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(54) DRIVING SYSTEM FOR DRIVING A CONVEYER BAND OF A CONVEYER APPARATUS

(57) The present invention relates to a driving system
(110) for driving a conveyer band of a conveyer appara-
tus, especially of an escalator or a moving walkway, com-
prising a first rotatable shaft (401) coupled with at least
one sprocket (402), wherein the at least one sprocket
(402) is adapted to be coupled with at least one chain of
the conveyer band, a second rotatable shaft (614) cou-
pled with a motor (5), wherein the motor (5) is adapted
to set the second rotatable shaft (614) into a rotary mo-
tion, wherein a gearbox (6) is provided, which is adapted
to transfer the rotary motion of the second shaft (614)
into a rotary motion i of the first shaft (401), wherein at
least one stage of the gearbox (6) is provided as a cy-
cloidal drive (610).
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Description

[0001] The present invention relates to a driving sys-
tem for driving a conveyer band of a conveyer apparatus
and a corresponding conveyer apparatus comprising a
first rotatable shaft coupled with at least one sprocket,
wherein the at least one sprocket is adapted to be cou-
pled with at least one chain of the conveyer band, and
comprising a second rotatable shaft coupled with a mo-
tor, wherein the motor is adapted to set the second ro-
tatable shaft into a rotary motion.

Prior art

[0002] In a conveyer apparatus, e.g. an escalator or a
moving walkway, a conveyor band (step band or pallet
band) is driven by means of a motor. The conveyor band
is usually connected with chains, comprising a plurality
of chain links connected by corresponding connection
means, e.g. pins, plates, rollers, etc. A main shaft of the
conveyer apparatus, usually located in one end of the
apparatus, is connected with at least one sprocket. This
sprocket has a number of teeth on its circumference,
which engage the connection means of the correspond-
ing chain. The motor can convert electric energy into me-
chanical energy, by means of which the main shaft can
be set into rotation, thus moving the conveyor band. A
conveyer apparatus of this kind is e.g. described in EP
1 680 348 A1 or in US 5 950 797 A.
[0003] A disadvantage of this kind of conveyor appa-
ratus is that vibrations due to the so called polygon effect
are generated, as e.g. described in EP2 033 928 A1.
Vibrations of that kind arise due to interaction of the
chains with the sprockets: A chain comprises several of
discrete chain links connected with each other by con-
nection means, such as pins, plates, rollers, etc. The en-
gagement of these connection means with the teeth of
the sprocket causes vibration and fluctuation of the chain,
which is referred to polygon effect.
[0004] These vibrations cause undesirable friction be-
tween the chain and the sprocket, thereby reducing the
service life time of these components. Moreover, the ride
experience of a user of the conveyor apparatus can be
negatively affected by this polygon effect. On the one
hand, a user can feel these vibrations, which can result
in an unpleasant sensation. On the other hand, noise is
generated by the vibrations, which can be perceived as
annoying by users or by people in the vicinity of the con-
veyor apparatus.
[0005] It is therefore desirable to provide a possibility
to reduce vibrations due to the polygon effect.

Disclosure of the invention

[0006] The invention relates to a driving system for
driving a conveyer band of a conveyer apparatus and a
corresponding conveyer apparatus with the features of
the independent claims. Further advantages and embod-

