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(54) Title: COORDINATE MEASURING MACHINE.

(57) Abstract: The invention concerns a
coordinate measuring machine to determine
the coordinates of a number of points on the
surface of a measured object, comprising a
support beam (1), supporting a measuring
head (7) over the surface of a support table
(10) that supports the test object for which

the coordinates are to be determined, which
coordinate measuring machine is constructed
from separately manufactured units, which

11

can be simply joined to the coordinate measuring machine.

units comprise at least a support beam (1), a
measurement trolley (2) and a measurement
head (7), and where the support beam (1)
supports the measurement trolley (2), which
is arranged such that it can be displaced along
the support beam, which measurement trolley
(2) in turn supports the measurement head (7).
The coordinate measuring machine according
to the invention is characterised in that the
units (1, 2, 7) are individually calibrated, and
where the measurement trolley (2) comprises
both mechanical (6, 12) and electrical (13)
attachment points for the measuring head (7)
and the support beam (1), where the mechanical
attachment points are designed such that no
geometric deformation can take place when
the units are joined together such that the units,
which have been individually manufactured,
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Coordinate Measuring Machine

The present invention relates to a coordinate measuring

machine, in particular to a portal measuring machine.

Coordinate measuring machines are used to determine with high
precision the coordinates of a number of points on the
surface of a measured object in order 1in this way to
determine the appearance and the dimensions of the measured
object. Coordinate measuring machines for the accurate
measurement of objects in a coordinate system normally
comprise a support table on which the object that is to be
measured is placed and a pair of pillars that support a
support beam that in turn supports a measuring probe that can
be brought into contact with the object that 1is to be

measured.

Coordinate measuring machines of this type are of a very
stable construction and the assembled elements are carefully
calibrated. The machines are normally available in several
sizes in which the component elements are dimensioned and
adapted to each other for the relevant size of the machine.
An example of such a coordinate measuring machine is revealed

in the US patent document 3,749,501.

It is therefore an aim of the present invention to achieve a
coordinate measuring machine of the type described above in
which the component elements are designed such that a desired
coordinate measuring machine can be simply constructed from
standardised units to give the desired coordinate measuring

machine.

While it is known, through, for example, EP-0523906-Al, to

arrange a measurement probe for a coordinate measuring
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machine such that it can be exchanged; this probe is arranged
in what is otherwise a conventionally constructed coordinate

measuring machine.

The aim described above 1s achieved with a coordinate
measuring machine that is constructed from separately
manufactured units, which units comprise at least a support
beam, a measurement trolley and a measurement head, and where
the support beam supports the measurement trolley, which is
arranged such that it can be displaced along the support
beam, which measurement trolley in turn supports the
measurement head, where, according to the invention, the
units are individually calibrated, where the measurement
trolley comprises both mechanical and electrical attachment
points for the measuring head and the support beam, where the
mechanical attachment points are designed such that no
geometric deformation can take place when the units are
joined together such that the wunits, which have been
individually manufactured, can be simply Jjoined together to

the coordinate measuring machine.

According to a further embodiment of the invention, a pillar
supporting the support beam 1is designed such that it
comprises a base pillar together with one or several possible
supplementary pillars, whereby the Dbase pillar and the
supplementary pillars are arranged to be simply jJjoined
together to form one pillar, and that the base pillar and the

supplementary pillars are individually calibrated.

The invention will now be described in more detail in the
form of two non-limiting embodiments, visualised with the aid
of the attached drawings, where Fig. 1 shows schematically a
plan view of a support beam with the measuring trolley for a

coordinate measuring machine according to the invention
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mounted upon it, Fig. 2 shows a side view of a pillar for a
coordinate measuring machine according to the invention, Fig.
3 shows an end view of the support beam with the measuring
trolley according to Fig. 1, Fig. 4 shows a schematic frontal
view of a coordinate measuring machine in the form of a
portal measuring machine designed in agreement with the
invention, Fig. 5 shows a side view of a coordinate measuring
machine according to Fig. 4, and Fig. 6 shows a schematic
frontal view of a coordinate measuring machine according to

the invention in the form of a horizontal arm machine.

