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explosion. Therefore, flame proof enclosure structure (FPES) was studied as a
form for the purpose of integrating the design of gas supply devices and detecting
gas leakage. We intend to model and complement products of advanced countries
overseas. It was proposed to change the shape of an ellipse due to the risk of stress
concentration in products of advanced companies. Through structural analysis,
the proposed FPES internal pressure performance evaluation was verified and
compared to products of advanced companies. The proposed FPES is believed to
be able to withstand an internal pressure of about seven times that of advanced

companies.
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Table 1 Material property

. . Modulus of . Yiel
Applied Part | Density odu.u.s " | Poisson’s feld
(Material) (kg/m3) clasticity ratio strength
(MPa) (MPa)
FPES
850 200,000 0.30 275
(SS275) 7 ’ 7
Table 2 Boundary condition
Pressure Thickness
CASE Angle Bottom
(MPa) & (mm)
#1 1
i 09 Fixed Support 10
ixed Suppo
#3 0.8 PP
#4 0.7
Table 3 Nodes & Elements of TYPE A
TYPE Mesh size Mesh type Nodes | Elements
(mm)
A 20 Tetra & Hexa 445229 | 232,399
B 20 Tetra & Hexa 648,848 | 359,257
TYPE 5Y3tA Angle vF= 0l Fixed Support H&H5Z1&

Fosta, W2 Table 29 Pressure?} 2¢] 1 MPa~0.7
MPagl 4 7} CASEZ F-o{&}3ith. Angle HIHH e BEA
3t H9} Valve 12 H2] 3717} &0} mesh size= 20 mm=Z
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Fig. 5 Equvilant Stress of TYPE A (at 0.02s)
3.

3.1 5|222{1} oM
fisto] 2o 57t %‘t’ﬁ,
Fig. 5= TYPE AE %7}7]
oE o 57H3E A daE L%E}Lﬂi Atk A Al
%o| SHa ¥F F7t T B2 BAZolA §8 A
o] ¥ 3lglth. 471A] CASEdN AxAcz ) S7}
5182291 165 MPag |4 615 MPag X3S Holx
2 0212 B ohA] gh2 FA|Y] AJElQ] FPES: £
QI QFHsHA HEAE-Z 3sh= tloll old o] Sl& A
23

Fig. 62 47HA] CASECA 9] 2t M= = F-9jet
2 2 o] glo] fARkE Ho tigAor 7Y HoAd
Hol& uigko] 7P & 1 MPaoﬂAH AP S YEhd Zlojm,
(a)= Ui 55t TAlolA <] swvu P UE Aol (b
=2t s l Al 454 efe] WIS yehd 2ot (a)ol
Me ) 18.7 i‘i‘lﬂ, (b)oll N = 3.034x107

mm? HFZ E&"‘;E}. =) e WYL

- 2ol 0ol 4= so] 27] gEfet fAF @
Ao xgH

e ¢

2
ox gt

olo o\

r_<.2
| o o< N ]
o

o

o

10

)

>,\1
lo
fitl
>

oM.
o
ol

7o

fu

e

L

o}
H
=]
T

~

o}
H =



Sung-Ju Kim, Seong-Jae Kim, Jin-Uk Jung

KTwe A urs A TYPE A IMPa

s
e To
18746 saat107 wax
e | e
1458 saw7e7
e 2947407
1014 2as6207
| e | e
B oaues B 1oer
4657 ss2tses
g o s
onin

0 Min

(a) 0.02 s ®) 2s

Fig. 6 Total Deformation of TYPE A

ETYPE B_IMPa F: TYPE B.0.9MPa
Equivalent Stress £ ss

nit: MPa
Time: 2.¢-002

| ey | Jprers
l as007 M sesor
I 16252 l pres
(a) CASE #1 (b) CASE #2

H: TYPE B.0.7MPa
Equivalent Stress

5 TIPE 8 081400

YyD o von-Mises) St

Unit: M

Time: 20.002
11701 Max 10239 wax
Wi oo
a0 63
7009 sase
65007 seaan
| B ossos
39001 a1
26003 275
g B
6552106 Min 5733106 Min

