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@ Bending machine for tube or rod.

A numerically-controlled bending machine for tube or rod
workpieces comprises a bend head including a bend former.
collet chuck means for supporting a workpiece at a predeter-
mined position and axial orientation against the bend former.
and means for clamping the workpiece against the bend former.
the bend head being operated to rotate the bend former by a
rack and pinion arrangement, wherein the rack includes a
pre-settable mechanical stop to control the extent of movement
of the rack and hence the extent of bend angle. The required
bend parameters are programmed into the control system usin
"user-friendly” language which is automatically convertible into
CNC language for automatic control of the bending operation or
sequence of bending operations.

Bundesdruckere: Berlin



Description

0227 429

BENDING MACHINE FOR TUBE OR ROD

This invention relates to a numerically controlled
bending machine for metallic tube or rod work-
pieces. and provides a machine of this kind which is
accurate and quick in action.

Bending machines are known which bend tube or
rod workpieces to a predetermined angle at a
predetermined radius of curvature. For a complex
bending operation. to provide a sequence of bends
in a single piece of tube or rod. it is of course
necessary that such machines should also be
capable of permitting axial rotation of the workpiece
between successive bending operations, and should
also permit the tube or rod to be advanced between
successive bending positions.

Known bending machines are typically hydrauli-
cally controlied, in which the extent of the angle of
bend is determined by the volume of hydraulic fluid
which passes into a hydraulic cylinder to cause
movement of the bend head. However, such ma-
chines are inherently inaccurate, since hydraulic fiuid
is to a certain extent compressible. Consistently
repeatable bends are thus difficult to obtain. Fur-
thermore, any inherent inaccuracy is accentuated by
the tendency of tube and rod, particularly when
made from a material such as titanium, to spring
back somewhat from the predetermined bend angle.
To compensate for this, it is necessary to increase
the predetermined bend angle but determination of
the extent of increase is largely an empirical process
and hence intrinsically inaccurate and is in any event
time-consuming.

It is an object of the present invention to provide a
bending machine which avoids the foregoing disad-
vantages and in which in particular the bend head is
operated by a rack and pinion mechanism, the
extent of the bend angle being controlled by a
pre-settable mechanical stop arrangement in con-
nection with the rack.

It is a further object of the invention to provide a
collet chuck for use with a bending machine
according to the invention and which permits the
tube or rod workpiece to be advanced to a
predetermined bend position and bend plane angle.

According to the invention. a numerically-con-
trolled bending machine for tube or rod workpieces
comprises a bend head including a bend former,
collet chuck means for supporting a workpiece at a
predetermined position and axial orientation adja-
cent the bend former. and means for clamping the
workpiece against the bend former, the bend head
being operated to rotate the bend former by a rack
and pinion arrangement, wherein the rack includes a
pre-settable mechanicat stop to control the extent of
movement thereof and hence the exient of bend
angle.

Preferably the mechanical stop includes shock-
absorbing means to facilitate bending operations
carried out at high speed without causing mechan-
ical damage either to the machine or to the
workpiece.

By virtue of the mechanical control of the bend
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angle, bends may be accurately and consistently
carried out at high speed irrespective of the nature
of the force applied to the rack or to any fluctuation
or variation therein.

Preferably the rack is pneumatically-operated.

The clamping means includes a jaw for clamping
the workpiece against the bend former and which is
preferably dispiaceable out of the plane of the bend
to allow the workpiece to be advanced between
successive bend positions.

The operation of the machine is controlled
automatically by means of a programmable numeri-
cal control system. The various movements of the
machine are effected, either by compressed air or by
electrical stepper motors, and the control system
controls the air valves and the rotation of the motors
in accordance with a pre-set programme. However,
hydraulic cylinders or other forms of motor could
alternatively be used. The actual bending parameters
are detected and relayed to the control system by
appropriate encoders, the bending operation or
sequence of bending operations thereby proceeding
automatically according to the parameters in the
programme.

Accordingly, the bend head preferably includes a
bend head encoder for detection and feedback of
actual bend head angutar travel and the workpiece
supporting means preferably includes a linear en-
coder for detection and feedback of longitudinal
axial displacement of the workpiece and a rotary
encoder for detection and feedback of angular axial
displacement (axial rotation) of the workpiece.

The workpiece is preferably moved to the pre-
determined bend position and angle by the use of
stepper motors operating through suitable mechan-
ical drive means and controlled by the appropriate
encoders acting through the numerical control
system. In similar fashion, the mechanical stop is
preferably pre-set by means of a stepper motor
acting on a screw-threaded push rod to advance or
retract the stop position.