Thus a support beam 1 for a coordinate measuring machine is
shown in Fig. 1, which support beam according to the
invention i1is manufactured in various standardised lengths,
such as has been suggested with the aid of the dashed lines
across the support Dbeam. The support beam 1 supports a
measuring trolley 2 that can be displaced/translated along
the beam. The support beam 1 may comprise driving means 3 for
displacing the measuring trolley 2 along the beam. The
driving means 3 may be manually driven, by, for example, a
hand crank 4, or it may be driven by a motor, such as an

electric motor.

As 1is made clear 1in Fig. 3, it is appropriate that the
support beam 1 has a principally triangular crosé—section,
and that the measuring trolley 2 runs along the surface of
the support beam 1 with the aid of mechanical ball bearings 5
or air bearings. The measuring trolley 2 comprises three
calibrated attachment points 6 for the attachment of a
measuring head 7 onto the measuring trolley 2 and thus to the
support beam 1. The measuring head 7 will be described in

more detail below.
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Fig. 2 shows a pillar 8 for a coordinate measuring machine
according to the invention. This pillar 8 comprises a basic
pillar 8a, and, in the current case, two supplementary
pillars 8b. The basic pillar 8a and the supplementary pillars
8b comprise three calibrated attachment points 9 for the
joining together of the basic pillar 8a and any supplementary
pillars 8b required, and the basic pillar 8a also comprises
three calibrated attachment points for the support of a

support beam 1 on the pillar 8, see Fig. 5.

Fig. 4 shows an example of how a coordinate measuring machine
in the form of a portal measuring machine may be designed. It
then comprises a support table 10, in the form, for example,
of a carefully prepared granite slab, which can not only
support the object that is to be measured but also support
the coordinate measuring machine itself. The portal measuring
machine that is shown in Fig. 4 comprises two pillars 8,
supporting the support beam 1 that passes transversely over
the support table. The figure makes it clear that the right
column is composed of a basic pillar 8a and two supplementary
pillars 8b. The number of supplementary pillars that are used
depends on the distance that is required between the support
table 10 and the support beam 1 for the measurements that are
intended to be carried out using the particular coordinate
measuring machine. The length of the support beam 1 is chosen
taking into consideration the objects that are intended to be
measured 1n the coordinate measuring machine, and an
adaptation to the distance between the pillars 8 can thus be
carried out by selecting a suitable standard length of the
support beam 1. A measuring head 7 1s mounted on the
measuring trolley 2 of the support beam 1, which measuring
head can be translated along the support beam 1 with the aid
of the measuring trolley 2. The measuring head 7 comprises in

a known manner a measuring arm 11, that, also in a known
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manner, supports at its free end a measurement probe, not
shown in the drawing. The measuring arm 11 can be displaced
upwards and downwards in the measuring head in order to
enable the measuring probe to be brought into contact with
the object that is to be measured. The measuring head 7
comprises three attachment points 12, with the aid of which
the measuring head can be attached to the three calibrated
attachment points 6 of the measuring trolley 2, in order to

obtain an exact relative placement.

The measuring head 7 is available in different sizes, mainly
with respect to the length of the measuring arm 11, such that
an adaptation to the height of the pillars 8 can be made. All
measuring heads 7, independently of their sizes, have their
three attachment points 12 located in the same manner and
calibrated such that any measuring head can interact with any

measuring trolley and any support beam.

Fig. 5, which shows a side view of a coordinate measuring
machine according to the invention, makes it clear, among
other things, how the component parts of the coordinate
measuring machine are joined to form a collaborating unit
with the aid of the calibrated attachment points 6, 9, 12.
The figure also makes it clear that the different components
also comprise electronic outlets 13, which can transfer the
measurement results between the components with the aid of
transfer cables 14, and subsequently to a wunit that

displays/records the measurement results obtained.

Fig. 6 shows an alternative design of a coordinate measuring
machine according to the invention, in the form, in this
case, of a horizontal measuring machine. This comprises a
support table 15, on which a support beam 16 is vertically

mounted. The support beam 16 supports via a measuring trolley
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a measuring head 17 with a measuring arm 18. It is possible
in this case to move/translate the measuring head 17 along
the support beam 16 in the vertical direction, and the
measuring arm 18 can be displaced in the horizontal direction
in order to be able, via a measurement probe, not shown in
the drawing, to make contact with an object supported by the
support table 15. The support beam 16 may be designed in the
Same manner as the support beam 1 described above, and thus
it may be available in wvarious standard lengths. The
measuring head 17 can, in an equivalent manner, also be
available in different sizes, such that it can be adapted to
the size of the support table 15 used, and to the objects
that are intended to be measured with the aid of the
coordinate measuring machine. The units that are component
parts of the coordinate measuring machine are independently
calibrated, in the manner that has been described above, and
this makes it possible once they have been joined to carry
out relatively easily a total calibration of the complete

coordinate measuring machine.

