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(57) Abstract: The invention pertains to a reference posi-
tioning system for positioning a workpiece (5) in a three-di-
mensional coordinate system, the reference positioning sys-
tem comprising a first positioning unit (1) for positioning a
first alignment feature (10) of the workpiece (5) in a first di-
mension (X), in a second dimension (Y) and in a third di-
mension (Z), comprising a first centring pin (11) and a first
reference level locator (12), a second positioning unit (2) for
positioning a second alignment feature (20) of the workpiece
(5) in the second dimension (Y) and in the third dimension
(Z), comprising a second centring pin (21) and a second ret-
erence level locator (22), and a third positioning unit (3) for
positioning a third alignment feature (30) of the workpiece
(5) in the third dimension (Z), comprising a third reference
level locator (32), characterized in that for levelling the first
and second alignment features (10, 20) in a reference level
the first and second centring pins (11, 21) are movable in the
third dimension (Z) in such a way that the reference level is
traversable by at least a part of the first and the second cent-
ring pin (11, 21). Furthermore, the invention pertains to a
method for positioning and orienting a workpiece (5) in a
three-dimensional coordinate system by means of said refer-
ence positioning system, and to a computer programime
product for execution of said method.
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Mechanical positioning device and method

The present invention pertains to a method and device for
precise mechanical positioning and orienting of an object in
space. In particular the invention relates to a method and
system for highly repeatable and highly precise setting up
of an object in a given coordinate system, especially for
measuring purposes during production. More particularly, the
present invention relates to a method and device for
arranging main body parts of an automobile for assembly or

measuring in an automobile assembly line.

The method and device according to the present invention
correspond to the mechanical solution of the metrological
alignment principle known as “Reference Positioning System”
(RPS) . The principle for placement and alignment according
to the RPS, for instance, is described in Lichtenberg, Thilo
(2006): “A flexible vehicle measurement system for modern
automobile production” (Master Thesis at the Faculty of
Engineering, the Built Environment and Information

Technology of the Nelson Mandela Metropolitan University).

It is common practice during the production of a car to
measure features and properties of its different components.
These measurements can be carried out in special measurement
cells by means of either contact or non contact measuring
gauges, for example based on laser or photogrammetric
principles. Such a procedure, for instance, is disclosed in

DE 195 44 240 Al.

Large workpieces, especially sheet metal parts, such as car
bodies, can have significant production tolerances. The
deviation of a car body can be as large as 2 mm in length,

whereas the measurement tolerance 1is comparatively small,
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for example about 150 pum. This means that the alignment of
the workpiece - its mechanical exact positioning and

orienting - is a challenging task.

A workpiece, such as a car body, can be very heavy, which
means that the generated forces and friction can be very
high, especially if the contact angles are not flat and the
contact areas are very small. Furthermore, the loading of
the part into the measurement cell is either relatively

inaccurate or requires high effort and cost.

In many known applications the means by which the alignment
of a component 1is defined cannot be measured during the
measurement process itself as throughout the whole
measurement process the measured component is held on the
very same means. Thus, access to these means is blocked for
measuring equipment. Therefore, in these applications it is
essential for overall accuracy of any kind of measurement
equipment to have the component placed exceptionally
accurate and repeatable in a predefined position and

orientation.

Partially, the alignment is already taken into consideration
in the shape of certain alignment features of the workpiece.
Typically, these alignment features comprise a circular

hole, an elongated slot and a planar surface.

When designing the positioning units of the reference
positioning system, a trade-off between maximum error in the
Z-position and the ability of self-centring must be made.
This means that a flat geometry causes little error in the
Z-position, but makes it unlikely that the workpiece will be
centred in the exact XY-position due to geometrical and also

physical reasons, such as friction. In case the alignment
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features are not oriented completely orthogonal to the Z-
axis, additional errors may occur. The dimensional
tolerances of the alignment features themselves, such as the
diameters of the circular hole and the elongated slot, are

also critical.

Conventionally, there are two options to address this

problem:

In the first option, the support, which for example can be a
cylindrical bolt, is smaller than the minimum dimension of
the alignment feature. This means that the position of the
workpiece can vary within the maximum clearance space which
is at least as big as the tolerance of the alignment
feature. This tolerance includes the theoretical production
variation and wearing effects caused by positioning the part

in various assembly steps.

