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(57) Abstract: The invention refers to an electrical machine with at least a machine unit (1). This machine unit includes a stator,
which includes a plurality of magnetic flux conductors (3°, 3") and an electric conductor forming a winding extending in a sub-
stantially closed winding path through each magnetic flux conductor, and at least one first movable element (10), which includes a
number of permanent magnet elements (12’, 12") and which is movable in a reciprocating movement in relation to the stator along a
first movement path in a space having a finite length and formed by at least some of said magnetic flux conductors. The winding path
includes a first current carrying portion (6a), which extends substantially in parallel with the first movement path. Each magnetic
flux conductor (3°, 3") is arranged to form, together with one of said permanent magnet elements (12’, 12"), a closed magnetic flux

circuit extending around said current carrying portion.
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An electrical machine
THE BACKGROUND OF THE INVENTION AND PRIOR ART

The present invention refers to an electrical machine
including a stator, which has magnetic flux conductors and a
winding extending through said magnetic flux conductors, and
at least one movable element, which is movable in relation
to the stator.

Linear electrical machines are known in various connections,
for instance as free-piston engines, i.e. an engine with a
piston, which is mechanically freely movable in a cylinder
housing. Consequently, there is no mechanical element, such
as a connecting rod or a crank shaft, for the transfer of
energy from the piston, but the kinetic energy of the piston
is transformed directly to electrical energy by means of the
linear electrical machine. Such a linear generator could,
for instance, include a magnetic element in the piston and
an electromagnetic element in the wall of the cylinder
housing.

US-A-5,788,003 discloses such a combustion engine of a free-
piston type for driving a motor vehicle. The engine co-
operates with an integrated electric generator, wherein the
piston, which has an inner electrically conducting winding,
is arranged to perform a reciprocating movement in relation
to a surrounding outer winding. During operation, the outer
winding produces a magnetising £ield, wherein electric
effect 1s generated in the inner winding. The generated
electric effect is obtained from the inner winding by a

mechanical commutator, wherein the electric effect then may
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be used by an electric motor for driving the vehicle. Such a
commutator is subjected to wear and has a limited life time.

US-A-5,347,186 refers to a linear electric generator in
which a magnet and a winding are provided to move in
relation to each other. The relative movement of the winding
in the magnetic field generates a current in the winding,
which may be used by an external current circuit. This
document describes the basic principles for magnetic
induction, a phenomenon which has been known since very long
ago. The new matter appears to be a member, which is
intended to maintain a neutral position for the relative

movement .

Conventional electrical machines operate according to the
longitudinal flux principle, which means that the magnetic
flux plane of each stator element is parallel to the moving
direction of the rotor. SE-B-463 061 discloses an electrical
machine, which operates according to the transversal flux
principle. This known machine includes a rotor with a number
of permanent magnets and a stator with a corresponding
number of stator elements, which are provided in such a
manner that the induced magnetic flux mainly follows a path
perpendicular to the rotary direction of the rotor. The
known machine is characterised by a high effect density,
i.e. a high effect in relation to the volume of the machine
is obtained. The document discloses rotary machines with a
transversal flux. Certainly, a linear design is disclosed in
the document but merely for an illustrating purpose. The
document gives no information about how the transversal
principle can be transferred to linear machines, and in
particular not, to linear machines with an element
describing a reciprocating movement in relation to the
stator.
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DE-A-198 11 075 discloses a linear electric machine having a
stator with a plurality of magnetic flux conductors and a
movable element with a number of permanent magnet elements.
A closed winding path extends substantially in parallel to
the moving direction of the movable element. Each magnetic
flux conductor forms together with a permanent magnet
element a closed magnetic flux circuit. The direction of the
magnetic flux is the same in each circuit along the movable
element, and thus the magnetic flux conductors are provided
at a distance from each other, which corresponds to the
width of a permanent magnet element.

SUMMARY OF THE INVENTION

The object of the present invention is to. provide an
improved electrical machine with a stator and a
reciprocating movable element. In particular, it is aimed at

such a machine with a high efficiency.

This object is obtained by an electrical machine including
at least one first machine unit, which includes

- a stator, which includes a plurality of magnetic flux
conductors and an electric conductor forming a winding
extending in a substantially closed winding path through
each magnetic flux conductor, and

- at least one first movable element, which includes a
number of permanent magnet elements and which is movable in
a reciprocating movement in relation to the stator along a
first movement path in a space having a finite length and
being formed by at least some of said magnetic flux
conductors,

wherein the substantially closed winding path includes a
first current carrying portion, which extends substantlally
in parallel with the movement path,

wherein each magnetic flux conductor is arranged to form,

together with one of said permanent magnet elements, a
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closed magnetic flux circuit extending around said current
carrying portion, and

wherein the magnetic flux conductors are arranged in an
alternating order with respect to the direction of the
magnetic flux in relation to the permanent magnet elements
in the respective magnetic flux circuit.

