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(57) Abstract: The invention relates to a module system of motor-operated conveying rollers, comprising: a conveying-roller tube, a
first axle unit, which is inserted into a first end of the conveying-roller tube, a second axle unit, which is inserted into a second end,
opposite the first end, of the conveying-roller tube, a first mounting unit at the first end and a second mounting unit at the second end,
about which the conveying-roller tube is mounted so as to be rotatable in a corresponding manner about the first and second axle units,
an electric motor arranged in the conveying-roller tube, said motor being mechanically coupled between the second axle unit and the
conveying-roller tube in order to generate a torque between the conveying-roller tube and the second axle unit. The module system
comprises, as electric motor, a motor of a first type, which is coupled to the conveying-roller tube via a first interface and to the second
axle unit via a second interface, and a motor of a second type different than the first type, which is coupled to the conveying-roller tube
via the first interface and to the second axle unit via the second intertace.

(57) Zusammenfassung: Die Erfindung betrifft ein Modulsystem von motorbetriebenen Férderrollen, umfassend: ein Férderrollenrohr,
eine erste Achseinheit, die in ein erstes Ende des Forderrollenrohres eingesetzt ist, eine zweite Achseinheit, die in ein dem ersten Ende
gegeniiberliegendes zweites Ende des Forderrollenrohres eingesetzt ist, eine erste Lagerungseinheit am ersten Ende und eine zweite
Lagerungseinheit am zweiten Ende, um die das Forderrollenrohr um die erste und zweite Achseinheit entsprechend drehbar gelagert
ist, einen in dem Forderrollenrohr angeordneten elektrischen Motor, der zwischen die zweite Achseinheit und das Férderrollenrohr
mechanisch gekoppelt ist zur Erzeugungeines Drehmoments zwischen dem Férderrollenrohr und der zweiten Achseinheit.Das Modul-
systemumfasst als elektrischen Motor, einen Motor mit einer ersten Bauart, der {iber eine erste Schnittstelle mit dem Férderrollenrohr
und iiber einezweite Schnittstelle mit der zweiten Achseinheit gekoppelt ist, undeinen Motor mit einer von der ersten verschiedenen

[Fortsetzung auf der ndichsten Seite]
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zweiten Bauart, der iiber die erste Schnittstelle mit dem Forderrollenrohr und iiber die zweite Schnittstelle mit der zweiten Achsein-
heitgekoppelt ist.
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Modular system for motor-operated conveying rollers

The invention relates to a modular system of motorized conveyor rollers, comprising: a
conveyor roller tube, a first axle unit, which is integrated in a first end of the conveyor
roller tube, a second axle unit, which is integrated in a second end of the conveyor roller
tube that is opposite the first end, a first bearing unit on the first end and a second bear-
ing unit on the second end, about which the conveyor roiler tube is mounted rotatably
about the first and second axle units, respectively, an electric motor arranged in the
conveyor roller tube and mechanically coupled between the second axle unit and the
conveyor roller tube for generating a torque between the conveyor roller tube and the

second axle unit.

A further aspect of the invention is a motorized conveyor roller, which was produced from
such a modular system, and a method for producing motorized conveyor rollers by
means of a modular system.

Motorized conveyor rollers of this kind are used for various purposes. A key application of
such motorized conveyor rollers is larger and smaller logistics units or conveyor devices,
in which such motorized conveyor rollers are used as elements of conveyor systems in
combination with idle rollers or driven rollers, which are driven and set in rotation by the
motorized conveyor roller via chains, belts, or the like. The rollers are arranged in se-
quence and form a conveyor line. In the sense of this invention, a motorized conveyor
roller is also understood to mean a so-called drum motor, which for example serves as a
drive element for belt conveyors and therefore has a higher performance class, optionally
an internal cooling by a fluid, and a higher load level of the transmission than motorized

conveyor rollers for roller conveyor lines.

Motorized conveyor rollers basically consist of an electric drive motor in the interior of a
conveyor rolter tube, which sets the conveyor roller tube in rotation with respect to an
axle. The axle is typically held stationarily in a torque-proof manner in a frame and can be
formed by two individual axle stubs at both ends of the conveyor roller or by a continuous
axle body, which can also be made of several parts.

Motorized conveyor rollers are products that are subjected to varying high demands. A
very quiet running is required in order to keep the noise level low in conveyor devices,
which typically comprise a plurality of such motorized conveyor rollers. A cost-effective

production method is also required, as these are products that are used in large quanti-
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ties. Another requirement is for motorized conveyor rollers to be available in different
variants. Different applications also require motorized conveyor rollers with different
conveyor roller tube lengths in order to fit specific product dimensions or conveying
capacities in each case. Varying requirements in terms of velocity or conveying speed
and in terms of torque are also posed on motorized conveyor rollers.

Motorized conveyor rollers are therefore constructed for different purposes. Conveyor
rollers that have a high performance and a long length in order to be able to transfer a
torque corresponding to the length are known. Also known are conveyor rollers that have
a high velocity in order to achieve high conveying speeds. In principle, a user of such
conveyor rollers can thus select and use the conveyor roller suitable for said user. In
principle, motorized conveyor rollers can be equipped with a direct drive, in which the
torque generated by the electric motor and the motor velocity act directly between one or
both axle units and the conveyor roller tube. However, motorized conveyor rollers having
a single- or multi-stage transmission or several transmissions connected in series as gear
stages are mainly used in addition to these transmission-less conveyor rollers. In these
transmission-equipped conveyor rollers, a torque transfer to the transmission input shaft
and from the transmission output shaft is required, and the torque on the transmission
housing must be supported. To this end, various ways of supporting and transferring
torque can be considered. In principle, support can be provided and torque transferred on
one or both axle units, on the electric motor and on the conveyor roller tube. For example,
the rotor of the electric motor can be coupled to the transmission input shaft, the trans-
mission output shaft can be coupled to the conveyor roller tube, the transmission housing
and the stator can be coupled to one axle unit, to a corresponding axle unit in each case
or to both axle units, and the transmission housing and the stator can also be coupled to
each other. An internal rotor or an external rotor can be used as a rotor. A spur gear
transmission, planetary gear transmission, or other gearing system designs can be used

as a transmission.

