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A Case Study on the Sustainability for a Stanchion of Recreational Crafts
based on the Design for Additive Manufacturing Using a FFF—type 3D

Printer
Dong—Kun Lee'-Bon—Yeong Park?

Department of Naval Architecture and Ocean Engineering, Mokpo National Maritime University'
Department of Ocean System Engineering, Graduate School, Mokpo National Maritime University?

This is an Open—Access article distributed under the terms of the Creative Commons Aftribution Non—Commercial License(http://creativecommons,org/licenses/by—nc/3.0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

In this study, the 3D printing technique called design for additive manufacturing (DfAM) that is widely used in various industries
was applied to marine leisure ships of equipment, The DIAM for the stanchion for crew safety was applied to the equipment
used in an actual recreational craft, As design constraints, the design alternatives were not to exceed the safety and weight
of the existing stainless steel material, which were reviewed, and the production of a low—cost FFF—type 3D printing method
that can be used even in small shipyards was considered, Until now, additive manufacturing has been used for manufacturing
only prototypes owing to its limitations of high manufacturing cost and low strength; however, in this study, it was applied to
the mass production process to replace existing products, Thus, a design was developed with low manufacturing cost, adequate
performance maintenance, and increased design freedom, and the optimal design was derived via structural analysis comparisons
for each design alternative, In addition, a life—cycle assessment based on the ISO 1404X was conducted to develop sustainable
products, Through this study, the effectiveness of additive manufacturing was examined for future applications in the shipbuilding

industry,

Keywords : Design for additive manufacturing(Z&71& 1124 A7), Equipment of recreational crafts(ASMEE OJEE)  Fused filament

fabrication(8& ZelHE MX)
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Table 1 Cases of minimizing support by applying DfAM
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Table 2 List of safety equipment for boats

Safety equipment Chapter

The guardrail in low position (h>450 mm) 10, 11
The guardrail in high position(h=600 mm) 11, 12
Q Q

Stanchion

=600

_Guardrail(or Guardline)

230~300

CHBIRMSHS| =2 %] X|58F AM[5S 2021 10€



=S

=

AT
o
—

H3E 50 mm o5k

mEo| gig A

>>J_

Table 3 Case of design for additive manufacturing (1) 280 N
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Table 4 Design and analysis considering additive manufacturing

Assembly/Parts Material Mass Volume Maximum displacement(mm) | Maximum stress(N/mm?)
(9) (mm?) 280 N 560 N 280 N 560 N
Design AV AISI 316L 1,569.26 195,497.88 3.5 7.0 125.1 250.3
Pillar AISI 316L 908.13 113,134.01 3.5 7.0 125.1 250.3
Base AISI 316L 661.13 82,363.87 0.1 0.1 108.9 217.9
Design B? ABS-M30 257.28 249,933.62 276.4 552.9 117.8 235.6
Pillar ABS-M30 122.13 117,435.47 276.4 552.9 117.8 235.6
Base ABS-M30 135.15 132,498.16 0.6 1.2 113.2 226.4
Design c? ABS-M30 355.82 348,844.05 131.8 263.6 62.6 125.1
Pillar ABS-M30 220.67 216,345.89 131.8 263.6 46.8 93.6
Base ABS-M30 135.15 132,498.16 0.5 1.1 62.6 125.1
Design D = 1,295.37 467,107.78 6.5 13.0 118.8 237.6
Pillar(top) ABS-M30 104.27 102,225.28 6.5 13.0 5.7 1.4
Pillar(btm.) ABS-M30 68.18 668,44.69 1.7 3.4 3.3 6.7
Connection ABS-M30 2.74 2,690.61 1.7 3.4 0.5 0.9
Base ABS-M30 182.04 178,475.22 0.3 0.6 4.0 7.9
Stiffener(top) AISI 316L 199.05 24,797.39 5.5 1.1 118.8 237.6
Stiffener(mid.) AISI 316L 246.74 30,738.37 3.7 7.4 81.5 162.9
Stiffener(btm.) | AISI 316L 492 .35 61,336.22 1.9 3.7 1M7.7 235.4
250.5 N/’ l — 235.6 N/mn?®
‘%tv 560N

(2) Von—mises results of design B by load 560 N

1251 N/mi

560N 5=

(3) Von—mises results of design C by load 560 N

1 237.6 N/mn? !

