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R=R, 1.25mn
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Agmax(pam) || 0.02 | 0.29 | 143 | 436 | <0.01| 0.07 | 0.32 | 0.99
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mn 1 2 3 4 1 2 3 4
Agmax(pam) || <0.01| <0.01| 0.04 | 0.13 | <0.01| <0.01| 0.01 | 0.04
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tana .= tana ./ COS Y o
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nt Rl mn
£ e (3.28)
r z 0 (3.24) e 0
r = C—R, (3.30)
5 — 2¢&cCco8Yo (3.31)
My N
e = — ¢ (3.32)
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s (2.26)
3.11 H s &
J E &
1 T My
£ = [ -I-(Ro—Rl)tana,,J (333)
COS Y ¢ 4
1 T My
Ey — — + (Ro—Rl)tana n (334)
COS Y o 4
(3.2) (3.5)
r I
R R Y = 7Tiimis 3.10 B D
gE=c=g £ (3.30)
(3.31) (3.32)
(3.16) (3.17) (3.18) r Yiimit
(3.30)
o)
Z
R R YA
r YA
o
(3.27) (3.28)
(3.29) e=e=g¢g E S5 z
3.13 m 1 n 78 B Q° Ro  60mm
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o

|

0.5mm

mh=1 ‘
n=7178
B=0°<
Ro=60mm
h=2.25mm |

3.14

61

3.13

_“7 59 T T A T T T
=
R
[
R
3 £ 60
N XX
ik
1
L 61.25 5 3 0.33
=
ibl?\d 0
‘ 61.25 £ .D 0.33
i=
R
S e
A E go N

(ned
A mn=1, Ni=78 PB=0
'-‘- Ro=60mm, h=2.25mm |

59 | 1 | | 1
-5rt -4t -3t -21t -TT 0 21T 31t
@ ra

E mm



mn=1, Nt=78

B=0

Ro=60mm, h=2.25mm

3.15
h 2.25mm
3.14
w R
3.13
40mm 39mm
37.75mm B
37.906mm 3.14 A F R
A F
AB
A B FE
E F CD CD
BC BC C B
ED E D
F
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C D
E Viimit

59.08mm

AB
FE

ED



e

P

T—1

H5cm

F—Y S RIRE

3.15

3.16

y—F 4 UG RIAE
m
(e)]
(e}

mMh=1 =78 [(3=0
Ro=60mm h=2.25mm

-5rt 41t -3t -211 -TT 0
W rad

3.16

3.13 ro Z

rg  39mm(  rw )

16.44mm
3.15

63

0.33

-0.33

E mm



!

ro(mm)

mh=1, Mm=78 [B=0
Ro=60mm, h=2.25mm

e=-3mm

I

3.17

z(=mm)

64

1

| r&(mm)

e=0mm

z(=mm)

1

z(=mm)

z(=mm)



3.17 3.16

3.3
3.2
3.3.1
Nt
f
f
Je = fsin B
1F ——
7[ mn nt
e
3.2.1
J (ri, 6, 2 )
futan B /74

Nt

I (ri, 8, 2z )
Xyz z fw

fw

65

3.2

fw

(3.35)

nt

3.3



mm

58
58

@ 57

mm

56

55

54

53

52

58.

58

o 57

56

55

54

53

52

75

/
- f=0.8mm/rev | /
5 mn=3, =26 B=0
Ro=55mm, h=0.5mm
Y = ot 3
o rad

75

41T 31t

3.18
7 (3.36)
w L
5+ JtanB (3.37)
7o

2i —fuo (3.38)
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58.75
58 -

mm

@ 57 B

f=0.8mm/rev
56

55

54

53 M=3 =26 =30

Ro=55mm h=0.5mm

52 -31T - 21T -TT 0 TT 21T 31t 47t

o rad

58.75

mm

52

3.19

I+

3.2) (3.5)

r=1r;, 2=2; 0 =90 e R

321

67



58.75
58 -

mm

@ 57 B

56 r

55 —-

54 |

Mh=3, Nt=26 Ro=55mm

53 f=0.3mm/rev, h=0.5mm

52 -31T - 21T -TT 0 Tt 21T 31t 41t

o rad

58.75
58 1

mm

56 [

55 —-

54 1

53 N

5 2 1 1 : 1 1 1

3.20

3.18 Ro  55mm h  0.5mm mn 3 nt

26 B 0° f 0103

0.8 mm/rev 3.19 3.18
m 3 mt 26 B 30°
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00

mm

@ 57

mm

@ 57 B

58.75

58

56

55  —-

54 B

53 ¢

52

f=0.8mm/rev

Mh=3, Nt=26

B=30

Ro=55mm, h=0.5mm

- 411

58.75

0 Tt 21T

31t

58 -

55 —-

54 -

53 N

52—

3.21

30°
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B 30° f

f
3.20 3.18 f  0.3mm/rev
B B
3.19 3.20
3.21 3.19
B
B B
3.3.2
3.2.2 | ( ri, 6,' , Zi ) Nt
J ( 75, 6,' y Rj )
J
(Rj, ej)
J
R R: 2.37 2.38 2.39
r = y{(e+ ¢ JcosI' —R.sin 6 sinI" }*+ (C— R, cos § )? (3.39)
5 = tan-! (e+e)cosI” —R,sin 0 sin " 1 o+ 2e cosy o (3.40)
C—R; cos b n: My
2z = Risinf cosI" +(e+ ¢ )sinl” (3.41)
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I

| r&(mm)

f=0.5mm/rev

e=-5mm

mh=1 n=78 B=0
Ro=60mm, h=2.25mm

!

