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JE 4 P RE RS 1) R B HF 7T o BEF ik, AR 7T B bee
A Diam fBE, i R s A T B BT 2
BB BE 226 bee A1 Diam A5 FF 4280 B A FEEE M, R
F SLM Hi AR LA AlSi10Mg A& il A4k} B FE 5, IF
BN N Sl ST I R Tl R 1 P A
PERERIFZ M, [EI I ELAL T A BE FE 21 bee M1 Diam
MR GE R ) R AR VERR, D BR BE R R 5 R E 2% I R TR
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1.1 BE R BESERT

K H SolidWorks X s B 25 #4) i3F 47 i 8, Magics
AT AP . bee BN 10 mmx10 mmx>10 mm,
IS PR R B 4xdx4 AR5 A TE xyz 75 IR HE B 4H.
B, FBMR TN 40 mmx40 mmx40 mm. % &

1 BATHEEENTS

Tablel Symbolization used to describe properties

Symbolization Characteristics
Era Compressive modulus of the lattice
structures
Oy, latt Yield strength of the lattice structures
Om Stress of the basis material
Em Strain of the basis material
oo Compressive strength of the lattice
structures
op Peak stress of the lattice structures
p* Relative density of the lattice structures
Platt Effective density of the lattice structures
Opl Plateau stress of the lattice structures
&p Densification strain of the lattice structures
|/ Absorbed energy per unit volume
o Stress of the lattice structures
€ Strain of the lattice structures
E Energy absorption efficiency

P MG 9% Diam g1 FE G544 8 R SOE M K H SORT 1] 1 3%
ek, HpuHEs 7 Nl 1 R, S5 5x5x4
AR 7.07 mmx7.07 mmx 10 mm 55> FITE xpz i
| EHESIAH AR, KN 35.36 mmx35.36 mmx
40 mm. [FJF, 2 Ff R A A e 0O R [ A T ST Y
B TE 46 07 7 b 2R Ve S i AR A X 7E DL 6 B
O R BR AR R AR B R AT SR SR %
FARE 3 B2 CLATR fal AR J2 AH 0 2 B2 D DL G SRR 0 L
FTARAY, 33 ol o 485 4 1) e i R i PR,

€ ULy 9 s 4 34T PR DA BT 304 7 1) HY
FE R B AR, N ARLRE AL B DARE & I A
Ji s E P, AR

P
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ww,
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RUBE G5 KA 0 FE prag FUAR NS B BE p PHTF B0
AW F P

m

plan:Z (3)
p*=@ (4)
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Ho, po AR B2 B, v, R s M 25 0 R A
U, m NFE R = .

L JEIRT 4 FhBA FE R RE 25 K4 1 o S ML 4 Bh i
11 Ccomputer aided design, CAD) # &, A 7&K
T2 BB BE 2, AN B I il S AT B AR AR A A
FIAM 1 mm 3] 3 mm FM 1.5 mm F) 2.5 mm (551 FH
JE 4% 1-3 1 1.5-2.5 o), BIBARFE 2 40 5128 2 A1 1 mm.
B 9, ASHI T e B R 22 i 35 DA e K T A5 R B
ANFFAZ B Hh BB [ 58 N 2 mm N AT 460, XA A AH
[E) 56 B Z2 160 bee A1 Diam i B 25 KA 6T N2 1) J2 AH % %5 1
JUT-HETE] o R BF AS T F0RF  AE R 25 B B AR — 3, 43
AT B H R AE (5] AH X 25 B
1.2 FEmEl &

K H AISi10Mg & &8 Kl i SLM BB A i
HAE R W 2. WOLT 0015 8 R KAE 5 A
fE 15~50 um, “F¥JKi1E 30 pm. & &8 K E K IE
BT S 28 3k B 25 F R A 1At T A 2 DL SR s Al R R =
WEMSTIRE 120 C, HTHEEN 2 h,

fd F 4% [ EOS M290 3D T ENHL k47 SLM &
TEROY SRR, 38 I A W7 A RO s R sk R A
AATEAEAET 0.1%. REAEHKTESHN:
WOLDIZ 370 W, H#IEE 1300 mm/s, 4 H #E
0.19 mm, ZJE 30 um, BIEHHEEE 100 pm. ¥
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CAD models of bcel-3 (a), becl.5-2.5 (b), Diam1-3 (c¢), and Diam1.5-2.5 (d)

Fig.1
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Table2 Chemical composition of alloy powder («/%)

Si Fe Mn Mg Ti Ni Zn o Al

10.11 0.085 0.20 0.35 0.013 0.0046 0.043 0.04 Bal.

