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(54) MACHINING DEVICE AND METHOD

(57) The invention relates to a machining device and
method. The machining device (100) comprises a ma-
chining tool (103), a support (101) configured for receiv-
ing a part (200) to be machined, and a control unit con-
figured for controlling at least one operating parameter
of the device (100). The device (100) comprises an in-
spection head (105) with at least one eddy current sensor
configured for producing eddy currents on the surface of

the part (200) during machining. The inspection head
(105) is connected to the control unit. The control unit is
configured for acting on at least one operating parameter
of the device (100) if it detects a variation of the eddy
current distribution obtained as a result of microstructural
changes on the surface of the part (200) greater than a
predetermined threshold value.
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Description

Technical field

[0001] The object of the present invention relates to a
machining device and method for machining parts, par-
ticularly applicable to the grinding of steel parts.
[0002] The machining device and method object of the
present invention allow obtaining parts with mechanical
properties adapted to the service parameters required
for the part, minimizing machining errors, and therefore
decreasing the number of parts that must be discarded
and/or disposed of after machining due to the appear-
ance of thermal damage comprising microstructural
changes, burns, white layer, cracks, etc., on the part.
[0003] The machining device and method object of the
present invention are applicable in the industry dedicated
to the manufacture of high-precision metal parts.

State of the art

[0004] In the manufacture of high-precision parts
which require very demanding dimensional tolerances
(such as crankshafts, camshafts, gears, etc.), a surface
machining step is required for correcting the dimensions
and the surface finish of the parts. One of these machin-
ing operations is the grinding of parts. To perform this
grinding, a machine comprising a support configured for
receiving a part to be machined and a rotary grinding
wheel to apply grinding is used. Therefore, once the part
to be ground is fixed on the support, a grinding wheel
with an abrasive surface is applied to the surface of the
part to be machined. The grinding wheel is rotated at a
certain rotational speed and, in turn, the part to be ma-
chined can also be subjected to a rotational speed.
[0005] In the machining operation, there are several
variables which affect the appearance of defects in the
part. One of the variables lies in the behavior of the grind-
ing wheel when it is subjected to wear, where flat faces,
resulting in the appearance of structural changes which
generate defects in the part, may be generated, for ex-
ample. There are other variables which affect the struc-
tural change of the part such as cooling, rotational speed
of the part, speed of cutting advancement of the grinding
wheel, etc.
[0006] Therefore, it is common for a type of defect
known as surface "burn" or grinding "burn" to appear in
part grinding operations, a common name assigned to
the thermal damage (metallurgical change) that may oc-
cur on the contact surface of the part due to the high
temperatures reached during the process. Grinding burn
can soften or harden the surface layers of the material
depending on the process parameters, significantly al-
tering the mechanical properties of the component. When
the temperature at the ground surface is higher than the
tempering temperature but lower than the austenitizing
temperature (Ac3), the microstructure undergoes a tem-
pering process, reducing surface hardness. This defect