iments of the invention will become apparent from the
description and the appended figures.
[0007] The conveyer apparatus can especially be an
escalator or a moving walkway. In case of an escalator,
the conveyer band is particularly a step band. In case of
a moving walkway, the conveyer band is especially a
pallet band.
[0008] A first rotatable shaft is coupled with at least
one sprocket. The at least one sprocket is adapted to be
coupled with at least one chain of the conveyer band.
Particularly, the conveyer band comprises two chains,
one on each side of the conveyer apparatus. Hence, the
first shaft especially comprises two sprockets, one for
each chain. The first shaft is particularly a main shaft or
chain wheel drive shaft of the conveyer apparatus. The
first shaft can especially be directly connected with the
sprockets by means of a rotationally fixed connection.
[0009] Each sprocket especially comprises a profiled
wheel with a number of teeth for meshing and engaging
connection means of the corresponding chain. These
connection means connect the corresponding chain links
with each other. Thus, the chain and the conveyor band
are moved as the sprocket rotates.
[0010] If the conveyer apparatus comprises more than
one chain and thus more than one sprocket, these
sprockets can e.g. also be connected by other means
than the first shaft, e.g. by another shaft of by other power
transmission elements adapted to keep the motion of the
chains synchronised.
[0011] A motor or electric machine is provided for driv-
ing the conveyor band. Electric energy is converted into
mechanical energy by the motor. This mechanical energy
is used to drive the conveyor band.
[0012] A second rotatable shaft is coupled with the mo-
tor. The motor is adapted to set the second rotatable
shaft into a rotary motion. The second rotatable shaft can
be coupled directly to the motor. Particularly, the second
shaft can be constructed as a motor shaft. It is also pos-
sible that the second shaft is coupled to the motor shaft
via other elements.
[0013] According to the invention, the driving system
comprises a gearbox, which is adapted to transfer the
rotary motion of the second shaft into a rotary motion of
the first shaft. Herein, at least one stage of the gearbox
is provided as a cycloidal drive. Hereby, the at least one
sprocket is set into rotatory movement and hence the
conveyor band is moved.
[0014] The invention is based on the realisation that
the use of a cycloidal drive in a conveyor apparatus yields
distinct advantages. Particularly, efficiency of the drive
system can be increased and environmental impact can
be reduced. Costs and effort for installation, operation,
and maintenance of the conveyor apparatus can be re-
duced.
[0015] By the use of a cycloidal drive vibrations due to
the so called polygon effect can be minimised or even
prevented. The intensity of the polygon effect particularly
depends on the speed of the chain. In conventional drive
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systems, the speed of the chain can not be controlled
precisely enough to reduce vibrations due to the polygon
effect. Particularly, the motor does not enable a very ac-
curate control of the chain speed. By means of the cy-
cloidal drive of the gearbox according to the invention,
the speed of the chain can expediently be controlled in
order to reduce or prevent vibrations due to the polygon
effect. Particularly, due to the specific design of the cy-
cloid drive a variable speed pattern of the rotation of the
first shaft can be enabled. The cycloid drive is especially
specifically designed to enable a specific speed pattern
of the first shaft, by means of which a specific speed
pattern of the chain, particularly a constant speed chain,
can be achieved.
[0016] Thus, by reducing vibrations due to the polygon
effect, the riding experience of a user can be improved
and noise pollution can be reduced. Moreover, no unde-
sirable friction between the chain and the sprocket is
caused, which can arise due to the polygon effect. Thus,
the service life time of these components can be in-
creased and maintenance costs can be reduced.
[0017] Moreover, the cycloidal drive has minimal
space requirements, especially compared with other
kinds of gearboxes. Particularly, by means of the cycloi-
dal drive a relatively high gear ratio can be achieved with
minimal space requirements. Thus, dimensions of the
conveyor apparatus can be reduced or the saved space
can be used for other elements or purposes. Logistics
and installation of the conveyor apparatus can hence be
simplified.
[0018] There is especially no danger of disconnection
of the motor and the first shaft. In common drive systems
a motor can be connected to a gearbox, which is con-
nected via a chain, e.g. a duplex or triplex chain, to a
main shaft, on which sprockets are arranged. In these
conventional systems, there is the danger of e.g. break-
age of the duplex or triplex chain or loosening of support-
ing screws of the motor and the gearbox. In this case,
the steps or pallets of the corresponding conveyor band
may move without any control, possibly resulting in inju-
ries of passengers or damage of transported goods.
These dangers can be prevented by means of the cycloi-
dal drive.
[0019] According to a preferred embodiment, a first
gear is provided, which is in rotationally fixed connection
with the first shaft. A second gear is provided, which is
in rotationally fixed connection with an element of the
cycloidal drive. The first gear and the second gear are
coupled with each other. Thus, these two gears particu-
larly form a gearbox train, which is preferably provided
as a second stage of the gearbox. Particularly, the rotary
motion of the second shaft is transferred via the cycloidal
drive into a rotary motion of the second gear. In this sec-
ond stage of the gearbox, this rotary motion of the second
gear is transferred into a rotary motion of the first gear
and hence into the rotary motion of the first shaft.
[0020] Preferably, the cycloidal drive comprises at
least one eccentric disc and at least one cycloidal disc.

