wO 2019/048832 A1 | IUH 0000 000000

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
14 March 2019 (14.03.2019)

(10) International Publication Number

WO 2019/048832 Al

WIPO I PCT

(51) International Patent Classification:
GO1B 11/02 (2006.01) GO1B 11/24 (2006.01)
GO1B 11/04 (2006.01)

(21) International Application Number:
PCT/GB2018/052472

(22) International Filing Date:
31 August 2018 (31.08.2018)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
17189504.8 05 September 2017 (05.09.2017) EP

(71) Applicant: RENISHAW PLC [GB/GB]; New Mills, Wot-
ton-under-Edge Gloucestershire GL12 8JR (GB).

(72) Inventors: LEE, William, Ernest; Renishaw PLC, New
Mills, Wotton-under-Edge Gloucestershire GL12 8JR
(GB). MAXTED, Paul; Renishaw PLC, New Mills, Wot-
ton-under-Edge Gloucestershire GL12 8JR (GB).

Agent: DUNN, Paul, Edward et al.; Renishaw PLC, Patent
Department, New Mills, Wotton-under-Edge Gloucester-
shire GL12 8JR (GB).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, [E, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

(54) Title: NON-CONTACT TOOL SETTING APPARATUS AND METHOD

(57) Abstract: A method and an apparatus are described for assessing the profile of a tool (50,
80, 170) using a non-contact tool setting apparatus (150) that comprises a transmitter (10) for
emitting a light beam (12; 152) and a receiver (14) for receiving the light beam. The receiver
(14) generates abeam intensity signal describing the intensity of received light. The non-contact
tool setting apparatus (150) is mounted to a coordinate positioning apparatus, such as a machine
tool, that allows the tool (50; 80; 170) to be moved relative to the non-contact tool setting
apparatus (150). The method comprises using the coordinate positioning apparatus to move the
tool (50, 80; 170) relative to the non-contact tool setting apparatus (150) along a tool inspection
path (56;88), the tool inspection path being selected so that the light beam is traced substantially
along a periphery of the tool (50; 80; 170) to be inspected. Beam intensity data is collected
describing the beam intensity signal that is generated by the receiver (14) as the tool inspection
path (56:88) is traversed and analysis of the collected beam intensity data is used to assess the
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NON-CONTACT TOOL SETTING APPARATUS AND METHOD

The present invention relates to non-contact tool setting apparatus for coordinate
positioning apparatus and particularly to an improved method and apparatus for

measuring the profile of a tool.

Break-beam tool setting devices for use on machine tools are known, for example
see US6496273. Tool setting apparatus of this type includes a light source which
generates a beam of light which is passed to a light detector. During a tool setting
operation, the machine tool is operated to move a tool into and out of the light beam.
Interruption of the light beam by the tool is detected by analysis of the detector
output signal and the apparatus generates a so-called “trigger signal” to indicate to
the associated machine tool that the light beam has been broken. Typically, this
trigger signal is issued when the light level reaches 50% of the “beam clear” state
(i.e. when 50% of the optical beam is blocked from reaching the detector). The
machine tool records the position of the tool relative to the tool setting device on
receipt of the “trigger signal” thereby allowing a single position on the tool edge to
be determined. This measurement move may be repeated multiple times to measure,
one by one, multiple different positions on the tool edge. This arrangement thus

allows tool size, such as the tool length and/or tool diameter, to be measured.

EP1587648 describes an alternative way of generating a “trigger signal” during a
measurement move in which a rotating or non-rotating tool is moved into or out of
a light beam. In particular, EP1587648 describes digitising a detector output signal
and identifying minima and/or maxima in the digitised data that correspond to one
or more teeth of the cutting tool entering and/or exiting the beam during the
measurement move. A digital processor determines, in real-time, whether the
minima/maxima conform to a curve of expected type and issues a trigger signal
only when such a fitted curve crosses a threshold. In this manner, it is possible to
measure the position of a single point on the tool during a measurement move into,
or out of them the light beam. For a stationary tool, the measured position is on the

edge that blocks the light beam. For a rotating tool having multiple cutting teeth
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that are rotated into and out of the beam, the measured position is on the cutting

edge having the largest diameter.

The above described tool setting devices thus allow the position of a point on the
edge of a tool to be established relatively quickly thus providing a measure of tool
length or tool diameter. It is also possible to measure the profile of a tool by
repeating the measurement move so as to measure multiple different points along
the edge of the tool, but such a process can be very time consuming (i.e. the tool
has to be moved into and out of the beam multiple times) and is typically considered
impractical. More details of such a prior art tool measurement process are described

below with reference to figure 9a.

