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Electromagnetic Wave Attenuation Based on the Multi-scattering
Mechanism for the 3D-Printed Corrugated-core Broadband
Radar-absorbing Composite Structure

Jae-Won Shim*, Han-Jun Seo*, Geon-Gyu Lee*, Seung-Hyeon Kang*, Jong-Gyoung Yoo™,
Min-Je Hwang**, Kwang-Sik Choi**, Young-Woo Nam****1

ABSTRACT: In this study, a corrugated-core sandwich radar-absorbing structure was designed and fabricated via FDM
(Fused deposition method) based 3D printing process and its electromagnetic absorption performance and mechanical
properties were evaluated. The core material was composed of PLA dispersed with conductive carbon black (CB)
nanoparticles which provided high dielectric loss. Based on the shape variables of the corrugated core, the structure
was designed to achieve a broadband absorption below -10 dB over the C, X, and Ku bands. Radar-absorbing
performance of the fabricated specimens was verified by free-space measurement system, the obtained reflection loss
achieving below -10 dB across all targeted frequency ranges. Additionally, flexural tests were conducted and the
obtained mechanical properties deteriorated due to particle agglomeration and weakened polymer bonding due to
high CB contents. These results demonstrate that the 3D-printed corrugated core can provide an efficient approach to
achieving both high geometric freedom and excellent radar absorbing performance.
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Table 1. Comparison of recent literature on 3D-Printed radar-absorbing structure
Ref ;;Lji;ﬁ;o(rgt;; aegr/l:g Th(ii(;sss Unit cell geometries Material
This work 4.0-18.0 125 10.0 Corrugated core PLA/CB
Jiang (2018) [7] 3.5-24.0 255 15.5 Honeycomb core PLA+ resistive ink
Ghosh (2018) [8] 57-16.4 286 55 Honeycomb core PLA-C
Laur (2020) [9] 5.0 -20.0 300 10.0 Honeycomb core PLA-C
Lim (2022) [10] 58-18.0 205 10.0 Octet-truss PLA/CB
Sun (2024) [11] 2.8 -40.0 - 15.0 Octet-truss PLA/CB
Hyun (2024) [12] 10.1-10.5, - 6.0 Square-convex surface pattern Onyx
10.9-11.5
Yin (2018) [13] 12.0 - 18.0 - - Woodpile Photosensitive resin
Ren (2018) [14] 3.9-12.0 - 9.4 Cylindrical pattern Carbon-loaded ABS
Cho (2024) [15] 82-124 - 43 Frequency selective surface PLA/CB
Noh (2024) [16] 82-18.0 - 46 Periodic pattern gﬁﬁf}?ﬁiﬁfﬁ;ﬁ
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Fig. 1. Schematic of corrugated core radar-absorbing structure and 3D-Printed conductive path of carbon black dispersed PLA

2 AFE vigoR S1LEe Yol Yt B welE 2
Hatgic B G718 Bol ARt F217] Fol A Bt
A4 91w ofolo] 3D LY Jluk ATGETEE
Hggo RN FYSe AUA S FA) AT 5
ol A M Y At Ak

2]
AR B B4 2A AL AR BAE SR,
WA O = AT Aok ARES o W o] A& FAb
1 22 AA7A EA o A e B4
7F 2714 A& A = e = UEhde ot
Aog Bar PHe Y= Ha S ARSI
ol 4] (D} o] Qo)

e=¢'—je" (1)

Ha gAEe] ASRE)E 447 UAE A -
S UEhia 345 e)s B3 3ol Al 94
A

£ Rtk £A48 oA Bad Feel Ha FALR 4

()} 2ol A oj=fm 2717 et vl o) W32 jEhdT).
p=p'—jp” ()

o3t B FAE(E) U Bh FARWS A7t o)
A AN WA ALY Fakd o] ZR3 4TS St
B4 AR A S D2 A4 7 B H 2A 7}
ek E3 o] GES F3l T A Puluiam) 54
o Wha zhe] AAWANA v} W ETE AHAA e,

i Avkg et F2 ole 29 ha= 745

of thFet Fuba tf ol A WA A S S stet= W
Hog AAHG. 5y AohFeTrl 7 29| Ao}
A, 54 UYL, £ 58 A MR o 2o 54
Sk of % AokgeTEolA QARO 2 RE niA 27t
A A= ZF 59 Y dueaE ALl o= glew o
=0 e A 3)er

