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In machining with cutting tool inserts having complex chip groove shape, the flow, curl and breaking pattemns of the
chip are different than in flat-face type inserts. In the present work, an effort is made to understand the three basic phe-
nomena occurring in a chip since its formation in machining with groove type and pattem type inserts. These are the ini-
tial chip flow, the subsequent development of up and side curl and the final chip breaking due to the development of tor-
sional and bending stresses. In this paper, chip flow angle in a groove type and pattern type insert is analyzed based on a
force ratio method, involving the feed and radial forces in flat-face type, groove type and pattem type inserts. The expres-
sion for chip flow angle in groove type and pattern type inserts is also verified experimentally using high speed filming
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: Depth of cut(mm)

: Radial force(N)

: Experimental constant
: Nose radius

: Chip flow angle of flat-face type insert

: Chip flow angle of pattern and groove type insert

Nomenclature

F, : Axial force(N)
i :Rakeangle
K, : Material constant
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Fig. 1 Schematic diagram of a chip showing flow, curl and
breaking characteristics
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(b) Large depth of cut

Fig. 2 Schematic diagram of chip flow for changer in depth
of cut
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Fig. 3 Schematic diagram of experimental setup

Table 1 Specification of the chip breaker, tool holder and

workpiece
Tool insert CNMG 120408
Chip breaker flat-face, P20, B25, RT and GM type
Tool holder PCLNR2525 - M12
Workpiece SM45C

Table 2 Experimental conditions

Cutting speed ﬁ30 m/min

Feed 0.097,0.15,0.195, 0.24 and 0.3 mm/rev

Depthsof cut | 0.3,0.6,0.9,1.2and 1.5 mm
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(a) P20 insert, d=0.9mm, f=0.195mm/rev

(b) RT insert, d=1.2mm, f=0.3mm/rev

Fig. 4 Measurement of the chip flow angles
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Fig. 6 Chip flow angle for variation of depth of cut (f~0.3mm/rev)

100



g2 FaA7A LA A9Y M2E 2000. 4.

5.4 B

B Aqoi e ntgE 349 Jr#oAN dv A
E, 33 A8¥olAE e IMES 349 Hud
A7t G ANEZ AHEst Zhzke) A4z thato
33 Ak RdE o8 AFEAE dFdAn,
Aarkg A8 A n&E9 719 E o188t /et

2331 083 e 2L A

(D e zndd o3 AFE7r2 &8 7Y E o8
sto) 223 A9 A/EDH AL A AT
(2) AHE2e) Wzt o] guidld o3t g 3] &
& e, " dold) Hskd el 2 HES O
ehch

(3) A4TdLe ddgde]rt w20 RG e Ao
B Addold W AfEze] Wslst 2A T E
Aok =zuARL 2 Ffde dgdeld nE
A fgztel Walst A A stAct

webd, AA7HE A BAsHe BEEY dEe] te @
5 4 4o} /1 EAQ B4 329N Hay 97
2 goea QMES AAGAd A geE AN
w23 vge) A @ AAY 5 Ax ANEY 4
A7 Vs ez Bt

3 7

B APE 19999 A3ty we| dutaA] @7
o &gt ATHAE.

101

§IL2E

et

(1) BEE, A9H, 452, 'EdE AdE 25 24
o YR Fdo g2 VAR 54 A7, =33
714183, A7 A 1&, pp. 75-81, 1998

(2) LS. Jawahir and C. A. van Luttervelt, ‘Recent Devel-
opments in Chip Control Research and Applications,
Annals of the CIRP, Vol. 42/2, pp. 659-693, 1993

(3) W. Kluft, W. Konig, C. A. van Luttervelt, K.
Nakayama and A. J. Pekelharing, “Present Knowl-
edge of Chip Control”, Annals of the CIRP, Vol.
28/2, pp. 441-455, 1979

(4) L. V. Colwell, "Predicting the Angle of Chip Flow
for Single Point Cutting Tools’, Trans. ASME, 76,
pp- 199-204, 1954

(5) G. V. Stabler, “The Chip Flow Law and its Conse-
quences, Proc. 5th Int. MTDR Conf., pp. 243-251,
1964

(6) S. Spaans, “The Fundamentals of Three-Dimension-
al Chip-Curl, Chip Breaking and Chip Control" Ph.
D Paper, 1971

(7) K. Nakayama, “Comprehensive Chip Form Classifi-
cation Based on the Cutting Mechanism”, Annals of
the CIRP, Vol. 41/1, pp. 71-74, 1992

(8) C. Y. Jiang and Y. Z, Zhang, "Experimental
Research of the Chip Flow Driection and its Appli-
cation to the Chip Control”, Annals of the CIRP,
Vol. 33/1, pp. 47-51, 1984

(9) 1. S. Jawahir, “On the Controllability of Chip Break-
ing Cycles and Modes of Chip Breaking in Metal
Machining”, Annals of the CIRP, Vol. 39/1, pp. 47-
51,1990 '



