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Microstructure Changes due to Hot Rolling

ELONGATED GRAINS

GRAIN GROWTH

....

RECRYSTALLIZATION
BEGINNING

The granular structure of the material
is changed during hot rolling.

Large coarse

grain structure Smaller grains
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Tensile Srength(MPa) = HBx 49% 45 for HB>175
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Cast iron —
intt— | Brass, bronze Zinc alloys
E | Aluminum Sintered iron
— | Zincalloys —
— Magnesium alloys
- Eabbitfs Graphite
1010~
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g L ey Alumina
Li; : Acetal . .
g Nylon B Aluminum tin Silicon nitride
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=] —
N
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= |
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106 %107
Modulus of elasticity for various Density for various metals, polymers
metals, polymers, and ceramics at and ceramics at room temperature

room temperature (20°C, 68°F) (20°C, 68°F)
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Material M odulus of Material Poisson’'s
Elasticity, E ratio, v
GPa Mpsi Metals

Metals Aluminum and its alloys? 0.33
Aluminum 62 9.0 Aluminum tin
Aluminum alloys® 70 10.2 Babbitt, lead-based white metal
Aluminum tin 63 9.1 Babbitt, tin-based white metal
Babbitt, lead-based white metal 29 4.2 Brasses 0.33
Babbitt, tin-based white metal 52 7.5 Bronze 0.33
Brasses 100 14.5 Bronze, porous 0.22
Bronze, aluminum 117 17.0 Copper 0.33
Bronze, leaded 97 14.1 Copper lead
Bronze, phosphor 110 16.0 Iron, cast 0.26
Bronze, porous 60 8.7 Iron, porous 0.20
Copper 124 18.0 Iron, wrought 0.30
Iron, grey cast 109 158 Magnesium alloys 0.33
Iron, malleable cast 170 24.7 Stedls 0.30
Iron, spheroidal graphite® 159 23.1 Zinc alloys 0.27
Iron, porous 80 11.6 Polymers
[ron, wrought 170 24.7 Acetal (polyformaldehyde)
Magnesium alloys 41 5.9 Nylons (polyamides) 0.40
Sted, Carbon 206.9 30 Polyethylene, high density 0.35
Sted, low alloys 196 28.4 Phenol formaldehyde®
Sted, medium and high aloys 200 29.0 Rubber 0.50
Sted, stainless’ 193 28.0 Ceramics
Stesl, high speed 212 30.7 Alumina (Al,O,) 0.28
Zinc aloys” 50 7.3 Graphite, high strength

Polymers Cemented carbides 0.19
Acetal (polyformaldehyde) 2.7 0.39 Silicon carbide (SiC) 0.19
Nylons (polyamides) 19 0.28 Silicon nitride (SizNy) 0.26
Polyethylene, high density 0.9 0.13 ®Structural alloys
Phenol formaldehyde® 7.0 1.02
Rubber, natural’ 0.004 | 0.0006

Ceramics
Alumina (Al,Os) 390 56.6
Graphite 27 3.9
Cemented carbides 450 65.3
Silicon carbide (SiC) 450 65.3
Silicon nitride (Si3Ny) 314 45.5

®Structural alloys

®For bearings

“Precipitation-hardened alloys up to 211Gpa (30Mpsi).

Some alloys up to 96 Gpa (14 Mpsi).

°Filled

'2.5%-carbon-black “ mechanical” rubber.
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Class Members Short name
Enginering alloys Aluminum alloys Al aloys
(the metals and alloys | Copper aloys Cuadlloys
of engineering) Lead alloys Lead alloys
Magnesium alloys Mg aloys
Molybdenum alloys Mo alloys
Nickel alloys Ni aloys
Steels Steels
Tin aloys Tin aloys
Titanium alloys Ti aloys
Tungsten alloys W alloys
Zinc alloys Zn aloys
Engineering polymers | Epoxies EP
(the thermoplastics Melamines MEL
and thermosets of Polycarbonate PC
engineering) Polyester PEST
Polyethylene, high density | HDPE
Polyethylene, low density | LDPE
Polyformaldehyde PF
Polymethylmethacrylate PMMA
Polypropylene PP
Polytetrafluoroethylene PTFE
Polyvinyl chloride PVC
Engineering ceramics | Alumina Al,O3
(fine ceramics capable | Diamond C
of load-bearing Sialons Sialons
application) Silicon carbide SC
Silicon nitride SisNy
Zirconia 2rO,

