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WORKPIECE CARRIER DEVICE AND COATING ARRANGEMENT

FIELD OF THE INVENTION

The present disclosure relates to a workpiece carrier device for moving workpieces comprising a
drive gear for receiving workpiece arrangements, which is rotatable about a main axis, and a number

of drive bodies respectively rotatable about an axis of rotation and arranged on the drive gear.
BACKGROUND OF THE INVENTION

Workpiece carrier devices of this type are used to process workpieces, above all in vacuum systems
and in particular to coat the workpieces in vacuum systems. They are used to move the workpieces
which are mounted on a plurality of workpiece carrier units in a coating chamber in order to ensure
uniform coating of all exposed surfaces of the workpieces in the coating chamber. Workpiece carrier
devices of this type are particularly suitable to move cylindrical or sleeve-shaped workpieces in a
coating chamber. In this case, the workpieces are arranged in the form of a crown or ring around the
main axis and are moved around the main axis in the coating chamber. In order to achieve uniform
coating of all surfaces, in particular of the cylindrical peripheral surfaces, the workpieces are ar-
ranged for this purpose in rotatable holders which rotate via the drive bodies about their own axis,
namely the axis of rotation. During coating, the workpieces move around the main axis and about
the respective axis of rotation, so that all surfaces are moved through the coating material in the

coating chamber.

There are workpiece carrier devices in which the workpiece carriers or workpiece carrier units are
rotated about the axis of rotation by crank mechanisms in connection with an eccentric disk.
However, such drives can be problematic in the case of relatively heavy workpiece arrangements,
since in some cases comparatively high actuating forces are required to operate the crank drives, as a
result of which the crank drives are also relatively heavy and costly to manufacture. Due to imbal-
ances or the like there can also be the problem that a uniform rotation about the respective axes of

rotation cannot be achieved, and therefore the coating results can be unsatisfactory in some cases.

Workpiece carrier (units) driven by gear drives require a high degree of manufacturing effort with
regard to the tooth geometries and, due to the high temperature fluctuations (between 20° and
600°C) in a coating chamber, can be problematic since thermally induced changes in the geometry

can impair the function.

Therefore, the object of the present invention is to provide an improved workpiece carrier device

which at least partially eliminates these disadvantages.
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SUMMARYY OF THE INVENTION

According to a first aspect, the present invention provides a workpiece carrier device, comprising a
drive gear for receiving workpiece arrangements, which is rotatable about a main axis, a number of
drive bodies, which are arranged on the drive gear, are respectively rotatable about an axis of
rotation and respectively have a drive pinion and a stationary driving ring gear with internal tooth-
ing, which meshes with the drive pinions. The axes of rotation are in this case parallel to the main
axis and are arranged in an annular region of the drive gear that is concentric in relation to the main
axis, so that, when the drive gear rotates relative to the driving ring gear, the drive bodies rotate
about their respective axes of rotation, wherein the driving ring gear is slidably arranged in an
adjustment plane running perpendicular to the main axis and the drive bodies with their drive
pinions are formed and arranged in relation to one another and a working clearance is provided
between the driving ring gear and the drive pinions such that a driving action is transferred to all

drive pinions equally during operation.

According to a second aspect, the present invention provides a coating arrangement which is

equipped with a workpiece carrier device of this type.

Further aspects and features of the present invention are apparent from the dependent claims, the

accompanying drawing and the following description of preferred embodiments.
BRIEF DESCRIPTION OF THE DRAWING

Embodiments of the invention will now be described by way of example and with reference to the

accompanying drawing, wherein:

figure 1 shows a perspective view of an exemplary embodiment of a workpiece carrier device

according to the invention;

figure 2 shows a detailed representation of the drive mechanism of the workpiece carrier device
illustrated in figure 1 with an enlarged view of the engagement of the drive pinions with

the driving ring gear;

figure 3 shows a sectional view of the figure 1 drive gear of the workpiece carrier device

according to the invention;
figure 4 shows an enlarged sectional view of the drive body; and

figure 5 shows an exploded view of the drive gear with the drive bodies of a workpiece carrier

device according to the invention.
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DESCRIPTION OF EMBODIMENTS

Figure 1 illustrates an embodiment in accordance with the present invention. General explanations

on the embodiments are initially provided, followed by a detailed description.

