Innovation, Sciences et Innovation, Science and CA 2821094 C 2020/10/27

I*I Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 82 1 094
(12 BREVET CANADIEN
CANADIAN PATENT
13 C
(22) Date de dépét/Filing Date: 2013/07/15 (51) Cl.Int./Int.Cl. BO5D 1/02(2006.01)
(41) Mise a la disp. pub./Open to Public Insp.: 2014/03/19 (72) Inventeurs/Inventors:

ERNST, PETER, CH,;
DISTLER, BERND, US

(73) Propriétaire/Owner:
SULZER METCO AG, CH

(74) Agent: SMART & BIGGAR IP AGENCY CO.

(45) Date de délivrance/lssue Date: 2020/10/27
(30) Priorité/Priority: 2012/09/19 (EP12185018.4)

(54) Titre : REVETEMENT THERMIQUE D'UNE PILE DE COMPOSANTS ET DE PILES DE COMPOSANTS
(54) Title: THERMAL COATING OF A COMPONENT STACK AND OF COMPONENT STACKS

(57) Abrégé/Abstract:

The invention relates to a method for the thermal coating of a component stack including a component (2), wherein the component
(2) has a continuous component opening (21) and the component (2) is aligned with respect to a stack axis (A) such that the
component stack (1) has a continuous stack opening (11), wherein the stack opening (11) includes a first stack opening surface
(111) and a second stack opening surface (112), and the first stack opening surface (111) and the second stack opening surface
(112) are arranged along the stack axis (A) and an inner bounding surface (22) of the component opening (21) is thermally coated
from the inside by a coating beam (31, 71, 81) by means of a thermal spray apparatus (3, 7, 8). In accordance with the invention,
the component stack (1) is coated such that, during a first coating pass, a first angle (a) is formed between the first stack opening
surface (111) and the coating beam (31, 71, 81) and, during a second coating pass, a second angle (B) is formed between the first
stack opening surface (111) and the coating beam (31, 71, 81), wherein the first angle (a) and the second angle (B) are formed in
opposite directions relative to the first stack opening surface (111).

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l
50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca al l a a



10

15

20

25

CA 02821094 2013-07-15

Abstract of disclosure

The invention relates to a method for the thermal coating of a component
stack including a component (2), wherein the component (2) has a con-
tinuous component opening (21) and the component (2) is aligned with
respect to a stack axis (A) such that the component stack (1) has a con-
tinuous stack opening (11), wherein the stack opening (11) includes a first
stack opening surface (111) and a second stack opening surface (112), and
the first stack opening surface (111) and the second stack opening surface
(112) are arranged along the stack axis (A) and an inner bounding surface
(22) of the component opening (21) is thermally coated from the inside by
a coating beam (31, 71, 81) by means of a thermal spray apparatus (3, 7,
8). In accordance with the invention, the component stack (1) is coated
such that, during a first coating pass, a first angle (a) is formed between
the first stack opening surface (111) and the coating beam (31, 71, 81)
and, during a second coating pass, a second angle (f) is formed between
the first stack opening surface (111) and the coating beam (31, 71, 81},
wherein the first angle (a) and the second angle (B) are formed in opposite

directions relative to the first stack opening surface (111).

Fig. 2



10

15

20

25

CA 02821094 2013-07-15

P8181/Sn/Li

Sulzer Metco AG, CH-5610 Wohlen (Schweiz)

Thermal coating of a component stack and of component stacks

The invention relates to a method for the thermal coating of a component
stack in accordance with the preamble of the independent claim 1 and to
an apparatus having a component stack in accordance with the preamble

of the independent claim 12.

A method for the thermal coating of a component stack which includes a
component is known from EP 2 029 317 B1 wherein the component has a
continuous component opening and can be a bearing component, in par-
ticular a connecting rod made from a formed part. In a bearing compo-
nent, the continuous component opening is formed by a bearing floor and
a bearing cover wherein an inner bounding surface of the component
opening includes a divided component seat, in particular a bearing seat.
Furthermore, a component coating made from a layer material, for exam-
ple, a component seat for the storage of a shaft is formed at the inner
bounding surface. In this method, the component is aligned with respect
to a stack axis such that the component stack has a continuous stack
opening, wherein the stack opening includes a first stack opening surface
and a second stack opening surface and the first stack opening surface
and the second stack opening surface are arranged along the stack axis.

