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Abstract : As an application and potential of 3D printing (3DP) accelerates in diverse industries, the use of 3DP is also
increasing in the textile and fashion industry. Since the fashion trend is rapidly changing and there are high demands of
customized products for customer segments, research on manufacturing of 3DP textiles has become more important. 3DP
textiles have different physical and chemical properties depending on a various 3D printing technologies or materials.
However, it is difficult to fabricate 3DP textiles that meets demand of garment such as flexibility, wearability, tensile
strength and abrasion resistance so that 3DP in fashion industry relatively has a narrow range of applications compared
to other industries. The aim of this paper is to provide a trend of research about manufacturing 3DP textiles by analyzing
previous studies according to textile’s properties. This paper classifies the five types of 3DP textiles and analyses sys-
tematically. First, 3DP textiles blended with existing textiles. Second, 3DP textiles utilizing the structural design of exist-
ing textiles. Third, 3DP textiles designed with continuous units. Fourth, 3DP textiles utilizing material properties. Fifth,
3DP textiles based on smart materials. Based on this analysis, future research of manufacturing 3DP textiles needs are

identified and discussed.
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3DZAEBD Printing, ©13} 3DP)S 3DZHE S o] &3 A
2712 YAg A dlo|&(Computer-aided DesignCAD)E
HEO 2 #o]oE A&H 02 A (Layer-by-layer)s|HA] A=)
d AFS Azl A& =¥ 7]&(Rapid Prototyping RPy&
2Ju] gt Ambrosi & Pumera, 2016; Gebhardt, 2012; Gibson
et al, 2014). 3DP 3742 Td¥, 2y, T3l A=
9t RS Ol AZEg ot ARl gt
CAD 44|, =" A 125 A7, $AE= A EH A
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Ant, G, FHAR T ESE A% e
Z¥z} oJn| S (Ministry of Science and ICT, 2016). 719]
B71e2 YA ARE 7AA 7S B3 AEAY Fohy
FAlo 2 AYrksl= A7 (Subtractive Manufacturing'SM) W
t}. 3DPE 7180 Hataae witiEe AdelH, &4
7€ WAL HZ7(Additive Manufacturing: AM)°]2}
THBaek, 2015). W2} 3DPE A%2S tAEslsie] A=
Ao W ¢ JeuR Hgfrls F 9
FE A Qlvh EE 3DPE AL, e, 2 ] A
ol A4 AAE gdat] HHsE olFlE 43k AHEH
4 okRA 2 F8730] AR AUtk(Schwab, 2017).
3DPS] S vt 2tk A, 2kstE ARsst 34, A
7= ARE Y 9 AL A7E HLstE 2o} AdHglel
< AAF R B Urk X, AlA|
9 AR A7 5 vk A, TIRE A
o] E] 7]“}0171 2ol AF FEe} gl AAl 4
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o] Halkslk AA7 Feskx 27 Ftk(Berman, 2012; Chua
& Leong, 2017; Petrick & Simpson, 2013). W4 3DP=
AZFHd ZAAA o)A v=Y2 f4d0] e Fa8k 7ol
™ (Conner et al., 2014), 714, &&=, A&t &HA], A
AP, ©g, vle] @AM Fof FollA tdsiAl &&= A
(MSIT, 2016; Wohlers, 2016).

#x9| 3DEZHUE= 19863 Charlse W. Hall?] 373} 7]&
(Stereolithography-SL) 53]&YS AlFe=z th33] 3D
SystemsollA] AF8-31Ech. 1900dtH %, Stratasys®] &8 2=
"] (Fused Deposition Modeling-FDM)S ¥3}5}] Cubital®]
£8l= o3 W) (Solid Ground Curing-SGC)Z Helisyse]
AE 3+ W4 (Laminated Object Manufacturing- LOM)©] “
dsk=gich 1900t Subol= DTMel <jsl] Aelz #olA
47 W2 (Selective Laser Sintering-SLS) 2000 dthol] o=
2 Envisiontecoll Al TIAE 3% 7]& ®2(Digital Light
Processing- DLP)°] 7= $1tH(Kruth et al., 1998; Wohlers &
Gornet, 2011). ©] Wl ZEA(Polylet), 25 ollUA] F2F
(Directed Metal Deposition-DMD)Z} 7+o] ull-$- st 3D=
e 7|&o] LASIATE AF= ZH7te] 45 W2 ug o
20 A, B Fejo] A, M, 25, Fol, BAl, 2
ANE So] @ 4 UrhKwak & Park, 2013).