GailEs (waigs 33300l

ol Oxaiwv § elc a(5ils




Wigs albos

Class Members Short name
Engineering Carbon-fiber reinforced | CFRP
composites polymer

(the composites of Glass-fiber reinforced GFRP

engineering practice) | polymer

A distinctionisdrawn | Kevlar-fiber reinforced | KFRP

between the properties | polymer

of aply (uniply) and a

laminate (laminates)

Por ous ceramics Brick Brick
(traditional ceramics, | Cement Cement
cements, rocks, and Common rocks Rocks
minerals Concrete Concrete

Porcelain Pcln
Pottery Pot

Glasses Borosilicate glass B-glass
(ordinary silicate Sodaglass Na-glass
glass) Silica SO,

Woods Ash Ash
Separate clusters Balsa Balsa
describe properties Fir Fir
parallel to the grain Oak Oak
and normal to it and Pine Pine
wood products Wood products (ply, Wood products

etc.)

Elastomers Natural rubber Rubber
(natural and artificial | Hard butyl rubber Hard butyl
rubbers) Polyurethanes PU

Silicone rubber Silicone
Soft butyl rubber Soft butyl

Polymer foams Cork Cork
(foamed polymers of | Polyester PEST
engineering) Polystyrene PS

Polyurethane PU
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Density, p, kg/m?

Modulus of Elasticity plotted against density. The heavy envel opes enclose data for a

given class of material.
E / p = const Minimum-weight design of stiff tension member

1
E 2 / p = const Minimum-weight design of stiff beams and columns

1
E3/IO = const Minimum-weight design of stiff plates

GailEs (waigs 33300l
wo1p _
ol Gaiv § elc sGinils



Wigs albos

aanily - eSalwl jlsgeld
)uSLso'o.bl)S J) ‘ols-‘z'i.wl PS> 9 09 Jolo= L )l,.o ul.‘a.u|9)§4)54 Lg)',.o A lEo OlSGl

10 000 — | — |
- | | Engi neerlng / SiC Dlamg'];g.]\ N
- et 013Ny -
ceramics . \Q‘F / / ,;- i Sla.lcms/}
e . i / Cermets L
i \'\4 | Engineering |
- I._, alloys -
| 1 f g
1000 = _
C ! ]
- W alloys B
Mo alloys
 Ni alloys
- Cu alloys
100 — —
— /_
s
]
i - ’
= s 7
wo| d
£ | e - Py
= -
g | g
&7
| concrete
Porous i ‘f.
10 — ! P —
ceramics - !
-
. v A ! N
B Engineering e o7 T \ .
B polymers - Pid Guidelines 1
- /// /"// for minimum- —
— Elastomers P P weight design -
_ - P - Vi
e P
-~ - 4
_Polymers PR A
-
foams - e Ve
- & s
1 e - pd =
-~ -~ 3
- - 4
- -~ Ve —
- i / n
Py - e -
~ - 4
- e // _
. P
5 =C - . e 4 =1
p 1
7 £
S S B
p p
0.1 | I I | I | I [ I
100 300 1000 3000 10 000 30 000

Density, p, kg/m*

Strength plotted against density (yield strength for metals and polymers,

compressive strength for ceramics, tear strength for elastomers, and tensile

strength for composites).

