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Machining Tests to Identify Kinematic Errors on Five-axis Machine Tools
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This paper proposes a set of machining tests for a five-axis machine tool to identify its kinematic errors, one
of its most fundamental error sources. In each machining pattern, a simple side-cutting along a straight path
using a straight end mill is performed. The relationship between geometric errors of the finished workpiece
and the machine’s kinematic errors is formulated based on the kinematic model of a five-axis machine. The
identification of kinematic errors from geometric errors of finished workpiece is experimentally demonstrated
on a commercial five-axis machining center, and the estimates are compared to those estimated based on ball

bar measurements.
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Fig.1 The configuration of a five-axis machine tool considered
in this paper.
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Table 1 Kinematic errors to be identified.

Quy angular error of A-axis about X-axis with respect to Y-axis.
Bay angular error of A-axis about Y-axis with respect to Y-axis.
Vay angular error of A-axis about Z-axis with respect to Y-axis.

B angular error of the center line of C-axis about Y-axis
oA with respect to that of A-axis.

Ox,y | linear shift of A-axis in X-direction with respect to Y-axis.

Ovay | linear shift of A-axis in Y-direction with respect to Y-axis.

6z, | linear shift of A-axis in Z-direction with respect to Y-axis.

Oves | linear shift of C-axis in Y-direction with respect to A-axis.
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(c)Machining Pattern 2-a. (d)Machining Pattern 2-b.
Fig.2 Machining Patterns for identification of kinematic errors
associated with C-axis.
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(a)Machining Pattern 3-a. (b)Machining Pattern 3-b.
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(c)Machining Pattern 4-a. (d)Machining Pattern 4-b.
Fig3 A part of Machining Patterns for identification of
kinematic errors associated with A-axis.
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Table 2 Major machining conditions.
Tool a sintered carbide straight
end mill, 20 mm, two flutes
Workpiece Aluminum alloy, JIS A5052
Spindle speed 5,000 mm’'
Feedrate 1,000 mm/min
Coolant Water-solvent emersion
Radial depth 0.1 mm for semi-finishing,
of cut and then finishing at the
same path.

pattern 1-a

pattern 1-b

pattern 3-a pattern 3-b
7y

(a)Wogkpiece 1. (b)Workpiece 2.
Fig.4 The geometry of finished Workpiece.

Table 3 Kinematic errors estimated from geometric errors of
finished workpiece, in comparison with the estimates by
ball bar measurements.

Kinematic | Estimates by Estimates by ball
error machining tests | bar measurements
Ay 0.0007° 0.0001°
Bay -0.0030° -0.0071°
Yar -0.0040° -0.0081°
Bea 0.0020° 0.0060°
Xy 11.9pm —
Wy -4.8um —
OZuy -231.1pum —
(7 -6.0pm 3.4um
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