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(54) METHOD FOR CALIBRATING A DRESSING SPINDLE OF A MACHINE TOOL

(57)  The present invention is related to a method for
calibrating a dressing spindle of a machine tool having a
main spindle arranged in a machine head and the dres-
sing spindle arranged in the machining area, wherein a
grinding tool can be mounted on the main spindle and a
dressing tool can be mounted on the dressing spindle and
the grinding tool and the dressing tool can be moved
relatively to each other for dressing the grinding tool by
the dressing tool. The method comprises the following
steps:

a. providing a test mandrel with an elongated body and a
seat;

b. mounting the test mandrel on the dressing spindle by
connecting the seat with the dressing spindle such that
the axial axis of the body is in parallel with the rotation axis
of the dressing spindle;

c. measuring a plurality of positions on the body by
contacting a measuring device with the body of the test
mandrel at the plurality of positons;

d. determining the tilt angle of the rotation axis of the
dressing spindle based on the measured plurality of
positions on the testmandrel by a processing unit, where-
in the tilt angle is the angulation of the rotation axis of the
dressing spindle with respect to the vertical direction;
e. mounting a calibration sphere having a connecting
portion and a jig on the top of the connecting portion
on the dressing spindle, wherein the calibration sphere is
concentrically arranged on the dressing spindle;

f. mounting a touch probe on the main spindle;

g. measuring a plurality of positions on the jig by con-
tacting the touch probe with the jig at the plurality of

positions;

h. determining the center position of the calibration
sphere in accordance with the measured plurality of
calibration sphere positions by the processing unit; and
i. determining by the processing unit the position of a
referencing point of the dressing spindle based on the
determined center position of the calibration sphere, the
tilt angle of the rotation axis of the dressing spindle and
the dimension of the calibration sphere, wherein the
referencing point is located at the center position on a
referencing surface of the dressing spindle.
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Description
FIELD OF THE INVENTION

[0001] The presentinvention is related to a method for
calibrating a dressing spindle of a machine tool.

BACKGROUND OF INVENTION

[0002] A grinding machine is a machine tool used for
grinding. This process is usually applied to machine the
workpieces to achieve high surface quality and high
accuracy of the shape. The machine tool for grinding
comprises a machine bed to hold the workpiece and a
spindle for receiving a grinding tool therein. The grinding
tool is the essential element to shape the workpiece by
removing the material from the workpiece. Since the
material of the workpiece is removed by abrasion, the
grinding tool must be conditioned regularly to restore its
original shape. Therefore, a dressing wheel is arranged
in the grinding machine tool close to the spindle for
reshaping the grinding tool. Proper dressing has a direct
impact on the quality of the machined part.

[0003] As forall machine tools, kinematic calibration of
the dressing wheel is essential. The position of the dres-
sing wheel must be accurately determined. Sometimes,
the dressing wheel is not arranged vertically in the ma-
chine tool. For example, inthe machine tool Mikron Mill S,
the rotation axis of the dressing wheel has an inclination
tothe vertical direction. As shownin the figures 3aand 3b,
the grinding tool must be dressed laterally to fulfill the
specification of the diameter and from the bottom to
reshape the front face of the grinding tool. If the dressing
spindle is mounted without inclination with Z axis, it is
difficult to reliably reshape the front surface of the grind-
ing tool. For this reason, the dressing spindle is mounted
at an angle to the Z axis. Thus, there is an angulation
between the rotation axis of the dressing wheel and the
vertical direction. The angulation is normally in the range
of 5to 20 degree. The angular orientation of the dressing
wheel makes difficult to measure its position precisely by
standard calibration procedure.

SUMMARY OF THE INVENTION

[0004] It is an objective of this invention to provide a
method for calibrating a dressing spindle of a machine
tool with improved calibration accuracy. It is a further
objective of the present invention to provide a method
for calibrating a dressing spindle of a machine tool with
simple instruments.

[0005] According to the present invention, these ob-
jectives are achieved through the features of indepen-
dent claims. In addition, further advantageous embodi-
ments follow from the dependent claims and the descrip-
tion.

