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1. WORKPIECE MATERIAL PROPERTIES 2. WORKPIECE MATERIAL CLASSIFICATION

Steels, ferritic and martensitic stainless steels Hard materials
. . . . . . . . o . ISU M AT SMG | Description Properties Reference Ke14 me SMG | Description Properties Reference Ke14 me
Main workpiece material property | Most important with materials | Biggest machinability issue GROUP P1 | Feecutngsos wR<w0 | Mo 00 [0 | [ H | Casehartenasss R a0 | o6
P2 | Low-alloy ferritic steels, C < 0.25%wt 320 <Ry, < 600 §235JRG2 1600 | 0,23 H5 | Quenched & Tempered steels 38 <HRC < 56 42 CrMo 4 2320 | 0,18
. L. . Low-alloy weldable general structural steels Ry =420 N/mm? 50 HRC
Avera em aterl al ro ertles ISO_P ACh IEve COﬂdItIOﬂS for free CUttIng P3 | Feritic & ferritic/pearitic steels, C < 0.25%wt 430 <Ry, <610 16 MnCr 5 1800 | 0,14 H7 | Quenched & Tempered steels 56 < HRC < 64 100 Cr6 2480 | 047
g p p ( en er gy eﬂ:l CI ent m a Ch | n | n g) éVeIda:ledger?eraItstrlljctural steels Ry, = 550 N/mm? Bearing steels 60 HRC
ase-hardening steels
P4 | Low-alloy general structural steels, 0.25% < C < 0.67%wt 520 < Ry, < 1200 C 45E 2000 | 0,15 H8 | Tool steels 38 <HRC <64 X 40 CrMoV/ 5 1 2750 | 0,20
Low-alloy Quench & Temper steels Rin = 660 N/mm? High Speed Steels (HSS) 50 HRC
Hi gh hardness 1SO-H H |gh mechanical and thermal P 2‘5:?:&?:{?\';9?;23; BRUEATE 550 < Ry < 1200 ‘Fii Gl 2020 | 018 Hi1 | Martensitc stainless steels 38 <HRC <50 Xa0ert3 2300 | 015
|Oa d son the C Utt| Nn g Ed geS P6 | Low-alloy through-hardening steels, C > 0.67%wt 520 < Ry < 1200 C 1008 2100 | 0,17 H12 | Maraged and precipitation-hardened stainless steels 1200 < Ry, < 1650 X5 CrNiCuNb 16 4 2410 | 0,17
Low-alloy spring and bearing steels Ry = 600 N/mm? R = 1450 N/mm?
H i h SC ratCh i n effects P7 ;z:?nugz;:jagdeear::gg ::Zzll:, C>0.67%wt 600 <Ry, < 1200 ;?nO=Cé560 . 2160 0,17 H21 | Manganese steels 23 <HRC < 64 );Jﬁggln 12
H | g h a b ras ive Nness | S O - K / | S 0 -S g . g P8 | Tool steels 600 <Ry, < 1200 X 40 CrMoV/ 5 1 2400 | 0.20 H31 | White castirons 50 <HRC < 64 EN-GIN-HVB00(XCr11)
on the C utt| n g Su rfa ces High Speed Steels (HSS) Ry = 700 Nimm? 55 HRC
P11 | Ferritic & martensitic stainless steels 415 <R, <1200 )’_\(’j(): (é; ; ?;\l - 2000 | 0,15 Other dificult materials
_ _ . B ad Ch | p form atio na nd form at | on P12 | Maraging and precipitation-hardening stainless steels 500 <R, < 1200 X5 CINICUND 164 2100 | 047 SMG | Description Properties Reference Kt | me
High adhesion tendency and ductility  1SO-M / 1SO-S / [SO-N . . o=t i P Lowaloy Phi-materils P08 Fe07C
of built-up edge on the cutting edge
Free-cutting, austenitic and duplex stainless steels PM2 | Medium-alloy PN-materials FLC4508
SMG | Description Properties Reference Ke1.1 m gzzl\jlzég.flurl]&fic
. . . . . M1 | Free-cutting austenitic stainless steels X 10 CrNiS 189 1700 | 0,14 PM3 | High-alloy PM-materials ‘
High strain hardening factor ISO-M / 1S0-S Local high loads on cutting edges TR
M2 | Low-alloy austenitic stainless steels X5CrNi 18 10 1920 | 0,18 HF1 | Hardfacing alloys
Welded or plasma-deposited iron-based alloys
M3 | Medium-alloy austenitic stainless steels X2CrNiMo 18 14 3 2070 | 0,17 HF2 | Hardfacing alloys
o H I gh .t e m p erat u re S I n Welded or plasma-deposited cobalt- and nickel-based alloys
