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Fig
Fig
Fig
Fig

.2-1-1
.2-2-1
.2-2-2
.2-2-3

Factors affected by cutting forces
Orthogonal cutting
Orthogonal cutting test at peripheral surface

Force diagram of orthogonal cutting at disk-type workpiece

Table 2-3-1 Devices for cutting test

Fig. 2-3-1 Data recorder and charge amplifier

Fig. 2-3-2 Experimental arrangement

Fig. 2-3-3 Mandrel (workpiece holder) and disk-type workpiece

Table 2-3-2 Cutting conditions

Fig
Fig
Fig

Fig.

Fig.

Fig.

Fig.

.2-34
. 2735
.2-4-1

Tools for orthogonal cutting
Pipe dial gauge

Variation of cutting forces in orthogonal cutting of C2801

(a) Cutting forces versus depth of cut

(b) Cutting forces versus rake angle

(¢) Cutting forces versus cutting speed

2-4-2

2-4-3

2-4-4

2-4-5

Specific cutting force (FV/(W ‘1 )) versus depth of cut #; and cutting force per
unit chip cross-sectional area (F,/(w-1,)) versus chip thickness 7,
Relationship between chip thickness and cutting forces. Cutting conditions are
same as Fig. 2-4-1 and 2-4-2

Specific cutting force versus inverse of cutting ratio. Cutting conditions are
same as Fig. 2-4-1 and 2-4-2

Specific cutting force versus shear strain. Cutting conditions are same as

Fig. 2-4-1 and 2-4-2

Fig. 2-5-1 Experimental check of equation 2-5-3

Table 2-5-1 Theoretical equation of shear angle

Fig. 2-5-2 Relationship between angle (S-7) and shear angle ¢. Cutting conditions are

same as Fig. 2-4-1 and 2-4-2
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Fig. 3-2-1 Model of semi-orthogonal cutting. Approach angle =0 deg

(a) semi-orthogonal cutting (b) Section C-C

Table 3-3-1  Devices for cutting test

Fig. 3-3-1 Data recorder and charge amplifier
Fig. 3-3-2 Experimentall arrangement

Table 3-2-2 Cutting conditions

Fig. 3-3-3 Workpiece

Fig. 3-3-4 Tools for turning

(a) Top view (b) Front view

Fig. 3-3-5 Measurement of chip hardness
Fig. 3-4-1 Variation of cutting forces
(a) Cutting forces versus feed
(b) Cutting forces versus orthogonal rake angle

(¢) Cutting forces versus cutting speed

Fig. 3-4-2 Feed versus shear stress (Carbon steel)
(a) S25C (b) S35C
(c) 45C (d) S55C

Fig. 3-4-3 Feed versus shear stress (Aluminum ally)
(a) A2024 (b) A5052
(c) A5056 (d) A6061

Fig. 3-4-4 Relationship between chip thickness and cutting force (Carbon steel). Cutting
conditions are same as Fig. 3-4-2
(a) S25C (b) S35C
(c) S45C (d) S55C
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Fig. 3-4-5 Relationship between chip thickness and cutting force (aluminum alloy). Cutting
conditions are same as Fig. 3-4-3
(a) A2024 (b) A5052
(c) A5056 (d) A6061

Table 3-4-1 Shear stress 7y and “Chip Constant” m
Fig. 3-4-6 Relationship between chip hardness and shear stress
Fig. 3-4-7 Relationship between chip hardness and “Chip Constant” m

(a) Carbon steel (b) Aluminum alloy

Fig. 3-4-8 Relationship between angle (S-7) and shear angle ¢
(a) A2024 m/t,=1.61
(b) S55C m/t,=1.54
(c) S45C m/t, =1.50
(d) S35C m/t, =1.46
(e) S25C m/7, =1.39
() A5056 m/t; =1.37
(f) A6061 m/T; =1.29
(g) A5052 m/T; =1.20

Table 3-4-2 Cutting conditions
Fig. 3-4-9 Workpiece
Fig. 3-4-10 Sample of chip
(1) FC25 (2) FCD40

Fig. 3-4-11 Relationship between chip thickness and cutting forces
(a) FC25
(b) FCD40 (c) FCD50

Table 3-4-3  “Chip Constant” m
Fig. 3-5-1 Cutting model of semi-orthogonal cutting

Fig. 3-5-2 Flow chart for the estimation of cutting forces
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Table 3-5-1 Device for cutting test

Fig. 3-5-3 Recorder and charge amplifier
Fig. 3-5-4 Experimental arrangement
Table 3-5-2 Cutting conditions

Fig. 3-5-5 Cutting tools for turning

(a) Top view (b) Front view

Table 3-5-3 Estimated values of shear stress 7, and “ Chip Constant ” m
Table 3-5-4 Comparison of estimated values (Es) of three components with experimental

ones (Ex)

Fig. 3-5-6 Estimated and measured cutting forces for various side cutting edge angles

(1) £=0.160 mm/rev (2) £=0.212 mm/rev
(a) SCM435

(1) £=0.168 mm/rev (2) f=0.212 mm/rev
(b) A5083

Fig. 3-5-7 Relationship between angle (S-7) and shear angle ¢
(a) SCM435 (b) A5083

4%
Fig. 4-2-1 Bending of scratched lines
Fig. 4-2-2 Deformation and energy consumption during cutting
Fig. 4-2-3  Cutting model considering the influence of surface plastic flow on the shear angle
Table 4-3-1 Devices for cutting test
Fig. 4-3-1 Workpiece
(a) Workpiece of C2801 (b) Larger image of C2801 and A1100

Fig. 4-3-2 Experimental arrangement Horizontal milling machine and Tool dynamometer
Fig. 4-3-3 Charge amplifier and Recorder
Fig. 4-3-4 Tools for orthogonal cutting

Fig. 4-3-5 Arrangement for cutting test
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Fig. 4-3-6 Measuerment of depth of cut
Fig. 4-3-7 Measuerment of surface plastic flow
Table 4-3-2  Cutting conditions

Fig. 4-4-1 Relationship between depth of cut #; and plastic flow 5f on the machined surface

(a) C2801 (b) A1100

Fig. 4-4-2 Relationship between depth of cut #; and shear angle ¢, @,
(a) C2801 (b) A1100

Fig. 4-4-3  Relationship between plastic flow &, on the machined surface and depth of plastic flow
layer 6,
Fig. 4-4-4 Relationship between f, -y, and plastic flow 6,

(a) C2801 (b) A1100

Table 4-4-1 Coefficient C,

Table 4-4-2  Shear stress r;

Fig. 4-4-5 Relationship between chip thickness #, and plastic flow &, on the machined surface
Table 4-4-3  Coefficient J;/t,

Fig. 4-4-6 Relationship between depth of cut # and the ratio of shear stresses ‘L';/ T

Fig. 4-4-7 Relationship between depth of cut #; and cutting forces F,, F

(a) C2801 (b) A1100

Fig. 4-4-8 Relationship between chip thickness #, and main cutting force F,

Fig. 4-4-9 Relationship between main cutting force per unit cutting width F,/w and plastic flow Oy
Table 4-4-4 “ Chip constant”m  MPa

Table 4-4-5  Coefficient Cj mmz/N

Fig. 4-4-10 Relationship between shear strain y; and specific cutting force Kj

Table 4-4-6  Coefficient C,/C;

FESE

Fig. 5-2-1 Deformation and energy consumption during cutting

Table 5-2-1 Coefficient C,



Fig. 5-2-2  Cutting model considering the influence of surface plastic flow on the shear angle
Table 5-3-1 Cutting conditions

Fig. 5-4-1 Relationship between depth of cut # and plastic flow 6f

Fig. 5-4-2 Relationship between depth of cut #; and increment shear angle A¢

Table 5-4-1 Additional shear angle A¢ deg

Fig. 5-4-3 Relationship between depth of cut # and shear stress 7

Table 5-4-2 Shear stress T, MPa

N
Fig. 5-4-4 Relationship between depth of cut #; and shear strain ratio y;/ Y
Table 5-4-3  Ratio of shear strain y;/ Ys
Table 5-4-4 Ratio of energy Wg/W,

Table 5-4-5 Shear stress 7, MPa
Table 5-4-6  Shear stress 75 MPa

Fig. 5-4-5 Relationship between depth of cut # and ratio of energy (W, / W, Wy /W and Ws/W)

(a) C2801P (60-40 brass) (b)  A1100P (Aluminum 1100)

Table 5-4-7  Ratio of energy
Fig. 5-4-6 Relationship between depth of cut # and ratio of energy Ws/W ¥

Table 5-4-8 Ratio of energy Ws/W,

6 HE

Fig. 6-2-1 Cutting model of deformation and energy consumption during cutting

Fig. 6-2-2 Cutting model considering the influence of surface plastic flow on chip thickness
Fig. 6-3-1 Workpiece and cutting test arrangement

Table 6-3-1 Cutting conditions

Fig. 6-4-1 Depthof cut #; versus surface plastic flow 6,

Fig. 6-4-2  Chip thickness 7, versus surface plastic flow d; . Cutting conditions, same as Fig. 6-4-1
Table 6-4-1 Coefficient Cj

Fig. 6-4-3 Depth of cut f#; versus cutting forces F,, F;. Cutting conditions, same as Fig. 6-4-1
Table 6-4-2 Shear stress and ratio of shear stress

Fig. 6-4-5 Depth of cut#; and chip thickness t,, versus principal cutting force F;, .

Cutting conditions, same as Fig. 6-4-1
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Fig. 6-4-6 Depth of cut f#; versus cutting ratior, . Cutting conditions, same as Fig. 6-4-1

Fig. 6-4-7 Chip thickness 7, versus principal cutting force per unit cutting width F,/w .
Cutting conditions, same as Fig. 6-4-1

Table 6-4-3 Chip constant m MPa

Fig. 6-4-8 Principal cutting force per unit cutting width F,/w versus surface plastic flow Of .
Cutting conditions, same as Fig. 6-4-1

Fig. 6-4-9 Shear strain y, versus cutting energies : W = total cutting energy, A

. = shear energy

without the effect of surface plastic flow, WJ:- = friction energy on rake face without the

effect of surface plastic flow, AW = additional total cutting energy resulting from the effect of
surface plastic flow, and Wj = energy consumed in surface plastic flow.

Cutting conditions, same as Fig. 6-4-1

(a) C2801 (b) A1100

(c) SUS304

Fig. 6-4-10 Depth of cut #; versus ratios of energy : W ,WS’,W}, and Wy , same as Fig. 6-4-9, and

AW, = additional friction energy resulting from the effect of surface plastic flow. Cutting

conditions, same as Fig. 6-4-1
(a) C2801 (b) A1100
(¢) SUS304

Table 6-4-4 Ratios of energy
Fig. 6-4-11 Depth of cut #; versus ratio of energy AW/ W, . Cutting conditions, same as Fig. 6-4-1

VII
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Fig. 2-1-1 Factors affected by cutting forces
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: Principal cutting force

: Thrust force

: Shearing force

: Normal force

: Friction force on rake face
: Normal force on rake face
: Resultant force

: Depth of cut

: Chip thickness

: Rake angle

: Shear angle

: Friction angle

: Cutting width

: Cutting speed

Workpiece

N 2o el %2“11;1:151:1

Fig. 2-2-1 Orthogonal cutting
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AERARERTAER L, 2001 F TUHIED REF7Z C2801(60-40 )2 HW TR D
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—~— F,, : main cutting force
Fi F; : thrust force
Fg : shearing force
Fy < normal force
F : friction force of rake face
B-v N :normal force of rake face
R

: resultant force

~

7 :depthofcut

ty :chip thickness
y :rakeangle
¢ :shear angle
B friction angle
Workpiece
~—

Fig. 2-2-3 Force diagram of orthogonal cutting at disk-type workpiece
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231 {HABEER
FEERICH W 2 FE AR D — % % Table 2-3-1 I8 L, X% Fig. 2-3-1, Fig. 2-3-2 IR T.

Table 2-3-1 Devices for cutting test

Device Type and model

Tool dynamometer Kistler : Multicomponent Force Plate Type B9257
Charge amplifier Kistler : Multichannel Charge Amplifier Type 5019B130
Recorder NEC SANEI : OMNIACE RT3200N

Engine lathe TAKISAWA : TAL-460

Fig. 2-3-1 Data recorder and charge amplifier

Fig. 2-3-2  Experimental arrangement
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BEHIM I IRAUBY D < $ o3 2 UHITE D REF 7 JIS H3100 C2801P 1/4H (BSP3B)?D 60-40
il TH 5, JEE 2mm OMM D5 190mm BED ESIBIC 7 — 77 A< )itk oIk,
etz 4 DINF v v 7 TEHREF L CTHDIZ FY VI X 5T ¢22mm DR BV %479 . KIC Fig. 2-3-3
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v 3 719 4% ( )
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-F 2-3-2
t= 7 966 yv ( )

YA 2 3 (EDNFE, BONE) OFAIENE2—F)Th 3, Ao 10000
& 3719 B XU 7966 3G DERTH D, L7 Fy & Fy ¥, EANF, EHDTRICHIET
2F =Y 7 Vv 7ORNEEV TH 5.
Table 2-3-2 IZ B4 UIEIZM 28 L, wIBEZRHiPH CIAHL RS & L 72,
Fig. 2-3-4 I Z R T X IS LRI FHIBIRTH 5.
Fig. 2-3-5 IR /84 744 YL 7 — 2 (1/100mm) TUIHIZ O] ) < FIE X 2 HlE L 7.



Fig. 2-3-3 Mandrel (workpiece holder) and disk-type workpiece

Table 2-3-2  Cutting conditions

Workpiece JIS H3100 C2801P 1/4H (BSP3B)

Tool material Carbide tool JISP10

Orthogonal rake angle y =0,10, 20,30 deg

Normal clearance angle o =6deg

Cutting width w=2.0 mm

Depth of cut i =0.053 ~0.212 mm/rev

Cutting speed V=176 ~202 m/min

Fig. 2-3-4  Tools for orthogonal cutting Fig. 2-3-5  Pipe dial gauge
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24.1 YIHIZA DRI H ) WHIESLO A

Table 2-3-2 1T/~ L 72 UTHISGAE D & 9 12, HBIIAHIFHICYI D 3AA 1 (0.053 ~ 0.212 mm / rev)
2, T\ WAy (0~30deg), YIHDEE YV (53 ~188m/min) 22 LI W70, YIHIZGEDE
fBIZf 5 UIHHRSLO ZAL O I % Fig. 2-4-1 (a), (b), ()IZAR T,

Fig. 2-4-1 (@)D & ) ICYJAHEHI TS A F, E BTN FIE, YIDiAH g oBme &£ HIcimL Tk
D, Fig. 2-4-1 (b)D X 912§ L Wy BN & 2l L, % 72 Fig. 2-4-1 (¢)D X 9 ICYIHIEE vV
DR EIIIEDT 2D b5, 2O X I RYIHIRGLO ZA IV HI S D Z IS > THln
2N 72288 CThH 5. 2D X 5 YISO ZALITHE > TOIHIEYLE L 12T 2 v )
ZEiE, HICYIHIGA S UIHIRIZHEE L & ) & LABOREES L Tw 2,

Fy F
—O— --e--y=0d

1000 y =0deg
z o1 —— —-m--y=10de
=~ 800 —O—  —-e--y=20deg
g —l— - —4&--y=30deg
L 600 Dry cutting

§ Workpiece : C2801P
5 400 y =0, 10, 20, 30 deg

& =6d
£ 200 DO
5 2 E : ; w=2.0 mm
© Rarrd Cex fa t;=0.053 ~0.212 mm

0 - .
0 005 01 015 02 025 V=69~79 m/min
Depth of cut ;, mm

(a) Cutting forces versus depth of cut

F, Fy
- -0 --¢=0.053 mm
- -8 --¢=0.080 mm
1000
z - - --¢=0.106 mm
- - =& =-¢=0.160 mm
; 800 --%--4=0212mm
<
o 600 Dry cutting
% i Workpiece : C2801P
g 400 % y =0, 10, 20, 30 deg
[
2 00 a=6deg
E : w=2.0 mm
ST t;=0.053 ~0.212 mm

0 10 20 30 V=69 ~ 79 m/min
Rake angle y deg

(b) Cutting forces versus rake angle



Fy F,

—O— --®--y =0deg
200 T T T 1 —F= ooy - l0de
<800 O —-e--y=20deg
g 7 - —&--y =30deg
= 600
: Dry cutting
3 400 Workpiece : C2801P
8 y =0, 10, 20, 30 deg
&0 -
g a =6deg
S 200 w=2.0 mm
° t;=0.160 mm

0 50 100 150 200 250 V=53~ 188 m/min
Cutting speed ¥ m/min

(c) Cutting forces versus cutting speed

Fig. 2-4-1 Variation of cutting forces in orthogonal cutting of C2801

242 “UH S TFER OERZE
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AWML Ay (=w-r/sing=w-1,/cos(¢p-y)) DR L >T, YIHHEFUILM L LRSI 1%
R HeonTwS, ZoHfligFEFEIKEHL T Fig. 2-4-1, Fig.2-4-2 THW7—% % H
AL, RO TEAMERAZRET 2 EERNTHIUN K TREE 1, LUIHIKIL 2571 (F,,F)
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Fig. 2-4-2

Fig. 2-4-3

F,/(w-t1) F,/(w:t)
V=69 ~ 79 m/min V=153 ~188 m/min V=69 ~ 79 m/min V=53 ~188 m/min
t7=0.053~0.212mm ¢;=0.160 mm t7=0.053~0.212mm ¢;=0.160 mm
O y=0deg ° y=0deg ® y=0deg o y=0deg
[1 y=10deg u y=10 deg B y=10deg O y=10 deg
& y=20deg . y=20 deg * y=20 deg o y=20 deg
VAN y=30 deg A y=30deg A y=30deg A y=30 deg

e

Specific cutting force (FV /(w1 )) versus depth of cut #; and cutting force per unit chip

cross-sectional area (F, /(w-1,)) versus chip thickness ?,

1000 F, F,
z ! ! I I
o b O e y=0deg T
< 800 R R 0w _ _
< Q: y =10deg |¢; =0.053 ~0.212 mm
5 600 : i i : O e y=20deg |V=69~79 m/min
= : : : AN A y=30deg |
400 - ® o  y=0deg
S ’ &2 _ _
= H ‘e OO : u o y =10deg |¢; =0.160 mm
) : .".OO Pomo
g 200 p=ree . l@]jji .......... :. ....... - * N y =20deg | V=53~ 188 m/min
5 fArEl ] Ao y=30deg |

0
0 02 04 06 08 1
Chip thickness ¢, mm

Relationship between chip thickness and cutting forces. Cutting conditions are same as Fig.

