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DESCRIPTION

Description

BACKGROUND

[0001] The invention relates generally to power-driven conveyors and more particularly to
conveyor-belt drive systems.

[0002] Wide belt conveyors use long drive shafts on which drive pulleys or sprockets driving a
conveyor belt are mounted. The drive shaft is conventionally rotated by a gear motor at one
end of the shaft. When the belt is lightly loaded, the shaft 20 is untwisted as in FIG. 14A. But a
high belt load creates a torsional load 22 in the shaft 20 that acts in an angular direction
opposing the drive torque 24 at the drive end 27 of the shaft, as shown in FIG. 14B. The
torsional load causes the drive shaft 20 to twist about its axis and creates a maximum angular
deflection d of the shaft 20 between the drive end 27 and the opposite end 26 of the shaft.
Angular deflection of the shaft 20 changes the phases of sprocket teeth along the length of the
shaft from the phase of the sprocket closest to the drive end 27. Shaft twist can cause
improper engagement of the sprocket teeth with the conveyor belt.

[0003] EP2061136 discloses a drive for a roller, which has a disk-type secondary part i.e. rotor,
and a disk-type primary part i.e. stator, directly arranged at a drive shaft of rollers, where the
drive is connectable with the rollers. The secondary part consists of multiple curved or straight
secondary part elements. The secondary part elements consist of a preset number of cuboid
permanent magnets. The primary part exhibits multiple or straight primary part elements,
which exhibit a single or multi-phase winding. EP2477316 A2 discloses a drive system
according to the preamble of claim 1.

[0004] The invention provides a belt drive system according to claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005]

FIG. 1 is an isometric view of a drive system embodying features of the invention including a
motorized sprocket;

FIG. 2 is a partly exploded isometric view of a portion of the drive system of FIG. 1;
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FIG. 3 is an isometric view of the stator of an axial-flux motor in the drive system of FIG. 1;

FIG. 4 is an isometric view of a permanent-magnet rotor of an axial-flux motor in the drive
system of FIG. 1.

FIG. 5 is an isometric view of a permanent-magnet rotor with magnets arranged in a Halbach
array for use in an axial-flux motor in the drive system of FIG. 1;

FIG. 6 is an isometric view of an electrically conductive rotor for use in an axial-flux induction
motor in the drive system of FIG. 1;

FIG. 7 is an isometric view of a switched-reluctance rotor for use in an axial-flux switched-
reluctance motor in the drive system of FIG. 1

FIG. 8 is a graphical representation of the effects of chordal action and permanent-magnet
axial-flux motor cogging on belt tension;

FIG. 9 is an isometric view of a rotor as in FIG. 4 showing phasing of the drive teeth relative to
the rotor;

FIG. 10 is an isometric view of a conveyor-belt drive system having multiple motorized
sprockets axially spaced across the width of a drive shaft;

FIG. 11 is an isometric view of the drive end of a belt conveyor with two belts each driven by a
separate motorized sprocket as in FIG. 1;

FIG. 12 is an isometric view of the drive end of a radius-belt conveyor with two conveyor belts
driven at different speeds by separate motorized sprockets;

FIG. 13 is an isometric view of a stationary drive shaft under heavy load and driven by a
motorized sprocket at the center of the shaft;

FIG. 14Ais an isometric view of a long rotatable drive shaft for a conventional drive system;
and

FIG. 14B is an isometric view of the drive shaft of FIG. 14A driven at one end and twisted along
its length under a heavy load.

DETAILED DESCRIPTION

[0006] The invention is defined by independent claim 1. Embodiments of the invention become
apparent from the dependent claims.

[0007] FIG. 1 shows a conveyor-belt drive system embodying features of the invention. The
drive system 30 comprises a stationary, i.e., non-rotating, shaft 32 extending in length along an
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axis 34 from a first end 36 to an opposite second end 37. Affixed near the center of the shaft
32 is a motorized sprocket 38. The motorized sprocket 38 is flanked by axially spaced idler
sprockets 40 or pulleys mounted on the shaft 32 to rotate about the shaft's axis 34. Together,
the motorized sprocket 38 and the idler sprockets 40 engage and support a conveyor belt.
And, unlike with conventional end-driven sprockets, a gearbox is not needed.