The at least one cycloidal disc has an external surface
with a number of lobes. The at least one eccentric disc
is preferably set into rotation by the second shaft. The at
least one eccentric disc is adapted to set the at least one
cycloidal disc in motion, particularly in an eccentric, cy-
cloidal motion. Particularly, the at least one eccentric disc
is arranged in the centre of the at least one cycloidal disc.
The at least one cycloidal disc and the at least one ec-
centric disc are especially coupled with each other via a
bearing, e.g. a rolling bearing.
[0021] The second shaft is advantageously in a rota-
tionally fixed connection with the at least one eccentric
disc. Thus, the second shaft and the eccentric disc(s) are
preferably connected directly with each other. Alterna-
tively, the second shaft is connected with the at least one
eccentric disc preferably via a planetary stage of the gear-
box. For this purpose, the second shaft can particularly
set a pinion in rotary motion, which engages at least one
sprocket of the corresponding planetary gear. This at
least one sprocket is in particularly in rotationally fixed
connection with the at least one eccentric disc.
[0022] Advantageously, the cycloidal drive comprises
a first pin element and a second pin element. The first
pin element or ring gear element is arranged preferably
coaxial to the second shaft and comprises a number of
first pins. These first pins are especially arranged on a
circumference or circle coaxial to the second shaft. The
at least one cycloidal disc is arranged inside this circum-
ference or circle. The number of first pins is preferably
larger than the number of lobes of the at least one cy-
cloidal disc. There is especially at least one more first pin
than second pins. Particularly, there are at most five more
first pins than second pins. Thus, the first pins roll on the
external surface of the at least one cycloidal disc. For
this purpose, the first pins can be provided as rotating
and/or low friction pins.
[0023] The second pin element is preferably also ar-
ranged coaxially to the second shaft and comprises a
number of second pins. The at least one cycloidal disc
comprises a number of holes equal to or larger than the
number of second pins. The number of holes and second
pins can especially be identical. Particularly, there are at
most five more holes than second pins. Preferably, the
second pins are adapted to engage the holes in the at
least one cycloidal disc. Analogously to the first pins, the
second pins can be provided as rotating and/or low fric-
tion pins. It is also possible, that the second pin element
is connected to sprocket shafts of the aforementioned
planetary stage of the gearbox. The second pin element
can e.g. also be constructed as a shaft.
[0024] According to a first preferred embodiment, the
second pin element is fixed, e.g. to a housing of the motor
or of the gear box. The first pin element is in this case
preferably pivotable. A corresponding bearing for the first
pin element can e.g. be provided in a housing of the gear-
box. The rotary motion of the second shaft is thus espe-
cially transferred into a rotary motion of the first pin ele-
ment. The gearbox is in this case preferably adapted to
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transfer the rotary motion of the second shaft into a rotary
motion of the first pin element and to transfer this latter
motion into the rotary motion of the first shaft. For this
purpose, the first pin element is preferably in rotationally
fixed connection with the second gear or the chain
sprocket. Thus, rotary motion of the first pin element is
transferred into rotary motion of the second gear or of
the chain sprocket.
[0025] Alternatively, according to a second preferred
embodiment, the first pin element is fixed and the second
pin element is pivotable. For example, the first pin ele-
ment can in this case be fixed to the conveyor apparatus,
e.g. to the housing of the motor or of the gear box. A
corresponding bearing for the second pin element can
be provided in the gearbox housing. The gearbox is in
this case preferably adapted to transfer the rotary motion
of the second shaft into a rotary motion of the second pin
element and to transfer this latter motion into the rotary
motion of the first shaft. The second pin element is in this
case advantageously in rotationally fixed connection with
the second gear or the chain sprocket. Thus, in this case,
the rotary motion of the second pin element is transferred
into rotary motion of the second gear or the chain sprock-
et.
[0026] According to an advantageous embodiment,
the number of first pins is equal to a number of teeth of
the at least one sprocket or equal to an integer multiple
of this number of teeth. The number of lobes is preferably
equal to the number of first pins minus a ratio between
the number of first pins and the number of teeth of the at
least one sprocket. The shape of the external surface of
the at least one cycloidal disc is thus specifically modified
to achieve a specific speed pattern of the first shaft in
order to achieve a constant speed of the conveyor band
and thus to minimise or even prevent vibrations due to
the polygon effect. This configuration is especially ad-
vantageous if a gear ratio of the first and the second gear
is 1:1 or if a first and a second gear are provided. More-
over, this configuration is particularly advantageous for
sprockets with less than 16 teeth. For example, if the
number of teeth is 10 and the number of first pins is 10,
the number of lobes will especially be 9. If, for instance,
the sprockets have 10 teeth and if there are 20 first pins,
the cycloidal disc(s) will especially have 18 lobes.
[0027] Preferably, the number of first pins is equal to
a number of teeth of the at least one sprocket multiplied
by a factor y or equal to an integer multiple of the number
of teeth of the at least one sprocket multiplied by the
factor y. This factor y preferably corresponds to a gear
ratio of y:1 of the number of teeth of the second gear and
the number of teeth of the first gear. The number of lobes
is preferably equal to the number of first pins minus a
ratio between the number of first pins and the number of
teeth of the at least one sprocket multiplied by the factor
y. This configuration is also particularly advantageous
for sprockets with less than 16 teeth. Also by this specific
shape of the external surface of the cycloidal disc(s) a
specific speed pattern of the first shaft and a constant

speed of the conveyor band can especially be achieved
in order to minimise or prevent vibrations due to the pol-
ygon effect.
[0028] According to a preferred embodiment, the
number first pins z1 is given according to the formula, if
z1 is an integer number: 

- r is the difference of the number first pins z1 and the
number of lobes z2: 

- t1 is the number of teeth of the at least one sprocket.
- i1 is the gear ratio of the number of teeth of the second

gear and the number of teeth of the first gear.

[0029] This configuration also yields the possibility to
minimise or prevent vibrations due to the polygon effect.
[0030] Preferably, the second rotatable shaft is cou-
pled to a shaft of the motor via a second gearbox, e.g.
via a gear train with one gear connected with the motor
shaft and one gear connected with the second shaft. This
configuration particularly allows higher motor speeds.
[0031] The motor can be of an expedient design. Ac-
cording to a particularly advantageous embodiment, the
motor is a permanent magnet synchronous motor
(PMSM). This motor type presents advantages in torque
density and efficiency.
[0032] Preferably, the motor is a PMSM with an axial
flux or with radial flux with a diameter larger than the
length (so called "pancake" type PMSM). In an axial flux
motor of this kind, the magnetic force (through the air
gap) is along the same plane as the motor shaft, i.e. along
the length of the motor. The motor shaft or an output shaft
coupled with the motor shaft is particularly arranged par-
allel with the first shaft of the conveyor apparatus.
[0033] The motor can preferably be a PMSM with radial
flux or with an axial flux with several discs (so called "sau-
sage" type PMSM). In a radial flux motor of this kind, the
magnetic force is perpendicular to the length of the motor
or motor shaft. This PMSM with radial flux particularly
has a longer, skinnier design than the "pancake" type
PMSM.
[0034] It is possible to arrange the motor and/or the
gearbox in between the two chains of the conveyor band.
This design can be appropriate for escalators. The motor
and/or the gearbox can also be arranged outside of the
area between these two chains and especially outside a
truss of the conveyor apparatus. This design can be ad-
vantageous for moving walkways. It is also possible to
e.g. arrange the motor in between the two chains and
the gearbox on the outside of the truss.
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[0035] It shall be understood that the driving system
may comprise other elements, e.g. a brake and/or a
handrail drive. For example a brake can be provided and
can interact e.g. with the motor, the first shaft, the second
shaft and/or other elements. The brake can have a hold-
ing function in order to stop a motion of the conveyor
band. Moreover, the brake can have an emergency brak-
ing function.
[0036] A handrail drive can be provided to set one or
several handrails of the conveyor apparatus in motion.
The handrail drive can e.g. also be driven by the motor
and can be coupled to the motor by means of power
transmission, e.g. belts or chains. The handrail drive can
also be driven by means of a mechanical connection with
the at least one chain of the conveyor apparatus. It is
also possible that a second motor for driving the handrails
is provided, which is especially synchronised with the
motor of the driving system.
[0037] Moreover, the conveyor apparatus especially
comprises one or several of the following elements: a
guiding system for the conveyor band and/or the chains;
a supporting structure, e.g. a truss; plates provided to
transfer passengers from the conveyor band to the sur-
rounding area and vice versa; balustrades provided on
both sides of the conveyor apparatus; handrails provided
on both sides of the conveyor apparatus moving sub-
stantially at the same speed of conveyor band; control
and/or safety systems.
[0038] It should be noted that the previously mentioned
features and the features to be further described in the
following are usable not only in the respectively indicated
combination, but also in further combinations or taken
alone, without departing from the scope of the present
invention.
[0039] The present invention will now be described fur-
ther, by way of example, with reference to the accompa-
nying drawings, in which

