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Description
Field of the invention

[0001] The invention relates to a method of combined
surface treatment of tool steels, particularly those used
in the manufacture of forming tools.

Background of the invention

[0002] Tool steels have assumed an irreplaceable role
in the engineering industry. Diverse surface treatment
methods can be used with the aim to influence both the
performance and the life properties of various tools. This
particularly applies to forming tools where it is possible
to considerably enhance the above properties by means
of a suitable surface treatment. In the past, the surface
properties of the forming tools used to be enhanced by
the application of carbidic surface layers or by the appli-
cation of deposited coatings based on TiN and/or TiCN.
[0003] There s a plurality of more up-to-date methods,
one of them being the so called CVD (Chemical Vapour
Deposition). Typically, the chemical vapour deposition is
carried out under high temperatures (1,000 - 1,200°C).
The advantages achieved by this method include the for-
mation of deposited coatings having high density and
thermal stability and featuring an excellent adhesion be-
tween the base material and the coating itself, the capa-
bility of depositing coatings onto workpieces having com-
plex shapes and the low acquisition and operating costs.
The drawbacks of this method include the adverse influ-
ence on the structure of base materials (resulting in the
degradation of mechanical properties of the same) due
to the high process temperature levels, the existence of
residual stresses inside the coating layer (due to different
thermal expansivity coefficients), high energy and time
demands, adverse environmental effects caused by the
process gases used and undesirable rounding of sharp
edges.

[0004] Another method, which is known as PVD (Phys-
ical Vapour Deposition), is characterized by relatively low
process temperatures below 500°C. Herein, the depos-
ited coating layers are formed under reduced pressure
(0.1-1.0 Pa). This method is preferably used for depos-
iting coating layers onto sharp edges (having a fillet ra-
dius smaller than 20 wm). The typical properties of such
coating layers include high durability and low friction co-
efficients. Besides that, combinations of different coating
materials within a single layer can be used and precise
thickness settings can be selected. The drawbacks of
this methods include a relatively complex vacuum system
and the so called shadow effect. Moreover, a coating
having an uneven thickness distribution can form on the
surfaces that do not lie in the direction of the particles.
[0005] Anotherup-to-date heattreatment method used
for enhancing the surface properties of materials is laser
quenching. A laser beam impinges on a surface layer
consisting of the material to be quenched. This causes
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the surface layer to be rapidly heated up in order to reach
a certain temperature, typically closely below the respec-
tive melting point (900 - 1,400°C). As such temperature
is reached, the material structure undergoes austenitic
transition. The incident point of the laser beam is being
continuously shifted in the feeding direction, thus causing
the heated spots to be rapidly cooled down through the
heat transfer into the surrounding material. This enables
a very fine carbidic structure to form which include short
martensite needles and having small grain size. Such
structure will cause the hardness of the surface layer to
increase without compromising the core toughness and
initiating any creation of fissure cracks. The main advan-
tage of the laser quenching method consists in that it
enables only those locations to be hardened where an
increased durability is required without affecting the orig-
inal material properties in the remaining portions or sec-
tions of the respective workpiece. Besides that, an envi-
ronmentally friendly process is concerned.

[0006] Surface treatment methods based on the laser
quenching technology are described in multiple patent
documents. The applicability of the laser quenching
method is described, for example, in the documents EP
0130749 B1 or GB 202838. Moreover, the document
WO096/28574 describes the use of the laser quenching
method for treating complex workpieces, in the present
case for treating the inside corners of the workpieces.
The drawbacks of the last-mentioned method consists in
the related high acquisition and operating costs and in
the existence of the problems connected with the treat-
ment of highly reflexive materials.

