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FIG. 14
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FIG. 15
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1
BOUNDARY LAYER IMPROVEMENT OF
PLATE SPRINGS OR UNDULATING SPRINGS

FIELD OF THE INVENTION

The invention relates to a process of producing plate
springs or undulating springs where surface regions which are
subjected to tensile stresses when the spring is under load are
provided with an internal compressive stress in the boundary
layer. The invention also relates to plate springs or undulating
springs where surface regions which are subjected to tensile
stresses when the spring is under load are provided with an
internal compressive stress in the boundary layer.

The term “boundary layer” in this context refers to a depth
region which starts from the surface and at which, at the
finished component, there has been generated an internal
compressive stress. An internal compressive stress in the
boundary layer prevents the formation of stress and crack
propagation from the surface, which leads to an increase in
the fatigue strength of the component.

Said plate springs or undulating springs comprise a closed
annular shape and a largely uniform material thickness.

While featuring an extremely short overall length, plate
springs commonly comprise a degressive characteristic
curve. Even with a short spring travel, they provide high
spring forces. Plate springs are frequently used as spring
columns with corresponding or changing conical positions,
but also as individual elements. They can be slotted or toothed
at their inner edges and/or outer edges.

Undulating springs are usually spring elements which are
undulating relative to a plane, or spring elements which are
undulating relative to a conical face and which comprise
linear or progressive characteristic curves. They are fre-
quently used as damping springs in multi-plate couplings of
automatic gearboxes.

When in use, both types of springs are also subjected to
static, but mostly to dynamic loads.

Inthe case of springs with a smaller thickness, plate springs
and undulating springs are produced by punching out spring
blanks from a cold-rolled flat strip. This is effected either by
standard punching or by precision cutting, the latter option
being chosen to achieve a better quality of the cut edge. After
the spring blanks have been punched out, the burr occurring in
standard punching or precision cutting operations is removed
by friction grinding.

Thereafter, forming takes place by hot or cold forming. To
achieve the required spring characteristics, the spring blanks
are subsequently quenched and tempered. Shot peening after
the quenching and tempering operation can generate an inter-
nal compressive stress in the boundary layer, as a result of
which the service life of the plate springs and undulating
springs for a dynamic load can be improved.

When the plate springs or undulating springs are subjected
to loads, the internal compressive stress is reduced or elimi-
nated by tensile stresses acting in the circumferential direc-
tion of the spring ring.

There are numerous applications for plate springs and
undulating springs in engineering and plant construction. A
further application is in multi-plate couplings in automatic
gearboxes.

As a result of high tensile stresses under load conditions, it
is frequently not possible when there prevail high forces and
limited installation spaces, to meet all the requirements
regarding the service life of plate springs and undulating
springs in respect of static or dynamic loads. This is also the
case if, by a shot peening process, a high internal compressive
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stress was generated in the boundary layer of the surface
layers of the stress-relieved plate spring subjected more par-
ticularly to tensile stresses.

Itis therefore frequently necessary to use plate springs and
undulating springs in multiple arrangements to keep the loads
on the individual plate springs and undulating springs low in
order to achieve the required number of load cycles in opera-
tion.

This leads to an increased number of plate springs or undu-
lating springs and, overall, a larger installation space. The
increased number of plate springs or undulating springs
results in higher costs, and, at the same time, the larger instal-
lation space required results in higher unit costs.

DE 103 34 470 Al describes plate springs wherein the
surface regions subjected to tensile stresses are provided by
shot peening or heat treatment with an increased internal
compressive stress in the boundary region.

From DE 44 44 649 Al, there are known plate springs
which are punched out of a strip material, which are subse-
quently hardened and erected, then tempered and shot-
peened, with a so-called settlement process taking plate there-
after. As far as shot peening is concerned, it is proposed to
select different peening parameters for the upper side and
lower side of the spring in order to specifically influence the
force/travel characteristics of the plate spring.

OBIECT OF THE INVENTION

It is an object of the present invention to propose a process
of producing plate springs and undulating springs by means
of which the static and dynamic load bearing capacity of the
respective products can be increased significantly, and,
respectively, to provide plate springs and undulating springs
which comprise a correspondingly increased load bearing
capacity.

