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Abstract: This study aims to find the optimal skirt dimensions for a composite pressure vessel with a
separated dome part. The size optimization for the skirt structure of the composite pressure vessel was
conducted using a sub-problem approximation method and batch processing codes programmed using ANSYS
Parametric Design Language (APDL). The thickness and length of the skirt part were selected as design
variables for the optimum analysis. The objective function and constraints were chosen as the weight and the
displacement of the skirt part, respectively. The numerical results showed that the weight of the skirt of a
composite pressure vessel with a separated dome part could be reduced by a maximum of 4.38% through
size optimization analysis of the skirt structure.

A7e BAe HA3 84 )

g 49e ~rE A4s ade v

He ol g
J o
- =

o XL P
e
o ML ofo 0

i

0

iy

oy > lo

m&*'

1. A 2 (planar wound dome design) 12|31 €419 <] <HA
el 71HkS & A 7Zl(modified geodesic isotensile
et E o}l (filament winding) THOE A dome design) 5o TabdlE ofole A A 7o)
A= gE87Ie s dgwder AwE A A A €] 9 e} e
sHow BATo=M AFAdst HHAl(fiber olel ¥ 87|e] FTHE AEw A Fad
reinforced composite)2] &S FUstet FE2E0] Qololn, ot gv]e] AéstE Ea =779
U ol d, WS S TERE 90AE gy 2o 4% 4S9 oldel o) 4
FH 27 EE7e|Ag ¢hEETlel A& slo] & o1t} B3] AE PO K
o 1960 H-E &= AR oY #AHsS A4 =00 ayte] otAA S wE HAF A
st7] 9%k A7 APHAT o], THE = Z3 A mue wxaiolon, stea =0o
A 7 (isotensoid dome design), HWH <21 F AA B3 orel 8]l = FAbe] wWE ot £7]9
¥ Corresponding Author, shin955@hanbat.ac.kr 455 W7hstqlth C.C. Liang SOe oty gr)e
© 2013 The Korean Society of Mechanical Engineers A3 %5 Al 5= (performance  factor)= e e e



32

Cylinder part

L
& e ~
— B! &o
A r
N on
7 M & _
T e
LT %
T £ K
S
oE o :i
 ° N ol
%m% fi
Q Ho
= S oI ,#
T 3° o
o =l 7o o
X O.ﬁ o) ‘mﬁ
80 o
o ﬁm |
(i
o ol =W R
" e ™ B
U B

K

o

o #4377} ey

58 A%

=
=

Zte A

Dome part

Adhesive joint part

of a composite pressure

1 Configurations

Fig.

vessel

folm

)

B
o

blo
il

<

ﬁ.mmxﬁm»ﬂ M%%
o) iy
Y o fon
TES .ol .8 = mr
mr(oa1m|_i.m S o
2 h BB Eogmg

g < |
XSmE B -
o N & EX =
SEEE iR om
uomALEﬁm\mamMoo«mMﬂr.
PIFOEER T T N
xR Wy
ﬁmﬁ]oL_/:T_Ltﬂ, =
,m%7ﬂﬂbfk1Aﬂ‘.m_Iﬁa
uf%;oﬂ_ol%o»o#ooﬁﬂowe
T LT T T R
- T B E oquor W R
o T MO e T = B o o
%_utmmdmo%umaaxﬂﬂ
) Eur @ o N oo do
Mol 3 B R O oF x D
Mo M 53 = " oy mm Al
T TR N
_zrvq CNERE oo oo %Hdﬂ oF
@ﬁwo_im%%ﬂﬂ do
T B o W o
o]E_xwoo»ﬂHﬂ_.% a7
= M ?ﬂa@ﬂ d;.ou
T - = i
FETEEEE g BT
o o < =3 o_aﬂﬂ
Wy — T o g By S E
E_L.EﬂEOLPOJJIOﬂUIEM\I
Tl e o N DD
{ L L T
pRRELEAN a7
do By T B g 5
@ﬂﬂ%@%%%i%
_ jui ~ . )
M%H@ﬂW@M¥M%
T 7o o X BO mo
L AR
T Mo, o
e I T3
qTEA RN W B