This possibility of choices, although desired, is nevertheless associated with numerous
disadvantages. For one thing, conveyor rollers often cannot be interchanged, either in
terms of geometric dimensions or in terms of performance data. This makes it difficult to
replace conveyor rollers in the event of a defect and, in applications in which a quick
replacement is necessary, it leads to greater effort and expenses for the user or for a
replacement parts dealer in terms of stocking. Furthermore, the design of the conveyor
rollers adapted to the respective requirements requires maintaining extensive stocks of

the individual components that are installed in such conveyor rollers. Lastly, the method
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of constructing conveyor rollers is complicated and an adaptation to changing require-

ments is often only possible with a great amount of effort, if at all.

The invention addresses the problem of resolving these trade-offs and providing a motor-
ized conveyor roller that not only meets the typical requirements in terms of its features

but also permits a replacement or repair without having to maintain extensive stocks.

This is achieved by a modular system of the aforementioned nature comprising, as an
electric motor,

- a motor of a first design, which is coupled to the conveyor roller tube via a

first interface and to the second axle unit via a second interface, and

- a motor of a second design different from the first design, which is coupled to
the conveyor roller tube via the first interface and to the second axle unit via

the second interface.

According to the invention, motorized conveyor rollers of varying designs can be pro-
duced. The components of the individual motorized conveyor roller in question are in this
case carefully matched to one another and as a whole fulfill the requirements set in that
the electric motor and the transmission are adapted, for example, to the speed and torque
needed in the conveyor device and in that an electric motor is adapted to the conveyor
roller tube length in terms of its performance. The motorized roller according to the inven-

tion is thus constructed from a modular system.

The modular system comprises a first axle unit and a second axle unit, which can be
embodied in standardized fashion; i.e., have interfaces to the other components of the
motorized conveyor roller that are uniform and suitable for having a plurality of variants of
the other components connected to them. The modular system furthermore has a con-
veyor roller tube, which can likewise have a standardized interface or a plurality of stand-
ardized interfaces to the rest of the components of the motorized conveyor roller. In
principle it is understood that the conveyor roller tube itself can already be contained in
several variants in the modular system, for instance in variants that differ in terms of their
length or in variants that differ in terms of their surface; i.e., the outer circumferential area

of the conveyor roller tube.

{n addition to these components, the modular system also comprises bearing units on the
first and second ends, which are typically standardized. An electric motor is also com-
prised.
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Two or more different electric motors are contained in this modular system. These motors
are integrated in the motorized roller by means of matching interfaces and the interfaces
standardized in this manner ensure the necessary functional integration of the motor,
namely the torque transfer in particular. With the modular system according to the inven-
tion, in principle a motorized conveyor roller can be constructed that is technologically
balanced in terms of its components, which fit and function together, and that attains a
desired long service life in a reliable manner, without a high degree of customization in

terms of manufacturing and stocking being required for this.

In this case design is understood to mean the motor type, for example a brushless com-
mutated motor or a design with brush commutation, a design as a DC motor or a design
as a three-phase motor, or other design variants. The modular system thus makes it
possible to produce conveyor rollers that serve as replacements for motorized conveyor
rollers, and to adapt the design of the electric motor of the motorized conveyor roller to be
replaced and to ensure system compatibility. Furthermore, an adaptation to national or
regional standards can be made easily and without additional manufacturing and ware-
housing effort and expenditure.

It is particularly preferable if the first design is a synchronous motor and the second
design is an asynchronous motor, or if the first design is a motor with a first motor output
and the second design is a motor with a second motor output different from the first motor
output. According to this embodiment, the two designs are constituted by a synchronous
motor on the one hand and by an asynchronous motor on the other hand, thus permitting
an economical and inventory-reducing adaptation of the motor design to different con-
veyor systems. As an alternative, the motors of the first and second designs differ in
terms of their motor output so that motorized conveyor rollers with electric motors of
varying drive power can be produced from the modular system economically and without

additional inventory effort and expenditure.

According to a first preferred embodiment, provision is made such that the electric motor
is connected by means of the first interface to a transmission module, which reduces the
torque of the electric motor and transfers it via a third interface to the conveyor roller tube,
wherein as a transmission module, the modular system comprises a first transmission
with a first reduction ratio and a second transmission different from the first transmission,
which has a second reduction ratio different from the first reduction ratio. According to this
embodiment, the modular system according to the invention further comprises a trans-
mission module, which can be selectively formed by a first transmission or by a second

transmission, which differ in terms of their reduction ratios. According to the invention,
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each of these transmissions is connected to the electric motor by means of a third inter-
face. Both or all transmissions can be directly connected to this third interface, thereby
achieving a standardization of the connection between the electric motor and the trans-
mission and thus achieving advantages in terms of assembly and stocking of replacement

parts.

In principle it is understood that the first and second transmissions can in turn be con-
structed in such a way that they can be coupled and thus give rise to a modular linkage of
the transmissions. This means that the transmission module is composed of a plurality of
transmissions and one, two, three or more transmissions can thus be coupled via inter-
faces on the transmissions. [n this case the transmission module can be formed by, for
example, one transmission with a single gear stage and by a second transmission that is
composed of two transmissions as two gear stages. The two transmissions of the second
transmission are coupled to one another and form two gear stages of this transmission for

achieving a multiplication of the reduction ratios of the two gear stages.

A transmission of the modular system can be single-stage or multi-stage (e.g., two- or
three-stage). In principle, the support and torque coupling of the transmission is achieva-
ble via the corresponding interfaces with the electric motor, with the conveyor roller tube
or a component fastened onto the conveyor roller tube such as an end cap, and/or with
one or both axle units, wherein a direct coupling or a coupling via interposed coupling
elements is possible here. In the case of planetary gear transmissions, the transmission
input, the transmission output and the transmission support can be selectively formed on
the ring gear, sun gear or planet gear carrier. The torque coupling in the area of the
respective interfaces can be embodied in a force-fitting, positively locking or material-
focking manner, or by combinations thereof.

According to another preferred design, provision is made here such that the modular
system comprises, as a transmission module, a first transmission with gears of a first
material and a second transmission with gears of a second material different from the first
material. In some applications of conveyor rollers, the option of being able to provide the
transmission with gears of different materials in a variable manner has proven advanta-
geous. On the one hand, selecting a cheaper though less durable material permits an
adaptation of the transmission to lower capacity conveyor rollers yet still ensures an
adequate service life at lower capacity and with reduced manufacturing costs. On the
other hand, noise emission can be reduced by using suitably adapted materials in the
transmission in applications in which an especially low noise emission of the conveyor

roller is required. In principle, it is understood that the first and second transmissions can
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have matching reduction ratios and still be made of different materials, but can also differ

in terms of both reduction ratio and material.

