
EP 0 27  475 B1 Description TECHNICAL FIELD 5      This invention relates
to a tool steel intended for cold working, in the first place for cutting
and punching metallic materials but also for plastically forming, cold
working operations, as for example for deep-drawing tools and for
cold-rolling rollers. The steel is manufactured utilizing powder-metallurgy
by consolidating metal powder to a dense body. It is characterised by a
very high impact strength in combination with good wear resistance. 10
BACKGROUND OF THE INVENTION Tool materials for cutting, punching or forming
metallic materials as well as tool materials which are subject to impact
and/or heavy wear shall fulfil a number of demands which are difficult to
combine. The 15  tool material thus must be tough as well as wear
resistant. Particularly high demands are raised upon the impact strength,
when the tool is intended for cutting or punching comparatively thick metal
plates or the like. Further the tool material must not be too expensive,
which limits the possibility of choosing high contents of expensive
alloying components. Conventionally so called cold work steels are used in
this technical field. These steels have a high 20  content of carbon and a
high content of chromium and consequently good wear resistance,
hardenability and tempering resistance. On the other hand, the impact
strength of these steels are not sufficient for all fields of application.
This particularly concerns the Impact strength in the transversal direction
and this at least to some degree is due to the conventional manufacturing
technique. Powder-metallurgically produced steels offer better features as
far as the impact strength is concerned. By way of example metallurgically
25  manufactured high speed steels have been used, which steels also have a
comparatively good wear resistance. In spite of the improvements with
reference to the impact strength which has been achieved through the
powder-metallurgical manufacturing technique, it is desirable to offer
still better tool materials in this respect and at the same time to
maintain or if possible further improve other important features of the
material, particularly the wear strength. Furthermore it is desirable to
keep the alloying costs low by not so  using such expensive alloying
elements as tungsten and/or cobalt, which normally are present in high
amounts in high speed steels. BRIEF DISCLOSURE OF THE INVENTION 35     With
reference to the above mentioned background it is an object of this
invention to offer a new, powder-metallurgically produced cold worked steel
with very high toughness, good wear resistance, high tempering resistance
and good machinability and polishability, which features of the material
shall be combined with moderate costs for the alloying elements which are
present in the material. In order to satisfy this combination of
requirements, the steel shall according to the invention contain in 40
weight-% 1-2.5 % C, 0.1-2 % Si, max 0.3 % N, 0.1-2 % Mn, 6-5-11 % Cr, max
4% Mo, max 1% W and 3-7 % V, wherein up to half the amount of vanadium can
be replaced by 1.5 times as much niobium, and wherein the ratio V/C shall
amount to between 2.5 and 3.7. Besides these elements the steel shall
contain iron and residual impurities. Slightly less than half the carbon
content can be found as vanadium carbides, particularly [err] carbides. The
total carbide content amounts to between 5 and 20 volume-%, preferably 45
between 5 and 12 volume-%, the carbon which is not bound in the form of
carbides or other hard compounds, about 0.5-1 % C, being dissolved in the
steel matrix. The preferred content of the alloying elements existing in
the steel are apparent from the appending claims. Further characteristic
features and aspects on the steel of the invention will be apparent from
the following description of manufactured and tested materials. 50 



BRIEF DESCRIPTION OF THE DRAWINGS In the following description reference
will be made to the attached drawings, in which Fig. 1    in the form of
bar charts illustrates the impact strength of tested materials, 55    Fig.
2    in the form of bar charts illustrates the wear resistance expressed as
rate of wear of tested materials. Fig. 3    in the form of a diagram
illustrates the wear of punches made of tested materials as a function of
the number of cutting operations in the case of punching stainless steel
(adhesive wearing 2    EP 0 276 475 B1 conditions), and Fig. 4    in a
corresponding mode illustrates the wearing of the punch in the case of
punching high strength steel strips (abrasive wearing conditions). 5
DESCRIPTION OF PREFERRED EMBODIMENTS AND PERFORMED TESTS The chemical
compositions of those steels which were examined are apparent from Table 1.
