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Dynamic Characteristics Analysis and Chatter Prediction
in High Speed CNC Lathe

Woo Seok Yi*, Sin Young Lee**, Jang Moo Lee***

ABSTRACT

Vibrations in machine tools make many problems in precision, production efficiency, and machine
performance. The relative vibration between a workpiece and a tool is very complicated due to many sources. In
this study, the dynamic characteristics of a newly developed CNC lathe were analyzed and its chatter
characteristics were predicted by a chatter analysis method using finite element analysis and 3 dimensional
cutting dynamics. The simulated results showed very complex characteristics of chatter vibration and the
borderline of limiting depth of cut was used as the stability limit. To check the validity of this method, cutting
tests were done in the CNC lathe using a boring bar as a tool because boring process is very weak due to long
overhang. The experimental results showed that the simplified borderline was too low to be considered as
limiting depth of cut at which the chatter vibration starts and the stability limits depended on various cutting
parameters such as cutting speed, feed and nose radius of tool.
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Table 1. Natural frequencies of each assembly
(unit:Hz)
Mode No.| Turret assembly | Headstock assembly
1 216 158
2 678 163
3 707 269
4 731 281
S 909 443
6 1128 463
7 1129 703
8 1304 1039

15t Mode 6th Maode
Fig. | First and sixth mode shape of turret
assembly
1st Mode
3rd Mode

Fig. 2 First and third mode shape of headstock
assembly
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Fig. 3 Transfer function by finite element analysis
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Fig. 4 A block diagram for the chatter loop
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Table 3 Tool geometry in chatter simulation

Item Values(degree)
Side cutting edge angle 15
End cutting edge angle 15
Side rake angle -6
Back rake angle -10
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Fig. 5 Theoretical unstable borderline for
radius=0.4 mm, feed=0.2 mm/rev.
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