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57) ABSTRACT

A moving device comprises at least a first element provided
with main magnets and a second element provided with coils.
The main magnets are arranged in a grid of rows and columns,
wherein main magnets in adjacent rows are oppositely
polarised and staggered relative to each other. The coils can
be energized for moving the first element relative to the sec-
ond element in a direction parallel to the rows as well as in a
direction parallel to the columuns. Auxiliary magnets of the
same polarity are disposed between the main magnets at least
in a number of rows, wherein the strength of the magnetic
field of said auxiliary magnets is different from that of the
main magnets.
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MOVING DEVICE AS WELL AS A
COMPONENT PLACEMENT DEVICE
PROVIDED WITH SUCH A MOVING DEVICE

[0001] Theinventionrelatestoa moving device comprising
at least a first element provided with main magnets and aux-
iliary magnets and a second element provided with coils,
which main magnets are arranged in a grid of rows and
columns, wherein at least main magnets in adjacent rows are
oppositely polarised and staggered relative to each other,
whilst auxiliary magnets of the same polarity are disposed
between the main magnets at least in a number of rows,
wherein the strength of the magnetic field of said auxiliary
magnets is different from that of the main magnets, wherein
the coils can be energized for moving the first element relative
to the second element in a direction parallel to the rows as well
as in a direction parallel to the columns.

[0002] Theinventionalso relates to a component placement
device provided with such a moving device.

[0003] 1In such a device, which is known from US 2005/
077786 A1, main magnets and auxiliary magnets are arranged
in X,y grids. Because of the presence of the auxiliary magnets
arranged in rows, the change in the magnetic field across the
various rows is different from that across the various columns,
so that the magnetic forces that occur upon movement in a
direction parallel to the rows as a result of the energisation of
the coils are different from the magnetic forces that occur
upon movement in a direction parallel to the columns.
[0004] A drawback of the known device is that the grid
structure is relatively complex, so that the production of such
grids is relatively complicated and costly.

[0005] It is an object of the invention to provide a moving
device which has a relatively simple grid structure and by
means of which it is readily possible to realise a change in the
magnetic field across the various rows different from that
across the various columns.

[0006] This object is accomplished with the moving device
according to the invention in that the first element is provided
with a number of disc-shaped magnetic segments and perma-
nent magnets disposed between the segments, wherein per-
manent magnets located adjacent to each other are oppositely
polarised in a direction parallel to the columns, whilst the
segments form the main magnets and the auxiliary magnets.
[0007] The auxiliary magnets may be provided between the
main magnets only in rows having one polarisation direction,
whereas no auxiliary magnets are provided inthe rows having
the other polarisation direction.

[0008] Preferably, however, auxiliary magnets are disposed
between the main magnets in all the rows, which auxiliary
magnets all have the same polarity as the main magpets and a
weaker magnetic field than the main magnets in the row in
question. Because of this arrangement of the auxiliary mag-
nets, auxiliary magnets having a different polarity than the
main magnets are disposed between the main magnets in the
columns.

[0009] As a result, the change in the magnetic field across
the various rows is different from that across the various
columns, so that also the forces that occur upon movement in
a direction parallel to the rows are different from the forces
that occur upon movement in a direction parallel to the col-
umns. Because of the presence of the relatively weak auxil-
iary magnets, the difference between the magnetic forces of

Aug. 11,2011

two adjacent rows is greater than the difference between the
magnetic forces of two adjacent columns.

[0010] The rows and columns may be arranged in a x-y
plane or in a cylindrical grid, in which case the rows or
columns may extend in axial direction.

[0011] TItisnoted thatin amoving devicethat is known from
U.S. Pat. No. 5,952,744 B1, magnets are arranged in a cylin-
drical grid, in which the spacing between the magnets in
circumferential direction is the same as the spacing between
the magnets in axial direction. Seen in circumferential direc-
tion the magnets are arranged in rows and seen in axial direc-
tion the magnets are arranged in columns. Magnets in adja-
cent rows and in adjacent columns are oppositely polarised
and staggered relative to each other. The second element is
provided with first coils, which extend in circumferential
direction. The first element is caused to move in axial direc-
tion by energizing the first coils. The second element is fur-
ther provided with second coils, which extend in axial direc-
tion. The first element is caused to rotate in circumferential
direction by energizing the second coils.

[0012] An advantage of such a moving device is that it is
possible to execute a movement in two, preferably mutually
perpendicular directions.