is called grinding burn.
[0007] When surface defects appear on machined
parts due to grinding burn, the part must be discarded
and disposed of since it is no longer useful to fulfill the
specific purpose for which it was designed. Therefore, it
is important to detect the parts in which this grinding burn
has appeared because this discarding and disposal of
parts implies a significant economic cost for the precision
metal part manufacturing industry.
[0008] A technique known as "acid inspection" is often
used for detecting grinding burn. This technique consists
of the application of an acid on the surface of the ma-
chined part and subsequent surface examination. The
technique allows "revealing" defects characteristic of the
surface burn on the parts. This technique cannot be au-
tomated and depends on the subjectiveness and expe-
rience of the operator.
[0009] Another technique used for detecting grinding
burn is surface analysis by means of eddy currents. By
applying a variable magnetic field emitter, usually using
a "pencil" type probe, the surface of the machined part
is examined. The passage of alternating current through
the probe generates an alternating magnetic field which,
in the vicinity of a conductive material, induces eddy cur-
rents in the material. The presence of surface defects in
the material (cracks, pores, microstructural changes,
burns) causes a variation in the eddy current distribution
in the material. This variation produces a signal in the
eddy current equipment, in the probe itself, or in a receiv-
ing probe which in turn produces a signal in the equip-
ment interpreted as a surface defect indicator.
[0010] The use of pencil type probes is commonly ap-
plied in grinding operations in which the size of the width
of the grinding wheel and the inspection area of the pencil
type probe is similar. However, there is a greater chal-
lenge in the face grinding process given that the ground
surface covers a greater width, so performing inspection
with a pencil type sensor would not be sufficient to cover
the entire ground area. Likewise, another physical limi-
tation exists in the case of using several pencil type
probes for the inspection of an elevated area (similar to
that affected during grinding) given that the distance be-
tween the coils of each probe must ensure total coverage
of the ground surface, which is complex due to the phys-
ical dimensions of the pencil type probes and the resulting
signal processing. In addition, in the flat face grinding
process, burn can possibly be generated both in the inner
area of the component and in the outer area. Therefore,
it is necessary to control the entire ground area in real
time.
[0011] The operators in charge of the machining and
subsequent inspection of the parts attempt to learn from
the defective cases to modify the operating parameters
of the grinding machines so that they can anticipate and
try to avoid surface burn and disposal of the parts, wheth-
er by means of using the acid inspection technique or by
means of the eddy current technique. However, the pro-
posed changes are based solely on experience without
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there being any objective system on which to control the
part and process.
[0012] However, to this day, metal part machining op-
erations, and more specifically grinding operations, con-
stitute deeply experimental techniques that ultimately de-
pend heavily on the degree of expertise of the operators
handling the grinding machines. For this reason, it is dif-
ficult to predict the appearance of surface burn on ma-
chined parts, and it is therefore difficult to prevent the
appearance of said burn, as well as to predict the number
of parts that will end up being discarded as a result of
the appearance of said surface burn.

Object of the invention

[0013] In order to solve the aforementioned draw-
backs, the present invention relates to a machining de-
vice and method.
[0014] The machining device object of the present in-
vention comprises a machining tool for grinding parts (for
example, a grinding wheel), a support configured for re-
ceiving a part to be ground, and a control unit configured
for controlling at least one operating parameter of the
device.
[0015] The machining device object of the present in-
vention comprises, in a novel manner, an inspection head
with an eddy current sensor with at least one coil config-
ured for producing eddy currents on the surface of the
part during machining and for detecting a variation of the
eddy current distribution obtained as a result of micro-
structural changes on the surface of the part. The induc-
tion of eddy currents is controlled by the control unit of
the device which will be in charge of causing the passage
of an alternating current for inducing eddy currents on
the surface of the part.
[0016] The inspection head is connected to the control
unit of the device, with the control unit of the device being
configured for acting on at least one operating parameter
of the device in response to detecting a variation of the
eddy current distribution greater than a predetermined
threshold value. The electronics for eddy current induc-
tion and detection and the electronics for changing the
machining parameters of the device can be arranged to-
gether or independently.
[0017] When the variation of the eddy current distribu-
tion exceeds the mentioned predetermined threshold val-
ue, it may be indicative of the beginning of the appear-
ance of grinding burn in the part.
[0018] As a result of the machining device described
above, it is possible to detect the appearance of a grind-
ing burn in-process, i.e., during the part machining (grind-
ing) operation, and not only after the end of the machin-
ing. In other words, the device of the invention includes
in one and the same device both a grinding machine and
a burn detection device which allows said in-process in-
spection.
[0019] When a predetermined threshold value is ex-
ceeded, this detection allows the control unit of the ma-