All the indicated contents refer to weight-%. Besides those elements which
are mentioned in the table, the steel also contained impurities and
accessory elements in normal amounts, balance iron. 10 Table 1 Steel No  C
Si       Mn       Cr      No        V       W       Co     V/C 15       1
1.24  1.00    0.42    7.90    1.54          4.07  -         -      3.3 2
1.93  0.94    0.44    8.30    1.50          6.20  -         -      3.2 3
2.93  0.95    0.49    8.40    1.50    10.3    -             -      3.5 4
1.28  0.5        0.3     4.2      5.0        3.1    6.4    -       2.8 20 5
2.3    0.4       0.3     4.2      7.0       6.5    6.5    10.5  2.8 6
1.55  0.3        0.3    12.0      0.8        0.8    -       -        .07 7
1.27  0.93    0.41    8.1         1.56      4.4    -        -      3.5 25
8           1.43   1.00    0.36    7.97    1.51          4.33  -        -
3.0 9           1.49  0.96    0.37    8.17    1.56          4.39
2.9 Steels Nos. 1-3 and 7-9 were made from gas atomized steel powder, which
was consolidated in a 30  manner known per se through hot isostatic
pressing to full density. Steels Nos. 4, 5 and 6 consisted of commercially
available reference materials. More particularly steels Nos. 4 and 5
consisted of powder- metallurgically manufactured high speed steel, while
steel No. 6 was a conventionally manufactured cold work steel. The
compositions indicated for steels Nos. 1-3 and Nos. 7-9 were analysed
compositions, while the compositions for the reference materials Nos. 4, 5
and 6 are nominal compositions. 35     The three compacted billets of
steels Nos. 1, 2 and 3 were forged to appr 80 x 40 mm, while the compated
billets of steels Nos. 7, 8 and 9 were forged to the dimensions 100 mm
[err] 180 x 180 mm, and 172 mm 0, respectively. For the examination of the
test materials, including the reference materials Nos. 4, 5 and 6, there
were made test specimens 7 x 10 x 55 mm without any notches. The test
specimens were hardened by austenitizing and cooling in air from the
austenitizing temperature, whereafter the specimens 40 were tempered. The
austenitizing and tempering temperatures and the hardness after tempering
are given in Table 2: 45 



50 55 3    EP 0 275 475 1 Table 2 Steel No.   Austenitizing
Tempering            Hardness 5                           temperature [err]
temperature [err]  (HRC) 1               1070                   200
61 2               1050                   200                  62 3
1020                  200                  62 10 4                1150
570                  61 5               1100                   620
62 6               1020                   200                  62 15
7                1070                   200 (1 h)           61 8
1050                  200 (2 h)            60 9               1035
200 (2 h)            60 20 The impact strength expressed as absorbed energy
was measured in the longitudinal as well as the transversal direction of
the test specimens at 20 C. The results achieved for steels Nos. 1-6 are
apparent from Fig. 1. As shown in the diagram steel No. 1 had the by far
best toughness of these steels expressed as absorbed energy in the
longitudinal as well as the transverse direction. Steel No. 3 had an impact
25 strength which was comparable with that of the comparatively low
alloyed, powder-metallurgically manufac- tured high speed steel No. 4.
Steels Nos. 5 and 6 had not as good impact strength, particularly not in
the transverse direction. At the examination of steels Nos. 7, 8 and 9 the
following Impact strengths in the longitudinal direction were measured:
106; 103; and 11 joule/[err], respectively. These steels in other words had
an impact strength in the same order as that of steel No. 1. 30     The
wear resistance of steels Nos. 1-6 were determined in terms of the rate of
abrasive wear against wet SiC-paper (180#) which had a speed of 250 rmp at
a contact pressure of 0.1 N/mm2. The paper was replaced every 30 seconds.
The result of the measurements of the abrasion wear against the SiC-paper
is illustrated in Fig. 2. The lowest abrasion rate, i.e. the best values,
was achieved by steel No. 3, closely followed by the high alloyed 35 high
speed steel No. 5. Steel No. 1 had somewhat lower values, however better
than the abrasion wear resistance of the conventional cold work steel No.
