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Mechanism and Suppression of Chatter Vibrations in Cutting

Eiji Shamoto

Synopsis

Cutting such as turning and milling is one of the most important manufacturing processes. Undesirable vibrations, called
chatter, often occur in cutting, cause severe practical problems such as short tool life and deterioration of surface quality. There are
many sources and several types of chatter vibrations. Since their generation mechanisms are different, methods to suppress those
vibrations are also different. The numerous vibration sources and their complex generation mechanisms, especially self-excited
types of chatter vibrations, have made it difficult for production engineers to understand and solve the chatter problems for many
years. On the other hand, many researchers have investigated the chatter vibrations, and nowadays the generation mechanisms
of chatter vibrations in cutting are mostly clarified and they can be predicted analytically. Those mechanisms and analytical
models in turning and milling are described and introduced in this article together with some experimental and theoretical results.
1t is expected that those knowledge can be applied to solve the practical chatter problems in industries systematically unlike the
conventional empirical solutions, and that such systematic solutions will improve quality and performance of many industrial

products and reduce their cost.
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1-1  Process-related chatter < Intermittent cutting, serrated chip formation, etc.
1-2  Non-process-related chatter €= Bearings, gears, motor cogging, rotor imbalance, jerk of
machine tool, air/oil pressure fluctuation, floor vibration, etc.

2. Self-excited chatter

2-1 Regenerative chatter €<= Regeneration of previous vibration left on cut surface
2-2  Mode-coupling ¢« Coupling of multi-directional vibrations

Fig.1. Various types of chatter vibrations in cutting.

Fig.2. Plunge turning process with regenerative chatter.
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Fig.5. Block diagram of plunge turning process with regenerative chatter vibration.
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Fig.6. Simulated stability limits for regenerative chatter vibration in plunge turning.
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Fig.9. End milling process with self-excited chatter vibration.



FAR IR > CIEIIN LI BT % U8 ) $IRE) 0 8 A= A & ]

153

- ™
Ex. Axmv\ r (B a0 h
NN NN, I\ '\ |\
VARV OAVARV/ |
-T 0! T !
|y (i0) |
i il
w2 gl v ) |eadgrtee,
207 —or o7 207
Regenerative {im)
displacement .y(?) - .
‘ Milling process gain
1 xx (5) Oy (5)}
2 Ax (s) ay(s)
Present dynamic {x(t)
displacement U(®)
-+ Transfer function
Gex(s) G (5)
- ny(s) ny(s)
Dynamic {EC}
Delay Ex. |Gxx(i9)| cutting force 7,
e_TS T ™
Ex- R

Previous dynamic (x(t-7)
displacement Ly(t-7)

£ (i) T
el ait
o, —Za)T/O ¢ oftop
@ T J

Fig.10. Block diagram of end milling process with self-excited chatter vibration.



TS 54 BB 82 %25 2011 4F

—_
o

Unstable

Critical depth ay;,, [mm]
o
T

o

—
o]
(@]

'“”7;///// o

ﬁ/ 150 Hz

o 4 -
g D ~
OOO

Chatter frequency [Hz]

—_—
I
o

IR

0 1000 2000 3000 4000 5000 6000
Spindle speed [min -1]

-h CD

N

Phase shift [rad]

0

Fig.11. Simulated stability limits for self-excited chatter vibration in end milling.
[Simulation conditions] Radial depth: 0-60°(Up cut), 2 teeth, k,=1500 [MPa], £,.=0.3,
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