According to another preferred embodiment, provision is made such that the modular
system comprises, as a transmission module, a first transmission having a planetary gear
system and a second transmission having a design different from the planetary gear
system, in particular a spur gear system. According to this embodiment, the modular
system enables two transmissions of different design to be selectively connected to the
electric motor via the second interface. In this case, a design of a transmission is under-
stood to mean the gear arrangement or lines of force. In particular, use can be made of
both a planetary gear design and a spur gear design, although other designs such as
worm gear transmissions or bevel gear transmissions can also be used in certain applica-

tions.

In addition to these options for the modular configuration of conveyor rollers, in many
applications it is desirable to customize a conveyor roller further such that additional
functions are performed by this conveyor roller. Such additional functions can arise from
different requirements. For example, a specific sensing additional function may be ex-
pected of the motorized conveyor roller, or a mechanical additional function may be
expected of the individual motorized conveyor roller, optionally as a composite effect
within the entire conveyor device.

However, there are trade-offs in providing these additional functions and in individually
adapting motorized conveyor rollers in terms of their construction. The customization that
becomes necessary as a result in turn complicates both manufacturing and stocking
spare parts. Because conveyor device downtimes caused by breakdowns need to be
remedied as quickly as possible in logistics applications, this is in conflict with the re-

quirement of having spare parts ready for the fastest possibie delivery.

This disadvantage can be overcome by further developing the modular system according
to the invention by means of a modular transfer element, which is integrated between the
electric motor and the second axle unit by connecting the modular transfer element to the
electric motor by means of the second interface and to the second axle unit by means of
a fourth interface, the torque being transferred between the electric motor and the second

axle unit via the second and fourth interfaces, wherein as a modular transfer element,

- a first functional add-on module, which performs an electromechanical, sensing or

thermal function, and
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- a second functional add-on module, which can be integrated in the conveyor roller
instead of the first functional add-on module and which performs an electrome-
chanical, sensing or thermal function that differs from the function of the first func-

tional add-on module.

According to this further development, provision is made of a modular system from which

motorized conveyor rollers can be produced or assembled.

According to this further development, provision is made of a modular transfer element
that is integrated between the electric motor and the second axle unit. The modular
transfer element can be formed on the one hand by a first functional add-on module.
According to the invention, this first functional add-on module is not only used for transfer-
ring a torque between the electric motor and the second axle unit, but also performs an
additional function. This additional function can be an electromechanical function, a
sensing function or a thermal function. For example, the add-on module can be used to
detect a torque with sensors, to detect a velocity with sensors, or to detect a rotation
angle with sensors. As an alternative or in addition, the add-on module can be used to
convert braking energy, which is generated as the rotation speed of the conveyor roller
tube is slowed, into electrical energy and temporarily store it or feed it into a mains supply
to which the add-on module is connected. As an alternative or in addition, for example,
the add-on module can be used to drain off, temporarily store or convert heat generated
in the electric motor or other components of the conveyor roller in order to thereby lower
or locally displace the temperature in the interior of the conveyor roller tube and thus
reduce the temperature on temperature-sensitive components of the conveyor roller. A
second add-on module is also contained in the modular system. This second add-on
module can be connected to the second and fourth interfaces instead of the first add-on
module. The first and second functional add-on modules thus perform different additional
functions so that by selecting the first or second functional add-on module, the modular
system enables the production of conveyor rollers with different additional functions
without for this purpose having to change the mounting method and connection configu-

ration for these add-on modules inside the conveyor roller.

The modular system according to the invention can also be further developed by a
torque-transferring intermediate piece without any electromechanical, sensing or thermal
function, which is connected instead of the first and second functional add-on modules to
the electric motor by means of the second interface and to the second axle unit by means
of the fourth interface. This torque-transferring intermediate piece can be embodied as an

axle element or as a shaft element. The intermediate piece is used to transfer a torque
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from the second axle unit to the electric motor. This intermediate piece can be contained
in different length variations in the modular system, for example in order thus to equip and

suitably adapt conveyor rollers with different conveyor roller tube lengths.

The torque-transferring intermediate piece of the modular system as well as the first and
second functional add-on modules are configured in such a way that they have a match-
ing second interface, with which they can be or are connected to the electric motor, and a
matching fourth interface, with which they can be or are connected to the second axle
unit. This means that a corresponding second interface is formed on the electric motor or
on each variant of an electric motor inside the modular system, which interface is config-
ured for connection to a torque-transferring intermediate piece and for connection to a
first functional add-on module and that in corresponding fashion, a fourth interface is
present on the second axle unit, which is suitably configured for connection to the torque-
transferring intermediate piece and to the first functional add-on module. It is understood
that the interfaces are suitable for being connected to both the intermediate piece and the
add-on module, wherein, however, the intermediate piece and the add-on module can be
alternatively connected to the first and second interfaces, in other words either the inter-
mediate piece or the first functional add-on module is installed in a conveyor roller. It is
understood in this case that the first functional add-on module can also be formed by two
components, for example by a first component, which performs the desired additional
function, and by a second component, which serves as an add-on intermediate piece and
enables the functional add-on module to be adapted to different conveyor roller lengths or
to different dimensions of other variants of components inside the conveyor roller tube. in
this case the two components of the functional add-on module are interconnected, and
one of the two components forms the first interface and the other component forms the

second interface.

This embodiment makes it possible to produce motorized conveyor rollers economically
that offer a high degree of versatility in terms of additional functions, but without the
manufacturing costs and the effort for stocking replacement parts for these conveyor
rollers being increased as a result. According to the invention, a variable component is
also provided between two defined interfaces inside a conveyor roller tube, which in a
simple way makes it possible to produce conveyor rollers with additional functions or
without additional functions, and optionally to retrofit them with additional functions during

later use as well.

