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Abstract: Based on the gyroid three period minimum surface (TPMS) , a sine function square
and cosine function square density gradient skin lattice structure was proposed to address the
problem of a relatively single gradient variation law in gradient lattice structures in current
research. Titanium alloy (Ti—6A1-4V) sample was prepared using selective laser melting (SLM)
technology. Finite element analysis and compression experiments were conducted on the sample
to study its mechanical properties, and the error between the two results was less than 6. 3%.
Compared with the traditional linear density gradient skin lattice structures, the mechanical
properties, deformation behavior, and energy absorption characteristics of the three structures
were compared and analyzed. It was found that among the three structures, the cosine function
square skin lattice structure had the best load-bearing performance, while the sine function
square skin lattice structure had the strongest energy absorption capacity. By optimizing the
internal relative density of the skin lattice structure, its mechanical properties and energy
absorption capacity can be improved.

Key words: gyroid; three period minimum surface; density gradient; skin lattice structure;
compression experiment
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Fig. 5 Titanium alloy samples with the skin lattice structure

() —ZAMEH ML ;s (b) —IEZsRECT I B AR 5 (o) — X PRECT-J7 3 AR .

=

(c)

6 MHEHER
Fig.6 Samples compression experiment
() — 0 BRI A 2R R 2 BE B A 5 (b)— T He X I 1) 1 5% RS- 7 85 BE A LA A 5
(o) — T I A AY 5% PR BCE 7 B FE B AR 5 (d)—NZE Sy 0.5 IR A2V 2 HE B L AE A 5
(e)—R 784 0.5 I 1 TE 5% PRECY- J5 8 BERBFEREXF 5 (£)—REAE K 0.5 I A4 5% BRECT 5 8 FE R R



% 34

AW = AR AR

2R B L MR R A R 75

3 ZERMNE

3.1 NEMEMERITH

A 4 056 R R4S 3 A 4 1 28 far — 157 5%
AN T BT . 58 5 W25 00 1 e 4 2ok R A AE 3
AN TR B B Bz - S8R 1 B B LU 3l B B RN B0 A
B Bt AR 7, X T 3 PR B R 5 B AN R4
¥, FER AR 3R AT I AE 2 S, R B 20 A (3% T
R X Bl FIE BT R RS R A S SR IR BT L,
RISF T et s B S5 ) , 7E 800 25 29 0.8 mm I &
A R SRR R BEEIR 5 X T 1 5% RO O U
SERE TR BT AS 2 0.7 mm I & AR 5 [ SEAR Y B
U IR s % T 4% 5% R AT 5 %5 B 6 B2 11 gyroid A
W4 A | 8 200 7 R 29 1 mm I & A 5 45 0 1Y)
R

BN

ALA/mm
E7 3MRESFEEMHRET-(MIH M
Fig. 7 Load-displacement curves of three types of
skin lattice structures

TEVEF B, i 7 AT UL, 3 Fh 52 e i B 4 4
A8 38T 75— E RO LAS IXTH) B R 8l .3 M
SR EEAL R AT — (A M AN R, X T3
5 B2 i K S5 A8 N AR A AN TR] AT T
5 HE RS R R O BILBRCR P

XF TR SE B B AE M e e i B v, A
X4 BE Fre /N LR S IS R B e IR, 12 R
R X % B R ) B2 Aot L), 20540 8 T
AR R 34 5] DR I e 5 st W 4 1 2 Ay i 8
W EL /)

TE % RR KT 5 58 B2 B 45 14 11 T[] 2 A
/DN, DRI R ] TR A5 ) R e BERREIR L
MRS BRI Z )5, a2 0 R P d T A
it 4 BE AT I] , PRI F) e A O , S 0 Ao 22 A 85
WA AT~ A% MR IR 2R 1 Bl . OE
52 PRRT-T7 5 B2 s W 45 R R X 48 T2 /D ) LR

a2 Ae 2 E A0, BT LA I (A K

% PR BT T 56 B o5 B S5 A AT T )2 A X 4
FERE /NI PR S 25 ), ELAE SR M B Bl 1l
I AP BB B A 5% BRECT 5 58 K S bR 4
g T TR 2 R X 4 R A 1 L3 B 45 A T AR [
A 40 A I, AR PR 28] 58 350 o B, DRI I 4 5% R BT
J7 58 K 1 W S5 R TR U 3 B B i) 2 U e e /b HL
EIEE N

WK 8 FT7R , e 52 Kz i FE 45 4 B S5 1%
X %85 ) 0022 G T 284 AR AR s A T 0 iy
)27 MR IR . 1E 7% pRECT- J7 58 K B 45 1
SRS ot 37 N i) S o N ) I N AT A
I7 5% Bz s B S5 M B Se IR 1 30 AT &8 0 J2 A T
e N ALY e IR 137 NG R 1 D I £
52 K S PR AR i 1 B or — (6 A% 1T 4 ) 1R I (E
BN i W R R R B v L 3 R 52 R PR R
RSLPRBCT- T 58 B s R SE R W IR D (e K. 2k
PR 5% K o5 45 1 1Y) B R WA (B LU ) s 0 L vy 249
14% , 1E 5% pRACT- J7 52 K 5B 435 1 1Y) e R UG 1L
WA VA 155 2 50% , 4% 7% PR BT 5 52 52 1 B 45 4
1) e RUEAE LU 4R W 5 29 71%. X R BT EA TR
HRELBE AT Prs i, n] LAHRHE— 25 3140 .

3T S RS A P AILBR M B8] TR 8 v
SR PRECT-J7 5 B2 R PR S5 R RE 7R A2 I iy e K
4 14.224 kN [A]R , WIRBA S R R, 4 1.024 mm.
IR H TR 5% PRECT- 5 52 B o B 45 #6716 R 4 B2
GRS A PR 22 ARG 5% B B /I 5 4 (AT E32 07, 254
PR EIR TR S AR TR K e 52 e i R 5 A W)
R IR AT /)y | 32 T 78 3 Fhalify v, etk 52
B a5 R A5 AR e /N RE G 5 B85 T2 1) s B 45 A P R
SR B/ L TR TE 5% R BT O 58 R A RS
WIS % 4 0.802 mm, 2 3 Fh b 4 vh ) vk i
LR e/ INIY L 33X T R 40 0 30, R ) B A
T 5 )2 S M 25 ) 5 32 D128 T8, R e i SR A7 7%
/)N
3.2 fHEHSH

3 T8 FBE A JBE 52 e S B A E R A 2 for
() S8 AR TE A B M n ] 8 Fr s , v e S A%
D5 BT as S W, FE iz oy 1) 1, 3 s e
5% Bz o5 W 5 K 357 DR o) 438 38 S VK 1) B0 i )2 I iy
Y, SR I Bl AR O 9% B pl /N B K & A )2 2
fE, 3 55 3 s B e B 52 B R 5 AL R A 1 S B
AT h—3L.

R T i s 3 R R 52 K AN RS
(I ABTEAT Ry, AR SOGF B )23 o ML 45 7 B g IR A8 I 4



76 AR FFR(A RAFR)

% 46 %

£=0.15 £=0.3 €=0.5

e
=Y

E8 IWEHMRITAMEAN=E
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