In the second option, the support has the form of a sphere
or is conical, which means that it is self-centring in X and
Y directions. But, as a consequence, its Z-position cannot

be defined accurately.

Deviations in position or dimension of a workpiece’s feature
compared to its theoretical wvalue are typically expressed by
referring to the workpiece’s own coordinate system, the Part
Coordinate System (PCS). The PCS 1is defined during the
design process of its corresponding workpiece. For measuring
a position or dimension of a feature of the workpiece the
PCS therefore needs to be connected to the measurement

coordinate system, i.e. in the real three-dimensional space.

This alignment procedure preferably can be carried out by
means of the “3-2-1 «rules”. In <case of a statically

determined placement of a rigid body the minimum number of



10

15

20

25

30

WO 2014/029622 PCT/EP2013/066545

constraints 1s used, which means that the location of one
alignment feature is known in three dimensions (XYZ), the
second in two (YZ) and the third in one dimension (Z). In
other terms, the first location defines three degrees of
freedom, the second two degrees of freedom and the third one
degree of freedom. Therefore, six degrees of freedom are
defined, and so are the position and orientation of a
(rigid) workpiece. In the definitions of the workpiece,
especially for sheet metal parts, there can be three
features defined which serve that purpose, for example a

circular hole, an elongated slot and a planar surface.

The part could be placed on conical pins which are movable
in the X- and Y-dimensions. Their XY-position is read by
measurement means, for instance by a laser tracker or
preferably by encoder means, such as linear and/or rotary
encoders, and the alignment of the workpiece is done based

on those measurement data.

However, in some applications a clamping of the workpiece is
required during the measurement, which means that some or
all of the alignment features are clamped down of their
nominal zero-position 1in the Z-dimension. In this case
floating pins cannot be applied in a relatively

uncomplicated way.

Furthermore, conical pins lead to a possibly inaccurate
alignment with respect to their longitudinal axis, i.e. the
Z-axis of the coordinate system, due to the production
tolerance of the feature itself, e.g. of the diameter of its
hole. This means that the alignment feature might not be

levelled correctly in the Z-dimension.

Additionally, supporting an elongated slot (as typically
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used at the second feature) with a conical shaped pin causes
high pressure at a very small contact area, leading to a

wearing off of the material and thus to fewer accuracy.

It is therefore an object of the present invention to
provide a method and a device for accurate and repeatable

positioning of a workpiece in three dimensions.

A particular object of the present invention is to provide
such a method and device that avoids the disadvantages of

the solutions known from prior art.

A particular object of the present invention is to provide
such a method and device for subsequent measuring of the
workpiece, in particular wherein the ©positioning and
orienting of the workpiece has an accuracy corresponding to
that of the measuring device and a higher accuracy than the
tolerances of the measured features, in particular at least

one order of magnitude higher.

A particular object of the present invention is to provide
such a method and device, wherein the ©position and

orientation of the workpiece can be fixed.

Another particular object of the present invention is to
provide such a method and device for a fully automatic

alignment fixture in an automotive production line.

At least one of these objects is achieved by the reference
positioning system according to Claim 1, the method for
positioning and orienting a workpiece according to Claim 10

and/or the dependent claims of the present invention.

In terms of the invention, “positioning” of a workpiece is
not understood as necessarily being a positioning in six

degrees of freedom. Also, for instance, an orienting of the
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workpiece in three rotational degrees of freedom 1is

understood as positioning.

According to the invention, centring pins are used to align
a workpiece in a defined XY position by engaging alignment
features of the workpiece, the defined position being inde-
pendent from the alignment feature’s production tolerances
such as their diameters and their relative positions with

respect to each other.

Positioning units of the reference positioning system
comprise reception units for being contacted by alignment
features of the workpiece to be positioned. The reception
units at least comprise a reference level locator. At least

two reception units additionally comprise a centring pin.

A first positioning unit comprises a first centring pin,
preferably of conical or similar shape, which is designed
for being introduced into a hole of a first alignment
feature of the workpiece in order to position the first
alignment feature fixedly in a first and a second dimension.
According to the invention, at least the first centring pin
- and preferably also a second centring pin of a second
positioning unit - is moveable in the third dimension (in
particular along the vertical axis), allowing the workpiece,
after having been positioned in two dimensions, to move in
the third dimension wuntil it reaches a reference level
located at known distances from a first reference level
locator of the first positioning unit and further reference

level locators of at least two more positioning units.

