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1EIR#E S/ Damage mechanisms

Tool load

Hot work tool steels applied in hot forming processes such as
die casting, forging or extrusion may be damaged on multiple
and complex occasions. Damages may arise by collective
stress factors combining high mechanical strengths, high tem-
peratures and temperature gradients, whereas the individual
stress factors dependent on process type and processing
exert variably strong effects on the material.

EE 2451 / Tool steel properties
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Thermal fatigue crack
networks
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Erosion
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Gross cracking
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Stress cracks
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Chemical attack

&€ /Hardness

i@ E/Strength

gN1% / Toughness
R /Ductility
HESGRE /
Thermal conductivity
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Material hardness, material strength, toughness, ductility and
thermal conductivity are vital hot work tool steel properties
when it comes to damage mechanisms to be avoided or
delayed.
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There is a fundamental rule: Maximum toughness and
ductility are to be striven for in order to avoid gross cracking
and to reduce thermal fatigue cracks and stress cracks. Hard-
ness or strength should be selected in such a manner that
plastic deformation caused by external stresses and erosion is
prevented while aiming towards maximumtoughness.

The quality of a tool made of hot work tool steel is
defined by its mechanic-technological properties. It
largely depends on the metal alloy‘s chemical com-
position, on the tool material’s production process
O&‘ﬁf (electro slag remelting, vacuum remelting, forging
28 and annealing technologies) and finally on the
tool's heat treatment.

Chemistry

Tool steel properties, hardness, toughness, ...

CEA2%)
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R AR ERREEINRE 1/ Cooling chart 1
DIN 1.2343/H11
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Heat treatment

In order to achieve high toughness in tools, the cooling speed
from the hardening temperature is of major importance
during hardening. Cooling speed is primarily dependent on the
tool’s size.

800 mm (31.5 inch)

55 mm
(2.2inch)

Z #2138 | Die casting die edge
Z %1 / Die casting die core

With increasing tool thickness, resulting in a reduced quen-
ching rate, a change of microstructure occurs, leading to a
significant decrease of toughness (see cooling chart 1).
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A TOUGH STEEL FOR XXL DIES

RAVEEREEAE 2/ Cooling

A DIN 1.2343/H11
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(2012) -K 2
900 ™\
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1 P‘LMU(ZV?UT_’?] M ER R /
Fast quenchln ftoughness samples Charpy-V
2 gk 2 VZIRE Ml ERE R

Slow quenching of toughness samples Charpy-V

BT ARLABRRERINENTE - ILalBREE/FE DIN
1.2343 2VZVREBRE R LIRRELS BERIEHEX - RIS
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The effects of cooling speed on toughness properties were
examined with hot work steel DIN 1.2343 by cooling down
notched ISO-V samples at different speeds. Results are

shown in the cooling chart 2.

FHE ZEE#R / Toughness comparison
AR DIN 1.2343/H11

18(13,3) \

16 (118) -~ —39%
14 (10,3) \ \

12(8,9)

10 (7,4)

8(59)

6(4,4)

430

24/ Toughness Charpy-V [J (ft.Ib)]

2 (15)

1 HRERIEK / Fastquenched
2 418X / Slow quenched

WE % 2 BRI (R > BV ERE R R - 5950 - EhE
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The reduced cooling velocity leads to a significant decrease
of toughness. If the hardness is increased, the decrease in
toughness is even higher.






MECHANISCHE WERTE FUR XXL-ZAHIGKEIT
MECHANICAL PROPERTIES FOR XXL TOUGH

B4R s B W350 ISOBLOC ZiffE - BT EARNSE With the development of W350 ISOBLOC, BOHLER Edelstahl

BEMNERSHRAEHE R 7o EIEEENEEME - allows large tool sizes for the complex loads in hot forming
and for effects of heat treating.

W350F &/ & £ ol 72 Bl A ZUAE BRI FE F P th 1S DU S

S8 TEAXRRNRIZEY - Ao/t S SiERAH

HMEENEE/RE-IIM/AER ML (BB B ERE A balanced alloy composition ensuring high toughness even
BBPERRVE) - in large tools and an improved thermal stability opts for an

optimal hardness/strength-toughness/ductility ratio (elongation
after fracture and percentage reduction of area after fracture)
tailor-fit to every application.

