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Table 1 Classification of additive manufacturing
Diagram Category Technology Advantages/drawbacks
High forming speed[lz' 13
SLA High parts resolution+¢!
Light source solidification DLP High scanning linearity,
CLIP overcuring[le’ 17
High cost of supplies[w]
Low price for equipment[lg’ 20]
FDM : . L [20-22]
) ) Multi-material printing
Material extrusion FFF o 23]
Limited parts resolution
ADAM 4
Poor surface finish
High precision and detaill>2"]
SLS ) 18]
High parts density
: SLM . [29-31]
Powder bed fusion Powder recycling
DMLS ] . [32-35]
High specific strength
EBM [36-38]
Support and anchor structures
Low material, machine and process
o LOM costs®* 4!
Sheet lamination ) . 139,41]
UAM High surface finish™™

Restricted processing materialst*?]

1 WREELESHIRI T 4R

MR BESE # BB TE S T AN R T HAB S R, R (KR
BESE H RENE AR SR R I v e, IR SRR RS R S5 AR
ZERINRAE T AR SR S AR AR AR 3 52 15 LR
BAASG . W RESE M I A4S 2 I AR R i sh g, 7
ZERLE el AR R B R BRI . SRR L
AR KT HR RSO A, R 518K m R
55 LN EE e AL A5 R OR AN ] o

7T RE BRSO B E B2 1R D A f e R
AR EREh BB, Horh i T R BT I RE T
P, ZH ST 2N AR R RN E . 2
BT 2 A5 5 2 bR AT DL— kit 8, b
BHE B 5E L MR TR EEY fh . B0F A Al
M, SRR R B E SO B — IR RENS
HREZ AT IR o 22 4544 55 2 M A RS A B S22 )
PR, oo MR T AN A RS ARR AN, ITRARRZ
MPRL: T RIAR R AR RS BORI . WAk
g .

% AR AT B R — R A ERAEAE R E N H AT —

SEMLEE K RORPRE, B B FLER AR B EEA L NI
[ WRREL RS i, RIS Rz N . 2 AR
BT BRI IR AR, b MR A R S 8] AT 5y
N Y RIBERDRL ClE B 50 . BSUEE ) N =4 RS
BE CEEHTRRE D, WARM BB A W] 70 T TR
RO PRPDREA P 5 RGR IR AR s dn SR G54 v 1 [ (AR R)
R BRI, IR Z TP ISR R T 4 SR [ 464 Rk
[ B e 408 K RS2 Co T MUY (645 2% L 70 T P4
B, NIFRZ PR A RPN R R 2 bR 1
i

BEE 2250 AR DL AT TR DU A, RE AL
BERIRIC. W R FAEE — R BIE TURRBE 2 AT 5
TEFNEAL, AL RS AR AL L2 A BE T ALK L AU )
BOF 2, XN 2 MESHEN T AN TIRLES o KR
PSR . RIEFMIEMERESSIL RS & T — 52
Mgk, 2z oy T BRI 2 ThREL A . AE NI H
g, AR VEZ RO Z MEiH (B 2), N2
gk R AR 22 FLR, I HLIE & R A SR B AR AR 202
BALAFIX L RIR =W ARH R, s A, #ok
NI EUIE



© 2304 -

Wy @A RS T

%5 51 45

B 1 AFEZ KRR

Fig.1 Types of cellular material: (a) 2D lattice material, (b) 3D lattice material, (c) open foam, and (d) closed foam
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Fig.2 Natural cellular structures: (a) skeletal cell, (b) cork cellular structure, and (c) coral
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Fig.3 Typical lattice structure diagrams: (a) kagome™; (b) octet truss®®*: (c) MS1 lattice structure™; (d) stochastic foam®”; (e) reentrant

auxetic’®: () pillar textile®®; (g) square collinear cubic®?; (h) spatially variant lattices®; (i) body-centered cubic (bcc); (j) bee with

vertical strut in z-axis (bcez); (k) face-centered cubic (fec); (1) fec with vertical strut in z-axis (fecz)®; (m) octahedron; (n) honeycomb;

(0) square; (p) diamond™®; (q) TPMS (triply periodic minimal surfaces)-P type; (r) TPMS-G type; (s) TPMS-D type; (t) TPMS-I-WP type!®®
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Fig.4 Application of energy-absorbing materials in aerospace
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Fig.5 Application of energy-absorbing materials in highways
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Fig.6 Application of energy-absorbing materials in railways: (a) ICE3 (Siemens, Germany); (b) ETR1000 (Italy); (c) AGV (Alstom, France);
(d) class395 (Hitachi, Japan)
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Fig.7 Application of energy-absorbing materials in medical treatment: (a) sternum and thoracic implants and (b) hip implants
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Fig.9 Flowchart of the lattice structure optimization process
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Table 2 Energy-absorbing metrics

Metric Equation

Energy absorption EA= j: F(x)dx
Specific energy absorption SEA = E%
Mean crush force MCF = EA/

Crush force efficiency CFE=MCPL
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models™™: (a) 3D lattice model; (b) random foam structure;
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Fig.13 Cellular structure used for FDM technology: (a) Neovius

cellular structure™® and (b) fabricated with square

functionally graded cellular structure (FGCS)M!
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Research Progress of Additively Manufactured Energy-Absorbing Structures

Wang Zhaoyi®, Lv Yunzhuo?, Chen Bingzhi', Zhou Junxian®
(1. School of Mechanical Engineering, Dalian Jiaotong University, Dalian 116028, China)
(2. School of Materials Science and Engineering, Dalian Jiaotong University, Dalian 116028, China)

Abstract: Additive manufacturing (AM), i.e. 3D printing technology, is a rapid prototyping method (RP) developed in the 1980 s, by which some
complex structures can be efficiently manufactured. It also provides a platform for the development of complex geometrics, and is instrumental in
cost-savings and time-savings of the production. Energy-absorbing materials and structures are used to absorb energy in collisions and to minimize
the damage of the impact target, and their geometries are becoming increasingly complicated in order to achieve higher performances. Therefore,
novel energy absorbers usually need the AM technology to produce. Meanwhile, their developments have received extensive attention in many
research fields, as nearly all major industries are enjoying the benefits of them. This paper aims to provide a comprehensive overview of new
energy absorbers characterized by cellular structures, which includes introductions of various lattice morphologies, design methods and the
additive manufacturing technologies they used, supplemented by the summarization of advantages, challenges and the application prospect of the
structure.
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