[0007] Atthe presenttime, the plasma nitriding tech-
nology is considered to be one of the most progressive
surface treatment technologies used in the engineering
industry. A nitriding atmosphere consists of a mixture of
nitrogen and hydrogen and the nitriding process is typi-
cally carried out in the temperature range from 500 to
550°C. The quality of the nitrided surface layer depends
not only on the process temperature but also on the
chemical composition of the steel being treated, on the
quality of the surface finish of the respective tool and on
the physical parameters of the nitriding process, such as
the voltage, duration, pulse length and pressure of the
gas mixture. This chemical heat treatment is used for
increasing the surface hardness, corrosion resistance
and fatigue strength. Further advantages include high
levels of process accuracy and stability, reduced con-
sumption of gas as well as the possibility of nitriding tool
having final dimensions without necessitating the same
to be subsequently machine finished (by grinding or the
like). A substantial disadvantage, however, consists in
the depth limitation of the nitrided surface layers, which
corresponds to 0.3 mm of the base material, and in the
related wear rate of such rough nitrided surface layer.
The nitrided surface layer remains sufficiently stabile un-
der the temperatures up to about 600 °C. After exceeding
this temperature limit, the properties of such surface lay-
er, particularly the abrasion resistance thereof, gradually
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degrade.

[0008] The plasma nitriding method is mentioned, for
example, in the documents JP2013-234370 or
KR100661130 B1. The document US 5536549 B1 dis-
closes the application of this method for treating a special
surface of a magnetic recording medium wherein the
base metal of the respective disc-type carrier is an auste-
nitic steel.

[0009] The object of the invention is to present a meth-
od which would enable an extended service life of the
functional surfaces of the forming tools made of tool
steels to be achieved. Such method should be easily ap-
plicable and, besides that, it should enable the desired
structure and properties of the steel layer under the treat-
ed surface to be preserved in order to ensure the repeat-
ability of the method after removing a worn out surface
layer.

Disclosure of the invention

[0010] The above drawbacks are largely eliminated by
the proposed method of combined surface treatment of
tool steels according to the present invention, wherein
the functional portions of a tool undergo laser quenching
followed by plasma nitriding in the subsequent step. The
above mentioned steps can be applied in the given order
and with an arbitrary time interval.

Overview of the figures

[0011] The present invention will be further explained
by means of the accompanying drawings wherein Fig. 1
is a front view showing a spin forming tool used for shoul-
der and neck forming in the manufacture of blanks for
steel cylinders, Fig. 2 is a sectional view showing the spin
forming tool from Fig. 1 and Fig. 3 is a diagram repre-
senting the difference between the service lives of mul-
tiple spin forming tools before and after undergoing a
combined surface treatment based on the method ac-
cording to the invention, respectively.

Preferred embodiment of the invention

[0012] The tool 1 shown in Figs. 1 and 2, namely the
spin forming tool, is first machined from a forged piece
in order to obtain its final shape and subsequently heat
treated in order to obtain the desired hardness within its
whole volume. Since the whole-volume heat treatment
based on the hardness range according to the respective
shop drawing would not be, as such, sufficient for the
subsequent use in a hot forming process, such as spin
forming one, with respect to the desired abrasion resist-
ance, it is necessary to additionally enhance the surface
resistance properties of the blank.

[0013] In the given case, such objective can be
achieved by means of the method of combined surface
treatment according to the present invention, namely in
that first the functional surface 2 is heat treated using the
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laser quenching technology. Shape of the treated blank
3 is llustrated for information. During this treatment proc-
ess, the structure of the surface layer as well as that of
a thin subsurface layer is transformed into a very fine
martensitic structure exhibiting very high hardness val-
ues up to 55 HRC. In this way, an overall thickness of
the through-hardened layer of up to 1.3 mm can be ob-
tained. The laser quenching process is implemented by
means of high-power filament focused laser devices.
[0014] The above described surface heat treatment
step is followed by the chemical heat treatment one con-
sisting in the application of the plasma nitriding technol-
ogy. During this subsequent processing step, very fine
and hard nitrides form in the surface layer of the steel
blank due to the fact that the layer is saturated with ni-
trogen. This causes an additional thin surface layer to
form. The latter layer has at most 0.35 mm in thickness,
the hardness of the same reaching up to 62 HRC. This
process is carried out in the temperature range of 520 -
540°C for 24 hours. The respective process atmosphere
contains a gas mixture consisting of Hy, and N, in the
ratio of 80:20. The surface area, which is highlighted in
bold and provided with the reference numeral 2, is exactly
that area, which undergoes the treatment and through
which the tool is brought into contact with the forged
piece, i.e. with the blank of the steel cylinder to be closed
in its top portion by means of the process of shoulder and
neck forming. During processing, the forged piece is driv-
en in rotation, thus imparting rotational movement to the
forming tool that constitutes a driven, freely rotating unit.
[0015] The surface treatment method according to the
invention was applied in the manufacture of a forming
tool which is referred to as "spin forming tool". Such a
type of forming tool is used for the so called spin forming
which is a method used for shoulder and neck forming
inthe manufacture of backwardly extruded high-pressure
steel cylinders (by way of illustration, the method, which
is used for all the types of steel cylinders, may be com-
pared with the shoulder and neck forming process used
in the manufacture of necked tubes, the latter having one
end provided with a necked spherical cap).

