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A Study on Optimum of Cutting Ability with Change of Tool Rake Angles
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Abstract

The optimum cutting condition of rake angle in turning was investigated in SM45C and SM20C.
Results of experiments in SM45C and SM20C are as follow. Specific cutting resistance became
higher as the depth of cutting, feed or cutting velocity decreases at same rake angle and resistance
became low value at 20°(SM45C), 10°, 15°(SM20C). The optimum cutting condition for SM45C is
depth of cutting 0.7mm, rake angle 30°, cutting velocity 200mm/min, feed 0.lmm/rev, and for
SM20C is depth of cut 0.5mm, rake angle 10°, cutting velocity 150mm/min, feed 0.1mm/rev. The
rake angle for good roughness is 15° for SM45C, and that for SM20C is 25°. The roughness is
influenced by feed and it has the lowest value at 0.1lmm/rev and the cutting condition is closely
related with the change of cutting velocity and feed.
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Table 1 Tool angle designation

Tip J a as Be Bs Ye 7s R Wo
material ] |
P20 —5°—30° 6° 6 6° 8° 2° 0.2mm 2mm
K20 —5°—30° 6° 6° 6° 8° 2° 0.2mm 2mm
a» . Back rake angle B. . End relief angle ye . End cutting edge angle R . Nose radius

as . Side rake angle Bs - Side relief angle

vs . Side cutting edge angle W, : Chip Breaker
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Table 2 Experimental data of analytic values for cutting force at »=30, f=0.1, SM45C

; 2 Fo Fy Fr Re | Shear |Friction| Friction| R ENG (Skl;}; '
(kg) (kg) (kg) ratio angle | angle coeff (kg) mm?)

0.1 -5.0 16.9 1.5 15.4 7.49 —1.08| —1.26] —3.12{ 25.59 767.80| 2549.60
0.1 0 19.2 13.1 15.4 0.35 0.49 0.60 0.68) 27.88| 836.46) 2783.21
0.1 5.0 9.2 3.1 7.7 1.47 3.76] —0.96) —1.42| 12.39] 371.73| 1234.40
0.1 10.0 16.2 7.7 8.5 —3.24 5.28 1.02 1.62{ 19.85| 595.47) 1954.74
0.1 15.0 23.1 10.8 18.5] -—3.62 8.42) —0.27] —0.28] 31.50{ 945.12| 3043.05
0.1 20.0 11.5 0.8 10.0 1.18 10.18 1.22 2.731  15.26| 457.82| 1434.04
0.1 25.0 23.8 6.9 10.8 0.43] 13.21 0.15 0.15] 27.03] 810.94; 2449.87
0.1 30.0 13.1 7.7 11.5 2.36; 16.23] —0.88) —1.22| 19.06| 571.69] 1650.34
0.3 -5.0 24.6 14.6 15.4 8.19] —1.05/ —1.32| —3.95] 32.49] 974.64] 1078.82
0.3 0 32.3 11.5 23.1 0.41 0.61 0.34 0.36] 41.34] 1240.26| 1378.06
0.3 5.0 23.8 7.7 8.5 1.48 3.770 —0.97| —1.46] 26.42] 792.58] 877.29
0.3 10.0 30.8 6.2 770 —6.58 5.40 0.77 0.98] 32.35) 970.43) 1061.87
0.3 15.0 37.7 21.5 23.1] —3.14 8.38| —0.19] —0.19] 49.16| 1474.94| 1582.98
0.3 20.0 9.2 6.9 8.5 4.90{ 11.46] —1.35| —4.41] 14.30( 429.01( 447.93
0.3 25.0 30.8 12.3 19.2 0.41) 13.16 0.25]  38.32| 1149.66] 1157.72

0.3 30.0 20.8 14.6 15.4 2.22| 16.19] —0.80 —1.04] 29.71| 891.44] 857.79




1048

SPE

SPE

SPE

SPE

1000

1000

2000 .

