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Description

TECHNICAL FIELD

[0001] The present invention relates to a method of
compensating the measurement errors of a measuring
machine deriving from the deformations of the machine
bed caused by the load exerted by the workpiece to be
measured on the machine bed, as well as to a measuring
machine operating according to said method.

BACKGROUND ART

[0002] Asisknown, measuringmachines are generally
provided with a fixed base or machine bed and a mobile
unit designed to move a measuring head according to
co-ordinate axes with respect to the machine bed in a
measurement space located above the machine bed.
The mobile unit generally comprises a main carriage,
which is mobile along an axis that is longitudinal with
respect to the machine bed, and one or more carriages
carried by the main carriage, which are mobile along re-
spective co-ordinate axes.

[0003] The machine bed can be monolithic, for exam-
ple made of granite or cast iron, or else can comprise a
set of components rigidly fixed to one another to form a
substantially rigid structure. The machine bed generally
has two functions: supporting and constraining the work-
piece being measured, and defining a guide for the mo-
bile unit, and in particular for the main carriage of the
machine, along one of the co-ordinate axes of the ma-
chine.

[0004] Measuring machines of the aforesaid type are
generally provided with a system for compensation of
geometrical errors, i.e., of the measurement errors de-
pending upon the constructional defects of the machine
(for example, rectilinearity errors of the axes, defects of
orthogonality between the axes, etc.).

[0005] Current compensation techniques, of a strictly
geometrical nature, do not generally take into account
the measurement errors deriving from the elastic defor-
mations of the machine bed under the weight of the work-
piece to be measured. When the workpiece to be meas-
ured has a considerable weight (for example, in the case
of dies, engine parts, castings of large dimensions) said
errors may be non-negligible and jeopardize the accura-
cy of the machine.

[0006] DE-A-102 14 489 discloses a method of com-
pensating the measurement errors caused by deforma-
tions of a measuring machine bed under the load of a
workpiece, having the features ofthe preamble of claim 1.
[0007] A scope of the presentinvention is to device an
improved compensation method that allows the weight
of the workpiece, as well as its position and constraint
on the machine bed, to be taken into consideration in
order to calculate correction values.

[0008] The aforesaid purpose is achieved by a com-
pensation method according to Claim 1.
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[0009] The presentinvention likewise regards a meas-
uring machine operating according to said method as
defined in claim 12.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Forabetter understanding of the presentinven-
tion, described in what follows is a preferred embodiment,
provided by way of non-limiting example with reference
to the annexed drawings, wherein:

- Figure 1 is a schematic perspective view of a meas-
uring machine operating according to the method of
the present invention;

- Figure 2 is a schematic side view of the machine of
Figure 1, in the absence of load;

- Figure 3 is a schematic side view of the machine of
Figure 2, with a schematic representation of the ge-
ometrical variations induced by placing the work-
piece on the machine bed;

- Figure 4 is a graph illustrating the evolution of the
rotations of pitch and roll of a main carriage of the
machine according to the path of travel, in the pres-
ence of a load on the machine bed;

- Figure 5 is a schematic perspective view of the ma-
chine bed illustrating the deformations induced by
the weight of the workpiece;

- Figure 6 is a block diagram of a compensation
method ; and

- Figure 7 is a block diagram of a measurement meth-
od, which uses a corrected compensation map ob-
tained using the method of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0011] With reference to Figure 1, designated as a
whole by 1 is a portal measuring machine. It is at once
pointed out that the method forming the subject of the
present invention can be used for the compensation of
the errors of machines of different architecture, for ex-
ample with horizontal arm or pillars.

[0012] The machine 1 comprises a plane machine bed
2 provided with a horizontal working surface 3 designed
to support an object to be measured (not illustrated), and
a unit 4, which is mobile with respect to the machine bed
2 along co-ordinate axes.

[0013] The unit 4 comprises a main portal carriage 5
(in what follows, for reasons of brevity, "portal 5"), which
is mobile with respect to the machine bed 2 along a hor-
izontal axis Y. The portal 5 is provided with a pair of up-
rights 6 and 7 and a cross-member 8 extending between
the uprights 6 and 7 in a direction parallel to a horizontal
axis X and perpendicular to the axis Y.