3DPe] tiFsh= 8 ta7]&% SLAS] 53]do] ThaE Y,
71 ¥ FDM, SLS, DMLS(Direct Metal Laser Sintering) 5<]
53 wiudd w2t Sk E3F Adrian Bowyer 7}
2005'd+E] AJ883t Reprap(Replication Rapid Prototyping) <
E 2208) Z2AER 8] 3DPE T A glo] A
g e o] AFHI. ol A Thegt Vlexn 9
7HARQIE e ARE] - AAIAQ] #FER] 235 JEHTT
(Bowyer, 2014; Kentzer et al., 2011). 3DP2] t53l7 &4t
Hol wet AP #EE JR gAsta e Aot 2R
¥ AJAZA]E Wohlers Associatesol] W2 ], 4] 2
A U 2E TS AA 3DP AL AT oF 30%2] A
FES Tl 20174 71 609 6,300% €] YRS Ho
3k 202199 E 108 g FEE 145 AR A

2 o =3 tKBourell, 2016; Wohlers, 2017). = A3
20154 71 2230909 fFRE SR 20199 =0 =
229%°] AHER 508299 FRZ AF Zom Hudd
(MSIT, 2016). AIAIA ITARE7]# Gartner®] 2017 A EHIIA
of wEw FF Fd <k FRE ARG 75%7t At
3DP A|&HlS Egate] FiLld FFES 71E AR 95
Holl wlgl 5% = K Gartner, 2016).

3DP AP Z37do] 7iEsteA RAJeIME Alx F F
& GAlg S ok Wy o= 3DP7F A8-57] AlEeRdT.
QA AN F HE AlZRE F§ ©id 3DP o R/ A
2 A AAAE], A A 5 Agskeh] gl At X
Y=t et B AgEekl Histe] A - oFAkdel 3DP
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o Ag Wl AR Ak ol J1%, AA) WM B
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2 Aloke] W= o] F A Ztel] Hash 287k, Wet
4 Y 7EE TN g 2Ed P2 A 23}
H7] wFo|thKim, 2015; Lee et al, 2016). 22 2|7
e wisle] Savh w2 AMR) BEY AlFl dig et
Mool vjg)] =2 Algeo|mZ 3Dpo) 9]t ¥l el
st A7t 7S e, o Fao] HE I ok
(Weller et al., 2015). W] EaroXe H A4 - o FA300
Al 3DPE A&-3 gl2Eld AR ATETS At} st
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2. 3D=ZE(3DP) 7|& TR