2000

4000

2000

0 15 20 25 30
ANGLE ( DEGREE )
(a)

0
RAKE

5

O?fDO

05 10 15 20
RAKE ANGLE (DEGREE)
{b)

2000

1009

S0 5 10 15 20 25 30
RAKE ANEL%(DEGREE)
C

ox*x00
cooo
W
eIt Yo N

Oxd 0O

50 5 10 15 20 25 30
RAKE  ANGLE (DEGREE)
(d)

o
olo

SPE

SPE

SPE

SPE

S1e
ot
ot

2000

1000

2000

1000

4090

2000

2000

1000

=1
- v=150

O x0O0
cooo
~Juw—
—_— N

/“———'\—_/______
—_—

ox0O o

05 10 15 20 25 30
RAKE " ANGLE ( DEGREE)
e

Ooxd0
OO0
—uviw—
—nh—h

x030

L 1

-5 0
RAKE

A

5

[ 1 L i 41_0
10 15 20 25 30
ANGLE (DEGREE)
(f)

t=.3
Lv =200

ox00
=T
—uw—
— it —n

xO O

&

1 L 1 1 L

TS0 5 10 1
RAKE ANGLE(

(9)

53

520 25 30
DEGREE)

Oox 00
as *% 8%
~Juiw—
- =R

oxO0

—

70 15 20 25 30
RAKE AN%LE (DEGREE )
(h)

Fig. 6 Specific cutting resistance for bite rake angles at SM20C



dAF-2 A4S dAY 1049

=.3 0:0,1 f
t=.3 °:Q1f vz 1 0:0'3 ¢
g I R 255
& i 0,7 f a t NG
wo .
& st
8_ o Q
= ° RN\
N o0 5 10 15 20 25 30
50 5 10 15 20 25 30
e A(NG)LE (ence) RAKE ANG(LE)(DEGREE)
3
t= : =.7
gl v-30 AR, Shv=150 i i
LS x:0,5 f o 9%’32

1900
Oxao0
1000
oOxao

-; 0 5 1b 115 ZL() 2‘5 3b -'IS 0 S 1IO 1LS 2‘6 iS ‘3‘0
RAKE ANGLE (DEGREE) RAKE ANG(LE )(DEGREE)
{b)
t=.3 0:Q1 ¢ o
8l v=80 0: 0.3 f S
< ;’:8,5f ~
w 7 f w
[Va} w
o [a»]
31 o p=4
— WG —
- X
WO
TS0 510 15 20 25 30 50 5 10 15 20 25 30
RAKE  ANGLE {DEGREE) RAKE  ANGLE (DEGREE)
{c) {g)
f—-.S 0301 f [ f: 7
= 0 v = 0: 0.1f
§ v =80 382 2 § v = 200 9 8%
w 10,7 f w | x:05f
a T o <:0,7f
[Va] w

2000
O*X00

1000
Ox0 O

s e i A

S0 5 10 45 2025 30 20 5 10 15 20 25 30
RAKE ~ ANGLE (DEGREE) RAKE  ANGLE (DEGREE )
(d) (h)

Fig. 7 Specific cutting resistance for bite rake angles at SM45C



1050 a4 A2 A
Zol7h Ftstwl AAATE vlader Fride
Aol vehtn gled of& ol A= vl
FAE fAstn 9o F35 o4 0.lmm/rev,
A4zlel 0.1mmel Aol AAAY] F E
st aA vehte olfe AFEN B 37
sdel A o& Aoz & 4 gl

Astel glofAl Aatzlel fioh AAA e A
€ A9 A4dHle ol fohe AsTaHd @
A7k et dubde e FAMAF Fob Aol
iy, ol fotel dAle & Ao

Fo= Gt S

A7IH Gk F2 FAE AZITT 99 AAZ
ek AL Aol ol At £=0.9, v
£0.8 HE2 ek,

.Pg

do rir
=
w
(=}
1Y
ml
2
A
4
o
2L
fu
2
2
I
ul
T
rie
o %
odt

b Zo, .