According to a preferred embodiment, the modular system according to the invention is

further developed in that the second and fourth interfaces are identical. The modular
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system according to the invention basically comprises a first functional add-on module
and a second functional add-on module, and optionally an intermediate piece, which can
each be used alternatively as a modular transfer element in the conveyor rolier. The
preferred matching embodiment of the second and fourth interfaces enables the second
axle unit to be coupled directly to the electric motor. In applications in which a functional
add-on element is not installed, the second axle unit can thus be dimensioned in such a
way that it bridges the unused clearance and can be fastened by its fourth interface
directly on the second interface of the motor. In addition, this further development enables
several functional add-on modules to be coupled to one another and integrated in the
motorized roller. Several functions can thus also be assembled in modular fashion and
integrated in the motorized roller via correspondingly standardized and identical interfac-
es.

Moreover, the two functional add-on modules can also be used for performing two match-
ing, amplifying additional functions, for example doubling a braking function performed by
one add-on module by integrating a second add-on module having the same function.

A connection of interfaces is basically understood to mean that via this connection, a
torque corresponding to the output of the electric motor can preferably be transferred and
that a positioning (in particular a centering) is preferably also performed, which in turn
performs the necessary axis alignment of the components of the conveyor roller. An
interface is understood to mean a connection between two components, which in princi-
ple has two structured connection sides that can be interconnected. These two structured
connection sides can be different from one another yet still fit together, or they can be
embodied identically. For example, an interface can be formed by a flange-flange connec-
tion, an inner peripheral/outer peripheral connection, a bolted crimping of two surfaces
and the like. In addition to this embodiment, the modular system according to the inven-
tion can also have an adapter, which enables a first interface of the second add-on mod-
ule to be connected to the second interface of the first add-on module by placing this

adapter between the first and second add-on modules.

According to another preferred embodiment, provision is made such that the first or
second functional add-on module performs regenerative braking as an electromechanical
function, the first or second functional add-on module being configured to convert kinetic
energy stored in the rotation of the conveyor roller into electrical energy. During use,
motorized conveyor rollers are frequently subjected to alternating accelerations and
decelerations. This not only results in increased energy consumption, but also in waste

heat being generated inside the conveyor roller, which is deleterious to the service life of
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the components arranged in the conveyor roller. According to this embodiment, the add-
on module thus performs regenerative braking as a function. In regenerative braking, the
energy stored in the motorized conveyor roller due to its mass and rotation velocity during
a deceleration of the rotation velocity is converted into electrical energy. For example, this
is achievable in that the add-on module can be switched to a generator mode or in that
the add-on module performs an electronic function in such a way that when coupled to
the electric drive motor of the motorized conveyor roller, the module enables the electric
drive motor to operate as a generator at the onset of a braking function of the motorized
conveyor roller. In addition to the kinetic energy stored in the motorized conveyor roller
itself due to the mass and rotation velocity of the latter, kinetic energy stored in the con-
veyed products is also periodically converted via the motorized conveyor roller during a
braking of the latter, this kinetic energy being transferred, via adhesive or friction contact
with the motorized conveyor roller, from the product to the motorized conveyor roller. In
principle, it is understood that specifically the design of the add-on module for regenera-
tive braking is suitable for alternatively integrating one add-on module, two add-on mod-
ules, or more than two add-on modules in the motorized conveyor roller so that the motor-

ized roller can also be variably adapted in terms of regenerative braking performance.

According to another preferred embodiment, provision is made such that the first or
second functional add-on module performs a rotational position determination as a sens-
ing function in that the first or second functional add-on module is configured to calculate
an angular position between the second axle unit and the conveyor roller tube. According
to this embodiment, a rotational position determination is performed by the add-on mod-
ule, in other words it enables the angular position of the conveyor roller tube to be deter-
mined in relation to a fixed coordinate system of the first or second axle unit. This rota-
tional position determination can be carried out in such a way that the angular position of
the conveyor roller tube is detected directly; as an alternative the angular position of the
electric motor (i.e., the angular position of the rotor of the electric motor) can also be
detected in relation to the first or second axle unit, and the angular position of the con-
veyor roller tube can then be determined from this motor angular position, with a possible
reduction of the rotation of the electric motor brought about by a transmission being
factored in. A rotational position determination is also understood to mean a determina-
tion of the rotational angular velocity; specifically, the rotational angular velocity and
optionally also the rotational angular acceleration can be calculated from the angular

position determination by conversion.

According to another preferred embodiment, provision is made such that
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- the first bearing unit is arranged in a first end cap, which is coupled to the electric
motor by means of the first interface or to the transmission module by means of the
third interface, has a fifth interface for coupling to the conveyor roller tube, and a
sixth interface for coupling to the first axle unit, and

- the second bearing unit is arranged in a second end cap, which has a seventh
interface for coupling to the second axle unit and an eighth interface for coupling to

the conveyor roller tube.

Providing a first and a second end cap for receiving the first and the second bearing unit,
respectively, gives rise to an easy-to-manufacture design of the conveyor rollers that are
produced with the modular system according to the invention. The end cap can be pro-
duced from, for example, diecast aluminum, stainless steel or plastic and perform a

sealing function.

According to another preferred embodiment, provision is made such that the modular
system comprises a first end cap made of diecast aluminum, which is connected to the
conveyor roller tube at a fifth standardized interface, where it does not have a gasket for
preventing undesired capillary action between the end cap and the conveyor roller tube at
the fifth interface, and further comprises a second end cap made of stainless steel, which
is likewise connected to the conveyor roller tube by means of the fifth interface and has a
gasket (EHEDG gasket) in the region of this fifth interface for preventing undesired capil-

lary action between the end cap and the conveyor roller tube.

Particular preference is thus given to developing the modular system further by having it

comprise

- a first and second end cap in a first version having a first sealing action against

fluids, and

- a first and second end cap in a second version having a second sealing action
against fluids that is stronger than the first sealing action.

