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Research on the Effect of Cutter Wear
on the Torsional Vibration of Spindle in Milling

Seoggwan Kim*

ABSTRACT

In milling, cutting tool is directly attached to spindle and this tells that spindle can provide very useful information

on the cutting tool condition such as wear or breakage. Since spindle is rotating at a high speed, measuring spindle

velocity using a noncontacting measurement system gives the best information which can be obtained. Due to the force

applied to spindle through cutting tool, velocity of spindle changes. And any change in cutting tool condition affects

cutting force and consequently spindle vibration. With the intent of continuously monitoring cutting tool condition in

intermittent machining operations in a benign manner, a noncontacting velocity measurement system using a laser

Doppler velocimeter was assembled to measure spindle torsional vibration. Spindle vibration was measured and analysis

of it in the frequency domain yielded a measure which corresponded to amount of cutting tool wear in milling.
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Laser Doppler velocimeter(2l ©] 3 &= A]), Frequency spectrum( 5= 3

: frequency

: velocity of object

- speed of light

: wavelength of light

. 0/, ¢, : angle between laser beams and velocity
vector of object under measurement
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Fig. 2 Torsional vibration measurement system using

laser Doppler velocimeter

0.1

g
@@
w
3
d
=
&
5 0.04
£
=]
2
@
o
[3
>
-0.1
0.000

T Y T T Y
0.001 0.002 0.003 0.004 8.005 0.006

time (sec)

Fig. 3 Free torsional vibration of an aluminum shaft

measured by the laser Doppler velocimeter

Table 1 Comparison of calculated and measured first

torsional natural frequency of aluminum shafts

Ist torsional natural

Length | Diameter | frequency (KHz)
(m) (m) calculated [measured

0.21 0.025 3.76 3.52

0.44 0.025 1.80 1.71

0.62 0.045 1.27 1.22
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torce (N)

cutting

(a) cutting force and velocity variation of the spindle

velocity change (rad/sec)

Table 2 Machining condition used in the experiment

(a) 2-tooth tool

feed rate | axial depth
u of cut, d
{mm/tooth)| (mm)
04 0.5
0.2 0.5
0.4 1.0

cutting

speed, v

(m/sec)
0.30
0.30
0.30

down
milling

0.4 0.5 0.69

up milling] 0.4 0.5 0.30

(b) 4-tooth tool

cutting
speed, v

feed rate | axial depth
of cut, d
(mm)

0.5

u
(mm/tooth)
04

(m/sec)
0.30

force
velocity

-800
0.00

T T T
0.05 .10 0.15

time (sec)

0.08

0.06

0.04

0.624

0.0 r T
0 50 100 150

frequency (Hz)
(b) frequency spectrum of the spindle velocity

Fig. 4 Typical measured cutting force and torsional
vibration of the spindle (2-tooth tool)

velocity variation (rad/sec)
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—— 2-tooth tool, down milling,

u=0.4mm/tooth, d=0.5mm, v=0.30m/sec
—O— 2-tooth tool, down milling,

u=0.2mm/tooth, d=0.5mm, v=0.30m/sec
—&A— 2-tooth tool, down milling,

u=0.4mm/tooth, d=1.0mm, v=0.30m/sec
—O— 2-tooth tool, down milling,

u=0.4mm/tooth, d=0.5mm, v=0.69m/sec
—#— 2-tooth tool, up milling,

u=0.4mm/tooth, d=0.5mm, v=0.30m/sec
—@— 4-tooth tool,

u=0.4mm/tooth, d=0.5mm, v=0.30m/sec
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Fig. 5 Change in cutting force and vibration frequency
amplitude with machined length
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