Minimum-weight design of tension member

o/ p = const
Minimum-weight design of beams and shafts

O_g/p = const

Minimum-weight design of plates

0';/,0 = const
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Modulus of elasticity, E, GPa
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Strength, S, MPa

Modulus of elasticity plotted against strength. The design guidelines help
with the selection of materials for such machine elements as springs, knife-

edges, diaphragms, and hinges
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Relative cost times density, Mgfm-‘

Modulus of elasticity plotted against cost times density. The reference lines

help with selection of materials for machine elements

E / C P = const Minimum-cost design of stiff tension members
R

EJ/Z/CRIO = const Minimum-cost design of stiff beams and columns

E%/CRIO = const Minimum-cost design of stiff plates

GailEs (waigs 33300l
-1 _
ol Oaiv § elc oaisls



Wigs plbos
slaslgd (sady atvb ¢
Biga (50 (53 Liwd OB LS adgi SLeal s b LS U puas jlo Lo  dYgd
)03 (ig) bl ) (@3Dgd 533y wET ™

O eS| sy 4 pl> 5T )5 Lol jolic OT b 3 45 Canl GiuluST 3T 8 S5 (5 jlw S8
4S 39 g0 plovil iliseo sla B9, 4 30T )5 ol .l go RIS OT Jlaio 9 59 (g0 23] jgaw
Dl 1) 395 o> culee 9 Ll S 2

(Sjuns) oo b a)oa) LD o¥gd < JUNTIORRY

@) 398 o¥gp S5 o—c oy j 2¥g

23095 (59) o3k elail Ollac gulwl yy (53iy @uaT ™
39 g0 plowl BT (595 (Gilibos (55 i) | oy Vgosa 3Vgh sl (S 319 S9u Cpx
) axis 03) &) es9y el S g ) o &S csa¥lgd : Cast steel ¢ Sidyy 2¥gd
Db 0)0 JSUb S5 esbgy L ojg alang g j) e aS csa¥gd :Wrought steel sab IS 5¥g
B0 a0 c2)0) 18 9 c)oj Cups) cg)S aldy j) cld aS cso¥gd : Killed steel alis oY¥¢
Dolsin &) iy o5l e lae duwg @ csad JSib j) o, a5 cso¥gd : Normalized steel
B s
Carbon steel (i35 slaslgd (ssiy @amds =
2593 polic g oo S 2 )S SV 3l oad S (S 9 o2 Il &S (2 asYsd 4
35135 OT s (S 329 2 S 3U 5 H9d (o0 Oguo LallBL Vg5 (ol o
:Low carbon steel <8 pS cslasied
205 0929 2¥90 o S 0.25% LS|
e aoded ¢ g plSain) 9 s I i feS cs)b
a9l ool chlde 5 9 33/b il osTiw
M B0 oSz eslib 9 9 @ csply s
g oglde axijgd Jao 1o
Q58 (waigs 33301l

woly _
ol Oaiv § elc oaisls



Wsigs plbos
g e edw opn S L biid 9 35185 cs)lS cdw @ Il e llae cabls
Mws anlin cs)Subga 9 cs)S Cuble cslp
(.. 9 Jwgn cslld 0] 15) 232 o8 okl g 9] Cuaiblo csla ajlw 1o
: Medium carbon steel Jangin ¢S cs g
<) 0.6% U 0.25% <30 0¥ 0 < fS Siljwo
b S 03 cslared ) SY0 coolSail) g pawd ¢y
) 9 Q) csSibga 9 cs)S bl espdy JSub calls
)b cs2aw es)S cdw el o S R )l o
Sy cs S b o aS Cuible eslia) J) esidm 9 Wlakiln 9 <] cublo csla )l

D00 s 30w SIS o0 SIS &S

:High carbon steel ¢S p cs o¥g

) 2% 5 0.8% < 0999 10 S Siljao

2L oo B oS S 9 plSain] el

) S W) g8 9 cs S bl 9 35 Sl cspy IS calls

Db 0 i el e llac Sws a

ek calw 9 ape0 9 @ D)) S esla CJB (g 5)) 298 e (lagw) laylp) e dln g
) oS sl chlio jo pglie

