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Analysis of Thermomechanical Properties Considering the Thermal
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The membrane—type Liquefied Natural Gas (LNG) cargo tank is equipped with a double barrier to seal the LNG, of which the
secondary barrier serves to prevent LNG leakage and mainly uses fiber—reinforced composite materials, However, the composite
materials have thermal expansion anisotropy, which deteriorates shape distortion and mechanical performance due to repeated
thermal loads caused by temperature changes between cryogenic and ambient during the unloading of LNG, Therefore, in
this study, the longitudinal thermal expansion characteristics of the composite materials were obtained using a vertical
thermo—mechanical analyzer, and the elastic modulus was obtained through the tensile test for each temperature to perform
thermal load analysis for each direction, This is considered that it is useful to secure reliability from the viewpoint of the design
of materials for a LNG cargo hold,

Keywords : Membrane—type LNG cargo hold(ZE2{|?1 LNG StEF)), Thermal expansion anisotropy(ZHE 0[2fA]), Fiber—reinforced
composite material(AdK2Zst 28HK1Z). Thermal load(E@2&)

1. M 2 CIAA|ABIO| @7 EICH (Kim et al., 2014). USHAT A 21584

—
2= 3/ e el S8 BA 8oz Lo x2 27t

HSIHATIA(Liquefied natural gas, LNG)= HEEA A 2E840| P4 HER O R0l M= AX|TH MH 2t A
3 A MEIE S0| MAH =0 2|SE0| Ho| WK o HEol7| miZol clst siEo AFMoz Paks gheri
= #lgkd oiz 2 Zk2ek Qlck (Schinas & Butler, 2016). 4 EECE wet Beel ¥ HefAvA sl2dFE 0|5Y
ST IAS 7 F Ao Hod7|Ao| s BEujE 2k g0t = HS Mx[olo] HSIHMATIAE m|slof, I & 2& HH2 1&t
o 5 QU= Aol USLE0.7 bar 0I5+ 242t 2k -163C2| 3 Lol L£40| LSl AHATIA RE Al FIIHLR
X2 siHo|M sl 9l XMAEIC) HsIHATIAS T2 245] 25k dgg sl F2 MFdst SENESE ARl
7| 95t IEXo| wi{oz 2aMulS 0|25+ 40| QK| EO=IC) (Ishimaru et al., 2004). HEa{ol & MSIHAT|A
0} 24 = pRIRE WIS} S|MRES don] E35| Ms| sl2tiF0of 2x WHol| ARBEl= MRdst SEMEE HE &
HMoi7|A 2240| AR N2 siHS SXElof stz E46t el 25t EMZ &8sP| 2l 01 HE Se=el HEf
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of linear thermal expasion)2 &2|=|0{, 0l 120l &=
2 mf Lsk= P32of 2510 mk0| LOILIEXIE AHltkske
ol AR2EICH (ASTM E831). PHAt A|l<~Coefficient of Thermal
Expasion, CTE)= A =7t FWEH=(ar, instantaneous
CTE), ¥ M LUEAT(an, mean linear CTE), 2 2H
A 14(0s, secant based CTE)2 T+2EICt (ASTM E228-11). &
olZQ|AM HiAlAD} Zo| 7KMoz o MU

7 uE 221

@ 42 A® 20| S0l Besil, BF A8 FHEAT
S5 2% el cliMel BF QUFE Lkl ST 2TiHe]
SlollAf AlgiEle] UHEH4E S2Ustn ol Azl Bl &
BE SN2 L] offickD BT BN SHEHAE 7|
F 25(T.)7e BARST(MI| AIFHS SUEHTE Holst
1 = Ale olzfiel 2o LIERHCE (Kim & Chun, 2014).

Secant based Coefficient of Thermal Expansion(CTE)

Aluminum foil
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1
ay(T,) |
i, AT-02Cain
i

Length change (pm/m)

Tref T T,
Temperature (°C)
g. 3 Calculation diagram of secant based CTE (TMA 402
F1, NETZSCH)
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Table 1 Test scenario of coefficient of thermal expansion

) L Temp Temp.
Material Direction [C] Rise
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RSB | Transverse Direction (TD) ("C/min)
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A} J|A ke FSBe F2lM0|R%(-31.69°C) M=ol
M 2jo| gl= 7[8712] HEE =elsiiy, T, olstollM 2.23
e ’/KE, Ty O|AMOIM 3.69 ¢ °/K2| SHWEHS 22 HAUCE
714 geksk FSBE R21M0l2%(-38.58°C) HMFolM 2fo| U

|K-|o| ecH3} A| I|IAX M

JSNAK, Vol, 58, No. 1, February 2021

19



ool o ARYSH SRR WA OlYNS Teie d JE 54 24

0.001 0.001
g | BT
= £
g 0001 - g 0001 -
3 S
%)D 0.002 - ub.)n 0002 -
=] Expansion coefficient B X % .
2] =223 03K Expansion coefficient = Expansion coefficient Expansion coefficient
= =369 03K 5] s =360 e 03K
o -0.003 |~ : ' 0.003 |- =243e03K :
p -~
= =)
= =)
= -0.004 |- o -0.004 —
o —
—
0.005 |FSB (Machine Direction) 0.005 |- o~ | FSB (Transverse Direction)
P I TR EI EPI R T B PSPV PR NI N SRR N N
-150 -120 -90 -80 -30 o -150 -120 -80 -60 -30 0
Temperature (°C) Temperature (°C)
(a) (b)
0.001 0.001
~ o I E o+ 1]
E Expansion coefficient ‘-E-...
=153 e05K
E_ -0.001 = = -0.001 Expansion coefficient
= = =309 e-05K
[ [b]
B -0.002 |- an -0.002 —
g g Expansion coefficient
= o =234 605K
o )
-0.003 |~ -0.003 |~
= =
[=T)] an
= =1
Q -0.004 =  Expansion coefficient 4] L -0.004 —
— =233 205K | —
-0.005 |— i ‘ i -0.005 |- . -
|RSB (Machine Direction) ‘ |RSB (Transverse Direction) ‘
PP I T A IR S R N ooos 11 b )
-150 -120 80 60 -30 0 -150 -120 -90 60 -30 0
(]
Temperature (°C) Temperature (°C)

(c) (d)

Fig. 5 Measure of Coefficient of Thermal Expansion(CTE) & glass transition temperature using Thermal Mechanical
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