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Description

[0001] The invention relates to a method for hardening
of a metallic workpiece, wherein the workpiece is placed
and fixed in a fixture and wherein in the fixture the work-
piece is cooled by a cooling medium.

[0002] During the heat treatment of metal workpieces,
such as gear parts, unwanted deformations of the work-
piece may occur due to thermal stresses and structural
transformations. To eliminate these deformations often
costly reworking of the workpiece is needed to meet the
required tolerances.

[0003] Itis therefore already known to cool down a hot
heat-treated metal workpiece inside a fixture. The work-
piece is placed in a fixture and inside the fixture it is sub-
jected to a cooling medium. The fixture ensures that the
workpiece retains the desired dimensions while it is
cooled down. For example, a gear is attached to a fixture
serving as a mandrel and cooled in that position. In this
case the mandrel ensures that during the cooling process
the inner diameter of the gear does not shrink too much.
[0004] In the prior art the cooling of the workpieces is
carried out by direct heat exchange with oil. That tech-
nology, however, requires the use of quenching oils and
the need for cleaning equipment in order to remove the
oil from the quenched workpieces. In addition, the oil
must be destructed when its material properties deterio-
rate and from time to time oil must be replenished due
to product withdrawal.

[0005] Another disadvantage of oil cooling is the poor
controllability of the cooling process. The cooling rate is
difficult to adjust and in particular the cooling speed can
hardly be varied during the cooling process.

[0006] An object of the present invention is therefore
to provide an improved method for hardening of metallic
workpieces.

[0007] This object is solved by a method for hardening
of a metallic workpiece, wherein the workpiece is placed
and fixed in a fixture and wherein in the fixture the work-
piece is cooled by a cooling medium, which is character-
ized in that a gaseous cooling medium is used.

[0008] The invention relates to a method for cooling
and hardening of a metallic workpiece, wherein the work-
piece is cooled in a fixture which prevents or at least
minimizes distortion or deformation of the workpiece
such that the desired tolerances are met with regard to
the dimensions of the workpiece. In the following such a
method shall be called "fixture hardening". The invention
especially relates to amethod for cooling and fixture hard-
ening of a workpiece made of steel.

[0009] The invention does not relate to methods for
cooling and hardening of work pieces wherein the shape
or particular dimensions of the workpiece are actively
changed during the cooling process, for example by
means of a press or another appropriate tool. In contrast,
in fixture hardening the workpiece is positioned in and/or
fixed to a fixture in order to avoid changes with respect
to at least one dimension of the workpiece, preferably to
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some or even all dimensions, and/or to the shape of the
workpiece. In contrast to a press, the fixture does not
change the dimensions or shape of the workpiece. In
general, during cooling of the workpiece thermal stresses
and / or phase transformations shall not induce re-shap-
ing or re-forming of the workpiece.

[0010] The term fixture shall mean atool, whichis used
to hold the workpiece during the cooling process. The
fixture is not used for active deformation of the workpiece,
but only to prevent or minimize deformations of the work-
piece, which are caused by temperature changes, ther-
mal stresses and / or structural changes during the cool-
ing process. The fixture could be a clamping fixture or a
mandrel or a tool with segments and/or jaws that can be
pressed against the workpiece to fix it.

[0011] Preferably, the fixture comprises two or more
component parts which can be moved relative to each
other in order to fix the workpiece. During the cooling
process the component parts are held in fixed positions
relative to each other. The fixture is not used to change
the dimensions of the workpiece by compressive forces
or other mechanical interaction.

[0012] According to the invention, the workpiece is po-
sitioned in a fixture and the workpiece is cooled in the
fixture by means of a gaseous cooling medium. The use
of a gaseous cooling medium allows a better and more
specific control of the cooling process. The cooling rate
can be varied by variation of one or more of the param-
eters flow rate, pressure and temperature of the gaseous
cooling medium. For example, by increasing the flow rate
or the pressure of the gaseous cooling medium the cool-
ing rate can be increased.

[0013] The invention is particularly suitable for fixture
hardening of one or more metal workpieces, which prior
to being placed into the fixture have been heat treated.
[0014] Itis advantageous to use nitrogen, argon, heli-
um and/or hydrogen as cooling medium or any mixtures
thereof. Gaseous nitrogen is used with particular advan-
tage due to its viability and low price.

