) Post-processing procedure after
additive manufacturing

(b) Top view of the fabricated
specimen

(c) Side view of the fabricated
specimen

(d) Front view of the fabricated
specimen

(e) Enlarged view of the internal
lattice structure

Fig. 13 External appearance and internal structure of the control fin
specimen fabricated by additive manufacturing and post-
processing based on the proposed lattice design
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Fig. 14 Field-driven lattice design example using nTop
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