[0014] The unit 4 moreover comprises a secondary
carriage 9, carried by the cross-member 8 and mobile on
the cross-member along the axis X, and a measurement
column 10, carried by the carriage 9 and mobile with re-
spect thereto along a vertical axis Z orthogonal to the
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axes Xand Y.

[0015] Mounted on a bottom end of the column 10,
possibly via a two-axes articulation device (not illustrat-
ed) is a touch probe 11.

[0016] The portal 5, the carriage 9, and the column 10
are mobile under the control of respective electric motors
(not illustrated), which are in turn controlled by a meas-
urement and control unit 12. The latter is connected to
position transducers (not illustrated) associated to the
machine axes and to the probe 11 so as to receive from
the latter signals for enabling acquisition of the instanta-
neous co-ordinates of the machine axes.

[0017] The machine 1 is equipped with a system for
compensation of geometrical errors that is in itself known.
Compensation is carried out on the basis of a stored map
13 determined in loadless conditions via a kinematic
model of the machine of a conventional type.

[0018] With reference to Figure 1, identified on the
working surface 3 is a fixed reference setting position
REF used for geometrical.compensation of the machine.
Defined moreover is a cartesian reference system xyz
with axes parallel to the axes X, Y, Z of the machine and
origin in the point REF.

[0019] The compensation map is obtained in a known
way, and hence not described in detail, by means detect-
ing the error parameters in points appropriately set at a
distance from one another along the axes x, y, z. For
each of the aforesaid points, differential measurements
of position are carried out with respect to the point REF,
for example via an interferometer, and differential meas-
urements of inclination, for example using a fixed incli-
nometer located in the point REF and an inclinometer
mounted on the mobile unit 4.

[0020] According to the presentinvention, an addition-
al compensation method is proposed that will moreover
enable determination of the effects of the deformation of
the machine bed 2 due to placing of the workpiece to be
measured on the machine bed. For metrological purpos-
es, said effects basically result in an alteration of the ge-
ometry of the axis Y, i.e., in variations of configuration of
the portal 5 as a function of its position along the path of
travel. Said variations are highlighted schematically from
a comparison of Figure 3, where the machine bed 2 is
loaded by a weight W, with Figure 2, where the machine
bed is not loaded.

[0021] The alterations of the geometry of the axis Y
are similar to the ones due to the geometrical errors of
the machine, which are included in the map 13 of geo-
metrical compensation of the machine 1, determined in
the absence of load. The variations of attitude due to the
weight, calculated for example using a finite-element nu-
meric simulation model, can thus be entered as additional
corrections in the existing compensation map.

[0022] In this way, compensation of the phenomenon
of deformation under examination can be obtained.
[0023] The numeric simulation can be implemented in
the machine, for example, in one of the following ways:
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* integration of a finite-element model and of the cor-
responding calculation program in the measurement
and control unit 12 of the machine 1; at each placing
of the workpiece, the calculating routine is set up
and run; and

* storage in the measurement and control unit 12 of
the machine 1 of a map containing data of deforma-
tion of the machine bed calculated previously once
and for all for a pre-defined set of load cases.

[0024] Described in what follows is an example of em-
bodiment of the second mode of implementation de-
scribed above.

[0025] On this hypothesis, it is assumed that the main
attitude variations of the portal 5, caused by the defor-
mation of the machine bed 2, are the rotations about the
horizontal axes (x and y), whilst the other components
are neglected. The compensation method is, however,
to be considered altogether general and applicable to
any component of the deformation.

[0026] The rotations about the axes x and vy, referred
to as pitch and roll, correspond to the ones considered
by the geometrical compensation commonly used, as de-
scribed above, and are understood with respect to the
reference system x, y, z, fixed with respect to the point
REF.

[0027] For a series of conditions of basic load on the
machine bed 2, using finite-element calculation, it is pos-
sible to create a map containing the values of the rota-
tions of pitch and roll of the portal 5 as a function of its
position along the path of travel.