[0015] The cooling medium is preferably brought into
direct heat exchange with the workpiece to be cooled.
The gaseous cooling medium is supplied to the work-
piece so that it comes in direct contact with one or more
locations or regions on the workpiece. The heat transfer
is primarily achieved by convection and heat flow.
[0016] Itis also possible to cool the workpiece by indi-
rect heat exchange with the gaseous cooling medium. In
that case, the workpiece and the gaseous cooling medi-
um are spatially separated, for example by a heat-per-
meable wall. For example, the fixture can be provided
with cooling channels through which the gaseous cooling
medium flows and thereby cools the fixture and indirectly
the workpiece. The indirect heat exchange between the
workpiece and the cooling medium is significantly slower
thanthe direct heat exchange, in which the gaseous cool-
ing medium flows against and/or around the workpiece.
Therefore, direct heat exchange or a combination of di-
rect heat exchange and indirect heat exchange is nor-
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mally preferred.

[0017] In case a conventional fixture hardening tool
shall be used for the inventive method, the conventional
inlets for the cooling oil could be used for the gaseous
cooling medium. However, it is preferred to design a new
fixture hardening tool optimized for the flow conditions of
the gaseous cooling medium.

[0018] It has also proven advantageous to cool the fix-
ture by a second coolant, in addition to the cooling of the
workpiece by means of the gaseous cooling medium
wherein the gaseous cooling medium is used to cool the
workpiece directly and/or indirectly. For this purpose the
fixture may be provided with cooling channels or cooling
fins. The second coolant may flow through, against
and/or around the cooling channels or cooling fins such
that there is a heat exchange between the fixture and the
second coolant.

[0019] The second coolant may also be a gaseous me-
dium, in particular also the same substance as the gas-
eous cooling medium, which according to the invention
is used for cooling the workpiece. But preferably, the fix-
ture is cooled by means of a liquid coolant, in particular
by means of water or oil. In a preferred embodiment,
water or oil is passed through cooling channels or spaces
located in the fixture to cool the fixture. In addition, the
workpiece, which is located in the fixture, is subjected to
a flow of the gaseous cooling medium flowing against,
around and/or through the workpiece.

[0020] Especially when solid workpieces are cooled
relative large differences between the surface tempera-
ture of the workpiece and its core temperature inside the
workpiece can occur. These temperature differences can
cause thermal stress in the workpiece and lead to mate-
rial fatigue. In a preferred embodiment, therefore, at least
one of the parameters of pressure, flow, quantity or tem-
perature of the gaseous cooling medium supplied to the
workpiece and/or at least one of the parameters of pres-
sure, flow, quantity or temperature of the second coolant
is controlled, i.e. changed in a controlled manner during
the cooling process.

[0021] The cooling effect and the cooling rate depend
on the type of cooling medium, the flow of the cooling
medium, that means the quantity of cooling medium sup-
plied to the workpiece per unit time, its pressure and its
temperature. Likewise, the cooling of the fixture is de-
pendent on the type, quantity, pressure, flow and tem-
perature ofthe second coolant. Preferably, therefore, one
or more of these parameters such as pressure and/or
flow and/or flow rate of the gaseous cooling medium
and/or of the second coolant are controlled to affect the
cooling process.

[0022] These parameters are preferably controlled
and/or varied depending on the temperature of the work-
piece. The temperature can be determined in one or more
locations or regions on the workpiece either continuously
during the cooling process or at - preferably regular - time
intervals. The temperature may be measured by a ther-
mometer or a temperature sensor or by measuring the
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heat radiation, for example by means of a pyrometer.
[0023] Itis also possible to determine in advance the
relationship between the cooling time, the workpiece
temperature and one or more of the above-mentioned
parameters of the gaseous cooling medium or of the sec-
ond coolant. During fixture hardening this relationship is
then used to control the inventive process. For example,
after a certain cooling time which corresponds to a certain
temperature decrease one or more of the parameters are
changed to affect the cooling rate.

[0024] It has been shown that a particularly good and
uniform metallic microstructure is achieved by reducing
the cooling when the surface temperature of the work-
piece deviates by less than a predetermined or prese-
lected value from the martensite start temperature. The
reduction of the cooling effect is particularly achieved in
that at least one of the parameters of pressure, flow or
quantity of the gaseous cooling medium supplied to the
workpiece and/or at least one of the parameters of pres-
sure, flow or quantity of the second coolant is reduced
or in that the supply of gaseous cooling medium and/or
the second coolant is interrupted for a certain period of
time.

