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(57) Abrége/Abstract:
A device for positioning a tool within a predetermined working area includes two guides which are parallel to one another and

run in a first coordinate direction, and on which In each case a guide slide Is mounted in a longitudinally adjustable manner. The
guide slides are connected by a supporting structure which carries the tool and which also permits a movement of the tool in a
second coordinate direction. It Is connected to the guide slides so as to be movable about In each case a first or second joint
axis, respectively, parallel to a third coordinate direction. It includes two coupler links which are connected to one another by a
third joint axis parallel to the first and second joint axes. Coaxially to this third joint axis, the supporting structure is provided with
a spindle which carries the tool and is adjustable linearly in the direction of the third coordinate direction and independently

thereof by a rotation angle about the third joint axis.
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ABSTRACT

A device for positioning a tool within a predetermined working area includes two
guides which are parallel to one another and run in a first coordinate direction, and on which
in each case a guide slide is mounted in a longitudinally adjustable manner. The guide slides
are connected by a Supporting structure which carries the tool and which also permits a
movement of the tool in a second coordinate direction. It is connected to the guide slides so
as to be movable about in each case a first or second joint axis, respectively, parallel to a third
coordinate direction. It includes two coupler links which are connected to one another by a
third joint axis parallel to the first and second joint axes. Coaxially to this third_ joint axis, the
supporting structure is provided with a spindle which carries the tool and is adjustable
linearly in the direction of the third coordinate direction and independently thereof by a
rotation angle about the third joint axis.
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DEVICE FOR POSITIONING A TOOL WITHIN A
PREDETERMINED WORKING AREA

[0001] This application hereby claims priority under 35 U.S.C. section 119 on German patent
application number DE 10112808.8 filed March 16, 2001, the entire contents of which are

hereby incorporated herein by reference.

Field of the Invention
[0002] The invention generally relates to a device for positioning a tool within a

predetermined working area.
[0003] In this case, the term “tool” is to be understood in the most general sense and
designates any element which is suitable for performing a function of a mechanical or non-

mechanical type at the predetermined position, €.g. a gripper or a sensor.

Background of the Invention |
[0004] As a rule, two-dimensional positioning systems are realized as a T- or H-structure. In

this case, a portal 1s moved in an X-direction by a motor or even two motors, and a slide
arranged in a movable manner on the portal and carrying the tool is positioned in a Y-
direction by a further motor. Relatively large masses are to be moved in the process. The
accelerations achievable are comparatively low, so that the working speed of such a system is
accordingly also relatively low. |
[0005] During the automatic fitting of printed circuit boards with components, for example,
the tool in the form of a fitting head has to be moved at high speed over the working area.
Positioning systems of the aforesaid type can no longer meet the desires for higher production
rates. )

[0006] There is also the fact that, in addition to the two coordinate directions X and Y, a
lifting movement of the tool in the direction of a third coordinate direction Z and a rotation
about this axis by an angle @ may also be required. For this reason, these two functions have
to be integrated via additional subassemblies. This further increases the moving masses and
possibly impairs the working area, which in the T- or H-structure is in any case smaller than
the construction area.

SUMMARY OF THE INVENTION
[0007] An object of an embodiment of the invention is therefore to develop a device in such a
way that it can perform the required functions. In one embodiment, it can preferably perform
functions including positioning in a three-dimensional coordinate system, and angular
adjustment about an axis without additional subassemblies. Further, it preferably has a small

1
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a moving mass, whereas on the other hand the working area is large in relation to the

construction area.

[0008] This object can be achieved, for example, by a positioning tool.

[0009] An embodiment of the invention adopts the earlier proposal of a five-bar mechanism
which includes two guide slides which are adjustable along parallel guides running on both
sides of the working area and which are connected by a coupler which includes two coupler
links which are connected to the guide slides and to one another by three turning joints having
parallel axes. As an additional feature, a lifting/fotary spindle which carries the tool is
arranged in the region of the turning joint connecting the coupler links. This design can be
realized with a relatively small moving mass, and, for the movement of the tool in the
direction of the Z-axis and its rotation about this axis, the attachment of additional
subassemblies of large mass can be dispensed with by the arrangement of a lifting/rotary
spindle in the region of the third joint axis. The joint center connecting the coupler links can
be swung out to both sides in the longitudinal direction of the guides, so that the working area
can reach out beyond the construction area to the one or other side.

[0010] A configuration of one embodiment enables the coupler links to be swung out in the
Y-direction beyond the region of the guides and thus enables the working area to be enlarged
on both sides relative to the construction area of the device. The coupler links are expediently
designed with the same length.

[0011] The configurations according to other embodiments help to bring about a further
reduction in the moving masses.

[0012] By the development of another embodiment of the invention, the transmission
connection between the second servomotor serving to produce the tool rotation and the
lifting/rotary spindle is at the same time used for the parallel guidance of the tool.

