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Basic factors of metal cutting
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Workpiece materials
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Six main groups of workpiece materials SANDVIK
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Steel Stainless steel Castiron
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Aluminium Heat resistant alloys Hardened steel
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Six main groups of workpiece materials
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Steel Stainless steel Cast iron
Aluminium Heat resistant alloys Hardened steel
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Many parameters influence the cutting process sk
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Workpiece material Application
B e
Steel % Turning
M  Stainless steel & .
_ . — Milling
. Cast iron ]
N  Aluminum % Drilling
S  Heatresistant alloys [RIH| Roughing/Heavy $1mnAsneny
M) - sevialy
H  Hardened steel Medium smnaIma

Finishing/Light 91WNRIazLdan
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Conditions
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Cutting conditions
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Many parameters influence the cutting process gk
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Component Hardness
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Cutting environment
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Dry machining



Steel ISO-P S

Coromant

ﬁﬂmmmﬁumaﬁa@gmﬁﬂmﬁm

@ @ I~ A A . X
ANBUESNITAALDDWLAANINAKE 1383198 L3% Ni, Cr, Mo, V, W

[ =~ =
manmumﬂaaﬂi

mﬁﬂmﬁmLﬂuﬂ@;wi'a@;ﬁlﬁﬁ'mwi%malmﬂﬁq@

mﬁﬂmﬁmmmmﬁnmsymlﬁavﬁﬁmﬁa 400 HB

3 = v =3 [ 1 a
L‘V\ﬂﬂlfﬁ%ﬁ]’]ﬂitﬂﬂ‘ﬂ@]'lEJ‘E’WJL'V\@T’] ( Fe) L URIUNRURAN

Wian leaaasa (Unalloyed steels ) azfiidasifudaisuanluiin

1,7% LLavaﬂﬁﬂ’liL%‘aNﬁwﬁ’l(ﬂsu

- WANoaRaY® (Alloyed steels) azlilasidudansuanbihiu 1,7 %  uay

- Iiasaantenn LL@imimuqmﬂw"lajmﬂﬁfﬂ

ISO | MC | Material

P1. Unalloyed steel
P2. Low-Alloy steel ( < 5% alloying elements )
P3. | High-alloy steel (> 5% alloying elements )
P4. Sintered steels

- IRANANTUAaREIIZIADEINTURANTA I LazdaINITIaLANGaNA
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- JusIaaiRaudninie (Specific cutting force) k,_ :1500-2000 N/mm

o A Aa X a,
- LA UNLNAYUIAIUIUNAS
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TH_2.2_P-Video.ppt
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Turning of steel, ISO - P

Typical chipbreaking sequences with high speed imaging
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Stainless steel 1SO-M
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- AUAWLARNRIWNENTDILATIT YN min 11-12%

- Unfezfiasioudaisuansi (down to max 0.01%)

- oaauanan 9 laun Ni (Nickel), Mo (Molybdenum), uaz Ti (Titanium)

o

- supaslasdovaonlod (Cr,0, layer) aguuﬁuﬁna@;ﬁwﬂmﬁumi
nanIak Uazlnaahy

ANBWMZNITAALRIWFLARLAE

- Tiiawfion wszauquldoin ISO | MC | Material
- fussdatiousiwne (Specific cutting force): 2100-3550 N/mm? P> _| EemitigMartensitic stainless steel
M M1 Austenitic stainless steels
- MIAALR AU ILAALIIAANRY LAZANINITNENAIUWLAANS M2 | Super-austenitic, Ni=20%
Y M3 Duplex austenitic/ferritic



TH_2.2_M-Video.ppt
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Turning of stainless steel, ISO - M
Typical chipbreaking sequences with high speed imaging
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Cast Iron I1SO-K
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- At erean LLa:muqu"l@i”dm

- ussaaidaudwie (Specific cutting force): 940-2700 N/mm?
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[ 1A
wanvaanaazls
- indAnvaailagauLlszlanynan grey (GCI), nodular (NCI) Uazcompacted
graphite (CGl)
- mannaaaziiiafisuduasBinaugs high content of Si (1-3% )
A 6 1
- A UNENVIANSUAUNINNTT 2%

- Cr (Chromium), Mo (Molybdenum), and V (Vanadium) TglNuaA1a
~ v 1 o v A v l&’
meﬂmamq ueuaIrinliaaLian laindn

ISO | MC | Material

K1 Malleable cast iron

K2 Grey cast iron (GCI)

K3 Nodular cast iron (NCI)

K4 Compacted graphite iron ( CGl)
K5 Austempered ductile iron (ADI)



TH_2.2_K-Video.ppt
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Turning of cast iron, ISO — K
Typical chipbreaking sequences with high speed imaging

K Cast iron‘-
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Non-ferrous materials ISO-N

SANDVIK

ﬁﬂwmmﬁumaﬁa@gagﬁlﬂw

A A =1
agailaadaazls

N - faqﬂQNﬁdﬂaﬁwLLﬁaﬁaﬂniﬁ 130 HB.

Aluminium (Al) alloys anal@IuNENile 22% silicon

> o & = ' &
'Jﬁ@!‘ﬂ']W’JﬂV]a\‘]LL@N(COppeI’) LN dILARSI(brass) mwagiuﬂquu

WAIFAN

faqwau Composites (Kevlar)
Qs Q/ = a
ANBHWINIIOA LRI UDINLUIN

- IAtereenn meuQm"Lm'm 150 | Mc | Material

A A a ~ WM 1 & o XY o A
- QQNLRUNNQQWNL%HUQ LL@]VLNLL?J\‘] Vl’]l%@lﬂdﬂ’]ﬁ“ll@ﬂﬂ&l@l@ﬂﬂm N1 Aluminium base alloy

- JussaaLdeaudnwie (Specific cutting force): 500-1750 N/mm? N N2 | Magnesium- base alloy
N3 Copper-base alloy

- falAifausinaLiiand N4 | Zinc-base alloys




Heat Resistance Super Alloy ISO-S

é’ﬂwmu@iwaﬁa@ﬁaaaﬂﬁﬂuﬂaﬁﬁau
HRSA faazls
S - Heat Resistant Super Alloys (HRSA) 1lunnifswnanves

FNTUY TUuaIwn

HRSA AanEMINITANLRDW Usaanugy

nickel, cobalt $#3a titanium

- wUnaINUsELANTAN: Fe-based, Ni-based, Co-based

[ an I3 v wa a =2
- ’Jﬁ@!%ﬁﬁ&l’]iﬂﬂdﬂ’]’]&lwﬂdLLiGVLﬂ@ LL&JY]QM%QNE(G WILANNL

v o 1
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- Wiamen uazaiuqulden (segmented chips )

- gummﬁmamauﬁ@ﬁm:mﬂlumimuqmmw
- Jus9aadandnie (Specific cutting force): 3000-3800 N/mm?

~ #1130 HRSA waz1550-1700 N/mm? &1%3U Titanium

ISO | MC | Material
S1 Iron base, annealed or solution treated, aged
52 Nickel base annealed or solution treated, aged, cast
S 53 Cobalt base, annealed or solution treated, aged, cast
54 | Titanium alloys
55 Tungsten-base alloys
S6 Molybdenum-base alloys

- LLidé’@Lﬁaugo LATAAINITLATAIINTNLDILTI
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Hardened steel ISO-H

zi“nwmzu&iumaﬁaep%nquLm“ia

H =

g

[ o [3 [
ANPWSNIIAA laa%uﬂa ﬂ?qu L9

- Wilawen udauqulaionin

- PAUANAAVDILINUAF DINITANUDILTI qwmmﬁﬁa%“ﬁamﬁ'w
UssRnsmwmsaaiianle

- Jus9aaaudnne (Specific cutting force): 2800 — 5550 N/mm?

- USIAALABUFINN LA INITLA3IINIAUTIUTI
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- mﬁﬂﬂguwﬁoLﬂuﬂ@;uﬁwuvlajﬁaﬂumm‘i’mﬁau

- a”aq%ﬁmwuﬁm”uwi hardness >45 — 65 HRC

- T,@ﬂﬁ'avlﬂmuﬂﬁom?im;uLLﬁaﬁ]zwué’aLL@immLL"ﬁdﬁ

SANDVIK

55 - 68 HRC
ISO | MC | Material
H1 Extra hard steel 55-68 HRC
H H2 | Chilled cast iron cast
H3 | Stellites
H4 Ferro-TiC
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Specific cutting force k_,

LISIAALDDUITILNE

by
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+ The cutting force (F;)
Is the force needed to
shear off 2 gpecic chip
crogs-zection In certain
conditions

« ThiS vae [F;) Is used
In tne calculation of the

power consumption need-

ed Tor an operation

« The Spacmc cutting force
value (Fo) 15 a matenal
constant, expressed In
Ibs (M)

Fo=k; = apxfy

¥
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The interaction between workpiece material,
geometry and grade

SANDVIK
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The cutting edge
VAUANG®
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Guess how big the tangential force is on the cutting edge

e A A A & a A ;
LLINAALRWUNENA LWL N R Nﬂ%’]@ﬂﬁziﬂﬂuﬂfﬂﬂ

Material: Steel
CMC 02.1 180 HB

F,=1700 kp

F, = Tangential force in Newton (N)

MIMUWIAUTIAALREY F,
Material: CMC 02.1 180 HB k_ = 2100N/mm?
F =k, xa,xf

kS a & o
F, = 2100 x 13 x 0.62 = 17000 N (Newton) = 1700 kg = nHnIeuan I

SANDVIK
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The machining starts at the cutting edge
Typical chipbreaking sequences with high speed imaging

ANHUSNNIANLABN T Laans: aam'mﬁ'aga



3.31_Slow_cut.wmv

33

Cutting zone temperatures

[+ d' ;a t§/ Q =
ANNTOWNL AU U THE O ALADW LA NS

SANDVIK

* The rake angle, geometry and feed play an important role
in the chip formation process

Sgiﬂ\lﬂ'lill,ﬁisl' ‘Viﬁ’la’lﬁl LLazé’mﬂﬂauﬁ Nﬂtﬂﬂﬂidﬁﬂﬂ’liﬂ')ﬂ@!ﬂlﬁﬂ

Tane

* Removing heat from the cutting zone through the chip
(80%) is a key issue

mamanaien (80%) sanvnyadaitaunlasriuniaaslans

[ a o @
wisasdAgny

* The rest of the heat is usually evenly distributed between
the workpiece and the tool.