Jei FH B KA 2 U0 45 B 5 R R o0 1 .
THVE AL BRAE MR TR M oK . 2 J5 R A 48 U FH
PO S BEAT AL R . FE S BL 15 °C/min (1)1 B Bl
R A 300 C, AEIATORFFILIREE 2 h, A5 FE
WA H B R . NI G T T R RS R, R
TS EA TR (2 ) 5P

B i B S5 X FF 2O RS 5 AR X %
HEAT RAE o 9 HR OB B A Bl &5 1 1) 5 36 TR 4 P e

b

o 1.5 mm P —

\ ‘<"<‘ ‘,_)I 1.75 mmov12

/‘ /‘ /. | 0.16 0.181
‘\ ‘\ ‘> ‘,\,—:4’2mm —
’<“<“\‘ ‘L-;‘;Z.ZS mmov20

/ <’ <’ }17,‘,‘2.5 mm o -

beel-3, beel.5-2.5, Diaml-3 A1 Diaml1.5-2.5 ] CAD 1% %!

XF 4 FhRERE S FELE AT 2 HCPATRE ST T RS
JE4E AR, KA MTS-810 J5 M EHAIEHLIE = E T
HEAT o W B0 FE RUREAE S BB A BRI E S &k
KB —5i 50 T, &k BL 4 mm/min B H 45 18 28 )
T#Eh, JEENL S 8l sk N AL R
B BT, 2 S AR Bk — E HUE R (R 3E DT
SIS AN, X bee A E AN 24 mm, BINAE
290.6, X T Diam ¥ &N 35 mm, BINAEH 0.875),
JE 3k 2 AT R AT W1, AR5 LA 8 mm/min (1) 18 JiE 1 2
HEFAA . [FB SSRGS 487
TR . g -t &amid X (D A (2
AN - AR 2, JF A B (scanning
electron microscope, SEM) X b7 I 3E4T 4 #7 .
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Fig.2 Stress-strain curves of stretching samples
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Table 3 Tensile mechanical properties of basis material

Sample POiSsON’s  Elastic Yield  Oltmate
p ratio modulus/GPa strength/MPa MPga
1 0.33 72 177.05 252.50
2 0.33 72 179.26 253.91
Average 0.33 72 178.16 253.21

Fixed plane

B3 FEA [ #% % 70 F il ¢ 5% A
Fig.3 FEA mesh and boundary condition

I R R

Fig.4 Isometric view of samples
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4 FhER BE AR S5 KA 1R R A R 77 -8R il 4k ]
Sa fitn . BT 2 ANFATFE G AT SE g s AR AL,
8l 28 BT, AP L EOR 1 S gk . ARHT UK
L REHVE B e B S B, E X
JE RN A ey R G B B RS IR RIAS, H i TR B R
(1) AR Sy b 755 6 B B4 TR B0 A B AR e, T
5b BN . B RE SRS AR AWK 6 fron, 25
A 42 U2 A R 5 R E /N BRI & 2 Rk, B ORAR
T8 2 A5 33 o BT KAZ T 2 1 J2 A 0T % B 528 8 K
H A RE R Wi o, X T 7 & B BN A Y
R A FE, SCHEN s K AERE, 2
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Table 4 Comparison of the dimension, mass and relative density between the CAD models and samples