This reference level locator can be low-friction moveable in
the first and second dimensions, which allows supporting the

weight of the workpiece and self-centring of the workpiece
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by means of the first centring pins.

The movement of the centring pin can be passive as well as
actively controlled, i.e. it could either be spring loaded
or movable by actuators like motors, pneumatic systems or

the like.

Preferably, the centring pins of the first and second
positioning units are conical in order to fit the dimension
variation of the alignment features they will lock
(different diameter for every incoming part). The angle and
surface of the conical shaped pins preferably are designed

to prevent locking caused by friction.

Preferably, the surface of the centring pins and/or the
reference level locators is made of tempered steel or 1is
hardened by other means, in order to prevent a wearing off
of the material, which could reduce the accuracy of the
centring or levelling, respectively. A wearing off for
example could occur through abrasion, in particular every

time when the pin is introduced into a hole not centrally.

In another preferred embodiment, for better supporting an
elongated slot, the second centring pin is shaped similar to
a pyramid or a hipped roof, so that in particular its cross
section orthogonal to the direction of the workpiece’s
length 1is that of a prism. Thus, 1in comparison with a
conical pin, the contact area between the pin and the slot
is enlarged. The 1length of the pin is smaller than the
length of the slot minus the tolerance of the workpiece.
Advantageously, the pin is rotatable around the Z-axis in

order to compensate for any angular error of the slot.

Preferably, built-in clamping means of the first or all

positioning units allow fastening the workpiece at least to
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the first reference level locator. The clamping means, for
instance, can comprise a hook that 1is provided in the
centring pin, wherein for clamping the workpiece the hook
moves radially first, and then pushes the workpiece
downwards to the reference level locator. Multiple hooks per
centring pin could be used for distributing the pulling
force more evenly. Alternatively or additionally, the
clamping means could also be a part of the reference level
locator. For instance, a magnet or suction cup could be used

for fixing sheet metal parts to the reference level locator.

In a preferred embodiment, four positioning units are used,
all positioning units having a reference level locator for
positioning the workpiece and clamping means that allow

fastening the workpiece.

Preferably, the reference level locator, the centring pin or
other parts of the reference positioning system comprises
sensor means for detecting a contact with an alignment
feature of the workpiece. In particular also a quality or
value (pressure, centeredness, etc.) of the contact could be
detected to check if the achieved accuracy of the alignment

is within the tolerances of the present application.

The initial setting up of the centring pins and the XY
planes in the required orientation and position preferably
is supported by means of a measurement device, for example a
laser tracker or, in the case of a measurement cell, the

target measurement system itself.

In a preferred embodiment, more than one positioning unit
has a retractable centring pin, 1in particular all posi-
tioning units. A further advantage of retractable centring

pins is the prevention of damage to the centring pins as
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well as to the alignment features or other parts of the
workpiece, when the workpiece 1is placed on the reference

positioning unit.

There is no restriction for the positions of the alignment
features of the workpiece, as the positions depend on the
design of the workpiece. In particular, there is no need to
have all alignment features on the same level. In a
preferred embodiment, the positions of the positioning units
with respect to each other are adaptable in three
dimensions, for example in order to allow altering the
design of the workpiece or to allow use of the same
reference ©positioning system with different kinds of

workpieces.

In a preferred embodiment, the setup of the positioning
units of the reference positioning system can be
programmable for different kinds of workpieces having
different setups of alignment features. The positioning
units thus can be positioned according to the alignment
features’ setup. Also, centring pins can be retracted or
extracted depending on whether the respective alignment
feature has a hole. Additional positioning units, not needed
for the alignment of a certain workpiece could be lowered or

moved out-of-the-way in order to not disturb the alignment.

In a preferred embodiment mechanical pre-aligning means are
provided for approximately aligning the workpiece (or a skid
on which the workpiece is automatically transported to the
reference positioning system) before placing it on the
reference positioning system, in order to ensure that the
alignment features of the workpiece can be contacted by the

positioning units.
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In a preferred embodiment it is possible to confirm the
repeatability of the reference positioning system by means
of a measurement device, for example a laser tracker or, in
the case of a measurement cell, the target measurement
system itself, by measuring special features close to the
alignment features. This confirmation cycle can be fully
automated wusing the same infrastructure which in the
production process controls the measurement equipment, or

the calculation means of the measurement equipment.

