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(57) ABSTRACT 

A touch trigger probe incorporates piezoelectric sensors 50, 
whose outputs are processed by an interface circuit. The 
interface circuit discriminates between signals generated 
from the piezoelectric sensors 50 as a result of machine 
vibration and those generated as a result of a genuine 
measurement event, by the use of a timing circuit 90. The 
timing circuit 90 compares the time intervals (t1—t2);(t2—t3) 
between attainment of ?rst 11 and second 12, and second 12 
and third 13 output signal levels from the sensor 50, and 
upon the basis of this comparison validates (or rejects) 
measurements made with the probe. Additionally, the inter 
face determines whether measurements made with the probe 
are taken upon the basis of outputs generated by the sensors 
50 due to a shock wave in the stylus 24 of the probe, or as 
a result of strain in the stylus 24; as an alternative, mea 
surements may be made only on the basis of strain. 

31 Claims, 4 Drawing Sheets 
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TOUCH PROBE AND SIGNAL PROCESSING 
CIRCUIT THEREFOR 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a touch probe, used on a 

coordinate positioning machine such as a machine tool or 
coordinate measuring machine to enable the inspection of, 
for example, the dimensions of machined components, and 
to a signal processing circuit Which acts as an interface 
betWeen the probe and the control of the machine on Which 
the probe is used. Coordinate positioning machines typically 
comprise an arm to Which the probe is mounted, and Which 
is movable relative to a table on Which a component or 
workpiece to be inspected is supported. The machine 
includes one or more transducers Which measure displace 
ment of the arm from a reference position Which is usually 
?xed relative to the table. 

2. Description of Related Art 
A knoWn probe includes a ?xed structure such as a 

housing by Which the probe is mounted on the arm of the 
machine, and a stylus supporting member supported relative 
to the housing in a repeatable rest position, from Which the 
supporting member may be displaced When a de?ecting 
force is applied thereto, and to Which it may return When the 
de?ecting force has been removed. Measurements are taken 
by operating the machine to move the arm until a stylus 
connected to the supporting member comes into contact With 
the surface of the part to be inspected, and, upon detecting 
such contact, taking readings from the transducers of the 
machine to determine the position of the movable arm 
relative to the reference position. The probe includes one or 
more analogue sensors Which emit signals indicating contact 
betWeen the stylus and the surface Whose position is to be 
measured. These sensors may sense displacement of the 
stylus supporting member relative to the housing, or, in high 
accuracy probes, the sensors may sense deformation of the 
stylus and/or the stylus supporting member Which takes 
place before such a displacement occurs. Probes employing 
displacement or deformation sensors are shoWn in US. Pat. 
No. 4,153,998 or US. Pat. No. 4,177,568 respectively. 

Signal processing circuitry, Which acts as an interface 
betWeen the probe and the machine control, emits a step 
change, or “trigger” signal When the analogue signal from 
the sensor inside the probe has attained a predetermined 
threshold set in the interface. The trigger signal instructs the 
machine control to determine the position of the movable 
arm and arrest motion of the arm in order to prevent damage 
to the machine. A small scale movement of the arm relative 
to the part to be inspected after contact betWeen the stylus 
and the surface has occurred, knoWn as “overtravel”, is 
accommodated by the ability of the stylus supporting mem 
ber to de?ect relative to the housing of the probe. 

SUMMARY OF INVENTION 

A ?rst aspect of the present invention relates to the 
optimum location of deformation sensors in such a probe. 
According to a ?rst aspect of the present invention, a touch 
probe includes a ?xed structure, by Which the probe may be 
supported on the movable arm of a coordinate positioning 
machine, and a stylus supporting member biased into a 
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2 
repeatable rest position relative to the ?rst structure, from 
Which the supporting member is displaceable When a 
de?ecting force is applied thereto, and to Which it may return 
When said de?ecting force is removed, the direction of 
biasing action de?ning a probe axis, the ?xed structure and 
stylus supporting member forming at least part of a load path 
betWeen a stylus securable to said stylus supporting member 
and said movable arm, Wherein the probe comprises a 
plurality of sensors, sensitive to tension and compression for 
sensing force applied to said supporting member prior to 
displacement thereof from said rest position, each said 
sensor having an axis of maximum sensitivity to tension and 
compression, Wherein said sensors are provided in said load 
path and are grouped into pairs, the axis of maximum 
sensitivity of each sensor in a pair of sensors being inclined 
(a) With respect to the probe axis and (b) With respect to the 
axis of maximum sensitivity of the other sensor in the pair. 

In one embodiment, the sensors are provided betWeen tWo 
parts of said stylus supporting member. In a further 
embodiment, the sensors are provided on the ?xed structure, 
and are pre-stressed by the Weight of, and/or biasing action 
on the stylus supporting member. 
The deformation sensors may, for example, be provided 

by strain gauges (and associated load cells), or by piezo 
electric sensors. The output from such sensors increases With 
increased deformation of the stylus and/or the stylus sup 
porting member, up to a maximum value at Which displace 
ment of the stylus supporting member relative to the housing 
occurs. Afurther independent aspect of the present invention 
relates to an advantageous con?guration of piezoelectric 
sensor Which provides good signal to noise characteristics. 
According to a further aspect of the present invention, a 
piezoelectric sensor for sensing tension and compression 
betWeen tWo conducting surfaces comprises ?rst and second 
piezoelectric elements provided betWeen said surfaces, each 
of Which generates a polarisation of electric charge in a 
direction extending betWeen said surfaces upon tension or 
compression thereof in said direction, Wherein said elements 
are stacked one upon another and have oppositely directed 
polarities, the sensor further comprising means for insulat 
ing each of said surfaces from said elements, means for 
equalising the electric potential of said surfaces, a ?rst 
electrode connected to one of said elements at a point 
adjacent one of said surfaces, and a second electrode con 
nected to said one element at a point adjacent its abutment 
With the other of said elements. 

