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Abstract

To store hydrogen with high pressure is one of key technologies in developing FCVs (fuel cell
vehicles). Especially, metal lined composite structure, which is called Type 3, is expected to effectively
stand highly pressurized hydrogen since it has high specific strength and stiffness as well as excellent
storage ability. However, it has many difficulties to design Type 3 vessels because of their complex
geometry, fabrication process variables, etc. In this study, therefore, optimal design of Type 3 vessels
was performed in consideration of such actual circumstances using genetic algorithm. Additionally,
detailed finite element analysis was followed for the optimal result.

1. M2
JleMy

218 d¥dasE o&d uAWVIAFTEAH
X EEY AR N b AR $a ARAAAET (Fuel
r D RPN Cell Vehicle, FCV)o] &A1& dAzAd7|&=z <l
@ olE o e 7 glom, ARHA Az g4 Fov A
ERCE ) £38 A% V1% A48T Aok A4 v
Ao rEA A =, AR, FHAT S AEA IAE wWA
t sy w F2AY 1ES 483 AnAAAERR] 4§
n, 8 = gloltdo] Was = W= e HAd Fa e AAolth 5F], ol& A+

== = o] =gk =91
MR A AeldA wes azy S AR TR 9% U g8 284 7
5 o A al =& v 2 A EE e vaql

For o]FHE & o :

 EF3AE 483 Type 3 2 Type 4 4AF

B : ) g7)0] B ATNREL FEEE A UTHL
T 89, a=se)ed 339530 T eE oledel HadE oo rff-|[] t
E-mail : sangguk@Kkaist.ac.kr _L_’L‘ﬂ:E ° R O(L' agen
TEL : (042)869-3759 FAX : (042)869-3710 winding) THOoE AZg aPAGFLET= FA
* g=maely|ed dE-Fsty uhabakdy A7E Wgd, W74 Sl Hold 545 Hol
G yshy)Ed e STty g ARk A 7o Edo s Qe AA 2 Al

0] O




Type 4 AFAEE7|= EUﬂ A A (cylinder),
(dome), < (junction) F-& %= FE5A E/\(boss)
FRow s g el el H Eé}o}”’
71Ee] B A2pae ted A
FAZE = F9eA dALKHow Wt
A
H

~N
5y
9
v
Og(::
i
e,
k)
=
[
'
ro
ol

Z=ol g
Richard[Z]—E

m\l

1—1;]__

N
Y
il
R
re
-
rlr
mlo o
oo

o

reliability-based

A vz i Hé
W, A4Ed  FR9ge
(evolutionary  hybrid) 231
Krikanov[3]= Hd &3 % A
ZH HE87] =Y A=

ol

1 ok?:i

Ol
o
_12i‘9“
lmE

oo = ﬂ

&,

[

fo

ro

ol

o of
R
Lo
EJ:

o
il
>
oo
_O|L

o
o

41 2 o2 g ¥

ot
N
A
o
A
ol it & X oo oo -

ofit

2

>
o,

N
—_

o

¥

o

—n

X

o

Ore

o % o

il oy

o j&

fo olo

2 i)

ol Y

N o of

b1 2
>

E 1z

tlo tot rlo 2 wo

i
2

(il
o on " o

IS
N Mo ol @ ool O R

Mo o
td
=
54
ot =
el jz
ﬁ __4
=
Im m(}
o 2
r'O
< 5 L
i, ol

da  A(A’sin’a —rr"cos’ o) — r'A’sina

dx rA% cos o 1)
r.cosa
t:;Xt
rcosa ° 2
271, cosa,
n =--c¢ "%
P W ©))
2 1) -’FXH Aoz Q% el =g
Atolo] mhzhe gk o9l A Aoz A,
55399 ﬁEETEi =3 =" A

o

mﬁi =

N = o
2 N il
of 1>

Jgol o] shlgy

4 @ sl
9 7wk vk R
A7t Qojzie.