T Dimension, W, X W, X H/mm Mass/g Relative density/%
e
P Measured CAD Measured CAD Measured CAD
40.19 X40.12 X40.32 31.78 18.43
becl-3 40 X 40 X40 31.06 18.67
40.21 X40.07 X40.30 31.71 18.40
40.16 X40.11 X40.30 30.55 17.74
becl.5-2.5 40 X 40 X40 30.04 18.05
40.14X40.10 X40.31 30.59 17.77
. 35.51 X35.52X40.38 24.61 18.21
Diam1-3 35.36 X35.36 X40 24.20 18.61
35.62X35.57X40.42 24.60 18.10
. 35.53X35.51 X40.41 23.72 17.55
Diaml1.5-2.5 35.36 X35.36 X40 23.41 18.00
35.56 X35.55X40.44 23.86 17.63
35 | T
beel-3 a | |
30 beel 5-2.5 5l :
g sl o 21 e e |
% 20 Y B
° g = | g
g 15 S I g
7 «n [
10 (=
| | g
5 | A
| |
1 L
8.0 0.2 04 0.6 0.8 Yield strain, &, Densification strain, &,
Strain, & Strain, ¢

5 A bl L R 4 A 1R T 4 I8 5 - I AR il R I 4 N g - I8 AR 2 Y B
Fig.5 Compressive stress-strain curves of the four gradient lattice structures (a); schematic diagram of compressive stress-strain

curve stages (b)
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Fig.6 Compression deformation of samples: (a) bccl-3; (b) beel.5-2.5; (¢) Diam1-3; (d) Diam1.5-2.5



* 1026

A e

P53 %

JEIZATRI I Bl o AH AT ¥ 50 45 R s T BE AL ) B ) AR
T, IX B AR IR Dl Al B0 A R A R T A
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B WE 7 AMEFEH, NAAMFER, Diaml-3
TEMTZE FERERLER, HRTFERFERE,
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T, i B KR ¥ 22 80 K Diam & 2 48 #1732 T 2
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BT RAY L N R A SN DN Y g
Wiz, MEE LSS, bee B FE 45 M 1K SR L 58 %,
Diam i B 25 1 W B i, K& SR NS5 M B
B, REHEAT S E RN

K7 R4y 0.07 i Diaml1-3 #1 Diam1.5-2.5 i & FEA & J& K|
Fig.7 FEA deformation diagrams of the top layer of Diam1-3 and Diam1.5-2.5 at strain of 0.07
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Fig.8 Photographs of gradient lattice structure samples after the densification
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HTFER &SI 2B beel.5-2.5. & 10b A
7N, Diam FIAZ 54 (B4R 0.3, N/ 7.98 MPa) A% Hif
¥, BRAET Diaml-3 25 5 TEME 6 TEEHEZ
[A] LA )¢ Diam1.5-2.5 % 2 JZ H5UHIA], L Diam1-3
KT ERAFE N T Diaml.5-2.5. FEJER M.
Diam1-3 KA Z T 2 K i 3R 15 Fe e i sk B IRl &2, i
Diam1.5-2.5 & A2 B 2 AR He 5t BF 2 ) T BRI B2 A K
[FR S H, 28RN ABET, 1.5-2.5 BN I8 KT
1-3, A2 MNAfE 1-3 N 1.5-2.5 JFH %
K, TR N, bee A1 Diam ZZRFFAEHAE A
B G5 K ) PR 45 0 P S AT AR IR R B HREOR T 1 Bk 3L
(RVRE i FRAREL/NIY B AT A2 ) 389 0 485 4 i P R g
R E, MR BORE 2 KR & .
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B FE SR AR — T Be M R T B 4 e B
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gD

THHAAHFENH TR 6, WE 1la FH[FE
i Diam B 5 458 °F & B2 77K T R BA B 2 bee
B AR LEH), BN Diam MR 3 84K & T bee (K
9). [A i M2 6 AT &1 Diam [ 250 % 16 B 45 K F bee,
a3 M 5 R Sk B 5T -

(1) Z5H%E R, EZE 771 b (2 ), Diam B
ANTFIEI SR Z VAR ANIL T, 5045 R I8t B 502 (19 ST [)
NG EFE, KBS R ERAC, BN AR
B WS bee BMIIREELR] xy P, MEEMHL
FEAE 46 77 1) B #R3ETH, 72 R — R A BB R

40

beel-3 a beel.5-2.5 b
35t Diam1-3 35 Diornl 5.2.5
30 30
£
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KO BREEZEDY 2 A0 1 mm BB BE sl [ 45 K L 77 - 87 32l 26 b e