BOHLER h#5% BEM % / Chemical composition [%] Normen / Standards
BOHLER grade c Si Mn cr Mo v N (DIN)

[EOHLER o0 -
IEEIBLDE‘ Orie ‘ 0,20 ’ 0,55 ’ 5,00 ‘ 1,75 ‘ 0,55 ‘ def. ‘

IMENERBITE ( JIEESR ) BE(EBARES T EIDE optimizedforging technology inthree dimensions guarantees

B 4SS URERAHNSEHLIMMMRIMEE - o]l a high degree of homogeneity of the mircrostructure and

BEMRENSAE - the material properties. A high degree of purity can also be
realized.
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&1 2 EE#R / Toughness comparison

30 (22)
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ESR/H11 ESR
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L _W350 ||
ISO0BLOC®
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1 HRER#EK / Fastquenched
2 «&18#% >k | Slow quenched

As can be seen in the image below, hot work steel BOHLER
W350ISOBLOC is characterized by a significantly higher level
of toughness for a fast and a slow cooling of the hardening
temperature compared with standard materials DIN 1.2343
and 1.2367.

iR 4 BE / Mechanical properties

V350 | |

2000 ISO0BLOC

(290,1)
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1000
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750
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500
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B KGR E (37 x1/\R) / Tempering temperature 3x 1 h [°C

Run, Rpo2[MPa (ksi)]

Rm ##I58/E / Tensile strength
Rpo2 PEIRSRE /Yield strength

H  1#E /Hardness

Z  #@/)\ZHE%E / Reduction of area
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HEAT TREATMENT FOR XXL LIFE TIME

o PR AR 2R Condition of delivery

IEXEES 240 HB Annealed max. 240 HB.

BRI Heat treatment

BX: Annealing:

800 & 850 °C. 800 to 850 °C (1472 to 1562 °F).
5=

Slow controlled cooling in furnace at a rate of 10 to 20 °C/hr

(AL el DUISEANTC ) abeskded. Dl » DS (50 to 68 °F/hr) down to approx. 600 °C (1112 °F), further

600°C - EZERPE—LLHA -

cooling in air.
EAEIETEFRF / Heat treatment sequence
7K | Hardening

m B IERIER \ B4

6’ 2" preheat stage . Air cooling

s W “REXELfE -

£ ‘ F—IEBRTER \. \ e =REIKFENH
() 15t preheat stage \ . PG B/ .

2 \ K . working hardness 3 tempering
© Hot quenching —REX/ for lief
o E}%‘l/ . \ \ 1sttempering

Cooling in furnace

% 9 s / Oil \.\.

£ A\

i FESER / N

BE Stress relief /XﬁT\

58 / Time REBR/ EERE / TEERE /
Cleaning Hardness test Hardness test
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FET1HER:

600 £ 650 °C.

EPAEIELA

HERRAEESERTRZINTMEENEN - ERINEE
—HRZ2E  EPUERRPHREL-2/)E

K
1020 °C (1010 °C).

OIS, B2 K (FBFE500 — 550 °CHil), OIETEZEMRK -
RINEE—BEFR15-30704E -

OlEE:

2 FRORR S i FH S IE B 1E {5 0] 352 — 54 HRC;
AR EZE{E0]iE50 - 53 HRC

By HEREUENE  BEEEEZE ZRE NETT.
ERTERA - BEiSEEZRERAER1010 °C
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Stress relieving:

600 to 650 °C (1112 to 1202 °F).

Slow cooling in furnace.

Torelieve stresses caused by extensive machining, or for
complex shapes.

Soak for 1 — 2 hours after temperature equalisation (in neutral
atmosphere).

Hardening:

1020 °C (1010 °C) [1868 °F (1850 °F)]

Oil, hot quenching (500 — 550 °C [932 — 1022 °F]), air or
vacuum with gas quenching. Holding time after temperature
equalization: 15 to 30 minutes.

Obtainable hardness:

52 -54 HRC by oil or delayed martensitic hardening,

50 — 53 HRC in air or vacuum hardening.

