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Design of a High-Temperature Electromagnetic Wave Absorber Utilizing
Ceramic-Coated 3D Metal Metamaterial Structure
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1. Introduction

IO ExdMe AEA Do A QAZ, 83)|2 ZAF AIAES ME JIsHE =0l= O
EQ8 dgg St 0l Jl=2 HQ dold gXo tsoted &3], &8, ZAt &dl2 fIXE
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S s A0 " AIEEUCUL, 2xE3H HIEH 2 MU §32F AIAEHUA=E D
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BHNANE SHAEFQ MAIIOD EFHs2 KKots Jlz=2 A0 HEZLD JACHT). oFXIet
D20AE 452 SXNE = Ys Mz A8, N2 sFUAS E s Mot 5§ =2 &&
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ASIt OIR R CH?,

YSZ(Yttria Stabilized Zirconia) M2t AMle R+8 WEHW WRAHEZ2 X0, 1,000C 0|42
2 SANNE HE 201 AE £ JCts HF0| AN® &2 AT HEl 2 0IEL
HIOIRQ 22 28 AWM AL2EH= 2SS W20/HYW, HE2RS JIE9 222 olgd =D
TEE HHECEZEN S ZHUA XU EMotA 2= S42 UEIUEE &3 & HEsE 222
2USHCH. S0l SRR(Split Ring Resonator) OlIEI7?Z= & JZE Jgtez MO Ex48s0
EQ8 92 ot UL 2 HIFAWAHME YSZ Mt SRR 2= HEt=&EE Z2&s M0
E+7AE ol N2 SFNAML MDD Ex-dsS 2UScle HE SEZ GHRUCH

2 AR0AM Hetst Metel DEE 30 2= HEE2E REA= JIEQ dAD|I E+H%t Bl Wet:
WRAED Hds HUHA 20, 220 2Hs 112 SHNA S4EEQ ML Sx=48s2
M2 £ Us XM S=HZE HLst= ZH0ICH 012 QoH YSZ M2t SRR MIEI2EE RXE
Zgst MO ExFRXRE AHSHD, D20M AAes2t & HEHIE A3 1,000 T 042
D2 AWM X-bandS HXIIM E IIsHS SQI5HULCH
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2. Design of High—Temperature Radar Absorbing Structure

2—1. Material Selection
128 RAS(Radar Absorbing Structure) £HE <ol D2doHoF & AISCZ2= MZE AE0|CH.
SUS(Steel Use Stainless)e D20AM2 WEADN WAAHOO FHAHY AHQElA AEZ) 800
Olatel N2iME ds=2 |RASE = JA2H 250171 20 XTI o]
HXIII E MHEISE HHE AIsot 28 EHd=2 Sof XD
ACH, E& FUI0AM 2e BE Sas |
LS, YSZ= 12 EH0A X 82 |
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Fig 1 lllustration of thermal barrier coating.

2—2. Manufacturing method
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Fig 2 Direct Energy Deposition

(Source : Google, InssTek Image reconstructions

2—3. SRR Pattern Design

DED &Aalg2 &=235t)] fdide 2 SH20 Us AEZE XD 8l EY IHEQ dAlg chedt
Xz HAGHOF SCF. S8, SUS MEZ2 S& MIN s S& S42 2860 Aol HE=E
TZxZ0l SRRE AISHLI. SRRE B& £4dg2 sdl &AL Ex48s2 2UFFE £+ UA2H, EF
O 0A 28 38 A2 SE60 MIPDIIE SHECE E+8 4 ULE SRR2 LC(ILE A,
MNIHAIEA) SRS Sl A2 (Permitivity) MO SUE E86HCH & 2 Y 2Z(loop)dl
QALAIZHN et Yols XDI&EO0l 2Maldd, 0l 2ol & MY RE MRIF REEC K&
d2= & g 2Z0M Y8 A(Inductance, L)E M4otD, FZ MO R EF0 2l
A BXEIF Fig 3 28 &0l #E@H=ECH  EE, orE grEzEo I X A0l0eE
INIHAIE A (Capacitance, C) doot ZAMGHAH =ICH

