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Structural Optimization of a Manifold Valve for Pressure Vessel
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This study proposes the structural optimization of a manifold valve. FE analysis is performed to
evaluate the strength of a manifold valve. In addition, the structural optimization technique is
applied fo reduce its weight. In this study, the optimization method using the kriging interpolation
method is adopted to obtain the minimum weight satisfying the strength constraint. The maximum
stress and the weight are replaced by the metamodels. In this process, the sample points are
generated by latin-hypercube design. Optimum designs are obtained by ANSYS Workbench and
the in -house program.
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Fig. 2 A sectional view of manifold valve
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Table 1 Material properties

Yield Tensile | Young’s
Strength | Modulus

Part | Material
Strength

250 MPa (485 MPa| 200 GPa

BODY | SF440

DISC | BsBFD2 | 140 MPa [370 MPa| 105 GPa

STEM | SUS403 | 275 MPa |485 MPa| 200 GPa
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Fig. 4 FE analysis result

S % 7= ddaly

03? AME mMyE= dEH F A
dd dHelA 5 2 T2 dA-ESE S
T Fig. 5 ¢ 2 f54% ?M?f}ﬂ s
3 AL AT EYO¢] ANSYS CFX & o]
o 4Egrle dFHE WYEE vty ¥
of A= F7N2 dHx, YTFUECZ 60bar

gAY EFUFEE Fojwpe i dzd
golxzo] ERE di7|te dHIHY F5F 2
99E A8 HHe

e ARt

=

-l

b2
o

s &

r_|_4
tlo
4o o Jo ot
oo e 32 8 32 N

540,889 7§, {A4AE 2,737,737

Inlet:
60bar_(Air)

° k-¢ turbulence model
° No slip and smmothing

Qutlet:

W
(Average static pressure) f

Fig. 5 Boundary conditions of fluid analysis

2 2d9 {54 1 3 sy Azke 93
2Eold F AFEHE HF 65 Al7to] 22Fg o
FEAA AHAE HES 2y, B8 FdHdA
T4 60 bar 2¥ W& £X31% 3, Aojln =
02 AFE ¢gHo A&HoF 7 _/}_8}031:} Al
Wy 7oz 4l Age sy dY AR o
o] Ygjomz B =R AR +5
Ao A 4 BEXE 2R dY 5
Z7ho 2 dE3sitt. 85 99 AA=ZHL oA

L

Equivalent Suess 2
Type: Equivalsnl (von-Mises) Stess
Unit: MPa

0,27382 Min

Fig. 6 FSI analysis result



s UT S| x| K| 26 H 12 % pp. 102-109

December 2009 / 105

T BT AT Fig 6 A 5 2 F
Z a8 E £33 Ax fxzdA Ho-ed

AT A A FERA G
vlaste] FEgte] Wokn SHEEXE A9 9
Atk ole} e AME FRIAY AFJE o
o o] A3l HAAE FYsiATt

o0
g
2
=
f++]
]
5 2
3

3. UEE Weo YHHFLA
3.1 ggdAHS9 3

E dFoae WyEs ¥ 3 F
sHA AAE widd YAHANSTE A
ZF3 5 stuz stoh dFgE 7 ¥
£ Fig. 79 AT AANET A= AoErg
FHY ZREE AE F FA A9 AYERA
a1ekgky Ahghe] WY E 18.0~44.8 mm 2 A3}
Aok AAES HeE AUE=s dEe ¢Es7)
of A% A YUE9S HTE HAHE uHste] A
Ag Rl

iy Zewlp el 5 oo Aol shte] F
AMB = P24 BT 2L YHoji Rz
shute] W42 dAE o dAHS B & AAd
F Ao U3 dolz I AUy HAE=
0.0~125.0 mm & ARG}

-

Fig. 7 Design variables for shape optimization
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Fig. 8 Flowchart of the suggested design procedure
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Table 2 Analysis results of sample points

fl’(‘)p' A(mm) | B(mm)| cne(MPa)| W(kgy)
1 248 | 917 99.4 50.0
2 | 440 | 927 | 89.8 54.8
3 259 | 69.5 84.8 53.4
48 | 411 | 960 96.7 53.7
49 | 241 | 478 87.9 56.1
50 | 309 | 1245 | 1421 475

Table 3 The optimum parameter values

Response I3 4, 6,
w 56.1 0.1 39
Ormax 94.9 7.8 16.0
Table 4 Validations of kriging model (Max. stress)
Teist A(mm)| B(mm) Max. Stress(MPa)
point Analysis Kriging
1 25.5 86.3 91.2 99.0
2 29.4 123.5 140.3 143.3
3 19.0 64.2 94.3 97.2
4 33.0 2.5 84.8 88.5
5 44.5 25.5 80.3 88.1
6 353 87.6 94.3 94.6
7 21.1 19.3 87.2 86.2
8 26.8 49.3 82.9 89.8
9 37.9 53.9 81.3 83.0
10 41.8 111.4 112.6 105.9
RMSE 42
Average %Error 3.8%
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Subject to O';ax —lgys—[l—a] < 0 (19
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Table 5 Local optimum points

Local
optimum | AW B | F (ke) | Gy (MP2)

P, 18 87.7 49 104.3

P, 27.5 78.9 52.4 934

P, 40.2 83.1 54.8 84.4

P, 19.3 49.7 55.2 84.1
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