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*Suppression of Regenerative Chatter
Vibration in Multiple Milling Utilizing
Speed Difference Method, E
Shamoto, T Mori, B Sencer, N
Suzuki, R Hino, 2013, Precision
Eng., 37-3, pp.580-589
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Effect of Cross Transfer Function on Chatter Stability in Plunge Cutting,
N Suzuki, K Nishimura, E Shamoto, K Yoshino, 2010, J. of Advanced
Mechanical Design, Systems, and Manufacturing, 4-5, pp.883-891
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*Analytical prediction of stability lobes in ball end milling, Y Altintas, E Shamoto, P Lee and E
Budak, 1999, Trans. of ASME J. of Manufacturing Science and Engineering, 121, pp.586-592
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»Analytical prediction of chatter stability in
ball end milling with tool inclination, E
Shamoto, K Akazawa, 2009, CIRP Annals
— Manufacturing Technology, 58/1,
pp.351-354

*A novel tool path/posture optimization
concept to avoid chatter vibration in
machining, E Shamoto, S Fujimaki, B
Sencer, N Suzuki, T Kato, R Hino, 2012,
CIRP Annals — Manufacturing Technology,
61/1, pp. 331-334
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*A novel deep groove machining method
utilizing variable-pitch end mill with feed-
directional thin support, E Shamoto and A
Saito, Precision Engineering, 2015,
doi:10.1016/j.precisioneng.2015.08.006
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*Analytical prediction of contact stiffness and friction damping in bolted
connection, E Shamoto, Y Hashimoto, M Shinagawa, and B Sencer,
2014, CIRP Annals — Manufacturing Technology, 63/1, pp.353-356
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*Chatter Stability in Turning and Milling with in Process Identified
Process Damping, Y Kurata, S D Merdol, Y Altintas, N Suzuki, E
Shamoto, 2010, J. of Advanced Mechanical Design, Systems, and
Manufacturing, 4-6, pp.1107-1118
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Prediction of chatter stability lobes in ball end milling
Chatter stability depends on depth of cut and spindle speed.
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_ 0 } } } i
Workpiece 0 2000 4000 6000 8000 10000

Ball end milling process Spindle speed » rpm

[Reference]
Y. Altintas, E. Shamoto, P. Lee, E. Budak: Analytical Prediction of Stability Lobes in
Ball End Milling, Trans. ASME, J. of Manuf. Sci. Eng., 121 (1999) 586-592
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ﬁ@ Directional Effect on Chatter Stability

Chatter stability heavily depends on tool posture
relative to vibration direction!
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[References]
- E. Shamoto, K. Akazawa: Analytical prediction of chatter stability in ball end milling with tool inclination, CIRP Annals, 58/1 (2009) 351-354
- K. Akazawa, E. Shamoto: Study on regenerative chatter vibration in ball end milling of flexible workpieces, Proc. of 2008 MHS (2008) 1-6
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Dynamic cutting area A(s)

Regenerative
width vector {r}

Block diagram of turning and millin

Concept A:

Cutting width | + |y | Specific cutting
> vector  (p) A force vector g (£

Dynamic
tructural flexibility | _ cutting force
atrix [D(s)] F(s){f)

e chatter

Previous vibration does not generate dynamic cutting area A(s), a=0.

Concept B:

Dynamic force F(s){f} does not have a component in {d}, /=0.

Proposed index:
(Index of Regenerative Chatter Stability)

lncs = 1/‘asinasin,8‘

a. Regenerative width of cut (Axial depth of cut in peripheral milling)
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X : chatter, A: slight chatter, O: no chatter
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[Reference] AEEDKREZEVARF)—FIVFINICEIEEEMDFEAREYAA -BAMSVHAAMIEDIRE, F
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[Reference] E Shamoto, T Mori, B Sencer, N
Suzuki and R Hino: Suppression of
Regenerative Chatter Vibration in Multiple
Milling Utilizing Speed Difference Method -
Analysis of Double-Sided Milling and Its
Generalization to Multiple Milling Operations,
Precision Engineering, 37-3 (2013) pp.580-589
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Without chatter

Machining method Double-sided / One-sided
Speed difference between L
two spindles An min- 0 10 | 13
Flatness of left surface mm | 0.045| 0.033 | 0.013 | 0.100| 0.100
Flatness of right surface mm| 0.039 | 0.050 | 0.023 | 0.104 | 0.114 _
Average flatness mm 0.034 0.105 [""

(Flatness was measured with a 3D coordinate mwing machine.)

EXEFREISAAMIIZERT:

Improved 3 times

TEE-EEMESEERERL



2+ Extension to multi-milling operations

Different Different milling
- 2" process processes with

\elllr?]ﬁﬂages Sioindlle different cutters

at different \x 7 4 %nocll df;;?g;

positions P

Spin&‘e\
15t process Spindle
3 propcess
Flexible
workpiece
Bed
Stability equation Condition to cancel multi-regenerations
— M = = . — M — i T
F:gKZ{ﬂ]é/](—b]'Fl"]e wCT]j}(D(lCOC)F Z(”'je e ]jzo
J=1 J=

- E Shamoto, T Mori, B Sencer, N Suzuki, R Hino; Suppression of regenerative chatter vibration in multiple milling utilizing speed
difference method — Analysis of double-sided milling and its generalization to multiple milling operations , Precision Engineering,
http://dx.doi.org/10.1016/j.precisioneng.2013.01.003
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deep groove
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Practical device
applicable with ATC

Developed with NT Tool
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At least 4 times,
analytically 20 times
higher stability!

- A novel deep groove machining method utilizing variable-pitch end mill with feed-directional thin support, E. Shamoto and
A. Saito, Precision Engineering, 2015, doi:10.1016/j.precisioneng.2015.08.006
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- Tool failure Mechanism in High-Speed Milling of Inconel 718 by Use of Ceramic Tools, N Suzuki, R Enmei, Y Hashimoto, E Shamoto
and Y Hatano, Int. J. of Automation Technology, 8-6, 2014, pp.837-846
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