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(54) METHOD FOR INTRODUCING COMPRESSIVE STRESS IN AT LEAST ONE TARGET REGION

(57) The invention relates to a method (2) for intro-
ducing compressive stress in at least one target region
(3) of a component (1). In this method, the component
(1) is heated to a yield strength temperature in at least
one sacrificial region (4) adjacent to the target region (3),

is heated further to a maximum target temperature, and
is cooled.

The invention also relates to the component (1) treat-
ed in the method (2).
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Description

[0001] The invention relates to a method for introduc-
ing compressive stress in at least one target region of a
component according to the generic term of claim 1. The
invention also relates to a component treated in the meth-
od.
[0002] A component can contain residual tensile
stresses and/or residual compressive stresses in its ma-
terial or on its body as a result of manufacturing - for
example, due to mechanical and thermal treatments. The
residual tensile stresses can lead to rapid failure of the
component in heavily stressed regions of the component.
The compressive stresses, on the other hand, can
strengthen the component. However, it is difficult to in-
fluence the arrangement of the tensile stresses/compres-
sive stresses in the component during production. Meth-
ods are known in which the tensile stresses in the com-
ponent are almost completely relieved by subsequent
treatment of the component. However, this does not
achieve the beneficial effect of the compressive stresses.
[0003] It is therefore the object of the invention to pro-
vide an improved or at least alternative embodiment for
a method of the type described, in which the disadvan-
tages described are overcome. It is also the object of the
invention to provide a component treated in the method.
[0004] This task is solved according to the invention
by the object of the independent claims. Advantageous
embodiments are the subject of the dependent claims.
[0005] The present invention is based on the general
idea of introducing compressive stresses into certain tar-
get regions of a component by means of differential and
plasticizing heat treatment, thereby reinforcing i.e.
strengthening the component in these target regions.
[0006] The method according to the invention is pro-
vided for introducing compressive stress in at least one
target region of a component. In the method, the com-
ponent is first heated to a yield strength temperature in
at least one sacrificial region adjacent i.e. close i.e. near
to the respective target region. This increases the com-
pressive stress in the respective sacrificial region and
the tensile stress in the respective target region. Then,
the component is heated to a maximum target tempera-
ture, thereby reaching the maximum compressive stress
in the respective sacrificial region and the maximum ten-
sile stress in the respective target region. Then, after
reaching the maximum compressive stress in the respec-
tive sacrificial region and the maximum tensile stress in
the respective target region, the component is cooled,
thereby increasing the compressive stress in the respec-
tive target region and increasing the tensile stress in the
respective sacrificial region. In the context of the present
invention, the compressive stress and the tensile stress
are the residual stresses of the component.
[0007] The method according to the invention is differ-
ential, whereby the respective target region is strength-
ened i.e. reinforced by increasing the compressive stress
and the respective sacrificial region is not strengthened