This arrangement enables a larger manifestation of the 
electric charge polarisation, created by eg compression of 
a stack of elements, in the form of a voltage, by minimising 
the effect of stray capacitance betWeen the electrodes and the 
surfaces. 
A problem Which occurs particularly With probes Which 

have analogue sensors indicating deformation of the stylus 
and/or stylus supporting member, is that vibration of the 
machine during movement of the movable arm causes the 
sensors to emit signals Whose value exceed the threshold set 
in the interface, causing the interface to emit a “false” trigger 
signal (i.e. a trigger When no contact betWeen the stylus and 
a surface has occurred). To overcome this problem, inter 
faces have been provided Which generate an initial “latch 
ing” signal When the signal level from the probe reaches a 
predetermined threshold, and a subsequent con?rmation 
signal some time later if the signal level from the sensor is 
still above the threshold. The latching signal causes the 
machine control to register the position of the movable arm; 
the con?rmation signal validates the “latched” position 
reading and is also used to arrest movement of the movable 
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arm. An interface of this type is described in US. Pat. No. 
4,177,568. Machine vibrations causing isolated increases in 
the analogue signal level above the predetermined threshold 
thus fail to cause false trigger because the signal output from 
the analogue sensor does not correspond to the trigger 
signature required by this interface. HoWever, a machine 
vibration resulting in the generation of a latching signal may 
occur suf?ciently close to a genuine contact betWeen the 
stylus and a surface for the con?rmation signal emitted by 
the interface in respect of the genuine measurement event to 
con?rm the validity of the position measurements latched in 
respect of the analogue signal resulting from the machine 
vibration; the resulting measurement Will thus be the posi 
tion of the movable arm at Which the machine vibration 
occurred, rather than the position at Which the stylus con 
tacted the surface (an event Which occurred a very short 
space of time afterWards). 

To overcome this problem, a third independent aspect of 
the present invention provides an interface for connecting a 
measuring probe to a control for a machine on Which said 
probe is used, the interface emitting a latching signal When 
the analogue signal level from the probe attains a ?rst 
threshold value, and a con?rmation signal responsive to a 
trigger signature from the analogue sensor characterised by 
at least three successively increasing signal levels, the time 
interval betWeen attainment of the ?rst and second signal 
levels determining the requisite time interval betWeen the 
second and third signal levels. Preferably, the ?rst threshold 
value of analogue signal corresponds to the signal level 
required to generate the latching signal. 

The interface of the present invention is thus more 
discriminating, While simultaneously accommodating all 
conceivable signal pro?les occurring as a result of a genuine 
measurement event. This has particular relevance in relation 
to measurement operations in Which different individual 
measurements are made at different speeds of the movable 
arm relative to the part to be inspected. If, for eXample, the 
part is inspected at a relatively sloW speed, then the time 
interval betWeen the attainment of the ?rst and second 
thresholds by the analogue signal Will be relatively large. 
HoWever, since this time interval is used to determine the 
requisite time interval after Which the analogue signal level 
should be at, or above, the third threshold, the signature of 
this event Will correspond to a trigger signature recognisable 
by the interface. Conversely, the same Will be true for a 
probing operation Which occurs at a relatively fast speed. 

Deformation sensors such as strain gauges or pieZoelec 
tric elements are typically sensitive to tension and compres 
sion over a large range of frequencies. Thus, a probe 
employing such sensors to detect deformation of the stylus 
and/or stylus supporting member, Will be susceptible to 
generating analogue signals in eXcess of a threshold set in 
the interface responsive to both high frequency deformation, 
i.e. a shockWave generated upon contact betWeen the stylus 
and a surface, and loW frequency deformation, i.e. strain 
resulting from contact betWeen the stylus and a surface. 
Trigger signals generated by the interface in response to 
these tWo different types of probe output have different 
response times, i.e. different time intervals betWeen initial 
contact of the stylus With the surface, and emission of a 
latching signal by the interface. This affects the accuracy of 
measurements made With the probe, since the distance 
travelled by the movable arm of the machine during the time 
interval betWeen initial stylus-surface contact and emission 
of a latching signal by the interface (knoWn as the “pre 
travel”), is dependent upon the time interval betWeen these 
tWo events. Pre-travel for a given probe/stylus combination 
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4 
is normally calibrated prior to measurement. HoWever, a 
variation in pre-travel, Which occurs if latching signals are 
generated sometimes as a result of shockWaves and some 
times as a result of strain Will result in a measurement error. 
A fourth independent aspect of the present invention pro 
vides an interface Which discriminates betWeen signal out 
puts from the probe resulting from (a) shockWaves generated 
in the stylus and stylus supporting member When the stylus 
contacts the Workpiece, and (b) strain in the stylus and/or 
stylus supporting member When a stylus contacts the sur 
face. 

Accordingly, a fourth aspect of the present invention 
provides an interface for connecting a touch probe, having 
at least one sensor for generating analogue signals, to a 
control of a coordinate positioning machine, the interface 
comprising: 
means for generating a latching signal, for instructing the 

machine control to record a measurement, responsive to said 
analogue signals attaining a predetermined threshold; and 
means for determining Whether said latching signal Was 

generated in response to analogue signals of above a pre 
determined frequency, and for generating a ?ag signal 
accordingly. 
The user of the machine is therefore able to determine 

from the ?ag signal Whether the measurement Was taken as 
a result of a shockWave or as a result of strain, and, 
consequently, may either assign the appropriate pre-travel to 
the measurement (Where pretravel calibration values have 
been obtained in respect of both shock and strain), or Where 
eg the shockWave Was not present, perform a further 
measurement operation to attempt to obtain a measurement 
value on the basis of a shockWave. 