: Alloy steel 5‘)(.5)1 Slaslgd (53iy eands ¢

Cawl 338 839381 OT 4 JLd ) 39up0 Cag> (650 molic (S 9 T poglle 45 HlasYgd

:Low alloy steel jT 5 sloslgs =

239 g0 83l FWIT oS 5Vgd 3L 5% jl jieS LT SHUIT molic §9ome 45 asYsd

: High alloy steel jTy slastgs =

25U 5% jl G T ST juolic §g0mo 45 2la3Ygd

Q58 (waigs 33301l
-1V ]
ol Oaiv § elc oaisls



Wigs albos

S5 ool P B3Dd ($3iy eumb) ¢

W-1A

59 cslasied

Tough at subzero Steel

Case hardening steel

las¥gd
s09aC cslasdg cs)p) cslasdgs
cs) ajlw cslariey Stainless Steel
Structural steel Spring Steel
Cold extrusion Steel
)P g eslasiy
Free-cuttingsteel | | | W

nitriding steel

(csjg) axgib ol cldac cslase
heat treatable steel

:structural steel () ojlw s (ILoIAby (Slasdgd =

239 s 1S3 Ciaiblo eslja) ) esidm 9 Y] cuuiblo cdSw) dglatibn csliz) calw cslp

Mg es S bl g ) sl el v W) sl osS)lp ellee

25 o0 900MPa b 300MPa <3 1932 W) caiiuisS olSain)

)5 J) 360MPa U 175MPa 839320 1o os3Waddln cslasies pulws  yiuls

=) %25 15 %10 259520 10 cs) sjw cslao¥ed e clob jusd

Q58 (waigs 33301l

ol Oxaiwv § el alGkils



Wigs albos

: free cutting steel gblys gbga (slaslgsd
) =algisy 9 Blo sxb es)\S Sublo @aw § siwa esylop axlp BB i)y @
M anlin ) espw sy o soliiw) eslp 9 %0 esjbp solp ccp
) s canlin esiiw @ Sy cslp o)lp e llee Sw) es)lS cible J)
:case hardening steel pouwBilaw (slaslgs =
29y e 82 op jo 9 cdw @aw b eyl a5 cslja) eslp
IS o0 3985 askd @ o 503 Bac B S J) esit laian J) <SSl e lalae s 1o
: heat treatable steel (s)lugy) ssigh Iy Clblac (slaslgs =
29) 50 )50 osSwold e5)3S)0 9 cdw osSSlin) csla cs)l3S)h ead bl cslj) ceslp
: Nitriding steel pouwl)g)ia (slaslgs =
b op)S cs) apd § oy cslo cs)3S)h e a eslip) eslp
Sdanlio 330 e 30 canlua cowsia § csolr) sl i)l @) aS Sl dlw cslp
oxlh sl @ I @ fgpy 398 e jplun o3 ploa b SLige] JIS < glan 1> cagunl sl

DOLS b Ay Ak éb).)) 59320 e U g

: DIN @238 5)1x30w) Gab (g3sa g (83D (5)135.60 o

Vg g9 daseine Caols Jlo
Sleislo ssYgd StKGH/MM? ol LiuiS plSiomitanl] - [ 5S 03,5 0Lt ] St50-2
RS syl ClepsS 30,5 | C15

o b (S slass ClgpsS 205 ]-[Wlbw5] C105w1

Cawr gt po 45

3,595 9 phud b (g )S SV CK[ S 205 ] Ck 45
S PSS O3z GGIkgf/Mm? ol aiS plSoul] GG-20
St 3V gd GSIKgf/MmM? ol S plSoxiul] GS52

Q58 (waigs 33301l
w-1q _
ol Oaiv § elc oaisls



Wigs albos

: DIN 17007 s)1siGwl Gsb (,msigs albos 5)13560 ¢

1 .10 0 3 7 : 6 1

lologSojled | slge £95 0 lodd i o e | el Oldos 95 0)loud

slgo EWIY S

slos £05 Bylaidy

aly sigd 0905 35 b aly slasded 00
ST e ) o) ¢o0ac slasyd 02 ¢ 01
WVoE)s slashgd 6333 slashgd 07 G 03
T @5 slases 09y 08

ST e - voguis slasdyd 10

b slasdgd
HLaIaby (iS5 slosgd 13611
D0 Sy

6333 )P slesyd 186G 15
ST sloslgd ST 5yl slosDgd 28 3 20
(HSS) p 25 (slastigsd 33632

