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Research progress and prospect of space 3D printing microwave devices
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Abstract: Additive manufacturing, known as 3D printing, is gaining more attention in component
weight reduction, model verification, complex structure integration forming, and damage repairing
process. 3D printing technique is based on liquid and powder materials stack layer by layer, transforming
CAD data to three—dimensional solids without molding or machining. In this work, a comprehensive
introduction of 3D printing application in aerospace microwave devices has been accomplished. The
basic concept and comparison of 3D printing is summarized. With the understanding of the research
progress in 3D printing microwave devices, the development of space 3D printing technology is
prospected.
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Tablel Metal 3D printing techniques

heat sources process materials process properties
SLS limited accuracy;high density
metal powder .
laser beam LSF . . . large internal stress
especially Ni and Ti alloy .
LENS a large range of materials
EBM high accuracy;high density
metal powder .
electron beam EBF . low internal stress
metal wire . -
EBSM high printing speed
PAW . limited accuracy;low cost
plasma arcs metal wire . .
WAAM twider range of materials than lasers or electron beams

high accuracy
hybrid heat sources LAHAM metal wire hybrid laser heat sources

higher printing speed than plasma arcs

2 JE4JE 3D ATEHAR
Table2 Nonmetal 3D printing techniques

heat sources process materials process properties
SLA . . o
o L . high accuracy;high printing speed
photopolymerization DLP UV liquid curable resin X
high cost
LCD
good accuracy; low printing speed
hot melting FDM thermoplastics polymer filament low cost;
the most common 3D printing process
SLS ceramic powder limited accuracy; low printing speed
laser beam . . . . .
LOM thermoplastics powder high cost; high mechanical properties
DIW high accuracy;
extrusion—based printing 3DPp ink with rheological properties high printing speed; low cost

1JP for wearable devices
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Fig.1 Shape memory effect for 4D printing Ni-Ti alloy
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Table3 4D printing techniques

printing techniques excitation process materials
SLM Ni-Ti based shape memory alloy
thermo-responsive LENS Cu-based shape memory alloy
meatal 4D printing LSF Fe-based shape memory alloy
. EBSM Ni-Mn based magnetic shape memory alloy
magnetism field WAAM Co-Ni based magnetic shape memory alloy
FDM thermally responsive shape memory polymers
thermo-responsive SLA liquid crystal elastomer
DLP thermal response gel
nonmetal 4D printing SLS
moisture DIW hydrogels with anisotropic swelling performance
light PolylJet light-responsive polymers
magnetism field magnetism-responsive polymers
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2.1 3DFTENEER S

T IR A E 4 LR i . B R 2, AFlEE S . ). AERYHE . lEMES. &8
AR R, NG TR R S . BRI R R HAE S JE 3D FTENE RS B B B, SRS TE LR
VA b AT A R AL B T2 IR AR A B9 S R A TR AL 10 GHz %1 300 GHz, & i 455 =X R G 43 e 1 5
SR A IEAFET- . 0 3D AT EN S Rb Ik 5 0 B8 3 RO iR 22 2 Ak e (R PR R, TAE T W 2 DA ik B 1% 8 14 A
Fe2 7, RIZ R 2R T4 W BB DL T i B A 8 i 2%

9k AT BA™F F SLA 2 A il £ 19 4 B 38 RS A7 38 BB P A%, o0 M4 28 GHz, Al N [l BLFE AL T 20 dB,
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T AEAE Ku e BE (PO MR 14.125 GHz), AHXEHE 98 5.3%, 384 N SF 2435 AR FE 0.6 dB 1 85 e 81 ALO, A I M %
UEPE A o B 2(b)~(c) M iz A U I 7% 9 B R LA AL 78 OV A I SR T S AR B AR S G 0 R AT A T
REAIS T FT BB (4 1 3 T 2% o A% 58 0 00k A I B 8 o 4 SR T IR 5 CNC BRI AR, AR 7 rpodfl ke B RS iR 254
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Fig.2 (a) SLA Printed bandpass filter with two DGSs™; (b)~(c) 3D printed AL,O, ceramic filter
€12 (a) SLAHTEN 4 Bt im g P ™ ;s (b)~(c)3D FTEN AL O, A1 it i e v et

58 THz 25 A= 7= AR R, I TME B K, T AR R i 3D ATER B R © sl il 4 H ik 2 . &ihk s . UIB I
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330 GHz Ryl 18 JE P . PO M4 300 GHz, @4 N [l 4 #8010 dB. 8] 3(a)~(c) i TM,, 154 H i Bt i i iy 18
U U A 1) b AU g P Ao U T AR R T R AR DO RR AR RE SR AR N ) o R SC IR IR H 316 N R, by oK Uk
<5 um, il £ 1A HLBORS 0 B2 R, SRR R . R THDHLRS BE AT THz % 0 1% f S FE A 52 i, DALtk MLS 4T Ep
B 0% SR RO S A T, RR R R MRS AR, (A T A SRR R R S R AL, 3% S G 6T A AR 1Y
M/ T 0.02 dB. S FE i A RER R PERE L S S0 T Ak A B R e B A 0 TN Kk LB I S A T e L T R
NG UG P A S, AT 4.7 dB, TG UE B 0GR S A 1.1 dB, ISR S S, MORH SRR, fifk T
3D FTEN THz i 5 A% S ke 1 o