By such a design, an electrical machine is obtained, which
operates according to the transversal flux principle and
which includes a reciprocating movable element that
advantageously may form or be fixedly connected to a piston
of a mechanical machine such as an engine or a pump. Thanks
to the extension of the winding in a substantially closed
winding path through each magnetic flux conductor of the
stator, the total quantity of the winding may be reduced,
which leads to small losses. Furthermore, the magnetic flux
conductors of the stator may be arranged relatively closed
to each other, which provides a high effect density with
regard to the weight as well as the volume of the electrical
machine. In such a way, a high efficiency of the electrical
machine may be obtained.

Thanks to the alternating order, it is ensured that the
voltage induced in the winding at each point of time has the
same direction, and that the voltage through the winding
changes direction simultaneously for each magnetic flux
circuit when the movable element moves in such a way that
the permanent magnet elements moves one step with regard to
the magnetic flux conductors.

According to an embodiment of the invention, each magnetic
flux circuit includes a magnetic flux, which is in parallel
with a plane extending substantially perpendicularly to the
movement path. The distance between a centre point of
adjacent permanent magnet elements may thereby be

substantially equal to the distance between a centre point
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of adjacent magnetic flux conductors. In such a way, the
electrical machine according to the invention will, along a
certain length of the stator, include the same number of
stator elements, i.e. magnetic flux conductors, as permanent
magnet elements of the movable element. Consequently, a high
effect density of the electrical machine is obtained. Such a
design may be provided by arranging the permanent magnet
elements in an alternating order with respect to the
magnetic direction of the permanent magnet elements.

According to a further embodiment of the invention, each
magnetic flux circuit includes a first gap between a pole of
the permanent magnet element of the circuit and an end
surface of the magnetic flux conductor of the circuit, and a
second gap between a second pole of the permanent magnet
element of the circuit and a second end surface of the
magnetic flux conductor of the circuit. The permanent magnet
elements may thereby be arranged in such a way that the
magnetic direction extends substantially perpendicularly to
the moving direction of the movable element in the movement
path. In such a manner, it is possible to design the movable
element with at relatively small width and height since the
movable element does not require any substantial further
components. The movable element may thus be given a low
weight, which is an important advantage for a movable

element describing a reciprocating movement.

According to a further embodiment of the invention, the
movable element is connected to at least one piston, which
is movably arranged in a housing. The electrical machine may
in such way be utilised as an electrical generator, wherein
the piston is moved in the housing by means of a combustion
process in a manner known per se. The electrical machine may
also be utilised as an electrical engine for driving a

piston pump, for instance.
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According to a further embodiment of the invention, the
first machine unit includes a second movable element, which
includes a number of permanent magnet elements and which is
movable in a reciprocating movement in relation to the
stator along a second movement path extending in parallel
with the first movement path, and wherein the substantially
closed winding path includes a second current carrying
portion, which extends substéntially in parallel with the
second movement path. In such a way, a very large part of
substantially closed winding path may be utilised for
current generation, and thus the losses are kept at a very
low level. Preferably, also the second movable element is
connected to the piston. However, it is to be noted that the
two movable elements may be connected to a respective
piston, or more precisely to a separate piston at each end
of the movable element. Furthermore, the first current
carrying portion of the winding path is associated
substantially with a first half of said magnetic flux
conductors, and the second current carrying portion of the
winding path is associated substantially with a second half
of said magnetic flux conductors. Preferably, the permanent
magnet elements of the first movable element are arranged to
co-operate with the magnetic £lux conductors that are
associated with the first current carrying portion, and the
permanent magnet elements of the second movable element are
arranged to to co-operate with the magnetic flux conductors
that are associated with the second current carrying
portion.

According to a further embodiment of the invention, adjacent
permanent wmagnet elements of said movable elements are
separated from each other by an intermediate element, which
is substantially magnetically non-conducting. Thereby, the
permanent magnet elements and the intermediate elements of
the movable element may be arranged to form a structure,

which resists the forces acting on the movable element
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during the use of the electrical machine. Such a design may
preferably have the shape of an elongated rod extending
between and connecting two pistons. Such a rod may thus be
constructed from merely permanent magnet elements and
intermediate elements in an alternating configuration.
Moreover, adjacent magnetic flux conductors of the stator
may be separated from each other by an intermediate element,

which is magnetically isolating.

According to a further embodiment of the invention, the
electrical machine also includes a second machine unit,
which includes

- a stator, which includes a plurality of magnetic flux
conductors and an electric conductor forming a winding
extending in a substantially closed winding path through
each magnetic flux conductor, and

- at least one first movable element, which includes a
number of permanent magnet elements and which is movable in
a reciprocating movement in relation to the stator along a
first movement path in a space having a finite length and
being formed by at least some of said magnetic flux
conductors,

wherein the substantially closed winding path includes a
first current carrying portion, which extends substantially
in parallel with the first movement path,

wherein each magnetic flux conductor is arranged to form,
together with one of sald permanent magnet elements, a
closed magnetic flux circuit extending around said portion,
and

wherein the first machine unit is arranged to operate in a
first phase position and the second machine unit is arranged
to operate in a second phase position displaced from the

first phase position by a phase angle.

