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Polyurethane foam is the most efficient, high—performance insulation material, used for liquefied natural gas carrier (LNGC)

insulation, Because LNGC is exposed to sloshing impact load due to ship motion of 6 degrees of freedom, polyurethane foam

should be sufficient dynamic properties, The dynamic properties of these polyurethane foam depends on temperature and

density. Therefore, this study investigates the dynamic response of polyurethane foam for various temperature(25C, —70C,
-163C) and density(90kg/m®, 113kg/m®, 134kg/m° 150kg/m®) under drop impact test with impact energy of 20J, 50J, and 80J.
For dynamic response was evaluated in terms of peak force, peak displacement, absorb energy, and the mechanical property

with minimized density effects, The results show the effect of temperature and density on the polyurethane foam material for

the dynamic response,

Keywords : Polyurethane foam(PUF, Z2|2Et £), Cryogenic test(ZX2 A1), Drop impact test(<
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Fig. 1 Schematic of the impact test facility

2.2 A&l x|z}

2 4F0lM = LNG SHEA|AE] Sof
SE F2 HESE| f5t0 E2I2(Polyal), O|2AlofH|0|E
(Isocyanate), YHEM|(HFC-245fa) & AFR3I o0y, oA M&st
iz °|4J‘ 2 245P| 2I5104 Z2|22} o|AoH0|EE YN
1 SR (o| MY IE EElsio] AlFHE MEASIICE

SollA] ALRE AliEo| ghan|o| M| w2
= |__|_E|.|_HO ony wrgA|o| &7i20| LofEAE gy =
0|7t B71st0 LTt Hok|= AUS &eldh 5= Uct Ea|al
Bt Z2 3chlel IFYE HAM MEsien,

CRIT 2 A== E2

30

Hx 87| Lo Z2
2, O|&AJolH0|E, et=X|E SEtetn pAISH 28 25l &2
ALIoIME 0[25101 4500rpmollA 2F 0% S0t Z5t HISA|A
Eo|Pel|E & XS CIEICEL F N2 E2|Pe|E & XS
T WstoZ &E Jiuke Bolukaol| R AR0lA 24417t
Rlod WEAZICE ofx|atoz 2kMs| WarE Z2| (e & 8US
BoleA SollM 22|AI7 BukEEelel |2l Et 2 24519
Ck AlEe| #Ak2 50(W) X 50(B) X 25(H)mm’e| 37|12 H|=kst
0f Z}2to] ZE7| WS 61N, AR otE2 e ==
gistol Wxtsinks 0| Wakoz nasiod MASIICE Fig. 2
= 2 AP0 A== E2|Rel|Et Zo| ME 2SS LIERAACE

Table 1 Density of polyurethane foam depending on blowing
agent amount

Polyol(g) | Isocyanate(g) | HFC—245fa(g) | Density(kg/m®)
90 90
80 113
1000 1160
75 134
60 150

™ | hhh]

Rising
Isocyanate, Homogenization Foaming for
Polyol, HFC- (4500RPM, 60s) 24 hours
245fa

Fig. 2 Schematic representation of manufacturing process
of Polyurethane foam: preparation, mixing, and
foaming
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Table 2 Experimental scenario

Density | Temp. Impact Drop Impact velocity
(kg/m®) | ('C) |energy(J) | mass(kg) (m/s)
20 8.475
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25 50 20.975
80 33.475
113 20 8.475
134 =70 50 20.975 2.18
80 33.475
20 8.475
150 -163 50 20.975
80 33.475
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Fig. 3 Density dependent force—displacement curves

of the (a) 25°C, (b)
impact energy 20J

-70C, (c) -163°C at
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Fig. 4 Density dependent force—displacement curves
of the (a) 25°C, (b) -70°C, (c) —-163C at
impact energy 50J
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Fig. 5 Density dependent force—displacement curves
of the (a) 25C, (b) -70°C, (c) —-163C at
impact energy 80J
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Table 3 Relative density on elastic modulus, yield stress,
and plastic stress
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(kg/m*) | (C) | (pa(m’/kg)?)| (pa:(m’/kg)?)| (pa:(m/kg)?)
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25 2282 125 1333
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-163 3317 204 2173

25 1927 114 1324
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Table 4 Specific absorbed energy and strain under impact
energy of 20J

Impact | Density | Temp. | Specific absorbed | Strain

energy(J) | (kg/m’)| (C) energy(J/g) (%)
25 3.56 31.6

90 =70 3.50 21.1

-163 3.48 19.8

25 2.80 24.8

113 =70 2.72 16.2

20 -163 2.75 15.3

25 2.29 17.9

134 -70 2.19 1.4

-163 2.21 10.9

25 2.05 15.8

150 =70 1.89 10.1

-163 1.89 9.9
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