(a) as—deposited sample (b) parts on building platform (c) gold coated filter
Fig.3 H band SLA printed filter
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RS 52 2 5 Ak BT 20 Jo 85k 0 3 A W 7 P9 52 W Sl DA 3 o o {ELAER O B S THz i S W 5% 58 73 Ul B 3D 4T ARl 2
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Table4 Comparison of 3D printing filter

process Jo/GHz FBWI% IR/dB Jg offset materials ref.
SLA 8.20 5.85 1.20 0.18 MgTiO, ceramic slurry [11]
SLA 10.00 2.50 0.47 NG NG [12]
FDM 10.24 6.80 1.05 2.4% PC [13]
FDM 11.00 8.60 0.50 10% PLA [14]
SLM 12.80 1.94 0.20 <0.2 Al alloy [15]
SLA 28.00 7.00 0.16 NG ceramic—photosensitive resin [8]
SLM 31.00 2.84 1.35 1.1 AlSi, Mg [16]
SLA 87.50 11.50 0.50 2.78% Photosensitive resin [17]
MLS 88.34 12.10 1.94 1.84 (17-4PH) [18]
MLS 89.10 11.10 1.00 1 (17-4PH) [18]
MLS 132/153.5 4/4 1.31/1.37 0.92%/1.1% 316L [19]
MLS 300.00 10.50 1.10 0.22 316L [10]

NG: not given
2.2 3DFTER R &

3D AT EPEARNS il s AR /R BB R L PP B . RS 0 08 B A v 2= 254 1) — A iU A B 35 R34 . 3D AT
B R 2k AR A A1 R IR PER T 23 S P 6 s a) AMOL B 1 O BE B OR VR B9 & R AT EDHOR S T 208 SLM
SLS. EBM; b) & /mITENE & & )8 o sl mi A Jo b B, A LL T &)@ 3D ATED, HA ™ A Bk, B TR
AN EA I HE , A B TR . O SR A

T SR SLM HEAREY 7 — OB 25 0 B X B S B A K2k, 3 dB il LAl 58 1.25 GHZ(9.05~
10.3 GHz), M AL 45 9.2 dBi. AL TSR PSR L, SLM T B A NUR K 2 92 B — IR AL B2 il i, 9/
TRER 2, KM S K, AT TERESE & . B Zhang 553 f SLM #AR P, il & T AE T E Dk B i 4 %
WUREZL, il NI 45 KT 20 dBi, #E— 4R TF 72K P AU 3D T BN R LM BT o %W UK 248 T/ T 20 pm A9
Mk A, PR S ERE MR B . B SLM T Z R DTSR i R EDLIE 22, PR mKHLRE £ 6 um rms,
it R T OILAR AT I S5 40 T 2 b vy Rk R I FTEN B i o HLARAL LI, 7R A&l A Jm b B2, B i B AL
B R AR DU, 45000 A% 15 B B8 A A . ROBR 22 R TARE MR i, XPRGF iR 22 | SRR 22 0F W U=, 3D
FTEDHAR A 3 J7 TS A0 B o 2 A AR AR T B TCA B S B ARLCY, N R CR B A I, ITED T AR
93.9 GHz By /INUSE S S IR 2, EPAIE T 3D T BN A A Kb 2% 5 1 9 00 FH AT 5%, A3 284 T e o 0 32 ol 10 8 F 114
AR

Fig.4 (a) SLM printed CP antenna; (b) SLM printed horn antenna; (c) Inkjet printed Yagi—Uda antenna; (d) SLA printed resonator antenna
&4 (a) SLM 5&i5 B AL KLR ; (b) SLM MUK ZE 5 (c) Inkjet /A AR KLL 5 (d) SLA YR HE KLk
AP R PR WRE . A B R A AR R 3D FTENEOR , HUMORS B 5 S, SR mDHLDRE L, R B R
JoOtt . AR T WEUR . WUED . BAOMLBRAT SR AL BE TR, S S M AR BRI AR R . B K Tehrani 45 %3 5
W% S T ENF AR AE AL BTRE A FATEN AR R Z, TAEMIA 24.5 GHz I}, 1945 8 dBi. WA 4T EIHAR AT DLAE AN [R] /Y
I B RE L UTRRAK GBI, DURRZSAE R A Ry 5), WA TSR A R . MARR L . Al Pt R4
i, WA 4(c) s . SLABIFTEN 73 # 1 24 25~50 pm,  HC A AR 42 )8 3D 4T BN HE A (9 SRR, 6 32 5w, R4
ot RE T, 3 TR B ) A B B R A A Tl £ . D Betancourt 25 fifi F SLA F AR 25 A 4 v BE T 245 B AU i
SRS, 8~21 GHz Y T AEMHF N fe K36 25 0 17.5 dBio Ak — 8 3D FTED KA T/EMI R, Y L Li %
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i3 3D FT G ) — 3RS ST 25 4 n 48 A A s R Y, I 4(d) TR o I KR AE 100 GHz JRBESE N 3 dB A 9 13%
(93~106 GHz), UE{H 4% 16.8 dBi, HAMMA . ZinT . R, BRfbrypid. R5 855 7 473D ITHI R
PRSI PERE . FWMAARZIESRBITENS S SR T2, HT W B LUT i &6l 4%
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TableS Comparison of 3D printing antenna