In a preferred embodiment, a movability of at least one
centring pin can be switched on and off. This way the
functionalities of the different positioning units could be
exchanged in order to be able to use one system set up for
different variations of a workpiece, for instance as well

for a right-hand-drive and a left-hand-drive car body.

In a preferable embodiment, three positioning units (the
minimal number for the 3-2-1 concept) are used for
determining the workpiece reference system and locating it
in three-dimensional space. This means that all positioning
units contribute to defining the Z-axis direction and
position, the first positioning unit defines also X- and Y-
axis position and the second positioning unit defines X- and
Y-axis direction. Preferably, the alignment features of the
workpiece comprise planar surfaces for defining a Z-position
and Z-direction (all alignment features), a circular hole
for defining an XY-position (first alignment feature) and an
elongated slot for defining an XY-direction (second

alignment feature).

The reference level 1locators of at least the second and
third positioning units preferably are low-friction moveable

in the first and second dimensions, which allows supporting
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the weight of the workpiece and self-centring of the

workpiece by means of the first centring pins.

It should be noted that it 1is not necessary that all
reference level locators or even a single reference level
locator are arranged on the reference level, as the align-
ment features of the workpiece normally are not arranged on
the same level either. Instead, the reference level 1is
understood in such a way that the workpiece is aligned with
respect to the reference level when the alignment features

contact the reference level locators in the contact levels.

Another aspect of the invention is a positioning unit as a
stand-alone solution, as the positioning units of the
reference positioning system described above can also be
used separately or in different combinations for positioning
an alignment feature of a workpiece. This includes also the

features clamping functionality and movable centring pins.

The invention in the following will be described in detail
by referring to exemplary embodiments that are accompanied

by figures, in which:

Fig. 1 shows a workpiece with alignment features;

Figs. 2a-b show an exemplary embodiment of the reference

positioning system according to the invention;

Figs. 3a-d show an exemplary embodiment of the first
positioning wunit of a reference positioning

system according to the invention;

Fig. 4a-b show a sectional view of an exemplary embodiment

of the first positioning unit; and

Fig. 5 shows an exemplary embodiment of the second
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positioning wunit of a reference positioning

system according to the invention;

In Figure 1 a car body as an example of a workpiece 5 to be
aligned is shown in a top plan view. A typical location of
alignment features of the car body is shown. The depicted
car body has four alignment features 10,20,30,40 positioned
at known locations with respect to a part coordinate system
and designed for being contacted by positioning units of a
reference positioning system according to the invention, in
particular for an insertion of centring pins. In this
example the first alignment feature 10 and the third
alignment feature 30 comprise a circular hole, the secondary
alignment feature 20 and the additional feature 40 comprise
an elongated slot. The additional feature 40 is only

optional.

In the Figures 2a and 2b the working principle of a
reference positioning system according to the invention is
illustrated schematically. The depicted features are only

simplified and symbolic illustrations.

The reference positioning system 1is set up in a three-
dimensional coordinate system having a first dimension X, a
second dimension Y and a third dimension Z, symbolized by
the X-, Y- and Z-axes. In the depicted exemplary embodi-

ments, the third dimension 72 is basically vertical.

The reference positioning system 1is a part locator that
guarantees the defined position and orientation of the
workpiece 5 within the measurement volume of a 3D measure-
ment device. The reference positioning system in particular
can be used for car bodies or chassis parts as depicted in

Figure 1.
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Two positioning units 1,2 of the reference positioning
system have a centring pin 11,21 that guides the respective
alignment feature 10,20 of the workpiece 5 to its theo-
retical position, within the mechanical repeatability of the
reference positioning system. The other positioning units

3,4 optionally can have a pin 31,32, too.

Initial adjustment of the reference positioning system
and/or of the single positioning units 1,2,3,4 with respect
to their three-dimensional ©position 1is, for 1instance,
provided by a laser tracker 6. Their relative position is
calibrated before the placement of the first workpiece 5.
All positioning units 1,2,3,4 are then fixed (for instance
supported on a pillar) in the measuring wvolume of the 3D
measurement device. Also a recalibration after a fixed
number of workpieces 5 or at defined service intervals can

be done using the laser tracker 6.