3.22

2(mm)

1 r&(mm)

e=-1mm

brsmm) o

A r&(mm) e=2mm
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-
(6]
(o]

mn=1, Nt=78 B=0
Ro=60mm, h=2.25mm

)—T 4 V7 RINE
m
(@))
(e}

—|
(o)}
[HEN
N
o1

Hskem

—
(o))
[HEN
N
o1

kL—Y VS RINE
m

f=0.1mm/rev

0.33

-0.33

i
-5t -4t -3t -21t -TT 0 Tt 21T 31t
W rad
3.23
r=vrj, 2=2; 0=2J; s e
(Rj s €5 )
Rj R: ( &, ej)
(8;' ’ ej) & < g
g < & (R;, e)
3.22 m 1 m 78 B Q° Ro 60mm

h 2.25mm
0.1mm/rev

Nt B 0°
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‘ J—F4 UTRHE
m
(@))
(@»)

Hskem

“4

kL—Y VS RINE
m

-51t

3.23

Nt=96

— Nt=78

—— Nt=40

W\
\ A

mn:]., BZO

Ro=60mm, h=2.25mm

f=0.5mm/rev

-41T

3.24

3.22

-3rt -211

-TT

0.5

0.1 0.3 05 0.7 mm/rev
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z

|
0
W rad

2mm

0.25

TU

5mm

21T

0.33

-0.33

E mm



e
—

e
—

T—

)—F 4 V5 RITE
mm

 FKE

mm

b L—Y DT EIFE
R

| —

3.24

Ro

Ro+1.25

Ro+1.25

Ro

3.25

Ro

Ro=30mm

A

0.33

mn=1, m=78 [B3=0
f=0.5mm/rev, h=2.25mm

-0.33

-511

3.25

-4t -3rt -211 -TT
Mn 1
h 2.25mm f  0.5mm/rev
Nt Ro

74

|
0
(6))

nt

31t

E mm



3.4

3.4.1

3.26 R

26 B 30° Ro 55mm h 05mm f

() Nt
@ ()
fw R+AR
AV
AV = AA, f.
3.28
Wh

Lw

AR 0.3mm

0.5mm/rev
R+AR 2
3.27
A Ag
Nt
wf

75

3 nt

(3.42)



m=3 ni=26

[3=30° Ro=55mm h=0.5mm

R=52.9mm

l/

/

4

\’ "I
N -\/}/ﬁqo
/ \ /YR=56.0
\'\\ R=57.2
" /R=58.6
. A
1mm
(@
f=0.5mm/rev
X /
. Wb
1 mm |

(b)

3.26
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mm

m=3 N=26 [B=30° Ro=55mm h=0.5mm

Imm

(f=0.5mm/rev)

3.27

58.75
58

o 57

56

55

54

53

52

\. R=52.920.15mm

i\ R=53.820.15

Mh=3 =26 [3=30
Ro=55mm h=0.5mm
f=0.5mm/rev

3.28

77

41t



27 R

., M.
Sin

27

Cos 2R

Rlw;— ws)

.y M,
COS | S1n
2R

w/—-a)b]

(3.43)

cos {sin*(m./2R)} = 1 Lw

AR
R+AR 2
L.,AR
AA, =
COS @
u
. = AA,cosa ,
AR
AV
u pu—
AA,
3.29 3.30 B 0
mh 3 nt 26
0.5mm/rev
a
a
B 30°

78

(3.44)

AR/ cosa, (= AR/ cosa,)

AAw
(3.45)
a
(3.46)
(3.47)
B 30°
Ro 55mm h 0.5mm f
a
Qo a



0.20 |-

0.15

0.10

0.05

mn=3, Ni=26, B=0
Ro=55mm, h=0.5mm
f=0.5mm/rev

3.29

R mm

a
©
)
ul

T

0.20

0.15

0.10 |-

0.05

Mh=3, Ni=26, B=30
Ro=55mm, h=0.5mm
f=0.5mm/rev

3.30

79

R mm
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3.31

3.32

mm

mm

1.2 =

: mn=3, Nt=26, B=0

! . Ro=55mm, h=0.5mm
1.0
0.8 -
0.6 -
0.4 +
0.2r
0

52 59
=<10"*
1.2
mn=3, Nit=26, 3=30
Ro=55mm, h=0.5mm
1.0+
0.8+
0.6
f=0.5mm/rev
04r [/ Tl
o2t f T
0 -------------
52 53 54 55 56 57 58 59
R mm
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3.33

3.34

mm

mm

=107

0.6

mh=3 nt=26 h=0.5mm
f=0.1mm/rev Ro=55mm

=<10"°
0.6

0.5

0.4+

0.3}

0.2+

0.1

mh=3 nNt=26 h=0.5mm
f=0.1mm/rev Ro=55mm

52

81

59



3.35

331

3.33

3.33

mm

0.6

0.5

0.4

0.3

OO

=107

mh=3 nNt=26 h=0.5mm
f=0.1mm/rev Ro=55mm

(
3.32 3.29 3.30 f 01
u u a
3.31
u
3.32 B 30°
f
3.34 3.32
100 30° u
B 10° u u
3.20

82

0.5mm/rev

10°



-3
0.6 =10

mMh=3 nt=26 h=0.5mm
f=0.1mm/rev Ro=55mm

mm

0.5}

59
R mm
3.36 ( )
3.34
u B Q°
B
3.35 3.36
3.35 €] u
3.36 B 5°
u u
B
u
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3.4.2
3.37 mn 1 nt 78 B 0° Ro 60mm h 255mm f

0.5mm/rev

@

mn=1
nt=78
B=0<
Ro=60mm
h=2.25mm

@)

f=0.5mm/rev

(b)