process fIGHz peak gain/dBi materials types Ref.
SLA 8/21 17.5 resin double-ridged waveguide antenna array [24]
Inkjet 8.5/9.5 12.9 nanometer sliver helical antenna with integrated lens [26]
SLM 9.05/10.3 9.1 316L metallic CP antenna [20]
SLA 12/18 19.1 MgTiO;, ceramic Luneburg lens [27]
Inkjet 21/27 8.0 nanometer sliver Yagi-Uda antenna [23]
FDM 25/40 20.0 ABS horn antenna [28]
SLM 60/90 23.0 Cu-15Sn horn antenna [21]
SLA 93/106 16.8 resin open resonator antenna [25]
SLM 130/157 15.4 316L horn antenna [29]
SLA 215/240 18.0 ABS integrated planar antenna [30]
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2014 4, NASA fil Made In Space(MIS) 7w 7£ [ bR 25 0] ¥ #5 8% T 15 5 FDM $TEDHL, ffi F ABS 2 41 $h 4T T 8 Ik
GRS Ah, I NASASZREIFAE R “Bbkfils” HH, HEZ0RA#ERS SRS, WK S@s, ff
PR T Y 22 TR S (8] “Hm27 RS KRBT R & B 0F, JR7E LA FAR MR IC, %200 H 33 T 2024 4F k47 25 8] 52
5o 2020 4F, ML RFPHEEARMHRE A RO S EMEZSH3DITE RS, 193] S 4 4 15 2 5 Mok
BESL RS TR 04 SR A AR 77 o 1 B3 2L, 2022 4F, H AR =22 WAL & T BEE K PH 2404 F &4k 19 O SO i
BARL, BHET TRREMENTIE RS, LR KFS . BREARLNEE, WE SO IR, 2R
B 1) /NI R 2 AT 7K AZ 400 °C 1 (R I, T R MR I R A B AT AR

=

Fig.5 (a) Satellite mesh antenna of SpiderFab; (b) photo of the 3D printer
&5 (a) Wk RAIRRRRL s (b) HAZZEHI & BT R 3D T EAL
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ARICHEAN LT 3DATENRIEL AR 23 FERR S, Xk 3D 4T B 24 6] i A 4°F 59 1 H#EAT 1 2838 0 3D T BNl 45 1) I
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Kt . RMALH % o 3D FTENRBE AR A LM R Z R, M T Z S & marfEAH L, 9D 80% i, A UL
UE T HUBORS A 5, A OR R B 04 1 A S, A 0T . 3D T BN (9 R R 2 S R — T —
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1) Zh ks RERIR GBS . AR BB 52 3D ITENR RO M B2 R FHAT, BRE & AW . MgAl
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gt 53—, SIRERREERTRE . R RE R AL R R B A S bR, L R S R AT AR R L T 5, B
I SE SN BE 25 sl B i 28 Ty "2 Ve BE o D REPE S S AT BB At — 2D 30 98 T 3D FTENEOR BB - R BLAE RS 5 7K
BORUIA L W A AF 2 D) REAT

2) wRBEIE . R, BIAL . RN . BRI ) A R B KPR R R A A R SCRRE  ER, JE HOR B  UR AR
PR X5 AT EIORS B B2 20 SORE, /I 9 158 22 T RE 23 38 R RPE RE AR AL o IR A R T2 B R o R A 0 9 7
A, W A SO D AR MO BER /NG B TR L, 30 BRI SRR B o SR PR OB S . Ak, IR
FERE B 5T B PEPE REAT E RS2 o 2@ 3D FTEN LIOBHARRERE O 3, A A AL AR A A 3B <AL A — 2 X
PSR A, R AR MR 2 R i A FLBE R o A AR A Al 5 B AR %, CLO R RBULR &7
WA ity P4 5 JEE 1R 57 1R BE

3) WK B . MROAS BRI o A UG A T T T TR I 9 Bk AR A . s ] R ) R g A R R R A L
B[ 1 RS 5 BERL R K T S B RE RO AR AL s BRESTENR ) . FIRERE T Z 28 MAI 3D ATEIH A,
HEAT AR A% R B RS 0 2 | AR AR, AN (AT U 3 AR T B R R R A, D R A, RS TR
B ay, LT LU o MU Je K PR s R R L S A, TEAT R AR T OB, R AT R 2 R A R AR A R
4 H ol fF .
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