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Description                                      machining head and. the
roller assemblies are height adjustable by means of hydraulically ac- This
invention relates to machining, especially  tuated valves to maintain a
desired level of the but not only of metal, and in particular it relates to
machining head. The valves are controlled together apparatus for the
precision machining of such cir-   6   by means of a single level sensor
adjacent the cular workpieces as draglines, pressure vessels  machining
head which is displaced along a tam- and slew ring mounting faces and of
non-circular  plate which is secured to the Inner wall of the workplaces
such as turbine casings.              workplace to be parallel to the
machined end face In the past it has been proposed to machine   of the
workpiece. Thetsingle level sensor. is in- the edges of large circular
workpieces such as  to  tended to sense a change in level of each roller
draglines with a machine head mounted on the end  assembly and to counter
it. of a pivoted boom. Rotation of the boom allows the  In our
US-A-5,044,844 improved apparatus of machine head to machine the circular
flange or end  the type described above is proposed In which a face of the
dragline. Setting of the machine head  boom having a machining station
mounted thereon relative to the surface to be machined has gen-  15  is
supported on a support structure with a plurality orally been achieved by
guiding the free end of the  of spaced displacement means being provided on
boom along a precision clocked track adjacent the  the boom for
displacement of the boom relative to work surface. These arrangements have
been In-   the support structure through engagement with one convenient in
that clocking of the track is difficult  or more support surfaces. The
displacement means and time-consuming particularly as the work sur-  20
are associated with respective portions of the boom face may be several
metres in diameter. Similar  and each is independently adjustable to allow
the considerations apply to the machining of work-   associated portion of
the boom to move towards or pieces using a machining head which Is mounted
away from the support surface. The Independent for linear displacement
along a boom which is itself  adjustment of each displacement means Is con-
linearly displaceable perpendicularly to the machin-  28  trolled by a
respective sensor monitoring move- ing head. It is vital that the rails or
other structure  ment of the associated portion of the boom relative on
which the machining head and boom are re-     to a reference to counter
Inconsistencies in the spectively displaceable are level and this Is a par-
support surface so as to maintain the machining ticularly difficult and
time consuming task. The  station at the desired level. Such apparatus has
tolerances which have been achievable hitherto are  30  been found to
alleviate many of the disadvantages not acceptable today for many machining
oper-    of prior proposals and to allow very accurate ma- ations..
chining of workplaces. However, such accurate ma- The present invention is
particularly concerned  chining tends to require fine adjustment in the
with  apparatus  for machining  a  workpiece,    displacement means, yet
the displacement means hereinafter referred to as "apparatus of the type
3s  must also be sufficiently substantial to support the described above",
comprising apparatus for ma-   associated portion of the boom. These
contrary chining a workplace, comprising a boom supported  requirements
lead to expensive components. on a support structure, displacement means on
the    According to a first aspect of the present in- boom for enabling
displacement of the boom rela-  vention, there is provided apparatus of the
type tive to the support structure along a support sur-  40  described
above, characterized in that the :machin- face, a machining station
Including a machine    ing station support means comprises at least three
head, the machining station being carred by the  adjustment means, each of
which is independently boom on support means, and adjustment means
adjustable relative to the boom to move an asso- adjustable relative to the
boom to move the ma-  cdated portion of the machining station relatively
chining station relatively towards or away from the  4o  towards or away
from the support surface(s), and In support surface, the adjustment of the
adjustment  that each adjustment means has a respective sen- means being
controlled by a sensor adapted to    sor associated therewith adapted to
monitor move- monitor movement of the machining station to-    ment of the
associated portion of the machining wards and away from a reference to
counter inac-  station towards or away from the reference. curacies in the
support surface as the boom is  so   According to a second aspect of the
present displaced along the support surface.             invention, there
is provided apparatus of the type One proposal for machining large circular
work-  described above; characterized In that the machin- pieces using
apparatus of the type described     ing station support means comprises a
pivot and above is described in US-A-3,145,622. In this pro-  two
adjustment means adapted to adjust asso- posal a centrally pivoted boom
carrying the ma-  55  ciated portions of the machining station about the
chining head is supported at its outer end on the  pivot with a third
adjustment means adapted to workplace end face to be machined. The support
is  adjust the position of the machine head relative to by roller
assemblies on respective sides of the  the remainder of the machining
station, each of the 2 
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being independently adjustable  tuate one or more of the adjustment means
to relative to the boom to move the associated portion  maintain the
machine head, such as a milling head, of the machining station relatively
towards or away  at the desired spacing and orientation relative to from
the support surface(s), and in that each ad-  the reference. The adjustment
of one of the adjust- justment means has a respective sensor associated   s
ment means may cause one or more of the sen- therewith adapted to monitor
movement of the as-  sors associated with the other displacement means
sociated portion of the machining station towards  to shift relative to the
reference so that the other or away from the teference.
displacement means will then adjust. In one embodiment in which the
apparatus is,      The present inventionthus facilitates machining for
machining a circular or annular workpiece, the   io  the workplace at the
desired orientation and posi- boom is rotatable about a pivot support
axially  tion in space without having to ensure that the *    within the
workpiece and the machining station is  support surface(s) is absolutely
parallel to or has a mounted on the boom remote from the pivot by
predetermined relationship to the reference, by way of the at least three
angularly spaced adjust-  providing the three or more adjustment means ment
means or the support means pivot and two   15  each of which Is associated
with a respective por- adjustment means. The support surface is conve-
tion of the machining station, each of the adjust- ,   niently, but not
necessarily, the surface of the  ment means being independently actuatable
by a workpiece to be machined.                         respective sensor.
It will be understood that the In this embodiment, the machining station
sup-  spacing and/or orientation of the machine head v   port means may
comprise a carriage which is  20  relative to the reference may desirably
be caused displaceable along the boom to enable workpieces  to vary as the
machining station is displaced, for of different radii to be machined,
respective por-  example to machine a non-planar surface on the tions of
the machining station being adjustable rela-  workpiece, and that the terms
"spacing" and "ori- tive to the carriage through the adjustment means.
entation' are therefore to be construed at any one The adjustment means
will then accommodate in-  25  time. Thus, the machine head may be
controlled to accuracies in the displacement of the carriage    machine
parallel to the reference, for example in a along the boom relative to the
reference as well as  horizontal or vertical plane, or merely relative to
but in the support surface(s).                        not necessarily
parallel with the reference. In another embodiment, which may be used for
Furthermore, the orientation of the machine annular workplaces but which is
suitable also for  30  head relative to the reference may desirably be
linear, elongate, plate-like and other surfaces to be  caused to vary, for
example to tilt the machine machined, the boom is supported on a support
head, and this can be performed by adjusting structure, such as at least
one pair of parallel rails,  some (including one) but not aWl of the
adjustment extending to one side or opposed sides of the     means.
workplace and defining the support surface or plu-  35  The reference
against which displacement of ral support surfaces. The support means for
the   respective portions of the machining station is machining station may
include a carriage which is  monitored may comprise a precise beam such as
displaceable along the boom, preferably substan-  may be emitted by a laser
source in a plane which ,   tially perpendicularly to the displacement
direction  intersects with each of the sensors in use. The of the boom
along the support structure. The boom   40  source of the beam may be
centred on the pivot and/or the carriage could project beyond the sup-
support in the rotating boom embodiment or be port structure so that the
machine head can work  offset to one side of the workpiece. The beam may on
the workpiece to one side of the support struc-  spread over the desired
plane but more conve- ture. The three or more adjustment means support
niently a narrow beam continuously sweeps the the respective portions of
the machining station for  45  desired plane at high speed to effectively
give adjustment relative to the carriage. In this embodi-  continuous
sweeping of the reference plane. The ment the boom is displaceable along
the support   motion of a sweeping beam of energy could be by surface(s)
without pivotal movement about a sepa-  way of a motor drive displacing the
source itself, a rate support structure and the term "boom" as
motorized mirror or refracting prism or, for exam- used herein should be
construed accordingly.  5o  pie, a magnetic field. Altematively, a
stationary By this invention, each of the portions of the  planar beam
could be refracted via a prism. The machining station can be independently
adjusted   beam source may be set up in well known manner relative to the
boom by the respective adjustment  to define the reference plane. Each
sensor for use means under the control of the associated sensor.  with a
beam of energy may comprise, for example, Accordingly, when a surface
variation or other inac-  55  a series of diodes, a divided diode or a
plurality of curacy in the support surface is experienced by the  light
sensing cells. If necessary, each sensor may displacement means as the boom
is displaced, the  be rotated by, for example, a servo motor to al- 



sensors controlling the adjustment means can ac-  ways direct the sensor at
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6 Alternatively, the displacement of respective  station. In this
alternative embodiment, the support portions of the machining station may
be mechani-  means comprises a pivot and the remaining adjust- cally
monitored by sensors each comprising a dis-  ment means supporting the
remainder of the ma- placement transducer which engages a template or
chining station relative to the boom to define the other mechanical
reference. The template refer-   6   working plane. The pivot positively
locates the ma- ence is especially, but not only, suitable for use  chining
station relative to the boom or aforemen- with the rotating boom embodiment
in which case   tioned carriage, except for the movement available it may
comprise a setting point such as a beam   through the adjustment means, and
such an ar- pivoting off the pivot support but independently of  rangement
has particular advantage in situations of the boom. However a=convenient
template for the  to  non-horizontal machining when the pivot can carry
rotating boom embodiment comprises an annular     a substantial part of the
mass of the machining reference surface extending around the pivot sup-
station.. This reduces bending moments In the ad- port to allow the
displacement transducers to en-  justment means. Further reductions may be
gage successive sectors of the template ass the   achieved by the use of
resilient means, such as a boom rotates. The load imposed on a template by
15. spring, between the machining station and the a displacement transducer
will normally be very   boom or aforementioned carriage which tends to low
so that a relatively lightweight and potentially  resist pivotal movement
of the machining station easily levellable template may be used. Such a
about the support means pivot due to the mass of template may comprise a
precision laid annular   the machining station. track of the type which may
be supported on the   20  Various embodiments of apparatus in accor-
workpiece. Other mechanical references may in-    dance with the invention
will now be described by dude an array of tensioned wires which are mon-
way of example only with reference to the accom- itored by the sensors, but
it will be appreciated that  panying drawings in which: a mechanical
reference may be other than planar     Figure 1 is a schematic partial plan
view of a and may be disposed other than horizontally.  25    first
embodiment in use; The displacement means to support the boom       Figure
2 is a schematic part-sectonal side view may comprise one or more wheels or
rollers to ride  of the embodiment of Figure 1 taken on the line on the
support surface(s), but other low friction   Il-Il'of Figure 1 and at a
smaller scale; means such as slides, including linear bearings,    Figure 3
is a schematic end, view of the embodi- may be appropriate.