[0028] Forexample, as basic load condition there may
be assumed the application of a unit vertical force F (e.g.,
1 kN) on a point of a grid aligned to the axes X, Y, of pre-
set pitch (e.g. 100 mm), lying on the working surface 3
(Figure 1). For each basic load condition, i.e., for each
point of application of the unit force belonging to the grid,
there are previously calculated, using the finite-element
method, the values of rotation of pitch and roll of the portal
5 as the position of the portal varies along its own path
of travel (i.e., as Y varies).

[0029] The graph of Figure 4 illustrates the evolution
of the rotations of pitch and roll of the portal 5 as Y varies,
for a given basic load condition.

[0030] Calculating the rotations of pitch and roll as the
position of the carriage varies for all the pre-defined basic
load conditions, it is possible to create a pre-defined de-
formation map 14 that is stored in the measurement and
control unit 12 of the machine 1 as being characteristic
of that given model of machine.

[0031] A real condition of load, corresponding to the
placing on the machine bed of a given workpiece to be
measured; will be defined by the set of the characteristics
that concur to determine the load transmitted to the ma-
chine bed in the case in point, namely:

- total weight of the workpiece and of the possible sup-
porting and fixing equipment;
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- position of the centroid of the total load; and
- mode of resting on the working surface (number and
position of the points or of the areas of resting).

[0032] The different positions of the resting points, of
the centroid, etc. are understood as co-ordinates with
respect to the reference system XY.

[0033] According to a preferred embodiment of the in-
vention, the method envisages a series of rules and as-
sumptions that will enable any condition of actual load to
be brought back to an equivalent condition that can be
represented using the basic loads.

[0034] Thestandardload conditionstakenintoaccount
can be, for example, the following:

a) resting on any three points with any position of
the centroid;

b) resting on four points at the vertices of a rectangle
oriented parallel to XY with any position of the cen-
troid;

c) resting on n points with a known load on each of
them;

d) resting distributed over a rectangular area orient-
ed parallel to XY and approximated by an integer
number of meshes of the grid, with any position of
the centroid; and

e) resting distributed uniformly over an area approx-
imated by an integer number of meshes of the grid.

[0035] Once the standard load conditions have been
defined, itis necessary to define the rules of interpolation
for transforming the configurations of standard load into
linear combinations of cases of basic load.

[0036] Said rules may, for example, be the following:

- in the case of a load concentrated on one resting
point, the load is decomposed into four forces ap-
plied on the vertices of the mesh of the grid contain-
ing the resting point, and calculated, for example, by
imposing for each mesh equilibrium to rotation and
absence of torsion with respect to two axes passing
through the point of application of the load and par-
allel to the sides of the mesh;

- inthe case of distributed resting (Figure 5), the total
load weighing on each mesh of the grid is calculated,
and said load is decomposed into four equal loads
applied on the vertices of the mesh.

[0037] Given any linear combination of cases of basic
load, it is possible to calculate the corresponding values
of rotation of pitch and roll of the main carriage operating
as follows:

e extraction from the deformation map of the pitch and
roll rotation values regarding each component of the
linear combination (case of basic load, with unit
force);

e proportioning on the basis of the effective value of
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the load; and
e sum of all the components to obtain the total effect.

[0038] The rotations thus calculated are used as cor-
rectioh (setting the sign appropriately) for updating the
geometrical compensation map of the machine and then
correcting the measurements carried out on the work-
piece.

[0039] The method is implemented as processing pro-
gram according to the block diagram of Figure 6.
[0040] A firstinput block 15 enables acquisition of the
data regarding the load configuration.

[0041] Said acquisition can be carried out by manual
input. In particular, the operator enters (by typing in from
a keyboard or via graphic interface) the data regarding
the load condition in the specific case:

- the total weight loaded on the machine bed: manual
input or else confirmation of a weight calculated au-
tomatically on the basis of the CAD solid model (if
available);

- theload configuration, chosen between the standard
ones available;

- according to the previous choice, the data necessary
for the calculation:

e co-ordinates of the resting points;

* limits Xand Y of the resting area (if rectangular);

¢ co-ordinates of the centroid of the load;

* meshes of the grid subjected to distributed load;

* load per resting point (in the case of n resting
points).