An objective is achieved by providing a process of produc-
ing plate springs or undulating springs wherein surface
regions which are subjected to tensile stresses when the
spring is under load are provided with an internal compres-
sive stress in the boundary layer, wherein said surface layers
are rollingly compressed by a ball or a roller. More particu-
larly, it is proposed that said surface regions are rollingly
compressed in circular movements of the ball or roller around
the axis of the spring relative to the spring. According to a
particularly advantageous process it is proposed that said
surface regions are rollingly compressed while tensile
stresses are generated in said surface regions.

In addition, one objective is achieved by a process of pro-
ducing plate springs or undulating springs wherein surface
regions which are subjected to tensile stresses when the
spring is under load are provided with an internal compres-
sive stress in the boundary layer, wherein said surface regions
are compressed while the elastically deformed spring is sub-
jected to tensile stress and treated by shot peening.

As far as the term “compressing” is concerned, this is to
describe clearly the remaining changes in the stress condi-
tions. It is correct, however, that, with the processes men-
tioned, an elastic and, optionally plastic deformation takes
place while the volume of the material remains constant.

On the one hand, the processes described here build up
higher internal compressive stresses than previous shot peen-
ing processes; on the other hand, the processes listed here
make it possible to displace the maximum of the internal
compressive stress into deeper regions of the boundary layer,
thus achieving a boundary layer quality which, even in the
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case of any inclusions or defective areas in the material, lead
to increased service life values of the springs under elastic and
dynamic loads.

More particularly, it is proposed that said surface regions
arerollingly compressed or compressed by shot peening, with
the spring being at least elastically deformable, more particu-
larly with a spring which is pressed flat. However, it is also
possible to carry out a type of deformation which deviates
from pressing the spring into a flat, planar position, which is
less pronounced or which, in the case of the plate spring, is
more pronounced and goes beyond the planar position, or
merely a local deformation in the region of compression. The
temporary deformation during compression can also extend
beyond the yield point, so that said surface regions are plas-
tically deformed.

With this type of process it is possible both to significantly
increase the maximum values of the internal compressive
stress in the boundary layer and the depth position of the
respective maximum of the internal compressive stress in the
boundary layer, as will be explained later in greater detail.

Apart from achieving an improvement in the values for the
internal compressive stress, it is particularly advantageous to
be able, simultaneously, to smooth the treated surface
regions, which reduces the risk of crack formation, starting
from the surfaces.

To the extent that surfaces treated by strength rolling,
respectively strength forming (compression rolling, com-
pression forming) are not limited to partial regions of the
surfaces, it is advantageous to compress the remaining
regions by the prior art shot peening process. According to a
preferred method, surface compression takes place after shot
peening, so that the above-described smoothing effect as a
result of rolling compression is maintained in the treated
regions of the plate springs or undulating springs is main-
tained.

To the extent that compression by shot peening in the case
of'a flat-pressed spring is limited to partial surface regions, it
is advantageous to compress the remaining regions by shot
peening, with the spring being in a stress-relieved condition.
In a preferred way, surface compression of the entire surface
takes place on a stress-relieved spring.

Rolling compression and/or compression by shot peening,
in an advantageous way, takes place after quenching and
tempering of the spring, so that the results of strength rolling
and/or shot peening cannot be partially adversely affected by
the subsequent heat treatment.

According to an advantageous process, rolling compres-
sion takes place at an increased temperature of the spring in
excess of 180° C., more particularly at approximately 200°
C., and compression by shot peening of the deformed spring
at an increased temperature of the spring in excess of 150° C.
to approximately 250° C., more particularly at approx. 200°
C. In this way it is possible to displace the maximum of the
internal compressive stress into greater depths below the sur-
face.