560N

(4) Von—mises results of design D(half-width) by load 560 N

Table 5 Comparison of design predicted values and
prototype actual values

. Mass (g)

Parts Material Pred.value Actual value
Pillar(top) | ABS-M30 104.27 104.2 | v 0.07
Pillar(btm.) | ABS-M30 68.18 546 | v 19.92
Connection | ABS-M30 2.74 2.5 v 8.76

Base ABS-M30 182.04 173.7 | v 4.58

Total (g) 357.23 335.0 | v 6.22

Pillar(btm.)

Connection

3D printing prototype
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Table 6 Sustainable design and analysis about stanchion
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HE MA 2nE MEHo= ZH5P| 2l LEEel 2k
Gak ol Bt WAl A Bkt of7| M3 of| X
2H| 59| 2tA WEk ZFof| mE Zn | EME A5t
7|E MEES HiEe =2 ZY-SH Design A CHH| O|E HIE
A INMEAE =35t Design
6 % 451 204(1,569.26
sko| A El WA= 2k 854 %(11.0
— 1.6 kg C02 ), T2 Fodst ok 981 %(0.035 —
6.60E-04 kg PO, 7| &St oF 911 %(0.055 —
4.90E-03 kg SO,°), OllL{X| 2| 2k 74.6 %(118.0 — 30 MJ)
= K1x.||7(4o| 7:1-||_7!-O 7L/\o|t Zdsk2 Ho |. |E %EFﬁEﬁl
O=o| M Bl w2 X= 3Ol Hajol w2 HEo| Ly
St Aoz, AfelE|A Z Mal ZH0| ME7FS Chd| SR AE

o o

Assembly/ . Mass Volume Density Carbqn Wat.er . ) .A.|r ) Energy.
Parts Material (9) (mm®) (g/mm?) footprint | eutrophication | acidification | consumption
(kg COze) | (kg POse) (kg SOqe) (MJ)
Design A | AISI 316L | 1,569.26 | 195,497.88| 8.02-EQ03 11.0 0.035 0.055 118.0
Pillar AISI 316L | 908.13 |113,134.01| 8.02-E03 6.4 0.020 0.036 70
Base AISI 316L | 661.13 | 82,363.87 | 8.02-E03 4.6 0.015 0.025 48
Design B ABS-M30 | 257.28 |[249,933.62| 1.02-E03 1.6 6.60E-04 4.90E-03 30.0
Pillar ABS-M30 | 122.13 |117,435.47| 1.03-E03 0.763 3.10E-04 2.30E-03 14
Base ABS-M30 | 135.15 |132,498.16| 1.02-E03 0.861 3.50E-04 2.60E-03 16
Design C ABS-M30 | 355.82 |348,844.05| 1.02-E03 2.3 9.30E-04 6.90E-03 42.0
Pillar ABS-M30 | 220.67 |216,345.89| 1.02-E03 1.4 5.80E-04 4.30E-03 26
Base ABS-M30 | 135.15 |132,498.16| 1.02-E03 0.895 3.50E-04 2.60E-03 16
Design D = 1,295.37 |467,107.78| 2.77-E03 8.8 0.022 0.041 109.2
Pillar(top) | ABS-M30 | 104.27 |102,225.28| 1.02-E03 0.665 2.70E-04 2.00E-03 12
Pillar(btm.) | ABS-M30 68.18 668,44.69 | 1.02-E03 0.434 1.80E-04 1.30E-03 7.9
Connection | ABS-M30 2.74 2,690.61 1.02-E03 0.018 7.20E-06 5.30E-05 0.320
Base ABS-M30 | 182.04 |178,475.22| 1.02-E03 1.2 4.80E-04 3.50E-03 21
Stiffener(top) | AISI 316L | 199.05 | 24,797.39 | 8.02-E03 1.4 4.40E-03 7.50E-03 14
Stiffener(mid.)| AISI 316L | 246.74 | 30,738.37 | 8.02—-E03 1.7 5.40E-03 9.30E-03 18
Stiffener(btm.)| AISI 316L | 492.35 | 61,336.22 | 8.02-E03 3.4 0.011 0.018 36
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Table 7 Chart results of sustainability of design A, D

100% 0E-04

3.7
2.70E-03

1.60E-03
9.57€-01 3.20E:04.
1.87E-01

75%

Chart results 50%
3.30E-02

25% 2.90E-02

0%

5.86E01 100%

Design A Design D
End-of-life Transport [ | Produce [ ] Matenal &
1 08B 01 SEEDD 5 3 1E.02 T 04E+02 JErg(é-fJ;jlfe Tranfpon ] Produce . MatenalE 02