In order to prevent coarsening of the grain, hardening
must be carried out at the recommended temperature.
For big dimensions it's recommended to reduce the tempera-
ture to 1010 °C (1850 °F).
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HEAT TREATMENT FOR XXL LIFE TIME
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—REPKERZRERRA _REEREL 130
°C
F_REKEFNFEZTIFERE - olISE[D]DKH
REEE VR R E AR E 7 HE -
F=REKXZER 7 ETEIER  FHItERRSE
JORELIT30250 °CZmE -

RERE
ACEE:
TR - REEEEE R bR
s

—MRRER - FERENTEMESHIRRA - BRI REFE
RIFRBEESE 2R -
ERE—SDZREEN  FEEOLBMMEANEIEE 2R

Tempering

Slow heating to tempering temperature immediately after
hardening/time in furnace 1 hour for each 20 mm (0.79 inch)
of workpiece thickness but at least 2 hours/cooling in air.

Itis recommended to temper at least twice. A third tempering
cycle for the purpose of stress relieving may be advantageous.

1sttempering approx. 30 °C (85 °F) above maximum secon-
dary hardness.

2ndtempering to desired working hardness. The tempering
chart shows average tempered hardness values.

3rdtempering for stress relieving at temperatures between
30 and 50 °C (85— 120 °F) below the highest tempering
temperature.

Surface treatment

Nitriding:
Suited for bath, gas and plasma nitriding.

Repair welding

There is a general tendency for tool steels to develop cracks after
welding. If welding cannot be avoided, the instructions of the
appropriate welding electrode manufacturer should be sought
and followed.

For further information please take a look to our welding bro-
chure “Welding in tool making*.

12



[El K B4R [El / Tempering chart

| BOHLER W350 ||
ISOBLOC’

i/ Hardness (HRc)

36
25 50 400 450 500 550 600 650
(77)(122) (752)  (842)  (932)  (1022) (1112) (1202)

[EIKGRE =RE— )\ | Tempering temperature 3 x 1 h [°C (°F)]

f8{ERE: 1020 °C / Hardening temperature: 1020 °C (1868 °F)
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ARTIREZFERIE
HEAT TREATMENT FOR XXL TOOLS

a2 Al ZCCTHA%R / Continuous Chemische Zusammensetzung / Chemical composition [%]
cooling CCT curves c | s | Mn | Cr | Mo | Ni |
0,38 0,21 0,50 4,95 1,75 0,04 0,53
K ETEH#EERE: 1020 °C
FORsE: 15 £ s
HV1o 4T TEE (2012) -
L RAVRE BIEN: #800% 500 °C Fir 1000 e, o
EUR[(sx107) -
:‘£ (1652) 1 : . ap, 20
Austenitizingtemperature: 1020 °C (1868 °F) L:’ ol . -. Aic,, BB
Holding time: 15 minutes o 200 \
2| (1292) ~ i
HV1o Vickers hardness § 600 \ -y
L Cooling parameter, i.e. duration of E, (€ y
cooling from 800 — 500 °C S (95302[;
(1472 -932 °F)insx 10 | a0
5| (752) "
1 e AT T
Qo . 3 2 T
e £
BLA / Sample gl VM T

a 05 630 . i 4
b 3 616 (212) \ |
c 5 606 L. | . Hl Be et NN
d 8 606 10-1 10° 10t 102 103 104 10° 10¢©
Zeitin Sekunden/ Time in seconds
e 14 517 W‘—'—'—'—'—'ﬁo
f 23 478 T
o5 e Minuten / Minutes Stunden/Hours  Tage/Days
9
h 110 454
i 180 459

14



E—RRAREGR - FTAEAZ A F RS FHEEEERE B / Comparison toughness

TR S A S R B 1 B B 16 n :
{6 - 9T 8~ 3 B EABTEW350 = 1ssesuesh ok — I x
ISOBLOC 283t EL1E LI 7E 5 Al S B8k =1 250 PEU AR

BzR20MEE - DEERBe 28 - — 12367 ESUIESR ke kK

TR IRTEE = 2 A2 (L AR ZEEZE)R g
1800 2 PN EES & M B PR R Rl T2 — B RO 2 30
gE D - I (21

=

O 20

2 (148)
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& 74

& 44 HRc
As a basic principle, all of the classic hot
work steels display a decrease in tough- SO _ >
ness as the cooling speed of the quen- el L ST BT =T
ching temperature is reduced. The new . .
hotwork steel BOHLER W350 ISOBLOC *f“*' . T;e”“a' stability:
was designed in such a way that during ok R ok _Sta”dard
a rapid cooling phase with lower cooling ma improved
parameters, very hightoughness values *hKk 5 ok k high

fNse 2 #iHE i improved thermal conductivity

will be able to be achieved and these
values are also only marginally reduced
when the cooling speed is reduced (higher
cooling parameters).

