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01 Background

SA

Transmission mechanism

Difficulties

 Make a reasonable tolerance allocation.
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 Quickly and accurately obtain sample data
for sensitivity analysis.

The kinematic and dynamic performances of the
transmission mechanism are significantly affected by
the geometric errors of its parts. To ensure the
comprehensive performance of the mechanism,
tolerance design is necessary, which can reasonably
control part geometric errors with low cost.

 Determine the sensitivity analysis method
applicable to the transmission mechanism.
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02 Content

We proposed a comparison method of the sensitivity

indices based on hybrid simulation, so as to determine the

optimal sensitivity index that accurately reflects the impact
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of geometric errors on the kinematic and dynamic

Fig. 1 Approach framework for comparing sensitivity indices based
on the hybrid simulation model

performances of the transmission mechanism as shown in
Fig.1.
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A hybrid simulation model was established based on the experimental data
of the crank-slider experiment platform. The accuracy and reliability of
simulation data are ensured when the experiment cost is reduced and the input
variables are freely controlled.

Fig. 2 Crank-slider experiment platform

Fig. 3 Comparison of simulation and
experimental data on slider acceleration

Fig. 4 Hybrid simulation model
of the crank-slider mechanism

02 Content
Moment-Independent
sensitivity indices

Information-Entropy
sensitivity indices
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Sobol sensitivity indices
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Sensitivity and cost-tolerance functions
are combined to allocate tolerance. Given a
total cost value, the cost was allocated
according to the proportional rela-tionship
between the sensitivity of the input variables.
Then the tolerance range of each mechanism
part size corresponding to the input variable
was calculated by combining the cost-tolerance
functions. The tolerance allocation scheme
corresponding to each sensitivity index was
obtained.

Table 1 Tolerance cost and tolerance range of each mechanism part size

03 Discussion
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Compared with the other sensitivity analysis methods in this study, the Sobol
sensitivity analysis method can better optimize the kinematic and dy-namic performances
of the crank-slider mechanism for tolerance allocation because the first-order Sobol index
can effectively extract the main effect of each input variable in the nonlinear model on the
response, but not the total effect. This is very important for sensitivity analysis of complex
models such as transmission mechanisms because the total effect of each input variable on
the response includes redun-dancy. The more complex the model is, the more attention
should be paid to the redundancy, which will enlarge the effects of some input variables on
the model response.
Slider acceleration data
based on the Sobol index

Slider acceleration data based on
the moment-independence index

Slider acceleration data based on
the information-entropy index

03 Conclusions
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Based on the experimental data of the hybrid
simulation model, a surrogate model based on the
PCE method was established for the sensitivity calculation. It simplifies that calculation significantly.

03

The tolerance was allocated based on the
sensitivity and cost-tolerance function, and the tolerance scheme corresponding to each sensitivity
index was obtained. Based on the kinematic and
dynamic performances of the mechanism of each
tolerance scheme, a new sensitivity evaluation
method with engineering value is proposed.
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A hybrid simulation model was established based
on the experimental data of the crank-slider
experiment platform. The accuracy and reliability of
simulation data are ensured when the experiment
cost is reduced and the input variables are freely
con-trolled.

