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Optimal Design of Four-bar Mechanism in consideration of
Tolerances and Clearances

Ho-Ryong Kim and Bvung-Jun Oh

ABSTRACT

A four-bar mechanism in consideration of the tolerances on link lengths and
the clearances in joints is optimally designed by the method of stochastic analy-
sis. The random nature of clearances and tolerances establishes a stochastic
optimization design equation in which the parameters in the equation are de-
scribed by random variables.

In order to solve the design equation, the stochastic problem is converted
into an equivalent deterministic one. The synthesis of four-bar mechanism for
minimum mechanical and structural errors is carried out by the opt}mization
techniques using Chebyshev spacing of precision points.

By the results from the synthesized mechanism, the generated and desired

motions are examined.
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Table. 1. Results from the optimal synthesis of
3 different function generators for 11
precision points

Quantity y=sinx|y=1logx y = x2
Link Xy 4.3369 4.4344 4.2704
X2 4.4146 4.9665 4.0518
length X3 4.9016 5.5867 4.9804
X 2.0376 2.1291 2.0258
Tolerance | % | 313000 | 2.3973 2.3305
(x 107 ) Xg 1.6845 1.819¢€ 1.6960
X, 2.3969 2.3101 2.3738
X 0.8175 0.8542 0.8126
Clearance | % | 0.9227 0.9618 0.9350
{x 10 ) xyq | 0.6758 0.7300 0.6804
x5 0.99€2 0.9268 0.9524
Starting In
i put | x 1.5779 1.7025 1.5614
position 12
(rad.) Output| x,, 1 1.1287 1.0584 1.4861
Total strugtural
errors ¥ (¥): (rad.) 0.6212 1.1022 0.9065
Total mechanical 0.4865x10%| 0.5144x10° | 0.4806x16°
errors G(Y): (rad.)
Desired curve
200t —w-w— Generated curve 10.06
- ~——— 30 of mechanical error
o —~—--—= Transmission angle P
Z 160 -7 10.05

120

Mean output & mean transmission angle
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Fig. 3. Characteristics of the optimal design
y=sinx function generator
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Fig. 4. Characteristics of the optimal design
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Table. 2. Comparison of the results obtained from

this study with those of Ref. (5):y=sin
Quantity Chebyshev spacing Equally spacing
X 5.3665 3.9449
Lirk length X, 4.8979 4.3398
X, 5.0339 4,9697
Tol x 1.5866 0.4235
oreratee i 2.1125 2,718%
(x10°) % 0.5835 0.3635
X 1,7352 0,4439
] x . 0.63€5 0.4273
Clearance | s 0.8475 2.6210
(x18) X1g 0.2341, 0.3576
X, 0.6961 0.4428
Starn:ng Input | x;, 0.0269 | 0.2550
po:itu{n Qutput| *;, 1.  1.0392 0.9098
Total structural
errors ¥ (Y): {rad.) 0.0852 0.2463
Total mechanical -6 -6
errors Gg{V): (rad.) 0.3318x10 0.3796x10 }
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