chining device of the invention to act on at least one op-
erating parameter of the machining device during the ma-
chining itself without having to stop the machine, in order
to minimize and/or reverse the grinding burn effect that
may be appearing. In other words, said threshold value
anticipates the appearance of burns in the part, modifying
the parameters which change the operating conditions
to prevent burn completely or to allow burn with values
that do not affect the structural characteristics required
for the use of the part. Therefore, said threshold value is
considered a pre-burn safety factor which allows modi-
fying the parameters to prevent said burn.
[0020] According to a preferred embodiment of the ma-
chining device, the inspection head comprises a sensor
array (sensor with several coils) which allows covering a
larger inspection area controlling a larger surface with a
single sensor and reducing the inspection time. In par-
ticular, a sensor array in one and the same assembly
with several electronically controlled coils as a single unit.
This is particularly applicable when machining is per-
formed on a flat face of the part, given that the sensor
array can cover a maximum area of the flat face of the
part in order to detect possible irregularities indicative of
a grinding burn.
[0021] According to a design option, the inspection
head comprises a sensor array support end with a sur-
face in correspondence with the geometry of the part.
This arrangement allows the sensor array to be able to
adapt to the surface of the part, for example, to the cur-
vature of the axis of the part, and to thereby cover points
that may be inaccessible for inspection.
[0022] However, both machining and detection by
means of the inspection head can also be applied on a
curved (e.g., cylindrical) face instead of on a flat face of
a part to be machined.
[0023] Preferably, the machining device comprises
control means for controlling the separation distance be-
tween the inspection head and the part. This is particu-
larly useful given that the dimensions of the part (of its
surface) gradually change during the machining opera-
tion.
[0024] These control means for controlling the sepa-
ration distance between the inspection head and the part
may comprise a spring configured for ensuring a constant
distance between the inspection head and the surface
of the part.
[0025] The machining device may also comprise ap-
proaching means between the support for the part and
the machining tool.
[0026] As mentioned above, the control unit of the de-
vice is configured for acting on at least one operating
parameter of the device.
[0027] These operating parameters can be one or
more of the following:

- a rotational speed of the support for the part;
- a rotational speed of the machining tool;
- a speed of advancement of the tool towards the part.
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- a diamond coating on the machining tool;
- a dose of cooling fluid applied on the part, and;
- the approach or separation between the part and the

machining tool.

[0028] Other grinding variables which modify the
microstructure of the part can be included.
[0029] In an alternative embodiment, it is envisaged
that the control unit is configured to completely stop the
machining operation of the machining device in order to
effect a change of parameters that cannot be performed
during the process itself, such as the case of applying a
diamond coating on the surface of the machining tool, in
order to correct irregularities (e.g., flat faces on the sur-
face of the tool or grinding wheel) which may negatively
affect the part to be machined. This change of process
parameters could be carried out individually or together
with the variation of at least one of the aforementioned
parameters.
[0030] According to the invention, the approaching
means for moving the inspection head closer to the part
move in a guided manner on a machining guide corre-
sponding to the machining guide of the machining device,
for example, the guide of a grinding machine, such that
the sensor is moved closer to the part in a manner per-
pendicular to the surface to be machined during machin-
ing inspection. A high precision is obtained without ex-
ternal elements such as pistons that are commonly used
in the known solutions, the positional repeatability of
which when transitioning to the inspection start position
is low due to the clearance generated throughout the
cycles.
[0031] For positioning the sensor, the part head guide
itself is used, which ensures a micrometric positioning
accuracy and a sensor-part parallelism tolerance of un-
der a hundredth. In this way, both the geometric position-
ing and the adjustment of the distance of the head with
the part, performed during startup, have a very high re-
peatability, favoring optimal operation of the head and
measurement reliability.
[0032] Additionally, said approaching means comprise
positioning means which position the sensor in the plane
perpendicular to the movement of the approaching
means. They allow for greater precision during inspec-
tion.
[0033] According to a feature of the invention, the sen-
sor of the inspection head is a sensor array covering a
maximum area corresponding to an area such that, with
the rotation of the part at each turn, the tool sweeps the
entire surface to be machined, with the surface to be
machined being a flat face of a part of revolution. Pref-
erably, this maximum area corresponds to the area cov-
ered by the grinding wheel on the flat face of the part,
i.e., in correspondence with the width of the surface be-
tween the outer diameter and the inner diameter of said
flat face.
[0034] As mentioned above, the present invention also
relates to a machining method (e.g., a grinding method

for grinding metal parts by means of a grinding wheel).
[0035] The machining method object of the present in-
vention comprises arranging a part on a support of a ma-
chining device, and machining a surface of the part by
means of a machining tool of the device.
[0036] The machining method object of the present in-
vention comprises in a novel manner:

