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Abstract: To improve the kinematic precision of a quick mechanism by considering influence of
motion failure parameters, a time-dependent kinematic reliability and sensitivity analysis method
for the quick mechanism was proposed based on the first-passage method. First, the factors con-
tributing to random errors in parts processing and assembly were identified via a comprehensive
analysis of the failure factors affecting the kinematic precision of the quick mechanism. Using the
vector loop method and the motion equation of the planar mechanism during the energy storage
process, a limit-state function for motion error was constructed, forming the basis for establis-

hing a time-dependent kinematic reliability analysis model. Subsequently, a novel analytical for-
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mula for the outcrossing rate of time-dependent kinematic reliability was developed by employing
the first-order linear estimation, conditional multivariate Gaussian distribution, and first-order
moment of the truncated multivariate Gaussian distribution. Finally, the time-dependent kine-
matic failure probability sequence and sensitivity analysis for the quick mechanism were obtained
using numerical integration methods. Simulation results show that particular attention should be
given to the positioning error of the pin and the dimensional tolerance of the eccentric cam in the
process of improving the kinematic precision of the quick mechanism. The proposed method
yields time-dependent kinematic failure probabilities that are close to those obtained using the
Monte Carlo method, but with a significantly reduced simulation cost (only 0. 04% of the Monte
Carlo method).
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Fig. 1 Components and motion analysis of quick mechanism
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Fig. 2 Deformation and torque variations of energy

storage spring with time
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Fig. 3 Prototypical experiment of quick mechanism
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Fig. 5 Kinematical diagram of quick mechanism
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Fig. 6 Parameters of eccentricity for gear system
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Table 1 Basic parameters of the quick mechanism
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Table 2 Time-dependent kinematic failure probabilities of

three methods
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Fig. 11 Time-dependent kinematic failure probability

sequence curves
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Table 3 Comparisons of calculation cost of two methods
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Table 4 Basic parameters of the quick mechanism
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Table 5 Time-dependent kinematic failure probabilities of

two methods
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0. 20 0.186 23  0.170 84 9.01
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Table 6 Reliability sensitivity analysis of the quick

mechanism
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