2.1. 3DP &4

3DPE Eele] WA LgelME BrPsAR Bikeh wxE v}

2 AFAE 7FseAl BHEQITE 3DPE AFHEH O

7] glalie bR AR 9 A4S 0 Ve A% AR
KN

o yAlze] §92 JsioF gtk 3DP ¥

A7, STL(Stereolithography Language) <2 AMF(Additive
Manufacturing File)22] 3}, 3DZHE Aladlog wjl df,
3DZ-E 717l 24, 1Al AXE AA ¢ A, A, A&
o] gHAIZ YEPE 4 AtH(Gibson et al, 2014; Mellor et
al.,, 2014).
3DP= AutoDesk, AutoCAD, SolidWorks, Creo Parametric,
Rhino?} 7+ CAD 4&ZES|oE o]&-3le] PCelA 3314 A
F& ARk 2d" R AAEith CADE A&t Rde
FE Yol goloj2 reld STL B AMF2e] T
Ad dlolH=E A7) o] 3L tRRIF AL AEH
Adido] "oRlE dle] 2 oerZ trRRIY] x, y, 25
st mdle] FRollA 22 AZeiRe] A Wy wgk x
Jo] " olth(Gross et al, 2014; Wong & Hernandez,
2012). 3DZHE = 7&d) o} st E€x0e 488
et drRF o= A9-7], gojo] xo], FHEE, ARAIE &
T 9 EHerE gty FHo 248 tEA AxT
AThHLee, 2015). 53], SLA "2)2] 7% Lasere] Al7]¢} &
5o 271E tEA 3l AFe AL} AT E =4
g 4= tiLee & Lee, 2017). 3DZHE] A|2H] AFo] o)
U oeFst el ARE AN 2 A3 e Bl ol
ol A& or YFAHAM AFS Axske AdH =Y
S AZItH(Campbell et al, 2011; Dizon et al., 2017).
FAE= ool uet A8sh MEE AA, Ant, G4, B9
Ag 527 5 AT FEsSE 9% e $8E veEidn
(MSIT, 2016).
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2.2. 3DP XM=

3DPE 2040] e 717 Bt YE/ReEA AREEHYL
theret Aol AEe} 37 318 AAE 7Rl AlFe] B4
o] Jidge] wl APl FAH rem Fdstr] Al



S TH(Campbell et al., 2011; Frazier, 2014). 3DP 7]&2
Hog N, A B Bz -2 vpekst e A,
g, F5 A, f2, Fol, 54, AAE 5 83t
A z8ch(Kwak & Park, 2013; Vanderploeg et al., 2017).

o o L z) © = =0
29 B9 DhAE 9 BAS ASHAL, BEE 7,

(T

A

T, F%E, Hebr 5ol lom AlzbelE sio,, Tio, ¢
FSFETHCampbell et al., 2011). HZolE 3DP| AMEEE
71E AE7T 7R dARE S5 Sl AR v, T
AEA, = 2 $HE 55 1HS EFAEE AIEA g

o=

StAF k= AGF sl = JH(Gross et al.,
2014). HEAHOZ g4 W= FE(CNTs), L= S}o]o](NW),
=& U UYANP) 5 2 YrEES 555 39, A
7] 9 sy A8 ZE UTH(Campbell et al, 2011). HE=3F
Hlo] 9 Z2 Bl (Bioplotting) 2 PLGA, TCP, ST, 71 EA,
o e Agd Fol| FE3Sle] 3DP A|FEA S Y-S
o]Zo] WATHChia & Wu, 2015). ©]2&+ A& /NLe 71&
3DPE RS 7 A Rololl YA 42 S e 7185
AlFahe MZL HHoER AS7Rl J2d Al gt

) FAZS 23l 2 AME-E= 3DP A|E= PLA(Polylactic
Acid), TPU(Thermal Polyurethane), Bendlay 5] It} PLAS}
TPUE 4743, W28, viR Aert 73 Griay Seid
of 43l Bendlay:= Orbi-TechollX] A3 ABS(Actylonitrile

3DEEIGS oj§ e HAEY AE JEES 119

Butadiene Styrene)°|THLee & Hong, 2016). < A7 wl=
A AE Aol AGEd i AA B 34| AAE 3DP
AE2H &89 F o] BRI Ytk (Rosenau & Wilson,
2014; Vanderploeg et al, 2017). ¥, o], 715, UYUdE, &
U, H2ZE, ZTjolnss} e AR5 E83 oVt diR
Zo|tlAbidi & Hu, 2016; Kietzmann et al, 2015;
Vanderploeg et al., 2017).