According to a first aspect of the present invention, there is provided a method for
assessing the profile of a tool using a non-contact tool setting apparatus comprising
a transmitter for emitting a light beam and a receiver for receiving the light beam,
the receiver generating a beam intensity signal describing the intensity of received
light, the non-contact tool setting apparatus being mounted to a coordinate
positioning apparatus that allows the tool to be moved relative to the non-contact
tool setting apparatus, the method comprising the steps of;,

(1) using the coordinate positioning apparatus to move the tool relative to
the non-contact tool setting apparatus along a tool inspection path, the tool
inspection path being selected so that the light beam 1s traced substantially along a
periphery of the tool to be inspected,

(i1) collecting beam intensity data describing the beam intensity signal that
is generated by the receiver as the tool inspection path of step (i) is traversed, and

(iii) analysing the beam intensity data collected in step (ii) to assess the tool

profile.

The first aspect of the present invention thus relates to a method for assessing the
profile of a tool using a non-contact tool setting apparatus. The profile that is
assessed may be the shape, position or dimension(s) of one or more cutting features

of the tool. The non-contact tool setting apparatus comprises a break-beam type tool
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detection system in which a light beam (e.g. a laser beam) emitted from the
transmitter (e.g. by a laser diode of the transmitter) is passed through a region of
free space to the receiver. The receiver detects (e.g. using a photodiode) the received
light and generates a beam intensity signal describing the intensity of the received
light. The non-contact tool setting apparatus is mounted to a coordinate positioning
apparatus, such as a machine tool, that can be programmed to move the tool relative
to the non-contact tool setting apparatus. The relative motion may be imparted by

moving the tool and/or the non-contact tool setting apparatus.

The method of the present invention comprises a step (i) of using the coordinate
positioning apparatus to impart relative motion between the light beam and the tool
to define a tool inspection path. In particular, step (1) comprises moving the tool
relative to the non-contact tool setting apparatus so that the light beam is traced
along a periphery of the tool. The coordinate positioning apparatus is thus arranged
to move the light beam along a tool inspection path that causes the light beam to be
scanned along a periphery of the tool. In other words, the tool inspection path is
selected so that the light beam is moved in a direction that is approximately
tangential to the periphery of the tool. This should be contrasted to the prior art
techniques described above in which the tool is moved into or out of the light beam
(i.e. in a direction substantially perpendicular to the edge of the tool) to acquire a

measurement point.

For a non-rotating (stationary) tool the periphery of the tool is simply the edge of
the tool that is to be inspected. If the tool is rotating, the tool inspection path is set
to trace the light beam along the outermost extent of the multiple edges of the
rotating tool. The motion that traces the light beam along the periphery of the tool
is thus performed in addition to any rotary tool motion (e.g. rotation of the tool
about its longitudinal axis) that also causes different parts of the tool circumference
to be rotated into and out of the light beam. The motion that traces the light beam
along the periphery of the tool is preferably only linear (translational) motion and
does not include any rotational motion. In other words, the tool inspection path

preferably defines only linear motion (e.g. motion along mutually orthogonal x, y
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and/or z axes) of the tool relative to the light beam. The tool inspection path may,
depending on the shape of the tool, be a straight line and/or it may include one or
more curved sections to follow the periphery of a curved tool. The tool inspection
path may pass along only parts of the tool that are to be measured or it may pass
around the whole periphery of the tool. Preferably, at least some of the light beam
falls on the tool for the duration of the traverse of the tool inspection path. As
explained below, the tool inspection path may include a single pass around the tool

periphery, or it may include multiple passes around the tool periphery.

Step (i1) comprises sampling the beam intensity signal that is generated as the tool
inspection path is traversed and thereby generating beam intensity data. For
example, the beam intensity signal may be digitised by an analogue-to-digital
converter to generate the set of beam intensity data. In other words, the beam
intensity signal that describes the level of beam obscuration will typically vary as
the tool inspection path is traversed. Step (i) comprises periodically sampling the
beam intensity signal to generate the beam intensity data that are to be analysed.
Any suitable sampling rate may be used. For example, a higher sampling rate may
be used for rotating tools (e.g. to obtain beam intensity data describing beam
obscuration as the tool is rotated). The sampling rate may be varied as the light
beam traverses the tool inspection path to allow more beam intensity data to be
collected for certain regions of the tool. It should also be noted that the light beam
may traverse the tool inspection path at a single, constant, speed or it may be moved
at different speeds when passing along different parts of the tool inspection path.
There may also be one or more dwell periods defined as part of the tool inspection
path in which the light beam is not moved relative to the tool (although the tool
itself may still be rotating during any such dwell period). Beam intensity data
collected during such a dwell period is particularly useful when measuring rotating
tools (e.g. to allow position at multiple points around the tool circumference, such
as the edges of different cutting teeth, to be measured). It is also possible to obtain
more accurate information from the coordinate positioning apparatus about tool

position relative to the non-contact tool setter during such a dwell period.
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As described below, the collected beam intensity data includes information on the
profile of the tool. Step (ii1) thus comprises analysing the beam intensity data, using
any one of the techniques described below. The analysis may comprise analysing
all of the collected beam intensity data or it may comprise selecting a subset of the
data (e.g. from a region or regions of interest along the tool inspection path). In this

manner, the tool profile can be assessed.