During the coating process an inner bounding surface of the component
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opening is thermally coated from the inside by a coating beam by means

of a thermal spray apparatus.

The aim of this known method is the coating of the inner bounding sur-
face of the components which are arranged as a component stack. The
desired component coating in this connection should have a smooth and
continuous layer extent and be formed having regular or even layer thick-
nesses. The formation of such a component coating by this method known
from the prior art is, however, only possible if the angle between the coat-
ing beam and the inner bounding surface is not too flat and is ideally ap-
proximately perpendicular to the inner bounding surface. However, since
the angle of the coating beam is fixed, this method only works for compo-
nents whose inner bounding surface, for example, has a square inner
cross-section. This is different for components whose inner bounding sur-
faces have an inner cross-section having a non-uniform or a convex ge-
ometry. For these components, the angle of the coating beam is too flat in
part regions such that a smooth and continuous layer extent and a com-

ponent coating having regular or even layer thicknesses are not formed.

For this reason the object of the invention is to provide an improved meth-
od for the thermal coating of a component stack and an improved appara-

tus having a component stack.

The invention therefore relates to a method for the thermal coating of a
component stack wherein, in accordance with the invention, the compo-
nent stack is coated such that, during a first coating pass, a first angle is
formed between the first stack opening surface and the coating beam and,

during a second coating pass, a second angle is formed between the first

CA 2821094 2020-01-07
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stack opening surface and the coating beam. In this connection the first
angle and the second angle are formed in opposite directions relative to

the first stack opening surface.

An advantage of the method is that it enables the solution in accordance
with the invention to coat components whose inner bounding surfaces
have a non-uniform inner cross-section along the stack axis with a sub-
stantially smooth component coating having a uniform layer extent and
even and regular layer thicknesses. Components having an inner bound-
ing surface whose inner cross-section have a non-uniform extent are to be
understood as geometries having, for example, convexly curved or bulged

geometries in the direction of the stack axis.

In this method the first and the second angle are formed between the first
stack opening surface and the coating beam. Since the coating beam is
formed, for example, as a cone or an ellipsoid, the central axis of the cone
or the ellipsoid is preferably used as a reference line for the coating beam
such that the first and the second angle are formed between the central
axis of the coating beam and the first stack opening surface. In this con-
nection, the first and the second angle can be different or the same in

value, depending on the application.

In order to coat the component, a thermal spray apparatus, in particular a
rotating plasma torch, is guided along the stack axis through a stack
opening surface such that, one after another, the inner bounding surfaces
of all components are coated with a component coating. In this connection
the coating of the component stack is preferably applied by a thermal
spray method, in particular by flame spraying, high-speed flame spraying,
plasma spraying or another thermal spray method known from the prior

art.
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A coating pass is to be understood as a single, complete passing of the
thermal spray apparatus through the component stack and back, this
means from the first to the second stack opening and back. The first and
second coating pass advantageously correspond to a single, complete
passing wherein, depending on the application, the first and second coat-
ing passes can also include the repeated passing of the thermal spray

apparatus through the component stack and back.

The substantially smooth component coating having a uniform layer ex-
tent and even layer thickness is formed in accordance with the invention
such that, during the first coating pass, the coating beam, which forms
the first angle relative to the first stack opening surface, is incident on a
part of the non-uniform inner bounding surface approximately perpen-
dicular and therefore only the part of the inner bounding surface is coated
with a proper layer thickness whose surface elements are aligned ap-
proximately perpendicular to the coating beam after the first coating pass.
During the second coating pass, the coating beam forms the second angle
relative to the stack opening surface, which second angle is formed with
respect to the first angle relative to the first stack opening surface in op-
posite directions, and the surface elements of the non-uniform inner
bounding surface are now coated and are now aligned approximately per-
pendicular to the coating beam. An advantage of the method in accor-
dance with the invention is therefore that, due to the two coating passes
having both angles, the angle at which the coating beam is incident is not
too flat, this means is incident approximately perpendicular to all surface
elements for components whose inner bounding surfaces have an inner

cross-section having, for example, a non-uniform or a convex geometry.