3.37
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¢ mm
0.33 0 -0.33

4.0 |
! . mMh=1, Nt=78, B=0
Ro=60mm, h=2.25mm

= - f=0.5mm/re|v
e | | |
T 30

20F

1.0+

O \

59 60 61.25 61.25 60 59
R mm R mm

3.38

(b) Nt 1

R*+AR 2 AR 0.1mm

AR 0.2mm a

u
F>4 e s+NeE 2 Ae . e,=¢e = ¢

20 A= 10

85



50

40
30+ 4
20 +
10+
mn=1, N=78, B=0
Ro=60mm, h=2.25mm
| | |
0 0.2 0.4 0.6 0.8
f mm/rev
3.39

50

40

30

T
|

20+

10+
mn=1, nNi=78, [B=0
f=0.5mm/rev, h=2.25mm

| |
0 50 100 150
Ro mm
3.40
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50

40

30

20

10

mn=1, BZO , Ro=60mm
f=0.5mm/rev, h=2.25mm

341

25 50 75 100
Nt

50

40

30

20

10

Ni=40, B=0 , Ro=60mm
f=0.5mm/rev, h=2.25><mnmm
| | |

3.42

1 2 3 4
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A Aw a

AA, = L, A ¢ (3.48)
AA,
— (3.49)
¢ A ¢
3.38 3.37 a
a
a
a
a
Nt
fw
3.37
3.39 mh 1 n 78 B O0° Ro 60mm h

255mm f 0.1 03 05 0.7 mm/rev

45.3 27.7 27
1 2
f Ro 3.40
341 3.42
Nt Mn
3.43 mn 1 nt 78 B 0° Ro 60mm h 255mm f
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><10'3 -
40 ’ 0.33 (|) 0.33
: X mn:l, nt:78, BZO
Ro=60mm, h=2.25mm
= [ N N N | : f=0.1mm/rev
e : f=0.5mm/rev
s 30r
20
1.0 P S /
L //
ol }\
61.25 60
R

&

mm

59

0.1 0.5 mm/rev

59 60 61.25
R mm mm
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=103

€ 4.0
S Mh=1, =78, B=0
S Ro=60mm, h=2.25mm
3.0
2.0 -
10 \
eenoama s l l
0 0.2 0.4 0.6 0.8
f mm/rev
3.44
=107
5.0
Ma=1, Nt=78, B=0
= f=0.5mm/rev, h=2.25mm
e
5 40 +
3.0+
20+
1.0 -
0
3.45
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=107

€ 4.0
=
-
3.0+
mn=1, [3:0, Ro=60mm
2.0+ f=0.5mm/rev, h=2.25mm
1.0+ '/
| | |
0 25 50 75 100
Nt
3.46
s 0 R
u 3.44 3.45
f Ro
u 3.44
f
0.2mm/rev f  0.4mm/rev
Ro Nt
3.45 3.46 Ro
3.45 Ro 70mm Ro
100mm 150mm
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Ro
3.46

Nt

300mm



3.5

3.5.1

3.47
C: C:PoC:
C: C:
Po

3.47
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O: r rg

P Xo Yo
Po P (SN
XO YO P 0 e 0 XO

Rg Yo 3.47 P
Po P

P,P = CP—CP,

= p —r,tano . (3.50)

C o =VNr*—r’, r(=r,cosa.)

TT Mn
(S )
2 PE 2 P,P
6, = F = F—
my m, COS @ ,
2
= F———(p —rtana.,) (3.51)
M, COS O »
2R
Xo = ROy = F————(p —rtana,) (3.52)
M, COS O »
Yo = —PyPsina, = (rtana,— p )sina, (3.53)
e
Po
Tm./ 2, T m./  2cosy ,
Tt
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= |
0 0.05 0.10 0.15 0.20

Ap rad
3.49
D D~ PO:iPo O O: P r
Iy O
MD MDD~ Ap

3.48
MD = CS — ND M'D' = CS' — N'D'
CS = CP =+ PS CS' = CPFPS'

= pExnrndd = pFrido
ND = rsin(a,+ 0 46 ) N'D' = rsin(la,+ o FA¢ )

rsinla,+ o0 )=p, rcos(a,+ o )=r7r

D= p(l—cosAdo¢ )+ r,(Ap —sind¢ ) (3.54)
M'D = p(l—cosdo¢ ) Fr,(Ad —sind ¢ ) (3.55)
+ ==
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(3.54)

3.50

3.50

(3.55)

MD

96

Nt

40



h
lo
3.51
P P (@ (g}
Ap M =
¥ on Ap 3.50
Y on M~ As
3.51 M= As
M= 24
on ZAp & an
3.51
As
lo M=
I DD P R
P h h
R P lo
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_ 2R As
sina ,
lo
P-Q~ Q°- P
3.51
M™D?~
M B 3.48
AB
7B . AS _M’D’
(355) Ap
D D
2 As
A =
¢ osin( 2a., )
3.51
B — As—M'D'
4 sin(a,—Ad/,)
(3.55) (3.59) hi
A A Aol
B = . S {1_'_ ¢ s 0 : ¢ s
SiN @ » tan o . 2SN @ 4
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hy

(3.56)

(3.57)

(3.57) AB

(3.58)

(3.59)

(3.60)



I, = V2Rh, (3.61)

lo It R
As P
3.51 AD?~
R
Ap p P 3.47
R =R,+ (ritana,— p )sina ., (3.62)
Xt Yi Xi
(3.52) RomAg, Y, 3.48
A ¢ = A o M=
Xf = Xo‘l_RgntA d)f (3.63)

Y, = Yo+ {r,(1—cosAo¢:)+ psinA¢,scosa,—7Ad,;sina, (3.64)

(3.52) (3.53)
3.5.3
3.52 3.51
f
D* P
R M~~ z M~
e f M~ B
PQ VA OF3
3.50 D~
o Apo oh  Apo
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(OF

