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Application of the concept of a Sensitivity Linkage for the Analysis
of Mechanical Error in 4-Bar Mechanism

Jae-Kyun Shin and Hong-Suck Choi
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Abstract

The method of utilizing sensitivity linkages for the analysis of mechanical errors are proposed.
As sources of the mechanical error, tolerances in the link lengths and clearances in the joints are
considered. It is demonstrated that the problem of calculating mechanical errors of a 4-Bar
mechainsm can be transformed into a problem of conventional velocity analysis of a sensitivity
linkage. As a result of the present study, it is found and proved that the mechanical error of the
output angle in the 4-Bar mechaism is represented as a simple harmonic function with respect to
the relative position of the pin on the clearance circle. Also the vector representing the mechanical
error of a coupler point makes, in general, an ellipse as the relative angle varies on the clearance
circle. With these results, we can better identify the characteristic of the mechanical errors in

linkages.
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Table 1 Numerical data for the example problem

Variable 1, I, 15

14 11’ [

Value 13.55 8 5.25

13.3 3.816 38°
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Table 2 Comparison of the mechanical errors (r;=0.1)
51 (Deg.) Exact Using sensitivity Relative error (%)
0 0.8105x 1072 0.8097 X 1072 —0.10
30 0.6387x 1072 0.6385x 1072 —0.03
60 0.2916x 1072 0.2962 <1072 1.58
90 —0.1342x107? —0.1255% 1972 —6.48
120 —0.5216%x 107 —0.5135x107* —1.55
150 —0.7672x107* —0.7640x107* —0.42
180 —0.8088 <1072 —0.8097 x107* 0.11
210 —0.6382x10"? —0.6385x107? 0.05
240 —0.3006 1072 —0.2961 x10* —1.50
270 0.1169x 1072 0.1255x 1072 7.36
300 0.5055x 107* 0.5135x107* 1.58
330 0.7606 X 1072 0.7640 < 107* 0.45
360 0.8105x 1072 0.8097 %1072 —0.10
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