(c) CASE #3 (d) CASE #4

Fig. 7 Equvilant Stress of TYPE B (at 0.02s)

3.2 518321 OHIBS 7|Fet TS ORIN HE(TYPE B)
WIS siotel 2i0) 57189, g, 2l W vasant

Fig. 7 TYPE BE B7V7IE& 5% 0.02 ZojAle] Wit 27]of
oE 2ol 57188 siA A vedla itk AAIA oS3
2 el PR AAE oto] S} YFR7F T A3l §
2 ZzdAo] BHEHA] 99ttt 4 7HA] CASEQIM Axaoz
o5t Aoz yehta 78 #okst | MPaolM ol 2t =712
& 146.27 MPao| UEhta ofof] wh2 QFEE-2 1.130.2 FPES
o] B B9l LNG 4 A 4 TZA-8o] ojgo] gl& Aoz
AtEET

Fig. 82 4 7}A] CASEo|A 2] o Hys= 1?«149} %!
a}o] 9lo] QAleHS Hol thuAos 78 2okt Zog
Uio] 71 2 1 MPao|A2] WS LR Zojd, (a)=
Tt WalolA 9] ZHA|S] WP YE Zlola (b= Y
Aol AA" %1:4194 WP S e Zlolth (a)ollXe 2
276 mm94 13 31, (b)oIME 5.84x10° mmo] HHS
Hojth Z4 5 Qg Ol Zﬂﬂ% Feio] g2 wie- ot 0ol
ot Fro2 AHEE o] 27] AJEjet fAlsHH
k.

5

o

rlo

. old

(o]

N wie)

p
R

3!
-10

0

AASH

e a

Ao AR

196

m B G
B l | =4
g g s
(a) 0.02 s (b) 2's
Fig. 8 Total Deformation of TYPE B
1200 T T
I TYPE A
[ TYPE B
Allowable Stress
1000 - T
800
g
2
é
7600 - .
400 4
200 1
165
0
0.6 0 65 0 75 0.85 1 05 1.1
Pressure (MPa)
Fig. 9 Max. Equivalent Stress/Pressure of all TYPE (at 0.02 s)

Table 4 Compare all TYPE

EA EB Remark
(flat) (round)
Max. Equivalent Stress about
(MPa) 1152 14627 7.62 times
Max. Total Deformation about
18.74 2. .
at 0.02 s (mm) 8.746 76 6.79 times
Max. Total Deft i
ax. Total Delormation| 5 30105 | 5.84x10°
at 2 s (mm)
Safety Factor at CASE 0.15 L13 ab(?ut
#1 7.5 times
3.3 TTY ot

Fig. 99} Table 4= Fig. 53} Fig. 701A419] A3}t 58383}

IAE ZAH o 5858 2yotA] gon o 57158
o] 7F¢ =2 TYPE B2 CASE #l0|x2] A3} Z2 14627 MPa

o, 51858 oH| FHAeE < 1.130]|h
TYPE A%} TYPE BY] 7} CASE ¥ o] 7188 g H|wslg)
& Al TYPE AoM9] 2o 571-38o] TYPE BXt}t 27}
7.62H] =2 o= Mgﬂmq
+ TYPE AcA 9] 2 A] YhS AHEs
l Ude 0.14 MPa¥ o Hd 571

{\J-%QO%O\:[:] 0-].9.01'110 U]—&o 20|

- T

oF
>

=T

156.13 MPa=z

o



Journal of the Korean Society of Manufacturing Technology Engineers 28:3 (2019) 193~197