- generating eddy currents on the surface of the part
being machined by means of an inspection head of
the device comprising an eddy current sensor, i.e.,
while the part is being ground, currents are induced
in the part by the control unit (electronics) which con-
trols the sensor and applies a variable magnetic field
to the sensor;

- detecting, by means of the inspection head, a vari-
ation of the eddy current distribution obtained as a
result of microstructural changes on the surface of
the part, and sending the values of said variation to
a control unit of the device, and;

- acting, by means of the control unit, on at least one
operating parameter of the device if it is detected
that the variation of the eddy current distribution ob-
tained as a result of microstructural changes on the
surface of the part exceeds a predetermined thresh-
old value.

[0037] This method allows an in-process inspection,
i.e., at the same time as the grinding of the part, and with
the advantage that by identifying the burn threshold val-
ue, it is possible to act immediately on the grinding pa-
rameters to prevent burn in the entire part. This therefore
entails time and material savings since no defective parts
are discarded.
[0038] The action performed by the control unit on at
least one operating parameter of the machining device
may comprise at least one of:

- reducing or increasing a rotational speed of the sup-
port for the part;

- reducing or increasing a rotational speed of the ma-
chining tool;

- reducing or increasing the speed of advancement of
the tool towards the part;

- increasing or reducing the flow rate of cooling fluid
applied to the part, and;

- causing the approach or separation between the part
and the machining tool through the approaching
means between the support and the machining tool.

[0039] Acting on other grinding variables which modify
the microstructure of the part can be included.
[0040] According to a possible embodiment of the ma-
chining method, when it is detected that the variation of
the eddy current distribution obtained as a result of micro-
structural changes on the surface of the part exceeds a
predetermined threshold value, the method comprises:
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- stopping a rotation of the machining tool and/or a
rotation of the support for the part;

- causing the separation between the part and the ma-
chining tool through the approaching means be-
tween the support and the machining tool;

- applying a diamond coating on a surface of the ma-
chining tool;

- causing the approach between the part and the ma-
chining tool through the approaching means be-
tween the support and the machining tool;

- optionally further modifying at least one of the afore-
mentioned parameters, and;

- resuming a rotation of the machining tool and/or a
rotation of the support for the part.

[0041] In this last embodiment, it is possible to stop the
machining device in order to act on grinding parameters
which require stopping the device, such as applying a
diamond coating. This type of action of applying a dia-
mond coating with the device stopped can be combined
with the simultaneous modification of another one of the
aforementioned parameters, and said change of param-
eters can even be carried out before or after stopping the
machine.
[0042] According to another aspect of the invention, in
order to detect when the predetermined threshold value
is exceeded, the machining method uses a sensor array
obtaining an eddy current distribution for the entire ma-
chining process of the part, with the eddy currents being
processed to be shown in a single image (by means of
C-Scan) representing the current distribution obtained
for the entire surface to be machined swept along the
maximum area covered by the sensor array as a function
of time. The data display obtained is therefore a color
map based on the position of the coils of the sensor array
over the course of the machining process, detecting
when the variation of the eddy current distribution ob-
tained exceeds the predetermined burn threshold value.
The C-scan image is intended to provide an uncompli-
cated visual representation of the process in order to pro-
vide the inspection result to the operator. To that end, it
uses a configurable color code to differentiate burn-free
zones from burned zones. In particular, a color code has
been defined and is shown in Figure 7 in gray scale to
view the inspection result. The light gray color represents
the burn-free areas, the dark gray color represents the
areas close to the threshold value, and the black color
represents the areas that have exceeded the threshold
value. In addition, the aforementioned representation al-
lows knowing the location of the burn in the part, linking
the coil number to its position in the part, which allows
different process parameters to be adjusted in order to
prevent the appearance of burn.