In this method, the change of the first or second angle is realized, for ex-
ample, by means of a change of the angle of a torch, of a pistol or of a

nozzle at the torch or at the pistol relative to the thermal spray apparatus.
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In an embodiment of the invention, the second angle is formed in such a
manner that the component stack is rotated about a first pivot of the
stack axis after the first coating pass such that the first stack opening
surface and the second stack opening surface have an arrangement along
the stack axis after rotation opposite with respect to the arrangement be-

fore the rotation.

The advantage of this embodiment is that the first angle corresponds to
the second angle, i.e. the first angle is fixed throughout the entire coating
process and the second angle is formed only by rotating the component
stack between the first and the second coating pass such that no further
changes of the settings of the angles are necessary. An opposite arrange-
ment of the first stack opening surface and the second stack opening sur-
face along the stack axis means that the component stack is rotated such
that the thermal spray apparatus is merely displaced along the stack axis
and, for example, is guided during the first coating pass through the first
stack opening surface and during the second coating pass through the
second stack opening surface. In this connection, the first pivot can be

located at an arbitrary point at the stack axis.

In a further embodiment, the second angle is formed in such a manner
that the thermal spray apparatus is rotated about a second pivot at the
stack axis after the first coating pass. In contrast to the previous embodi-
ment, the thermal spray apparatus is advantageously rotated instead of
the component stack in this embodiment. In this connection, the second

pivot can be located at an arbitrary point at the stack axis.

In a third preferred embodiment, the thermal spray apparatus is guided
through the first stack opening surface during the first coating pass and
during the second coating pass. In this connection, the first angle and the

second angle are advantageously formed between the first and the second
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coating pass, for example, by means of a change of the angle, such that
neither the component stack nor the thermal spray apparatus are rotated.
The change of the first or the second angle is realized in this embodiment,
for example, by means of the change of the angle of a torch, of a pistol or

of a nozzle at a torch or a pistol relative to the thermal spray apparatus.

In a further embodiment of the invention, a first thermal spray apparatus
having a first coating beam and a second thermal spray apparatus having
a second coating beam are provided, and the first coating pass and the
second coating pass take place simultaneously. In this embodiment, two
thermal spray apparatus are thus provided, wherein the formation of the
first angle by means of the first thermal spray apparatus and the second
angle by means of the second thermal spray apparatus occurs simultane-
ously such that the first and the second coating pass take place simulta-
neously. An advantage of this embodiment is that the coating of the inner
bounding surface can take place in one coating pass. The first and the
second thermal spray apparatus can, for example, simultaneously be
guided along the stack axis from the first stack opening surface to the
second stack opening surface, and the first thermal spray apparatus coats
at the first angle and, during displacement along the stack axis from the
second stack opening surface to the first stack opening surface, the sec-
ond thermal spray apparatus coats at the second angle. Simultaneous
coating by the first and the second thermal spray apparatus is also possi-

ble as a variation.

The first angle and the second angle preferably amount to between 0 and
30 degrees, preferably to between 5 and 15 degrees and particularly pre-
ferred to 10 degrees. Advantages of the alignment of the coating beam in
these angle ranges are that, on the one hand, it is prevented that the coat-
ing beam is incident on the inner bounding surfaces at too flat of an angle

and, on the other hand, that by the coating of the inner bounding surface



10

15

20

25

CA 02821094 2013-07-15

along the stack axis at two different angles a coating with a uniform layer
extent and even layer thickness is generated at all points of the inner
bounding surface. This measure is particularly advantageous if an inner
cross-section of the inner bounding surface of the component opening is
formed non-uniform, in particular convexly curved, along the stack axis.
Particularly advantageously the coating beam is ideally incident on the
inner bounding surface at almost all points for components having an
inner bounding surface whose inner cross-section is convexly curved, due

to the symmetry of the components.

In an embodiment of the invention, the component stack is advanta-
geously rotated about the stack axis on coating and/or the thermal spray
apparatus on coating, in particular a plasma torch, is rotated. Therefore,
depending on the embodiment, either the thermal spray apparatus or the
component stack can be rotated in one direction, or both the component
stack and the thermal spray apparatus can be rotated, preferably in op-
posing directions. Specifically, the component stack is arranged on a hold-
er. Should a rotation of the thermal spray apparatus about the stack axis
with a simultaneously stationary component stack not be possible, it is
advantageous that the apparatus including the component stack or the
component stack and the holder is arranged so that it can be rotated
about the thermal spray apparatus. In another embodiment, another ad-
vantageous measure can be a simultaneous rotation of the thermal spray
apparatus and the apparatus including the component stack or the com-
ponent stack and the holder whereby, for example, components which
have a complex geometry are coated more quickly and efficiently and/or a

better component coating is formed.