[0006] In the present invention, a method for calibrat-
ing a dressing spindle of a machine tool is provided. The
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machine tool comprises a main spindle arranged in a
machine head and the dressing spindle arranged in the
machining area, wherein a grinding tool is mounted on
the main spindle and a dressing tool is mounted on the
dressing spindle. The grinding tool and the dressing tool
can be moved relatively to each other for dressing the
grinding tool by the dressing tool. The method comprises
the steps of: providing a test mandrel having an elon-
gated body and a seat; mounting the test mandrel on the
dressing spindle by connecting the seat with the dressing
spindle such that the axial axis of the body is in parallel
with the rotation axis of the dressing spindle; measuring a
plurality of positions on the body by contacting a measur-
ing device with the body of the test mandrel at the plurality
of positons; determining the tilt angle of the rotation axis
ofthe dressing spindle based on the measured plurality of
positions on the test mandrel by a processing unit, where-
in the tilt angle is the angulation of the rotation axis of the
dressing spindle with respect to the vertical direction;
mounting a touch probe on the main spindle; mounting
a calibration sphere having a connecting portion and a jig
on the top of the connecting portion on the dressing
spindle, wherein the calibration sphere is concentrically
arranged on the dressing spindle; measuring a plurality of
positions on the jig by contacting the touch probe with the
jig at the plurality of positions; determining the center
position of the calibration sphere in accordance with the
measured plurality of calibration sphere positions by the
processing unit; and determining the position of a refer-
encing point of the dressing spindle based on the deter-
mined center position of the calibration sphere, the tilt
angle of the rotation axis of the dressing spindle and the
dimension of the calibration sphere, wherein the referen-
cing point is located at the center position on a referen-
cing surface of the dressing spindle.

[0007] The machine tool may be a machine tool for
grinding or for milling and grinding. It comprises a ma-
chine table, a main spindle and a dressing spindle. A
workpiece can be mounted on the workpiece table which
is arranged on a machine table. The main spindle is
mounted on a machine head of the machine tool. A
grinding tool can be mounted on the main spindle for
grinding the workpiece. The machine tool comprises at
leastthree linear axes (X, Y, Z), by which the main spindle
and the machine table can be moved relatively to each
other. In particular, the machine tool comprises three
linear axes and at least two rotation axes.

[0008] The dressing spindle is integrated in the ma-
chine tool as well such that conditioning can be con-
ducted directly in the same machine tool without mount-
ing and dismounting the grinding tool to improve the
machining sufficiency. The dressing tool can be mounted
on the dressing spindle. When the grinding tool must be
conditioned, the grinding tool and the dressing tool can be
moved relatively to each other to position the grinding tool
to the required position in the proximity of the dressing
tool for conditioning. During conditioning, the main spin-
dle and the dressing spindle both rotate in the opposite
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direction or in the same direction and the grinding tool
gets in contact with the dressing tool to be conditioned.
[0009] Depending on the kinematic of the machine
tool, the dressing spindle has one or more linear axes.
For example, the main spindle can be moved in Y and Z
directions along with the machine head. The machine
table can be moved in X direction. The dressing spindle is
mounted on the machine table, in particular, on the side of
the machine table can also be moved in the X direction.
[0010] To enable a proper dressing of the grinding tool,
the rotation axis of the dressing tool must be slightly tilted
compared to the rotation axis of the main spindle holding
the grinding tool. Typically, the tilt angle is less than 20
degree.

[0011] In order to ensure an accurate final geometry of
the grinding tool resulting from the dressing process, the
position and the orientation of the rotation axis of the
dressing spindle must be accurately determined. The
determined position can be specified in the kinematic
model of the machine tool. Moreover, after disturbance of
the dressing spindle position e.g. exchange the dressing
spindle or after transport of the machine, a geometric
controlis required. This means that the exact position and
the tilt angle of the dressing spindle must be measured.
To measure this, a touch probe applied for standard
calibration can be used. However, the probing directly
on the dressing tool is generally not accurate enough due
to the tilt angle of the rotation axis of the dressing spindle.
Additionally, only a small contact surface is available on
the dressing tool for measurement by touch probe. This
also cause measurement errors. The present invention
provides a solution by replacing the dressing tool by
dedicated test mandrels and to follow a specific calibra-
tion procedure to precisely calibrate the dressing spindle.
A referencing point is defined on the dressing spindle.
The goal is to precisely determine the position of this
referencing point. Moreover, the calibration procedure
should be simple, as complicated calibration procedure is
time-consuming.