so     ment of Figure 1 on a larger scale and with the The machine head may
comprise a metal mill-      pivot support means omitted for clarity; ing
cutter or other machining equipment such as a   Figure 4 Is a general
circuit diagram showing grinder, a borer, a buffer or a drill.
one embodiment for control of a servo motor of Each of the adjustment means
of the machin-      one adjustment means by a laser light sensor; ing
station may take one of various forms such as  35  Figure 5 is a detailed
circuit diagram of the laser a hydraulic actuator. However It is preferred
that  signal processor of the circuit of Figure 4; and each adjustment
means comprises a servo motor       Figure 6 is a power supply circuit for
the circuit mechanically driving, either directly or for example  of Figure
4; o  through a. reduction gearbox or belt drive, an ad-   Figure 7 is a
schematic. representation of one juster such as a nut and screw assembly..
40    form of sensor; As explained hereinbefore, the at least three
Figure 8 is aplan view of a second embodiment adjustment means, in
conjunction with the respec-   of the invention; tive sensors and the
reference, allow not only a    Figure 9 is a sectional elevation on line
IX-IX of working plane but also the position of that plane to  Figure 8,
which is not to scale; be defined at any one time. The position of the  45
Figure 10 is a view similar to Figure 8 but machine head may be fixed
relative to the remain-   showing a modification in which the machine der
of the machining station or may be fixed in use  housing is partially
supported by a pivot and the but separately adjustable during settingup. In
such  third adjustment means is associated with the an arrangement the at
least three adjustment        machine head; means would be associated with
respective por-  5o  Figure 11 is a sectional view of the modificaticn
tions of the machining station other than the ma-   of Figure 10 taken on
the line )(I-XI; chine head in accordance with the first aspect of   Figure
12 is an elevational view, partly in sec- the invention. In accordance with
the second as-    tion, taken on the line XII-XII of Figure 10; pect, one
of the adjustment means and the respec-   Figure 13 is an enlarged view of
part of the tive sensor is associated with the machine head   55
apparatus of Figures 10 to 12; 



itself so as to define the position of the working  Figure 14 is an
elevational view, partially in plane by adjustment of the position of the
machine  section, of the apparatus of Figures 10 to 13 head relative to the
remainder of the machining     modified for use in vertical machining; 4
7                EP 0 493 020 B1                   8 Figure 15 is a plan
view from above of the     and 40 riding on the work surface 14. The wheel
apparatus of Figure 14 with parts deleted for  units 38 and 40 are
connected to their respective - clarity; and.
arms 26 and 28 by associated brackets 42 and 44 Figures 16, 17 and 18 are
scrap sectional views  extending laterally outwardly of the arms. The
showing three alternative adjustment means us-   s   boom 20 is thus
supported at three points - the ing a servo motor and a nut and screw
adjuster  pivot post 18 and the two angularly spaced wheel assembly.   ,
units .38 and 40 disposed on opposite sides of the Referring Initially to
Figures 1 to 3, the machin-  boom- to. form a triangular arrangement with
the ing apparatus 10 is schematically shown in place  milling machine 34
disposed between the arms of within a circular workpiece 12 such as a 6
metro  lo  the boom.           1 diameter slew ring having a top edge or
flange       The wheel units 38 and 40 each have two pairs defining a work
surface 14 to be machined.       of aligned wheels, the pairs being mounted
in an - A spider of girders 16 extends across the inte-  angled
'arrangement such that the axis of each is rior of the workpiece 12 to
locate a pivot support  on a respective radius from the pivot post 18. 18
of the. apparatus 10 at the centre of the circular  is  Having a plurality
of wheels for each wheel unit workpiece 12. The girders 16 may be welded at
assists in minimising marking of the work surface ~i  -their radially outer
ends to the inner wall of the  14. Means (not shown) for adjusting the
height of workpiece, but as shown in Figure 2 (one only)   the wheel units
relative to the boom independently ' they are conveniently located by screw
threaded     of each other is provided In order to allow an initial studs
15 which extend to rigidly engage the work-  20  gross setting of an
appropriate height for the boom. piece and which are adjustable to
centralism the  This initial adjustment can be achieved by having a pivot
support. Two spaced studs 15 may be pro-   screw threaded mounting of a
support shaft 45 to vided on each girder 16 to spread the load on the  the
respective brackets 42 and 44. AltematIvely, or workpiece. The pivot
support 18 is a vertically  in addition to the screw threaded mounting, the
extending post which has an axial passage 17   25  brackets 42 and 44 may
be bolted to respective therethrough to allow a plumb bob to be used to
arms 26 and 28 through elongate slots or multiple set the post relative to
a datum. The pivot post is  openings which enable vertical adjustment of
the rigidly secured to the spider and setting the post  brackets relative
to the arms. vertical is achieved by jacking the girders of the   A spring
mounted electrically driven drive spider. In an alternative arrangement the
pivot post  30  wheel 50 (Figure 3) is mounted on a support arm could be
adjustable relative to the spider or other  47 which extends rigidly from
arm 26 of the boom rigid support for the pivot post. The top of the pivot
to ride on the work surface 14 to displace the post is closed off, after It
has been set up, by a  boom around the pivot post 18. This drive assem-
laser beam source 19 which will be discussed     bly has been omitted from
Figures 1 and 2 for below. The top of the pivot post 18 may be further  35
clarity only. The wheel 50 is rotated by means of a adapted to support a
dumpy level or theodolite (not  chain 49 driven by a reversible DC motor 51
and shown) to allow checking of the work surface 14  the spring mounting
assists in maintaining the and/or the plane of the laser beam from the
centre.  wheel 50 in contact with the surface 14. A modified A boom 20 is
pivotally mounted on the pivot   drive assembly is described in our
aforementioned post 18 via a self aligning spherical roller bearing   40
U.S. Patent Specification 5044844 (or equivalent 22 engaging a collar 24 of
the boom. The bearing  Australian Patent Specification 67633i90) whose 22
permits a degree of twisting of the boom 20   contents are incorporated
herein by reference. relative to the support post 18. Other forms of self
Such a modified drive assembly may be adopted aligning bearing may also be
appropriate.        In the present embodiment. Alternatively one of the A
pair of arms 26 and 28 of the boom 20 is  4s  wheel units 38 or 40 may be
driven. rigidly secured to the collar 24 by a brace shown    As shown for
convenience only in Figure 2. the generally at 27 so that the arms extend
from re-  boom 20 supports housings 43 for the various spective sides of
the collar 24 parallel to each  hydraulics and/or control circuitry to
operate the other in spaced apart manner. The arms 26 and 28  milling
machine and other systems of the appara- are also braced together along
their length by one  so  tus 10. The housings 43 are mounted between the or
more cross beams 30 to give torsional rigidity.  arms 26 and 28 in order to
lower the overall At the distal end 32 of the boom, a milling
configuration of the apparatus. These housings cutter machine 34 is located
with its head 36    have been omitted from Figures 1 and 3 to aid 



downwardly disposed to enable it to engage the   clarity. work surface 14.
