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Parallelism Error Compensation of a Large Volume Laser Machining
Robot using a Laser Interferometer
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Industrial robots are widely used for part manufacturing besides simple task (welding, assembly). A parallel kinematic
machine (PKM) with extending axes have been utilized in large volume machining because of their adequate stiffness and
agility. Parallelism error in the PKM with an extending axis causes deterioration of dimensional accuracy of machined parts.
This paper proposes a technique for compensating the parallelism error through measurement of the squareness error
between the PKM with its extending axes using a laser interferometer. The four squareness errors are estimated to reduce
the parallelism errors. The squareness error is calculated by measuring linearity of the extending axis and the PKM moving
axis, and through the measurement of diagonal displacement error and position dependent geometric errors. Compensation
of the parallelism error was done by transforming the basic coordinate system of the PKM. The parallelism error was
significantly reduced from 0.735 to 0.022 mm and further verified experimentally.
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Fig. 2 Coordinate systems of the large volume laser machining
robot for (top) initial position, (bottom) temporary position
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Fig. 3 Position independent geometric errors of the large volume
laser machining robot
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error (X2) measurement
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Fig. 4 Squareness measurement procedure based on the straightness
and diagonal displacement measurement
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Table 1 Specification of the measured machine and measuring

instrument

Measured machine

Model MXT700S
AX1 700 mm
) ) AX2 700 mm
Sreame hs o
AX4 540 deg
AXS 180 deg
Extending axis A2 4000 mm
stroke " 450 mm
Resolution 1.0 um
Controller Siemens 840D sl

Laser interferometer

Model XL-80
Linear Accuracy +0.5 ppm
measurement Resolution 0.001 pum
Straightness Accuracy  +0.5% + 0.5+ 0.15 M?um
measurement Resolution 0.01 pm

M = Measurement distance in metre
% = Percentage of displayed value
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Fig. 9 Face diagonal
estimating the squareness error

—O— Horizontal straightness error of the Y2-axis
—/— Parallelism error of the PY-axis before compensation
—— Parallelism error of the PY-axis after compensation
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—— Diagonal displacement error before compensation

0.08 —O— Diagonal displacement error after compensation
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Fig. 11 Face-diagonal displacement errors of (a) Dx,y, and (b) Dyopz
before/after squareness compensation

Table 2 Measured position dependent geometric errors for estima-
ting squareness error from the face-diagonal displacement

error
s Measuring Interval Error Maximum
range (mm) (mm) item error

O -0.078 mm
O 0.004 mm

X2 0~-875 -125 -
O -0.012 mm
Exo -0.069 mrad
Oy 0.010 mm

2 0~-350 -50 Oy 0.003 mm
Oy -0.002 mm

A7 e 9= G-code AL E3|A AASIT, Hzh A
Q2= A A 0.082 mmofA] 24 % 0.011 mm=z 87% o]
E AL 3kolalgih. PKM AHH|e] Aetws) A, o sk
g B At o et

Table 3 Parallelism errors and diagonal displacement errors w/wo
the squareness error compensation

Maximum error

Item Symbol Before After
compensation (mm) compensation (mm)

Parallelism Dxry 0.134 0.015
error D-ry -0.735 -0.022
Diagonal Dy 0.082 0.011

displacement
error Dyopy 1.216 0.082
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