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Chattering Vibration in Ball End Mill Machining MGer;eral
Self-Excitation achinery
. . Machining of three-dimensional grooves by means of a ball end mill using a five-axis
Object Machine L. g . . .
machining center. As shown in Fig.1, this grooving involves gradual deepening of a groove
trough reciprocal cutting with a constant cutting depth, to eventually obtain a target shape.
As three-dimensional grooving requires an access to a deep and narrow space in addition to
Observed e . R )
free-form surface machining, a long and small diameter ball end mill with a long projection
Phenomena is often used. But this sort of mill has a low dynamic stiffness and is liable to generate

chattering vibrations. By conducting a basic test, machining conditions to avoid chattering
vibrations were selected, but in actual parts machining, chattering vibrations occurred
depending on machining positions, leading to a remarkable increase in tool wear.

In the basic test stage, a large lead angle (Fig.2) was not taken into consideration, but It was
found that at machining positions with a large lead angle, chattering vibrations were liable to
occur.

In order to examine the relationship between the lead angle and chattering vibrations, a
chattering vibration instability (closed loop gain) for each lead angle (-20° to 20°) was
calculated by using an analysis modell shown in Fig.3. Also, a machining test was conducted
under nine conditions, where the lead angles (-20° to 20°) were divided by each 5°. In this
test, a force sensor was used to measure cutting forces during machining, and also variations
in cutting forces due to chattering vibrations were determined by means of a frequency
analysis (Table 1: Testing conditions).?

Results of the analysis and the experiment are superimposed in Fig.4. The analysis result
indicates that the instability due to chattering vibrations takes its minimum value for the lead
angle around 6°, and before and after this angle, the instability increases. From the experiment
result, it is found that no chattering vibrations occurred around the lead angles of -10° to 5°,
but in other lead angles, the vibrations were generated, exhibiting a trend similar to that of
analysis result.

It is considered that violent chattering vibrations occurred around the lead angles of & 20°,
because actual parts machining is sometimes performed around these lead angles. As for the
machining condition for this case, the machining pass is to be modified to maintain the lead
angle in the vicinity of -6°, thus restriction of chattering vibrations is expected.

Appearance of a five-axis machining center has allowed to freely determine any tool posture,
and it seems that a tool posture may be determined by entirely leaving to a CAM (Computer
aided manufacturing), if only mechanical interference is avoided. However, a tool posture
may affect to a large extent tool deflections and chattering vibrations, so that it is necessary
to determine with due care.
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Table 1 Testing conditions 300 5
Tool $3 ball end mill ‘& x .
Number of flutes 2 oy *
Tool projection length [mm] | 60 ;200 *; z
Spindle speed [min!] 21221 E 2z
Feed rate [mm/tooth] 0.15 £ * 5 E
Axial depth of cut [mm] 0.02 E 100 ‘_g-
Workpiece material Ti-6Al1-4V 2 * ;<
Cutting fluid Soluble 5
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1/gm is reciprocal number of the gain margin in the analysis, result indicates that the
larger this value, the more liable for chattering vibration to occur (to become larger).
On the other hand, amplitudes as a result of experiment represent the variations of cutting
force due to vibrations, and the larger this value, the more violent chattering vibrations
occur.
Due to impacts of phenomena that are not considered in the analysis model, 1/gn as a
result of analysis goes far beyond the stability limit (1/g» >> 1), so that only a qualitative
comparison is made as to the results of analysis and experiment.

Fig.4 Results of analysis and experiment
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