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Abstract

In metal cutting the shape of generated chip varies according to cutting conditions, characteris-
tics of workpiece and geometry of cutting tool. The best surface roughness of machined wor-
kpiece is obtained when generating flow type contrinuous chip. If the generated chip is not broken,
that is not only tangled workpiece and cutting tool, but also may give damage on the machined
surface of workpiece or danger for a operator. The flow type continuous chip may bring the low
productivity in high speed and heavy cutting, automatic machining process and non-human
factory. There are two type of chip break process ; controlling cutting condition and using chip
breaker. In present study we carried out the experiment on new type chip breaker compared with
conventional type and proved the efficiency of a new type and showed the chip break condition
to be applied in actual metal cutting. In the experiment SM 20 C as a workpiece material and WC
as a tool material were used and cutting speed of 30 ~ 150 m/min, feed of 0,071 ~0.210 mm/rev and
depth of cut of 1 mm were applied as cutting condition. The results of the experiment are as
follows : (1) The mechanism of chip curl can be explained more clearly by plastic flow of
workpiece material and moment of shearing force. (2) The most effective radius of curled chip
and flat distance from cutting edge is 2.0~2.5 mm and 1.5 mm in both types. (3) The effective
inclination angle of chip break surface and side cutting edge angle are 30°~45° and 20° in
conventional type, while the radius of arc surface, lower arc angle A, upper arc angle B and side
cutting edge angle are 3 mm, 20°~45°, 0°~45" and 10°~20° in new type. (4) The probability to
be obtained 1009 chip breaking ratio is much higher in new type than in conventional type.
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Table 1 Chemical composition of SM 20 C (%)

C Si Mn P S
0.04

0.18 0.05 0.006 0.05
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Table 2 Mechanical properties of SM 20 C
Yield Tensile Elongation Area Hardness
Strength strength (%) contraction (Rs)
(kg/mm?) (kg/mm?) (%)
24 .45 38.11 41.76 37.61 62.51
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Table 3 Tool geometry

Back rake Side rake End relief Side relief | End cutting | Side cutting Nose
angle angle angle angle edge angle | edge angle radius
0 0 g g 15° 0°,10°,20° 0.5 mm
Table 4 Setting condition of conventional type
chip breaker
L L (mm) a(degree)
1.0, 1.5 2.0 30, 45 60, 75
o
7 L

Fig. 2 Setting geometry of conventional type chip

breaker 'a) Setting of chip breaker. () Geomatrv of new tvne chin hreakar
Fig. 3 Setting and geometry of new type chip
breaker
Table 5 Setting condition of new type chip breaker
L (mm) R (mm) A (degree) B (degree)
1.0, 1.5, 2.0 2.0, 3.0, 4.0 0, 20, 45 0, 45, 90
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Table 6 Cutting condition

Cutting speed (m/min.) 30,

60, 90, 120, 150

Feed (mm/rev.)

0.071, 0.106, 0.124, 0.160, 0.180, 0.210

Depth of cut(mm) 1

Cutting fluid None
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Fig. 15

Fig. 16 Radius of curvature of chip and percent of broken chip vs feed by enw type chip breaker
R=3.0mm, B=45", L=1.0, 1.5, 2.0mm
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Fig. 17 radius of curvature of chip and percent of when [=1.
broken chip vs feed by new type chip breaker 20°, 45°.

Fig. 18

€.00

3.00

2.00

Radlus of curvalura of chip Re , mm

.00

000 0.08 0.10 038 020 0.26

00.00

-

£0.00

60.00

40.00

20,00

Percent of broken cblp r , X

0.00

0.00 0.06 Q.10 0.18 020 0.26

¥ AdTE Rl B R MRE 1R

Ang®
3
ncoc 0 VaiSom/min
»10° A Yar20om/min
FaSGem O 7 oom/min
L 0 ¥s tom/min
+ ¥= 30m/min

Feed t , mra/rev
(a)

Feed t , mm/rev
@)

4.00

3.00

2.00

1.00

Radfus of curvature of chip Re , mm

gueac Ra2Omm

10

| Smm

4=20°

B=ib”
© V=150m/min
4 ¥w120m/min
O Y« 0om/min
¢ V= cOom/min
¢ ¥« 30m/min

0.00

090 .06 040 0156 020 026

Feed [ , mm/rev
(=)

g
2

g
g

2
e

]
8

g
8

Percent of broken chlp r , %

7’*‘@

0.00
000 006 0.10 0.3 020 0.28

Feed t , mm/rev
(@)