Description of the figures

[0043] The following figures have been included as
part of the explanation of at least one embodiment of the

invention.

Figure 1 shows a schematic perspective view of a
possible embodiment of the machining device object
of the invention, in which a part to be machined is
arranged.
Figure 2 shows a schematic side view of the machin-
ing device of Figure 1.
Figure 3 shows a schematic detail view of a possible
embodiment of the inspection head of the machining
device.
Figure 4 shows a graph of the evolution of the eddy
current signal over the course of a machining oper-
ation.
Figure 5 shows a block diagram of the machining
method of the invention.
Figure 6 shows a detail view of the positioning means
of the approaching means of the machining device
object of the invention.
Figure 7 shows a representation map (C-Scan) of
the distribution of eddy currents obtained over the
course of the process for grinding a flat face of a
machined part as a function of position.

Detailed description of the invention

[0044] As mentioned above, the present invention re-
lates to a machining device (100) and method.
[0045] Figure 1 and Figure 2 schematically show the
machining device (100).
[0046] The machining device (100) comprises a sup-
port (101) configured for receiving and fixing a part (200)
to be machined. The support (101) can be configured to
rotate by means of a motor (102) and to imprint a rotation
on the part (200) to be machined.
[0047] The device (100) comprises a machining tool
(103) which, for the practical example shown in the fig-
ures, is a grinding machine with a grinding wheel (103).
The machining tool (103) is configured to rotate such that
the part (200) is worn away by abrasion. A control unit
will be in charge of performing the machining according
to initial machining parameters previously determined for
the part (200) to be ground. This is the conventional meth-
od used in a grinding machine.
[0048] Moreover, the device (100) comprises an in-
spection head (105) arranged close to the support (101).
As can be seen in more detail in Figure 3, the inspection
head (105) comprises a fixing support or approaching
means (104) for the fixing thereof to the machine and
one or more magnetic field generators associated with
one or more sensors.
[0049] The detection head (105) has several coils for
generating eddy currents on the surface of the part (200).
These coils can be arranged or grouped according to
different configurations or alignments (or "arrays") for the
purpose of producing a specific eddy current configura-
tion on the part (200) to be inspected, such that the in-
spection is facilitated and the eddy current density is the
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most suitable for performing the inspection.
[0050] An inspection area (106) of the inspection head
(105) is shown shaded in Figure 3. This inspection area
(106) is the sensor array.
[0051] As can be seen, said shaded area correspond-
ing to the sensor array (106) covers, with a plurality of
coils, a maximum area which corresponds to the width
of the surface machined by the tool or grinding wheel
(103) between a maximum diameter and a minimum di-
ameter of the flat face of the part (200).
[0052] Therefore, during machining, the inspection
head (105) is configured for generating, with the sensor
array (106), a magnetic field directed towards a surface
of the part (200) such that the control unit controls the
electronics of the equipment to cause alternating current
to pass through the sensor array (106) such that it gen-
erates an alternating magnetic field which, in the vicinity
of the part (200), induces eddy currents on the surface
of said part (200) as it is made of a conductive material.
When there are microstructural variations such as burns,
cracks, pores, etc., they will be detected by the inspection
head (105) when the sensor array (106) detects a vari-
ation in the eddy current distribution in the material pro-
ducing a signal in the equipment.
[0053] Therefore, the machining device (100) can be
considered as the conjunction of a conventional machine
with an inspection device, such that it is possible to in-
spect the part (200) to detect burns therein at the same
time that the machining takes place (in-process).
[0054] As mentioned above, the control unit of the de-
vice (100) is configured for controlling one or more op-
erating parameters related to the machining of the part
(200). Said parameters being those involved in grinding
such as: a rotational speed of the machining tool (103),
a rotational speed of the support (200) for the part (101),
actuation of the approaching means, a speed of advance-
ment of the tool (103) towards the part (200), and flow
rate dosing of cooling fluid (e.g., coolant) on the surface
of the part (200).
[0055] The inspection head (105) is connected to the
control unit. The control unit is configured for receiving
and analyzing the signals coming from the inspection
head (105).
[0056] If the control unit detects that the signals coming
from the inspection head (105) indicate a variation of the
eddy current signal on the surface of the part (200) great-
er than a predetermined threshold, the control unit pro-
duces a first control action for controlling one or more
operating parameters of the device (100).
[0057] This threshold is determined through specific
tests forcing the excessive generation of burn in the part.
Another system to establish this limit is to use standard
parts with reference burns obtained by means of tech-
niques other than grinding, such as laser, for example.
[0058] This threshold value takes into account a safety
factor, whereby ensuring that the microstructure of the
part is not damaged and that the generation of burn is
anticipated.