5.20E-04 7.64E:01
>20E03 Zoroctud

1.00E+00

75%

50%
2.00E-02

2.40E-02
25%

0%

WREELR F7}1 71522 Qs olux] &8|7F S7I18Y
q

ot Europnnion o Foobrnt  Eutopniaton | Consumpion

Material | Produce | Transport En(ljif—eof— Total Material | Produce | Transport Emljh:eOf_ Total
Car(bk‘;”ggjg;”m 7.70E+00 | 1.70E+00 | 1.87E-01 | 9.57E-01 | 1.05E+01 | 6.60E+00 | 9.93E-01 | 1.56E-01 | 1.00E+00 fjf;;go)
Water 2.21E-02
eutrophication | 3.30E-02 | 9.00E-04 | 3.20E-04 | 1.60E-03 | 3.58E-02 | 2.00E-02 | 5.40E-04 | 2.70E-04 | 1.30E-03 | oo

(kg PO.e)
Alr acidification | e 5| 9 30E-02 | 2.70E-03 | 3.70E-04 | 5.51E-02 | 2.40E-02 | 1.40E-02 | 2.208-03 | 5.208-04 | *07E702
(kg SO.e) (¥26.1%)
Eneray 1.03E+02
consumption | 8.20E+01 | 1.60E+01 | 2.50E+00 | 6.86E-01 | 1.01E+02  9.00E+01 | 9.90E+00 | 2.10E+00 | 7.64E-01 | 1 "geo
(MJ)

2 Zo7lE oloz EeE) TH, 43 HE 4Y Z8) 20 BAg susich A
Design B THH| AJ0|=| Cixjel SH2 BIXE Design OOl (material) 2 ALS7HS3H HEZ BHSP|IIXIS] oflLfx| 2 4H]
t=dl, BEel 47 o 303 %25T.26 - 362 9) BN £l A ololshl, B B 2001 713 3 W4 vigE X

Mooy B k| AP EbA WRIZ 4375 %(1.6 > 23kg  AlSKs oz LIEIICHA: TT 2 75%, D: T 2k 78%).
COS), £ HoAoks} oF 40.9 %(6.60E-04 — 9.30E-04 kg Design Do| CH§E 81 935t iF = Zk4shs 2402 Lig}
PO,), CH7| AMEL 2F 40.8 %(4.90E-03 — 6.90E-03 kg oL} of|L{X| AH|(energy consumption) B4F2| A< A Ci|
SO#), OlILAR| 28| 40 %(30 — 42 M)Z HAHel Hugre Moz °F 1.98 % Z7I51%1209, olol| Ch3t %3k @0loz
Iylele Hae Holct o= LTS Bos| st sA M MR (material)2 2 9.7 %(8.20E+01 — 9.00E+01 MJ) M=
o= olsf Sofut XjB2of w2 xlt 0| BB HoE B £ EZ(end-of-life)S 2F 11.4 %(6.85E-01 — 7.64E-01
ehelct M) BVlsIch ols mA BW 2 N3 Jlze Eule
T= LT E USSP 26l EAME Fotelo] 2T JHME Design D 3% S44 HMES 7I5sh= 3D Z8lE | 37|
Design D2} 7|& ARE Design Aol th2H | Ao| AR k174 Moz lst 2 2ato| f=HiEo]| w2} g HMilo| et
%(1,569.26 — 1,205.37 g) LA On], 82 ogto| ZS Bt s %2
=

2 WRl= 20 %(11.0 — 8.8 kg COg ) T4 FgU=

somborarl = mekich w5 HE 4 B8 Q0l2 41 Fuus
%(0.035 — 0.022 kg PO,°), tH7| AHM3} 2F 25 4 %(0.055 — £ Helst LIHX| 2& oA Design A Cid| &HASHZTE
0.041 kg SO,°), ollLAX] 2H|Q]| %}io F7.4 %(118.0 — 109.2 Hol|=Hl ol= ZEslel &nfz HmoiE|ni, ofLX| AH|e| A<
M2 TRl ADZHe 2asks ZEg weolc 25t @70l D Afolo| MBS, Y EE 47t 59 BHE
Table 70ilM= eF4 Hek HFE ni2jole Z=AE, M= HE Al B2 ol4x| AHlo| 27=n bl deks = + U
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