i.e. sacrificed by increasing the tensile stress. The re-
spective target region can be, in particular, the region of
the component which is high stressed when the compo-
nent is used. The respective sacrificial region, on the oth-
er hand, can be the region of the component which is
less strongly or weakly stressed when the component is
used. The method can therefore be used to introduce the
compressive stress specifically in the respective target
region, thereby strengthening i.e. reinforcing the compo-
nent in the respective target region. The component can
also contain a plurality of target regions and a plurality
of sacrificial regions. Accordingly, in the method, a single
sacrificial region or several sacrificial regions can be used
to reinforce a single target region or several target re-
gions.
[0008] The respective target region and the respective
sacrificial region can be adjacent i.e. close i.e. near to
each other. Especially, the target region and the sacrifi-
cial region can be separated by a transition zone i.e. tran-
sition region. If the component is reinforced i.e. strength-
ened in several target regions in the method, the respec-
tive target regions are separated from each other by sac-
rificial regions. In other words, the individual target re-
gions are not connected with each other. This also ap-
plies to the respective sacrificial regions. The respective
target region differs from the respective sacrificial region
by its use in the method. In other words, the respective
target region can be arbitrarily defined in the component
and reinforced in the method. Expediently, the respective
target region can be located in the region of the compo-
nent which contributes to improving the performance of
the component. The respective sacrificial region, on the
other hand, can be located in the region of the component
that can compensate the compressive stresses in the
respective target region without endangering the com-
ponent itself.
[0009] In the method, the component in the respective
sacrificial region is first heated to the yield strength tem-
perature. As a result, the component expands in the re-
spective heated sacrificial region and the compressive
stress is built up in the sacrificial region. The respective
heated sacrificial region thereby induces the tensile
stress in the non-heated target region. Accordingly, the
compressive stress is increased in the respective sacri-
ficial region and the tensile stress is increased in the re-
spective target region. At the yield strength temperature,
the elastic limit is reached. Below the yield strength tem-
perature, the component can deform elastically and
above the yield strength temperature, the component can
deform elastically and plastically.
[0010] Then the component is heated in the method to
the maximum target temperature which is higher than
the yield strength temperature and in which plastic strain
occurs. However, the difference between the yield
strength temperature and the maximum target tempera-
ture can be negligibly small. In fact, the aim is to exceed
the yield strength temperature and to maintain the plastic
deformation in the sacrificial region of the component for
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the necessary time. For this purpose, the component can
also be maintained at the yield strength temperature
and/or at the maximum target temperature for a prede-
termined time. At the maximum target temperature, the
maximum compressive stress in the respective sacrificial
region and the maximum tensile stress in the respective
target region are reached.
[0011] The component is then cooled after reaching
the maximum compressive stress in the respective sac-
rificial region and the maximum tensile stress in the re-
spective target region, thereby reducing the compressive
stress in the respective sacrificial region and the tensile
stress in the respective target region. As the component
cools, it contracts. The contraction takes place in the di-
rection of the respective sacrificial region and as a result
the compressive stress is increased in the respective tar-
get region. In the respective sacrificial region, on the other
hand, the tensile stress is built up. Overall, the compres-
sive stress is increased in the respective target region
and the tensile stress in the respective sacrificial region.
By increasing of the compressive stress in the respective
target region, the tensile stress in the respective target
region is reduced and then the compressive stress is
build up. By increasing of the tensile stress in the respec-
tive sacrificial region, the compressive stress in the re-
spective sacrificial region is reduced and then the tensile
stress is build up. In other words, the stresses which are
achieved in the target and the sacrificial regions during
heating are first reduced and lately inverted.
[0012] When comparing the component before apply-
ing the method i.e. the untreated component and the
component after applying the method i.e. the treated
component, the respective target region of the compo-
nent exhibits the comparatively increased compressive
stress i.e. the comparatively reduced tensile stress, and
the respective sacrificial region exhibits the comparative-
ly reduced compressive stress i.e. the comparatively in-
creased tensile stress. After cooling, the component in
the target region can have the compressive stress of at
least 80 MPa, preferably of at least 100 MPa, in a com-
pressive stress field having a minimum depth of at least
0.3 mm.
[0013] The component can have a thickness of at least
5 mm in the respective target region and/or in the respec-
tive sacrificial region. The component can be formed from
an austenitic material, preferably from an austenitic steel.
In the case of the austenitic material, no significant
changes in the metallurgical properties of the component
in the respective sacrificial region are to be expected after
the method. However, there can possibly be a slight de-
crease in hardness and a slight increase in grain size.
[0014] In principle, the component can be heated in
the respective sacrificial region by means of any devices
and any methods. Preferably, the component in the re-
spective sacrificial region can be inductively heated to
the maximum target temperature by means of an induc-
tive heating device. With inductive heating, particularly
good penetration of the heat into the component i.e. tar-