The workpiece carrier device according to the first aspect of the invention is characterized by a drive
or working clearance which allows a uniform drive of all drive bodies. This drive clearance is
characterized by a particular interaction of the dimensions of the drive pinions and the toothing of
the ring gear which surrounds the drive pinions with which the drive pinions mesh. It is also defined
by the diameter ratio between the driving ring gear and a ring circle on which the axes of rotation
are arranged about which the drive bodies rotate. Finally, the working clearance is also defined by
the type and geometry of the internal toothing and the gear rings of the pinions. It is chosen in such
a way that temperature-related expansions or shrinkages are also taken into account and neutralized,
so that the operation within a temperature range of about 600°C is guaranteed, in particular for

corrosion-resistant steels (e.g. 1.4301 and the like).

The involute toothing has proven to be the most suitable toothing in this case. Other suitable

toothings can also be realized.

The diameter ratio between the rotational axis circle (ring circle) and the nominal diameter (tooth
root circle diameter or tooth tip circle diameter) of the driving ring gear can here be chosen between
0.75 and 0.9. The ratio between the respective nominal diameter (root circle diameter or tip circle

diameter) of the pinions and that of the driving ring gear is between 0.1 and 0.3.

In this case, 3 to 25 drive bodies can be arranged in a corresponding ring gear. The transmission
ratio between the drive pinions and the internal toothing of the driving ring gear is selected in such a
way that each drive body performs 3 to 15 revolutions in the case of a complete rotation of the drive

gear by 360° about the main axis.

The working clearance related to the nominal diameters of the ring gear or the ring circle is 0.05 to
0.6 mm for a diameter range of about 200 to 300 mm, preferably it is between 0.1 to 0.3 mm and in
particular 0.1 mm. The ring gear is mounted radially in relation to the meshing drive pinions by the
respective tooth root citcles, tooth tip circles and/or the pitch circles of the entite toothing taking

effect during operation.

There are embodiments in which the working clearance is dimensioned such that the tooth geome-
tries of the drive pinions and of the driving ring gear can be produced in a thermal cutting process,
the thermal cutting process being in particular a laser cutting process. It is thus possible to form the
effective geometry of the drive pinions and the internal toothing without complex post-processing

operations, such as grinding or milling, so that the drive pinions which are cut by means of a laser
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beam can be used with a driving ring gear produced in the same way without additional post-

processing operations.

There are embodiments in which the driving ring gear is arranged so as to be slidable in an adjust-

ment plane extending perpendicular to the main axis. Such a floating or flying bearing of the driving
ring gear permits a rotationally fixed mounting relative to the drive gear - for example on a machine
frame - and at the same time a self-adjusting working position in the adjustment plane, which results
during operation, i.e. when the drive gear rotates. In this way, a smooth-running, low-wear drive can

be realized.

There are embodiments in which the adjustment plane is defined by a slide ring which is arranged
between the drive gear and the driving ring gear and which forms a sliding pair with the driving ring
gear in the adjustment plane. This arrangement ensures that easily adjustable self-centering of the
driving ring gear in the sliding plane is guaranteed. In this case, the ring gear can be made of a
suitable steel material, for example, while the slide ring can be made of a suitable slide bearing

material such as (sintered materials).

In one embodiment in which the slide ring is connected for rotation with the drive gear, it is ensured
that the sliding action only occurs in the adjustment plane since the slide ring rotates together with
the drive gear during operation and in so doing slides along the driving ring gear, so that it is always
the lower sliding friction between the driving ring gear and the slide ring that takes effect during

operation and the ring gear is easily adjustable.

There are embodiments in which the drive bodies are sleeve-shaped and are each rotatably mounted
on a bearing pin fixed in the drive gear. This is a simple way of ensuring precise definition of the
position of the drive bodies, and the bearing support is protected from external influences due to

the sleeve-shaped design.

There are embodiments in which a bearing ball is arranged inside the drive body between the
bearing pin and the drive body, which ball improves the load-bearing capacity and the mobility of
the drive bodies on the bearing pin. The bearing pin and the bearing ball can here be made of a
particularly hard bearing material and, if necessary, can be replaced independently of the drive body

in the event of weat.

There are embodiments in which the drive gear is arranged on a vertical drive shaft and is coupled
to a carrier gear - via this common drive shaft - and bar-type workpiece carriers can be coupled
between the carrier gear and the drive gear in such a way that their weight load is applied via the
carrier gear and the drive action (rotation about the axes of rotation) is applied via the drive bodies.

This improves the ability of the drive bodies to rotate about their axes of rotation on the drive gear
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since the bearing supports do not have to absorb vertical loads resulting from the weight of the

workpiece carriers and the workpieces coupled thereto.