2-4-1 and 2-4-2

ZOMBEHOME AT Ll L2LAaBoEaIFIiclE, FO0F YD FES
t, DX HBERIEERAD Sk, YIHIE GHRIEw) 2FETUIESTF, ZXAckINn 2
T EIT D, HBIEB m IZHMAY)  FWHMDH 72 ) DFETNTDRE S Z/RT, Fig. 2-4-3 025
ARFEEROHIPANT C2801 IZE1F 2 HbIERZ m =461 MPa TH > 7z,
F=m-w-i (2-4-1)
7, Y (=10/n) 2 I THYIHEESLK (= F, /(w1)) 2R T EXXE % 5.
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K, =— (2-4-2)

Z ZCYIHIH DML (=1, /1)) ZHCIUERAE % 2,
K =m-l, (2-4-3)

K 2-4-3 H & FLYTHIKPT K 1% Fig. 2-4-4 128§ X 9 ICYIHI @i 1 1 il % .

DX mZMEERE L TEATIUETSNNF, RLHYIHHIRTL K 1, 202 ny)HI5f:
ZBH S TYID K TOWHE wr,, WHILOMEL ICX > T—RNICRE LD 5.

Z ZTARUMECIRYIAEYIOMEHm 2 R I HELZK L LT, COEBm 2z “Yh < 3EHK
( Chip Constant )" £ F7 35 Z L2 L7z,
RICK 2-42 DI RET ISR AW O T By, 2T FIUIRA L 45,

K. ="

s .
¢ Vs

52 (2-4-4)

K 2-4-4 Tr. -y ZYIDIAH 1 DMK L TIIEF—ETH 525, 3 0y OEIICHE-> TR
WL Tws, FHTEELy,=097 THoP 6K 244 ICBWVTIEK, =477y, &% 5. TD
HUTHIEEHL K & AWTO Ry, DBILRIZ Fig. 2-4-5 [OR T ) TH 5.

& 3000 T I
= O y =0deg
J E E ] y =10 deg t; =0.053 ~0.212 mm
8 2000 _.. ................ s O A — <> y = 20 deg V=69 ~79 m/min
& : VAN y =30deg
.%D ° y =0deg ]
§ 1000 _ ........... ............... ] - v =10 deg £ =0.160 mm
2 ' : e  y=20deg |V=53~188m/min
8 A y=30deg _|
& 0 ] ]
0 2 4 6

Inverse of cutting ratio /. (= t,/t])

Fig. 2-4-4  Specific cutting force versus inverse of cutting ratio. Cutting conditions are same as Fig.

2-4-1 and 2-4-2



& 3000
S O y =0deg
. (] y=10deg |, =0.053~0212mm
8 2000 e, I — <> y = 20 deg V=69 ~79 m/min
8 AN y=30deg _|
.%D ° y =0deg
15; 1000 ferrereeeeere o donsnn e — 1 y =10 deg t;=0.160 mm
2 . y =20 deg V=53 ~ 188 m/min
B A y =30deg _|
& 0
0 2 4 6

Shear strain s

Fig. 2-4-5 Specific cutting force versus shear strain.  Cutting conditions are same as Fig. 2-4-1

and 2-4-2

243 <Y1 D < FREEE 7B A BRI R

Fig. 2-2-1 DYIHIE T A2 S, Y10 S FWiAIBE wot, Z O TETHE, 2R T EXRAE 45,
ZCCHHlEE w &9 5,

. cos(f-7)
* cos(¢+B-y)-cos(¢-7)
K 2-5-1 1B T2 AWA P IIRATRINS,

Wty (2-5-1)

¢ =tan~!| LV (2-5-2)
I-7.siny

MBI AWNG I 7 (AR EBROVIEIZEMEOfHNT—ETH 2 LT 5. I TEIHF,
U0 FWmEBE wet, ICHHI T2 &) 2 i, K 2-5-1 DEADOREH T TR I NS HIHE
E—ETHDHEVZML R L 2ERT 5, 241 £ 2-5-1 580 K FEREFE
ABTIETI DL (mfT ) IZRA L 2 5.

m_ cos(f-7) (2-5-3)
TS

cos(¢+p~y)-cos(p-7)

K 2-5312B8BVT, Ty 223 LBOERERTF OO T % Fig. 2-5-1 IR T,
TOA Y BHML T H cos(¢p-y) 1FIEEAEBL TR, F7cos(f-y) & cos(p+f-7) IE
IGERICH 2 D DD, BITIZTRTFORRICSH 2 704013 12F—E L5506, YIDL
TEBE VL AWIE I DL (m/,) 3 —E L2 2 EBHE D Lo T,

RIZEFIF, £ E3 T F, O ERIRIERATRI NG,
F,=F, tan(f-7) (2-5-4)




O cos(Bp

0 cos(@B-y)
o
A

- L5 T I T cos(¢-7)
< T : cos(f-y)
: |2 4 4 b cos(§-1)cos(#-1)
,.: e~ 9 1 _O ............................... @..—.
Q & = @ @ g g Dry cutting
&% O L : Workpiece : C2801P
g o g_ T : H :
Z 17 o5 | y =0~30deg
e 8 a=6deg
= w=2.0 mm
$ T t;=0.053 ~0.212 mm
A R S R I

0 10 20 30 V=69 ~ 79 m/min
Rake angle y deg

Fig. 2-5-1 Experimental check of equation 2-5-3

“YIO CFEE m ZWA L THUE, EDNE D TIEE 1, OMED A TR 2-2-1 1R L
kYo CHEBICEIETE 2. Lo L, WONFOHEICEAL-7)DBRETH SR
253 ZEH L TH(B-y) 2 ELERADHEOND.

ﬁ—y=tan_1{rﬁs-%¢¢:y)—cot¢}—¢ (2-5-5)

PLED X9, “UIh < $EH m %% AW E 7L O UM 2 23 R A g, 9
MGtk & LTE LTy ick i 2 (B- ni,&%@@hwﬁ¢%ﬁxﬁazam;b
AR 2 D,

YIHIBERE 1 3515 28 AT ¢ 0 (B-y) S A IEBIRIZRE 2B TH 1, Table 2-5-1 1% D
—HlZ R Table 2-5-1 DX HIHERD 6% DREDVH 2 RICIFMBRICKBIL XH T
MWIEHBEOME L 3T ELR T, $REBOMIOET T &9 & TITHBRERZEAL %
(TR HRLRVRE, AEMRORIENPAS TIEEV I LITMA T, MEMROREIEE R
METhLIEEELTVLS



Table 2-5-1

Theoretical equation of shear angle

Equation Researcher Year
p=—-B+y Krystof 1939
¢= . ﬁ + L Marchant 1941
4 2 2
t—l
¢=¥—§+% Marchant 1945
¢=%—/3+Z Stabler 1951
p=—-pB+y Lee and Shaffer 1951
tan™' 2
p=2- K Hucks 1951
4 2
¢= %— p+y-n Shaw, Cook and Finnie 1951
p=15(r<15)
. e 1954
p=v(r>15)
_[1=sin A
¢=00t1( Liy— ) il 1955
cosy A'cosy
20+ -y=90"-y Zorev 1956
o4 |G+H . )
¢+pf-y=tan” ;1 =54.7 Wwisz 1957
—2(Z+2)
¢+p-y=tan” | ———=cot2Q Colding 1959
—+1
H
T
¢1=Z_0f+7
T
¢2=5—0f+y—92 Al 1963

cot26, = %[cot ¢, + tan(¢2y)]
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p+p-y=0

2p—
tan6 = - 1+£—2¢+M—sin2(¢—y) Oxley 1963
2 2 tan 8
cost
cotg =cotfd+ ——KL e H 1963
sin(6+7)
¢ = %- /3+% Kulberg 1964

¢ - E AW B B AR BRGATRY <<

2 ORI DHIFANT C2801 D m =461 MPa TH b, V¥ AWIE I 7,=377 MPa Th %
Tedmlrg=122 7%, R2-5-51CBWTm/r,=122L LTEHEZ, LEOTAWfMZHEL T
f(B-y) ZFHET 2 LT Wy BOMBBRIE SN2, ZOMREE Fig2-5-2 18T, HEE

ICYTHI L T S W UIHIRSL 2 971 (F,,F,) ZHWTRDIMA(B-y)E, VIDKTEZn %
‘ZEU%L'C?%%*L%’@AH‘ZE%(}b@BQ{%%IﬁIEPG:G‘-’F{?}“C 7ay b3 5 EMROEG IS L T

D005, L DFEMFIZET B (m/r,) DatFAEIE 1.22 1K L TRAT-5 ~ +9%RRE DA D

Ron7zDT, 2ObTLLEZDETNFOMEMIGHEELZEXIZT I LIEERDEL., 20D
RICB L TE3E TR S Z LT 5. 06K LIXLIXFIH Z LTV b Merchant 8 X Of Lee-Shaffer
IZ & B AW g & (B-7) DFAERIR Y Fig 2-52 ISR L TH L,

Marchant : Calculated
2¢tp-y =90 m /7 =1.22
Lee and Shaffer : y=0 deg
gHfy=45 y=10 deg
--------- y=20 deg
o 40 VsV =20 AL [T y=30deg
S
Experimental
-
o t; =0.053~0.212mm ¢; =0.160 mm
g V=69 ~ 79 m/min V=53~ 188 m/min
<
§ O y=0deg °
7 L] y=10deg |
& ¥ =20 deg .
0 10 20 30 40 50 VAN y=30deg A

Angle (B-y) deg

Fig. 2-5-2 Relationship between angle (-7 ) and shear angle ¢. Cutting conditions are same as

Fig. 2-4-1 and 2-4-2
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(TEBZEBATEIEICEST, EQHE EEDNE,BznZnfiifizBlgic k>
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AT L YIRS LOHEE LTI ) < 38R & AW BHADMENER TH 5.
HANC LR NG 2o 2 UIHIFEBRZT>CTI NS 2O0DOMBIEREE 2 D EET 5 79D,
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3. 2 3XUYHOUIHIBEE~D<EY { TEE DEA

FH2ETRLAYHNICB Y 2 &0 F 8 %E, TAEBWICX 2BENMTOL»Tbik bR
72 TAEMEM D 1 D CTdh 2 el X 2 el ~ o % Wit 3 5.

IR IC 3 ZouYIHl D fEHl< &I 2 ZoubHl & J 72 L 72 9HI€ 7L 2 Fig. 3-2-1 12,
T7R—FAY=0deg THH, YWNIAR a ITHRTEY f& /7 —RFRr, BRITITNES L, Y]
HIZEE LT 1 DDEMINHTITON T 25412, YRONICER ZBTIRNOEEIIC 2 Xt
P2 YTz, EBEOU Y K FRYUNHICEATIER L, Hbfiv, 28 THRET 225,
TORWTIEHE DTN F, BETIE, £3ED 3 Fp il IR THhS b D e F 2T, fiHIC
EDNE, WANF EEV DT F) ERT 2 UHIRRATH 2.

RN 2D X9 5tk Thiedl L CHER ORMEICEE 22U )  FEBOHFHEZ MR L, MR
P AW 2 EBOMEL S LICHER T 5 2 LT L 7,

F, —
—- h
\ A ‘,4 Workpiece\/ P
y \
4 .
Workpiece
f Vc =
a |
Y F i Y
C | ehip JF ¢ B-v
p It
B Tool ‘
(a) Semi-orthogonal cutting (b) Section C-C

Fig. 3-2-1  Model of semi-orthogonal cutting. Approach angle =0 deg



3. 3 HEBREHE
331 fEARES
FERICH DRI IIE 2 E L [H—TdH 5. Table 3-3-1 ICHEFBER %2R L AL % Fig. 3-3-1 B &

U\ Fig. 3-3-2 127”9,

Table 3-3-1  Devices for cutting test

Device Type and model
Tool dynamometer Kistler : Multicomponent Force Plate Type B9257
Charge amplifier Kistler : Multichannel Charge Amplifier Type 5019B130
Recorder NEC SANEI : OMNIACE RT3200N
Engine lathe TAKISAWA : TAL-460
Fig. 3-3-1 Data recorder and charge amplifier Fig. 3-3-2  Experimental arrangement

332 FEBT L YHIRA

YISt % Table 3-3-2 1T, Fig. 3-3-3 [C#HIM Ol 27739, T.EIZ Fig. 3-3-4 (@)IZ/R T Kk 9 I
77U —Ffy=0deg D 1 DDEMYINH 2 FKi> 7L FTH Y, BEFRYINHIC 2 XouY)
HlZ4Cldd s, TEBIRE L TIEFig.3-3-4 OISR T LI T WAZELIE TV,

Fig. 3-3-3 IZHR L 72 ELE ¢ =100mm x & 250 mm D MEDHHIM D —li%, Fig. 3-3-2 127
LeigEn 3 5N F vy 7 CHEIEL, b9 —HDlmEzMiit ¥ —CHREFT %, Fig. 3-3-4 1
NAMERT, HIZIE, T 0Ay=-5deg DA FZHWTYIDIARIE a = 3.0 mm, YJHIEE
I V=108 m/min £ —E & L,£D f % 0.106 ~ 0.320 mm/rev & 2L ¥ CTYIHIMHEST 3 4371 % JIE
T3, UHITHEH SN D CF 2L TE . RICT L W2 y=0deg D34 MITAHL T
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FERRICUIHI SRR 2179 . T WMAZy=0,5,10,15deg & 2L S THERICHED R L UIHISEER % 17

7.

Table 3-2-2  Cutting conditions

Cutting method  Cylindrical dry turning
Workpiece Carbon steel : S25C, S35C, S45C, S55C  (JIS G4051)

Aluminum alloy : A2024, A5052, A5056, A6061 (JIS H4040)

Tool material Carbide tool JISP10
Tool shape Cutting edge inclination 0 deg
Orthogonal rake angle y=-5,0,5,10, 15 deg
Normal clearance angle 6 deg
Orthogonal clearance angle 6 deg
End cutting edge angle 6 deg
Side cutting edge angle yw=0deg
Nose radius 7 =03 mm
Depth of cut a=3.0mm
Feed rate f=0.106 ~ 0.320 mm/rev
Cutting speed V=76 ~202 m/min

Fig. 3-3-3 Workpiece



(a) Top view (b) Front view

Fig. 3-3-4 Tools for turning

BeHIM 2 2550 L MR O YTHI SRR %2 S25C, S35C, S45C, S55C ¥ X Y A2024, A5052, A5056, A6061
DWW AT 72, S35CIZDWTUET K Wify=5deg, XD f=0.280 mm/rev 1Z¥ > CTYIHEE
% 76 ~ 202 m/min & ZLIEER LT, YIHIEH3 22 WELY) C T2 7, Y]
HIFSHT 3 33 ¥ 2 7 —#IEERE U T REHGFCHEL, HitF v —2 7> 7 CHiE, NEC
ZRoGUEErCHIEE A S L .. B o NABED SYIHIIRIZHAE L TR 7, 2 HTOHE
B & I SN S 2 IS s s B 7o, YIRS 3 93 (BN F,, &3 Fp, 590
F,) O#EXZRITRT,

10000

_ . 3-3-1

3719 Y (3-3-1)
10000

_ . 3-32

F 70930 "% (3-3-2)
10000

sy 333

P 7966 Y (3-3-3)

22T, BEANE, BE3NF EERNE, ORALIEN TH D, o 10000 & 3.719 & 7.930
B L7966 3EHHIGR A=A —IC X 2EHTH S, £XF,y L FyBXOYFy &, E00F, &
DHEFp, BANFHET2F =7 7OHNEILV TH 5.

333 BN FEI L 2 20MBEROBR

il s YT B OB DB L R ABTO T ATY D ( FOMSIFIZIFMAL TR 570, Y
HI G DZAC D 2 52§ IS RHE I IRIE—E D2 1§ L 3biT, PR AW 7 & 121F
HBIBIR TR TE 2 2 L2 WE L T2, AT, U1 < FEES LUIHIHRYITE 5 DB
RICEHL T, HilcafBRERTH 2D CFEBZREL 708, FIE AW & FfkicY)
DTS L OBIRDHI S DI TEIUIAMEE LIS SICHTH 3.
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N5 k5 BRI ® 2 47O B E B 1 R 2 WS L 72, Fig. 3-3-5 1083 X H 128 b < 3 Wi
D H YA CREBEE T O U E S G GRERTT 1.96IN) 217> T K Fo Ly A — A I HV
ZHEL, WD FERE L O AMIGT & DBIfRZHGEL 7.

