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(54) Numerically controlled
machine tool

{(67) A machine tool comprises a tool
movable into engagement with a
workpiece by a motor 15. A device 22
generates a first signal which is a
measure of the distance between the
tool and a datum surface provided on
a relatively fixed part of the machine,
and a first closed loop system 16 is
adapted to move the tool toward the
workpiece with the first signal as
feedback. A circuit (30) generates a

second signal (37) which is a measure
of the distance between the tool and
the workpiece, and a second closed
loop system (33), has the second
signal (37) as feedback. When the
distance (32) attains a threshold
value, as determined by circuit 30,
while movement is under the control
of the first system, for the control of
the tool movement is transferred from
the first to the second system and
stopped when the signal from circuit
30 reaches a maximum value. It is
stated that the tool may be a surface-
sensing probe.
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SPECIFICATION
Numerically controlied machine tool

This invention relates to numerically controlled
machine tools. It is known in such machine tools
to move a tool into engagement with a workpiece
under the control of a closed loop system having a
feedback signal defining the distance between the
tool and a datum surface provided on a fixed part
of the machine.

It is the practice to move the tool initially at a
relatively high speed so as not to waste time and
to reduce that speed when the tool comes close to
the workpiece so as to avoid undue impact forces
between the tool and the workpiece. If the
position of the tool surface to be engaged is not
accurately known the speed change has to be
made at a relatively early stage so that the time of
a slow tool speed could be relatively long. It is an
object of this invention to overcome or reduce this
difficulty.

According to this invention there is provided a
method of operating a machine having a tool to be
moved into engagement with a workpiece,
comprising the steps of moving the tool toward
the workpiece under the control of a first closed
loop system having a feedback signal defining a
first distance being the distance between the tool
and a datum surface provided on a fixed part of
the machine, sensing a second distance being the
distance between the tool and the workpiece and,
responsive to the second distance attaining a
threshold value, automatically discontinuing use
of the first system and continuing moving the tool
under the control of a second closed loop system
having a feedback signal defining said second
distance.

It will be seen that the second system
determines the tool position by direct reference to
the surface of the workpiece itself and can ensure
a controlled approach to that surface even though
the position of that surface is not, or is not
accurately, known.

Also according to this invention there is
provided a numerically controlled machine tool
comprising a tool movable into engagement with
a workpiece, means for generating a first signal
being a measure of the distance between the tool
and a datum surface provided on a fixed part of
the machine, a first closed loop system adapted to
move the tool toward the workpiece and having
the first signal as feedback, means for generating
a second signal being a measure of the distance
between the tool and the workpiece, a second
closed loop system having the second signal as
feedback, and means responsive to the second
distance attaining a threshold value, while being
moved under the control of the first system, for
changing control of the tool movement from the
first to the second system.

An example of apparatus according to this
invention will now be described with reference to
the diagram shown in the accompanying drawing.

A lathe 10 has a chuck 11 holding a workpiece
12 and further has a tool slide 13 supporting a
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tool 14 for machining the workpiece. The tool is
moved toward the workpiece by a motor 15 acting
on the slide 13 under the control of a first closed
loop system 16 wherein a position demand signal
17 and a feedback signal 18 is fed to a summing
junction 19 to produce an error signal 20
connected to drive the motor 15. The demand
signal 17 is produced by a computer 21 and the
feedback signal 18 is produced by a device 22,
arranged between the slide and relatively fixed
structure 25, for generating pulses 22A each
defining a unit distance travelled. The pulses are
counted by a counter 22B whose content is
therefore a measure of total distance travelled and
defines the signal 18.

As an initial datuming operation, which may be
a manual operation, the counter 22B is set tc zero
while the tool 14 is engaged with a datum surface
24 defined on the chuck 11. The signal 18 is
therefore a measure of the position of the tool 14
relative to the surface 24, this position being
indicated by a distance 23.

Although the distance 23 is known by virtue of
the signal 18, the distance, denoted 32, between
the tool and workpiece is not known at this stage.
The tool is intended to be driven into engagement
with the workpiece for the purpose of measuring
the dimension of a surface 12A of the workpiece
contacted by the tip of the tool or for the purpose
of a machining operation. In either case the fact
that the position of the surface 12A is not known,
or not known to the same accuracy, makes it
difficult to drive the tool into engagement with the
workpiece with speed and safety under the control
of the system 16 alone.

To overcome or reduce that difficulty there is
introduced an operation to sense the distance 32
between the tool and the surface 12A and in this
context the tool 14 may be regarded as a probe for
sensing the surface 12A. For the purpose of the
sensing operation, the workpiece and the tool are
connected in an electric circuit 30 fed by a
generator 31 for producing a saw-tooth signal
having a peak voltage such that current flow, in
the form of a succession of sparks, is produced
between the workpiece and the tool when the
distance 32 therebetween is at a predetermined
threshold value 32A. Since the mean current flow
increases with a reduction in the distance 32 the
circuit is a means of sensing the distance 32
between its threshold value and zero. At the
threshold value the mean current flow is at a
minimum and at zero, when the tool touches the
workpiece, the mean current flow is at a
maximum.

The circuit 30 is embodied in a second closed
loop system 33 having a demand signal 34
corresponding to said maximum current flow and
a feedback signal 35 of the actual mean current
flow in the circuit. The signal 35 is derived from a
current sensing element 35A. The signals 34, 35
are connected to a summing junction 36 to
produce an error signal 37 which is connected
through a relay 38 to a switch 39 to change the
error signal connection to the motor 15 from the
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signal 20 of the system 16 (this being the normal
state of the switch 39) to the signal 37 of the
system 33. It will be clear that instead of providing
the separate summing junctions 19, 36, a single
summing junction may be provided and the switch
39 may be arranged to connect the signals 18, 35
directly to such a single summing junction.

