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Development of 3D Printed Bags Using Roll-Type Printing Method

Jiwon Lee and Jachoon Chun’’
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Abstract: 3D printing technology, also known as additive manufacturing(AM), has not been actively used in the clothing
industry despite its potential for economic, environmental, and labor efficiency. Therefore, this study aims to propose a
new 3D printing method for the clothing industry, which will be more readily accessible. This roll-type printing method
can print wide-sized patterns at once using a 3D modeling program and a FDM 3D printer and help overcome the lim-
itations imposed by the size of the printer. Then, to demonstrate the practical application cases of this printing method,
bags of three designs were developed. Prior to product development, a thickness test was performed for stable printing
using TPU(Thermoplastic Poly Urethane) filament , and a thickness of 0.45 mm was found to be most suitable for it. Next,
the time efficiency test showed that the roll-type printing method takes less time compared to the general printing
method in printing wide-sized patterns. Based on these tests, three bags, <Design 1>, <Design 2> and <Design 3>,
were developed to confirm the suitability of the roll-type printing method for product development. The advantages of
3D roll-type printing can lie in overcoming of the spatial limitation, and the environmental sustainability as it can reduce
waste from the production process. This study is significant in that it presents a new 3D printing method to improve the

space limitations and time inefficiency of 3D printers.

Key words: 3D printing (3D X~ ¥), additive manufacturing (8% 7}), roll-type (& ), bag design (7} Tti#}

¢l), clothing industry (&154+4)
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Az 3o @5 Weks d7eh, ol =S Al 7t
2 TAR1e] 7P Aol sl o FAIFe] ANde] A4
A A AE BojFe= Zolth & FEie] SHUA2 oF
AFel Az Al Bad ARDE SHT F 71 71=9] ¢
F AN st A 718 e, =59l At
53 Az FHo d=olgle 3D ZHHY o|HS A¥T
2}

]

S Jlolth, & ATE B Yelol S
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o] 7AE BEH B WS AcknTA} 51300, of
250] oFAdolre 3D ZaY rl&e] TE P A7
=go] B Aot}

B Ae o] 9 RN 3D EelY 7% BE
3} #Ee gl Ul Avngith 1 7ked e @7

Y &) 7129] HAFAA Ao EA=
A7 olfrel ST F e WA 7S AT
3 AFsIaL itk 3D ZAEL 43 iEHe] 4 Je
2, A5 AN, AR 34 283 Al HAEE B A
< 840= AR, ARIFoA WA= H71E, oy
A ZH] e oilsletae] miES THAAITIHA Sl e
9GS Zo]L JtH(Dalenogare et al, 2018; Kamble et al.,
2019; Machado et al., 2020; Wang et al, 2016). 3D =¥ H
O F I3 XY #de] HolEE B3l & EYsl] wEel,
O F AxIZoA BAshs e HIES Aarivtkes $
737 o, &S Ax AN = AAH olF 2
3L oF Azl A&TFsAolele o] SHoA HH
3}te] 7F54S Adtk(Sun & Zhao, 2017). Lim and Cassidy
(2014)9] A= 7€ A= T4 3D ZHY 7|&o] JE5H
Az 349 HaE T3, 3D ZAY ] EAE HL 9

q
&9 oA "ok 5o WFSSA 3D Uy sl A

AR 20, A% FY A7 O, BAH oF, AN B G
&7h54e BEsge. T4, 3D

717k AgkEle] dvks &, 29 ol AR AA T $Ag
A, AL A9 mEg, Az A EA 5 22§
AFE AAETHChun, 2017; Xiao & Kan, 2022). X7
233} Bste] 3D ZAEL A, AAA o) Loz 7|E
Az Z2A20 HlE T8 =% T2 Hils sk,
YA EslE B3t AEA d9e] A&rbsst vt bedE
5o} 9] O™ (Gebler et al., 2014), T =B FAQ o)F
AgollA olg} BEE A7= Dty stk

