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Development of Optimization Code of Type 3 Composite Pressure Vessels
Using Semi-geodesic algorithm

Sang-Guk Kang’, Myung-Gon Kim~, Cheol-Ung Kim~ and Chun-Gon Kim™~ "

ABSTRACT

Composite vessels for high pressure gas storage are commonly used these days because of their competitive
weight reduction ability maintaining strong mechanical properties. To supplement permeability of composite
under high pressure, it is usually lined by metal, which is called a Type 3 vessel. However, it has many
difficulties to design the Type 3 vessel because of its complex geometry, fabrication process variables, etc. In
this study, therefore, GUI (graphic user interface) optimal design code for Type 3 vessels was developed based
on semi-geodesic algorithm in which various factors of geometry and fabrication variables are considered and
genetic algorithm for optimization. In addition, hydrogen vessels for 350/700 bar that can be applied to
FCVs(fuel cell vehicles) were designed using this code for verification.

2l = 7 Sl 5EAY AEez Qs Hel
ol ARGE I e} SHAIRE Aol A st EAY 7)Y EAl(permeability)E Rebslr] ffd) 4502 Slti= Type 3
Fejo] P22 wol AHGHLh 2 BT vjetety @4, AZFY W FOoR s Bl 3 Fee dgls UAe
= Hole %2 olfRe] Fuerh wahd 2 dAfoAe oldd WHeES LHsthes ES5AUA gare]E(semi-geodesic
algorithm)a 2| A3}5 913t FHA Yare]ES A8sto] BQ 3 B 48719 GUI(graphic user interface) |44 =
23S sl T fRE TRIPS olgsto] AR WA ABAe] HEEE 350700 vl £aAFE7)d s
AAE skt
Key Words : E31#)] ¢}2]-27](composite pressure vessel), Z]Z“d7)|(optimum design), ==X|A1Z &a1z]Z(semi-geodesic algorithm),
LA A7 AR AFsxHhydrogen fuel cell vehicle)

1L A& e I 7FAE AHSE] 91 Ae ARE 7jdE 9l
ok st B3Ae V1€ a&de g Aol madt
E2 HA, WAES T e g B 53 4 5o <dd) 23" 5= e 71U (permeability) EAIR <l

* University of Delaware Centers for Composite Materials
** F2alelr| e 7)AEEh) - aEshAE ek
e GoiAPER} AslaE

wkkt Sl 7| AlS S} -5 ash -y, ALK RHE-mail:cgkim@Kkaist.ac.kr)



2 AT WS - AEE - AHE B PORH Rk
3 22 F4< sidl Type 3 Fejo] F2E s I cosa,

A B g ol WellE olold FHoE Al ' rcosa ¢ @
g gk A 7= BA A, Wad, e el § oot oser
ol 4% HolA: shAut ARy S0 Qs A n, === 3
2 sfael glo] we ofglgoel EAth 53, Type 3 %
Type 4 DA AAL7]= A A (cylinder), 5(dome), H< _ .
vpe 4 mHEEIIE A A (eylinden, Flomel Ly e e wow A9 Hae W= Aole) v
(junction) F& W F&2 HA(boss) HFEOE U = Q= o Taal ololtl ZbT Aalompl ExHole] b o

_ o maalm slmol Halal MEmmi cha S gk oY = Aoy, ERRLY] AxErR
g Aol uje Exsta 7|Ee] B3 AHEweE g2 AEo Eg med A ool ooy ZHEE A 2
E ROoA Heo) Zme} Bl dsHom wets B4 T O TR T 0 e e e T

1 5 ' o omae. ATk OIA a, @, or A= eleld 2, EHue #E, v

7R glch ulebd] BRA nAREY] AR gEae X1 _ .
- . N v = o ¥ F, Afet M= Aol slippage tendency gk U
dehs ol FYOR A ABsle) dRe) we & 0
YRE 4 W B g s ARAA W Y 4 T T

P2 978 Baz ot

71&o] ayE e oIy fxEo] it FHHAHA

A= o2yt Zch Richard[1]:= reliability-based ¥ 9]

gato] WepwlE ShoIgE solmo] Yhat wEBE HHoES

Fsigleon,  ZAAEH  FYPREE T AIfu
(33

AE-35FA e} Krikanov[2]+&=
Y QFEET] tREY AR
TAA SIS FElA
7 RIY 7= stoA HAsME EFA T FAE
stoitt. Parnas 53] 11 HFW o] %
& 7HR% 2 Bl 7Pste] Bt

(evolutionary hybrid)
HPEDN = A0S

ll
ke
"
il
I gl

d
his

2
=

[
BI‘_EE

o,
O g U1 oo ofh

= ]
2 wg
1

op

N

£

=

oL

2N A

—_—
>

ol

i
D
HNOE
L
{1
Y,
P
> E
rlﬂ; T
2 > a0 32 X orlo o

2o oEN ol
J

GUI(graphic user interface) %%

AE Zeage Agsie) ARUA AEA A 3

9l el 350 w} @ 7000} gFEgvlol hEt HAHAA 4
ssta 1 AU glskch

il
2

flo

2. ZEAAA s FAR dagE

£ Aveld 8w 22AAA dndze ol 4=
G4, oholg S 4, FUT oklY ol FF 5L B
sholy AY = Auezozn PASE] Sol o8 Ak
= 9ie.

