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Arbor Work table

Column

Workpiece
Saddle

T-slots
Knee

Workpiece
Saddle

Knee
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(a) lf;ag milling (b) Face milling () End milling

Arbor

Spindle

End mill

13



SISIR s gy £l el

a8 as ) 3l

14



85 gasas () gl

15



S ISR s s

profile milling
cavity milling
slot milling
turn milling

thread milling — _} CMPP Ln a
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cutting off

high-feed milling
plunge milling
ramping

helical interpolation
circular interpolation
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Crash Course in Milling.flv

SISO R sl G gy

Cillia g S48 1
Fsa s IS8 2
(©)

Cutter
Cutter

Workpiece

Conventional Ch mb

milling Y nag - Ué},
e

19



SISO R sl G gy

(0 B0 SIaa la8a U agd JBlaa jlala ) eal y il ASCy) 4y An g8 by rilliia (g S ) de
TS0 Ada (o AT IS Aadad 00 (5 Sindile rhaes ol b ) a6 500 53 03]y A3
Ay O S dadad 4y )5l sl ) o) g (g9 ) (A g ) gl (g1 0l 3 Akl 8 )
) Jﬂé‘;ﬂth

-

O Qs (g Ca) 03 g 02 e
JIA‘;«A\AUJM\MGEAQQAMS
N3 8 590 gl abu B ¢ n)
LI L g

Agad i il gak 0 1€ Al k)3 Gl il
Al A s Ay il ) ) ol (e

20



azkad e I8 51,0 g ool Jalie aadad 4y i Oyl 04l 0 gy Plax l ool cwls e
A8 eolinal 9,90 1aS Blga g, e 4 MW el Jidon B9y Gl 50 Ll el 9 09 (o0 5 S
Al o (gdm ooly sla wlais ol W ooly ez 0,5 o )8 colaiul 0y50 38lge i 9 0,5 e
sl ad o B,k 5l ogle sgzg ailil ad b ool oloul 5 odip ad mhaw 4 b ooly o Gl
30 kel Jole el Jga Il yoe [ralS 0 095 nl g i o0 0,lgo |y oad sloul (gla ool (gaxy 0di
rhw Slo plply 05d w0 e Slo als cel alilil ad 5 cul jlnl gol> o ool ol e

U‘«t‘ )‘ &)‘Qsanmcgja.md.fom 6;&156; 43.7;1) lalad st.a M‘Ls.néLm‘ &9) U‘l‘ o 6)3A5
Blye Lhgy Jhe 9 098 (o0 5 )0 wld Glemil jo ond (o, udle mhaw b oS 09h (o0 edlanal i,

Dgad S 50 0dld (6, ile pdaw b gl a5 s

e

sl

21



SISO R sl G gy

Qﬁﬁﬁ&\hﬁﬁaﬁd\g&ﬂ\&j&j‘ 0y Craldiudn ASh) Ay da g L 2 (381 5a éJlSJJéo
G 9 WA (e S Gl a4 )y IS Aadad (5 Sdila (59 Oy Ay g Adlga S

,JﬂgAJJUJISMJJ\}‘?ﬁwQ‘Q}.b}h&@_sﬁu\c,\ul.hg{ju&b.hé éJlS.'\édL:\
_MQJ&\JA&SJAé&)}&#JJJﬁMM&MQQ}SM

//, i culia o K0 g o € AA ) Ciladad alila p ) pdae by ciladad (5 ASCudila (g) e
7 : : : :

‘;AWJS‘QM @JIS&S\J#:JJM.AJJ,U\&

Climb milling.

22



23



‘J_)l‘:{_l./.?-J -’_L(v_\ - rJ

~ e /| - . l 3&‘-—‘.‘
J\J'S:l_;: Jé,g_‘::.) fDJ )t_,J)_J T

24



\L [2——— _,.\,,
\0C@(‘]h3l‘°\:.:’ J \l

y tWr¢
/@3;.?\9-;;”) Fl‘)'.
C|W P'\\._p}.j

| AN

25



Gl ol Uy (L) 5 paia £ o

26


how to make a hobbing with an MT gear hobber driven tool.wmv
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Gear Cutting using end mill tool - YouTube.flv
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3. AlS| M42 Tool Steel Chemical Composition Properties Comparison

ASTM AsDOD c Mn P 5 Si Cr W Mo W Co
M4z 1.05 1.15 0.15 040 0.03 0.03 015 065 350 425 095 1.35 9.00 10.00 115 1.85 7.75 8.75

4957 C Mn P 5 Si Cr W Mo W Co
1.3247/HS2-9-1-8 1.05 1.15 . . 070 3.50 450 090 1.30 9.00 10.00 1.20 1.90 7.50 8.50

JIS G4403 C Mn Si Cr Co
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End milling