\/ Chip
*4 Diamond indenter mark

|
-

'J\ Cross section of chip

Molded chip

Fig. 3-3-5 Measurement of chip hardness
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3.4.1 YIHISGA: & T HIESL O B 67
CIHIZEAT & YIRHESLOBIfR %2 S35C 2B,

Cutting forces F,, Fy and F,, N Cutting forces F,, Fy and F,, N

Cutting forces F,, Fy and F,, N

" 1500

2500

2000

_Q_FV
—
+Fp

1000

&
500 W

. T Satati i

Dry cutting

Workpiece : S35C

Orthogonal rake angle : y =5 deg
Side cutting edge angle : y = 0 deg
Nose radius : r, = 0.3 mm

Depth of cut : @ = 3.0 mm

0 0.1 0.2 0.3 0.4 Feed: f =0.106 ~ 0.320 mm/rev

Feed f mm/rev

Cutting speed : V=108 m/min

(a) Cutting forces versus feed

2500

2000

1500

1000

500

0

_Q_Fv
— —F

+Fp

Dry cutting

Workpiece : S35C

Orthogonal rake angle :
y=-5,0,5,10, 15 deg

Side cutting edge angle : y = 0 deg

Nose radius : r,=0.3 mm

Depth of cut: @ =3.0 mm

210 -5 0 5 10 15 20 Feed: f =0.248 mm/rev

Orthogonal rake angle y deg

Cutting speed : =108 m/min

(b) Cutting forces versus orthogonal rake angle

2500 — T T 1
2000 AR S -
1500
1000

500

—O—F,
— —Fr
——F,
Dry cutting
Workpiece : S35C
Orthogonal rake angle : y =5 deg
Side cutting edge angle : ¥ =0 deg
Nose radius : r, = 0.3 mm

Depth of cut : @ = 3.0 mm
Feed : f = 0.248 mm/rev

0
0 50 100 150 200 250 Cutting speed :

Cutting speed ¥ m/min

V=176, 108, 158, 202 m/min

(c) Cutting forces versus cutting speed

Fig. 3-4-1 Variation of cutting forces
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Fig. 3-4-1 (a)l33X D DZAVITHE ) YIHIHRSL 3 0 WO EHITH D, (b)id TE T < WD ZAL, (o)l
YIHLEE D2 TH 5. Fig. 3-4-1 (a), (b), ()ITAT L 912, HIE S NYIHHERSL 3 450 (94
Fy, BYTNFr, B3NF,) ©5b, 2950 (EXNE, EV3IFe) &Y foRme &
HITHML, T Wiy e AL, UHBRE YV o &g L Tcnws, /=X
P 03mm ENS K, TR —F MY =0deg TH HERL 2 RIuWIEIE LT 72, HH
N F, 132 DMEDPN S CEBIA SN, NS IFHIETO C2801 DA &Rk, YK
DA S UTHIRST O ZL DA B 1 2 PRI 22 288 2 R L T %,

3.4.2 YJHIGA L PR A WG OB R

BelNc 513 255 0 Fy S ESIF, EXED 301 Fp it iR TN S W 2 2 2 A L 7 BT, i
CEDIE, EEDNF, (ShElcs T 5380 51 Fp) 23MERS 2 2 XouYlElcd % & LT, S35
G0 TERTOHEIMOFEE AWIET o, 2 KD, ZDFHE, Fig. 3-4-2 (a), (b), (c), Fig. 3-4-3
(a), (b), (©)D & ) ICYIHIZAF D ZLIC B D &3, REEROHFNTIZ P AWIST) v, (3RS
IC—EDMEZ R L 7, ok, BEZZLOYIHISEEIZ S35C DAHIT> T 528, YIHBRE Y O
ZAIC & 2 R AWNG ] 7y ~NDEEIIREFR TORPANTIIRD s ko, TDkH I
YIRS O HEE I BB EEE R D 1 DR IR S e,

y=-5deg
y=0deg
y=5deg
y=10 deg
y=15deg

1500

<>OHO

1000

Dry cutting
500 fmeeieen W@,@Q@ ----- —  Workpiece : S25C

Side cutting edge angle : 1 = 0 deg

Shear stress 1, MPa

Nose radius : r,=0.3 mm

0 i i i Depth of cut : ¢ = 3.0 mm
0 0.1 02 03 04 Feed: f=0.106 ~0.320 mm/rev
Feed f mm/rev Cutting speed : =108 m/min

(a) S25C
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Shear stress 1, MPa

N/mm

Shear stress T

Shear stress 7, MPa

y=-5deg
y=0deg

1500 f=0.106 ~ 0.320 mm/rev
y=5deg V=108 m/min

y=10 deg

S35C

1000 y=15deg
V=176 ~202 m/min f= 0.248 mm/rev

y=>5deg

e J D> OO

M OO

500 Dry cutting

Workpiece : S35C

Side cutting edge angle : y = 0 deg
0 0 o1 02 03 04 Nose radius : r, = 0.3 mm

Feed f mm/rev

Depth of cut : @ = 3.0 mm

(b) S35C

1500

y=-5deg
y=0deg
y=15deg
y=10 deg
y=15deg

S45C

S0 1010 1 RS SRR SO SO -

@@ 3 @ @ @ Dry cutting

o) 0 [0 1 " R — Workpiece - S45C
Side cutting edge angle : 1 = 0 deg

4> SO0

Nose radius : r, = 0.3 mm

Depth of cut : @ = 3.0 mm
0 01 02 03 04 Feed: f=0.106~0.320 mm/rev
Feed /' mm/rev Cutting speed : V"= 108 m/min

(c) S45C

1500 y=-5deg
y=0 deg
y=15deg
y=10 deg

y=15deg

555C

(0010} AU SO SR S -

4> SO0

Dry cutting
Workpiece : S55C
Side cutting edge angle : = 0 deg

500

Nose radius : r,=0.3 mm

Depth of cut : @ = 3.0 mm
0 01 02 03 04 Feed: f=0.106 ~0.320 mm/rev
Feed /' mm/rev Cutting speed : V=108 m/min

(d) S55C

Fig. 3-4-2 Feed versus shear stress (Carbon steel)

3-10



Shear stress 7, MPa

600

400

200

600

Shear stress 7, MPa

600

Shear stress 7, MPa

0
0

A2024!

y=0 deg
y=5 deg
y=10 deg
y=15 deg

>0

26 e

400

200

400

200

N I R

0.1 0.2 0.3 0.4

Feed f mm/rev.

Dry cutting

Workpiece A2024

Cutting speed V=129~ 141 m/mim
Approach angle 1 = 0 deg

Depth of cut @ =3.0 mm

Feed f=0.106,0.124,0.142,0.168
0.212,0.248,0.284,0.320 mm/rev
Nose radius 7, =0.3 mm

(a) A2024

0.1 0.2 0.4

0.3
Feed f mm/rev.

y=0 deg
y=5 deg
y=10 deg
y=15 deg

> S0

Dry cutting

Workpiece A5052

Cutting speed V=166~ 181 m/mim
Approach angle 1 = 0 deg

Depth of cut ¢ =3.0 mm

Feed /= 0.106,0.124,0.142,0.168
0.212,0.248,0.284,0.320 mm/rev
Nose radius , =0.3 mm

(b) A5052

|
A5056§

y=0 deg
y=5 deg
y=10deg
y=15 deg

>0

% @@@@ ...... o

0.1 0.2 0.3
Feed f mm/rev.

0.4

Dry cutting

Workpiece A5056

Cutting speed V' =166~181 m/mim
Approach angle i = 0 deg

Depth of cut ¢ =3.0 mm

Feed /= 0.106,0.124,0.142,0.168
0.212,0.248,0.284,0.320 mm/rev
Nose radius 7, =0.3 mm

(c) A5056
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y=0 deg
y=5 deg
y=10 deg
y=15 deg

600

|
A6061;

>0

400

Dry cutting
Workpiece A6061
Cutting speed V=166~ 181 m/mim

200 %@@m ------ —  Approach angle y = 0 deg

Depth of cut @ =3.0 mm

Shear stress 7, MPa

i H : Feed /= 0.106,0.124,0.142,0.168
0 | i i 0.212,0.248,0.284,0.320 mm/rev
0 0.1 0.2 0.3 0.4 Nose radius r, =0.3 mm

Feed f mm/rev

(d) A6061

Fig. 3-4-3  Feed versus shear stress  (Aluminum ally)
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BHC BT 229 NF, 91D K FES 1, OBIfR%Z R L, Fig. 3-4-5 (a), (b), (c), (DITT7 VI =7 A
SR AL SN
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bOYN K FTEE m TH D, VIHIEILOME IR S ) 1 DOMBIERIBR SN LI
%5,

AHEEETHHTDH 5, P AWIE T v, LY D < $EHm % Table 3-4-1 12 —F5 L TR,
%8, FHNA M X AT D < FIEOmisG AT THE» St 2 @i d 2.
TR TIEOPFRMETT D S TES , ZHEL, Y10 < FWIHEHEIEHEMI w1,
(=a-t,)& LTCw3, BARSIIEENICE T 2810 { FWiHBEEZHE LT D, Z20)ikz 2|
LCRME L 2R E DEIZEWDINTH - 72,



O y=-5deg A y=10 deg

(]  y=0deg V. y=15deg
& y=5deg ® V=76~ 202 m/min (for S35C)
7 2500 | z 2500
=~ 2000 : 17010 N P S |\ R —
] 51 i
o &
S 1500 8 1500 frseeeeeenesees R —
o0 = $35C
-5 £ f= 041506
45 1000 ‘5 1000 f=rerrmmeregbennees -0.32 mm/ rev =
° i ° V=108 m/ min
= S25C < and
B 500 e flennne - /=0.106 o % 500 frefemeniboneens /= 0248 mm / rev .
g -0.32 mm/ rev S V=16 )
= V=108 m/ min & -202 m/ min
= 0 I 0
0 0.5 1 1.5 0 0.5 1 1.5
Chip thickness 7, mm Chip thickness 7, mm
(a) S25C (b) S35C
Z 2500 z 2500 T T
R 2000 - o 2000 [eeeeeeeeeeees HETrQ W ............... ]
3 .
5 z
Q;D 1500 bl & 1500 e s snnnsnnnan(Q [ mrnnnrnnnsnnnnnn E --------------- —
E Z .
§ 1000 P § 1000 ... ............... —
E"; 845C E{ i —?)5150(:6-
‘é 500 = 0.-100.;)2 mm / rev g 500 = . 0.32 mm / rev
Ey V=108 m/ min = l V=108 m/ min
0 , = 0 ,
0 0.5 1 1.5 0 0.5 1 1.5
Chip thickness 7, mm Chip thickness 7, mm
(c) S45C (d) S55C

Fig. 3-4-4 Relationship between chip thickness and cutting force (Carbon steel). Cutting conditions are

same as Fig. 3-4-2
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O y=0deg & y=10 deg
[] y=5deg /N y=15deg
1500
. Z 1500
- 9
8 3
:é (10070 1 Y AN SN S - :é 1000
E E
O 500 =K rnnenraenns A2024 - — 500
8, f=0.106 g
'S -0.32 mm/ rev 3
£ V=129 &
- 141 m/ min -
= 0 L 0
0 1 2 3
Chip thickness #, mm
(a) A2024
1500 1500
Z ! ! Z
&> 9
3 3
:é 1000 .............. — :é 1000
o0 on
£ £
§ A5(§56 §
g 500 006 g 500
5 -0.32 mm/rev 'S
g V=166 £
~ 0 | - 181 m/ min ~
0 1 2 3 0

Fig. 3-4-5 Relationship between chip thickness and cutting force (aluminum alloy). Cutting conditions

Chip thickness ¢, mm

(c) A5056

are same as Fig. 3-4-3
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(d) A6061



Table 3-4-1 Shear stress 7, and “Chip Constant” m

Workpiece 7, MPa m MPa
Carbon steel S25C 511 708
S35C 577 843
S45C 636 954
S55C 649 997
Aluminum alloy A2024 323 520
A5052 176 197
A5056 205 281
A6061 221 287

344 “UIDK TR B L TEHLABIEHOT Y K TS £ DBR

“GIo FEE &G AR D 2 D OMBEEBAIEHE I BERT T & U, SRELL 7281 ) <
TIEI DL OYIHHEYL 3 p DRt EIEAREE %%, Lo L, ho% S oMk wTidZn 2>
DMBHEBDBEATH 2 EIZRE Vi, oD HETHZBEND 5, Hili 5 O003)
D {FHES LPEEE AWIGINZ GBI CBETE 2 2 L2 L TR D, AEBROHFHANT
RS 7N I =2 ARG Fig 346 DEHIC1ODF I 7 TRENT, 5122 ZoMBES
FT D 2 ZOCYIHIFEERIC X % 2801 D%, FKF O MEIERLIHEIC 7wy b Sk,

Z 2T, FEEAWIGHDOBERICH ST, IO SIS HY &) S FERB m THEH L T
HbE, 2HDBERIE Fig. 3-2-15 (a), O)ITART L ) I EMRICTERBERTEHE I N, 2 2D
MEVER (myry) EYID K FRES HV OBIRZ FZBRA L LTRTERD K I 124 3,

T,=184-HV (3-4-1)
m=3.87-HV -379 for Carbon steel (3-4-2-a)
m=281-HV -28.2 for Aluminum alloy (3-4-2-b)

D &) i BBoBItR e iU TEB G LI, UIHIEE QY D S FES 25, “U1 ) 7%
B LR ABNGI D 2 DOMBIERDR SN 5 C LD Sk,



Shear stress 7, MPa

Fig. 3-4-6  Relationship between chip hardness and shear stress

1000

| I 7= 1.84 « Hv

Treoeme > OLIO

A2024
A5052
A5056
A6061

S25C
S35C
S45C
S55C
60-40 brass

%

1000 T T T
< : [ ) S25C
& : i / :
S 800 B S$35C
S L A S45C
L 600 7 7 : i *
g / A 855C
(= : H X :
=2 200 : : ! H
O : H H H
= if m=3.87+HV-379
O L L 1
0 100 200 300 400 500
Chip hardness HV
(a) Carbon steel
1000
o O A2024
% FET0 T s LECRIITE SERLRRS” SLLRRCR TRRLR — D A5052
S & AS056
ia 600 ------- — A A6061
<
é 400 ....... —
O
=y
:E 200 .......  —
O H
= I m=2.81+HV-28.2
0 1 1 1

100 200 300 400 500
Chip hardeness H,

100 200 300 400 500
Chip hardness HV

(b) Aluminum alloy

Fig. 3-4-7 Relationship between chip hardness and “Chip Constant” m

345 2 O0MBIER & AEERK

H2ETOMN L AFETNE EETNEORTAL-7)IE, TEHNCE T 2 UHIEGLOHEE I
bLETH 205, C2801 DEGE ERMKICHEEL T 2 LIZHEETH 5.

% 2T, Fig. 3-4-8 (a)-(g)IC S DM EL D AW ¢ &AL -y)DHEEM & EREDBIRZ R T,
Merchant 3 & OF Lee-Shaffer (2 & 2 AMWifa ¢ &4 (B-y) DOMERRDMWG i TORT, 22T
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B/t ) DFDORE VIZI D SIICR L7, Mh5birs k3512 2 DOMRERD H(m/r,)
AR E FIUSHEE MR ERF D 1A1cH b, HAvh S F U A B 2 Az R LTs D,
PREI OIS K 3 F SRR O L] 5 D21 R E NS & & b I B EIEF Ic 70 »
TN X 6 I A—OMBICTH(m/T, )% —E L LB, ¢ Wty 20 L 2B a ol i

DEALH KBS N,

50
40
30

20

Shear angle ¢ deg
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Shear angle ¢ deg

- M'archarllt :
NGt e L 2¢+B-y=90° | | calculated experimental
AN O y=0deg
""""" [1 y=5deg
I & y=10deg
""""" A y =15deg
-1 ee and Shaffer : SR S S —
e =N A2024
Py | mm=161
0 10 20 30 40 50
Angle (B-y) deg
(a) A2024 m/'rs =1.61
calculated experimental
O y=-5deg
""""" []  y=0deg
E— Oy =5deg
""""" A y =10 deg
‘ N - \Y4 y =15 deg
S55C
i X m/t,=1.54
0 10 20 30 40 50
Angle (B-y) deg
(b) S55C m/7, =1.54
o = gty =45° calculated experimental
& O y =-5deg
PSRV I I []  y=0deg
3 I &y =5deg
G PN || e VAN y =10 deg
- Vo y=15deg
o S45C
i I i i“ m/ts=1.50

Angle (B-y) deg

(c) S45C m/t; =1.50
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Calculated Experimental
—;‘.30 40 O y =-5deg
B QN LS T T I [J y=0deg
. 30 Oy =5deg
N N Ny S T B =1
%o 20 VAN y =10 deg
s Y y =15 deg
2 10
@ S35C
i m /7= 1.46

o

0 10 20 30 40 50
Angle (B-y) deg

(d) S35C m/T, =1.46

calculated experimental
éo O y =-5deg
""""" (] y=0deg
=S
0 O y =5 deg
TN T . v~ S TS B I Ay =10deg
<
8 \Y% y =15 deg
=
i S25C
0 m /7= 1.39
0 10 20 30 40 50
Angle (f-y) deg
(e) S25C m/t;=1.39
Calculated Experimental
éo O y =0 deg
o ANt N T L] y=5deg
® &y =10deg
[T IO T ot S It BN I Ay =15deg
<
g
<
A A5056
m/tg=1.37
0 10 20 30 40 50
Angle (B-y) deg
(f) A5056 m/rs =1.37
calculated experimental
50
S O y=0deg
S 30 BN uierdyedemen N | 70T [1 y=5deg
o &y =10deg
%D """"" Ay =15deg
g
7
A6061
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0 10 20 30 40 50
Angle (6-y) deg

(f) A6061 m/T, =1.29
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VT T T

calculated experimental

&n
3 O y =0deg
S U 0 NSRS ATV S - Ottt it B B [ y=5deg
2 & y =10 deg
an
SRIPA U~ A B Sl St I A ANy =15deg
g
-~
i I R A5052

0 i i i i m /g =1.20

0 10 20 30 40 50
Angle (B-y) deg

(g) A5052 m/T,=1.20

Fig. 3-4-8 Relationship between angle ( S —7) and shear angle ¢

IO XHIKEHNZEWTH 2 DOMENESE F V7 AR OGHRMEIE FREE RERL T
WAHRIEDPHLLERST, ZOfRED EICT e —F ARSI 3 RonUIHlc BT 3
BRI 3 70 1 DHEE 1 DBGEE 2 RITAT ) .

