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“uc Chapter 12
Table 12-2
UNS identification numbers for U.S. tool steels
Tool Steel UNS Tool Steel
Category Type Number Category
High-speed steels M series Cold-work steels Water hardening
M1 T11301 W1 T72301
M2 T11302 ASTM A 686 w2 T72302, 45
M3/1 T11313 W5 T72305 ‘
M3/2 T11323 Oil hardening §
M4 T11304 o1 T31501 . .,
M6 T11306 02 T31502- 4
M7 T11307 06 T31506
M10 T11310 07 T31507
M33 T11333 Air hardening
M34 T11334 A2 T30102 3
M41 T11341 A6 T30106
M42 T11342 A7 T30107
M46 T11346 A8 T30108
M50 K88165 A9 T30109
T series Al0 T30110
:ﬁ :}:388; High-carbon, high-chromium,
© T30402
ASTM A 681
A D3 T30403 .
T6 T12006 D4 T30404
T8 T12008 D5 T30405
\ T15 T12015 iy D7 T30407
: Chromium type Shock resisting S1 T41901 T 3
Hot-work steels ( H10 T20810 S2 T41902
H11 T20811 S4 T41904
H12 T20812 S5 T41905
H13 T20813 S6 T41906
S7 T41907 £
H19 T20819 Mold steels hi
Tungsten type . P6 T51606
ASTM A 681 i 8 ty”l?20821 P20 T51620
H22 T20822 P21 T52621
H23 T20823 Special purpose { L2 T61202
H24 T20824 L6 T61206
H26 T20826
Molybdenum type
\ H42 T20842

Mostiwidely available grades are shown in bold.

i
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470 Chapter 12

) Tool steels -
I Cold work ’ g Shock
resisting

0.5% C, low alloy
E FH Hot work

f ’ Cr type ]
| 04%C,5% cr | Mo type |
0.6% C,5% Mo, | W type [ Tsenes
4% Cr, 6% W

0.4% C, 9% Co, 8% W, 1% C,12% to 18% W, 1% C, 4% Cr, 4% to 10% Mc
2% to 12% Cr 4% Cr variable W

Mold
steels!

']
<0.35% C, low ;

High-speed
steels

Figure 12-6
Comparative nominal chemical compositions of tool steels

4

! W series Cis major alloy
|

1

1% to 2% C, 12% Cr
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Introduction to metals:

Cold Work: Water-Hardening Grades

ree grades of water-hardening tool steels (W)
re in common use in the United States:

Nominal Composition (Wt. %)*

- Type C Cr %

w1 0.6-1.4 s o
W2 0.6-1.4 = 0.25
W5 1.1 0.5 —_

-
g

- *Iron is the remainder in this and subsequent lists.

32
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' following:

¢ Clally avauaple are 1n the United States are the

b Nominal Composition (Wt. %)

C Mn Si \%% Mo £r
0.90 1.00 — 0.50 — 0.50
0.90 1.60 — — - —
1.45 0.80 1.00 — 0.25 —
1.20 — — 1.75 0.75

1 L L L. [ s LS

34
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Cold work : Air hardening (A)
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Nominal Composition (Wt. %)

pe €. Mo SiTW M Cr ¥V N

= el OO SO0 = e

A2 1.00 —

At 10 200, — - 10100 e
A6 0D 200 — - 125100 — -
Al 22 — — — 100.525 475 —
AR B e 125 35 50007 S ik
A9 050 — — — 140 500 1.00 1.50
A 135 1.80 125 o RSO0 . i 180
All 245 050 090 — 130°525 975 —
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T o R WA ieed PR YRR L LMUILL,

m

Nominal Composition (W, %)

—
e

Type k3 Mo Cr V Co

D2 .50 1.00 1.2.00 1.0 —

D3 2,25 - 12.00 - -

IE:: 2.25 1.00 12.00 — =
: 1.50) .00 1 2.00) -

5 .00

2.35 100

= E —

12.000)

