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Research Progress on Properties of Metal Lattice Structure by Additive Manufacturing
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(1. Beijing Advanced Innovation Center for Materials Genome Engineering, Institute for Advanced Material and
Technology, University of Science and Technology Beijing, Beijing 100083, China;
2. Beijing Laboratory of Metallic Materials and Processing for Modern Transportation, Beijing 100083, China)

[ABSTRACT] Lattice structure is a three-dimensional, regularly arranged porous structure, which has high specific
strength, high specific stiffness and excellent heat dissipation performance. It is the main carrier of integrated design
of multi-function. Due to the complexity of lattice structure parts, the traditional preparation process cannot be directly
used for manufacturing. Additive manufacturing technology is a new manufacturing technology that can build a three-
dimensional object via layer-by-layer joining material, which has unique advantages in complex structure manufacturing.
The lattice structure parts prepared by additive manufacturing can greatly reduce the weight of the parts and improve
the comprehensive mechanical properties. It has great technical advantages in the aerospace, energy, vehicle engineering
and other fields. This article summarizes and concludes the research on complex part structures such as metal lattice
structure, minimal surface structure and topology optimization structure, and comprehensively discusses the applications of
mechanical properties, lightweight, absorption capacity, heat dissipation and sound absorption. Finally, the advantages and
development direction of metal additive manufacturing lattice structure are summarized and prospected.
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Sound absorption
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Fig.2 Compression stress—strain curves and stress distribution under different strains of different lattice structures in additive manufacturing

0.1 02 03 04 05 06 0.7 0.8
Strain

0.1 02 03 04 05 06 0.7 0.8
Strain

(a) HERHIHESS 3161 P M ) TR 4H 1 - A2 12k

—— Test p=0.314
_ _ imiti ~ ——-FE = Di d
100 Test 5=0.182 Primitive 250 o iE :_%6() lzp;r‘r‘l 1a‘m0n
---FEr=242pym  #° estp— - ¥
80— Testp=0.151 ) 200 ”’EEfizﬁﬁﬁg
R — — Test p=0.
< FE =193 ym c Primiti
=9 =9 - = rimitive
S 60 — Test5=0.104 S 1s0p ~TTFE=123m
2 ---FE =115 pm ;8
jo) / jo}
=5 40 y & 100
// _____
20 0f oo e=0.04  £=0.13
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Diamond
0.1 02 03 04 05 0.6 0.7 0.8 0.1 02 03 04 05 06 0.7 0.8
Strain Strain
. —— Test p=0.158
200 Test p=0.214 Gyroid 40 -~ - FE =407 ym BCC
---FE/=248um g —— Test5=0.115
I Testp:0.192 / ---FE =332 um
1501 - - FE /=183 003
< t_ pm < — Test p=0.086
E —— Test p=0.141 E
) 100 F "'FEt:120p.m ) 20
g g
@ | e &
sof
————————— S, Mises/MPa ( Avg:75% )
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 200 400 600
(b) RLJ35p A

8001042

B2 HEHHERRSEEMNESEN - EEBERERREE THEASH ™

92 Wiz MG HEA - 202345 o6& B 1110

138]



‘_‘i’ » »
RESEARCH E;I:%rex

MG 2 R S5 K0 1 R 46 L — 07 AR il 4% S RO T
Jei TR B A i 0 4 2CAR AR G5 AR I IR 20
2 5, {H Bl 2 A BT R R 1 B, IR g
WAk 45° BYUIWT L. MASTR R AR T B 7 04 53 A7 15 Bl
(B3 ()P Al i F7e ingkad 2 vh K 2508 7146
HRAE IRy W, S ECEAT TR D 1) ) SR iR e kA
Wi, i oE 45 SR T B, ME AL TioAI4V 15 FELS A
15 4.5 GPa, Ji IR31JE Jy 164.8 MPa, RE W ULRE J1
41.6 MJ/m’.