The first and second end caps in the first version can have a sealing action against fluids
present in the conveyor roller and a sealing action against media or dirt acting on the
conveyor roller from outside. A first and second end cap in a second version having a
comparatively stronger sealing action against media or dirt acting on the conveyor roller
from outside can be used alternatively, without other connection interfaces being needed
or having to be produced for this purpose. According to this embodiment, a conveyor

roller having a high protection class (for example, IP65 or higher) can be produced from
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the modular system and used for applications in environments in which such protection of
the interior of the conveyor roller is required due to effects from moisture or dirt. To this
end, provision is typically made of a protective element that protects the actual sealing
element, e.g., a radial shaft ring gasket. Such a protective element is typically arranged
on the outside in relation to the radial shaft ring gasket and can be arranged, for example,
between the conveyor roller tube or an end cap integrated in the conveyor roller tube and
the axle element. The protective element forms a complete or partial outer seal between
the parts of the conveyor roller rotating relative to one another in the region of the axle
element and thus protects the gasket against outside influences. By using another end
cap, a conveyor roller with a lower protection class (for example, IP44 or lower) that does
not have or cannot receive such a protective element can also be produced from the
modular system. Customized conveyor rollers that are adapted to the respective require-
ments in terms of their manufacturing costs can thus be produced from the modular

system without additional manufacturing costs and stocking.

It is particularly preferable if the first and second end caps are identical. Providing identi-
cal end caps simplifies stocking even further, and manufacturing costs can be reduced by
achieving high production unit numbers for the end caps. It is understood that these end
caps are then preferably installed in a mirror-symmetrical manner relative to each other in

the motorized conveyor rofler.

Another aspect of the invention is a motorized conveyor roller, which is produced from a
modular system of the design described above. The motorized conveyor roller is distin-
guished by correspondingly standardized interfaces; i.e., specifically a correspondingly
standardized first, second, third, fourth and/or fifth to eighth interface, which permits the
use of variable components in the region of the add-on module, electric motor, transmis-
sion of the end caps and/or conveyor roller tube without having to adapt or alter the

method of connecting the components.

Still another aspect of the invention is a method for producing a motorized conveyor roller
from a modular system, with the steps:

- providing a conveyor roller tube,

- integrating a first axle unit in a first end of the conveyor roller tube,

- integrating a second axle unit in a second end, opposite the first end, of the con-
veyor roller tube,
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- mounting the conveyor roller tube so that it is capable of rotation about the first and
second axle units by means of a first bearing unit on the first end and a second

bearing unit on the second end,

- arranging an electric motor in the conveyor roller tube and mechanically coupling
the motor to the conveyor roller tube via a first interface and to the second axle unit
via a second interface in order to generate a torque between the conveyor roller
tube and the second axle unit,

characterized in that the electric motor is provided from a modular system, comprising:

- a motor with a first design, which is coupled to the conveyor roller tube via the first
interface and to the second axle unit via the second interface, and

a motor with a second design different from the first design, which is coupled to the
conveyor roller tube via the first interface and to the second axle unit via the second
interface.

The method can be further developed by the first design being a synchronous motor and
the second design being an asynchronous motor, or by the first design being a motor
having a first motor output and by the second design being a motor having a second

motor output different from the first motor output.

The method can be further developed by connecting a transmission module to the electric
motor by means of the first interface, wherein the transmission module reduces the
torque of the electric motor and transfers it to the conveyor roller tube, wherein the trans-
mission module is selected from a first transmission module having a first reduction ratio
and a second transmission module having a second reduction ratio different from the first

reduction ratio.

The method can be further developed by selecting the transmission module from a first
transmission having gears made of a first material and a second transmission having

gears made of a second material different from the first material.
The method can be further developed by selecting the transmission module from a first
transmission having a planetary gear system and a second transmission having a design

different from the planetary gear system, in particular a spur gear system.

The method can be further developed by the step of
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- integrating a modular transfer element between the electric motor and the second

axle unit and torque-proof coupling the transfer element
o to the electric motor via the second interface and
o to the second axle unit via a fourth interface,

wherein the modular transfer element is selected from a modular system comprising

a first functional add-on module, which is connected to the electric motor by means
of the second interface and to the second axle unit by means of the fourth interface
and which performs an electromechanical, sensing or thermal function, and

- a second functional add-on module, which performs a function different from the
first functional add-on module and can be used as a modular transfer element in-
stead of the first functional add-on module by connecting it to the electric motor by
means of the second interface and to the second axle unit by means of the fourth
interface.

Provision can preferably be made such that the second and fourth interfaces are identical
and the first and second functional add-on modules are jointly integrated, wherein the first
add-on module is connected by means of the second interface to the electric motor and
connected by means of the section of the fourth interface formed thereon to the section of
the second interface of the second add-on module formed on the second add-on module,
and wherein the second add-on module is connected by means of the fourth interface to

the second axle unit.

Still further provision can preferably be made such that the modular system further com-
prises a torque-transferring intermediate piece without electromechanical, sensing or
thermal function, which is connected to the electric motor by means of the second inter-
face and to the second axle unit by means of the fourth interface.

The method can be further developed in that regenerative braking is performed as an
electromechanical function, wherein the first or second functional add-on module converts

a torque into electrical energy.

The method can be further developed in that a rotational position determination is per-
formed as a sensing function, wherein the first or second functional add-on module caicu-

lates an angular position between the second axle unit and the conveyor roller tube.
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The method can be further developed by arranging the first bearing unit in a first end cap

and the second bearing unit in a second end cap.

The method can be further developed by
selecting the first and second end caps from a modular system comprising
- a first version having a first sealing action against fluids, and

- a second version having a second sealing action against fluids that is stronger than
the first sealing action.

In particular, the sealing action relative to the inside, the sealing action relative to the
outside and the enhanced sealing action relative to fluids acting from the outside can be
configured in a modular manner, for example in the form of an alternative use of end caps
with an additional seal relative to the conveyor roller tube or of end caps with an addition-

al protective element for protecting the seal, as described above.

The method can be further developed by instailing a second end cap that is identical to

the first end cap.

It is understood that the method according to the invention can preferably be carried out
with the modular system according to the invention. It is understood that the variants,
advantages and functional actions of the modular system explained above apply in an
analogous manner to the corresponding method steps of the production method.

A preferred embodiment of the invention shall be explained with reference to the append-
ed figures. Shown are:

Fig. 1 a side view, cut lengthwise, of a preferred embodiment of a conveyor roller

from the modular system according to the invention,

Fig. 2 a side view, cut lengthwise, of an alternative preferred embodiment of a

conveyor roller from the modular system according to the invention, and
Fig. 3 a systematic view of the modular system according to the invention

Fig. 1 shows a motorized conveyor roller having a conveyor roller tube 10, in which are
integrated a first axle unit 20 at the left end in the drawing and a second axle unit 30 at
the right end in the drawing. Both axle units extend partially out of the conveyor roller

tube and thus enable the conveyor roller to be mounted in a frame or the like.
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The first axle unit 20 is mounted, by means of a bearing unit 25, in a first end cap 40a
arranged on the left end of the conveyor roller tube. The end cap 40a is connected in a
torque-proof manner to the conveyor roller tube 10. A radial shaft ring gasket 24, which
forms a seal between the interior enclosed by the conveyor roller tube and the environ-
ment, is integrated between the end cap 40a and the first axle unit 20, on the outside of

the bearing unit 25.