In an alternative form of interface, latching signals are not 
generated When analogue signals in eXcess of the predeter 
mined threshold have a frequency in eXcess of the prede 
termined frequency, i.e. the shockWave is ignored. 

BRIEF DESCRIPTION OF DRAWINGS 

An embodiment of the invention Will noW be described, 
by Way of eXample, and With reference to the accompanying 
draWings in Which: 

FIG. 1 shoWs a section through a probe according to the 
present invention; 

FIG. 2 shoWs a section on II—II in FIG. 1; 

FIG. 3 shoWs a section on III—III in FIG. 2; 

FIGS. 4 shoWs a detail of FIG. 3; 

FIG. 5 is a circuit diagram for the detail of FIG. 4; 

FIG. 6 is a circuit diagram shoWing an embodiment of 
interface according to the present invention; and 

FIGS. [7a—n] 7a—h are signal diagrams illustrating the 
operation of an interface according to the present invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring noW to FIG. 1, a touch probe Which employs a 
number of analogue sensors Will noW be described. The 
probe includes a ?Xed structure provided by a cylindrical 
housing 10, Which de?nes an aXis A, and a stylus supporting 
member 12 supported in a kinematic rest position With 
respect to the housing 10 provided by the engagement of 
rollers 14 on the supporting member 12 With pairs of balls 
16 on the housing 10. A support of this type enables 
displacement of the supporting member 12 from the rest 
position When de?ecting force is applied thereto, and return 
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of the supporting member 12 to the rest position When the 
de?ecting force is removed. It is not essential to use a 
kinematic support for the stylus supporting member 12, 
other types of support mechanism Which provide repeatable 
location of the supporting member 12 relative to the housing 
10 may be used such as those described in GB 2094478. 

The stylus supporting member 12 consists of an upper 
body 20 and a loWer body 22 Which supports a stylus 24, 
having a spherical sensing tip 26 at its remote end. The 
stylus 24 is mounted on a circular retaining plate 28. The 
retaining plate 28 is magnetically urged into engagement 
With the loWer body 22 by means of the magnetic interaction 
betWeen a permanent magnet 30 supported on the upper 
body 20 With a steel striker plate 32 provided on the 
retaining plate 28. The magnetic attraction force betWeen the 
loWer body 22 and the retaining pate 28 may be adjusted by 
altering the position of the plate 32 Within the screW 
threaded bore 34 provided in the retaining plate 28. 

Location of the retaining plate 28 relative to the loWer 
body 22 is provided by a further kinematic support; three 
pairs of radially extending rollers 36 being provided on the 
loWer body Which are respectively engaged by three balls 38 
provided on the retaining plate 28. The rollers 36 are 
included in a series electrical circuit in order to detect this 
engagement of the retaining plate 28, or, alternatively 
(depending upon the length of the stylus and the magnetic 
attraction), de?ection of the retaining plate 28 relative to the 
loWer body 22 to accommodate overtravel during a mea 
surement. The magnetic mounting of the stylus 24 on the 
loWer body 22 enables automatic exchange of styli, for 
example in the manner described in our earlier ?led Inter 
national patent application PCT/GB92/02070. The auto 
matic exchange of styli enables the mounting of different 
con?gurations of styli on the probe, in order to inspect 
differently oriented surface of a part. 

The stylus 24 is thus supported on the movable arm of the 
machine by a load path Which includes the loWer and upper 
bodies of the stylus supporting member 12, and the housing 
10. Thus all forces applied to the stylus 24, prior to dis 
placement of the supporting member 12 from its rest 
position, Will be transmitted through this load path. 

Biasing of the stylus supporting member 12 into the rest 
position With respect to the housing 10 is provided by a 
biasing spring 40. The biasing force applied by the spring 40 
acts parallel to axis A, and may be adjusted by rotation of a 
rotatable collar 42 mounted on the housing 10. The collar 42 
has, at its inner side, a screW-threaded engagement With a 
plate 44 Which provides an abutment for the spring 40. 
Rotation of the collar 42 relative to the housing 10 results in 
axial movement of the plate 44 and a consequent change in 
the biasing force applied by the spring 40 to the supporting 
member 12. 

Referring noW additionally to FIG. 2 and 3, the loWer 
body 22 of the stylus supporting member 12 is formed as a 
circular dish having three upWardly directed, radially 
extending v-shaped ridges 46. The upper body 20 has, in its 
loWer surface, three correspondingly arranged radially 
extending u-shaped channels 48 Which receive the ridges 46. 
An analogue sensor in the form of a stack 50 of pieZoelectric 
elements 52 is mounted betWeen each of the inclined sur 
faces on each of the ridges 46 and the corresponding sides 
of each of the u-shaped channels 48. The stacks 50 of 
elements 52 are compressed by clamping bolts 54, Which 
clamp the upper and loWer bodies 20,22 together. As can be 
seen in FIG. 2, the stacks 50 of elements are grouped in pairs 
at three points about the axis A. The direction of electric 
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6 
charge polarisation of each pieZoelectric element 52 in a 
stack 50 extends substantially perpendicular to the surfaces 
of the upper and loWer bodies 20,22 against Which the 
elements are compressed and thus is inclined both With 
respect to the probe axis A, and With respect to the direction 
of electric polarisation of the adjacent stack 50 in a given 
pair. Such a con?guration provides optimum sensitivity to 
forces applied to stylus 24 in a Wide range of directions. 