1 MPa2] Uigto] #gste=
2 Als¥oh

£ TYPE B9} Hl5:% 458 29

3 4 Zle

=

4. 4 B
e 9l

;Loux}orcﬂ ANSYS vI8.12 Fxsj4 g Zaistel
=

SEEMLEEESRE RS ECE LT

=z} A] TYPE A%} TYPE BojAl CA
£ o] 57F80] Yokl e ¢
o) 571282 4 7HX] CASE0IN 2% 3]8-88S
, TYPE B 2t 571680] 7P &2
146.27 MPaZ 318588 ZslA| Yottt
Z3F A] TYPE A%t TYPE BollM CASE #1 ~ CASE #&
ZA4E o) Wgo] Yokl AE & 4 AUSIH TYPE A9 2t
ML 18.746 mmE A 279 1.1% A=) WL By,
TYPE BE 2.76 mmZ A 27]9] 0.12% A=o] ¥y Byt
Zut & TYPE A9 TYPE BojM #W3o] 7pf 2 REL
TYPE A9] CASE #1 O 3.034x10° mm9] HgS 2ot
Zrol - ol 0of] ~Hsl= gz ArEEo] 27] AEjet 44

E #1 ~ CASE #42
4> QJ3ick TYPE Ao
Z3tst
CASE #10}|4

AE L £

AN
r 45

O

-

€ TYPE AclX 9] 2 Al Ughg A=
MPad o} Ht 57h322 156.13 MPaZ
&y 56% FEOIT 1 MPad] Uigto] 2

—TYPEAEE}QF

2519

o] Q7 20199 % HRARISEALT) ] Ao =it
A71E315U] AP wrop #H ATA(P0002092, 20199
AFIZE I A EA)

197

References

[1] Stefana, E., Marciano, F., Alberti, M., 2015, Qualitative Risk
Assessment of a Dual Fuel (LNG-Diesel) System for Heavy-duty
Truck, Journal of Loss Prevention in the Process Industries, 39
39-58, https://doi.org/10.1016/.j1p.2015.11.007.

[2] Kim, H. S., 2012, Technical Trends and Analysis of LNG Fuelled
Ship, Proc. Korea Marine Eng. Association Autumn Conf., 223-228.

[3] Hanssen, A. G., Enstock, L., Langseth, M., 2002, Close-Range Blast
Loading of Aluminium Foam Panels, Impact Engineering, Altair
Engineering Inc.. 27:6 593-618, https://doi.org/10.1016/s0734-743x
(01)00155-5.

[4] Mullin, M. J., O’Toole, B. J., 2004, Simulation of Energy Absorbing
Materials in Blast Loaded Structures, 8th International LS-DYNA
Conference, Int. J. Non-Linear Mech., 8 67-81.

[5] GenSys, n.d., viewed 27 April 2019, <https://www.gensysgroup.con
products/modularized-systems/marine-systems.html>.

[6] Marine and Shipbuilding for Monthly, 2012, viewed 27 April 2019,
<http://www.shipbuilding.or.kr/Press/201212/DSME1205/DSME
1205.html>.

[7] Kim. S. G., 2005, The Introduction of MAN B&W M/E and ME -
GI Engine for LNG Carrier, Journal of the Korean Society of
Marine Engineering, 29:6 603-611.

[8] Nam. J. G, Kim. J. W., 2005, The Introduction of Wartsild DF50
Engine for LNG Carrier, Journal of the Korean Society of Marine
Engineering, 29:6 612-617.

[9]Kim. C. K., Kim., D. H,, 2012, A Safety Study om the Stress
Characteristics a Composite Pressure Cylinder for a Use of 70
MPa Hydrogen Gas Vehicle, Journal of the Korean Society of
Manufacturing Technology Engineers, 21:1 1-6, https://doi.org/10.77
35/ksmte.2012.21.1.001.

[10] Cho. J. R., Kwon. J. W., Kim. C. S, Bae. C. H,, Kim. H. J., 2010,
Structural Analysis of Combined Vaporizer for LNG, Proc. Korea
Marine Eng. Association, Spring Conf., 303-304.

[11]DNV, 2011, STRUCTURAL DESIGN OF OFFSHORE UNIT
(WSD METHOD), DNV-0S-C201, Det Norske Veritas , Norway.

[12] ANSYS, 2017, ANSYS User’s Guide Version 18.1, ANSYS Inc.



	LNG선박용 방폭기자재(FPES)의 구조형상에 따른 건전성 평가에 관한 연구
	ABSTRACT
	1. 서론
	2. 본론
	3. 결과
	4. 결론
	References


