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Tool Cutting Path Simulation
Considering Tool Vibration Effects

Bor-Tsuen Wang®, Hsieh-Chang Hung?,
Tsung-Ting Hsieh?

2 Graduate Student,
Department of Mechanical Engineering,

! Professor,

National Pingtung University of Science and
Technology

ABSTRACT

Tool chatter is a crucial factor affecting machining
precision. There are lots of literatures dealing with the
chatter mechanism but less work discussing about the
cutting path related to tool chatter. This paper aims to
discuss the effects of different tool and machining
parameters on the cutting path and the cutting chip width
induced by tool chatter. The cutting tool simulation
program is developed base on the cutter vibration model to
obtain the animation of cutting path for each cutting tooth
as well as the chip width in machining. The main factors in
affecting the cutting path are the ratio between the natural
frequency and rotating speed frequency of the cutter as
well as the vibrating amplitude of the cutter. The chip
width is mainly dependent on the feed rate and the cutter
vibration amplitude. And, the variation of chip width due
to tool chatter is shown dominated by the number of cutter
teeth, tool natural frequency and cutter rotating speed. If
the ratio between the natural frequency and rotating speed
frequency of the cutter divided by the cutter teeth number
is exactly an integer value, the chip width maintains
uniform and results in stable cutting. In addition, the
developed graphics user interface (GUI) program for tool
path simulation can be applied to educational purpose in
machining and vibration classes for realizing the effect of
tool chatter on the cutting path. The program can also be
calibrated by experiments to simulate the realistic
machining process in future work.

Keywords: Chatter, Cutting, Dynamic Simulation, Tool
Natural Frequency.
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Fr= 20 mmrev, 2160 rpm, fc= 180 Hz, Xc=1 mm.phase=0, 0.069 sec

Fr= 20 mmyrev, 2160 rpm, fc= 180 Hz, Xc=1 mm.phase=0, 0.069 sec
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=2160 rpm ~ f=36 Hz -
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S F,—12 mm/rev F.=18 mm/rev F.=24 mm/rev
B Fr= 12 mmvrev, 2160 rpm, k= 190 HZ, k=1 mm,phase=0, U115 sec h 1 mimirey, 2160 rpm, = 190 HZ, ke=1 mm,phase=0, U077 sec h‘-“.’-l mmirey, 2160 rpm, Ir.— TOUHz, =T mm, phase=U, U050 sec
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workpiece bength {men) workpiece bength {mem) workpiece bength {mem)
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I'l— 12 mmirey, leﬂrpm fe= 100 Hz. Il: !mmphzse =0, 0.116 sec
1 LN T

Fr= 18 mmirav, 2lSnrpm o= 180 Hz, Xe= !mmpﬂa!e =0, 0.077 sec

Fr= 24 mmirav, 2lSnrpm fc= 180 Hz, Xe= !mmpﬂa!e =0, 0.053 sec
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~h, =2

B4 h =4

D=20mm-~z=67 ~f =180 Hz -~ X,=1mm ~r=5-N=2160rpm ~ f=36Hz -
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Fr B A (ho) % 1 £

f. =200 Hz ~ r=2 ~ my=0.33

fe —400 Hz ~ r=4 ~ m,=0.66

f. =600 Hz ~ r=6 ~ m,=0

Fr= 24 mmvrey, GUOU 1pm, o= 200 HE, Xc=2 mm.phase=U, UUZT 3eC
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tocl width (mmj)
=

workpiece length {mm)

h—xﬂlnn’lﬂ FDUI] Tpm, o= 300 HE. 1(_ Ilnnﬁll:e =0, TUZT sec
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toal width {mm)

workpioce length {mm)
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Fi= 28 ey, GUOU Tpen. To= GO0 Iz, =2 mm.phase=0, UUZT 36¢
0 e  as e ot

tocl width (mmj)
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workpiece length {mm)
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Fr= 24 mmrev, £000 rpm, fc= 200 Hz, Xc=2 mm.phase=0, 0.021 sec

mms
40 s

I'l— 24 mlnfrev 000 rpm, fc= 'WDHz Xe=2 mm,| phase =0, 0.021 sec

40 45

Fr= 24 mmvrev, G000 rpm, fc= 600 Hz, Xc=2 mm.phase=0, 0.021 sec

5 0 15 20 25 30 35 40

=0.54

=0.54

B D =4

=7.46

=7.46

D=20mm-~z=6 7

~ Xe=2mm ~ F, =24 mm/rev ~ N =6000 rpm ~ =100 Hz -
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45 2461 phid (N2 7 B2 HBEA LRE > b 5 R (M)E - £ W%

S N=1200 rpm ~ r=9 ~ m,=0.5 N=1350 rpm ~ r=8 ~ m,=0.33 N=1800 rpm ~ r=6 ~ m,=0

S Fo= TX ey, Y200 T Te= TOUFz. W=y mom phase=0, 1T s%¢ Fo= TT ey, T e, T TOUFE. T2 o phase=0, 1007 3%¢ Fo= TX e, TEUU Tpen Te= TEU Iz, M=y i phase=0, 1069 3%¢
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}3_ Fr= 24 mmyrev, 1200 rpm, fc= 100 Hz, Xc=2 mm.phase=0, 0.104 sec Fr= 24 mmvrev, 1800 rpm, fc= 100 Hz, Xc=2 mm.phase=0, 0.069 sec
3 : g

Rt H

i o o T o o i e

em| "

T T
(mm) [ £ h =4 =0
B hn:8
#3:x | D=20mm~z=67 ~f.=180Hz - X, =2 mm ~ F, =24 mm/rev -

B [ T T T T ]
6 ;7 L2 | 1
h, 4 4 4 4
(mm)

2 |

O —— __________________________ - =

; 2 3 i 5

W 12 5 podid (N)$ & B R (h) 5% £ 2 8538 @131F£GM%”@&§WJ%“ii%$(

D=20mm-~z=6 7 ~f.,=180Hz ~ X, =2 mm -~
F. =24 mm/rev)
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