Referring noW to FIG. 4, an individual stack 50 of 
pieZoelectric elements 52 consists of ?rst and second ele 
ments 52A,B, a positive electrode 56 spaced betWeen the 
elements 52, and tWo negative electrodes 58A,B spaced 
betWeen each element and the upper or loWer body 20,22 
respectively. The polarity of the elements 52A,B is arranged 
so that they Will generate oppositely directed electrical 
charge polarisations upon tension or compression. The elec 
trodes 58A,B are insulated from the upper and loWer bodies 
20,22, in this example, by an anodising layer; bolts 54 Which 
connect the upper and loWer bodies 20,22 ensure that the 
bodies remain at the same potential. The output signals are 
taken from the element 52B, via electrodes 56 and 58B. As 
Will be described, element 52A serves to reduce the effect of 
stray capacitance, betWeen electrode 56 and the upper body 
20 for example. 
When the stack 50 is compressed, each of the elements 

52A,B Will generate an electric charge polarisation Q. This 
charge polarisation Q manifests itself as a potential differ 
ence V across a capacitor, With V being equal to Q/C, Where 
C is the capacitance. Thus, the loWer the effective capaci 
tance of a system of this type, the higher the output voltage 
for a given charge polarisation (and therefore for a given 
compressing force) ie the higher the sensitivity of the 
system. Referring noW to FIG. 5, the capacitance provided 
by pieZoelectric element 52B, and electrodes 56 and 58B is 
denoted as Cpl; the capacitance provided by the element 
52A and electrodes 56 and 58A is denoted CPZ. Stray 
capacitances C1 and C2 are the result of the capacitances 
betWeen electrodes 58A and 58B, and upper and loWer 
bodies 20,22 respectively. Upon compression (e.g.) of a 
stack 50 a positive charge Will appear at electrode 56 and 
negative charges Will appear at electrodes 58A,B. In the 
absence of element 52A, (i.e. CPZ), parts of the charge at 
electrodes 56 and 58B Would migrate to stray capacitances 
C1,C2, thus reducing the output voltage across electrodes 
56,58B (and hence the magnitude of the detectable signal). 
HoWever, because electrode 58A is at the same potential as 
electrode 58B, and the upper and loWer bodies are at the 
same potential by virtue of bolts 54, no charge is taken up 
by capacitors C1,C2, and the entire electric charge polarisa 
tion in element 52B is converted to a voltage across elec 
trodes 56,58B. 

Usually, When the sensing tip 26 of the stylus 24 contacts 
the surface of a part to be inspected, a shockWave is 
generated Which travels up the stylus 24 and causes a high 
frequency voltage oscillation, or “ringing”, in the output of 
the pieZoelectric elements 52. Occasionally hoWever, as a 
result of grease or other contaminants on the surface of the 
part, this shock Wave is not present and the earliest indica 
tion of contact betWeen the sensing tip 26 and a surface is the 
steady increase in voltage caused by strain in the stack 50 of 
pieZoelectric elements 52 as a result of a microscopic 
movement of the stylus 24, retaining plate 28 and loWer 
body 22 of the stylus supporting member relative to the 
upper body 20. To detect each of these type of output signals, 
an interface (shoWn in FIG. 6) is provided Which has, in 
respect of each stack 50, a high frequency channel 60, and 
a loW frequency channel 62. The high frequency channel 60 
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includes a high-pass ?lter 64, having a lower cut-off fre 
quency of 500 HZ, in series With a WindoW comparator 66 
set at a threshold level 11. The outputs of each of the six high 
frequency channels 60 are OR’d together and passed 
through a debounce circuit 68, Which generates a high output 
When the output of the OR gate 70 is high, but does not 
return to the loW voltage state until some time after the last 
loW output of the OR gate 70. The loW frequency channel 62 
includes a loW-pass ?lter 72, having an upper cut-off fre 
quency of 200 HZ, in series With a recti?er 74. The outputs 
of each of the loW frequency channels 62 are sent to a 
summing circuit 76 Whose output is then connected in 
parallel to three comparators 78,80,82, set at three threshold 
levels: 11, 12, and 13. The output of comparator 78 is 
connected in series to a further debounce circuit 84; 
debounce circuits are not required in respect of comparators 
80 and 82 because the thresholds 12 and 13 are set at 
sufficiently high level. 

FIG. 7a illustrates the output from the positive electrode 
56 of a pieZoelectric stack 50. From the signal diagram it can 
be seen that the threshold level 11 is ?rst attained at a time 
t1, and as a result of the high frequency voltage oscillation 
generated by the shock Wave upon initial contact of the 
sensing tip 26 With the surface. The instant at Which the 
output of the debounce circuit 68, in the high frequency 
channel 60 of the interface, goes high thus corresponds to 
the time t1 at Which the level 11 is attained at WindoW 
comparator 66, and this is illustrated in FIG. 7b. As the 
shock Wave is attenuated, and the high frequency oscilla 
tions are correspondingly damped, the probe continues to 
move relative to the surface of the part. This causes a steady 
increase in the strain in the pieZoelectric stack 50, and 
corresponding steady increase in the voltage output from the 
electrode 56. At a time t‘l, the threshold level 11 is once 
again attained as a result of this steady increase in voltage, 
and the output of the debounce circuit 84, provided in 
respect of the loW frequency channels 62, goes high; this is 
illustrated in FIG. 7c. The outputs of both debounce circuits 
68 and 84 are combined at a LATCH output terminal 86, 
Which is sent to the machine control, and instructs the 
machine control upon receipt of an output signal at this 
terminal to register the position of the movable arm of the 
machine. As is mentioned above, the shock Wave generated 
by initial contact betWeen the sensing tip 26 and the surface 
of the part is not alWays present. The output of debounce 
circuit 68 cannot therefore be reliably used to provide the 
latching signal at output terminal 86. It is for this reason that 
the outputs of the high and loW channels 60,62 are combined 
at output 86. 

