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Description

FIELD OF THE INVENTION

[0001] The invention relates generally to coordinate
measuring machines, and more specifically to methods
and apparatuses which compensate for hysteresis error
when performing coordinate measuring machine meas-
urements.

DESCRIPTION OF THE RELATED ART

[0002] Coordinate measuring machines are in com-
mon use for dimensional inspection of workpieces. Typ-
ically, a workpiece is secured to a table, and a probe,
such as one using a touch sensor, is movable in three
dimensions within a measurement volume to contact the
workpiece at various points on the workpiece. When the
probe contacts the workpiece, measuring scales in the
x, y and z directions are read to obtain the position co-
ordinates of the contacted point on the workpiece. By
contacting various points on the workpiece, measure-
ments of workpiece features can be obtained.
[0003] In a gantry-type coordinate measuring ma-
chine, vertical legs support two parallel, horizontal guide-
ways, which in turn support a bridge over the table. The
bridge is movable horizontally and supports a carriage
that moves in a horizontal direction perpendicular to the
bridge movement. For vertical probe movement, a verti-
cally-movable ram typically is attached to the carriage.
In many conventional gantry-type coordinate measuring
machines, each of the bridge-supporting guideways in-
cludes both a drive motor, for moving the bridge, and a
scale, from which readings of the bridge position are ob-
tained.
[0004] The accuracy of a coordinate measuring ma-
chine is limited in part by inaccuracies in the scales and
the guideways. Conventional coordinate measuring ma-
chines have three orthogonal directions of movement
which establish probe positioning. Each direction of
movement has one or more guideways, and ideally,
movement along these guideways is perfectly linear and
the scale readings correspond directly to the probe’s po-
sition. Of course, every guideway has some degree of
non-linearity and twist, and these imperfections lead to
some amount of static error in determining a probe’s po-
sition with the scale readings. Various techniques for re-
ducing static guideway errors and/or compensating for
such errors are known in the art. For example, precision
machine design can be used to physically limit errors
caused by non-linearity and twist. Further accuracy im-
provements can be accomplished by compensating for
static errors that do occur.
[0005] One example of a technique for compensating
for the static errors associated with the non-linearity
and/or twist of guideways is the use of a calibration sys-
tem to obtain error parameters at a number of probe po-
sitions throughout the measurement volume. For exam-

ple, a calibration system may be used to measure the
three linear errors and the three rotational errors for each
direction (x, y and z) at each of the calibrated probe po-
sitions. The error parameter data at each position then
may be used to estimate the static error at any point in
the measurement volume. Such a technique is described
in U.S. Patent No. 4,884,889 to Beckwith et al.
[0006] In addition to static errors, friction in the guide-
ways can lead to hysteresis error in a coordinate meas-
uring machine. Bearings, bellows and wipers are all ex-
amples of elements that can cause friction in the guide-
ways when components of the machine are being moved.
[0007] Additional errors can be caused by factors as-
sociated with the movement of components during coor-
dinate measuring machine operation. For example, the
non-uniform angular velocity of a motor caused by motor
cogging can produce shimmying in coordinate measur-
ing machine components. Motor cogging typically exhib-
its a sinusoidal pattern, and depending on a number of
factors, the resultant component position errors caused
by motor cogging may also exhibit a sinusoidal pattern,
or a periodic pattern of some sort. Acceleration and de-
celeration of machine components such as the bridge,
carriage or vertical ram can also lead to positional errors
due to inertial forces. Another potential source of error
during movement is the entry of a ball into the track of a
re-circulating ball bearing.
[0008] While significant advances in coordinate meas-
uring machine techniques have resulted in highly accu-
rate coordinate measuring machines, further improve-
ments to the accuracy of determining a probe’s position
in a coordinate measuring machine are desirable.
[0009] WO99/13289 discloses a coordinate measur-
ing machine including a polymer composite gantry-style
base incorporating a three point support configuration in
the X, Y and Z axes. The X-beam is hollow, has a hori-
zontal cross-sectional orientation, uses a passive venti-
lation technique, and is attached to the bearing at one
end by a compliant mount. The Z-axis probe shaft incor-
porates a combined counterbalance/drive assembly and
a compliant secondary rail guide mechanism. The X-axis
and Y-axis drive screws have angular alignment capa-
bility using a spherical washer configuration.
[0010] US2003/0106229 discloses a reference gauge
for calibrating measuring machines whose reference di-
mension can be measured both on its inner size and by
its outer size, thus making it possible to keep the refer-
ence dimension less than 15 millimeters, even for cali-
brating measuring machines equipped with probe tips
having diameter greater than that dimension. The cali-
bration method with the aid of such a reference gauge
comprises in certain case the measuring of the calibrated
distance between two outer surfaces of a protruding vol-
ume.

BRIEF SUMMARY OF THE INVENTION

[0011] According to a first aspect of the present inven-
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tion, there is provided a method of taking a measurement
of a workpiece feature with a coordinate measuring ma-
chine according to independent claim 1.
[0012] According to a second aspect of the present
invention, there is provided a coordinate measuring ma-
chine according to independent claim 18. Additional fea-
tures of the present invention are recited in dependent
claims.
[0013] Embodiments of the present invention are di-
rected to methods, apparatuses, systems and soft-
ware/firmware that compensate for hysteresis error in a
coordinate measuring machine.
[0014] One aspect of the invention relates to a method
of taking a measurement of a workpiece feature with a
coordinate measuring machine, the coordinate measur-
ing machine including a table, first and second guideways
associated with the table, a bridge movable on the guide-
ways, a drive element associated with the first guideway
for driving the bridge, a carriage movable on the bridge,
a probe mounted to the carriage, and a scale operative
to permit scale readings indicating a position of a portion
of the bridge along the first guideway. The method in-
cludes acts of: obtaining hysteresis error data for the
bridge; moving the bridge in a first direction, and, at a
first bridge position, taking a first reading from the scale,
the carriage being a first distance from the scale; moving
the bridge in a second direction, and, at a second bridge
position, taking a second reading from the scale, the car-
riage being a second distance from the scale. The meth-
od further includes an act of determining a value of a
measurement of the workpiece feature based on at least:
the first reading from the scale; the first distance of the
carriage from the scale; the second reading from the
scale; the second distance of the carriage from the scale;
the first direction; the second direction; and the hysteresis
error data, wherein no readings from any additional
bridge scales are used to determine the value of the
measurement of the workpiece feature.
[0015] Another aspect of the invention relates to a com-
puter system for determining a value for a measurement
of a workpiece feature of a workpiece disposed on a co-
ordinate measuring machine, based on data from the co-
ordinate measuring machine. The coordinate measuring
machine includes a table, first and second guideways
associated with the table, a bridge movable on the guide-
ways, a drive element associated with the first guideway
for driving the bridge, a carriage movable on the bridge,
a probe mounted to the carriage, and a scale operative
to permit scale readings indicating a position of a portion
of the bridge along the first guideway. The computer sys-
tem comprises a first input to receive a first scale reading
of a first position of the bridge with the carriage at a first
distance from a reference; a second input to receive a
value of the first distance of the carriage from the refer-
ence; a third input to receive an indication of a first direc-
tion of movement in which the bridge moved to move to
the first bridge position; a fourth input to receive a second
scale reading of a second position of the bridge with the