Figures 1a, 1b schematically show a conveyor appa-
ratus with a preferred embodiment of
a driving system according to the in-
vention in perspective views.

Figure 2 schematically shows a preferred em-
bodiment of a driving system accord-
ing to the invention in a perspective
view.

Figure 3 schematically shows a preferred em-
bodiment of a driving system accord-
ing to the invention in a side view.

Figure 4 schematically shows a preferred em-
bodiment of a driving system accord-
ing to the invention in a top view.

Figure 5 schematically shows a preferred em-
bodiment of a driving system accord-

ing to the invention in sectional top
view.

Figure 6 schematically shows a gearbox of a
preferred embodiment of a driving sys-
tem according to the invention in a sec-
tional side view.

Figure 7 schematically shows a rotation speed
pattern of a main shaft of a preferred
embodiment of a driving system ac-
cording to the invention.

Figure 8 schematically shows a part of a cycloi-
dal drive of a preferred embodiment of
a driving system according to the in-
vention in a side view.

Figure 9 schematically shows a preferred em-
bodiment of a driving system accord-
ing to the invention in a top view

Figure 10 schematically shows a preferred em-
bodiment of a driving system accord-
ing to the invention in a top view.

Figure 11 schematically shows a gearbox of a
preferred embodiment of a driving sys-
tem according to the invention in a sec-
tional side view.

Figure 12 schematically shows a preferred em-
bodiment of a driving system accord-
ing to the invention in a perspective
view.

Figure 13 schematically shows a preferred em-
bodiment of a driving system accord-
ing to the invention in a sectional top
view.

Figure 14 schematically shows a section of a
conveyor apparatus with a preferred
embodiment of a driving system ac-
cording to the invention in a perspec-
tive view.

Figure 15 schematically shows a section of a
conveyor apparatus with a preferred
embodiment of a driving system ac-
cording to the invention.

Figure 16 schematically shows a gearbox of a
preferred embodiment of a driving sys-
tem according to the invention in a sec-
tional side view.

Figure 17 schematically shows a preferred em-
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bodiment of a driving system accord-
ing to the invention in sectional top
view.

Detailed description

[0040] Identical reference signs in the figures refer to
identical or identically constructed elements.
[0041] Figures 1a, 1b schematically show a preferred
embodiment of a conveyor apparatus 100 according to
the invention. In this example, the conveyor apparatus
100 is an escalator.
[0042] Figure 1a schematically shows the escalator
100 in a perspective view, which is provided between a
first, lower floor 101 and a second, higher floor 102. The
escalator 100 comprises a conveyor band 10, which is
provided as a step band comprising a plurality of steps
1. Furthermore, the escalator 100 comprises two hand-
rails 103, one handrail on each side of the conveyor band
10.
[0043] An upper head 104 of the escalator 100 is
shown in Figure 1b in a perspective view.
[0044] A preferred embodiment of a driving system 110
according to the invention for driving the conveyer band
10 of the conveyer apparatus 100 is provided in the upper
head 104. This preferred embodiment of the driving sys-
tem 110 is also schematically shown in Figure 2 in a
perspective view, in Figure 3 in a side view, and in Figure
4 in a top view.
[0045] Steps 1 of this step band 10 are connected to
two chains 2 provided on both sides of the step band 10.
For reasons of clarity, only one step 1 of the step band
10 is shown in Figure 1b. Moreover two guides 3 are
provided on both sides of the step band 10. The chains
2 run over theses guides 3. Two sprockets 402 with a
number of teeth are provided on both sides of the step
band 10. The sprockets 201 are in rotationally fixed con-
nection with a first shaft 401 of main shaft of the escalator
100. The chains 2 are moved by the sprockets 402, which
engage with chain rollers 201.
[0046] A motor 5 and a brake 7 are provided and are
coupled with one of the sprockets 402 via a gearbox 6.
This way, mechanical energy produced by the motor 5
can be used to drive the step band 10. A truss 11 is
provided to support the elements of the conveyor appa-
ratus 100. According to the invention, at least one stage
of the gearbox 6 is provided as a cycloidal drive, as will
be explained later on in detail.
[0047] As can be seen in the figures, the motor 5 and
the brake 7 can be located between the chains 2 of the
step band 10, such that space requirements in the upper
head of the escalator 100 and thus the total length of the
escalator 100 can be reduced. This length reduction es-
pecially reduces the logistic and installation requirements
and particularly increases the rigidity of the escalator 100.
[0048] However, it is also possible to arrange the motor
5 and/or the brake 7 at different locations of the escalator
100. For instance, the brake 7 could be connected to the