Once in place, the machine head  5s  The cutter machine 34 comprises a
motor 46 36 is axially fixed relative to the remainder of the  driving. the
cutter head 36 and is mounted on a machining station 34. The distal ends of
the arms  carriage 52 having a base plate 54 and opposed 26, 28 are
supported by respective wheel units 38  wall members 53. The wall members
53 carry 5    9                 :EP 0 493 020 B1                  10
respective pairs of linear bearings 56 which engage  ochromatic Engineering
of Melbourne, Australia or opposed linear rails 58 mounted along the
respec-  Hamar Laser Instruments, Inc. of United States of tive arms 26 and
28 of the boom 20. This arrange-  America. The laser source generates a
beam of ment enables the cutter machine to be displaced   narrow diameter
in the desired plane most desir- radially relative to the support post 18
according to   5   ably parallel to the flat surface to be machined on the
radius on which it is desired to perform the  the workpiece. The beam 72
repeatedly sweeps cutting action. For clarity no drive means for dis-  the
sensing zone to give a substantially continuous placing the carriage along
the boom has been      reference plane. During each sweep, each sensor
illustrated. However it will be readily apparent that  will determine
whether it is in the reference plane any one of many manual and driven
means may  i1  defined by the beam and will initiate an adjustment be
adapted. Preferred is a rack on each side of the  of the associated jack 62
in the appropriate direc- carriage or on each arm 26 and 28 and a respec-
tion if it is not. The motion of the beam Is created tive nrotor-driven
pinion on the other of each side  by a motor driven rotating pentaprism
which inter- of the carriage and each arm for cooperation with  nally
reflects a stationary laser beam through 90g each rack. Alternatively, the
cutter machine may be   i5  (for example from a vertical axis to a
horizontal fixed radially on the boom.                       axis) into the
reference plane. Rotation of the pen- <>...,    In use, the height of the
wheel units 38 and 40  taprism may be at any suitable speed, for example is
fixed relative to the respective side of the boom  300 rpm. 20 so that If
either wheel unit engages an irregular-  Each sensor 70 comprises a target
mounted In ity or other inaccuracy in the working surface 14 on   20  a
housing 74 for fine adjustment therein by means which it is supported, the
respective side of the  of a micrometer screw 78 in the direction of dis-
boom, and the associated linear rail 58, will be  placement of the
associated jack 62. The sensor is moved out of the desired level. In order
to counter  supported from the associated jack by means of a such movement
affecting the cutting action of the  stalk 78 and the micrometer screw 76
allows ac- cutter head 36 the cutter machine is mounted on a   25  curate
centering of the target within the housing 74, support plate 60 of the
machine 34 which Is lo-   for example to one micron or less. cated on the
base plate 54 of the carriage 52 by     Referring now to Figure 7 each
target 80 Is three independently adjustable support jacks 62   manufactured
by Hamar Laser Instruments Inc., Al      which are arranged about the
support plate in a    USA, and comprises a single axis target containing
triangular array, preferably equally spaced about  3o  a pair of silicon
solar cells (light sensing cells) 82 the cutter machine 34. More than three
support    and 84 whose output provides a signal correspond- jacks 62 may
be used if desired, but three is    ing to the relative position of the
target centre line preferred.                                        86 in
two directions to the plane of the laser beam. Each support jack 62 may
comprise a hydrau-    The two cells are separated by the centreline 86 lic
actuator substantially as described in the afore-  35  which extends at
least substantially parallel to the mentioned U.S. Patent Specification
5044844 but   plane of the beam. The cells 82 and 84 are elec- as shown
comprises an electric servo motor 64     tronically bridged to give an
indication of their driving a nut 65 in cooperation with a screw-thread-
position relative to the beam. If an equal amount of ad shaft 66 through a
reduction system described  light energy from the laser beam is hitting the
hereinafter with reference to Figure 16. The shaft  40  opposing cells
there will effectively be a zero sig- 66 is located by a lock nut 68
mounted on the base  nal. If the target is- positioned, for, example, with
plate 54 of the carriage. Alternatively the shaft may  more light hitting
an upper cell 82 than a lower cell be driven by the motor 64 and the nut be
secured  84, a negative signal equivalent to the distance the to the base
plate 54. Relative adjustment of the  centre line 86 of the target is lower
than the centre shaft and nut causes the associated portion of the  45  of
the laser beam 72 will result at the output 88. support plate 60 to be
raised or lowered relative to  This signal may have a resolution of
fractions of a the base plate. Generally, the overall relative ad-
millimetre for example as small as 1 micron or justment of the jacks 62
will be up to 5mm or more  less. The single axis targets 80 can be
furnished but the adjustment may be to as small an incre-   with Integrally
mounted calibration potentiometers ment as one micron or a fraction of a
micron. It will  50  so the sensitivity between cells of one target and be
appreciated that the servo motor 64 may be DC  between each other is the
same. 



or AC driven and could be replaced by a stepping     Figure 4 shows a
closed loop servo control motor.
system 90 associated with a respective one of the Control of the jacks 62
is by means of respec-  targets 80 and corresponding jack 62. Servo con-
tive sensors 70 reading off a reference defined by   5s  trol is maintained
by continual monitoring of the a beam 72 from the laser source 19 centrally
position error signal from the target due to the located (of the apparatus
10) on the support post  target being offcentre relative to the laser beam
72. 18. A suitable laser source is available from Mon-  The error signal,
in conjunction with velocity and 6    11                EP 0 493 020 B1
12 distance feedback signals from the jack servo mo-     User selectable
control Is also provided in the tor 64 with included tachometer 92 and
encoder     automatic use mode for alternative servo loop per- 94, complete
the servo loop. The motor 64 me-      formance parameters. This control
allows compen- chanicaily corrects the position of the laser target  sation
for laser light source-to-target variations due 80 to null the error. The
tachometer 92 and en-   5   to changing air temperature and humidity. coder
94 provide digital feedback signals respec-     Figure 6 illustrates a
circuit for converting a 30 kn tively as to the distance and velocity of
correction  volt AC power input to a plus and minus 15 volt DC of the
error. Too fast a correction will tend to cause  input for components of
the jack drive. oscillation in the jack 62 while too, slow a correction
Referring again to Figures 1 to 3 the response will never resolve the
error.                 io  signal from the light sensing cells 82 and 84 of
The signal from the laser target 80 is pro-    each sensor 70 thus actuates
the electrical circuitry cessed by a Laser Scanner Preamplifier 96 from
90 illustrated In Figure 4 of the respective jack 62 Hamear Laser
Instruments, Inc. to hold it until the  to extend or retract the jack and
raise or lower the next signal is received. The output from the pream-
support plate 60 relative to the base plate 54 and plifier 96 is processed
by a laser signal processor  15  thereby maintain the cutting head 36 in
the desired 98 comprising an integrating function amplifier 100  plane
notwithstanding inaccuracies in the level of comprising an amplifier
circuit 102 and an integrat-  the working surface 14 on which the wheel
units 38 ing circuit 104 illustrated In Figure 5. The output  and 40 ride.
The jacks 82 are arranged in an from the processor 98 is an analog signal
suitable  equally spaced triangular array so that the dis- to operate a set
of light emitting diodes (LED's) in  20  placement of one has minimal
effect on the level of a linear bar graph 106 giving a visual indication of
the portions of the support plate 60 associated with the relative position
of the laser beam 72 on the  the others. target 80.
As Indicated already, the electrical circuits for The analog output may
operate a voltmeter      the jacks 62 are designed to function indepen-
instead of or In addition to the graph 106 or a   25  dently of each other
but a potentiometer may be digital output could operate a digital readout.
incorporated in the circuitry which enables the zero The LED bar graph 106
consists of 2 linear     position (normal position) of each jack 82 to be
registers each of 10 red LED's with a central green  varied in relation to
the others so that by adjusting LED. The green centre LED indicates the
laser      the potentiometer in one direction, the zero position beam 72 on
the target centre line 86, and the red   3o  of one of the jacks is
extended or retracted while LED's show beam deviation either side of
centre.   the zero position of the others is correspondingly Plus or minus
over-range deviation of the laser    adjusted to tilt the support plate 60.
This enables beam 72 is indicated by the relevant maximum       the cutter,
for example, to give a cross hatch on value deviation red LED remaining on
until the     the work surface 14. deviation is corrected.
35      The control circuitry has a start sequence built The signal from
the laser signal processor 98  into It such that once the laser beam plane
72 has Is also fed to a laser signal Monitor comparator   been set the
support plate 60 is set up on me 108, which outputs an appropriate digital
signal to a  screw jacks 62 to the desired plane by measuring motion
control system 110 when either the set plus  the cutter plane. The support
plate 60 is then set to or minus threshold is exceeded. The motion control
4o  the laser beam  plane by adjusting micrometer system  110 also has
Input from the encoder 94     screw adjusters 76 on each sensor 70 to zero
and provides preprogrammed acceleration and de-    output with a raiselauto
switch in the raise position. coloration ramps which are user selectable.