346 TAWBYY S FPHINIHEICBIT 29D S FTEK” DOH

MR D < Fag S a Mk 2 v, AN B W GERL 2 RonIRISEHTE % £ )
RYIHIZEEIC B 2 WTHHRG L5y 1 1 0 K IR XL, YIRS IS 20 o THFIBER E LT
BHMTELILEWO N E L. Iz T, Zofhotlh < FHEICE T 2 URIKELE S
NEVH L FTREIOBRICOVTOMEIES HETH 3.

ZZITHlE LTI/ 7 L — B icflibh, fEfiae AWIBY 0D < 9Pk n s
T AFHEEFC25 B X OERIRELER$EEK FCD40, FCD50 120 W TRat 2 47 - 2 i %2 R Icm 3709,

BEHIM OFEREZ & 0 - UIHI 5 % Table 3-4-2 178 L, Fig. 3-4-9 IC#HIM M Z R 3. KR L
7o & D ICEEBRAEERICIEZ AT Y NROBEHIMTZIR & L7z, FIBRBEHIMF IC X 2 C2801 & Fw
YIHIEER OB BRI, SHERTD & LA RIS > CTYIHIT 2 2 RIaIHl% 7o ) HIBE
i 2 3 HHOWE Y0 T OERIE 2 11 7-.

FPYIHI OG0 D < 371F Fig. 3-4-10 128 L 72 X 9 ISl K S S 7z AWEdI 0 < ¢
ThH5, ZoGHDYN CFTOREIME IZNEZ M) 23R L#HBETHEL, YIh (FES 1 &
UIHIRGL 2 0l (S NE , B9 F ) OBfRE L TEM L 2R % Fig. 3-4-11 (a), (b), (c)
WZRY. EAWEYID S FTH-oTH, 3 2oMEHEICYIHISGFoZ B o3, Y1 <7
JRE 1, YIRS N F, 3 BIBGR TR TE 20050 2, HIESROME X 12 YIHE %2 &
LAY TER THEH., BOHNFEIZOOTIE PR TEETE R ld ot

BLEFEETH 5.



CDEIHICRONEEEMEITIEH 208, CAWTEYI D L FlcBw T h L FEE DO
ENROONBL I LR
Table 3-4-3 ICAEEOHFH TOFHEHKOLI D  FTEHZ —FHEL TR,

Table 3-4-2  Cutting conditions

Cutting method

Peripheral surface dry cutting

Workpiece Cast iron FC25 FCD40 FCD50

Tool material Carbide tool JISK10

Tool shape Orthogonal rake angle ry=20, 10, 20 deg
Normal clearance angle 6 deg

Depth of cut t;=0.105~0.25 mm

Cutting width w =3 mm

Cutting speed

V=18 ~ 154 m/min

Fig. 3-4-9 Workpiece

Fig. 3-4-10 Sample of chip
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(a) FC25

(b) FCD40 (¢) FCD50

Fig. 3-4-11 Relationship between chip thickness and cutting forces

Table 3-4-3  “Chip Constant” m

Workpiece MPa
Cast siron FC25 550

FCDA40 641

FCD50 822




3. 5 UIHIEI 3 ph DR

351 MBI 2 WHEIESL 3 oH

FomTHONEREE I F2HOMEE b L1z, FlIsDODYIHIE 7L I HEHL L 7 fig
ISEH LTI 3 T o 2l A 5, ARSI, B3 H2 fMiEFARTHIRD [
ENA PO =R, YD IAA a ICHRTRNE L, YIENEFE LT 1 DOEMIINA TFT
b, YIHIE w(=a/cosy), YIDID JEE h(=f-cosy) & 7 ZUEBNIC 2 RICYIHI & R 25
A LT3, Fig 3-5-1 22 L T2 XoWIEl £ oxfezE 20U, E9NF 3R 3-5-1 TREN
5. RIT 2 ZKOtYIENC B W 2 AN R, RENCE T 2380 071 Fp £ 507 F, DGINNIG
5, 2 ROuYIMNC BT 2 900 F, £ &0 F, o fEBRIZE 2 oK 2-54 0@ h TH
5.

Fo=m—% 1, (3-5-1)
cosy
F,=F, tan(f-7) (2-5-4)

HANFE77a—FfAy 90 PRy, 2ER- L 2A(p+v )R TNICEN T3 L
LT, Iz 3R0WIHNC BT 2380 01 Fp L B0 Fy (SRS 2 7 o RS
Fp=F,-cos(y+v,) (3-5-2)
F, =F,-sin(y+v,) (3-5-3)
I TYIHISAFIE TS WARDH E ) KE L 4, AEBRTIIEET W y=0deg DLED A
fioCTws, YD ¥y, 1k Fig. 3-3-1 B2 AB ICEMALGHICHET 2 L Lk
Colwell DERIE % TS 28HPHE LT3, Fig. 3-5-1 DX I I/ERTHV72 CAD V 7 +
TiHlT 3 2 tick>THoNn 3,

\ Workpiece 7 A \/

(a) Cylindrical turning

(b) Section C-C

Fig. 3-5-1 Cutting model of semi-orthogonal cutting
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BIrh o AWl ¢ IR TH 2 EEFRICRI NS,

¢=tan™' (ﬂ) (2-5-2)
I-7.siny
Ef(B-y)bRAKICRATRINS.
[J’—y=tan_1{ﬁ-w—cot¢}—¢ (2-5-5)
T, sing

fElC B 2 GIEIESL 3 3 (B NE, , BV F, BOF,) OHfED 70 —F ¥ —
N % Fig. 3-5-2 12 Y. AEBROHFHTOREE FRER MR, Jelcm L2 DOMEER (W11
CTEEm BLXOVFEEAWIG ) DRI TH 22, LAY S TS L MEEHDHE
Bk 3-4-1, A 3-4-2-a B LA 3420 BFHTE A E 7V I =7 LHERETD

5.

Fig. 3-5-2  Flow chart for the estimation of cutting forces

3.5.2 UITHIESGL O #E B ERREE D 72 ® D Y Bl 2R
TTICEIBEAMAHETY D I L EHT AW OBIR, VDT L L $E

BODOBREZHS I LTS, 2 2 TH IS 2 D DMEHE RIS RA DB Z FlVCRGEE 21T 9
N o

BeEIM & L CER 100mm BREO=y 7L 7ulb®Y) 77 V8 SCM435 L7 3=
A5083 Z\WT, 77u—F Ay 2 Z LI TREFRAZIT). RO OUIHIRGL 3 5351 %
HELTEL & DI, YHIBEH 3 757 % #E7E L HEKGE 247 5 . YIBIST 3 07 (B9 F,

N
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ED TN Fp, WONF,) OMEICREER T ARG (F 27 —+#) 2H w7, PEH
SNHYUDCFTEZERML YD S TDOES & /54 757407 — (1/100 mm) THIET %
bz, HEIWAMIBEEMARICYID K TORI ZHE L 7-.

3.53 HBEREILE L YIHISRMA
FEREEE I3 2 B L [ TH 503, SR D% % Table 3-5-1 1277 L, MEXI % Fig. 3-5-3,

Fig. 3-5-4 127",

Table 3-5-1 Device for cutting test

Device Type and model
Tool dynamometer Kistler : Multicomponent Force Plate Type B9257
Charge amplifier Kistler : Multichannel Charge Amplifier Type 5019B130
Recorder NEC SANEI : OMNIACE RT3200N
Engine lathe TAKISAWA : TAL-460
Fig. 3-5-3 Recorder and charge amplifier Fig. 3-5-4 Experimental arrangement

YIHIS&4E % Table 3-5-2 179, T.EHAX Fig. 3-5-5 QIHIRT X H 127 v —F Az 2L 3E,
MEET < VAT Fig. 3-5-50)ICAT LI IC 0deg TETH 5.



Table 3-5-2  Cutting conditions

Cutting method  Cylindrical dry turning

Workpiece Chromium molybdenum steel : SCM435  (JIS G4053)
Aluminum alloy : A5083 (JIS H4040)

Tool material Carbide tool JISPI10
Tool shape Cutting edge inclination 0 deg
Orthogonal rake angle y=-5,0,5,10, 15 deg
Normal clearance angle 6 deg
Orthogonal clearance angle 6 deg
End cutting edge angle 6 deg
Side cutting edge angle yw=0deg
Nose radius 7 =03 mm
Depth of cut a=3.0mm
Feed rate f=0.106 ~ 0.320 mm/rev
Cutting speed V=118 m/min for SCM435

149-168 m/min for A5083

(a) Top view (b) Front view

Fig. 3-5-5 Cutting tools for turning

354 KRAMBIZB I 3UHEI I T HOMERRLER
2 DOMBEER( “UI) CTEBm B X OVHEE AWIGT ) BWAHOME E L TGERL 7,
Zwr7uab®) 7FUHISCM4A35 BLEO TV I = AE4 A5083 % Table 3-5-2 1278 L 721



Table 3-5-3  Estimated values of shear stress 7, and “ Chip Constant ” m

SCM435 AS5083
Experimental Estimated Experimental Estimated
Shear stress : 7, MPa 629 662 221 236
“ Chip Constant ” : m MPa 955 1014 313 331
m/T 1.51 1.53 1.41 1.40

WG TR AANA MC X BIEAIZ 7o 72, PREI U0 K F2 ML T D KPR 1, 2
HELEAWIAGZ KD, YDSFTHIHMET S, 2k, U FRmbifAv, 2EE UL
WOMEwIIREL L 270U DM IES b 13 %%, YHIAEIZZO 2 DOETH L2004
Lz, 22T FmEAYv, NS0 X 20V EE B ~OFEIIELHE T
E2b0LLC, MHOLDYIDMYIES h(=fcosy) VI K FEZ 1, 2 v TYIHIL
ro (=h/ny) 2RO 72, Flom L 2 RBRICHE L 280 < SO HY % 0T 2 DM RE R
Thorm Lr 2RO BoNKEE S LIS L CYIHIRGT 3 3 (BANE, XD I F,
HONF,) OHEMZFET 5. FRHHE L TR\ YIHHEST 3 2777 & RGEEZ 179
HIE L7280 < O HV (£ SCM435 Tld Hv360 TH D, A5083 1& HvI28 TH-7z. TD
0 WX HY Z T 3-4-1 £ K 3-4-2-a BLUOA 3-42-b ZH TR SNA"Y D K T
Bm &, P AWIEH v, OHEEEZ Table 3-5-3 (2R3, ¥, HlE L <UIHHEHIZ b &1
LTRon 2 DOMBIER L ARSI L TH 5.

RIZ7 0 —F ¥ — M TYIHHRHTOHEEM 2 FHR L 2K R obl 2, FEHE & 3 Fig.
3-5-6 (a), (b)IZA LS NIEMICONWTEET S,

2 DODOMBHEICEDZ N FIE7 7e—F My O L TEd £ hZL Tk, SCM435
TRHEEMEOHDEREL D bPLPREWETH D, A5083 bIHEEMEPERMEL D bETRKER
2R L7238 D 93/ Fp DHEENEIZ SCM435 TIRFEM & LN TRE/NS DICHEE SN TR 5,

Table 3-5-4 Comparison of estimated values (Es) of three components with experimental ones (Ex)

SCM435 A5083

Ave. (min ~ max) Ave. (min ~ max)

Principal cutting force : F;, Es/Ex=1.06 (1.02~1.10) Es/Ex=1.08 (1.00~1.18)
Feed force : Fy Es/Ex=0.94 (0.90~1.04) Es/Ex=1.13 (0.83 ~1.49)
Thrust force : F), Es/Ex=1.03 (0.95~1.13) Es/Ex=1.06 (0.90~ 1.42)




Dry cutting
C £y Experimental Worrkpiece : SCM435
L Fy P Orthogonal rake angle : y=0 deg

— —F, P Side cutting edge angle :
--e--F, Y=0,5,10, 15 deg
--m--F :| Estimated Nose radius : 7= 0.3 mm
__._-Fp Depth of cut : @ = 3.0 mm
Cutting speed : V=118 m/min
z 2000 T T ] T 2000 T T T T
= f=0.160 mm/rev i f=0212 mm/rev i
3 : H :

—_
W
(=
(=]

Cutting forces F,, Fy and F,, N

1000
500
0
-5 0 5 10 15 20 -5 0 5 10 15 20
Side cutting edge angle v deg Side cutting edge angle v deg
(a) SCM435
(1) f=0.160 mm/rev (2) f=0.212 mm/rev
® Dry cutting
By - . Worrkpiece : A5083
L} Fy | Experimental Orthogonal rake angle : y=0 deg
Oo— Fp = Side cutting edge angle :
--e--F, _ ¥=0,5,10, 15, 20, 25 deg
--m--F Estimated Nose radius : 7, = 0.3 mm
__._-Fp_ Depth of cut : ¢ = 3.0 mm
Cutting speed : V' =149-164 m/min
z 2000 T T 1 z 2000 T T T 1
LL‘Q‘ ‘f: 0.168 mm/rev LL‘Q‘ f% 02]2 min/re\}
2 1500 B 1500 [t
Sy Sy
< 1000 < 1000
S 500 [~ lwr=m=g = OO ~ey <500
en [] : en
g il ol g
0 0
“ 5 0 5 10 15 20 25 30 © Y570 5 10 15 20 25 30
Side cutting edge angle v deg Side cutting edge angle v deg
(1) f=0.168 mm/rev (2) f=0.212 mm/rev

(b) A5083

Fig. 3-5-6  Estimated and measured cutting forces for various side cutting edge angles

A5083 TlX77u—FAY O/NIBFEETHEIEL D DREHEINTEDY, 77/e—F
iy ORI & IV FRMEIED CHIAZ R L, B30 F, DIEEE I 2 > ORI SE0IE &
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ICxg 3 EREOZ Lo EZ R RL T b, FEHIEICHT 2 #EEM DO E X O/

LR DHIFH % Table 3-5-4 IC/RT,

RICERAZDBIN T RO TRET 2179 .
FONEZUYTEE m EUID L FTIES 1, DATHEONE D, BEEORETERIZZ D

22000 L LLRENAGICE2bDTHS, &£ IATHRIOEDTNE QRO T LERIZ

Table 3-3-3 1R L7 K )W) K FEH m BEME L D SHEEMEDO PR EHESI N7

DTH 5.
RN DI Fp EETNF, DFZIZOTHE T 5. TRV DT Fp LT F, IT0ET

BHIDG T F, DTy, TRBAGTHEML XY 3N F, EETNF,Ick>TGGHREN S
G F,DJE, Colwell DITRL%Z S LT CAD %\ TRM“AIICRkD 7201 b { T oA
v, BB LI N F, 0T (Y+v,) &, HIENR 8L Tl 2 & 2 58I
THHroMETES, P2 RTYHNC BT 250 F13AQ3-EHTESNE,Z2b &
Lo %D, 2 COMEEDHERIZAPTDOENTFE, OWEMEDE L, A(B-y)DHEE
HDE D 2OTH 5, EFHEIZOVTIZ EEDOEY KEDICHEIN TS

355 RAMEHC BT 3 AEBEKROBRE

2 ODDHEKE L TOEDNE, DHEEICH Z % f(L-y)DHEEMIZ O W TG T %, Table
3-5-3 R L7 XIS 2 DDOMEBNER (m,7,) TIHHEEME FEHE L DEBR oL I LR, C
NzHOTH(P-y)Z2RDLED(m/t ) DO THHREVLEEZLEZ20DEHEZI N5,
ZZTHAWA g &, X 2-5-5 2 TR SN B-y)DHEEM & FEHEDBILR % Fig. 3-5-7 (a),
(b)IZART, Fig. 3-4-8 DIRMEL 7N S =7 LRMEEDELAETIE T WAy 254 B X5 &
Th o b 4 b L I 5 K, SElofEdlcH w7z SCM435 & A5083 T
T WAy=0deg D1FEMFTHL7-DHEEIMBIE 1| KROATH S, 2 DOMEEHD
SCM435 : m/T,=1.53 8 X U A5083 : m/t, =1.40 & L 8L S 7o E iifantsic, EREO A
(B-y)D78ay MIgMHLTwS, Ly LitETRNAHEMBE LICHTLOEZ>TWS
bIF TR,

TRHNC B 2380 3/ Fp E BT F, DG FIFER 2 RVl B 2531 F,Th b,
ZODF,OHEEICH W 55 2-5-5 o AW ¢ 13, Y10 { TR 1, OWIE TR & d 7 FElllfiE 2 H
VTG,

Z 2Ol Z 1 Fig. 3-5-7 (b)?D A5083 12 B\ T m/t, =1.40 DHEEMFE L D T HIcH 2 7m v b
ICEHLTARSZ L, H2EANMAYICE L CEEMEOAMICHEHR®H 205, A(L-y)
DHEEMIZFEMMEE D b RECHESN L L1 5, X254 THONIEDTTEIZKRE CHE
EENld, 20k (Y+v) EHOTHRL 7280 930 Fp L0 1 F, OfEE S e LT
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FRESHEIND LIRS, E2ATm/r, =140 ODHEEMFRE L D EAICHE 7y Mgk
WX, HEEAWIMYITNT 2M(L-y)DHEEMEIFEIEL D /NS %5, L L AS083

T EBROEY FOHE,BRELHEESINTRE05, MBITHHLH> TEDHE OEED
ZALEE LT3N E KRB HAICAR S,

I ERRICE Z 2 H(m/t YD EEZZEZTHD. 2 DDOMEERD (m/t, )DIEDOK E \»
SCM435 : m/t, =1.53 DFiHY A5083 1 m/T, =1.40 X D HIXIFPIZE T 2 HEE dhfRH LA I hiE L <
W5,

ZDOEHIYID S FTES 1, DUER T IZHETH 505, T2 DDEH (m,1y) DARDPH
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Fig. 3-5-7 Relationship between angle ( S -7 ) and shear angle ¢
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Fig. 4-2-1 12 C2801 DIHENICYI D ARt % 5 2T 2RI NA4 + 2 HWCTUIHEIL 22812, YIHIFE
T R5 %2 TR © BARGEEE L 72002 73 3. Bl 13 o DI T 1) & M IS SR 31T T
H Y, 2 DEIEIIYIHIZREL O BIERBIE O LRI X > TYIEIT AT s nTw s, RO
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MEREEE L, MTEE LTk 2 EI2T 5.

