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Reliability Analysis of a Two-Link Robotq\’[aniﬁulator Due to Tolerances
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S.J. Lee

Monte Carlo Simulation (Z e} 22 ] &all o] A)

Abstract

Reliability (A1 8] &), Tolerance(& =z}, Clearance(%
Uncertainty (324 4), Nominal Mechanism (% 7|-+), Random Variable
(B34,

A method to evaluate the position performance for a stochastically defined planar robot

manipulator is presented. Performance is defined as the operational reliability based upon the

positional errors of the manipulator tip. An analytical method is developed and applied to a
two-link robot manipulator through forward kinematics. This study includes uncertainties in the
link length, pin center location and radial clearance. By virtue of the effective link length model,
only the nominal manipulator model and statistical information on the uncertainties are required.
The resluts from the analytical method is compared to those from the Monte Carlo simulation.
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Fig. 1 A 2 link planar robot manipulator
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Fig. 2 Effective link length model
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Fig. 3 Exploded view of two link planar robot

manipulator
3
2 b
ol )
I
At
2t
-3

&
¥}
L
(=]
puy

2 3

(a) Bivariate normal density function

3

2+

o

8 2 A 0 2 3

(b) Monte Carlo simulation
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Fig. 4 Equi-density contours for tip position distribu-
tion
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Table 1 Comparison of analytical method and simulation for normally distributed tolerances
Analytical method Monte Carlo simulation
Ox Oy 0 R Ox Oy 0 R
Case 1 0.0174 0.0174 0.286 0.992 0.0172 0.0171 0.294 0.993
Case 2 0.0174 - 0.0174 0.331 - 0.992 0.0171 0.0171 . 0.347 0.993
Case 3 0.0152 0.0194 0.206 0.989 0.0148 0.0191 0.211 0.991
Table 2 Comparison of analytical method and simulation for uniformly di_stributed tolerances
Analytical method Monte Carlo simulation
Ox Oy o R Ox ! Oy 14 R
Case 1 0.0275 0.0275 0.344 - 0.871 { 0.0275 0.0275 0.347 0.874
Case 2 0.0275 0.0275 0.397 0.873 0.0276 0.0275 0.405 0.871
Case 3 0.0232 0.0312 0.250 i 0.865 0.0233 0.0314 0.264 0.866
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