first shaft 401 or to one of the sprockets 402.
[0049] The motor 5 is for example a permanent magnet
synchronous motor with radial flux. This motor type
presents advantages in torque density and efficiency.
The brake 7 is in this example connected to a motor shaft
of the motor 5. Particularly, the conveyor apparatus 100
can be stopped with by means of an electronic brake or
of the motor 5 itself. The brake 7 is adapted to hold the
conveyor apparatus 100 once it has stopped. The brake
7 can also have the function of an auxiliary brake. The
brake 7 could also be used as service brake. It is also
possible to locate the brake 7 in other elements of the
driving system 110, for instance, in the main shaft 401.
[0050] In Figure 5, a sectional top view of a preferred
embodiment of a driving system according to the inven-
tion is schematically shown. Particularly, Figure 5 shows
a sectional view of the driving system 110 of Figure 3
along the line A-A.
[0051] Figure 6 schematically shows a sectional side
view of a preferred embodiment of a driving system ac-
cording to the invention. Particularly, a sectional side
view of the driving system 110 of Figure 4 along the line
C-C is shown in Figure 6.
[0052] As can be seen in Figure 5 and Figure 6, the
gearbox 6 has at least one gear train 601, 602 with a
gear ratio i1. A first gear 601 is coupled to one of the
sprockets 402. For this purpose, the first gear 601 is par-
ticularly in rotationally fixed connection with the first shaft
401. A second gear 602 is supported by bearings 620 to
a gearbox frame 650. The first shaft 401 is e.g. also sup-
ported by bearings 622 in the gearbox frame 650.
[0053] One stage of the gearbox 6 is provided as a
cycloidal drive 610. The gearbox 6 is adapted to transfer
a rotary motion of a second shaft 614 into a rotary motion
of the first shaft 401, thus driving the conveyor band 10.
The second shaft 614 is supported by bearings 621 in
the gearbox frame 650.
[0054] This second shaft 614 is an input shaft of the
cycloidal drive 610. The second shaft is moreover cou-
pled with the motor 5 and the motor 5 is adapted to set
the second shaft 614 into rotary motion. As can be seen
in Figure 5, the second shaft 614 can for example be in
rotationally fixed connection with a motor shaft of the mo-
tor 5.
[0055] This cycloidal drive 610 comprises at least one
eccentric disc 613 (e.g. two eccentric discs 613), which
are in rotationally fixed connection with the second shaft
614.
[0056] At least one cycloidal disc 612 (e.g. two cycloi-
dal discs 612) are provided, which can be moved and set
in an eccentric cycloidal motion by the eccentric discs
613. An external surface 612a of each cycloid disc 612
comprises a number z2 of lobes. In this example, nine
lobes are provided.
[0057] A first pin element (or ring gear element or ring
gear housing) comprises a first number z1 of first pins
611. In this example, ten first pins are provided. This
number z1 of first pins 611 (i.e. ten) is larger than the
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number z2 of lobes (i.e. nine) of each cycloidal disc 612.
The first pin element is arranged coaxial to the second
shaft 614.
[0058] In the example of Figures 5 and 6, the second
gear 602 also acts as this first pin element. Thus, the first
pins 611 are arranged on the second gear 602, particu-
larly on a circumference or circle coaxial to the second
shaft 614. The cycloidal discs 612 are arranged inside
this circumference or circle. Thus, the first pins 611 roll
on the external surface 612a of the cycloidal discs 612.
[0059] A second pin element comprises a number of
second pins 615. Particularly, six second pins are pro-
vided in this example. These second pins 615 and the
second pin element are arranged coaxial to the second
shaft 614. Each cycloidal disc 612 comprises a number
of holes 612b equal to or larger than the number of sec-
ond pins 615. As shown in Figure 6, six holes are pro-
vided. Thus, the number of second pins 615 and the
number of holes 612b are identical in this example. The
second pins 615 are adapted to engage the holes 612b
in the cycloidal discs 612. The second pins 615 can roll
over the surface of the holes 612b of the cycloid discs
612.
[0060] In the example of Figures 5 and 6, the second
pins 615 are connected to the gearbox frame 650. Thus,
the gearbox frame 650 acts as the second pin element
in this example. The second pins 615 are thus fixed in
this example and hence also the second pin element is
fixed in this embodiment. The first pin element, i.e. the
second gear 602, is pivotable in this embodiment. It is
also possible, that the first pin element is fixed and that
the second pin element is pivotable, as will be explained
later on in reference to Figures 12 and 13.
[0061] One of the advantages of the cycloidal drive 610
is that it allows a relatively high gear ratio with compar-
atively small space requirements. The gear ratio i2 of the
cycloidal drive 610 is especially given by the following
formula: 