The present invention thus provides a quick and simple technique for measuring the
profile of a tool. Instead of individually measuring multiple points around a tool by
repeatedly driving the tool into and out of the light beam as per the touch trigger
type measurements described above, the periphery of the tool can be measured in
detail via a scanning type operation that traces the light beam around the tool

periphery. This makes the tool profiling process quicker and easier.

Advantageously, the tool inspection path is selected so that the light beam traces a
path along the nominal position of the tool periphery. In other words, the tool
inspection path may be generated using knowledge of the nominal or expected tool
profile. For example, the tool inspection path may be generated from tool design
(e.g. CAD) data of the tool. The tool inspection path may be selected so that, for a
tool that conforms to its nominal specification, the light beam is obscured by a
certain pre-set level (e.g. 50%) as it traverses the tool inspection path. Any deviation
in beam intensity data from the pre-set level thus indicates the tool profile deviates
from nominal. Step (iii) may thus comprise assessing whether the collected beam
intensity data corresponds to that expected if the profile of the tool being inspected
conformed to its nominal profile. Any deviation greater than a certain amount may
be used to indicate required tool tolerances are not met. Alternatively, the deviation

could be used to adjust the assumed dimensions of the tool.

As explained above, any deviation in beam intensity data from a pre-set level (e.g.
from the 50% level) can be used to indicate the tool profile deviates from nominal.
A calibration process could also be performed prior to measurement to ascertain the

change in the beam intensity signal that will occur when there is a certain shift in
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the location of the tool edge within the light beam. For example, a calibration table
or function could be generated that describes the relationship between the tool edge
position within the beam and the beam intensity signal. It should be noted that the
relationship between the tool edge position and the beam intensity signal may be
non-linear, especially for larger changes in position within the beam. Such a
calibration process could, for example, involve moving a tool edge away from the
position that results in 50% beam occlusion in small steps (e.g. 10um step) and
recording the resulting beam intensity signal at each position. This type of
calibration would allow any changes in the beam intensity signal (e.g. a shift from
50% to 60% or from 50% to 40%) to be converted into a deviation or shift in tool
edge position. In this manner, the assumed dimensions of the tool could be adjusted

based on the acquired measurements.

Advantageously, step (iii) comprises comparing the beam intensity data collected
in step (ii) with previously acquired beam intensity data. The comparison may be a
direct comparison of individual beam intensity data values. Alternatively, an
indirect comparison may be performed (e.g. of the minima intensity values for
rotating tools that are described below). Conveniently, the previously acquired
beam intensity data comprises data collected from a previous measurement of the
same tool. For example, the previously acquired beam intensity data may be
collected prior to the tool being used for cutting purposes. Alternatively, the
previously acquired beam intensity data may comprise data collected from a
measurement of a reference tool having the same nominal profile as the tool. In
other words, a “golden” or reference tool that is nominally identical to the tool being
measured may provide the reference or baseline measurements with which the beam
intensity data collected in step (ii) are compared. Step (ii1) may thus conveniently
provide an indication of whether the tool profile has changed relative to the previous
measurement. This may include indicating if any critical sections of the tool profile
have changed by more than an amount that might result in the cutting performance
being compromised. The indication may thus comprise raising an error flag when

certain tool profile changes have occurred.
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The method may be performed using a tool that is not being rotated (i.e. the only
motion during measurement may be the motion of the tool relative to the light beam
along the tool inspection path). Alternatively, the tool may be rotated during
measurement. The tool may thus be held in a rotatable spindle of the coordinate
positioning apparatus. The tool may comprise one or more cutting teeth located
around its radius. Conveniently, the tool is rotated about its longitudinal axis whilst
it is moved along the tool inspection path. In this manner, the different cutting teeth
move into and out of the light beam in turn during rotation of the tool producing
minima and/or maxima in the beam intensity data. Step (iii) may thus conveniently
comprise identifying minima and/or maxima in the beam intensity data. The
identification of such minima and/or maxima may be performed by a digital signal

processing method of the type described in EP1587648.

Advantageously, the tool comprises a plurality of cutting teeth. Conveniently, step
(ii1) comprises identifying the minima and/or maxima associated with each tooth of
the tool. In this manner, it is possible to separately assess the profile of each tooth.
For example, the variation in the minima and/or maxima associated with a tooth
that occurs as the tool inspection path is traversed may be used to assess the profile
of that tooth. This allows separate profiling of different teeth of a rotating tool to be
performed with a single traverse of the tool inspection path. For example, size
deviations of individual teeth could be determined using previously acquired
calibration data as described above or any such deviations could be compared to
previous measurements. In addition to identifying minima and/or maxima, the
shape of the minima and/or maxima may be used to infer certain tool profile
information. Step (iii) may thus comprise analysing the shape of the minima and/or

maxima to assess the profile of the tooth producing the minima and/or maxima.