[P
a

1% A A ' ' ' @ P & a
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Definitions and geometry design

SANDVIK

BUULAZAMURUILAN GVDIRUIANY

Macro geometry
with chipbreaker

Cutting edge reinforcement
0.25 mm

Rake angle 20°

Macro geometry

Pri land 5°
with chipbreaker | rimary lan |

. 0,25
Geometry for small cutting _—YX_ 20°
depths
N\ 5o’
0.2
225&{:& %
7° - Main cutting edge design

NSANLULLNANAUSII WV LANG®
Nose cutting edge design

rmaammmﬁ@ﬁ@u’%nm{ﬂﬁwﬂ



Dedicated inserts for the P, M and K area

faLL@ﬂ@mmamﬁ'\mUﬁm%’mﬁ@ﬁ@lumiazfaq LARNLA TN

RUAULAR LASLAANWEE

Workpiece material Finishing Medium Roughing

P g
Y 170( Ll 220"{& 0.2 22& 0.32
=

0°f
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Dedicated geometries and grades
WIIAY LaZLNIALNANG

| ISO/ANSI H Hardened materials
ISO/ANSI S Heat resistant
ISO/ANSI

Finishing

Medium

. |
Roughing
-WF / GC4215 “WM / GC4205 WR / GC4205
-PF/ GC4215 -PM / GC4215 PR/ GC4215
st Bl 5t
e | ©| @ .
sided
-WF / GC4215 WM / GC4215 -WR / GC4215
& Double
%é:;,l Singie
PM / GC4225 PR / GC4225
-WF / GC4225 WM / GC4225 -WR / GC4225
-PF / GC4225 -PM / GC4235 -PR/ GC4235

—

Material

Dedicated
geometries

Grades

Turning

Milling

SANDVIK

Coromant

Dominating application areas

M

Stainless steel

L IGUOK
L JCUOX _ _
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“ Cubic boron nitride

Cutting tool materials

i el _ It is the combination of the tool material
. _— . PTG and the cutting geometry that make up
. o the indexable insert

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted, in any form or by any means, electronic, mechanical, photocopying, recording or
otherwise, without the prior permission of AB Sandvik Coromant




Historical metal cutting

Belt driven machines

SANDVIK

* Workshop at the beginning of the 20th century.

* Note that the machines are all belt driven with a single power source.

38
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Historical metal cutting

Development of the tools

\ f g spade and gun drills

&

* Typical programmes of HSS tools
for turning, milling and drilling.
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Historical metal cutting

Brazed carbide tool

Brazed on insert made of tungsten carbide

wcC

Lottt hardmetallverktyg

SANDVIK
| Coromant |
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Manufacture of Cemented Carbide

AT UIBNNIHRALTARAAT LS
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Powder production SANDVIK
ﬂﬂﬁNﬁ@JNGIﬂ‘Iﬁz

Raw materlal Milling

(Ta, Nb)C
(5%)

Tantalum

Niobium

(Ti, W)C
(8%)

Titanium

Co
(7%)

Tungsten

Cobalt Carbide

Spray Dryin
Cemented Carbide Powder pray Lrying
Ready to press P
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Pressing Operation

o YV A Y/ v t§/
%WNGI&%&?I’]W&W‘T LLa’JﬂﬁJ?J‘H»E‘]J
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Sintering the pressed inserts
ﬁ'm'mm"fugﬂ

SANDVIK

T seanm 8 w. ﬁqmmzq]ﬁ 1200 - 2200C°

Insert trays
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SANDVIK

Sintering the pressed inserts

Sintered insert

aunNANLHNUTZUNI 1400 C Tawlsiian 8 T2lus

<& & & & ) .
Turnaawihlauoad Laza1s luaazazayUTea I UNwa L

ﬁmgmf

& A v s
PUAVAILNANATAARIUTZINH 18 % 1qu ATUBARINTT

té o Y A
EHN ‘ﬁﬂﬁ]&“‘(ﬂl‘lﬂﬂill’]@ﬁi@l&Ii')ll’ﬂaﬁl,ﬁﬂﬁﬂa@]ﬂ\‘] 50 %
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Reinforcement of the cutting edge

ANTLANNAITN LD LL?GIﬁ/ﬂN@v@ A8NIILALTVAY

ATRLTVBY (A negative land) TILLANANNLTILTI LAVALANAG

Neg.land

1 v & v s ) &/ v
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Chemical Vapour Deposition
nmadauruy CVD
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Physical Vapour Deposition

maaaaunRwuy PVD
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PVD vs. CVD coating process

A = A =Y a
NILYILULNEUNITLARDUNIRDITYA

PVD CVD
il  ~1000°C

A ~500° C

o
- ARBULN9NIN - IAROURWINTIN
=< v '
N - NWNITRNAID AN

v v 1
- Saariisani - NUANTIWFANTN

T ~1/20 atm

SANDVIK
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Vision control, marking and packaging
muaqmmw LLﬂZﬁ’]ﬂ’]iﬂiTﬂc}iﬂvmeVT

Inspection
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Milling Theory
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Many Types of Milling Operations SANDVIK

ANBHLNINNHULLLANT 9 lwauna

Roughing in steel Finishing/profiling in steel

CoroMill 245

Mill 24
. CoroMill 200 CoroMill 245

CoroMill Century

CoroMill Plura

CoroMill 390 Aluminium

53
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Definitions of terms

m

L Click on picture above
e\
54

n = anu3ITeU rpm

(revolutions per minute)

v, = aUTIaa (m/min)

D_ = Iu1av89A389408 (mm)

nNn=

V. X 1000

T X D,

SANDVIK



6.1_vc_n.mpg

A 3619 9luawne

Definitions of terms

]

Click on picture above
=l
55

V.,

V4
n

V4
c

fn

n

= aatlaudaWu (mm/tooth)
= anuTldz (mm/min)
= U IuN% (pcs)

= Ul (pes)

(in engagement)

= aantlaudasal (mm/rev)

(f,xz)

= @71uL3938L (rpm)

SANDVIK

vi=f,Xxz.Xxn
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Al 3619 9luawne

Definitions of terms

Click on picture above

a_ = 3TULAWAUINTG (mm)

e

(working engagement)

Aa K
a, = ILHINUAN (mm)



6.1_Depth.mpeg
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Down or up milling

SANDVIK

NMINAMNY LAZNANI

Click on pictures above

NSNAATN (down milling) 1WwAIRaMSuaIAA1NY N1INANIN (up milling) %38 conventional milling WJunsnan

o Ao Sunnanunwasias lugsanunumiasninn
RRILARUTIN VL‘]J HIAMUR LA NUDE

Always use climb milling for best cutting condition



Cutter diameter and position

NILANTUIALATAIND LARZIZUSAWRBININY

13iA29719LAT 09N DL WULINAIITWITH LNARANLRLINTREYINW

(vibrations)
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PUIaBaIAIaddandTlngndanuning

S50 0 20%-50%
2/3 rule (i.e... 160 mm cutter)

- 2/3 in cut (100 mm)

- 1/3 out of cut (50 mm) oo



59

Cutting forces and entering angle

LIINALRD LLa:quLﬂTﬁoﬁumaaﬁfaﬁ’@

90° entering angle

45° entering angle

Round insert cutters

SANDVIK




Effect of entering angle (90°)

RINALIHN

- >

ANl I WU AT WEIUN VNS

A £ a o & AN 4 & =
LT WINUANITIVEAN LU AT LTI TS
Lﬁa@Taam‘immﬂuugﬂ‘a"ﬂa%mm

h, =f

ex

SANDVIK



file:///D:/AA_Chonburi technical college/PPT official for training/290 thin wall.mpg

Effect of entering angle (45°)

