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ABSTRACT

In the lower arm design process, a tolerance optimization of the variance of design variables
should be preceded before manufacturing process, since it is very cost-effective compared to a
strict management of tolerance of products. In this study, a design of experiment (DOE) based
on response surface model (RSM) was carried out to find optimized design variables of the
lower arm, which can meet a given requirement of probability constraint for the process capa-
bility index (Cpk) of the weight and maximum stress. Then, the design space was explored by
using the central composite design method, in which the 2nd order Taylor expansion was
applied to predict a standard deviation of the responses. The optimal solutions satisfying the
probability constraint of the Cpk were found by considering both of the mean value and the

standard deviation of the design variables.

Key Words: Design of experiment, Desirability function, Finite element analysis, Lower arm, Pro-
cess capability index, Response surface model, Tolerance optimization
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Table 1 Index of defects related to sigma levels

PPM PPM
o@) | Cpk P (short-term) | (long-term)

1 0.33 32 320,000 >500,000
2 0.67 47 47,000 309,000
3 1.0 0.27 2,700 67,000
4 1.33 0.0063 63 6,200
5 1.67 | 0.000057 1 230
6 2.0 | 0.0000002 0 34
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Table 2 Central composite design of lower arm

No R D W T
1 200 25 5 4
2 300 25 5 4
3 200 35 5 4
4 300 35 5 4
5 200 25 15 4
6 300 25 15 4
7 200 35 15 4
8 300 35 15 4
9 200 25 5 12
10 300 25 5 12
11 200 35 5 12
12 300 35 5 12
13 200 25 15 12
14 300 25 15 12
15 200 35 15 12
16 300 35 15 12
17 250 30 10 8
18 200 30 10 8
19 300 30 10 8
20 250 25 10 8
21 250 35 10 8
22 250 30 5 8
23 250 30 15 8
24 250 30 10 4
25 250 30 10 12
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Table 4 Verification between RSM and FEA

Fig. 9 Tolerance optimization of capability index for
Mass and Smax

Object function| RSM FEA Difference
Mass (kgf) 3.2763 3.2762 0.003%
Smax (MPa) | 183.3375 | 180.7558 1.43%




Table 5 Capability index at each design process

Object Initial | Optimal | Tolerance
. Improvement
function | value | value value
Mass 1.033 | 1.386 | 2.086 1.062
Smax 1.983 | 2.043 | 2.126 0.143
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