[0042] Alternatively, the step described above for ac-
quisition of the data can be automatic: during the step of
alignment prior to measurement, the points acquired by
the measuring machine can be used for determining the
position of the workpiece on the working surface for the
configurations b), d), e).

[0043] Control then passes to a subsequent process-
ing block 16, in which the load data are processed on the
basis of the rules described above for determining the
basic load conditions necessary for representation of the
standard load entered, as well as the coefficients of the
linear combination of the basic loads equivalent to the
standard load entered.

[0044] In asubsequentblock 17, the program extracts
from the pre-defined deformation map 14, for each basic
load condition, the errors of rotations of pitch and roll as
the position of the portal 5 varies.

[0045] Inblock 18, the values of correction to be made
to the geometrical compensation map are calculated as
linear combination of the errors of rotation determined in
block 17, on the basis of the coefficients determined in
block 16.

[0046] Finally, in block 19 the correction values are
used for correcting the geometrical compensation map
and thus calculating a corrected geometrical compensa-
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tion map, which depends not only upon the model of the
machine but also upon the specific condition of load, i.e.,
upon the workpiece measured and the conditions of con-
straint of the workpiece.

[0047] The set of the data entered and calculated dur-
ing the step of compensation can be stored for a subse-
quent re-use in the case of measurement of a similar
workpiece.

[0048] The machine 1 is now ready for execution of a
measurement cycle.

[0049] The block diagram of Figure 7 illustrates a pro-
cedure of measurement of a workpiece.

[0050] Fromameasurementblock 20, inwhich the ma-
chine 1 acquires the "raw" co-ordinates, i.e., the ones
not yet compensated and hence subject to errors of a
geometrical nature, control passes to a block 21, in which
the raw co-ordinates are compensated in a way similar
to what occurs in conventional machines but, according
to the present invention, via the corrected geometrical
compensation map.

[0051] Consequently, the measurements will be
purged of the negative effects of the phenomenon under
examination.

[0052] The "corrected" co-ordinates thus calculated
are stored in block 22.

[0053] At the end of the measurement, the operator
can conveniently choose (block 23) whether to maintain
the corrected map active, for measuring another work-
piece of the same type, or else return to the previous
situation (block 24 for reset of the compensation map).

[0054] Since the positions of the workpiece on the
working surface and the possible modes of resting are
theoretically infinite, the method can comprise, as inte-
gration of what has been described, the indication of
guidelines for placing the workpiece, so as to render the
actual working conditions as close as possible to the ones
considered in the theoretical model, upon which the com-
pensation is based.

[0055] From an examination of the characteristics of
the compensation method described, the advantages
that it affords are evident.

[0056] In particular, in addition to the usual geometrical
compensation, also the geometrical errors induced by
the deformation of the machine bed as a result of the
load of the workpiece are compensated. This makes it
possible to take into account, in the compensation, both
the weight of the workpiece and the conditions of con-
straint thereof on the machine bed.

[0057] In particular, even though the method has been
described with reference to a portal machine, it is alto-
gether general and can be applied to machines of any
type, even non-cartesian ones.

[0058] Furthermore, eventhoughthe method hasbeen
described with reference to the compensation of the er-
rors of rotation of the portal, it can be extended to the
correction of any geometrical error induced by the load
of the workpiece.
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Claims

1. A method of compensating the measurement errors
of a measuring machine (1) deriving from the defor-
mations of a machine bed (2) of the machine (1)
caused by the load exerted by a workpiece to be
measured on the machine bed (2), comprising a first
acquisition step (15) in which data regarding the
weight of the workpiece and the conditions of con-
straint of the workpiece on the machine bed are ac-
quired and a second calculation step (16, 17, 18, 19)
in which correction values depending upon said data
are calculated,
characterized in that:

said first step (15) comprises selecting a stand-
ard load condition from among a plurality of
standard load conditions; and

said second step comprises the steps of trans-
forming the selected standard load condition in-
to linear combinations of cases of basicload and
calculating values correlated to the deformation
of the machine bed (2) under the load of the
workpiece as a linear combination of corre-
sponding values resulting from predetermined
basic load conditions .

