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Reliability Based Design Optimization
of the Softwater Pressure Tank Considering Temperature Effect
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Abstract

Deterministic optimum designs that are obtained without consideration of uncertainties could lead to
unrealiable designs. Such deterministic engineering optimization tends to promote the structural system
with less reliability redundancy than obtained with conventional design procedures using the factor of
safety. Consequently, deterministic optimized structures will usually have higher failure probabilities than
unoptimized structures. This paper proposes the reliability based design optimization technique for a
pressure tank considering temperature effect. This paper presents an efficient and stable reliability based
design optimization method by using the advanced first order second moment method, which evaluates
a probabilistic constraint far more accuracy. In addition, the response surface method is utilized to
approximate the performance functions describing the system characteristics in the reliability based

design optimization procedure.
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Table 1 Material property for FEM

Material Property | Value | Material Property | Value
Young's Modulus Internal Water
N 19700 . 90
(kgf/mm") Temperature( C)
. . External Air
Poisson's Ratio | 0.3 . 20
Temperature( C)
Conductivity Allowable Stress
16.2 520
(W/mk) (MPa)
Pressure Allowable
2 035 | . 0.35
(kgf/mm”) Displacement (mm)
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Result:
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Fig. 2 Flow chart of Finite Element Analysis

Table 2 Result of the initial tank analysis

Maximum
Analysis Type Stress Displacement
(MPa) (mm)
Mechanical Result 3593 0.343
Thermal Result 787.5 0.441
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° fillety | filletg | fiflex, | fillewy | Thick, | Thick | Thicks | Mass | Stress | Disp
41 _?_I_"x.., O, 1 08 1606 L 5.556 5 561t 4632 | 0358 | 1757 | 1.601
EL Oi:?-oﬂ /K‘] _r‘sg '61- 01—?:] %3_-9] 73241 =) a =3 2 0822 | 2554 | 1067 | 5544 | 3.727 | 6.556 | 4788 | 1.320 | 1837 | 1467
/"‘7_‘““‘ Mt‘ﬂﬁ]:ﬂtﬂ zo]]}\-] —?—B‘_—’ Q}E;; ;_(}-—}F—P:‘] 3 0844 ) 2466 | 1.733 | 2722 | 4258 | 5.056 | 9.348 | 1.210 | 1271 1.035
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8y =6y < 0 Table 4 Design variables and their limits
Bl etnljn < Bl ety < Bl etli}ia.x Section Design Initial Lower Upper
min as Name Variable | Value | Bound | Bound
Fillety;” < Fillety; < Fillety; Fillet | Fillety, 5.0 15 7.0
Thicknessp'™ < Thickness, < Thicknessi™ Radius | Fillety, 3.0 1.5 7.0
5, k= 1,2,3 (UPper) F%lletw 8.0 1.5 12.0
Fillet Fillety, 5.0 1.5 7.0
Radius Fillety, 3.0 1.5 7.0
7 = &g8Holn .
O:] ] 1 o.ma:\ 5“:” o —1, Tai 6’]‘%‘0 = ]J—, (LOWCI) Fillet, 8.0 1.5 12.0
5max J']EHB:]E] CE] 5011‘—‘ 6']‘9_ 301:0]1:}' Z‘L g Thickness Thickness; 1.5 0.8 3.0
AlM 4+ Fig. 4o H 28131, Table 4 ZF 47 of the |Thickness; 1.0 0.7 3.0
Wl 273 2 21]\5_}_7;_24_2 L}E}mgiu}, Tank |Thickness;| 1.5 0.8 3.0
Table S ANOVA Table of Equations
Model Factor S ] \Y F R™2
Regression variation 5.484 35 0.156 866055.12 0.999
Mass Residual variation 1.158E-5 64 1.809E-7
Sum 5.484 99
Regression variation 33684713.380 35 962420.382 35.391 0.920
Stress Residual variation 2909685.071 64 27193.318
Sum 36594398.452 99
Regression variation 105.716 35 3.020 98.945 0.970
Disp. Residual variation 3.266 64 0.030
Sum 108.982 99
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Table 6 Result of deterministic optimization

Deterministic Optimization

. Nominal Value
Design Variable — -
Initial Final
Fillety; 5.0 3.9
Fillety, 30 41
Fillety, 8.0 1.5
Fillety, 5.0 3.67
Fillet,» 3.0 4.33
Fillet; 5 8.0 7.5
Thickness; 1.5 2.6
Thickness, 1.0 0.7
Thickness; 1.5 2.5
Constraint Nominal Value.
Initial Final
Stress 787.5 506.8
Displacement 0.441 0.273
Nominal Value
OBJ Initial Final
Mass 0.699 0.708
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Table 7 Random variables

Random | Mean
Name Variable Value

Fillet Fillety, 39 0.195
Radius | Fillety, 4.1 0.205
(Upper) | Filletys 1.5 0.075

Fillet Fillety, 3.67 0.184
Radius Fillety 433 0.217
(Lower) | Fillet,, 75 0.375

Secti
cetion Std.dev | Distribution

Normal

Thickness| Thickness, | 2.6 0.13
of the |Thickness; 0.7 0.035
Tank | Thicknesss 2.5 0.125
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Table 8 Result of Reliability Based Design Optimization

Reliability Based Design Optimization
Nominal Value

Design Variable

Initial Final
Fillety; 39 4.094
Fillety, 4.1 3.906
Filletys 1.5 1.53
Fillety, 3.67 3,723
Fillet,, 4.33 4.277
Fillet.s 7.5 8.222
Thickness,; 2.6 2.786
Thickness, 0.7 0.7
Thickness; 2.5 2.555
Constraint Nominal Value Reliability
Initial | Final | Initial | Final
Stress 506.8 | 447.5 | 63.3% | 97.6%

Displacment 0273 | 0257 | 97.6% | 98.1%

Nominal Value
Initial Final
Mass 0.708 0.717
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Fig. 6 Result of final tank analysis by FEM

Table 9 Comparison of RSM and actual value

Stress  |Displacerment| Mass
(MPa) (mm) (kg)

RSM Value 447.5 0.257 0.717

Actual Value 455.7 0.292 0.717

Error rate 9.12% 7.29% 0%
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