RINARFURADIFAN

61

SANDVIK

WuartRanuIn s uraniinna b
RINIINAANIINZYINW (vibration) LU aI9ULATBINDEN2 4
AMURLAEDY Y lRRIuITaAuauS I Ivinew ke

f, = 1.41 x h_ (1N ITALTHAIDIYULT9)
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Effect of entering angle (round inserts) SANDVIK

[« ] [+ %] ~
RIANQALUANNY
Lﬂugﬂiwﬂm‘“@ﬁﬁmmLLﬁaLmﬁ@g@

HINUINANAALWTALANIN

R1UINUTLANMNAWILAY LazaaTTau laaNNIzzAnaAnNaz T

h,, wisidsuawuszosiugn a;

On round inserts the chip load and
entering angle vary with the depth of cut




Feed compensation for different entering angles SANDVIK

Aratranskdatanurwtamduwaaion

90 degree = (f, or h,,) x 1.0

45 degree = (f,or h,) x1.41

Round = depends on a,

f
% Click on picture above
63 >



file:///D:/AA_Chonburi technical college/PPT official for training/6.51_hex.mpg

Making the tool choice in milling

A A A o
NIILNBNLAIDINB NG

Low

Light (-L)

—

Wear resistance

O

Good conditions
64

First choice
Operation stability
Cultter pitch

2
N

Medium (-M)

Heavy (-H)

Machining conditions/
Grades

— Toughness

Difficult conditions

Average conditions

SANDVIK




Pitch choices SANDVIK

OOOOOO

NMILRDNINWIBNULURING

First choice
Operation stability

Low

Coarse pitch (-L) Close pitch (-M) Extra close pitch (-H)

65



Coarse pitch (-L)

INWIWNUR U

Coarse pitch (-L)

66

A o a v & A
Wadaimsaadsunansldidaia
Waddadnnanisawanuaikadudls(stability)
A o o A A

LUBGBIIVLAIDINBEN (Long overhang)

A o o A o o
WaraITadlnIasanTias

A o o . =
\Waazviaunasas (full slotting) lusasding

anwmeNITNNEILRIN KLY Differential pitch

SANDVIK
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CoroMill values
Choice of pitches

The number of edges selected will
effect: -

* productivity
- Q=vixa,xa,
—Vvi=nxz,xf,

* stability

— power consumption and torque are
increased with increased cutting edges

% Reduced forces = reduced vibration

* chip evacuation
— the tighter the spacing the less room for

flute, making chip evacuation more difficult

/

Coarse pitch -L
I

Close pitch - M

/

SANDVIK

Extra close pitch -H



file:///D:/AA_Chonburi technical college/PPT official for training/Dif z 390.mpg

Close pitch (-M)

WIBNBUIWNRNT

Close pitch (-M)

68

Iilalwarunara gl

WL 159 UNINIHAALUD mixed production
o A “ da, o o =

wangnuLAIesInIndiaaies ldauistunans

UndaziduerfdanusnlunisifaniaIasie

SANDVIK




Extra close pitch (-H) SANDVIK

S IuNBaZLLA

. wadasnanuanus lunisnaa
° L HaLAIAIINT LATRANNANTILEANWAI LD ILTI
° ﬁmu"[ﬁﬁﬂ”ﬁa@;ﬁlﬁmmﬁu (Short chipping materials)

. ﬁwmu‘lﬁﬁﬁ'ﬂi’a@;ﬂimﬂ SARBUANUAINNTEN (HRSA) L8430

mmﬁ’m"'ﬂgﬂﬁhﬁ'@

Extra close pitch (-H)

69
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Selecting cutter pitches

I
|
I
i

Ii’;i
?

VLLLA
B

mp—

=11

|
i

\V
\

SANDVIK

55

)

Cast iron

Heat resistant

(CMC 08) alloys (CMC 20)
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Type of application — Milling

AN NIV B I B N

a, Depth of cut, mm

3

I I Heavy milling
Szﬂtﬁ%ﬁﬂgd UazaaINIANulaaanuaInNae

M

Medium milling

anEueMIYingIwea .

Light milling

JeuAURNGN FBINMTANVANVBIANAR LAZANLTIAALEA

SANDVIK

»

f, Feed, mm/tooth
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Selecting the insert geometry in milling

AN IS DIR U RIULR AN A LI N6

Light (-L) Medium (-M) Heavy (-H)

. qwmmﬂumn e Fumly *  YRUANAALTINTY
°  usIRaLRaud °  aantlautwnasd . LLia@”@Lﬁauga

°  aanilaud J 5@5’]ﬂ€]%§0

Coromant




MISTENTOANBIUTINUANLLLNIATFIURING

Select the geometry and grade according to the application

Build up of a grade chart

Wear resistance

Thoughness

73

Working conditions

Average

SANDVIK

Difficult




74

Calculating removal rate

MR YINNGINNTTNAALA

a, X 8 X Vy
1000

cm3/min

Q:

SIS gﬂmﬂﬁwm@mm@iamﬁ

SANDVIK
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MNIFUI BENRINLATDIANTA DI LT

Calculating of power consumption P_ (kW)

p

e

Vi

c

(working engagement)

Aa XK
a = Jzgznuan (mm)

a = 328 NWAKINING (mm)

= anuSldz (mm/min)
k = LIIAALAB NN specific cutting force, (N/mm?)

P_= fasnaasld (kw)

P

c—

a, X @y X Ve X K

60 x 106

SANDVIK
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Calculating of Power Consumption kW

FATNTIAIWI WHNRITILATDIINT L WITUN G

RO |
?s B00-2000

(s 1300 =3000
K: 500~ 1300




Specific cutting force. ( Kc. )

SANDVIK
| Coromant |
Milling with large engagement, metric values
S0P Speciic cutbng | Hariness Brinell
force ks GCI02S Gotoad | ecazo | oo | coem |
Max chip thickness, b, mm
Q050102 oos002 | o0t-0203 | o-0203 | o003 |
MC No. CMC No. |Material Wimm? HB mc | Cutting speed ¥, mimin
Steel
Unalloyed
P11ZAN 011 |C=01-025% 1500 ) 125 025 0210255 975-340-280 490-405-330 £00-230-270 0-260-230
P12ZAN 012 |C-0505% 600 150 025 305-2680-230 5-305-250 440-350-295 60-295-245 05-250-205
P13ZAN 013 |C=055-0.80% 1700 170 025 290-260-215 A0-290-235 415-340-280 30-280-230 200-235-1%
P13ZAN 04 1800 210 025 250-230-185 IT5-250-206 365-300-245 205-245-200 250-208-170
P13 ZHT 0.5 2000 300 0325 185-170-140 A5-186-155 270-220-180 220-180-150 185-155-125
Low alloyed [alloying elements < 5%)
P21.7AN 021 Non-handensed 1700 175 025 280-255-210 265240195 345-285-230 280-Z30-190 240-195-160
P25 HT 22 Hardened and tempered 1900 300 025 155-140-115 1T0=155-13) 225-185-150 185-150-125 155-130-105
High alloyed (alloying elements > 5%)
P3OZAN 0311 |Annead 1950 200 025 180-165-135 160-185-135 300-245-200 105-160-130 185-136-110
Pa1ZAN 0313  |Hardened tool steed 2150 200 025 150-135-110 150-135-110 215-180-145 160-130-110 135-110-90
Pa0ZHT a1 2900 200 025 130-120-100 130-120-100 190-155-125 140-115-05 120-100-80
Pa.0ZHT [T 3100 380 025 B0-T5-80 807560 120-95-80 85-70-60 75-60-50
P5CUT 061 Unaloyed 1400 150 025 245-220-180 ME-FA0-180 350-200-235 20-215-175 FH0-180-150
P2B.CUT 062  |Low alloyed [aloying elements < 5%) 1600 200 025 195-175-145 195-1T5-145 280-230-120 205-170-140 175-145-120
PI0.CUT 063  |High alloyed faloying elements > 5%) 1650 200 025 140-130-105 140-130-108 205-170-140 150-125-100 130-106-85
50M Specificcuting | Hariness Brinell
force k;: GC1030 1040 | s30T | 4T | |
Max chip thickness, h,, mm
0.05-0.1-0.2 005015025 | oos015025 | 010203 | o05-015-025 |
MC No. CMC No. |Material Mimm HB mc | Cutting speed e, m/min
Stainiess steel
Femitic/martensitic
PSOZAN 08.11  [Non-handened 1800 200 021 255 -225-180 185=140=106 255-190~-140 250 - 200 - 160 240-180 =155
PSOZPH 0812 |PH-handensd 2850 30 021 180-160-130 130=100-70 180 =135=-100 170 = 135=-110 170-135-110
P02 HT 05.13  |Hardened 2350 330 021 185 -165-135 135=100=-75 185=140 =105 180 = 145=115 175-140-115




SANDVIK
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SANDVIK

Turning Theory wnnejaunas

NUNRI L‘flumzmumsﬁugﬂ%ymmmaﬂmaﬂ %38
nyenau lagldindasondnudaiae lumanasduas
m%aﬁa%ﬁaagﬂﬁ'ﬂ%lﬁﬁa LLazmg‘u%mm@Tw
ANUISITOUTARU T