2. The method according to Claim 1, characterized in
that said second step comprises the step (18) of
calculating correction data for correcting a previously
stored geometrical compensation map (13).

3. The method according to Claim 1 or 2, character-
ized in that the predetermined load conditions are
defined by applying a pre-set load (F) in respective
pre-set points of a working surface (3) of said ma-
chine bed (2).

4. The method according to Claim 3, characterized in
that said pre-set points define a grid on a working
surface (3) of said machine bed (2).

5. The method according to Claim 1, characterized in
that said standard load conditions comprise at least
a condition of resting on three points.

6. The method according to Claim 1, characterized in
that said standard load conditions comprise at least
a condition of resting on four points at the vertices
of a rectangle oriented parallel to two co-ordinate
axes (X, Y) of the working surface (3).

7. The method according to Claim 1, characterized in
that said standard load conditions comprise at least
a condition of resting on n points with a known load
on each of them.

8. The method according to Claim 5, characterized in
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that said standard load conditions comprise at least
a condition of resting distributed over a rectangular
area oriented parallel to two co-ordinate axes (X, Y)
of the working surface (3) and approximated with an
integer number of meshes of the grid.

The method according to Claim 5, characterized in
that said standard load conditions comprise at least
one condition of resting distributed uniformly over an
area approximated with an integer number of mesh-
es of said grid.

The method according to any one of the preceding
claims, characterized in that said correction values
are calculated on the basis of a simplified model of
the machine that takes into account a reduced
number of error components.

The method according to any one of Claims 3 to 9
for compensation of the errors in a cartesian meas-
uring machine comprising a main carriage (5) mobile
with respect to said working surface along a first axis
(Y), and at least one second carriage (9) carried by
said main carriage (5) and mobile with respect to this
along a second axis (X) orthogonal to the first axis
(Y) and parallel to said working surface (3), charac-
terized in that said correction values are calculated
on the basis of a simplified model of the machine
that takes into account only the rotations of said main
carriage (5) about said axes (X, Y).

A measuring machine comprising a machine bed (2)
and a mobile unit (4) for moving a measurement sen-
sor (11) with respect to said machine bed (2), char-
acterized by comprising a compensating system for
compensating the measurement errors deriving from
the deformations of the machine bed caused by the
load exerted by the workpiece to be measured on
the machine bed, the compensating system operat-
ing according to the method of any one of the pre-
ceding claims.

Patentanspriiche

1.

Verfahren zum Kompensieren der Messfehler einer
Messmaschine (1), die sich durch die Verformungen
eines Maschinenbetts (2) der Maschine (1) ergeben,
die durch die Last verursacht werden, die durch ein
zu messendes Werkstlick auf das Maschinenbett (2)
ausgeulbt wird, umfassend einen ersten Erfassungs-
schritt (15), bei dem Daten bezlglich des Gewichts
des Werkstiicks und der Auflagebedingungen des
Werkstlicks auf dem Maschinenbett erfasst werden,
und einen zweiten Berechnungsschritt (16, 17, 18,
19), bei dem Korrekturwerte in Abhangigkeit von die-
sen Daten berechnet werden,

dadurch gekennzeichnet, dass
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der erste Schritt (15) das Auswahlen eines Standard-
Belastungszustands aus einer Vielzahl von Stan-
dard-Belastungszustanden umfasst; und

der zweite Schritt folgende Schritte umfasst: Um-
wandeln des ausgewahlten Standard-Belastungs-
zustands in Linearkombinationen von Grundbela-
stungsfallen, und Berechnen von Werten, die mit der
Verformung des Maschinenbetts (2) unter der Last
des Werkstlicks korrelieren, als Linearkombination
von entsprechenden Werten, die aus vorbestimmten
Grundbelastungszustanden resultieren.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass der zweite Schritt den Schritt (18)
des Berechnens von Korrekturdaten zum Korrigie-
ren einer vorab gespeicherten Karte zur geometri-
schen Kompensation (13) umfasst.

