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Influence of Vibration Displacement on Tool Life and Surface

Roughness under Forced Chatter Vibration Conditions
Junichi NAKAGAWA, Atsushi SUGINO and Takeshi HATTA

Synopsis

In recent years, cost reduction by high productivity machining is in demand for difficult to cut materials. However, when the
cutting conditions grow more severe in order to achieve high productivity, the chattering vibration occurs more often because of
high cutting resistance. Recently, vibration control system have been developed to suppress this chattering vibration. Generally,

some vibration control systems define a threshold value of chatter vibration displacement in advance; when chatter vibration
reaches the threshold value, the machine will change the rotating speed to reduce vibration displacement. In this study, we
investigated vibration displacement, tool life and roughness of surface to determine the threshold value of the relationship among

these three elements.
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Fig. 1. Milling process with regenerative chatter.
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Fig. 2. Milling process with forced chatter.
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(a) Rough machining

(b) Finish machining
Fig. 3. Outlook of machining process of an impeller disk.
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Table 1. Chemical composition (mass%).

Material C Ni Cr Cu Nb Fe

3.00 | 5.00 | 3.00 | 0.15
SUS630 | 0.30 | ~ ~ ~ ~ Bal.
5.00 |17.50| 5.00 | 0.45

1060°C

(a) Solution treatment

620°C

(b) Aging treatment

Fig. 4. Heat treatment procedure.
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Fig. 6. Schematic illustration of finish machining with ball

endmill.

Table 3. Cutting conditions.

Cutting tool

Fig. 5. Schematic illustration of rough machining with

radius endmill.

Table 2. Cutting conditions.

Cutting tool
Material Cemented carvide
Type of tool Radius endmill

Diameter 12 mm

Corner R 0.75 mm
Number of teeth 4 teeth

Cutting conditions

Cutting velocity 90 m/min
Cutting feed rate 0.04 - 0.25 mm/tooth
Axial depth of cut 2.0

Material

Cemented carvide

Type of tool

Ball endmill

Diameter

6 mm

Number of teeth

4 teeth

Cutting ¢

onditions

Cutting velocity

90 m/min

Cutting feed rate

0.025 - 0.125 mm/tooth

Axial depth of cut

1.0 mm

Radius depth of cut

1.1, 2.2 mm
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Radius depth of cut 3.0,5.0, 7.0 mm
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Fig. 7. Relationship between vibration displacement and

frequency.
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Fig. 8. Relationship between cutting force and feed rate,

radius depth of cut.
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Fig. 9. Relationship between vibration displacement and

feed rate, radius depth of cut.

10.0

Oae=7 mm
Aae=5mm
Oae=3 mm

8.0
6.0
4.0
2.0

0.0
500 1000 1500 2000

Vibration displacement (um)

Cutting force (N)
Fig. 10. Relationship between vibration displacement

and cutting force.
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Fig. 11. Relationship between tool life and vibration

displacement.
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Fig. 12. Relationship between vibration displacement

and cutting force.
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Fig. 13. Relationship between cutting surface and

vibration displacement.
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Fig. 14. Construction of vibration control system.
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Fig. 15. Flowchart of vibration control.
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