Furthermore, the invention relates to plate springs or undu-
lating springs wherein surface regions which are subjected to
tensile stresses when the spring is under load are provided
with an internal compressive stress in the boundary layer,
wherein the maximum of the internal compressive stress in
the boundary layer of rollingly compressed surface regions
amounts to at least 850 MPa wherein the plate spring or the
undulating spring is produced more particularly in accor-
dance with the above-mentioned process. According to a
preferred embodiment it is proposed that the internal com-
pressive stress in the boundary layer of said surface regions in
a depth of 200 pm amounts to at least 500 Mpa.
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Furthermore, the invention relates to plate springs or undu-
lating springs wherein surface regions which are subjected to
tensile stresses when under load are subjected to an internal
compressive stress in the boundary layer, wherein the maxi-
mum of the internal compressive stress in the boundary layer
of surface regions treated by shot peening with the spring
being in the deformed condition amounts to at least 850 Mpa.
According to a preferred embodiment, it is proposed that the
internal compressive stress in the boundary layer regions
compressed by shot peening with the spring being in the
deformed condition in a depth of 100 um amounts to at least
750 Mpa.

Starting from the fact known in itself that the improvement
in quality due to an internal compressive stress must cover
more particularly those surface regions which, under load, are
subjected to tensile stresses in the boundary layer, it is pro-
posed more particularly that at least one of the inner and outer
annular edges is provided with an internal compressive stress
in the boundary layer or that, in the case of a plate spring, at
least one boundary region of the internally conical underside
is provided with an internal compressive stress in the bound-
ary layer and that, on the case of an undulating spring, at least
one boundary region of the undulating upper and lower sur-
faces is provided with an internal compressive stress in the
boundary layer. The plate springs can be designed in such a
way that the plate spring, at its inner edge, is slotted or toothed
and/or that the plate spring, at its outer edge, is slotted or
toothed. As far as undulating springs are concerned, the undu-
lation can be superimposed by conicity. In addition, undula-
tion around the circumference can vary in such a way that the
minima and maxima are present in different magnitudes and
at different levels in a periodic sequence.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are illustrated in
the drawings and will be described below.

FIG. 1 illustrates a first embodiment of an inventive plate
spring of a first type while being rollingly compressed.

FIG. 2 illustrates a second embodiment of an inventive
plate spring of a first type while being rollingly compressed.

FIG. 3 illustrates a third embodiment of an inventive plate
spring of a first type while being rollingly compressed.

FIG. 4 illustrates a fourth embodiment of an inventive plate
spring of a first type while being rollingly compressed.

FIG. 5 illustrates a fifth embodiment of an inventive plate
spring of a first type while being rollingly compressed.

FIG. 6 illustrates sixth embodiment of an inventive plate
spring of a second type while being rollingly compressed.

FIG. 7 illustrates a seventh embodiment of an inventive
plate spring of a second type while being rollingly com-
pressed.

FIG. 8 illustrates an eighth embodiment of an inventive
plate spring of a third type while being rollingly compressed.

FIG. 9 illustrates a first embodiment of an inventive undu-
lating spring while being rollingly compressed.

FIG. 10 illustrates a second embodiment of an inventive
undulating spring while being rollingly compressed.

FIG. 11 illustrates a third embodiment of an inventive
undulating spring while being rollingly compressed.

FIG. 12 illustrates a device for carrying out the inventive
process in a first embodiment in a 3D illustration.

FIG. 13 illustrates the device according to FIG. 12 in an
axial section.

FIG. 14 illustrates a device for carrying out the inventive
process in a second embodiment in a 3D illustration.



US 9,003,850 B2

5

FIG. 15 illustrates the device according to FIG. 14 in a
longitudinal section.

FIG. 16 illustrates the stress curve in the boundary layer of
a plate spring or undulating spring produced in accordance
with the invention, as compared to the stress curve of shot-
peened boundary layer.

FIG. 17 illustrates the stress curve in the boundary layer of
a plate spring or undulating spring produced in accordance
with the invention, in a comparison with two different pro-
cesses.

FIG. 18 illustrates a first embodiment of an inventive plate
spring of a first type during compression by shot peening.

FIG. 19 illustrates a second embodiment of an inventive
plate spring of a first type during compression by shot peen-
ing.

FIG. 20 illustrates a third embodiment of an inventive plate
spring of a first type during compression by shot peening.

FIG. 21 illustrates a fourth embodiment of an inventive
plate spring of a first type during compression by shot peen-
ing.

FIG. 22 illustrates a fifth embodiment of an inventive plate
spring of a first type during compression by shot peening.

FIG. 23 illustrates a sixth embodiment of an inventive plate
spring of a second type during compression by shot peening.