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted, in any form or by any means, electronic, mechanical, photocopying, recording or
otherwise, without the prior permission of AB Sandvik Coromant
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General Turning Operations

JUUDUA1E920IUNA

n

/‘
2

NMINAIUBNADMITLABAATUINUATNLILNT §I%
MIUIARTNADNITLAWAATIINUATN LW ITA

suuuusng guasnunianlslaorialy

=1
- nynaddan
- mMsthanin
- madunadd wia maauluslng
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Spindle Speed and Cutting Speed SANDVIK

AMNLSITOU AT ANLSIAG

Coromant

anuTTey (@mhodu saudawd) fe Swauseum vy
: 1 A 1
YDITUIN UG DR IR UIBUNT

Anuaa (Fnihodu wasdaun) e anutlumaduas
{ { o = Qq’ 1 & 1
2 9LA30IN 8N NI UBAIBTUINUA DR BIRUIBUIN




82

Definitions of cutting speed

NMIATWIWANLIING LASANLSITAL

Click on picture above

SANDVK
V. =anusea (m/min)
D, = PUavasEua (Mm)
n  =eanuieu (rpm)

C dusaunwasiwnu =T x D (mm)

V. D,X7®TXn
1000

C_



Example of cutting speed differations

A0L1INIIAIUITHANNLIING

83

SANDVIK
Given:
lEaanusi3an = 2000 rpm
PUNAT WU D1 = @ 50 mm
PUNAT I D2 = @ 80 mm
D, XmTXn
V= il
1000
5 v SOX314X000 g,
1000
D2 V.= 80 x 3.14 x 2000 — 502 m/min

1000



Calculating Cutting Data SANDVIK

NS IUITHAIAINNLTITOL

[~ [ 7] 1 ® A o
NMIHRIAINLSITAVIINDIINADILNANA NN LALAE
Lﬁ@ﬁm:q’jﬁ v_ = 400 m/min

TuNudIwa D= 100 mm

V. X 1000
T X D,

n=

400 x 1000
3.14 x 100

aavltanusitey = 1275 rev/min
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Chip formation varies with different parameters

6 [-%7 ,§’ (%7 Qs U
NNINBTNAIVDILARUUNLL 27 EIE]ZVL?LI’N

Ay —
\
——
<\7777 ==

=SS\

— s =
SIS
: N//;/’////T\‘\\\\,'!

seuziudngs SeHeAuanEn YUY

Larger a, Smaller a :
P Entering angle

6 o z§/ 1 [ 1 A K o A [ % < A
mwlaiummaamumuagﬂumw "]ﬂ‘ﬂ‘ﬂﬂL"ﬁ% ZHUSNUAN a@mﬂau %%@’Jﬁ@l LASHAUWIRNULNUANG




Feed rate and the effective cutting edge length

DTNV IDGIT O LAZ ANNENIANAARNANT

fn
la=ag 1
*  aanUan (feed rate f ) Ao TruzilAIBIle °  ANNENMIANAARNANT (Effective cutting edge length
a a A‘y Qs 1 & Q Qs Qs a v
LAUABTUIBONUWILNY W38 TAR Ganihs 1) TFNNUTAUTZHZAUAN Uazaarnyaitnam

IAUNINY U DITUINW
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Insert shape selection, entering angle and chip thickness SANDVIK
|__Coromant_|

Eﬂil’]\‘i LIANG E:!NL?T’]\‘]W% LRSAIMTUAULELY

DNMG SNMG RCMT TNMG VNMG
K. 95°, 75° K, 107°30° K, 45°, 75° K, variable K, 93°, 60 K, 93°, 60°30
93°, 62° 30° wUsanNTzuLAUAN
Entering angle K, ajananan
AT T 1 *  anfnualasauile uazsUssveadeiaun
§ = = ' - Y
2 : RENINI
K= 45°

Chip thickness h,, anauuwnew

h., =f,x0.71 ©  azuduesianuaanauianas uaz yun

A
JIUNRAN




Axial and radial cutting forces

SANDVIK

NRNIZNU ?J\‘lﬁtllll NN LN DILIIN A LA 1

45°

Fp = radial

88

F; = axial
F; = axial

Note:

FIO = radial

axial = LL?Gi%LL%’JLLﬂ%

radial = W33 lwlwITAN



Different patterns of chipbreaking

SANDVIK
o o
Eﬂ LUDA NRVINITIARNLA L
A Self-breaking B Against the tool C Against the workpiece

RANAILAILAI WNELNINIZUNNNULASes88 RANAILNINTELNNNUTUINY

89




Positive and negative cutting action

gwmﬂmwauﬁ@ﬁ@

Note: 3@ (rake angle) ﬁa&gwﬁmzﬁﬁ:mwaﬁaﬁwwmaaL:ﬁ@ﬁ@ ALWWILNWINLVBIAIT I

90



Negative vs Positive Inserts

SANDVIK
,
= = a &)
LI8uLN zlmg'wmmﬂwmﬂumml,azau
T —
Negative Style Positive Style
= v v =1 v U =

*  JRINAURIMW °*  JRINALWLALN
*  YAUANAALDTILTI *  AalitAaussaaiiondl
o qumuwhﬁ'ugmﬂ‘mm o ﬁ&gwam‘ﬁu%ﬁwauﬁ@ﬁ@
®  RUIZALIWNRIWAN *  MNENUIHBATW L
° lanssuiurgiuaniiazidye ®  MNNZNUTUINUTWINLEN G UAZENT 9

Note: dNWAU (clearance angle) ﬁa&gmﬁﬂ‘izﬁﬂszmwﬁmﬁwauﬁ@ﬁ@ ALWWILNBAIVINITUIU
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The working area of an insert geometry SANDVIK

T9NT LTI DIR TN LN AN

Coromant

uefiudn (a) uazdanilau (f) Minanzaunisldlinig

RALABNEY LAZLRNNZHN

LA /LA b LLazQﬂé'@m:Lmﬂa:mwaiﬁﬁmﬁaﬁiama

CAI U A‘-§/
duuenlainean

A8 Lﬁ%vlﬂ ﬁ]zﬁx‘iNﬂlﬁLﬁ(ﬂﬂ’]iiUﬂ’)%ﬂ'ﬁzUﬁ%ﬂ’ﬁ

N9 LLaxmaﬁﬂﬁLﬁmaﬂy@ﬁ@muuﬁﬁumﬂﬁ
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Finishing, Medium and Roughing

AN TS aaLﬂwﬁ@mﬁumwmiﬂizﬂqﬂ@ﬂ‘*ﬁa’m

a,=mm /\

f.= mm/r



Recommended feed rates and cutting depths

mﬁ@"ﬁaamﬂ"ﬁ’mum AILGAREAINAULT AN

3pmm § *  NANALARRINANHTHTI L TINUVDITEULAWAN LA
6,0 - [ A . P . @
-PR 263U RNIZRUTIIRHILYINTHIL
/
4,0 -
° BRI ULALAZLDYG ﬁ]:‘lﬁﬁﬁﬁmﬂﬁnmwmﬂmﬁ

2,0 - %é’ﬂium‘imuqmﬂw

0.1 04 08 fommrev  ®  WIRIUWYNY I TRUNAVUSII VB UANAALT A

ﬁ&ﬂl%ﬂ’]iﬂ’]ﬂﬂ&l bl



Finishing of steel, CMC 02.1

NMTANLALY IR UNANYLNUAZLD YA

Aa K
JEULNUAN |

a, (mm)
1.5

1.25

1.0

0.75

0.5

0.25

~ . ™ I & o r c. T o W g ~ -
~ ~ P -~ < = ~ I £
s -~ > - 2 £
¢ o I < ~ < =~ s ™ £
- c I = I = ~
e 2 2 A - - & Ny I wt o
i
2 = o2 - - . e
R I T - 5 - . s
S | = = . -
T W e -~ - L -
s e i Z ” oo~ < - I & .
p s 53 o
A % I oA 2, o7 bz P ~ < { ~
— 1 - ——
G n 3 ] <= S “q, La i = e » e I "’i -
& = et
& o~
z NS I £ e » 5
o E - s I
2
\ : &
e oer ol | e m, ne Fa A F . —
< ’ ~ - e o | -
= e,
[ - o - | e
" o ) O
e “Briret AR g1 My, S M, S <
“etering, r‘qyt\/\ e M, 2 = &
Y R S asange™ 3 7 -
e e <

SANDVIK

CNMG 120404-PF
22917 :

a = 0.4(0.25-1.5) mm

f =0.15(0.07 - 0.3) mm/rev

»

95

0.1

0.25

é’m’n}au
f,, (mm/rev)