The screw jacks are then adjusted to allow the The motion control system
controls a servo     cutter machine 34 to lower. The movement Is in-
amplifier 112 and thereby the servo motor 64   4s  dicated on respective
voltmeters (and/or the bar which mechanically adjusts the jack 62 to null
the  graph 106) which act as error gauges and ac- error generated by the
laser target 80. Positive or  curately show the error in distance that the
asso- negative servo motor motion is indicated by either  cdated target 80
is from Its zero output point. The of 2 green LED's marked for the
appropriate direc-  raise/auto switch Is then moved to the auto position 



tion.                                         5o  The machine 10 then
automatically adjusts itself, A push button panel 114 is also provided for
man-  moving the jacks 62 to raise the support plate until ual control of
the servo loop. This allows switchable  the jacks 62 are displaced to give
zero error on the control over the feedrate, incremental distance and
voltmeters. The screw jacks can then be wound up direction, as well as an
emergency stop circuit    as desired. which disables the servo unit and
stops any motion   ss  The control circuitry may be rendered safe of the
servo motor 64. The manual control facill-  from power failure by
incorporating sufficient elec- tates setting up of the machine and may be
re-     trical capacity to allow the machine to hold its level mote,
actuated for example by infra red or radio.  until the cutting head 36
stops. The control circuit 7    13                EP 0 493 020 B1
14 power may come from a sub switch on the motor    ing, spigot cutting and
drilling. A bracket could be 46 driving the milling head 36.
mounted on the boom to carry the machining sta- The plane of the sweeping
laser beam 72 may   tion so that it would- be possible to machine ele- be
adjustable and may be set initially to the plane  vated faces of the
workplace. Angles could be set of best fit for minimum material removal or
in a   5   using a theodolite mounted on the support post 18. given plane.
In the former case the plane may be     Referring now to Figures 8 and 9,
the appara- adjusted with increasing material removal from the  tus 150 Is'
capable of machining any workpiece 151 workpiece; Alternatively, the
machine 34 may be  within a frame 152 defined by parallel spaced side
adjusted to vary the response to-a ixed reference  beams 154 and parallel
end beams- 158 which plane.                                      lo  extend
between the adjacent ends of the side A major advantage of the described
system is  beams 154. The end beams 156 positively locate the speed of
setting up the apparatus. None of the  the side beams but may be omitted If
the side apparatus 10 except the laser source 19 and sen-  beams are
suitably- secured by appropriate other sors 70r/acks 62 need to be
installed accurately  means. and deflection errors in the boom 20 are
elimi-  is  The side beams 154 comprise reinforced I- nated.
shaped beams and each carries a respective rail if the laser beam source 19
is set radially   158 on an upper flange 160 thereof. The rails 158,
outwardly of the workplace it may be fixed and, for  which are rigidly
secured to the side beams 154. example, refracted by a prism to cover the
desired  extend parallel to each other and carry a boom 162 plane but is
preferably as previously described. If it  20  displaceably thereon. Each
rail 158 thus defines a is external to the workplace it may be necessary
respective support surface for the boom. The boom for the sensors 70 to
rotate, for example via a  162 is displaceably carried on the rails 158 by
four servo motor, to maintain the sensors directed at the  linear bearings
(not shown) at respective comers of laser source 19.
the boom which closely envelop the rails 158 to While the apparatus 10 has
been described by   25  positively locate the boom against lateral
displace- reference to a laser beam reference generally per-  ment relative
to the rails. The linear bearings may pendicular to the axis of rotation of
the boom 20  be replaced by other low friction displacement defined by the
support post 18, it will be readily  units such as wheel or roller
assemblies, but It is apparent that the reference need not define such a
believed that they provide the optimum positive planar surface for the work
piece i.e. an inclined  3a  location of the boom. surface may. be machined
by the setting of an       Each pair of linear bearings per rail 158 Is
appropriate reference plane. Alternatively the refer-  mounted on the
respective ends of one of two once may be defined by an array of wires or
longitudinal beams 168 of the boom, which two ,,  possibly by a template.
Alternatively again, an elec-  beams 166 are bridged by longitudinally
spaced I- tronic level associated with each jack 62 could be   35  beams
168 which define parallel arms of the boom used as the reference.
162 extending perpendicularly to the rails 158 and Furthermore the
machining head 36 of the ap-  to the floating beams 166 to which they are
welded paratus 10 could be oriented upwards to machine  or otherwise
fastened. the underside of a circular workpiece. Alternatively  Each arm
168 of the boom has bolted to an the machining head could be arranged to
machine  4o  inner face thereof a respective laterally extending the
Interior wall of -a circular work piece. The ap-  linear rail 172. The
linear rails 172 carry a machin- paratus could be arranged to pivot about a
non-  ing carriage 174 by means of opposed linear bear- vertical axis, for
example horizontal or inclined, and  Ings 176 engaging the rails 172. The
machining the description of apparatus 10 should be con-   carriage 174
carries a machining station 178 with a strued accordingly.
4s  depending head 180 such as a milling head. Alter- In a further
embodiment the apparatus 10 may  natively, the head 180 can project
upwardly from be used as the basis of a portable or permanent  the station
178 to machine an overhead workpiece. 



floor mounted machine where the wheel units 38       The machining head 180
can machine a work- and 40 ride on a track rather than the work surface.
piece disposed within the frame 152, such as the The support post 18 would
be mounted In the  so  edge faces of part of a turbine housing secured on
centre of the track. If desired, the machine could  a base and the
machining head can be displaced then dress the track to at least
substantially level  to overlie any zone within the frame by displace- but
this should be unnecessary. Large bulky ob-  ment of the boom 162 along the
rails 158 and/or by jects to be machined, could then be placed on
displacement of the machining carriage 174 along stands over the machine.
The stands would be set  is  the perpendicularly extending linear rails
172. Dis- outside the swing of the machine which may be    placement of the
boom along the rails 158 may be adjustable. Attachments to the machine
could allow  by means of servo motors (not shown) mounted on different
machining functions such as milling, bor-  the floating beams driving,
preferably through wor- 8    15                EP 0 493 020B1
16 mboxes, pinions (not shown) engaged with respec-  which supports or from
which are supported the tive racks 182. extending parallel to the rails
158.  various sensors 70, jacks 62' and servo motors The servo motors
facilitate computerised control.  64,' the machine head 180' and other
drive mecha- The drive arrangement may be much as described    nisms for
the machine head. The machine housing with reference to Figure 3 except
that the wheel or   5   is mounted on the carriage 174' by means of a
roller 50 is replaced by a pinion and that at least  fixed pivot 208 and
two support jacks 62' (one only two are provided, one for each rack 182. A
similar  visible in Figure 11) in a triangular array. The ball arrangement
may be provided for the machining     pivot 208 is illustrated
schematically and may be carriage 174, or the carriage 174 may be displaced
replaced by a flexing rod pivot (not shown) In by an electric motor/chain
drive unit (not shown)  io  which the axis of the rod extends parallel to
the associated with each lateral rail 172.            displacement
direction of the jacks 62' to reduce In order for the machining head 180 to
ma-    backlash in the pivot. Each of the two jacks 62' chine accurately,
it Is important that it is maintained  engaging the carriage 174 has an
associated sen- level (or in the desired plane) as the boom 162 and  sor
.70' carried by a stalk 210 on the machine carriage 174 are displaced along
their respective  is  housing 206 to sense the laser reference beam. rails.
Ensuring that the machining head 180 re-   The sensors 70', jacks 62' and
servo motors 64' mains level or in the desired plane is performed by  are
as previously described with reference to ear- mounting the machining
station 178 on the carriage  liar embodiments although the jacks and servo
174 in the same manner as the cutter machine 34   motors are supported in
stepped recesses 212 in described with reference to Figures 1 to 3 is moun-
20  the machine housing 206. One jack and servo ted on the carriage 52. The
sensors 70 in the     motor assembly is shown in greater detail in Figure
apparatus 150 read off a laser beam 72 generated  16 in which a static ball
screw 86 is fixed relative by a laser source 19 disposed to one end of the
to the carriage 174, by means of a lock collar 68' apparatus. The
description hereinbefore of the ad-  welded to the carriage, and projects
upwardly justment of the cutter machine 34 and modifica-  25  therefrom to
cooperate with a driven nut 65'. An tions thereto, applies equally to the
adjustment of  adaptor plate 214 is bolted to a shoulder 216 of the
machining station 178 and for convenience will not  stepped recess 212 and
has the servo motor 64' be repeated.
bolted thereto. Drive from the motor is taken by a In addition to the
adjustment of the machining  shaft 218 into a commercially available
circular station 178, many of the features and options de-  30  reducing
gearbox 220 whose output drives the nut scribed with reference to the
apparatus 10 are    65' through a spacer 222 which allows the requisite
applicable to the apparatus 150, with appropriate  amount of adjustment of
the jack 62', for example modifications which will be clear to those
skilled in  upto 5 mm. the art, and the description. of the apparatus 150
The pivot 208 and two jacks 62' engaging the should be read accordingly.
Further, the machining   as  carriage 174' enable the plane of the machine
head station may be supported from only one arm of the  180' to be defined
by adjusting one or both jacks boom, or the boom may comprise only one arm.