There are embodiments in which each of the workpiece carriers has at an upper suspension end a
suspension head for coupling to the carrier gear and a at a lower drive end a coupling head for the
interlocking coupling and coupling for rotation with a drive end of the drive body. In this way, it is
relatively easy to realize the rotation and support of even relatively heavy workpiece carrier arrange-
ments since the vertical holding forces are absorbed via the suspension end or the suspension head
formed there, and the coupling head arranged at the lower end, which is free of vertical weight
loads, merely absorbs the rotational movement via the drive end of the drive body and transmits it

to the workpiece carrier and the workpieces arranged thereon.

There are embodiments in which the suspension head can be coupled to the coupling head at the
drive end via a removable connecting rod and the connecting rod passes through workpieces
arranged on the workpiece carrier. In this way, a number of hollow and, where applicable, also
differently shaped workpieces can be so to speak threaded onto the connecting rod and can be fixed
between the suspension head and the coupling head in such a way that they perform the rotation of
the drive bodies synchronously. The coupling of the workpieces for conjoint rotation can be realized
in an either interlocking or frictional way - by bracing the workpieces between the suspension head

and the coupling head via the connecting rod.
Now returning to the drawings:

Figure 1 shows an exemplary embodiment of a workpiece carrier device 1 according to the inven-
tion comprising a drive gear 3 that is rotatable about a main axis 2 and is used for receiving (here 25)
workpiece arrangements 4, each of which is arranged on the drive gear 3 so as to be rotatable about

axes of rotation 5.

The function and design of the drive gear 3 will now be explained first with reference to figures 2 to
5. The drive gear 3 is provided with a plurality of drive bodies 6, which comprise a drive sleeve 7
that is provided with a drive pinion 8 for conjoint rotation, which meshes with the internal toothing

of a ring gear 9.

In the illustrated embodiment, 25 drive bodies 6 are arranged on a drive ring 10 of the drive gear 3.
Each of the drive bodies 6 is mounted on a bearing pin 11 so that it projects into the interior of the
drive sleeve 7 and supports the drive sleeve 7 on its bearing tip via a bearing ball 12. At the same
time, the lower end faces of the drive sleeve 7 and of the drive pinion 8 remain free of the surface of
the drive gear 3. It is thus ensured that the drive body 6 can freely rotate on the bearing pin 11. All

drive bodies 6 are thus arranged on the drive ring 10 of the drive gear 3 in a rotatably circular
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fashion. The axes of rotation 5 are here arranged on a ring circle 14 which is surrounded by the ring

gear 9, so that the ring gear toothing meshes with the external toothing of the drive pinion 8.

The nominal diameter of the ring gear 9 and the diameter of the ring circle 14 are in a ratio of about
1.1 to 1.5 relative to each other. The ring gear 9 is slidably mounted in an adjustment plane 17 by
means of a slide ring 16 and is mounted by means of a link fork 18 in a rotationally fixed fashion

with respect to a main frame (not shown).

An inner ring 19 shields the drive pinions 8 towards the inside, which are covered, on their upper

side, by a perforated cover disk 20 and from which the drive sleeves 7 protrude.

When the drive gear 3 is driven about the main axis 2, the drive pinions 8 of the drive bodies 6 now
roll on the ring gear 9, which is stationary relative to the rotation, and are thereby set in rotation
about the axes of rotation 5, so that the drive bodies 6 move around the main axis 2 and thereby
rotate about their (own) axis of rotation 5. They are interlockingly provided with a coupling head 22
via a coupling profile 21 at the tip of the drive sleeves 7, which coupling head is part of a workpiece

carrier 23, which forms a component of the workpiece arrangement 4.

The design and function of the latter are explained with reference to figure 1. The drive gear 3 is
coupled via a drive shaft 24 to a carrier gear 25, which is used to receive the workpiece arrangement
4. A suspension head 26 is here provided at the upper end of the workpiece arrangement 4 and is
connected to the coupling head via a connecting rod 27. Workpieces 28 (here cylindrical sleeves) are
threaded onto the connecting rod 27 between the suspension head 26 and the coupling head 22 and
coupled to one another for conjoint rotation by bracing the connecting rod between the suspension

head and the coupling head.

The workpiece arrangement 4 formed in this way is rotatably suspended in the carrier gear 25 via the
coupling head 26 and coupled to the drive body 6 for conjoint rotation by means of the coupling
head 22. When the drive gear 3 and the carrier gear 25 are rotated via the drive shaft 24, each of the
workpiece arrangements, only one of which is shown in figure 1, is set in rotation about the axes of
rotation 5 and rotated about the main axis 2, and in so doing they move in a coating chamber of a

coating arrangement 100, which is indicated by a dashed line.