carriage at a second distance from the reference, the
second position of the bridge differing from the first po-
sition of the bridge; a fifth input to receive the value of
the second distance of the carriage from the reference;
a sixth input to receive an indication of a second direction
of movement in which the bridge moved to move to the
second bridge position of the bridge; a seventh input to
receive hysteresis error data; and a set of instructions to
determine a value for the measurement of the workpiece
feature based on at least the first, second, third, fourth,
fifth, sixth and seventh inputs.
[0016] In another aspect of the invention, there is pro-
vided a computer-readable medium having instructions
stored thereon that, as a result of being executed by a
computer, instruct the computer to perform a method of
determining a value for a measurement of a workpiece
feature using data from a coordinate measuring machine.
The coordinate measuring machine includes a table, first
and second guideways associated with the table, a
bridge movable on the guideways, a drive element as-
sociated with the first guideway for driving the bridge, a
carriage movable on the bridge, a probe mounted to the
carriage, and a scale operative to permit scale readings
indicating a position of a portion of the bridge along the
first guideway. The method includes acts of: receiving a
first scale reading of a first position of the bridge with the
carriage at a first distance from a reference; receiving an
indication of a first direction of movement in which the
bridge moved to move to the first bridge position; receiv-
ing a value of the first distance of the carriage from the
reference; receiving a second scale reading of a second
position of the bridge with the carriage at a second dis-
tance from the reference, the second position differing
from the first position; receiving an indication of a second
direction of movement in which the bridge moved to move
to the second bridge position; receiving a value of the
second distance of the carriage from the reference; and
receiving hysteresis error data. The method further in-
cludes an act of determining a value for a measurement
of the workpiece disposed on the coordinate measuring
machine based on at least: the first scale reading; the
indication of the first direction of movement of the bridge;
the value of the first distance of the carriage from the
reference; the second scale reading; the indication of the
second direction of movement of the bridge; the value of
the second distance of the carriage from the reference;
and the hysteresis error data.
[0017] In another embodiment of the invention, a co-
ordinate measuring machine includes a table,
a first guideway associated with the table, a second
guideway associated with the table and parallel to the
first guideway, a bridge suspended between the first and
second guideways, mechanical bearings movably sup-
porting the bridge on the first and second guideways, a
drive element associated with the first guideway for driv-
ing the bridge, a carriage mounted to the base, a probe
mounted to the carriage, and only one scale operative to
permit scale readings of the position of the bridge along
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the guideways.
[0018] In yet another aspect of the invention, there is
provided a single-scale, single-drive system coordinate
measuring machine in which a drive element is present
on a guideway opposite to a guideway on which the scale
is present.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a perspective view of a prior art gantry-type
coordinate measuring machine;
FIG. 2 is a schematic top plan view of the coordinate
measuring machine of Fig. 1 showing the use of two
scales to determine probe positioning along the y-ax-
is;
FIG. 3 is a schematic top plan view illustrating a gan-
try-type coordinate measuring machine which has a
single scale for the bridge, with the probe being
shown in two different positions during the measure-
ment of a block;
FIG. 4 is a schematic top plan view of the gantry-
type coordinate measuring machine illustrated in
Fig. 3, with the probe being shown in two different
positions to measure a slot;
FIG. 5 is a flowchart illustrating a method of com-
pensating for hysteresis error according to one em-
bodiment of the invention;
FIG. 6 is a flowchart illustrating a method of com-
pensating for hysteresis error according to a further
embodiment of the invention;
Fig. 7 is a schematic top plan view of the gantry-type
coordinate measuring machine illustrated in Figs. 3
and 4, showing a physical representation of the use
of a phantom scale to compensate for hysteresis er-
ror; and
FIG. 8 is a perspective view of a bridge-type coordi-
nate measuring machine according to yet a further
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] A conventional gantry-type coordinate measur-
ing machine 10 is illustrated in Fig. 1. Coordinate meas-
uring machine 1 includes a base 12, a table 14 to which
a workpiece 16 is secured, and a probe 18 for sensing
and signaling contact with the workpiece. Probe 18 is
movable throughout a measurement volume along three
orthogonal axes x, y and z. For movement along the y-ax-
is, a bridge 20 is movably supported by two guideways
- a right guideway 22 and a left guideway 24. Guideways
22, 24 are supported on base 12 by legs 25. The vertical
legs may be integral or non-integral with the guideways,
table and/or base. Each of right and left guideways 22,
24, includes a scale 26, 28 from which readings are taken
to establish the position of the corresponding end of the
bridge. Bridge 20 supports a carriage 30 which moves in

a horizontal direction along the x-axis, which is perpen-
dicular to the bridge movement. Mounted to carriage 30
is a vertically-movable ram 32 which moves along the
z-axis and carries probe 18. It should be noted that the
terms "mounted to" and "mounted on", for purposes here-
in, do not require an element to be directly mounted to
another element. For example, a probe which is carried
on a vertical ram which in turn is mounted to a carriage
is considered to be a probe mounted to the carriage. Ad-
ditionally, the terms "mounted to" and "mounted on" do
not require an element to be fixedly mounted to another
element. One element may be movably, slidably, or piv-
otably mounted to another element, for instance with
bearings, rails or slideways (not shown). Typically, the
various elements of a coordinate measuring machine are
movably mounted to other elements. A "workpiece", for
purposes herein, is any object placed within the meas-
urement volume of the coordinate measuring machine
such that it may be measured.
[0021] Ideally, a perfectly aligned bridge would result
in scale readings that provide the exact position of each
point along the bridge and thus a nearly exact position
of probe 18 along the y-axis, allowing for the fact that the
trueness of carriage 30 and vertical ram 32 also affect
the probe’s y-axis position relative to its scale readings.
Of course, in most coordinate measuring machines, the
bridge is not perfectly aligned and rigid, which causes
various static errors within the system. As described
above, various techniques exist for reducing these static
errors through machine design and compensation for
static errors using calibration.
[0022] Another source of error may cause rotation of
the bridge about a vertical axis, and this error source is
not taken into account by prior art calibration techniques.
In the bridge of a coordinate measuring machine having
a bridge drive element at only one end of the bridge,
friction at the non-driven end of the bridge may cause
the non-driven end to lag slightly behind the driven end.
This friction rotates the bridge about a vertical axis such
that yaw error exists in the bridge. The yaw error affects
the actual y-axis position of the probe as compared to
the measured y-axis position because the perpendicu-
larity of the bridge to the bridge scale is affected. For
example, if bridge 20 of Figure 2 were to be driven only
on the right side, and it was moving in the direction of
arrow A, the left side of the bridge would lag behind the
right side. When attempting to measure the y-axis posi-
tion of a point C on carriage 30, the reading from right
scale 26 would be too high, and the reading from left
scale 28 would be too low. The rotation of bridge 20 about
a z-axis is also shown with rotation arrow 31 in Figure 1.
[0023] Typically, the net effect of the yaw error de-
pends on the distance of the measurement point from
the bridge scale. For example, when the carriage is close
to the bridge scale when a scale reading is taken, the
yaw error of the bridge has a lesser effect on the y-axis
measurement as compared to a situation in which the
carriage is farther from the scale. These friction-induced
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effects are often referred to as hysteresis, and the result-
ing measurement error is often referred to as hysteresis
error.
[0024] Hysteresis error is not restricted to yaw error as
it can encompass roll error and pitch error, as well as
displacement errors. For example, some bridge-type co-
ordinate measuring machines have bridge guideways at
different vertical heights. With a drive system on only one
guideway, friction at the opposite guideway tends to
cause a rotation that is not wholly about a vertical axis.
Instead, the friction can additionally cause a slight rota-
tion about a horizontal axis that is perpendicular to the
bridge guideways, which leads to pitch error.
[0025] Unlike static error, hysteresis error is not pre-
dominantly position dependent. Instead, hysteresis error
also depends on direction of movement. For example,
the non-driven end of the bridge may lag behind the driv-
en end by a certain offset, and the direction of movement
of the bridge determines the direction of this offset. When
the bridge moves in the positive y-direction, the non-driv-
en end of the bridge may have a lower y-coordinate value
than the driven end. Conversely, when the bridge moves
in the negative y-direction, the non-driven end of the
bridge may have a higher y-coordinate value than the
driven end. When the bridge reverses direction, for ex-
ample from the positive y-direction to the negative y-di-
rection, the non-driven end of the bridge has not reached
the y-direction extreme of the driven end at the point of
reversal. While returning in the negative y-direction, the
driven end passes the non-driven end in the y-direction
before the non-driven end begins travel in the same di-
rection. This occurrence is referred to as "lost motion".
Because hysteresis error is direction dependent, error
compensation techniques that do not at least indirectly
take direction of movement into account do not address
hysteresis error.
[0026] Typical gantry-type coordinate measuring ma-
chines, such as the one shown schematically in Fig. 2,
have dual-scale and dual-drive systems for the bridge,
that is, a drive element and a scale are provided at both
ends of the bridge. With dual-scale and dual-drive sys-
tems, the effect of hysteresis error on the y-axis meas-
urement is negligible. Firstly, having a drive element at
each end of the bridge substantially reduces any friction-
induced lag. Secondly, even if the bridge does rotate due
to dynamic effects, the dual-scale system compensates
for the resulting y-axis measurement errors as described
below.
[0027] An exaggerated rotation of a bridge 20 is shown
in Fig. 2 for illustrative purposes. In Fig. 2, bridge 20 is
moving in the direction of arrow A on a coordinate meas-
uring machine 1. Ideally, when measuring the position of
a point C on bridge 20, the y-axis readings taken from
each of the two scales 26, 28 would be the same as the
y-axis position of point C, that is, the readings on scales
26, 28 would be at points 21 and 23 respectively. Be-
cause of yaw error, however, the y-axis readings taken
by scales 26, 28 are at points 27 and 29. The readings