The collet chuck workpiece supporting means is
preferably of open-ended cylindrical form and is
mounted on a movable carriage which rides on a
guideway for advancing or retracting the carriage
towards or away from the bend head. Such a chuck
allows the workpiece or a mandrel for supporting the
workpiece to pass concentrically therethrough. One
form of such collet chuck comprises a plurality of
jaws mounted on resilient arms for pivotal movement
between open and closed positions and biassed
towards the open position, and an actuating annular
member, preferably a slidable sleeve having a
bevelled inner end surface and an annular nose
section which bear against outwardly-sioping exter-
nal surfaces of the jaws. whereby actuation of the
annular member to close the jaws results in a first
closing stage in which the nose section pivots the
jaws against the biassing pressure and a second
closing stage in which the resilient arms are
deformed inwardly. Such a collet chuck enables a
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workpiece to be positioned sequentially for suc-
cessive bending operations by being progressively
advanced therethrough. for example from a store or
magazine.

The actuating sleeve is preferably operated by a
pneumatic double-acting annular piston and cylinder
arrangement whereby the workpiece or mandrel to
be gripped in the jaws lies concentrically within the
central space of the cylinder. The collet chuck
preferably also is provided with means to rotate the
workpiece or mandrel axially according to the
required parameters programmed into the numerical
control system. Typically, the rotation means com-
prise a stepper motor driving the collet chuck via a
toothed belt and controlied via a rotary encoder,
although other power or transmission means may be
used if desired.

It is preferred that for verification purposes the
movable carriage on which the collet chuck is
mounted inciudes a tube rotary/linear encoder for
detection of any discrepancy between the linear or
rotational movement of the collet chuck and actual
movement of the workpiece or mandrel for example
if the workpiece was obstructed or the jaws of the
chuck failed to grip the workpiece. Any discrepancy
between the movement recorded by the relevant
collet chuck encoder and the tube encoder and
outside the programmed limits of tolerance would
automatically result in an error being recorded.

Conveniently the carriage is moved along the
guideway by means of a ball screw driven by a
stepper motor. In use the workpiece is passed from
a feed hopper or magazine through the chuck and
positioned so that it lies adjacent the bend former,
which is replaceable so that the external profile
thereof may be selected to match the external
diameter of the workpiece and also according to the
desired radius of curvature of the bend. Alterna-
tively, two or more different-sized bend formers may
be stacked one on another. The collet chuck and the
bend head on which the bend former is mounted are
laterally and vertically adjustable with respect to
each other, preferably automatically by means of
stepper motors controlled by appropriate encoders
acting on the collet chuck to allow the chuck to be
displaced to align the workpiece with different sized
formers or with a selected former in a stack. The
actuator of the collet chuck causes the jaws to grip
the workpiece and if required the collet chuck is
moved longitudinally and/or axially to locate the
workpiece at a predetermined position and/or axial
orientation with respect to the bend head. The
workpiece is then clamped to the bend head which is
caused to rotate a predetermined angie, controlied
by the setting of the mechanical stop. Preferably, the
jaws of the collet chuck are released prior to the
bend operation, so that the workpiece is permitted
to advance through the chuck as bending proceeds.

A linear encoder is preferably associated with the
bend head to detect any spring-back in the
workpiece from the programmed bend angle, and to
feed a signal back to the main controller for
automatic error correction of the next successive
bend.

As an alternative to holding the workpiece in the
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4

collet chuck, a mandrel may be located therein and a
workpiece slid over the end of the mandrel for a
subsequent bending operation. Preferably, the end
of the mandrel is rounded, or the end region thereof
has a sloping curved profile, and lies adjacent the
bend former to maintain the cross section of the
tube workpiece substantially circular as the bend is
formed, that is, to prevent or reduce any tendency
for the tube wall at the outside of the bend to
become flattened as the bend is formed. Where the
workpiece in the form of a tube is held by the collet
chuck. a suitably-shaped mandrel may be located
adjacent the bend former for supporting the work-
piece for this purpose. Located behind the tube and
opposite the bend former, an adjustable wiper die
block may be located to prevent wrinkling of the tube
on the inside of the bend.

The software controfling the computer uses
"user-friendly” language and the operator is re-
quested to input all the relevant bend parameters
such as workpiece diameter, bend radius, distance
between bends, bend angle, plane of bend and the
like.

