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Abstract

For the factory automation and unmanned machine operation, it is very important to manuf-

acture highly reliable and efficient chip breakers for optimal chip control. In this research,
using the CALMA CAD/CAM SYSTEM, the manufacturing process of 3-dimensional chip
breakers is established. Using the results of the cutting test of the selected chip breakers with

double-step grooves, the chip breaking mechanism is schematically analysed. An expression for
the chip breaking relation is derived which considers chip material behavior following LUDWIK’s
stress-strain curve, chip breaking criterion and the shape of chip breakers. This contains the

thickness of chip, the radius of chip curl, and the mechanical properties of chip ‘materials, It
is found that the expression agrees very closely with the experimental results,
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Table 1 Chemical compositions and mechanical properties of SCM 440

% Yield Tensile Elongaﬁon Hardness
C S M. | P S C. | M, point strength percentage
KS (N/mm?®) { (N/mm?) (%) (HB)
SCM 440[ 0.4 10207 1003[0.03} 1.0 0.2 840 990 12 290
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Table 2 Input values

O E a
\\ (N/mm?) ‘ (N/mm’) \ &; Kmax Kmin Kr ' C. ‘ (N/mmz) r
mput | 80 | 2E10° | 0.055 | | 1.2 | 90° | 1.4 | 689 0.25
Chip breaker configuration l " ‘ w
A type 0.2 0.8
B type 0.17 0.95
C type 0.14 0.9

Table 3 Comparison of experimental and theoretical output values

A type B type I C type
Exp. Theory Exp. Theory l Exp. Theory
Jmin 0.3 0. 2236 0.33 0. 3090 0.37 0. 3524
Smax above 0.6 0. 8046 above (.6 1.1120 above 0.6 1. 2677




ol & FusiolAY S

.d B

2 dFdAe o83 e A4 dsidh

(1) CAD/CAM A 28§ o] 438t <atqle] £71%
& 3a4 P4 AusfelAd =g A g A
Al &gl e,

(2) AudolAY AFAYHE B3t Juslelq w
I EE 402 A9dgch

(3) AAAY AAN B4, AFA Y AFEF AL
4 QzE 3 Ass] YEEAE A

4) A2% 279 43 4 4AE 934, sy
fHzA o oltFe Y4& ndddte] Y sty
FA4L HEHg o APAs vmy F YA
gicth.

2 A7 A AR 28 ASE dubde 334 3
A8 AusolAd) g AA Y Az} 8T 4+ 9}
o ge A4y AL ¥ A2 get. AT
£ 8 9, oeistA AAAY AAA Ao g v
ol B} Wo] A7, Aqldo] ar}l Andolre P4 4
FTol4&Ed uAL J¥E FHon dFHeo}
# Aol

2 o128

(1) Kaldor, S., Ber, A., Lenz, E., 1979, “On the
Mechanism of Chip Breaking”, J. of Eng. for In-
dustry, Trans. ASME, Vol. 101, pp. 241~249.

(2) Boothroyd, 1975, “Fundamentals of Metal Ma-
ching and Machine Tools”, McGraw-Hill, pp.187
~189.

(3) Nakayama, K., 1961, “A Study on Chip Breaker”,
Trans. of the JSME, Vol. 27, p.833.

(4) Zhang, Y.Z., 1980, “Chip Curl, Chip Breaking
and Chip Control of the Difficult to Cut Mater-

1013

ials”, Annals of the CIRP, Vol. 29, pp.79~83.

(5) Wotthington, B., Redford, A.H., 1973, “Chip Curl
and the Action of the Groove Type Chip Former”,
Int. J. Mach. Tool Des. Res., Vol. 13, pp, 257~
270.

(6) Nakayama, K., 1962, “Chip Curl in Metal Cu-
tting Process”, Bull. of Faculty of Engineering,
Yokohama National Univ,. Vol. 11, p.1.

(7) Rubenstein, C., Dawe, C.C., 1969, “Analysis of
Chip Curvature”, Adv. M.T.D.R., pp. 283~298.
(8) Minato, K., 1974, “A Study on the Chip Ex-
cluding (1st Report)”, Bull. JSPE, Vol. 8, No. 1,

p. 21.

(9) Spaans, C., 1971, “The Fundamentals of Three
Dimensional Chip Curl, Chip Breaking and Chip
Controf”, Docter-Thesis, Delft Univ.

(10) Lang, M., 1974, “Spanformer und Spanablaufs-
tufen Zur Erzeugung Kurzstuckiger Spane beim
Drehen Von Metallen”,
Munchen,

(11) Henriksen, E.K., 1953, “Chip Breakers”, Na-
tional Machine Tool Builders Association Vol. 98,
p. 118.

(12) Worthington, B., 1975, “The Effect of Rake
Face Configuration on the Curvature of the Chip
in Metal Cutting”, Int. J. Mach. Tool Des. Res.,
Vol. 15, pp. 223~239.

(13) Takeyama, H., Sekiguch H., Takada K., 1970,
“One Solution for Chip Hazard in Turning Study

Technichen Hochschule

on Automatic Programming for Numerically Con-
trolled Machines (1st Report)”, J. of JSPE, Vol.
36, No. 2, pp.150~156.

(14) Clare, L.J. St., 1952, “Design and Use of Cu-
tting Tools”, McGraw-Hill, pp. 169~172.