[0013] The moving mass can be further reduced and the working speed increased by the use

of linear motors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention is explained below with reference to an exemplary embodiment, shown
in the drawings, wherein: ' |
Figure 1a represents a schematic plan view of a device according to an embodiment of the

Invention in a first initial position of the coupler links and in an intermediate

~ position; '

Figure 1b shows a second initial position with swung-through coupler links; and
Figure 2 shows a perspective, partly broken-away view of such a device,

Figure 3 shows a schematic view of two different working configurations of the device
according to an embodiment of the invention:
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Figures 4a and 4b show schematic views of in each case two transition confi gurations of the
device according to an embodiment of the invention;

Figures 5a and 5b show schematic views of the device according to an embodiment of the
invention at in each case two different singularities of a first type, and

Figure 6 shows a schematic view of the device according to an embodiment of the invention

at two ditferent singularities of a second type.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] A positioning device 1 has two horizontal guides 3 and 4 which are assigned to a
working area 2, are parallel to one another and run in a first coordinate direction X. A guide
slide 5 or 6, respectively, (figure 2) can be moved 'along each of these guides 3 and 4. These
guide slides 5 and 6 may be adjusted independently of one another in the X-direction, which
is effected, for example, via a belt drive 7 or 8, respectively, which can be driven via a
servomotor 9 or 10, réspectively. Both guide slides 5 and 6 are connected to a supporting
structure (designated overall by 12) which crosses the working area 2 and carries a
symbolically shown tool (designated by 11), e.g. a fitting head for fitting printed circuit
boards with components, and is suitable, as a function of the adjustment of the guide slides 5
and 6, for shifting the tool 11 into a position determined by its horizontal X- and Y-
coordinates. -

[0016] The supporting structure 12 is pivotably mounted on the guide slide 5 via a vertical
first joint axis 13 running parallel to the Z-coordinate and on the guide slide 6 about a second
joint axis 14 parallel thereto. The supporting structure 12 includes two coupler links 15 and
16 which are connected to one another in a movable manner via a third joint axis 17 parallel
to the other two joint axes 13 and 14. The length of the coupler links 15 and 16 is the same
and 1s dimensioned in such a way that the third joint axis 17 can be moved over the entire
width of the working area 2. Since the plane of movement of the coupler links 15 and 16 is
offset in the vertical direction at a distance from the space occupied by the guides 3 and 4, the
coupler links can be swung outward beyond the guides 3 and 4 and can thus extend the
working area in the Y-direction. This situation is shown in figure 1a by broken lines, it being
assumed that the joint axes 13 and 14 have been shifted into the new positions 13’ and 14’.
[0017] As shown in figure 1b, the joint axes 13, 14 can be moved beyond the positions 13’,
14" shown in fig. 1a. Thus, the coupler links 15 and 16 are swung through. As a result of
this, the working area is also shifted to the right in the X-direction - instead of to the left as

shown in figure 1a - so that a larger 'working area overall in relation to the construction area

of the device is made possible with the device. The changed positions of the joint axes 13 and
14 are designated in figure 1b by 13"’ and 14”".
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[0018] From the Kkinematic point of view, the positioning device 1 according to an
embodiment of the invention 18 a five-bar mechanism with two guide slides 5 and 6 and three
rotation axes 13, 14 and 17. The guide slides 5 and 6 are each driven and are mounted in a
fixed position on a frame (not shown). The lifting/rotary spindle 18 or a working platform
arranged instead of the lifting/rotary spindle 18 is fastened to one of the two coupler links 15
or 16. In terms of control, it is simplest to design the working platform or the lifting/rotary
spindle 18 in such a way that the gripper is arranged exactly on the rotation axis 17 between
the coupler links 15 and 16.

[0019] Mathematical equations may be used in order to control the positioning device 1
according to an embodiment of the invention. In this case, an inverse kinematic problem
(IKP) which contains two root terms occurs on the one hand. Furthermore, a direct kinematic
problem (DKP) occurs which contains one root term in the mathematical equation. This
results 1n four solutions for the IKP and two solutions for the DKP of the respective
mathematical equations. Since in each case two solutions of the IKP clearly correlate with
one of the solutions of the DKP, such as, for example, the two arrangements shown
schematically in figure 3 of the individual elements 13 to 17 of the positioning device 1
according to an embodiment of the invention and of their working spaces, and only the
remaining two solutions of the IKP have to be split into partial solutions with different DKP
solutions, as shown in figures 4a and 4b as transition configurations of the positioning device
1 according to an embodiment of the invention, six possible configurations for the structure
of the positioning device 1 according to an embodiment of the invention are finally obtained.
The changed positions of the joint axes 13, 14 and 17 in the respective working or transition
configurations are designated in figures 3 to 6 by 13, 14, 17, 13°, 14°, 17°; 13>, 14, 17",
and 13777, 14”7, 17°7’, respectively. '

[0020] A distinction must therefore be made between the transitions from one solution of the
IKP to a second solution of the IKP (IKP change); that is to say the change from a working
configuration to a transition configuration, of which four are possible, as can be seen from
figure 5. On the other hand, there are transitions between two transition configurations, i.e.
the change from one solution of the DKP to another solution of the DKP (DKP change), of
which two are possible, as can be seen from figure 6.