[0012] In afirst step, the tilt angulation of the dressing
spindle must be determined. The test mandrel having the
elongated body and the seat is applied. The seat is
designed to be easily and precisely mountable on the
dressing spindle. The test mandrel is designed and man-
ufactured in a way that in mounted state its axial axis is in
parallel with the rotation axis of the dressing spindle.
Therefore, if the tilt angulation of the body can be deter-
mined, the tilt angulation of the dressing spindle can be
simply derived. The measuring device is mounted on the
main spindle and moved to the proximity of the dressing
spindle. At least two positions, in particular, two positions
having different vertical position on the body are mea-
sured by the measuring device. The tilt angulation of the
body can be determined by applying the trigonometry.
[0013] The measuringdevice canbe atouch probe ora
dial indicator. The touch probe is a preferred variant,
because the measurements can be conducted automa-
tically. When the touch probe is applied, an automatic
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procedure can be programmed. The control unit controls
the main spindle to move the touch probe to several
defined positions of the machine tool and the measured
positions are automatically stored in the control unit of the
machine tool. Thus, the processing unit can be the control
unit of the machine tool.

[0014] In a further step, the center position of the
calibration sphere is determined. Thus, the test mandrel
is replaced by the calibration sphere. The touch probe is
controlled by the control unit of the machine tool to con-
tact multiple positions for the calculation. The positions of
the calibration sphere is measured by the touch probe
with a defined measurement sequence. The different
positions of the calibration sphere are produced by acti-
vating the main spindle movement to position the touch
probe to the defined positions. From the measured cali-
bration positions, the center position of the calibration
sphere can be determined.

[0015] The determined tilt angulation and the center
point of the calibration sphere are then input into the
processing unit, in particular the control unit of the ma-
chine tool. Additionally, the diameter of the jig and the
height of the calibration sphere are required for calcula-
tion of the position of the referencing point, thus these two
parameters are also input into the control unit of the
machine tool. The height of the calibration sphere pro-
vides the distance between the referencing point and the
center point of the calibration sphere.

[0016] In a preferred variant, the processing unit is the
control unit of the machine tool. Alternatively, the proces-
sing unit is arranged independently from the control unit
of the machine tool. The processing unit can be inte-
gratedinthe machine tool or at the outside of the machine
tool. The processing unit can communicate with the
control unit of the machine tool.

[0017] The method of the present invention can im-
prove the accuracy in terms of determining the position of
the rotation axis of the dressing tool. This again enables
more accurate dressing of the grinding tool.

[0018] In some variants, three-dimensional coordi-
nates are measured at all measuring positions.

[0019] In particular, the determined position of the
referencing pointis added into a kinematic compensation
model, in particular the determined referencing position
is automatically fed into the kinematic compensation
model. Preferably, the kinematic compensation model
is generated for calibration of the whole machine tool.
[0020] In order to further improve the measurement
precision, the calibration sphere is first applied for deter-
mining a primary center position of the sphere before
determining the tilt angulation of the dressing spindle.
Therefore, before mounting the test mandrel on the dres-
sing spindle, the calibration sphere is mounted on the
dressing spindle and the touch probe measures multiple
positions for calculating the primary center position of the
sphere. This can obtain a rough position for the angle
measurement by the test mandrel. In this variant, the
calibration sphere is applied twice before and after ap-
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plying the test mandrel.

[0021] The core of the presentinvention is to measure
areference point of the sphere as precise as possible and
measure the angle using test mandrel as precise as
possible. Having these two values and the known values
related to the calibration sphere, the reference position of
the dressing wheel can be calculated.

[0022] The presentinvention is related to a method for
grinding a worpiece by a machine tool having a main
spindle arranged in a machine head and a dressing
spindle arranged in the machining area. A grinding tool
can be mounted on the main spindle for grinding the
workpiece mounted on the machine table. A dressing
tool can be mounted on the dressing spindle and the
grinding tool and the dressing tool can be moved rela-
tively to each other for dressing the grinding tool by the
dressing tool. The rotation axis of the dressing spindle
has an inclination Ta to the vertical direction comprising
the steps of calibrating the dressing spindle according to
the calibration method of the present invention; dressing
the grinding tool by the dressing tool; and grinding the
workpiece by the dressed grinding tool.