[0062] Another distinct advantage of using the cycloi-
dal drive is that it can be specifically designed to reduce
or prevent vibrations due to the polygonal effect. For his
purpose, the first shaft 401 is especially set into a rotary
movement following a predetermined speed pattern.
Such a rotation speed pattern 700 of a main shaft of a
conveyor apparatus is schematically shown in Figure 7.
[0063] Particularly, Figure 7 shows an exemplary ro-
tation speed pattern 700 of the first shaft 401 of the es-
calator 100 of the Figures 1 to 6, wherein the main sprock-
et 402 has e.g. 10 teeth. By this speed pattern, a constant
speed of the chains 2 can be achieved. This rotation pat-
tern can also be modified, to achieve a predetermined
level of vibrations below a reference level without affect-

ing the present invention.
[0064] The external part 612a of the cycloid discs 612
can specifically be designed to either achieve a constant
gear ratio i2 or to achieve a variable gear ratio, as will
now be explained with reference to Figures 8.
[0065] Figure 8a shows a part of the cycloidal drive
610 of the driving system 110 according to Figures 1 to
6. An enlarged view of the section referred to as "B",
which is a part of the external surface 612a of the cycloid
discs 612, is schematically shown in Figure 8b. Particu-
larly, Figure 8b shows a comparison of two different ex-
ternal surfaces 612a1 and 612a2.
[0066] The external surface 612a1 follows a hypocy-
cloid curve in order to achieve a constant gear ratio i2 of
the cycloidal drive 610. By means of the modified profile
612a2, a predetermined variable gear ratio can be
achieved. In this way, vibrations produced by the polyg-
onal effect associated to the chain transmission can be
reduced or eliminated. As can be seen in Figure 8, the
necessary variations between the different surface pro-
files 612a1 and 612a2 are comparatively small.
[0067] The optimum profile depends on parameters of
the conveyor apparatus, like the number of teeth in the
step chain sprocket. In this way, the vibrations produced
by the polygonal effect associated to the step chain trans-
mission can be reduced or eliminated.
[0068] The modified profile 612a2 can e.g. be devel-
oped, if 

provided that z1 is an integer number.
[0069] r is the difference of the number first pins z1 and
the number of lobes z2: 

t1 is the number of teeth of the at least one sprocket and
i1 is the gear ratio of the number of teeth of the second
gear and the number of teeth of the first gear.
[0070] In the configurations in which such gear train
does not exist, then the modified profile 612a2 can also
be developed if z1 = r*t1. Alternative configurations could
also be achieved by modifying the inner surfaces 612b
and/or the external surfaces 612a of the cycloid discs
612.
[0071] Figures 9 to 17 schematically show other pre-
ferred embodiments of the driving system according to
the invention.
[0072] In Figure 9 a preferred embodiment 110’ of the
driving system according to the invention is schematically
shown in a sectional view, wherein the first shaft 614 is
not directly connected to the motor shaft, but via another
gear, e.g. a gear train 661, 662.
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[0073] One gear 661 of this gear train is connected
with the first shaft 614 of the cycloidal drive 610 and the
other gear 662 of this gear train is connected to a shaft
of the motor 5 and the brake 7. This configuration espe-
cially allows a higher motor 5 speed.
[0074] Another preferred embodiment 110" of the driv-
ing system according to the invention is schematically
shown in Figures 10 and 11, according to which the gear-
box 6" comprises another stage provided as a planetary
stage 663, 664. Figure 10 shows the driving system
110" with this embodiment of a gearbox 6" in a sectional
top view. Figure 11 shows this gearbox 6" in a sectional
side view.
[0075] The eccentric discs 613 and the cycloidal discs
612 are coupled via this planetary stage 663, 664. The
cycloidal discs 612 are moved by eccentric discs 613,
which are connected to a number of eccentric shafts 616,
which are supported by bearings 623 in the gearbox
frame 650. External gears 663 of the planetary stage
move the eccentric shafts 616. An internal gear 664 of
the planetary stage is connected to the motor 5 and the
brake7.
[0076] In this example, three shafts with the planetary
gears 663 are moving the cycloid discs 612 using the
eccentric discs 613, which are in this example not con-
nected to the second shaft 614. The pins 615 can e.g.
just be fixed if there is enough clearance in the cycloid
discs 612 and contribute to the rigidity of the gear box
frame 650 or can also be rotating or low speed pins 615.
[0077] As aforementioned it is also possible that the
first pin element is fixed and that the second and that the
second pin element is pivotable. A corresponding pre-
ferred embodiment 110’’’ of the driving system according
to the invention is schematically shown in Figures 12 in
a perspective view and in Figure 13 in a sectional top
view.
[0078] In this embodiment 110’’’, the gear train 601,
602 of the gearbox is arranged in between the sprockets
402 and the chains 2. Analogously to the Figures 1 to 6,
the first gear 601 is in rotationally fixed connection with
the first shaft 401 and the second gear 602 is supported
by bearings 620 in the gearbox frame 650. The gear box
frame 650 has in this example one support point in the
first shaft 401, using adequate bearings 624.
[0079] The second gear 602 is in this embodiment pro-
vided as the second pin element comprising the second
pins 615. In this example, the z1 first pins 611 are fixed
to the gearbox frame 650. The gearbox frame 650 acts
as the first pin element in this example.
[0080] Analogously to Figures 1 to 6, the second shaft
614 is also connected with eccentric discs 613, which
move the cycloidal disc 612 and set them into an eccen-
tric, cycloidal motion. The number z2 of lobes in the outer
surface 612a of the cycloidal disc 612 is smaller than the
number z1 of first pins 611. The first pins 611 roll over
the outer surfaces 612a of the cycloid discs 612. The
pins 615 of the low speed shaft 618 roll over the holes
612b in the cycloidal discs 612.