The parameters, which may be either in metric or
Imperial units, are automatically convertible into
C.N.C. language for automatic control of the bending
operation or sequence of bending operations. In
particular, the parameters of workpiece advance,
workpiece turn and bend angle are controlied by
stepper motors, for example, according to the input
information, and any slippage of the workpiece in the
collet chuck, either axially or longitudinally, and any
spring-back in the bend are detected and fed back
to the main controller by means of the tube
rotary/linear encoder and the bend head encoder
respectively.

Embodiments of the invention will now be de-
scribed by way of example, with reference to the
accompanying drawings, in which:

Figure 1 is an exploded, partly cut away
drawing of the operative parts of a bending
machine according to the invention, and

Figure 2 is a side elevation, partly in cross
section, of a collet chuck according to the
invention.

Referring first to Figure |, the tube to be bent is
gripped in a collet chuck | operated by compressed
air.

The chuck is mounted on a movabie carriage 2
which rides on a guideway 3. This guideway contains
a ball screw (not visible in the drawing) for advancing
or withdrawing the carriage 2 and this is rotated by
means of a stepper motor 4. A second stepper
motor 5 rotates the collet | by means of a toothed
belt 6, so that the tube carried in the collet may be
rotated about its axis by the stepper motor under the
controf of the programme to a high accuracy.

The bending head comprises a fixed member 10
and a rotatable member I, rotated by means of a
pinion wheel 12 engaged by a rack 13, the operating
mechanism of which will be described below. The
shaft of the pinion wheel 12 carries a former 14 having
an arcuately-profiled circumferential edge around
which the tube is to be bent. The tube, when held in
the collet, passes across the front of this former
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{note that the alignment of the collet axis and the
former is not obvious from the drawing since the
drawing is an exploded view in which the parts are
relatively displaced). Lateral and vertical adjusting
means are provided with the collet chuck to allow the
chuck to be displaced to align the tube with different
sized formers when bends of different radii are to be
made.

The moving element of the head ll carries a
clamping jaw 15 borne by a supporting member 16
and this is driven by an air cylinder I7 through a
finkwork I8 so as to clamp the tube against the fomer
14 at the start of each bending operation and to
release it when each bend is completed. The air
cylinder {7 and linkwork I8 also moves the clamping
jaw 15 and the supporting member 16 vertically so
that the jaw I5 can be displaced by lowering it out of
the plane of the bend.

At the start of each bending step, the tube lies
across the front face of the former I4, the rack I3 is in
the position shown in the movable element Ii of the
bending head abuts against the fixed element 10.
Note that in the drawing the element li is shown as
rotated into the position it would occupy at the
conclusion of a 80° bend in order not to obscure the
details of the rack and pinion mechanism.

The rack | is actuated by a pneumatic cylinder 20,
the piston rod of which carries a guide bar 2| on
which is mounted a stop block 22, carrying stops 23,
24 provided with shock absorbers. The carriage 25
slides along a pair of guide rails 26, 27 and carries a
stepper motor 28 rotating a screw 29. This screw
passes through a fixed member and carries at its far
end a mechanical stop 30, the position of which is
adjustable by rotating the screw 29 by means of the
stepper motor 28.

A tube rotary/linear encoder assembly 3l is fitted
to the carriage 2 to move with the collet chuck |. A
rotary encoder 32 measures tube rotation via a collet
33 clamped to the tube; the collet 33 is rotatable in a
ball bearing should the tube slip in the collet chuck .
Likewise a linear encoder 34 detects axial movement
of the tube should it slip through the collet chuck I

A centre former encoder 35 detects and feeds
back to the main controller the amount of spring
back in the tube and a rotary bend head encoder 38
detects and feeds back to the main controller the
actual amount of bend head travel.

At the start of a tube bending operation, a length
of tube is fed into the collet | where it is clamped by
the pneumatic mechanism of the colliet, which will be
described below, the carriage 2 is then at least in a
partially retracted position along the guide way 3,
and the pneumatic cylinder 20 is actuated so that the
rack I3 is fully withdrawn, with the stop 24 against the
end face of the cylinder mounting. The movable
member of the bending head Il lies flat against the
fixed member 0 and the clamp 15 is in the open
position where it is maintained by the supply of air to
the cylinder 17. The tube to be bent lies along the
profiled edge of the former 14, the collet chuck
having been lateraily and/or vertically adjusted as
necessary to align the tube with the edge of the
former.

Under the control of the programme numerical
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control system, the stepper motor 4 is rotated to
advance the carriage 2 until the tube comes into
position for the first bend. The stepper motor 28 is
then actuated to advance the screw 27 until the stop
30 is positioned so as to define the required angle of
bending after allowing for springback; with the
machine shown this angle may be up to a maximum
which is somewhat in excess of 180°.