I—OW t h e r m a | CO n d u Ct I V I ty | S O - M / | SO _S the C uttl n g ZO n e M4 | High-alloy austenitic and duplex stainless steels X2CrNiMoN 225 3 2230 | 0,16 CC1 | Sintered tungsten carbide G50
M5 | Dificult high-alloy austenitic and duplex stainless steels X2CrNiMoN 257 4 2510 | 0,13
Plastics and Composites
Castirons SMG | Description Properties Reference Ket.1 mg
sMG | Description Properties PO e m, TS1 | Thermosetting polymers Urea formaldehyde (UF)
3. MACHINABILITY POLAR DIAGRAM
TS2T| hermosetting carbon-Xbre composites T300 T700 T800 HTA-S IMA - Epoxy (M21)...
. Compacted graphite irons (CGI) EN-GJV-400 1000 | 0,35
TS3T| hermosetting glass-Xbre composites Epoxy - HX..(42..)E glass (7781...)...
A machinability polar diagram visualizes the influence of five important material B et S R v e ——— o9
properties on the machinability. Below is an example for Inconel 718. In this example Te—— EnGI 0T T [ N E—
can be observed that mainly the high strain hardening and the low thermal A utors (0 e oIS 003 L PPS/pEEKmo
ermoplastic carbon-Xbre composites -T300..
conductivity of this material determines the machinability of the material. pr——— ENCIRE2
TP3T| hermoplastic glass-¥bre composites PPS/PEEK - E glass or A glass...
. Austenitic nodular cast irons EN-GJSA-XNiMn23-4
Ad h e s | 0 n TPAT| hermoplastic aramide-&bre composites
Non-ferrous metals .
Graphite
SMG | Description Properties Reference Ke1.4 mg
N1 Aluminium alloys, Si < 9% AW-7075 SMG | Description Properties Reference Ket.1 me
GR1 | Graphite R 8500
N2 | Aluminium alloys, 9% < Si < 16% AC-44200
Si=12%
N3 | Aluminium alloys, Si >16% AISi17Cu5
Abrasiveness Strain hardening
N11 | Copper alloys CW614N 740 0,26
Superalloys and titanium
SMG | Description Properties Reference Ke1.1 mg
$1 Iron-based superalloys Discalloy
S2 | Cobalt-based superalloys Stellite 21
S3 | Nickel-based superalloys Inconel 718 2530 | 0,21
B Inconel 718
D 4 2 C M 4 S11 | Titanium, low alloyed, (¥) Ti
.. rvio
Hardness I-OW thermal Conducuwty $12 | Titanium, medium alloyed, (X+B) TiAIBV4 1500 | 0,24
S13 | Titanium, high alloyed, (near 8 and B) Ti10V2Fe3Al
High adhesion / ductility High strain hardening tendency Low thermal conductivity High hardness High abrasiveness
Bad chip formation High localised loads High temperatures in cutting zone High mechanical and thermal loads Low tool utilisation
Micro chipping (BUE) Plastic deformation Plastic deformation Plastic deformation Flank - crater wear

Tool wear Flaking, notch wear Chipping / notching High wear rate Chipping / breakage DI

4. GENERAL RECOMMENDATIONS FOR TOOL SELECTION AND CUTTING CONDITION SELECTION

: : Toughness High compressive Hard or tough : .
Cutting material e e Toughness S (eeE e Abrasion resistance
Low cutting speed Low cutting speed Low speed and feed

Low feed and DOC

Cutting conditions Temperature control High feed and DOC and feed High DOC

Sharp edge radius Small nose radius High rake angle,
High rake angle Adapted cutting edge geometry strong cutting point and edge

Cutting geometry

Small rake angle Cutting edge strength

This overview represents a generic approach to link workpiece material properties to general machinability rating. SE. :0 u
For more detailed analysis of machinability ratings for specific workpiece materials, please contact your business partner at Seco. N