Medium machining of steel, CMC 02.1

NIRNLAY IR UL UIBNEY

a K
FCUSNURN 4

a, (mm)
6.0

3.0

15

1.0

0.5

96

SANDVIK

CNMG 120408-PM

ap=3(0.5-5.5)mm
f =03(0.15-0.5) mm/rev

aa1an

" V| & - —J' - > po
|
‘ € <> Y
—-_— e cw = ) » & R I
| o
o8 . e . 29129
Ly % S\L <l 3 “;I . —— R Mﬁ .\ v I
< L { s 7 o 3 2,
2 ax @f“ e | e & P £ 3 I
%y
WWig, | ¢ ! IR > T I
g__- A/ N - sT - ¢ £ N -
= | I — e — e — — e —
i PNy, O o s w%"""’“ﬂdr. > - v
5 L kA T, S T, T o "
T’\/\/\( \‘\\\\ O Ve et N, WN‘ S
0.1 0.2 0.3 0.4 0.5

f,, (mm/rev)



Roughing of steel, CMC 02.1

NTHNLAVDIR BRI N BRI

SANDVIK

A = A
JLUZNWAN
a, (mm)
r ________________
6.0 [
< > <€ wo € | a3 > &~ @
OI «o € 2 & O e 9 « @ l
3.0 ¢ ) [
C ) r . oy d Y m

W s < % I S o I s e ) < . l

1.5 ~ ~ 10 s i -, e s I CNMM 120412-PR
& /\/\N“\ " I ~ P Lot ¢ | 52015

A «©Q ‘MLf“ ~ ? %9129 :
10 H\qgkg‘ Wwaarn Oy S anda el v-""""’" W pnanVS aP =5 ( 1-75 ) mm

\‘» N A rrrr]

\,5 v(ng\S\S:C DAy n Snnn g ‘.:l'rr 1‘1""' W AL EFELEEELLLCE TR, %"‘m’ xp fn =0.5 ( 0.25-0.7 ) mm/rev
T = RS T 4 <
0.5 rf.\,\.\,f/\bM’ KM/”E AV (e AR = j;-r g um@z""‘“"“"‘i T ees® ,\ﬂ’
e WY TN (e ‘,;,i:" A A I S A A g tt?‘, on
] 3 = [
0.1 0.2 0.3 0.4 0.5 0.6 aanUan
97

f,, (mm/rev)



Select the geometry and grade according to the application

SANDVIK
A ENISLR D NHUIRIYUAZLNTA LA LRNIE AU A NHIBZINI
- W ist
HARANSG ea: rests afce Working conditions
AU UNTIUNITIRNNRID
f O Good
P15 P25

P35

O Average MR:C b@':’g %
‘ ‘ Difficult %V

%‘}}Bm

Toughness anwuwmiian Good Average Difficult

98
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The influence of large and small insert shape SANDVIK

sUsNoInie

R

AMNUTILITIVBINUAG

%@
B

i

S C

Coromant

a0}

sUsvawIalng

1%e O, UDIl o %hobA
vaay

uA@D bi OeditadA
viay

il g PADI +Ade O

1 = . B .
— 2. uw lnluwnsaussrinm
; -
1 [~
3ﬂs1amuﬁman

caiUai Ui bN=%NAAOAI O
1644y

al vai parda 600D

al abADI +Ace O

e O UDIl e Ooe 1ay



Choose a nose radius smaller than depth of cut  gawux

Coromant

AAN9YDILTIAAL A WNLAAIINTZHZNBANANS 9

DOC
DOC DOC

A = [ A & A 1 o 6 o 1 v A v v
° ﬂ']iLﬂaﬂ"i]Qﬂ&l(ﬂ ﬂ‘]JiZEJZﬂ%aﬂ‘ﬂvl,ﬂJﬁllwuﬁﬂ% ﬁ]:ﬂalmﬂ@msazmu"l@

a

o A A v ' a K L 2 2 o A v A
° I@KIVI’JvLﬂﬂ’liLaaﬂiJ%lﬂﬁJﬂﬂ%aUﬂ?ﬁitﬂtﬂuaﬂ Nﬂﬁ]tﬂ(ﬂﬂ’]iﬁz'ﬂﬂ‘lﬂ,@ LWT]&LLSG@]@‘IL%ﬂ%i%LL%’JiﬂﬁJﬁ]Zﬂ@ﬂd

100




Wiper — Technical solution

SANDVIK
% =3 =
ﬂ%ﬂ"llﬂﬂl;ll@ll@ﬂ')q(ﬂ
-TEGH%U}?
ayALBINA%A Wip
50 . lu%uaquﬂizﬂauwaﬂiﬂuLaﬂﬂ 3-9 @il
\rWipeL/¢ B °  AwRIFNREITININNIEMILIdadanINa

A do o A ] ) o A a & o va

WHNRUNINUINNINASDILYAAL DA R UL WNIT I 7]']1%‘;)1@“’3
A a &

NIUWNLIPUDY

12 ]
=} =)

Q % H ‘3’ Qq/’ ] v A v U U
°  WUNRNHENNINTK L9asaanaliAamIseiiwladnenin
adana bl

° Headanaazrinawladlwuwindstan waztnansindunan

LoD dFrufaladanild 1nfaiaianiie
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Wiper — Surface finish

qmmwﬁ’mummﬁ@ﬁ@mm

SANDVIK

oLoGY

wibe

nuaaInIstlSaui ﬂuqmmwﬁamuﬁuﬁmﬂﬁauﬁ‘lf{

=3 =
LNANADIINGN

Metric
Ra Achieved Ra surface
pinch - pm ISO inserts and wipers
~ = 1 a
Wadania (dranuisey 2% 600
A a A @ 197 5.00
AR AINIIGRN LL@]LWN@@]?’]ﬂQH
VL . o . 157 4.00
Al uaaILyin) e 300
\
2.00.
79
‘ 4/
39 1.00 I | -
B LAAANING (ALY 0 ' f,=0.20 mm 0.35 mm 0.50 mm 0.65 mm
Ruo (W) 2t AaaaIndeits Waltaam (008) (0147 (020 (026
£ \ t] ﬂa%LVhLaJJ) Standard PM Wiper WM === \iper WMX
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How cutting parameters effect Tool Life? SANDVIK

-5 dl 1 1 1 [ (= P=|
ﬂ%madwammmamqmi DITWVBILIUANR
ﬂaﬁ'ﬂ‘ﬁﬁoNanizﬂu@iamqm%oﬁa
Tool life
— o A K
----- ap - ILHLNUAN
Ap
Tool life
e P fo- 20U
[ ° o o a a .\
VAUBZHIATNAIAU IHAISINNHNANAG "
a, - AR IWIRATI WM TLE U Fn
. . Tool life .
f, watnuaNS Ll autlan 3 V. - anui5aea
v, - Lﬁamuqmmqmﬂ"ﬁmumaalﬁ@ﬁ@
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Calculating of power consumption P_ (kW)

NMIFWIUTNAILATAIANITVDIINWARY

n = anwsiseu (rpm)
V., =eanudiaa (m/min)
f, =dandau (mm/rev)
a, =szuzfiudn (mm)

k. = ussaaidousuwiz (N/mm?)

P_ = fasiadasansfidosls (kW)




SANDVIK

Choice of tools anuianay

» External turning and how to apply
naInan

» Internal turning and how to apply
AT

106
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External turning, negative inserts
nundsdanuen luszuuyuay

1. wnasdan
2. uldslng

3. udanin
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External turning, positive inserts
nundsdan luszuuyauan

1. wnasan
2. nwldslng

3. nuihanin




Internal turning SANDVIK

Coroman t

=
AR b

1. NWATWIN
2. uaullslug

3. WATUIUALAN “Mini bars”

109




Tools for small part machining

LATIN AR IUIN WA RIVUNALAN

1. wnastan

2. unastan
(Sliding head machines)

3. wawln

(Exchangeable inserts)

4. el

5. nuaule  (Carbide

rods)

110



Tools for small part machining
AULAAINUTUALANULLEAN 9

1. Internal turning (Carbide rods)

2. Internal turning (Boring bars)

3. Internal turning (Exchangeable inserts)

SANDVIK




Modern insert clamping for turning tools

Y

= o N 1
AAUDINITIVLALLGARZUTZLAN

SANDVIK

Rigid clamping

“P lever Style”

Screw clamping

Screw clamping system,
T-rail

o ﬁm%’mﬁmguau
o LLN?E’ULLmLuﬁq@ FAINANTI

* naaLlRun @LL&%’ﬂmVL@wa

o ﬁm%’mﬁmgmu
VA A o
e LiAaunaiadiaeeid

* naaLlRuuing

ﬁm%’mﬁmgumﬂ
LIIULTILTI

A A a
vLNﬂ@T’J’]\‘]LNaﬂJLﬂBU’]’J

J z%m%'mﬁmgumﬂ
° 399U LL‘LLuﬂ'jﬁLmuaﬂg
'

. lﬁﬂ’nmujuﬂﬁgamﬂ

N




Toolholders for internal turning

QU = QU
ANTAA T L

o usuwanuli ﬂwsLﬁaﬂ@T’mﬁ@ﬁﬂgm‘hﬁ'@@T’smlm@ LR
mmﬁﬂmaagﬁa:ﬁadﬂ%uuuﬁmm

o A v a A v Al A Ao A
® IﬁLﬂaﬂﬂl%q@@qﬁJﬁJ@ﬂﬁl%fQﬂq@ LLﬂzizﬁlZU%'ﬂuaU'ﬂq@LﬁwavLﬂ

© midudsuasesnang daiduladpnddynazsdinalinm
ATWALIEENTNIN

o Q o Q a

v & v A @A o A
® ﬂ’]ﬁﬁ]‘]JU@]@]']N@ﬂllﬂ"ﬂ"ﬂUﬂﬂ'\ﬂfUﬁ'WijUﬂm‘ﬂ']W?lﬂﬁN')G']u

v q

A LAZANITRURZYIW
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Selection factors for internal turning

