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A Study on the Error Compensation of Three-DOF Translational Parallel Manipulator

Wook Jin Shin*, Nahm Gyoo Cho"

L Abstract If

This paper proposed a error compensation methodology for three-DOF translational parallel manipulator. The proposed
method uses CMM (coordinate measuring machine) as metrology equipment to measure the position of end-effector. To
identify the transform relationships between the coordinate system of the parallel manipulator and the CMM coordinate
system, a new coordinate referencing (or coordinate system identification) technique is presented. By using this technique,
accurate coordinate transformation relationships are efficiently established. According to these coordinate transformation
relationships, an equation to calculate the compensating error components at any arbitrary position of the end-effector is
derived. In this paper, Monte Carlo simulation method is applied to simulate the compensation process. Through the simulation
results, the proposed error compensation method proves its effectiveness and feasibility.
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Table 1. Uncertainties of reference coordinates system
generated from the measuring error

Measuring | Uniform Distribution | Normal Distribution
Error (epms (€6)ms (ep)ems (€8s
[hm] [am] frad] [um] [rad]

w05 056 | o2x107 | 032 | 0dx10°]
en=1.0

Table 2. Uncertainties of reference coordinates system
generated from the actuating error

Manipulator| Uniform Distribution | Normal Distribution
precision
error(ea) | s | @ | (@) (%8 )ms
[am] fum] {rad] [um] [rad]
e:=0.1 004 |0.14x107% 002 | 0.83x107°
e=1.0 038 (0.I5x107°| 022 | 0.84x107*
e=5.0 1.89  |0.69x107°| 107 | 043x107°
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Table. 3 Estimated positioning error in workspace of
parallel manipulator after compensation
(Uniform distribution, Population:1000)

CMM Manipulator| (V 2x’4y* + 42°) pax
Measuring Roundness precision {um]
Error{r] .
Errorfum] Error{um] | (confidence interval
(30)
(30) (30) 99%)
0 0
0 0.05 0.25
0.5 2.41
2.5 12.61
0
0 3.62
0.05 3.63
0.5
0.5 4.33
2.5 13.02
0 1.84
0 0.05 1.89
0.5 3.09
2.5 12.90
0.25
0 4.04
0.05 4.07
0.5
0.5 4.89
2.5 13.00
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