3D Zdgo] A o]y o|HER <lal 201297 2013
olFoll= 3D Ty FHY A AFE FE3] FYEL
A=dl, 1 ARl 3718 FAIE(Kim, 2022; Sitotaw et al,
2020), ©]= 3D ZdE] &8 Fkl wet o g AFAt
o] Bofo] AFE 3l 7] Witz A7t 4= Jtk(Sitotaw
el al,, 2020). &7 WellMe] 3D ZEo) #A3F AFER
£ FDM 7]1&3} SLS(Selective Laser Sintering) 7]&°] 714
Bo] AFEI J=u(Kim et al, 2019; Vanderplogeg et el.,
2017), 25 W3 AH3F 8]fo] == FDM e 3D
Y 7]go] SLS WA HTE B HHAoF fo] AME|L Qlth
(Kim et al, 2019). 3D Z3g ojFe} AHH 29 ATE
S AvEd, oA CaRIZ FEE A7, e ARy 7]
<2 &3 dE A7 283 A&7 dEE Ao
Al 7 WEE BREed, 2 WES s v Table 13
Edg=y

A WA MF21 3D Y 7)Ee] HA tRRlee] FE A
T7t 2% 7P Bo| FEE A7E, oEo FE e A4
£ 3D ZHEOE 3] g A=t theksk Wlo= o]
]R3 9t} Kim(2020)# Lee and Lee(2022)8] A7+= =
Aoz Fyda gl 7het go|2 sHS FDM 3D =
oz FEFORN ANZL eFe] HES 53 tARIY
SHg-g BAELE 3D ZAES oA ozl HEsk=
T= AR E EdsHAl o] FolXL e (Jeong et al,
2021; Kim et al, 2019; Lee, 2020; Lee & Koo, 2022), Chan
et al.(2021)¢] A= oh¥st At 39 A4S 71kl 3D =
Y H Z2EERS AlFL|e ety FHIols 3D =
Y 7S HA tRRle] A8-slke 2t ofuel 287
gl gk ATe o] FJR AL 9t Spahiu et al.(2020)°]
$7= FDM ZHH W2S &8ah= oyl A=, 3D =
" 71es 83l oF trRIS NEst, 5 A2 9
Fol Ul AES Bl AAl 28 Al 28 ke
Tl Lee(2019)2] A7olxe A sjdsiol 2gEe oA
tzilel FDM %213 SLA W21 E8siem o2 Uv4de
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Table 1. Research on 3D printed clothing
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Category Researcher Research title
Kim et al. (2019) A study of the development and improvement of fashion products using a FDM type 3D printer
Lee (2019) A study on the development of 3D printed garments for fashion shows
Lee (2020) A study on types of 3D printing applications and their characteristics in fashion design
Kim (2020) A study on the modular race textile design using 3D printing

Fashion design Spahiu et al. (2020)
Chan et al. (2021)
Jeong et al. (2021)

Lee and Lee (2022)

3D printing for clothing production

Creation of 3D printed fashion prototypes with multi-coloured texture: A practice-based approach
Developing parametric design fashion products using 3D printing technology

A study on 3D printing fashion design that converges lace technique

Lee and Koo (2022) Development of three-dimensional printed cultural fashion products using symbols of longevity

Tenhunen et al. (2018)

Takahashi and Kim (2019)

Surface tailoring and design-driven prototyping of fabrics with 3D printing: An all-cellulose

approach

3D printed fabric: techniques for design and 3D weaving programmable textiles

Uysal and Stubbs (2019) A new method of printing multi-material textiles by fused deposition modelling (FDM).

Textile & technology
Kang (2020)

Everitt et al. (2021)

Development of a 3D printing method for garment panels using the hybrid textile structure

Enabling multi-material 3D printing for designing and rapid prototyping of deformable and

interactive wearables

Goncu-Berk et al. (2022) Embedding 3D printed filaments with knitted textiles: Investigation of bonding parameters

Pasricha and Greeninger
(2018)

Kam and Yoo (2019)
Kam(2019)
Lee and Lee (2021)

Sustainability

Exploration of 3D printing to create zero-waste sustainable fashion notions and jewelry

Presentation methods for transformable fashion design
A study on sustainable fashion products using Korean image and 3D printing

Development of 3D printing fashion eyewear using eco-friendly filaments
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Fig. 1. 3D printing hexagon modules by Mingjing Lin.
https://3dprintingindustry.com.