In order to provide con?rmation that the latching signal 
generated at output 86 represents a genuine contact betWeen 
the sensing tip 26 and the Workpiece, rather than the 
generation of a voltage Which exceeds the threshold level 11 
as a result of vibration of the machine, comparators 80 and 
82, and a timing circuit 90 are provided to enable the 
interface to respond only to signal pro?les Which closely 
mimic a genuine trigger signature from the stacks 50. 

The timing circuit 90 includes a supply rail 92 to Which 
a 2mA constant current source i1 is connected, Which is in 
turn connected in series With a capacitor 94. The capacitor 
94 is connected in parallel With a transistor TRl. Constant 
current source i1 is also connected in series to a 1mA 
constant current source i2, Which in turn is connected in 
parallel With a second 2mA current source i3. The constant 
current source i3 is connected in series With a transistor TR2. 
The base of transistor TRl is connected in parallel With the 
output signal 86, and the base of transistor TR2 is connected 
to the output of comparator 80. 
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In normal operation, When no signals are generated from 

the pieZoelectric stack 50 the transistor TRl is sWitched on, 
and the transistor TR2 is sWitched off. HoWever, upon 
generation of a latching signal at output 86, the transistor 
TRl is sWitched off. This causes the capacitor 94 to be 
charged With a current (IC) of 1mA. The voltage Vcap across 
the capacitor 94 is illustrated in FIG. 7f, and it can be seen 
from this Figure that the voltage rises linearly. When con 
tinued movement of the movable arm of the machine 
relative to the part to be inspected increases the strain in the 
pieZoelectric stack 50 to such an extent that the output 
voltage from the stack 50 attains the threshold level 12, the 
comparator 80 outputs a step signal CONFl (illustrated in 
FIG. 7d) Which sWitches the transistor source i3; the current 
IC noW being equal to —1mA. The TR2 on. This causes the 
capacitor 94 to discharge, in voltage Vcap noW decreases 
linearly. Further movement of order to satisfy the require 
ments of the constant current the probe relative to the 
Workpiece, causing further strain in the pieZoelectric stack 
50, Will result in a further increase in the voltage output from 
the stack to a level above the threshold level 13. This Will 
cause the comparator 82 to emit a signal CONF2 (illustrated 
in FIG. 7e), Which latches, by means of a D-type ?ip-?op 96, 
the output of a comparator 98. Comparator 98 compares the 
voltage Vcap to a predetermined threshold voltage Vt; the 
output of the comparator being high unless the voltage Vcap 
lies beloW the voltage threshold Vt. An error signal is thus 
generated at output terminal 100 of the ?ip-?op 96 if, at the 
time signal CONF2 is generated, the voltage Vcap exceeds 
the threshold voltage Vt When the voltage from the pieZo 
electric stack 50 passes through the threshold level 13 (in 
FIG. 7 no such error signal is generated). 

This situation arises When the time interval betWeen the 
attainment of the threshold voltage levels 12 and 13 does not 
correspond to the time interval betWeen the attainment of the 
levels 11 and 12; in other Words, Where the initial latching 
signal at output 86, caused by high frequency ringing or a 
small strain in the pieZoelectric stack 28, occurs a relatively 
long period of time before the strain in the pieZoelectric 
stack 50 increases to the level 12, but Where the rate of 
increase of strain is such that the level 13 is attained a 
relatively short time after the level 12. The are tWo possible 
reasons for this: ?rstly, it is possible that the movable arm of 
the machine Was moving at a relatively sloW speed When 
initial contact Was made With the surface, thus explaining the 
relatively large time interval betWeen attainment of the 
threshold levels 11 and 12. A subsequent acceleration of the 
machine Would result in an increased rate of compression of 
the pieZoelectric stack 50, causing a corresponding increase 
in the rate of increase of the output voltage, thereby decreas 
ing the time interval betWeen the voltage passing through 
threshold levels 12 and 13. Alternatively, if the movable arm 
Was travelling at a constant speed relative to the surface of 
the part, a vibration of the movable arm resulting in the 
generation of a latching signal at output 86, Which occurred 
a short period of time before contact betWeen the sensing tip 
26 of the stylus and the surface of the part, Would cause the 
capacitor 94 to start charging too early. The time interval 
betWeen attainment of the voltage levels 12 and 13 Would 
thus be insufficient for the capacitor to lose enough charge 
for the voltage level Vcap to pass beloW the threshold level 
V,. 
The interface of the present invention thus operates by 

discriminating genuine trigger signatures from the pieZo 
electric stack 50 on the basis of a correspondence in the time 
intervals betWeen the attainment of threshold levels 11 and 
12, and the levels 12 and 13. A result of this is that the 
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interface is insensitive to variations in probing speed from 
one probing operation to the next; it is, hoWever, a require 
ment that each individual probing operation is made under 
constant speed. For example, if the measurement is taken at 
a relatively sloW speed, the strain in the pieZoelectric stack 
50 Will increase at a relatively loW rate as Will the output 
voltage. Because the probe is moving at a constant speed, the 
voltage Will increase at a substantially constant level, and 
therefore the relatively large time interval betWeen attain 
ment of the voltage thresholds 11 and 12 Will be balanced by 
correspondingly large time interval betWeen attainment of 
the voltage thresholds 12 and 13. The converse is true for a 
probing operation occurring at a relatively fast speed. 

The relative values for the capacitance of capacitor 94, 
and the value of the constant current sources are determined 
by the characteristics of the pieZoelectric stacks 50; and the 
absolute value of the capacitor 94 is chosen With regard to 
practical opening voltages for the comparator 98. 