geted heating can be achieved.
[0015] The maximum target temperature understand-
ably depends on the material of the component. In addi-
tion, the maximum target temperature depends on the
compressive stress to be achieved in the respective tar-
get region and on the maximum tensile stress that can
be generated i.e. the maximum permissible tensile stress
in the respective sacrificial region. The component can
exceed the yield strength at the yield strength tempera-
ture and deform plastically in the sacrificial region. How-
ever, after reaching the yield strength temperature, the
component can be further heated in the sacrificial region
to the maximum target temperature. The maximum target
temperature is therefore higher than the yield strength
temperature. The maximum target temperature can be,
for example, between 60% and 80%, preferably at 70%,
of the melting temperature of the material of the compo-
nent. This allows to avoid strong grain growth, deforma-
tion of the component and high shear stress in the com-
ponent.
[0016] In the method, the component can additionally
be cooled outside the sacrificial region by means of air
or liquid cooling when heating the sacrificial region.
Thereby, the respective target region and/or a region out-
side the sacrificial region and the target region can be
cooled. By cooling the component outside the sacrificial
region, a thermal expansion gradient between the re-
spective non-heated i.e. cold regions and the respective
heated i.e. hot sacrificial region can be safely maintained.
The component can be cooled not only when the sacri-
ficial region is heated, but also when the sacrificial region
is cooled by means of air or liquid cooling. The cooling
of the component can be carried out until the component
in the respective sacrificial region and/or in the respective
target region and/or in a region outside the sacrificial re-
gion and the target region is cooled to a limit temperature
of 200°C, for example.
[0017] The invention also relates to a component which
contain at least one target region with compressive stress
and at least one sacrificial region with tensile stress. In
accordance with the invention, the component is treated
in the method described above. Compared to a non-treat-
ed component, the treated component can have the com-
paratively high compressive stress in the respective tar-
get region and the comparatively low compressive stress
in the respective sacrificial region. After cooling, the com-
ponent can have the compressive stress of at least 80
MPa, preferably at least 100 MPa, in the target region in
a compressive stress field with a depth of at least 0.3 mm.
[0018] Further important features and advantages of
the invention are apparent from the subclaims, from the
drawings, and from the accompanying figure description
based on the drawings.
[0019] It is understood that the above features and
those to be explained below can be used not only in the
combination indicated in each case, but also in other
combinations or on their own, without departing from the
scope of the present invention.
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[0020] Preferred embodiments of the invention are
shown in the drawings and will be explained in more detail
in the following description, wherein identical reference
signs refer to identical or similar or functionally identical
components.
[0021] It shows, each schematically

Figs. 1 and 2 a side view and a top view of a compo-
nent according to the invention during
a method according to the invention;

Fig. 3 a view of the component treated in the
method according to the invention with
distribution of the residual stress in the
component;

Fig. 4 a view of the component treated in the
method according to the invention with
distribution of the residual stress in the
component with measuring points;

Fig. 5 to 8 distribution of the residual stress in the
component at measuring points shown
in Fig. 4.

[0022] Fig. 1 shows a side view and Fig. 2 shows a top
view of a component 1 according to the invention during
a method 2 according to the invention. In this embodi-
ment, the component 1 is an intake/exhaust valve for a
motor vehicle and is formed from an austenitic material.
For the method 2, a target region 3 and a sacrificial region
4 adjacent to the target region 3 are defined in the com-
ponent 1. The target region 3 and the sacrificial region 4
are defined in such a way that the target region 3 can be
reinforced by introducing of the compressive stress and
the sacrificial region 4 can be weakened uncritically by
introducing of the tensile stress in the method 2.
[0023] In the method 2, the component 1 is inductively
heated in the sacrificial region 4 to a maximum target
temperature by an inductive heating device 6 with a heat-
ing coil 7. The maximum target temperature is between
60% and 80%, preferably 70%, of the melting tempera-
ture of the material of the component 1. At the same time,
the target region 3 is cooled by means of air or liquid
cooling 8. The component 1 expands in the sacrificial
region 4 by heating, wherein compressive stress is build
up in the sacrificial region 4 and tensile stress is build up
in the target region 3. The air or liquid cooling 8 increases
a temperature gradient between the target region 3 and
the sacrificial region 4 and reinforces the described meth-
od.
[0024] If a yield strength temperature which is smaller
than the maximum target temperature is reached in the
sacrificial region 4, the component 1 exceeds the yield
point in the sacrificial region 4 because of the reached
compressive stress and deforms plastically in the sacri-
ficial region 4.
[0025] The component 1 is then cooled. The compo-