at point 27 is too high, and the reading at point 29 is too
low. With a dual-scale system, to determine the position
of point C (and hence probe position P by adding distance
B) along the y-axis, a y-axis position reading is taken
from a scale at each end of bridge 20, and a measurement
value is determined using well-known interpolation tech-
niques based on the x-axis position of the probe. This
dual-scale interpolation compensates for y-axis meas-
urement error caused by the yaw (rotation about a z-axis)
of the bridge. More particularly, to obtain an estimate as
to the y-axis position of a point C on bridge 20, the scale
readings from each scale are interpolated. From point C,
the y-axis position of probe position P can be calculated.
[0028] Typically, it is assumed for the interpolation that
bridge 20 is perfectly linear, and therefore a linear rela-
tionship exists between the x-axis position of the target
point and the interpolated y-axis position of bridge 20 at
the target point. In other words, it is assumed that bridge
20 (or other coordinate measuring machine component)
is adequately rigid to resist bending along it length, and
any moment applied to bridge 20 results only in rotation
rather than bending. This assumption is reasonable when
dealing with the magnitude of forces produced by typical
levels of friction in coordinate measuring machines. For
example, if carriage 30 (at point C) is at an x-axis position
that is three-quarters of the x-axis distance from point 29
to point 27, it is assumed that point C is at a y-axis position
that is three-quarters of the y-axis distance between point
29 and point 27.
[0029] A single-scale, single-drive bridge may be used
in a coordinate measurement machine to reduce the cost
and the amount of inspection and maintenance as com-
pared to dual-scale, dual-drive bridges. However, the
lack of a dual-scale system exposes the coordinate
measuring machine to potential hysteresis errors. These
errors can be reduced by the use of air bearings for mov-
ably supporting the bridge on the guideways, because
air bearings produce only an insignificant amount of fric-
tion. While air bearings have the advantage of low friction,
they are not always well-suited to the environments in
which some coordinate measuring machines are used.
For example, in some non-environmentally controlled
shop environments, air bearings may become contami-
nated by oily dirt or other contaminants, which can affect
the bearing performance and/or require regular inspec-
tion, cleaning, maintenance and repair. In such environ-
ments, mechanical bearings, such as linear ball bearings,
may be desirable.
[0030] Mechanical bearings and their associated ele-
ments create friction, which, in a single drive system, can
create unacceptable hysteresis error. Instead of using
two scales and interpolating the readings, according to
one aspect of the invention, to compensate for the effects
of hysteresis on measurement results in a single-scale
system, a calibration block is used to calibrate the system
by obtaining hysteresis error data, and this hysteresis
error data is used in determining values for measure-
ments of features of a workpiece. In some embodiments,
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to measure a y-direction distance on a workpiece, a y-ax-
is reading is taken with a single scale, and then a hys-
teresis compensation factor (based on previously ob-
tained hysteresis error data) is added to the scale reading
to compensate for the effect of the rotation of the bridge
on the scale reading. The distance of the carriage from
the scale is typically used in conjunction with the hyster-
esis error data to determine the hysteresis compensation
factor.
[0031] For example, in one embodiment of the inven-
tion, a calibration block is secured to the coordinate
measuring machine table such that it is parallel to the
y-axis. The calibration block is placed at the far side (in
the x-direction) of the table relative to the bridge scale
because this location incurs the largest effect from the
hysteresis. The two ends of the calibration block are con-
tacted by the probe with the probe traveling in opposite
directions for contact with each end. Scale readings are
taken when the probe signals contact with each end of
the calibration block, and from these readings, a value
is calculated for the length of the block. This value is then
compared to the known length of the calibration block to
arrive at an estimate of hysteresis error (in the y-direction)
present at this particular distance (in the x-direction) from
the scale.
[0032] When the length (in the y-direction) of a work-
piece block is then measured using the coordinate meas-
uring machine, the measurement length is adjusted by a
fraction of the hysteresis error previously calculated with
the calibration block. Using a relationship of the y-direc-
tion error to the x-position of the carriage, this fraction is
determined based on a comparison of the x-direction po-
sition of the carriage to the x-direction position of the cal-
ibration block. When contending with the relatively low
force magnitudes typically caused by friction, the rela-
tionship between the y-direction error and the x-position
of the carriage is assumed to be linear. Using this as-
sumption of a linear relationship, the ratio of the applied
error adjustment to the calculated calibration block error
is the ratio of the distances from the scale (in the x-direc-
tion) of the workpiece block and the calibration block. Of
course, a relationship other than a linear relationship may
be used to determine an error adjustment.
[0033] It should be noted that adjusting measurement
values does not necessarily require an explicit calculation
of an adjustment term to be added or subtracted to a
measurement value. In some cases, an adjusted value
(or a value that compensates for errors) may be deter-
mined without the explicit use of an adjustment term. Ad-
justments and compensations also do not require that all
error or all adjustments be incorporated into the adjust-
ments and compensations. A partial or substantial ad-
justment, for purposes herein, is considered to be an ad-
justment.
[0034] Variations to this method, including fewer, ad-
ditional, and/or different acts are intended to fall within
the scope of the invention, and further embodiments are
described below. The order of acts as presented in the

specification and figures may be varied and still be con-
sidered to fall within the scope of the invention. Further,
the various embodiments of the invention are not restrict-
ed to specific types of probes. In some embodiments,
the probe may be a mechanical contact probe such as a
touch trigger probe, and in other embodiments, the probe
may be an optical sensor, a capacitance sensor, an air
flow sensor or any other suitable sensor.
[0035] In the schematic illustration of Fig. 3, bridge 20
is shown in two different positions on a coordinate meas-
uring machine 10. Bridge 20 has only one drive element
34 and one bridge scale 26, both of which are on the right
side of the coordinate measuring machine. In a first po-
sition, bridge 20 has moved in a positive y-direction (ar-
row D) until the probe (not shown) contacted a calibration
block 36 at a first end 37. An exaggerated hysteresis
effect is illustrated in Fig. 3 to show how the reading on
scale 26 (leader line E) will have a higher y-value than
the actual y-value of the probe position (leader line F)
when the probe contacts calibration block 36.
[0036] When bridge 20 approaches calibration block
36 from the opposite direction, i.e., when bridge 20 is
moving in a negative y-direction (arrow G), and the probe
contacts a second end 39 of the calibration block, the lag
of the bridge is in the opposite direction when compared
to the bridge’s first position, as can be seen in Fig. 3. In
this second position, the reading on scale 26 (leader line
H) will have a lower y-value than the actual y-value of
the probe position (leader line I) when the probe contacts
calibration block 36.
[0037] Based on these measurements, the coordinate
measuring machine calculates a block length J, while the
actual, known calibration block length is length K. The
difference (length L + length M) is the estimated hyster-
esis error for measurement at this particular x-direction
distance from scale 26. A ratio of the estimated hysteresis
error can then be used as a compensation factor when
measuring a workpiece. For example, if the hysteresis
error (length L + length M) is found to be 9 microns at the
full distance from right scale 26, a measurement of a
workpiece that is two-thirds of the distance from right
scale 26 could be adjusted by 6 microns. Looking at Fig-
ure 7 as an example, if a workpiece 16 is two-thirds of
the distance from scale 26 as compared to the calibration
block, and the hysteresis error at the calibration distance
was found to be 9 microns, a hysteresis compensation
factor of 6 microns would be added to the length of work-
piece 16 that is determined by the readings on scale 26.
[0038] In some embodiments, calibration may be per-
formed using a number of calibration blocks arranged
linearly, such as by using a step gauge. After measuring
a number of calibration blocks, an average of the esti-
mated hysteresis error may be calculated. By measuring
numerous calibration blocks, other dynamic errors, such
as motor cogging errors and/or acceleration/deceleration
errors, may be averaged. Motor cogging errors often ex-
hibit a sinusoidal pattern over a distance of bridge travel,
and the measurement of any a single calibration block
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might result in taking calibration scale readings when the
motor cogging effect is at or near an extreme. Estimating
the hysteresis error based on a measurement that in-
cludes a significant motor cogging error could result in
an overestimation or an underestimation of the hysteresis
error depending on the direction of motor cogging error
at the moment of taking a scale reading. By calibrating
with a number of calibration blocks, an average motor
cogging error (which may in certain instances be at or
near zero) is incorporated into the hysteresis error esti-
mate.
[0039] Instead of a calibration block, a calibration slot
may be used to obtain hysteresis error data. For example,
as shown schematically in Fig. 4, a calibration piece in-
cluding a slot 40 is secured parallel to scale 26. Bridge
20 is moved in a positive y-direction (arrow D) until con-
tact is made by the probe (not shown) at a first end 41
of slot 40. Upon probe contact, a scale reading indicates
a higher y-coordinate value than the actual y-coordinate
position of the first end of slot 40. Bridge 20 is then moved
to a second end 43 of slot 40 by moving in the negative
y-direction (arrow G). Upon probe contact, the scale
reading for bridge 20 indicates a lowers y-coordinate val-
ue than the actual y-coordinate position of the second
end 43 of slot 40. Using the two scale readings, the co-
ordinate measuring machine calculates a slot length N,
whereas the actual, known length is length S. The differ-
ence (length Q + length R) is the estimated hysteresis
error for measurement at this particular x-direction dis-
tance from scale 26.
[0040] The hysteresis error data, whether obtained as
described above or obtained in a different manner, is
used as part of the determination of dimensions of work-
piece features. While calibration to determine hysteresis
error data can be performed before each use of the co-
ordinate measuring machine, typically calibration is per-
formed prior to the machine’s first use and then at certain
intervals based on machine usage time or changes in
operating conditions. When calibration is performed, the
hysteresis error data may be saved within a memory
module, within a software module, as part of firmware,
or in any other suitable manner.
[0041] A method 50 of determining a value for a target
measurement of a workpiece feature is illustrated in a
flowchart in Fig. 5. In act 52, the bridge is moved in a first
direction to a first measuring point, such as the point at
which the probe contacts the workpiece. A first scale
reading of the bridge position is then taken in act 54,
providing a first coordinate value. In act 56, the bridge is
moved in a second direction to a second measuring point,
and a second scale reading of the bridge position is taken
in act 58. In act 60, a value for the target measurement
(such as distance between the two measuring points) of
the workpiece is determined, and the determined value
includes a compensation for hysteresis error.
[0042] The act of determining a value for the target
measurement of the workpiece can take many forms. In
one embodiment, when determining the position of a