Verfahren nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass die vorbestimmten Bela-
stungszustande definiert werden, indem eine vorein-
gestellte Belastung (F) auf jeweilige voreingestellte
Punkte einer Arbeitsflaiche (3) des Maschinenbetts
(2) ausgeubt wird.

Verfahren nach Anspruch 3, dadurch gekenn-
zeichnet, dass die voreingestellten Punkte ein Git-
ter auf einer Arbeitsflache (3) des Maschinenbetts
(2) definieren.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Standard-Belastungszustande
mindestens einen Zustand der Auflage auf drei
Punkten umfassen.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Standard-Belastungszustande
mindestens einen Zustand der Auflage auf vier
Punkten an den Scheitelpunkten eines Rechtecks
umfassen, das parallel zu zwei Koordinatenachsen
(X, Y) der Arbeitsflache (3) ausgerichtet ist.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Standard-Belastungszustande
mindestens einen Zustand der Auflage auf n Punk-
ten mit einer bekannten Belastung auf jedem von
ihnen umfasst.

Verfahren nach Anspruch 5, dadurch gekenn-
zeichnet, dass die Standard-Belastungszustande
mindestens einen Zustand der Auflage umfassen,
die Uber einen rechteckigen Bereich verteilt ist, der
parallel zu zwei Koordinatenachsen (X, Y) der Ar-
beitsflache (3) ausgerichtet ist und anndhernd einer
ganzen Zahl von Maschen des Gitters entspricht.

Verfahren nach Anspruch 5, dadurch gekenn-
zeichnet, dass die Standard-Belastungszustande
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mindestens einen Zustand der Auflage umfassen,
die gleichmaRig uber einen Bereich verteilt ist, der
annahernd einer ganzen Zahl von Maschen des Git-
ters entspricht.

Verfahren nach einem der vorhergehenden Ansprii-
che, dadurch gekennzeichnet, dass die Korrektur-
werte auf der Basis eines vereinfachten Modells der
Maschine berechnet werden, das eine reduzierte
Anzahl von Fehlerkomponenten beriicksichtigt.

Verfahren nach einem der Anspriiche 3 bis 9 zum
Kompensieren der Fehler in einer kartesischen
Messmaschine, umfassend einen Hauptschlitten
(5), der in Bezug auf die Arbeitsflache entlang einer
ersten Achse (Y) beweglich ist, und mindestens ei-
nen zweiten Schlitten (9), der durch den Hauptschlit-
ten (5) getragen wird und in Bezug auf diesen entlang
einer zweiten Achse (X) beweglich ist, die rechtwink-
ligzurersten Achse (Y) und parallel zur Arbeitsflache
(3) ist, dadurch gekennzeichnet, dass die Korrek-
turwerte auf der Basis eines vereinfachten Modells
der Maschine berechnet werden, das nur die Dre-
hungen des Hauptschlittens (5) um die Achsen (X,
Y) berucksichtigt.

Messmaschine, umfassend ein Maschinenbett (2)
und eine bewegliche Einheit (4) zum Bewegen eines
Messsensors (11) in Bezug auf das Maschinenbett
(2), dadurch gekennzeichnet, dass sie ein Kom-
pensationssystem zum Kompensieren der Messfeh-
ler umfasst, die sich aus den Verformungen des Ma-
schinenbetts ergeben, die durch die Last verursacht
werden, die durch das zu messende Werkstlick auf
das Maschinenbett ausgelibt wird, wobei das Kom-
pensationssystem gemafl dem Verfahren nach ei-
nem der vorhergehenden Anspriiche arbeitet.