FIG. 24 illustrates a seventh embodiment of an inventive
plate spring of a second type during compression by shot
peening.

FIG. 25 illustrates an eighth embodiment of an inventive
plate spring of a third type during compression by shot peen-
ing.
FIG. 26 illustrates a first embodiment of an inventive undu-
lating spring of a first type during compression by shot peen-
ing.

FIG. 27 illustrates a second embodiment of an inventive
undulating spring during compression by shot peening.

FIG. 28 illustrates a third embodiment of an inventive
undulating spring during compression by shot peening.

FIG. 29 illustrates the stress curve in the boundary layer of
a plate spring or undulating spring pretensioned and shot-
peened in accordance with the invention as compared to the
stress curve in the boundary layer of a conventionally shot-
peened plate spring or undulating spring.

DETAILED DESCRIPTION

FIGS. 1 to 5 will be described jointly below. Each shows a
plate spring 11, in a 3D illustration in which a front partial
region has been cut away. The plate spring constitutes a com-
plete annulus. A cone shape is provided such that the point of
the opening cone of the parallel upper side and lower side is
positioned underneath the spring ring. The side positioned on
top is referred to as the underside 12 and the side positioned
at the bottom is referred to as the upper side 13. There is also
differentiated between an inner annular edge 14 and an outer
annular edge 15. In a cross-sectional view the plate spring 11,
is rectangular, i.e. it consists of sheet metal of a substantially
uniform thickness. The surface regions subjected to a rolling
compression are shown in grey. FIGS. 1 to 5 each show a
rolling tool 31 in different positions, with the different posi-
tions symbolising the rolling compression of different surface
regions. The tool 31 is clamped into a tool holding device (not
shown) which, while numerically controlled, can be moved
more particularly around three axes. The tool 31 comprises a
ball holding device which is hydrostatically supported and
displaceable relative to the tool 31. At its front end, the ball
holding device 32 carries a freely rotatable ball 33 consisting
of hard ceramics for example. By means not illustrated, the
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plate spring 11, can be clamped on and rotatingly driven
around its axis, with the tool 31 being moved forwards across
the surfaces of the plate spring. In the process, there is gen-
erated a contact pressure of the ball 33, which contact pres-
sure plastically deforms the surfaces and, at the same time,
generates an internal compressive stress in the boundary
layer. The surfaces subjected to strength rolling are shown in
adark shade in the Figures, and for clarification purposes, the
tool 31 is shown in a position on the treated surfaces.

FIG. 1, in this way, shows the underside 12, the inner
annular edge 14 and the outer annular edge being rollingly
compressed.

FIG. 2, in this way, shows the underside 12 and the outer
annular edge 15 being rollingly compressed.

FIG. 3, in this way, shows the underside 12 and the inner
annular edge 14 being rollingly compressed.

FIG. 4, in this way, shows the outer annular edge 15 and a
narrow adjoining boundary region 17 of the underside 12
being rollingly compressed.

FIG. 5, in this way, shows the inner annular edge 14 and a
narrow boundary region 16 of the underside 12 adjoining said
inner annular edge 14 being rollingly compressed.

FIGS. 6 and 7 are first described jointly. A plate spring 11,
is illustrated in the same way as in FIGS. 1 to 5, but with the
plate spring 11, being slotted on its inside, so that, as before,
there exists a smooth outer annular edge 15, but, on the inside,
trapezoidal slots 18, and trapezoidal tabs 19, determine the
extension of the inner annular edge 14,. The tabs 19, are not
subjected to boundary layer compression.

In FIG. 6, rolling compression covers the underside 12 and
the outer annular edge 15.

In FIG. 7, rolling compression covers the outer annular
edge 15 and a narrow adjoining boundary region 17 of the
underside 12.

FIG. 8 shows a plate spring 11, basically in the same
illustration as in FIGS. 1 to 5, but with the plate spring 11,
being slotted on the outside, so that there exists only one
smooth continuous inner annular edge 14, whereas the outer
annular edge 15, is defined by trapezoidal slots 18; and tabs
19,. Rolling compression does not cover the tabs 19,. Instead,
it is the underside 12 and the inner annular edge 14 of the plate
spring 11; which are subjected to rolling compression.

