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ABSTRACT

A Study on Computational Structural Investigations for a HDPE
Injection Blow Molded Marine Buoy

Kim, Dong-ju
Advisor : Prof. Park, Seul-Hyun, Ph.D.
Department of Mechanical Systems Engineering

Graduate School of Chosun University

The problems of marine environmental pollution and environmental pollution by microplastics are becoming
global issues. In the case of expanded polysterene (EPS), which is a major cause of marine environmental
pollution, it also adversely affects the marine ecosystem, such as HBCDs (Hexabromocyclododecanes), a type
of bromine-based flame retardant, and hepatotoxic agents in oysters farmed in farms using EPS buoys. Is
struggling. In this study, to replace the EPS buoy, which is the main cause of pollution of the marine
environment and the marine ecosystem, a buoy is produced through HDPE (Highdensitypolyethylene) blow
injection to replace it. In the case of HDPE, it has superior physical properties such as tensile strength and
impact strength than EPS, and it is believed that microplastic problems can be improved by taking advantage
of these physical properties. Therefore, in this study, the Ansys Workbench 19.2 tool is used to check the
deformation and performance changes caused by pressure and thermal environment in the environment of use
of the buoy in consideration of the physical property change by the reprocessing process of HDPE generated
during the blow injection molding process. To perform. The physical properties required for finite element
analysis were checked for mechanical properties such as elastic modulus, yield strength, and maximum tensile
strength in accordance with ASTM D 638 standard, and the thermal expansion coefficient was measured
using a strain gauge. In the case of the target buoy, a study on the deformation and performance of the
buoy is performed through nonlinear analysis in consideration of the nonlinearity of the material and the

geometric shape change of the buoy.
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Figure 2.2 Measured density of specimen used in this study

Table 2.1 Summary of measured density of specimen

HDPE Blended HDPE Scrub

Density (kg/m®) 870.33 874.87 895.12
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= Angle of fall
g = Angle of rise

R = Pendulum arm

- Specimen

Figure 2.3 Schematics of Izod impact test [20]
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Figure 2.4 Measured Izod impact strength for specimen used in this study

Table 2.2 Summary of measured Izod impact strength

HDPE Blended HDPE Scrub

Izod Impact

22.85 23.76 31.25
strength (KJ/m?
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Figure 2.5 Engineering S-S curve[21]
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Figure 2.8 Measured engineering S-S curve for specimen used in this study
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Table 2.3 summary of measured tensile properties of specimen
Young’s Yield Ultimate
Toughness
modulus strength Strength /mm®)
mim
[MPa] [MPal [MPal
HDPE 1248.8 9.6 25.2 20.17
Blended HDPE 1315.2 9.3 26.7 24.17
Scrub 1206.0 9.3 27.7 18.04
— ‘I 9 —
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Collection @ chosun

_25_



Ao ARESE C2A-06-062LW-120 2=EG Q1 Alo]A] o] A AlolA] 44 K= 24T
o Al 2.155 (£0.5) o|\} 2Ew®Stol| me} Alo]A| A4 Fhol WA = &% W3l 100
T 3 12%% H3H Hu o] a2 T A3 olef 2] Figure 3.59F 2t}

[7 TC of Gage Factor|

2.224

2.20

2.184

2.16

2.144

2.124

Temp. Coeff of Gage Factor — 1.2%/100°C

2.10

2.08 T T T T T 1
-200 -100 0 100 200 300

Temperature (°C)

Figure 3.5 Changes in the gauge factor as a function of temperature
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Table 3.1 Coefficient of thermal expansion measured for Y-axis at 0.6°C / min

HDPE Mixing Scrub HDPE Mixing Scrub
(10-6 (10-6 (10-6 (10-6 (10-6 (10-6
mm/mm | mm/mm | mm/mm mm/mm | mm/mm | mm/mm
T) ) ) T) ) )
97.87 168.10 153.28 148.40 170.01 153.47
154.90 167.08 239.61 154.90 167.08 239.61
Cooling 154.39 150.75 157.03 | Heating 154.39 150.75 157.03
155.11 180.27 153.00 156.22 164.88 154.24
170.62 117.32 136.92 171.50 139.23 139.07
146.58 156.70 167.97 157.08 158.39 168.68
average average
+ 25,11 | £ 21.81 | £ 36.48 + 7.69 + 11.64 | £ 36.00

Table 3.2 Coefficient of thermal expansion measured for X-axis at 0.6°C / min

HDPE Mixing Scrub HDPE Mixing Scrub
(10-6 (10-6 (10-6 (10-6 (10-6 (10-6
mm/mm | mm/mm | mm/mm mm/mm | mm/mm | mm/mm
T) ) ) T) [9)) )
93.76 112.67 112.44 94.31 112.90 112.64
131.34 115.24 106.43 131.34 115.24 106.43
Cooling 117.06 130.44 112.27 | Heating | 117.06 137.44 112.27
112.95 131.30 151.13 115.50 107.89 154.11
148.36 113.01 126.35 151.12 94.28 127.03
120.69 120.53 121.72 121.87 113.55 122.50
average average
+ 18.31 | £ 8.49 | = 16.06 + 18.80 | £ 13.98 | = 17.20
—_ 27 —
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Table 3.3 Coefficient of thermal expansion measured for Y-axis at 5C / min

