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A Study on the Detection of Cutter Runout Magnitude in Milling
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ABSTRACT

This paper presents a methodology for real-time detecting and identifying the runout geometry of an
end mill. Cutter runout is a common but undesirable phenomenon in multi-tooth machining such as
end-milling process because it introduces variable chip loading to insert which results in a accelerated tool
wear, amplification of force variation and hence enlargement vibration amplitude.

From understanding of chip load change kinematics, the analytical cutting force model was formulated
as the angular domain convolution of three dynamic cutting force component functions. By virtue of the
convolution integration property, the frequency domain expression of the total cutting forces can be given
as the algebraic multiplication of the Fourier transforms of the local cutting forces and the chip width
density of the cutter. Experimental study are presented to validate the analytical model.

This study provides the in-process monitoring and compensation of dynamic cutter runout to improve
machining tolerance and surface quality for industrial application.
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Fig.1 Schematic diagram of end milling process
with cutter runout
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Fig.2 Chip thickness kinematics and elemental local
cutting forces
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Table 1 Experimental cutting conditions

cutting variables conditions
Radial depth of cut(dr) 1.0 mm
Axial depth of cut(da) 150 mm
Cutting speed 300, 420 rpm
Feed rate 70,76,150 mm/min
Material Polyethylene
end-mill(& 10) 4-flute
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Fig.3 Comparison of cutting force variation between
normal cutting state and cutter runout state
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Fig.4 Comparison of frequency response between
normal cutting state and cutter runout state

—154—



2

5% o8 WHANE TYH 54
¥ 4 A9k

Fig. 5ol 2 A7 748 3ad 2uFA
Rag olgstel 4N AH Aokx A% A3
AN AARPoRRE F49 X, Y3 Ao
= Aagd oyl A A okgel d@ F7144
g wEdAel Aee dehia sl

e AN
rﬁ J{N'

KR
=

O

Nom;al C;mng o

A A PN

S U LU e Ui i LA L e A

Cutting Force |
=N U - B

o

200 400 600 800 1000
Cutter Runout

"f'\i”{‘“‘x'v'““)lh,w‘bf‘ ‘
| f0

| \ )| ' i
i R !
\IJV 4 \..’ Wb B f '’ \.« -

Cutting Force
B O N b

o

200 400 600 BOO 1000
No. of Sampies

Fig.5 Comparison of XY components of cutting force
between normal cutting state and cutter runout state

Fig. 61 239 X, Y& @agez 2g A
@ AE @ o} (p)g, Fig. 7E AFAHME
dew Fad Ay F7 HHAd dEd
Ueld Astolth, el ¢ F AE wksk 2ol
7tgol AH£® FAHAE Yol el 30um ¥
2D UASL HFFA AL BEE F ALH,
AN E 7HFEA HFo 4 T7 B
So oz wAsE F4 dopx#el 2um =T
zAq%e #og 5 Ak =, Fig. 73 #el &
ol 94zt 1007 oA Hurt g AFTE H
g 4

olg} o] F71AY Ao 2EA
A9 Holeg LAAALE & F Aoy,
Ao zRy HopgBe AN dE3ta 3 -

iy
o

~

o

05

T T T T

| 0 200 400 600 800 1000
[ .. No_of samole

Fig.6 Variation of cutter runout magnitude

Phase Angle (deg)

3
} Q 200 400 600 800 1000
| No of sample

Fig.7 Variation of cutter runout phase angle

Ba wmEas Havh HEE AYANFoRA
ARAUE Fao NG F Qo Asdnh

54 &

1) AE Aote e Marzolel W sAd A-
FzUsE ok AA Hade WEH oA
JEED Edo G9Fe nAL A ¥
stg .

0) Mate =2sHd Rdg o gdtd AH o
gz Tzade olgstd AANFF B
= 54 AY dokee ANAEE & ARS
W ol Es Acw AT Wohx T
ool Ygas Aol AT AFo2A
AY W 42 e aRdoz AAE + Ao
aud,

Hgned

1) J.W. Sutherland, T.S. Babin, "The Geometry
of Surfaces Generated by the Bottom of and End
Mill, "Proceedings of 16th North American
Manufacturing Research Conference, pp. 202-208,
1988.

9) F. Gu, S. G. Kapoor, R. E. Devor, P.
Bandyopadhyay, "An Approach to On-Line
Cutter Runout Estimation in Face Milling,”
Trans. of the North America Manufacturing
Research Institute of SME, pp. 240-247, 1991.

3) W.A. Kline, RE. Devor, "The Effect of
Runout On Cutting Geometry And Forces In End
Milling”, Int. Journal of Machine Tool Design
and Research, Vol23, No. 2/3, pp.123-140, 1933.

- 155—



4) SY. Liang, M.C. Hormng, M. Liu, "Runout
Compensation in  Peripheral Milling  Using
Repetitive Control,” Proc. of Symposium on
Advances in Manufacturing System Engineering,
ASME Winter Annual Meeting, San Francisco,
CA, December, pp. 77-87, 1989.

5) T.C. Tsao, ]. Burke, B. Burke, P.M. Ferreira,
"Control of Radial Runout in Face Milling,” Proc.
of Symposium on Control Issues in Manu
—facturing Processes: Controlling Manufacturing
Processes, ASME Winter Annual Meeting, San
Francisco, CA, December, pp. 99-105, 1989.

6)].J. Wang, S.Y. Liang, W.]J. Book, “"Convolution
Analysis of Milling Force Pulsation”, ASME
Journal of Engineering for Industry, Vol. 116,
pp.17-25, 1994.

7) J. Hwang, K.Y. Lee, S.C. Shin, E.S. Chung,
"A Study on the Characteristics of Machined
Surface due to Cutter Runout”, Proceedings of
KSPE Spring Conference, pp. 873-877, 1997,

- 156 —