In Figure 2a the reference positioning system is shown
before the workpiece 5 is placed on top of it. The reference
positioning system comprises at least three positioning

units 1,2, 3.

Also, an embodiment with more than three positioning units
is possible. Depending on the position of the centroid of
the workpiece relative to the first three positioning units
1,2,3 a fourth positioning unit 4 (which is depicted in
Figure 2a with dotted 1lines) «can be necessary. Every
positioning unit 1,2,3,4 comprises a reference level
locator 12,22,32,42. These are fixed in the third
dimension Z 1in a known distance from a reference level Zg
(not shown) of the workpiece 5, and each define a contact
level Z.,7,,%3,%4 (not shown). They are movable in the first

and second dimension X,Y, in particular 5mm in every
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direction, in order to facilitate the positioning adjustment
of the workpiece 5, when it 1is placed on the reference
positioning system. All or some of the positioning units
1,2,3,4 can comprise clamping means (not shown) for fixedly
connecting the aligned workpiece to the positioning units
1,2,3,4. Alternatively, the workpiece 5 is fixed on the

positioning units 1,2,3,4 by means of gravity.

The first positioning unit 1 comprises a first centring
pin 11, in particular having a conical or similar shape as
the first alignment feature 10 of the workpiece 5 comprises
a circular hole. The second positioning unit 2 comprises a
second centring pin 21, in particular having a pyramidal or
similar shape as the second alignment feature 20 of the
workpiece 5 comprises an elongated slot. Additionally, also
the third positioning wunit 3 and the optional fourth
positioning unit 4 can have optional pins 31,41 (depicted

with dotted lines). These pins are preferably cylindrical.

Each alignment feature 10,20,30,40 comprises a planar
surface, designed to contact the reference level
locators 12,22,32,42 in the contact 1level 44,7%7,,%3,%24 for
positioning the workpiece 5 in the defined reference level
Zo. Also, especially if the corresponding positioning unit
1,2,3,4 comprises a centring pin 11,21,31,41, an opening is
provided for accepting the centring pin 11,21,31,41 and
positioning the alignment features 10,20,30,40 in the first
dimension X and the second dimension Y. If the first
centring pin 11 is shaped conically, the opening of the

first alignment feature 10, preferably, is a circular hole.

In Figure 2b the workpiece 5 1is placed on a reference
positioning system having three positioning units 1,2,3. The

first positioning unit 1 is designed for aligning the first
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alignment feature 10 of the workpiece 5 1in all three
dimensions X,Y,Z, the second positioning unit 2 is designed
for aligning the second alignment feature 20 in X- and Z-
dimensions, and the third positioning unit 3 is designed for
aligning the second alignment feature 30 in Z-dimension
only. The three pins 11,21,31 are introduced into

corresponding holes of the alignment features 10,20,30.

When the first centring pin 11 is introduced into the hole
of the first alignment feature 10, this is centred on the
first centring pin 11 and thus aligned in the first and
second dimension X,Y. In order to ensure that the first
alignment feature 10 not only is aligned in the first and
second dimension X,Y, but also in the third dimension Z,
according to the invention the first centring pin 11 1is
retractable in the third dimension Z behind the contact
level 7Z;. The first alignment feature 10, all the time
remaining centred on the first centring pin 11, follows the
retracting movement of the first centring pin 11 until it
contacts the first reference level locator 12, thus reaching
the contact level Z;. The second alignment feature 20 1is

aligned with respect to the second dimension Y.

Normally, - for instance if the Z-axis is a vertical axis,
and the workpiece 5 and the reference positioning system are
undisturbed by outer influences - the first alignment
feature 10 will remain in this exact alignment position
autonomously. Additional clamping means (not shown) can be
provided, though, for securely fixing the alignment position
of the alignment features. The clamping could be necessary
for instance 1f there are processes subseguent to the
alignment in which the workpiece 5 is handled or contacted
by processing machinery or measured by means of a contacting

gauge head. Also, clamping can be used for counteracting an
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elasticity of the workpiece 5, which otherwise would prevent
a contact of an alignment feature with a positioning unit

and thus an exact alignment of the workpiece 5.