[0023] The present invention is related to a machine
tool for grinding a workpiece comprising a main spindle
arranged in a machine head and a dressing spindle ar-
ranged in the machining area. A grinding tool can be
mounted on the main spindle for grinding the workpiece
mounted on the machine table. A dressing tool can be
mounted on the dressing spindle and the grinding tool
and the dressing tool can be moved relatively to each
other for dressing the grinding tool by the dressing tool,
wherein the rotation axis of the dressing spindle has an
inclination Ta to the vertical direction.

[0024] In particular, the machine tool includes a cali-
bration sphere and a test mandrel which can be mounted
on the dressing spindle for calibrating the dressing spin-
dle. The calibration sphere comprises a connecting por-
tion and a jig on the top of the connecting portion, wherein
the test mandrel comprises a seatand an elongated body
formed on the top of the seat.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] In the following, a more particular description of
the present invention is further described. The embodi-
ments are described and explained with details with
reference to accompanying drawings in which:

Fig. 1 illustrates a side view of a machine tool having
main spindle and dressing spindle;

Fig. 2 illustrates a side view of the machining area in
which the dressing spindle is mounted;

Fig.3a illustrates schematically dressing the side sur-
face of a grinding tool;

Fig.3b illustrates schematically dressing the bottom
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surface of the grinding tool;

Fig.4 illustrates a schematic view of the dressing
spindle;

Fig.5 illustrates schematically test mandrel having
an elongated body and a seat mounted on
the dressing spindle;

Fig.6 illustrates the trigonometry for calculation of tilt
angulation;

Fig.7 illustrates schematically a calibration sphere
having a jig and a supporting element
mounted on the dressing spindle; and

Fig.8 illustrates steps of the method of the present

invention.
EXEMPLARY EMBODIMENTS

[0026] Figure 1 illustrates a machine tool which is
applicable for grinding. In particular, the figure 1 shows
a machine tool for milling and grinding. The machine tool
1 has three linear axes X, Y and Z and two rotational axes
B and C. The machine tool comprises a machine table 2
which can be moved linearly along the axis X. The linear
movements along the Y and Z axes are conducted by the
machine head 4. A cradle 3 is mounted on the machine
table and can be rotated around the rotation axis B. The
cradle includes a workpiece table 6 for mounting a work-
piece thereon and the workpiece table is rotatable around
the second rotation axis C. Amain spindle 5is mountedin
the machine head for clamping different machining tools,
for example a grinding tool therein. A dressing spindle 10
is fixedly mounted on the machine table, so it is not
movable along with the workpiece table.

[0027] The figure 2 shows the arrangement of the
dressing spindle depicted in the figure 1. A fixture 11 is
mounted on the side surface of the machine table. The
dressing spindle is mounted on the top surface of the
fixture. On the top of the dressing spindle, a dressing tool
12 can be mounted for conditioning the grinding tool. As
depicted in figure 2, the rotation axis of the dressing
spindle 14 is not in parallel to Z direction, but having a
tilt angle Ta. The reason of the tilting is shown in the
figures 3a and 3b.

[0028] Inordertoreshapethegrindingtool, notonlythe
side surface 7a of the grinding tool but also the front
surface 7b of the grinding tool must be dressed. Figure 3a
shows schematically the state of dressing the side sur-
face of the grinding tool. Figure 3b shows schematically
the state of dressing the front surface of the grinding tool.
For dressing, the grinding tool is mounted on the main
spindle and moved closely to the dressing tool to be
contacted by the dressing tool. The dressing tool is fixed
mounted on the dressing spindle but rotates during the
dressing. It can be clearly seen that the dressing spindle



7 EP 4 491 329 A1 8

must have a tilt angle such that the bottom surface can
also be reached by the dressing tool.

[0029] Figure 4 shows a schematic view of the dressing
spindle 10 which comprises a dressing spindle body 13
and a tool interface 14. The tool interface serves as an
interface to clamp the dressing tool thereon and is located
on the top surface of the dressing spindle body. The
connecting surface of the spindle body 13 and the tool
interface is defined as a referencing surface FR. The
center point of the referencing surface is defined as a
referencing point R. The goal of the calibration is to
precisely determine the coordinate of this position and
the tiltangulation of the dressing spindle. The determined
values can be stored in the control unit of the machine tool
for calculating the movement of the main spindle for
dressing. The standard touch probe is only able to probe
in an X-Y workplane and in Z-axis. Due to the inclination
of the dressing spindle it is not possible to determine the
position of the referencing point by the standard touch
probe.