At} ool o]FAkielAe] FDM 3D Z#Ee] 8% 8-S
felide S92l A719F ddE JhA WUt 2l Alx 34
o] @52 T8l =EEe A4 e 2 Alx Z=A)
2ol ARt A7E e EE Aol

2.2. 3D =2 o|F7e| 78

QojlA] AR wie} gho], 3D ZHY 7]&S oF TRkl
F4she ATso] tetshl FE e, o8 & 9
o2 AWEY thea Z2th Kim et al(2019)9] d+=
3D ZHY R {3l X, HA| & &Y, &9
A 29 i dAxEY OE otelde] Yol Al
71A9] B E BRI, AAl 98-S sk W] §
7Vt gl Bslal o] Ao Re Ay FEE<
9% st vk AFHEITE Al o8-S EHske A9
SLS o] &3o] tukrsiet, ole vlE, &4 2gx ¥
A AL FAEEY dokar 2 ol{E AT 5 Utk
Kam(2019)°] 9+= A&7Fsdolets S99 F53P9A, 3D
FELS UAE AT, 2 A7 glolofE,
87 49 A48, s EEY, AE egdEes B
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Fo71E, ARl FE8S g2Ed fl9

At +2E Y 73, 798 Al
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£ AE 3D T /eS 85k oF Ukl
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0y, A 9ol EHF 83 A
2 UElen, o] vl 7K {3e] 54S Fotaf
H 7% offildole] &8 Wk EE 1

a7 sk,

o o Hr lo Hu

4, F AAFE shte] mENLG BE S /)2 G
g g, 2 Teln FHPOEA 2719} B sl
Aste WHOw, /1R Belel MEe Bal AAE Pk

2o|th(Kim, 2020). 3D Z&E<] %8 A7]9] dAl ths
tol ttUE =g 2(Danit Peleg), A2 H]EE](Francis
Bitonti) 59 TAIUEL B AFS TEsle takl
S s ARt f49 AAFL FHES ddshs BY
3} o] wle} thefet ofoldl S vHE 4 e B8] Thsdt
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], o]¢} & A=k ololgle] g 715 ol9lol= ARSAL A
< 78 F e AEslE YARIY xde] 7k
slthe Aol Atk(Kam, 2019). BE3H 3D Ruls T2 73S
ARgsle] o] et A1) Mol rhsshre olst =
As T3 AEH 22 A4S wEE F Uk(Giirciim et

E3] oAE FHUES gy
S AbEMEA FREY AF WA A de] FaAdd
3 dFsidict oMY fd A4S A K 1)
Aukg Ealx] ARgalof st AFL] AlF Al o]RAES A
2 dgsof sle EAI7F =P HEeAS Adte
AR e] At

F ANz, B 2L 3D T EYEL 989 JH
oA Hast RS 9% § o|E AYshs WA S E, FDM
ZHEIE AMgsle] "l2eld siE, AIH Y (chainmail), W%
(knitting) 18] FZ(weaving)?} 7H2 A& +2E A3}
o] Z&&k=(Melnikova et al, 2014; Takahashi & Kim, 2019)
Hh2jo] of7]e]] EFHETE Lee and Lee(2022)% 7NSlolA 2%
sl Y9 dEE AAS F gols JEE 3
FEg eoa e, ool wA Ik o
WAoo 2 REES AR oS AFsidct. Hi
T3 ZEe] &8 7Fe W] 3, dgelEhs
A, Hzte] vjagA Tl Aoz AFHUKLee &
2022; Takahashi & Kim, 2019).
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ATE FDM 3D ZHE 7148 AF Ao &-8-éle,
% Fgo N dgdysol AFsid

QA AFHJL FDM 3D ZHE 9| IAHE sfAgtozn
o FARIeIM ] &82¢] 3D ZAHe] Fgo] 71sT & UL
E AF Al & Fele] BdHo] AMe-S ARSI 2 A
T SLS 3D 2R oEo] {3l FHE FY== vy
2 A|ZglALe] ZIuiEl 2 =g 2ofA] ARESI (Fig, 2), 7FE
guir o2 AMEE T glE FDM ") 3D ZHHE &8s}
5, £8E0] ¢=d PR, He wFo] oro g wH A
2 EFYo] XYL &Y o|Fo| W& wHHo= o] F 5
AE E FeS ZAEATHFIg. 3).

E 8Eljo| ndd
£ AelA ARk & FHe] RdEe 3D RdY =2
%9l 2ol 7.0(Rhino 7.0y &3t Fig 45 2
e Ry AAHE HoFe 742;, 2l 7.0 3D 2d
2239 “Flat Spiral’ 715 sl ZEEe] W= Ao

Fig. 2. Kinematics dress.
https://www.youtube.com.