Tyj

Sl
52
54
S5
S6
S7

39
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Introduction to metals:

Shock resistance Tool steels (S )
Q Lol 2 Cn 58HRC S| aa PEWEE
. ﬁ)‘l @P u.»uﬂb

Nominal Composition (Wt, %)

Type C  Mn s W Mo

S| G50 rasie o o HEEAN LT
52 050 -2  j00 s gsp
4 055 080 280 (5L i
S5 055 080 200 — (4o
56 DA 440 29 - L s
§7 050 0.60 '

40
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A salaiul 3 ) ga gl ) 0 8 J gena tH11, H13
gy oa JS 4 oo )liale sla 0 )8 ) nH1]

H13:general hot work applications, plastic and
nonferrous injection molding , extrusion dies.
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Introduction to metals:

473
\O
Nominal Composition (Wt. %)
t £ 8w M NG
, Chromium types
'. H10 040 10 — 250 325 040 —
: Hil 035 10 — 150 500 040 —
Hi12 035 1.0 150 150 500 040 —
H13 035 10 — 150 500 100 —
Hi4 040 10 500 — 500 — —
H19 040 — 425 — 425 200 425
Tungsten types
H21 035 — 900 — 350 050 —
H22 035 — 1100 — 200 040 —
H23 030 — 1200 — 1200 100 —
H24 045 — 1500 — 3.00 050 —
H26 050 — 1800 — 400 1.0 —
Molybdenum types
H42 060 — 600 500 4.00 200. —

44
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High speed tool steels
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// g A
“

Nominal Composition (Wt, Ge)
Type c W Mo Cr Y Co

M1 (.85 150 850 400 100 —
M2 .85 600 500 400 200 —
M3-1 105 000 500 400 240 -
M3-2  1.20 6.00 500 400 300 —
M4 1.30 230 450 400 400 —
M7 1.00 175 875 400 200 —
M42" 110 1.50. 950 375 115 800
MSO  0.85 — 400 400 100 —
T15 150 1200 — 400 500 5.00

"Other C contents available,
"Available with 0.3% or 0.55% silicon.

46
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Mold Steels.

Plastic injection molding (sbizs 43 lail j0 Qllé o
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4- Tool Steels

Introduction to metals:

g 01ocks, and related toolin
clally significant P-series steels are as tollows: |
"l

Nominal Composition (WL %)

Type C Mo Cr Ni Al
6 (.10 = 1.50 3.50) _? "
P2 (.35 .40 1.70 -; =
P21 0.20) z - 4,00 1.2

lype P6 mold steel has ve ry low carbon co
tent. It cannot he miench hardanaa . . ¢4

g. The commer-
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Special purpose steel
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v » HRC 30 -45

i a .A‘),U\.S @
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Nominal Composition (Wt. %)

Type C Mo Cr A Ni

i) 0.50-1,10% -t 3 I e
L6 0,70 0.25* 075 == 1.50

"Warious carbon contents are available,
"Optional,

Type L2 is available in a range of carbon

i LR b .
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Bar diameter, mm

“y
50 100 150 200 250
l l ] ] |

3 ¥ ety

01
M2
T1
S5
S7
A2
D2
H13"

| | | | |

0 2 4 6 8 10
Bar diameter, in.

*(S0HRC for H13)
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Average unit length
change, in./in.