[0030] To determine the tilt angulation Ta of the dres-
sing spindle, the grinding tool mounted on the main
spindle is replaced by a touch probe 40 and the dressing
tool is replace by a test mandrel 30. As shown in figure 5,
the test mandrel comprises a sit 32 for clamping it on the
dressing spindle and an elongated body 31 on the seat.
The seat has a cylindrical body and in its inner side a
clamping interface is provided to be precisely mounted
on the dressing spindle. The clamping interface is de-
signed such that it can be coupled with the tool interface
of the spindle in a simple manner. In particular, in the
mounted state, the center axis of the test mandrelisin line
with the rotation axis of the dressing spindle. The touch
probe is controlled by the control unit of the machine tool
to contact the different positions on the body and deter-
mine the tilt angle based on the measured positions.
[0031] As shown in figure 5, the touch probe is posi-
tioned close to the body and controlled by the control unit
to contact for example the points Q1 and Q2 on the side
surface of the body. The coordinates of the measured
points Q1 and Q2, Q1(xqq, Ya1Zq1) @and Q2(Xqo Ya22q2)
are input into the control unit and the tilt angle of the
mandrel Ta can be calculated.

[0032] As shown in figure 6, the trigonometry must be
applied to calculate the tilt angulation Ta. The length ais
the distance of the measured positions in Z direction,
namely the difference of the two values of zo, and zq,.
The length b is the distance of measured positions in Y
direction, namely the difference of the two values of yq4
and yqp.

[0033] Inafurther step, a calibration sphere is applied.
The test mandrel is replaced by the calibration sphere
which comprise a connecting portion 22 for clampingiton
the dressing spindle and a jig 21 formed on the top of the
connecting portion. The connecting portion has a cylind-
rical body and is provided with a clamping interface to be
precisely mounted on the dressing spindle. In particular,
the center axis of the calibration sphere is in line with the
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rotation axis of the dressing spindle. The touch probe is
controlled by the control unit of the machine tool to con-
tact the different positions on the jig and determine the
center position of the jig based on the measured posi-
tions, namely the coordinates of the point P shown in the
figure 7. The distance A is known from manufacturing the
calibration sphere. The diameter of the jig B is also known
from manufacturing data. Since the coordinates of the
center point of jig P is determined, the coordinates of the
referencing point R can be determined by applying trigo-
nometry.

[0034] The figure 8 shows the sequences of the meth-
od of the present invention. In the step S1, a touch probe
is mounted on the main spindle. In the step S2, the
dressing spindle is replaced by a test mandrel. In the
step S3, the tilt angle of the rotation axis of the dressing
spindle is determined by contacting the touch probe with
the mandrel at a plurality of positions on the mandrel. In
the step S4, the test mandrel is replaced by a calibration
sphere. In the step S5, a plurality of positions on the
calibration sphere is measured by contacting the touch
probe with the calibration sphere at a plurality of positions
and the measured positions are recorded. In the step S6,
the center position of the calibration sphere is determined
based on the plurality of calibration sphere positions by a
processing unit. In the step S7, the center position of the
dressing spindle is determined based on the determined
center position of the calibration sphere, the tilt angle of
the rotation axis of the dressing spindle and the dimen-
sion of the touch probe.

LIST OF REFERENCES
[0035]

1 machine tool
2 machine table
3 cradle

4 machine head
5 main spindle

6 workpiece table

7 grinding tool

7a  side surface of grinding tool
7b  front surface of grinding tool
8 dressing tool