Fig. 4. Roll-type 3D modeling process.

Z(roll) FHS] EFHE
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(a) ()
Fig. 5. Roll-type 3D printing process; (a) bottom layer (b) output.
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7 "prlo] ol2} Fig. 59 (a9 Zo] At 77121 045 mm
Hiet Ho = slo] zo] Wk R A9 EYte WO,
Qtem izl Fel= E=7] WZol| FDM 3D ZdE ¥
o] Aghel WA QoM sl WA o] WP Y
T Advke S AdrhFig. 5).
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Fig. 3. Roll-type 3D modeling process.
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a3k EhS g ¥lol EEske ek AFEoEH 3D =d
g 71&9] G283 AAA & kS Aljtslarat skl
o 2 A7) M AFoRE omZuS AAsiE, 1eis
A9l olfi= dlado] W ouoia= TRQI, &A), At
W2 Follxe] 18734 B 88 7, tAR] 9 ALt
ol SlofM= HERAE o] A, AZ Hgo] Tt
wEEo] HeHTE ofe] 7] WiEe|th(Kim, 2017). o=
W A&7Fed MEEA BAAAE FRsle ke /B
2 AM2 4 JdtkKwan, 2012). ¥ A3% 3D Zg9] 3
A A AL Ao 89S ATl FHA, 7hE Al
2 A] 3D Z™YS E83lE B FElR =i, 7R AR
2ok o] Aduvks EEgto g dukE]l Jhl Al F
AollA dAsh=s dde] H7lES EolH, AollA =F
o] Fagh 725 3D RIS T3l FATeEHN A
9] TFo] 7hsal=E st

2 AFE AT AR A, A A5 T & FEe
2d7 gl et FA 2l E84Q1 AlZ A7l tigh
HZEE AL, o& viRe g Al 711 tzRle] 7P
AFgtezH 3D ZHUE 7|&S TEH0= AF AL 44
e e ke ATt

2 A7) ndfoles ARE Z2ao 2= Folk 7.00]
geEon, o]F FHjag]elo]E 4(Cubicreatord) ST Z
2a3s B9 3D =] 7F5e Gcoded] T o=
HEsIGAt o] AARE FA8E Ao, o= A= W
ol 7Fssteth oz o] &gl A3t B8 AW TPU
7t AREEIRLAL, FHIEAR] FDM ZR-EQ]l Cubicon-Neo 031
2 2" AL ik

ANz F

Table 2. Thickness test

4. A7 Zdnt

4.1. & SElol| cHst BI2E

B Are AYATES vEReE, 7IE 3D Zd’9| R
AF Az F8 AHCE AHEIYA 2 WA dAE
Ay o] Hsks Fal szt sl oS flsll 3D
2aE T2 golie 7.0 AREt, ek e =9
o] ZdE Hl= flolA 9 JEE FFo] B ol 4
ol FHHES sk & IHe S It 4,
AlFe] Aol ek A A5 Sl & dEle] w4
of Aget T/ 12lal &84 A9 AIZRS golraal et
7ol HIAES A8kt

4.1.1. TGS T HZE

Y= SHE K] AEE Goplir] 98, + A
gloll Az T4 B=EZF A==, oleh s e Wl
82 Table 29} 2t} 94 12} HIREoX e AR =9
13 0.1 mme] FA 2olE FHA 1 mmFE 0.4 mme] ©|E
717K H2ES XY cHEFig. 6). 22H], 0.8 mm o] F
Aol 7S, ZHUH WEzol g EYEe] WH, = & 9
FA R0l £4A A=A 2 A3, Fig. 7014 B 4 9
o] sEfold RO Z2agige] © &Y H2E 0
2h, & o] npgE Fia R FiRo] e WA o] ol
3l E¥Eo] ZEAs 277 BT YHE 04 mm ©]
ste] FroME ZHE | HEo] Ye SHEY WA, F &
Feflo] A Fio]l UF Al BAEHA, Z-E]9] J2ER
H(extruder)ellr &8s 4858 TPU JeIEY} Pddo=z

Test The contents of tests

- Test from 1.00 mm to 0.40 mm with a thickness difference of 0.10 mm for stable output
1st - Split due to the difference between the inside and outside of the output at the thicknesses above 0.80 mm
- Instability of TPU filament accumulation when less than 0.40 mm

- Test with the thickness difference of 0.05 mm based on the first test

2nd - Stable output with the thickness of 0.45 mm

Fig. 6. Thickness test.

