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[57] ‘ ABSTRACT

The invention is concerned with a magnetically cou-
pled arrangement for a driving and a driven member,
which arrangement is operable by a pressure medium
and is used in a conveying system. A slidable piston (16)
within a tube (10) has an arrangement of annular mag-
nets (20) provided at each end with sealing and sliding
members (24, 26). A driven assembly (18) slidable on the
outer surface of the tube (10) has an arrangement of
annular magnets (32) corresponding to the magnets (20)
and provided at each end with a sliding ring (44). The
members (24, 26, 44) prevent ingress of foreign bodies
to the magnet locations, and consequently enable the
spacing between the magnets and the tube (10) to be
very small. A good magnetic coupling is achieved re-
sulting in effective transmission of power. Several pis-
tons (16) abutting one another can be used for convey-
ing heavy loads.

7 Claims, 1 Drawing Figure
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MAGNETICALLY COUPLED ARRANGEMENT
FOR A DRIVING AND A DRIVEN MEMBER

FIELD OF THE INVENTION
Background of the Invention

The invention relates to a magnetically coupled ar-
rangement operable by a pressure medium, and for use
in a conveying system. ' ’

Magnetically coupled arrangements of this type are
primarily used in conveying systems, having a driven
assembly connected with a carriage for the goods to be
conveyed. In this way, even goods of large size can be
conveyed in a way similar to a pneumatic tube con-
veyor system.

In order to ensure trouble-free operation, the known
magnetically coupled arrangement requires a greater
degree of radial play between the adjacent surfaces of
the magnet arrangements and the tube. It was generally
agreed that this would be the only way of coping with
the unavoidable surface roughness and cross-sectional
irregularities of the tube. On the other hand, in the
interests of increasing the magnetic drive force between
the piston and the driven assembly, the total air gap
between the two magnet arrangements would have to
be kept as small as possible. A design incorporating a
small air gap would require smaller, and thus lighter and
substantially cheaper magnet arrangements than those
used to date to achieve the required drive force between
the piston and the driven assembly of the linear motor.

It was recognised that the non-magnetic materials
available today have surface qualities good enough to
enable by this alone a substantial reduction in the air
gaps between magnet arrangements and tube surfaces in
comparison with prior art, though unacceptable faults
invariably developed in practical operation. These
fauits, however, have now been found to be due not to
surface roughness and cross-sectional irregularities (su-
perior surface quality can now be achieved even in
butt-welded tube sections), but rather to the presence of
dirt and impurities on the tube surfaces, which cannot
pass through the small gaps between magnet arrange-
ments and tube surfaces but tend to be wedged in said
gaps. ' '

According to the present invention there is provided
a magnetically coupled arrangement for use in a con-
veying system, said motor being operable by a pressure
medium and comprising a tubular part connectible to a
source of the pressure medium, a piston which is slid-
able in said tubular part and which has sealing means at
each end for wiping engagement with an internal sur-
face of the tubular part and so as to form a seal for the
pressure medium, and a driven assembly which is slid-
able on the tubular part and which has means at each
end for wiping engagement with an external surface of
the tubular part, the piston and the driven assembly
each carrying a drive magnet arrangement in the form
of a hollow cylindrical assembly, each magnet arrange-
ment having radial play relative to the adjacent surface
of the tubular part, and surfaces of the magnet arrange-
ments which face the tubular part being closely adja-
cent to the respective surfaces of the tubular part.

Preferably the wiping means of the driven assembly
and the sealing means. of the piston lie in the same plane
transversal to the axis of the tubular part. The contact
pressure of the wiping means and sealing means does
not exert a torsional deforming moment on the tubular
part, which should preferably have thin walls in order

20

25

40

55

65

2

to ensure a small total air gap between the two magnet
arrangements.