[0025] The term "martensite start temperature" shall
mean the temperature at which the martensitic transfor-
mation begins. When a ferrous metal is cooled below the
martensite start temperature, the austenite structure be-
gins to transform into a martensitic structure. The mar-
tensite start temperature, abbreviated as Ms, depends
not only on the basic metal but also on the alloying ele-
ments and their content. The martensite start tempera-
ture Ms is steel specific and the man skilled in the art can
found them in special public available tables.

[0026] In a preferred embodiment, the cooling rate is
reduced when the surface temperature of the workpiece
deviates by less than a predetermined value from the
martensite start temperature. At this time the core tem-
perature is still significantly higher. By reducing the cool-
ing rate the core temperature of the workpiece and its
surface temperature are allowed to get equal or close to
equal. In this way, thermal stresses inside the workpiece
are removed and a more uniform transformation to mar-
tensite structure is achieved.

[0027] The coolingrate is preferably reduced when the
surface temperature of the workpiece is between Ms and
Ms50 (50% completion of martensite), that is in the range
between the martensite start temperature and the tem-
perature when the transformation to martensite structure
has been completed to 50%. The following slow cooling
shall be considerably slower than the original cooling
rate. For example, a cooling rate less than 1°C per sec-
ond has proven advantageous for the fatigue properties.
The re-start of faster cooling is determined by other ma-
terial properties but preferably the material is let to slow
cool as long as possible (with respect to that enough
martensite is formed, the right hardness is achieved etc).
An actual halt at a specific temperature does not improve
the fatigue if not followed by a slow cooling. The halt can
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be from 0 seconds up to 300 seconds depending on size
and target.

[0028] The invention is particularly suitable for fixture
hardening of ferrous metals, alloyed and unalloyed
steels. The work pieces are preferably rotationally sym-
metrical components, components such as gears, crown
wheels, sleeves, or gear parts, shafts, clutch components
or bearing rings.

[0029] In one embodiment the workpiece is cooled at
a cooling rate of more than 10 °C/s, preferably between
10 and 20 °C/s, when the surface temperature of the
workpiece is above the martensite start temperature Ms.
[0030] Atasurfacetemperature betweenMs and Ms50
the cooling rate is preferably reduced or even stopped.
In that phase the cooling rate is less than 5 °C/s, prefer-
ably less than 3 °C/s, more preferred less than 1 °C/s. It
is also possible to first stop the cooling for a certain period
of time, for example for a time period up to 300 seconds,
followed by slow cooling at a cooling rate of less than 5
°Cls, less than 3 °C/s or less than 1 °C/s. Thereafter,
when the surface temperature has reached a certain val-
ue or when the slow cooling has been carried out for a
certain period of time, the cooling rate is preferably in-
creased to 10 °C/s to 20 °C/s.

[0031] A preferred cooling process could comprise the
following steps:

® The workpiece which for example has a temper-
ature between 860 °C and 1050 °C is fast cooled at
a cooling rate of more than 10 °C/s.

® When a preselected temperature between Ms and
Ms50 has been reached the cooling is stopped for 0
to 300 seconds.

® Thereafter, the workpiece is cooled at a slow cool-
ing rate of less than 5°C for a time interval of 60
seconds to 300 seconds.

@ Finally, the workpiece is cooled at a cooling rate
of more than 10 °C/s to the desired end temperature.

[0032] According to the invention the cooling is
achieved by using a gaseous cooling medium. The flow
rate of the gaseous cooling medium is preferably be-
tween 20 and 400 m3/h. The pressure of the gaseous
cooling medium is preferably close to atmospheric pres-
sure due to the construction of today’s fixture hardening
equipment. But theoretically the total process time for
cooling the workpiece can be shortened by increasing
the pressure to a range inbetween 1 bar and 30bar.
[0033] The flow velocity of the gaseous cooling medi-
um is preferably between 1 m/s and 50 m/s, more pre-
ferred between 1 and 20 m/s. It is also possible to use
an impingement cooling process wherein the gaseous
cooling medium is directed to the workpiece at gas ve-
locities of more than 30 m/s up to 60 m/s.

[0034] In the following, the invention as well as pre-
ferred details of the invention will be described with re-
spect to the attached drawing wherein
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figure 1 shows an apparatus for the inventive fixture

hardening process

[0035] A steel workpiece 1, for example a ring-like ro-
tational symmetric gear component, has been carbu-
rized. Preferable conditions for carburization are a tem-
perature between 900 °C and 1100 °C. Subsequently,
the still hot workpiece 1 shall be fixture hardened, that is
it shall be cooled down and thereby hardened while it is
fixed in a fixture 2.