point on a workpiece, an adjustment is applied to the first
scale reading based on the x-coordinate of the carriage
and the direction of movement of the bridge at the point
of contact of the probe to the workpiece. Similarly, an-
other adjustment (which could be the same as or different
from the first adjustment) is applied to the second scale
reading based on the x-coordinate of the carriage and
the direction of movement of the bridge at the point of
contact of the probe to the workpiece. The difference
between the two adjusted scale readings provides a
measurement value (such as length) that compensates
for the hysteresis error.
[0043] Method 50 is merely an illustrative embodiment
of a method of determining a value for a target measure-
ment of a workpiece feature. Such an illustrative embod-
iment is not intended to limit the scope of the invention,
as any of numerous other methods of such a system, for
example, variations of method 50, are possible and are
intended to fall within the scope of the invention.
[0044] In another embodiment, the difference between
the two scale readings is calculated first, and then the
two adjustments are made to the calculated difference.
As one illustrative example of determining a value for a
target workpiece feature measurement, let us assume
that a series of calibration blocks known to be 10 millim-
eters in length to within less than one micron are meas-
ured by the coordinate measuring machine to have an
average length of 9.992 mm, resulting in an assumed
hysteresis error of 8 microns. Let us also assume that
this calibration was performed at a distance of 60 cen-
timeters from the measuring scale, and the calibration
blocks were secured in parallel with the scale. A rectan-
gular workpiece approximately 20 centimeters long is
then secured to the table such that the length is parallel
to the scale and the longitudinal axis of the workpiece is
30 centimeters from the scale. The probe is moved to a
first longitudinal end of the workpiece and a first scale
reading is taken with the resulting, y-coordinate value
being 14.4730 cm. The probe is then moved to a second
end and a second scale reading is taken, with the result-
ing y-coordinate value being 34.6364 cm. The difference
between the two scale readings is therefore 20.1634 cm.
To determine a hysteresis adjustment value, the previ-
ously calculated hysteresis error data of 8 microns is mul-
tiplied by the ratio of 30cm/60cm (the ratio of the distanc-
es of each of the workpiece and the calibration block from
the measuring scale). The adjustment value of 4 microns
is then added to the value 20.1634 to arrive at a length
measurement of 20.1638.
[0045] The particular order or manner of performing
the mathematics associated with compensating for the
hysteresis error is not intended to be limiting, unless pos-
itively claimed. For example, in another embodiment,
where the first and second scale readings occur at the
same x-direction distance from the scale and the direc-
tion of movement of the bridge during each of the two
scale readings are opposite to one another, one of the
scale readings is adjusted by the full amount of hysteresis
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error, i.e. lost motion, and the other of the scale readings
remains unadjusted.
[0046] It should be noted that when performing calcu-
lations that are based on the x-direction position of the
carriage at two different measurement points, the calcu-
lation is considered to be based on both x-direction po-
sitions even if the x-direction position is the same for both
measurement points and the calculation does not explic-
itly retrieve an x-direction position for both measurement
points. For example, a calculation may be performed
wherein the x-direction position at the first measurement
point is known, and it is also known that the two x-direc-
tions positions are the same. In such a case, an explicit
retrieval of the second x-direction position is not required
for a calculation to be considered as being based on both
x-directions positions.
[0047] Another embodiment of determining the posi-
tion of a workpiece feature is illustrated in Figs. 6 and 7.
In this embodiment, a mathematical construct including
the use of a "phantom scale" is used in determining a
measurement value that compensates for hysteresis er-
ror. Referring now to a method 70 shown in a flowchart
in Fig. 6 and coordinate measuring machine 10 in Fig. 7,
a phantom scale 80 is assumed to be present on the
guideway opposite to the guideway 22 which includes
measuring scale 26. In this manner, values can be as-
signed to both measuring scale 26 and phantom scale
80, thereby providing a suitable number and kind of inputs
to be passed to software and/or firmware that expects
measurement data from a dual-scale coordinate meas-
uring machine.
[0048] Similar to embodiments described above, be-
fore performing a measurement on a workpiece, a cali-
bration is conducted to gather hysteresis data. In the
present embodiment, the hysteresis error value (lost mo-
tion) that is determined at the x-axis position of the cali-
bration block (or other calibration element) is extrapolat-
ed to determine the lost motion at the x-axis position of
phantom scale 80. As mentioned above, the calibration
may occur immediately before a measurement opera-
tion, or a calibration may be performed once and then
applied to a large number of subsequent measurement
operations.
[0049] To proceed with a measurement operation, in
act 72, bridge 20 is moved in a first direction (arrow D)
to a first measuring point 81 on workpiece 16. A first scale
reading is taken with bridge measuring scale 26 in act
73. In act 74, the value of this scale reading is assigned
without adjustment to both measuring scale 26 and phan-
tom scale 80. A physical representation of this mathe-
matical construct is shown as a dashed bridge 20’ in Fig.
7. In act 75, the bridge is moved in a second direction
(arrow G) to a second measuring point 83, and in act 76,
a second scale reading is taken with measuring scale
26. In act 77, the value of the second scale reading is
assigned without adjustment to measuring scale 26. With
the information that the second direction is opposite to
the first direction, the full value of hysteresis compensa-