[0008] As shown in FIG. 2, the motorized sprocket 38 comprises a driver in the form of a drive
ring 42 driven by an axial-flux motor having, in this example, a permanent-magnet rotor 44
flanked on opposite sides by stators 46. The rotor 44 and the stators 46 are enclosed in a
tubular housing 48. End lids 49 seal the housing 48. The stators 46 are affixed to the stationary
shaft 32 and do not rotate. In this compact arrangement the axial length of the motorized
sprocket from end lid to end lid is less than its diameter measured at the driver. The stators 46
are energized by a motor controller 50 (FIG. 1) over electrical wiring 52 that extends through a
passageway in the shaft 32 to the stators. Shafts having other geometries, such as round,
polygonal, |-beam, L-beam, or V-beam, can alternatively be used. The wiring 52 could
alternatively extend along the outside of the shaft. For the L-, |-, and V-beam shafts, for
example, the wiring could run along an interior corner of the beam. The stators 46, which are
axially spaced from the sides of the rotor 44 by a small air gap on each side, produce a
magnetic flux wave directed axially from a circular array of stator poles 54. The flux wave
circles the axis 34 of the shaft 32 and causes the permanent-magnet rotor 44 to rotate about
the shaft's axis, which is the axis of rotation of the rotor. The drive ring 42, which is mounted to
the periphery 56 of the tubular housing 48, which is, in turn, affixed to the rotor 44, rotates
about the shaft's axis 34 with the rotor. But the driver could be part of the rotor, or it could be
attached directly to the circumferential periphery of the rotor. The outer diameter of the stators
46 is less than the inner diameter of the tubular housing 48. In that way the housing 48 can
rotate about the stationary stators 46 without contact.

[0009] The stator 46 and the rotor 44 are shown in more detail in FIGS. 3 and 4. The stator 46
comprises an array of wound coils 60. Each coil 60 is constructed of copper wire wound on a
wedge-shaped plastic bobbin 58 that surrounds a stator pole 54 constructed of a stack of
laminations forming an outwardly facing wedge-shaped pole face 62. The stack of laminations
extends through the bobbin 58 from an iron backing 63 to complete the magnetic circuit. The
rotor 44, which is attached to the inside of the cylindrical tubular housing 48, has a circular
array of alternating permanent-magnet poles N, S. The pole faces 64 face axially outward from
each side to couple to the magnetic flux wave produced by the closely spaced stators 46. The
rotor 44 has a central bore 65. A roller bearing 67 is received in the bore 65. The bearing's
outer ring 69 is affixed to the rotor 44. The bearing's inner ring 71 is attached to the shaft. In
the case of a square shaft as in FIG. 2, the inner ring is attached to the shaft 32 by a circle-to-
square adapter (not shown). Other adapters are used for shafts of other shapes. The drive
ring 42 is mounted to the outer side 66 of the housing 48. The drive ring has an outer drive
surface 68 that contacts a conveyor belt. In this example, the drive ring 42 is a sprocket ring
with drive teeth 70 circumferentially spaced along the outer drive surface 68. But the drive ring
could be toothless and its outer drive surface could be V-shaped to form a pulley sheave for
driving a V belt. Or the drive ring could be toothless with a generally smooth cylindrical outer
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drive surface for driving a flat belt. Consequently, the term "motorized pulley” as used in this
description and in the claims is meant to encompass motorized sprockets, motorized sheaves,
and motorized cylindrical rollers.

[0010] The permanent-magnet rotor 44 of FIG. 4 is replaced by permanent magnets arranged
in a Halbach array 72 in the rotor 74 of FIG. 5. The alternating magnet poles S, N alternate
with magnets 76, 77 whose poles are orthogonal to the N and S poles. The result is a
strengthening of the magnetic field axially outward of the facing side 78 of the rotor 74 and a
corresponding weakening of the field extending axially outward of the obverse side. With the
Halbach-array rotor 74, a single stator closely spaced from the outward facing side 78 in FIG. 5
is used to form a slenderer permanent-magnet axial-flux motor.

[0011] In FIG. 6 the rotor 80 is a disk made of an electrically conductive material. The rotating
magnetic flux wave produced by the stator or stators induces currents in the electrically
conductive rotor 80. The induced currents produce magnetic fields that interact with the flux
wave and cause the rotor 80 to rotate. The stator or stators and electrically conductive rotor
form an axial-flux induction motor.