By making a coordinate measuring machine according to the
invention such that it is composed of a number of basic units
and supplementary units, it is possible with a relatively
small number of parts to be able to join these to form a wide
range of coordinate measuring machines of different sizes. A
support beam according to the invention, for example, may be
available in up to six different standardised lengths, which
makes it possible, for example, to supply a range of support
beams with lengths from, for example, 500 mm up to 1,500 mm,
in intervals of 200 mm. The same applies also to columns and
measuring heads, and this means that these parts can be
manufactured in large quantities, subsequently to be joined
as required to produce a coordinate measuring machine of the

desired dimensions.
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The measured/calibrated data for the various parts from which
a coordinate measuring machine has been constructed can be
stored, for example, on CD-ROM disks, or on other storage
media, and they can accompany the parts concerned, in order
to be used in association with assembly of a coordinate
measuring machine for the final calibration of the assembled

coordinate measuring machine.

The idea of Jjoining separately manufactured, standardised
units to produce a coordinate measuring machine according to
the invention can be used for many different types of
Cartesian coordinate measuring machines, such as those known
as bridge, horizontal arm, gantry, cantilever, half-bridge,

etc.
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Claims

1. A coordinate measuring machine to determine the
coordinates of a number of points on the surface of a
measured object, comprising a support beam (1; 16),
supporting a measuring head (7; 17) over the surface of a
support table (10; 15) that supports the test object for
which the coordinates are to be determined, which coordinate
measuring machine is constructed from separately manufactured
units, which units comprise at least a support beam (1; 16),
a measurement trolley (2) and a measurement head (7; 17), and
where the support beam (1; 16) supports the measurement
trolley (2), which is arranged such that it can be displaced
along the support beam, which measurement trolley (2) in turn
supports the measurement head (7; 17), characterised
in that the wunits (1, 16; 2; 7, 17) are individually
calibrated, that the measurement trolley (2) comprises both
mechanical (6, 12) and electrical (13) attachment points for
the measuring head (7; 17) and the support beam (1; 16),
where the mechanical attachment points are designed such that
no geometric deformation can take place when the units are
joined together such that the wunits, which have been
individually manufactured, can be simply joined together to

the coordinate measuring machine.

2. A coordinate measuring machine according to claim 1,
characterised in that the mechanical attachment (6,

12) comprises three calibrated attachment points.

3. A coordinate measuring machine according to claim 1 or 2,
characterised in that the measuring head (7; 17) is
arranged such that it can incorporate a measurement arm (11;
18) that can be displaced relative to the measuring head (7;

17).
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4. A coordinate measuring machine according to c¢laim 3,
characterised in that the measuring head (7; 17) with
the measuring arm (11; 18) is arranged to be available in
different sizes/dimensions and arranged such that it can be
joined to the same measuring trolley (2) independently of the

size/dimension.

5. A coordinate measuring machine according to any one of the
previous claims, characterised 1in that the coordinate
measuring machine also comprises at least one pillar (8)
supporting the support beam (1) at a distance over the
support table (10), whereby the pillar comprises a basic
pillar (8a) and possibly one or several supplementary pillars
(8b), whereby the basic pillar (8a) and the supplementary
pillars (8b) are arranged such that they can be easily joined
to one pillar (8), and that the basic pillar (8a) and the
supplementary pillars (8b) are independently calibrated.

6. A coordinate measuring machine according to any one of
claims 1-4, characterised in that the support beam
(16) 1is arranged extending vertically upwards from the

support table (15).

7. A coordinate measuring machine according to any one of the
preceding claims, characterised in that electronic
outlets (13) connected by transfer cables (14) are arranged
to transfer the measurement results between different parts

that are included in the coordinate measuring machine.
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