[0036] The fixture 2 is a rotational-symmetric tool com-
prising a component support 3 and an upper part 4. The
component support 3 is provided with a central passage
9. The diameter of the central passage 9 is adapted to
the inner diameter of the ring-like workpiece 1.

[0037] The upper part 4 comprises vertical cylindrical
walls 5 covered by a top plate 6 and a piston 7 which
allows to move and position the upper part 4 relative to
the component support 3. Upper part 4 and component
support 3 can be moved relative to each other along the
symmetry axis of the fixture 2. The vertical cylindrical
walls 5 are provided with openings 12.

[0038] A hood 8 is fixed to the piston 7 and encloses
the upper part 4. The hood 8 has a cylindrical form with
vertical side walls and is closed to the top.

[0039] A mandrel 10 can be moved through the central
passage 9 into the hollow interior of the upper part 4. The
outer diameter of the mandrel 10 matches the inner di-
ameter of the workpiece 1. The mandrel 10 is provided
with cooling channels 11. A supply of cooling water (not
shown) is connected to the cooling channels 11 and al-
lows to pass cooling water through the cooling channels
11 and to thereby cool the mandrel 10.

[0040] The upper part 4 is also provided with cooling
channels 13 connected to a supply of cooling water (not
shown). By passing cooling water through the cooling
channels 13 it is possible to cool the upper part 4, too.
[0041] For fixture hardening the workpiece 1 is placed
on the component support 3. The inner diameter of the
workpiece 1 is equal to the diameter of the central pas-
sage 9 through the component support 3. The workpiece
is fixed by a component holder 14. Mandrel 10 is moved
through the central passage 9 and through the inner
opening of the workpiece 1 into the hollow interior of the
upper part 4. The outer diameter of the mandrel 10 and
the inner diameter of the workpiece 1 are the same or at
least nearly the same.

[0042] Then, gaseous nitrogen as cooling medium is
supplied via the central passage 9 into the hollow interior
of the upper part 4. The gaseous nitrogen passes the
workpiece 1, leaves the interior of the upper part 4 via
the openings 12, enters into the space between the upper
part 4 and the hood 8 and finally leaves the hood 8 at its
lower end.

[0043] The gaseous nitrogen flows around the work-
piece 1 and thereby cools the workpiece 1 by direct heat
exchange.

[0044] Inadditioncoolingwateris passed through cool-
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ing channels 11 in the mandrel 10 and through cooling
channels 13 of the upper part 4. The cooling water 16,
17 cools down the mandrel 10 and the upper part4 which
in the case of the mandrel 10 are in direct contact with
the workpiece 1 or in case of the upper part 4 are in
indirect contact with the workpiece1 via component hold-
ers 14. Thus, the cooling water 16, 17 indirectly cools the
workpiece 1 and boosts the cooling rate. This is in par-
ticular advantageous when thick and heavy workpieces
are cooled.

[0045] In the beginning when the workpiece 1 is still
hot with a temperature between for example 900 °C and
1100 °C, the gaseous nitrogen 15 is supplied to the fixture
2 and to the workpiece 1 at a pressure between 1 and 3
bar and a flow rate of for example 20 to 400 m3/h. When
the surface temperature of the workpiece 1 has been
lowered to a predefined temperature between Ms and
Ms50 the flow of gaseous nitrogen is reduced such that
the cooling rate is less than 1°C / s. Thus, at or close to
the Martensitic start temperature the cooling rate is de-
creased and the temperature of the inner core of the
workpiece 1 and its surface temperature are allowed to
approach each other. The time for entering and / or pass-
ing the Martensitic range increases which has been
shown to increase the fatigue strength of the workpiece
material. The cooling water 16, 17 can also be flow con-
trolled.

[0046] Itis also possible to first stop the cooling at the
predefined temperature between Ms and Ms50 for a cer-
tain time, for example 50 seconds to 300 seconds, and
then proceed with the slow cooling at a cooling rate of
less than 1 °C/s.