In Figures 3a-d an exemplary embodiment of the first
positioning wunit 1 of a reference positioning system
according to the invention is depicted. The first
positioning unit 1 comprises a basically conical centring
pin 11 for insertion into the hole 10 of the workpiece 5,
and a floating group 14, which is movable in a first and
second dimension X,Y relative to a fixed group 15. The
floating group 14 is fixed on the fixed group 15 with
respect to the third dimension 72 and has a reference level
locator 12 located at a known distance from the workpiece’s
reference level Zy in the XY-plane and defining a first
contact level Z;. The centring pin 11 is connected to the
fixed group 15 movable in the third dimension 7 and fixed
with respect to the first and second dimension X,Y. A hook
13 is provided at the centring pin 11 for clamping the
workpiece 5 to the reference level locator 12. The fixed
group 15 is attached to a base 16. In Figures 3¢ and 3d an
optional pillar 17 is shown on which the base 16 of the

first positioning unit 1 can be placed.

When the workpiece 5 is placed on the reference positioning
system, so that the first alignment feature 10 is roughly
positioned over the first positioning unit 1, the centring
pin 11 is inserted into the hole of the first alignment
feature 10 of the workpiece 5. This can be done by actuator
means (not shown) of the first positioning unit 1, designed
for driving the centring pin 11 with respect to the fixed
group 15 in the third dimension Z - usually a basically
vertical direction. Thereby, the first alignment feature 10

is centred on the centring pin 11 with respect to the first



10

15

20

25

30

WO 2014/029622 PCT/EP2013/066545

and second dimensions X,Y - usually defining a basically

horizontal plane.

Subsequently, the centring pin 11 is moved back into the
fixed group 15 by the actuator means, so that a part of the
centring pin 11 1is retracted behind the reference level
locator 12. The first alignment feature 10 - all the time
remaining centred on the pin 11 - follows the movement of
the centring pin 11 in the third dimension Z until
contacting the reference level locator 12. With this
contact, the first alignment feature 10 reaches its supposed

position with respect to all three dimensions.

In Figures 4a and 4b a sectional view of the first
positioning unit 1 from Figures 3a-d 1is depicted. The
centring pin 11 1is drivable in the third dimension 72 by
driving means 110 and transmission means 111 hidden inside
the fixed part 15. The driving means 110, for instance, can
be motor means, pneumatic means or hydraulic means. The
centring pin 11 comprises a hook 13 as clamping means for
fixing the alignment feature of the workpiece to the
reference level locator 12. The hook 13 is movable in a
hollow space 130 in the centring pin 11. Various means for
driving the hook 13 are possible. In this example, the hook
13 is suspended tiltably around the Y-axis on an axle 131
and driven by a cylinder 132 rotatable around the Z-axis and
movable in the third dimension Z. The reference level
locator 12 1is part of the floating group 14, which 1is
attached to the fixed group 15 movably in the XY-plane, for

instance by means of ball bearings (not shown).

In Figure 4a the centring pin 11 is extracted into a
centring position, in which a hole of an alignment feature

(not shown) can be entered for self-centring of the hole on
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the centring pin 11 in the XY-plane. The hook 13 1is
retracted into the centring pin 11, for instance to allow
the pin 11 to enter the hole. In Figure 4b the centring pin
11 is partially retracted into the fixed group 15 to ensure
a contact of the alignment feature with the reference level
locator 12. Additionally, the hook 13 has been moved into a

clamping position for fixing this contact.

In Figure 5 an exemplary embodiment of the second posi-
tioning unit 2 of a reference positioning system according
to the invention is depicted. It is designed for being
contacted by the second alignment feature 20 of the
workpiece 5, which comprises an elongated slot. Like the
first positioning unit the second positioning unit 2
comprises a fixed group 25, on which the second centring pin
21 and a floating group 24 are mounted. The floating group
24 is mounted on the fixed group 25 movably in the first and
second dimension X,Y and fixedly with respect to the third
dimension 7. The floating group 24 comprises a second
reference level locator 22 located at a known distance from
the workpiece’s reference level Zy in the XY-plane and
defining a second contact level Z,. The centring pin 21 1is
mounted movably in the third dimension Z and immovably with
respect to the first and second dimension X,Y. The centring
pin 21 preferably has a pyramidal shape and is designed for

being introduced into an elongated slot.