6. Thereafter the resistance to wear of steels Nos. 1-6 was measured in
terms of wear of a punch as a function of number of cutting operations in
stainless steel of type 18/8, i.e. under adhesive wear conditions. The
results are illustrated in Fig. 4. This figure also shows a typical
appearance of a defect caused by wear 40 on a tool manufactured of the
various materials. The lowest wear was obtained with steel No. 3, and also
steel No. 1 had a very high resistance against this type of wear. The
comparatively low alloyed high speed steel No. 4 and particularly the cold
work steel No. 6 had by far more disadvantageous values. Finally also the
wear of punches manufactured of the tested materials Nos. 1-6 was tested
under abrasive wear conditions. The punching operations this time were
performed In high strength steel strips. 45 Under these conditions the more
high alloyed steels Nos. 3 and 5 had the best values. Steel No. 1 was not 



as good under these abrasive wear conditions, however by far better than
the cold work steel No. 6. The high speed steel No. 4 had quite a different
picture as far as the wear is concerned. Initially the resistance to wear
was good but gradually the wear turned out to accelerate. To sum up, steels
Nos. 1, 7, 8 and 9 were demonstrated to have superiously good impact
strength. 50  Steel No. 1 at the same time had a resistance to wear which
was by far better than that of high alloyed cold work steel and comparable
with that of high quality, powder-metallurgically manufactured high speed
steels. A steel of type No. 1, in which type also are included steels Nos.
7, 8 and 9 which have a similar alloy composition, therefore should be
useful for cold working applications where particularly high demands are
raised upon the impact strength, while steel of type No. 3 may be chosen
when it is the resistance to wear 55 rather than the impact strength that
is the critical feature of the steel. Claims 4    EP 0 275 475 B1 Table 2.
Steel No.   Austenitizing   .  Tempering                  Hardness 5
temperature e[rr]  temperature [err]  (HRC) 1                1070
200                  61 2                1050                   200
62 3                1020                   200                  62 10 4
1150                   570                  61 5                1100
620                  62 6                1020                   200
62 15            7                1070                    200 (1 h)
61 8                1050                   200 (2 h)            60 9
1035                   200 (2 h)            60 20 The impact strength
expressed as absorbed energy was measured in the longitudinal as well as
the transversal direction of the test specimens at 20 C. The results
achieved for steels Nos. 1-6 are apparent from Fig. 1. As shown in the
diagram steel No. 1 had the by far best toughness of these steels expressed
as absorbed energy in the longitudinal as well as the transverse direction.
Steel No. 3 had an impact 25  strength which was comparable with that of
the comparatively low alloyed, powder-metallurgically manufac- tured high
speed steel No. 4. Steels Nos. 5 and 6 had not as good impact strength,
particularly not in the transverse direction. At the examination of steels
Nos. 7, 8 and 9 the following impact strengths in the longitudinal
direction were measured: 106; 103; and 11 joule/cm2, respectively. These
steels in other words had an impact strength in the same order as that of
steel No. 1. 30     The wear resistance of steels Nos. 1-6 were determined
in terms of the rate of abrasive wear against wet SiC-paper (180#) which
had a speed of 250 rmp at a contact pressure of 0.1 N/mm2. The paper was
replaced every 30 seconds. The result of the measurements of the abrasion
wear against the SiC-paper is illustrated in Fig. 2. The lowest abrasion
rate, i.e. the best values, was achieved by steel No. 3, closely followed
by the high alloyed 35  high speed steel No. 5. Steel No. 1 had somewhat
lower values, however better than the abrasion wear resistance of the
conventional cold work steel No. 6. 



Thereafter the resistance to wear of steels Nos. 1-6 was measured in terms
of wear of a punch as a function of number of cutting operations in
stainless steel of type 18/8, i.e. under adhesive wear conditions. The
results are illustrated in Fig. 4. This figure also shows a typical
appearance of a defect caused by wear 40  on a tool manufactured of the
various materials. The lowest wear was obtained with steel No. 3, and also
steel No. 1 had a very high resistance against this type of wear. The
comparatively low alloyed high speed steel No. 4 and particularly the cold
work steel No. 6 had by far more disadvantageous values. Finally also the
wear of punches manufactured of the tested materials Nos. 1-6 was tested
under abrasive wear conditions. The punching operations this time were
performed in high strength steel strips. 45  Under these conditions the
more high alloyed steels Nos. 3 and 5 had the best values. Steel No. 1 was
not as good under these abrasive wear conditions, however by far better
than the cold work steel No. 6. The high speed steel No. 4 had quite a
different picture as far as the wear is concerned. Initially the resistance
to wear was good but gradually the wear turned out to accelerate. To sum
up, steels Nos. 1, 7, 8 and 9 were demonstrated to have superiously good
impact strength. 50  Steel No. 1 at the same time had a resistance to wear
which was by far better than that of high alloyed cold work steel and
comparable with that of high quality, powder-metallurgically manufactured
high speed steels. A steel of type No. 1, in which type also are included
steels Nos. 7, 8 and 9 which have a similar alloy composition, therefore
should be useful for cold working applications where particularly high
demands are raised upon the impact strength, while steel of type No. 3 may
be chosen when it is the resistance to wear 55  rather than the impact
strength that is the critical feature of the steel. Claims 4    EP 0 275
475 1 1. A tool steel intended for cold working operations and having very
high impact strength and good resistance to wear, said steel being made
powder-metallurgically by consolidation of metal powder to a dense body,
characterised in that it has the following chemical composition expressed
in weight-% 1- 2.5 % C, 0.1-2% Si, max 0.3% N, 0.1-2% Mn, 6.5-11 % Cr, max
4% Mo, max 1 % Wand 3-7% V, 5      wherein up to half the amount of
vanadium can be replaced by 1.5 times as much niobium, and wherein the
ratio V/C shall amount to between 2.5 and 3.7, balance iron and residual
impurities. 2. A tool steel according to claim 1, characterised in that it
contains 3-5 % V. 10  3. A tool steel according to claim 2, characterised
in that it contains 1-1.5 % C. 4. A tool steel according to claim 2,
characterised in that it contains 1.2-1.8 % C. 5. A tool steel according to
claim 4, characterised in that it contains about 4 % V and about 1.5 % C.
