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A Design Using Sensitivity Information
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Abstract

Sensitivity information has been used for linearization of nonlinear functions in optimization.
sensitivity is a derivative of a function with respect to a design variable. Design sensitivity is repeatedly

Since sensitivity calculation is extremely expensive, there are studies to directly

calculated in optimization.
use the sensitivity in the design process.
changes by considering the sensitivity information.
for design variables.

to change multiple variables with some relationship, the directional derivative can be utilized.

Basically,

When a small design change is required, an engineer makes design

Generally, the current process is performed one-by-one

Methods to exploit the sensitivity information are developed. When a designer wants
In this case,

the first derivative can be calculated. Only small design changes can be made from the first derivatives.
Orthogonal arrays can be used for moderate changes of multiple variables. Analysis of Variance is carried out
The

sensitivity information is calculated by finite difference method. Various examples are solved to evaluate the

to find out the regional influence of variables.

proposed algorithm.
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A flow is developed for efficient use of the methods.
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‘ Detinition of a Desian problem |

‘ Senditivity calculation by FOM |
¥

‘ Select Design Variables |

simultanenus change
for design variables?

Yes

Sensitivity Calculation of
multiple Design variables
for directional derlvative

¢ Mo DOE by orthogonal arays

Yes
4.‘ Determination of a dedian direction

‘ Design improvemert |

Fig. 4 Design flow using sensitivity information
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To minimize Displacement
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Table 5.1 © VA% A& st Ayjolrt

Table 5.1 Sensitivity of design variables

Design Displacement Frequency
Variable | SISoftware | GENESIS | SISoftware | GENESIS

Bl 0.000418 0.000418 247.8000 247.7850

HI 0.000627 0.000628 541.6500 541.5820

B2 0.010730 0.010730 -144.7000 -144.7540

H2 0.005812 0.005212 336.7000 336.7130

B3 0.000699 0.000699 247.9000 247.9900

H3 0.001049 0.001049 541.6500 541.8990

B4 0.051658 0.051658 -175.6000 -175.5200

H4 0.025895 0.025895 204.2500 204.3340

B5 0.027877 0.027876 -175.6000 -175.5010

H5 0.013979 0.013978 204.2500 204.1680
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Fig. 6 Result chart for displacement
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Table 5.2 Directional derivative for displacement

I]?Ii 1068?0015 0.046263 0.046021
Displacement Eé 106?000015 0.024970 0.024861
g: :88882 0.056241 0.055779

=<
% wgas waAel dstgdel Dbk At
webd, e WY wFt AAT 5 ok
AL g 5 9l
Y =F WA 1ol A

IS M W

00 00
400 an
200 . . 200
0 . . . . . 0

200 f =200

FREG

Fig. 7 Result chart for frequency
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Table 5.3 Directional derivative for frequency

Object Design directional | Directional

. Stepsi A .
variable CPSIZE | ferivative index

Bl +0.0005
B2 +0.0005
Frequency B3 +0.0005
B4 +0.0005

-0.08942 +0.04046

BS5 +0.0005
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Table 5.5 Directional derivative

Ratio De.s ign Stepsize direACtiOAIlal Dir‘ectional
variable derivative index

NS;‘L?VC § :g:gg: -1.414214 | -1.343503

Ne;l/(t)ive 2(( 881 -1.414214 | -0.720330

Ne;‘;/;}ve = D0 e | 1783592

N;;:fi]ve 2 - 1414214 | 4333822

Table 5.5 = 0.1% A5 A FE 10% HE5Z7}
A 27 587t 5y ek mkgep Wk
FE Hlas] 2 AHolth 0.1% HEAdE F Fhol
Hl A ZAbshs o 7 UAIRE, HEERe] v)ot

oA 3 Ao WF =
AR wdgdol & FAAIA L] A W =3
T7F 7 AR = 5 AT

FEA PFEGT WPARe gel Apels

a9 Fed g w3 A8 5 9 9o,
ol#l 7Z¢- Fig. 3.3 oAl ®Slupe} 7ho] Al wjd
EE ol §F AW AL AgAT
o] AL Ly3Hd Al wldEE o] &3t A
@ AR FAARY Table 56 F 2L AN E
A At
Table 5.6 Result of iteration in Lo(3%)
No. X Y Function value
1 0.95 0.95 1.076119
2 0.95 1.0 0.900125
3 0.95 1.05 0.700869
4 1.0 0.95 0.900125
5 1.0 1.0 0.950000
6 1.0 1.05 1.000125
7 1.05 0.95 0.700869
8 1.05 1.0 1.000125
9 1.05 1.05 1.325618
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