[0013] A limitation of the known moving device, howevet,
is the fact that the same fluctuation of the magnetic field
generated by the first element occurs both during said rotation
and during said axial movement, as a result of which the same
magnetic forces occur in circumferential direction as well as
in axial direction.

[0014] One embodiment of the moving device according to
the invention is characterised in that the first element is rotat-
able about an axis of rotation relative to the second element,
with the columns extending parallel to the axis of rotation and
the rows extending concentrically about the axis of rotation.
[0015] Because the concentrical rows are provided with
auxiliary magnets of the same polarity disposed between the
main magnets, a greater variation in the magnetic field is
obtained upon movement in axial direction than upon move-
ment in rotational direction. As a result, larger forces can be
exerted in axial direction. In the situation in which the axial
direction extends in vertical direction, this makes it possible
to withstand the force of gravity, which is not necessary upon
rotation in such a case.

[0016] Another embodiment of the moving device accord-
ing to the invention is characterised in that in that the disc-
shaped segments are soft-magnetic segments.

[0017] The array of segments and permanent magnets dis-
posed therebetween leads to a simple structure of the first
element.

[0018] Using permanent magnets of relatively simple
design and specifically shaped segments, for example, it is
possible to realise practically any desired configuration of
main magnets and auxiliary magunets. The field lines from the
permanent, magnets pass through the segments and extend in
radial direction from said segments.

[0019] Yet another embodiment of the moving device
according to the invention is characterised in that each seg-
ment comprises at least two main magnets which are disposed
closer to the coils of the second element than the auxiliary
magnets disposed between the main magnets.

[0020] By positioning the auxiliary magnets at a greater
distance from the coils than the main magnets, the forces that
occur between the coils and the auxiliary magnets are smaller
than the forces that occur between the coils and the main
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magnets. The auxiliary magnets and the main magnets may
be made of the same magnetic material.

[0021] Yet another embodiment of the moving device
according to the invention is characterised in that each seg-
ment comprises at least two main magnets which, seen in
axial direction, have a thickness greater than that of the aux-
iliary magnets disposed between the main magnets.

[0022] Because of said greater thickness, the main magnet
will generate a larger magnetic field than the auxiliary mag-
net. The thicker main magnets of one segment are positioned
opposite thinner auxiliary magnets of the other segment, so
that a compact structure is obtained.

[0023] Yet another embodiment of the moving device
according to the invention is characterised in that each per-
manent magnet has a uniform thickness.

[0024] Asaresult, asubstantially constant magnetic field is
led towards the segments by the permanent magnets.

[0025] Yet another embodiment of the moving device
according to the invention is characterised in that the disc-
shaped segments are permanent magnets which are polarised
in a direction transversely to the axis of rotation.

[0026] The disc-shaped elements can be readily provided
with stronger and weaker magnetic parts forming the main
magnets and auxiliary magnets, respectively. The first ele-
ment can be formed in a simple manner by stacking radially
and axially polarised magnets alternately one on top of the
other.

[0027] Yet another embodiment of the moving device
according to the invention is characterised in that the disc-
shaped segments are provided with two semicircular parts
which are disposed on either side of a plane extending
through the axis of rotation, which semicircular parts are
polarised in opposite directions transversely to said plane.
[0028] Sides of the magnets located near said plane form
the auxiliary magnets, whilst the sides spaced from said plane
form the main magnets.

[0029] Such first disc-shaped segments are relatively easy
to produce.
[0030] Theinventionalso relates to a component placement

device provided with such a moving device, wherein the first
element 1s provided with an air passage extending in axial
direction for generating an underpressure at one end in use for
picking up a component.

[0031] Such a component placement device is suitable for
picking up and placing components, for example on a sub-
strate such as a PCB. The air passage preferably extends
through the centres of the segments.

[0032] The invention will be explained in more detail with
reference to the drawing, in which:

[0033] FIGS.1A and 1B are a schematic developed view of
amoving device according to the invention and a graph show-
ing the magnetic flux during rotation, respectively;

[0034] FIGS. 2A and 2B are a schematic developed view of
amoving device according to the invention and a graph show-
ing the magnetic flux during translation, respectively;
[0035] FIG. 3isaperspective view ofan embodiment of the
first element of a moving device according to the invention,
[0036] FIG. 4 is a schematic developed view of the first
element shown in FIG. 3;

[0037] FIGS. 5A-5C are perspective views of other
embodiments of segments for use in the first element shown
in FIG. 3;

[0038] FIG. 6is a front view of a first element of a moving
device according to the invention;

Aug. 11,2011

[0039] FIG. 7A-7B are cross-sectional views of another
embodiment of magnets for a firstelement of a moving device
according to the invention;

[0040] FIGS. 8A and 8B are longitudinal sectional view
and a cross-sectional to view of a second element of the
moving device according to the invention.