[0059] The following strategies can be performed as
strategies adopted for determining said threshold value:

- In a first strategy, a standard part is defined by gen-
erating artificial burns with defined depth, using the
laser technique to that end.

[0060] The sensor is passed through the standard part
and the maximum voltage is determined. Then, if said
voltage or higher is obtained when inspecting the part
once it is ground, the value obtained during the in-process
inspection is considered the limit burn threshold.

- In another strategy, in-process inspections are per-
formed during consecutive grinding passes. Subse-
quently, the parts after each pass are inspected by
acids and the maximum voltage is established by
comparison. If that voltage or higher is obtained
when inspecting the part once it is ground, the value
obtained during the inspection is considered as the
limit burn threshold.

- Another novel strategy carried out is the strategy
which is performed by means of a continuous test,
accumulating wear on the grinding wheel. The max-
imum value of the current curve is sought and this
value is established as the in-process limit burn
threshold. Figure 4 shows a practical example of ob-
taining the limit burn threshold, depicting the curve
of the eddy current sensor, in which no burn occurs
in areas A and B, with a smaller amplitude of the
variations than in areas C and D in which burn does
occur. From this graph, it can be seen that the max-
imum voltage is V = 4 V, if a safety factor of 0.5 V is
applied thereto, Vthreshold = 3.5 V is obtained.

[0061] The limit burn threshold value is thereby ob-
tained, where other techniques of setting a threshold val-
ue that defines the limit of permissible microstructural
variations so that the burn does not influence the me-
chanical characteristics of the part (200) can be used.
[0062] Therefore, upon detecting that the signal com-
ing from the inspection head (105) indicates a value
greater than the predetermined threshold, the control unit
acts during the machining process on one of the afore-
mentioned grinding parameters without stopping the ma-
chine.
[0063] Preferably, in order to detect when the variation
of the eddy current distribution obtained exceeds the pre-
determined threshold value, it is envisaged for the eddy
current distribution obtained by the sensor array (106) of
the inspection head (105) for the entire machining proc-
ess of the flat face of the part (200), to be processed and
represented in a single image, known as a C-Scan. This
image represents a map of current distribution obtained
for the entire surface to be machined swept along the
maximum area covered by the sensor array (106) as a
function of time, determining the time and position at
which the pre-burn microstructural change defined by the
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predetermined threshold value occurs. Figure 7 shows,
in a gray scale representation, the representation of the
grinding of the flat face of the part (200) up to the appear-
ance of burn, with the horizontal axis representing the
position as a function of the circumferential distance
traveled by the sensor array (106) and the vertical axis
representing the position of the values obtained between
the inner diameter and the outer diameter of the flat face
of the part. In this way, it can be seen how the burn starts
in the outer area of the part in the area shaded with a
darker gray, such that, during the grinding process, when
a threshold value is detected prior to the appearance of
said burn, the control unit performs the corresponding
changes of parameters.
[0064] Eventually, the control unit may stop the ma-
chining operation completely. This may occur, for exam-
ple, for the purpose of performing a parameter change
operation which requires stopping the machine, such as
applying a diamond coating on the machining tool (103),
in order to improve and/or correct the surface character-
istics of the machining tool (103) (e.g., to eliminate flat
faces that may have appeared on the surface of the ma-
chining tool (103) and that could damage the surface of
the part (200) during machining).
[0065] According to a design option as shown in Figure
3, the inspection head (105) may comprise a support end
(107) for the sensor array (106) with a surface configured
for adapting to an axis of the part (200) to be machined,
in this case a curved surface in correspondence with the
axis of the part (200), such that the sensor covers the
entire flat surface. This flat surface corresponds to the
maximum area of the width of the part (200) covered by
the grinding wheel (103), such that the entire surface to
be machined is swept at each turn.
[0066] The device (100) also comprises control means
for controlling the separation distance between the in-
spection head (105) and the part (200). These control
means for controlling the separation distance between
the inspection head (105) and the part (200) may consist
of a spring (not depicted) which allows maintaining a con-
stant distance of the inspection head (105) with respect
to the surface of the part (200), taking into account the
dimensional variation (wear) that the surface of the part
(200) sustains during machining/grinding operations.
[0067] Furthermore, as can be seen in Figure 1, the
approaching means (104) serving as a support for the
inspection head (105) comprising the sensor array (106)
move in a guided manner on a guide (108) corresponding
to the machining guide of the grinding machine. This con-
figuration allows a high precision in the approach posi-
tioning of the sensor array (106) in the direction perpen-
dicular to the flat face to be machined of the part (200).
[0068] Additionally, for greater precision, as can be
seen in Figure 6 preferably, the approaching means com-
prise positioning means (109) preferably in the form of a
contact tip with a micrometric head with knurling, which
position the sensor array (106) in the plane perpendicular
to the guided movement of the approaching means (104).