Advantageously, step (i1) comprises digitising the beam intensity signal to generate
the beam intensity data. This may be performed using an analogue to digital
converter (ADC) to sample the beam intensity signal. A sampling rate of at least
10kHz is preferably used (e.g. for a tool rotating at 3000rpm). Conveniently, a
sampling rate of at least 100kHz is used. A sampling frequency of between 100KHz
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and 500kHz may usefully be employed. Step (iii) advantageously comprises using
a digital signal processor (DSP) to analyse the beam intensity data. This may be
done after all the data has been collected, or the analysis may be started when the
data is still being collected. As mentioned above, a constant sampling rate may be
used. Alternatively, the sampling rate may be varied as the tool inspection path is

traversed.

The tool inspection path may be pre-calculated prior to the coordinate positioning
apparatus moving the tool. In other words, the tool inspection path may comprise a
pre-programmed path that the coordinate positioning apparatus is programmed to
follow prior to starting step (1). Instead of such a known-path technique, the tool
inspection path could be generated during step (i) using feedback passed from the
non-contact tool setting apparatus to the coordinate positioning apparatus. For
example, the tool inspection path could be selected to maintain the beam intensity

signal within a certain range.

Any suitable coordinate positioning apparatus may be used to implement the
present method. Advantageously, the coordinate positioning apparatus is a machine
tool (e.g. a computer numerically controlled or CNC machine tool). Alternatively,
the coordinate positioning apparatus may be a coordinate measuring machine
(CMM), a flexible gauge (such as the Equator system sold by Renishaw plc,
Wotton-Under-Edge, UK) or an offline tool inspection apparatus etc.

The non-contact tool setting apparatus used in the method may comprise discrete
transmitter and receiver units that can each be attached to a bracket. Alternatively,
a single unit may be provided that comprises the transmitter and receiver. The
apparatus may include an interface separate to the transmitter/receiver unit(s) or the
interface may be formed integrally with such units. A processor may be provided
to perform step (ii1) of the method. An ADC may be provided to perform step (ii).
The processor and/or ADC may be located in the interface, in a separate processing

unit or be provided as part of the coordinate positioning apparatus.
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Advantageously, the transmitter comprises a laser for generating light. The
transmitter may also comprise optics for providing a collimated light beam.
Alternatively, the transmitter may provide a focussed (rather than collimated) laser
beam. The light beam may have a substantially elliptical or circular profile (e.g. a
Gaussian beam profile). The light beam may have a diameter of less than 0.5mm,

less than 1mm, less than 2mm or less than 3mm.

A second aspect of the present invention comprises apparatus for performing non-
contact tool profile measurement on a coordinate positioning apparatus, the
apparatus comprising, a transmitter for emitting a light beam, a receiver for
receiving the light beam and generating a beam intensity signal describing the
intensity of light received at the receiver, an analogue-to-digital converter for
producing beam intensity data from the beam intensity signal, and a processor for
analysing the beam intensity data, characterised in that the processor is configured
to assess the profile of a tool by analysing the beam intensity data produced when
the tool is moved along a tool inspection path, the tool inspection path being
selected to trace the light beam around the periphery of the tool. The apparatus may
include any one or more features described above in the context of the analogous

method.

According to a third aspect of the invention, there is provided a method of
measuring a tool using a non-contact tool setting apparatus comprising a transmitter
for emitting a light beam and a receiver for receiving the light beam, the receiver
generating a beam intensity signal describing the intensity of received light, the
non-contact tool setting apparatus being mounted to a coordinate positioning
apparatus that allows the tool to be moved relative to the non-contact tool setting
apparatus, the method comprising the steps of; (i) using the coordinate positioning
apparatus to move the tool through the light beam, and (i1) collecting beam intensity
data describing the beam intensity signal that is generated by the receiver during
step (1), characterised by a step (iii) of comparing the beam intensity data collected
in step (i1) to previously acquired beam intensity data, the comparison providing an

indication of whether the profile of the tool has changed. Step (1) may comprise
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moving the tool along a tool inspection path and the previously acquired beam
intensity data may have been created by moving the tool along the same inspection

path.

The invention will now be described, by way of example only, with reference to the

accompanying drawings, in which;

Figure 1 shows a non-contact tool setting apparatus of the present invention,

Figure 2 shows a cutting tool with a light beam moved along its periphery,

Figure 3 shows the beam intensity data collected as the path shown in figure 2 is

traversed,

Figure 4 shows a multi-tooth cutting tool that is rotated whilst a light beam is moved

along an inspection path along its periphery,

Figure 5 shows the beam intensity data collected as the path shown in figure 4 is

traversed,

Figure 6 shows the intensity minima associated with the different teeth of the tool

shown in figure 5 plotted as a function of the position along the inspection path,

Figure 7 shows the intensity minima curve plotted against a previous measurement

of the same tool,

Figure 8 shows how a camera could be used to photograph any identified tool

defects,

Figure 9a illustrates a prior art tool inspection process, and

Figures 9b and 9c illustrate tool periphery scanning of the present invention.
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Referring to figure 1, a tool setting apparatus of the present invention is illustrated.
The apparatus comprises a transmitter 10 for generating a substantially collimated
beam of light 12. The transmitter 10 includes a laser diode and suitable optics (not
shown) for generating the collimated beam of light 12. A receiver 14 is also
illustrated for receiving the beam of light 12. The receiver comprises a photodiode

(not shown) for detecting the beam of light 12.