[0012] A switched-reluctance rotor 73 is shown in FIG. 7. The rotor 73 shown in the example
has ten poles 75 made of a soft magnetic material, such as laminated steel. The poles 75 are
arranged around the rotor 73 with pole faces 79 facing axially outward toward the stator or
stators. When the axial-flux stator is energized, the rotor's magnetic reluctance creates a force
that urges a rotor pole 75 into alignment with the closest energized stator pole. The controller
energizes the stator poles in sequence with a switching waveform to create a traveling
magnetic flux wave maintaining rotation of the rotor 73.

[0013] Because modular conveyor belts are made of rigid modules, they can bend only at their
hinge joints when engaged with a sprocket. The result is a rise and fall in the belt's conveying
surface and a regular variation in the belt's speed and tension. As shown in FIG. 8, the
uncompensated tension 82 in a modular belt driven by a sprocket rotating at a constant speed
shows a regular variation as a result of chordal action. A permanent-magnet axial-flux motor in
the motorized pulley or sprocket 38 of FIG. 9 can be used to compensate for the variation in
belt tension and speed due to chordal action. When operated at relatively low speeds,
permanent-magnet motors cog. Cogging is the tendency of the permanent magnets in the
rotor 44 to seek positions relative to the stator poles that minimize the reluctance of the
magnetic circuit. The result is a variation in the torque and rotational speed of the sprocket.
That variation in torque can be used to vary the tension the sprocket can impart to the belt.
The cogging tension 84 can be adjusted to compensate for chordal action 82 by arranging the
phase 8 of the drive teeth 70 on the drive ring 48 relative to the magnet poles S, N. So, by
having the same number of sprocket teeth 70 as stator poles and by properly phasing the
teeth to the poles, the normally undesirable effects of cogging can be used to compensate for
the normally undesirable effects of chordal action to produce a compensated belt tension
characteristic 86 with less variation in belt speed. Cogging can be used to compensate for
chordal action especially if the numbers of teeth, rotor poles, and stator poles are the same or
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are related as integral multiples. For example, the motorized sprocket could have twelve
sprocket teeth, twelve stator poles, and twelve, six, four, three, or two rotor poles.

[0014] FIG. 10 shows a drive system in which motorized pulleys 38 are mounted at axially
spaced locations along the length of the stationary shaft 32. This system is useful in driving
wide belts or heavier loads.

[0015] Because the shaft 32 is stationary, multiple motorized pulleys 38 can be used to drive
multiple belts in parallel at different speeds or in opposite directions, as shown in FIG. 11. The
stationary shaft 32 shown in this example has two motorized pulleys 38, each driving an
individual conveyor belt 88, 89, in a direction of belt travel 90. The belts are also shown
supported on their undersides by pairs of idler sprockets 40 freely rotatable about the axis of
the shaft 32. The motorized pulleys 38 can be controlled over associated control lines to
operate at different speeds or even in opposite directions. With adjacent belts 88, 89 closely
spaced, the drive system can be useful in singulating and case-turning applications.

[0016] A multiple motorized-pulley drive system is shown in FIG. 12 in a radius application.
Two side-by-side radius conveyor belts 92, 93 are shown in a turn. Each belt is supported and
driven off two collinear shafts or the same stationary shaft 32, whose ends are supported in
opposite sides of a conveyor frame 94. In this example each belt 92, 93 is driven by a pair of
motorized pulleys 38 mounted on the shaft 32. Because the outer belt 93 travels a longer path
than the inner belt 92, it is driven at a greater speed than the inner belt by the motorized
pulleys. In this way articles 95, 95' will have the same travel time whether they are on the inner
belt 92 or the outer belt 93.

[0017] If a motorized pulley is mounted at the middle 96 of the stationary shaft 32 as in FIG. 13
and is used to drive a heavily loaded belt, the maximum shaft twist 8/2 is half that of the same-
length, end-driven shaft 20 of FIG. 14B under the same load and drive conditions. Because the
torsional load 98 opposes the drive torque 99, the ends 26, 27 of the shaft twists opposite the
direction of belt travel 100 relative to the middle 96 of the shaft.