[0041] Like elements are indicated by the same numerals in
the figures.

[0042] FIGS. 1A-2A show schematic developed views of a
cylindrical grid 1 of a first element of a moving device accord-
ing to the invention. The grid 1 comprises rows 2, 3 and
columns 4, 5. The rows 2, 3 extend in circumferential direc-
tion 6, whilst the columns 4, 5 extend in Z-direction. The rows
2, 3 and the columns 4, 5 extend transversely to each other.
[0043] Each row 2 comprises alternately arranged main
magnets 6 and auxiliary magnets 7, which are polarised in a
direction transversely to the plane of the drawing, the north
poles N, n of which magnets are shown in the figures. Rows 3
are located between the rows 2. Each row 3 comprises alter-
nately arranged main magnets 8 and auxiliary magnets 9,
which are polarised in a direction transversely to the plane of
the drawing, the south poles Z, zof which magnets are shown
in the figures. The rows 2, 3 are staggered relative to each
other, so that an auxiliary magnet 9 of a row 3 located between
the rows 2 is present in each column 4 between main magnets
6 of different rows 2. As a result, each column 4 is provided
with alternately arranged main magnets 6 and auxiliary mag-
nets 7, the poles N, z of which magnets are shown in the
figures. Each column 5 is provided with alternately arranged
auxiliary magpets 7 and main magnets 8, the poles n, Z of
which magnets are shown in the figures. The auxiliary mag-
nets 7, 9 are less strong than the main magnets 6, 8, so that the
magnetic field provided by the auxiliary magnets 7, 9 is
weaker.

[0044] The moving device further comprises a second ele-
ment provided with a number of first elongated coils 10,
which extend parallel to and opposite the columns 4, 5. Such
a coil 10 is schematically shown in FIG. 1A. The second
element is further provided with a number of second elon-
gated coils it, which extend parallel to the rows 2, 3. Such a
coil 11 is schematically shown in FIG. 2A.

[0045] Inthe graph of FIG. 1B the flux @y is plotted against
anangle of rotation 0 of the first element relative to the second
element. The rotation of the first element relative to the sec-
ond element is effected by alternately energising the coils 10
in a manner which is known per se. By doing so, a column 4
and a column 5 are alternately positioned opposite the coil 10
shown in FIG. 1A. The flux &g varies between a maximum
value and a minimum value.

[0046] Inthe graph of FIG. 2B the flux @, is plotted against
a translation in the Z-direction of the first element relative to
the second element. The translation of the first element rela-
tive to the second element is effected by alternately energising
the coils 11 in a manner which is known per se. By doing so,
arow 2 and arow 3 are alternately positioned opposite the coil
11 shown in FIG. 2A. The flux ®, varies between a maximum
value and a minimum value.

[0047] Since each column 4, 5 comprises oppositely
polarised main magnets and auxiliary magnets, whilst each
row 2, 3 comprises main magnets and auxiliary magnets
which are polarised in the same direction, the maximum flux
D, is smaller than the maximum flux ®,.

[0048] FIG. 3 is a perspective view of a first element 21 of
a moving device according to the invention, which comprises
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a number of disc-shaped segments 22, 23 and permanent
magnets 24 disposed between the segments 22, 23. FIG. 5A
shows a perspective view of a segment 22, 23 made of a
soft-magnetic material. As FIG. SA clearly shows, each seg-
ment 22, 23 comprises a circular disc which is provided with
flattened, straight edges 25 on two opposite sides. Located
between said edges 25 are arcuate edges 26.