FIGS. 91to 11 will first be described jointly. They each show
an undulating spring 21 in a 3D illustration of which a front
partial region has been cut away. The undulating spring, as a
whole, constitutes a compete annulus. In accordance with its
definition, the circumference of the undulating spring is
undulating and it shows to comprise upper and lower sides
which extend parallel relative to one another. As far as details
are concerned, there are shown an underside 22, an upper side
23, an inner annular edge 14 and an outer annular edge 15. In
a cross-sectional view, the undulating spring is rectangular,
i.e. it consists of sheet metal with a substantially uniform
thickness. In one embodiment there is no conicity in the
undulating spring 21, but it can be added to the undulation as
an additional design criterion. The tool 31 is clamped into a
tool holding device (not shown) which is numerically con-
trolled and, more particularly, is movable around three axes.
The tool 31 comprises a ball holding device 32 which is
hydrostatically supported and displaceable relative to the tool
31. At its front end, the ball holding device 32 carries a freely
rotatable ball 33 consisting of hard ceramics for example. By
means not illustrated, the undulating spring can be clamped
on and rotatingly driven around its axis, with the tool 31 being
moved forwards across the surfaces of the plate spring. In the
process, there is generated a contact pressure of the ball 33,
which contact pressure plastically deforms the surfaces and,
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at the same time, generates an internal compressive stress in
the boundary layer. The surfaces subjected to strength rolling
are shown in a dark shade in the Figures, and for clarification
purposes, the tool 31 is shown in a position on the treated
surfaces.

In FIG. 9, the underside 22 and the upper side 23 are
subjected to rolling compression.

In FIG. 10, the underside 22, the upper side 23 and the inner
and outer annular edges 14, 15 are subjected to rolling com-
pression.

In FIG. 11, the inner annular edge 14 and two delimited
boundary regions 16,, 16, adjoining the inner annular edge 14
on the underside 22 and the upper side 23 respectively are
subjected to rolling compression.

FIGS. 12 and 13 will be described jointly below. They
show a two-part holding device 41 comprising a supporting
ring 42 for a plate spring or undulating spring and a clamping
insert 43 which acts on the plate spring or undulating spring
and can be clamped bayonet-like relative to the supporting
ring 42. When the supporting ring 42 and the clamping insert
are clamped relative to one another, the plate spring or undu-
lating spring is pressed flat into a planar position, and in this
embodiment of the holding device, an outer part of the under-
side and the outer annular edge of the plate spring or undu-
lating spring are freely accessible for the rolling tool 31. With
a rotatingly driven holding device 41, it is possible for the
rolling tool 31 positioned under pressure to be moved in the
radial direction along the underside 12, 22 and in the axial
direction along the outer annular edge 15.

FIGS. 14 and 15 will be described jointly below. They
show a two-part holding device 51 comprising a supporting
ring 52 for a plate spring or undulating spring and a clamping
upper part 53 which acts on the plate spring or undulating
spring and can be clamped bayonet-like relative to the sup-
porting ring 42. In a clamped condition the plate spring or
undulating spring is pressed flat, and in this embodiment of
the holding device, an inner part of the underside and the inner
annular edge 14 are freely accessible for the rolling tool 31.
With a rotatingly driven holding device, it is possible for the
rolling tool 31 positioned under pressure to be moved in the
radial direction along the underside and in the axial direction
along the inner annular edge 15.

FIG. 16 shows the stress curve in the boundary layer of the
surface region treated in accordance with the invention in
MPa as a function of the distance from the surface in p3 m as
compared to the stress curve in the boundary layer of a plate
spring or undulating spring according to the state of the art,
with an upper curve I showing the result of a process accord-
ing to the state of the art after the plate spring or undulating
spring has been shot-peened and curve II showing the result
of'a process in accordance with an inventive process while the
plate spring or undulating spring is clamped in, i.e. during the
rolling compression of a spring which, in this case, has been
pressed into the planar position. The internal compressive
stress values of the lower curve II are clearly higher and
extend deeper into the boundary layer than in the case of curve
I after a shot peening process.

