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A pipe bending machine has a bending die (12), drive means for turning the bending die (12) about its axis when ef-
fecting a bending operation, an arm (18) which carries a clamp (16) for clamping the pipe (1) to the bending die, and a sep-
arate drive means acting on the clamp arm (18) and serving to turn that arm around the bending axis simultaneously with
the bending die (12) being turned to effect the bending operation.
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PIPE BENDING MACHINE

FIELD OF THE INVENTION

This invention relates to a pipe or tube bending
machine of the draw bending type.

BACKGROUND AND SUMMARY OF THE INVENTION

A draw bending machine comprises a bending die and
a clamp for clamping the pipe to the bending die. The
bending die is turned under power about its axis, and
this movement of the bending die is transmitted to the
clamp to rotate the clamp along with the bending die,
and thus bend the pipe. The clamp is then released and
an arm which carries the clamp is rotated under power
back to its initial position. We have now devised im-
proved arrangements for turning the bending die and the
arm to which the clamp is mounted.

In accordance with this invention, there is provided
a pipe bending machine having a bending die, drive means
for turning the bending die about its axis when effecting
a bending operation, an arm which carries a clamp for
clamping the pipe to the bending die, and a separate drive
means acting on said arm and serving to turn that arm
around the bending axis simultaneously with the bending
die being turned to effect the bending operation.

Thus when a bending operation is being carried out,
drive is applied both to the bending die and the clamp
arm (instead of to the bending die only, as hitherto).
Thus greater force is available for application to the
pipe during the bending operation. A separate drive means
has hitherto been provided for the clamp arm, but has
served only to return the clamp arm to its initial position.
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In accordance with this invention, the separate drive
means is used additionally for turning the clamp arm
during the bending operation. ,

For example, a first hydraulic actuator may provide
drive to the bending die and a second hydraulic actuator
may provide drive to the clamp arm. In a preferred em-
quiment of this invention, an a.c. electric motor with
servo-control may provide the main drive and be coupled
to drive either the bending die or the clamp arm. The‘
drive to the other element (clamp arm or bending die,
respectively) may be provided by either an a.c. or d.c.
motor with servo-control, or by a hydraulic drive means.
Thus preferably the drive to one element (bending die or
clamp arm) is able to provide greater torque to that
element thanthe other driveis able to provide to the other
element when carrying out a bending operation. The main
drive means may then be controlled to provide a braking
effect towards the end of each bending movement, and in
the limit to overcome the drive to the other element and
stop both the bending die and clamp arm at precisely the
required position. This arrangement is particularly appli-
cable if an electric servo-motor is used for the main drive
and, for the other drive hydraulic means is used, or an
electric motor (whether a.c. or d.c.) is used in a constant-
torque mode (its servo-control mode being used for return-
ing the e.g. clamp arm to its starting position). If the
assisting drive is provided by e.g. hydraulic means, this
may be controlled to provide a reduced value of torque
and/or speed to its driven element over a final portion
of its movement both when bending and returning to its
home position: for example the flow rate of hydraulic
fluid to the hydraulic actuator may be reduced for these
final portions of movement.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of this invention will now
be described by way of examples only and with reference

e
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to the accompanying drawings, in which:

FIGURE 1 is a diagrammatic plan view of an example
of pipe bending machine;

FIGURE 2 is a section on the line 11-I1 of Figure 1;

FIGURE 3 is a schematic diagram of one form of drive
system for the machine; and

) FIGURE 4 is a schematic diagram of another form of
drive system for the machine.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figures 1 and 2, of the drawings, there
is shown a pipe bending machine of the draw bending type.
This particular machine is arranged to process two pipes
simultaneously, particularly when forming "handed" pairs
of pipes: however, the machine may instead be arranged
simply to handle one pipe at a time.

