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Fig.1 The principle of 3D printing discrete and superposition
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Fig.2 Space FDM 3D printing equipment in China'®
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Fig.3 Schematic diagram of FDM forming principle
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Fig.7 Multi-nozzle MarkOne 3D printer with fiber
reinforced PA composite
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by Harvard University
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Fig.11 Carbon reinforced composite 3D printing samples
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Fig.12 3D printer of continue fiber reinforced

thermoplastic composites
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properties of the ABS composite
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Fig.14 3D printing lattice structure with high accuracy

and its micro-scale morphological structure
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Fig.17 3D printing cross-shaped FSS structure
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Fig.22 3D printing photonic crystals structure

R

-

R |
,-/ i)z

st |

/
/

/ 20mm

K123 3D ATEIGT A AR A A i P
Fig.23  Section graph of 3D printing photonic crystals absorber

R BE 0T 30 BB S AR AR . A, B
SRR SR Y R 3D AT B L HA — e PR

()RR F A R LEE 70T 41T 3D ITEI R
DIREZEM Mg 1 2 v 08 T2 5k RET I, (H6 T
BRI ROMEES R A 0 LA B HAt R ABE T TR T80, A F
TR RESS LA T ARSI LA

R L G DI RESS AL 3D AT ENHAKE LI RERT 3K A T 16
AU 3D FTENHA AT SEBUR A28 AE G S 5 A DL il
AP, XA S5 LR TS T A AL, A
PR AL 22 D REF RE D REAS AR il 3

SEER

(1] 30wk . RECH I HO w2 M5 42 6 5 3052 (D). P %
PLALTRHRE, 2011
Wang Wentao. Research on analysis and control method of
antenna radar cross section[D]. Xi’an: Xidian University, 2011.

(in Chinese)



LIRAEE L P N

Aug. 25 2023 Vol. 34 No.08

Yi B, Liu P G, Yang C, et al. Analysis of absorptive and trans-
missive radome[C]. The 6th International Symposium on Mi-
crowave, Antenna, Propagation, and Electromagnetic Compati-
bility Technologies (MAPE 2015),2015.

Guterman J, Moreira A A, Peixeiro C, et al. Wrapped mi-
crostrip antennas for laptop computers[J]. IEEE Antennas and
Propagation Magazine, 2009, 51(4): 12-39.

U . T IR B B ROR M. b B ol i, 1998.
Ruan Yingzhen. Radar cross section and stealth technology[M].
Beijing: National Defence Industry Press, 1998. (in Chinese)
IREER, 8RUL, I, % 28BS PR AT L BUR 5
0] fiezs BledioR, 2022, 33(1): 1-9.

Xu Guoyue, Qian Qi, Fang Gang, et al. Research status and
progress of multi frequency band stealth materials[J].
Aeronautical Science & Technology, 2022, 33(1): 1-9. (in
Chinese)

XU, =5 EBL Wi 5. Fe-MOF A7 A 52 5 i a5 o ik W I bk
AL S S G MERE RIS [J]. S BHE AR, 2021, 32(4): 65-72.
Liu Wei, Wei Guoke, Ji Guangbin. Research on the construc-
tion and electromagnetic properties of lightweight and highly
efficient microwave absorption materials derived from Fe-MOF
[J]. Aeronautical Science & Technology, 2021, 32(4): 65-72.
(in Chinese)

P&t . Rtk Sendust/Mn0, 55 Bl 4 B HAR e Wi e 1
RERIBIFTR ] AT FHAHOR, 2021, 32(8): 66-72.

Yang Zhihong. Research on preparation of sheet-like sendust/
MnO, composite and its microwave absorption properties[J].
Aeronautical Science & Technology, 2021, 32(8): 66-72. (in
Chinese)

R . TSGR 3D AT IR )] ZE R AR 57
f, 2020(8): 28-32.

Gao Binbin. Comparison of the first space 3D printing between
china and the united states[J]. Dual Use Technologies &
Products, 2020(8): 28-32. (in Chinese)

FTTAE B R PR PR AR LA 3 B R B HC R T
[M]. b5t HLBE b H AL, 2009.

Wang Guangchun, Zhao Guoqun. Rapid prototyping and rapid
tooling manufacturing technology and its application[M].

Beijing: Mechanical Industry Press, 2009. (in Chinese)

(10] VEHE, PR, (48, 45 . —FiHT 3D FTER M ¥ it e Je 2241

(17]

B G 45 75 A0S LS 7 3D TENY J7 4 : CN 106433108A
[P]. 2019-03-26.