The control system then bends the tube by
successively actuating the air cylinder {7 to clamp
the tube against the former 14, releasing the jaws of
the collet chucks and then supplying air to the
cylinder 20 to advance the rack I3 and rotate the
movable element Il of the bending head until the stop
23 abuts against the stop 30. The collet chuck jaws
are then re-applied to grip the tube and clamping
pressure at the bend former is released by suitably
actuating the cylinder i7. The clamping jaw 15 is then
displaced below the plane of the bend and hence
below the bent portion of tube and the stepper
motor 4 is actuated to advance the tube into position
for the next bend. The stepper motor 5 is then
actuated to rotate the tube as necessary so as to
ensure that the next bend is in the correct plane. The
movable element Il of the bend head is then returned
o the closed position against the fixed element 10
under the influence of the the cylinder 20 the
movement being terminated by the stop 24 abutting
the head of the mounting of the cylinder 20, the
clamping jaw I5 is raised in line with the tube, and the
bending sequence is repeated, the whole being
carried out under the control of the numerical
control system.

Figure 2 is a diagrammatic longitudinal part
cross-section of the collet chuck assembly. The tube
101, which carries the chuck itself, passes through a
bearing housing 102 fixed to the carriage 2 of Figure |.
The chuck rotates in bearings 103 carried in the
bearing housing 102, and is turned by means of a
toothed belt engaging the wheel 104.

The chuck jaws are pneumatically operated by an
annular piston 105 working in a cylinder 106 and
surrounding a sleeve 107 which forms a continuation
of the tube 10l. The piston carries an actuator 08
which will be described more fully below and is
double-acting, air under pressure being admitted to
one or the other side of the piston and allowed to
escape from the opposite side to cause the actuator
to be extended or withdrawn.

The supply of actuating air is brought to the
bearing housing through ports 109, 1l0 each of which
comprises a passageway formed in the housing and
terminating in an annular groove on its internal
bearing surface. O-ring seals are provided, as
shown, 1o prevent the escape of air. To close the
chuck, air pressure is applied to the port 109 and the
air passes through passageways lll formed in the
wall of the tube 10! and the flanged end of the sleeve
107 to act on the rear of the piston 105. For opening
the chuck, the pressure at the portion 109 is released
and air under pressure is applied to the port 110. This
passes through a simifar set of passageways, not
indicated in the drawing, since they do not lie in the
plane of section, but also passing through the wall of
the tube 10, then outwards through the end face of
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the cylinder 106, through the cylinder wall and to the
opposite face of the piston. as indicated at I12. By
applying air pressure as indicated to one or the other
of these ports 109, 110, the chuck jaw actuator 08 may
be extended or withdrawn.

The collet chuck itself has four jaws 113, each being
hinged and sprung outwards in such a way that when
it is forced inwards by the actuator it can rotate
against the spring until the gripping surface of the
jaw is paralle! with the axis of the chuck. The shape
of the rear end of the hinged portion is such that at
this point the pivotal movement ceases. and further
gripping of the tube is achieved in the usual way by
deformation of the arm {14 of the collet. in order to
achieve these movements the rear face of the jaw I3
inclines outwards at an'angle and is engaged by the
inner surface of the actuator 108, which consists of a
steel tube having an inner bevel at the end engaging
the wedge-shaped outer surface of the hinged jaw.

Before actuation of the bend head at each
bending operation, the chuck jaws are opened by
applying air pressure to the port 10, moving the
piston to the left in the view shown in the diagram,
and withdrawing the actuator |08 allowing the jaws 113
to be opened by their springs. After actuation of the
bend head, air pressure at the port 110 is released
and pressure is applied at the port 109, driving the
piston to the right, extending the actuator, and
forcing the jaws, firstly to hinge inwards against the
spring, and then further closing the collet chuck in
the normal manner. The tube bending operation then
continues as described above.

It will be noted that the coliet chuck described
above is suitable for use with components carrying
pipe fittings and the like, or multi-diameter pipes, or
pipes not having straight paraliel waiis. In particular,
the collet chuck allows a workpiece to pass
concentrically therethrough and advanced pro-
gressively from one bend position to the next, the
workpiece being drawn freely through the chuck as
each bend is formed, but grips the workpiece
between successive bends, for positive and accur-
ate positioning of the workpiece in relation to the
bend former.