H A4 s P R R AR A Y R
PRUE SRR E PR R CATRE O DR, B
0 O R AR Du AR DB AT A SO ) I
7 F A BT 2 b e A SRR R ([
4 (a)). ZHIBIE T SLM A #1 £5 99.9% %5 1 LU
AYFE T L I A AIST1OMg S FESEM  HEF T IR
TG AE 42 I8 A PSSR G 12 ke, B 4 (b)) ™ e
N TANE T LSBT 048 S BESSH 0 R 4 1 — R
AR, FESOCT R v S 3500 mmy/s B B O
I P R (350~450 W ), G546 BB AEAEAS [R5 Y
AL, FEORF T ESHOT 08 0 s PRS0 B A7 7R
ZHE . &R SRR R AR AR AT N B 3 A

o

s Il
) )

B O gpbEAR I B B AR S18 A B BE Bes A /R
BB, TESREAR R M B, 4B A RSSO R ) — N
A R LIS EAR A B . — ELEE R A AR Ok B SR PR
SERFE IR K AR AR Y S AR I | R IR AR i . 98
PEAS I S5 T, 4 08 aS B S5A 1R 0Ly — AR i 8 10 B
SRR R R AR MR FT — AR A 43 A 15 O ]
(K4 (c)™), FEIKRERT 138 s Ak dee bt B T 0 74
o A i S R AR R e — AR T b R, AR A R
SEMIR L SRR R A T R X B A R AT
SEFR 7 B R R R R . IR AE R, BT
F R EL I 19 ALSI1OMg 24 5 WE 45 by it R R 2%
1 2.95 kN, REE M 3.45 7,

Wi 5 458 i s R ) R BIESE N BLSEER T 2
B — IR R & B S PSS R R T T R F
FEH o R 2 4 JE b Akl £ i I 235 4 AN A3k 2 [
— R B R TR BE A AS [ 2 0 2R i L
AT DL A 7E H AR DR FH A 18 R Rk ok 1 i 1
e 7 Zhang %5 " 3@ 11 SLM AR H1 4 T A [F AL ER
Y CuSn H1 18Ni300 (X4 i i FELE R (B 5 (a)),
PEAT R 00 0 2 X4 T i MRS F 10 r #bEe. T
PR L REAH 22 K, TR AR T 4R I, CuSn % 1Y 42 )&

WML
—)

(a) ML L R BT

2 layers

Stress/MPa

1 1 1 ]
0.05 0.15 0.25 0.35
Strain/ (mm * mm™")

(b) HMIEAFUPEC30% TIOAI4V RS (2D IEARBTTX2x2 ) IR RGN 1 - AR 2k Kot 2

S

Ce) FHEMUM R LSRRI NS R B9 T3 73410 (10 MPaF i E4E )

Von Mises Stress/MPa

3 FRIMEM SRS HIRIR T AR SRS ER S A2

Fig.3 Design and Compressive process of topology optimization lattice structure

1271

20234655665 5 111] - B BIE A 93



,—‘i. N »
E:I:%}ﬁx RESEARCH

s WA S e A SRR AR MR B ST MBI | Bl T
A AR SR, 18NI300 i ) <5 J A [ 45 44 e A iR AR B
FIA TG SJIRPEARTE | DR, U5 Ja it P 45 ) 1) T 47
J7 — N AR 2R R B SR B B L I X S AR

(a) FETFH R
3.0 1 = P=350W
i e P=375W
2.5r ! —— P=400 W
! v P=425W
2.0 X

—— P=450 W

Load/kN

1.0

0.5

OF Stage [

Stage I

Stage ﬁiﬂl

1 1 11 1 l
050 0.75 1.00 125 150 L1.75 2.00
Displacement/mm

(b) A[ET.2 FAISI1OMg 537 45 Y
IRk -k (+ %%, 1 mm/min) (v=3500 mm/s )

T PO v iR

0 025

BB (5 (b)~(c)), WFoe g 3R, 53% fLEL%
) CuSn A1 18Ni300 Y XL 4x J& A B4 45 4 3 1 A5 4t oy
21.5 GPa, fie K IR 3% & 4 201.8 MPa, fig &I fiE 1
7 20.4 MJ/m’ .,

(il oS ibp RN R Aol

Stress concentration  fringe levelsMpa
= 586.5 . 583.4

Fringe levels/MPa
587.0
528.7
470.5
4122
354.0
205.7

(c) AR T MRS oA

4 ETHHITE “GE NEESRNTEIE TH & SMEEMNESRN S - Mg

Fig.4 Lattice structure based on beetle front wing and compression stress—strain curves of lattice structures under various processing conditions

[42]

