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Abstract This study evaluated the importance of technical characteristics in manufacturing street
furniture using 3D printing technology to suggest the direction of development of high priority 3D
printing technology. The importance was analyzed by the QFD, quantified by scores and the priority of
the items was summarized. As a result, the 'output size', 'shrinkage of material', and 'output angle' were
derived as technical elements that should be prioritized in development and research. For verification,
the design of atypical street furniture was made into a large 3D printed output and the development
direction was suggested by applying the technical elements of priority during the manufacturing process.
Street furniture should be designed based on functionality and stability, as well as economic efficiency,
productivity, and aesthetics. Therefore, the 'output size' ensured stability by minimizing the division of
parts, and the 'contractability of materials' satisfied the aesthetic and productivity by minimizing the
error of form. Finally, the 'output angle' was verified by improving the quality of the output and selecting

an angle with efficient and structural stability through various output angles.

Keywords : 3D Printing, Street Furniture, Large 3D Printing Method, Quality Function Deployment, House
of Quality
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Table 1. A Comparison of 3D Printing Process and
Existing Manufacturing Process.[10].

Claésifi 3D Printing Process Existing Manufacturing
cation Process
- Layer 'by layer of raw | Production of parts using
materials molds
Method |- Fabricate final product .
. - Assembly to fabricate
without assembly
completed products
process
- Producti d
. .. |- Distribution of digital roduc 1on.an
Distribu R transportation of
R drawings
tion ) products from the
- Output where desired
factory
- Advantages to custom
production - Efficient in mass
- Ease of production of production
Advant | complex shapes - Easy to make products
age |- There’s no waste of with simple shapes
materials, economical - Material restriction is
- Reduce the cost and low
time of prototyping
- Different molds and
production lines are
- Inefficient to required for different
mass-produce a single products
Shortco| product - Additional processes,
ming |- Material restriction such as assembly,
- Surface precision is required
somewhat reduced - The more complex the
product structure, the
higher the cost
I . . .
2.3 EZJIS®™M(Q.F.D: Quality Function

Deployment)
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Table 2. Quality required for large 3D printing
References and literature
Classifi . .
cation Required Quality Jung Yeob | Hyun Dae | Hyun Jung | Kwan Bae Hae Sung Etc
Han(2013) | Kang(2015) | Lee(2016) Kim(2018) | Yoon(2018) (Bxpert)
1 P Maximize Output Size O O
2 r Minimize Build Time O @) O
o
3 d Simplify the Production Process O O O
4 Lcl Minimize Output Quality Error O @] @]
t . .
5 i Convenient PosF processing o o o
o Operation
n
6 Minimize Connection Member O O O O
7 E Lower Cost of Production O (@] (@] O
o
8 g Minimize Auxiliary Output @) O O
m
9 i | Minimize the Number of Workers @) O O
10 E Ease of Reuse and Recycling O @) O
11 U Excellent Structural Stability @) (@] O @)
s
12 ﬁ Excellent Durability O O O
13 i Heat-resistant Excellence @) O @)
14 i Ease of Ergonomic Fabrication O O O O
t
15 y Ease of Smooth O O O
S b AgAel dae] ol B AT % 4TS S
Rassarch— - technolegy sxpert -
SarbarcLi ¢ Z ’
o £l AT AR 2082 HACR FAE 53 AR 14

— Technolegy | —

Fig. 5. Technical Feature Element Derivation Process
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Table 3. 3D Printer User(Expert) General Characteristics

Spec Respondents | Percentage
Male 15 75
Gender Female 5 25
20 10 50
Age 30 7 35
40 3 15
Jobs and Less than 1 year 2 10
research periods 1 to 3 years 11 55
related to 3D 3 to 5 years 4 20
printer More than 5 years 3 15
Experience with Yes 8 40
large 3D No 12 60

printing

Total 20 100
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Table 4. Importance Survey Assessment Results

Total |Importa Importa
Required Quality Score nce nce Ranking
average
Maximize Output Size| 86 4.3 1
Minimize Build Time 82 4.1 4
P - —
Simplify the
; Production Process 70 35 ?
d Minimize Output
lé Quality Error 57 285 3.55 15
t Convenient
(1) Post-processing 47 2.35 15
n Operation
Minimize Connection 84 42 3
Member
Lower Cost of -
E Production 75 375 6
ﬁ Minimize Auxiliary 68 34 10
Qutput
O [ 3.35
m | Minimize the Number 53 265 14
i of Workers 02
c
s | Ease of RSL'ISe and 7 36 7
Recycling
Excellent Structural
T‘SJ Stability 8 425 2
a | Excellent Durability 79 3.95 5
b _ .
i Heat-resistant 71 355 3.66 3
1 Excellence
% Ease of 'Ergc')nomm 66 33 1
v Fabrication
Ease of Smooth 65 3.25 12
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Table 5. Required Quality-Technical Characteristics Correlation Table

Required Quality Technical Characteristics
Equipment Material Production Design

A Super A subordinate |Impor Th Head Struct

ordinate P Output |Size of ,e 62} Strengt{Ductili/ContradTrans| Nozzle | Output ructun Object

concept concept tance Size |Nozzle Heating | Moving h ty tility |form| Path | Angle al Spacing

Plate | Speed Design
P Maximize Output Size 43 [J [J O A O O [J A A [ [ J O
r Minimize Build Time 4.1 [ [ @) [J A A @] A ) ) [ ] [©)
d | Simplify the Production Process| 3.5 | @ | O o A |l Al a| o |alo ° o o
& | Minimize Output Quality Error | 285 | O | @ ° O |a|a| e | @] O e | A o)
t - - -
; Convemegt PosF processing 235 ° o o A o A o A A ° A o
° peration
0| Minimize Connection Member | 4.2 [ ] [ ] A A (@] O [} A A O [} O
E Lower Cost of Production | 3.75 [ @) A O O A [ ] @) (@] [ ] [ J O
g Minimize Auxiliary Output | 3.4 [ ] [ ] [ ] - A A [ ] A A [ ] A @)
o
m |Minimize the Number of Workers| 2.65 [} O A A A A A A A @) O A
i
g [Ease of Reuse and Recycling 3.6 - - - - [ [ J [ J [ J - - - -
U |Excellent Structural Stability| 4.25 | @ [ ] A A [} (@] [ ] (@] O [ J [ J O
; Excellent Durability 3.95 A [ - - [ J A [} O - A - A
ti) Heat-resistant Excellence | 3.55 - - - - [ ) O @) [ J - - - -
1 , :
i | FBase of Ergonomic 33| @ | © o A|la|e| @e|a|l o] e| @] O
t Fabrication
v Ease of Smooth 325| @ ° o) A Ale | A [Aa] @ ° A A
Technical Characteristics Impotance |363.95|319.35| 133.5 | 84.5 | 205 |166.8 | 348.8 |156.9| 136 |339.95| 245.4 | 117.85
Percent 13.90 | 12.20 | 5.10 3.23 | 7.83 | 637 | 1332 {599 520 | 12.99 | 937 | 4.50
Ranking 1 4 10 12 6 7 2 8 9 3 5 11
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