[0021] An IKP change leads through a singularity of the first type, 1.e. through a structure
position of the positioning device 1 according to an embodiment of the invention in which a
drive can be moved without the working platform or the rotary/lifting spindle 18 moving.
Since the structure of the positioning device 1 during an IKP change remains kinematically

defined at any instant, it is merely necessary, for the control of the drives of the positioning
device 1, to use changed mathematical equations, i.e., for example, equations with different
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signs, for the solution of the IKP and to control only the drives 9 and 10 in a region around
the singularity of the first type without calculating the IKP.

[0022] In contrast, a DKP change leads through a singularity of the second type, i.e. through a
structure position of the positioning device 1 in which the working platform or the
rotary/lifting spindle 18 can be moved without a drive, i.e. one of the servomotors 9 or 10,
causing a movement. In this position, the positioning device 1 is kinematically underdefined
and both control measures and design measures have to be taken in order to be able to pass
through these kinematically underdefined points in a reliable manner and with a clearly
defined movement.

[0023] It is also possible to pass through a DKP change dynamically' without design measures
at the positioning device 1. In this case, however, reliable operation is not always ensured. In
order to also ensure a reliable operation in this respect, at least one sensor (not shown) must
be provided, it being possible for the signal from this sensor to be evaluated by a control
device and for the current configuration of the positioning device 1 to be determined from this
signal. ' .

[0024] At least four approaches are possible for a design solution to the DKP change.

[0025] Firstly, an additional drive may be provided on one of the - hitherto passive - joint
axes 13, 14 and 17, this drive being moved along at no-load during normal operation. In the
region of a DKP change, i.e. when passing through a singularity of the second type, one of the
drives 9 or 10 of a guide slide 5 or 6, respectively, is switched to no-load and the additional
drive (not shown) moves the positioning device 1 through the singularity of the second type.
For this small and slow movement, the additional drive may be of appropriately small
dimensions, which reduces the additional masses. '

[0026] On the other hand, each mechanism can be extended by double hinges without
influencing the movements of the remaining links. An extension by a double hinge makes a
seven-bar mechanism from a five-bar mechanism. However, if one of the additional joints is
locked, for example via a brake, a six-bar mechanism is obtained, the defined movement of
which only requires a single drive. An actual design of a double hinge is, for example, a
revolving belt. If the latter or one of two deflection pulleys which direct the revolving belt is
braked, the positioning device can be moved through the DKP change by the use of only a
single drive.

[0027] Furthermore, it is possible, by introducing a force, to impose a preferred direction on
the positioning device 1 when passing through a singularity of the second type. In this case,
this force may be introduced not only actively but also passively, for example via a torsion
spring in one of the joint axes 13, 14 or 17 near the drive or also via a tension spring between
one of the guide slides 5 or 6 and the associated coupler link 15 or 16, respectively. The DKP

change can be initiated in this case by switching off one of the drives 9 or 10. In this case,

5
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however, the time required for the DKP 'change cannot be clearly determined or predicted. In
particular, the transition through a DKP change is also possible only in one direction on
account of the directional spring effect. Thus the transitions between the working
configurations are also only possible in one direction.

[0028] A .further more flexible Way of passing through a DKP change in a clearly defined
manner 1s to pass dynamically through the singularity of the second type. So that the working
plattorm or rotary/lifting spindle 18 can run out of a movement from one transition
configuration into a second transition cOnfigUration, one of the two drives 9 or 10 must be
kept massless on account of the law of angular momentum, that is to say that the positioning
device 1 has a sensor device which can determine the force which is applied to at least one of
the joint axes 13 or 14 near the drive. By evaluation of the signal of the sensor device, thi:s
force 1s regulated to zero in oh_e of the two joint axes 13 or 14 for the region around the DKP
change. In this way, it is possible to pass through the singularity of the second type in a
clearly defined manner without using an additional drive. Furthermore, this may also be
carried out independently of direction.