250

e=10% £=30%

i

T6=20%

£=20% e=40% e=50%

e=40%  £=49.4%

£=30%

(c) JEgid e

B 5 FEFLEZE CuSn 70 18Ni300 M & B S L B N - BTk R 45T 7E

0,
225+ Plateau 2 3%
200 |- ]
175+  Plateau 1 /
<
& 1501 Plateau 2
% 1251 Plateau 1
2100} ~ 0
& 75k / Plateau 277%1
_ Plateau 1
S0F /Il Plateau 1 | —%>
25+ ’A‘ -
0 - 1 — 1 ' 1 1 ]
10 20 30 40 50 60
Strain/%
(b) FE4n; J)-Ri A h 2k
Fig.5

94 Wiz MG EEA - 202345 o6& 5B 1110

CuSn/18Ni300 bimetallic lattice structures with different porosity, compression stress—strain curve and compression process

(48]



‘_‘i’ » »
RESEARCH E{%tﬁi

Z IR R S S PR RE R AL T,
RORMEBEAE T Al SCBP AR R MU I R R, L&
i R 2RI bERL 2 8] 4 ()., Zhang 55 ™ SR ZE
REETT I, PR AR AT A (H 2K G 5)
o LI R T 52 W) SR 1T ) T oA PR RE . B AR —
Tobfiff R 22 b R Z TR AR L F-H RS O B AR, K 5
PR )i 5 RS M AR A5 A B SC B g A A i
AR A, TR RE S BURICER (e BB DT RE

TR HERE SRR R LB 2805 1o PR 1) i
AR FIGN ] A2 FEAE B9 G, n] DA BRAT RS I A4 i
B HRRAAEIARA A — R T 00 HYAE PR, %
WRZE R TERS [ 75 7] b A AR WSO , T ST EE S A P A 7]
Jri b RAEAK M R, R LA R AR L, SRR L
LSRR RATVR 2005, s UM E B g ol gy B
By DI AT DL B R R B AR SO L4
HATIRAR T AN IV T (o B RE , IS 1R 1A R S
(972 KTE . H Kolpakov!™ $ T SUIAKA LASH )13
LBk, BN T2 k(8 6 (a)~(d)™)
=21 6 (e)) B Srias LU AL, For (456 Py T
B AL WIVEER Sl R RZE R PSR

NI S A AL BT TR L LR B R AL E
TSI R3S S I S i AL BE T 22 (A 25 H
FAFERXE. O 1 1G5 7S I 6 5 4540 1) 28 HE g
Masters 5 " 75 300 T e 55 45 44 v 10 X £ 4k 0 A £
1) P TUT R , B0 B PN T s 354, RO SROIA A LU 45 . oA
T LA PN M 3 53 254 5 N T e 5 A R 114 ) 2 PR
Liu 45 B Sy TRUE AL, R s T, P T 2

FRI e R RE T TN i e e s by, HAS 35 T A
FA LA IS I )7 2. Xiong 45 BT Xof Py U] e 5% 45 44 114
WM T A, it SLM £ R Hil % T AlSiloMg
DA U o 2 o 32 P A3 ot s 4 X X P (11 e 3 65 4
() 12 PR BEREAT A, B iR B0 4544 5 07 B 45 Rk 15 %t
Ll , & PR A P [0 o 8 440 ) [ £ 21 25 IR 45 F 99
i EE, I ELAE 7 4 v X 38R AR A3 358 00 A 32 188 o 3 2%
T3 o A SR s A P T s 5 A N SR A AE AL, e
AETEBRTE B AR , 1S B 25 Bl AR 45 4 i T 24 67 1
PRI R MR 4 SR Y (AR 06 2 SR 4y B4 SR A A
2%, Arjunan %5 P 5@t SLM T 25145 1 AN ) SR 110
AISi10Mg P M1 a5 454, AT IR AR IR 5T 1 P M1
B RGBE [N (U1 B0 PR RS E PRSI, DAk
aeb BRI JE PN U £ T LA 0 gt AL SR AR . Li
2 0N sy T A RS AR LA BROTA AR, B 5T
TR OSUR AR, A AN RIS TR RE T A UL o 25 4
IS TE G BL, WF 5T 25 3 BH , P M s 25 4 nl L) g 3
P 150 I 2 L5 R (T AT Hh R, I ELBR 254 |
IRIEETR R AT 7 100 1 7 R ) A [V % 235 4 ) A T
GGV B

HAT, E AN &8 SRS 2R R L &
FLBRA , S N BTN R 2% ZIhhE4 )R
SUEEEA AT 5T R RS DL SR RE A 4 s B
F BT 57 K o RS FELE I BTEAR R FLER R 1)
W5 Mk BERF ST 7 1T, 98 N B AT K R R A 5
E 3 AN R AR BE L1114 15 B 25 W) ) BE AR 9 i e D o
W RRRE A R4 M RR A & 8 S S5 M 1 i h =2