The transmitter 10 and receiver 14 are both affixed to a common base 20 by pillars
18. This arrangement ensures the transmitter 10 and receiver 14 maintain a fixed
spacing and orientation relative to one another. The base 20 may then be mounted
directly to the bed, or indeed any appropriate part, of a machine tool. It should also
be noted that various alternative structures for mounting the transmitter and receiver
could be used. For example, a common housing for the transmitter and receiver
could be provided or discrete transmitter and receiver units could be separately

mounted to the machine tool.

The apparatus also comprises an interface 15 connected to the transmitter 10 and
receiver 14 via electrical cables 17. The interface 15 provides electrical power to
the transmitter 10 and receiver 14 and also receives a beam intensity signal from
the photodiode detector of the receiver 14. The interface 15 comprises an analogue
to digital convertor (ADC) 18 that samples the analogue beam intensity signal
generated by the receiver 14 and generates a stream of digital beam intensity values.
This stream of digital beam intensity values, also termed beam intensity data, are
passed to a digital signal processor (DSP) 20 for analysis. The results of the analysis
may be passed to the machine tool 30 via link 28. In this example, the ADC 18 and
DSP 20 are provided in the interface 15 but they could be included in any part of
the system (e.g. in the receiver, machine tool controller etc). Thus far, the apparatus

is analogous to that described in EP1587648.

Referring next to figures 2 and 3, the tool profile assessment technique of the

present invention will be described for a non-rotating tool. Figure 2 illustrates a
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cutting tool 50 that comprises a cutting edge 52. The cutting tool has a nominal tool
profile and is held by the moveable spindle of the machine tool (not shown). The
location of the cutting tool and the location of the tool setting apparatus within the
machine tool are known and the machine tool can be programmed to move the

cutting tool 50 relative to the tool setting device.

In use, the machine tool is configured to move the tool so the light beam initially
impinges on a first point 54 on the tool periphery. In this initial location,
approximately fifty percent of the light beam is obscured. The tool is then moved
so that the light beam traces the tool inspection path (as indicated by the pair of
dashed lines 56) around the tool periphery until it reaches the second point 58. It
can be seen that motion along the tool inspection path is substantially tangential to
the tool periphery. During the movement of the beam along the tool inspection path
56, the beam intensity data generated by the ADC 18 of the tool setter device from

the beam intensity signal is collected and stored.

Referring next to figure 3, the beam intensity data 60 is plotted as a function of the
position P along the tool inspection path. If the machine tool moves the tool at a
constant speed, then the relative position along the tool inspection path can simply
be inferred from the time of acquisition of the beam intensity data. Figure 3 also
shows the nominal or predicted beam intensity data 62 that would be expected if a
tool of nominal dimensions was moved along the same tool inspection path. The
difference between the collected beam intensity data 60 and the predicted beam
intensity data 62 provide a measure of how much the tool 50 deviates from its

nominal size and shape.

Referring next to figure 4, a rotatable cutting tool 80 is illustrated that has four
cutting teeth. It should be noted that the three teeth 82a, 82b and 82¢ are shown in
solid outline whilst the fourth tooth 82d, which is located on the rear face of the tool
shaft in the orientation illustrated in figure 4, is shown in dashed outline. The tool
80 is measured whilst it is being rotated about its longitudinal axis R by the machine

tool spindle in which it is retained. The light beam is traced around the periphery of
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the tool along the tool inspection path. In particular, the tool inspection path extends
around the periphery of the tool from the first point 84 to the second point 86. The
spatial extent of the light beam as it traverses the path is illustrated by the dashed
lines 88. During the movement of the beam along the tool inspection path, the beam
intensity data generated by the ADC 18 of the tool setter device is collected and

stored.

Figure 5 illustrates some of the beam intensity data collected during inspection of
the tool described with reference to figure 4. The beam intensity data is plotted as a
function of the position P along the tool inspection path. Again, this position may
be inferred from the time of data collection if the path is traversed at constant speed.
The tool is rotating during the measurement and hence the beam intensity data
includes minima that occur when each one of the four cutting teeth further occlude
the beam. The series of minima are generated by each of the four teeth in turn as
they rotate into the beam. The minima labelled a, b, ¢, and d in figure 5 thus
correspond to the beam occlusion obtained when each of the four different cutting
teeth 82a-d respectively occlude the beam. The minima may be identified by the
DSP 20 using any of the techniques described in EP1587648. Furthermore, the DSP
20 can be configured to separate out the minimum values that are obtained from the

different teeth of the cutting tool.