The peak output voltage from the pieZoelectric stack 50 
corresponds to the instant in time at Which the stylus 
supporting member 12 is displaced from its kinematic rest 
position With respect to the housing. At this instant in time, 
a HALT signal is emitted from a further circuit (not shoWn) 
in the interface, Which incorporates the serial connection of 
each of the rollers 14 ad balls 16. The HALT signal is 
emitted When the resistance in the aforementioned circuit 
reaches a predetermined threshold (such a circuit is shoWn 
in, eg W092/09862), and is used to instruct the machine 
control to arrest movement of the movable arm. The small 
movement or “over-travel” of the movable arm after the 
sensing tip 26 has come into contact With the surface of the 
part to be inspected is accommodated by the ability of the 
stylus supporting member 12 to be displaced from its rest 
position relative to the housing 10. 

During the time period betWeen contact of the surface of 
the part by the sensing tip 26 of the stylus 24, and the instant 
of time at Which the LATCH signal from terminal 86 causes 
the machine to register the position of the movable arm, the 
probe (and thus the movable arm) Will move relative to the 
part. This movement is knoWn as “pre-travel”, and in order 
to obtain an accurate measurement of the position of the 
surface relative to a reference position on the machine it is 
necessary to calibrate or “datum” the magnitude of the 
pre-travel. Such calibration procedures are Well knoWn. 
HoWever, in a probe of the present type the LATCH signal 
at output terminal 86 may result from analogue signals 
generated in the pieZoelectric elements as a result of tWo 
different physical phenomena; the LATCH signal at output 
terminal 86 may be generated as a result of a voltage from 
the pieZoelectric stack 50 cad by a shock Wave occurring as 
a rest of the impact betWeen the stylus tip 26 and the surface 
of the part to be inspected; alternately, it is possible that the 
shock Wave may not be present, in Which case the LATCH 
signal at output terminal 86 Will be generated as a result of 
the steady increase in compression of the pieZoelectric stack 
50 after initial contact of the tip 26 With the surface of the 
part, caused by continued movement of the movable arm 
(and thus the probe) relative to the surface. As can be seen 
from FIGS. 7b and 7c, the LATCH signal Will occur at 
different instances in time depending upon Whether the 
shock Wave Was present or not. Because the pre-travel of the 
probe is related directly to the time delay betWeen the instant 
of contact of the sensing tip 26 With the surface and the 
moment at Which the machine registers the position of the 
movable arm, measurements resulting from a LATCH signal 
caused by the shock Wave Will have a different pre-travel to 
measurements resulting from a LATCH signal generated 

10 

15 

25 

35 

45 

55 

65 

10 
upon the basis of an increase in the strain in the stack 50. For 
improved accuracy therefore, it is necessary to determine 
Whether the LATCH signal is generated as a result of a shock 
or as a result of strain. The probe may then be calibrated so 
that a pre-travel value is obtained for LATCH signals 
generated by shock, and a further pre-travel value is 
obtained for LATCH signals generated by strain. 

Referring again to FIG. 6, a D-type ?ip-?op 110 has its 
clock input 112 connected to the output terminal 86 and its 
data input 114 connected to the output of comparator 78 
provided in respect of the loW frequency channel 62. The 
LATCH signal generated at output terminal 86 thus performs 
a clock function at the input 112, sWitching the data input 
114 on to the output line 116 of the ?ip-?op 110. If the 
LATCH signal is generated as a result of shock in the stylus 
24, then, When the LATCH signal is sent to the clock input 
112 the data input 114 of the ?ip-?op 110 Will be loW, since 
the level of strain in the loW frequency channel 62 Will not 
yet be high enough to cause the output of comparator 78 to 
go high. The signal level on output line 116 of the ?ip-?op 
110 Will thus be loW, indicating that the trigger Was caused 
by shock in the stylus 24. Alternatively, if the LATCH signal 
is generated as a result of strain, then the output of com 
parator 78 Will be high at the instant the LATCH signal is 
generated, causing the LATCH signal at clock input 112 to 
sWitch a high signal on data line 114 to the output 116; a high 
output signal on line 116 thus indicates that the LATCH 
signal is generated as a result of strain. 

In a modi?cation, the interface may be adapted to ignore 
signals from the pieZo stacks 50 in excess of a certain 
frequency, eg by providing a sWitch Which sWitches off 
channel 60, thereby triggering only by signals generated by 
strain. 
The present invention has been described With reference 

to the use of pieZoelectric elements as analogue sensors 
Which detect deformation of the stylus and stylus supporting 
member before movement of the stylus supporting member 
12 relative to the housing 10. Alternative analogue sensors 
may be used for this purpose, one example being strain 
gauges and an associated load cell. Additionally, an electri 
cal circuit has been shoWn as an example of an analogue 
sensor Which detects displacement of the stylus supporting 
member relative to the housing 10; alternative such analogue 
sensors may be employed, such as capacitive sensors or 
optical sensors employing photodiodes or position sensitive 
detectors. 
We claim: 
1. A touch probe having a ?xed structure and a stylus 

supporting member biased into a repeatable rest position 
relative to the ?xed structure, from Which the supporting 
member is displaceable When a de?ecting force is applied 
thereto, and to Which the supporting member may return 
When said de?ecting force is removed, a direction of biasing 
action de?ning an axis, the probe further comprising a 
plurality of sensors sensitive to tension and compression, for 
sensing force applied to said supporting member prior to 
displacement thereof from said rest position, said sensors 
being clamped betWeen ?rst and second parts of said stylus 
supporting member and each of said sensors having an axis 
of maximum sensitivity to tension and compression, said 
sensors being grouped into pairs, the axis of maximum 
sensitivity of each of said sensors being inclined (a) With 
respect to the probe axis and (b) With respect to the axis of 
maximum sensitivity of the other sensor in each of said 
pairs, one of said ?rst and second parts of said stylus 
supporting member comprising a plurality of V-shaped rides 
extending radially With resect to said probe axis, and each of 
said pairs including a sensor located on opening faces of said 
ridges. 
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2. An interface circuit for connecting a touch probe, 
having at least one analogue sensor for generating an 
analogue signal, to a control of a coordinate positioning 
machine, the interface comprising: 

means de?ning ?rst, second, and third analogue signal 
levels; 

means for comparing the time interval betWeen attainment 
of said ?rst and second, and said second and third 
signal levels, and determining upon the basis of said 
comparison Whether said analogue signal conforms to 
a predetermined trigger signature; and 

means for generating a trigger output responsive to said 
analogue signal conforming to said predetermined trig 
ger signature. 