SHT slastod ol a3 eglis slasdgd 34

Gisplg) 9 Sioply slasted 35
0oy0AL (T3d woled b slge 39636
0P &3 slashed 45 5 40

OB &) L UG sLes ) @olas (slasiod g LajlT 46
Ls)3 1 eglis (slasDgd 48 G 47

BB NL T 510 olgi- Ul sLas s @4las cslasigs g LaflulT 45
DU 3835 L ST slesgs 85 50
s)5ibgs LB g Vb elsaiml b ¢3laidly slaslgs 89 5 87

w_yp Q58 (waigs 33301l
—~VPo
ol Oxaiwv § el alGkils



w-p|

Wigs albos

salg3 siaTyd oyladds

oolas B (5)S alidy) g (agd

slgs ol 29)3 o)laid

sysks) ely1 B (5)5 a3ay) b gwlegs sbgd
) asils (.80 Wlas )y aaid Ja Y5

o | leasogold gl

\ (o3Dod

P e oaSie Oljs
aryl

B e Gw ols
2yl

G S8 1E slgs
A
q slgs plw

e )5 @Ay b golegs slgd | B
a5AY) b lias slo gbg) @ (53393 slgd
oW1 G )5 "
$)338)) b aliAs sla Jbg) @ (533)g3 slgd "
o))\
e G )5 aidy) § of)ls oniey) slgd | O
el )5 alay) b paf)le guiay) slgd | ¢
@3By b )oiamS) gives 3 alpen( LD shgd
oWl G 5)5 Y
a3ay) b )oyams) giuss by olysa( LD slgd
ohl )5 A
W8 b (B - ()3T shed | q
s Ollac g6 dyladd
Cunl oalid ¢,3)lys Oblac as Jab )l azy| o
) aaib elasl Jloy JINT( @iy jb| |
By asle «@p Qa0 I)hs Ollac)s| P
Cunl 03D
asLal 5)(5 oubls sl s Ollac 3| W