R
— f‘
B B” |B
A he
|
M
3.52
hb (354) Lp A
. As—M'D’
’ sin(a.FA¢,)
A A A ¢ 2
L A5 e 4% }— 0 L9 (3.65)
SiN & tan o 28N o »
hb
(L—f)
=z 3.66
hs P ( )
(3.65) (3.66)
As 2ptan’a ., sina , ]
A = — 1+ —— {As — I,—f)t =1 3.67
¢ ptanan[‘/ As? s 2R (4 f)} ( )
(3.67) I
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(3.56) lo

Xo  Yb
Xs = Xo— R;n:A o
Yo = Yo+ {r,(1—cosA¢,)* psinAd,lcosa,FrsAd,sina.,
3.5.4
3.53 mm 3 n 40 on 20° Ry 150mm
As  0.015mm f  1Imm/rev
Mnh=3, Nt=40, Rg=150mm
AS=0.015mm, f=1mm/rev d
Ym ‘
5_
=-3
P=-3 . Al =3
p=- \A Al op:_2
p=-1+—u Lop=-1
[ | |=p=(<)) P:O | | >|(mm
-1500 -1000 -500 0 © 500 1000 1500
le‘\o - ,,__.,Apzl
p=2— oL — Pp=2
p=3mm*~ = p=3mm
_3—
| | | | | J
-31tT -2TT Tt 0 TT 21T 31t
rad
3.53 ( )
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(3.61)

(3.68)

(3.69)



153.75

,/
153 -
e
E 1520 |
m —
LT Mn=3, Nt=40, Rg=150mm
AS=0.015mm, f=1mm/rev
150 - - - -
149 -
148 -
147 1 1 1 1
- 311 - 21T -TT 0 TT 21T 31t
rad
3.54 ( )
(352)  (353)
(363)  (3.64)  (3.68) (3.69)
Po
p
X
3.54 3.53 3.2 34
f
f 0.5mm/rev
3.53

25

102



3.52
Y dn
(3.64)
351 PQ~
3.6
(€))
€y

3.52

(3.64)

103

Cn

ZXpo
ZXpo

3.50



®

©)

®)

(6)

Q)

®)

1 2
28 27
25 45
1.5
6 9
2
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4.1

300mm

CBN

106

WA
1800m/min



4.2

4.2.1

KR-600

WA

125mm

107

100mm

WA



(b)

4.1

50
40° \%

108

(b)

4.1

150mm



o,

@) |
60 ‘

| : —10
I ﬁ-
@78 104

! (21) !

(@)

4.2

r 100 T
1 " " 7
TP wasoo [ |
WAS80T
(2Ro) — —
@120 1 (h)
m [ 2.25
(¢ 80, 100) 4.5)
ﬂ |
S |
ﬁ .
H s
|
\ﬁg_
| | 15 25
o |
40 | | |
5

- 1
(5 100) —
@42 92

109

(b)

(219)




4.3

S45C

110



-

—_

10.5(0.05) -

(h)

'O1

4.4

HRC55

SK3

2 =< Mn

4.2

111

6.75

HRC60

2rg



4.1

KR-600
WAS80Q8V @ 117.5 mm 100 mm
#50
40° @ 150 mm
1035 rpm
20 O um
0.76 rpm
Ro= 55 mm
N = 355 rpm V = 123 m/min
Oh= 20°
mn =3
Yy = 1°33
S45C HRCS55
n=26 28 30
B =0° 15°
b = 60 mm
h=0.05 0.5 mm
f=01 0.3 0.5 0.8 mm/rev
#150 2 1
42 () 4.2

5mm

112

(b)



4.2

KR-600

WA80Q7V WAS0T7V @ 122.5 mm 100 mm

#50
1400 rpm
50 um
0.76 rpm

0.04 mm/rev
20 um
344 rpm

Ro=40 50 60 mm

N =120 495 rpm
V=30 187 m/min

SK3 HRC60
B=0
L= 20°
m, =1 mn= 2
ne = 42 92 n= 28 44
b=5 100 mm b =40 mm
h =225 mm h =45 mm
f=0.04 0.5 mm/rev f=10.04 0.15 mm/rev
#150 2 1
4.3
4.4
mn=3
=225 x My
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10mm
10 200m/min
4.1 4.2

4.2.2

4.2

sLD

4.5

(@

114



n=3 nt=30 [B=0° h=0.5mm f=0.3mm/rev Up Cut

4.5

(b)
@

cos 3
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4.3

4.3.1
4.6 4.7 m-=3 b=60mm n=26 30
B3=0° h=0.5mm
f=0.1 0.8 mm/rev Wi
f
2mm
2mm
341 3.31
f
f Wi f
150
mn=3, n=26, B=0 h=0.5mm -
S
3
=
100
50
0 OI.2 0|.4 O.|6 018 1.0
f mmirev
4.6
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150 7
mn=3, n=30, B=0 h=0.5mm
e
a2
=
100
50 +
0 0.2 0.4 0.6 0.8 1.0
f mmf/rev
4.7
150
mn=3, m=26, B=30 h=0.5mm
e
2 O o A
s ] o A
100 +
50
0 0.2 0.4 0.6 0.8 1.0
f mm/rev
4.8
f
4.8 4.6 B3=30°
Wi
46 B=0°
34.1 3.32
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150

mn=3, m=26, B=0 h=0.5mm
g
3
=
100
50
Down cut
0 0.2 0.4 0.6 0.8
f mmirev
4.9
B3=30°
Up cut
4.6 Down cut
Wi f
4.10 h=0.5mm f=0.1
10
h=0.05mm f=1.0 2.0mm/rev > 10
n=30

fh N Nt
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1.0

B=0°

4.9

0.2mm/rev >



60

[ fh=0.05 B h=05mm f=0.1 mm/rev
c 10 [ ] h=005mmx=10 f=1.0 mm/rev
3
> f N
0

601 th=01 h=05mm f=0.2 mm/rev

h=0.05 mm>=<10 f=2.0 mm/rev

20

-
-7 I
H

~

2)