Fig 3 Equivalent circuit and general
structure of a SRR
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Cot £ 2H0 A= HE |2 F20= HHAIEA 4,0 2522, S HHAEAE FX
AROISl JHIHAIE A& do2t Sl JHE FAX0A ZdotsE HMAIBELA 12 822, St 2AZ0A
OIS0l HgE2 AZEN JACHD HEE It ULt SRR SIt gl2&= LC & 322 #2B2,
3& Fhts= A (1) b 200 A& M Cce FX A0l =2 Z01€ HIHAIEAE
°|0lotdl, L2 SRR & & Y FZ0AM &do

=

t= & HEA0ICH
SRR & &ZAlN SKe 0 Bx= WS B, 2AF 28, &M SHOICH Oolelgt OHH
HES00 38 Fh2 S4s0 S 0120, =ZO 0 EH S TE6)| |l =

2HE oA

p

2—4. Optimization Design and Simulation Results

SRR IHEIS| XIA9| OHJH B gtS =0t ol X-band(8 ~ 12 GHz)MA E&=E5E JHXls
M E=FX S &S Fig 42 201 & H otUC.
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X-band W KAXIAIZID| K& 2Xsx=E HAHGIUD, SH HIIN =6 21D X0IE = A6
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Fig 5 Parameters of SRR Pattern
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o Ha= K& 2DelS(Genetic Algorithm, GA)2 AIE0ol0 ZAS6IUCH GAs XgEH

= Z X3 2HE oHZot)| o Hg= LN2|S0ICH XA HEH(Natural Selection)t
2 DENNON, 286 2HUA XEQ HE e O R KT HHOICH GAS
>R Qe UsSw 20 JHMZ =J13H(Population Initialization), GAE 021 el B2 0|RH&A
HHMZUHA AIXEC 2 Ml 282 HE LEUWe |SAEXNE AN RANGS2 dEtFo=z
Old=2 HEE Z)le =8 2HZ 0IRHACH HEST HIHFitness Evaluation), 2t A2
Mae= EZHME diZol=d g0t £2 oieXl HOteEth 0 HNgtss= 2Hol det CEN
doE, 4dAH HEFJNANsE F=2 HAsE 2 =20AHse HIILM E£ds2 JIEC=2
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WA CHE MICHOI O 20l HE=CH =2 AI2ots g"Hols 23 2 M (Roulette wheel
Selection), EHHE &E4(Tournament Selection)0l UL 1 XH(Crossover 29 JHHDt
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W ExdssS SU6IAL, 9.5 ~ 10.5 GHz ALOI0 E==HS ZA EBHAFEA T3 g0l ZMGIES
Z &3 UEE Soil GAJL zlAsicte 2 SHZ HA0HRULCH

Fig 7 Objective Function Schematic
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3. Fabrication and Testing

3—1. Metal 3D Printing
RASOl CHet =& & = AME H&ES <o Fig 99 20| &2 IHE &2 =0 Y= HEe=z
2M5t], Table 1 Bl XACZ 2% 30 ZEle DED YAaloz AEHS MESHYLH (Fig 10)

Tabel 1 Printing Parameter

Laser source Yttrium fiber laser (1070 nm wavelength-IR

Laser Beam Diameter | SDM 400 (400 um)

Laser power DMT mode (180~258 W)

Powder Material SS304L (1.46 @)

Gas Powder — 3.0 L/min, Coaxial- 6.0 L/min, Shield — 8.0 L/min
Traverse Speed 850 mm/min

Tool-path CFCFC

Rotation Angle 90°

Fig 9 Replicating the patterned structure to match the specimen dimensions

Fig 10 3D printed specimen after fabrication
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ne2 sFulM LHO“chl} HRE2 Z3totd] f1st gAao2 20l ArE EID:I 19704 TH

oI ACH EA 2E(Thermal Spray Coating) JIEE2 AIE5H0
DEES DR20AN =0 2L AEie YSZE _._ﬁgi 2 AHSHY
A2 WEH, WOI24, WAHS SAlMl M3st=d e
gotACH (Fig 13)