*E / 2 A28 )/ Cooling parameter A
Quantitative phase diagram 10 101 100 10t 102
. ,a bc_ d e f. ghijk I

AKX 8 FH 88/ Austenite e f o ~e-L I

B. £8])33 / Bainite
Koo, fix{E%) | Carbide

o

P 2R | Perlite

M. ...... fif B &L / Martensite
SR8 X H A #8l/ Retained austenite

Ms i FH B 8822 R B YR %6/ Martensite start

HE 2 L% / Phase percentages

1.3REfIE / Edge or surface
2. 5BMIE / Core

s
L3

B mm
Diameter, mm

o
@

£ 800 °C & 500 °CZ 2 AR (1) /
Coolina time in sec. from 800 °C to 500 °C (1472 °F to 932 °F)
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The cooling parameter set during tempering with gas quen-
ching (N2) is primarily dependent upon the size of the tool and
its geometry.

EEE(AE] / Thermal conductivity

A
34
— (19.6)
w
s 32 BOHLER W350
g (18.5) ISOBLOLC
= 30 ! e ———
= 28 .
§ 162) DIN 1.2367
£ 26
2 (15.0)
=
g DIN 1.2343/H11
g (13.9)
o 2
T 127
£ 20 : , : L . ;
ﬂ (11'6)0(32) 100 (212) 200(392) 300 (572) 400 (752) 500 (932) 600 (1112)
e HERE [ Testing temperature [°C (°F)] >

PHYSICAL PROPERTIES

F<H / Surface

—

1%

[0}

=

x

h\D( o

@ 5E / Core o §

g e

27 | Edge fLS

28128l / Cooling parameter

A == 3 bar N2: 1528 / Core
= 3bar N F[H / Surface
100 = 3 bar N2: 3253 / Edge
== 6 bar N2: &8 / Core
* 6 bar Nz 3R / Surface .
o === 6 bar N2: % / Edge *
<
@ 10
Q
=
©
I
Q.
(=]
£
_8 1
©
E 1#£ 800 °C 241ZE 500 °C Z 5[ #/100
j§ Cooling time in sec. from 800 °C to 500 °C
ng (1472 °F to 932 °F) / 100
0,1
10(0.4) 100 (4.0) 1000(39.4) b

1 EE[E / Tool thickness [mm (inch)]
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¥I3B4514E / Physical properties
LH #1644 81 / Condition: hardened and tempered

7£20 °CRF U3 M 2221 / Modulus of elasticity at 20 °C 214,3 x 103 MPa
Modulus of elasticity at 68 °F 31.1 x 103ksi

1£20 °CHFHIZ[E / Density at 20 7,8 kg/dm?3
°C Density at 68 °F 0.282 Ibs/in3

1£20 °CHFRILLEVE = / Specific heat capacity at 20 °C 455 J/(kg.K)
Specific heat capacity at 68 °F 0.109 Btu/lb°F

£ 20 °CRFRI VBB 4 EL/ Thermal conductivity at 20 °C 28,9 W/(m.K)
Thermal conductivity at 68 °F 16.70 Btu/ft h°F

20 °C #{EEZEBFRERERAR / Thermal expansion between 20 °C (68 °F) and ... °C (°F)
100 °C 200 °C 300 °C 400 °C 500 °C 600 °C _
11,45 11,95 12,34 12,69 13,04 13,31

oo | seE | e | mew | s | mme |

ELEIB(X 8 / Thermal conductivity
100 °C 200 °C 300 °C 400 °C 500 °C 600 °C
i

212 °F 392 °F 572 °F 752 °F 932 °F 1112 °F
17.22 17.85 17.91 17.74 17.51 17.16 Btu/ft h°F

FAABEREI ZEMERASINTEBE - B Regarding applications and processing steps that are not
% RO ERRERCEEMEMER &% expressly mentioned in this product description/data sheet,

the customer shall in each individual case be required to

17 consult us.



