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Taguchi method is one of the most popular approaches for design optimization such that performance characteristics become
robust to uncontrollable noise variables. However, most previous Taguchi method applications have addressed a single-characteristic
problem. Problems with multiple characteristics are more common in practice. The multi-criteria decision making(MCDM) problem
is to select the optimal one among multiple alternatives by integrating a number of criteria that may conflict with each other.
Representative MCDM methods include TOPSIS(Technique for Order of Preference by Similarity to Ideal Solution), GRA(Grey
Relational Analysis), PCA(Principal Component Analysis), fuzzy logic system, and so on. Therefore, numerous approaches have
been conducted to deal with the multi-characteristic design problem by combining original Taguchi method and MCDM methods.
In the MCDM problem, multiple criteria generally have different measurement units, which means that there may be a large
difference in the physical value of the criteria and ultimately makes it difficult to integrate the measurements for the criteria.
Therefore, the normalization technique is usually utilized to convert different units of criteria into one identical unit. There are
four normalization techniques commonly used in MCDM problems, including vector normalization, linear scale trans-
formation(max-min, max, or sum). However, the normalization techniques have several shortcomings and do not adequately in-
corporate the practical matters. For example, if certain alternative has maximum value of data for certain criterion, this alternative
is considered as the solution in original process. However, if the maximum value of data does not satisfy the required degree
of fulfillment of designer or customer, the alternative may not be considered as the solution. To solve this problem, this paper
employs the desirability function that has been proposed in our previous research. The desirability function uses upper limit
and lower limit in normalization process. The threshold points for establishing upper or lower limits let us know what degree
of fulfillment of designer or customer is. This paper proposes a new design optimization technique for multi-characteristic design
problem by integrating the Taguchi method and our desirability functions. Finally, the proposed technique is able to obtain the
optimal solution that is robust to multi-characteristic performances.
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<Figure 1> The Proposed Desirability Function-Based Taguchi Method for Multicharacteristic Robust Design Optimization
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{Table 4> Levels of Design Parameters

) Level
Design Parameter
1 2

Thickness of Outer Panel(X;)[mm] 1.1 1.15 1.2
Thickness of Inner-Front Panel(X>)[mm] | 1.75 2.13 2.5
Thickness of Inner-Rear Panel(X3)[mm] 0.6 0.85 1.1
Thickness of Frame(Xs)[mm] 1.8 24 3.0
Thickness of Safety Beam(Xs)[mm] 3.05 32 3.35

olgA AAHHE HALGE] v 5AE S35V 913
2 AFol e FaEd[7) W X%]/\li{ AAMTe s
EAol gk Ak S o]g3to] 187]2] A Aoke] A A
A& Akttt Fee] tA] HelA = ol e A 54
A& o]&ato] SNHIE Aoz AAHS H 7}t~
T2 Aol A AREE = 7ol A= ole|g e 5AA
gk RS AR 3 o] g SRS o] §3to] SNH
& Ao 2 AA W71t o] Folxit dlE 501, <Table
6>2 Case 19] A5 542 i3t it 9) o] HEEE

<Table 5> Design Alternatives using Orthogonal Array Lig(2'x37)