Fig.9 Comparison of stress-strain curves of gradient lattice structure with gradient gaps of 2 mm (a) and 1 mm (b)
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Table5 Mechanical properties of gradient lattice structures
Parameter becl-3 beecl.5-2.5 Diaml-3 Diaml.5-2.5
Compressive modulus, |,/ MPa 146.93+1.18 224.268+6.027 279.995+3.925 390.04+16.73
Yield strength, oy, 1a/MPa 1.49+0.03 2.5240.16 1.678+0.142 4.065+0.035
Compressive strength, o./MPa 1.885+£0.015 3.89+0.04 2.175+0.075 5.585+40.205
Peak stress, o,/MPa 19.86+0.12 11.45+0.07 27.2+2.87 15.315+0.875
40 —becl-3 a 40 Diaml-3 b
35 beel.52.5 35 Diaml 5-2.5
BELFR I 300s. o/
2l g e z
S a5} S/ A 251, ¢
© 20 . ® ° 201,00
%ﬁ Il - ®
% 15 0.0 “I.lﬂlra 3 15 q;u Uén-am[i.z 03
10 10 ’
5 5 » .
’ ) . Criti(fal poiflt ) ) ) Critical point
8.0 0.1 02 0.3 04 0.5 0.6 0.7 0.8 8.0 0.1 02 03 04 05 06 0.7 0.8
Strain, & Strain, &

10 bee A1 Diam B F& 55 5 45 ¥ 87 7 - A5 i 28 1) bL %5

Fig.10 Comparison of stress-strain curves of bcc (a) and Diam (b) gradient lattice structures
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Table6 Energy absorption characteristic properties of gradient lattice structures

Parameter beel-3 beel.5-2.5 Diaml-3 Diaml1.5-2.5
Plateau stress, o,/MPa 7.98+0.02 6.74+0.04 11.315+1.095 9.08+0.36
Densification strain, &p/% 55.96+0.03 57.04+0.34 68.005+£1.085 71.48+2.2
Absorbed energy per unit volume, W,/MJ-m™ 4.465+0.005 3.85+£0 7.705+0.865 6.5+£0.46
Energy absorption efficiency, E/% 22.485+0.095 33.58+0.2 29.24+0.73 42.394+0.56
It 2 10 . 50
= a
= 12 % ENPE 8 g e 40 7
:a 10 %/ 2.~ ‘é% /
& 6 % S g 4 7 - 520 %
5 4 / T E % 5 & /
ﬂg ) % "g = 2 % Efl /10 %
= L g L . -

beel-3 beel.5-2.5 Diaml-3 Diam1.5-2.5

K]

11
Fig.11

(2) MBI W2 . Diam 102405 58 4
WrEd, oSO AGER BRSO 4 R DR D
ZHRAKR, FHEALFEwIE R, AREZH
gy & (K8 ] LB R % 5], 145 2% ik
SER TR v B B A, R U O A AR B

HAFENZ, EFHEN%ET, bec M Diam
(R)~F & B ¥ Bl AE bR 2 B IG OR G K. 456715 2.3
A MR JE B ) ZE By B SR R D 0 T AN TR R R 2=
(R G5 R, e 4 77 1) b AT A5 A [R] s 1) sy B2 2 Dy &85 4 v 2

becl-3 beel.5-2.5 Diaml-3 Diam1.5-2.5

beel-3 becl.5-2.5 Diaml-3 Diam1.5-2.5

BRSO B R R AT R 2 R EE

Comparison of plateau stress (a), absorbed energy per unit volume (b) and energy absorption efficiency (c)

H =¥, HILEAFZERZ SATB MG T, 8RN
A [ 58 N BB N AR 1/2 FE AT, T AS AR ) 2 B
IR/, PRLEESE & B 7 0 R 32 B T 28 s B T
K. # 8 Diam 25158 AT RS BIREIRIG O, AHER H
ZILR R 2380 B & N E R ZE R, 5
—J71fl , Diam1.5-2.5 % JZ R {5t B8ORS ) R Bt
KT XM ZER. FE, % 6 Frox, Ak B [
Tofs JBE 2 AN [) P 485 R 8085 A0 B A LT A I, X 5 B A X
BT AR RN, B0 A N AR AN A2 B T ZE IR RE



55 4 1

sk TS R RO ZE RSB0 SLM B A R 45 h T4 B ) R R

* 1029 -

=

X 40 I 3-8 A AR 3SR T B LA (AR g
2, sk 6 iR, RN -RA M2 N TR (B 12).

