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Table 1  Sort of additive manufacturingm]
No Manufacturing material ~ Material form Source Technic

Metallic materials Powder/particle materials

2 Inorganic Non-metallic ~ Filament materials
Materials

3 Polymer Materials Strip/sheet materials

4 Biological material Liquid material

5 _ _

Laser additive manufacturing Single step additive
manufacturing
Electron beam additive manufacturing Multi-step additive
manufacturing
Arc and wire additive manufacturing Composite additive
manufacturing

Stereo lithography apparatus

Hot melt additive manufacturing
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Fig. 1 Periodic structure printed[40]
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Table 2 Material parameters @10 GHz of the filaments'"’

Material ~ Density/ ( geem ) ¢ tand, u,  tand,

”

BrassFill 2.4 8.15 0.015 125 0.2

BronzeFill 2.95 80 001 141 0.03

CopperFill 3.0 83 0.08 1.35 0.025




5 6 1]

3D TR WSR2 15

4 J@ LAY A T 1) A £ 2 45 44 8 44 ) ( tapered
hyperbolic metamaterials ) W i 4, 1% %5 #4) 7T 4 5
WOHBUHT , il DR A7 ELASEADL H O R I I8 P A 2 T ()
RO, TR EF R A BE RS R PERE AT BT v o 12
PEARB AT EDATRL 73 301 by S HL 42 S 2261 (B ) AT
B2z pt, WiE 2 firos o RO AT EREORFIAT R I R
i, FTEN S A R AR AN EORT e, SR XS HMEAR
52 5 1A R 5 A RIS R R e TE 45 K v BB, BT
e v N RE , B A BHE 9~ 18 GHZA 34315 [l N
HA 95% WMIRERL, 75 7.6~ 17.4 GHZHI %3
WEA 90% MIMICRERL .

Lim %™ Fi FH 3D 3T B Al — Bl 2 7 o
AR+ AR AR 254G . G 3 s, B
JEATEN PLA B4 50 i) R A 45 4, SR 5 fE TR 74 5
HLAR SRR T PLA BEA b ) i A L o BIFFE
PR, 38 A 38 0 B A R B J2 AR, AT RO A
Wi A% . FE 5.18 GHz Ab bR} I W% O 25 3 e 3k
99.8%, R AT T ASHR A AL 7 2OF AU

3 EEE TR AT 3D AT B AR ] &
FSS S MU A B W P bR Y MERE . R 3 T

(b)

(a) ["] Silver paste
EPLA
B Copper

(d)

13 3D FTER-HS2BBs AR

Fig. 3 D printed stair-like jerusalem cross metamaterial absorber' ™"

process of 3D printed absorber sample
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Table 3 Sorts of FSS absorber and metamaterail fabricated by 3D-printing

Measured absorption band/GHz  Bandwidth/GHz  Thickness/mm  Commet Ref.
8.0-18.0 0.7 3.0 SLS with Nynol+CIP, copper plate [40]
8.0-12.0 0.6 2.13 3D with BronzeFill filaments+ Nynol or ABS [41]
7.6-17.4 0.78 7.8 Single step FDM, metal-dielectric multilayer [43]
4.6-6.0 1.00 2.9 FDM with silver paste-loaded PLA, copper plate  [44]
3.5-24.0 1.49 16.0 FDM with PLA, copper plate [45]
4.0-12.0 1.00 10.0 FDM with carbon-loaded ABS, copper plate [46]
8.0-18.0 0.77 40.0 FDM with PLA+CIP, all dielectric [47]
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Fig. 5 3D-printed honeycomb microwave absorbers in pLA-CPY (a) honeycomb microwave absorbers;(b) 3D-printed multi-
scale honeycomb microwave absorbers in PLA-C(topological structure);(c), (d)comparison of measured reflection coeffi-
cients of honeycomb microwave absorbers and multi-scale honeycomb microwave absorbers at 2~ 18 GHz frequency band,
incident angle 20° and TE/TM polarization
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Progress of 3D printed microwave absorbers

WU Sai', ZHANG Youwei', CHEN Meng’, HU Yue'

( 1. AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China; 2. Institute of Mechanics, Chinese Academy of
Sciences, Beijing 100090, China)

Abstract: In recent years, as the 3D printing technology growing maturity and commercialization, the researchers have attempted to
apply this emerging manufacturing technology to the design and fabrication of wave-absorbing materials. In this paper, the recent
progress of 3D printing technology in fabrication of microwave absorbing materials, including 3D printing FSS and metamaterial
absorbing materials, 3D printing honeycomb absorbing materials, 3D printing ceramics and other 3D printing microwave absorbing
materials are reviewed. Furthermore, the limitations of 3D printing materials, the lack of mechanical properties of materials, the
problems of testing and analysis of microstructure of 3D printing technology in microwave absorption materials manufacturing are
also systematically expounded, at the same time, the future developing trend of 3D printing technology in the manufacturing field of
microwave absorption materials, such as miniaturization, multi-function and intelligent is also prospected.

Key words: 3D printing technology; microwave absorption; metamaterial absorbing; honeycomb microwave absorbers; ceramic

matrix composites absorbers
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