In corresponding fashion, the second axle unit 30 is rotatably mounted by means of an
axle bearing unit 35 in an end cap 40b fastened in a torque-proof manner on the right end
of the conveyor roller tube and in turn forms a seal on this side between the interior and

the environment by means of a radial shaft ring gasket 34.

The end caps 40a, b are identical in construction. The end caps form standardized inter-
faces with the axle units mounted and sealed therein on the one hand and with the con-
veyor roller tube on the other hand, which can be numbered consecutively throughout as
fifth and sixth interfaces 5 — 6, as can be discerned in Fig. 1. The end caps are further-
more configured such that a third torque-transferring interface 3 is formed for receiving a
torque from a transmission 60. In the motorized roller depicted in Fig. 1, this function and
interface are only implemented by the left end cap 40a, which is integrated in a torque-
transferring manner between the transmission and the conveyor roller tube.

The transmission 60 is embodied as a muiti-stage planetary gear transmission and is
integrated in the conveyor roller by means of the third interface 3. The third interface on
the one hand constitutes an interface with the first axle unit, to which the planet gear
carrier is coupled in a torque-proof manner. The third interface further comprises a con-
nection to the first end cap 40a for coupling the ring gear of the transmission 60 to the
first end cap in a torque-proof manner. A torque is transferred from the transmission to

the conveyor roller tube via this connection of the third and fifth interfaces.

The transmission 60 is furthermore coupled to an electric motor 50 by means of a first
interface 1. The electric motor 50 is embodied as a brushless three-phase motor and has
a rotor 51 and a stator 52. The rotor 51 is coupled in a torque-proof manner to a drive
shaft 53, which acts on the sun gear of the first gear stage of the planetary gear transmis-
sion 60. The drive shaft 53 is mounted rotatably in an intermediate flange between the
electric motor 50 and the transmission 60. The intermediate flange is in turn coupled in a
torque-proof manner to a motor housing 54 encasing the electric motor 50 and to the
transmission housing of the planetary gear transmission 60. The connection between this

intermediate flange and the transmission 60 and the connection between the transmis-
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sion shaft 61 and the rotor shaft 51 constitute the first interface 1, which is standardized in

the modular system according to the invention.

On the side of the electric motor opposite this first interface 1, the electric motor is con-
nected to an add-on module 70 by means of a second interface 2. This add-on module 70
is formed by a second intermediate flange 71, which receives a ball bearing in which the
rotor shaft 51 is rotatably mounted. This second intermediate flange is connected in a
torque-proof manner to a torque-transferring intermediate piece 30' in the embodiment
shown in Fig. 1. This intermediate piece 30' is rigidly connected to the second axle unit 30
and illustrated in interrupted form, and it is understood that the length of this intermediate
piece 30 is adjustable to the length of the conveyor roller or to the length of the conveyor

roller tube 10 and is consequently available in different variants.

The intermediate piece 30' is connected in a torque-proof manner to the second axle unit
30 by means of a seventh interface 7. This seventh interface is formed by a force-fitting
and positively locking knurled end bezel of the second axle unit 30 in an interior of the
intermediate piece 30', but can also be formed in a purely positively locking, purely force-
fitting or material-locking manner.

Fig. 2 shows a second conveyor roller, which is produced from the modular system

according to the invention.

As can be discerned in Fig. 2, the second conveyor roller is identical in construction to the
embodiment depicted in Fig. 1 in terms of the components of the endcaps, first axle unit,
electric motor and conveyor roller tube. However, the second embodiment of the convey-
or roller from the modular system according to the invention differs from the conveyor
roller shown in Fig. 1 in that for one thing, a different transmission 260 is integrated and
connected to the motor 50 by means of the first interface 1.

Another difference from the motorized roller according to Fig. 1 lies in that a brake mod-
ule 270 rather than the add-on module 70 is integrated between the second and fourth
interfaces. As can be discerned, the brake module 270 has the fourth interface 4, by
means of which the brake module is connected to an intermediate piece 230', which is
shorter than the intermediate piece 30' of the motorized roller according to Fig. 1. The
intermediate piece 230" is connected to the second axle unit 30 by means of the seventh
interface 7. This seventh interface 7 corresponds to the seventh interface 7 of the exten-
sion piece 30" according to Fig. 1 so that a connection to the corresponding counterpart of
the seventh interface on the second axle unit 30 is possible. The brake module 270

furthermore has a corresponding second interface 2, which effects the coupling to the
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electric motor. This second interface 2 is identical in construction to the second interface
between the add-on module 70 and the electric motor 50 of the motorized roller according
to Fig. 1.

Figure 3 shows a systematic view of the modular system according to the invention. The
modular system depicted here basically comprises twelve modular components, which
can be assembled with one another to form a motorized conveyor roller. Many of these
modular components are available and usable in different variants so that a specific
function of the motorized conveyor roller is achieved by selecting a variant for this modu-

lar component.

In principle, an oil-filled conveyor roller tube 110 is used for each motorized roller. The
conveyor roller tube is tailor-made to a custom length and has a standardized interface 5
and 8 inside each of its two ends, to which end caps 140a, b can be secured in the con-
veyor roller tube in standardized fashion at both ends.

The end caps 140a, b to be inserted on both ends are contained in the modular system in
one variant made of stainless steel 140a and in one variant made of aluminum 140b, said
variants of this modular component being intended to be selected. By selecting the stain-
less steel cap, a motorized roller for use in the food industry can thus be assembled,
whereas the aluminum end cap can be used for other areas without stringent hygienic

requirements.

A first axle unit, which in turn can be chosen in two variants 120a and 120b of regular
steel and stainless steel, respectively, extends through the left end cap 140a, b. A second
axle unit 130a, b extends through the right end cap 140a, b.