Z Awzatrtel —5ro e FAEFE FH
2% AAdAn o] ARV E HoFho] 30° H
oll4] vbEl}ul Fig. 9(b)s} Fig, (bl Al 25° vheht
u] SM20Coi4+= Fig. 8(c), Fig. 8(e), Fig. §(a)ol
A 25°el A HAE ARl FA] AAls el
Atk

= SM45Co) A& Fig. Ha)lAd+= 157,
A& 10°14 7h3 2 g vebdct,

r

Fig. 9%(g)

gahzol g Fzxe] L Avu A
A&zt 200m/mine A RE 2EE ARz E
Boz Friste A%E RoiFm, £E7b 150

m/min FA7le] 0.3mm THolA FTHzEE
g
[~

A s BaPe o 4 Qe A4AGe] 4
A%l Fohgel uheh Zads Aol glo,
@ 37 A Azl s AAAYL 7
4%

ol Aatd el gepAe wet FT AWH F
stol o] whatAlg7t Zhadtr] wEez FAA| e
sl Ao #59 ¥ HAe 2xmeAE
F4E Ao vEbyte

olZio g Al B

150m/min, A A+z)o} 0.7mmo!1/ﬂ 7}7& %°L
1.

ERRSERS P /\}-—g-f{ SM45C, SM20C A&l = 2]
Y3l HAANBE g

o ofrlold A8a PYL AR FAAH
% 22z EMAEE A8 1 ARE Asw
W Azt SYH W4, & Fagel, 4Rz
4%, o43 EUEE 22D olziH Fal
ofd 77e BAyHPezE Auund 4+ go

= Z normalization 34 2 2 energy methodst w)
A

A Ge Agagd,
MAAATE BAAL Rl A FAAHD

ol as] @ ol ofrjold ol

o
£
73‘)‘]‘7]' xlﬂ—d; L
3

A A Lxl°]
Z G = 25 total resistance forceoi
dg =) Rk,

a2y AL et 100m/min ol 3o AAtL
Helol e At gtol A& e mAE 9
A glba e Bas0? gloy orldMe A
£oddolHE dFs £ Bs} gdctn AAdof
e ek,

A4 QazAe HoANEe Bl weld Ao
Az, HxREo1E, AARA AASE]

r]r

F, HAARAAGNFE S0z lFo] nEE ¥ 4
Foolont AAazAL AqfYaaE 7lFoe
o AAdsrl F45 Fool AHaLzsl ad

A

1 ) SM45C°ﬂ/‘i«l HHAALz7

SM45Cel A1 9] A A4z dbH e 20°)
A gt e A g sixie] AAzle] §.3mm, FHAb
7 90°, ol &
0.7mm/revel 164.08
2 ey,

AAE oy AAAASZALE A4 0.7
mm, 7ZAAbz 30°, AA4E s 200m/min, ol
0.1mm/reve] 7$ 2 olue] wlAAX L 471.48

AA4L e 80m/min, 150m/min,

A2 olue wiAAATL



30
. 25
3\20
S5
10

<y

T

S
x
a

30}
g 25
X920
c 15

10

5
rake

0 15 20 25 30
angle (degree]
(a)

ol 'y I L

30
g 25
X20
& 15
10

-

1

i

5
rake

10 15 20 25 30
angle {degree)
{b)

O xoQ
oL
~un—
N = —h—h

-——————""_/‘\.__*O

5 0 5
rake

10 15 20 25 30
angle (degree)

()
V:80

Q:
£:05 2
<O

\)wu)—-‘
o

0,
0,
Q,
0.