10  dressing spindle

11 fixture

13  dressing spindle body

14  tool interface

20  calibration sphere

21 jig

22  connecting portion

30 test mandrel

31 body of test mandrel

32 seat

40  touch probe
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Claims

A method for calibrating a dressing spindle (10) of a
machine tool (1) having a main spindle (4) arranged
in a machine head and the dressing spindle (10)
arranged in the machining area, wherein a grinding
tool can be mounted on the main spindle and a
dressing tool can be mounted on the dressing spin-
dle and the grinding tool and the dressing tool can be
moved relatively to each other for dressing the grind-
ing tool by the dressing tool, the method comprising:

a. providing a test mandrel (30) with an elon-
gated body (31) and a seat (32);

b. mounting the test mandrel on the dressing
spindle by connecting the seat with the dressing
spindle such that the axial axis of the body is in
parallel with the rotation axis of the dressing
spindle;

c. measuring a plurality of positions on the body
by contacting a measuring device with the body
of the test mandrel at the plurality of positons;
d. determining the tilt angle of the rotation axis of
the dressing spindle based on the measured
plurality of positions on the test mandrel by a
processing unit, wherein the tilt angle is the
angulation of the rotation axis of the dressing
spindle with respect to the vertical direction;

e. mounting a calibration sphere (20) having a
connecting portion (22) and a jig (21) on the top
of the connecting portion on the dressing spin-
dle, wherein the calibration sphere is concen-
trically arranged on the dressing spindle;

f. mounting a touch probe (40) on the main
spindle;

g. measuring a plurality of positions on the jig by
contacting the touch probe with the jig at the
plurality of positions;

h. determining the center position (P) of the
calibration sphere in accordance with the mea-
sured plurality of calibration sphere positions by
the processing unit; and

i. determining by the processing unit the position
of a referencing point (R) of the dressing spindle
based on the determined center position of the
calibration sphere, the tilt angle of the rotation
axis of the dressing spindle and the dimension of
the calibration sphere, wherein the referencing
point is located at the center position on a refer-
encing surface (FR) of the dressing spindle.

The method according to claim 1, wherein the mea-
suring device is a touch probe or a dial indicator.

The method according to claim 1 or 2, wherein three-
dimensional coordinates are measured at all mea-
suring positions.
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4.

10.

The method according to one of claims 1 to 3, where-
in the determined position of the referencing point is
added into a kinematic compensation model, in par-
ticular the determined referencing position is auto-
matically fed into the kinematic compensation mod-
el.

The method according to one of claims 1 to 4, where-
in the touch probe is controlled by a control unit of the
machine tool to conduct the measurement.

The method according to one of claims 1 to 5, where-
in the touch probe is calibrated before conducting the
measurement.

The method according to one of claims 1 to 6, where-
in the calibration sphere is first applied for determin-
ing a primary center position before mounting the
testmandrel onthe dressing spindle to determine the
tilt angulation of the dressing spindle.

The method according to one of claims 1 to 7, where-
in the height of the calibration sphere is considered
for determining the referencing point of the dressing
spindle.

A method for grinding a worpiece by a machine tool
having a main spindle (4) arranged in a machine
head and a dressing spindle (10) arranged in the
machining area, wherein a grinding tool can be
mounted on the main spindle for grinding the work-
piece mounted on the machine table, wherein a
dressing tool can be mounted on the dressing spin-
dle and the grinding tool and the dressing tool can be
moved relatively to each other for dressing the grind-
ing tool by the dressing tool, wherein the rotation axis
of the dressing spindle has an inclination Ta to the
vertical direction comprising:

a. calibrating the dressing spindle according to
one of claims 1 to 8;

b. dressing the grinding tool by the dressing tool;
and

c. grinding the workpiece by the dressed grind-
ing tool.

A machine tool (1) for grinding a workpiece compris-
ing a main spindle (4) arranged in a machine head
and a dressing spindle (10) arranged in the machin-
ing area, wherein a grinding tool can be mounted on
the main spindle for grinding the workpiece mounted
on the machine table, wherein a dressing tool can be
mounted on the dressing spindle and the grinding
tool and the dressing tool can be moved relatively to
each other for dressing the grinding tool by the
dressing tool, wherein the rotation axis of the dres-
sing spindle has an inclination Ta to the vertical
direction.
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12.
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The machine tool according to claim 10, wherein a
control unit is provided in the machine tool and
applied to conduct the steps according to claim 1.

The machine tool according to claim 10 or 11, where-
in the machine tool includes a calibration sphere and
atestmandrel which can be mounted on the dressing
spindle for calibrating the dressing spindle according
to claim 1, wherein the calibration sphere comprises
a connecting portion (22) and a jig (21) on the top of
the connecting portion, wherein the test mandrel (30)
comprises a seat (32) and an elongated body (31)
formed on the top of the seat.
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Fig. 3b
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