A spacer is advantageously provided between the components of a compo-
nent stack such that the components are arranged spaced apart. Advan-

tageously the components can be cleanly separated after the completion of



10

15

20

25

CA 02821094 2013-07-15

the coating pass in this manner without any damage. The spacer is
formed, for example, in the form of a disk, in particular, in the form of a
disk having a round or an oval spacer opening, wherein an inner cross-
section and/or an outer cross-section of the spacer can be formed so that
it is polygonal or concavely curved or convexly curved along the stack axis.
Alternatively or additionally, the spacer can also specifically be formed in
the form of a disk having a round or an oval outer contour. Depending on
the embodiment, the spacer opening and the inner cross-section of the
spacer can have a different form in the direction of the stack axis such
that they may be advantageously adapted to each application. In particu-
lar, the spacers can be formed as a part of the component, which is par-
ticularly efficient for industrial manufacturing methods since an addi-

tional spacer separate from the component can be dispensed with.

In an embodiment the component is a bearing component and/or the
inner bounding surface is configured as a component seat surface, in
particular for the storage of a shaft. Such bearing components are known,
for example, as connecting rods having a small connecting rod eye, a shaft
and a large connecting rod eye, wherein the large connecting rod eye gen-
erally includes a divided component seat for the storage of the connecting
rod on a crank shaft. Bearing components and connecting rods are in-
stalled in large numbers, for example, in reciprocating internal combus-
tion engines for passenger vehicles and commercial vehicles, but also in
motors for ships or in other machines wherein a linear movement must be

translated into a rotational movement or vice versa.

The invention further relates to a component stack which, as described
above in detail in the discussion of the method in accordance with the
invention, can be coated such that, during a first coating pass, a first an-
gle can be formed between the first stack opening surface and the coating

beam and during the second coating pass, a second angle can be formed
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between the first stack opening surface and the coating beam. The first angle
and the second angle can in this connection be configured in opposite directions

relative to the first stack opening surface.

Furthermore, the apparatus in accordance with the invention includes a holder
for the component stack wherein at least two and preferable ten or more bearing
components are arranged on the holder in the form of a stack. Especially in
industrial manufacturing wherein large quantities of components must be
manufactured as efficiently and inexpensively as possible, the holder makes it
possible, to arrange multiple bearing components in the form of a stack on the
holder at once on the coating of components and, in this way, to coat the
components in a single step. Furthermore, the components can be easily

removed from the holder after the coating.

As an advantageous measure, the component stack is arranged such that it can
be rotated with respect to a thermal spray apparatus and/or the thermal spray

apparatus can be rotated about the stack axis.

According to an embodiment, there is provided a method for the thermal coating
of a component stack including a component, wherein the component has a
continuous component opening and the component is aligned with respect to a
stack axis such that the component stack has a continuous stack opening,
wherein the stack opening includes a first stack opening surface and a second
stack opening surface, and the first stack opening surface and the second stack
opening surface are arranged along the stack axis and, an inner bounding
surface of the component opening is thermally coated from the inside by a
coating beam by means of a thermal spray apparatus, wherein the component
stack is coated such that, during a first coating pass, a first angle is formed
between the first stack opening surface and the coating beam and, during a
second coating pass, a second angle is formed between the first stack opening
surface and the coating beam, wherein the first angle and the second angle are

formed in opposite directions relative to the first stack opening surface.

CA 2821094 2020-01-07
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According to another embodiment, there is provided an apparatus having a
component stack, and including a thermal spray apparatus having a coating
beam and a component, wherein the component includes a continuous
component opening and the component is aligned with respect to a stack axis,
such that the component stack includes a continuous stack opening, wherein
the stack opening includes a first stack opening surface and a second stack
opening surface and the first stack opening surface and the second stack
opening surface are arranged along the stack axis, and an inner bounding
surface of the component opening can be thermally coated from the inside,
wherein the component stack can be coated such that, during a first coating
pass, a first angle is formed between the first stack opening surface and the
coating beam and, during a second coating pass, a second angle is formed
between the first stack opening surface and the coating beam, wherein the first
angle and the second angle are configured in opposite directions relative to the

first stack opening surface.