15 6. A tool steel according to claim 4, characterised in that the ratio
V/C = 2.8-3.7. 7. A tool steel according to claim 6, characterised in that
the ratio V/C = 3.0-3.5. 20  8.  A tool steel according to claim 1,
characterlsed in that it contains 5-7 % V. 9. A tool steel according to
claim 8, characterised in that it contains 1.5-2.3 % C. 10. A tool steel
according to any of claims 1-9, characterised in that it contains 7-10 % Cr
and 0.5-3 % 25     Mo. 11. A tool steel according to claim 10,
characterlsed in that it contains 1-2 % Mo. 12. A tool steel according to
any of claims 1-11, characterised in that it does not contain more than 30
incidental impurity contents of W. 13. A tool steel according to any of
claims 1 -12, characterised in that it contains 0.2-0.9 % Mn. 



14. A tool steel according to any of claims 1-13, characterised in that it
contains 0.5-1.5 % Si. 35 15. A tool steel according to any of claims 1-14,
characterised in that the total carbon content, where the main part of the
carbides consists of carbides of MC-type, amounts to between 5 and 20
volume-%, preferably between 5 and 12 volume-%. 40 Revendications 1. Un
acier a outil destin6 aux operations d'usinage a froid et ayant une
resistance aux chocs 6lev6e et une tres bonne resistance A iusure, cot
acior 6tant fabriqu6 par m6tallurgie des poudres par consolidation de
poudre de metal en un corps dense, caract6risd par le fait qu'il a la
composition 46     chimique suivante exprlmde en % massiques: 1-2,5 % C,
0,1-2 % Si, max 0,3 % N, 0,1-2 % Mn, 6,5- 11 % Cr, max 4 % Mo, max 1 % W et
3-7 % V oO jusqu a la moltid de la quantltd de vanadium pout 8tre remplacde
par 1,5 fois autant de niobium et oO le rapport V/C se situera entre 2,5 et
3,7, le reste 6tant du fer et des impuretes residuelles. 5o  2. Un acier A
outil selon la revendication 1, caractdrisd en ce qu'il contient 3-5 % V. 3
Un acier a outil salon Ia revendication 2, caract6rlsd en ce qu'l1 contient
1-1,5 % C. 4. Un acier a outi selon la revendication 2, caractdris6 en ce
qu'il contient 1,2-1,8 % C. 55 5. Un acier a outil selon la revendication
4, caracterls6 en ce qu'il contient environ 4 % V et environ 1,5 % C. 5
EP 0 275 475 B1 6. Un acier A outil selon la revendication 4, caract~risd
en ce que le rapport V/C = 2,8-3,7. 7. Un acier A outil selon la
revendication 6, caract6rise en ce que le rapport V/C = 3,0-3,5. 5 8. Un
acier a outil selon la revendication 1, caractdrisW en ce qu'll contient
5-7 % V. 9. Un acier a outil selon la revendication 8, caracterlse en ce
qu'l1 contient 1,5-2,3 % C. 10. Un acier a outil selon une quelconque des
revendications 1 a 9, caracterise en ce qu'il contient 7-10 10     %
Cret0,5-3% Mo. 11. Un acier a outH selon la revendication 10, caractkrlse
en ce qui;l contfent 1-2 % Mo.. 12. Un acier a outl selon une quelconque
des revendications 1 a 11, caractdrlsd en ce qu'll ne contient 15     quo
des impuretes accidentelles de W. 13. Un acier a outil selon une quelconque
des revendications I a 12, caracteris6 en ce qu'il contient 0,2- 0,9 % Mn.