U of

SIUE2=Z Metal 3D Printing & YSZE
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Impact
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Pawer supply

Cooling & Molten Particles
wer cables Acceleration
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ARC plasma flame
Anode

Cathode

Coating

Fig 11 YSZ Thermal Spray Coating

(Source : Thermaltec / Ansung surface technology)

Fig 12 Specimen completed after YSZ coating
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3—3.Free space measurement

HoteEl RASE Ais SUsdBez FSHEUL. AMEZ2 SAU F1, EHAE dX = OHHILIE
U2 ZEAHCN BHXISHH SHHIUZRH sS4l L 4G s dXDID ASE S46t0H S-parameterE
=HolQUL. 2 Alge &2 ZAHEE 22 T)HA $EIAJASH, =H0oles Vector Network
Analyzer(VNZ)2} X-band i & QHHILIDI AP ACH

AE S M JtXl AlES XSG CH (Fig 13)

1. Plate_SRR : HIEtEHE JI& 2 A|lHOZ, TE0| 9= HEE2E X2 2A= AE. (Fig 10)
2. Plate_YSZ : Al® 2E SHII 1.7mm@! == YSZO0t= DE st FIh,
3. RAS_SRR : 2= 22 HEIRZEN == YSZE 1.7mm ZE et AIH

Plate_SRR, Plate_YSZ ZTZ20A =SS Sa484s2 LS U220, XTI S ALK
2S2 SOISIRULE Ol & 2& NMAMe MO = S4H0| 82 2 0Istlt.

Bt RAS_SRR AlHEHQOI =& 2 HERXR0 YSZE RESH AIEE2 X-band LHOHIM 2 0.8GHz
(9.1 ~ 9.9 GHz) L Z(0AM -10dB Olotel 2=+t ds2 &£3|oIRUCt Ol JI&E HEIZER YSZ
Mectel ZEol ASHZZ2 Soil MO S S4H0| LEZUASE2 2HECH 531, RAS_SRR2
YSZJI HEt2 &S =& SE42 22610, =t UM Sa8s2 =Uste A2z e &G

e, &4 H+E HOHGIH &EXDII Ex-ds2 2HGGIQJCH HE=2E 22X =), gt&, 2tA
S22 XEECZEN SE Flx AWML & SH2 z2EFSHARCH 561, 95 ~ 10.5 GHz
AOIOIIAL = A BEAFEAIO| ZMOIEE =HEgE+E Sol dH HE XJolU2OH, 0lE S
sxrdss SUae = UATH

N I P e e
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Fig 13 Reflection loss measured using free space measurement equipment



3—4. Measured using plasma high—temperature equipment
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HotEl RASE 1= 28 Z A HHIE Sofl 22 SZ0AN &R0 S8 SHOUL. A2 2F
DAL U2 ECtX0IE AISSIH SHE 2K g8t &, AMlEZ2 =53 X2 0180 2 58
HHIE Sol 255 SZotH ML S SEHOIALOH 1,000 €2 D=2 SF0AM SE& 21,
Al oYl o ‘E‘SS HE=0AM BHAIEA S0 JHEE 0, 700 CHAM JIE €10 @2 013 &gt=
2ol BtAtEAE BT

2 SF0AM Ysz HIE} DU HE=EE FX2 A4S0 &4=20AM dADIL ExdsS
akal AL YSZeE 20N |RHEE0l HatotL OEESE2 3& =40l 2ot &A1
ExdssS Yot OIE 2IoH 9.1 GHzUIA S&I0| 2HACOH, ExEdsS U &4 AL