Fig. 7. Thickness test.
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30 olx] gio} S U] AR THSKE Holl AV Aol WIS gol £ Ao b el 7bg HFT A
A 2k g,
12} Bl2ES nEgoz AYH 23 BIAEAE, 0,05 mme]
A Aol FHA A EHo) Thsdk H2e Tﬂloﬂ gk 412, A7 2874 HAE
H2ES Akt oleld S Fal TR WE o) 2 3D TG 71&S RG] BEIRe U doiMel ol
olgkze] QPRAQl Feo] JFsd FARE 04smml g & 2 WA S olglel Zeel Azte] o] AaEThe
AP PARHOM, o] TAZ 2HY A A8YS A Fol Fashl AAH 55 ARAZE WAE P wFe
Pge) ARo s BEF wFel WAL AU £ A2 e WHo] BestuE, 3D TN F ARE o Bol
2 o) maYo] gre o] ouomy ¥HoRn B Y Aedth web ¥ AvE ] 39 B Feje) e
B o] wpgE: wat oF: W] Ajolz QI3 EHEe ZEk ¥ o] AVFeRE FEAIAE LotR A s3It ©]5 2l
Table 3. Time efficiency test
Test Model Single output area(cmz) Single printing time(min.)  Calculated time(min.)
la(Roll-type) 1400 860 860
Ib(Flat printing) 140 110 1100
lIc(Flat printing) 700 523 1046
2a(Roll-type) 7840 4451 4451
784 546 5460

2b(Flat printing)
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l AlE A A AreiEm, 3D dE ZRe S
7Fed 3 HAR Fad vty FHFORA Ax 349
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0.7mme] FAZ ZHaIATh Al 7EXe] 7P TiRRlel wEt
@ (00 A$E BAS 53 4% w4, (b)) A 2H=

(a) (b) (©)
Fig. 8. Bag designs; (a) <Design 1>, (b) <Design 2>, (c) <Design 3>.

2 283 AT AL BEAYT. BAES o) A= 4
S A% oA siele] el B golx 3D B
Z2age e o] EE ol | ome] A RIS
2715l RSt Fig. 9 A Bl F719 sHe
2 ez mdYshs 9L e o8, 2ad Sue)
W AE SRS eRm, A o] 371 Bale) o)
He 2 gez vdsl] 2% sk WaoR Al
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HES $8¢ 2% W49 A99IE Fig 105} 20] 3D B
93e Fa) o] A% B AXo] WHol wgE ez &
gaiglon, 59 o|F 2HSE YL Adshe o=

Fig. 10. Pattern modeling with side punching.

(a)

Fig. 9. Pattern modeling with seam allowance; (a) top veiw, (b) perspective view.

(b)
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Table 4. Printed patterns
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Ho sl HE

lI
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<tiAl 2> A AL Fig 123 2tk Fig. 129] (09
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rz 30

79

Design Shape Part Size / Area Pieces
Body 12 x 34(cm) = 408(cmz) 1 pe.
Design 1 Rectangular patterns 18 x 34(cm) =612(cm”) 2 pes.
Handle 3 x 160(cm) = 480(cm?) 1 pe.
Body 16 x 68(cm) = 1,088(cm2) 2 pes.

Design 2 Adjusted rectangular patterns 5
Handle 4 x 60(cm) = 240(cm") 2 pes.
Design 3 Free-shape pattern w.ith straight and curved Body 558(cm’) 2 pes.
lines Handle 463(cm’) 2 pcs.

(a)

Fig. 11. The production process of <Design 1>; (a) 3D modeling, (b) printed patterns, (c) the finished prototype.

(c)
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(b)

© o @

Fig. 12. The production process of <Design 2>; (a) 3D modeling, (b) printed patterns, (c) making process, (d) the finished prototype.
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Fig. 13. The surface of roll-type printing; (a) roll modeling with ‘flat spiral’, (b) roll modeling with ’squish’ command.
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Fig. 13. The production process of <Design 3>; (a) pattern design, (b) 3D modeling, (c) printed patterns, (d) the finished prototype
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