Size change during heat treatment

Average unit length change in all
directions of test pieces 1 x 2 x 6 -

bR Austenitized
at 1750°F '

+0.0010 \ . 25

p g g, A~
+0.0005 \J <

As 200 400 600 800 1000 1200
Quenched :
Tempering temperature, °F
| ] | | l 1
100 200 300 400 500 600

Tempering temperature, °C

5358 e alad) oIS an Alilee ) 2 aS Gl S s Alblee o g 3 S
Sl 3 shaie 4348 Qul500-2002 50 (e Lad ja aadad )l &l s Jald
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125

Average unit length

change, um
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Tempering temperature, °C
200 400 600 800
| I | |
// \\o
o 60
&
B
éﬁ M3
"c —
2 40 wi D2
T
30
1 1 | l JE ) |
400 800 1200 1600
Tempering temperature, °F
(a)
Testing temperature, °C
200 400 600 800
I | I |
60
Q
E al
a
£ M3
E 40 w1 D2
30
| | | | | l |
400 800 1200 1600
Testing temperature, °F
FAPLE Lol by b LG ¢ $iLd (b)
b FYE il sl ;
Fgure1zt0” e
“(a) Effect of tempering on hardness. (b) Hardness
at elevated temperatures.
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Table 12-4 -
Tool steel properties*
Resistance to
Tool Steel  Quenching Safetyin ~ Depthof  Resistanceto  Distortion in  the Softening Wear
() Type  Media Hardening Hardening Decarburization Hardening  Effect of Heat Resistance Toughness Machinability
Cold work ;
W1 Water Poorest  Shallow Highest High Low Fair High Best
01 Oil Good Medium High Low Low Medium  Medium  Good
A2 it Air Best Deep Medium Lowest High Good Medium  Fair
D2 Air Best Deep Medium Lowest High Very good Low Poor
Shock resisting
S1 0Oil Good Medium Medium Medium Medium Fair Verygood  Fair
S7 Air Best Deep Medium Lowest High Fair Very good  Fair
High speed
M1 Oil, air, salt  Fair Deep Low Air or salt, low; Very high  Verygood Low Fair
oil, medium
M2 Oil, air, salt  Fair Deep Medium Airorsalt, low;  Very high Very good Low Fair
oil, medium
M3 Oil, air, salt  Fair Deep Medium Airor salt, low;  Very high Verygood Low Fair
oil, medium
M4 Oil, air, salt  Fair Deep Medium Airorsalt, low;  Veryhigh  Best Low Poor to fair
oil, medium
Hot work
Hil o“Air Best Deep Medium Very low High Fair Very good  Fair to good
HI2 = Air Best Deep Medium Very low High Fair Very good  Fair to good
HI3  Air, salt Best Deep Medium Very low High Fair Very good  Fair to good
Mold steels
P20 Oil Good Medium High Low Low Fair Good Fair
*The complete table is presented in the Steel Products Manual—Tool Steels, The Iron and Steel Society, Warrendale, PA, 1988.
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4140 :structural stee
4340: structural stee
420: stainless: mold stee

440C: stainless steel : corrosion resiting
tool material

C2: cemented carbide : excellent Abrasion
resistance
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Tool

material o hock- il bah
Propsily Cold-work & resisting .~ 9%5ge 7 wo:oil
5 100l steels steels T A= air
Quench 0O A A S = A S S = salt
- © 2 2 8 8Ll g 80
{/ \‘ Recommended 2 8 ? 3‘: § 62’64
working ; HRC
harduness, HRC sl i Al H
Best
Resistance _]
to heat &F
softening o] D-
= it I'TI [_-'
Best
Toughness \——' H ;
} Best
Stability /
in heat
treat )
sl a J _ %
F 10 Best
C (- =8
— 6

=

Machinability 5
I s l ! _2
i) e
B TR e ]
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8 cosl
6

Material 0 i
cost ; L4
factor
[ Inir=tar=t E IRl
I [ 11011 el
10 Best
i L8
Abrasion -6
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I et e W e W e B ﬂ '_%
10 Best
8
it =6
‘Weldability L7
No No No | §
01 A2 D2 All 4140 S7 4340 M2

Material

# Does not require hardening
g b prehardened to 30 HRC
© At 30 HRC

Figure 12-11
Comparison of use properties of various tool materials. Ratings apply to materia

treated to the recommended working hardness.
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W1
01
" 02
S1
87
H11
H13
P20
A | —
AT p—
e
e
—
S