S 10 15 20 25 30
rake angle (degree)
Sa1te

o AA3 et BY AT 1051
, 0:0,1 f
ol V150 °0:41¢
t:01 x:0,5 f

E 95t ©:0,7f

x\2’)% o

e 15 "
101 a
5i?”T_—T“fr’/IN\T“‘~t—=gO

-5 0 S 10 15 20 25 30
rake angle (degree)
{e)
V:150 0:0,1 f
30} r05 331

£ 25+ &:0,7f

X0l

& 15} ©
1o-wx
5L::::I::::Z:::ZZZZ:Z::;:::ig

-5 0 5 1 15 20 25 30
rake angle (degree)
(f)
V:209 gz‘g,]jff

g 25} '

N 20t o
10h/\_,_—/\_/\/x
i —
-5 0 5 10 15 20 25 30

rake angle {degree)
(9]
v 0:01f¢
30} VED B3
25} B0 x: 0,51

0 1 0.7f

e 15t S
10'/\-’\/x
| =—————"_¢

S0 5 10 15 20 25 %
rake angle (degree)

th)

Fig. 8 Roughness for bite rake angles at SM20C.



1052

™Y

30
€ 25
20

Xl
;'B-::::;:::iii::fii::::::

-5 0 §
rake

0 15 20 25 30
angle (degree)
(3)

1t
3§
5 f
7 f

-5 0
rake

g 25
X 20
o 15

5 10

BOL 1

15 20 25 30
angle (degree)
(b)

w[::::::;i:::5§5::::j:“

S 0 5

rake

g 25}
Naof
= 15}
10t
St

0} i

:::::Zzzzzzzzgzﬁféfztt

10 15 20 25 30
angle (degree)
{c)

Oox00
OO
o=
—_ —h—hh

Toaxo

50§
rake

70 15 20 25 30
angle (degree)
(d}

o

%t

x

U

olo

30t
E 25}

20
s 15
10

-5 0 5

30
825
%20
& 15

10

70 15 20 25 30

angle (degree)
(e)

v 1150

- 120,7

rake

O:
o:
X !
(o]

WO
i 1 i —

30
E?S

20
o 15

“ 10}

-5 0 5 10 15 20 25 30

rake angle (degree)
(| £)

L L}
Lo d

Lk

30
£ 25

&15
10

0 6§
rake

0 15 20 25 30

angle (degree)
{g)

v:200

o f
- 10,7 3 ;
S f

-5 0 5§
rake

0 15 20 25 30
angle (degree)
{h)

Fig. 9 Roughness for bite rake angles at SM45C



wlo] & QlAZte) Wge] w2 ANAY HH 3 Yt Fd AT

2 Jehygoer FuzsE R, Aol 1.022 e
wet,

(2) SM20Ceoll M o] 2 A A4 A4z7

SM20C Al o] = A4zl ddtH oz 15°%
A oge AF gg sixle] F4bzle] 0.7mm, 74
7+ 30°, AA4 % 200m/min, °}43 (.5mm/rev
o AS2 olue wlAAAFL 142.932 2 EIN
o AAZ 30°, AALEE 150m/min, o] 0.7
mm/revol A £ w]HAA G 142.962.2 wlx@
e A

ARNE neid HHAAzAL FAZ 0.5
mm, 727 10°, AA4EE 150m/min, o]
0.1mm/reve] 72 olmlo] v AA32 411.83
o2 ey, olule IHxEE R, #°] 1.42
vyt el

of F Aol Bl HAAA4RAL S5 o
4% aeln AAzel ofF WAY WA Y&E
o 4 glow oo AL walH FAUdT &
4 Qleh &, A4LEsh gastw olgwel Fvt
st AL Est Fobsid offrfol Zhaste A
olcf, oo} e <l wlaFFEFel 0.45%,
0.2%% F Azl W F4zAE i g
§4-2ko] me SM4SCE SM20CR ot v] Az 8
o] &n} FAar4x = SM20C7H SM45CR T &g

po
lo
o
>
o
o,
do, T
rO
rlo
ket
r_lﬂ_u

=AAE Y AvHn Azeldn olge
AR ARl @ A7e TRzEe g 4w
FzR Az vehge,

olgwa Aol A A%
AR L o Aehdl A
Aeuch £ o o4 2 Aoz ok ¥
@ wheg ehitz ¥ 4 Qe

sel 5 Arel A% 2AL FHshel 2

AL
-©,
o
Ho
o,
rr
o o= o nl

,
N
o |
s
AU

i}

m Aabzlel: (.7mm, (.5mm, 0.lmme #H$Z
olz] oA viebytn Az A we A
g oz AAAE Zd7e] Afae AR A
Ag Qe Lo AAAE Addtny M LA
A FEslo] Y AFE BYrh