HAZYTHIMAR S 72 D O 2UIHl = 2L ¥ —w 130ek, MMRBIE AN EZZR L L ud AW %
NE—W, E THT S WETOBERI 2L —W, DRl L TH#]> T3, 2Tl |0
FRRICIEYIAT T U EIR I IR E 2L S 3 2L X — b EHTE 2w E LT, Fig
4-2-2 1R &) RUIAIE T ic B T, B EARICE P SN D T 3L X — W 2 2UIHl = 2 ov
X—W OFICED L I LI Lo THERZEBZEL T 5,

X S AR BIE AU HIERE I £ D X 9 ICEEET 2 D% Fig4d-2-3 IR T X9 2z
T7IULZEIT, b UERRNICYIRIREICEMERE) 6, BEC 2w E T, Hlio 2L T

C2801
dry cutting

y=10 deg
a=6deg
t;=0.17 mm
V= 0.5 m/min
w=2X2 mm

Fig. 4-2-1 Bending of scratched lines
chip

N

tti idth:

cutting width:w -, y’,
dFt
t] # [_))_,y A%
Fn Fs u
. Fv ¢ |
Ft ﬁ_}/ ¢ &{ o h
R . Ws
workpiece

Fig. 4-2-2 Deformation and energy consumption during cutting
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5 DRERIIRA L% S,
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L7 TRAMAIIRATRI NS,
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tang = 5 (4-2-2)
cotgy + f

I

H@4-22)E D 6,=0%51Edp=¢y THDEH 5, 6 BIFAET 57 OITTRBIEAERD 70> EARGE L
TRDRAWI A gy K DD AP LT, ¢ 2 EAWIAICRL I LEEKT S,
ZITEAWIf 9ISy, YIEI (=1/1) & L TEMPECKA TR NS,

¢=tan™! LV (4-2-3)
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8, SR AMWIAICG Z 2B 2R 701z, 3 (4-222) 128V Tceotg Db h 1T cot(p+Ag)
ZHOVWTAp ZRD D ERXAPB SN,
sin® ()
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0 (4-2-4)

f

—sing-cos¢

H(4-2-0)0> 5 6 DIFIUKIG L T A DT 2 2 D305, 2D K ) I8, DIFEIEE AW
MICZLZ b6 L, JHUC k> TRABIO T ADZEA LB T 2. I A BIEFZAL

AP tool

%0\
t; cot qbo 5f
/

t; cot ¢ o

Fig. 4-2-3  Cutting model considering the influence of surface plastic flow on the shear angle

4-3



T 505 6, (FYIHIHEYL & B ICBIR L Tw 2139 Th 3.
ZD K BB S UT IS E W, YK I AAE Y 2 MRS & & YIHIRRR s e X
) mBRICH 2 DDA 5.
422 YIHIRE O WU TREIR & Y] ISR N 7 O BIf%
Fig. 4-2-2 IR L 2YIHIE 7T VIC B W T, BAYHIEE Y72 ) o2l = 2 L X —w i3, —fRiC
Ul o MU EIE ER 2 B L TE 5 9 RATRE NS, DT, UHICHES N FL L
¥R S A IR D 2 THRYIEIFRTY 7D L ¥ 3.
W =W, +W, (4-2-5)
22T, W BEAMITOEAMI A LT —, W, 3T LHITOEHIXLE—THY, %
NZENRKATHRINS.

F, =R-cos(/3’—y)

W= (4-2-6)
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Ws=1757s (4-2-10)
il RS UTEIER AN B E 2 R S 2 22V X —2RUH = 2 L X —DhicE o 5 &
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4, 3 EBEEBIUVEBRLE
43.1 {HABESR
FERICH L B8R D —E % Table 4-3-1 (2 L, #EHIM, FEHEEESEOINELZ Figd-3-1 205

Fig. 4-3-2 IZ/R T,

Table 4-3-1 Devices for cutting test

Device Type and model

Tool dynamometer Kyowa Electronic Instruments : TD-500KA
Charge amplifier SAN-EI : N4323

Recorder NEC SANEI : OMNIACE RT2108A

Horizontal milling machine

Machine tool Enshu HA (ENSHULTD)

(a) Workpiece of C2801 (b) Larger image of C2801 and A1100
Fig. 4-3-1 Workpiece

Fig. 4-3-2  Experimantal arrangment. Horizontal milling machine and Tool dynamometer
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Fig. 4-3-3 Charge amplifier and Recorder

Fig. 4-3-4 Tools for orthogonal cutting

workpiece

scratched lines

Fig. 4-3-5 Arrangement for cutting test
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Fig. 4-3-1 12§ X 912, BEHIMICEERZD C2801 & A1100 % FH\>, YIHIREE D2 Z T 3 7-
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FED 2 RJeN4 FTH D Fig. 4-3-4 I3 F, €2801 1xH2XUIHI, A1100 13 CEEZ 1T 7.
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Iz, KU & UIHI P E T 2 A V) DIAR THR D IR LY Z{Tw», Rz LIokkEds 2L
IC &> C, WHIEBRTOPET DIAAKICH LT, REIEIC X 2 #2050 & n 3 UHIERR %2145 %
LI, R EYHI P RO S ZHiA TV, FEEmEOUIHIE 13X 80~90mm TH 5.
T=7E D CUIHIEE Vv 2 5.2, UIDIARHIET—7 VD ERATRE LKL, T2 TUIDIA
HENIET— 7NV EADTA Y OVHED IZH WIS, Fig 4-3-6 [2R8T X ) ICYIHI D #HIM D
FEHE & FHERTOBFE % ¥4 YL —2(1/1000 mm) THIET % Z 12k - T, YHIKPLF
TNHE,, 3N FIZ0$HR7— AT HBGE GEAEEER) 2 WTHEL, YIHIR I ER
WMLZUD L ThoZDREEt, 284 74 Y )L7r —2(1/100 mm) % FCTHIE L 72, YIHIB O
UIHIRT O MBI O, % X IRENEE S 6, 13, HHIMIEIC YOI TE WL AFROLFD
FREEZ, Fig. 4-2-10 IR T X ) IS AHMEECHIZE T 5 2 LTk > TRD 7.

22T, AL THOUNHABIALE r % Simonet DK% HWTHIRZ &, LT
r=4 umBETH o7, KHEOHPHTIIZNIC L2 FEIENLDE L TUTO#H%ZED
%,

F 2 UIHIZ1: % Table 4-3-2 IC/R T,



Fig. 4-3-6 Measuerment of depth of cut  Fig. 4-3-7 Measuerment of surface plastic flow

Table 4-3-2  Cutting conditions

Machine tool

Cutting method

Workpiece

Tool material

Tool shape

Depth of cut
Cutting speed
Cutting width

Cutting fluid

Horizontal milling machine

Enshu HA (ENSHULTD)
Orthogonal cutting

JIS H3100 : C2801P-1/4H (60-40 brass)
JIS H4000 : A1100P-H24 (Aluminum 1100)
Carbide tool (JIS P10)

Rake angle y=15, 10, 20, 30 deg
Reliefangle o=06deg

t;=0.03 ~0.225 mm

V'=0.5 m/min

w=2x2 mm

JIS 211 (for Aluminum)




4. 4 HEBERLEZR

4.4.1 YIHIGZA L YIHIRE O EHERE R OB

I Aam ey L YIEIE O BIEREN R 6, DBIfRZ Fig. 4-4-1 1289, C2801 TIE, O ik 1 DI
MEEBITWMLTED, 7, Ty Dl e &SI, FMEMIZH 5. A1100 128
WTH [FARRDOMHIATH 243, 6, 13 C2801 L D BREC, y DELIC L > TRESHE LT 3.

YIDiAARy L AW ¢, RIS AW ¢y DRIR%Z Fig. 4-4-2 IR T, EEOE AW ¢ 1<K
L CHBID 2w e L7BEOREE AW ¢y 1T REL, ZDEAGIFT S WAy 23K EZWIZ EHN
T BMHEBNICH 2, ARFEEROHIPH T C2801 T Ag=1~3 deg, A1100 TIZ Agp=1~2degFLETH 3.

Z D AP DUIHIBERE N DFBIIUIHIZEIC X o TR 223, KIZy=10deg & L, & 2UIHIZ
fcUIHI L 2B, MERBIOHEIC X > TRAWMD Ag= 1 deg ZFIEA LT, ¢, = 16 deg
25 ¢=15deg B L 72 bDE LCHMET 2 &, FAWMHBERE AW O T AL 6% L 72
ZEIZRD, HAWIAD XD /INI VI TP =11deg2>5 ¢p=10deg ICZL L7 & T2 &, Agp=
1 deg D AW R AW O T ANDEEITL 10%IINT 22 Ei1c2 3,

0.3
£ O y =5 deg
= | y =10 deg
02 & y =20 deg
é\ A y =30deg
]
ﬁ 0.1 C2801 Dry cutting
Z g a=6deg
= oﬁ B O £,=0.03 ~0.225 mm
;% <Z|k ' V'=0.5 m/min
0 w=2X2mm
0 0.1 0.2 0.3
Depth of cut ; mm
(a) C2801
0.3 T I
£ | y =10 deg
= * y =20 deg
- 0.2 _ ............ . ............... - A y =30 deg
«© ]
5 f"‘ i
Q =
E 0.1 — W ,? ....... AA .............. 1 A1100 Wet cutting
2 & A o=6deg
= AA 5
& x A t/=0.03 ~ 0.20 mm
0 I i V'=0.5 m/min
0 0.1 0.2 03 W=2x2mm

Depth of cut #; mm

(b) A1100

Fig. 4-4-1 Relationship between depth of cut #; and plastic flow 5f on the machined surface
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Shear angle ¢ and ¢ deg

Shear angle ¢ and ¢ deg

30 T T
: o ¢o
. O ° y =5deg
O m y=10deg
; O e y=20deg
A A y =30 deg
2801 Dry cutting
o =6deg
t7=0.03 ~ 0.225 mm
0 I | V'=0.5 m/min
0 0.1 0.2 03 1=2x2mm
Depth of cut £; mm
(a) C2801
30 T T
o 9o
0 m y=10deg
20 - O & y=20deg
L : A a4 y=30deg
VS S WK 3
AN ﬁ%a A _
10 3 Coi ™t — A1100 Wet cutting
8 & %gﬂ o =6deg
ma]n t7=0.03 ~0.20 mm
0 I i V= 0.5 m/min
0 0.1 0.2 0.3 w=2x2mm

Depth of cut1;, mm

(b) A1100

Fig. 4-4-2 Relationship between depth of cut #; and shear angle ¢, ¢,

YIEI A o YRR BN R O, &IRBIER & o, DBIfR%Z Fig. 4-4-3 1TRY . Wi 12T BB AR I
& % SYIHIZR IR OB T 6 D/ S > C2801 DFTAIALI00 & D IRMEEDHES FTE AT
ZEDBOND.

0.6 C2801 A1100
é O y =5deg
< [ ®  y=10deg
© - & ¢y =20deg
o)
Z A Ay =30deg
3
2 — 2801 Dry cutting
& A1100 Wet cutting
b—‘f a=6deg
0 £;=0.03 ~ 0.225 mm
0 0.1 0.2 0.3 ¥=0.5m/min

Plastic flow 6y mm w=2Xx2mm

Fig. 4-4-3  Relationship between plastic flow &, on the machined surface and depth of plastic

flow layer ¢,
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Fig. 4-4-4 Relationship between f, -y, and plastic flow 6,

Table 4-4-1 Coefficient C,

Workpiece C,
C2801 0.101
A1100 0.147
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Table 4-4-2  Shear stress r;

!

Workpiece T,
C2801 ©=0.9087,
A1100 7,=0.8727,
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Fig. 4-4-5 Relationship between chip thickness #, and plastic flow &, on the machined surface



Table 4-4-3  Coefficient 6, /t,

Workpiece oy / b
C2801 0.099
A1100 0.144
=15
° ! ! C2801 A1100
- @) y =5deg
S | O m  y=10deg
= <& - y =20 deg
o~ A A y =30 deg
=
° 05 C2801 Dry cutting
\IT/ A1100 Wet cutting
& a=6deg
=0 t;=0.03 ~0.225 mm
= 0 0.1 0.2 0.3 ¥=0.5m/min
Depth of cut ;, mm w=2Xx2mm

Fig. 4-4-6 Relationship between depth of cut # and the ratio of shear stresses ‘L';/ T
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HBD & 912 7, =75 & THUTK(4-2-16), (4-2-18)% D

o= T—f—l]-tl “cot¢p (4-4-3)
‘ES
L7ho>T
T, __thi-cotg (4-4-4)

r_s 1y cotp+ 0,

LD, S AWIRT DI AWTE OVIHI P ERNDOBRFER S ERBEOMGE L TbRIN S,

K 4-4-4 DBIRIZ, Fig. 4-4-6 ISR T & I ICHEHEICIZIE—ETH 5.
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Depth of cut ;, mm

(b) A1100

Fig. 4-4-7 Relationship between depth of cut #; and cutting forces F,, F
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g : A1100 Wet cutting
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Chip thickness f, mm w=2x2mm

Fig. 4-4-8 Relationship between chip thickness 7, and main cutting force F,

0.3
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= O y =5deg
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=
2 0.1 =1 C2801 Dry cutting
g A1100 Wet cutting
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i i i t;=0.03 ~0.225 mm

0
0 100 200 300 400 500 p=0.5m/min
F,/w N/mm w=2x2mm

Fig. 4-4-9 Relationship between main cutting force per unit cutting width F,/w and plastic flow Oy

Table 4-4-4 “ Chip constant”m  MPa

Workpiece m
C2801 450
A1100 141

A 4-4-2 £ X 4-4-4 70 5 APEFEN R 6, BRAD K ) IR DS NS,

F
5, =C,-Le 4-4-5
r=Cr (4-4-5)
7L
C,= Coreys (4-4-6)
m
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Table 4-4-5  Coefficient Cj mmz/N

Workpiece Cy
2801 0.220x1073
A1100 1.02x107°
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G
Cr
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0 3 10 15 y=0.5 m/min

Shear strain y; w=2x2mm

Fig. 4-4-10 Relationship between shear strain y; and specific cutting force Kj



Table 4-4-6  Coefficient C,/C;

Workpiece o / Cy
C2801 0.459
A1100 0.144

4-19
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DGR, CVIAIRIANICIRE § 2 WIERBIRIZV D AR EEAMOTAORICHEI T2 2 &L, ¥
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FNF =DV TORMKN LT RITIEES Ld ok,
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521 YIHIREOBERS R ZE L 2087 v

5§54 ETH O NSRS T F L % 5D T Fig. 5-2-1 IR T, EBEOUMITIZYI Y { Fou Ak
BRI Db 58 AN CEL, 2O LFPERU FICETELATLS L,
H BTSN EE 2 5 S8 5 T AREKTH 2 Edl - A OB L T B, AET

FZDRZHE AT, AR & 2 CTHBIND TRV X —2F R L UIHIER OB 217 ).
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e Fv -
S AT
workpiece 0

Fig. 5-2-1 Deformation and energy consumption during cutting
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BEBET AL X — W, ORlE L TRATREN S,
W =W, + W, (5-2-1)
K 5-2-1 DFIZXNF =2 U MR, F FYHEES IS4, FIRTET QWi L ToOERT,
w ZUIHINE,  3YI0RAAR, 6 BYID TR, 1 3EAWHETOVEEAWIGITH S,

w =ty (5-2-2)
w-h
Wt (5-2-3)
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Wp=—" (5-2-4)

Wiy

P ERAMOTHTH OV XA TRING, yBTEHT WA, ¢EEAWATH 2,

~ cosy A
ys_-sh1¢-cos(¢-—y) (5-2-5)

I, - COSY

¢ =tan”! (5-2-6)