Preferably also, the sealing means of the piston com-

prise sealing rings and the piston is provided with slid-
ing guide rings near the sealing rings. The advantage of
this is that a relatively soft material can be used for the
piston sealing rings, which no longer have to perform
any significant guiding functions. In this way, friction
losses in the motor can be reduced to a minimum.
. The tubular part may be made of a thin, stainless
material such as non-magnetic special steel, brass or a
plastics material, and water or a mixture of water and
oil may be used as the pressure medium. The movement
of the piston and of the driven assembly is initiated
immediately the pressure medium is admitted and
stopped as soon as the admission of pressure medium
ceases, which permits extremely accurate positioning of
the driven assembly by controlling the pressure medium
supply. The pressure of the medium does not have to be
high, since the piston is moved more by being carried
along in the medium flow than by the admission of
differential pressure.

If the driven assembly is provided with a sleeve made
of a magnetisable material, which encircles the hollow
cylindrical assembly of the magnet arrangement, mag-
netic leakage fields in the vicinity of the driven assem-
bly can be kept to a minimum. In this way, undesirable
braking forces, which would otherwise be generated
while piston and driven assembly pass magnetisable
machine components, are avoided. By selecting a non-
magnetisable material for the piston body, a more inho-
mogeneous magnetic field is generated in the space
defined by the driven assembly, a favourable develop-
ment in the interests of increasing the drive force.

Advantageously the magnet arrangements are repre-
sented by radially polarised annular magnets arranged
in axial sequence and separated from each other by
non-magnetisable spacer rings. The segmented struc-
ture of the magnet arrangements contributes to the
creation of an axially inhomogeneous magnetic field,
which again increases the drive force exerted on the
driven assembly by the piston.

If the piston carries a flexible buffer at each end, the
peripheral surface of which is spaced radially from the
internal surface of the tubular part, the piston can be
stopped very accurately by running into a rigid obsta-
cle. A further advantage of this development lies in the
fact that a piston of large overall axial dimensions can be
constructed, which can pass through curved tube sec-
tions inspite of the small radial distance between the
internal magnet arrangement and the internal tube sur-
face. In this way a long magnetically coupled arrange-
ment comprising articulated piston sections and corre-
sponding magnetically coupled driven assemblies tilt-
able relative to each other is achieved. With a magneti-
cally coupled arrangement of this design, a large load is
distributed over a long tube section, the drive force
between piston and driven assembly is satisfactory, and
the piston can pass through curved tube sections.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the invention will now be de-
scribed by way of example only with reference to the
accompanying drawing, the single FIGURE of which
is a perspective view of a magnetically coupled arrange-
ment according to the invention, a section of the driven



4,354,125

3

assembly and of the tube having been removed to show
details of the piston.

DETAILED DESCRIPTION

The drawing illustrates a magnetically coupled ar-
rangement operated by a pressure medium, a relatively
thin-walled and narrow tube 10 being made of a stain-
less, non-magnetic material such as non-magnetic spe-
cial steel, brass or a plastics material, if preferred with
glass reinforcement. The tube is made up of butt-welded
or joined tube segments 122, 125 joined by welds 14
which do not result in any surface irregularities in the
internal or the external tube surface. Within the tube 10,
which may be connected to a pressure medium source
or sink at either or both ends, a piston 16 is movably
arranged. A driven assembly 18 is movably mounted on
the outside of the tube 10. A carriage for the goods to be
conveyed, which is not illustrated here, can be attached
to the driven assembly 18.

The piston 16 comprises a piston body made of alu-
minium or another light-weight non-magnetic material.
This piston carries permanent annular magnets 20
which are arranged in axial sequence, and which are
radially polarised and separated by spacers 22. At each
end of the annular magnet arrangement which forms a
hollow cylindrical assembly, the piston body is pro-
vided with sliding guide rings 24 partially seated in
grooves on said piston body and projecting beyond the
piston body surface, which sliding guide rings pass
along the internal tube surface in a sliding fit. Outside, if
viewed axially, of these sliding guide rings 24 are ar-
ranged elastomeric sealing rings 26, also seated in
grooves on the piston body. Each end face of the piston
carries a buffer 28, by which the piston 16 can be
brought to a halt against a fixed stop, not illustrated
here. These buffers 28 further serve in mechanically
linking several pistons 16, as will be described in more
detail below.