2.3.3DP 7|& 2=
Table 1& 3DP 7] 712 Yehddl 3DP 349 353
2 AEE FFslo] A2 AFL EFske Zlolt) wekd 4
Zok= WAlol wet Table 13 o] /Y dHo= E/T
S Stk As - gFAeIAE FDM, SLS 71€0] 7P %ol
F3 Qe 1 vt SLA, Polylet, Binder Jetting 52
[

2.4. 3D=TE EIAEIY 7 &
A HA=olME 3DPE E8-3F 2Rl wE
Zhaled gt 21717t ek Al
A ORIUER E3F 7|E0)] B < I 553 tiAl
S Arely vk 53] LEFEE AAMI AAF AZl

TjzRRle] A =5
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Table 1. Summary of 3D printing technology (Baek, 2015; Kwak & Park, 2013)

3DP Process Technique Technology scheme Materials
. . FDM(Fused Deposition Thermoplastic material of filament type is heated and directly extruded Thermoplastic

Material extrusion . . . .
Modelling) through a nozzle head dispenser and then outputted in a thin film form. polymer
SLS(Selective Laser A laser is used to selectively sinter a layer of granules in the bed, which
Sintering) binds the material together to create a solid structure.

Powder bed fusion SLM(Selective Laser The metal powder is selectively sintered and molten with a high-energy Metal,- Polymer,
Melting) laser. Ceramic powder
EBM(Electron B . . .
Meltir(lg)ec ron Beam The metal powder is melted by an electron beam in a high vacuum state.

SLA(Stereo Lithography
Apparatus)

A low-power and high-density UV laser beam is exposed into the tank
containing a photo-curable liquid resin so that the resin hardens and

Photo-polymerization becomes solid. Photopolymer
DLP(Digital Light Light from digital light projector is exposed into the tank containing a
Processing) photo-curable liquid resin layer by layer.
PolyJet Combined method of photo-curing and inkjet technology.

Material jetting MIM(Multi Jetting Using several nozzles, the photo-curable resin and the wax that acts as a Photopolymer
Modelling) support are sprayed simultaneously and then solidified by UV light.

3DP(3 Dimensional

Binder jetting Printing), CJP

The binder is selectively extruded curing substances and color ink from a
print-head onto the powder material.

Plaster, Polymer,
Metal, Ceramic

Directed energy DMD(Directed Metal

A metal surface is exposed with a laser to temporarily form a molten pool

Metal powder

deposition Deposition), DMT, LENS and then a metal powder is supplied to form a shape.
. EBF(Electrom Beam A computer-controlled electron beam is exposed into metals in the form of
Wire e . . Metal
FreeForm Fabrication) — wire under high vacuum.
Sheet lamination LOM(Laml.nated Object The cross-sectional shape of modeling is laminated with adhesive. Paper, Metal,
Manufacturing), VLM Foam
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Art. 2t ol Q3 AT, MR 22 7]eH A
2 Qlste] whigde] XA, & AAFe| o 7] Wi
off 483} 2 tiFsiE e AT AT HZole ol st
IS Betel7] YA 3DZE 2 AF At 7)1Ee]
3t o] AT HARIS 8417132 sl 3DP El e
Az A7t Es] XY=L Ah(Vanderploeg et al., 2017).

3DP ElZER Alzel oA FHH R yEsfor & &4

o5

uRA 53 22 oFaAl 7RAeR aEHE B4R ¥
ZA|A°F $CHLussenburg et al, 2014). 3DP ElX=E}d] &
3l Mg AFES B3 Az}, B3oxE 3DP HlAElIS
Tl WEE BRelaat vt 34, 712 Aot 898 3DP
H2eld, 24, 71 Aol 72A HARKIS 283 3DP HlX
B, A, TiR] @97t d5F o Ak 3Dpp Bl2ERd, Ul
A, AFE BAS 283 3DP H2Ed, TR, 2RkE AR 7]
ko] 3pp ElEldol).