BEARBEITUNGSHINWEISE

MACHINING RECOMMENDATIONS

AT / Machinability
B3R X / Soft annealed
ESHll/ Turning
TE/Tool

TN T#RE / Speed v, (m/min)

HELRIRE | Feed f (mm/U)

#H#% / Rough milling (@ 25 R 3,5 mm)
TE/Tool

NIT3&RE / Speed v (m/min)

HELAEE (mm/E) | Feed f, (mm/tooth)
IR E (mm) / Depth of cut a, (mm)

FITERE (mm) / Width of cut a. (mm)

$&71 / Drilling (@ 6,8 mm)

TE /Tool

NIT3&RE / Speed v (m/min)

ELLRE | Feed f (mm/U)

B2 HI/ Deep-hole drilling (@ 8 mm)
TH/Tool

I3 E / Speed v (m/min)
HELAIERE | Feed f (mm/U)

Bohlerit PWLN
2525 M08 /
WNMG 060408-
BM LC225K
130

0,40

Depo M40 NTV
Atorn RDHW
0702 MOS

150 — 240

0,40

0,50

17,50

Titex VHMBohrer
A3389DPL-6.8
225

0,18

Botek 8x350 K15B
Hammond GM08000
A0320 EFHM
(Einlippenbohrer /
Gun Drill)

100

0,04

I / Machinability

BB K / Soft annealed

%% | Tapping M8
TE/Tool

IO TIRE / Speed v, (m/min)

[E] kX F85E / Hardened and Tempered
FE¥EINI / Pre-finishing (@ 12 R 5 mm)
T.E /Tool

IO 3#RfE / Speed v, (m/min)

ELRIRE (mm/E) / Feed f, (mm/tooth)
IR E (mm) / Depth of cut a, (mm)

IITEE (mm) / Width of cut a. (mm)

Franken-Emuge

B05037000080 MGB

24

Bohlerit-Kieninger
WPB 12-FB-50
LC610Z

290 — 385
0,13-0,18

0,27

1,50

#&I0L / Finishing (@ 8 mm)

TEB/Tool

M T3&E / Speed ve (m/min)

LR E (mm/Zahn) / Feed f, (mm/tooth)
A% E (mm) / Depth of cut a, (mm)
AITEE (mm)/ Width of cut a. (mm)

Franken-Emuge
1966A.008

750 — 1250
0,05

0,20

0,20



BB Y ERTR - EHBOHLERW350ET
FRAZNIE - AESESTHEET - TR

HEZHAL -

RFLSEBIEE BRI /

Deep-hole drilling: comparative study
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Hammond Botek

BOHLER w300 | |
ISO0BLOocC
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Hammond Botek

BOHLER W350 | |
ISOBLOocC

The comparative study shows that at deep-hole drilling of
BOHLER W350 espacially at higher cutting speed a higher
number of drills could be realized.

E={E(CHEMI/
Optimization finishing

_ . 1T TH /Tool:
Ve =1508 m/min Emuge-Franken 1966A.008

Ve = 1000 m/min

Ve = 1250 m/min

Ve = 754 m/
min

e
=
I
(]
=
®

al
o

100 150 200 250 300
AN EEBE / Milling distance [m]

To optimize the finishing process BOHLER W350 was tested
at different cutting speed and tools. It has shown that the
milling distance decreases with increasing cutting speed.



4. BOHLER

SPECIAL STEEL FOR THE WORLD’S TOP PERFORMERS

Uberreicht durch: BOHLER Edelstahl GmbH & Co KG
Your partner. Mariazeller StraRe 25
A-8605 Kapfenberg/Austria
Phone: +43-3862-20 -71 81
Fax: +43-3862-20 -75 76
E-Mail: info@bohler-edelstahl.at
www.bohler-edelstahl.com

a5 L ERNBRAT
http://www.wujii.com.tw/
=k VNG
ArmEEEIT#E20181%
TEL : +886-4-23593510

FAX : +886-4-23593529
E-mail : wuji2297@ms24.hinet.net

AFMPE2HHBEHRSE  AAEREZHNORS - RAUEEHRRIES A ENEBMRE - HMANBRHERERERE - Bt
REEERBERERZFRAMEA - RANERREBEARIBARREIREEEEZNE -
The data contained in this brochure is merely for general information and therefore shall not be binding on the company. We may be

bound only through a contract explicitly stipulating such data as binding. Measurement data are laboratory values and can deviate from
practical analyses. The manufacture of our products does not involve the use of substances detrimental to health or to the ozone layer.
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