The external surface areas of the annular magnets 20
are very close to the internal surface of the tube 10.
Since, however, the annular magnet arrangement 20 is
enclosed on each side by a sliding guide ring 24 and a
sealing ring 26, any impurities left in the tube 10 from its
manufacturing process or carried along with the pres-
sure medium, (preferably oil or a mixture of 95% water
and 5% oil), cannot penetrate into the small gap be-
tween the outside of the annular magnet arrangement of
the piston and the inside of the tube. Such impurities
might otherwise result in the piston 16 seizing in the
tube 10.

Instead, any such impurities are pushed along in front
of the piston 16 by the sealing rings 26 or—should they
manage to get past these—by the sliding guide rings 24,
so that the annular magnet arrangement is invariably
faced by a clean section of the internal tube wall.

The design of the driven assembly 18 of the magneti-
cally coupled arrangement is essentially the inverse of
the piston 16, the mirror image being a cylindrical sur-
face midway between the external and the internal tube
surfaces. The counterpart of the piston body is a sleeve
30 made of a magnetisable material to reduce magentic
leakage fields. The sleeve 30 encloses permanent annu-
lar magnets 32 arranged in axial sequence, which mag-
nets are radially polarised in the same direction as the
annular magnets 20 and separated by spacers 34. The
annular magnets 32 are clamped between two end faces
38 likewise made of a magnetisable material and bolted
to the sleeve 30 by way of elastomeric thrust rings 36.
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The end faces 38 have a central opening 40 encircling
the tube 10 with little play, and in the peripheral inner
surface of each end face 38, which is coated with a low
friction material such as tetrafluoroethylene, is pro-
vided an inwardly opening groove 42 in which a wiper
ring 44 is located. These wiper rings 44 ensure, in the
case of the driven assembly 18, that the internal surface
area of the hollow cylindrical magnet arrangement 32 is
very close to the external surface of the tube 10, and
that no foreign bodies can penetrate into the narrow gap
between the annular magnets 32 and the tube surface.
Any such foreign bodies, which commonly collect on
tube surfaces not protected from the surrounding atmo-
sphere, are pushed away by the wiper rings 44 before
reaching the annular magnets 32.

Since the overall “air” gap between the internal mag-
net arrangement represented by the annular magnets 20
and the external magnet arrangement represented by
the annular magnets 32 (this being made up of the dis-
tance between the annular magnets 20 and the internal
tube surface, the wall thickness of the tube 10 and the
distance between the annular magnets 32 and the exter-
nal tube surface) can now be kept very small (there is no
need for small foreign bodies to pass through between
the magnet arrangements and the tube surfaces), a very
good magnetic coupling can be achieved between the
two annular magnet arrangements, resulting in effective
transmission of the power provided by the pressure
medium to the driven assembly.

As the illustration shows, there is a flush radial ar-
rangement of the wiper rings 44 and the sealing rings 26,
so that the contact force does not exert any torsional
moment on the tube. This enables easy movement of the
piston and the driven assembly along curved tube sec-
tions.

The magnetically coupled arrnagement described
above is easily adapted for transporting heavier loads.
Two pistons 16 are axially arranged in a tube section
with auxiliary venting, the pistons butting against each
other by their buffers 28, and driven assembly is pro-
vided for each piston to be automatically aligned with
the corresponding piston by magnetic force. The cat-
riage for the goods in then pivotally mounted on each of
the driven assemblies. In this way, the two pistons now
effectively form a piston of double (iriple etc.) length
with “articulated” individual pistons (held in contact
by pressure), ensuring synchronous movement of the
two (three etc.) driven assemblies. In this way, the
weight of the load to be conveyed is distributed over a
long tube section without, however, creating any pas-
sage problems such as would occur when using corre-
spondingly long pistons and driven assemblies in con-
junction with the small air gaps between magnet ar-
rangements and tube surfaces which are specified in the
invention. Even passage along curved tube sections is
possible, which would not be the case with one-piece
pistons and driven assemblies of corresponding length.