In a typical practical situation, the position of
the tool is initially such that the distance 32 is
greater than its threshold value 32A and the
movement of the tool toward the workpiece is
under the control of the system 16. When, during
movement of the tool and progressive reduction of
the distance 32, the latter distance attains the
threshold value 32A, the control of the movement
of the tool changes from the system 16 to the
system 33, i.e. the tool continues to be moved
under the control of the error signal 37 which
progressively reduces as the signal 35 rises to the
value of the signal 34. When the latter two signals
are equal the signal 37 is zero and the tool stops
at the point of contact with the surface 12A with
an accuracy corresponding to the resolution of the
system. The system 33 is arranged so that the
speed of the motor 15 is slower than under the
control of the system 16 and preferably so that the
speed of the motor 15 progressively reduces
towards the position at which the tool makes
contact with the workpiece. Thus the movement
of the tool under the control of the system 16 can
be relatively rapid because the machine is safe-
guarded against damage by the system 33.

The device 22 continues operating during
movement under the control of the system 33 so
that the position of the tool 14 relative to the
datum 24 continues to be available to the
computer. The summing junction 36 is adapted to
output a signal 41 indicative of the signals 34, 35
being equal, i.e. the tool having made contact with
the workpiece.

The signal 41 is connected to be read by the
computer. If the contact between the tool and the
workpiece is to be followed by a machining
operation, the computer is programmed, on
receipt of the signal 41, to return control of the
tool movement to the system 16 and to proceed
with the machining operation. If the contact
between the tool and the workpiece is for the
purpose of measuring the workpiece, the
computer is programmed to store the signal 18 at
the instant of the signal 41 thereby providing a
record of the position of the surface 12A relative
to the datum. Such a measuring operation may be
programmed to occur prior to the machining
operation to enable the program to determine the
depth of cut appropriate to the machining
operation. The system 33 may of course also be
used for engaging the tool with the datum surface
24 for the purpose of the datuming operation.

However, the invention may be used solely for
measuring the workpiece. In that case the
computer is programmed to store the signal 18 at
the instant of the signal 41 and thereafter to act
on the system 16 to withdraw the tool from the
surface 12A and move the tool to another surface
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to be measured on the workpiece. In this context
the term “numerically controlled machine tool” is
to be understood to include a numerically
controlled coordinate measuring machine, and the
term “tool” is, as already mentioned, to be
understood to include s surface-sensing probe or
probe member.

The computer is programmed to enable the
circuit 30 by means of a signal 40A from the
computer acting on a switch 40 in the circuit 30.
This makes it possible to avoid unnecessary
actuation of the system 33 e.g. betweem minor
movements of the slide 13. Further, the computer
is programmed to read the state of the swtich 39
communicated to the computer by a signal 39A.
This enables the program to initiate the next
operation following contact between the tool and
the workpiece.

In the example described the distance between
the tool and workpiece is sensed by establishing a
current flow therebetween. It will be understood
that any other means of sensing may be employed
e.g. a means for sensing a change of capacitance
between the tool and the workpiece, or an optical
means may be employed in which the distance is
sensed e.g. by sensing a change in intensity or
position of reflected light.

CLAIMS

1. A method of operating a machine tool having
a tool to be moved into engagement with a
workpiece, comprising the steps of moving the
tool toward the workpiece under the control of a
first closed loop system having a feedback signal
defining a first distance being the distance
between the tool and a datum surface provided on
a relatively fixed part of the machine, sensing a
second distance being the distance between the
tool and the workpiece and, responsive to the
second distance attaining a threshold valve,
‘automatically discontinuing use of the first system
and continuing moving the tool under the control
of a second closed loop system having a feedback
signal defining said second distance.

2. A numerically controlled machine tool
comprising a too! movable into engagement with
a workpiece, means for generating a first signal
being a measure of the distance between the tool
and a datum surface provided on a relatively fixed
part of the machine, a first closed loop system
adapted to move the tool toward the workpiece
and having the first signal as feedback, means for
generating a second signal being a measure of the
distance between the tool and the workpiece, a
second closed loop system having the second
signal as feedback, and means responsive to the
second-mentioned distance attaining a threshold
value, while being moved under the control of the
first system, for changing control of the tool
movement from the first to the second system.

3. Numerically controlled machine tool
comprising a workpiece holder adapted to hold a
workpiece, a tool support, drive means for
positioning the holder and the support one relative
to a datum defined on the other, closed loop
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means for controlling said drive means to effect
said relative positioning, first sensing means for
sensing the relative position of the holder and the
support and having an output defining a first
feedback signal for said closed loop means, a
probe member connected to the tool support,
second sensing means connected to the probe
member for sensing a surface of said workpiece
when during a said relative positioning said probe
member and said workpiece are moved one
toward the other and a gap therebetween-is
progressively reduced, generating means for
generating a probe signal when said gap is
reduced to a predetermined size, said probe signal
defining a second feedback signal for said closed
loop means, switch means settable to a first
position connecting the first feedback signal to the
closed loop means and to a second position
connecting the second feedback signal to the
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closed loop means, and means for changing said
switch means from the said first to said second
position responsive to occurrence of said probe
signal.

4. Machine tool according to claim 3 said
second sensing means comprising means for
generating an electric potential between said
probe member and said workpiece, said potential
being sufficiently high to cause current flow across
said gap at least when said gap has attained said
predetermined size, and said generating means
comprising a circuit element responsive to said
current flow attaining a value corresponding to
said predetermined size of gap thereby to produce
said probe signal.

5. Machine tool according to claim 3 or claim 4
wherein said probe member comprises a cutting
tool.
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