D2

D3

D7

M3

Reference materials All
440C stainless

4340 stee]

Carburized 1020 stee|
Cemented carbide

Annealed 1020 steel

@ 52 HRC

I | I I l l

0 107 - "o 30 40 50 60 x10*
Wear rate, cm*/min

Figure 12-13 .
Abrasion rates of tool steels (at maximum working hardness) versus 60-mesh silica
(ASTM G 65) ! :
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e =
Boron carbide
(B,C)
. Vanadium
O carbide (VC)
/ | I~ 2600 — [ Chromium
<wsit? carbide
i (Cr,C))
2400 — ["Silicon
carbide
i ko B (Sm.
Titanium
carbide
20 — 2000 |- | (TIC)
= 1800 f— | Tungsten
carbide
(WC)
— 1600 |~
= 1400
= 1200 | Titanium
dioxide 1000 — 0 —
(Tio,)
ol el L, Hardest 900 —
steels
8{[' e
| am -
200 - 60 —
e, S0 = 600 f— 500 —
500 |- 4
[P b 400 |- 40 - 400 =
Lol 0 |- 300 |-
- zm — -
_ o 20 200
Mild 100 =
el 1 steel 100 —
SI(metric)  Absolute Knoop Rockwell C Brinell
(GPa) (kg/mm?)
igure 12-15 .
seommon hardness scales showing their relationship to absolute hardness and the
ftness of various wear-resisting materials. The Knoop and Vickers scales are different
s but the numbers vary by less than 10% (300 to 1004 VHN = 311 to 946 KHN).
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6. Specification of tool steels.
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Allowance for scale. -1
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. Minimum allowance for machining hot-rolled square and flat bars; minimum allowance per
¢ side for machining prior to heat treatment

A

;

1 T

_%B

Specified Width [in. (mm)]

.ﬁ Specified Thickness,
in. (mm)

0to s
(0 to 12.7).
incl.

Over
A to 1

(12.7 to 25.4),

incl.

Over
1to2

(25.4 to 50.8),

incl.

Over
2to3

(50.8 to 76.2),

incl.

Over
2to3

(76.2 to 101.6),

incl.

¢ (0to ! (0top 12.7),

g incl.

8 Over 2 to 1 (12.7 to 25.4),
b incl.

g Over 1 to 2 (25.4 to 50.8),

E incl.

£Over 2 to 3 (50.8 to 76.2),

g incl.

. Over3to4(76.2to0 101.6),
5 incl.

BP0 >T>W>

0.025 ((.64)
0.025 (0.64)

0.025 (0.64)
0.035 (0.89)
0.045 (1.14)
0.045 (1.14)

0.030 (10.76)
0.040 (1.02)
0.045 (1.14)
0.050 (1.27)
0.065 (1.65)
0.065 (1.65)

0.035 (0.89)
0.050 (1.27)
0.050 (1.27)
0.060 (1.52)
0.065 (1.65)
0.070 (1.78)
0.085 (2.16)
0.085 (2.16)

0.040 (1.02)
0.065 (1.63)
(.055 (1.40)
0.075 (1.90)
0.070 (1.78)
0.085 (2.16)
0.085 (2.16)
0.100 (2.54)
0.115 (2.92)
0.115 (2.92)

Source: From Sieel Products Manual=Tool Steels, ™ Tron and Steel Socicty, Warrendale, PA, 1985,

98
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A2 tool steel e
rough machine e

stress relief anneal in iner atmosphere at 6405-655 oC for 2h plus e
a 1h for each of material thickness per 25 mm AMS 2759. maximum
maximum heating and cooling rate 150 oC/h

finish machine leaving grind allowance e
Hardness and double temper (2h each) 58 to 60 e
HRC. Cool to -75 oC for 1h between the first and second temper e

Finish ground
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Juence

Rough machine

Stress relief anneal in an inert atmosphere
at 645 to 655°C for 2 h plus 1 additional h
for each 25 mm of material thickness per
AMS (Aerospace Material Specification—
United States) 2759, The maximum heating
and cooling rate shall be 150°C/h.