da _ A(A*sin’a-—rr"cos’a) - r'Asina
dx rA%cosa

4 @ oRld =6 it sAomH olely Zhwel o

AN WD A GololAe] FAZ dojAlh o714 1,
a, te 77t WA HE, oY 2w, FAS tehiy
ol ¢z Ay RES ofujgi}

4 @A EAE 0= skeld
= ¢I9 sh=dl q
Aol A b 28 AHoz A9
2 olF(hif)st 91ME 0,9 F5u m
gt epelgo] o]Rojx)7] M= B
(relatively prime)o]ojof b= 27E REEAJAOF it}
oo 2UEL Fal Folxl M= FAdo digh AA 7t
SRR ER E

G, £ AT WeHE oIy B B3 FE 7
z2o) A1 AAE glete] G4 dneFo] AREYT &
A duefEe AAzste]l WAl Az AYE(survival of
fittest)z} 2} =elj(natural selection)o] ¥z|E wigtoz A
2|5t dug|=o 2K, uajj(crossover)@} HZE(mutation) 52
FE Fof Hop 2 WFeR e ezl ot
FAA ATZe HA ol el HAYS BEAIA
A3 gt AREAY S FEe] whek 2 AA e
(fitness) Sofatch. AFHAel 245 wujet WEol
SES AAske] Aol £ AAHA vsdt ¥

=

s 3

k)

o]

7H AAEEC] v DAl Bk go] FAHESR f&

o2, o] JPPHE A AAMES $2 WFe=

Ao] AT olegt FAA dueBL BIAR TEE

7o o]ibH(discrete variables)E
¥

2 YA Sk

ﬂl?‘.i ox.

o & ol oo glo v X x

3. 53 Type 3 a¢k-8719] HZF4LA
233 7

ZRIelN dAMss B
S(hoop layer)9] 4=, oy FA,

Z(helical layer) =,

u
= Hsat ool 2=



214 % 1 9% 2008. 2

EEAHA daYES

719] M A Z2as A 3

w
I

?{_‘,
=2
w2
1
o

T F oIt #&AAY duEled A garEsol
288 HH3} gae|E2 Fig. 13 Zi6].

WA 71EHe g o] P4} (5742 HE(isotensoid dome)
2 AR AY ®)Y #F4E ZAAskar olo] sl fiber
bandwidth 53} Z-2 AA| Az 34L& 1&g 7Hee o419
os FEAAH gagE ZEOHeR
2 53R} gholve] B4

S
=
g2 AA Y 58 AR £ 7

a)

o
)
o

o 4
:0‘-_‘0%'
<
>
o =
3o
c
@ &
LY
-
gi
3
zlg
0 =
r_?Lg.
o S
S
o 19
LN
m1°j5m
~
O

B A @) Y= BHF0] Fitness ZHS AAtsta
Fitness B34 o] olg3te] the AlHE state

HFHOR FYEAS VEY WK HAYAZ Ay,

I

51O
BN
1=

o *

W,

o
fdesign
—max 0, ]x 2=
O fiber

0.1 O\ design < & <
+0.1x— 1 Oliner = O gesign ¢ O fiber = O 1 design
Oliner

Ot O\ desi
desian () 15 Thudesion

s Cliner < O gesign & T tiver > O ¢ design (4)
Dliner

O fiver

o]
1, design
1 Oliner > O design

Oliner

A @l W = A ool i HAEE Fd 77

ol Wi g AAzgHe] BAolth Gt Olsnis 7}7}

B3 A2 HAZelM Twe ¢t Oinrt 3R
aald AnE 9o ) AAZFIMY BEet Rk
sfoluie] Hoj Solct. BAGGolA & 4 Qo] FA 4
Fapol AY 2 wFS Fodom geassy ¥ AY 39
o] B3AU dRulEe] AASHS W At A

oA EHEEE 7525 Frbekoh

2 dFolA = AEFNEALY @5 A vgY dRE 9
o AR FAI] Visual C++& o]&ste] BHY 3 119
AAg7]  ZHAFAHdA  =ZzaQl  Doc.PV  (Design
optimization code for Pressure Vessels)& 7i&Ets}4ict.

Doc.PV& Fig. 29} 22 4% 7. Z=2a9 X3
<= Step 17¥ Step 5712 H& o]&ste] HAEE AyPH
7} stepe] g2 chewt 2k

i

and

Step 1: Fo| F4 2%
Step 2: 7Hs3t 91919 Zhwe] A%

Step 3: AHg Aze] B4 W AHE 4 A
Step 4: #%/3} 43y

Step 5: HZ44 23t Fe)

@

l Confirm design requirements l

Set winding angle :

Calculate the circumferential
angle of the whole structure

Check the windability

l Calculate the range of winding angle ‘

P ¥

Make input for FEA

Finite element analysis
using ABAQUS

save to winding
angle database

Change winding angle

Fig. 1 Flowchart for optimization code.
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% Design and optimization code for Pressure Vessels (Doc.PV)
File Help

STEP 1: Dome Shape | STEP 2: Winding Angles | STEP 3: Material Selection | STEP 4: Optimization | STEP 5: Results |

@ Isotensoid Dome User-defined Dome

Isotensaid Dorme.