[0049] The first element 21 is elongate in shape and rotat-
able about an axis of rotation 27. Each permanent magnet 24
is polarised in a direction P parallel to the axis of rotation 27,
with permanent magnets disposed on either side of a segment
22 being polarised in directions P away from each other and
permanent magnets disposed on either side of a segment 23
being polarised in directions P toward each other. As a result,
the segments 22 function as south poles z, Z and the segments
23 function as north poles n, N, with the magnetic field lines
extending transversely to the axis of rotation 27 from the
edges 25, 26. Since the segments 22, 23 have straight edges
25, which are located closer to the axis of rotation 27 and thus
further away from the coils of the second element that sur-
round the first element 21, the magnetic field of the edges 25
is weaker than that of the arcuate edges 26. The straight edges
25 form weaker auxiliary magnets having a pole n, z, whilst
the arcuate edges 26 form main magnets having a pole N, Z.
The segments 22 functioning as south poles are turned
through 90 degrees about the axis of rotation relative to the
segments 23 functioning as north poles, so that, seen in axial
direction, auxiliary magnets of one polarity are disposed
between main magnets of the other polarity. This is clearly
shown in FIG. 4, which shows a developed view of the first
element 21. The operation of a moving device provided with
the first element 21 is comparable to that of the moving device
described with reference to FIGS. 1A-2B.

[0050] FIGS. 5B and 5C show alternative embodiments of
the segments 22, 23, with the segment 28 shown in FIG. 5B
exhibiting straight edges 29 forming a V-shaped indentation,
which extend between the arcuate edges 26. The V-shape lies
in a plane parallel to the axis of rotation. The segment 30
shown in FIG. 5C exhibits a V-shaped indentation 31 extend-
ing between the arcuate edges 26, which V-shape lies in a
plane transversely to the axis of rotation. As a result of the
different shapes, the magnetic lines will extend differently.
The course of the magnetic flux upon rotation about the axis
of rotation 27 and also upon translation in a direction parallel
to the axis of rotation 27 can be determined by calculation or
by experiment for each individual shape. A decrease of the
difference in flux upon movement in one direction will result
in an increase in the difference in flux and consequently an
increase in the forces that occur upon movement in the other
direction.

[0051] FIG. 6 shows another embodiment of a first element
41 of a moving device according to the invention, which is
provided with a number of disc-shaped segments 42, 43 and
permanent magnets 44 disposed between the segments 42,
43. The segments 42,43 are made of a soft-magnetic material.
The first element 41 is elongate in shape and rotatable about
an axis of rotation 45. Each segment 42, 43 is provided with
two thicker (seen in axial direction) parts 46 and thinner parts
47 disposed between the thicker parts 46. The thicker parts 46
of the segments 42 are disposed opposite the thinner parts 47
of the segments 43, and conversely. As a result, the permanent
magnets 4 disposed between the segments 42, 43 have a
substantially constant thickness, seen in circumferential
direction. Each permanent magnet 44 is polarised in a direc-
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tion P extending parallel to the axis of rotation 45, with
permanent magnets 44 disposed on either side of a segment
42 being polarised in directions P away from each other and
permanent magnets 44 disposed on either side of a segment
43 being polarised in directions P toward each other. As a
result, the segments 42 function as south poles 7 and the
segments 43 function as north poles N, with the magnetic
field lines extending transversely to the axis of rotation 45
from the segments 42, 43. Since the magnetic field of the
thicker parts 46 is stronger than that of the thinner parts 47, the
thicker parts 46 of the segments form the main segments,
whilst the thinner parts form the auxiliary magnets. Seen in
axial direction, auxiliary magnets of one polarity are disposed
between main magnets of the other polarity.

[0052] FIGS. 7A-7B show cross-sectional views of first
disc-shaped permanent magnets 51, 61, which can be placed
between axially polarised magnets 24 instead of the soft-
magnetic segments 23 and 24, respectively. The magnets 24
form second disc-shaped permanent magnets. The permanent
magnets 71, 81 each comprise two parts 52, 62. The magnetic
polarisation is parallel in each of said parts 52, 62, so that the
magnetic field lines extend parallel to each other. The mag-
netic field lines of the two parts 72, 82 connected across a
joining face 53, 63 extend away from each and toward each
other, respectively, as a result of which the magnetic field
strength near the joining face 53, 63 is less and auxiliary
magnets n, z are formed at that location, whilst the main
magnets N, Z are spaced from the joining face 53, 63 by some
distance. Each magnet 51 is disposed between two magnets
24 axially polarised in directions P toward each other, whilst
the magnets 61 are disposed between two magnets 24 axially
polarised in directions P away from each other.

