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Abstract With the high design freedom of the additive manufacturing process, there is a growing interest in multi-
dimensional lattice structures among researchers, who are studying intricate structural modeling that is challenging to
produce using conventional manufacturing processes. In the case of titanium alloy implants for human insertion, a multi-
dimensional lattice structure is employed to ensure compatibility with bones, adjusting strength and elastic modulus to
levels similar to those of bones. Therefore, securing a database on the mechanical properties based on lattice structure
design variables and the development of related simulation techniques are believed to efficiently facilitate the customization
of implants. In this study, lattice structures were additively manufactured using Ti-6Al1-4V alloy, and the elastic modulus
was measured based on design parameters. The results were compared with simulations, and an approach to finite element
analysis for accurate prediction of the elastic modulus was proposed.
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Fig. 1. Lattice structure modeling applied to tensile test.

Table 1
Design parameters for double pyramid lattice structure
Type Parameter Value
Fill 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Unit cell Length 3
Thickness 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Fill 0.1 0.3 0.5 0.7 0.9
Full model Length 3
Thickness 0.1 0.3 0.5 0.7 0.9
Fill 0.1 0.5 0.7
Experiment Length 3
Thickness 0.1 0.5 0.7
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Table 2
Process parameters for additive manufacturing
Parameter Value
Powder Ti-6Al-4V Grade 5
Power 279 W
Scan speed 1,117 mm/s
Layer thickness 0.05 mm
Hatch space 0.12 mm
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Fig. 2. Unit cell design according to design parameters.
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Fig. 4. Von Mises strain distribution at 1.68 mm displacement during full model analysis.
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Fig. 3. Result of unit cell analysis according to design parameters.
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Fig. 5. Stress-strain curve calculated from full model analysis.



280 In Yong Moon and Yeonghwan Song

A 27144 iﬁ%ﬂ el zfolel] ol AxpFze] W
FE A7 YERES & F Utk A97] Frol @ A
§ ARG Yo "EE 3 WA ARkkE, A9
ol S7istel Wl Azl Wy Ee] ITvtske 54
HATE & d77elM ] HEE (e S8 (o) o}
Aol wet vl BAE 2] wigel] A7) Frel W

gk A ARk, olo] e}l we

£ 2 8 AYS 4T F Ik

Mg

oY T
SEHEE

(oo 1o rulo
oX,

2
i
-

Q
|
el
™

)

e AE A8 0014 1.68 mm TRl e] -
skstlolHE &8sl HIPE-Y HA=E 73 7 o]
of gk 71371 we el ARkeien, o Ais
Fig. 59 WebSleh. a4 23, unit cell 23}t 5
stAl A1 Frol Skl wel Al B3 kst
= A% gl = Advk A7] Fhel 30 % olstollA
= unit cell 314S T3 AxkE BAAFRETE B 7lo]
ARtEIR e, 50 % o3 iﬂ%ﬂ M= it cell
A ARt =& eERAIFE BTt o|8sk 4k =}
ol Arprel WA ARsh A7 719l 52 go]
AA 7Y sfoe ZH AT, unit cell 29l 34

e LEEHA 7] wEolzt At

e A R0 AR BAGTE A A
As Eall SAE AANTE AR @A} H]
wabz] Sl NS e, 2 AIE Fig
6ol YERNATE. A AF3E vle} o] AA| A
< 10, 30, 50 22|32 70 %] 971 e A& A=
Tzol el skt 2 A, s SYskAl Al
7] kel %7}?%}%1% 017‘”\16& e SAHE AT
r\:s} 57]:3]}_— 7:]‘ ou:] quﬂ =] % 7<4_9_ ]. 3}]
A Apr AA < X‘*lfﬂ«l AF=E G Al 2AF
ke FRlE 4= Yt o= WEF 2] unit cellZF

120 4 = Unit cell model
Full model

—

(=3

(=]
1

A Exp.

D (<]
(=] (=)
L 1

Elastic modulus (GPa)
.
S

20

0.0 0.2 04 0.6 0.8 1.0
Fill

Fig. 6. Comparison between FEM and experiment results.
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