o TP T U BT 2
R S
mv?ﬂﬂ%ﬂrj =
_,. o o}J !
WoZwm fFEEE
o %oaTmﬁﬂdeﬂ_
I N
dm o BT TR
AR Ty
044022;@&@)
TR R I~ TR
EX 8T a7 8 g
GL N =
TMLeET MY
ﬂﬁTSMﬁMM_HMiZ
QOQMOH%%HMW@WW
ou%wuaa&mlm X
I S T
B - BIRRN
o= Bl E w2 do do
LA O e 3w
LIty
M BRT P ®FT
WR SRR L
T T o A= Wﬂﬂ
erﬂoiﬂ%\m
=3 e 2
oo PR <R
T 5t < w Al P
ﬂ_u%_olﬁimmﬂdﬂ,_tom
P a2
+ %%mwygﬂo
L] <
FwTET a5
=S pT . &%
;o‘mﬂﬂ/ﬂqm‘.wu:fLEo
L I -
CEuT %
ﬂ%]ﬂﬂ%ATﬂLMﬂDﬁ
oAl gl e g
ﬂmﬁ ﬂmﬂ.;owutnla
~MT o T g 2
W AR or T B S oV
TWE TR EH

M
I

wa

712l 4

0f0

Bill

q

ot
=]

ol

Hr

—
(@)l

i <ol

)

olo
T

ol

o
i
e
olo

N

B
joaA|

)
fite)
!
el
)

00

;ATI
o
o)

=
=

Foll 21 (D3 (2)

714 s

-
o

4% o)

)

ol

A
=

o]

5

)t}12 oo, APDLS o] &

o
S

= =] A~
=%

=
i

frotss

-
)

=l
=]

o}
H

1

A
g FxE HAER

g

AGow Azes B

)]
=

=, 71E9
7]l H]

o]

4 ok

Fef W

S

oH BL
iy

k)
Ao

[e]
7] ®dol ApE

o T
Z‘ﬁ \Mﬂ
o =
7z
T3
ur

A
3
:M o
o] &l
TR 2
do
X gr
el

A %
N 1o
- X
W )
oo
] Ne



594 dHETe 2AE A4 HAS AA AT 33

/Adhesive joint part

Fig. 2 Finite elements models for a composite pressure
vessel
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Fig. 3 Boundary and load conditions for structural
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Table 1 The Mechanical properties of materials
applied to the composite pressure vessel

T800
Properties carbon/Epoxy | Steel | FM 73
Composite
E: 174
Elastic
E> 9 210 24
Modulus(GPa)
Es 9
G]Z 5
Shear
G13 5 - -
Modulus(GPa)
Go3 2.5
V12 0.3
Poisson's ratio | vi3 0.3 0.3 0.45
023 0.4
R —— ! Design variable
SKIRT H1 =135
SKIRT H2 =3
SKIRT L1 =35

| Material property
11800

MPTEMP.1,0
MPDATA EX.1..174E6
MPDATA EY.1. 9E6
MPDATA EZ.1..9E6
MPDATA PRXY,1,.0.3

| Modeling
K. 1. 27.52300, 0, 17.20496
K. 2, 27.70473,0, 1663106
K. 3, 29.13338,0, 12.11952
K. 4, 30.14976,0,8.909914
K. 5, 30.14976, 0, 4.809914

Fig. 4 The batch process of optimum design using
APDL
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Fig. 5 The dimension of skirt for initial composite
pressure vessel design
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(Unit : kPa)
_—

I
-273.534 197178 394630 592081 789533
98452.2 295904 493355 630807 888254

(a) Stress results

(Unit : mm)
E— =l e
408936 956126 1.50331 2.0505 2.59769

.6a2531 1.22972 1.77691 2.3241 2.87129 |

(b) Displacement results

Fig. 6 The results of structural analysis of a composite
pressure vessel
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Finite el analysis process

Calculation of composite

thickness and angle Sub-problem approximation iteration

|
v Objective function and state
variables approximation

| i

Load and boundary
condition setting

Converting a constrained problem
to unconstrained problem

Yes

Compute a new set of
Design Variable’s

l

‘ Run the analysis file ‘
No Yes
Converged? H

<1a§gh>.qﬂn
'

Fig. 7 The algorithms of optimum design using
sub-problem approximation method
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of design set?
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Generate a random
Design Variable set
Run the analysis file
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Fig. 8 Optimum design parameters of skirt
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