80

fh=0.05 h=05mm f=0.1 mm/rev

h=0.05 mm>=<10 f=1.0 mm/rev

1

[1H

60

Mm

40 -

Wi

20

-T

807 fh=01 h=05mm =0.2 mm/rev

h=0.05 mm>=<10 f=2.0 mm/rev

1

40

20

-
-_‘Dl

(b)

mn=3 nt=30 [B=0 Up cut

4.10
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150
mh=3, nt=26, h=0.5mm
£ f (mm/rev)=0.1, 0.3, 0.5
1 o A O
;“‘ [ ] A [ |
100 -
50
0
3 deg
411
150
mn=3, =26, h=0.5mm
= f (mm/rev)=0.1, 0.3, 0.5
1 O A O
- [ ) A |
=
100
412
4.11 4.12 B
n=26
B=30° 3.3.1 3.4.1
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B=0°

B
4.3.2
4.13 m.=1 n=42 b=40mm
Ro=60mm N=355rpm
f=0.1mm/rev h=2.25mm
40 mn=1, n=42, b=40mm, h=2.25mm
g Ro=60mm, f=0.1mm/rev, N=355rpm
= WAS0T, Up cut
=
301
X
E.\é
S
T
o 20+
]
#H
)
2
& 10T M
1
=
|
0 . . .
-1.0 -0.5 0 0.5 1.0
mm
4.13
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200 L]
mn=1, b=40mm, h=2.25mm
Ro=60mm, N=355rpm
i WASO0T, Up cut
nn=56 92
§ 150‘ O ®
A A
;“‘ O =m
100
50r
0 0.1 0.2 0.3
f mm/rev
4.14
200

mh=1, nt=86, b=40mm, h=2.25mm
Ro=60mm, N=355rpm, WAS0T

E Up cut Down cut
150 2 :
= B A A
= a [ ]
=
100

50+
E
A_’_A/_z
0 0.1 0.2 0.3
f mm/rev
4.15
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Wk pm

W m

300

123

200+
ni==82
f =0.3
1001 ni—=74
f =0.1mm/rev
0 ' | |
80
mn=1, h=2.25mm
Ro=60mm, N=355rpm
WAS80T, Up cut
nx=74, 82
601 f(mm/rev)=0.1, 0.3
O e
A A
\
D)
20 40 60 80 100
mm
4.16




4.14 4.15 f 01 0.3mm/rev m-=1 b=40mm

h=2.25mm
Wi
Wi
4.15 Up cut Down cut
b 5 100mm 4.16
b
b
200 f(mm/rev) =0.1, 0.2 mh=1, b=40mm, h=2.25mm
O e Ro=60mm, N=355rpm
g- AN A WABO0T, Up cut
O m
= 150
=
100
50 r
0 20 40 60 80 100
Nt
4.17
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(261)

200
< 150
=
100
50
0
4.18
4.17 n.
u
4.18

f(mm/rev)=0.1, 0.2

op>o
m>e

mMh=1, Nt=78 b=40mm
h=2.25mm, N=355rpm
WAB80T, Up cut

Ro 40

125

60
Ro

70
mm

60mm

Ro



400

. 300

200

mn=1, nt=64, b=40mm, f=0.2mm/rev
h=2.25mm, Re=60mm, WAS8O0T, Up cut

TT—

100
0 100 200 300 400 500
N rpm
4.19
4.19 N 120 495rpm (
V=30 187m/min )
4.20 421 mn=1 me=2
h=2.25mm m.=2 h=4.5mm)
Wk f
Nt f
ma=1 f 0.lmm/rev
420 m=92 Wk
f=0.1
Wk f

126

(m=1

nt



250
mn=1, b=40mm, h=2.25mm

Ro=60mm, N=355rpm

WAS8O0T, Up cut
n=42 . O
mn=64. @
n=92 . A

200

Wk am

150

100

50

4.20

1000

0.2
f mm/rev

mn=2, b=40mm, h=4.5mm
Ro=60mm, N=355rpm
WABS80T, Up cut

n=28:.0

n=36: @

n=44. A

800 -

Wk m

600 -

400 -

200

0 0.05

421

0.10
f mm/rev
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4.4

Nt b f
W( Wi Wk) w(
Wi Wk)
w = ZV;{t (4.1)
ms=1 b=40mm
Wi Wk
f 4.22 4.23 Wr - Wk Nt 4.24
4.25 Wi Wk f
Nt
u(
) w
4.26 mn=3 n=26 30 B=0° b=60mm
h=0.5mm f=0.1 0.8
mm/rev Wi U 4.27 m.=3 n=30 B=30°
Wi u
u Wi Wk
B
Ws u B

128



=<10°

5.0 mMh=1, b=40mm, h=2.25mm

Ro=60mm, N=355rpm
WASOT, Up cut

n=42, 64, 92
4.0 - o A O

W mm

® A B

2.0 1

0.2
f mm/rev

4.22

=<10°
4.0

0.3

mn=1, b=40mm, h=2.25mm
Ro=60mm, N=355rpm
WASOT, Up cut

n=42 .0
30Fr ‘=64 @
nt=92. A

Wk mm

1.0 r

f mm/rev

4.23
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=<10"°

5.0
mnh=1, b=40mm, h=2.25mm

Ro=60mm, N=355rpm
WAS80T, Up cut

W mm
N
o

0ok f(mm/rev) =0.04, 0.1, 0.3
O A O
[ ) A B
3.0r

D\\

0 20 40 60 80 100
Nt
4.24
-5
>
5.0 10
mn=1, b=40mm, h=2.25mm
Ro=60mm, N=355rpm
E WAB80T, Up cut
. O : f=0.04mm/rev
£ 4.0r ®: f=0.1
A f=0.2
A =03
3.0r
2.0r
— 1.0
| I.\’\Ij-:\;\l‘ta
0 20 40 60 80 100
Nt
4.25