U3 NTNANTENUS DI WA Lb

S S gt}

© Unadedia uazyuanoiay
° wihaudale

° aynuiaia

NMIAN[YILAY
® VUL 1
® ﬂ"liﬂ'}UﬂﬁJLﬂ‘]ﬂ'

¥ A
ATNNA

SANDVIK

ANNENN
mm@gmﬁﬂmaﬁmﬁ@
1 U a
gﬂﬁw ANGREVES
i’a@;m ARIGREY
MIVHAFY



Chip Evacuation

SANDVIK

NIALRYILA N 8NN3

°  LILWIBINANNN L%’Ji@‘ﬂ’%iW"lLﬂHIE]%ZSJ’]ﬂizVIUﬂUU e

Tuads
U

° ANy LRI RN mﬁ]ﬁ’lmﬂqmmwﬁaﬂﬁ

° imsatdwniale ARWNASLATAIEE T8 LE LA Lo

1 wae4a

*  MIIWANINWELAUIATNL O LALANIEHY D2 TIL BTN LA

oo, X
Qaﬂﬁ]’mﬂ&l@]@vl@h‘]’]il"llu
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Way of clamping the boring bar

ATN1TVEAG VAU

d

1 =

SANDVIK

lﬁﬁﬁuﬁé'uN"'amﬂﬁqm:%d'mﬁm URZEIU LAENTID

ANBUSAY LRZATANAUDIATNAE

anugM lunTuauluastesnIgINDIRLYINY 29U

gmzl(ﬂma@i”m

mmﬁumLLﬁaLstaai’a@ﬁw LRZAIALAAIRNIZRN
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Tool requirements for clamping

A = Qo o /A 1
W UNYUAN IR NNTIULALU UGN ‘)

Best choice a1 §4
Acceptable #au5L be

Not recommended lajuweiin

Not acceptable  sausulale




EasyFix sleeves

SANDVIK

UaansudInIUNITILA NI UN LU WEN

°  FINNIDWN centre height Basmulalaasinaudngn

Qmﬂiﬂwﬁ

O VL@Tmlé'@ﬁQﬂéhmeaaml,l,&iuﬂ'l

v a dldal z&’
O lﬂqmmw NINTWNQ IV

O [ald mlumﬁmﬁ Usznauauia

O IAANIRNWIBVILLANANAIN mmsam@mifﬁmq
Y IR bAde
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Factors that affect the vibration tendenacies

st dl 1 1 v Al :3/ Y
UeeNFINaNIzNUdanIaeyt ((RNIuange lUaqn)

SANDVIK
[ Coromant_|

Coroman t
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Recommended tool overhang S

3:935%;30&3@ fRIUANABUGARZUTELAN

f. damdn (Up to 4 xD) ﬁ

2. fwmn$lud (Up o 6x D) ﬁ:ﬁ

3. fMwIBeIumMIRzri (Upto 7x D) ﬁ:‘a

4. MUTBITUMITAUILLET (Up to 10 x D “ﬁ_—

5. NNUTAITUNIIREYINWNYINAINANS b6

(Upto14 xD)




SANDVIK

Internal machining with damped boring bars

FTUUQATUNMIREYI , .
° 9 mwumﬂmiﬂumsm’mgaﬂ 9

°  AAUWINIRUATYIN

o °1j";Uﬂ%’uﬂgaqmmwc‘i’mumﬂmia:ﬁm
° s2yy Silent Tools eI
O UIWIAANLINAY 10 mm

o anugnMeyldanis 14 x D

121 (carbide reinforced)



3.52_Damped_video.ppt

SANDVIK

Drilling Theory
NO BTN

N33 A MIFININTINTZUONMILUTUIN UG
lA3a900NIYNIN ABNRIW

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted, in any form or by any means, electronic, mechanical, photocopying, recording or
otherwise, without the prior permission of AB Sandvik Coromant




The drilling process SANDVIK
| Coromant |

ﬂ‘JZ‘]J'J%ﬂ’ﬁL"D’]zE

mumzLﬂmmﬁm%aﬁaﬁwmuag’mUlu%uawu N

W lsn U TN I RUNITZLIWBAT La

msatduiunuimdinnesredelunmseansiam e
a & o = @ A A
Lﬂqzﬂqua8ﬂﬂ08033“1ﬂﬂ087QﬂqﬁlﬁﬁqumaﬁLﬂiaGNa

A t:!l';/d v
ua:wagﬂqﬂanﬂaﬂ

myauguiaw wsasndaslianudmdanylunuan:

A = A ' a
LWSW&&@I@ﬂ@WNVﬂﬂE&Nﬂaﬂﬂqﬂgﬂ?quLaU%qﬂqz

a &
LNV
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Four common drilling methods

AFmIvnguuudg

Drilling

Chamfer drilling

Trepanning

Step drilling

vy s ladiedTdng giu aauu
° N13L31¢ Drilling

°* MRz UTrepanning

° NNILTNIDUALVAY Chamfer drilling

°  maazidusrauaw Step drilling

SANDVIK
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The most common holes

JHUUAN 9
U

[CLLLLLUY

SANDVIK
[ Coromant_|

The most common holes are:

1. Holes with clearance for bolts
sdwiTasfaarn

2. Holes with a screw thread
IEMTTwNGLY

3. Countersink holes
WaniTuiianaw

4. Pressed fit holes
susznauwad

5. Slip fit holes

6. Holes that form channels
I

7. Holes to remove weight for balancing
gLﬁaﬁﬂﬁTGﬁaq



Maximum hole depth SANDVIK

=1
ANNNAN NI

=3 @ o dl A dl ¥ o
°® ANUANVBII uarruaanusnivasnialianasdasls

, ° =3 o o = o 1
L2986l miuaﬂmmaﬂgaq@lumm% (1,) zvaniduiwmanrinvasame

A A \
LAYadda LD

max hole depth /, =3 x D,
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Solid carbide drill vs. HSS drills SANDVIK

= = a 1 6 1 =3
WIsuinsuauana E]x‘]ﬁ')"l%ﬂ"l%vl,ﬂ@l LLRSRITULARNN

° W lBUMILNUTBINBNFIIUANS LUAITAAAIBENINNN LiBINNANGALSLITL chisel edge gﬂﬁﬁﬂ”@"l,ﬂ

°  AudazUd S gl wnIIRNLA L Lm:ﬂhﬂ’l,uﬂwﬁﬁgmﬂ’gﬁl,l,sjuﬂﬁ vl ludndudasdnisianziingas Center Drill Ansia 'l

|
140° Point Angle

Chisel edge 118° Point Angle

127 P



Solid carbide drill vs HSS-drill

AN LAWY DIRIIUAS MU LB UNURINWLARN

a o @o o ' A @ A '
. ﬂmmﬂug@ m’lmmiaagl,mummw o wmqmﬂmmﬂmumq

3 > qq: ] v a di 3 v 1
. ﬂm@maﬂm’mqLmamuﬁaﬁg@guﬁﬂmman o lsussdaveaiasanstiasnia
°* wleisinin . W@hﬁﬁ'@gﬁ P YiklabR

Chisel edge Main cutting

Chisel edge

Main cutting edge edge

Secondary

clearance

Margin

Negative

chamfer

Primary

Margin Clearance surface
Flute

clearance First split
128 Flute irst spli

SANDVIK




® @
HAaNIENUITNAINNLIIAA SANDVIK

Effects of speed — v_ (m/min)

L= § &/ 1 v =) o l&’ U v a
© anuidanuniudina ligunn e neinaugslin uazieliiansin
a9 (flank wear) NUSIIHVOLUHENVBIADNRINY (LARAT)

& o A \ A & “  da = \
° ﬂ'J'UJLTJ@](ﬂV]EgG 'i]$°ﬁ'3ﬂL%ﬂaluﬂqiwEl?ﬂJLﬂH’“UFJG'Jﬁ@}V]%N LRZULA LD LDU low

carbon steel
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NANIZNUINAINLon

Effects of feed rate — f (mm/rev)

130

ﬁamlumsmuqmﬂu LRTANLAL
A8 UL D UAITNAUAAINLIDURIVDI wﬁfqg
WJuarinuaszauaasusitian (feed force)

a1 N3 e uNanIENUaLIININ

SANDVIK




NTAIMIMANAIVDILATDIINT LI 196LD1E

_ _ _ SANDVIK
Approximate calculation of power consumption P_ (kW)

ISO |[MC CMC Country

Europe ‘Gerrnarr:.r ‘Great Britai

Standard ' ' f = aandaudasay (mm/rev)

DINEN [Wonr. _ [BS L. .