3.1. 7|1 M7t S8t 3DP BAE

712 a9k §33 3DP Y AElU L 7)E Adhe dFRE
o 3DPZ AZH EY2ElAS AAAZIAY dH ol AHA
o2 Qg ¥l2Elds ou]dt) 3DPE FEHCE HHol
HEND 735, Dk FaA7E 71 Q= d
I e EAES 7oz ke Atk
Ath= FHol Utk

Niederrhein -8 3} tigollr= YdE ZHE L2435}
= WS ggsle] HAER ZA3E 3DP HAEdS ARG

i}

o)Fe] FEH vkt 7§94 B AAFEE 7 Ao
EAoltkAlec, 2014). 221} SLS HHl2 74§ EAlZ Ut
Z2H|REC] Bl ofEigo] W] wiiel| E53 FD
2 H2Ed g Azt AgA7F Bk FDM 3DZ™EE ¥,
R, Hj2Ix ol Fd&E F 71 AR fol 84
o= oig 4 Arh(Fig. 1(c))(Sabantina et al., 2015). =3+
gFst Z8v 5 PLAS ARE AT 75, ddo) Q3]
g2, HEY, 74, 23 "HolX P 22 AgE
4 dthPei et al, 2015). 3D systems A= 3DP, =HA,
IT71%S §3ste 3DP H=ede] &3l gxlct M
ZH|A}= Fabricate o] 28] A0|AE AFsle] 71 Af <l
3D Qs WA oR AL 5535 oFE Ak Aol
7Fssl A THFig. 1(e), (D)Doris, 2015).

e
-

[e)

<

tlo o

32 7|& M7el =X CiXIQlE &85t 3DP EAElY

71E Alfe] #2234 tARlS 285 3DP YAEe 7IE
o] AEolu} A ES 724 AR FHE Rkt Az
G2Eld S ou|gitt. o] Z7te] 23 BEAS 453 B4
of AH|A7E AHE WEA Q2T & Arke olHe] Uth
2 o] 735 mapdo] 7P Bol A7 ettt S8 Ee]
F Tz AZe o3| o]FoRBE A5G H I T
E4E Ad & A g

Fig. 1(@)¢} (byX¥ H2 Fe= txR1E 3DP g 2Efd 9]
79 mdFe] 5348 Fol7] SlE o] A, vHe] ),
et 7R 7HA 58 V1o R vk AEo| AxE A
AgPATe] oJslH FDM 3DZHEZ ABSE AEE sl &
gt A3} AL AL Alolo| 7S Fof QPgAe| WA

x

P

Mo o oft

®

Fig. 1. 3DP textiles blended with existing textiles. (a) SLS 3DP textile structures linking with fabric. (Alec, 2014); (b) SLS 3DP on fabric. (4lec, 2014);
(c) FDM 3DP on wool. (Sabantina et al., 2015); (d) FDM 3DP on polyester net. (Rosengvist, 2016); (¢) FDM 3DP on fabric. (Doris, 2015); (f) FDM

3DP textile linking with fabric. (Doris, 2015).
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Fig. 2. 3DP textiles utilizing the structural design of existing textiles. (a) Plain weave FDM 3DP textile 1. (Partsch et al., 2015); (b) Plain weave FDM
3DP textile 2. (Partsch et al., 2015); (c) Weft knitted SLS 3DP textile (upper) & FDM 3DP textile(lower). (Melnikova et al., 2014); (d) Flexibility of
weft knitted FDM 3DP textile. (Beecroft, 2016); (e) Interlock FDM 3DP textile. (Beecrofi, 2016); (f) Flexibility of Interlock FDM 3DP textile. (Beecroft,

2016).

o

] Fold 3DP B2l A2 F i, FHE| FE
= Ad F v AAE =S8l 59
oA Wg/do] Z4ek aiate]7] el QPR
Rk, 28y FDM 347 E7kd JeES w22
AeoM EFAITIE ol Do), wabA 24

Ao A ZshE Fato] thA] &8E ¢ I
o 22 AeRe 29T F gl DAl th(Lee et
2016; Partsch et al., 2015).