REFERENCES CITED IN THE DESCRIPTION
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PATENTKRAV

1. Remdrivsystem (30) omfattende en stationeer aksel (32), der definerer en akse (34)
langs leengden deraf og en motoriseret remskive (38), hvor den motoriserede remskive (38)
omfatter en aksial-fluxmotor med en rotor (44), der kan rotere omkring en rotationsakse, og
en stator (46), der er aksialt forskudt for rotoren (44) over et mellemrum mellem statoren
(46) og en side af rotoren (44);

en driver til indgreb med en rem, hvor driveren (42) er koaksial med og koblet til rotoren
(44) for at rotere med rotoren (44) omkring aksen, og hvor statoren (46) er fastgjort til den
stationaere aksel (32), og aksial-fluxmotoren er monteret pa den stationaere aksel (32);
kendetegnet ved, at remdrivsystemet (30) endvidere omfatter enten:

€)) en flerhed af motoriserede remskiver (38) monteret pa den stationaere aksel (32) pa aksialt
adskilte steder; eller

(b) én eller flere tomgangsremskiver (40) roterbart monteret pa den stationzere aksel (32) for

rotation omkring aksen (34).

2. Remdrivsystem ifglge krav 1, hvor driveren (42) indbefatter én drivring med en ydre
drivflade (68).

3. Remdrivsystem ifslge krav 2, hvor drivringen (42) har drivteender (70) periferisk
placeret langs den ydre drivflade (68).

4. Remdrivsystem ifglge krav 2, hvor drivringens (42) ydre drivflade (68) er radialt udad
i forhold til (44).

5. Remdrivsystem ifglge krav 1, hvor aksial-fluxmotoren har en anden stator (46)

aksialt adskilt fra en modstaende anden ende af rotoren (44) over et andet mellemrum.

6. Remdrivsystem ifglge krav 1, hvor rotoren (44) er en skive fremstillet af et elektrisk

ledende materiale for at danne en aksial-fluxinduktionsmotor med statoren (46).

7. Remdrivsystem ifalge krav 1, hvor rotoren (44) indbefatter en flerhed af periferisk
placerede permanentmagneter langs siden af rotoren for at danne en aksial-flux-

permanentmagnetmotor med statoren (46).

8. Remdrivsystem ifglge krav 7, hvor permanentmagneterne er anbragt i et Halbach-

array.
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9. Remdrivsystem ifslge krav 1, hvor rotoren (44) har en flerhed af rotorpoler med
aksialt udadgaende polflader til at danne en aksial-fluxkoblet reluktansmotor med statoren
(46).

10. Remdrivsystem ifglge krav 1, og som endvidere omfatter et regrformet hus (48) til

aksial-fluxmotoren.

1. Remdrivsystem ifglge krav 10, hvor driveren indbefatter én drivring (42) pa den ydre

side af det r@rformede hus (48).

12. Remdrivsystem ifslge krav 1, og som endvidere omfatter et rulleleje (67), og hvor

rotoren har en central boring, der modtager rullelejet.

13. Remdrivsystem ifslge krav 1 hvor statoren (46) har statorpoler, rotoren (44) har
permanentmagnetpoler, og driveren (42) indbefatter én drivring med en ydre drivflade (68)
og drivteender (70) pa den ydre drivflade, og hvor antallet af statorpoler og antallet af

drivteender er ens.

14. Remdrivsystem ifglge krav 1 med en aksial leengde og en diameter, hvor den aksiale

leengden af den motoriserede remskive (38) er mindre end dens diameter.

15. Remdrivsystem ifglge krav 1, og som omfatter farste og anden motoriserede
remskiver (38) monteret pa den stationzere aksel (32) pa aksialt forskudte steder, en forste
motorstyreenhed, der styrer den farste motoriserede remskives hastighed og retning, og
en anden motorstyreenhed, der styrer den anden motoriserede remskives hastighed og
retning, hvor den farste motoriserede remskive driver en f@rste rem, og den anden

motoriserede aftreekker driver en anden rem.

16. Remdrivsystem ifglge krav 15, hvor den farste rem er en radiusrem ved indersiden
af et sving, og den anden rem er en radiusrem ved ydersiden af svinget, og hvor den anden
motorstyreenhed karer den anden motoriserede remskive (38) ved en hgjere hastighed,

end den farste motorstyreenhed kerer den fgrste motoriserede remskive (38).

17. Remdrivsystem ifglge krav 1, hvor den motoriserede remskive (38) er monteret ved

midten af den stationzere aksel (32).
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DRAWINGS

Drawing

FIG. 1
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FIG. 7
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FIG. 8

FIG. 9
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