Finish machine leaving grind allowance

Harden and double temper (2 h each) 58

to
6_0 HRC. Cool to ~75°C for 1 h between the
first and second temper

Finish grind

Som§ typical shapes that might warrant
is relieving are illustrated in Figure 12-17.
t treating will cause scaling and size
'ge; the question that arises is, How much
k. should be left on for finish grinding?
15 usually the prerogative of the machin
ut Table 12-6 shows some typical values

)ter 4- Tool Steels

External Surfaces

for oil-hardening steels. These could prob felam i l
be'erUCEd to half the listed value for air-hat 3 6 9 12 18 24 30 36 4 60
ening steels.
In QUEnChing tool steels from the harde o Overall Stock Allowance for Parts to be Hardened (in.)
Femperature, the steel transforms from aus Y 0.014 0018 0.020 0022 0.024 0,026 0.028
1te to martensite. However, the high carbon 43 h 0.014 0.016 0018 0.020 0.022 0.024 0.026
alloy content i 0.014 0016 0018 0.020 0.022 (0,024 0.026 0.036
7 S of some tool Steel§ can causert 1% 0014 0016 008 000 002 004 0026 003
martensitic reaction to be sluggish. As a regy 2 0.014 0014 0018 0018 0020 0,020 0.024 0.026 0.030
some residual austenite may be retained i 3 0.014 0.014 0ole 0016 0018 0018 0020 0.024 0.030
s : . 0014 00 0016 0018 0.018 0,020 0.024 0.030 0.036
martensitic microstructure (called rezqj : Al o :
austenite). Retained austenite depresses.‘ Overall Stock Allowance for Parts not Hardened (in.)
hardn . :
ess of the as-quenched martensite Al 0010 0010 06 006 006 005 0025 005 0025 00%
some extent. Double tempers (2 h each) wit i
decp frCCZe m betW h . : Internal Surfaces
een the first and SCCO}] Hold Tolerance £0.001 in. on Holes to 1-in. Diameter; £0.002 in. on Holes Over 1-in. Diameter
temper are often performed on cold-work:
tool steels to ensure low levels of retainy Hule Length (in.)
austenite, improved dimensional stability, Hole I 2 3 4 5 6 7
enhanced wear resistance. After the first Homeles
" (in.) Overall Stock Allowance for Parts to be Hardened (in.)
Upto ¥4 0.008 0,010
I 0.010 0.012 0.014
3 0.014 0.016 0018 0,020 0.024
4 0018 0.020 0.022 0022 0.026
48 0.022 0.024 0026 0.028 0.030 0.032
8-12 0,030 0.032 0,034 0.030 0.038 0,042
12-16 0,038 0.040 0.042 0.044 0,046 0.050 0055
17-20 0,038 0.042 0044 (4 0.048 0,032 0058
Overall Stock Allowance for Parts Not Hardened (in.)
Upto3 0,008 0.010 0014 (0016 0.016 0.016
. 48 0.016 0.016 0016 0016 0.016 0.016
8 0,020 0.020 0020 0.020 0.020 0.020 0.020
Flat Surfaces
Part Length (in.) l
Material 1tod 4109 90 14 14019 19 to 24 241030
Overall Stock Allowance for Parts to Be Hardened (in.)
0012 0.015
0012 0.015 0.018
0.012 0.015 0018 0.022
0.012 0.015 0.018 0.020 0.024
0012 0.015 0.016 0018 0.020
0012 0.015 0.016 0.018 0,020 0024 I

Overall Sinck Allawanee for Parte Not Hardened {in )
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tool steel defects -12.7
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seam and laps e

forging bursts e

Inclusions e

laminations e

excessive decarburization e
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