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Theoretical Analysis of Undeformed Chip Thickness
for Multi-Axis Ball-Nosed End Milling
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This paper presents a new analytical method to estimate the thickness of an undeformed chip in
ball-nosed end milling. It has been firstly pointed out that the geometric situations on the determina-
tion of the thickness are categorized in three cases based on the relationship among the milling
parameters. Secondly each corresponding case has been reduced into a comprehensive equation with

introducing a coordinate system of tool axis orientation.

Then the result of analysis has been

displayed in 3D graphics. Through the analysis of the equations, it was found that the tool axis
orientation had direct influence to the thickness of the undeformed chip. Besides the description of
analytical solving procedures, some experiments of undeformed chip thickness have been shown and

the brief conclusion has been mentioned too.
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(cylindrical

Surface surface)

. Machined surface by

preceding cutting edge Fig. 4 3types of surface concerned with intersection point

Cutting edge P | ] Table 1 Notations
1
Workpiece | - Tool geometry :
Ball radius (mm)
Number of blades n
Fig. 3 Definition of undeformed chip thickness Cutting conditions :
Feed per revolution (mm/rev.) f
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Fig 6 In case of intersect point on the workpiece surface
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Fig. 7 In case of intersect point on the cylindrical surface
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Fig. 8 Flow chart of undeformed chip thickness analysis
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(a) This analysis (b) Approximate analysis

Fig. 9 Distribution of undeformed chip thickness
(R=5mm, z=2,f=0.2 mm/rev., p=3mm, a=2 mm,
0= 0 rad.,@/= Orad.)

(a) o= O rad.

Fig. 10 Result of analysis
(R=5 mm, z=2, f=1 mm/rev., p=3 mm, a=3 mm, o= Orad.)

(b) o= /6 rad.
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