By such a further machine unit, the electrical machine may

be designed as a two phase machine, wherein the two machine
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units may be displaced from each other by a suitable phase
angle, for instance 90°. It is to be noted, that it is of
course possible to design the electrical machine with
several phases, for instance three phases, wherein the
electrical machine includes three such machine units. The
different machine units may be arranged beside each other in
such a way that the movable elements are moving in parallel
to each other. Thereby, it i1s possible to connect the
movable elements of the different machine units to one or
two common pistons or two separate pistons for each machine
unit.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is now to be explained more closely by
means of different embodiments, which are disclosed merely
by way of example, and with reference to the drawings
attached, in which

Fig 1 discloses schematically a cross-sectional view of
a first embodiment of an electrical machine
according to the invention.

Fig 2 discloses another cross-sectional view of the
machine in Fig 1.

Fig 3 discloses schematically a section along the line
ITI-III in Figs 1 and 2.

Fig 4 discloses schematically a section along the line
IV-IV in Figs 1 and 2.

Fig 5 discloses schematically a section similar to the

one in Fig 4 of second embodiment of an
electrical machine according to the invention.
Fig 6 discloses schematically a cross-sectional view of
a third embodiment of an electrical wmachine
according to the invention.
Fig 7 discloses another cross-sectional view of the
machine in Fig 6.
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Fig 8 discloses schematically a section similar to the
one in Fig 1 of an electrical machine according
to a fourth embodiment of to the invention.

Fig 9 discloses another cross-sectional view of the
machine in Fig 8.

Fig 10 discloses a section similar to the one in Fig 1
of an electrical machine according to a fifth
embodiment of the invention. '

Fig 11 discloses another section of the machine in Fig
10.
Fig 12 discloses schematically a section similar to the

one in Fig 1 of an electrical machine according
to a sixth embodiment of the invention.

Fig 13 discloses another section of the machine in Fig
12.

DETAILED DESCRIPTION OF DIFFERENT EMBODIMENTS OF THE
INVENTION

With reference to Figs 1-4, a first embodiment of an
electrical machine with a first machine unit 1 and a second
machine unit 2 is disclosed. The machine units 1 and 2 have
a substantially identical design and we will therefore only
describe the first machine unit 1 more closely.

The first machine unit 1 includes a stator, which includes a
plurality of magnetic flux conductors 3’, 3'’, 4’, 4’’. The
first machine unit 1 also includes an electric conductor
forming a winding 6a, 6b, 6c, 6d, which may consist of one
or several coils. The winding 6a, 6b, 6c, 6d forms a
substantially closed path, which extends through each
magnetic flux conductor 3/, 3’’, 4', 4'’. The closed winding
path forms an elongated ring having a first current carrying
portion 6a and a second current carrying portion 6b. The
first current carrying portion 6a extends through the

magnetic flux conductors 3’ and 3’’, and a second current
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carrying portion 6b extends through the magnetic flux
conductors 4’ and 4’'’. The two current carrying portions 6a
and 6b are substantially rectilinear and extend
substantially in parallel to each other and to a
longitudinal axis x of the first machine unit 1. The two
portions 6a and 6b are connected to each other by means of
two current carrying connecting portions 6c and 6d, which
form a smooth curvature. Half of connecting portions 6c and
6d appear from Fig 4.

The magnetic flux conductors 3’, 3'’', 4', 4'' are provided
in pairs, wherein the magnetic flux conductor 3’ extends
around the first current carrying portion 6a, and the
magnetic flux conductor 4’ extends around the second current
carrying portion 6b. In the same way the magnetic flux
conductor 3’’ extends around the first current carrying
portion 6a, and the magnetic flux conductor 4/’ extends
around the second current carrying portion 6b in an adjacent
pair of wmagnetic flux conductors. The magnetic flux
conductors in one such pair form an integrated unit of a
magnetically conducting material. Thereby, the two magnetic
flux conductors 3’ and 4’ includes a common part 5, which
extends between the two magnetic flux conductors and which
includes a projecting part 5’, which projects between the
magnetic flux conductors 3’ and 4’. The projecting part 5’
forms a first end surface 7 of each of the magnetic flux
conductors 3’, 4’'. At a distance from and substantially
opposite to said end surface 7, each magnetic flux conductor
3’7, 4’ has a second and surface 8. The adjacent magnetic
flux conductors 3/’ and 4'’ are designed in a corresponding
manner with a common part 5 and a projecting part 5'7,
wherein the projecting part 5’'’ extends in a opposite

direction in relation to the projecting part 5'.