P Unalloyed : v, = ﬂ?’lm‘i’al@lﬂ (m/min)
A A
P1.1.ZAN 01.1 S235JR G2 10038 436040 C D, = TW1aLAIBIND (Mm)
P1.1.Z.AN 01.1 S235)2 G3 1.0116 |4360408 I O SN 2
P1.1.Z.AN ® 0114 C1s 1.0401 |08OM1S k. HIIADIRERININE (N/mm)
P1.1.ZA 01.1 Ca2 1.0402  |050A20 P = MaIn b (kW)
01.1 C15E 11141 |080M
: - - o For example :

Material cross reference list Material : S45C , cmc 01.2

Kc 1600 N/mm2

@

. Specific Hardness
ISO | CMC Material cutting force Brinell
No. k. 1 mc
N/mm? HB
01. Steel Unalloyed 1500 125 0.25
01.2 C =0.10-0. zg% 1600 150 0.25
P o |EisiEs mo |
01.4 = .
015 C=055080% 2000 300 0.25 f, x v, x D, x K,
" P. =

021  |Kow-alloyed alloying elements < 5% 1700 175 0.25 ¢ 240 x 103

- 10.2 Hardened and tempered 2000 300 0.25



NTAITBLLIITA LAZUII N1 0%

Calculation of torque M_ (Nm) and feed force F, (N)

n = @NL538L (rpm)

f = aandaudasay (mm/rev)

D, = gwaLa309iia (mm)

k, = UIAALRaUI NN (N/mm?)

F, = usalumsilaw (N)

M, = u390a (Nm)

P = faaa3Ie NI ITlumaans (kw)

F,=0.5xk,x De f xsink,
2

_ P,x30x10°
¢ T XN

M
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m‘n'mmum‘m?m SANDVIK

Production planning process

a9 @ o A ¥ oa
VRIAVDIFLRSATUNINNADINTT A e & alaSn g auInsaaLdaninaaLin
K d ? 08218 8ALATEIANST TUHALAIDINE

mI&nwIan LLﬁZﬂWiﬂ?UQNﬁﬁﬁﬁﬂE

1
P

lfi';

$




SANDVIK

v

umuua:’i’a@;

=D

1.

&
° FwIn
I= ny A d’f 6 o
o dugnansfuau niapdesgud snansarhnuuu
d'l = v A 1
LAFadnad lanIa lal

FLULTLHA LASANTRURZYIN

o O

Jeuzfin LLR$ﬂ'T]3J§ﬂ°IJ 803[(%’13

[}
me
o)

anugndelunsaaiian
MIRNLAL

ANLTD I

O O O O

a A 0/ 6 1
'Jﬁ@ll.’i]ﬁ]l]% RNDEUNATN ¢
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SANDVIK

2. MUALLDUAG VBILATAIINT

° ANNIBAILT I

° anushsau

° SruUINLInRaLIY
o 2 2

° AU IATUNY

a [

°* AANIVIRIIUATULAA (horizontal/vertical)

o @

. MAIVIFUULAR

° Fuwuteslaaiadiie (no. of magazine)

135 &
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3. gﬂl,mmﬂ%aaﬁa

Drilling and Boring

dselanit

o fweiasdonagu
°  vhldsunsnde

°  fhauldnais

©

291nNA

aamsaaaLﬂ%ﬂdﬁaslumsﬁ’mumuﬁﬁ'u

o

Step drilling

sz laed
o o & a &
* Y lasasi09Tn
* saswantadlaniasioluiniadang

¥ (R
VaIna

> o o A o 4 &
® ABINIINIAIVILATDIINTNNINY Y

* anuilan E;Iuluﬂ’liﬁ"]d’]%‘lzﬂ RN

SANDVIK

Milling,

helical interpolation

sz lawit

* Juinvaslonnaigiv
a =) '

° deanubangugs

* AuLIILATIINTIBY

¥ o
PaIna

o s lunisvineuann
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4. ﬂﬁzqﬂeﬂ,f*ﬁmu

s2uuluia (Tool holding)

]
a

° naulnaunas

q

A o & Ao ' &
° Laaﬂizumummmwmwg{uu

A1NTLNI4 (Tool run-out)
‘3 L a o &R
°  PUnURDBIAN UAXITULILEA
NIANEILAL
° uRed

Cutting data

° ﬁl{lNﬂﬂiZﬂUﬁdLﬁﬂﬁluﬂ’ﬁﬁ’]dﬁu LLﬂZﬂ’]E{!Lﬂ%ﬂGﬁﬂ

NAYARINANIENLAINUAINT wazalunIrhnm

SANDVIK




SANDVIK

5. maun lwyn)

° ﬂ’ﬁﬁﬂ‘ﬁiﬁ] LLﬂzE]’]qulﬂ’l{L"ﬁ’\‘)’l%

Dmax
Doy =— ° AIANULAR
© AN LLaxmﬂﬁ'@]g
VC [ ] 1
Cutting data

speed 3 3
s B

feed

138




Choice of tools

gﬂLLuwaaLﬂ%aaﬁa ANTWIAUAZANNENIVBI]

SANDVIK

L/D
(XD)A
L £
I o
| | s
11— | | I = 4
10— L _____ | : CoroDrill 870 .
| i CoroDrill 880
— I
o / ' CoroDrill 880L
8 — ——
7 — CoroDrill 881
5 Trepanning tool
5 —
4 —
3 — N e —————— e —f——————— 1
O I |
27 I I ————
| | | | | | | | D [mm]
10 20 30 40 50 60 70 80 90 100 110 120 130 (inch)

139

(0,393) (0,787) (1,181) (1,575) (1,969) (2,362) (2,756)

(3,150) (3,543) (3,937) (4,331) (4,724) (5,118)
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Which drill type to use?

‘a(\ge '

e
O(\('f‘::\\oo“\

@ 0.3 - 12 (.012-.472)
@ 0.3 - 20 (.012-.787)

@ 12 — 26 (.472-1.024)
@ 10 — 33 (.394-1.299)

SANDVIK

@ 16 — 84 (.630-3.307)
@ 12 — 84 (.472-3.307)

30xD

12xD

8xD

5xD

3xD

Hole tolerance

Solid carbide drill

IT 8/9
H8/H9

Exchangeabile tip drill

IT 9/10
H9/H10

>

Indexable insert drill

IT 12
H12




Step and chamfer drilling SANDVIK

mMItzuuuwady uasdvavuruinas

Step or step and

Chamfer drilling chamfer drilling

141



Other methods SANDVIK

Aad A
IDN13aW% ¢
Helical -
interpolation Plunge drilling
Radial
adjusted Trepanning

drilling

142



Positioning of short hole drills SANDVIK

Ussinnuaiaang N

®  The indexable insert drill, CoroDrill 880, A15ANANTNLTUAILAANKIN
A &£ o

& ) Ao A oA A A A
LRUD Luadmﬂ@unuﬂmlumid’mmadLﬂia\ma aﬂﬂﬂﬂdlﬁul,ﬂiaﬁllaﬂ

ﬁ?d’]%ﬁ%ﬂﬁ%ﬂﬂ%ﬂﬂd’]%ﬁﬁﬁ

®  The solid carbide drill, CoroDrill 860 %38 460 Liua7LRaNLINLAD
o = A A o Aa A o
@]E]dﬂ’]ilﬁﬂ:g?]%’lmﬂﬂ ‘ﬁiE]LSJE]@l’e]\‘]ﬂ’lizﬂilﬂ’ﬂllﬂa’]@Lﬂﬂﬂ%uﬁ]El

(precision)

°  The exchangeable tip drill, CoroDrill870 Liludalianfiagsznitg Solid

carbide NU Indexable insert Drill

Exchangeable tip drill

143




Mounting options SANDVIK

AN NIV LANAINVDINANRITH

g\ﬂm 7Ny —

SN S ———

Inl

- —_—

L e S
sl Jal

' e B

Whistle Notch

Other Modular Systems



Solid carbide drills SANDVIK

v

E‘T’j”I%LL‘]J']JﬂW%vaU 90

The basic choice Material optimized drills Application optimized drills

; Precision
Chamfer drill drill for

-~

hard steel

BviE P
N S H

H

PViE
N S H
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mMIazgIwa lng SANDVIK

Larger hole diameters and power requirements

°  @anguwuufAadadadrwalrainagan 80 mm.