[0029] So that the position of the tool 11 can also be set in a third coordinate direction Z and
In its angular position @ relative to this Z-axis, a lifting/rotary spindle 18 is arranged coaxially
to the third joint axis 17, to be precise in such a way that a collision with the guides 3 and 4 is
impossible. ,

[0030] The movement in the Z-direction can be produced in the lifting/rotary spindle 18 by a
design as a ball screw, known per se, mechanical drive being effected by a servomotor 19
which is carried by the guide slide 5 and whose actuating movement is effected via a
transmission connection, e.g. a belt drive, which is completely encapsulated in the coupler
link 15 and therefore cannot be seen. However, the vertically movable spindle and the
element guiding the spindle may also be designed as elements of a linear motor, as a fesult of
which the servomotor 19 and the transmission connection assigned to it may be djspensed
with and only a supply and control line for the linear motor has to be run through the coupler
link 15.

[0031] A servomotor 21 on the guide slide 6 serves to move the lifting/rotary spindle 18
about a rotation angle @, this servomotor 21 being connected via a transmission cbnnection,
likewise a belt drive for example, to the lifting/rotary spindle 18. This transmission
connection is encapsulated in the coupler link 16. It is configured in such a way that it
transmits an actuating movement of the Servomotor 21 to the lifting/rotary spindle 18 in the
correct angular relationship. This ensures that, during an adjustment of the tool position in the
three-dimensional coordinate system X, Y, Z, the tool 11 1s always shifted parallel to itself

provided an additional angular adjustment is not carried out by the servomotor 21.
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[0032] The invention being thus described, 1t will be obvious that the same may be varied in
many ways. Such variations are not to be regarded as a departure from the spirit and scope of
the invention, and all .such modifications as would be obvious to one skilled in the art are
intended to be included within the scope of the following claims.
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What 1s claimed is:

1. A device for positioning a tool within a working area, comprising:

two guides, parallel to one another in a first coordinate direction, each
including a guide slide mounted thereon in a longitudinally adjustable manner, the guide
slides beirig connected by a supporting structure which carries the tool and also permits a
movement of the tool in a second coordinate direction, wherein the supporting structure is
connected to the guide slides so as to be movable in at least one of a first and a second joint
axis, respectively, parallel to a third coordinate direction, and wherein the supporting
structure includes two coupler links, connected to one another by a third joint axis parallel to
the first and second joint axes, wherein coaxially to this third joint axis, the supporting
structure includes a spindle which carries the tool and is adjustable linearly in the direction of
the third coordinate direction and independently thereof by a rotation angle about the third
joint axis in such a way that the spindle can be swung out to both sides in the longitudinal
direction of the guides, so that the working area of the device can be enlarged beyond the
construction area of the guidés.

2. The device as claimed in claim 1, wherein the plane of movement of the
coupler links is offset in the vertical direction from the space occupied by the guides.

3.  The device as claimed in claim 1, wherein a first servomotor assigned to the
linear movement of the spindle 1s arranged on the one guide slide, the output of this first
servomotor being connected to the spindle via a transmlsswn connection along the coupler
link mounted on this one guide slide.

4. T'he device as claimed in claim 3, wherein a second servomotor, assigned to
the angular movement of the spindle, is arranged on the other guide slide, the output of this
second servomotor being connected to the spindle via a transmission connection along the
coupler link mounted on this other guide slide.

3. The device as claimed in claim 4, wherein the transmission connection

between the second servomotor and the spindle is sultable for the transmission of movement
in the correct angular relationship.

6. The devme as claimed in claim 3, wherein the transmission connection is a
belt drive. '

7. The device as claimed in claim 3, wherein the transmission connection is
encapsulated in the coupler link.

8. The device as claimed in claim 1, wherein the spindle contains a ball screw.

9. The device as claimed in claim 1, wherein each of the guides and the

corresponding guide slide, in each case, form a linear motor.
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10.  The device as claimed in claim 1, wherein the vertically movable spindle part
of the spindle and the corresponding guide part, form a linear motor.

11.  The device as claimed in claim 1, wherein the coupler links have the same
length.

12, The device as claimed in claim 2, wherein a first servomotor assigned to the
linear movement of the spindle is arranged on the one guide slide, the output of this first
servomotor being connected to the spindle via a transmission connection along the coupler
link mounted on this one guide shde.

13. The device as claimed in claim 4, wherein the transmission connection is a belt
drive.

14. The device as claimed in claim 5, wherein the transmission connection is a belt
drive.

15. The device as claimed in claim 4, wherein the transmission connection is
encapsulated in the coupler link.

16. The device as claimed in claim 5, wherein the transmission connection is
encapsulated in the coupler link.

1'7. The device as claimed in claim 2, wherein the spindle contains a ball screw.

18.  The device as claimed in claim 2, wherein each of the guides and the
corresponding guide slide, 1in each case, form a linear motor.

19.  The device as claimed in claim 2, wherein the vertically movable spindle part
of the spindle and the corresponding guide part, form a linear motor.

Fetherstonhaugh & Co.
Ottawa, Canada
Patent Agents
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