Revendications

Procédé de compensation des erreurs de mesure
d’'une machine de mesure (1) découlant des défor-
mations d’un banc de machine (2) de la machine (1)
provoquées par la charge exercée par une piece usi-
née devant étre mesurée sur le banc de machine
(2), comprenant une premiére étape d’acquisition
(15) au cours de laquelle des données concernant
le poids de la piece usinée et les conditions de con-
trainte de la piéce usinée sur le banc de machine (2)
sont acquises et une seconde étape de calcul (16,
17, 18, 19) au cours de laquelle des valeurs de cor-
rection dépendantes desdites données sont calcu-
lées,

caractérisé en ce que :

ladite premiére étape (15) comprend la sélection
d’'une condition de charge standard parmi une
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pluralité de conditions de charge standard ; et
ladite seconde étape comprend les étapes con-
sistant a transformer la condition de charge
standard choisie en des combinaisons linéaires
de cas de charge de base et a calculer des va-
leurs corrélées a la déformation du banc de ma-
chine (2) sous la charge de la piece usinée com-
me étant une combinaison linéaire de valeurs
correspondantes résultant des conditions de
charge de base prédéterminées.

Procédé selon larevendication 1, caractérisé en ce
que ladite seconde étape comprend I'étape (18) de
calcul de données correctives destinées a corriger
une carte de compensation géométrique préalable-
ment mémorisée (13).

Procédé selon la revendication 1 ou 2, caractérisé
en ce que les conditions de charge prédéterminées
sont définies en appliquant une charge prédéfinie
(F) en des points prédéfinis respectifs d’une surface
de travail (3) dudit banc de machine (2).

Procédé selon larevendication 3, caractérisé en ce
que lesdits points prédéfinis définissent une grille
sur une surface de travail (3) dudit banc de machine

(2).

Procédé selonlarevendication 1, caractérisé en ce
que lesdites conditions de charge standard com-
prennent au moins une condition d’appui sur trois
points.

Procédé selon larevendication 1, caractérisé en ce
que lesdites conditions de charge standard com-
prennent au moins une condition d’appui sur au
moins quatre points aux sommets d’un rectangle
orienté parallélement a deux axes de coordonnées
(X, Y) de la surface de travail (3).

Procédé selon larevendication 1, caractérisé en ce
que lesdites conditions de charge standard com-
prennent au moins une condition d’appui sur n
points, avec une charge connue sur chacun d’entre
€uX.

Procédé selon larevendication 5, caractérisé en ce
que lesdites conditions de charge standard com-
prennent au moins une condition d’appui réparti sur
une zone rectangulaire orientée parallélement a
deux axes de coordonnées (X, Y) de la surface de
travail (3) et estimée a l'aide d’'un nombre entier de
mailles de ladite grille.

Procédé selon larevendication 5, caractérisé en ce
que lesdites conditions de charge standard com-
prennent au moins une condition d’appui uniformé-
ment réparti sur une zone estimée a I'aide d’'un nom-
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bre entier de mailles de ladite grille.

Procédé selon I'une quelconque des revendications
précédentes, caractérisé en ce que lesdites va-
leurs de correction sont calculées sur la base d’un
modéle simplifié de la machine qui prend en compte
un nombre réduit de composantes d’erreur.

Procédé selon I'une quelconque des revendications
3 a 9 permettant la compensation des erreurs dans
une machine de mesure cartésienne comprenant un
chariot principal (5) mobile par rapport a ladite sur-
face de travail le long d’'un premier axe (Y), et au
moins un second chariot (9) porté par ledit chariot
principal (5) et mobile par rapport a celui-ci le long
d’un second axe (X) orthogonal au premier axe (Y)
et paralléle a ladite surface de travail (3), caractérisé
en ce que lesdites valeurs de correction sont calcu-
lées sur la base d’'un modéle simplifié de la machine
qui prend en compte uniquement les rotations dudit
chariot principal (5) autour desdits axes (X, Y).

Machine de mesure comprenant un banc de machi-
ne (2) et une unité mobile (4) permettant de déplacer
un capteur de mesure (11) par rapport au dit banc
de machine (2), caractérisé en ce qu’il comprend
un systéeme de compensation permettant de com-
penser les erreurs de mesure découlant des défor-
mations du banc de machine (2) provoquées par la
charge exercée par la piéce usinée devant étre me-
surée sur le banc de machine (2), le systeme de
compensation fonctionnantselonle procédé del'une
quelconque des revendications précédentes.
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Fig. 3

Fig. 2
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