Wang Yan, Chen Shenxing, Fu Tie, et al. A preparation method
of 3D printing high-temperature resistant wire nylon materials,
and applying method for 3D printing nylon: CN 106433108A
[P]. 2019-03-26. (in Chinese)

Hao W, Liu Y, Zhou H, et al. Preparation and characterization
of 3D printed continuous carbon fiber reinforced thermosetting
composites[J]. Polymer Testing, 2018,65: 29-34.

Hao W, Liu Y, Wang T, et al. Failure analysis of 3D printed
glass fiber/PA12 composite lattice structures using DIC[J].
Composite Structures, 2019,225: 111192.

Hao W, Liu Y, Huang X, et al. A unit-cell model for predicting
the elastic constants of 3D four directional cylindrical braided
composite shafts[J]. Applied Composite Materials, 2018, 25
(3): 619-633.

T, WAEAR, 5K, 55 . 3D FTENIRET 4ES SR IRL K O SRR
PG i3 55 R [, B RE Mk, 2017(1): 32-37.

Fang Kun, Xiang Zhengtong, Zhang Jian, et al. Additive
manufacturing and application of 3D printed carbon fiber
reinforced plastics and composite materials[J]. New Material
Production, 2017(1): 32-37. (in Chinese)

Jordan R R, Brett G C, Jochen M, et al. Rotational 3D printing
of damage-tolerant composites with programmable mechanics
[J]. Proceedings of the National Academy of Sciences of the
United States of America, 2018, 115(6): 1198-1203.

Kokkinis D, Schaffner M, Studart A R. Multimaterial magnetical-
ly assisted 3D printing of composite materials[J]. Nat Commun,
2015,10: 6.

Invernizzi M, Natale G, Levi M, et al. UV-Assisted 3D printing
of glass and carbon fiber-reinforced dual-cure polymer compos-
ites[J]. Materials, 2016, 9(7): 583.

/K, MR A, WL, 4 . — i SR AF e R B2 5 bR
3D FTEIHLI HFTEI )57 : CN104149339A[P]. 2014-11-19.
Tian Xiaoyong, Yang Chuncheng, Cao Yi, et al. A continuous
long fiber reinforced composite material 3D printer and its
printing method: CN104149339A [P]. 2014-11-19. (in Chinese)
FBGE, BUHE, WO T, 4 SRBEREER A R Jin 5 R
[J]. 45525 I TR, 2016, 8(1): 27-31.

Wang Xinyu, Ruan Shilun, Chang Baoning, et al. Modifica-



AP 5 3D ATV REASH ST BRAR 5 Bk ik

tion, processing and application of poly(ether-ether-ketone) ma-
terials[J]. Journal of Netshape Forming Engineering, 2016, 8
(1): 27-31. (in Chinese)

[20] X1 . ZELepReT 4EHg i SRIETERR 5 ARl 45 L2 HEREDT Y
[D]. # Ak HMRE, 2015.

Liu Chuan. Research on preparation and properties of carbon
fiber reinforced polyether ether ketone composites[D]. Jilin:
Jilin University, 2015.(in Chinese)

[21] 5KHE, Jy R, BRariee, 55 . 2R MR 75 i 25 A K Sl i 1oz T
[0]. HrE A 17, 2018(10): 5-8.

Zhang Hui, Fang Liangchao, Chen Qihai, et al. Application of
poly(ether-ether-ketone) in the aerospace field[J].New Technol-
ogy & New Process, 2018(10): 5-8. (in Chinese)

[22] SCWR4, XIS, B . SRBERETR 52 G BHRHII ORI T B P

JE[I]. ARSI, 2017, 45(1): 123-127.
Wen Huaixing, Liu Xing, Chen Wei. Research and application
progress on modification of poly(ether-ether-ketone) composite
materials[J]. Engineering Plastics Application, 2017, 45(1):
123-127. (in Chinese)

[23] Wei TY, Wang J, Yu X Z, et al. Mechanical and thermal
properties and cytotoxicity of Al,O; nano particle-reinforced
poly(ether-ether-ketone) for bone implants[J]. Rsc Advances,
2019,59(9): 34642-34651.

[24] Marcomini A L, Rego B T, Bretas R E. Improvement of the
short- and long-term mechanical properties of injection-molded
poly(ether-ether-ketone) and hydroxyapatite nanocomposites
[J]. Journal of Applied Polymer Science, 2017, 134(7): 44476-
44490.