In the following, the invention is described in greater detail by means of the

Figures. There are shown in a schematic illustration:
Fig. 1 an apparatus having a component stack known from the prior art;

Fig. 2 an apparatus having a component stack having an arrangement of

the components in accordance with the invention;

Fig. 3a-c coated components after different coating passes in the method in

accordance with the invention;

CA 2821094 2020-01-07
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Fig. 4 an embodiment of the apparatus having a component stack
having an arrangement of the components in accordance with

the invention;

Fig. 5a-b  a component stack having an arrangement of the component
in accordance with the invention and illustration of the first

and second angles.

It applies in the following description of the Figures that all reference nu-
merals which refer to features of the examples from the prior art are pro-
vided with an inverted comma and all reference numerals which refer to
features of embodiments of the invention are indicated without inverted

commas.

Fig. 1 shows an apparatus having a component stack known from the
prior art. A component stack 1’ made from arranged components 2’ having
component openings 21’, for example, a bearing component, in particular
a connecting rod, is illustrated. Spacers 5’ are provided between the com-
ponents 2' which are formed, for example, as disks so that the compo-
nents 2’ can be separated after completion of the coating pass. The com-
ponents 2’ and the spacers 5’ are stacked on top of one another on a hold-
er 4’ such that all inner bounding surfaces 22’ of the component openings
21’ for example, large connecting rod eyes, can be coated in one coating
pass by means of a rotating thermal spray apparatus 3’ known in the art,
for example, a plasma torch. In this connection the thermal spray appara-
tus 3’ rotates about the stack axis A’ during the coating pass and is
guided in accordance with the illustration in a perpendicular direction
along the stack axis A’ such that, one after another, the inner bounding

surfaces of all components 2’ can be coated with a component coating 6’.

Due to the manner wherein the components 2’ having the respective com-

ponents openings 21’ and the holder 4’ are stacked, a homogenous com-
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ponent coating 6’ forms along the stack axis A’ in a stack opening 11’ of
the component stack 1’. A homogenous component coating 6’ is to be un-
derstood as a component coating 6’, which is formed at the components
2', having a substantially smooth component coating with a uniform layer
extent and even layer thicknesses along the entire component stack 1’ in

the direction of the stack axis A’.

During the coating pass, the angle between coating beam 31’ and the
stack opening surface 111’ is approximately equal to O degrees, so that
assuming that the inner bounding surface 22’ of the components 2’ has a
square inner cross-section, the coating beam 31’ is incident approximately

perpendicular on the inner bounding surface 22' to be coated.

In the following, an apparatus of a component stack 1 having an arrange-
ment of components 2 in accordance with the invention is introduced by

means of Fig. 2.

The apparatus having a component stack 1 schematically illustrated in
Fig. 2 shows a total of three components 2 having a continuous compo-
nent opening 21, for example, three bearing components or three connect-
ing rods, which are stacked on top of one another on a holder 4 in the
form of a component stack 1 such that an inner bounding surface 22 of
the components 2 can be coated, one after another, by means of the ther-

mal spray apparatus 3.

The three components 2 are aligned with respect to a stack axis A in such
a way that the component stack 1 has a continuous stack opening 11. In
this connection, the stack opening 11 includes a first stack opening sur-
face 111 and a second stack opening surface 112 wherein the first stack
opening surface 111 and the second stack opening surface 112 are ar-

ranged along the stack axis A.
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The thermal spray apparatus 3, illustrated in this example as a plasma
torch having a coating beam 31 which includes a middle axis M, is guided
through the first stack opening surface 111 and/or the second stack
opening surface 112 to the inner bounding surfaces 22 of the component
openings 21, and in the operating state the inner bounding surfaces 22
are thermally coated from the inside. During the coating pass, the plasma
torch 3 can rotate about the stack axis A and in this connection is guided,
in accordance with the illustration, in a perpendicular direction along the
stack axis A so that in all components all inner bounding surfaces 22, for
example, large connecting rod eyes can be coated, one after another, with
a component coating 6. In a variation, the component stack 1 illustrated
in Fig. 2 can be arranged so that it can be rotated with respect to the

plasma torch 3.