A further aspect of the invention is a positioning unit as a
stand-alone solution, as every one of the positioning units
described above in the Figures 3a-d, 4a-b and 5 can also be
used separately or in other combinations than that of the
described reference positioning system. This includes the
clamping functionality as well as the movable centring pins.

One or more positioning units can thus be used to position a
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workpiece and clamp it in place for inspection, treatment or

machining.

A first embodiment of this aspect of the invention is a
positioning unit for positioning an alignment feature of a
workpiece at least in a third dimension of a three-
dimensional coordinate system, comprising a reception unit
with a centring pin and a reference level locator defining a
contact level that is located at a defined distance from a
workpiece reference level, wherein the positioning unit
comprises clamping means for fixing the first alignment

feature to the first reference level locator.

A second embodiment of this aspect of the invention is a
positioning unit according to the first embodiment,
additionally comprising clamping means for fixing the first
alignment feature to the first reference level locator,
wherein the clamping means of this positioning unit in
particular comprise a hook being provided in the centring
pin, and/or a magnet or a suction pad being provided in the

reference level locator.

A third embodiment of this aspect of the invention is a
positioning unit according to the first or second
embodiment, additionally comprising clamping means for
fixing the first alignment feature to the first reference
level locator, wherein for levelling the alignment feature
in the contact level the centring pin of this positioning
unit is movable in the third dimension relative to the first
reference level locator and in such a way that the first
contact level is traversable by at least a part of the first
centring pin, 1in particular wherein the clamping means
comprise the structural features as described in Figures 4a

and 4b.



WO 2014/029622 PCT/EP2013/066545

Although the invention is illustrated above, partly with
reference to some preferred embodiments, it must Dbe
understood that numerous modifications and combinations of
different features of the embodiments can be made. All of
these modifications lie within the scope of the appended

claims.
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Patent Claims

Reference positioning system for positioning a workpiece
(5) in a three-dimensional coordinate system, the
reference positioning system comprising

e a first positioning unit (1) for positioning a first
alignment feature (10) of the workpiece (5) in a
first dimension (X), in a second dimension (Y) and in
a third dimension (Z), comprising a first reception
unit with a first centring pin (11) and a first
reference level locator (12) defining a first contact
level (Z1),

e a second positioning unit (2) for positioning a
second alignment feature (20) of the workpiece (5) in
the second dimension (Y) and in the third
dimension (Z), comprising a second reception unit
with a second centring pin (21) and a second
reference level locator (22) defining a second
contact level (Z,), and

¢ a third positioning unit (3) for positioning a third
alignment feature (30) of the workpiece (5) in the
third dimension (Z), comprising a third reception
unit with a third reference level locator (32)
defining a third contact level (Zs3),

wherein the reference level locators (12, 22, 32) are

located at defined distances from a workpiece reference

level (Zo),

characterized in that

for levelling the first alignment feature (10) in the

first contact level (Z;) the first centring pin (11) is

movable
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¢ 1n the third dimension (Z) relative to the first

reference level locator (12) and

e 1in such a way that the first contact level (Z:) is
traversable by at least a part of the first centring

pin (11).

Reference positioning system according to Claim 1,
characterized in that

the first reference level locator (12) has a planar
surface for contacting the first alignment feature (10),
the surface being arranged in the first contact level
(z1), and/or

at least a part of the first centring pin (11) has a
conical shape and is designed for being introduced into

a circular hole.

Reference positioning system according to Claim 1 or

Claim 2,

characterized in that

for levelling the second alignment feature (20) in the

second contact level (Z,) the second centring pin (21)

is movable

e 1in the third dimension (Z) relative to the second
reference level locator (22) and

e 1in such a way that the second contact level (Z;) is
traversable by at least a part of the second centring

pin (21).

Reference positioning system according to any one of the
preceding claims,
characterized in that

at least a part of the second centring pin (21)

e has a conical shape, or
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e has a pyramidal or hipped-roof-like shape and is

designed for being introduced into an elongated slot.

Reference positioning system according to any one of the

preceding claims,

characterized in that

at least the first positioning unit (1) comprises

clamping means (13) for fixing the first alignment

feature (10) to the first reference level locator (12),

in particular wherein the clamping means (13) comprise

e a hook being provided in the first centring pin (11),
and/or

e a magnet or a suction pad being provided in the

reference level locator (12).

