Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2023.24.2.92

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 24, No. 2 pp. 92-102, 2023

3pEAY 719 etED o fPEA] BY AF

urSe, OfEf 3|
Axasa A%

A study on parametric chair type analysis of 3D printing technique
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Abstract This study analyzed a parametric chair design that was attempted and utilized through the
improvement of 3D printing technology and the development of software. Parametric design that allows
small-quantity batch production is expanding in usage range due to characteristics of 3D printing
technologies and satisfaction of modern society's needs. This is being actively attempted in designing
indoor/outdoor chairs. 56 parametric designs that had been attempted since 2006 were first classified
as Voronoi, fractal, and NURBS and then classified into lines, faces, and masses. Lastly, they were
analyzed using shape, material, and output method. As a result, firstly, the Voronoi and fractal type were
shifting towards the organic NURBS type. Secondly, the use of various materials such as cement, food,
wood, recycled materials, and eco-friendly plastic has gradually spread around plastic materials. Third,
FDM utilization methods were increased compared to SLA/SLS. Through the improvement of 3D printing
technology and changes in form and materials, the technology will be shared in various ways in the
future to meet the creative will of the provider and the user's needs. In line with the improvement of
3D printing technology, in-depth study on the application of various materials and changes in new

conversion technology is needed.
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Table 1. Patent year and patent expiration by 3D
printer output method[5]

Output method Patent year Patent expiry

SLA 1984 2004
FDM 1989 2009
SLS 1994 2004
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Table 2. Extraction of elements of classification
system in terms of design according to
previous studies

) Yoon
Paran.lemc Myoungchul, Voronoy[10]
design Koh Seonglyong
elements
Researcher | Lee Jihyeon Fractal, Nurbs[11]
Foc{:slia trllve Choi Seonmi Lines, Surface,
8 Mass[12]
element




3D 7|4 sehled o SPRAC] Bt AT

(OUTPUT YEAR)

- VS=04m].

2020

2015

2010

2006

ain..l.

o

VL-130 VM-01
VS-02m] VS-03M
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SLS FDM  (QUTPUT METHOD)

Line(VL), Surface(VS), Mass(VM), Plastic(M), Reusable/Eco-friendly plastic(®]), Metal(®), Cement(®), Food ingredients(®), Wood(A)
Fig. 1. Voronoi design according to 3D printing output method by year
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Table 3. Voronoi design case[15-32]

Formative ele. Production year Ingredient
VL-01 2006 *
VL-02 2007 n
VL-03 2009 | |
VL-04 2011 |
VL-05 2012 ®
VL-06 2013 |
VL-07 2014 |
VL-08 2014 |
VL-09 2014 |
VL-10 2014 *
VL-11 2014 *
VL-12 2014 |
VL-13 2019 L
VS-01 2009 | |
VS-02 2018 ]
VS-03 2019 n
VS-04 2020 ]
VM-01 2019 ]

Line(VL), Surface(VS), Mass(VM), Plastic(l), Reusable/Eco-friendly
plastic(m]), Metal(®), Cement(®), Food ingredients(®), Wood(A)
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2015 T
FL-O'E FS-O1W FM-OTH FS-02m
2010
2006
SLA SLS FDM  (OUTPUTMETHOD)

Line(FL), Surface(FS), Mass(FM), Plastic(M), Reusable/Eco-friendly plastic(m), Metal(#), Cement(®), Food ingredients(®), Wood(A)
Fig. 2. Fractal design according to 3D printing output method by year
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Table 4. Fractal design case[33-42]

Formative ele. Production year Ingredient
FL-01 2014 ]
FL-02 2016 ]
FL-03 2019 ]
FL-04 2020 (w]
FL-05 2020 (]
FL-06 2021 (w]
FS-01 2014 ]
FS-02 2014 | |
FM-01 2014 ]
FM-02 2019 | |

Line(FL), Surface(FS), Mass(FM), Plastic(l), Reusable/Eco-friendly
plastic(@), Metal(®), Cement(®), Food ingredients(®), Wood(A)
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Table 5. Nurbs design case[44-71]

Formative ele. Production year Ingredient
NL-01 2006 L]
NL-02 2012 |
NL-03 2012 m]
NL-04 2019 n
NS-01 2011 m]
NS-02 2014 m]
NS-03 2018 [
NS-04 2018 m]
NS-05 2018 m]
NS-06 2019 m]
NS-07 2019 A
NS-08 2020 m]
NS-09 2020 m]
NS-10 2020 m]
NS-11 2021 m]
NS-12 2021 m]
NS-13 2021 [ J
NS-14 2021 a
NS-15 2021 m]
NS-16 2021 m]
NS-17 2022 m]
NS-18 2022 m]
NM-01 2014 m]
NM-02 2018 m]
NM-03 2018 m]
NM-04 2018 m]
NM-05 2020 m]
NM-06 2021 m]

Line(NL), Surface(NS), Mass(NM), Plastic(l), Reusable/Econriendly
plastic(ml), Metal(®), Cement(®), Food ingredients(®), Wood(A)
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$ at
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- N\ NL-03(m]
NL-02m -
2010 NS-01m]
2006 NL-O1H
SLA SLS FDM (OUTPUT METHOD)

Line(NL), Surface(NS), Mass(NM), Plastic(M), Reusable/Eco-friendly plastic(®m]), Metal(®), Cement(®), Food ingredients(®), Wood(A)
Fig. 3. Nurbs design according to 3D printing output method by year
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Table 6. Classification of modeling elements by design

Division Line Surface Mass
Voronoi 14 3 1
Fractal 6 2 2
Nurbs 4 18 6
Sum 24 23 9
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ﬂi lstel 42 FHiE F718 AU 353k 2L
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Year Voronoi Fractal Nurbs Sum
2006~10 4 0 1 5
2011~15 9 4 5 18
2016~20 5 5 12 22
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Fig. 4. Parametric
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Table 9. The number of materials per molding

element

Division Voronoi Fractal Nurbs
Plastic 11 7 4
Re/Eco-Plastic 3 3 21
Metal 3 0 0
Cement 0 0 2
Food 1 0 0
Wood 0 0 1
Sum 18 10 28
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Table 11. Quantity by 3D printer output method

Division SLA SLS FDM
Line 6 3 4
Voronoi Surface 1 0 3
Mass 0 0 1
Line 0 1 5
Fractal Surface 0 1 1
Mass 0 1 1
Line 0 1 3
Nurbs Surface 0 0 18
Mass 0 0 6
Sum 7 7 42
JeE 29 W40 BHoRE 29 24 Yoo
Wit FDM ®H419] £9k9] Hlgo] &2 Aoz 2AHS
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