Preferably, the magnetic flux conductors 3’, 3'’, 4', 4'’

are manufactured in a soft magnetic, sintered powder
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material, wherein each particle may be surrounded by an
isolating layer. Such a material leads to small eddy current
losses in particular at high frequencies. A powder material
may also in a simple manner be formed to a desired shape in
three dimensions. Between adjacent magnetic flux conductors,
there is an intermediate element 9, which is magnetically
non-conducting and electrically non-conducting. Each pair of
magnetic flux conductors 3’, 4’ is thus separated from an
adjacent pair of magnetic flux conductors 3'’, 4'’ by means
of such an intermediate element 9, which appears clearly
from Fig 3.

The first machine unit 1 also includes two movable elements
10, 11. Each such movable element 10, 11 includes a number
of permanent magnet elements 12/, 12’’, and between each
permanent magnet element 12, 12’’ and intermediate element
13. The permanent magnet elements 127, 12’’ and the
intermediate elements 13 are provided 1in a rod-like
configuration in such a way that these elements are arranged
in a row after each other. The permanent magnet elements 12
has the north pole N directed in one direction whereas the
adjacent permanent magnet element 12’’ has been north pole N
directed in an opposite direction. The intermediate elements
13, which separates the adjacent permanent magnet elements
12’, 12'’, are magnetically substantially non-conducting and
electrically substantially non-conducting. The elongated
movable elements 10 and 11 extend substantially in parallel
to the longitudinal axis x and are arranged to move in a
reciprocating movement in relation to the magnetic £lux
conductors 3’, 3'*', 4', 4'' along a first and second
movement path, respectively, i.e. in parallel to the
longitudinal axis x.

As appears from Figs 1, 2 and 3, the movable elements 10 and
11 are provided between the first end surface 7 and the

second end surface 8 of a respective magnetic flux conductor
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3/, 3’7, 4’, 4’’, and more precisely the permanent magnet
elements 127, 12’‘ are arranged between the end surfaces 7
and 8 in such a way that an air gap is formed between one
pole of the permanent magnet elements 12’, 12’’’ and the
first end surface 7, and an air gap between the other pole
of the permanent magnet elements 12’, 12’’ and the second
end surface 8. Each magnetic flux conductor 3', 3’7, 4', 4''
is thus arranged to form, together with one of said
permanent magnet elements 12’, 12'’, a closed magnetic flux
circuit, which extends around one of the current carrying

portions 6a and 6b.

The magnetic flux in each magnetic flux circuit will thus be
parallel to a plane, which is substantially perpendicular to
the longitudinal axis x, i.e. the direction of the two
current carrying portions 6a and 6b as well as to the
respective movement path of the movable elements 10, 11.

The distance between a centre point of adjacent permanent
magnet elements 12’, 12’'’ is substantially equal to the
distance between a centre point of adjacent magnetic flux
conductors 3/, 3'’, 4', 4''. In the same way, the cross-
sectional area of the end surfaces 7 and 8, and of the poles
of the permanent magnet elements 12/, 12’’' are substantially
identical with regard to both the size and the shape. Seen
over a certain length of the stator, it will include the
same number of magnetic flux elements 3/, 3’’, 4’, 4’’ as
the number of permanent magnet elements 12’, 12’7 of the
corresponding length of the movable element 10, 11.

As appears from Figs 1 and 2, the magnetic flux conductors
3’7, 3'', 4', 4'' are provided in an alternating order with
regard to the direction of the magnetic flux in relation to
the permanent magnet elements 12/, 12’’ in the respective
magnetic flux circuit. This means that the magnetic flux

conductors 3’, 3'’, 4', 4'' are arranged in such a way that
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the direction of the magnetic £lux in relation to the
winding 6a, 6b, 6c, 6d, i.e. the first current carrying
portion 6a and the second carrying portion 6d are
substantially the same in each magnetic flux circuit at a
static reflection. However, when the movable elements 10, 11
move one step from one magnetic flux conductor 3’, 4’ to an
adjacent magnetic flux conductor 3’’, 4’’, the magnetic flux
in each magnetic flux circuit 3’, 3'’, 4’', 4’’ will change
direction, and consequently also the induced voltage in the
winding 6a, 6b, 6c, 6d changes direction.