nent 1 contracts towards the sacrificial region 4 by cool-
ing, wherein the compressive stress is build up in the
target region 3 and the tensile stress is build up in the
sacrificial region 4. Hereby, the stresses which are
achieved in the target and the sacrificial regions during
heating are first reduced and lately inverted. As a result,
the compressive stress is introduced into the target re-
gion 3 and the latter is reinforced. When the component
1 is cooled, the heating device 6 is turned off and the
component 1 is further cooled with the air or liquid cooling
8 until the component 1 reaches a limit temperature of
200°C in the sacrificial region 4 or in the target region 3.
[0026] Fig. 3 shows a view of the component 1 treated
in the method 2 with distribution of the residual stress in
the component 1. The component 1 is shown here in
section and in addition the size scales x and y are shown
in mm.
[0027] Fig. 4 shows a view of the component 1 treated
in the method 2 with distribution of the residual stress in
the component 1. In addition, a total of four measuring
points MT, A, B and C are shown, each with a measuring
direction indicated by an arrow. At the measuring point
MT, the residual stress is measured along a surface 5
as indicated by the arrow. At the measuring point A, the
residual stress is measured at a distance i.e. height of
2.7 mm from the edge of component 1 from the surface
of component 1 into component 1 as indicated by arrow.
At measuring points B and C, the residual stress is meas-
ured at a distance i.e. height of 30 mm and 50 mm from
the surface 5 of component 1 from the surface of com-
ponent 1 into component 1 as indicated by arrow.
[0028] Fig. 5 to Fig. 8 show diagrams of the residual
stress in component 1 at the measuring points MT, A, B
and C. Results are shown for two components 1, where
for one component 1 the maximum target temperature
was 1050°C and for the other component 1 the maximum
target temperature was 850°C reached in 35 seconds in
each case. In the diagram in Fig. 5, the residual stress
along the surface 5 of the component 1 is plotted in the
measurement direction indicated by arrows in Fig. 4. In
the diagrams in Figs. 6-8, the residual stress is plotted
in each case against the distance from the surface of the
component 1 in the measurement direction indicated by
arrows in Fig. 4. The residual stress is indicated in MPa
and the distance in mm. The component 1 treated in the
method 2 exhibits in the target region 3 the compressive
stress of at least 100 MPa in a compressive stress field
with a depth of at least 0.3 mm.

Claims

1. Method (2) for introducing compressive stress in at
least one target region (3) of a component (1),

- wherein the component (1) is heated to a yield
strength temperature in at least one sacrificial
region (4) close to the target region (3), thereby
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increasing the compressive stress in the respec-
tive sacrificial region (4) and the tensile stress
in the respective target region (3),
- wherein the component (1) is heated in the
respective sacrificial region (4) to a maximum
target temperature, thereby reaching the maxi-
mum compressive stress in the respective sac-
rificial region (4) and the maximum tensile stress
in the respective target region (3),
- wherein the component (1) is cooled after
reaching the maximum compressive stress in
the respective sacrificial region (4) and the max-
imum tensile stress in the respective target re-
gion (3), thereby increasing the compressive
stress in the respective target region (3) and the
tensile stress in the respective sacrificial region
(4).

2. Method according to claim 1,
characterized
in that the component (1) exceeds the yield point at
the yield strength temperature and deforms plasti-
cally in the respective sacrificial region (4).

3. Method according to claim 1 or 2,
characterized
in that the maximum target temperature is between
60% and 80%, preferably at 70%, of the melting tem-
perature of the material of the component (1).

4. Method according to any of the preceding claims,
characterized
in that the component (1) in the respective sacrificial
region (4) is inductively heated to the maximum tar-
get temperature by means of an inductive heating
device (6).

5. Method according to any of the preceding claims,
characterized
in that the component (1) is cooled outside the sac-
rificial region (3) by means of air or liquid cooling (8)
during heating of the respective sacrificial region (4).

6. Method according to any one of the preceding
claims,
characterized
in that the respective target region (3) is cooled by
means of air or liquid cooling (8) during cooling of
the component (1).

7. Method according to claim 6,
characterized
in that the respective target region (3) is cooled until
the component (1) in the respective sacrificial region
(4) and/or in the respective target region (3) and/or
in a region outside the sacrificial region (4) and the
target region (3) achieves a limit temperature.

8. Method according to claim 7,
characterized in that
that the limit temperature is 200°C.

9. Method according to any one of the preceding
claims,
characterized

- in that the component (1) has a thickness of
at least 5 mm in the respective target region (3)
and/or in the respective sacrificial region (4),
and/or
- in that the component (1) is formed from an
austenitic material, preferably an austenitic
steel, and/or
- in that, after cooling, the component (1) has
the compressive stress of at least 80 MPa, pref-
erably at least 100 MPa, in a compressive stress
field with a diameter of at least 0.3 mm in the
respective target region (3).

10. Component (1) comprising at least one target region
(3) with the compressive stress and at least one sac-
rificial region (4) with the tensile stress, wherein the
component (1) is treated in the method (2) according
to one of the preceding claims.
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