Climb milling Conventional milling

Ao g @3lg0 (5,5 3,9

40



End milling

THERE ARE MANY TYPES OF STANDARD MILLING CUTTERS SOME OF THEM
ARE:- o —
1) Plain milling cutter V Y-
- Light duty plain milling cutter
- Heavy duty plain milling cutter
- Helical plain milling cutter
2) Side milling cutter
- Plain side milling cutter
- Staggered teeth side milling cutter
- Half side milling cutter
- Interlocking side milling cutter
3) Metal slitting saw
- Plain metal slitting saw
- Staggered teeth metal slitting saw
4) Angle milling cutter
- Single angle milling cutter
- Double angle milling cutter
5) End mill
- Taper shank end mill
- Straight shank end mill
- Shell end mill
6) T-slot milling cutter 9) Formed cutter
7) Woodruff key slot milling cutter - Convex milling cutter
8) Fly cutter - Concave milling cutter
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Machining sequence 1 1o 5.
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CNC MILLING CENTRE
POSITIONAL TOLERANCE

MILLING PROCESS CAPABILITY CHART PROCESS CAPABILITY CHART

£ g
2 :

= g

=4

DIMENSIOM {mm) DIMENSIOMN (mim)

KEY:

I:I Process does not normally operate within this region
Represants tha normal working capability of the
process

- Dimensional tolerances cannot be achieved

capably and increasa difficulty/cost substantially
Consider another or secondary process
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(c)

m Cross-rail
Tool head
Steel or carbide Coolant

Insert hank

Tungsten-alloy disks Workpiece
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angle

D 3S5a 3 ) i Gy Jam O

Rotating  Cutting fluid R T YU N @JWLA Jaa 4
cutting fluid = feed line

transfer gland /
\ Drill bushing
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(b)

Workpiece
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(Reaming) 4dais ) 50 L s )8 8

(a)
Chamfer angl Radial rake
I—7Chamfer length Margin width

\L;l{’ld width
Chamfer relief

%Helix angle, —

:Primary relief angle

(b) Lock nu Body

Setscrew

Adjusting nut
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I E) s

Chamfer

Helix angle Helical flutes angle

. End view

|-7 Flute length———

Typical taper shank spiral flute reamer

E v I e e | _—

Straight fluted hand reamer

_
ke

Adjustable insert reamer

Shell reamer

Combination spiral reamer with pilot drill
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Chip gullet

Rake Pitch
/ or hook g%g]e\|7 Backoff or
clearance angle

Tooth dept -

\;Root radius
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Workpiece

Broach

Direction of pull

K Cilaad (a4 ‘él.h IS
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Him a0

Roughness

23 125 63 3.2 1.6 08 040 020 010 003 0025 0

012
0.5

Process pin. 2000 1000 500 250 125 63 32 16 8 1 2 1

Flame cutting
Snagging (coarse grinding)
Sawing

Planing, shaping

Average application
[ ] Less frequent application

Drilling

—

Chemical machining
Electrical-discharge machining)
Milling

Broaching

Feaming

Efiron-beam machining
Laser machining
Electrochemical machining
Turning, boring

Barrel finishing

Electrochesslsal-grinding
Roller burnishing,

Lrinding
Honing

Electropolishing
Paolishing
Lapping

Superfinishing
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Burnishing o1,
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Fig. 3.3 Geometry of a face
mill

Clearance
Angle

Lead or Comer
Angle

|
Face Clearance Angle
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Fig. 3.4 Chip thickness,
contact length, and surface
roughness in face milling

d
h =
COSK
hmﬂ = 5_COSK

h(#)=h_,, costl =s_coskcost

I = —Dﬁﬂ = D sin‘llzﬂ]—l— sin ™! [ZGE]
2 2 D D

b/ 1 d = axial
{ depth

w = a Radial depth
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w = a Radial depth

4,
f h(0)§d0

/

c c = o

/ . .
—D—zl—;“—:—’-"-(sm 6, +sinf,))

s.cosk[2(a; +a;)]

sin"lzﬂ]-ksin‘l[ﬁ”
D D

D
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Z

“ 4(tan k —I—E-Dt.i{"].
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R+0

- ! =3 2 - 4 1
R =(1—cosk")R+s_sink’cos K’—JESER sin” k' —s-sin” &

52

~ —, for 4 < Rsink'
SR 2

.5'2 5

R, ~ ——, for = < Rsink’.
32R 2

L+ g(l — cos(max[6),6,]))

=
s_NN,

60



o)Lt ke Sl S L e les 00 Jobo b Lt oSG (o dakad S s el ) B
Vo aleS aygly slylo oo )il 0gl obowl coal oal cols lis oy K& 0 a8
300 Oeile el e o V.0 alsS glad g Az o Ve D dobo dygl Az o

Oy 6,8 il (el aady Jasawl 4|y Slg VP e v g o s wiled e

350 S eile Loy Blas Sl Rs Glsaeds (g ,See -Vl e el CodeS 4

damlma 1 o sleo VO e i s poe ot b aalab S 5o s Sy ol
D iyl VO Ses) oo bl o Sl aS il iy axgi asS