62' to cause the machine housing including the Figures 10 to 13 Illustrate
a modification to the  head 160' to pivot about the pivot 208, but not the
apparatus 150 of Figures 8 and 9. The modification  position in space of
the working plane of the ma- relates primarily to the machining station
and, for  40  chine head 180'. This is achieved by means of a convenience,
only this portion of the modified ap-  third jack 224 associated with the
machine head paratus 200 will be described in detail. The same  and adapted
to displace the machine head relative or similar parts of the apparatus 200
to the appara-  to the machine housing in a direction parallel to the tus
150 will be given the same reference numeral  adjustment direction of the
carriage jacks 62'. as in Figures 8 and 9 but followed by a "'".  45
The machine head 180' has a shaft (not shown) 



The other difference between the apparatus    which is rotatably supported
In a quill 226 which is 150 and the apparatus 200 concerns the location of
axially adjustable through the machine housing 206 the lateral rails 172'
on lower flanges 202 of the  and carriage 174. Rotation of the machine head
arms 168' of the boom 182', and the corresponding  180' is effected by
driving the shaft through a disposition of the co-operating linear bearings
176'  so  hydraulic (or other) motor 228 bolted to the op- on the base
plate 54' of the carriage 174. Racks  posite end of the quill 226. For
clarity of descrip- 204 are illustrated in Figure 12 also on the lower  Von
bearings supporting the quill 226 for axial flanges 202 for co-operation
with motor driven pin-  displacement in the housing 206 and the shaft for
ions (not shown) to provide positive displacement  rotational displacement
in the quill have not been of the carriage 174' and machining station 178'
55  illustrated. along the boom 162.                                  Axial
displacement of the quill 226 is effected The machining station 178 of the
machining    by means of the jack 224 and a corresponding apparatus 200
comprises a machine housing 206     servo motor 230 which are mounted in
inverted 9    17                EP0493020B1                      18 manner
compared to the jack/servo motor assem-   is "seeing" the laser beam 72'.
such displacement blies 62', 64' in a corresponding stepped recess  of the
stalk 242 and sensor 70' will actuate the 232. The servo motor 230 and jack
224 for the quill  servo motor 230 to adjust the jack 224 and there- 226
are as described with reference to Figure 16  fore the position of the
quill 226 in the housing 208. except that compared to the jacks 62' a
substan-   s   The adjustment will continue until the sensor target tially
greater degree of axial adjustment Is allowed  is again giving the desired
zero signal off the by the jack 224 by providing an adaptor plate 214
reference beam'.-Thus, the position of the working appropriate dimensions.
The jacks 62' may only   plane of the machine head 180 can be defined. By
require 5-10 mm of axial adjustment to set the   using an override button
(not shown) the speed of working plane, whereas the quill 226 may require
70  adjustment of the quill during setting up may be upto 150 mm or more of
axial adjustment during   accelerated compared to the adjustment during use
setting up to position the working plane of the  of the machine.
Furthermore, remote means may cutter head 180 In space. In use of the
machine  be provided for adjusting the quill sensor during only a fraction
of the adjustability of the jacks 62'  setting up. and 224 will be used to
maintain cutter head 180'  is  During machining, the coarse adjustment knob
in position.                                     244 Is not adjusted and
the quill sensor 70 causes The drive nut 234 of the jack 224 cooperates
small adjustments of the jack 224 to be effected as with a depending static
ball screw 236 which Is  the machining station moves out of position as
locked to a bracket 238 by a locking screw 240.  previously described with
reference to the jacks 62. The bracket 238 is bolted to the quill so that
20  Although the three sensors 70' are shown in a displacement of the ball
screw 236 effects dis-  triangular array, they may conveniently be dis-
placement of the quill. The bracket 238 extends  posed in a linear array to
ensure none Is in a beyond the quill and supports the associated sen-
shadow of one of the others from the laser beam sor 70' in a manner shown
in greater detail in   72. Figure 13.                                   25
Also shown in Figure 13, by way of example In an alternative arrangement
which may more  only, are stops 256f and 258 for limiting movement readily
facilitate the greater adjustability of the quill  of the machine housing
206 respectively away from jack, the reduction gearbox may drive the ball
and towards the carriage 174'. Such a pair of stops screw and a fixed nut
is secured to the bracket  would be associated with each of the jacks 62'
or 238.                                         30  one pair of stops may
be provided between the The sensor 70' for the quill 226 is as pre-   jacks
62'. and would be appropriately located on viously described, with a
micrometer screw adjust-  the housing 206. ment knob 76' for accurately
positioning the target  Although the modified machining station 178' 80'
within the target housing 74. The target hous-  of Figures 10 to 13 has
been illustrated in associ- ing 74 is supported by an externally
screw-thread-  35  ation with the X-Y type of apparatus described with ed
stalk 242 which engages a knurled and cali-   reference to Figures 8 and 9
it Is also usable In the brated adjustment knob 244 carried by the bracket
rotating boom embodiment of Figures 1 to 3. 238 via a thrust bearing 246.
The stalk 242 projects  In Figures 14 and 15 the modified machining through
the thrust bearing 246 and bracket 238 and  station 178' of Figures 10 to
13 is illustrated in carried a bush 248 for sliding engagement In a   40
apparatus 300 for machining a vertical or upright linear passage 250
through the machine housing   face 302 in which it has particular advantage
be- 206. A tension spring 252 extends in the passage  cause the pivot
support 208 between the carriage 250 from the stalk 242 to a locating pin
254. The  and machine housing 206 can at least substantially 



sensor 70' for the quill 226 and the stalk 242 are  carry the mass of the
machining station 178. Thus thus axially adjustable relative to both the
bracket  4s  bending moments in jacks 62' are alleviated. 238 and the
machine housing 206, in a direction      The apparatus in Figures 14 and 15
comprises parallel to the displacement direction of the quill by  four
rigid upright support posts 304 securely posi- means of the jack 224. The
tension spring 252 may  tioned by screw adjusters 306 between the floor be
replaced by other means to facilitate clean   308 and an overhead structure
310. Each support adjustment of the sensor, such as a linear rail in  50
post has a rail 312 defining a respective support the passage 250 and
linear bearing on the stalk  surface extending along an outer face thereof.
A 242.                                             boom 314 comprises two
spaced floating beams During setting up, once the working plane of  316
carried on the rails 312 by means of linear the machine head 180' has been
defined by the    bearings 318 and displaceable along the rails by jacks
62' adjusting according to the reference laser  ss  means such as have
already been described with beam 72', the adjustment knob 244 is rotated to
reference to Figures 8 and 9. displace the stalk 242 relative to the
bracket 238   The floating beams 316 of the boom 312 have and quill 226.
Since the sensor 70' on the stalk 242  respective under rails 320 which
carry a carriage 10    19                EP 0 493 020 B1
20 322 comprising an I-beam by means of respective   provided between the
pancake motor and the drive linear bearings 324, the carriage thereby being
nut. Once again, appropriate stops may optionally adjustable between the
support posts 304 substan-  be provided to lift relative -movement of the
ma- tially parallel to the surface 302 of the work piece  chine housing. to
be machined. Adjustment of the carriage 322   5   The jacks described with
reference to Figures along the rails 320 is as described with reference  17
and 18 all extend between the carriage or boom to Figures 10 to 13.
of the machining apparatus and the machine hous- The carriage has a base
plate 54' depending   ing and are appropriate for use as such jacks in
therefrom outwardly of the support posts 304, be-  any of the previously
described embodiments of tween the posts and the surface 302 to be machin-
lo  the apparatus. Corresponding alternative drive ar- ed, to which the
pivot 208 and carriage jacks 62'  rangements may be used for the Jack 224
for are mounted so that the jacks 62' and the quill jack  adjusting the
machine head quill 226 In the ma- 224 are adjustable- to displace the
machine head  chining station 178' of Figures 10 to 15. 180' of the
machining station 178' towards and       Those skilled in the art will
appreciate that the away from the support surfaces defined by the rails  is
Invention described herein is susceptible to varn- 312 of the support posts
304. For machining a     ations and modifications other than those specifi-
,   vertical surface 302, the base plate 54' of the   cally described. In
particular, the present invention carriage 322 supports the machining
station 178'  has been described herein primarily with reference for
adjustment. of the jacks 62' and 224 substan-  to a cutting head and a
working plane of the cutting tially along respective horizontal axes.
20  head. However, the invention is equally applicable A spring 324
extending between the carriage   to drilling and other machining functions
which 322 and the machine housing 206 of the machining  need not operate in
or relative to a working plane, station 178' supports part of the mass of
the ma-  including possibly cutting or grinding. In general chining station
to further alleviate bending mo-  the apparatus of the invention Is
designed to pro- ments in the support plate jacks.            25  vide an
adjustment of the machine head to over- The laser source 19' in Figures 14
and 15 (not  come inaccuracies in the support surface(s), and in visible in
Figure 15) presents the laser beam 72' to  the displacement of the optional
carriage, as the the sensors 70' of the three jacks 62' and 224 from
machining head is displaced with the machining beneath the machining
station 178'. Generally the  station about the apparatus, such inaccuracies
be- beam 72' will extend in a plane substantially par-  30  ing monitored
relative to a reference. Where the allel to the floating beams 316 of the
boom 312 but  apparatus is used for drilling, the drill bit may be may be
adjusted if desired as previously de-      axially adjustable relative to
the remainder of the scribed.
machine head. Figures 17 and 18 illustrate two altemative types of jack 62'
to that illustrated in Figure 16  3s  Claims described with reference to
the apparatus 200 of Figures 10 to 13 but which may be used in any of  1.