Q58 (waigs 33301l
ol Oxaiwv § el alGkils




Wigs albos

P_pp

GailEs (waigs 33300l

ol Oxaiwv § elc a(5ils

Structural Steel
Upper yield stress (N/mm?)
SYMbol | e Tensile strength (N/mm?)
. designation Thickness (mm)
Material DIN Thickness (mm)
number EN 10 DIN
>3 >100 | >150 >16 | >40 | >63 | >80 | >100 | >150 | >200
025 17100 <3 <16
<100 | <150 | <250 <40 | <63 | <80 | <100 | <150 | <200 | <250
mm mm mm mm mm mm mm mm mm mm mm mm
1.0035 S185° St33 310-540 |290-510| - - 185 | 175 - - - - - -
1.0037 S235JR St37-2 - - - - 235 | 235 - - - - - -
1.0036 |S235JRG1| Ust37-2 | 360-510 |340-470| - - 235 | 225 - - - - - -
1.0038 |S235JRG2| RSt37-2 | 360-510 (340-470\340-470|320-470] 235 | 225 | 215 | 215 | 215 | 195 | 185 | 175
1.0114 S235J0 St37-3U | 360-510 |340-470{340-470|320-470| 235 | 225 | 215 | 215 | 215 | 195 | 185 | 175
10116 |S235J2G3| St37-3N | 360-510 |340-470/340-470|320-470] 235 | 225 | 215 | 215 | 215 | 195 | 185 | 175
1.0117 |S235J2G4 - 360-510 |340-470|340-470[320-470| 235 | 225 | 215 | 215 | 215 | 195 | 185 | 175
1.0044 S275JR St44-2 | 430-580 |410-5601400-540|380-540 275 | 265 | 255 | 245 | 235 | 225 | 215 | 205
1.0143 S275J0 | St44-3U | 430-580 |410-560/400-540/380-540| 275 | 265 | 255 | 245 | 235 | 225 | 215 | 205
1.0144 | S275J2G3| St44-3N | 430-580 (410-560(400-540|380-540| 275 | 265 | 255 | 245 | 235 | 225 | 215 | 205
1.0145 | S275J2G4 - 430-580 |410-560[400-540|380-540 275 | 265 | 255 | 245 | 235 | 225 | 215 | 205
1.0045 S355JR - 510-680 |490-630[470-630[450-630| 355 | 345 | 335 | 325 | 315 | 295 | 285 | 275
1.0553 S355J0 St52-3U | 510-680 |490-630{470-630[450-630] 355 | 345 | 335 | 325 | 315 | 295 | 285 | 275
1.0570 |S355J2G3| St52-3N | 510-680 (490-630(470-630/450-630] 355 | 345 | 335 | 325 | 315 | 295 | 285 | 275
1.0577 |S355J2G4 - 510-680 |490-630[470-630{450-630 355 | 345 | 335 | 325 | 315 | 295 | 285 | 275
1.0595 |S355K2G3 - 510-680 |490-630|470-630{450-630] 355 | 345 | 335 | 325 | 315 | 295 | 285 | 275
1.0596 |S355K2G4 - 510-680 |490-630|470-630{450-630] 355 | 345 | 335 | 325 | 315 | 295 | 285 | 275
1.0050 E295 St50-2 | 490-660 |470-610{450-610|1440-610] 295 | 285 | 275 | 265 | 255 | 245 | 235 | 225
1.0060 E335 St60-2 | 590-770 |570-710[550-710|540-710] 335 | 325 | 315 | 305 | 295 | 275 | 265 | 255
1.0070 E360 St70-2 | 690-900 |670-830/650-830|640-830| 360 | 355 | 345 | 335 | 325 | 305 | 295 | 285
* For thickness up to 25 mm
Ogawl 9 i slasYed Aciersdenitruration Nitriding Steel
Soft Yield stress Tensilestrength
Material Symbol Annealed >N/mm? >N/mm? Skin
.Number DIN <HB 30 | 440 |¢100 (6250 | ¢40 |9100 |$250 H;a;:jnefs
mm | mm | mm mm mm | mm =
1.8504 34CrAl6 217 540 | - 780 R 900
1.8506 34CrAls5 217 a0 | - 930 - 900
1.8507 34CrAIM 5 248 600 | - 1000 R 950
1.8509 41CrAIM o7 262 735 | 735 980 - 950
18515 31CrM,12 248 835 | 800 | 700 | 1130 | 1200 | 1100 800
1.8519 31CrMoVo 248 1030 | 800 | 700 | 1230 | 1200 | 1100 800
1.8521 31CrMoV5-9 248 - 750 | 700 - 1100 | 1050 800
1.8523 39CrMoV13-9 262 1080 | - 1420 | 1270 | 1080 800
1.8550 34CrAINi 7 248 - 650 | 600 | 1470 | 1050 | 1000 950
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Ogawlilow sadV9d  Aciersdecementation Case Hardening Steel

Yield stress _ )
) Tensilestrength N/mm
Material Symbol >N/mm
Number DIN $11 | $30 | ¢63

¢11lmm | ¢30mm | ¢63mm
mm | mm | mm

1.0301 c10 390 295 - 490-640 -
1.0302 C 10 Pb (C 10GPb) 39 | 295 | __ 490-640 _
1.0401 Cc15 440 | 355 | _ 590-780 _
1.0403 C 15 Pb (C 15GPb) 440 | 355 | 590-780 -
11121 Ck 10 (C 10E) 39 | 295 | __ 490-640 _
1.1140 Cm 15 (C 15R) 440 | 355 | 500-780 N
1.1141 Ck 15 (C 15E) 440 | 355 | 590-780 -
15732 14 NiCr 10 735 | 685 685 880-1180 830-1080
1.5752 14 NiCr 14 (15NiCr13) 835 785 735 930-1230 880-1180
1.5860 14 NiCr 18 930 885 785 1180-1370 | 1080-1320
1.5919 15CrNi6 685 | 635 540 880-1180 780-1060
1.5920 18 CrNi8 835 | 785 685 1180-1420 | 1080-1320
1.6523 2L NiCrMo2 (20 785 | 590 490 780-1080 690-930
NiCrMo2-2)
1/6526 2INiCrMoS2

(20NiCrMoS2-2)

17 CrNiMo6 (18

1.6587 835 785 685 1080-1320 980-1270
CrNiM07-6)