In the machine as described above, the mechan-
ical movements are carried out by pneumatic
cylinders and by electrical stepper motors. However,
alternatives are possible, for example, hydrautic
cylinders could be used for the various movements
or ordinary electric motors coupled with position
sensors and feedback control.

The invention also includes a bending machine for
tube or rod workpieces, in which the required bend
parameters are programmable into a numerical
control system and the actual bend parameters are
measurable by means of linear and/or rotary en-
coders which in use detect information relating to
actual bend parameters selected from at least one of
distance between successive bends, bend plane
angle between successive bends, bend angle and
bend spring-back, and feed the information back to
the control system for verification and/or adjustment
in relation to the required bend parameters.

The invention also includes a method for controll-
ing the bend parameters of a tube or rod workpiece
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in a bending machine, the method comprising supply
of the required bend parameters including at least
one of distance between successive bends, bend
plane angle between successive bends, and bend
angle to a programmable numerical control system,
measurement of the actual bend parameters includ-
ing spring-back by linear and/or rotary encoders.
and feedback of the information so obtained to the
numerical control system, whereby the actual bend-
parameters are continuously monitored and ad-
justed in relation to the required parameters.

Claims

I. A numerically-controlled bending machine
for tube or rod workpieces comprising a bend
head including a bend former, collet chuck
means for supporting a workpiece at a pre-
determined position and axial orientation
against the bend former, and means for clamp-
ing the workpiece against the bend former, the
bend head being operated to rotate the bend
former by a rack and pinion arrangement,
wherein the rack includes a pre-settable mech-
anical stop to control the extent of movement of
the rack and hence the extent of bend angle.

2. A bending-machine according to Claim |,
wherein the mechanical stop includes shock-
absorbing means.

3. A bending machine according to Claim | or
Claim 2, wherein the workpiece clamping
means includes a clamping jaw which is
displaceable out of the plane of the bend.

4. A bending machine according to any
preceding claim, wherein the bend head in-
cludes an encoder for detection and feedback
to the numerical control system of bend head
angular travel. and the collet chuck means
includes linear and rotary encoders for detec-
tion and feedback of longitudinal axial displace-
ment and angular axial displacement respec-
tively of the workpiece.

5. A bending machine according to any
preceding claim, wherein the bend head in-
cludes a linear encoder to detect and feed back
to the numerical control system any spring-
back of the bend formed in the workpiece.

6. A bending machine according to any
preceding claim, wherein the collet chuck
means includes a rotary/linear encoder for
detection of any discrepancy between the finear
or rotational movement of the coliet chuck
means and linear or rotational movement of the
workpiece.

7. A bending machine according to Claim |,
wherein the collet chuck means is of open-
ended cylindrical form, whereby the workpiece
can pass concentrically therethrough.

8. A bending machine according to Claim 7,
wherein the collet chuck means comprises a
plurality of jaws mounted on resilient arms for
pivotal movement between open and closed
positions and biassed towards the open posi-
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tion, and an annular actuating member having a
bevelled inner end surface and an annular nose
section which bears against outwardly-sloping
external surfaces of the jaws, whereby actua-
tion of the annular member to close the jaws
results in a first closing stage in which the nose
section pivots the jaws against the biassing
pressure and in a second closing stage in which
the resilient arms are deformed inwardly by
interaction of the bevelled surface of the
annular actuating member on the external
surface of the jaws.

9. A bending machine according to Claim 8.
wherein the actuating member is in the form of a
slidable sleeve operated by a double-acting
annular piston and cylinder.

10. A bending machine according to any of
Claims 7 to 9, wherein the collet chuck means is
provided with means for axial rotation thereof
according to the numerical control system.

II. A bending machine for tube or rod work-
pieces, in which the required bend parameters
are programmable into a numerical control
system and the actual bend parameters are
measurable by means of linear and/or rotary
encoders which in use detect information
relating to actual bend parameters selected
from at least one of distance between suc-
cessive bends, bend plane angle between
successive bends, bend angle and bend spring-
back, and feed the information back t¢ the
control system for verification and/or adjust-
ment in relation to the required bend parame-
ters.

12. A method for controlling the bend parame-
ters of a tube or rod workpiece in a bending
machine, the method comprising supply of the
required bend parameters including at ieast one
of distance between successive bends, bend
plane angle between successive bends, and
bend angle to a programmable numerical
control system, measurement of the actual
bend parameters including spring-back by
linear and/or rotary encoders, and feedback of
the information so obtained to the numerical
control system, whereby the actual bend par-
ameters are continuously monitored and ad-
justed in relation to the required parameters.
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