The toothings of the drive pinions 8 and the ring gear 9 are formed in a laser cutting process and
there is a working clearance between the ring gear 9 and the drive bodies 6 and the drive pinions 8,
respectively, which clearance is designed in such a way that the ring gear 9 centers itself around the

various drive pinions 8 with little force during operation and drives them evenly.

Based on the nominal diameter of the ring gear 9 and/or the drive circle diameter, the working

clearance is here about 0.15 to 1 %, and, with a ring circle diameter Nr of about 150 mm and a



nominal circle diameter Ny of the ring gear of about 170 mm, the working clearance is between 0.05
mm and 0.6 mm. The slide ring 16 is made of a slidable material, such as a sintered material, while

the other components are formed substantially of corrosion-resistant steel materials (e.g. 1.4301).

Further embodiments and variations of the invention will be apparent to a person skilled in the art

within the scope of the claims.

LIST OF REFERENCE SIGNS
1 workpiece carrier device
2 main axis

3 drive gear

4 workpiece arrangement

5 axis of rotation

6 drive body

7 drive sleeve
8 drive pinion
9 ring gear

10 drive ring

11 bearing pin

12 bearing ball

14 ring circle

15 ring gear toothing

16 slide ring

17 adjustment plane
18 link fork

19 inner ring

20 cover disks

21 coupling profile

22 coupling head



23 workpiece carrier

24 drive shaft

25 carrier gear
26 suspension head
27 connecting rod

100 coating arrangement
Nr  ring circle diameter

Nu nominal diameter ring gear
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CLAIMS

A workpiece carrier device (1), comprising:

a drive gear (3) for receiving workpiece arrangements (4), which is rotatable about a
main axis (2)

a number of drive bodies (6), which are arranged on the drive gear (3), are respective-
ly rotatable about an axis of rotation (5) and each have a drive pinion (8) and

a stationary driving ring gear (9) with an internal toothing, which meshes with the
drive pinions (8),

wherein the axes of rotation (5) extend parallel to the main axis (2) and are arranged
in an annular region of the drive gear (3) that runs concentrically in relation to the main axis
(2), so that,

when the drive gear (3) rotates relative to the driving ring gear (9), the drive bodies
(6) rotate about their respective axes of rotation (5), wherein

the driving ring gear (9) is slidably arranged in an adjustment plane (17) running per-
pendicular to the main axis and the drive bodies (6) with their drive pinions (8) are formed
and arranged in relation to one another, such that a working clearance (S) is provided be-
tween driving ring gear (9) and drive pinions (8) such that a driving action of the driving ring

gear (9) is transferred to all drive pinions (8) equally during operation.

The workpiece carrier device (1) according to claim 1, wherein the working clearance (S) is
dimensioned in such a way that the tooth geometries of the drive pinions (8) and of the driv-

ing ring gear (9) can be produced in a thermal cutting process.

The workpiece carrier device (1) according to claim 1 or 2, wherein the thermal cutting

process is a laser cutting process.

The workpiece carrier device (1) according to claim 1, 2 or 3, wherein the adjustment plane
(17) is defined by a slide ring (16) arranged between drive gear (3) and driving ring gear (9),
which slide ring forms a sliding pair with the driving ring gear (9) in the adjustment plane

(17).

The workpiece carrier device (1) according to any of claims 1 to 4, wherein the drive bodies
(6) are sleeve-shaped and are each rotatably mounted on a bearing pin (11) fixed in the drive

gear (3).
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The workpiece carrier device (1) according to claim 5, wherein a bearing ball (12) is arranged

inside the drive body (6) between bearing pin (11) and drive bodies (6).

The workpiece carrier device (1) according to any of claims 1 to 6, wherein the drive gear (3)
is arranged on a vertical drive shaft (24) and is coupled to a carrier gear (25) and bar-type
workpiece carriers (23) are coupled between carrier gear (25) and drive gear (3) in such a way
that the weight load thereof is applied via the carrier gear (25) and the driving action is ap-

plied via the drive bodies (6).

The workpiece carrier device (1) according to claim 7, wherein each of the workpiece carriers
(23) has at an upper suspension end a suspension head (20) that is coupled to the carrier gear
(25) and at a lower drive end a coupling head (22) that is interlockingly coupled to a drive

end of the drive body (6) and coupled thereto for conjoint rotation.

The workpiece carrier device (1) according to claim 8, wherein the suspension head (26) can
be coupled to the drive end via a removable connecting rod (27) and the connecting rod (27)

passes through workpieces (28) arranged on the workpiece carrier.

A coating arrangement (10) comprising a workpiece carrier device (1) according to any of

claims 1 to 9.