(e) =HEAIMIEss

(=N 72 o

Fig.6 Negative Poisson’s ratio

154]

20234E 5566 M 1110] - Bt RER AR 95



,—‘? N »
H{%l’ﬁi RESEARCH

T RLSE 0 A AR A ) i B AR DL S [ RE A5 2 B
Z RS IR R S — LR IT R S

3 ERABESHNHRSRHE

SRR R UK R 1 BB 2, TR O A R 5 A
A AN Z A A JE mi AL 1Y) Z2 LAY
P, RIS R 5 R 1A B X I, B v A I e AR R B
DI HEL5HE 5 SR A Ev R A5 368 , JR 18 T HEASE G 1Y
%3t . Mancisidor %5 ) i ] Kagome 115 557 5 43 &
AEEE R BT T WA R Sh AL I 3 ES . Kang %5 1
TGS ST R S T AL E5 4 (1 4 it
b, [ 4 TSRS HIBF AL, YR, X 4 JE oS MR A
PR RERIFSE 0] 73 R - I Sl E R I
4 I8 KRR SR BT RN 42 8 s P 2 AR 5 2 L5 4 B i
—RAIE T, i O T AR ARSI B R RS A
SEFETT SRS, J5 R T BN S PR g
PR RE

MRS R B R AR U 2 I A AR
J32 155 5 O A, S Tt T O 2 I BT L 45 4 . Ho 45 Y Tl
if SLM £ A il % T AlISil0Mg Rhombi—Octet 15, [ 4%
R 7 (a)), % T 4@ S MRS 5 4R 2 AL IR &S
F I HEPE BE , %2 B Rhombi-Octet 55 [ 45 14 (4 3 by 2
B T 4w Z LR ZE A . % ALK 28 M 4544
NFFERT G O Xt A R 2 R ST A B A T AR
it SLM T Z:l4 T AlSil0Mg Rhombi-Octet j5 [ 454y
RIS B R S5 , 4TI I v A 5 48 r HEHA
e, WS SRR, Bl A PEAS A SE R R A3, 544 1)
HEERE AR S . Wong %5 “5d it SLM HiARHI# T
AlSi10Mg Rhombi-Octet s FE45 44 , E 4T3 56 AfF 53 X L

=

S

Mg

(a) Rhombi-Octet 5 P45k LA B TI64

30
25
20 I I

Smm 7mm 10mm 12 mm

(c) HIARRES A AT PR HT

—_ =

e/ (W-m - K1)
S LK O W

* %
~<
e

TAEIR 4@ Rhombi—Octet s [445 ¥4 1t 135 #1540
PERE. AH T AL RSF 3 A s T, BT RS 3 mm,
= 5 mm 194 )& Rhombi—Octet f5 445 1) BA B i 1)
BIREL Ho % 7 4 AW RSF 1Y AISi10Mg A5 4 4%
F R HF RS G T2 it SLM T2l T
4 FEBERER A (B 7 (b)), IR T AR S5 H A 3K
FIARE(E 7 (¢), KMIEAFITH S mm 14 )& 15
FE5E M) G AR BOR . Ho %5 ™ it SLM T. 24 H& T
WA FH Rhombi-Octet i FEESF IR AS . i A1 BRI
AT 2 B AR 25 A Y HCAME R, 2 3 Rhombi-Octet
&) SRR R () 4 RO B 2 R TR 4 R TR A
GEAH R R AR BRI R

/) o T 235 /e PN L ECAR B 2R, AT I 3 s AR Y
3%, BB e AL 6 i FE A BB RE . Li & Y I T
Gyroid FI Schwarz-D Z5 #1531 H BT B e A 88 2544, il
VRS 1 22 AR A IS TAERT A B 8, FFE X
T AN [l e AR R MR RE , IFST 45 S R B, S5 ED R H
A IR ESA] L, SR ] Gyroid 1 Schwarz—D 5415 11
RPN S e R 3 S = N = 1 S VN NI
PR AR A5 H 10 R W 4 A T R R T/ il o
S5k 2%, IF HINFLIR A B MR AE LA LB