B

ra‘:‘z £ mlm N _‘\g lo
P

o ded = W
2 ouen, @ <8 A4 Te @ A
How Add W WEst AT PFoR ofF

= 91z 2
o, L3 9}‘1%‘01 o]FoA 7] M= A

B Fold wew Byl
Qg Aol o5
o= sl

S, L AT A =g
A F0R FrE A4 AAS A f44

dagFo] AAEHAT. A s A<

Aske] MAQl AxF AE(survival of fittest)?t 2+

ol L ej(natural selection)e] Y&]E Higo® A Y

| HAs dagsoesX, ﬂﬂH(crossover)Q}

*(mutatlon) o] B}HS EF wHrp =& wgko
e W8A 7= dh o))

%xax} dmeFe A7 Gl te] AAK

= TIAAAM FAGS g Az 9nk
Ao wel z AAAe] A3 (fitness) S F-o
gty Aol 245 wujet WFed o g
Ea dAste] @Al =2 AAF vd
FAE 7Hx AARE] ths A Huh ol
PAHES FetozEy, fAo] NPHrF A
A AARES £ HFosE FMo] Wgdr
ol st A duYgFe HRAE FREY 2
& o]ab¥=(discrete variables)E tFE=dH &3

24



A Ao dHA St

3. 350H} Type 3 =2 28 27[9|

IE<PEp]

273 A A =54 A4S nfgo=
Ax dugFS A5t 3508 T4 A
2 AAE 43359t Table 1S

rd

[e)
o
)&

oN

Table 1 Dimensions of 350 bar H, pressure vessel

w34 =3y F
Ay o4 vk 200 mm
B2 98 dky 36 mm

Ay 2ol 671.4 mm
A Aol 900 mm

Table 2 Design variables for optimization

Min Max Bits
Helical
2 9 3
layer =
Hoop
2 17 4
layer =
glol] FA 1.9 mm 5.0 mm 5

Feasible angles
2°, 3°, 4° 5° 6° 8° 12° 13° 15°
16°, 17°, 22°, 24°, 25°

ey 2

Autofrettage pressure
(57.8MPa)

Pressure

Service pressure
(35.0MPa)

7 4 .

Loading Sequence

Fig. 1 Loading history for H, pressure vessel
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Table 3 Material property of Graphite/epoxy Table 6 Optimal result of 350 bar pressure vessel

. Liner - .
E; (GPa 149
1 (GPa) Case |_:EI'CaI ';'OOp thickness Wmdlmg Wi'ght Fitness
E, (GPa) 10.6 ayer ayer (mm) angle (kg)
E; (GPa) 10.6 1 3 7 1.9 25 27.82 |1.5755
V12 0.25 2 3 8 1.9 25 | 29.16 |1.5640
Vi3 0.25 3 3 7 19 25 | 27.82 |1.5755
vas 0.42 4| 3 7 1.9 25 | 27.82 |1.5755
G (GP) 4.14 5| 3 7 19 25 | 27.82 |1.5755
Gi3 (GPa) 4.14
6 3 7 1.9 25 27.82 |1.5755
G2 (GPa) 3.31
i s 7 3 7 1.9 25 27.82 |1.5755
density (kg/mm®) 1.61E-6
8 3 7 1.9 25 27.82 |1.5755
) _ ) 9 3 8 1.9 25 | 29.16 |1.5640
Table 4 Material property of Aluminum liner
10 3 10 1.9 22 31.97 [1.5634
E (GPa) 68.0
Poisson's ratio, v 0.33 - T
Yield stress (MPa) 286 "
density (kg/mm?®) 2.71E-6

Table 5 Genetic algorithm variables

Population size 20
Probability of crossover 0.7
Probability of mutation 0.1

Maximum generation 20
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Fig. 2 Stress distribution of optimal H, pressure
o =3238N " (5) vessel under operating condition (350bar)
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