The end caps 140a, b have a sixth interface 6, at which the first axle unit 120a, b and the
second axle unit 130a, b, respectively, are sealed and roller bearing-mounted in the end
cap. The end caps 130 also have a third interface 3, with which a transmission compo-
nent 160 is torque-supported on the end cap. To this end, the transmission compo-
nent 160 has a suitably adapted interface 3, which furthermore has an additional function
as an interface with the first axle unit 120a, b in order to ensure torque support on this
first axle unit. The transmission can thus be braced in a torque-proof manner on the first
axle unit on the one hand and on the end cap on the other hand, and consequently a
rotation can be transferred, with support, from a planetary gear transmission in that the
ring gear of the transmission is braced in a torque-proof manner on the end cap and the
planet gear carrier or the sun gear of the transmission is braced in a torque-proof manner

on the axle unit.
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By means of an opposing first interface 1, the transmission component is attached to a
motor component 150a, b. The interface 1 can also ensure a centering and torque-proof
support of a transmission housing on the motor housing on the one hand and a torque-
proof transfer between the planet gear carrier or the sun gear and the drive shaft of the
electric motor on the other hand. The motor component or the electric motor is provided
in the modular system in a first variant 150a with an asynchronous winding and in a

second variant 150b with a synchronous winding.

The electric motor has a second interface 2 on the side opposite the interface 1. This
second interface 2 can be connected in a torque-proof manner to a functional module
170a-h. As a functional module, provision is made of eight different variants in the modu-

lar system according to the invention:

- A first variant 170a has a second interface for coupling to the electric motor and
another interface opposite said second interface, which can be coupled in a torque-
proof manner to a short version of the second axle unit 130a. This variant 170a,
130a is used for mounting a particularly short motorized roller and does not per-
form any additional function.

- Also contained as a variant is a transfer element 170b, which can be coupled in a
torque-proof manner to the electric motor by means of the second interface 2 and
to a second axle unit 130b by means of a fourth interface 4. Other than the torque
transfer and a mounting of the drive shaft of the electric motor, this transfer ele-
ment 170b does not perform any additional functions and it is used for mounting

motorized rollers of different structural lengths.

- Provision is also made of a selective disable module 170c, which enables a rota-
tion of the rotor of the electric motor with respect to the stator of the electric motor
in one rotation direction, but blocks it in the opposing rotation direction. When this
disable module is used, the motorized roller can only turn and transfer a drive
torque in one direction, whereas the motorized roller is blocked in the other direc-
tion and thus prevents, for example, a backward movement of the conveyed prod-
uct contrary to the conveying direction.

- The other variants 170d-g represent different sensor units, which can be used for
measuring rotational angles and rotation velocities in various non-incremental reso-
lutions.
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- An eighth variant 170h is a functional brake module, which performs a braking or
locking function between the drive shaft of the motor and its housing (i.e., between
the rotor and the stator of the electric motor) and thus includes the function of being

able to hold the motorized roller in an angular position.

In addition to the short first axle unit 130a, as explained above, there is another second
axle unit 130b, which is used for constructing motorized rollers of different lengths. The
second axle unit 130b is mechanically coupled by means of a fourth interface 4 to the
functional module 170a-h in one of the eight variants. An interface 6, with which the
second axle unit is sealed and mounted in the right end cap 130, is provided at the oppo-
site end of the second axle unit.

The second axle unit receives an insert element 190 on its outside end 131a, b. An
electric plug connection can be positioned, or an electric cable of the axle unit embodied
as a hollow axle can be fed and/or sealed, between the end 131a, b and the insert ele-
ment 190. The cable is routed to the outside and, like the alternative plug connection, is
used for supplying the electric motor 150 with current and control signals.

For establishing these electric plug connections, the modular system contains pre-
assembled variants of a cable haress 200a, b and 210a, b, which can be selected
accordingly and installed for corresponding lengths. These cable harnesses connect the
electric motor and optionally an integrated encoder to the insert element 190, or are fed
through the insert element 190.
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Claims

1. A modular system of motorized conveyor rollers, comprising:
- a conveyor roller tube,
- a first axle unit, which is integrated in a first end of the conveyor roller tube,

5 - a second axle unit, which is integrated in a second end of the conveyor roller

tube opposite the first end,

- a first bearing unit on the first end and a second bearing unit on the second
end, about which the conveyor roller tube is mounted rotatably about the first

and second axle units, respectively,

10 - an electric motor arranged in the conveyor roller tube and mechanically cou-
pled between the second axle unit und the conveyor roller tube for generat-

ing a torque between the conveyor roller tube and the second axle unit,
characterized in that the modular system comprises, as the electric motor,

- a motor of a first design, which is coupled to the conveyor roller tube via a

15 first interface and to the second axle unit via a second interface, and

- a motor of a second design different from the first design, which is coupled to
the conveyor roller tube via the first interface and to the second axle unit via

the second interface.

2. The modular system as claimed in claim 1,
20 characterized in that

- the first design is a synchronous motor and the second design is an asyn-

chronous motor, or

- the first design is a motor having a first motor output and the second design
is a motor having a second motor output that is different from the first motor

25 output.

3. The modular system as claimed in claim 1 or 2,

characterized in that the electric motor is connected via the first interface to a
transmission module, which reduces the torque of the electric motor and transfers it
via a third interface to the conveyor roller tube, wherein the modular system com-
30 prises, as a transmission module, a first transmission having a first reduction ratio
and a second transmission different from the first transmission, which has a second

reduction ratio different from the first reduction ratio.
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The modular system as claimed in claim 3,

characterized in that the modular system comprises, as a transmission module, a
first transmission having gears of a first material and a second transmission having

gears of a second material different from the first material.

The modular system as claimed in claim 3 or 4,

characterized in that the modular system comprises, as a transmission module, a
first transmission having a planetary gear system and a second transmission hav-

ing a design different from the planetary gear system.

The modular system as claimed in any one of claims 1-5,

characterized by a modular transfer element, which is integrated between the elec-
tric motor and the second axle unit in that the modular transfer element is connect-
ed to the electric motor via the second interface and to the second axle unit via a
fourth interface and transfers the torque between the electric motor and the second
axle element via the second and fourth interfaces, wherein as a modular transfer

element

- a first functional add-on module, which performs an electromechanical, sens-

ing or thermal function, and

- a second functional add-on module, which can be integrated in the conveyor
roller instead of the first functional add-on module and which performs an
electromechanical, sensing or thermal function that is different from the func-

tion of the first functional add-on module.