[0053] FIGS. 8A and 8B show a second element 71 of a
moving device according to the invention, which second ele-
ment 71 is provided with a tubular holder 72 that extends
abouta central axis 73. The holder 72 comprises a cylindrical
passage 74, in which a first element as described above can be
positioned. The holder 72 is provided with a number of ring-
shaped coils A, B, C, A", B, C', which each extend about the
central axis 73. Said coils A, B, C, A", B', C' function in the
same manner as the coil 11 shown in FIG. 2A. The coils A, B,
C, A", B!, C' are energized in a staggered fashion according to
a three-phase system, as a result of which a movement in a
direction parallel to the central axis 73 is effected.

[0054] The holder 72 is further provided with a number of
elongated coils D, E, F, which each extend in the axial direc-
tion of the cylindrical passage 74. The coils D, E, F function
in the same manner as the coil to shownin FIG. 1A. The coils
D, E, F are energized in a staggered fashion according to a
three-phase system, as a result of which rotation about the
central axis 73 is effected.

[0055] By energising the coils A, B, C, A", B', C' and the
coils D, E, F simultaneously, a random helical motion can be
realised.

[0056] The moving device according to the invention is
suitable, for example, for use in a component placement
device as known per se, with an elongated air passage tot (see
FIG. 5A) extending through the first element for generating
and underpressure near one end of the first element for pick-
ing up a compornent.

[0057] Itisalso possible to arrange the rows and columns at
an angle other than 90 degrees relative to each other.

[0058] Although it is to be preferred for the magnetic field
of the auxiliary magnets to be weaker than the magnetic field
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of the main magnets, it is also possible for the magnetic field
of the auxiliary magnets to be stronger, for example in the
situation in which the auxiliary magnets are provided
between main magnets only in rows having one polarisation
direction whilst no auxiliary magnets are provided in the rows
having the other polarisation direction.

[0059] Tt is also possible to have the rows extend in axial
direction.
[0060] It is also possible to form a moving device for real-

ising movements inan x, y plane instead of movements about
and parallel to the axis of rotation, in which case the rows will
extend in the x-direction and the columns will extend in the
y-direction. The forces to be exerted in the x-direction will in
that case be smaller than the forces to be exerted in the
y-direction.

[0061] Itisalsopossible touseastationary first element and
to cause the second element to move relative to the first
element.

1. A moving device comprising at least a first element
provided with main magnets and auxiliary magnets and a
second element provided with coils, which main magnets are
arranged in a grid of rows and columns, wherein at least main
magnets in adjacent rows are oppositely polarised and stag-
gered relative to each other, whilst auxiliary magnets of the
same polarity are disposed between the main magnets at least
in a number of rows, wherein the strength of the magnetic
field of said auxiliary magnets is different from that of the
main magnets, wherein the coils can be energized for moving
the first element relative to the second element in a direction
parallel to the rows as well as in a direction parallel to the
columns, characterised in that the first element is provided
with a number of disc-shaped magnetic segments and perma-
nent magnets (22, 44) disposed between said segments,
wherein permanent magnets located adjacent to each other
are oppositely polarised in axial direction, whilst the seg-
ments form the main magnets and the auxiliary magnets.
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2. A moving device according to claim 1, characterised in
that the first element is rotatable about an axis of rotation
relative to the second element, with the columns extending
parallel to the axis of rotation and the rows extending con-
centrically about the axis of rotation.

3. A moving device according to claim 2, characterised in
that the discshaped segments are soft-magnetic segments.

4. A moving device according to claim 3, characterised in
that each segment comprises at least two main magnets which
are disposed closer to the coils of the second element than the
auxiliary magnets disposed between the main magnets.

5. A moving device according to claim 3, characterised in
that each segment comprises at least two main magnets
which, seen in axial direction, have a thickness greater than
that of the auxiliary magnets disposed between the main
magnets.

6. A moving device according to claim 1, characterised in
that each permanent magnet has a substantially uniform
thickness.

7. A moving device according to claim 1, characterised in
that the discshaped segments are permanent magnets which
are polarised in a direction transversely to the axis of rotation.

8. A moving device according to claim 7, characterised in
that the discshaped segments are provided with two semicir-
cular parts which are disposed on either side of a plane
extending through the axis of rotation, which semicircular
parts are polarised in opposite directions transversely to said
plane.

9. A component placement device provided with a moving
device according to claim 1, characterised in that the first
element is provided with an air passage extending in axial
direction for generating an underpressure at one end in use for
picking up a component.
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