The machine comprises a horizontal machine bed 9
mounting a bending head 10 at its forward end. This com-
prises a bending die 12 of generally cylindrical form and
mounted for rotation about its axis, which is disposed
vertically. The bending die 12 is formed with two annular
grooves 14 spaced apart from each other and being semi-
circular in section. The bending die 12 is provided with
a short, flat-faced, tangential extension 12a which has
two grooves forming tangential extensions of the grooves
14, A clamp block 16 is provided to co-operate with the
extension 12a and is formed with two semi-circular grooves
horizontally across its face, so that it can clamp two
pipes 1, 2 against the bending die 12. The clamp block
16 is mounted to an arm 18 for sliding movement by an
hydraulic actuator 17 towards and away from the bending
die extension 12a: the arm 18 is mounted for rotating
about the axis of the bending die 12 so that it can be
turned with the bending die during a bending operation.
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In particular, and referring to Figure 2, the bending
die 12 is mounted to a spindle 40 which is journalled to
fixed structure 42 of the machine. A sprocket 44 is keyed
to spindle 40 and a chain U5 is trained about this sprocket
to transmit drive from a drive means 45a (Figure 1) for
turning the bending die about its axis A-A. The clamp
arm 18 is generally U-shaped as shown and its two limbs
are journalled about the spindle 40: its upper limb
carries the clamp block 16 and its lower limb carries a
sprocket 46, a chain U46a being trained about this sproc-
ket to transmit drive from a separate drive means 47 (Figure
1), for turning the clamp arm around the spindle 40 (and
hence around the axis A-A).

The bending head 10 further comprises a pressure
die 20 mounted to the machine bed and having a flat front
surface formed with two semi-circular section grooves co=-
operating with the grooves of the bending die. The pre-
ssure die 20 is movable towards and away from the bending
die by a hydraulic actuator 21, and is mounted so that
it will move lengthwise of the pipes during a bending oper-
ation. A wiper die 22 may also be provided, fixed to the
machine bed 9, and positioned opposite the pressure die
20 and shaped at its forward end to fit close against -the
bending die 12. The flat rear surface of the wiper die
22 is also provided withtwo semi-circular grooves co-
operating with the grooves of the pressure die 20.

The bending machine further comprises two pipe or
tube holders mounted one above the other on a carriage
24: one only of these holders is shown at 26. The carr-
iage 24 is mounted for sliding movement along the length
of the machine bed under the power of a motor 25 and via
a drive belt 25 for example. Each pipe holder 26 compri-
ses a cylindrical body through which, in use, the pipe
extends, and is provided with a collet 26a which can be
applied to grip the pipe. The two pipe holder bodies are
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rotatable about their axes and coupled to a drive motor
27 so that they will rotate through equal angles but in
opposite directions.

The machine also comprises two mandrels 28 carried
at the ends of respective mandrel rods 30. The mandrels
are positioned in the pipes to support the latter inter-
nqlly immediately upstream of the bend. The mandrel rods
are mounted by holders 31 (one shown) to the machine bed
beyond the trailing ends of the pipes being processed.
The machine is controlled by a computer numerical control
system 50. In use, with two pipes 1, 2 over the mandrels
and mandrel rods and held in their pipe holders 26, then
firstly the control serves to advance the carriage 24 to
position the two pipes correctly, relative to the bend-
ing head, ready for the first bend to be made. Then the
pressure die 20 is advanced to press the pipes 1, 2 against
the bending die, and the clamping block 16 is advanced
to clamp the two pipes securely against the bending die,
its slide engaging into the bend spindle to provide a
keyed location. Next the bending die 12 and clamp arm
18 are turned together around the axis A-A of the bending
die (and through the angle required) by the separate drive
means U45a, 47 applying power respectively to the bending
die and the clamp arm via the sprockets 44 and 46. Dur-
ing this step the pressure die 20 slides forwardly in
following the pipes. The clamping block 16 is then re-
tracted to free the pipes from the bending die and the
clamp arm 18 is returned to its initial position by its
respective drive means transmitting power to it via its
sprocket U46. '

The carriage 24 is next advanced an appropriate
amount so as to position the pipes 1, 2 correctly for the
next bend. The bending die 12 is returned to its initial
position by its drive means acting via sprocket 44, and
the pressure die 20 is also returned to its original posi-
tion. If the next bend in the pipes is to be effected
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in a different plane from the first bend, then the pipe s
holders 26 are turned through the appropriate angle (but
in opposite directions, as mentioned above). That next
bend in the pipes 1, 2 is then carried out in the same
manner as explained above, and the whole sequence of
steps is repeated for all the following bends which are
to be made in the pipes.