W, = j; o(g)de (6)

Hofs . A5 BB 5 ) 1) B A R TR R R 5 T B0 A R
A5 ep BT DR R AR TR e B AR, AN HE RN EL
WTF G N SR EE RS . A 11b 7T DUE
[F) B B 22 W) Diam 6 FE 5 #4) (1 5 A7 1R FRTR RE &
bee 454, Hd Diam1-3 $ AR FIIR GE & A beel-3
Z K, K4 73%. i Diaml.5-2.5 & H
beel.5-2.5 25 69%, 1X F E 2 K N [ 8 B 22 i) Diam
BAE R rF S N SRR . bee 1 Diam B
JEGE MR N AR JLPFAZHEE R, (H¥ 6
IR =R 7 RS NITE: NP B ALY DA L AL i
o A B B ZE I KT M Ok, Horb Diam1-3 B
B R e B A Diam1.5-2.5 ZEER A, &K
%3 19%, 1 beel-3 B H beel.5-2.5 K4 16%.

Ra UL S BRI, bR RE 2 A0 ER A R S 2 o
Tofs i BB 5 ) 1) PR A BRI e O B R e, AR
Wt 9% U RE & B K BR FE 458 (Diam1-3) [ 547
R e B B D45 R (beel.5-2.5) [ 2 £,

TE XG5 K 52 R FH BE AR Y e A% S AL AR AR I RE Y
PUAR M W R R P, AR

I:o(e)dg

o 7 (7
O hax X 100%

E =

~
v

45

Stress a
40 Ideal stress
35t ¢ Densification point

5
V77 Absorbed energy

<
& 30

=
[}

Energy Absorption Efficiency, £/%

W W
S W

Efficiency
% 25 /‘[ 25
£ 20 : 20
& 15 15
10 7 10
5 5

8.0 0.1 0203040506 0.7 0.8 0.9 1.8

45 45 2
Stress c S

40 Ideal stress 40 R
35 4 Densification point 35 g

< Absorbed energy R3]
& 30, - 30 .2
Efficiency ; =

B 25 252
2 20, 20 -ig.
@15 15 g
)

10 10<

e

5 5 B

5}

=1

m

8.0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1.8
Strain, &

o, omax AL & 1T M2 B KM J1{E . JE3
RET (1) &5 B B AL I RE R R, RO BUE
b 5 s BE 5 H B 2 FL R TR B AR Oy LR il A R SR
) TR 4 e 1, AN A B R 45 AR Y, B0 I BE AR
FORME BEF B o AW F0 48 b e SR BR AR R B A
A S G ) A

W 12 FroR , B FE AR 45 0 1R IR e AR AR T B
AL B AR TR 7 - AR 2R T T AR Bk DLEE £ R 4R
TR, SR TR 6. WE 1lc frax, FHE
ZE B Diam W BE R & T bee, KIUBHE %N 2 mm
i, Diam [ BE X% =1 H bee 29 30%, 6% 228 1 mm
i, Diam BJWEAERCE & tH bee 4 26%. fH 5F I
AU AH [F] B A5 B0, TR RE AR 2 B R BE R ZE I R
FEAR
2.5 Wi SEM 9 #f

it SEM M SOAT AR TE Ja ) i H R T . 4 18]
13, bee SZHFT AW LA 22 2 HF fL Copened-up
pore) M E, X UL HKATERR, DR
0 T 20T e M X BeTF LI AL B R A, TS 4k 2
I Ah & GE ), A ST AR, NI, WE K
Z 2EHR, W Gonzalez-Velazquez HIWFFT, IX
P & 5 ¥ A RS A A 5P Diam SCHF R FE A
ATV TR, DT 2R T A R DX A Ol v X3 ) 4H
G, ZHMBRRKEAEEBABEm R REL. Kb
KX 35 bee Wr DR, B FFFLATI B 4Rk, 1M