The permanent magnet elements 12’, 12’’ and the intermediate
elements 13 of the movable elements 10, 11 are arranged to
form a construction, which can resist large forces acting on
the movable elements 10, 11 during use. It is to be noted,
that the movable elements 10, 11 in the embodiments
disclosed do not include any further strengthening
construction elements. However, it is possible to provide
the movable elements 10, 11 with such strengthening
construction elements, for instance elongated strengthening
rods which are provided above and beneath the movable
elements 10, 11 seen in Figs 1 and 2. Such elongated
strengthening rods will not influence the electric or
magnetic properties of the electrical machine since the air
gaps between the magnet poles N, S and the end surfaces 7, 8
are not influenced. It 1is also advantageous to make the
movable elements 10, 11 with a weight which is as light as
possible, since they are to describe a reciprocating
movement involving continuous accelerations, and therefore
it is of course desirable to avoid too many further parts.
The movable element 10, 11 may be manufactured by attaching
permanent magnet elements 127, 1277 and intermediate
elements 13 to each other. It is also possible to magnetise
parts of an elongated element in opposite directions in such
a way that the structure disclosed is obtained.
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In the embodiments disclosed, the movable elements 10, 11
are connected to pistons 20, 21. Fig 3 discloses a common
piston 20 for the two movable elements 10 and 11 at one end
and another common piston 21 for the two movable elements
10, 11 at the other end. Each piston 20, 21 is movably
provided in a cylinder housing 22 and 23, respectively. It
is to be noted that it is also possible to provide each
movable element 10, 11 with separate pistons at each end.

The electrical machine may be utilised for operating as a
generator, wherein the cylinder housings 22, 23 form a
respective expansion chamber for accelerating the piston 20,
21. A suitable application is disclosed in the Swedish
patent application No. 9904733-4, which describes a
combustion engine with an electrical machine for generating
electric effect and for controlling the position of a piston
of the combustion engine. The cylinder housings 22, 23 may
in such a generator application include, for instance, inlet
channels 24 for the feeding of a fuel or a fuel/oxidator
mixture, and outlet channels 25 for the discharge of
combustion gases. In the embodiment disclosed, the
combustion chambers are arranged to operate according to the
two~-stroke principle, but it is of course possible within
the scope of the invention also to utilise four-stroke
engines. It is to be noted, that all types of combustion
engines may be combined with the electrical machine and it
is in particular pointed to the so-called HCCI-engines
(Homogenous Charge Combustion Ignition), which may be
regarded as a mixture between an Otto cycle engine and a
diesel engine, wherein a mixture of oxidator and fuel is
introduced into the combustion chamber and ignited at high
compression through self-ignition. Also other types of
piston engines are usable, for instance Stirling engines. It
is also to be noted that the piston-cylinder arrangement at
one end of the movable elements 10, 11 may be replaced by a

spring arrangement, which is arranged to force the piston
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back to the other end, for instance for discharge of
combustion gases or compression of a fuel-air-mixture. The
electrical machine may also be utilised as an electric motor
for driving a piston pump, wherein an inlet valve and an
outlet valve (not disclosed) are provided at each cylinder
housing 22, 23 for the feeding and the discharge of the
medium to be pumped.

As appears form Figs 1, 2 and 4, the second machine unit 2
is arranged beside the first machine unit 1 in such a way
that the movable elements 10, 11 are substantially parallel
to each other. Fig 4 illustrates how the permanent magnet
elements 12’, 12'’ of the movable elements 10, 11 of the
first machine unit 1 may be displaced in relation to the
permanent magnet elements 12/, 12'’ of the movable elements
10, 11 of the second machine unit 2. In such a way one may
obtain a phase displacement between the two machine units 1,
2, and thus it is possible with the two machine units
disclosed in Fig 4 to provide an electrical machine
generating a two phase voltage. The phase angle may be
selected as desired, for instance 90°. It is to be noted,
that the electrical machine may be provided with a
principally arbitrarily number of machine units, which may
operate in partly the same or different phase positions.

In Fig 4, the movable elements 10, 11 of the two machine
units 1 and 2 are comnected to a common piston 20 at one end
and a second common piston 21 at the other end. In this
embodiment there are thus four movable elements 10, 11,

which co-operate with two common pistons 20, 21.

Fig 5 discloses another embodiment of a two phase machine
with separate pistons 20, 21 and 20’, 21’, respectively, for
both the machine units 1, 2. For the rest, this embodiment
is equal to the embodiment disclosed in Figs 1-4.
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Figs 6 and 7 discloses a further embodiment, which
illustrates how the two machine units 1, 2 may be arranged
beside each other laterally, i.e. the four movable elements

10, 11 include a common plane.

Figs 8 and 9 discloses a fourth embodiment, which differs
from the previous embodiments by the fact that the windings
6a, 6b are completely located beside the movable elements 10
and 11. In such a way, the connecting portions 6c and 6d do
not need to be bended outwardly in the manner disclosed in

Fig 4.

Figs 10 and 11 discloses a fifth embodiment of the
invention, which differs from the previous embodiments by
the fact that the permanent magnet elements 12', 12’’ are
inclined in relation to the direction of the magnetic flux
approaching the permanent magnet element and leaving the
gsame. In this embodiment, the movable elements 10 and 11
include magnetic flux conductors 31, 32 for conducting the
magnetic flux through the movable element 10, 11 to and from
the permanent magnet elements 12’, 12’’., In the embodiment
disclosed, all permanent magnet elements 12/, 12’’ are
inclined in the same direction. It is also possible to let
the permanent magnet elements 12/, 12’'’ of one of the
elements 10 be inclined in a first direction and the
permanent magnet elements 12’, 12’’ of the other element 11
in another direction extending substantially 90° in relation
to the first directionm.