1-7.-siny
L2 AT, Bl kI s AWERD)IADI Y 1 & > T, VIO T (SR B 3 A %
ENBD, ~MWMITRKDTVLBEAM T 2L X — W, 121, BEREZ ERIE 5 T 2L ¥ — W
BEEFNTLE ETIUERA L% B,

Wy =W, +Ws (5-2-7)
Wy =Ty 7y (5-2-8)
Wé =T5°Ys (5'2'9)

W, %, VIR 2 MERB S 2 22NV X —Ws 2EBT 2 0IBIEL AN T 2L ¥ —
T, T, 3ZDEOIBIEL RAWIGTITH 5. 15 3YIHIER 2 MRS S ¢ 2 B0 A WG
1, ys 13 ZDEOREAMOTATSH 3,

O O CCHUNIIRRIY 7 b O VIR 2 W) S & 5 T RV F — Uy (=15 w0, V) &, HALREH]
W7 ) DbRER (wor V) ThREIE, HAYHIEE YLD DT 2L F — W, &% ) RTINS,

A =75-6—f (5-2-10)
4|

2(5-2-10)% A (5-2-9) & R T 4L, 67 /1 ZEVERBIE IS KT 2 AW T By ICHET 2D
Bhnb, INoDBRE S ICOWTEMY 2 2 LItk > T, YVIHIFEOWIRERE 6, & YIHI
PRSI - D HEARIBIR XA TR EN 20 & %25 4 ETR 7,

8p=Cpty -y, (5-2-11)

Z TR, BRATRIND,

(5-2-12)

HG-2-1)DMA%Z 1 TEREIEX, REC, ZETAMOTADE L THERINKAUTRT.

c, =0 (5-2-13)
Vs

FRRICHE L 72 2 BEHOBHIM O C, DAEIZH 4.42 T TR L 7253 Table 5-2-1 IS TR,



Table 5-2-1 Coefficient C,

Workpiece C,
C2801 0.101
A1100 0.147

Cp &, 85 422 FETH 7o & 9 ICUIHIF NS PR E) 2 2L R S ¥ 2 B MR D Rih 2 2§ (R %
EEZTRIRBEML T3, TDC, ZHKT 2 3 DORAMIGTDON, —iRIZEKD T2
& AW AWTIE S T, ZBEBITRD 5N DD, 1, & 15 DR AWIEIE Z N Z IR D 51
THAETIEHOLICTE Do 7,

Z ZTUF T, (RN 2 AWIE ZEA L ZUHIE T L2 HOTRE T2 2 8iIck-> T, &
ELZEAMT 2L X — W, PYIEI 2 WHERB S 2 2L X— Wy 23k0 2 L Ebig, 29
DEAWIEI (g , 15)2 WD 270 DFLR LG 2179 .
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VW5, YIHIrh O FEEEOX AW OIRDS ) 2 EHEBIEE T2 2 L IRNETH 2. & AWK LA
DIC X o> THU 2 YR O BPERE)NI SR OIS & > TRb S, A TIROGABEMER T
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Fig. 5-2-2  Cutting model considering the influence of surface plastic flow on the shear angle
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T b L OE AW oa DI AW o'a 25 20U, ZORORKEE AWM 1,
EH D AW @I LT A KE L 2B 70, ¥ AWADOBENG Ag 1ZBM2EMICKATREI N
5.

.2
A¢=% (5-2-14)
t—l—sind)‘cosq)

Of
AG2-5HITBEVTHORDODITY (=p+A¢) ZHOIURRKEL AW O T Ay 3FSNB2,

ZTcosAp~1, sinAg=~A¢p & LT, E5ICHM/NEZEIET ULy, I3RRE RSB,

! Vs
= Is 5-2-15
Vs 1+A¢-y, ( )

H(5-2-15) &, KIEEAWOT Ay B HEDORAMOT Ay, XD BWPT2D0b0 3%,
ETHATHEEDEAMZ AN —W, oI, MERE 2 ERI LNV TF—Ws 2 BET 5
iz, XG2-8)TREAWIENZ 1,205 1, ITBIELTW2, I ZTEAWNIEIZBIET 2
LHICEAWOTARZy 2oy IBELE D EMET 2D ETHIERAE 2B,
Ty Yy =Ty Vs (5-2-16)
koTr 3R THREN 3,

Ti=7 - 1s (5-2-17)

H(GS-2-17)DMHAICE AW O T Ay, Z T IUITRA L %2 5.

!

W, =Ts.w, (5-2-18)

Vs

Z 2 CYIHIRE ISR 2 AR S B TR X — Wy id, —MISRO TR AN T 2L X
—W, &, BESNLTABZZLE—W, D%ETHLPE, RATRINSG,

Wy =|1-Ls |-w, (5-2-19)
Vs

o TRYIMIZ 2L X —wiZ, BAWTEHBR TORAM T 2LX —w, & THT W TOEE#RE
IRV X— W, O, CIHIRAICEERE 2 AR S 2 5 2 2L X —Ws ZIMATHR SN 2

sicky, 2UHIZ 2L X —w RTINS,

W =W, + Wy + Wy
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Vs

RIZHK(5-2-17) TR Lz 1, EEBIICE SN S ¢, 2, R(G-2-12)IRATHIZ, 9 4 ETRH
TH - VI Z0H 2 WIERE) S € 2o AWty 2355 2 Lick 310,
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5. 3 HEEBRA®E

C2801 & A1100 DHCRBEHEIM OIimmEIVIEIEE %2, Bi7 74 A% W7 —7)uk 0 TUlHEl
WS R 5 2 A8 2 ROtUIHICfT - 7. EEosEE, MEEBRE4EEF—-THhI EEDIT, T
TS T\ % EEFE R 2 v MRS & UIHIESRESEIN T~ O BIfR 2 Bat L 72, IR o ¥

PEBIE o (3, YIHITE O IR D LY O REL %2 B HIA I 2> & S F SRS TR L 7.

L d—TdH % DU HI S % Table 5-3-1 12789,

Table 5-3-1 Cutting conditions

Vv

o4

Machine tool

Cutting method

Workpiece

Tool material

Tool shape

Depth of cut
Cutting speed
Cutting width

Cutting fluid

Horizontal milling machine

Enshu HA (ENSHU LTD )
Orthogonal cutting

C2801P-1/4H : JIS H3100
A1100P-H24 : JIS H4000 (Aluminum 1100)
Carbide tool (JIS P10)

Rake angle y=15,10, 20, 30 deg
Reliefangle o =6 deg

11=0.03 ~0.225 mm

V'=0.5 m/min

w=2x2 mm

JIS 211 (for Aluminum)




5. 4 FEBERLEE

541 YIHIZMAFOZEIH) BRERBR, €ANA, FHEABIEHOBEE

Fig. 5-4-11C C2801 & & (X A1100 D YIHIZEAF: D ZALIC AR 5 YIHIZ I O kTS & 6 D2t 2 7R
9. CIHIZRI D BPERBN R 6, 136) D IAA y DRI & SN 2R L, § <y o e gk
A LTw s, AUl DiAd s THIUET < Wy 2V S FUSBIfiEIE 6, 3% <, % 4

TR TW 3,

0.3 I I

: : 2801  AL100

H : @) Y = 5 deg
. 0.2 = . [l W Y =10deg
= & & 7 =20deg
- ] '-0" A VAN A 7 =30deg
« 0.1 _..I ....... ’Q ....... A ............... —

: @gﬁ a=6deg

RN K5 © t;=0.03 ~ 0.225 mm

i i ¥'=0.5 m/min

0 =2x2mm
0 0.1 0.2 03 WT=4X
t mm

Fig. 5-4-1 Relationship between depth of cut # and plastic flow 6f

6
C2801  A1100
O y =5deg
4 | L] B y=10deg
)
L AN N <& ¢ vy =20deg
A A AN Ay =30deg
< H
P TS ]
A Ao a=6deg
@ : t;=10.03 ~0.225 mm
| V'=0.5 m/min
0 —2x2
0 0.1 0.2 03 WTex<smm

t; mm

Fig. 5-4-2 Relationship between depth of cut #; and increment shear angle Ag

Table 5-4-1 Additional shear angle A¢ deg

Workpiece A¢
C2801 1~3
A1100 1~2




Fig. 5-4-2 IZ—fRITKD T2 AW ¢ ICHT 2, BMEREIHFLEL B L LBREokis
AW ¢ ~D, AW DI Ap % Table 5-4-1 13T, YIDiAAR Y DT { wiy DZ4lIC
o TED K ) BHIFATEML T2, CAWADEINGD Ag 232 DDMEICRBEICHED 5
nTH, A1100 DHFVBEMICEAWA ¢ IZ/NI L, o THAMODT ARy FREVLD, K
(5-2-15) % D E AW OF By, ly, 12 AL100P DS HVNE K 5 213 FTH 3.

Fig. 5-4-3 12, YIDAAy DELICHN T 2 ISR TL 2L AWIS 7, 27T, V¥
ARG T) o (ZYTHEIZEAE D Z2 LI B D & $FIRIF—EDEZ /R L T 5, Table 5-4-2 D% R
E

600 | |

C2801 A1100
@) y =5deg
o 400 ..AQDZ&% - <><> ......... - 0 m v =10deg
E o & 7y =20deg
) _ ; A A 7 -30deg
" 20 a=6deg
“m‘ £,=0.03 ~ 0.225 mm
0 i i ¥'=0.5 m/min
0 0.1 0.2 03 w=2x2mm

Fig. 5-4-3 Relationship between depth of cut # and shear stress 7

Table 5-4-2  Shear stress 7, MPa

Workpiece T
C2801 418
A1100 131

542 CABOTAOBECL>THBONEZFIRILVX—LZ0HEA, TAMIEAHD
B %

Y= 2V ¥ —w 1F iz NG2-nTREI N D, XG2-200 TR Lk )i, YIHIZRE
ZMERBI ISRV —Ws 2 E-T 57 DITIEW, 2 W, NEBIET20ERH S5, 2N
13H(5-2-16)D & ) ITRAEE AW TOEAM O TADBEIETHAT 2. Fig. 5-4-4 I[ZY) DiAA g
XY B, UIHIERAEICEERBIDFE L 0 & LEBEOR AW O TRy, &, —BISRkROTWVS
B AWTOT By, DIy, DBEGRETT. VMEHEOZI22b 5T, CABOT RO/,
3dHFDZME T T L Table 5-4-3 DX H I o7z,



15 I I
: H C2801 A1100
O y =5 deg
| e s Wy =10deg
2| K © o & y=20de
= A A 7y =30deg
= i
0.5 —
i H a=6deg
: : ¢;=0.03 ~ 0.225 mm
i i ¥'=0.5 m/min
0 _
0 0.1 0.2 03 w=2x2mm

t mm

Fig. 5-4-4 Relationship between depth of cut # and shear strain ratio y;/ Y

Table 5-4-3  Ratio of shear strain y;/ Y

Workpiece Ve / Y
C2801 0.903
A1100 0.866

CTHES N AN OT ROy fy, O, R 5218 B S WIS % K I I, BIEHIBOE
PTZF VX — DLW, /W, T H 2.

UL 2 EERB S 2 T2V X — Wy LB AW Z 2L X —W, Dy /W, 1, X 5-2-19
EbBBEICI-yly, THD. ko TIFLF—DHWs/W, 1E Table 5-4-4 DX I 127 2,

Tabb, C2801 TEHEAWIZRALX—W, HD 10%FEE, A1100 TiE 13%RE 23V HIZEHE D
MPERB O EICHEINTVE I EEZRL TS,

Table 5-4-4 Ratio of energy Wg/W,

Workpiece Ws /W
C2801 0.097
A1100 0.134
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K 52-17 1L AW OFT B DLy fy, DIl % OIURIBIE L 724 WG 7, 2313 5 4, Table
5-4-5 R8T, 2D X ) ICENEREIZBE L TEABIS I ZEIE L SR, Table 5-4-2 ISR L 72
g AWTE T T, 1% C2801 T 10%FREINA L, A1100 DEE1E 13%RERA T2 2 Lick 5,

Table 5-4-5 Shear stress 7, MPa

!

Workpiece T,
C2801 377
A1100 113

RITH 5-2-12 2> & YIHIZE N 2 SRS S € 2 RO AWIE ) 7513 XA & 7% 5,
TS_T.,S‘
=58 5-2-21
s C. ( )
K 5221 ICHBB D 7, 8 & Koy, BRI C, 2 H\aug, YIEIZEmE 2 BHERE S ¢ 2B o¢ A
Wikt ) 75 2315 & 41 Table 5-4-6 1SR, 2D & 5 BRI C, ZREIRT 2 3 DD AMIE /1739

ShEkoT.

Table 5-4-6  Shear stress 75 MPa

Workpiece Ts
C2801 406
A1100 122

RIZYIDiAHy DEIZ E b7, BYMIZ RV —W ICNT 282V F—W,, Wy, Wy

D# G % Fig. 5-4-5 (a), IR T., T WAy IZX>TEAPDEIZR S35 %%, Table 5-4-7 I
FIfEE R,

AU 2L F—w ik LT C2801 Tk Z D 9% EE 23U Hil 2 imi ¥ B 0 AR IS B X
TED, A1100 TlF 12% BRETH L I EDBHLNLEL >, F7, A1100 13 C2801 £ D H %<
DEGT, YIHIREOWIERBOERICZTZLF—BHBEIN TS, £ 2 2okt
Ws/W IE W, /WIS Z % B 258055 2 LW oh Lok,



y =5 deg y =10 deg y =20deg y =30deg

= o8 - EREERO | WW O 0 o A
= 0.
§ VAN ZAN Wel W @) O & A
% 06 fme s e o e —] Wé/ W o - . R
% 0.4 e .................. , ............... — )
N C2801 Dry cutting
> o =6deg
SN £;=10.03 ~0.225 mm
V'=0.5 m/min
0 0.1 0.2 03 w=2x2mm
t mm
(a) C2801
(b)
1
. y =10 deg y =20 deg y =30deg
< 08 _%m ............... d| W' w O L] O
= Welw O O o
% 0.6 — W(S/ W . - ’
~
k. 04 [ .
N A1100 Wet cutting
<02 - H i o =6deg
Y %@m? t;=0.03 ~0.20 mm
0 1 V'=0.5 m/min
0 0.1 0.2 03 w=2x2mm
t; mm
(c) A1100

Fig. 5-4-5 Relationship between depth of cut # and ratio of energy (W, / W, Wy /W and Ws/W)

Table 5-4-7  Ratio of energy

Workpiece W, / w Wy /W Ws/W
C2801 0.788 0.127 0.085
A1100 0.788 0.101 0.121
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> I T
: i C2801  A1100
I Fromreeseressssins L— - O y =5 deg
. O M y=10deg
.................................................. - o o 7 —20deg
IR SSRTIINS SON . A Ay =30deg
| a=6deg
t;=10.03 ~0.225 mm
V'=0.5 m/min

0.3 w=2x2mm

Fig. 5-4-6 Relationship between depth of cut # and ratio of energy Ws/W ¥

ZITYUIDAA L E XN X —DEIG Ws /W, DBIfR%Z R L 7- DAY Fig. 5-4-6 TH 5. MEFHREK
Cr DRE W AL100 DITH3EE Ws /W 1ZKE <, F72 2 DDOMBHHICT S fly D/ S w53
B Ws/WplEKRE 0, KD 65 2% X9 ISHEHIG Ws /W &, C2801 128 W THIHIZAFIC X > T
1 22 % LI, A1100 DT Wiy =10deg T, YID ARy D/INS R GEAMTIE 3 ITEWEZ R
LTWw3,

ZOZLEXDYHIMLTORBTREREL LT, VHIRAZ PR I 2DI0HEIND
IARNX—=Wsld, BRIV X =W, EAFEPZNUEE L5560 H 5700, YIHIZREZ Y
MRE I LT 2N T — Wy ldMETE R LWL R T,

543 WHERBERZEE L - U HIEE LR/ O BFR

X 5-2-13 IR L72 X918, MEMREC, 3¢ AW O T ADE G ys/y, THH DAY, T 2T

IC 7,=75 £ LT 52-13 DEEDO DR FIC TN ET/T 2 ERAE 45,

c, =t _Ws (5-4-1)
vs T Wi

A 5-4-1 25 Cp 13, TP YIHERI O BIERBICEP I N2 VX —Ws &, BIEL ¥

AMIZZLE—W, OEEGLEL T30 08bh s, HEWs/W, DFH%2RDTHS E Table
548D k)R, HiRDC, LIFIFFAKDOMETH S

Table 5-4-8 Ratio of energy Ws/W,

Workpiece Ws/ Ws'
C2801 0.108
A1100 0.155




YR Z AV X —w 2 C, Z O TREIIRA L & 5,
W =W, + Wy + Wy

1 W + G W+ Wy (5-4-2)
1+C; 1+C;

2 5-4-2 %> & Hifli D Fig. 5-4-6 (273 L 72 EIG W /W, 13K E 7% 5.

e (5-4-3)

T

HG W, /Wy & 2 DO IO TEHEET 2 & (W, /W) > (Wo/Wp) gy TH2T. F 7

A1100

C 122V TUE Table 5-2-1 TR L 72 & 912(Cr) 41100 = (Co)pngo TP 5. A(5-4-3) & D Cp HIKE
WCIZEHGWs /W, BBRELS DK IMET 22 b5, Tho O, Fig 5-4-6 T

AL100P DT HYEN G Ws /Wy IR E S 7525 2 LICHIGL T2,
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i

ARHETIZYIBIRE O M LE %2 & o 7 MR YVIBIBIR 2 X DS 0T 5 7212, YIHIRH I
TR T 2 WMMERBEIDMIC A U v & L BRI 728 AT % 320E L 22 YIHIE 7L & v T,
YIHICIHE SN 5 2L X — O BlE D S WMIERE) % £ 5 VIBIBHE O WG %2 47 > 7o RITRS SR O 1
AEIC I35 4 B C2801 & A1100 DR 2 IOGUIHIEBROFE R 2 w7, Z DR, & LT
TORBHEPE RS T,

(1) YIHIZEH O MRS % & 58 L 72 VIHIBERE <1, & AW OV ABNGE 113 10 ~ 13%FE
BIEZIWNI %2, 2O EIEFEDOEAM T 2LX—W, D 10 ~ 13%FREDS, YIHIZE
Mz PRI F VX —Wy; THD I EE2RLT.