Z,(i)= ZZin(i+1)+jZitan(Bidi) 3)

'Z,+jZ, (i+1)tan(B,d,)

i=n, n-1, ., 1 AR A (3)S e H8alo, 7t F2] &+
A d, 54 d9E L Z, ab fE Hidshe] 2F = oY
A28l Z,(1)o] 237t BAAE she AA vha+x29]
dE duEATE Hek oA ezl dE e aae} 2
T ATEA(Z)E Hlsto] Y Jod A7 5
5] ol H YAFHOA O] HEALZE Fof BEAL Alo] B

e o) 4] ()= Aejgr).

_Zin(D=2,

) 1 i L B :2 l 4
7.7 Z Relection Loss (dB) = 20log,,|T]| (4)

SYACIE FolE BE Aupgrr2es dAY] 7
27} e g o] vl sorAY = RE]l v v
APZEEAEE T 3R B AR o) 22k AL
At ASAR Rt 2= 8] Astr] of e
wEha] AA QA GA A = ST FAES Ags AU
B Mg 2ESE 283 33 A A s
8 duld s FgE skl i &4 428 S7HA
HRAR &S BA 0 2 Wad = 97t 3= gl
SA ol E AupFapt AA Al iAo Fa fE0]
E2 d-vole Au 4 Bt A = o S &
HORAE Sk 4= vk A JuE s Aok uig &
A HAYSE Abolo] HEE e oR gr] 9%t I
A Ame] Aol S o2 g ofof gt

i

O

[

il

34 0 2 MES|H] Tt 5 )] 27](skin) Afo]o]



Electromagnetic Wave Attenuation Based on the Multi-scattering Mechanism for the 3D-Printed Corrugated-core Broadband.. 323

Fig. 2. SEM analysis of (a) PLA filaments, (b) PLA/CB filaments
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Table 2. Printing parameter of 3D printer

Parameters PLA PLA/CB
Nozzle temperature (°C) 210 250
Bed temperature (°C) 60 60
Layer thickness (mm) 0.2 0.2
Infill ratio (%) 100 100
Layup orientation [45/-45/0/90], | [45/-45/0/90]

(b)

200 mm

Fig. 3. (a) 3D-Printing fabrication of specimen, (b) 3D-Printed
specimen, cross section of the specimen (c) PLA, (d) PLA/
CB
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Table 3. Design range of corrugated core sandwich structure for
broad wave absorption

[SJ;?:;TSS] Parameters Range [unit]
Face sheet Upper sheet thickness, [U|] 0.2 -1 [mm)]
[PLA] Lower sheet thickness, [L,] 0.2-1 [mm]
Core height, [H] 6 - 14 [mm]
Core thickness, [t] 0.6 - 1.4 [mm)]

co(r::r[g;ﬁz;eCdB] Dihedral fold angle, [ £ a] 50-90 [°]
Side length, [A] 10 - 50 [mm]

Curvature radius [D] 2 -10 [mm)]
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Table 4. Optimal design parameter results for the corrugated

core radar-absorbing structure
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Fig. 10. (a) 3D-Printing fabrication of corrugated core, (b) Result of corrugated core sandwich structure
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Table 5. Flexural yield properties and energy absorption of PLA
and PLA/CB composites obtained from three-point
bending tests

Materials 6,(MPa) o, (%) E (GPa) U, (MJ/m®)
PLA 99.7+£0.5 47+0.2 34+0.1 3.1+£0.2
PLA/CB 61.3+23 5.0+£0.3 23+0.2 2.1+£0.3
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cross-section of (c) PLA and (d) PLA/CB
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