tion at the x-axis position of phantom scale 80 is added
to the value of the measuring scale reading, and the sum
is assigned to phantom scale 80 as a scale reading. A
physical representation of this mathematical construct is
shown as dashed bridge 20’.
[0050] The values of all four assigned scale values are
then passed (either directly or indirectly) to software
and/or firmware which determines the length of the meas-
ured feature. In this embodiment, the y-coordinate value
of the second measuring point is determined in act 78 by
interpolating the second scale reading value and the ad-
justed second value that was assigned to the phantom
scale. In act 79, the first measuring point value is sub-
tracted from the second measuring point value to calcu-
late the length of the workpiece feature. As with embod-
iments described above, a linear relationship between
may be assumed to exist between the x-axis position of
the carriage and the fraction of the hysteresis error
present at that x-axis position. For example, at a carriage
x-axis position 1/3 of the distance from measuring scale
26 to phantom scale 80, it may assumed that 1/3 of the
hysteresis error present at phantom scale 80 is present
at the carriage. It should be noted that in some embodi-
ments, relationships other than linear relationships may
be used, and the assumption of a linear relationship is
only given as one example.
[0051] The method described with reference to Figs.
6 and 7 may, in some instances, have the advantage of
being seamlessly integratable into existing software
and/or firmware packages that use four scale readings
(two from each scale) to determine a distance on a work-
piece. In some cases the method described above is
worked into existing software and/or firmware, while in
other cases, a separate software or firmware module is
used to preprocess the measuring scale readings into a
form suitable for input into existing software and/or
firmware.
[0052] As one illustrative example, let us assume that
a calibration of coordinate measuring machine 10 result-
ed in hysteresis error data of 10 microns at a distance of
50 centimeters from measuring scale 26. For purposes
of this example, let us also assume that the software
and/or firmware associated with the coordinate measur-
ing machine is configured to analyze readings from two
parallel measuring scales that are 60 centimeters apart
in the x-direction. Extrapolating the hysteresis error of 10
microns at the x-axis position of 50 centimeters to an x-
axis position of 60 centimeters (i.e., the position of phan-
tom scale 80) results in a hysteresis error of 12 microns.
[0053] For purposes of this example, let us assume
that the y-direction length of a workpiece feature is then
measured at a distance of 30 centimeters from measur-
ing scale 26, i.e., halfway between measuring scale 26
and phantom scale 80. The first scale reading, taken with
the probe at first measuring point 81, results in a y-coor-
dinate value of 7.516 mm. The value of 7.516 mm is saved
as the first target point value for both measuring scale
26 and phantom scale 80. The second scale reading,
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taken with the probe at second measuring point 83, re-
sults in a y-coordinate value of 12.556 mm. The 12.566
mm value is saved as the scale rending for scale 26. The
lost motion of 12 microns is added to the second scale
reading of 12.566 mm, arriving at a phantom scale sec-
ond reading of 12.578 mm. The four readings (7.516 mm;
7.516 mm; 12.566 mm; and 12.578 mm) are then passed
to software and/or firmware which determines the length
of the measured workpiece feature. The first two readings
are interpolated, obviously resulting in a value of 7.516.
The second two readings are interpolated as follows:
12.566 mm + [(12.578 - 12.566) * (30 cm / 60 cm)] =
12.572 mm. The difference between 7.516 mm and
12.572 mm (5.056 mm) is given as the measured length
of the workpiece feature. Without the compensation for
lost motion, the coordinate measuring machine would
have underestimated the length by six microns and pro-
vided a result of 5.050 mm.
[0054] In variations of this embodiment, rather than ap-
plying the entire lost motion to one of the phantom scale
values, each of the values applied to the phantom scale
may include a portion of the overall hysteresis error ad-
justment. In embodiments where two positions are being
measured at different x-coordinate positions, the hyster-
esis error adjustment may be appropriately apportioned
to the two phantom scale readings. It should be noted
that hysteresis error adjustments do not necessarily have
to be made only to the values assigned to the phantom
scale. In some embodiments, the unadjusted scale read-
ings may be assigned to the phantom scale, and adjusted
scale readings may be applied to the measuring scale.
[0055] The various embodiments of the invention are
not restricted to gantry-type coordinate measuring ma-
chines. The methods, apparatuses, software and
firmware disclosed herein may be used with or as part
of other coordinate measuring machines, such as bridge-
type coordinate measuring machines.
[0056] The embodiments described herein are not
necessarily restricted to measurements in a single hori-
zontal plane within the measuring volume as they can be
employed to perform coordinate measurements at differ-
ent vertical heights and still compensate for hysteresis
error. In some embodiments, the vertical position of the
probe does not affect hysteresis error, while in other em-
bodiments, the vertical position of the probe plays a role
in the ultimate effect of hysteresis.
[0057] For example, as shown in Fig. 8, a bridge-type
coordinate measuring machine 110 is shown preparing
to take coordinate measurements of a calibration block
136 at different heights. Here, one of guideways 122, 124
for a bridge 120 is not elevated above a base 112 by
legs. Instead, guideway 124 is at or near the level of a
table 114. Similar to the situation with a gantry-type co-
ordinate measuring machine, when only one side of the
bridge assembly is driven, bridge 120 rotates slightly
about a z-axis and create yaw error (see rotation arrow
138). Different from a gantry-type coordinate measuring
machine, with guideways 122, 124 at different vertical

heights, hysteresis effects may cause the bridge assem-
bly to rotate slightly about an x-axis and create pitch error.
For instance, if the single drive system is present on right
guideway 122, and bridge 120 is moving toward the front
of the machine, friction from left guideway 124 pitches
bridge 120 about an x-axis toward the rear of the machine
(see rotation arrow 140). When probe 118 is vertically
close to bridge 120, the effect of a pitch angle has less
of an effect than when probe 118 is a substantial distance
from bridge 120.
[0058] To compensate for both the yaw error and pitch
error caused by hysteresis, calibration measurements
may be taken at multiple locations within the measure-
ment volume to determine the effects of hysteresis error
at particular probe distances from the bridge and from
the bridge scale. For example, a calibration measure-
ment may be taken at each of two (or more) different
z-axis positions while holding the x-axis position con-
stant, and a calibration measurement may be taken at
two (or more) different x-axis positions while holding the
z-axis position constant. As with the gantry-type coordi-
nate measuring machine, error adjustments to scale
readings of workpiece features can be applied by using
a ratio of the distance of the workpiece from a reference
line relative to the distance of the calibration block (or
slot) from the same reference line.
[0059] According to another aspect of the invention, a
coordinate measuring machine is designed to reduce the
combined effects of hysteresis error and other dynamic
errors, such as shimmy, caused by motor cogging and/or
acceleration/deceleration. In addition to the relatively
consistent hysteresis which occurs as a result of bearing
(or associated element) friction on the non-driven side of
the bridge, motor cogging effects can introduce a variable
error component that oscillates between two extremes.
As described above in the description of the related art,
the motor cogging exhibited in many electric motors can
cause shimmying in various components. For example,
as the bridge travels in the y-direction, motor cogging
can cause the bridge to shimmy in a forward and back-
ward direction. This motor cogging effect typically exhib-
its a sinusoidal pattern as the bridge travels in the y-di-
rection. Thus, for any given scale reading, a variable error
could be present at a value somewhere at or between
positive and negative extremes. For some scale read-
ings, the variable error could be zero. Other sources of
variable error may be present as well, including the entry
of ball into the track of a re-circulating bearing and/or
acceleration/deceleration of the bridge.
[0060] The effect of the motor cogging on a y-axis
measurement depends on the x-direction distance of the
carriage from the scale, but for a different reason than
the more consistent hysteresis error discussed herein.
Increasing the distance of the mass of the carriage from
the motor increases the magnitude of shimmy. Therefore,
the amount of potential variable error which adds to or
subtracts from the more consistent hysteresis error in-
creases with increasing distance of the probe from the
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scale. While sometimes the shimmy error is in a direction
opposite to the hysteresis error, in a worst-case scenario
from a yaw error standpoint, a measurement might be
taken while, simultaneously, the probe is at a maximum
distance from the bridge scale, the carriage is at a max-
imum distance from the motor, and the sinusoidal pattern
of the motor cogging error is at an extreme in the same
direction as the hysteresis error.
[0061] According to one embodiment of the invention,
the single bridge scale is positioned on the guideway that
is opposite the drive side guideway. In this manner, at
the x-direction positions at which the hysteresis errors
are at their maximum (i.e. the probe is far from the scale),
the potential motor cogging effects are at their minimum
(i.e. the carriage is close to the motor). Conversely, at
the x-direction positions at which the motor cogging ef-
fects are at their maximum (i.e. the carriage is far from
the motor), the hysteresis errors are at their minimum
(i.e. the probe is close to the scale). With such an ar-
rangement, the maximum possible error resulting from
the combination of motor cogging effects and hysteresis
error is reduced when compared to an arrangement
where the scale and drive are positioned on the same
guideway.
[0062] Having thus described several aspects of at
least one embodiment of this invention, it is to be appre-
ciated various alterations, modifications, and improve-
ments will readily occur to those skilled in the art. Such
alterations, modifications, and improvements are intend-
ed to be part of this disclosure, and are intended to be
within the spirit and scope of the invention. Accordingly,
the foregoing description and drawings are by way of
example only.

Claims

1. A method of taking a measurement of a workpiece
feature with a coordinate measuring machine (10),
the coordinate measuring machine (10) comprising
a table (14), first and second guideways (22;24) as-
sociated with the table (14), a bridge (20) movable
on the guideways (22;24), a drive element (34) as-
sociated with the first guideway (22) for driving the
bridge (20), a carriage (30) movable on the bridge
(20), a probe (18) mounted to the carriage (30), and
a single scale (26) operative to permit scale readings
indicating a position of a portion of the bridge (20)
along the first guideway (22), the method comprising:

A: obtaining hysteresis error data for the bridge
(20) by either: (a) using the coordinate measur-
ing machine (10) to make a first calibration
measurement of a calibration block dimension
and determining the difference between the first
calibration measurement and the calibration
block dimension, or (b) using the coordinate
measuring machine (10) to make a first calibra-

tion measurement of a calibration slot dimen-
sion; and determining the difference between
the first calibration measurement and the cali-
bration slot dimension;
B: moving the bridge (20) in a first direction, and,
at a first bridge position, taking a first reading
from the scale (26), the carriage (30) being a
first distance from the scale (26);
C: moving the bridge (20) in a second direction,
and, at a second bridge position, taking a second
reading from the scale (26), the carriage (30)
being a second distance from the scale (26); and
D: determining a value of a measurement of the
workpiece feature by determining a distance be-
tween the first bridge position and the second
bridge position based on at least: the first read-
ing from the scale (26); the first distance of the
carriage (30) from the scale (26); the second
reading from the scale (26); the second distance
of the carriage (30) from the scale (26); the first
direction; the second direction; and the hyster-
esis error data.

2. A method as in claim 1, wherein A comprises using
the coordinate measuring machine (10) to make a
first calibration measurement of a calibration block
dimension; and determining the difference between
the first calibration measurement and the calibration
block dimension, and wherein A further comprises
using the coordinate measuring machine (10) to
make a plurality of calibration measurements, includ-
ing at least one calibration measurement for each of
a plurality of calibration block dimensions; and
determining an average difference between the cal-
ibration measurements and the calibration block di-
mensions.