Q) AEBOHFHNTRYIHI T 2L —Ww D 9~ 12%FREDS, MR Z LRI 2T 2L ¥ —
Ws & LTIHEINTLS I EERHS I LT,

(3) WHRBZERS L TRV T— Wy LRI TN X =W, DLW /W, 131 ~ 312% 258
bdHh, VHIERRZHERH IRV — Wy 3HATE LV REITHL I EZRL
o, DT EIE, (1), ) DOffiE & HICHEERBIZERSELIXNLX—W; LDOKREZ
I Z IS 2T L7,

4) MERBOEBITHEIN DL Z VX —Wy &, HEREIZEE L TEIEL ¢ Az 2L
¥ — W, DWW, IZIFIEETH Y, I DE I CYINIERO BB % & o 72 2]
IANF—wERICEbINE I L2,
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6. 1 #

il

&I O YIEIIN T OB O YT HIZR T I 3R BB L, I BloRmEERICEE L SN 3,
WO BSITLIEPERK S 1S, Hhill - HANE, BREEEIM O SR O 2 RKOTYIE 2 17 A ST O
ZETEARIL % GEMTIC BLEE L A IR, & AWTREIS I P8 & D S T HICE TEN > T 57012,
A SeHNEE T 5 ARG 3 TIZUIEI P @ NI IFEMEREI R C > T 5 2 E 2R L, 2 syl
RIMPER B 2 BA I 2 L ERTH 2 LML T2 DO Cok)anizlE 2z, &
475 L5 S HCIIYIHIR I O WMMIREN YT MR 1IC 5 2 2 B2 B & 0T 3 00, WS
A MR UIHIBER Z R 2T T VICE SR, BE RO TV AN 2L X -0z, Y
HIRE OBEIERB O LR ITHE SN TRV —NEEN TS 2 L 2EE L L2 T, ¥
PV E) & UIHIBEREEIR T O BIfR 2 W L 7299,

L2 L 223 S MERBI O A & BT 2L X —DBIRICOVTOZ RITIZES b o o, Wk
B2 L B UIHIBERS 2 & 5125 0T 2 i, MIERB O 4 RS E#E L 2L X —Ic &
NEFEDWELZLEZ TV L8O T, RUYHIZ AL —RED X ) ITHI LTV 3100w
TOBRHDBRBETH 3.

EXATHLEMETUHITNED 20D { T S 1, MK %A 7% D & b PR E)
DYIHIRINICERE T 5. 2 2 CREMNICEEREIN WG 2E 2 5 L, YRR L TES
DEDHENY) D TP SN B L LB, RUHIZFLF - LA R THELTHAH. &
DRI UIHI & HEOUIHNC B 2800 S TS 0% (W) (TR Oy &, 2UH T
FUVX —DEBPERBOLEEDHEI L > THEL LD TH S, RUMIZ R L X —D#21%, ¥
PEVR B D AL BRI T 2 2UHI = 2L ¥ — ORI IS L TR D, S AK = 2L X —ho ik
MENOEBICEE I NS T3V X —OflIc, MPREI O BRI K > TEBEI AL X — 23822
J7adbEEFnTtnis tEIons,

29 LIBLED 6, 5 6 M CIXYIAIERANICEA T 2 MIEREIR LU ) 38 S BIfR % HifiL
L7UIEIE 7V &2 - C MMEREIYI ) { TIESICE 2 2 B 255 L 7 U)HIBRS 2 M5 L <
W3, F2ETRELL “UNITERZHV5 L, 2UHIZ2LX—1300) CFES &l
BIfRcRI NS, 1> T, I K TEI MM BFEREOY D  TES IS 28E%, 2YIHl
IANX =DM PEBROERYIEI L 2L X =10 50 2 HGICHERICBER T I3, Th



O EICHVERE % BB L B 2YIHEI T 2L X — O RERL, WMERED & ) HIBERE 5N T 0 BIfR 722
ERFRITL ©)

ARFE TN T L7 < #HIM & SN2 SUS304 27 > L AHOD 2 Kot 24795 & &b
12, MO 7 ICHTHD €2801 & A1100 DEEBFEEOBAHL T, s 3 MOMECIRITHS
RoWGEEZT o7, 610 YD S FELRZMBITOPICEAT S I EICL>T, YHITHES
NEZBZZFLX—FEAWOTAROBSE LCEDb LA, 2O X, YD < FEBDHICYIH]
BT 2@ TR, MERBIP AL X —OBR O RTEEAERTH LI L ZRLT
W5,



6. 2 HUERBBOERP DS TEILBIIITEELZER L ZYHIEBO € 7TV

621 BYHILFINX—2HBRTEIFNLX—

Fig. 6-2-1 IZ—fRICHI 542 2 ROTYIHIBENS € 71, ff CTYIHIZRIE I /R § 2 IR E)
JEDZEEDE TN ERT. RIT Fig. 6-2-2 ICHMERBIOELIC L > TY D K FTEIBED LI %
WEB 2RI T 200 2B L TR L2 XUWHIE T V2R T Y DiAA LB LT WA
yDb ETYUHIT 2L E, oa MTEAWELIEZRZ T TES DY) TP IN 2 Lk
BIHIZRI IS 13 6, DMPERBIEAIRE L T2 ikr2md. 2 2RI YR I MRS A3 %
W& LRI, BHIM RIS B CORBIE 6, 72 TR < WO ob TR AW £ 52 1)
Aty (=8, -cosy) SFHEVYID C FHPHHENZ LE2 D, DF h MIEHWE 2D TR,
%, BB OFBT (6, cosy) iy (WD K TR DM LTRT 2) FL o Thds L
WERINZE 2 5,

ARG L T ORYIEI = 2L ¥ —w id, WEREIOEROMEIC X 2 2UHl = 2L ¥
—DEEMANEENDL EEZDEHX62-1DEHITRINS,

W=W'+AW (6-2-1)

Fv
B-y
a
Workpiece
~— Scratched lines—
: Principal cutting force : Depth of cut
: Thrust force : Chip thickness
: Shearing force : Rake angle

: Normal force : Shear angle
: Friction angle
: Clearance angle

: Surface plastic flow

: Friction force on rake face
: Normal force on rake face
: Resultant force

: Shear energy

: Friction energy

SRR

: Cutting speed

SISrzadmnx

Fig. 6-2-1 Cutting model of deformation and energy consumption during cutting



W' MEEREID e & L B o &Yl R oL X —

AW BERBI O AR OB X - TE L 2 2UIEHl = %)L X — ks
ForTr LR 241 (F=m-w-ty) OWLZYIHI (w-r) TR &, HAYINHERS 7
DDORYIBIZ 2V X —1EW=(m/t)) 1, £72 0, YIDiAHy 2 —FE LBICE, 28z L¥
—WIRYID S TES il T2, >, RUIEIZ 2L X — D8Ny AW B 2Y)Hl = %L ¥
— W 258 2 A (AW/W) 1, YD < TS ORI Ay BEBICHBIZ N30 C FEE 112
L0 BEA (A /i) 1K L, T 2TYID TR ORI Ary 3 IEERUIC (8, - cosy) L F AT
570, ZOBMREREE p £ LTR(6-2-2)TRT.

@”Uﬁy=p.AW

f w

& A WIEIR 2SI P TH DL T IS £ TIAAY 2 T 3 2 & YIHIKIIC o, 0 MMRE) % 5 X ¢
ZELFHREEZ DL EHIC, T T TIIREYIHEICH O YIHIFERE X R 72 012 T H o BEFEIEST
LTE5T, THRTHOBEEICLZ2HEEL LB RV DELT, T2 TRp=1LTUTD
HimriED B EIZT B,
K 6-2-1 L6220 6K 623 V5N 5,

(6-2-2)

t2—6f-cosy'W+6f-cosy'W

W =
%) 53
t, =0 COS O, cos
DTN w5 e ew (6-2-3)
P s f P s f
2 2

Aty (= 5f cos?)

~— Scratched lines =7
Cutting width : w

Fig. 6-2-2 Cutting model considering the influence of surface plastic flow on chip thickness



H623DEYUHIZ AL EF—WIEHK 624 DX HITRINE, TRLF—W ZHERT 2 4OD
I NF—%2HK 6-2-5 06K 6-2-8 IT/RT .

W= Ws' + Wf'- + W+ AWf (6-2-4)
» ty—0;°COS
w =2y (6-2-5)
I
1 1y =08;-cosy
W= W (6-2-6)
O, cos
wy = L2, (6-2-7)
15}
Oy - cosy
AWf = ° Wf (6'2'8)
I
22T

W, BPEREI DS 0k L BB AW 2L X —
W, D SMETRE) 23 0 & L R BRO BT 2L X —
Ws @ & AMZ 2L X —h OMPRE O LIS E I N D 2R L X —
AW, P EBI X VX —OHNG, Tabb ~ROERIFVX—W, &, BEREY 2w L
U 7 BR DB T 2L X — Wy D (W, - W)
3 6-2-3 D 2 TZRYIHI L 7L X — DM AW IHS LTk D, X 6-2-9 TIN5,
AW =W + AW, (6-2-9)
HPERBI OB 2 ENE L TR WEBEORYIMIZ 2L X —w id, 623108 VT =0%,L
TH-TED,  (W+W) TROTLDB 2 Edbh s,
Lo &9z, MPEREI LY D  FIE S 10k JIF TR UIHIERE Ic Z 58 L 2 T ic
FoT, 2UHIZILX 340D X VX - oINS 2 LIRENLC,
622 YHITHEBINZZLANFX —LRAKO T ADOBR
621 HTRLUEITHEINZZZRLX—1Z, %A S »OIEDYIHIBMENR T c£B
TENRED ISR 22, 22 TR 625, R62-TOZRAX—W,, Wy ZEAMOT
By, e TR T L 6-2-10, K6-2-11127% 5,

; [ty =, cos
Ws=(—2 - y-rs)-n (6-2-10)
53
O, Ccos
W5=( ft y-rs)% (6-2-11)
2



RICH 2 TR LR 2-4-1 (F,=m-w-1,) DA% YIRS (w-r,) THRL, GIHIL Y, 2 A
5 ERYHlzFLX —w i 6-2-12 TIN5,

w=" (6-2-12)
rC
YR ANV F—W 3 E 7K 62-13 DK ) ICHAMOT Ay, TRING,
W=( n )y (6-2-13)
e Yy
L7cso TEBEBEI AL X — W13 6-2-14 DL ) ITE AW O T Ay, THRIND,
Wy =W -W,
=( “ —rs)-n (6-2-14)
T

X 6-2-14 DR Z X 6-2-6 B X OVOK 6-2-8 ICHH T2 Z LI Lo THMERBID W0 & L72BRD
PRI 2V X — Wy, BB ZVE— ORI AW, bRAB O T Hy TcEbINA 62-15, A

6-2-16 12T,
1 =0pcosy [ m
W= : -7, | (6-2-15)
53 e Vs
Op-cosy( m
AW, = — =T | (6-2-16)
53 e Vs
S S I RYIH T 2OV X — DRI AW (= Ws+ AW, ) 13K 6-2-17 D L H ISR EN 5,
dprcosy  m
AW =|L—- —— |y, (6-2-17)
53 Vs

LR X 9 ICUIHIRTNC A § 2 MIERE 2 Z 8 L Z2BEOWENC LS T 2 &2 2 v X —13, U]
DFTEBm ZBATSLILICk>TH6-2-13, K6-2-15B XUV 6-2-16 DK HwmIi, KX
6-2-10, X 6-2-11 & & HICRATIFL AWV T Ay, L OBIRTRDODIND Z LILKH D,
623 YIRIEROBEMEHRBR LYY  TEI OKERF

B o kS & IR T O BIfR 2 g 5. 3l 6-2-7, X6-2-10 &K DifiEE 6, 12D
WTHHT S &, 62-18 DX IITCy ZFRBE LT, WBIES, 13U < FIEES 1, &IRITLLHIBY

fRIcH 5.
Cy=TTsop -y, (6-2-19)
Ts



X 6-2-18 13, 5 4 T/ L 7B 6, LY D IAA 1 DR TH 530 4-2-15(6, =C, 1,-7,) %,
UK TES LZHOTEDLLADDLHE—TH 5. ARICE T 2 MR )  TEIICE
KT T2 UIHIBR P ICE R L TR DAL F — 2RO LMBITICE T, Wk, LY <
TEI 1, ORRIIFE4E LA —DORFHREPBRONE LRI NTV 5,



6. 3 KB

HATETIIRE 7 74 A% T, 2801 (dry cutting) & A1100 (wet cutting) D FEFZIRBEHIH D
WHEICN LT, 7—=70 D ETVENC k> T DiAdA ey 25 2 % K3 2 Zond) il &2 FEii L 72 @,
Fig. 6-2-1 ICETWMLL TURL T 2 HHIM AT OSEZ, 2 A bEORMlIc T 2 2 LItk > T,
MENE O, DRERF DN DERIC &K 2 E 2 TE 2T T3, ERREHEH YIRS
29301 (ESNF, E3NF) , BEUVAK, YYD TES L LR, Th 5., FEE
FEOFHMICOWTIIHA4FTELEE S FEOE) TH 5.

ARED SUS304 (wet cutting)iIZ X L Tk, 2 EOEIC L IR BEEIM G Okt 7 7 4 28I
X BEHE 2 ZocYIElZNEECTH o 7. % 2T Fig. 6-3-1 IR T X 91, —#H2U b KRB o
MR BEHIM 2 2~ FLUALTEREFL, 202 REBICF v v X 7L CUIEIFERZT- 7. THIC
FERE A< M10 2 Vo, STHBERESZRAIE D < 98B S 2 Mg e fiip ol & L7, ¥
EY D AAITR U CHERENE OB T o s &9 Bft: EPTHBE S5 X951, YD iAA
DN WG] 2 A NS LTV, B EDOFHRISBR L Tw 5,

T2 12 Fig. 6-3-1 1278 L 72 B HIAUT O R EERIC S A b 37z i C Rl 24521k L, FrEob)
DIARZ G Z Th o Tl 27 180 deg 72 1T A L, XIH @ Start of cutting 2> & End of cutting ¥ T
YIS 5. YIEIEZ O h REGCRh2E 1 L, YUIHRE & RYERE (=5%ER) L oRETH
5HEDENE TV Y IILY A YL =2 (1/1000 mm) THIE L CEEYI DALy & Lz, YIHHK
Fi2537) (B30 F,, W5 HF) &, EEREFHTEEGE (F 27 —H#) 2 HwHllEL,
Y10 FIRE 1, OHEISIESA TH A X7 —2(1/100 mm) % F 7z, BEHIM ORZIRDSS 72 6

End of cutting

Workpiece

Start of cutting
w

Fig. 6-3-1 Workpiece and cutting test arrangement



THEREEOREZ, BRI L T DIAARDB T FINS W BEHTE 2 5D L L, VIHIE
T DM RB) i 6, 1%, BN O SIRD LI OFLE 2 e FBEI CBI%E T 5 2 Lk > TK
7.

Table 6-3-1 12 SUS304 DI %2R T,

DIT D#EZETIE SUS304 DFERITIZ T, 25 4 FLE 5 mTHO N C2801 & A1100 D
ROOHHH L TR 2479 .

Table 6-3-1 Cutting conditions

Machine tool Engine lathe

TAL-460 ( TAKISAWA)

Cutting method Orthogonal wet cutting

Workpiece SUS304 (JIS G4305)

Tool material Carbide tool (JIS M10)

Tool shape Rake angle y =10, 20, 30 deg

Reliefangle o =6deg

Depth of cut t;=0.044 ~0.152 mm
Cutting speed V' =125-26 m/min
Cutting width w=1.5mm

Cutting fluid JIS K224




6. 4 HEBRERLEER

6.4.1

YT HI St o ZE At A 5 B4 i B B <o ) Ml B9 0 B 6%

Fig. 6-4-1 (% SUS304 DYI D iAH 1 L YIHIEH DOFEI =6, DBIRTH D, HIKD 7 Iz C2801
& A1100 DFERZ i TR LT 2. YIHITED BT C2801 DB 6, 13 &I/ E <, )
57 CHEPEICE & A1100 DFLBIE 6, 13 &M ICK S v N TEL L3 < #FIM & S0 Sus304
DB S, 1E, FW—DYIDiAA L I2ET C2801 & A1100 DHIHRETH 2. 3 HOMELL b
YT D A K y DRSS THREIE 6, 3L, § <y ORI THA LT3,

Fig. 6-4-2 12 SUS304 DY) 1)  §IE & 1, Lifi@hiL 6, DBIFRIC, C2801 & A1100 DFER % fifE T
R, UIDAA LR Wy 3L T 245, Mi# 2 XSGR e LTI 2 &, Kb

DFRFRDEE SRR B T B1RBCs 1L T 3.