It is obvious that this effective lengthening of the
driving and the load carrying assemblies can be
achieved, without in any way modifying the standard
components of the magnetically coupled arrangement,
i.e. piston 16, driven assembly 18, for example on site
and after completion of the initial installation. The dis-
tribution of the load over a longer section of the tube 10
is of special importance in the case of thin tubes, which
in turn are preferable from the point of view of the
magnetic coupling between piston and driven assembly.
Thin plastic tubes, otherwise being an excellent solution
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owing to their surface properties, tend to have inferior
load carrying capacity, which is why articulated piston
and driven assembly arrangements are especially suit-
able for tubes of this kind.

To stop the driven assembly at a certain point, a
position transmitter acting on the pressure medium
supply for the tube 10 is installed. This transmitter may
either respond mechanically or optically to the ap-
proach of the driven assembly, or can alternatively be.
an inductive transmitter or a transmitter responding to
magnetic leakage fields, e. g. a reed switch.

Various modifications may be made without depart-
ing from the invention.

Although a particular preferred embodiment of the
invention has been disclosed in detail for illustrative
purposes, it will be recognized that variations or modifi-
cations of the disclosed apparatus, including the rear-
rangement of parts, lie within the scope of the present
invention.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:

1. In an arrangement having a hollow cylindrical tube
and driving and driven members movable thereon for
conveying articles, the improvement comprising
wherein said tube is made of a nonmagnetic material,
wherein said driving member is a piston movably
mounted on the inside of said tube, said piston having a
piston body and plural axially spaced, first permanent
annular magnets encircling said piston body, said piston
further including first means spacing said first perma-
nent magnets in said axial spaced relation, the radially
peripheral surface of said magnets being oriented close
to the internal wall surface of said tube, said piston
further including plural guide ring means encircling
said piston body and slidingly engaging said internal
wall and first sealing rings located axially outside said
guide rings for wiping said internal wall as said piston
moves along said tube to thereby cause any impurities
that may be present in said tube to be pushed along said
tube so that said first annular magnets will be free of
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interference from said impurities, wherein said driven
member includes a cylindrical sleeve made of a magne-
tizable material and encircles said tube, said sleeve hav-
ing plural axially spaced second permanent annular
magnets affixed thereto and in magnetically attracting
relation to said first permanent annular magnets and
second means spacing said second permanent annular
magnets in said axially spaced relation, the radially
inner surface of said magnets being oriented close to the
external surface of said tube, said sleeve having end face
means with second sealing rings located axially outside
said second permanent annular magnets for wiping the
external wall surface of said tube as said driven member
is moved along said tube in response to a driving move-
ment of said piston to thereby cause any impurities that
may be present on said tube to be pushed along said tube
so that said second permanent annular magnets will be
free of interference from said impurities.

2. The arrangement according to claim 1, wherein
said sealing rings on said driven member are formed as
wiper rings which are seated in annular grooves open-
ing inwardly on said end face means of said driven
assembly.

3. The arrangement according to claim 1, wherein
said sealing rings on said driven assembly and said seal-
ing rings on said piston lie in the same plane perpendicu-
lar to the axis of said tube. '

4. The arrangement according to claim 1 wherein
said tube is made of a thin non-magnetic material, and
wherein water or a mixture of water and oil is used as
the pressure medium.

5. The arrangement according to claim 1, wherein
said sealing rings are formed of a pliable, elastic mate-
rial.

6. The arrangement according to claim 1, wherein
said piston body is made of a non-magnetisable material.

7. The arrangement according to claim 1, wherein
said piston has a flexible buffer at each end, the periph-
eral surface of which is spaced radially from the internal

surface of said tube.
* * * * *