Fig 12 and 13 discloses a sixth embodiment of the invention
similar to the fifth embodiment, but where the magnet poles
7 and 8 are inclined by the same angle of inclination as the
movable elements 10 and 11.
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It is to be mnoted that components and elements having
corresponding functions have been provided with the same
reference signs in all embodiments.

The invention is not limited to the embodiments disclosed
but may be varied and modified within the scope of the

following claims.

The disclosed embodiments include rectilinear machines, i.e.
the movement path for the movable elements 10, 11 is linear.
However, it is possible to let these moving paths be curved.
The essential is that the movable elements 10, 11 describe a

reciprocating movement.

In the cross-sectional views disclosed in Figs. 1, 2 and 6,
the magnetic £flux conductors 3’, 3’', 4’, 4'’ have been
disclosed schematically with sharp edges. However, it is to
be noted that these elements 3', 3'’, 4’, 4'' advantageously
may be designed with rounded corners, which improves the
magnetic flux conducting capability.
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Claims

1. An electrical machine including at least one first
machine unit (1), which includes

- a stator, which includes a plurality of magnetic flux
conductors (3’, 3’’) and an electric conductor forming a
winding (6a, 6b, 6c, 6d) extending in a substantially closed
winding path through each magnetic flux conductor, and

- at least one first movable element (10), which includes
a number of permanent magnet elements (12’, 12’’) and which
is movable in a reciprocating movement in relation to the
stator along a first movement path in a space having a
finite length and being formed by at least some of said
magnetic f£lux conductors,

wherein the substantially closed winding path includes a
first current carrying portion (6a), which extends
substantially in parallel with the first movement path,
wherein each magnetic flux conductor (3’, 3’’) is arranged
to form, together with one of said permanent magnet elements
(127, 12'7), a closed magnetic flux circuit extending around
said current carrying portion (6a), and

wherein the magnetic flux conductors (3’, 3’’) are arranged
in an alternating order with respect to the direction of the
magnetic flux in relation to the permanent magnet elements
(127, 12’'’) in the respective magnetic flux circuit.

2. An electrical machine according to claim 1, wherein
each magnetic flux circuit includes a magnetic flux, which
is in parallel with a plane extending substantially
perpendicularly to the first movement path.

3. An electrical machine according to any one of claimg 1
and 2, wherein the distance between a centre point of
adjacent permanent magnet elements (127, 1277) is
substantially equal to the distance between a centre point

of adjacent magnetic flux conductors (3, 377).

~
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4. An electrical machine according to any one of the
preceding claims, wherein the permanent magnet elements
(127, 12'7) are 'arranged in an alternating order with
respect to the magnetic direction of the permanent magnet
elements (12’, 12’'7).

5. An electrical machine according to any one of the
preceding claims, wherein the magnetic flux conductors (37,
3’7’) are arranged in such a manner that the direction of the
magnetic flux in relation to the winding (6a, 6b, 6c, 6d) is

substantially the same in each magnetic flux circuit.

6. An electrical machine according to any one of the
preceding claims, wherein each magnetic flux circuit
includes a first gap between a pole (N, S) of the permanent
magnet element (12’, 12’’) of the circuit and an end surface
(7, 8) of the magnetic flux conductor (3’, 3’’) of the
circuit, and a second gap between a second pole (S, N) of
the permanent magnet element (12’, 12’’) of the circuit and
a second end surface (7, 8) of the magnetic flux conductor

of the circuit.

7. An electrical machine according to any one of the
preceding claims, wherein the first movable element (10, 11)
is connected to at least one piston (20, 21), which is
movably arranged in a housing (22, 23).

8. An electrical machine according to any one of the
preceding claims, wherein the first machine unit includes a
second movable element (11), which includes a number of
permanent magnet elements (127, 12’’) and which is movable
in a reciprocating movement in relation to the stator along
a second movement path extending in parallel with the first
movement path, and wherein the substantially closed winding

path includes a second current carrying portion (6b), which
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extends substantially in parallel with the second movement
path.

S 9. An electrical machine according to. claims 7 and 8,

wherein also the second movable element (11) is connected to
the piston (20, 21). ‘

10. An electrical machine according to any one of claims 8
and 9, wherein the first current carrying portion (6a) of
the winding path is associated substantially with a first
half of said magnetic flux conductors (3, 3’’), and the
second current carrying portion (6b) of the winding path is
associated substantially with a second half of said magnetic
flux conductoxrs (4’, 4'7).