[0016] The forming tool is made of the hot work tool
steel QRO 90 Supreme, the most similar equivalent of
the latter being the steel X32CrMoV33. Hence, the typical
base material used for manufacturing the tool blank is
the above mentioned steel QRO 90 Supreme. Before
being employed in the manufacturing process, the spin
forming tool is preheated to reach a temperature ranging
between 180 and 220°C. Such elevated temperature en-
sures a better adhesion during the initial phase of the
forming cycle. Afterwards, the working cycle in itself com-
mences. This main cycle consists of heating up the blank
to be formed to reach a temperature ranging between
1,000 and 1,200°C, bringing the hot blank, which is con-
tinuously rotating around its centre line, into contact with
the spin forming tool and in subsequent pressing the spin
forming tool against the blank, thus causing the material
of the latter to "flow" in the direction defined by the swing-
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ing movement of the spin forming tool. During the forming
process, the material being formed is continuously re-
heated by means of burners in order to be held at the
above mentioned forming temperature. After the com-
pletion of the forming process, the surface of the spin
forming tool is cleaned by means of a high-pressure jet.
[0017] Until recently, solely the plasma nitriding meth-
od has been applied as a surface treatment technology
with the aim to improve the characteristics influencing
tool life. This technology by itself, however, was not able
to ensure any improvement of the total tool life. Instead,
it only enabled a temporary improvement to be achieved.
This means that the thickness of the nitrided layer con-
taining highly abrasion resistant nitrides was used up af-
ter having shaped 1,800 - 2,000 workpieces, on an av-
erage, and afterwards solely the base material of the tool
was used for shaping the workpieces which led to the
occurrence of local deformations and increased abrasive
wear of the base material of the spin forming tool as well
as to the development of a "sticking" effect between the
latter material and that of the workpiece. By means of
the laser quenching step, which has been incorporated
into the technological process so as to precede the plas-
ma nitriding one, a very fine martensitic structure can be
obtained. The latter structure enables an additional abra-
sion resistant sublayer to form that remains available
even after a complete depletion of the nitride layer due
to abrasive wear. Simultaneously, the martensitic trans-
formation taking place during the laser quenching proc-
ess, ensures a significant grain refinement within the
hardened layer which is achievable owing to the typical
rapid chilling effect in the course of the process. This
grain refinement is also a significant prerequisite for cre-
ating more favourable conditions for the subsequent ni-
triding step because it enables a stronger diffusion of
nitrogen into the material to be achieved due to the small-
er size and increased number of the grains.

[0018] Once the contact surface 2 of the forming tool
has been worn out, the remaining surface layer can be
removed and the whole technological cycle can be re-
peated.

Industrial applicability

[0019] The method according to the invention can be
used for a wide spectrum of forming tools, in particular
for forging dies, pull broaches an forging jaws. The tech-
nology is extensively applicable to a wide range of tool
steel grades, for which it has been developed, such for
the grades 38CrMoV5-1, X40CrMoV5-1, or
56CrNiMoV7, and many other ones.

[0020] The applicant’s enterprise uses an extended
range of hot work tool steels having similar chemical com-
positions and being suitable for diverse steel forming
processes.

[0021] The diagram shown in Fig. 3 illustrates the re-
sults of the respective field tests wherein an evident im-
provement of the tool life values has been achieved. Fur-
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thermore, other spin forming tools, which have been
treated using the method according to the invention, are
undergoing similar tests.

Claims

1. Method of combined surface treatment of tool steels,
characterized in that the functional portions of a
tool undergo laser quenching followed by plasma ni-
triding in the subsequent step.
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