Table 6-4-1 12 SUS304 DIRELCys DfE L & H 12 C2801 & A1100 D% R T. SUS304 DIRELC;s
IZAARHZ R TR E S, 2801 & HHERTHULF — DY) ) < FIEZ 1, ISR L THY 1.9 15 0 IR

AT LS o T,

14 C2801 A1100 SUS304
5 deg L4

10 deg u ] [

20 deg 3 . O

30 deg A A A

0.3
g I I C2801 (dry) SUS304 (wet)
g y =5, 10,20, 30 deg v = 10,20, 30 deg
- H H t;=0.036 ~ 0.225 mm £;=0.044 ~0.152 mm
« H i
% 02 _.‘. ............ ..., ............... — AL100 (Wet) azédeg
= m y =10,20, 30 deg V=25 ~ 26 m/min
- m ¥ D.’ £,=0.030~0200mm || w=15mm
|Z] H :
%’. [0 TR T ——— ol 4 f .............. ]
o U L 1 ’ a =6deg
2 4 V= 0.5 m/min
:% ?& a xAQ; * w=2x2mm
olL-4 ] ]
0 0.1 0.2 0.3
Depth of cut #; mm
Fig. 6-4-1 Depthof cut #; versus surface plastic flow ,




4 C2801 A1100 SUS304
5 deg °
10 deg - n 0
20 deg . * O
30 deg A A A
0.3 T

=

=

“~

o

P 0.2

]

e}

2

2

= 0.1

3

£

=]

)

(=]

0 0.5 1 1.5
Chip thickness ¢, mm

Fig. 6-4-2  Chip thickness 7, versus surface plastic flow §, . Cutting conditions are same as

Fig. 6-4-1

Table 6-4-1 Coefficient Cj

C2801 0.099
A1100 0.144
SUS304 0.193

Fig. 6-4-3 12 SUS304 ICE T2 DiAda ey E E0NF,, §0 1 FOBRZRT. YHHKHLE,, F,
FYIDIAR L DEEINAES> T L, § < Wiy DRI TEA§ 2 — IV Z2 i 2 R8T,

SUS304 D V¥ AWIE 7, 1%, WIDAR LT Wy DZLIC»20 6 TIRIE—EDMED
ot X625 THESNLIZLE—W, 2HANOT Ay, THRT &, BRI E
Lo WG o, o5, 3 FOMEIOFEE ARG LI D% Table 6-4-2 1277
£

X 6-4-5, H6-4-7 KD AW Z RN X —W I iD 5, AW L X — o MPSRE) O 42K

ICHBEIND TRV ¥ — W, @%‘Jé\(Wé/Ws)éi(l—t;/rs)ECCZJ. Table 6-4-2 2 Z 1T, =%

WX —DEEG (Wy /W) 1E C2801 THI 10%, A1100 137 13%TdH 2 DITH L, SUS304 13#Y 17%

EROREVIEDVHO D E ST,
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14 F, Fy

1000 10deg -
Z 20deg & .
K 30deg A A
i Eﬂ
8 500
2 % i
en
g IAg" AA
3

0 | ‘Work material : SUS304

0 0.1 0.2 0.3
Depth of cut #; mm

Fig. 6-4-3 Depth of cut f#; versus cutting forces F,, F,. Cutting conditions are same as Fig. 6-4-1

Table 6-4-2 Shear stress and ratio of shear stress

Workpiece 7, MPa 7, MPa 7, / T
C2801 418 374 0.895
A1100 131 113 0.866

SUS304 620 513 0.827

642 YHREOBWERBE L WEIEH L EOBBRB LY C FEH DR

“GIo < FEB 2RI OHISEAT UL, YVIHNCBEE T 282V X —1F, CAMOT Ay 2
HEICL THAICHIEDS R 2 5005, 22 TSUS304 D“YID  FER 2 HERL T 2 &
IX C2801, A1100 & MG 9 5 L THETH 5.

Z ZCWER S, L BTN, ORI T 210dH 7o T, 4 EOWE L 2B S, &L EAHE, D

BIRTH 2 4-4-52%DTRT EEBIS, YD CTEBmICBL THETOHRRKIFHI 2 MZ 5.

F
@=quj (4-4-5)
m

SUS304 ICB T AU DiAAy BIOYIN K TS 1, £ £ F, DBR%Z Fig. 6-4-512R87F. E
BHEETOFy R0 IAR L, DI 5 THH VLTS, FHHE, LD 3AAR, D
MR 2 EHOEMT 2 &, FBWHREHL TR0, HOMIEHK, (< F /(v 1)) 3z
T EVZ D,

RIZGI) K FBE 1 EEDNF,OBIRTIE, F7 0y F3ZZOKOYIDIAKR Y & D (1 -1)



Y 1 2
10 deg J |
1000 20 dég O .
(1;=0.16) 30deg A A
(2-11)
: g
b
500 c ) .....

e
AR |

Work material : SUS304

0 0.2 0.4 0.6
Depth of cut #; , Chip thickness £, mm

Principal cutting force F, N

Fig. 6-4-5 Depth of cut#; and chip thickness f,, versus principal cutting force F,, . Cutting

conditions are same as Fig. 6-4-1

S 10deg O
= : : 20deg <O
04 _A% ............... | owe ~
< ~ %D
g Ay
< : H
;) 02 _Dl_l_]__l. ............... ]
£ : :
£ : :
Q .
0 | | Work material : SUS304

0 0.1 0.2 0.3
Depth of cut ¢; mm

Fig. 6-4-6 Depth of cut f; versus cutting ratior, . Cutting conditions are same as Fig. 6-4-1

POAICBEITSZ L0k %, COBBIRDECIZEZE 7Ty F OYIBIEAICE T 2 W8I 12
73 3,

Fig. 6-4-6 12T X 9 ICWIHIM 7 13 < Wy YT DA A ¢ DI LTI 2 78 L
W5, AR IC Fig. 6-4-5 1R L7z K ) B Z 13T DiAA = 9 0.16mm 2B WT, KT Wiy s
REL BB EEDNE,DO7 0y FOENDOBEIEZ, (a>b>c)D L) ITHMIIZNS (> T
W3, YD TES LISHTBESNE O 7y MiE, fERE LT 1 DD MPIERE o1
5 X)Ly, 32T 5 2 L 2R L T 5,

Fig. 6-4-7 | SUS304 D Bz UIHIIE & 72 O D E53H1 (F,/w) £ U110 < $E S 1, DBIFRIC, HilD
7212 C2801 & A1100 Diff R Z P TORY . UIHIRMFOZLICH £ H EEZRZITT, (F/w)ld
U1 PIRE 1, E MBI IZIZHPIBRTREINDE 2 L 3bh b, ZOWHEPE 2 E TR L,
VD FESt, L EDHNFE, OB THBR 2-2-1 (F=m-w-t,) OFDGH L FEH THD,
SUS304 IZB W T bHi7 I 2 OBIRZHER L 72, Table 6-4-3 12 SUS304 D“Y) h { FEE” Dfiti &



& 612 C2801 & A1100 DIEZ Y.

Fig. 6-4-8 12 SUS304 D PN Y)HIIE & 72 ) D E0 71 (F,/w) LB 6, DBIFRIC, C2801 & A1100
DGR Z I TRT. UIHISMEOZMICH £ ) WEZ2ZTT, (F/w) 3RBIE 6, & 11T IR
RTINS, H—0(F,/w)ITh LT C2801 & SUS304 DifiyE 6, X FAFRETH D, A1100
DR S, 12N D 4 fEREDH 5 2 LS ko7,

14 2801 A1100 SUS304

5 deg °

10 deg - u 1
=
S 20 deg 'S . &
2
i 30deg A A A
£ 600
=
o
= E /
s g
-~
g - 400
8
&=
on -~
£ %200
=]
o
=
B=Y
£ 0
bl
[a W)

0 0.5 1 1.5
Chip thickness 7, mm

Fig. 6-4-7 Chip thickness 7, versus principal cutting force per unit cutting width F,/w .

Cutting conditions are same as Fig. 6-4-1

Table 6-4-3 Chip constant m MPa

C2801 450
A1100 141
SUS304 801
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14 C2801 A1100 SUS304
Sdeg o
10deg = ] O
20deg . <
30deg 4 A A
0.3 T T
g : :
=
oS
2
o
=
8
S
|,
3]
€
5
%)
0
0 200 400 600
Principal cutting force per unit cutting width
F,/w N/mm

Fig. 6-4-8 Principal cutting force per unit cutting width F,/w versus surface plastic flow Of .

Cutting conditions are same as Fig. 6-4-1

643 HABOTAHLERZLINX—DOBER
ﬁﬁ%@k@b<f§§g@%%%$m%?wmt,%ﬁmiofﬁankwmmﬁgﬁé
HFIFLX =L, TAMOT Ry, OBIfR% Fig. 6-4-9 (a), (b), (c)I/RT. SUS304 12 E ) 5 Wk
MBI D LA T2\ & LI BROBEBE L 20V X — Wi 1%, ARFEBROHFH A I3l RS Ha T AW
OFHy, L OWBIERD SRR TNERRE B o708, BMICEFEZRLT —3EANOT A
JFHBIBIRICH 2. TD T LIFH 621 HOKNFICE T 5, MHRB O AL DOFEIC X
Y10 < FIRS DWMIT Aty (=6, - cosy) L EEEDYID  FILE 1 DEIA (At /1,) B3, MAHEIC [
ARIZF—EDMHEEZ LD ZERZRLTVD,

MYERE) DA JRDEEI K > TEL 2 2UEI = 2 )L X — Do AW &, EAKZ 2L ¥ —h
DPMEFBN D ERITTHE SN2 TNV X — Wy DR, BEHET VX — ORI AW, Z7R L Tl
%. SUS304 |: it BHC e~ THPERB) O R RIC K 2 BEEE L 3 )L X — ~ DB IR Z »
ZEzRL T3,

TDIAARHITNT 2HZ 2N X =D 2YHIZ 2L X — W I 50 285G DR %Z Fig. 6-4-10 (a),
(b), (c)IZ/RT. Table 6-4-4 ICHEZ RN FX —DHED 2R, MEREIDZWE LBEOY
AMTZ L E — W58, RUIHIZ 2L F — W i 50 28w, /Wi, C2801 & A1100 12 bl L
T SUS304 2N E <, WIMETEEIAS 5\ & LA BEOBEBE T 2L X — OEIO(W, W )IE SUS304 25K
S,



14 W W' W' AW Ws
g 5deg O ° ° O Y g 4 w W Wy AW Ws
] 10deg [ | ] O ] 1 10deg U u ] 0O -
2 6 20deg O * * O * ¢ 20deg < * * & *
é [ 30deg A A A A A g H30deg A A A A A
- S
8= 4 2 4
55 5y
23 2 53 2
=Ry £
3 EE :
O - O " :
S .0
.1 I =
00 5 10 15 00 p 10 15
Shear strain g Shear strain g
(a) C2801 (b) A1100
Y w wy' o Wp' AW Ws
8 fi0dg 0 w w [ =
- 20 deg O * * O *
g 6 1130 deg A A A A A
=
.gb éo
5 .-
s R
g2
S
3 -
R
S

00 5 10 15
Shear strain v,

(c) SUS304
Fig. 6-4-9 Shear strain y, versus cutting energies : W = total cutting energy, WS’ = shear energy
without the effect of surface plastic flow, WJ:- = friction energy on rake face without the
effect of surface plastic flow, AW = additional total cutting energy resulting from the effect of

surface plastic flow, and W5 = energy consumed in surface plastic flow. Cutting conditions

are same as Fig. 6-4-1
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YW W Wl W Wsl W AW W
5deg O ° ° ° vy OWSIW W Wsl W AWp | W
10deg [ n | | 10deg [ u | | u
S 20deg < . . . 20deg O . . .
21 f30deg A A A A B | 130deg A A A A
R : : g\ 7 :
< : %}%@ & : :
- 0.8 S, RO G T— — < 08 o G ermenneenennnnnan —
B @%AAM 1N I RIVRN K
O ~— b=
= O ~—
3 0.6 £ L 0.6
2 S -
2~ 04 8% 04
ANy S
N 02 vy N 0.2
*
= s é‘n &w 3 = .s t }gﬂoi A
& 0 A PS g 0
0 0.1 0.2 0.3 0 0.1 0.2 0.3
Depth of cut #; mm Depth of cut 7; mm
(a) C2801 (b) A1100
Y W{IW W' IW WsI W AWy W
10deg [ ] ] n
20deg <O * * *
§ 1 130deg A A A A
£y
< 08
&
O ~—
E g 06 —..... é@y
[
©c -
8= 04
52 S Ny A‘.
& A‘ 4 .0
N 0 manudd “
= 0.1 0.2 0.3

Depth of cut #; mm

(c) SUS304

Fig. 6-4-10 Depth of cut #; versus ratios of energy : W ,WS’ , W} ,and Wy , same as Fig. 6-4-9, and

AW, = additional friction energy resulting from the effect of surface plastic flow. Cutting

conditions are same as Fig. 6-4-1

YT 2V X — OISy AW 2515 9 2 HE(AW/W )IE, C2801, A1100 & SUS304 Tl Z i
Z3 10%, #13% R 17%TH 5. Bz, BHEREIOERDOFE I L 22Vl %)L X —
DI DEEIE, SUS304 1% C2801 DY 1.7 5 TH 5. 2D X —DHEIG(AW/W )M
HICIZIE—EDMERL, W FESOHE (My/n) THH 3.

BEHE T 2OV X — DN AW, D35 D ZEIO (AW, /W), 3 BEOMEE bIcHlA L LTINS

{, C2801 & A1100 DY 1%k LT SUS304 13 4% TH 5. ZD X I I SUS304 X fthit kb
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AR CHEPERBIOERIC X 2 2UHIZ 2L X — DI R E BRI LT —~DOFE LK
SV EBHSENELR ST,

EUHIT 2L X — DRIy AW B3, FEEET XL X — WSS 28 G (AW/W, ) VD 1A B D
PR % Fig. 6-4-11 1R T, UIDAA LR T CLfly ZZLL TWw 5725, SUS304 DEIG(AW/W, )
I3 C2801 & FAIREDHPHIC 70y F I TWw»%, AL100 DFIG(AW/W, )i 205 X D & IR
ICRE WV, 3 FOMBLE HICUIHIZMIC X > TE, TRV F— AW IEZ 5L ¥ — WLy %
DZENYLICREZVEAELH 20 6ETE RV L Bbh o,

Table 6-4-4 Ratios of energy

W, /w w;/w Wy /W AW, W AW/W
C2801 0.795 0.104 0.089 0.012 0.101
A1100 0.779 0.088 0.121 0.013 0.133
SUS304 0.609 0.219 0.128 0.044 0.173
v C2801 A1100 SUS304
Sdeg ©
10deg m " O
20deg ¢ . &
30deg 4 A A
5
=
~ 4 L L L L Iy - TL L LI T I I T T PP P —
&
<
> 3
20
5 )
B
=}
B 1
~

0 0.1 0.2 0.3
Depth of cut ¢; mm

Fig. 6-4-11 Depth of cut #; versus ratio of energy AW/ W, . Cutting conditions are same as

Fig. 6-4-1
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YIHIR I O IR E) % £ 9 EEEOVIH] &, MIEREI2 2 v & L 7R R Ul 2 6l 3 1 % 2
LTk o T, WMYERE) & A MR VIHIBR O IR ORI % A T Z D7 o 1 PERE) & T )
(TR X 0BRE Bl L 22 V0HlE 7L 2808 L, MimE L UIHICES T2 220 ¥ =%, 1)
ISR S8 R DB R 725 & 2 figbT L 72,

SUS304 @ 2 RICYIHIFEER 2 Fi7 ICEMET 2 & &b, WD DICHE 45, 55D C2810 &
A1100 DFEETFER S FH L TR EZMEET 2 2 LItk > T, UTORDIHE IR > 7.
() RYUHIZ AL X =13 42D Z RN X =D ol INs. T4hbb, MIEREINZRVE LB

DEAMZ RN X — L BEHEL XL X —, AN R LY —hOMMEREIOERICHE I NS

IANFX—, BEIILVXF DT THL, TN6DFIZ LT —BEAMOT A LT

HWHIfR TR T I ENTEL LR,

Q) FA—oWh K FEIICH LT, 3 FHOMET SUS304 23 b BN EA %  ERT 5. £
PLYTHINE & 72 ) O 53 ISR 2 JiBhE T, SUS304 1k €2801 L HFREETH D A1100 235
bEH W ERHS I T,

() YAl 2 VX —I2h T 5, MRS O 4 ISR 2 B 2L X — O35y O i 2 &
£r13 C2801, A1100 & SUS304 TZNZN, 1%, M 1%EM4%TH 5, ERUHIZ L
=MD 5o 28 & ZN0Zi, £ 10%, 5 13%ER 17%TH D, SUS304 X
oML LIV ERFLIEERLT,

(4) BRI ZLX — 1T 5, MHREIO 4K ISRRK T 2 2UIEHI = 2L X — s o#H 613,
SUS304 (% C2801 L FIFREETH 2 DIH LT A1100 25 b KRE W, F7z, 2UHIZ x L ¥ —
DM, 3 FOMEE HICFEMHIC K > TIBEBRI F L F— 12U L T3 2Nl ki
BOGHELHLI-OMETELRL ERZHLNITL 7.

PlbED kg, U0 K FES EUIHIETIES I OBIR 2 FEMIC RE S & & HIg, FiicfRl
7 G0 9ERC 2 VIR 2 2 P ICB AT 5 2 T X o T, YIHEESL 3 oo fEES, A
JERSR, MRS RS &2 —IJUICRBITE AL LR TANICEERDH L 2 L TH 5.
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