11. An electrical machine according to claims 8 and 10,
wherein the permanent magnet elements (12’, 12’’) of the
first movable element (10) are arranged to co-operate with
the magnetic flux conductors (3’, 3’’), that are associated
with the first current carrying portion (6a), and wherein
the permanent magnet elements (12', 12’’) of the second
movable element (11) are arranged to co-operate with the
magnetic flux conductors (4, 4’’) that are associated with
the second current carrying portion (6b).

12. BAn electrical machine according to any one of the
preceding claims, wherein adjacent permanent magnet elements
(127, 127') of said movable elements (10, 11) are separated
from each other by an intermediate element (13), which is
substantially magnetically non-conducting.

13. An electrical machine according to claim 12, wherein
the permanent magnet elements (127, 12717) and the
intermediate elements (13) of the movable element (10, 11)

are arranged to form a structure, which resists the forces
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acting on the movable element during the wuse of the

electrical machine.

14. An electrical machine acco%ding to any one of the
preceding claims, wherein adjacent magnetic flux conductors
(37, 3", 4', 4''") of the stator are separated from each
other by an intermediate element (9), which is magnetically
isolating.

15. An electrical machine according to any one of the
preceding claims, also including a second machine unit (2),
which includes

- a stator, which includes a plurality of magnetic flux
conductors (3’, 3’'’) and an electric conductor forming a
winding (6a, 6b, 6c, 6d) extending in a substantially closed
winding path through each magnetic f£lux conductor (3’, 3''),
and

~ at least one first movable element (10), which includes
a number of permanent magnet elements (12’, 12’’) and which
is movable in a reciprocating movement in relation to the
stator along a first movement path in a space having a
finite length and being formed by at least some of said
magnetic flux conductors (3,’, 3''),

wherein the substantially closed winding path includes a
first current carrying portion (6a), which extends
substantially in parallel with the first movement path,
wherein each magnetic flux conductor (37, 3’’) is arranged
to form, together with one of said permanent magnet elements
(127, 12'7), a closed magnetic flux circuit extending around
said portion, and

wherein the first machine unit (1) is arranged to operate in
a first phase position and the second machine unit (2) is
arranged to operate in a second phase position displaced
from the first phase position by a phase angle.



WO 01/78219

PCT/SE01/00774

TFigl 1K
I : Bl e
V. m i o
6a ~U - | 6b
TR |
S\N NIS
68'\\ ‘[%7 17%11‘ \_/6(3
— BUSTY
(3 . ' G 2
_—_E—ia =
n N 1
i Q < &’h a
.I . "7 / ]H' :
_d VIR 4
G~ | 1] [LN_ | 6h
N



PCT/SE01/00774

WO 01/78219

LIt

/D@v :M/:S \\._\MV\ \W\\\W\\W\\\W
Y 7 V.
% S e .
N \\\\%\\\\\\ N
s AR V] W§ﬁ\®\
,,\m%: [T5 118 __,_:;, BRI \_r!_/wu/z:
N N % N/ R/, N 7N )
@ = bl i Tt A—
\ | EEIFAINEEEiR RS _W/Nz\___fz\ s f
- N ,\\@/\/Z\V\\W/\V/AW\H\\ > w%\\\\\\\\\\\A/ /
/f__ma (€ é/.%/m
m@ i u
g g
/ T I




WO 01/78219

Nk;

PCT/SE01/00774

J
- ) 2
o = "
N - 3 // 7]
H = < (74 /Z = —
N J_ N\ ,L| e N1 2 e ] __L
= * 7 z é /_] =
- Jdo K Ay e i @é L{-—. __g.’ L \ — i
TY‘] - P N 7 %
o~ S Z7 =
= N - é \ <« -7
m =z ; —m
Pyl i W~ <N =0
— - 2 < o~
>¢ = \\ 7 ¢ ® \\ 7
;| NN N
N N = )
3 : il Z N « 3
Z o || L]
Zx < - &\\é :c < R\
¢ ¢ -
é\ - < - é . \ <
¢ g ;
Bk
= -
< |
© N FERNL
o = =) - x“
o
7| Al
| ' \~
b S
' N 7 T 7

LT



PCT/SE01/00774

WO 01/78219

U@ —>] |

£ g
N q
WIN YU \\\ - N |
\ M=t | M=l
Mw N S ZW m N S S N S N S N m
I\ iE=R==R = U
17 X | ZZN X N x 160 x NG | x N X "
ST 0
@/M WA S\ /7 NN
Mz siinlls nllslinlls s||nN}|s s N{|ls|[[N m”//f%/ m,
AN ERE L
J . x| N X N x 18 x N | x N X
W AN A T Y AN
Iz v —[ >l )\ N
0 I (I /m@m 6 39
_m __m i \

ol



PCT/SE01/00774

WO 01/78219

9y U m» O 9 Q@V 1 mN .\o_\ )
i ] \ﬁ_‘ﬁ / / *\ \N
U L
( 8 L . 8 ) i / 8 L MN. 8 —
Ty 9 Je a9 Qe
N_.q Q@V m\_ m_m N_._N D@ _m B9 __m
LA
8 _mm m ﬁﬁmﬁ,m
A\. // \/ / /L‘v m N\ _ V/ _~ /V W_
D) Y )«
Po) W e T WY ek