Apparatus (10, .150) for machining a workplace the other described
embodiments.                     (12, 151), comprising a boom (20, 162)
sup- Referring to Figure 17, the jack 350 is sup-      ported on a support
structure (18, 152), dis- ported in a housing 352 secured to the carriage
4o  placement means (38, 40) on the boom for 174' and displaces a fixed nut
354 secured to the    enabling displacement of the boom relative to 



machine housing 206. The servo motor 64' is          the support structure
along a support surface mounted on the jack housing 352 and drives a belt
(14, 158), a machining station (34, 178) Includ- drive 356 to rotate a ball
screw 358 joumalled to    ing a machine head (36, 180), the machining the
carriage 174 between a thrust race 360 and a   45  station being carried by
the boom on support plain bearing 362, with the fixed nut 354 threaded
means (52, 174), and adjustment means (62) on the ball screw 358. A lock
collar 364 on the ball  adjustable relative to the boom to move the screw
358 supports the thrust race 360. As before,   machining station relatively
towards or away appropriate stops may be provided to limit exces-    from
the support surface, the adjustment of the sive movement of the machining
station relative to  so  adjustment means being controlled by a son- the
carriage due to failure of the control functions.  sor (70) adapted to
monitor movement of the In Figure 18, a pancake servo motor 366 re-
machining station towards and away from a places the motor 64' and is
mounted on the car-      reference (72) to counter inaccuracies in the
riage 174' with a direct drive to a rotatable nut 368  support surface as
the boom is displaced which cooperates with a stationary ball screw 370  s5
along the support surface, characterized in that which depends from the
machine housing 206. The      the machining station support means (52, 174)
ball screw 370 is located by means of a lock screw   comprises at least
three adjustment means 372. Optionally, a reduction gear box could be
(62), each of which is independently adjustable    19                EP 0
493 020 B1                   20   l111111111111 11111 ill II *C   L  M 322
comprising an I-beam by means of respective   provided between the pancake
motor and the drive linear bearings 324, the carriage thereby being   nut.
Once again, appropriate stops may optionally adjustable between the support
posts 304 substan-  be provided to lift relative movement of the ma- tially
parallel to the surface 302 of the work piece  chine housing. to be
machined. Adjustment of the carriage 322   5    The jacks described with
reference to Figures along the rails 320 is as described with reference  17
and 18 all extend between the carriage or boom to Figures 10 to 13.
of the machining apparatus and the machine hous- The carriage has a base
plate 54' depending    ing and are appropriate for use as such jacks in
therefrom outwardly of the suppcrt posts 304, be--  any of the previously
described embodiments of tween the posts and the surface 302 to be machin-
to  the apparatus. Corresponding alternative drive ar- ed, to which the
pivot 208 and carriage jacks 62'  rangements may be used for the Jack 224
for are mounted so that the jacks 62' and the quill jack  adjusting the
machine head quill 226 In the ma- 224 are adjustable to displace the
machine head   chining station 178' of Figures 10 to 15. 180' of the
machining station 178' towards and        Those skilled in the art will
appreciate that the away from the support surfaces defined by the rails  1s
invention described herein is susceptible to varil- 312 of the support
posts 304. For machining a     ations and modifications other than those
specifi- i   vertical surface 302, the base plate 54' of the   cally
described. In particular, the present invention carriage 322 supports the
machining station 178   has been described herein primarily with reference
for adjustment of the jacks 62' and 224 substan-  to a cutting head and a
working plane of the cutting tally along respective horizontal axes.
20  head. However, the invention is equally applicable A spring 324
extending between the carriage    to drilling and other machining functions
which 322 and the machine housing 206 of the machining  need not operate in
or relative to a working plane, station 178' supports part of the mass of
the ma-  including possibly cutting or grinding. In general chining station
to further alleviate bending mo-  the apparatus of the invention Is
designed to pro- ments in the support plate jacks.             25  vide an
adjustment of the machine head to over- The laser source 19' in Figures 14
and 15 (not  come Inaccuracies in the support surface(s), and in visible in
Figure 15) presents the laser beam 72' to  the displacement of the optional
carriage, as the the sensors 70' of the three jacks 62' and 224 from
machining head is displaced with the machining beneath the machining
station 178'. Generally the  station about the apparatus, such inaccuracies
be- beam 72' will extend in a plane substantially par-  3o  ing monitored
relative to a reference. Where the allel to the floating beams 316 of the
boom 312 but  apparatus is used for drilling, the drill bit may be may be
adjusted if desired as previously de-      axially adjustable relative to
the remainder of the scribed.
machine head. Figures 17 and 18 illustrate two alternative types of jack
62' to that illustrated in Figure 18   35  Claims described with reference
to the apparatus 200 of Figures 10 to 13 but which may be used in any of
1. Apparatus (10, .150) for machining a workplace the other described
embodiments.                      (12, 151), comprising a boom (20, 162)
sup- Referring to Figure 17, the jack 350 is sup-       ported on a support
structure (18, 152), dis- 



ported in a housing 352 secured to the carriage   40  placement means (38,
40) on the boom for 174' and displaces a fixed nut 354 secured to the
enabling displacement of the boom relative to machine housing 206. The
servo motor 64' is           the support structure along a support surface
mounted on the jack housing 352 and drives a belt     (14, 158), a
machining station (34, 178) includ- drive 356 to rotate a ball screw 358
journalled to   ing a machine head (36, 180), the machining the carriage
174 between a thrust race 360 and a   45  station being carried by the boom
on support plain bearing 362. with the fixed nut 354 threaded    means (52,
174), and adjustment means (6-) on the ball screw 358. A lock collar 364 on
the ball  adjustable relative to the boom to move the screw 358 supports
the thrust race 360. As before,    machining station relatively towards or
away appropriate stops may be provided to limit exces-     from the support
surface, the adjustment of the sive movement of the machining station
relative to  so  adjustment means being controlled by a sen- the carriage
due to failure of the control functions.  sor (70) adapted to monitor
movement of the In Figure 18, a pancake servo motor 368 re-
machining station towards and away from a places the motor 64' and is
mounted on the car-       reference (72) to counter inaccuracies in the
riage 174' with a direct drive to a rotatable nut 368  support surface as
the boom  is displaced which cooperates with a stationary ball screw 370
55  along the support surface, characterized in that which depends from the
machine housing 206. The       the machining station support means (52.
174) ball screw 370 is located by means of a lock screw    comprises at
least three adjustment means 372. Optionally, a reduction gear box could be
(62), each of which is independently adjustable    21                EP 0
493 020 B1                    22    1l  1111ll11l\1\\\I 9 relative to the
boom (20, 162) to move an          (34) being mounted on the boom remote
from associated portion of the machining station (34,   the boom pivot and
the displacement means 178) relatively towards or away from the sup-
(38, 40) being supported on a remote* end port surface(s) (14, 158), and in
that each        portion (32) of the boom. adjustment means (62) has a
respective sensor   5 (70) associated therewith adapted to monitor   5.
Apparatus according to Claim 4 characterized movement of the associated
portion of the          in that the support surface (14) comprises a
machining station towards or away from the         surface of the workplace
(12). reference (72). to  6. Apparatus according to Claim 4 or 5 character-
2. Apparatus (200, 300) for machining a work-          ized in that the
boom (20) is supported on the piece (151', 302) comprising a boom (162',
boom pivot (18) by means of a self-aligning 314) supported on a support
structure (152,        bearing (22). 304), displacement means (318) on the
bbom for enabling displacement of the boom relative   iS  7. Apparatus
according to Claim 4, 5 or 6 char- to the support structure along a support
sur-      acterized in that the displacement means (38, face (158, 312), a
machining station (178) in-     40) comprise wheels or rollers each having
an cluding a machine head (180) the machining         axis of rotation
extending along a radius from station being carried by the boom on support
the boom pivot (18). means (174', 322), and adjustment means   so (62')
adjustable relative to the boom to move  8  Apparatus according to any one
of Claims 4 to the machining station relatively towards or        7
characterized in that the displacement away from the support surface, the
adjustment      means (38, 40) comprises two angularly of the adjustment
means being controlled by a      spaced pairs of two wheels which are asso-
sensor (70') adapted to monitor movement of  2s    ciated with respective
sides (28, 28) of the the machining station towards and away from a
boom. reference (72') to counter inaccuracies in the support surface as the
boom  is displaced      9. Apparatus according to Claim 1 or Claim 2 along
the support surface, characterized in that   characterized in that the
supprot structure the machining station support means (174,   3o     (152,
304) defines the support surface(s) (158, 322) comprises a pivot (208) and
two adjust-       312). ment means (62') adapted to adjust associated
portions of the machining station (178') about  10. Apparatus according to
Claim 9 characterized the pivot with a third adjustment means (224)      in
that the support structure (152, 304) com- adapted to adjust the position
of the machine   s5  prises at least one pair of parallel rails (158, head
(180) relative to the remainder of the        312). machining station, each
of the adjustment means (62', 224) being independently adjust-   11.