Figure 6 shows the beam intensity at each identified minima, plotted as a function
of position along the tool inspection path. In particular, curves 90a, 90b, 90c¢ and
90d show the minima arising from the teeth 82a, 82b, 82¢ and 82d respectively. It
should be noted that only a very small amount of the collected beam intensity data
(i.e. data collected during three rotations of the tool) is shown in figure 5 and that
the curves of figure 6 are generated from a large number of such minima. Curves
90a, 90b, 90¢ and 90d thus show the extent that each of the four different teeth 82a,
82b, 82c and 82d of the cutting tool occlude the light beam as the tool inspection
path is traversed by the rotating tool.

The data plotted in figure 6 allows any chips or build-up of material on the teeth of
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the cutting tool to be identified. In particular, the peak 92 in curve 90d shows there
is a chip in the tooth 82d of the tool; this peak 92 results from the intensity of the
minima associated with tooth 82d increasing due to the chip allowing more light to
pass to the receiver. Similarly, the trough 94 in curve 90c shows a build-up of
excess material on the tooth 82c; this trough 94 results from the intensity of the
minima associated with tooth 82¢ decreasing further due to the excess material
blocking more light. Furthermore, the location of the defect (e.g. the chip or excess
material) on each tooth can be determined from the position P of the peak and/or

trough along the tool inspection path.

The minima shown in figure 6 will alone allow the presence and position of defects
to be determined. As shown in figure 7, it is also possible to compare a plot of
minima values measured for a certain tool to previously acquired minima data for
that tool. In particular, the process of determining the intensity of certain identified
minima as a function of position along the tool inspection path can be repeated
multiple times. For example, such minima data may be collected from a tool prior
to use of that tool for cutting purposes. A reference curve 100 can thus be obtained
that provides information on the profile of the unused tool. After the tool has been
used for a cutting operation, the measurement process can be repeated using the
same tool inspection path. A minima value curve 102 can then be generated and
compared to the reference curve 100. Any differences between the curve indicates
wear of the cutting surface and any chips or build-up of material can also be
identified from the differences between the curve 102 and the reference curve 100.
A difference plot (i.e. curve 100 minus curve 102 or vice versa) may be used to

provide a visual indication of any differences that are present.

Referring to figure 8, the addition of a camera for visually inspecting a tool is
described. In particular, figure 8 shows a tool setting apparatus 150 of the type
described above that emits a light beam 152 and is mounted to the bed 160 of a
machine tool. The tool setting apparatus 150 is arranged to inspect a tool 170 held
by a spindle 172 of the machine tool when that tool is located in the region 174 of
the light beam 152. As described above, the tool setting apparatus 150 allows
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defects 188 in the tool 170 to be identified and in particular it permits the position
of such defects on a tool to be determined. In addition to the tool setting apparatus
150, a front lit camera system 180 is also provided. The camera system emits a
white light beam 182 and can take images of any objects located within its field of
view 184. The location of the field of view 184 is known relative to the tool setting

apparatus 150; i.e. they are separated by the positional difference V.

In use, the tool setting apparatus 150 is used to identify defects 200 on the tool 170.
The positions of the tool setting apparatus 150, the camera’s field of view 184 and
the tool 170 are all known in the coordinate system of the machine tool. This means
that the machine tool can move the spindle 172 so that the defect 188 on the tool
170 that has been identified by the tool setting apparatus 150 can be placed in the
field of view 184 of the camera system 180. This allows an image of the tool defect
to be captured, which in turn can allow an operator to assess the nature of the
detected defect. Although the tool setting apparatus 150 is preferably of the type

described above, it could comprise any tool setting apparatus.

For completeness, a detailed comparison of prior art tool setting techniques to the

technique of the present invention will be given with reference to figures 9a-9c¢

Referring to figure 9a, a prior art tool measurement process is illustrated. As
explained in the introduction above, the light beam of a prior art non-contact tool
setter is moved towards a tool 202 from an initial position 204 spaced apart from
the tool 202. In practise, the light beam is usually stationary and the tool is moved
into the beam, but the same relative motion occurs as if the light beam was being
moved. The light beam thus moves along a path that is substantially perpendicular
to the edge of the tool 202 to be measured. In figure 9a, the light beam is initially at
a start position 204. At the point 206 when the tool 202 obscures 50% of the light
beam, a trigger signal is issued by the non-contact tool setter. The machine tool
receives the trigger signal and records the position at which the trigger event
occurred. This allows the position of a single point 208 on the surface of the tool

202 to be determined. This process may be repeated to measure multiple points on
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the tool edge.