Wdee] 724 Feje WP 3DP HAEL2 FDM ¥
SLS WAo® AZHT FOMOR Az 49 g A
AN Fdslel TAE B o A & e 4
H#E =Z35tHLee et al, 2016). FDM-2 BendLay, soft
PLAS AER 3l WAAE +2E AFT F o As &
P Aol AR HoAaL, AR FREE SYE

=

>
ool
W
1o
o,

N
)
1

;

0 oX T T ood J
2 n Je t Jo

=R

7] oJHH(Fig. 2(c))(Melnikova et al., 2014). WFH =
ZE /M H2gde SISeE AxT AS YUdE 2

=
(Nylon PA12yS AERE ARG §A4, A=, A543 2 3

A% Holl A FDMETF <R3ttt B3, SLS Whae Buks
ALsHAl AAste] YAIAQ] F27F EHolAL gttt FAE

7R EAERI S 1 Thsettke Aol dlrk 2Eu SLSE
Az AEES] AP gkerE R 727 g o F
A = gleomz Folsjof dth(Fig. 2(d)y~(f)(Beecroft, 2016;
Melnikova et al, 2014). ]9} o] 7]& A/ +2E 3DPE
Ao zZA A YRRl AR-e 7FsdS AASHATh=
el €7k et

Fig. 3. DP textiles that the joints is designed organically. (a) Kinematics
petals SLS 3DP textile. (Nervous System, 2016), (b) Kinematics SLS
3DP textile. (Nervous System, 2016), (c) Assembly SLA 3DP textile.
(Formlabs, 2016), (d) Details of (c). (Formlabs, 2016).

3.3. CIXIQl BtV o= AFHE 3DP HAEIY

Rl ©97F A&H o2 AgE 3DP H2EldS 3DP A
Fojl #AIgle] A 724 EAS ety shuke] tzriel
47 AAEEN {98 AFANE o]F= HEA S on|E
o} o] WAL 3pp HAE A2 A7 53 F /P gs)
A FYPHI Q= B, A F /X FuE vehdth A
A, Je T2/ {71502 g g, 24, 20 {9
o] 3o 2RE F3 AQIM Y (Chain mail) FEN7F Tk, o
Fo] Mt T WA o R A xEith
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Fig. 3& HAIFETA] f71402 AZEEE A|ZE 3DP o] ZEA)gtk(Nervous System, 2016).

Y 2Eld-S YePTE o] W Al fAs e ol Fig. 3(c)= MITE= Design Objects and Interaction ZZ4|E
B AEL AxT 4 Jdoke Aol Atk Fig 3@t (b= = =34 SLA %23} Clear Resin {52 83+ 3DP €~
Nervous Systemel|A] 2013dFE] a3l 2 7|vntg ZZAE Bld®, AlEe] ek fARE A dhs AXske daEls
o] El2Eld R SLS WAS &8st ooltt 20160 AL < A8AA 7101'—340 718 A @919k J FES TR
7Ivlnbe =dse] A9 Ay TAR] 99® A 3DP s 3t ol= #7131 SAle] 7Fse SlojEE AFolH F
Eld R o]Rox] vt ZH7ke] TRl ©e] AR ddek & Aol whet W3 e th=Al YEbstth(Formlabs, 2016).
S A o HE FEE fUIFeE dAx e HR Fig. 4= AoHY Fel2 A== 3DP €2eldS Yeldin},
1S B3l AAHOR fAg +2E /K AFAEA 9] &4 AIAE ks shtel T2kl &9le 7P 93 9, A
o] 7hesitt. g o]yt x4 B4 gite] HiElde] P} 22 7ty FxE Edete] B33 A FE7A
7l LEHE 8T F o] B&H ot} ol 7IE 3DP £ hFetct. AR e FRE =E3aL A|oke] gl7] Wi
7+ SEARF S 78E 3DZ-Y =)0l ofgk dAIE of 4% AEE 2HT F o ojHd 724 542 7]