SER I M ACBE T Bl T 4R R 45 A 0 AP
fiE , A7 B AT R 3 K, a5 s M A i T
AL TG s O g T i X
T BRI S R MLk 4544 . Chantzis
5 U0 P SRR ELOM P 9T 0 42, B — R4 a3 Fh
et SRR A1 1T 7 vk (& 8), it SLM T2l 7%
T 99% LA FHCE ) SS 3161 b A ELZ5H . 1% A
BAX] AAT075 55 a R HEFT T v ik, ksl 2 it

10 mm 12 mm

£

*
@
B

(b) JETA[RIHEA BT I HA 2O

7 BT RSt sRREN

Fig.7 Heat sinks based on lattice structures

96 Mz MiEEEA - 202345 o6& E 1110



‘_‘i‘ » »
RESEARCH Ef%rex

T 4 R BRSBTS L L SR A P AR
BV EIE RS> 12% LA T

R 2 RIS bR R e,
A T AE B AN X A A . IR s A — b
A, IO AR TG o IR 2 A2 R G v s R
S5 B TR e AT gERE )y, A, h s A A T
B Sr2ERE VYo Lin 55 U2 LT8R o A2 RRR 25 A 1 T
T 4 FORTRDE AR A 0 S R S5 I (K19 (a) Fl(b ),
AT SLM HARM 5 1 80% T RBU TibAl4V mi FESS
¥ o Z A BRI SE T 55 PSSR I 3R R B, I B o AT
T AL EZA BB (9 (o)), K BUBSEESS
FIRI 5] AT RERSE B T RE A 1

SBEZEA I BOA BRI RE A S S5 H A G, S5
B VE B AT G 2, W0 Jafari 55 T AL E A6
Ak 1 VR R AR 5 P RE 8 o S5 A R HICIAE B . 3
T2 )2 8 AR R B I N AT o0 8 3 £ A A e A
o ) AR B A4 R T R | AR VY g — 4
PR AL B IR RE U, AT BT B — AR B P F B
.

4 ERABESHIIIESERE

i X 4 I SR R B, (AR ARL A S Y
MR PERE, B R T4 AL PR 2 BT S (At B R A e
EICR KL, P P B SE R, AT SE B 2B B . 56
AL TR A2 TR IR E O 1 AR, ot i =4
SRR . 125 B RE YA B P - S
BOTEIWIAZ 5 BB 23 18], TTTE G 5 3 28 6 J4 1]
2P LN EER AR UE . Rice 55 U R FEE ik
BT IR R SCE A (B 10 (), SEBLIE AL il i 3 Js T

IRSCEEHE o ZAAINE T S5F 75 B SR B, It
A5 S EAH AT T XL (E 10 (b)), Hi T4
) 14 2 THTRELRE B2 od K, S50 A 114 S s 7 9B A 2 5 B
o Cai 55 77 EENT T RERRAS  HRTE T ORIRRH 5
FALEZE RS P2 PR RE SN , K BRBE AR EHR A A A 5T
FURBE I, FEREAEK T B RS RO B A . Yu 2 T
W RT3 o RS A G R T R A A AR (5T 10
(¢ ), Bl s P e g N R A il fe . % AT BA T
TEIE R RS H AR E 4 T Octet #LBES5H) , 25 MR 25 # 7T
WA RS 3G T, i BE R T KRR, S ), Sy ] 2
AL IFIR T
A5 AR A AN O A i EL A R SR i
R, AR S B HEAT o Pauly 45 7 9 UAE
Tl SLM il Fe SRR A 4 R FF45H . Zhang % ™
K SLM 25, il 45 1 Ze FEAR fh 5 G mi R 454
5SS EEHRY Ze JEAR A AL, RIS Zr
SR fi i g0t RS A AR R B A S A AL PR

5 4%ig

FEEH ZREAL 2 i AL R 2 TR — R AL AR
I AR K TR, 45 I A WS A — S A A i
16 L IREALBIBETT R, &5 20 T TR EE M AT
K G MOk 9 R ST AR S5 R B REAS R BR TR
YRR A BB A AR R A R B |
BRI A P Ry T FE B A SR . AR TTTAE S
I 7 R Te A A R R R B R A T 2R
LRSS R B R 5 N, B 1 R R AT S A 2 A R
ZER ] A, (AR RIS R R A R
PP I B S R B A SRS LA S, DT LA B A

P HIAEIEY
BRI

8 HUEEALEHRET ™

Fig.8 Design of hot stamping dies structure
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