£z o ASole ®F 150m/minz} 200m/mine
2 F49 Fdod veludn glen olF& 0.1

1053

mm/rev@ velsich

aejeg AAlzle]l ¢.1mm, °l& 0.lmm/revel

7l Aoz ook e Wael w4
o5& Fstel Bobdd BaFFYo) GE A
Tz §749 AAZAL ANEEYY BE 9T
& et
5.2 2

SM20Cell M= 10°, 15°,
A% Ae goz vehdeh,

(2) SM45Col A HAAAzAL AAzlel 0.7
mm, 77 30°, FASE 200m/min, °l% 0.1
mm/reve}l 7 $olw SM20CelA e HAAAAZRA

& AAzlel 0.5mm, ZAAZ 10°, FAEE 150m/
min, ¢]4 0.lmm/reve] 73 vlebytch

(3) A"l g AxLE SMLECel A= 157,
SM20Co A& 25°o A FZakA] vhelytet,

(4) AAF = olde] ;e Wwerl 0.1mm/rev
A4 b e e HAH AR AASE

sh ol & el Wl & BEBAA Y& T LReh

(1) M. Kronenberg, 1943, “Cutting Angle Relationships
on Metal Cutting Tools”, Mech. Eng. Vol. 65, p. 901.

(2) M. E. Merchant, 1945, “Mechanics of the Metal
Cutting Process I”, J. of app. Physics, Vol. 116, pp.
267~275.

(3) FAHEE, BEFIES, 1964, “ZRuTOHoEEEs B
77, HAEWPEERICE, H384%, HII6H, pp
3255~ 3263.

(4) K. L. Chandiramani, N. H. Cook, 1964, “Investiga-
tions on the Nature of Surface Finish and its Varia-
tion with Cutting Speed”, J. of Eng. for Industry,
May, pp. 134~140.

(5} J. N. Greenhow and Rubenstein, 1969, “The Depen-
dence of Cutting Force and Speed in Orthogonal



1054 QA4 e
Cutting with Worn Tools”, Int. J. Mach. Tool Des.
Vol. 9, pp. 1~16.

(6) Milton C. Shaw, 1965, “Optimum Selection of
Machine Tool Speeds and Feeds”, Int. J. Mach. Tool
Des. Res. Vol. 5, pp. 25~34.

(7) A. K. Rakhit, T. S. Sankar and M.O.M. Osman,
1976, “The Influence of Metal Cutting Forces on the
Formation of Surface Texture in Turning”, Int. J.
Mach. Tool. Des. Res. Vol. 16, pp. 281~292.

(8) S. Kobayashi and E. G. Thomsen, 1962, -metal-
Cutting Analysis- I, 11", J. of Eng. for Industry, Feb,
pp. 63~80.

oA,

i
=

oo

i

(9) M. Sadowy, 1965, “Cutting Forces and Cutting
Power in Orthogonal Cutting of Steel, Aluminum,
Brass and Plastic”, Int. J. Mach. Tool Des. Res. Vol,
5, pp. 81~118.

9 T. C. Hsu and C. Y. Choi, 1970, “Measurement and
Representation of Cutting Force due to Oblique
Machining”, Int. J. Mach. Tool Des. Res. Vol. 10, pp.
49~64.

t) W. N. Findley and R. M. Reed, 1963, “The Influence
of Extreme Speeds and Rake Angles in Metal Cut-
ting”, J. of Eng. for Industry, Feb., pp. 49~67.

12 &k o 49l B 11972, HUFA, p. 45