45

X
Stress b =
40, Ideal stress 40 h::
35_* Densification point 35 ]
- Absorbed energy .g
E 30— Efficiency 30 s
m
®25 25 =
%20 20 §
@als 15 g
)
10 10 <
3 5 B
: 5}
‘ iz

8.0 0.1 0.2 03 0.4 0.5 06 0.7 0.8 0.9 1.8

45 45 2
— Stress N
40 Ideal stress d 40 Lun
35 + Densification point 35 5’
~ Absorbed energy i)
& 30 Efficiency 30 é
®25 252
%20 202
(2]

& 15 155
=]
10 10 i
5 5
Q
&

8.0 0.1 0.2 030405 0.60.7080.9 1.8

Strain, &

Bl 12 beel-3, beel.5-2.5, Diam1-3 Fil Diam1.5-2.5 B8 F1 R 2R 5 948 ) 56 &R
Fig.12 Stress and energy absorption efficiency versus strain for becl-3 (a), becl.5-2.5 (b), Diam1-3 (c¢) and Diam1.5-2.5 (d)



A e

53 %

Opened-up pore

4 pm

B 13 SR AW D R TR K SEM IR A

Fig.13 SEM micrographs of a strut fracture surface from nodes: (a) bcc and (b) Diam

e DX ) 2 s H B R A B ) I AR AR, R
WX E RN LIR, Gonzalez-Velazquez ik
X R ) B R RE S BY )N A 6P, XU K
Diam 7 55 W1 2 (1 i PR 2 B A A0 B 4] 3 3 R & 2
Frifr 2 B o, SO E R s AE R N B SR EN
B AL X Sk AR TR, TR S, I ORI R
BTN PR G, i HREY K, AT
B AR R . AR N NIX 2 F B Diam 15 R
Wr 2L L bee HEA) R Y EE R A .

3 % it

1) Diam Ff FE £ B 25 K4 Fk 45 B 5 52 R0 1 2
T R Ao P 2 FOAH X 25 P55 (¥ bee B FE A FE 45 #4 . Diam
SERI R AR AR . i RGP SR E R B K g {E
N335 T bee S5

2) Diam FBf FE &R 25 04 1 45 05 16 W Be RE PR AL T
[ o6 JEF 22 U1 KR 5% 25 B 1) bee 6 5 A5 [ 45 74 - Diam )
-G R A B AR AR BB T bee, [RGB A 4K
TR B BB bee, A A LA O R AR R R

3) HE R BRI 2 AR BOPE T B B AR 5 R 1 T B
REFT. ST & N 77 Bl 2 A B 2 386 i 386 n s H B0 A
BN S-S A R VAN A R
Diaml1-3 M# Diam1.5-2.5 #&7 19%, bcel-3 FH#E
beel.5-2.5 $& 15 16%.

&% UHk
[1] Smith M, Guan Z, Cantwell W J. International Journal of
Mechanical Sciences[J], 2013, 67: 28

References

[2] Li Shuang, Yang Jinshui, Schmidt Ridiger et al. Marine
Structures[J], 2021, 75: 102845

[3] Zhang Siyuan, Yang Fan, Li Puhao et al. Engineering
Structures[J], 2022, 263: 114384

[4] Nune K C, Kumar A, Misra R D K et al. Colloids and
Surfaces B: Biointerfaces[J], 2017, 150: 78

[5] Zheng Zihao, Yi Yuan, Bai Xiaohui et al. International
Journal of Heat and Mass Transfer[J], 2021, 173: 121254

[6] Li Xiaodong, Wu Linzhi, Ma Li. Journal of Reinforced
Plastics and Composites[J], 2016, 35(16): 1260

[7] Sypeck D J, Wadley H N G. Journal of Materials
Research[J], 2001, 16: 890

[8] Wei Xingyu, Li Dafu, Xiong Jian. Composites Science and
Technology[J], 2019, 184: 107878

[9] Bai Long, Xu Yue, Chen Xiaohong et al. Materials &
Design[J], 2021, 211: 110140

[10] Zhang Peng, Biligetu, Qi Dexing et al. Science China

Technological Sciences[J], 2021, 64(10): 2220

[11] Li Chuanlei, Lei Hongshuai, Liu Yabo et al. International
Journal of Mechanical Sciences[J], 2018, 45: 389