Radius of curvature of chip Re , mm

Peroent of broken chip r ', %

Redius of cusvature of chip Re , mm

Percent of broken chip r , %

4.00 H 4.00
du20® E 1u46°
°
=
3.00 o 300
Z2
S
-
o
2.00 ¢ 200
3
K]
o Vaibowm/mis 5 O Vat30m/min
1,00 A Veizom/min - 100 & Va(2dm/min
o Vs o0m/min ° 0 Vs gom/min
¢ V= som/min g ¢ Ve som/miz
¢ Ve 30m/min E 4 Ve Som/min
0.00 & 0.0
Q.00 0.06 0.0 0.15 D20 0.28 0.00 0.05 0.10 0.16 0.20 0.26
Foed ¢, mmm/rev Feed £, mm/rev
(®) {e)
100.00 100,00
®
80.00 = 50.00
&
r ]
©
64.00 o 60.00
M
[4
£0.00 2 .00
-
3
]
20.00 v 20.00
M4
v
14

o.00
0.00 0.0¢ 040 0.16 020 028

Pocd ¢, mm/rev
(e}

4.00

3.00

2.00

0.00

Rsd.0mm

Val50m/min
VYej20m/min
Ve 60m/mis
Ve 80m/min
V= 30m/min

+0000

o0 008 €10 G216 020 0.28

Feed f , am/rev
(v)

00000 w0 040 045 b2 oS

Feed f , mm/rov
(o)

+« ™m

Radius of curvetyre of <hip Re

g
g

Percent of broken chip r , %

g
g

a
s
g

5

»
hid
g

0.00
Q.00 0.06 Q.10 0.16 020 o.25

Feed t , mam/rev
(2]

IS
o
3

3,00
2.00
0 VeiS0m/min
1.00 & Y=120m/min
o V= R0m/min
0 ¥= 00m/min
+ Ve 3om/min
ool e e
0.00 0.05 0.10 0.15 020 0.28

Feed ¢ , mm/rev
(e)

Re4.0mm

0.00
Foed ¢, mun/rev
[$4)

©0.00 0.05 0.1 0.316 0.20 0.28

1135

5mm, R=3.0 mm, B=45, A=0",

Radius of curvature of chip and percent of broken chip vs feed by new type chip breaker

when L=1.5mm, =20°, =45°, =2.0, 3.0. 4.5mm.
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Fig. 19 Radius of curvature of chip and percent of broken chip vs feed by new type chip breaker
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Fig. 21 Radius of curvature of chip and percent of broken chip vs feed by new type chip breaker
when L=1.5mm, R=3.0mm, B=45", A=0", 20, 45°
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Fig. 23 Radius of curvature of chip and percent of broken chip vs feed by new type chip breaker
when L=1,5mm, A=20°, R=2.0mm, B= (", 45°, 90
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Table 7 Optimum chip breaking condition

Optimum chip
breaking
condition

=2.0~2.omm
0 [2.0~2.5] 1.5 45 Rc=2.0~2.5

C tional =]1.5mm
onventional 1y b.o~2.5/ 1.5 |30~45 L=1.5

Type of ¥l Rc L a A R B
Chip breaker | (deg.) | (mm) | (mm) | (deg.) | (deg.) | (mm) | (deg.)

type a=30"~45"
20 [2.0~2.5 1.5 3 .
0 [2.0~2.5 0 =20
0 [2.0~2.5 1.5 20~45] 3.0 o |Re=2.0~2.5
. L=1.5mm, R=3.0mm
New type 10 2.0~2.5f 1.5 20 3.0 45 A=90"~45", B=0'~45°
20 [2.3~2.8 1.5 20 3.0 45 ’

B=10"~20
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Table 8 Case of about 10094 broken chip.

Type of Figure
chip breaker (Feed, over mm/rev.)
Conventional 6(e), 9(d), 110(d), 11(d),
type (0.124) (0.160) (0.160) (0.124)
12(e), 13(e), 13(F), 14(e), 16(e), 17(d),
(0.124) (0.106) (0.106) (6.106) (0.106) (0.106)
New type 17(e), 17(f), 18(d)~(f), 19(d), 19(e),
0.106) (0.106)  (0.071)  (0.106) (0.106)
20(e), 21(d)~(f), 22(d)(e), 23(d)(e),
(0.106)  (0.071) 0.071)  (0.071)
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