Thickness of Outer Thickness of Thickness of . Thickness of Safet
NO. Panel(x;) Inner-Front Panel(X;) | Inner-Rear Panel(x;) Thickness of Frame(x:) Beam(Xs) ’
Level mm Level mm Level mm Level mm Level mm
1 1 1.10 1 1.75 1 0.60 1 1.80 1 3.05
2 2 1.15 2 2.13 2 0.85 2 2.40 2 3.20
3 3 1.20 3 2.50 3 1.10 3 3.00 3 3.35
4 1 1.10 1 1.75 2 0.85 2 2.40 3 3.35
5 2 1.15 2 2.13 3 1.10 3 3.00 1 3.05
6 3 1.20 3 2.50 1 0.60 1 1.80 2 3.20
7 1 1.10 2 2.13 1 0.60 3 3.00 2 3.20
8 2 1.15 3 2.50 2 0.85 1 1.80 3 3.35
9 3 1.20 1 1.75 3 1.10 2 2.40 1 3.05
10 1 1.10 3 2.50 3 1.10 2 2.40 2 3.20
11 2 1.15 1 1.75 1 0.60 3 3.00 3 335
12 3 1.20 2 2.13 2 0.85 1 1.80 1 3.05
13 1 1.10 2 2.13 3 1.10 1 1.80 3 3.35
14 2 1.15 3 2.50 1 0.60 2 2.40 1 3.05
15 3 1.20 1 1.75 2 0.85 3 3.00 2 3.20
16 1 1.10 3 2.50 2 0.85 3 3.00 1 3.05
17 2 1.15 1 1.75 3 1.10 1 1.80 2 3.20
18 3 1.20 2 2.13 1 0.60 2 2.40 3 3.35
{Table 6> S/N ratio for Degree of Satisfaction of Case 1
No. Yi[mm] Yalmm] Ys[mm] Y [mm] V5[ ¥] Ys[kal Y7 [MJ] Ys[kgl S/N Ratio(dB)
1 1.00 0.23 0.001 0.07 0.77 0.75 0.74 0.74 3.541
2 1.00 0.96 0.58 0.40 0.63 0.49 0.49 0.49 5.124
3 1.00 1.00 1.00 0.72 0.49 0.25 0.25 0.25 4479
4 1.00 0.36 0.51 0.37 0.66 0.56 0.56 0.56 4.695
5 1.00 1.00 1.00 0.52 0.53 0.33 0.33 0.33 4787
6 1.00 1.00 0.21 0.29 0.70 0.59 0.59 0.59 4.780
7 1.00 0.40 0.37 0.14 0.63 0.54 0.54 0.54 4113
8 1.00 0.98 0.55 0.52 0.65 0.50 0.50 0.51 5370
9 1.00 1.00 0.80 0.52 0.60 0.43 0.43 0.43 5.220
10 1.00 0.46 0.98 0.62 0.57 0.36 0.36 0.36 4.654
11 1.00 0.96 0.32 0.18 0.64 0.57 0.57 0.57 4.640
12 1.00 1.00 0.43 0.39 0.68 0.54 0.54 0.54 5.179
13 1.00 0.38 0.79 0.65 0.64 0.48 0.48 0.48 5.024
14 1.00 0.95 0.31 0.19 0.66 0.54 0.54 0.54 4.576
15 1.00 1.00 0.63 0.36 0.59 0.45 0.45 0.45 4935
16 1.00 0.45 0.76 0.34 0.57 0.40 0.40 0.40 4351
17 1.00 0.89 0.68 0.57 0.66 0.51 0.51 0.51 5.558
18 1.00 1.00 0.28 0.28 0.66 0.56 0.56 0.56 4.800
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<Table 7> Sensitivity Analysis for S/N Ratio of Case 1, Case 2 and Case 3

Thickness of
Inner-Rear Panel(X;)

Thickness of
Inner-Rear Panel(x;)

Thickness of
Inner-Rear Panel(X;)

Thickness of
Inner-Rear Panel(Xs)

Thickness of
Inner-Rear Panel(X;)

Level 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Case 1 439 5.01 4.90 476 4.84 4.70 4.41 4.94 4.95 4.91 4.84 4.55 4.61 4.86 4.83
Case 2 3.76 4.09 4.00 | 4.019 | 4.021 | 3.810 | 3.93 4.11 3.80 4.19 4.03 3.64 3.79 4.02 4.05
Case 3 430 5.21 5.14 4.83 4.90 4.92 424 4.93 5.48 4.93 4.90 4.82 4.79 4.94 4.92
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<Figure 5> Main Effect Plot for S/N Ratio of Case 1, Case 2 and Case 3
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