-

It will be appreciated, as mentioned above, that.
greater force is available for application to the pipes
during the bending operation because power from the sepa-
rate drive means 45a, U7 is transmitted back to the clamp
arm 18 and the bending die 12. The machine is under full
numerical control and for example the rotary positions
of the bending die and clamp arm are at all times known
to the system by the provision of rotary position encoders,
as described below. ' ,

Figures 3 and 4 show various combinations of arrange-
ments by way of examples. In Figure 3, an a.c. electric
motor M provides drive via a gearbox G to sprocket 4y and
thence to the bending die spindle 40, whilst a hydraulic
actuator H provides drive to sprocket 46 and thence to
clamp arm 18. Full closed-loop servo control for the motor
is provided, a rotary position encoder E being coupled
to the spindle and providing feedback to a motor control
unit C. The arrangement is that the torque available from
the electric motor M (i.e. at the output of its gearbox)
somewhat exceeds 50% of the total torque required to carry
out the bending operation: for example 60% may be provided
to the bending die from the electric motor and 40% to the >
clamp arm from the hydraulic actuator. The electric motor
is controlled to provide a braking effect towards the
end of each bending movement, and finally to overcome the
drive to the clamp arm and stop both the bending die and
the clamp arm at precisely the required position and in
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a smoothly controlled manner. The hydraulic actuator is
preferably also controlled so as to provide a reduced
value of torque and/or speed to the clamp arm over a final
portion of its movement both when bending and when ret-
urning to its home position: for example the flow rate

of hydraulic fluid to the hydraulic actuator over a line

R may be reduced for these final portions of movement

by a restrictor R. '

In Figure 4, the a.c. servo motor M provides drive
to the bending die spindle as before, but drive to the
clamp arm is provided by an electric motor M, which may
be an a.c. or d.c. motor with servo-control, a rotary
position encoder El being coupled to the clamp arm and
providing feedback to a control unit C; for the motor
Ml. The main drive for the bending operation is still
provided by the a.c. se;vo—motor M, and the assisting
drive is provided by the motor Ml: preferably the latter
is used in a constant-torque mode during the bending
operation and its servo-control mode is used for return-
ing the clamp arm to its home position. Then for example
the clamp arm can be returned at high speed for most of
its return movement, then slowed into its home position
over the final portion of thereturnmovement. Also because
the bend arm is under full ﬁumenical control during this
return movement and therefore its precise position is
known, the numerical control system of the bending appa-
ratus can respond when the bend arm has reached a prede-
termined position close to its home position, to initiate
movement of the carriage 24 to position the pipe ready
for the next bending operation to be performed on that
pipe.

Whilst in Figure 3 and 4 the main drive is shown
applied to the bending die and the assisting drive to the
clamp arm, instead the main drive may be applied to the
clamp arm and the assisting drive to the bending die.
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When the clamp is applied, the clamp arm and bending die *
form a solid unit on which both drives act: but when the
clamp is released, the clamp arm can be returned to its <

home position quicker if it receives the main drive, rather
than the bending die. In this connection it is to be

noted that the clamp arm has greater inertia then the bend-
ing die.
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CLAIMS

1. A pipe bending machine having a bending die (12),
drive means (M) for turning the bending die about its

axis when effecting a bending operation, an arm (18)

which carries a clamp (16) for clamping the pipe (1) to
the bending die (12), and a separate drive means (e.g. H)
acting on said arm and serving to turn that arm around-
the bending axis simultaneously with the bending die being
turned to effect the bending operation.

2. A pipe bending machine as claimed in Claim 1, in
which the drive means (e.g. M) acting on one of the two
elements (clamp arm and bending die) is able to provide
greater torque to its respective element (e.g. 12) than
the other drive means (e.g H) is able to provide to the
other element (e.g. 18)when carrying out a bending opera-
tion, the main drive means being controlled to provide

a braking effect towards the end of each bending movement.
3. A pipe bending machine as claimed in Claim 2, in
which the main drive means (M) comprises an electric servo-
motor and the assisting drive means comprises a hydraulic
drive means (H).

l, A pipe bending machine as claimed in Claim 2 or 3,
comprising means (R) for causing the assisting drive means
(H) to provide a reduced value of torque and/or speed to
its driven element over a final portion of its movement.
5. A pipe bending machine as claimed in Claim 2, in
which the main drive means comprises an electric servo-
motor (M) and the assisting drive means comprises a sepa-
rate electric servo-motor (Mj).

6. A pipe bending machine as claimed in Claim 5, in
which the separate, assisting electric servo-motor (Ml)

is used in a constant-torque mode during a bending opera-
tion, and in a servo-control mode for a return movement

to its home position.
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7. A pipe bending machine as claimed in any one of Claims
3 to 6, in which the main electric servo-motor (M) is an
a.c. electric servo-motor.

8. A pipe bending machine as claimed in any one of Claims
2 to 7, in which the main drive means drives the bending

die and the assisting drive means drives the clamp arm.

9. A pipe'bending machine as claimed in any one of Claims
2 to 7, in which the main drive means drives the clamp -

arm and the assisting drive means the clamp arm.
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