FIG. 17 shows the stress curve in the boundary layer of a
surface region treated in accordance with the invention by
rolling compression in MPa as a function of the distance from
the surface in um in two variants, wherein an upper curve V
shows the result of an inventive process without the plate
spring or undulating spring being clamped in, i.e. rolling
compression with the load-free spring on its own being sup-
ported, and the lower curve VI shows the result of an inventive
process with the plate spring or undulating spring being
clamped in, i.e. rolling compression of a spring which, in this
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case, is pressed into the planar position. The internal com-
pressive stress values of the upper curve are clearly higher
than, and extend deeper into the boundary layer than, the
values achieved with a shot peening process. The internal
compressive stress curves of the lower curve are improved
even further. Furthermore, the graphics illustrate the claimed
minimum value for the maximum of the internal compressive
stress with III and the claimed minimum value for the internal
compressive stress at a depth of 200 um with I'V.

FIGS. 18 to 22 will be described jointly below. Each shows
a plate spring III in a 3D illustration in which a front partial
region has been cut away. The plate spring constitutes a com-
plete annulus. Conicity, or a cone shaped aspect is provided
such that the point of the opening cone of the parallel upper
side and lower side is positioned underneath the spring ring.
The side positioned on top is referred to as the underside 12
and the side positioned at the bottom is referred to as the upper
side 13. There is also differentiated between an inner annular
edge 14 and an outer annular edge 15. In a cross-sectional
view the plate spring 11, is rectangular, i.e. it consists of sheet
metal of a substantially uniform thickness. The surface
regions subjected to shot peening compression are shown in
grey. FIGS. 1 to 5 each show a shot peening device 61 in
different positions, with the different positions symbolising
the shot peening compression of different surface regions.
The device 61 is clamped into tool holding device (not shown)
which, while numerically controlled, can be moved more
particularly around three axes. By means not illustrated, the
plate spring 11, can be clamped on and rotatingly driven
around its axis, with the device 61 being aligned relative to the
surfaces of the plate spring. In the surfaces 33, there is gen-
erated a pressure pulse which plastically deforms the surfaces
and, in the process, generates an internal pressure stress in the
boundary layer. The surfaces treated by shot peening are
illustrated in a dark shade, and for clarification purposes, the
device is shown in a position at the treated surfaces. To be able
to differentiate between the upper side and the underside, the
spring is shown in a stress-relieved position, whereas the
actual shot peening takes place at the pretensioned, more
particularly flat-pressed plate spring.

FIG. 18, in this way, shows the underside 12, the inner
annular edge 14 and the outer annular edge 15 being com-
pressed by shot peening under tensile stress.

FIG. 19, in this way, shows the underside 12 and the outer
annular edge 15 being compressed by shot peening under
tensile stress.

FIG. 20, in this way, shows the underside 12 and the inner
annular edge 14 being compressed by shot peening under
tensile stress.

FIG. 21, in this way, shows the outer annular edge 15 and
an adjoining narrow boundary region 17 of the underside 12
to be compressed by shot peening under tensile stress.

FIG. 22, in this way, shows the inner annular edge 14 and
a narrow adjoining boundary region 16 of the underside 12
being compressed by shot peening under tensile stress.

FIGS. 23 and 24 will first be described jointly. They illus-
trate a plate spring 11, in the same way as it is illustrated in
FIGS. 1to 5, but with the plate spring 11, being slotted on its
inside, so that there exists, as previously, a smooth outer
annular edge 15, but on the inside, trapezoidal slots 18, and
trapezoidal tabs 19, determine the extension of the inner
annular edge 14,. The tabs 19, are not subjected to boundary
layer compression.

InFIG. 23, it is the underside 12 and the outer annular edge
15 which are subjected to shot peening under tensile stress.
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In FIG. 24, it is the outer annular edge 15 and an adjoining
narrow boundary region 17 of the underside 12 which are
subjected to shot peening under tensile stress.

FIG. 25 shows a plate spring 11, basically, in the same
illustration as in FIGS. 1 to 5, but the spring 11, is slotted on
the outside, so that there exists only a smooth continuous
inner annular edge 14 whereas the outer annular edge 15, is
defined by trapezoidal slots 18, and tabs 19,. Shot peening
compression under tensile stress does not affect the tabs 19;.
Instead the underside 12 and the inner annular edge 14 of the
plate spring 11, are subjected to shot peening enter tensile
stress.