[0047] The invention allows a controlled gaseous fix-
ture hardening process by adopting the flow and/ or pres-
sure of the gaseous cooling medium with respect to the
Martensitic start temperature of the workpiece material.
[0048] For example, a workpiece 1 made of steel is
cooled by gaseous nitrogen as cooling medium at a pres-
sure of 1 barg and a flow rate of 250 m3/h for 25 seconds
and by a flow of 1 m3/h cooling water (as second coolant)
for 25 seconds. This cooling step results in a workpiece
having a surface temperature of 180°C. Then having
reached this surface temperature the cooling is stopped
for 30 seconds. Thereafter the cooling process is contin-
ued for 180 seconds by using a flow of 2.5 m3/h for 60
seconds gaseous nitrogen at a pressure of 1 barg (no
water cooling in this phase) until finish temperature
120°C is reached.

[0049] The invention has several advantages over the
prior art:

- increased fatigue strength of the fixture hardened
workpiece,

- reduced distortions

- provides dry clean workpieces

- elimination of the need for cooling oils

- no need to control the quality of the cooling oil

- no need to replenish withdrawn cooling oil
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- no need to destruct used oil

- allows the customer to customize the cooling se-
quence to optimize fatigue properties

- allows the customer to customize the cooling se-
quence to optimize hardness

- allows the customer to customize the cooling se-
quence to optimize the surface structure

Claims

1. Method for hardening of a metallic workpiece (1),
wherein the workpiece (1) is placed and fixed in a
fixture (2) and wherein in the fixture (2) the workpiece
(1) is cooled by a cooling medium (15), character-
ized in that a gaseous cooling medium (15) is used.

2. Method according to claim 1, characterized in that
nitrogen, argon, helium and / or hydrogen are used
as cooling medium (15).

3. Method according to claim 1 or 2, characterized in
that prior to being placed into the fixture (2) the work-
piece (1) is subjected to a heat treatment.

4. Method according to any of claims 1 to 3, charac-
terized in that the workpiece (1) is cooled by direct
heat exchange with the gaseous cooling medium
(15).

5. Method according to any of claims 1 to 4, charac-
terized in that the fixture (2) is cooled by a second
coolant (16, 17).

6. Method of claim 5, characterized in that the fixture
(2) is cooled with water or oil.

7. Method according to any of claims 1 to 6, charac-
terized inthat atleast one of the parameters of pres-
sure, flow, quantity or temperature of the gaseous
cooling medium (15) and / or at least one of the pa-
rameters of pressure, flow, quantity or temperature
of the second coolant (16, 17) is changed.

8. Method according to claim 8, characterized in that
at least one of the parameters of pressure, flow,
quantity or temperature of the gaseous cooling me-
dium (15) and / or at least one of the parameters of
pressure, flow, quantity or temperature of the second
coolant (16, 17) is controlled depending on the tem-
perature of the workpiece (1).

9. Method according to claim 8, wherein said at least
one of the parameters of pressure, flow or quantity
of the gaseous cooling medium (15) and / or at least
one of the parameters of pressure, flow or quantity
of the second coolant (16, 17) is reduced when the
surface temperature of the workpiece (1) differs from
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the martensite start temperature by less than a pre-
determined value.

Method according to claim 9 characterized in that
said at least one of the parameters of pressure, flow
or quantity of the gaseous cooling medium (15) and
/ or at least one of the parameters of pressure, flow
or quantity of the second coolant (16, 17) is reduced
when the surface temperature of the workpiece (1)
is between the martensite start temperature Ms of
the workpiece material and the temperature when
the transformation of the workpiece material to mar-
tensite structure has been completed to 50% (Ms50).

Method according to any of claims 9 or 10, wherein
said at least one of the parameters of pressure, flow
or quantity of the gaseous cooling medium (15) and
/ or at least one of the parameters of pressure, flow
or quantity of the second coolant (16, 17) is reduced
for a time period between 60 and 300 seconds.

Method according to claim 11 characterized in that
the cooling rate is reduced to less than 5 °C/s, pref-
erably less than 3 °C/s, more preferred less than 1
°Cls.

Method according to any of claims 1 to 12 charac-
terized in that the workpiece (1) is cooled at a cool-
ingrate between 10 and 20 °C/s when the workpiece
temperature is above the martensite start tempera-
ture Ms.

Method according to any of claims 1 to 13, charac-
terized in that the cooling of the work piece (1) com-
prises the following steps:

- fast cooling at a cooling rate of more than 10
°Cls,

- no cooling or slow cooling at a cooling rate less
than 5°C for a time interval of 60 seconds to 300
seconds,

- fast cooling at a cooling rate of more than 10
°Cls.

Method according to any of claims 1 to 14, charac-
terized in that the flow rate of the gaseous cooling
medium (15) is between 20 and 400 m3/h.
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