Boss Radius (Rb) (mm) 3.0
Cylinder Radius (Re) (mm) 186.0

User-defined Dome

Open o
Apply Koty

< Txt Format of User-defined Dome >

< Coordinate System >

MAIN PROCEDURE
<Input example>
Metal lined composite pressure vessel far 350 bar
Boss Radius 254 mm

Cylinder Radius :  190.5 mm

Fig. 2 Overview of Doc.PV.
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Table 1& 35083 =48 7]0 st 7|2 A HH o|th Fig. 3 Loading history for H, pressure vessel.
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Table 1 Dimensions of 350 bar hydrogen pressure vessel

594 549 &
A 9w wh 200 mm
BA 9y g 36 mm
Ay 2o 671.4 mm
AH| Zo] 900 mm

Table 2 Design variables for optimization of 350 bar pressure vessel

Min Max Bits
Helical

layer 4= 2 9 8
Hoop

layer 2 2 17 4

2oy =7 1.9 mm 5.0 mm 5

Feasible angles
5 2°, 3° 4°, 5° 6° 8° 12° 13° 15°
ol A= 16°, 17°, 22°, '24° '25°
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AR = HQo FAV A BERE 442 ¢ FAYHIS 1 Table 6 Optimal result of 350 bar pressure vessel
FSIR=N AlA AR A AL zlo] Aot} o]yt ;
olE AR T A ™ | ojer Ei‘ Case | Helical Hoop thE_CIISr?éss winding | Weight | oo
7ML HAE £ g FTHATIY ARl 48] Fxe F layer layer (mm) angle (kg)
S.Ho| AFSHZ o Z 2 ot}
R J;' L° ‘-H*(;’Lpper bz”?f) o5 Al AE%}QOOLE T ’:r’} g 1 3 7 19 25 | 2782 | 15755
3= AN AR 7 = = ko 5\_ 7 Hl=
. ‘;ﬂ; }TAT ;;C’ ]]L OL‘;UTOH a}O]LﬁATJii} J(J]Ct_"g 2 3 8 1.9 25 2016 | 1.5640
= o] - 3 atigue
= o= ! ;F T°_ 9 3 3 7 19 25 27.82 | 15756
life) EAlo Fdiet FFS vxch wahs] 7]2o 9" s . 5 pp
. 4 7 1 5 7. 15755
TO1E Hxste] 4] (5)ef 72 HE4Y dS4oziE I ; 5 . Lo " 2752 | L5758
A ] Ao gt ol S SRt : : -
6 3 7 19 25 27.82 | 1.5755
7 3 7 19 25 27.82 | 1.5755
o =3238N[°%¥ (5)
8 3 7 19 25 27.82 | 1.5755
9 3 8 19 25 29.16 | 1.5640
71 A3 7340839 HELEE VA= AS 95T 5 9 10 3 10 19 22 31.97 | 1.5634
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Table 3 Material property of Graphite/epoxy
E: (GPa) 149
E; (GPa) 10.6
Es (GPa) 10.6
Vi2 0.25
Vi3 0.25
Va3 0.42
G2 (GPa) 4.14
Gus (GPa) 4.14
G2 (GPa) 3.31
density (kg/mm?®) 1.61E-6

Table 4 Material property of Aluminum liner

E (GPa) 68.0
Poisson's ratio, v 0.33
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

(a) Fiber directional stress of composite layers

(b) Von Mises stress

Fg. 4 Stress distribution of optimal hydrogen pressure vessel under operating
condition (350ber).
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Table 7 Design variables for optimization of 700 bar pressure vessel

Min Max Bits
Helical
4 11
layer 4= 3
Hoop
layer 2= 4 19 4
g2hoju FA 3.9 mm 7.0 mm 5
Feasible angles
2°, 3°, 4°, 5°, 6° 8° 12° 13° 15°
olg 7+ , 3%, 4° 5°% 6° 8° ) ) )
NACEC A 16°, 17°, 22°, 24°, 25°

Table 8 Optimal result of 700 bar pressure vessel

Case | Helcal | Hoon | ey | Winding | WG | e
(mm)
1 6 16 3.9 25 60.43 | 1.4456
2 5 16 3.9 13 56.06 | 1.5067
3 5 16 4.1 17 56.54 | 1.5019
4 5 16 3.9 16 5598 | 1.5111
5 5 16 3.9 17 5595 | 1.5116
6 6 13 3.9 24 56.09 | 1.4798
7 5 13 3.9 25 51.26 | 1.5901
8 5 14 3.9 25 52.68 | 1.5679
9 5 13 4.1 25 51.85 | 1.5773
10 5 13 3.9 25 51.26 | 1.5901
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