FIGS. 26 to 28 will first be described jointly. They each
show an undulating spring 21 in a 3D illustration of which a
front partial region has been cut away. The undulating spring,
asawhole, constitutes a compete annulus. In accordance with
its definition, the circumference of the undulating spring is
undulating and, as illustrated, can comprise upper and lower
sides which extend parallel relative to one another. As far as
details are concerned, there are shown an underside 22, an
upper side 23, an inner annular edge 14 and an outer annular
edge 15. In a cross-sectional view, the undulating spring is
rectangular, i.e. it consists of sheet metal with a substantially
uniform thickness. In one embodiment, there is no conicity in
the undulating spring 21, but it can be added to the undulation
as an additional design criterion. The shot peening device 31
is clamped into a tool holding device (not shown) which is
numerically controlled and, more particularly, is movable
around three axes. By means not illustrated, the undulating
spring 21 can be clamped on and rotatingly driven around its
axis, with the device 61 being moved forward across the
surfaces of the plate spring. In the process, there is generated
a pressure pulse in the surfaces, which pressure pulse plasti-
cally deforms the surfaces and, at the same time, generates an
internal compressive stress in the boundary layer. The sur-
faces subjected to shot peening are shown in a dark shade in
the Figures, and for clarification purposes, the device 61 is
shown in a position on the treated surfaces. To be able to
differentiate between the upper side and the underside, the
spring is shown in the stress-relieved condition, whereas shot
peening actually takes place on the pretensioned, more par-
ticularly flat-pressed undulating spring.

In FIG. 26, the underside 22 and the upper side 23 are
subjected to shot peening under tensile stress.

InFIG. 27, the underside 22, the upper side 23 and the inner
and outer annular edges 14, 15 are subjected to shot peening
compression under tensile stress.

In FIG. 28, the inner edge 14 and two delimited boundary
regions 16,, 16, adjoining the inner edge 14 on the underside
22 and of the upper side 23 are subjected to shot peening
under tensile stress.

FIG. 29 shows the stress curve in the boundary layer of an
inventive surface region treated by shot peening in MPa as a
function of the distance from the surface in um as compared
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to the stress curve in the boundary layer of a plate spring or
undulating spring in accordance with the state of the art, with
the upper curve I showing the result of a process according to
the state of the art after the plate spring or undulating spring
has been shot-peened, with the spring being in the stress-
relieved condition, and the lower curve II shows the result of
an inventive process after shot peening, with the plate spring
or undulating spring having been clamped in, i.e. with the
spring, in this case, having been pressed into the planar con-
dition. The internal compressive stress values of the lower
curve I expressed in negative terms are clearly higher than,
and extend deeper into the boundary layer than, in the case of
curve | after a conventional shot peening process.

We claim:

1. A process of producing a plate spring or an undulating
spring having a closed annular shape comprising the steps of:

providing a plate spring or an undulating spring having a

closed annular shape and including surface regions that
are subjected to tensile stresses when the plate spring or
the undulating spring is under load;

shot peening a total surface of the plate spring or the undu-

lating spring; and

rollingly compressing an annular partial surface region of

the shot peened total surface of the plate spring or the
undulating spring such that an internal compressive
stress is generated in a boundary layer of the annular
partial surface region, wherein the annular partial sur-
face region is rollingly compressed by bringing a ball or
aroller into pressure contact with the plate spring or the
undulating spring and by rotating the plate spring or the
undulating spring around an axis relative to the ball or
roller.

2. A process according to claim 1, wherein said layer
regions are rollingly compressed in circular movements of the
ball or roller around the axis of the spring, relative to the
spring.

3. A process according to claim 1, wherein said surface
regions are rollingly compressed while tensile stresses are
forced on to said surface regions.

4. A process according to claim 1, wherein the rolling
compression takes place at an increased temperature of the
spring of at least 180°.

5. A process according to claim 1, wherein the total surface
of the spring is compressed by shot peening and that partial
surfaces of the spring are compressed by rolling compression.

6. A process according to claim 3, wherein said surface
regions are compressed rollingly or by shot peening, with the
spring being at least elastically deformed, more particularly
pressed into a flat condition.

7. A process according to claim 1, wherein said rolling
compression takes place after the spring has been quenched
and tempered.