The inner cross-section of the inner bounding surfaces 22 of the three
components illustrated in Fig. 2, which components are arranged along
the stack axis A as a component stack include a non-uniform, namely a
convexly curved, extent. In this arrangement the inner bounding surfaces
can be coated such that, during a first coating pass, a first angle (not
shown) can be formed between the first stack opening surface 111 and the
coating beam 31 and, during the second coating pass, a second angle (not
shown) can be formed between the first stack opening surface 111 and the

coating beam 31.

Furthermore, a first pivot D1 and a second pivot D2 are shown in Fig. 2
about which, in a particularly advantageous embodiment, the component
stack 1 is rotated at the stack axis A after the first coating pass. During
this rotation, the component stack is rotated such that the first stack
opening surface 111 and the second stack opening surface 112 have an
arrangement along the stack axis A after rotation opposite with respect to

the arrangement before the rotation. If the component stack 1 is not ro-
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tated, but rather the thermal spray apparatus 3 is rotated, then the rota-
tion occurs about the second pivot D2. In this connection the apparatus
includes a holder 4 for the component stack 1 so that the components 2
are fixed during the rotation and the coating. Spacers 5 are provided be-
tween the components 2 of the component stack 1 so that the components

2 are arranged spaced apart in the component stack 1.

In Fig. 3a-3c components can be seen after different coating passes in the
method in accordance with the invention. All three figures show a compo-
nent stack 1 having two components 2 which are aligned with respect to
the stack axis A and are spaced apart by means of spacers 5. The pivot D1
about which the component stack is rotated can be seen at the stack axis

A.

As shown in Fig. 2, the components 2 are aligned with respect to a stack
axis A such that the component stack 1 has a continuous stack opening
11 wherein the stack opening 11 includes a first stack opening surface
111 and a second stack opening surface 112, and the first stack opening
surface 111 and the second stack opening surface 112 are arranged along
the stack axis A. The extent of the inner cross-section of the inner bound-
ing surface 22 is non-uniform or rather the inner bounding surface 22 of

the embodiment at hand is formed convexly curved along the stack axis A.

In detail, Fig. 3a shows a component stack 1 before the first coating pass.
Fig. 3b shows a component stack 1 having two components 2 after the
first coating pass. The inner bounding surface 22, which is only partially
coated, can clearly be seen. The component coating 6 formed after this
first coating pass is irregular and includes uneven layer thicknesses since
the coating beam is only incident on a part of the inner bounding surface
of the continuous component opening and therefore only this part of the

inner bounding surface is coated after the first coating pass. Only the
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surfaces which have an orientation approximately perpendicular to the
direction of the coating beam having the first angle and at which the coat-
ing beam is incident at not too flat an angle are coated in this first coating

pass.

Fig. 3c shows the component stack 1 after a second coating pass in the

method in accordance with the invention.

In this second coating pass during which the second angle is formed with
respect to the first angle in an opposite direction relative to the first stack
opening surface, the parts of the non-uniform inner bounding surface are
coated which were not aligned approximately perpendicular to the direc-
tion of the coating beam in the previous coating pass. The component
coating 6 is shown in Fig. 3c as a substantially smooth component coating

6 having a uniform layer extent and even layer thicknesses.

Fig. 4 corresponds substantially to Fig. 2; however, a further embodiment
of the invention is illustrated. The difference to Fig. 2 lies in the fact that a
first thermal spray apparatus 7 having a first coating beam 71 and a sec-
ond thermal spray apparatus 8 having a second coating beam 81 are pro-
vided. In this embodiment, the formation of the first angle (not shown)
takes place by means of the first thermal spray apparatus 7 and the for-
mation of the second angle (not shown) simultaneously occurs by means
of the second thermal spray apparatus 8 and the first and the second

coating pass take place simultaneously.

Fig. 5 a-b correspond substantially to Fig. 2 and show component stacks
having an arrangement of the components in accordance with the inven-

tion and having an illustration of the first and the second angles.

In Fig. 5a is shown how a first angle a is formed between the first stack

opening surface 111 and the coating beam 31 and in Fig. 5b how a second
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angle B is formed between the stack opening surface 111 and the coating
beam 31 during a second coating pass. In this connection, the first angle
a and the second angle B are formed in opposite directions relative to the

first stack opening surface 111.