The modular system as claimed in claim 6,

characterized by a torque-transferring intermediate piece without any electrome-
chanical, sensing or thermal function, which is connected instead of the first and
second functional add-on modules to the electric motor by means of the second in-

terface and to the second axle unit by means of the fourth interface.

The modular system as claimed in claim 6 or 7,

characterized in that the second and the fourth interfaces are identical.

The modular system as claimed in one of claims 6-8,

Date Regue/Date Received 2020-04-23
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characterized in that the first or second functional add-on module performs regen-
erative braking as an electromechanical function in that the first or second func-
tional add-on module is configured to convert kinetic energy stored in the rotation

of the conveyor roller into electrical energy.

5 10. The modular system as claimed in one of claims 6-9,

characterized in that the first or second functional add-on module performs a rota-
tional position determination as a sensing function in that the first or second func-
tional add-on module is configured to calculate an angular position between the

second axle unit and the conveyor roller tube.

10 11.  The modular system as claimed in any one of claims 1-10,
characterized in that

- the first bearing unit is arranged in a first end cap, which is coupled to the
electric motor by means of the first interface or to the transmission module by
means of the third interface, has a fifth interface for coupling to the conveyor

15 roller tube and a sixth interface for coupling to the first axle unit, and

- the second bearing unit is arranged in a second end cap, which has a sev-
enth interface for coupling to the second axle unit and an eighth interface for

coupling to the conveyor roller tube.

12.  The modular system as claimed in claim 11,
20 characterized in that the modular system comprises

a first and second end cap in a first version having a first sealing action against flu-

ids, and

- a first and second end cap in a second version having a second sealing ac-

tion against fluids that is stronger than the first sealing action.

25 13. The modular system as claimed in claim 11 or 12,

characterized in that the first and the second end caps are identical.

14. A motorized conveyor roller produced from a modular system as claimed in any

one of claims 1-13.

15. A method for producing a motorized conveyor roller from a modular system, with

30 the steps:

Date Regue/Date Received 2020-04-23
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- providing a conveyor roller tube,
- integrating a first axle unit in a first end of the conveyor roller tube,

- integrating a second axle unit in a second end, opposite the first end, of the

conveyor roller tube,

5 - mounting the conveyor roller tube so that it is capable of rotation about the
first and second axie units by means of a first bearing unit on the first end

and a second bearing unit on the second end,

- arranging an electric motor in the conveyor roller tube and mechanically
coupling the motor to the conveyor roller tube via a first interface and to the
10 second axle unit via a second interface in order to generate a torque be-

tween the conveyor roller tube and the second axle unit,
characterized in that the electric motor is provided from a modular system compris-
ing:
- a motor with a first design, which is coupled to the conveyor roller tube via

15 the first interface and to the second axle unit via the second interface, and

- a motor with a second design different from the first design, which is coupled
to the conveyor roller tube via the first interface and to the second axle unit

via the second interface.

16. The method as claimed in claim 15,
20 characterized in that

- the first design is a synchronous motor and the second design is an asyn-

chronous motor, or

- the first design is a motor having a first motor output and the second design

is a motor having a second motor output different from the first motor output.

25 17. The method as claimed in one of the preceding claims 15-16,

characterized in that a transmission module is connected to the electric motor by
means of the first interface, wherein the transmission module reduces the torque of
the electric motor and transfers it to the conveyor roller tube, wherein the transmis-
sion module is selected from a first transmission module having a first reduction ra-
30 tio and a second transmission module having a second reduction ratio different

from the first reduction ratio.

18. The method as claimed in claim 17,
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characterized in that the transmission module is selected from a first transmission
having gears made of a first material and a second transmission having gears

made of a second material different from the first material.

The method as claimed in claim 17 or 18,

characterized in that the transmission module is selected from a first transmission
having a planetary gear system and a second transmission having a design differ-

ent from the planetary gear system.

The method as claimed in one of the preceding claims 15-19,
characterized by the step of

- integration of a modular transfer element between the electric motor and the

second axle unit and torque-proof coupling of the transfer element
o to the electric motor via the second interface and
o to the second axle unit via a fourth interface,

wherein the modular transfer element is selected from a modular system compris-

ing

- a first functional add-on module, which is connected to the electric motor by
means of the second interface and to the second axle unit by means of the

fourth interface and performs an electromechanical, sensing or thermal func-

tion, und

- a second functional add-on module, which performs a function different from
the first functional add-on module and can be used as a modular transfer el-
ement instead of the first functional add-on module by connecting it to the
electric motor by means of the second interface and to the second axle unit

by means of the fourth interface.

The method as claimed in claim 20,

characterized in that the second and the fourth interfaces are identical and the first
and the second functional add-on modules are jointly integrated in that the first
add-on module is connected by means of the second interface to the electric motor
and connected by means of the section of the fourth interface formed thereon to
the section of the second interface of the second add-on module formed on the
second add-on module, and the second add-on module is connected by means of

the fourth interface to the second axle unit.
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The method as claimed in claim 20 or 21,

- characterized in that the modular system further comprises a torque-
transferring intermediate piece without any electromechanical, sensing or
thermal function, which is connected to the electric motor by means of the
second interface and to the second axle unit by means of the fourth inter-

face.

The method as claimed in one of the preceding claims 20-22,

characterized in that regenerative braking is performed as an electromechanical
function by the first or second functional add-on module converting a torque into

electrical energy.

The method as claimed in one of the preceding claims 20-23,

characterized in that a rotational position determination is performed as a sensing
function by the first or second functional add-on module calculating an angular po-

sition between the second axle unit and the conveyor roller tube.

The method as claimed in one of the preceding claims 15-24,

characterized in that the first bearing unit is arranged in a first end cap and the

second bearing unit is arranged in a second end cap.

The method as claimed in claim 25,

characterized in that the first and the second end caps are selected from a modular

system comprising
- a first version having a first sealing action against fluids, and

- a second version having a second sealing action against fluids that is

stronger than the first sealing action.

The method as claimed in claim 25 or 26,

characterized in that the first and the second end caps are identical.

The modular system as claimed in claim 5, wherein the second transmission has a

spur gear system.

The method as claimed in claim 19, wherein the second transmission has a spur

gear system.
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