[25] IR . 2R DUGR L0 B ek B v T (0. AT A L, 2002,
30(11): 26-30.

Xie Sujiang. Modifying of poly (tetrafluoroethylene) and its
application[J]. New Chemical Materials, 2002, 30(11): 26-30.
(in Chinese)

[26] DBSERE, F3CAR . B2 450 2R 10 9 £ 4 1 P RE B v FH ).

HHLE Tk, 2005(3): 23-25.
Shi Yanling, Wang Wendong. Properties and application of
PTFE filled with carbon fiber[J]. Organo-Fluorine Industry,
2005(3): 23-25. (in Chinese)

[27] Wang X, Jiang M, Zhou Z W, et al. 3D Printing of Polymer

Matrix Composites: A review and Prospective[J]. Composites

Part B-Engineering, 2017,110: 442-458.

[28] Ning F, Cong W, Qiu J, et al. Additive manufacturing of carbon
fiber reinforced thermoplastic composites using fused deposi-
tion modeling[J]. Composites Part B Engineering, 2015, 80:
369-378.

[29] Chizari K, Arjmand M, Liu Z, et al. Three-dimensional print-
ing of highly conductive polymer nanocomposites for EMI
shielding applications[J]. Materials Today Communications,
2017(11): 112-118.

[30] Ma G W, Sun J B, Wang L, et al. Electromagnetic and
microwave absorbing properties of cementitious composite for
3D printing containing waste copper solids[J]. Cement and
Concrete Composites, 2018,94: 215-225.

[31] Meng Z, Li R, Zheng M, et al. Fabrication and electromagnetic
wave absorption performance of quartz ceramics containing
inductive SiC screens[J]. Ceramics International, 2019, 45(10):
13561-13566.

[32] Atsushi I, Taiki K, Nobuyuki T, et al. Selective electroless
plating of 3D-printed plastic structures for three-dimensional
microwave metamaterials[J]. Applied Physic Letters, 2017, 111
(18): 183102.

[33] Lim D, Yu S, Lim S. Miniaturized metamaterial absorber using
three-dimensional printed stair-like Jerusalem cross[J]. [EEE
Access, 2018(6): 43654-43659.

[34] Lleshi X, Grelot R, Hoang T, et al. Wideband metal-dielectric
multilayer microwave absorber based on a single step FDM
process[C]. 2019 49th European Microwave Conference
(EuMCQ), 2019.

[35] Vincent L, Azar M, Alexis C, et al. Study of 3D printed
Honeycomb microwave absorbers[C]. IEEE International
Symposium on Antennas and Propagation. IEEE, 2019.

[36] Jiang W, Yan L L, Ma H, et al. Electromagnetic wave
absorption and compressive behavior of a three-dimensional
metamaterial absorber based on 3D printed honeycomb[J].
Scientific Reports, 2018, 8(1): 4817.

[37] Liang C Y, Huang J, Wang T J, et al. Three-dimensional inkjet
printing and low temperature sintering of silica-based ceramics
[J]. Journal of the European Ceramic Society, 2023, 43(5):
2289-2294.

[38] Yin M, Tian X Y, Wu L L, et al. A Broadband and



10 LIRARE S 1P N Aug. 25 2023 Vol. 34 No.08

omnidirectional electromagnetic wave concentrator with ization of radar absorbing structure based on gradient-refrac-
gradient woodpile structure[J]. Optics Express, 2013, 21(16): tive-index metamaterials[J]. Composites Part B, 2018, 132:
19082-19090. 178-187.

[39] Yin L X, Jonathan D F, Tian X Y, et al. Design and character-

Research Status and Challenges on the 3D Printing Electromagnetic Functional
Structure

Li Yuexuan, Zhang Pin, Bai Long

Aviation Key Lab of Science and Technology on High-Performance Electromagnetic Windows, AVIC Research
Institute for Special Structures of Aeronautical Composite, Ji’nan 250023, China

Abstract: Due to the complexity and diversity of electromagnetic functional structures (EFS), traditional manufacturing
has limited the requirement of the fabrication of the EFS. Thereby, 3D printing as the high-efficiency and cheap
advanced digital method applied in the fabrication of the complex hollow /curved structure has received widespread
attention and exploration from research scholars. This paper mainly focused on the manufacturing technology of EFS
based on 3D printing and systematically investigated relevant new technologies, materials, structures, and
manufacturing, and summarized the challenges in the existence of 3D printing EFS.
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