¥y

i v A o o A o Ao, @ A =< .
° Trepanning ’ﬂzsl,‘}jL&lElma\‘i"ﬂEl\‘iLﬂia\‘iﬁ]ﬂiwﬁ]’m(ﬂ LLazNTu’](ﬂiﬂﬂq@ﬂ\‘] dia 110 mm

0@ (milling cutter) snanIalglunurhy wisatwivaziduazle lasisnng

\AUAIILULY helical #3acircular interpolation 33n13%a199z¥inw lad1n7n

@

sl wanuiTymlwdasminiuguiasiuizgndiaseald

q
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How to apply

ﬂ’]iﬂizﬂqﬂ@ﬂ"ﬁ}\‘l’]%"ﬂ IR




NIIANGNLAIIND

Setting-up routine

148

[
o

A : a A
LRONFITUA aﬂ‘nau‘nqmaua
AINIRDUAINNENIY ﬂdﬂ&l@u@
aadLngﬁug\ﬁamﬁamaﬁ]aaué’ﬂﬁmzmadLms}
=S oA A o
FIUDIAINIRDUUUNA LLazﬂ']Wﬂﬂ?.lBGE‘ﬂvL@

' ' 1 a A =l a a
AINIRDUABDNRITNY ’J’]leJLﬂ@m’]‘iLﬁEl@]ﬁsL@ G]‘V]N@l]ﬂ(ﬂ

WANTAIDAA cutting data @MUAMNULRVITRAY

SANDVIK




CHIP CONTROL

SANDVIK
ﬂ'Tiﬂ')‘lJﬂﬁJLﬂH
(@ A
2 Excellent
% . d
e &, AN
-ry , A by o Tlasvialyl mivl,mﬂmaaﬂmgvlﬁ ﬁamsmuqmﬂwﬁmmmu
S cceptable
>4 K o aufinn azieliifiensaetalusendenle
5:1 HaUTU L6

A iy = a A A
N ad“liud’]uuiaﬂﬁmaﬂ‘ﬁﬁﬂ LUBN LA

L A/ 1 v ~ dl v
® ﬂ')'uJEl'TJ“llaﬂLﬁHﬂﬂ“lluaﬂﬂUVlu"lﬂqﬂﬂla\‘]LN@Iﬁ(ﬂVIl“ﬁ
f , - | Not acceptable v

% ‘ lalanzay
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ALIGNMENT

mmiwguﬁm 2ILATAINDLAZT I

7 A

SANDVIK

a A . A = A = A a '
LN@E&I"HH’]@IFL“IQVL?J 'VﬁElLﬂﬂvl,ﬂ B3I LIANANANUULLANLDE 9

onfinanns liswaudld
v A > o ) v 3 o
Usufienmeduda 180  anatasuniywile

a A o A A AaA
gNTNYaIRDULAANI AN RN LLﬂZ@]’)ﬁ]‘]JLﬂiE]\‘]&lE]‘YINQMﬂ']W 513

TasdayfwiumITiugud



NMsUsuamIaLaIadie SANDVIK

Adjustable holder

. ﬁmwa:lﬁmmaammi’alumsﬂ%’uagﬁ 0.05 mm luiused

°  gundsurwiasad laadue -0.2 /+0.7 mm.

° g uiudasananstauadanias tUarinnTUsUAILaD

*  {Uaen (Sleeves) MHTUUTURNB ML LAZVWIAA A bet
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mMsdsuruaalsdaanysu e

Adjustable sleeve for drills with ISO 9766 shanks

y- =1
o ufisnavananuazldue
£ o A
. 1%1&%\‘1’&]‘@ UTUINNRIaaaawIa bl 0.10 mm

*  329u89MIU3U (diameter offset range) agfi 1£0.3 mm.
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Non-rotating drill SANDVIK

1 6 A A
ﬂ')']l.li')llﬂ%ﬂﬂ%l:ﬂjaﬁﬂﬂﬂ

' . A A @ ey ni vV .
* HAdIgIgRIERiLwIIATasile ﬂugmwnumwnﬂaﬂﬂ@ laians
1% 0.03 mm.

* adesuarsdaasliagdunsniiouwsende suwwldiy
WWILNY diameter AAUINVBITUIY (UnGAa wuLnn X)
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Deflection of the turret SANDVIK

nmsuAdywinislisaivesiauiie

°  lasaunnunaziiaan usslunsten (feed force) NaNN
LAl

°  gunInlAsudiunikizadaIadia tWalwiia lutuue
Feed forc 9 oy
WauadinIa L

° NIaaaaNUanas
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Radial offset SANDVIK

NNIUSTUGIAN LIl I TF L

gusnlduniauiaIasianinw be

Vi
|

i SetnTrass TR T e—— L [} - 1
-- °  gusnrsndwnidasle
)| u

r— *  sunngidu chamfer 16t
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Irreqular surfaces and pre-drilled holes SANDVIK

mmmuuﬁwgm: LLa:ﬁ’;ﬁﬁgﬁ’]agﬁau

° myanzuuiidsmianit sndelitianmsdunzinzveadaia (inserts chipping)

o 2 A A A v
® ﬂ']iﬂ@a@i’]ﬂaua@ﬂiﬂ'ﬁuﬂ Hni L%ﬁaLLﬂﬂuﬁIuﬁﬁN

. gﬁﬁﬁﬁmsazﬁmmmﬁﬂ tlvrunzadlindTiin 25% vasamaaanaiim 1iNe

TaINWNIIRLUAVBIN DNV USHINIH

°  MIRAaaNIawaILaNaY ﬁfﬂ:"ﬁuﬂaﬁfuagumsﬁwmﬂuﬁhwm:ﬁduﬁu
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Entering non flat surfaces SANDVIK

ANILAZUBHIN LS

ﬁIaﬂwagoﬁa:Lﬁﬂﬂwsazu°@ #IaliiavaInanaiin unstinlwvinnisansanilanas

A. Auw (Convex surface) lidasanansnilan
B. 2111 (Concave surface) anaanauad 1/3
C. W7 (Inclined surface) anaasaund % 09 1/3
D. Rded (Curved surface) anaanauad 1/3

f, ¥ 1o 1/3
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Recommendations for solid carbide drills

ANITULARIVAILATAINE

Rotating drill

158

SANDVIK

A o A g a ' ¥ Aa
Ld® run out mmzﬂ']d']%&]ﬂ’]lﬂﬂLﬂuvlﬂ'ﬂzﬁGNal‘ViLﬂ@
K& A 1 ' u/ (>3 & A A
ﬂ'ﬁﬁﬂ'ﬂvl)&ll,ﬂ’]ﬂu"llﬂdﬂil@lﬂ UNLNaNAIN
] A oA @ o v A a
NIRIYVBILAIDIN DY ULV Vl’]l‘lﬁwlaﬂz"flvlllﬂﬂuﬁuﬂ
P a
AMANBINTIVEI] (tolerance) gaynlyl

FIULAN LAY USmlawtadaan




SANDVIK

Solid carbide and exchangeable tip drill
Solid carbide drills Exchangeable-tip drill
* Not recommended due to risk of * Not possible to enlarge existing holes
chipping on the cutting edge by counter-boring because no chip

breaking will take place
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Coolant supply

SANDVIK

AL

° el (Internal coolant supply)

Warhmaanziagilfiasen uaziianudnwalszunm (4-5xD)

°  dhneuan (External coolant supply)

= o = o v A 1R a
LNBANTIIRILRE Lﬂﬁﬂ'ﬂﬂﬂﬂ'lgﬂ']vl@l LNBIWB LLﬂtEvl&Iaﬂ"DuLﬂuvl.ﬂ

°*  aNa® (Compressed air)

a

Tasin@luuwesin 19550081 TwiyinTi
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NMIRAALEUAILRITTRAGN

The cutting fluid

sswaaLdunauti (emulsion)

5 -12% oil (ansUauanaauuzslEA 10 - 25%)

{813 EP (extreme pressure) 1iavassLusslumisaiian
isiuaan (Neat oil)

NN MENURLAULAR
Lﬁﬂﬁbdﬂﬁiﬂ?ﬁ“ﬁﬂﬂ%ﬂﬁii:ﬂﬂULﬂE'RQZQEWNTWﬁﬁﬁQG
a=809%n31% (MQL)

ﬁhlﬁiﬁﬁﬁﬂaﬁ;n§aﬁh§a
A@LAY (Dry drilling)

ﬁWﬁ§ﬂih@LﬂE§%uﬁwﬁﬁ
anwanliusuinveswainiasie
TErunsasluuninan

mqm%aaﬁamﬁmmmamqmn

SANDVIK




Hole tolerances acc. to ISO SANDVIK

AWnavaIzlumnaIzIuang
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Hole tolerances acc. to ISO

ANWAAIlWNATIW IT

SN, Diameter range (mm)
D>3-6 D>6-10 D>10-18 D>18-30 D>30-50
IT6 0.008 0.009 0.011 0.013 0.016
IT7 0.012 0.015 0.018 0.021 0.025
IT8 0.018 0.022 0.027 0.033 0.039
IT9 0.030 0.036 0.043 0.052 0.062
IT10 0.048 0.058 0.070 0.084 0.100
IT11 0.075 0.090 0.110 0.130 0.160
IT12 0.120 0.150 0.180 0.210 0.250
IT13 0.180 0.220 0.270 0.330 0.390

A o & A X
® 18uUan IT-number NUURI KNIYDIVIIVDY tolerance NLLALVL

A & 4 A &
® Tolerance 2843 IT-class 1@5] VWLNNDY L&IEI"II%’]@ELW&JN’WI"II%

SANDVIK

Examples
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Holes for threading with
L fluteless taps
(rolled threads)

} Normal tap holes
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Hole and tool tolerances — summary
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CoroDrill 460 CoroDrill 860

Exchangeable Tip Drill®
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Indexable insert drill

CoroDrill 880
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With pre-setting ———
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Initial application check-points SANDVIK
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