[12] Xiong Yinze, Gao Ruining, Zhang Hang et al. Journal of
the Mechanical Behavior of Biomedical Materials[J],



44

sk TS R RO ZE RSB0 SLM B A R 45 h T4 B ) R R

* 1031 -

2020, 104: 103673

[13] Fan Shijing(#£1:4%), Liu Meishuai(Xl|#§ i), He Bo({
). Materials China(H E# ¥}t fg)[J], 2023, 42(11):
865

[14] Santorinaios M, Brooks W, Sutcliffe C J et al. High

Performance Structures and Materials III[C]. Southampton:

WIT Press, 2006: 481

[15] Zhao Miao, Zhang David Z, Liu Fei et al. International
Journal of Mechanical Sciences[J], 2020, 167: 105262

[16] Al-Saedi D S J, Masood S H, Faizan-Ur-Rab M et al.
Materials & Design[J], 2018, 144: 32

[17] Choy S Y, Sun C N, Leong K F et al. Materials &
Design[J], 2017, 131: 112

[18] Maskery I, Aboulkhair N T, Aremu A O et al. Materials
Science and Engineering A[J], 2016, 670: 264

[19] Bai Long, Gong Cheng, Chen Xiaohong et al. International
Journal of Mechanical Sciences[J], 2020, 182: 105735

[20] Yang Lei, Wu Siqi, Yan Chunze et al. Additive
Manufacturing[J], 2021, 46: 102214

[21] Zhang Xiangyu, Yan Xingchen, Fang Gang et al. Additive

Manufacturing[J], 2020, 32: 101015

[22] Zadpoor A A. Acta Biomaterialia[J], 2019, 85: 41

[23] Liu Fei, Zhang David Z, Zhang Peng et al. Materials[J],
2018, 11(3): 374

[24] Wang Peng, Yang Fan, Ru Dongheng et al. Materials &
Design[J], 2021, 210: 110116

[25] Zhong Tianlin, He Ketai, Li Huaixue et al. Materials &
Design[J], 2019, 181: 108076

[26] Gibson L J, Ashby M F. Cellular Solids: Structure and
Properties[M]. Cambridge: Cambridge University Press,
1997

[27] Lei Hongshuai, Li Chuanlei, Meng Jinxin et al. Materials
& Design[J], 2019, 169: 107685

[28] Miltz Joseph, Ramon Ori. Polymer Engineering & Science
[7], 1990, 30(2): 129

[29] Qiu Chunlei, Sheng Yue, Adkins Nicholas J E et al.
Materials Science and Engineering A[J], 2015, 628: 188

[30] Gonzalez-Velazquez Jorge Luis. Fractography and Failure
Analysis[M]. Cham: Springer-Verlag Press, 2018: 65

Effect of Cell and Structural Parameter on Compression Properties of SL Med
Gradient Lattice Structures

Zhang Bo'~, Wang Guowei', Sun Mingyan', Qin Yu', Shen Xianfeng', Wang Chao', Huang Shuke', Fang Hui’
(1. Institute of Machinery Manufacturing Technology, China Academy of Engineering Physics, Mianyang 621900, China)
(2. School of Mechanical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Gradient lattice structure is commonly used as energy-absorbing components in aerospace, national defense and medical
fields due to its excellent energy absorption ability when compressed. However, with the development of modern industry, the
engineering field has put forward higher requirements for its compression properties. To achieve further optimization, it is
necessary to study the relationship between compression properties and cell, structural parameters. Two AlISilOMg
rod-diameter-change gradient body-centered cubic (bcc) and diamond (Diam) structures with different gradient gaps were formed
by selective laser melting (SLM) to investigate the effect of gradient gap on the compression properties combined with finite
element analysis (FEA), and the two cells were compared. The results of quasi-static uniaxial compression experiments show that
the absorbed energy per unit volume increases significantly with the increase in gradient gap at the same relative density with the
same cell. The compressive modulus, yield strength, compressive strength and peak stress of Diam gradient lattice structure are
higher than those of bcce structure when the gradient gap and relative density are the same, and its absorbed energy per unit volume
and energy absorption efficiency are also higher than those of bcc structure.

Key words: selective laser melting; gradient lattice structure; compression property; finite element analysis
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