AAstgint. el 2tel et Brdow Basihe @ Eol Agsh SARP ZPEE felsht £29e) B} aelvt
'ﬁ*ﬂ”b!"’k}'l\’fﬂq(?‘ﬁ
19

X W\Y{‘ f\:{ \:{ \y

~4~~(~(6" . N

AR Fo B ‘Q"DI'A"-
6&‘u§¢ e e e e "
v ,~¥ Feh £ q"."o/‘

Fig. 4. Chainmail-like 3DP textiles. (a) Kinematics triangle textile. (Nervous System, 2017), (b) Chainmail-like 3DP textile 1. (Lee & Jin, 2017), (c)
Flexibility of (b). (Lee & Jin, 2017), (d) Chainmail-like 3DP textile 2. (Kalantar & Borhani, 2014), (e) Chainmail-like 3DP textile 3. (Kalantar &
Borhani, 2014), (f) Chainmail-like 3DP textile 4. (Kalantar & Borhani, 2014), (g) Chainmail-like 3DP textile 5. (Scott, 2014); (h) Chainmail-like 3DP
textile 6. (Scott, 2014), (i) Chainmail-like 3DP textile 7. (Digits2widgets, 2015), (j) Chainmail-like 3DP textile 8. (Digits2widgets, 2015).
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Fig. 5. Flexible material-based 3DP textiles. (a) Sheet-like 3DP textile 1. (Lussenburg, 2014), (b) Sheet-like 3DP textile 2. (Lussenburg, 2014), (c) Thin-
structure 3DP textile 1. (Lussenburg, 2014), (d) Thin-structure 3DP textile 2. (Lussenburg, 2014), (¢) Thin-structure 3DP textile 3. (Millsaps, 2017), (f)
Thin-structure 3DP textile 4. (Melnikova et al., 2014), (g) Thin-structure 3DP textile 5. (Mikkonen et al., 2013).

g+ S

e 718k 25 S-8ate] AHY JElE AlxE 3DP E
2Eld F AEslE R3] G2 SLSe 2 A|ZE Kinematics
triangle textile(Fig. 4(a)) =&l|2=2} Janne Kyttanen TIR}O|L 2] 4
in 1 Z&27} 2lthKuhn & Minuzzi, 2015; Kyttanen, 2017;
Nervous System, 2017). @<= 715H5 vl o= MAE Fig.
4(b)y= TN =5A A== DLP 29 ZHHZ A
Z313th o] Fall DLPY4> FDME4 3 22 ABS resin
S AEE &, 2EEE 9 BHxE 5 ARESE e et
Hl . 917} 2d5o] SHEAtH(Lee & Jin, 2017).

Negar Kalantar®} Alireza Borhani TIAFo|H = SLS¢} FDM
3D ZHEE o]§3l] B335 Ak e] tARl w7t Alw
d Fel= ZgE 3DP € AEld 9] A ATE PPt

Z
2
5L Uil g JEE B 257 dlse] /)

o

AAE 7kl Ho] Ho] YA E o} AEFow 7H4E
Atk Fig. 4(d~(Het 2ol 718 d¥e Huj2e] us
A7 ARHE 718k FElZE 5 olFa, EEE g2E

e
© F2AOR FAR] /IE AR AT 5 e AL

w e 2

99 grrele fA8lE d¥e el sAY FAA Fdo=H
7p o] fAdH 23k tEA JYERIthFig. 4(g), (h)
(Scott, 2014).

