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Compensation for Machining Error included by Tool Deflection
Using High-Speed Camera
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Abstract

This paper presents an integrated machining error compensation method based on captured images of tool deflection
shapes in flat end-milling processes. This approach allows us to avoid modeling machining characteristics (cutting forces,
tool deflections and machining errors etc.) and accumulating calculation errors induced by several simulations. For this, a
high-speed camera captured images of real deformed tool shapes which were cutting under given machining conditions.
Using image processes and a machining error model, it is possible to estimate tool deflection in cutting conditions
modeled and to compensate for machining errors using an iterative algorithm correcting tool paths. This corrected tool
path can effectively reduce machining errors in the flat end-milling process. Experiments are carried out to validate the
approaches proposed in this paper. The proposed error compensation method can be effectively implemented in a real

machining situation, producing much smaller errors.
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Fig. 1 Proposed parameters

Table 1 Specification of high-speed camera
CMOS, gray
1024 x 1024 at 2,000fps

Sensor, color

Basic resolution

Frame rate 60~120,000fps

Shutter speed 10~0.004ms
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Fig. 2 (a) Picture of experimental system
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Fig. 2 (b) Schema of experimental system
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Fig. 3 Cutting process in experiments

Table 2 Conditions of machining process
Tool

Flute part ¢ 6mm
Cylindrical part ¢ 8mm
Used length 50mm
Flute part fength 30mm
Flute number 4
Helix angle 30°
Machining conditions
Spindle Speed 1500rpm
Feedrate 30mm/min
Milling mode Down milling
Radial depth 4mm
Axial depth 6mm (fixed)
Work piece SM45C
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Fig. 4(b) Material-cutting image
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Fig. 5(b) Deflection errors in pixels
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