20 14. Un acier & outil selon une quelconque des revendications 1 a 13,
caractWrls5 en ce qu'll contient 0,5- 1,5 % Si. 15. Un acler a outil solon
une quelconque des revendications 1 A 14, caracteris6 en ce quo la quantit6
totale de carbone, la majeure partie des carbures etant des carbures du
type MC, s'elbve entre 5 et 20 25     % en volume, de pr~fdrence entre 5 et
12 % en volume. AnsprUche 1. FUr Kaltverformungsarbeiten bestimmter
Werkzeugstahl mit sehr hoher Schlag- und Abnutzungsfestig- 30     keit, der
pulver-metallurgisch durch Konsolidierung von Metallpulver zu einer dichten
Struktur herge- stelit wird, dadurch gekennzeichnet, daB er folgende
chemische Zusammensetzung in Gewichtsprozent aufweist: 1 - 2,5% C, 0,1 - 2%
Si, max. 0,3% N. 0,1 - 2% Mn, 6,5 - 11% Cr, max. 4% Mo, max. 1% W und 3 -
7% V, wobel bis zur Halfte der Vanadiummenge durch die 1,5-fache Niobmenge
ersetzt sein 



kann und worin das V/C-Verhdltnis zwischen 2,5 und 3,7 betragen soil und
der Rest Eisen und Obrige 35     Verunreinigungen let. 2. Werkzeugstahl
nach Anspruch 1, dadurch gekennzeichnet, dW1 er 3 - 5% V enthalt. 3
Werkzeugstahl nach Anspruch 2, dadurch gekennzeichnet, daB er 1 - 1.5% C
enthflt. 40 4, Werkzeugstahl nach Anspruch 2, dadurch gekennzeichnet, daB
or 1,2 - 1,8% C enthalt. 5. Werkzeugstahl nach Anspruch 4, dadurch
gekennzoichnet, daB er etwa 4% V und etwa 1,5% C enth~lt. 45 6.
Werkzeugstahl nach Anspruch 4, dadurch gekennzeichnet, daB das
V/C-Verhaltnis = 2,8 - 3,7 ist. 7. Werkzeugstahl nach Anspruch 6, dadurch
gekennzeichnet, daB das V/C-Verhaltnis = 3,0 - 3,5 ist. 8. Werkzeugstahl
nach Anspruch 1, dadurch gekennzeichnet, daR er 5 - 7% V enthalt. 50 9.
Werkzeugstahl nach Anspruch 8, dadurch gekennzeichnet, daB er 1.5 - 2,3% C
enthalt. 10. Werkzeugstahl nach einem der AnsprOche I bis 9, dadurch
gekennzeichnet, dW er 7 - 10% Cr und 0,5 - 3% Mo enthalt. 55 11.
Werkzeugstahl nach Anspruch 10, dadurch gekennzeichnet, daB or 1 - 2% Mo
enthalt. 12. Werkzeugstahl nach einem der AnsprUche 1 bis 1 1, dadurch
gekennzeichnet, daO er nur unwesentliche 6    ' * 0,111/IIH 11111 11111
111111 EP 0 275 47561                                LM S Verunreinigungen
an Wolfram enthdIt 13. Werkzeugstahl nach einem der AnsprUche 1 bis 12,
dadurch gekennzeichnet, das er 0,2 - 0,9% Mn enthlt. 8 14. Werkzeugstahl
nach einem der Ansprlche 1 bis 13, dadurch gekennzeichnet, dan er 0,5 -
1,5% Si enthgit. 16. Werkzeugstahl nach einem der Ansprlche 1 bis 14,
dadurch gekennzeichnet, dal3 der Gesamtkohlen- 10     stoffgehalt, sich auf
5 - 20 Vol-%, bevorzugt 5 - 12 Vol-% belluft, wobel der Hauptteil der
Karbide aus Karbiden vom MC-Typ besteht. 20 28 30 35 40 46 50 55 7    


