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Robustness-Preceded Multi-Criteria Design Optimization
— Proposition of New Method Based on Combinational Use of
Taguchi Method Concept and Nakazawa Method -

Toshihiro HAYASHI*! , Toshitake TATENO*? , Kazuo TATEBAYASHI* ,
Tomoyuki TOBITA** , Kozo NAKAHATA* , and Mitsuhide MATSUDA *©

Abstract— This paper deals with a design optimization process with some experiments that are often
executed in design and development phase. In order to avoid repetition of experiments as possible,
Taguchi method has been proposed from a view point of robustness. And, Nakazawa method has been
proposed from a view point of optimal balance among multi-required specifications. However, these
methods have not been used together in practical engineering fields although both methods commonly
use the orthogonal array in the experimental design. There are rare studies of combinational use to
make the most of characteristic points of the both methods. In this paper, the characteristic points of
these methods are examined and arranged first. Then, an efficient combinational use of these methods
is proposed. A simple case study shows that the proposed method is useful for practical design and
development processes.

Keywords— design optimization, Taguchi method, Nakazawa method, experimental design, orthogo-

nal array, design and development process
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Generic function
y=BM

\ 4

Design parameter M

Fig. 1: Taguchi method
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Design range
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Fig. 2: Calculation of Recsat
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Fig. 3: An example of relation between design parameters
and requirements
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Fig. 4: Combinational use of Taguchi and Nakazawa method
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Fig. 5: Electronic circuit used for the experiments
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Table 1: Experimental levels of design variables
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Table 2: Experimental conditions and results

Z
S

(| RLIR2 RS R hfet|nfe2|-| OUPU | SN | Output

kQ[kQ |kQ [kQ voltage V. | ratio | average | Cost
112]|3|4|5|6| 7|8 NI |[N2|db| V

1{-122(011]03|008| 18 | 50 (-] 9.19 |1533| 902 | 12.26 |68.55
2 1-1221056| 15/|042( 35 [100|-| 273 | 459 | 891 366 |1378
3 1-122127|75]22|70|200(-| 152 | 1.96 |1503| 1.74 |[2835
4 |-{ 11 {011/ 03 |042( 35 [200|-[29.39(4280(11.61| 36.10 |2355
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Table 3: Results of confirmation tests (Proposed method)

SN |Output
ratio [average| Cost
d | V

22 | 27| 75 |[008| 70 | 50 |997|10.12| 1335

N Rl | R2 | R3 | R4 | hfel | hfe2
0- kQ | kQ | kQ | kQ

Proposed method|
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Table 4: Results of confirmation tests

SN [Output| Stand.
l?é l?é Eé 153 hfel|hfe2| ratio [average dev. | Cost

db | V |(omV
22|27|75008| 70| 50 | 997 | 1012 | 0953 | 1335

No.

S1:Robustness
and multi-criteria
S2:Robustness 6.8 |056| 1.5 (0.08| 70 |200| 1004 | 10.26 | 0671 | 272.8

S3:Multi-criteria | 2.2 | 2.7 | 47 [0.08| 55 | 50 | 9.76 | 10.16 | 0.952 | 1185

S4:Scarching | A [399]0.11]746/008] 18 | 50. | 656 | 1009 | 1.10 | 686
GA) B |505|104|749|0.10|626(648| 877 | 1010 | 0947 | 1326
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Table S: Fluctuation conditions for calculating standard
deviation at a design parameter setting

Combination of error settings
The first orthogonal array The second orthogonal array
Design . Io
variable RI~R4 | hfelhfe2 |[R1~R4| hfel)hfe2 | Ei mA

Value +5% +10% +=1% | *=10% | =10% [0 or 50
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