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Robust Design considering Tolerance Bands of Design Variables and Material Properties
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ABSTRACT

Industrial products determined by fixed size posses definite limits variety by manufacture tolerance in existence. The optimum
alue solved by deterministic approaches do not account of tolerance bands of design variables and material properties. If we
¢xamine optimum value considering tolerance bands of design variables and material properties, it might be useless, owing to exist
infeasible region. We have two ways to prevent being useless value. The one is to minimize tolerance band, the other is to consider
tolerance band in optimum design. The former needed more accuracy during manufacturing process require higher production cost,
the letter is more appropriate to consider tolerance band. In this research, we consider the tolerance bands of all variables, which
inight have the tolerance bands used in the problem, based on optimum value of deterministic approaches. Orthogonal arrays are used
to minimize the number of trial. Tolerance bands are supposed discretionary according to design variable. Appropriateness suggested
by this research is examined through two examples. Mathematical problem is investigated only in terms of tolerance bands of design
variables, and cantilever beam problem is explained through tolerance bands of design variable, material properties and loading
conditions. It is proved that values from the presented method are satisfactory for tolerance bands of variables.
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Table 1. Table of Orthogonal Arrays

Table 3. Robust Value & Process Values

X X2 Jx)
Optimum value A 1.950 | 2.050 | 2.313
B 2.145 2.255 2.756

Process values
C 1.984 | 2424 | 2.723
Robust value D 2.000 2454 2.771

Table 4. Comparison of Solutions Between
Graphic Method & Present Study

Experiment Controllable Factors
Number X X2
1 0 0 Y,
2 0 1 Y2
3 1 0 Ys
4 1 1 Y,
Table 2. Decision of Initial Levels
0 Level 1 Level
. Initial value Initial value
All variables - Tolerance + Tolerance
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Xy x2 Sx)
Graphic Method 2.000 2.454 2.771
Present Study 2.000 2.446 2.773
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Table 5. Table of Orthogonal Arrays

Outer Array (L,(2%))
Uncontrollable -
. Inner Array ( Lg(2)) Factors Experiment Number

Experiment 1 2 3 4

Number E 0 0 1 1

Controllable Factors v 0 1 0 1

I} t2 b h Load 0 1 1 0

1 0 0 0 0 Y Yae Y13 Y14

2 0 0 0 1 Yoi Yoo Yo3 You

3 0 1 1 0 Ya1 Y3z Yas Y4

4 0 1 1 1 Y4 Ya2 Yas Yas

5 1 0 1 0 Ys1 Ys2 Ys3 Ys4

6 1 0 1 1 Ye1 Y2 Yes Ye4

7 1 1 0 0 Y71 Y72 Y3 Y74

8 1 1 0 1 Ys1 Ys2 Ya3 Ys4
Y EAA G stexd B3 AFE e goR ¥
) Aol @ ARk WFS Lelsteior gk
. Jgn FE2AAS AL EE TAE AR
X2 e WA AdadE ddst] A8,
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FMERE AHE3t] wiAEC. W, YS5Hg
FATAEAL Q)9 Fol XS, Az
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Minimize Mass(t;,t;,b,h)

S.T —0.002m<displacement <0.002m
—2.0E + 07Pa<stress<2.0E + 07 Pa 9)
0.00lm<t;£0.0lm, 0.00lm<t;<0.0lm
0.05m<b<03m , 0.05m<h<03m

1.983F+7Pa 2 yERdT), 3kARE A=A old #
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we eqle 9&) WEFFol At Febu|E

(outer array) S A X 4 3FFAS L,2%) 1
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Table 6. Normal Case & Worst Case

Table 7. Comparison of solutions between Present
Study & Genesis

Optimum Robust
value Value
f 1.000E—3 1.010E-3
fn 1.047E-3 1.058E-3
Normal b 1.630E—1 1.648E-1
A 9.446E-2 9.547E~2
Case Mass 1.431 1.461
M;’t‘r‘:‘s’m 1.983E+7 1.921E+7
1 9.900E-4 1.000E-3
f 1.036E-3 1.047E-3
Worst
b 1.614E-1 1.631E~1
Case h 9.352E-2 9.452E-2
Mas’t‘r‘:;‘slm 2.064E+7 2.000E+7
Table 6 < 21(9)9] A ¢ Zds), 28 F
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Present Study GENESIS

t (m) 1.011E-3 1.011E-3

t (m) 1.058E-3 1.058E~3

b (m) 1.648E-1 1.648E-1

A (m) 9.547E-2 9.547E-2

Mass (Kg) 1.461454 1.461503
Mass(Kg)

277

1.3 L— — Tol
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Fig 7. Variety of Tolerance Band
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