Apparatus according to any preceding claim 



able relative to the boom (162', 314) to move      characterized In that
the support surface(s) (14, the associated portion of the machining station
4o  158) extends substantially horizontally. relatively towards or away
from the support surface(s) (158, 312), and in that each adjust-  12.
Apparatus according to any of Claims 1 to 10 ment means (82', 224) has a
respective sensor      characterized in that the support surface(s) (70')
associated therewith adapted to monitor      (312) extends substantially
vertically. movement of the associated portion of the   46 machining
station towards or 'away from the     13. Apparatus according to any
preceding claim reference (72').
characterized in that the machining station (34, 178, 178) is supported for
displacement along 3. Apparatus according to Claim 2 characterized
the boom (20, 12,1621, 314). in that resilient means (324) is provided to
so resist pivotal movement of the machining sta-   14. Apparatus according
to any preceding claim tion (178') about the support means pivot (208)
characterized in that it includes a device (19, due to the mass of the
machining station.          19') for creating a precise beam of energy
which is detectable by the sensor as the refer- 4. Apparatus according to
any one of Claims 1 to  55   ence (72, 72'). 3 characterized in that the
support structure comprises a boom pivot (18) about which the     15.
Apparatus according to claim 14 characterized boom (20) is rotatable, the
machining station      in that said device (19, 19') is a laser source. 12
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111 1 16. Apparatus according to any preceding claim         nenkopf
(180'), die vom Ausleger auf der Tra- characterized in that each adjustment
means        gereinrichtung (174, 322) gehalten wird, und (62, 62', 224)
comprises a servo motor (64,        einer Einstellelnrichtung (62'), die
relativ zum 64', 230) mechanicaly driving a ball screw and     Ausleger
einstellbar lst, um die Bearbeitungs- nut assembly (65, 66, 65', 66', 234,
236) for   5  station relativ zur AbstUtzflache hin oder von adjusting the
associated portion of the machin-    dieser weg zu bewegen, wobei die
Einstellung ing station.i -                                    der
Einstelleinrichtung durch einen Sensor (70) gesteuert wird, der so
ausgebildet ist, daB .17. Apparatus according to Claim 16 characterized
or die Verstellung der Bearbeitungsstation zu in that the mechanical drive
is through a reduc-  10  eoner Bezugslage (72') hin und von dieser weg tion
gearbox (220).                                Uberwacht, um
Ungenauigkeiten in der Ab- statzfldche entgegenzuwirken, wenn der Ausle-
Patentansprniche                                       ger entlang der
AbstltflAche verstellt wird, dadurch gokennzelchnet, daB die Bearbel- 1.
Vorfichtung (10, 150) zum  Bearbeiten eines   is
*tungsstation-Tragerelnrichtung (174', 322) gin WerkstUcks (12. 151) mit
einem.auf einer Tra-      Schwenklager (208) und zwei Einsteleinrich-
gerstruktur (18, 152) abgestUtzten Ausleger        tungen (62') aufweist,
die so ausgebildet sind, (20, 162). einer Verstelleinrichtung (38, 40) avN
daB zugeordnete Abschnitte der Bearbeitungs- dem Ausleger, um eine
Verstellung des Ausle-       station (178) um das Schwenklager herum sin-
gers relativ zur Tragerstruktur entlang oener  20  gestellt werden, wobei
eine dritte Elnstellein- Abstltzfliche (14, 158) zu ermdglichen, einer
richtung (224) so ausgebildet ist. daB sie die Bearbeltungsstation (34,
178) mit einem Ma-        Position des Maschinenkopfs (180) relativ zum
schinenkopf (36, 180), die vom Ausleger auf        Rest der
Bearbeitungestation einstellt, wobei der Tragereinrichtung (52, 174)
gehalten wird,     jede der Einstelleinrichtungen (62', 224) unab- und
elner Einstelleinrichtung (62), die relativ  25  hangig relativ zum
Ausleger (162' 314) einstell- zum Ausleger einstellbar Ist, um die Bearbei-
bar ist, um den zugeordneten Abschnltt der tungsstation relativ zur
AbstUtzflAchg hin odor    Bearbeltungsstation relativ zum Ausleger (162',
von dieser weg zu bewegen, wobei die Einstel-      314) einstellbar ist,
urn enen zugeordneten lung der Einstelleinrichtung durch eonen Sen-
Abschnitt der Bearbeitungsstation relativ auf sor (70) gesteuert wird, der
so ausgebildet ist,  3o  die Tragerflache(n) (158, 312) hin odor von daB or
die Verstellung der Bearbeitungsstation     dieser weg zu bewegen. und
dadurch, daB zu elner. Bezugslage (72) hin und von dieser       jede
Einstelleinrichtung (62', 224) eonen lhr Jo- weg 13berwacht, um
Ungenauigkeiten in der         weils zugeordneten Sensor (70') aufweist,
der Abst~tzflIche  entgogenzuwirken, wenn der          so ausgebildet ist,
daB er die Verstellung des Ausleger entlang der Abstitzflache verstellt  35
zugeordneten Abschnitts der Bearbeitungssta- wird, dadurch gekennzeichnet,
daB die Be-          tion zur Bezugslage (72') hin oder von dieser 



arbeitungsstation-Tragereinrichtung (52, 174)      weg Oiberwacht.
mindestens drei Einstelleinrichtungen (62) auf- woist, von denen jede
unabhfngig relativ zurn   3  Vorrichtung nach Anspruch 2, dadurch go-
Ausleger (20. 162) einstellbar ist, um einen   40  kennzelchnet, daO sine
elastische Einrichtung zugeordneten Abschnitt der Bearbeitungssta-
(324) vorhanden ist, um der Schwenkbewe- tion (34, 178) relativ auf die
Tragerflache(n)     gung der Bearbeitungsstation (178) um das (14, 158) hin
oder von dieser weg zu bewegen,      Trdgereinrichtung-Schwenklager  (208)
auf- und dadurch, daB jede Einstelleinrichtung (62)     grund der Masse der
Bearbeitungsstation ent- eonen ihr jeweils zugeordneten Sensor (70) auf-
4s  gogenzuwirken. weist, der so ausgebildet ist, daB er die Ver- stellung
des zugeordneten Abschnitts der Be-    4. Vorrichtung nach elnem der
Ansprlche 1 bis arbeitungsstation zur Bezugslage (72) hin odor     3,
dadurch gokennzelchnet, daB die Trager- von dieser weg Iberwacht.
struktur sin Ausleger-Schwenklager (18) auf- so      weist, urn das der
Ausleger (20) verdrehbar ist, 2. Vorrichtung (200, 300) zum Bearbelten
sines         wobei die Bearbeltungsstation (34) entfemt Werkstlcks (151
,302) mit einem auf elner Tra-     vom Ausleger-Schwenklager auf dem
Ausleger gerstruktur (152, 304) abgestltzten Ausleger       befestigt ist
und die Verstelleinrichtung (38, 40) (162', 314), einer Verstelleinrichtung
(318) auf   auf einern entfornten Endabschnitt (32) des dern Ausleger, um
ehe Verstellung des Ausle-  55   Auslegers gehalten wird. gers relativ zur
Tragerstruktur entlang oener AbstUtzfllche (158, 312) zu erm8glichen, einer
5. Vorrichtung nach Anspruch 4, dadurch ge- Bearbeitungsstation (178') mit
einem Maschi-       kennzelchnot, daB die AbstUtzflache (14) eine 13    25
EP0493 02061                      26 Flache des WerkstUcks (12) ist.  -16
Vorrichtung nach elnem der vorstehenden An- sprOche, dadurch
gekennzelchnet, daB jbde 6. Vorrichtung nach elnem der AnsprUche .4 oder
Einstellehnrichtung (62, 62', 224) elnen Servo- 5, dadurch gekennzelchnet,
daB der Ausle-         motor (64, 84', 230) aufweist, der mechanisch ger
(20) durch sin selbstausrichtendes Lager   5  sine
KugelumlaufapindelfMutter-Anordnung (22) auf dem Ausleger-Schwenklager (18)
ge-       (65, 66, 65', 88'. 234, 236) antreibt, um den haiten wird.
zugeordneteg Abschnftt der Bearbeltungssta- tion einzustellen. 7.
Vorrichtung nach einem der AnsprUche 4, 5 oder 6, dadurch gekennzelchnet,
daB die  tO  17. Vorrichtung nach Anspruch 16, dadurch ge-
Verstelleinrichtung (38, 40) Rider oder Rollen    kennzelchnet, daii der
mechanische Antrieb aufweist, mit jeweils elner Drehachse, die sich   Ober
sin Untersetzungsgetiebe (220) erfolgt. entlang elnem Radius ausgehend vom
Ausle- ger-Schwenklager (18) erstreckt.               Revendleatlons 15 8.
