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Abstract

This research aims to study the directional impact of workpiece arrangement on the geometric and
dimensional deviations of the freeform curved surfaces milled by robotic milling on EPS foam material grade
2.0. The experiment utilized an adjustable rotational speed motor, cutter with a 4-tooth end mill, ball head
type, and 10 millimeters of diameter. The cutter was mounted at the end of a 6-axis industrial robotic arm ABB
IRB 6640 model with a maximum reach of 2.55 meters. The two orientations for workpiece placement were
designed, parallel to the X-axis and parallel to the Y-axis, referencing the robot's coordinate base. The direction
of workpiece placement affects the robotic arm's end-effector movement due to the positions generated in
the three-dimensional coordinate system, involving both position and rotation of the axes. The toolpaths for
the robotic arm's end effector were generated using computer-aided programming to facilitate the milling
process. The toolpaths included contouring and pocketing to create a curved freeform surface on the
workpieces. The measurement of the size of the freeform curved surfaces resulting from robotic arm milling
utilized a Coordinate Measuring Machine (CMM) with touch probe diameter 5-millimeter of ball head. The
measured results indicated slight differences in the size of the curved surfaces for the two orientations. The
workpiece placement parallel to the X-axis showed an average deviation of 2.664 millimeters, while the
orientation parallel to the Y-axis showed an average deviation of 2.148 millimeters. Statistical testing at a 95%
confidence level with a p-value > 0.05 suggested that the workpiece placement direction in the robotic arm
milling process not significantly impact the deviation levels of the freeform curved surfaces resulting from the

robotic arm milling process.

Keywords: Robot milling, Foam material, Freeform curved surfaces, Coordinate Measuring Machine (CMM)
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