Figure 9b show a tool measurement process according to the present invention. As
described above, the light beam is directed to a start position 222 on the edge of the
tool. In this example, a tool of nominal dimensions will obscure approximately fifty
percent of the light beam. The light beam is then traced along the peripheral edge
of the tool from the start position 222 to an end position 224 (the path followed by
the light beam is the so-called tool inspection path). At multiple points 226 along
the tool inspection path, beam intensity data are collected. The tool inspection path
may be traced in a continuous motion (e.g. at constant speed) or the speed may be
varied as the path is traversed. It is also possible to dwell at each of the points 226
(i.e. momentarily halt the motion of the light beam relative to the tool) and to
optionally perform an averaging procedure at each point (e.g. to improve the signal-
to-noise ratio of the beam intensity data and/or to obtain a more accurate

measurement of the position of the tool relative to the non-contact tool setter).

For a perfect tool (i.e. a tool that corresponds exactly to the nominal tool profile)
there will be (in this example) fifty percent of the light beam obscured at each point
along the tool inspection path. For an actual tool (which may have become worn or
experienced material build-up during a machining operation) any local deviations
in the tool edge position will result in the amount of the light beam that is obscured
being different to the fifty percent level expected for a nominal tool. In other words,
deviations in the beam intensity data from the expected fifty percent at each of the
points 226 indicates the tool is larger (obscuring more of the light beam) or smaller
(obscuring less of the light beam) than expected. The beam intensity data are
combined with information from the machine tool describing the position of the
light beam 220 at each point 226 to provide multiple measurements of the surface
position of the tool. In this manner, multiple points 226 can be measured in a rapid
scanning-type action without a need to move the tool back-and-forth into the beam

as per the prior art technique illustrated in figure 9a.

Referring to figure 9c¢, it is noted that the tool inspection path may comprise multiple
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traverses along the peripheral edge of the tool. This may be done, for example, if
the uncertainly in the nominal location of the tool edge is significantly greater than

the width of the light beam.

Figure 9¢ shows a tool inspection path in which a light beam is moved linearly
downwards from an initial position 250 to a first position 252. The light beam is
then stepped sideways to a second position 254 before being moved linearly
upwards to the third position 256. It is then stepped sideways to a fourth position
258 before being moved linearly downwards to an end position 260. Although the
linear move between the second position 254 and third position 256 alone is
sufficient to measure the edge of a tool 264 in a nominal location, it would not be
able to measure a tool shifted from that nominal location by more than the beam
width (e.g. to the tool position indicated by the dashed outline tool 266). Providing
multiple passes will, however, enable any such larger deviations in position (or tool
size) to be measured. For example, beam intensity data collected when the light
beam moves from the fourth position 258 to the end position 260 would be able to
measure the edge of the dashed outline tool 266. It would, of course, also be possible
to use beam intensity data from different traverses of the light beam if, for example,
the tool was angled so different areas of the tool edge were present in different
traverses of the light beam. As an alternative to such a multi-pass technique, the

width of the light beam could be increased.

The skilled person would appreciate that variations to the above embodiments are
possible. For example, the method could be implemented using non-contact tool
setting apparatus mounted on any co-ordinate positioning apparatus (e.g. a CMM,

robot, off-line tool inspection system etc) and not just a machine tool.
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Claims

1. A method for assessing the profile of a tool using a non-contact tool setting
apparatus comprising a transmitter for emitting a light beam and a receiver for
receiving the light beam, the receiver generating a beam intensity signal describing
the intensity of received light, the non-contact tool setting apparatus being mounted
to a coordinate positioning apparatus that allows the tool to be moved relative to the
non-contact tool setting apparatus, the method comprising the steps of;

(1) using the coordinate positioning apparatus to move the tool relative to
the non-contact tool setting apparatus along a tool inspection path, the tool
inspection path being selected so that the light beam 1s traced substantially along a
periphery of the tool to be inspected,

(i1) collecting beam intensity data describing the beam intensity signal that
is generated by the receiver as the tool inspection path of step (i) is traversed, and

(iii) analysing the beam intensity data collected in step (ii) to assess the tool

profile.

2. A method according to claim 1, wherein the tool inspection path is selected

so that the light beam traces a path along the nominal position of the tool periphery.

3. A method according to any preceding claim, wherein step (iii) comprises
assessing whether the collected beam intensity data corresponds to that expected if

the profile of the tool being inspected conformed to its nominal profile.

4. A method according to any preceding claim, wherein step (iii) comprises
comparing the beam intensity data collected in step (i1) with previously acquired

beam intensity data.

5. A method according to claim 4, wherein the previously acquired beam
intensity data comprises data collected from a previous measurement of the same

tool or from a reference tool having the same nominal profile as the tool.
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6. A method according to claim 5, wherein the analysis of step (iii) provides
an indication of whether the tool profile has changed relative to the previous

measurement.