6.0

4.0

Wr mm

2.0

BA1EESE-YORIEOIEREE

4.26

6.0

4.0

2.0

BRI EERS-Y ORAIAEOEFEE
Wy mm

4.27

=<10°

mn=3, ni=26 30, B=0< b=60mm f‘
h=0.5mm, f=0.1 0.8mm/rev
Ro=60mm, N=355rpm, WAS0T
Up cut, Down cut ,',
o—-aA .
i o -4 R
12510
=<10°
O
®
mh=3, nt=26, [B=30< b=60mm
h=0.5mm, f=0.1 0.8mm/rev
Ro=60mm, N=355rpm, WAS80T, Up cut
2.5 5.0 75 10.0 12510
umm
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4.28

4.29

EBAIEES-YOAANEOERE
Wy mm

BALEERY-YDALEDREE w, mm

-6
6.0 20

mh=1, nt=42 92, b=40mm, h=2.25mm
Ro=60mm, f=0.04 0.5mm/rev, N=355rpm
WASO0T
Up cut, Down cut
o A
40 r
20 r
0 1.0 2.0 3.0 4.0=<10"
u mm
=<10°
6.0
mh=1, mt=42 92, b=40mm, h=2.25mm
Ro=60mm, f=0.04 0.5mmirev, N=355rpm o
WAS80T
O : Up cut
® : Down cut
40
20
0 3.0<10°°
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4.28 4.29 m-=1 n=42 92 b=40mm

f=0.04  0.5mm/rev h=2.25mm
Wi Wk
u w
u
w u
( ) woou
W u 2
w = xu’+w, (4.2)
K Y Wo
D
B=0°
k=18 PY=1.94 w,=5.0><10
k=330 W=2.36 wW.=2.5><10
B=30°
k=45 Ww=162 w.=0
=17 Y=1.72 w.=0
2)
k=6.0 Ww=180 w,=2.5><10
k=15 W=158 w,=2.5><10
kK=8.0<10 =358 w,=9.5><10
W u mm
( )
Wk u 4.30
431 4.30
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4.30

431

ER1EEEH-YDIETDIEFERE wr mm

BALEEL-YOALEDEHEE wr mm

=<10°

12.0
mh=1, =42 92, b=40mm, h=2.25mm
Ro=60mm, f=0.04 0.5mm/rev, N=355rpm
O : WAS80T
® : WAS0Q
8.0r
40 r
0 3.0=<10°
<107
12.0
b=40mm, f=0.04 0.5mmi/rev
Ro=60mm, N=355rpm, WAS80T
O :mn=1, n=42 92, h=2.25mm
® : mm=2, =28 44, h=4.5mm
8.0r
40 r
0 6.0><10"

134
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(WA80T) (WAB0Q)

4.31 m=1 mn=2
Wk u
( 4.28
u
(
4.5
45
4.32 mn=1
WASO0T f=0.1 0.2 0.3mm/rev
b(5 100mm)
f
Wk

135

n=74 78 82

W+ u

Ro=60mm
h=2.5mm N=355rpm
Wk



250

mn=1, h=2.25mm "
Ro=60mm, N=355rpm 4 .
WABSO0T, Up cut .~
’ L ®
L - -
200 - .
; o
5 d O
; 150_ // ",r"’
// ,""
100} '
[ .o
Do
|
50—L 5
/.’O m=74, f=0.1: O
3 =78, f=02. @ -------.
] n=82, f=0.3: A — -—
0 20 40 60 80 100
b mm
4,32
3mm)
4.33 4.32 n=74 f=0.1 n=78 f=0.2
4.34
( DA R1 Ik
Ik Wk =
A ( )B
Wk max Wk
Wk Tax
4.33 Ik
b ( 4.34 A B
) Lk
4.32
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300

i mn=1, =74, f=0.1mm/rev, h=2.25mm
A Ro=60mm, N=355rpm, WAS8O0T, Up cut
=
200+
Y
SN0
100+ e ¢y &y,
ds, S
8. Y
AN
IS5
0 200 400 600 800 1000
Ik mm
(a) f=0.1mm/rev
g_ 300 mn=1, ne=78, f=0.2mm/rev, h=2.25mm
R Ro=60mm, N=355rpm, WA80T, Up cut
=
200 - S
NJ
6 6§&0 000]
S
\40
100 - se ’
s g
5
0 200 400 600 800 1000
Ik mm

(b)

4.33

f=0.2mm/rev

4.34
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2.0

1.5

=<10°

mh=1, h=2.25mm
Ro=60mm, N=355rpm
WAS80T, Up cut

F\| n=74, f=01:0

| n=78. f=02:@----oo-
n=82, f=0.3:A —-—

0 20 40 60 80 100
b mm
4.35
Lk Wk * ur
Wk
b
Ur Wk
h
Ur
(h— W)
" = fLi (4.3)
4.35 4.32 (4.3) ur
Ur
b=0 ur
Ly 432 Wk 435 ur
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~
=
N
N
e
27 3
©) =
r - —— -
—_—
=
1 I
1 |
| | :
X
1 I L
1 I
1 I
1 |
<
< —
. c W

Ur,n-1

|
|
|
|
|
|
4.36
Wrn = F(urn 1)
S — W)
F[ Lkn 1

Ur,n

Wk, n

* —I_ wk’n

Wk,n =

We + We,2 + -

(4.5)
4.34

(o}
™
<t
X~
|
(@]
™
—
o c
| I
— s -
i~
\U W
s
lkvl
N
-~
[ 1=
-~
~—
< 2
F —

—
nZ 1
N



A 4.36 a bdc
B bdc
P 2 (2.37) (2.38)

R=R1 = vy

r = y{(e+ ¢ )cosy +Risin 0 siny }*+ (C— Ricos 0 )?