HDPE Mixing Scrub HDPE Mixing Scrub
(10-6 (10-6 (10-6 (10-6 (10-6 (10-6
mm/mm | mm/mm | mm/mm mm/mm | mm/mm | mm/mm
T) ) ) T) ) )
155.76 148.40 153.52 148.32 169.94 153.47
156.60 150.40 154.58 157.00 169.36 151.65
Cooling 151.46 149.11 166.38 | Heating 151.22 167.88 153.08
153.73 173.53 152.88 155.90 168.86 155.14
141.58 179.21 137.61 143.18 205.87 139.40
151.83 160.13 152.99 151.12 176.38 150.55
average average
+ 5.42 + 13.39 + 9.15 + 5.06 + 14.75 + 5.68

Table 3.4 Coefficient of thermal expansion measured for X-axis at 5C / min

HDPE Mixing Scrub HDPE Mixing Scrub
(10-6 (10-6 (10-6 (10-6 (10-6 (10-6
mm/mm | mm/mm | mm/mm mm/mm | mm/mm | mm/mm
) [9)) () ) ) )
116.73 120.49 126.05 94.24 112.90 112.64
127.17 133.48 154.61 128.95 118.51 151.27
Cooling 100.17 141.58 151.81 Heating 101.83 126.57 116.47
131.41 136.47 112.90 136.47 148.53 115.93
103.08 117.55 127.95 106.85 96.64 131.89
115.71 129.91 134.66 113.67 120.63 125.64
average average
+ 12.48 + 9.31 + 16.02 + 1623 | £ 17.04 | £ 14.44
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Figure 3.6 Measured thermal expansion coefficient at given conditions each axis
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Figure 4.1 Numerical scheme for Newton-Rapson method[22]
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Figure 4.2 Geometrical representation of stress tensor[23]
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Figure 4.4 A Symmetry condition for computational model
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Figure 4.5 computational domain and meshed model

Table 4.1 summary of the number of nodes and elements

4T buoy 5T buoy 6T buoy

Nodes 74,353 79,935 60,346

Element 37,003 41,381 31,816
— 38 —
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Table 4.2 Blended HDPE Properties applied for FEM analysis

, . . Tensile Coefficient of
. Young's . , Tensile Yield .
Density Poisson’s Ultimate Thermal
modulus . Strength .
(kg/cm3) Ratio Strength Expansion
(MPa) (MPa) .
(MPa) (10-6mm/mm?® )
874.87 1315.2 0.46 9.34 26.77 161.78

| —=— True stress-strain curve |
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Figure 4.6 True S-S curve after yield strength for Blended HDPE
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Table 4.3 Summary of load conditions

Initial 5m Last
pressure condition | pressure condition | pressure condition
[MPa] [MPal [MPal
MPa 0 0.05 0

At oH 314 A#E FEF3HS Catia V5 RIS toolS 53 F& A|A 2
o} Wigte] w2 FHWSE st
Zt FAE E AL Y, Wy, 8 AZ 9 7Y Hste ts e Figure 4

7, Figure 4.8. Figure 4.9, Figure 4.10, Figure 4.11. Figure 4.12°] Z}Z} =A% T}
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Figure 4.7 Calculated von mises stress and strain distributions for a 4mm buoy
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Figure 4.8 Effective volume for a 4mm buoy re-calculated after deformation
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Figure 4.9 Calculated von mises stress and strain distributions for a Smm buoy
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Fig 4.10 Effective volume for a Smm buoy re-calculated after deformation
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Figure 4.11 Calculated von mises stress and strain distributions for a 6mm buoy
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a 6mm buoy re-calculated after deformation
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Table 4.4 Summary of thermal load condition

Ambient Minimum Maximum Ambient
temperature temperature temperature temperature
condition condition condition condition
[TC] [T] [TC] [TC]
Temperature 22 -20 60 22
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Figure 4.13 Calculated von mises stress and strain distributions for a 4mm buoy after thermal deformation
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Figure 4.14 Effective volume for a 4mm buoy re-calculated after thermal deformation
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Figure 4.15 Calculated von mises stress and strain distributions for a Smm buoy after thermal deformation
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Figure 4.16 Effective volume for a Smm buoy re-calculated after thermal deformation
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Figure 4.17 Calculated von mises stress and strain distributions for a 6mm buoy after thermal deformation
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Figure 4.18 Effective volume for a 6mm buoy re-calculated after thermal deformation
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