It is envisaged that such a micrometric head with knurling
will allow the position to be quantified to centesimal ac-
curacy.
[0069] As can be seen in the block diagram of Figure
5, the machining method of the invention is exemplified,
in which it can be schematically seen how the device
(100) is made up of both a machining system and an
inspection system. First, machining parameters are used
for performing the grinding process carried out by the
process electronics of the control unit, and at the same
time an in-process inspection is performed by means of
the inspection electronics of the control unit. If the value
obtained in the inspection exceeds the predetermined
threshold value, the control unit will modify the operating
parameters by establishing new parameters which pre-
vent burns. If, on the contrary, the detected value is less
than the threshold value predetermined as the burn limit,
the grinding process continues.
[0070] In this way, this machining process successfully
reduces production times and prevents the disposal of
parts by preventing burns during the grinding process
itself which could result in defective parts.

Claims

1. A machining device (100) comprising a machining
tool (103), a support (101) configured for receiving
a part (200) to be machined, and a control unit con-
figured for controlling at least one operating param-
eter of the device (100), characterized in that it
comprises an inspection head (105) with an eddy
current sensor with at least one coil configured for
producing eddy currents on the surface of the part
(200) during machining, wherein the inspection head
(105) is connected to the control unit of the device
(100), the control unit of the device (100) being con-
figured for acting on at least one operating parameter
of the device (100) in response to detecting that a
signal coming from the inspection head (105) is in-
dicative of a variation of the eddy current distribution
obtained as a result of microstructural changes on
the surface of the part (200) greater than a prede-
termined threshold value.

2. The machining device (100) according to any of the
preceding claims, characterized in that the sensor
of the inspection head (105) is a sensor array (106).

3. The machining device (100) according to the pre-
ceding claim, characterized in that the inspection
head (105) comprises a support end (107) of the
sensor array (106) with a surface in correspondence
with the geometry of the part (200).

4. The machining device (100) according to any of the
preceding claims, characterized in that it compris-
es control means for controlling the separation dis-
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tance between the inspection head (105) and the
part (200).

5. The machining device (100) according to claim 4,
characterized in that the control means for control-
ling the separation distance between the inspection
head (105) and the part (200) comprise a spring con-
figured for ensuring a constant distance between the
inspection head (105) and the surface of the part
(200).