3. A method as in claim 2, wherein each calibration
block dimension is aligned substantially parallel to
the first guideway (22) of the coordinate measuring
machine (10).

4. A method as in claim 1, wherein:

A comprises making a hysteresis error meas-
urement at a first calibration distance from the
scale (26);

the first distance of the carriage (30) from
the scale (26) differs from the second dis-
tance of the carriage (30) from the scale
(26), thereby creating an average distance;
and
D comprises determining the distance be-
tween the first bridge position and the sec-
ond bridge position based on at least a ratio
of the average distance to the first calibra-
tion distance.
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5. A method as in claim 4, wherein the average distance
is not explicitly calculated.

6. A method as in claim 1, wherein the first distance of
the carriage (30) from the scale (26) is the same as
the second distance of the carriage (30) from the
scale (26).

7. A method as in claim 6, wherein D comprises:

assigning the first scale reading to the scale (26);
mathematically constructing a phantom scale at
a distance from the scale (26);
assigning the second scale reading to the phan-
tom scale;
applying a hysteresis offset value to one of the
scale reading and the phantom scale reading;
and
interpolating the scale reading and the phantom
scale reading based on the first distance of the
carriage (30) from the scale (26) to determine
the distance between the first bridge position
and the second bridge position.

8. A method as in claim 1, wherein the second guide-
way (24) does not include a scale.

9. A method as in claim 1, wherein both the first scale
reading and the second scale reading are taken in
a plane that is parallel to the table (14).

10. A method as in claim 1, wherein A comprises receiv-
ing data from previous calibration measurements.

11. A method as in claim 1, wherein the first direction of
the bridge movement is opposite to the second di-
rection of the bridge movement.

12. A method as in claim 1, wherein D comprises infer-
ring one of the first and second directions based on
the other of the first and second directions.

13. A method as in claim 1, wherein D comprises:

calculating the difference between the first scale
reading and the second scale reading to deter-
mine an unadjusted value of the distance be-
tween the first bridge position and the second
bridge position; and
adjusting the unadjusted value of the distance
between the first bridge position and the second
bridge position to account for hysteresis error.

14. A method as in claim 1, wherein the coordinate
measuring machine (10) is a gantry-type coordinate
measuring machine.

15. A method as in claim 1, wherein the coordinate

measuring machine (10) is a horizontal coordinate
measuring machine.

16. A method as in claim 1, wherein the bridge (20) is
movably supported on the first and second guide-
ways (22;24) by mechanical bearings.

17. A method as in claim 16, wherein the mechanical
bearings are re-circulating linear ball bearings.

18. A coordinate measuring machine (10) comprising:

a table (14);
a first guideway (22) associated with the table
(14);
a second guideway (24) associated with the ta-
ble (14) and parallel to the first guideway (22);
a bridge (20) suspended between the first and
second guideways (22;24);
mechanical bearings movably supporting the
bridge (20) on the first and second guideways
(22;24);
a drive element (34) associated with the first
guideway (22) for driving the bridge (20);
a carriage (30) mounted to the bridge (20);
a probe (18) mounted to the carriage (30); and
a single scale (26) operative to permit scale
readings of the position of the bridge (20) along
the guideways (22;24); and
a set of instructions that, as a result of being
executed by a computer, instruct the computer
to perform a method comprising:

A: obtaining hysteresis error data by either:
(a) using the coordinate measuring ma-
chine (10) to make a first calibration meas-
urement of a calibration block dimension
and determining the difference between the
first calibration measurement and the cali-
bration block dimension, or (b) using the co-
ordinate measuring machine (10) to make
a first calibration measurement of a calibra-
tion slot dimension; and determining the dif-
ference between the first calibration meas-
urement and the calibration slot dimension;
B: moving the bridge (20) in a first direction
and taking a first scale reading at a first po-
sition, the carriage (30) being at a first dis-
tance from the scale (26);
C: moving the bridge (20) in a second direc-
tion and taking a second scale reading at a
second position, the carriage (30) being at
a second distance from the scale (26); and
D: determining a value of a measurement
of the workpiece feature by determining a
distance between the first bridge position
and the second bridge position based on at
least the first scale reading, the second
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scale reading, the first distance, the second
distance, the first direction, the second di-
rection, and the hysteresis error data.

19. A coordinate measuring machine (10) as in claim 18,
wherein the scale (26) is positioned along the first
guideway (22).

20. A coordinate measuring machine (10) as in claim 18,
wherein the scale is positioned along the second
guideway (24).

21. A coordinate measuring machine (10) as in claim 20,
wherein the drive element (34) associated with the
first guideway (22) is the only drive element for driv-
ing the bridge (20).

22. A coordinate measuring machine (10) as in claim 18,
wherein the first direction is opposite to the second
direction.

23. A coordinate measuring machine (10) as in claim 18,
wherein the coordinate measuring machine (10) is
a gantry-type coordinate measuring machine.

24. A coordinate measuring machine (10) as in claim 18,
wherein the first and second distances are the same.

Patentansprüche

1. Verfahren zum Vornehmen einer Messung eines
Werkstückmerkmals mit einer Koordinatenmessma-
schine (10), wobei die Koordinatenmessmaschine
(10) einen Tisch (14), erste und zweite mit dem Tisch
(14) verbundene Führungsbahnen (22; 24), eine auf
den Führungsbahnen (22; 24) verschiebbare Brücke
(20), ein Antriebselement (34), das mit der ersten
Führungsbahn (22) zum Antreiben der Brücke (20)
verbunden ist, einen auf der Brücke (20) verschieb-
baren Schlitten (30), eine am Schlitten (30) montierte
Sonde (18) und eine Einzelskala (26) umfasst, die
betriebsfähig ist, Skalaablesungen zu erlauben, die
eine Position eines Abschnitts der Brücke (20) ent-
lang der ersten Führungsbahn (22) anzeigen, wobei
das Verfahren umfasst:

A:
Erlangen von Hysterese-Fehlerdaten für die
Brücke (20) durch entweder: (a) Verwenden der
Koordinatenmessmaschine (10), um eine erste
Kalibrierungsmessung der Dimension eines Ka-
librierungsblocks zu machen und die Differenz
zwischen der ersten Kalibrierungsmessung und
der Dimension des Kalibrierungsblocks zu er-
mitteln oder (b) Verwenden der Koordinaten-
messmaschine (10), um eine erste Kalibrie-
rungsmessung der Dimension eines Kalibrie-

rungsschlitzes zu machen; und Ermitteln der
Differenz zwischen der ersten Kalibrierungs-
messung und der Dimension des Kalibrierungs-
schlitzes;
B:
Bewegen der Brücke (20) in einer ersten Rich-
tung, und, an einer ersten Brückenposition, Vor-
nehmen einer ersten Ablesung von der Skala
(26), wobei sich der Schlitten (30) in einem ers-
ten Abstand von der Skala (26) befindet;
C:
Bewegen der Brücke (20) in einer zweiten Rich-
tung, und, an einer zweiten Brückenposition,
Vornehmen einer zweiten Ablesung von der
Skala (26), wobei sich der Schlitten (30) in einem
zweiten Abstand von der Skala (26) befindet;
und
D:
Ermitteln eines Wertes einer Messung des
Werkstückmerkmals durch Ermitteln eines Ab-
stands zwischen der ersten Brückenposition
und der zweiten Brückenposition auf Basis zu-
mindest: der ersten Ablesung von der Skala
(26); des ersten Abstands des Schlittens (30)
von der Skala (26); der zweiten Ablesung von
der Skala (26); des zweiten Abstands des Schlit-
tens (30) von der Skala (26); der ersten Rich-
tung; der zweiten Richtung; und der Hysterese-
Fehlerdaten.

2. Verfahren nach Anspruch 1, wobei A die Verwen-
dung der Koordinatenmessmaschine (10) zum Vor-
nehmen einer ersten Kalibrierungsmessung der Di-
mension des Kalibrierungsblocks umfasst; und das
Ermitteln der Differenz zwischen der ersten Kalibrie-
rungsmessung und der Dimension des Kalibrie-
rungsblocks umfasst, und wobei A ferner die Ver-
wendung der Koordinatenmessmaschine (10) zum
Vornehmen einer Vielzahl von Kalibrierungsmes-
sungen umfasst, die zumindest eine Kalibrierungs-
messung für jede einer Vielzahl von Dimensionen
des Kalibrierungsblocks einschließen; und
Ermitteln einer durchschnittlichen Differenz zwi-
schen den Kalibrierungsmessungen und der Dimen-
sionen des Kalibrierungsblocks.