3. An interface circuit according to claim 2 further com 
prising means for generating a latching signal, instructing 
the machine control to store the position of the movable arm, 
When said analogue signal attains said ?rst level. 

4. A method of processing an analogue output signal from 
a touch probe, the method comprising the steps of: 

de?ning ?rst, second and third analogue signal levels; 
determining the magnitude of a ?rst time interval betWeen 

attainment of said ?rst and second analogue signal 
levels, and determining the magnitude of a second time 
interval betWeen attainment of said second and third 
analogue signal levels; 

comparing the magnitude of said ?rst and second time 
intervals; 

on the basis of the result of said comparison, generating 
a trigger output signal. 

5. An interface circuit for connecting a touch probe to a 
control of a coordinate positioning machine, the interface 
comprising: 

latching means for generating a latching signal, for 
instructing the machine control to record a 
measurement, in response to an amplitude of at least 
one analogue signal generated by said interface circuit 
attaining a predetermined amplitude threshold, said 
latching means being responsive to said at least one 
analogue signal having a frequency above or beloW a 
predetermined frequency threshold; and 

means for determining Whether said latching signal Was 
generated in response to said at least one analogue 
signal having a frequency above said predetermined 
frequency threshold, and for generating a ?ag signal 
accordingly. 

6. An interface circuit according to claim 5 Wherein said 
predetermined threshold of frequency is 500 HZ. 

7. An interface according to claim 5, further comprising 
means for determining Whether said at least one analogue 
signal conforms to a predetermined trigger signature, and for 
generating a con?rmation signal accordingly. 

8. An interface according to claim 7, comprising means 
for determining Whether, at a given instant of time after the 
emission of said latching signal, the amplitude of said at 
least one analogue signal exceeds said predetermined ampli 
tude threshold. 

9. An interface for connecting a touch probe to a control 
of a coordinate positioning machine, the probe having at 
least one sensor for generating at least one analogue signal, 
the interface comprising: 

latching means for generating a ?rst latching signal, for 
instructing the machine control to record a 
measurement, in response to an amplitude of said at 
least one analogue signal attaining a predetermined 

15 

25 

35 

45 

55 

12 
amplitude threshold, said latching means being respon 
sive to said at least one analogue signal having a 
frequency above or beloW a predetermined frequency 
threshold; 

[discriminating] determining means for determining 
Whether said latching signal Was generated in response 
to said at least one analogue signal having a frequency 
above said predetermined frequency threshold, and for 
generating a ?ag signal accordingly; and 

suppressing means for suppressing the emission of [said] 
a second latching signal [in the event that said dis 
criminating means determines that said at least one] 
which is generated in response to said at least one 
analogue signal [attaining said] having a frequency 
above the predetermined amplitude threshold [has a 
frequency in excess of said predetermined frequency 
threshold], said suppressing means being selectively 
operable. 

10. An interface circuit according to claim 9 Wherein said 
predetermined frequency threshold is 500 HZ. 

11. An interface circuit for connecting a probe to a control 
of a machine, the probe having at least one analogue sensor, 
the interface comprising: 

at least one input channel, responsive to signals above and 
beloW a predetermined frequency threshold, Which 
receives an input signal from said at least one analogue 
sensor, said at least one input channel comprising a 
comparison circuit Which generates an output signal 
When an amplitude of the input signal exceeds a 
predetermined amplitude threshold; and 

a frequency discriminator Which determines Whether the 
output signal from the comparison circuit occurred in 
response to an input signal having a frequency greater 
than said predetermined frequency threshold, and 
Which generates a ?ag signal accordingly. 

12. An interface according to claim 11, further comprising 
a trigger signal discriminator Which determines Whether said 
at least one analogue signal corresponds to a predetermined 
trigger signature, and Which generates a con?rmation signal 
accordingly. 

13. An interface according to claim 12, Wherein said 
trigger signal discriminator includes a comparator circuit 
Which generates a step output signal in the event that an 
amplitude of said at least one analogue signal exceeds a 
predetermined threshold at a given instant of time after the 
emission of said latching signal. 

14. An interface circuit for connecting a probe to a control 
of a machine, the probe having at least one analogue sensor, 
the interface comprising: 

at least one input channel, responsive to signals above and 
beloW a predetermined frequency threshold, Which 
receives [an] a ?rst input signal from said at least one 
analogue sensor, said at least one input channel com 
prising a comparison circuit Which generates [an] a ?rst 
output signal When an amplitude of the input signal 
exceeds a predetermined amplitude threshold; and 

[a frequency suppressor Which suppresses] means for 
suppressing the emission of [said] a second output 
signal [in the event that said] which is generated in 
response to a second input signal [has] having a fre 
quency greater than said predetermined frequency 
threshold[; and 

a selector enabling selective operation of said frequency 
suppressor], the suppressing means being selectively 
operable. 

15. An interface circuit for connecting a probe to a control 
of a machine, the probe having at least one analogue sensor, 
the interface comprising: 
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at least one input channel Which receives an input signal 
from said at least one analogue sensor, said at least one 
input channel comprising ?rst, second, and third corn 
parators Which generate ?rst, second and third output 
signals When the input signal eXceeds ?rst, second and 
third predeterrnined thresholds, respectively; and 

a timing circuit Which receives said ?rst, second, and third 
output signals, and determines Whether the time inter 
vals betWeen the occurrence of the ?rst and second 
input signals and the occurrence of the second and third 
input conforms to a trigger signature of said probe, the 
timing circuit further generating a trigger output signal 
on the basis of the determination. 