5 = tap-? (e+ e)cosy +Risinfsiny 1 6+ 2¢c0s yo
C—Ricos 0 n: My

z = Risinf cosy — (e+¢)siny

= =0
(4.6) (4.8) P
r =+ (ecosy+Risin 0 siny )?+ (C— Ricos 0 )
2 = R,sinf cosy —esinvy
4.36 I
z=0
r = ri—h+ W,
e( ) ef
(4.10) (4.11) n ef,n
¢ (1’1—h+ Wk,n)z_(C_Rl)z
s 1 (C—Ri)tan?y
,—
cos” vy R,
4.36 a
c bdc 4.36 c
(4.10) Risin© cosy esiny
zZ = R.sin 0 cosvy

140

(2.39)

(4.6)

4.7)

(4.8)

4.9)

(4.10)

(4.11)

(4.9)

(4.12)

(4.13)



(4.9 (4.13) e==etn bdc

4

2 } (4.14)

r = \/(ef,,,cosv +ztany )2+ [C— \/Rlz_
cos y

ba (4.14)

Nt Z f

+A))3 |
r = J{ef,n.n, cosy + (z+f)tany }*+ [C— \/Rlz— [M } (4.15)
CoS y
¢ o (rl_h+ Wk,n-nl)z_(c_R1)z
St 1, (C—Ry tan®y
cos®y R,
4.34 A a( 4.36)
n €b.n a z Zan (4.9
(4.13)
Zaw |°|°
- 711_ C— ‘/R12_ , —R2an tan vy
Crm = oSy (4.16)
Ccos y
Za,n (415) r = rl Z
e w w=2e Mmn
Lk,n
2R n_ n
L., — Rilen—en) 4.17)
m,
4.37 4.32 Win (4.17)
4.33
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K

1250

mn=1, h=2.25mm
Ro=60mm, N=355rpm
WAS8O0T, Up cut
E _--
€ 1000F n=74, f=01: 0 —ou e
I n=78, f=0.2: @ ------- ___.e=77T °
750
500+
250+
0 20 40 60 80 100
b mm
4.37
(4.17)
(45) F
( ) 4.4
Wi — Kan Urn * + Wr,0 (4.18)
Kn Wn Wik
4.4
g Wo Kn Un Wio Wk,0=0 (4.17)
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250

mn=1, b=40mm, h=2.25mm
Ro=60mm, N=355rpm
WA8OTé UE)cut o
n=42 . e
: 200r n=64: @ -----
n=92: A —-— L7 /o
= A
150
100+
50+
0 0.1 0.2 0.3
f mm/rev
4,38
Lko ur,0 (4.18) (4.5) Wk,1
Wk,1 Wk,1 Lk1 ur1 Wk2 Wk.2
b (=bnt ) b
Wk,n Wk
Kn llJn Wk,0
Wen = 2.3X107 ,,*™ +1.0X10°° (4.19)
4,32 4.35 (4.19)
mn=1 b=40mm (h=2.25mm)
Wk f Nt Ro
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300 \ A mn=1, b=40mm
\ h=2.25mm, Roe=60mm
\ N=355rpm, WAB0T
250 F \ Up cut
= 200}
150
100
50 r
f =0.04 mm/rev
0 20 40 60 80 100
Nt
4.39
400 mn=1, nt=78 b=40mm
i h=2.25mm, N=355rpm
WAS8O0T, Up cut
300 -
200
100 +
f=0.1mm/rev
) I | !
o 40 50 60 70

Ro mm

4.40
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(4.19)
4.40

92

4.41

mn=1

4.42

4.38 f=0.1mm/rev

4.40
mn=2 b=40mm
Wk f
1
(4.19)
b=40mm

Wk

(h=2.25mm)
f h=0.4 0.8mm
Wk

145

4.38 4.39
Wk ni=64
4.39

Lk
Lk
4.40
(h=4.5mm)
(4.19)

h=0.4 0.8 2.25mm
f

Wk

f Wk

(f 0.1mm/rev)



1000

mn=2, b=40mm, h=4.5mm
Ro=60mm, N=355rpm o
WAB80T, Up cut
n=28:0 —
800F n=36:@ -----.
§_ N=44: A —-— ®
=
600
400 -
200+
0 0.05 0.10 0.15
f mm/rev
441
200 mn=1, b=40mm
Ro=60mm, N=355rpm
WAB80T, Up cut
§ h=2.25(=92) : O O
~ 150F h=0.8 (=90): @ --------
= h=0.4 (=94): A —-—
100
50r =seo_.
?“:§='-\- ___________ ? _______________ X
Skt Vel
0 0.1 0.2 0.3
f mm/rev
4.42
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4.6

rz

rz

4.43

Za

Zc

(4.20)
(4.21)

2R h— 1’
f

4
Ra

147



r=n O=0: e=a

rn = v {(es+€)cosy +R.sin 0, siny }2+(C—R, cos ., )

4.43
Za
sinf,=
V(Ri—h)*+ 2.2
Rl_ h
cos 0, =
V(R —h)*+ 2.2
(422)  (4.23) (4.24)

J ) [ R.(Ri—h) |
ey — — 71— C— - &
V(R —h)*+ 2.2

e 3 (3.32)
e — — €
e w w=2¢
Lk
2R
Lk - - (ef—eb)
my
_ 2R1 ‘/rlz— {C— Rl(Rl_h) 2
Mo V(R —h)+2z.2
4.43
€b ef

Ng

148

(4.6)

(4.22)

(4.23)

(4.24)

€b

(4.25)

(4.26)

4.27)

am



ngy — —,
J
aj
an —
Ng

RV R —h T2 )
_ 5,

fi = kiant pk.a,

e R — V(R —h P+ 2.2 )