Vorrichtung nach einem der Anspr~che 4 bis     1. Appareil (10, 150)
d'usinage d'une pibce (12, 7, dadurch gekennzelchnet, daB die Verstell-
151), comprenant une fieche (20, 162) suppor- elnrichtung (38, 40) zwei
winkelmaBig beab-       t~e par une structure de support (18, 152), un
standete Paare zweier Rider aufwelst, die jo-     dispositif de deplacement
(38, 40) place sur la weiligen Selten (26, 28) des Auslegers zuge-  20
fleche et destind & permettre lo d6placernent ordnet sind.
de la flbche par rapport & la structure de support le long d'une surface de
support (14, 9. Vorrichtung nach Anspruch 1 oder Anspruch 2,       158), un
posts d'usinage (34, 178) comprenant dadurch gekennzelchnet, daB die
Trager-           une tote d'usinage (38, 180), le posts d'usina- struktur
(152, 304) die AbstUtzfliche(n) (158)  26  ge etant portd par la fiche sur
un dispositif de 312) festlegt.                                    support
(52, 174), et un dispositif d'ajustement (62) r~glable par rapport a la
flfche afin de 10. Vorrimchtung nach Anspruch 9, dadurch ge-
d6placer le posts d'usinage de maniere & le kennzelchnet, dai die
Tragerstruktur (152,        rapprocher ou I'eloigner par rapport & la
surfa- 304) mindestens ein Paar parallels Schienen   so  ce de support, le
r~glage du dispositif d'ajuste- (158, 312) aufweist.
ment 6tant commands par un capteur (70) destind a controler Ie d~placement
de rappro- 11. Vorrichtung nach einem der vorstehenden An-       chement et
d'4loignement du posts d'usinage sprilche, dadurch gekennzelchnet, daB sich
par rapport a une r6f~rence (72) pour compen- 



die Tragerfilche(n) (14, 158) im wesentlichen   35  ser les imprecisions de
la surface de support horizontal erstreckt.
lorsque la flbche so d~place ie long de la surface de support, caract6iris4
en co que le 12. Vorrichtung nach elnem der Anspr~che 1 bis
dispositif de support (52, 174) du posts d'usi- v      10, dadurch
gekennzelchnet, daB sich die           nage comporte au moins trois
dispositifs TrdgerflAche(n) (312) im wesentlichen vertikal  40
d'ajustement (62), r~glables chacun inddpen- erstreckt.
damment par rapport & la flache (20, 162) afin qu'il d6place une partie
associde du posts 13 Vorrichtung nach einem der vorstehenden An-
d'usinage (34, 178) de manibre & la rapprocher sprOche, dadurch
gekennzelchnet, daB die          ou 16'1oigner par rapport & la surface ou
aux Bearbeitungsstation (34, 178, 178') zur Verstel-  45  surfaces de
support (14, 158), et en co quo lung entlang dem Ausleger (20, 162, 162',
314)    chaque dispositif d'ajustement (62) possbde un abgesttltzt wird.
capteur respectif (70) qui lui est associd et qui est destind & contr8ler
le d6placement de rap- 14. Vorrichtung nach elnem der vorstehonden An-
prochement ou d'6loignement de la partie as- sprOche, dadurch
gekennzelchnet, daB sie  so      socide du posts d'usinage par rapport a la
eine Einrichtung (18, 19') zum Erzeugen sines      r6fdrence (72). pr~zisen
Energiestrahis beinhaltet, der als Be- zugslage (72, 72') vom Sensor
erfaBbar ist.    2. Appareil (200, 300) d'usinage d'une plbce (151', 302),
comprenant une ffiche (162', 314) 15. Vorrichtung nach Anspruch 14, dadurch
go-  ss     port~e par une structure de support (152, 304), kennzelchnet,
daB die Einrichtung (19, 19')       un dispositif de d6placement (318)
placd sur la eine Laserquelle ist.                             flbche et
destin6 & permettre le d~placement de la flbche par rapport & la structure
de 14    27                 EP 0 493 020 B1                   28 support le
long d'une surface de support (158,  6. Appareil selon la revendication 4
ou 5, caract6- 312), un poste d'usinage (178') comprenant         rlse en
ce que la fleche (20) est supportwe par une tote d'usinage (180'), 1e poste
d'usinage      le pivot (18) de flbche par l'intermediaire d'un. etant
porte par la flbche sur un dispositif de     palier (22) a alignement
autormatique. support (174', 322), et un dispositif d'ajuste-   s ment
(82') reglable par rapport & la flMche et  7. Apparell selon la
revendication 4, 5 ou 6, ca- destin6 & d6lacer le poste d'usinage de ma-
ract6ris6 en ce que le dispositif de d6place- nibre a le rapprocher ou
1l6oigner par rapport     ment (38, 40) comporte des roues ou rouleaux a la
surface de support, le r~glage du dispositif  ayant chacun un axe de
rotation dispose le d'ajustement dtant commandc  par un captour  10    long
d'un rayon a partir du pivot (18) de la (70') destinO a contr8ler le
d~placement de        fleche. rapprochement et d'eloignement du post.
d'usinage par rapport a une reference (72')    8. Appareil selon l'une
quolconque des revendi- pour compenser les impr6cisions de surface
cations 4 a 7, caracterise on co que to disposi- de support lorsque la
flbche se deplace le long    6  Otif de d6placement (38, 40) comporte deux
de la surface de support, caract6ris6 en co        paires de deux roues
espacees angulairement, quo le dispositif de support (174', 322) du
associles aux c8t6s respectifs (26, 28) de la poste d'usinage comporte un
pivot (208) Ot         fWbho. deux dispositifs d'ajustement (62') destines
a r6gler les parties associees du post. d'usinage   20  9. Appareil solon
la revendication 1 ou 2, caracte- (178') autour du pivot avec un troisibme
dispo-    rlse en co quo la structure de support (152, sitif d'ajustement
(224) destine a ajuster la      304) d~limite la surface ou les surfaces de
position de la tote d'usinage (180') par rapport   support (158, 312). au
reste du poste d'usinage, chacun des dis- positifs d'ajustement (62', 224)
6tant rdglable  25  10. Appareil solon la revendication 9, caracteris6
independamment par rapport & la WfIche (162',      en ce quo la structure
de support (152, 304) 174) afin qu'il d6place la partie associee du
comporte au moins une paire de rails paralle- poste d'usinage de maniere &
la rapprocher ou      les (158, 312). I'loigner par rapport & la surface ou
aux surfa- ces de support (158, 312), et en co quo cha-  30  11. Appareil
solon l'une quelconque des revendi- quo dispositif d'ajustement (62', 224)
possbdo     cations precedentes, caract&risO en ce quo la un capteur
respectif (70') qui lul est associe et  surface ou les surfaces de support
(14, 158) 



qui est destind a contr81er le deplacement de      sont disposdes en
direction pratiquement horl- rapprochement ou d'eloignement de la partie
zontale. associee du poste d'usinage en translation par  35 rapport a la
reference (72').                   12. Appareil solon P'uns quelconque des
revendi- cations 1 & 10, caractdrisd en ce quo la surfa- 3  Appareil selon
la revendication 2, caracteris6      ce ou les surfaces de support (312)
sont dis- on co qu'un dispositif 6lastique (324) est desti-  posees en
direction pratiquement verticale. n6 a resister au mouvement de pivotement
du   40 posts d'usinage (178') autour du pivot (208) du  13 Appareil solon
l'une quelconque des revendi- dispositif de support du fait de la masse du
cations pr6cedentes, caractdrisO en ce quo le poste d'usinage.
poste d'usinage (34, 178, 178') est supporte afin qu'il se deplace le long
de la flche (20, 4. Appareil solon l'une quelconque des revendi-  4S
162, 162', 314). cations 1 A 3, caracterise en ce quo la structu- re de
support est un pivot (18) de flbche       14. Appareil solon l'une
quelconque des revendi- autour duquel la fieche (20) pout tourner. le
cations prdcddentes, caractris4 en co qu'il poste d'usinage (34) etant
monte sur la fleche     comprend un dispositif (19, 19') destine A &
distance du pivot de la flbche, et le dispositif  5o  croer un faisceau
precis d'Onergie qui pout de deplacement (38, 40) 6tant supportO par
etre d~tect6 par le capteur constituant la refe- une partie distante
d'extr~mit6 (32) de la fle-    rence (72, 72'). che. 15. Appareil solon la
revendication 14, caractdrisO 5. Appareil solon la revendication 4,
caracterise  5s  en co quo ledit dispositif (19, 19') est une en co quo la
surface de support (14) est une       source laser. surface de la piece
(12). 15~ ~ 1111 IID11111111    29                 EP 0 493 020 B1
30 16. Appareil selon l'une quelconque des revendi- cations pr~c~dentes,
caractbrisd en ce que chaque dispositif d'ajustement (62, 62', 224)
comporte un servomoteur (64, 64', 230) entrals nant m6caniquement un
ensemble a vAs & bil-   5 les et dcrou (65, 66, 65', 68', 234. 236) destine
a rdgler la partie, associ~e du poste d'usinage. 17. Apparell selon la
revendicatioA.16, caractirls6 en ce quo 1'entrainement m~canique s'effectue
10 par l'intermediare d'un reducteur de vitesse (220). .4 15 20 25 30 35 40
45 50 55    