[0081] With this configuration, the gear ratio i2 of the
second shaft 614 to the low speed shaft 618 is given as: 

[0082] As explained before, the cycloid discs in all the
above described preferred embodiments of the driving
system according to the invention can have modified ex-
ternal curves 612a to specifically reduce or eliminate vi-
brations due to the polygonal effect.
[0083] Another preferred embodiment 110"" of the driv-
ing system according to the invention is schematically
shown in Figure 14 in perspective views, wherein the
motor 5 is arranged outside the conveyor band or outside
the area in between the chains 2. Figure 14a schemati-
cally shows in a perspective view an upper head of a
preferred embodiment of a conveyor apparatus 100"" ac-
cording to the invention, which is in this example embod-
ied as a moving walkway. A conveyor band 10’’’’ of the
moving walkway 100’’’’ is provided as pallet band. The
corresponding embodiment of the driving system 110""
without the pallet band 10"" is shown schematically in
Figure 14b. In order to reduce the number of gears, a
double cardan shaft 8 can be used to connect the motor
5 and the gear box 6.
[0084] It is also possible to locate the motor and the
brake on one side of the first shaft. In such cases, the
motor can especially be a "pancake" type motor; either
a permanent magnet synchronous motors with axial flux
or a permanent magnet synchronous motor with radial
flux and a diameter larger than the motor width. An ex-
ample of a preferred embodiment of a corresponding
driving system 110* is schematically shown in the Figures
15 to 17.
[0085] Figure 15a schematically shows an upper head
of a conveyor apparatus 100*, which is embodied as an
escalator. The corresponding driving system 110* is
shown in Figure 15b in a perspective view and in Figure
15c in a top view. Figure 16 shows a sectional view of
the driving system 110* of Figure 15 along the line E-E
and Figure 17 shows a corresponding sectional view
along the line D-D.
[0086] The motor 5* is in this example provided as an
axial flux motor with a corresponding brake 7*. The cy-
cloid stage of the corresponding gearbox 6* is located in
the middle of the motor 5*. A stator housing 510 supports
coils 511 and a rotor 520 supports magnets 521. A cor-
responding second shaft 614* of the cycloid stage is in
this case fixed to the rotor 520 and rotates with it. This
shaft 614* moves the corresponding cycloid discs 612*
through adequate eccentric discs 613* attached to it. The
stator housing 510 holds the corresponding number of
first pins 611*, which roll over the external cycloid profile
612a* of the cycloid discs 612*.
[0087] Corresponding second pins 615* engage holes
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612b* in the cycloid discs 612*. The second pins 615*
can for example be connected to the sprocket 402*. One
of the sprocket 402* can be supported by the motor hous-
ing 510 by means of an adequate cross roller bearing
625*. The other one of the sprockets 402* can be sup-
ported by the escalator truss 11 by another adequate
bearing 622*. The first shaft is in this example provided
as a double cardan shaft 403. Both sprockets 402* are
connected by means of this double cardan shaft 403.
[0088] It is also possible to connect the first pins 611*
to the sprocket 402* and the second pins 615* to the
stator housing 510. It is e.g. also possible to modify the
external shape of the cycloid discs and to use a conjugate
surface instead of the first pins.

Reference list

[0089]

100 conveyor apparatus, escalator
101 first floor
102 second floor
103 handrail
104 upper head of the conveyor apparatus 100

100’’’’ conveyor apparatus, moving walkway
100* conveyor apparatus, escalator

110 driving system
110’ driving system
110" driving system
110’’’ driving system
110’’’’ driving system
110* driving system

1 Steps of the conveyor band 10
2 chains
3 guides
5 motor
5* motor
6 gearbox
6" gearbox
6* gearbox

7 brake
7* brake
8 cardan shaft
10 conveyor band, step band
10"" conveyor band, pallet band
11 truss

201 chain rollers
401 first shaft
402 sprockets
402* sprockets
403 first shaft, double cardan shaft

510 stator housing

511 coils
520 rotor
521 magnets

601 first gear 601
602 second gear
610 cycloidal drive; cycloidal stage of the gearbox 6
611 first pins
612 cycloidal disc(s)
612a external surface of the cycloid disc(s) 612
612b holes in the cycloidal disc(s)
612a1 hypocycloid curve
612a2 modified curve
613 eccentric disc(s)
614 second shaft
615 second pins
616 eccentric shaft
618 low speed shaft
620 bearings of the second gear 602
621 bearings of the second shaft 614
622 bearings of the first shaft 401
623 bearings of the eccentric shafts
624 bearing
650 gearbox frame
661 gear of gear train
662 gear of a gear train
663 external gears of a planetary stage of the gear-

box 6
664 internal gear of a planetary stage of the gear-

box 6
665 bearings of the motor shaft

611* first pins
612* cycloid discs
612a* external surface of the eccentric discs 612*
612b* holes in the cycloid discs 612*
613* eccentric discs
614* second shaft
615* second pins
622* bearing
625* bearing

700 rotation speed pattern

Claims

1. Driving system (110, 110’, 110", 110’’’, 110"", 110*)
for driving a conveyer band (10) of a conveyer ap-
paratus (100, 100"", 100*), especially of an escalator
or a moving walkway, comprising:

a first rotatable shaft (401, 403) coupled with at
least one sprocket (402, 402*), wherein the at
least one sprocket (402, 402*) is adapted to be
coupled with at least one chain (201) of the con-
veyer band (10),
a second rotatable shaft (614) coupled with a
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motor (5, 5*), wherein the motor (5, 5*) is adapt-
ed to set the second rotatable shaft (614) into a
rotary motion,

characterised in that
a gearbox (6, 6", 6*) is provided, which is adapted
to transfer the rotary motion of the second shaft (614)
into a rotary motion of the first shaft (401, 403),
wherein at least one stage of the gearbox (6, 6", 6*)
is provided as a cycloidal drive (610).