= + u ka
L. p il
ks
H dg
Jaeger
Jaeger
bn I
Omax

149

(4.28)
am
(4.29)
ft
(4.30)
kn
500
1.5m/min

Fo= foe(nl j*)



RVI (kRi— V(Ri—h )+ 2.2}

Omas = 0.561 + 4k, 431
Tk L. Hina (431
Rw V ( 2T[R1N) J
K a (=a j*) |
( =+vorE ) k Rw
R,
KT - 0.561
Tk
K+ (4.31)
O s kAR — V(Ri—h )+ 2.7}
— + 4k, :
i Vi I uk.a (4.32)
5
15.0 =10

mn=1, b=40mm, f=0.04 0.5mm/rev, h=2.25mm
Ro=40 60mm, N=120 495rpm, WASOT, Up cut

o
°

» 100
pr

® ™Y °
NV ___(?___._ _____ o Y _.__.__.__0__
. o g © o Cooo
s 500 o % o 8°

O o 000
© o
o
0 20 40 60 80 100
Nt

4.44

150



mn=1 Omax Kr 4.44
ks ikna
ks=8.0 < 10" MPa(8200kgf/mm?®) ju kna=0.020MPa
(0.002kgf/mm?)
(@} Ohnax K~ 7.1 ><:|.05N S
(=4.4 <10° kgf min
Ohnax Kr 7.1 ><105N S
Kr Ke
Vmax
Vimar = (4.33)
BAR,— v (Ri—h)*+2,°
I { 1 \/( 1 ) V4 }+ kg
4.7
4.7.1
4.45 4.46
mn=3 nt=26 Ro=60mm
f=0.1mm/rev h=0.5mm
u B
( 445 ) B=10°
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-4

><10

5.0
mn=3, nt=26, h=0.5mm
f=0.1mm/rev  Ro=60mm
e
e
>
0 15 30 45
3 deg
4.45 (
-4
5.0 <10
mn=3, =26, h=0.5mm
f=0.1mm/rev  Ro=60mm
e
€ 40t
>
0 15 30 45
3 deg
4.46 (
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u u
B=0° B
( 4.46)
u B3=0° B
3=5° u
u
B
30
mh=3, m=26, B=0 b=60mm
f=0.1mm/rev.  Ro=60mm
25
c e
< 5
< _ @/”
= 58
\\-),»'
v,
15 | Dok
7 ’5‘&\\»;3@
e /A~J
. T
10 o ,/ \)/
st/
0 0.1 0.2 0.3 0.4 0.5
h mm

4.47
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50



4.47 mn=3 ni=26 b=60mm f=0.1mm/rev. Ro=60mm

Wi h
Wi 4.2) h
Wi
(=fh nmt N

( h=0.5mm
f=0.1lmm/rev x 1 ) ( h=0.1mm
f=0.5mm/rev < 5 ) 4.48 4.49
mh=3 nt=26 b=60mm mh=3 =26 [B3=30° b=60mm

Wi
Wi (4.2)

4.49
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80

£
5 60
=
40 -
20
0 . . !
20 30 40 50
Nt
4.48
200 mn=3, n=26, B=30 b=60mm
Ro=60mm
——— h=05mm f=0.1mm/rev <1
= IEECEEET h=0.1mm f=0.5mm/rev <5
E 150
=
L W
Ve
100 |
1) __-'r:;(_?ﬁ-ﬁ ----------
sof T
FL—Y TR
J—F4 7R
0 . . !
20 30 40 50
Nt
4.49

mn=3,
Ro=60mm

n=26, B=0

h=0.5mm
h=0.1mm

b=60mm

f=0.1mm/rev <1
f=0.5mm/rev <5

60

155

60



4.7.2

45
f mn=1
Ro=40
h=2.25mm
fwmin (4.19)
fwmin Wikmin
Wkmin Wkmin
f
452 450
=Niimit Nt
(4.31)

156

n=30 60 100
150mm  WAS80T
4.50
fwmin
Nlimit (4.33)

fwmin

b=40mm

Wikmin
451

Niimit



0.15

mn=1, b=40mm, h=2.25mm
WAS0T
E 0.10r N:=100
I=
&
N:=60
=
0.05r /’ﬁ;’o’o_,_,_
0 25 50 75 100
Ro mm
450
1000
mn=1, b=40mm, h=2.25mm
WAS0T
5
800+
K %=1
= %
600} M
”t§30
400+
200 -
0 25 50 75 100
Ro mm

451
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1000

e
2 750+
E
Z
500
250 -
mn=1, h=2.25mm, WAS0T
0 25 50 75 100
Ro mm
452
4.8
3
D
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&)

3

©)

®)

(6)

Q)

1.6

2.2
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5.1

CBN

161



5.2

JIS

2.3

162

1

2

r

5.1



(€))
()
51
) 1 2 I Nt 2t rg
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Nt

5.42

n=12

5.39

f=0.5mm/rev 15 pm

5.7

rn=25mm

5.43

05 m

r:=23mm
JIS
nt=6 0.3mm nt=8
lg
lg
Fmax JIS

r

(Lug)
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0.5mm
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5.43

ERERLEIR SIS TEYFE

VYmin mm

Vmax,

nt

25.0

24.5

24.0

23.5

rn=25mm
r=23mm
Rg=50mm

-------- t=6.0mm, nt=6
t=4.5mm, n=8
—--—  t=3.5mm, ni=10

23.0 ‘ !
23.0 235 24.0 245 25.0
i mm
( )nt
u
u>= nt
N (N no
N
CBN

212

nt

nt



5.8

D

()

3

©)

®)

92

213

94

3.5



25 3

(6) 100mm f=0.5mm/rev

0.5 pm 15pm JIS
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