1.7012 13Cr2 685 | 635 | _ 540-690 _
1.7015 15Cr3 510 | 440 | _ 690-880 _
1.7016 17Cr3 520 450 - 700-900 -
1.7027 20Cr4 1T = _ _
1.7028 20Crs4 I Y _ _
1.7131 16MnCr5 635 590 440 780-1080 640-930
1.7139 16MnCr S5 635 | 590 440 780-1080 640-930
1.7146 20MnCr5 735 | 685 540 980-1270 780-1080
1.7149 20MnCrS5 735 685 540 980-1270 780-1080
1.7262 15CrMno5 635 | 590 440 780-1080 640-930
1.7264 20CrMo5 735 | 685 540 980-1270 780-1080
1.7271 23CrMoB 3-3 835 785 - 1080-1370 -
1.7311 20CrMoS2 (20CrMo2) | 635 | 590 | _ 780-1080 640-880
17321 20MoCr4 635 | 590 | _ 780-1080 _
1.7323 20MoCr4 635 590 - 780-1080 -
1.7325 25MoCr4 735 | 685 540 980-1270 780-1080
1.7326 25MoCr4 735 | 685 540 980-1270 780-1080
1.7333 22CrMoS 3-5
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Cold drawn

Cold drawn and stress

Material Symbol relieved

Number DIN Tensile

Yield stress>N/mm? Tensile strength >N/mm? strength

>N/mm?

11-16 | 14-40 | 41-63 |64-100 10 11-16 | 17-40 | 41-63 | 64-100 64-100

-10mm -63mm

mm mm mm mm mm mm mm mm mm mm
520- | 500- | 450- | 400- | 380-

1.0710 15S10(15510) | 420 | 400 | 360 | 300 | 250 - | 580
820 | 780 | 720 | 650 | 620
560- | 510- | 460- | 410- | 380-

1.0715 9SMn 28(11SMn30) | 440 | 410 | 375 | 305 | 245 - | 550
810 | 760 | 710 | 660 | 630
560- | 510- | 460- | 410- | 380-

1.0718 9SMnPb 28 (11SMnPb30) | 440 | 410 | 375 | 305 | 245 - | 550
810 | 760 | 710 | 660 | 630
540- | 490- | 460- | 390- | 360-

1.0721 10S20(10S20) | 410 | 390 | 355 | 295 | 235 - | 550
780 | 740 | 710 | 640 | 610
540- | 490- | 460- | 390- | 360-

1.0722 10 SPb 20(10SPb20) | 410 | 390 | 355 | 295 | 235 - | 550
780 | 740 | 710 | 640 | 610
560- | 510- | 460- | 410- | 380-

1.0723 15S22/15S20 | 440 | 410 | 375 | 305 | 245 - | 550
810 | 760 | 710 | 660 | 630
640- | 590- | 540- | 510- | 480-

1.0726 35520(35520) | 480 | 400 | 315 | 285 | 255 680 | -
830 | 830 | 740 | 710 | 680
740- | 690- | 640- | 610- | 580-

1.0727 45520 (46520) | 570 | 470 | 375 | 325 | 305 750 | -
980 | 930 | 830 | 800 | 770
830- | 780- | 740- | 710- | 640-

1.0728 60S20(60S20) | 645 | 540 | 430 | 355 | 355 850 | -
1080 | 1030 | 930 | 900 | 880
560- | 540- | 490- | 430- | 390-

1.0736 9SMn 36 (11SMn37) | 440 | 430 | 390 | 315 | 265 - | 550
800 | 780 | 740 | 680 | 640
560- | 540- | 490- | 430- | 390-

1.0737 9SMnPb 36 (11SMnpb37) | 440 | 430 | 390 | 315 | 265 - | 550
800 | 780 | 740 | 680 | 640
640- | 590- | 540- | 510- | 480-

1.0756 35SPb 20 (35SPh20) | 480 | 400 | 315 | 285 | 255 630 | -
880 | 830 | 740 | 710 | 680
740- | 690- | 640- | 610- | 580-

1.0757 45 SPb 20 (46SPb20) | 570 | 470 | 375 | 325 | 305 750 | -
980 | 930 | 830 | 800 | 770
830- | 780- | 740- | 710- | 640-

1.0758 60 SPb 20 (60SPb22) | 645 | 540 | 430 | 355 | 355 750 | -
1080 | 1030 | 930 | 900 | 880
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