2. Driving system (110, 110’, 110", 110’’’, 110"", 110*)
according to claim 1, wherein a first gear (601) is
provided, which is in rotationally fixed connection
with the first shaft (401, 403), wherein a second gear
(602) is provided, which is in rotationally fixed con-
nection with an element of the cycloidal drive (601),
and wherein the first gear (601) and the second gear
(602) are coupled with each other.

3. Driving system (110, 110’, 110", 110’’’, 110"", 110*)
according to claim 1 or 2, wherein the cycloidal drive
(610) comprises at least one eccentric disc (613) and
at least one cycloidal disc (612), wherein the at least
one cycloidal disc (612) has an external surface
(612a) with a number of lobes and wherein the at
least one eccentric disc (613) is adapted to set the
at least one cycloidal disc (612) in motion.

4. Driving system (110, 110’, 110", 110’’’, 110"", 110*)
according to claim 3, wherein
the second shaft (614) is in a rotationally fixed con-
nection with the at least one eccentric disc (613) or
the second shaft (614) is connected with the at least
one eccentric disc (613) via a planetary stage (663,
664) of the gearbox (6, 6", 6*).

5. Driving system (110, 110’, 110", 110’’’, 110"", 110*)
according to claim 3 or 4, wherein the cycloidal drive
(610) comprises a first pin element and a second pin
element,
wherein the first pin element is arranged coaxial to
the second shaft (614) and comprises a number of
first pins (611), wherein the number of first pins (611)
is larger than the number of lobes of the at least one
cycloidal disc (612), and
wherein the second pin element is arranged coaxial
to the second shaft (614) and comprises a number
of second pins (615), wherein the at least one cy-
cloidal disc (612) comprises a number of holes
(612b) equal to or larger than the number of second
pins (615) and wherein the second pins (615) are
adapted to engage the holes (612b) in the at least
one cycloidal disc (612).

6. Driving system (110, 110’, 110", 110’’’, 110"", 110*)
according to claim 5, wherein the second pin element
is fixed and wherein the gearbox (6, 6", 6*) is adapted

to transfer a rotary motion of the first pin element into
the rotary motion of the first shaft (401, 403).

7. Driving system (110, 110’, 110", 110’’’, 110"", 110*)
according to claim 2 and 6, wherein the first pin el-
ement is in a rotationally fixed connection with the
second gear (602).

8. Driving system (110, 110’, 110", 110’’’, 110"", 110*)
according to claim 5, wherein the first pin element is
fixed and wherein the gearbox (6, 6", 6*) is adapted
to transfer a rotary motion of the second pin element
into the rotary motion of the first shaft (401, 403).

9. Driving system (110, 110’, 110", 110’’’, 110"", 110*)
according to claim 2 and 8, wherein the second pin
element is in a rotationally fixed connection with the
second gear (602).

10. Driving system (110, 110’, 110", 110’’’, 110"", 110*)
according to any one of the preceding claims when
dependent upon claim 5,
wherein the number of first pins (611) is equal to a
number of teeth of the at least one sprocket (402,
402*) or equal to an integer multiple of this number
of teeth and
wherein the number of lobes is equal to the number
of first pins (611) minus a ratio between the number
of first pins (611) and the number of teeth of the at
least one sprocket (402, 402*).

11. Driving system (110, 110’, 110", 110’’’, 110"", 110*)
according to any one of the preceding claims when
dependent upon claim 2 and 5,
wherein the number of first pins (611) is equal to a
number of teeth of the at least one sprocket (402,
402*) multiplied by a factor y or equal to an integer
multiple of the number of teeth of the at least one
sprocket (402, 402*) multiplied by the factor y,
wherein the factor y corresponds to a gear ratio of
y:1 of the first gear (601) and the second gear (602),
wherein the number of lobes is equal to the number
of first pins (611) minus a ratio between the number
of first pins (611) and the number of teeth of the at
least one sprocket (402, 402*) multiplied by the factor
y.

12. Driving system (110, 110’, 110", 110’’’, 110"", 110*)
according to any one of the preceding claims when
dependent upon claim 2 and 5, wherein the number
first pins z1 is given according to the formula 

if zi is an integer number, with: 
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with z2 the number of lobes,
t1 being a number of teeth of the at least one
sprocket (402, 402*),
i1 being the ratio of the number of teeth of the
second gear (602) and the number of teeth of
the first gear (601).

13. Driving system (110, 110’, 110", 110’’’, 110"", 110*)
according to any one of the preceding claims, where-
in the second rotatable shaft (614) is coupled to a
shaft of the motor (5, 5*) via a second gearbox (661,
662).

14. Driving system (110, 110’, 110", 110’’’, 110"", 110*)
according to any one of the preceding claims, where-
in the motor (5, 5*) is a permanent magnet synchro-
nous motor.

15. Conveyer apparatus (100, 100"", 100*), especially
of an escalator or a moving walkway, comprising a
driving system (110, 110’, 110", 110’’’, 110"", 110*)
for driving a conveyer band (10) according to any
one of the preceding claims.
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