Reference positioning system according to any one of the
preceding claims,

characterized in that

a movement of the first centring pin (11) relative to

the first contact level (Z;) is controlled

e Dby actuators, particularly motors, linear drives or
pneumatic or hydraulic cylinders, and/or

e by spring loading, particularly comprising

electromagnetic means.

Reference positioning system according to any one of the
preceding claims,
characterized in that
the first positioning unit (1) furthermore comprises
e a fixed group (15), wherein the first centring
pin (11) is connected to the fixed group (15) in such
a way that it is movable in the third dimension (Z)

and fixed in the first dimension (X) and in the
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second dimension (Y), the first centring pin (11)
being retractable into the fixed group (15) at least
partially behind the first reference level

locator (12), and

a floating group (14) connected to the fixed

group (15) in such a way that it is movable in the
first dimension (X) and in the second dimension (Y)
and fixed in the third dimension (Z), the first
reference level locator (12) being a part of the
floating group (14), the floating group (14) in
particular being movable with low-friction, two
degrees of freedom and/or at least 5mm in each

direction.

8. Reference positioning system according to any one of the

preceding claims,

characterized in that

the second centring pin (21) is movable in the third
dimension (2),

the third positioning unit (3) comprises a third

pin (31), which in particular is cylindrical and/or
movable in the third dimension (Z), and/or

the reference positioning system comprises a fourth

positioning unit (4).

9. Method for positioning and orienting a workpiece (5) in

a three-dimensional coordinate system by means of a

reference positioning system,

the coordinate system having a first dimension (X), a
second dimension (Y) and a third dimension (Z),

the workpiece (5) having at least three alignment
features (10, 20, 30) that are located at known

positions of the workpiece (5),
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10.

e the reference positioning system having at least
three positioning units (1, 2, 3) for contacting and
positioning the alignment features (10, 20, 30), and

e the positioning units (1, 2, 3) are positionable with
respect to the coordinate system,

the method comprising

e placing the workpiece (5) on the reference

positioning system in such a way that

e a first alignment feature (10) contacts a first
positioning unit (1),
e a second alignment feature (20) contacts a second
positioning unit (2), and
e a third alignment feature (30) contacts a third
positioning unit (3),
¢ aligning the first alignment feature (10) in the
first dimension (X) and in the second dimension (Y),
characterized by
relocating the first alignment feature (10) to a first
contact level (Z1) of the third dimension (Z), with
maintaining the alignment of the first alignment feature
(10) in the first dimension (X) and in the second

dimension (Y).

Method according to Claim 9,

characterized in that

e the first positioning unit (1) comprises a first
centring pin (11) and a first reference level locator
(12),

e +the first alignment feature (10) comprises a circular
hole,

¢ aligning the first alignment feature (10) in the

first dimension (X) and in the second dimension (Y)
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11.

12.

13.

comprises introducing the first centring pin (11)

into the circular hole, and

e the first alignment feature (10) is relocated by the
first centring pin (11) in such a way that the first
alignment feature (10) contacts the first reference

level locator (12) at the first reference level (Zq1).

Method according to Claim 9 or Claim 10,
characterized by

fixing the contact between the first alignment
feature (10) and the first positioning unit (1)

subsequently to the positioning and orienting of the

workpiece (5), in particular by means of clamping and/or

magnetic forces.

Method according any one of the Claims 9, 10 or 11,
characterized by

determining a position and orientation of the reference
positioning system prior to a first placing of the
workpiece (5) on the reference positioning system and
based on laser or photogrammetric principles, in

particular by means of
¢ a theodolite or a laser tracker (6), and/or

® a2 measurement system of a measurement cell in which

the workpiece (5) is to be measured.

Method according to any one of the claims 9 to 12,
characterized by

measuring and/or processing the workpiece (5)
subsequently to its positioning and orienting with a
production tolerance, wherein an alignment accuracy of
the positioning and orienting is higher than the

production tolerance and/or a tolerance of the measured
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14.

15.

features, in particular at least one order of magnitude

higher.

Method according to any one of the claims 9 to 13,

characterized in that
e the workpiece (5) is an automobile body part, and/or
e the reference positioning system is adapted for use

in a measurement cell of an automotive production

line.

Computer programme product, having computer-executable
instructions for performing the method of one of the
claims 9 to 14, in particular when run on a storing and
calculation means of a reference positioning system

according to one of the claims 1 to 8.
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