Digits2widgets S|AH= A|57F opd Hl2Eld o] 24 T)A}
2l Higls Baled K-S Sk A Y] FEE vt
o2 7182 7|53t el S AAE. AFAA 3DP e
o] fF&HolaL, 2ol wet 23] Wy LA ves
M2 2R 7Fsdol A5S JERITHFig. 43), ()
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(Digits2widgets, 2015). Johnson et al.(2013)2] A7-ol w=w
Aduidel Fel= Az 3DP H2 el ol gk A3t
=8 24 43, Ak A4 22 el F2 Wy
2 7lke 4EdE FEFS A9 v ¥ot 7€ A/E UiA
g & 9leS F9sltkUJohnson et al, 2013). 22t thi-
Fo| AaAol AzH 3DP Hl2ElU L {4, A=

7 B4 BAS T84 R AgEAThs Al

34. Mg SME &35t 3DP HAEY

AE BAFS 843 3DP HAERIL AlE o] 713l
of we} soft PLA, E7F defiEn, EE9de 29 5
3} 720] §4938 3DP AEE AMgal] AREN Q7EHE B4
< Yepd g2gllS o)t F2 gk wduke] e} 7k
a3t )8l FHE Jute g MAAE 9 FEE U
Azl EAVORE FA4, AT 5o B54S TEA717]

3]

il

o

o

l‘::— 1T o= v
o] TRl @97t A% o FE AYE 3DP HiEdI=
2] JiiE R wkeail HARIE TS o] EAoltt
Lussenburg®] Aol mh2d SJ{E I35+ 3DP €l 2Eld
= Axs] fleide AE7E 7R 2R3 B4E vReE A
F59] sk B4, 92B 2, AT o] WE 3DP 37
o] 7kl Zhzte] s ARl SH ME

TS v = ol
gt ARl olaf|7} PgA ol Polyjet WAl ]88 A%
ol S AER o] Foee TS 7k gk o el
Y2ElA S A2 5 UL(Fig S), (b), AEZ Q29 P&

\

ARE ARSI O ey oF 32U 7 4 Qith
2% FDM 9] 749 &5, AN, §W2 1HE 59
AnkA o 2 PLAZ 3DP AEE ARSI}

gk o] 2o} ARsH F¥ol 7hesiAl
3

HE 7NEe R tRlE gk o 122 £ A5 B4
o2 Qg eHAEE AT 4 ATh(Lussenburg et al., 2014;
Lussenburg, 2014). Fig. 5(e)= Mora-Sanchez T]&}o]1 7}
FDM W23 @7k Eelealehs A5 &3 oot} &
gl eeleke B, AY, Aert 938t ol ZHE <] 4

2HA Fig. 5(c) B (d)o} 7ol st 7ekst o AxE

of AlAe] xQlel| uhe} sele] gt 47} AFALHA A
oju, 7+ /M FHol 7k o1dS FstAH U (Millsaps,
2017). 43S Ad As2 AXeldS A= 79 Fig. 50
o (oM B3 AR YRR @917 B askA] 7] wE
off A 71& Aot 22 HEE AT = nth o= Y
g 7154 ofF A s 7t 19Kt oS e
TH(Melnikova et al., 2014; Mikkonen et al., 2013).

3.5. AOIE M= 7|¢te| 3DP HAEY
2rlE Ag 7]9ke] 3DP El2Elde AR, dHeA, A

Fig. 6. Smart material-based 3DP textiles. (a) Cosyflex 3DP textile.
(Scott, 2015), (b) Cosyflex 3DP textile with embossed pattern. (Scott,
2015), (c) BN/Polyvinyl Alcohol 3DP textile. (Tingting et al., 2017), (d)
Metallic space 3DP textile. (Landau, 2017).

UA WHE0] ArtE 8179 7|yte]
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< 9ujgti(Khoo et al., 2015).
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2016; Scott, 2015).

Tingting et al.(2017)2] Ao u}
Polyvinyl Alcohol(PVA)Z T4E Y= AF SFAE AE=E
sle] Az 3DP €2Elde Ao <
£ 232 == rhFig. 6(c)). BN/PVA E3A= A Az
gelA wdeA BEEr] i T2 7AY e 1=
A g il 2 F AESs AgEnt. oA £ntE 3DP H)
ZEp-e duk A ERT 4] o o] GRS UEpER
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