It is understood that the previously described embodiments of the inven-
tion can, depending on the application, also be combined in any suitable
form and that the embodiments described part of this application are only

to be understood by way of example.
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CLAIMS:

A method for the thermal coating of a component stack including a
component, wherein the component has a continuous component opening
and the component is aligned with respect to a stack axis such that the
component stack has a continuous stack opening, wherein the stack
opening includes a first stack opening surface and a second stack opening
surface, and the first stack opening surface and the second stack opening
surface are arranged along the stack axis and, an inner bounding surface
of the component opening is thermally coated from the inside by a coating
beam by means of a thermal spray apparatus, wherein the component
stack is coated such that, during a first coating pass, a first angle is
formed between the first stack opening surface and the coating beam and,
during a second coating pass, a second angle is formed between the first
stack opening surface and the coating beam, wherein the first angle and
the second angle are formed in opposite directions relative to the first

stack opening surface.

A method in accordance with claim 1, wherein the second angle is formed
in such a manner that the component stack is rotated about a first pivot
at the stack axis after the first coating pass such that the first stack
opening surface and the second stack opening surface have an
arrangement along the stack axis after the rotation opposite with respect

to the arrangement before the rotation.

A method in accordance with claim 1, wherein the second angle is formed
in such a manner that the thermal spray apparatus is rotated about a

second pivot at the stack axis after the first coating pass.

A method in accordance with claim 1, wherein the thermal spray
apparatus is guided through the first stack opening surface during the

first coating pass and during the second coating pass.

CA 2821094 2020-01-07



10

15

20

81772090

10.

11.

12.

13.

17

A method in accordance with claim 1, wherein a first thermal spray
apparatus having a first coating beam and a second thermal spray
apparatus having a second coating beam are provided, and the first

coating pass and the second coating pass take place simultaneously.

A method in accordance with any one of claims 1 to 5, wherein the first

angle and the second angle amount to between 0 and 30 degrees.

A method in accordance with claim 6, wherein the first angle and the

second angle amount to between 5 and 15 degrees.

A method in accordance with claim 7, wherein the first angle and the

second angle amount to 10 degrees.

A method in accordance with any one of claims 1 to 8, wherein an inner
cross-section of the inner bounding surface of the component opening is

non-uniform along the stack axis.

A method in accordance with claim 9, wherein the inner cross-section of

the inner bounding surface of the component opening is convexly curved

along the stack axis.

A method in accordance with any one of claims 1 to 10, wherein the
component stack is rotated about the stack axis on coating and/or the

thermal spray apparatus is rotated.

A method in accordance with claim 11, wherein the thermal spray

apparatus is a plasma torch.

A method in accordance with any one of claims 1 to 12, wherein the
component is a bearing component and/or the inner bounding surface is

configured as a component seat surface.
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14.

15.

16.

17.

18.

19.

18

A method in accordance with claim 13, wherein the inner bounding

surface is configured for the storage of a shaft.

A method in accordance with any one of claims 1 to 14, wherein the

component stack is arranged on a holder.

A method in accordance with any one of claims 1 to 15, wherein a spacer
is provided between the components of the component stack such that

the components are arranged spaced apart.

An apparatus having a component stack, and including a thermal spray
apparatus having a coating beam and a component, wherein the
component includes a continuous component opening and the component
is aligned with respect to a stack axis, such that the component stack
includes a continuous stack opening, wherein the stack opening includes
a first stack opening surface and a second stack opening surface and the
first stack opening surface and the second stack opening surface are
arranged along the stack axis, and an inner bounding surface of the
component opening can be thermally coated from the inside, wherein the
component stack can be coated such that, during a first coating pass, a
first angle is formed between the first stack opening surface and the
coating beam and, during a second coating pass, a second angle is formed
between the first stack opening surface and the coating beam, wherein
the first angle and the second angle are configured in opposite directions

relative to the first stack opening surface.

An apparatus in accordance with claim 17, wherein the apparatus

includes a holder for the component stack.

An apparatus in accordance with claim 17 or 18, wherein a component
stack is arranged such that it can be rotated with respect to the thermal
spray apparatus and/or the thermal spray apparatus can be rotated

about the stack axis.
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