-

61



62



Y Jyosb b
) = 0.0612

0.0002

s2 < 32RR, = 32(1.5)( —

s, = 0.06 mm
s, < 2(1.5)sin10° = 0.5 MM a5 el oo oy Yo & )Le
Zyw ave = ads,NN, = (55)(1.5)(0.06)(4)N = 19.8N

s, cosk[2(a; + a,)] 2
have = = §,—COSK

D[sint (32) +sim ()] 7
= 0.036mm( s> 6, = 0, = 90°)
ps = 5.06 J/mm?3 f-v Js=

I3 gyt 1600 .7 x( Sl zZ 15)
O Ot T . Pstw -l o o MAX Ly, = 1.
- N < 4.26rps
L+D/2 65+ 55/2
= =90.5s.

S e s,NN, _ 0.06(4)(4.26)
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s, = 4R (tan k + cot k')

0.6
6, = sin~! (—

V¥ adolas 3l

. L +%(1 — cos(max[6,.6,])) v L+ % (1 —cos53°)
(v = s;NN,) 4R, (tanx + cotk')tN;
5+2/2(04)
~ (10-%)4(tan 45° + cot 8°)20(4)
05 S jeige i aSl azsi by ol Jar ol Ce s gl (ol B3g05e oS

= 20.8 rps.

e diloie P 550 C.H-‘ sl 2L Bogae
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a=1.41n

D=0.02 in
Sz=3.24*1073 in
Nt=4

N=20.8 4l j» g2

s, = (107)4(tan 45° + cot 8°) = 3.24 x 10 3in

have -

(v

B-Y aoles

s;cosk[2(a; +a;)]  (3.24 X 107%) cos 45°(2)1.4

]

mm?3

D[6; + 6,] 2(37° + 53°)
=2.04 x 1072 in = 0.052 mm

) 427 GI/m® L el s B3 ogasme 55,0 F-Y U5 5]

G
Pm = PsZu = (4.27m—£) [0.02(1.4)3.24 x 103(4)20.8(0.0254 )]

=528 W.
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Turning
|" Shaping

Planning

Milling | Alloy steels logp, = 0.30-0.46loga,
Drilling

Carbon steels logp, = 0.19-0.4610g

-
=

Cast irons logp, = 0.04-0.46loga,

Copper alloys logp_= -0.26-0.46loga,
Aluminum alloys logp, = -0.38-0.46loga,

—
1

-
£
=
O
S
@
=
@
o
=
=
=
[
=
®
=8
73]

g

Grinding | Broaching
I

\

]
0.01

Mean undeformed chip thickness, mm
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Axial depth
| of cut
Radial depth \

of cut, a
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h

max

. - —1
=5, sin Af = s_ sin|cos {

ho 1 =(h 1)/2

ave ¢ max -
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aly8 ged e e VO Be 4 Vo FD 0Yg8 1 )IS axkad HSS Iyl oz g L2
Oy dawgie jlaie =4 mm/s g a=15 mm N=100 rev/imin L 38lse 5,155,
S dlme 5 1L B bl 6l [, W 5L 5 550

N =100 rpm(

(:’ Vi=4mm/s

500 mm

=
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—1(1—i)— —1(1——15 )—456"
pD/2) ~ 100/2) ~ >

1 1
have = 252 sin A8 = > (0.24)(sin45.6°) = 0.086 mm

-] 0.086mm azils S i 00l Cualies L pg = 4.8 G /m3 ¥-Y S |

mmE 3

m
Z, = awvy = 15(150)4 = 9000 — 9% 106 —
S S

b ol ks 950 Bls damgis
P, = pszyy = (48 x 10%)(9 x 107¢) = 43.2 kw.

Vg =2 RN
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R+0

4

) L/ R, = (1—cosk )R+5 sin k’'cos k —\/25 Rsin’k —S%Sll‘l K

2
;l‘Ja "*‘S— fur *'-iRsm.fc
S8R’

{Rsmﬁc
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g2

=
20—53(4:} = 5, < 0.829 R
32 T-I-T /

=18.2° y

= 0.002 <

9/

T2
7

VAT aobs 5

Denag+1 (%) sin 18.2° + 200

t{2—=>l].5«::

S.N.N (0.829)(4)N
4 Japl yieS Sy Jlade 51l 5l 0sge Jgod BB ol Ces s yytaS
gl oo 2l 5 ntile IS s gt sayy IS
VEST 5 1T e¥ales 5|

=N >1225rpm

hae = 35e 3057 (1 575))
ave = 55 sin| cos D2

—1(!]829) ( -1(1 U'S))—mzﬂ
—2 B S\ Ccos 2[]!2 = L. mm

LI28 mm el bgra celies 4:—{.1%_}15_'&_,}53 el BV IS8 4, d_?}?zh
p. = 2.8]/mm
laszs s = PoZyy = psads,N,N = (2.8)(0.5)(35)(0.829) (4)(122.5)

= 199(]4# =331 W.
min
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