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Robust Design of Mechanisms Using the Response
Surface Analysis

Hyung-Suk Han*, Tae-Won Park**

ABSTRACT

In this study a method for a robust design of mechanisms is proposed. The method used in the experi-
mental analysis and quality engineering is applied for mechanisms design. A mathematical model for a
mechanism is estimated by the response surface analysis and the estimated model is used in minimization
of the variance. Using this result, robust design can be carried out. The method can be applied for general
mechanisms. Furthermore because the method can be used in the design stage using the computer model,

improved guality and lower cost of the product is achieved even in the design stage.
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Fig.1 Robust design
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Table 1 Experimental array

[ Run X1 Xz X3 y
1 -1 -1 -1 Vi
2 ~1 -1 +1 ¥z
3 -1 +1 -1 ¥z
4 -1 +1 +1 Ya
5 +1 -1 -1 vs
6 +1 -1 +1 Ve
7 +1 +1 -1 V7
3 +1 +1 +1 Vs
9 [¢] 8] 0 £

10 L O 0 Y10
11 L 0 0 Yy
12 0 - 0 Y1z
13 - o +aou 0 Yia
14 [o} 0 -t Via
15- [0} “+or Yis
o=1.216
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Fig 2 Robust design process
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Table 2 Specification of a rivet mechanism

Ttems Values
Tnertia of the wheel (kg - nmm®) 5000
Applied Torque (N - mm) 133
length £, (tnm) 374.6
Link 1 standard deviation 0.3745
(o)
low-cost tolerance +1.1235
(mm)
fength s () 220
Link 2 standard deviation 022
(o)
low-cost tolerance +0.66
(mm)
tength Es (ram) 275
Link 3 standard deviation 0275
(o)
low-cost tolerance 0.825
(mm)
Stiffness of a product (N / mm) 30
Damping coefficient of 2 product 1
(N - sec / mm)
Compression foroe of the head Po (IN) 75.632
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Table 3 Design variables and experimental regions

Design variables Initial values Experimental regions
E(x1) 374.63 7.49
Ea(xz) 220 4.4
E3(%3) 275 5.5
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Table 4 Results

Ttem  |Initial design Robust design Difference
3 374.63 373.46 117
& 220 223.26 326

275 280.5 55
P 75.642 75,638 0.004
=3 0.884 0.73 0.154
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