WO 01/78219 PCT/SE01/00774

M
Fig B /!
3’ L
( (
) | )
6ar~ P 6[3
7 N T
0~ 8&@\,11
)
(5
Fig A /1
3H [;l
S 4
6b
68’\\ 4N
)
\/7 (5 7\,
NNy 1]~ |
|| 8 8‘ l




WO 01/78219

g 1T

PCT/SE01/00774

68/‘\

6a —1_~

6b

_ 6b

10 —1—

ba~

i




WO 01/78219

PCT/SE01/00774

88

)]
<« \.%] 5
AN \ \
™~
- ~
; =
\_/A
-~
LN
——t .
~
m
—
...1 FT—\
Hlir! e
— | ?\1
™ o )
: (
i 3
2 L
< 3 A
N ) \
-\\—,‘J —\-r
TN /J
LN
A )
r e
-—.—l
™
D_l S
H::

6a~

62 ~_|



INTERNATIONAL SEARCH REPORT

International application No.
]

PCT/SE 01/00774

A. CLASSIFICATION OF SUBJECT MATTER

IPC7: HO2K 41/03, HO2K 35/02, F02B 71/04

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC7: HO2K, FO02B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE,DK,FI,NO classes as above

Electronic data base consulted during the international] search (name of data base and, where practicable, search terms used)

EPO-INTERNAL

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5117142 A (SVANTE G.A. VON ZWEYGBERGK), 26 May 1-15

1992 (26.05.92), column 1, Tine 54 - column 2,
1ine 57, figures 3,3a,3b

A DE 19811075 Al (BLUM GMBH), 16 Sept 1999 1-15
(16.09.99), column 2, 1ine 10 ~ column 3, Tine 11

A US 5598044 A (HIROBUMI SATOMI ET AL), 1-15
28 January 1997 (28.01.97), column 2,
line 10 - column 3, line 36; column 4,
Tline 1 - Tine 34

Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention -
“BE" earlier application or patent but published on or after the international "X*  document of particular relevance: the claimed invention cannot be
nyu ling date . . . o considered novel or cannot be considered to involve an inventive
L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other . .
special reason (as specified) Y’ docu‘rélwntd otf parn?u]ar relevance: the clai};ned ;"n\:ienﬁon cannot be
neyw ; ; e considered to involve an invenlive step when the document is
0 g%(;un!;‘lentr eferring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
. ’ . . . . . being obvious to a person skilled in the art
P” document published prior to the international filing date but Jater than ”on .
the priority date claimed &"  document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
10 -07- 2001
9 July 2001
Name and mailing address of the ISA/ Authorized officer
Swedish Patent Office
Box 5055, §-102 42 STOCKHOLM Hakan Sandh/mj
Facsimile No. +46 8 666 02 86 Telephone No. +46 8 782 25 00

Form PCT/ISAJ210 (second sheet) (Tuly 1998)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE 01/00774

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

(10.10.84), page 7, line 5 ~ line 11

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 5854521 A (EUGEN NOLLE), 29 December 1998 1-15
(29.12.98), column 1, Tine 50 - line 62; column 2,
Tine 10 - column 4, line 11
A EP 0120986 Al (ZUV"PROGRESS"), 10 October 1984 7,9

Form PCT/ISA/210 (continuation of second sheet) (July 1998)




INTERNATIONAL SEARCH REPORT

IIIOITNAUON OI1 Paterll lamily Hicluuers

International application No.

02/07/01 | PCT/SE 01/00774

Patent document Publication Patent family Publication

cited in search report date member(s) date
us 5117142 A = 26/05/92 SE 463061 B,C 01/10/90
: SE 8903876 D 00/00/00

DE .19811075 Al 16/09/99 NONE
-US 5598044 A 28/01/97 CA 2131873 A,C 14/03/95
CN 1105486 A 19/07/95
DE 69401409 D,T 24/04/97
EP 0643470 A,B 15/03/95
JP 7087722 A 31/03/95
KR 144317 B 01/10/98
us 5854521 A 29/12/98 DE 19532614 A 31/10/96
FR 2733644 A 31/10/96
GB 2300312 A,B 30/10/96
GB 9608406 D 00/00/00
IT 1282137 B 12/03/98
IT MI960826 A 27/10/97
JP 9107672 A 22/04797

EP 0120986 Al 10/10/84 NONE

et Yot i e St S e B P . Pt (ot it P A o B s e S S e, St et s W o e o P e e B o g G Pt Bt G St S P e P S g o P el T Gt R Sl g e T S g St P P it P i B

Form PCT/ISAJ210 (patent family annex) (July 1998)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