A20A 0.8GHz HEZ0A —-10dB 0I3t2l BrAFE=ADN -14 dBOl =IZE=g2 2UE RAS_SRR
ANEE 700 T Ol 1 GHz (8.6 ~ 9.6 GHz) THEZW A -10dB Olotel BrAFEA D -40 dBS
Z xS B0EC. (Fig 16)

£t 1,000 Co Uz SEUME AlES 2XE otE A0 C>7(IE| ©MH, YSZ ZEE2 JU20AMdE
AT X MO Z2RH ABEE Esdle & iPEF i%‘(TBC) Soll AIEHS BSoll 22l HE
S0l ML ExdsES AEHCZ RAGHALE 20ME /\"71|5| S EM42 AUz g8g
UALD, Ol D2 SH0AML WAL LS _‘?'_’é!@}E QS QAZ XHZDIULCT
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1 Auterna L
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= | 0| Ce
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1 t Aptezma 1
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SEEC vomtrolisr
conirabay

Fig 14 Schematics of the test equipment

Fig 15 High temperature free space measurement plasma equipment
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Fig 16 Reflection loss measured using high—temperature equipment
4. Conclusion

2 AR0A=E M2ty Aol YSZet 3XE EHEHS 2% SRR XS ZEst HEtEHS MEGHA,
SO =& ATWIF EZEX neg MADIOF EME HetoHUL. As32t =8 HHIE
ArES0H X-band W & 1GHz WY =0AM -10dB Olstel &XIILF Ex-Hs2 &0otR20, 012
Soff 1= S#FUM RCS 220 I Jts&8= MAIGHICE.

S5, 2 oims &) HAES XFEOEM OUS Fh4 HAWA HMXOID 485
FFHCZ zHslg = Uz RS SUS=S HSSCE 018 Soll &3z 8 OtLich CHest
MBUAMH 7= EF === G0 X EME &lotl 8¢ Jisds EWHECH 018t
FEAHdE2 ¢ X2 OEs UHEHM dXDII Exds2 FREE Jisd2 20 X-bandEot
OtLlet, Ku-band, C-Band &2 TtE FIt= OAME 8XDIM Ex4852 B0HE = A0 &
F YW 282X 210, s S22 20HHA A2 FH0 &20| JisE 2122 JIUteEth



202481 BBF =24 [ 2/ 74]

REFERENCE

[1] M.S. Cao, W.L. Song, Z.L. Hou, B. Wen, J. Yuan, The effects of temperature and
frequency on the dielectric properties, electromagnetic interference shielding and
microwave—absorption of short carbon fiber/ silica composites, Carbon 48, 2010

[2] X. Zhang, B. Lin, Y. Ling, Y. Dong, D. Fang, G. Meng, X. Liu, “Highly permeable porous
YSZ hollow fiber membrane prepared using ethanol as external coagulant”, Journal of Alloys
and Compounds. 494. 2010

[3] W.J.Lee, S.M.Baek, “EM wave absorbing material for high temperature aerial structure”,
Composites research, Yeo-su, 2021, p2

[4] Ulanowicz, L., & Dudzinski, A. Two-later heat-resistant protective coatings for turbine
engine blades. Coatings, 13(3), 588, 2023

[5] Alexander Chee Hon Cheong and SivaKumar Sivanean, Perspective Chapter : The
Application of Yttria—Stabilized Zirconia(YSZ), IntechOpen, 2023

[6] Vafadar, A., Guzzomi, F., Rassau, A., & Hayward, K. Advances in metal additive
manufacturing: A review of common processes, industrial applications, and current
challenges. Applied Science, 11(3), 1213, 2021.

[7] Narayananm S., & Azarm, S., On improving multiobjective genetic algorithms for design
optimization. Structural Optimization. 18(3), 146-155. Springer-Verlag, 1999

[8] VaBen, R., Bakan, E., Mack, D.E., & Guillon, O. A perspective on thermally sprayed
thermal barrier coatings : Current status and trends. Journal of Thermal Spray Technology,
31(30, 685-698 2022