3. Verfahren nach Anspruch 2, wobei jede Dimension
des Kalibrierungsblocks im Wesentlichen parallel
zur ersten Führungsbahn (22) der Koordinaten-
messmaschine (10) ausgerichtet ist.

4. Verfahren nach Anspruch 1, wobei:

A das Vornehmen einer Hysterese-Fehlermes-
sung an einem ersten Kalibrierabstand von der
Skala (26) umfasst;
sich der erste Abstand des Schlittens (30) von
der Skala (26) vom zweiten Abstand des Schlit-
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tens (30) von der Skala (26) unterscheidet, da-
durch wird ein durchschnittlicher Abstand ge-
schaffen; und
D umfasst das Ermitteln des Abstands zwischen
der ersten Brückenposition und der zweiten Brü-
ckenposition auf Basis zumindest eines Verhält-
nisses des durchschnittlichen Abstands zum
ersten Kalibrierabstand.

5. Verfahren nach Anspruch 4, wobei der durchschnitt-
liche Abstand nicht ausdrücklich berechnet ist.

6. Verfahren nach Anspruch 1, wobei der erste Abstand
des Schlittens (30) von der Skala (26) der gleiche
wie der zweite Abstand des Schlittens (30) von der
Skala (26) ist.

7. Verfahren nach Anspruch 6, wobei D umfasst:

Zuordnen der ersten Skalaablesung zur Skala
(26);
mathematisches Konstruieren einer Phantom-
Skala in einem Abstand von der Skala (26); Zu-
ordnen einer zweiten Skalaablesung zur Phan-
tom-Skala;
Anwenden eines Hysterese-Offset-Wertes auf
die Skalaablesung und die Phantom-Skalaab-
lesung; und
Interpolieren der Skalaablesung und der Phan-
tom-Skalaablesung auf Basis des ersten Ab-
stands des Schlittens (30) von der Skala (26),
um den Abstand zwischen der ersten Brücken-
position und der zweiten Brückenposition zu er-
mitteln.

8. Verfahren nach Anspruch 1, wobei die zweite Füh-
rungsbahn (24) keine Skala einschließt.

9. Verfahren nach Anspruch 1, wobei sowohl die erste
Skalaablesung als auch die zweite Skalaablesung
in einer Ebene vorgenommen werden, die parallel
zum Tisch (14) ist.

10. Verfahren nach Anspruch 1, wobei A Empfangsda-
ten von früheren Kalibrierungsmessungen umfasst.

11. Verfahren nach Anspruch 1, wobei die erste Rich-
tung der Brückenbewegung entgegengesetzt zur
zweiten Richtung der Brückenbewegung ist.

12. Verfahren nach Anspruch 1, wobei D das Folgerns
einer der ersten und zweiten Richtungen auf Basis
der anderen der ersten und zweiten Richtungen um-
fasst.

13. Verfahren nach Anspruch 1, wobei D umfasst:

Berechnen der Differenz zwischen der ersten

Skalaablesung und der zweiten Skalaablesung,
um einen nicht justierten Wert des Abstands zwi-
schen der ersten Brückenposition und der zwei-
ten Brückenposition zu ermitteln; und
Justieren des nicht justierten Wertes des Ab-
stands zwischen der ersten Brückenposition
und der zweiten Brückenposition, um für Hyste-
resefehler Rechnung zu tragen.

14. Verfahren nach Anspruch 1, wobei die Koordinaten-
messmaschine (10) eine Koordinatenmessmaschi-
ne des Portal-Typs ist.

15. Verfahren nach Anspruch 1, wobei die Koordinaten-
messmaschine (10) eine horizontale Koordinaten-
messmaschine ist.

16. Verfahren nach Anspruch 1, wobei die Brücke (20)
beweglich auf den ersten und zweiten Führungsbah-
nen (22; 24) gestützt ist.

17. Verfahren nach Anspruch 16, wobei die mechani-
schen Lager umlaufende lineare Kugellager sind.

18. Koordinatenmessmaschine (10), umfassend:

Einen Tisch (14);
eine erste Führungsbahn (22), die mit dem Tisch
(14) verbunden ist
eine zweite Führungsbahn (24), die mit dem
Tisch (14) verbunden und parallel zur ersten
Führungsbahn (22) ist;
eine Brücke (20), die zwischen den ersten und
zweiten Führungsbahnen (22; 24) abgehängt
ist;
mechanische Lager, welche die Brücke (20) be-
weglich auf den ersten und zweiten Führungs-
bahnen (22; 24) stützen;
ein Antriebselement (34), das mit der ersten
Führungsbahn (22) zum Antreiben der Brücke
(20) verbunden ist;
einen Schlitten (30), der auf der Brücke (20)
montiert ist;
eine Sonde (18), die auf dem Schlitten (30) mon-
tiert ist; und
eine einzelne Skala (26), die betriebsfähig ist,
Skalaablesungen der Position der Brücke (20)
entlang der Führungsbahnen (22; 24) zu erlau-
ben; und

Einen Satz von Befehlen, die als Folge von der Aus-
führung durch einen Computer, dem Computer be-
fehlen, ein Verfahren durchzuführen, das umfasst:

A: Erlangen von Hysterese-Fehlerdaten durch
entweder: (a) Verwenden der Koordinaten-
messmaschine (10), um eine erste Kalibrie-
rungsmessung einer Dimension des Kalibrie-
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rungsblocks zu machen und die Differenz zwi-
schen der ersten Kalibrierungsmessung und der
Dimension des Kalibrierungsblocks zu ermitteln
oder (b) Verwenden der Koordinatenmessma-
schine (10), um eine erste Kalibrierungsmes-
sung einer Dimension des Kalibrierungsschlit-
zes zu machen; und
Ermitteln der Differenz zwischen der ersten Ka-
librierungsmessung und der Dimension des Ka-
librierungsschlitzes;
B: Bewegen der Brücke (20) in einer ersten
Richtung und Vornehmen einer ersten Skalaab-
lesung an einer ersten Brückenposition, wobei
sich der Schlitten (30) in einem ersten Abstand
von der Skala (26) befindet;
C: Bewegen der Brücke (20) in einer zweiten
Richtung und Vornehmen einer Skalaablesung
in einer zweiten Position, wobei sich der Schlit-
ten (30) in einem zweiten Abstand von der Skala
(26) befindet; und
D: Ermitteln eines Wertes einer Messung des
Werkstückmerkmals durch Ermitteln eines Ab-
stands zwischen der ersten Brückenposition
und der zweiten Brückenposition auf Basis zu-
mindest der Skalaablesung, der zweiten Skala-
ablesung, des ersten Abstands, des zweiten Ab-
stands, der ersten Richtung, der zweiten Rich-
tung und der Hysterese-Fehlerdaten.

19. Koordinatenmessmaschine (10) nach Anspruch 18,
wobei die Skala (26) entlang der ersten Führungs-
bahn (22) positioniert ist.

20. Koordinatenmessmaschine (10) nach Anspruch 18,
wobei die Skala entlang der zweiten Führungsbahn
(24) positioniert ist.

21. Koordinatenmessmaschine (10) nach Anspruch 20,
wobei das mit der ersten Führungsbahn (22) verbun-
dene Antriebselement (34) das einzige Antriebsele-
ment zum Antreiben der Brücke (20) ist.

22. Koordinatenmessmaschine (10) nach Anspruch 18,
wobei die erste Richtung entgegengesetzt zur zwei-
ten Richtung ist.

23. Koordinatenmessmaschine (10) nach Anspruch 18,
wobei die Koordinatenmessmaschine (10) eine Ko-
ordinatenmessmaschine des Portal-Typs ist.

24. Koordinatenmessmaschine (10) nach Anspruch 18,
wobei die ersten und zweiten Abstände gleich sind.

Revendications

1. Procédé pour prendre des mesures d’un élément de
pièce avec une machine de mesure de coordonnées

(10), la machine de mesure de coordonnées (10)
comprenant une table (14), des premier et deuxième
rails de guidage (22;24) associés à la table (14), un
pont (20) déplaçable sur les rails de guidage (22;24),
un élément d’entraînement (34) associé au premier
rail de guidage (22) pour entraîner le pont (20), un
chariot (30) déplaçable sur le pont (20), une sonde
montée sur le chariot (30), et une seule échelle (20)
fonctionnelle permettant de relever des lectures de
l’échelle indiquant une position d’une partie du pont
(20) le long du premier rail de guidage (22), le pro-
cédé consistant à :

A
obtenir une donnée d’erreur d’hystérésis pour
le pont (20) soit : (a) à l’aide de la machine de
mesure de coordonnées (10) pour effectuer une
première mesure de calibrage d’une dimension
d’un bloc de calibrage et déterminer la différence
entre la première dimension de calibrage été la
dimension du bloc de calibrage, soit (b) à l’aide
de la machine de mesure de coordonnées (10)
pour effectuer une première mesure de calibra-
ge d’une dimension de la fente de calibrage ; et
déterminer la différence entre la première me-
sure de calibrage et la dimension de la fente de
calibrage ;
B :
déplacer le pont (20) dans une première direc-
tion, et, à hauteur d’une première position du
pont, relever une première lecture de l’échelle
(26), le chariot (30) étant situé à une première
distance de l’échelle(26) ;
C :
déplacer le pont (20) dans une deuxième direc-
tion, et, à hauteur d’une deuxième position du
pont, relever une deuxième lecture de l’échelle
(26), le chariot (30) étant situé à une deuxième
distance de l’échelle (26) ; et
D :
déterminer une valeur de mesure de l’élément
de la pièce en déterminant une distance entre
la première position du pont et la deuxième po-
sition du pont d’après au moins : la première lec-
ture de l’échelle (26) ; la première distance du
chariot (30) de l’échelle (26) ; la deuxième lec-
ture de l’échelle (26) ; la deuxième distance du
chariot (30) de l’échelle (26) ; la première
direction ; la deuxième direction ; et la donnée
d’erreur d’hystérésis.