6. The machining device (100) according to any of the
preceding claims, characterized in that it compris-
es approaching means (104) between the support
(101) for the part (200) and the machining tool (103).

7. The machining device (100) according to any of the
preceding claims, characterized in that the control
unit of the device (100) is configured for acting on at
least one of the following operating parameters of
the device (100):

- a rotational speed of the support (101) for the
part (200);
- a rotational speed of the machining tool (103);
- a speed of advancement of the tool (103) to-
wards the part (200);
- a diamond coating on the machining tool (103);
- a dose of cooling fluid applied on the part (200),
and;
- an approach or separation between the part
(200) and the machining tool (103).

8. The machining device (100) according to claim 6,
characterized in that the approaching means (104)
of the inspection head (105) move in a guided man-
ner on a machining guide (108) of the machining
device (100) for moving the sensor closer to the part
(200) during machining inspection.

9. The machining device (100) according to the pre-
ceding claim, characterized in that the approaching
means (104) comprise positioning means (109)
which position the sensor in the plane perpendicular
to the movement of the approaching means (104).

10. The machining device (100) according to any of the
preceding claims, characterized in that the sensor
of the inspection head (105) is a sensor array (106)
covering a maximum area corresponding to an area
such that the tool (103) sweeps the entire surface to
be machined with the rotation of the part in each turn,
the surface to be machined being a flat face of a part
(200) of revolution.

11. The machining device (100) according to the pre-
ceding claim, characterized in that the machining
device (100) is a grinding machine which rotates the

part (200) for machining it, the machining tool (103)
being a rotary grinding wheel.

12. A machining method comprising arranging a part
(200) on a support (101) of a machining device (100),
and machining a surface of the part (200) by means
of a machining tool (103) of the device (100), char-
acterized in that it further comprises:

- generating, by means of an inspection head
(105) of the device (100), a density of eddy cur-
rents towards the surface of the part (200) being
machined;
- detecting, by means of the inspection head
(105), a variation of the eddy current distribution
obtained as a result of microstructural changes
on the surface of the part (200), and sending the
values of said variation to a control unit of the
device (100), and;
- acting, by means of the control unit, on at least
one operating parameter of the device (100) if
it is detected that the variation of the eddy current
distribution obtained as a result of microstruc-
tural changes on the surface of the part (200)
exceeds a predetermined threshold value.

13. The machining method according to claim 12, char-
acterized in that acting, by means of the control
unit, on at least one operating parameter of the ma-
chining device (100) comprises at least one of:

- reducing or increasing a rotational speed of the
support (101) of the part (200);
- reducing or increasing a rotational speed of the
machining tool (103);
- reducing or increasing the speed of advance-
ment of the tool (103) towards the part (200);
- increasing or reducing a dose of cooling fluid
applied on the part (200), and;
- causing the approach or separation between
the part (200) and the machining tool (103)
through the approaching means (104) between
the support (101) and the machining tool (103).

14. The machining method according to claim 12 or 13,
characterized in that, if it is detected that the vari-
ation of the eddy current distribution obtained as a
result of microstructural changes on the surface of
the part (200) exceeds a predetermined threshold
value, the method comprises:

- stopping a rotation of the machining tool (103)
and/or a rotation of the support (101) for the part;
- causing the separation between the part (200)
and the machining tool (103) through the ap-
proaching means (104) between the support
(101) and the machining tool (103);
- applying a diamond coating on a surface of the
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machining tool (103);
- causing the approach between the part (200)
and the machining tool (103) through the ap-
proaching means (104) between the support
(101) and the machining tool (103);
- optionally further modifying at least one of the
parameters of claim 13, and;
- resuming a rotation of the machining tool (103)
and/or a rotation of the support (101) to continue
machining the part.

15. The machining method according to any one of
claims 12 to 14, characterized in that a sensor array
(106) according to claim 10 is used and the eddy
current distribution obtained for the entire machining
process of the part (200) is processed and shown in
a single image representing the current distribution
obtained for the entire surface to be machined swept
along the maximum area covered by the sensor ar-
ray (106) as a function of time.
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