7. A method according to any preceding claim, wherein the tool is held in a
rotatable spindle of the coordinate positioning apparatus and the tool comprises one
or more cutting teeth located around its radius, wherein the tool is rotated about its

longitudinal axis whilst it is moved along the tool inspection path.

8. A method according to claim 7, wherein step (iii) comprises identifying

minima and/or maxima in the beam intensity data.

9. A method according to claim 8, wherein the tool comprises a plurality of
cutting teeth and step (iii) comprises identifying the minima and/or maxima

associated with each tooth of the tool to separately assess the profile of each tooth.

10. A method according to any one of claims 8 to 9, wherein step (ii1) comprises
analysing the shape of the minima and/or maxima to assess the profile of the tooth

producing the minima and/or maxima.

11. A method according to any preceding claim, wherein step (ii) comprises
digitising the beam intensity signal to generate the beam intensity data and step (iii)

comprises using a digital signal processor to analyse the beam intensity data.
12. A method according to any preceding claim, wherein the tool inspection
path comprises a pre-programmed path that the coordinate positioning apparatus is

programmed to follow prior to starting step (1).

13. A method according to any preceding claim, wherein the coordinate

positioning apparatus is a machine tool.

14.  An apparatus for performing non-contact tool profile measurement on a
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coordinate positioning apparatus, comprising;

a transmitter for emitting a light beam,

a receiver for receiving the light beam and generating a beam
intensity signal describing the intensity of light received at the receiver,

an analogue-to-digital converter for producing beam intensity data
from the beam intensity signal, and

a processor for analysing the beam intensity data,
characterised in that the processor is configured to assess the profile of a tool by
analysing the beam intensity data produced when the tool is moved along a tool
inspection path, the tool inspection path being selected to trace the light beam

around the periphery of the tool.

15. A method of measuring a tool using a non-contact tool setting apparatus
comprising a transmitter for emitting a light beam and a receiver for receiving the
light beam, the receiver generating a beam intensity signal describing the intensity
of received light, the non-contact tool setting apparatus being mounted to a
coordinate positioning apparatus that allows the tool to be moved relative to the
non-contact tool setting apparatus, the method comprising the steps of;

(1) using the coordinate positioning apparatus to move the tool through the
light beam, and

(i1) collecting beam intensity data describing the beam intensity signal that
is generated by the receiver during step (i),

characterised by a step (iii) of comparing the beam intensity data collected
in step (i1) to previously acquired beam intensity data, the comparison providing an

indication of whether the profile of the tool has changed.



WO 2019/048832 PCT/GB2018/052472

FIG. 1

SUBSTITUTE SHEET (RULE 26)



WO 2019/048832 PCT/GB2018/052472

2/6

FIG. 2
I
32
"""""""""""""""""""""""" 60
M ./
=
FIG. 3

SUBSTITUTE SHEET (RULE 26)



WO 2019/048832 PCT/GB2018/052472

FIG. 5

SUBSTITUTE SHEET (RULE 26)



WO 2019/048832 PCT/GB2018/052472

4/6

Imin A/ 92 90d
: c 90b

\~—9g4 N

FIG. 6

Imin

Al

FIG. 7

SUBSTITUTE SHEET (RULE 26)



WO 2019/048832 PCT/GB2018/052472

5/6

FIG. 8

SUBSTITUTE SHEET (RULE 26)



WO 2019/048832 PCT/GB2018/052472

6/6
IR
|
| 202
|
206 | |
: | 208
| L
QI Bt
—_— I
i
204 i
|
:
[
Lr/ | 292

F1G. 9a(Prior Art)

220
/

226
224

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2018/052472

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO1B11/02 GO1B11/04
ADD.

GO1B11/24

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO1B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

26 October 2005 (2005-10-26)
cited in the application
paragraphs [0001], [0014],

cited in the application
the whole document

[0015],
[0022] - [0024]; figures 1,2,4-7

A US 6 496 273 B1 (STIMPSON VICTOR G [GB] ET
AL) 17 December 2002 (2002-12-17)

X EP 1 587 648 Al (RENISHAW PLC [GB]) 1-15

1,14,15

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

25 September 2018

Date of mailing of the international search report

09/10/2018

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Fazio, Valentina

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/GB2018/052472
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 1587648 Al 26-10-2005 AU 2003298443 Al 14-07-2004
CN 1729080 A 01-02-2006
EP 1587648 Al 26-10-2005
JP 4750422 B2 17-08-2011
JP 2006510495 A 30-03-2006
KR 20050084346 A 26-08-2005
US 2006020422 Al 26-01-2006
US 2008069434 Al 20-03-2008
WO 2004056528 Al 08-07-2004
US 6496273 Bl 17-12-2002 AT 231043 T 15-02-2003
DE 60001193 D1 20-02-2003
DE 60001193 T2 24-07-2003
EP 1050368 Al 08-11-2000
JP 4521094 B2 11-08-2010
JP 2000346614 A 15-12-2000
us 6496273 Bl 17-12-2002

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report