2. Procédé selon la revendication 1, dans lequel A con-
siste à utiliser la machine de mesure de coordonnées
(10) pour effectuer une première mesure de calibra-
ge d’une dimension d’un bloc de calibrage ; et à dé-
terminer la différence entre la première mesure de
calibrage et la dimension du bloc de calibrage, et
dans lequel A consiste en outre à utiliser la machine
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de mesure de coordonnées (10) pour effectuer une
pluralité de mesures de calibrage, notamment au
moins une mesure de calibrage pour chaque dimen-
sion d’une pluralité de dimensions du bloc de
calibrage ; et à déterminer une différence moyenne
entre les mesures de calibrage et les dimensions du
bloc de calibrage.

3. Procédé selon la revendication 2, dans lequel cha-
que dimension du bloc de calibrage est alignée pra-
tiquement en parallèle au premier rail de guidage
(22) de la machine de mesure de coordonnées (10).

4. Procédé selon la revendication 1, dans lequel :

A consiste à effectuer une mesure d’erreur
d’hystérésis à hauteur d’une première distance
de calibrage de l’échelle (26) ;
la première distance du chariot (30) de l’échelle
(26) diffère de la deuxième distance du chariot
(30) de l’échelle (26), créant de ce fait une dis-
tance moyenne ; et
D consiste à déterminer la distance entre la pre-
mière position du pont et la deuxième position
du pont d’après un rapport de la distance
moyenne à la première distance d’étalonnage.

5. Procédé selon la revendication 4, dans lequel la dis-
tance moyenne n’est pas explicitement calculée.

6. Procédé selon la revendication 1, dans lequel la pre-
mière distance du chariot (30) de l’échelle (26) est
identique à la deuxième distance du chariot (30) de
l’échelle (26).

7. Procédé selon la revendication 6, dans lequel D con-
siste à :

attribuer la première lecture de l’échelle à
l’échelle (26) :

mathématiquement construire une échelle
fantôme à une distance de l’échelle (26) ;
attribuer la deuxième lecture de l’échelle à
l’échelle fantôme ;
appliquer une valeur de compensation
d’hystérésis à l’une des lectures de l’échelle
et de l’échelle fantôme ; et
interpoler la lecture de l’échelle et la lecture
de l’échelle fantôme d’près la première dis-
tance du chariot (30) de l’échelle (26) pour
déterminer la distance entre la première po-
sition du pont et la deuxième position du
pont.

8. Procédé selon la revendication 1, dans lequel le
deuxième rail de guidage (24) ne comprend pas
d’échelle.

9. Procédé selon la revendication 1, dans lequel la pre-
mière lecture de l’échelle et la deuxième lecture de
l’échelle sont toutes deux relevées dans un plan pa-
rallèle à la table (14).

10. Procédé selon la revendication 1, dans lequel A con-
siste à recevoir des données de précédentes mesu-
res de calibrage.

11. Procédé selon la revendication 1, dans lequel la pre-
mière direction du déplacement du pont est opposée
au sens de direction de la deuxième direction du
déplacement du pont.

12. Procédé selon la revendication 1, dans lequel D con-
siste à inférer l’une des première et deuxième direc-
tions d’après l’autre direction des première et deuxiè-
me directions.

13. Procédé selon la revendication 1, dans lequel D con-
siste à :

calculer la différence entre la première lecture
de l’échelle et la deuxième lecture de l’échelle
pour déterminer une valeur non ajustée de la
distance entre la première position du pont et la
deuxième position du pont ; et
ajuster la valeur non ajustée de la distance entre
la première position du pont et la deuxième po-
sition du pont pour tenir compte de l’erreur d’hys-
térésis.

14. Procédé selon la revendication 1, dans lequel la ma-
chine de mesure de coordonnées (10) est une ma-
chine de mesure de coordonnées de type à portique.

15. Procédé selon la revendication 1, dans lequel la ma-
chine de mesure de coordonnées (10) est une ma-
chine de mesure de coordonnées horizontale.

16. Procédé selon la revendication 1, dans lequel le pont
(20) est supporté de manière mobile sur les premier
et deuxième rails de guidage (22;24) par des paliers
mécaniques.

17. Procédé selon la revendication 16, dans lequel les
paliers mécaniques sont des paliers linéaires à re-
circulation de billes.

18. Machine de mesure de coordonnées (10),
comprenant :

une table (14) ;
un premier rail de guidage (22) associé à la table
(14) ;
un deuxième rail de guidage (24) associé à la
table (14) et parallèle au premier rail de guidage
(22) ;
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un pont (20) en suspension entre le premier et
le deuxième rails de guidage (22;24) ;
des paliers mécaniques supportant de façon
mobile le pont (20) sur les premier et le deuxiè-
me rails de guidage (22;24) ;
un élément d’entraînement (34) associé au pre-
mier rail de guidage (22) pour entraîner le pont
(20) ;
un chariot (30) monté sur le pont (20) ;
une sonde (18) montée sur le chariot (30) ; et
une seule échelle (26) fonctionnelle permettant
de relever des lectures de l’échelle de la position
du pont (20) le long des rails de guidage (22;24) ;
et

un ensemble d’instructions qui, suite à leur exécution
par un ordinateur, ordonnent l’ordinateur d’appliquer
un procédé consistant à :

A :
obtenir une donnée d’erreur d’hystérésis soit :
(a) à l’aide de la machine de mesure de coor-
données (10) pour effectuer une première me-
sure de calibrage d’une dimension d’un bloc de
calibrage et déterminer la différence entre la pre-
mière mesure de calibrage et la dimension du
bloc de calibrage, soit (b) à l’aide de la machine
de mesure de coordonnées (10) pour effectuer
une première mesure de calibrage d’une dimen-
sion d’une fente de calibrage ; et déterminer la
différence entre la première mesure de calibra-
ge et la dimension de la fente de calibrage.
B :
déplacer le pont (20) dans une première direc-
tion et relever une première lecture de l’échelle,
à hauteur d’une première position, le chariot (30)
étant situé à une première distance de
l’échelle(26) ;
C : déplacer le pont (20) dans une deuxième
direction et relever une deuxième lecture de
l’échelle (26), à hauteur d’une deuxième posi-
tion, le chariot (30) étant situé à une deuxième
distance de l’échelle (26) ; et
D :
déterminer une valeur d’une mesure de l’élé-
ment de la pièce en déterminant une distance
entre la première position du pont et la deuxième
position du pont d’après au moins la première
lecture de l’échelle, la deuxième lecture de
l’échelle, la première distance, la deuxième dis-
tance, la première direction , la deuxième direc-
tion, et la donnée d’erreur d’hystérésis.

19. Machine de mesure de coordonnées (10) selon la
revendication 18, dans lequel l’échelle (26) est po-
sitionnée le long du premier rail de guidage (22).

20. Machine de mesure de coordonnées (10) selon la

revendication 18, dans lequel l’échelle (26) est po-
sitionnée le long du deuxième rail de guidage (22).

21. Machine de mesure de coordonnées (10) selon la
revendication 20, dans lequel l’élément d’entraîne-
ment (34) associé au premier rail de guidage (22)
est l’unique élément d’entraînement à entraîner le
pont (20).

22. Machine de mesure de coordonnées (10) selon la
revendication 18, dans lequel la première direction
est opposée au sens de direction de la deuxième
direction.

23. Machine de mesure de coordonnées (10) selon la
revendication 18, dans lequel la machine de mesure
de coordonnées (10) est une machine de mesure de
coordonnées de type à portique.

24. Machine de mesure de coordonnées (10) selon la
revendication 18, dans lequel la première et la
deuxième distances sont identiques.
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