16. An interface circuit for processing signals generated 
by at least one analogue sensor in a touch probe, and 
providing output signals which are useable by a control of 
a coordinate positioning machine, the interface comprising: 

at least one input channel for receiving signals from the 
analogue sensor; 

three threshold detectors, each of which generates an 
output signal when the analogue signal from the sensor 
reaches a given threshold amplitude, 

a discriminating circuit which is connected to each of the 
threshold detectors and which receives their output 
signals, the discriminating circuit determining whether 
time intervals between signal emissions from the detec 
tors are representative of a genuine measurement event. 

17. An interface according to claim 16, having two input 
channels for receiving the analogue signals, each input 
channel having a ?lter; and the two ?lters transmitting 
analogue signals of dijferent frequencies, wherein one of the 
channels has at least two threshold detectors. 

18. An interface according to claim 17, further including 
a third input channel which receives a resistance signal 
corresponding to the resistance of an electrical contact 
within the probe, the third input channel having a further 
threshold detector which generates an output signal when 
the resistance of the electrical contact reaches a given 
threshold. 

19. An interface according to claim 17, further including 
means for producing an output that is indicative of which 
channel a ?rst occurring output signal was generated. 

20. An interface for connecting analogue sensors in a 
touch probe to a control of a coordinate positioning 
machine, the interface having: 

a pair of input channels, one for relatively high frequency 
sensor signals and one for relatively lower frequency 
sensor signals,‘ 

at least two comparators in one of the input channels, 
each of which is set to respond to a dijferent amplitude 
of sensor signal, and a further comparator in the other 
input channel,‘ and 

discriminating circuitry connected to the at least two 
comparators and the further comparator which 
determines, from time intervals separating occurrences 
of output signals from the comparators, whether the 
output signals represent a genuine measurement event. 

21. An interface according to claim 20, having three such 
comparators in said one of the input channels. 

22. An interface according to claim 20, further including 
means for producing an output that is indicative of which of 
the two input channels a ?rst occurring comparator output 
signal was generated. 

23. An interface according to claim 22, further including 
a third input channel which receives a resistance signal 
corresponding to the electrical resistance of an electrical 
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contact in the probe, the third input channel having a further 
comparator which is set to respond to the resistance of the 
electrical contact reaching a threshold level. 

24. An interface for connecting analogue sensors in a 
touch probe to a control of a coordinate positioning 
machine, the interface having: 

two input channels which are connected to receive sensor 
signals from the sensors, each channel having a ?lter 
wherein the two ?lters pass sensor signals of a dijferent 
frequency, and each of the two channels having at least 
one threshold detector connected to the corresponding 
?lter; which generates a threshold output when the 
sensor signal exceeds a threshold amplitude,‘ and a 
circuit connected to the outputs of each of the threshold 
detectors, which produces an output that is indicative 
of the channel in which a ?rst occurring threshold 
output was generated. 

25. An interface according to claim 24, further including 
a discriminating circuit which is connected to each of the 
threshold detectors and which receives their output signals, 
the discriminating circuit determining whether time inter 
vals between signal emissions from the detectors are repre 
sentative of a genuine measurement event. 

26. An interface according to claim 25, having at least two 
threshold detectors in one of the input channels. 

27. An interface according to claim 26, further including 
a third input channel which receives a resistance signal 
corresponding to the resistance of an electrical contact 
within the probe, the third input channel having a further 
threshold detector which generates an output signal when 
the resistance of the electrical contact reaches a given 
threshold. 

28. An interface for connecting analogue sensors in a 
touch probe to a control of a coordinate positioning 
machine, the interface having: 

at least three comparators connected to the analogue 
sensors, which receive signals from the sensors, and 
which are each set to respond to a dijferent amplitude 
of signal,‘ and 

discriminating means to which the comparators are 
connected, for receiving output signals from the 
comparators, and determining on the basis of time 
intervals between outputs of each of the comparators 
whether the outputs represent a genuine measurement 
event. 

29. An interface according to claim 28, having two input 
channels, a ?rst of which has a ?lter transmitting relatively 
high frequency sensor signals, and a second of which has a 
?lter transmitting relatively low frequency sensor signals. 

30. An interface according to claim 29, further including 
a circuit connected to the comparators, which produces an 
output that is indicative of the channel in which a ?rst 
occurring comparator output was generated. 

31. Apparatus for use on a coordinate positioning 
machine including.‘ 

a touch probe having a housing and a stylus connected to 
a supporting member within the housing, the probe 
including at least one analogue sensor sensitive to 
tension and compression which generates an analogue 
signal,‘ and 

an interface circuit which connects the probe to a control 
of a coordinate positioning machine, the interface 
circuit having.‘ 
a high frequency input channel connected to the ana 

logue sensor; and having a ?lter which transmits 
signals from the analogue sensor generated as a 
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result of shock in the stylus when the stylus contacts 
a workpiece, the high frequency input channel also 
having a ?rst comparator for generating a ?rst 
output signal when the amplitude of the analogue 
signal at the ?rst comparator exceeds a predeter 
mined threshold; 

a low frequency input channel connected to the ana 
logue sensor; and having a ?lter which transmits 
signals from the analogue sensor generated as a 
result of strain in the stylus when the stylus contacts 

16 
a workpiece, the low frequency input channel also 
having a second comparator for generating a second 
output signal when the amplitude of the analogue 
signal at the second comparator exceeds a prede 
termined threshold; and 

means for determining whether; when the second com 
parator generates an output signal, an output signal 
has been generated from the ?rst comparator 


