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METHOD OF, AND APPARATUS FOR, PRODUCING
DOUBLE WALL TUBES

The invention relates to a method of and an
apparatus for producing double wall tubes, especially
brake lines, fg?%ﬂlines or hydraulic lines using the so-
called "Bundy"Lﬁefhod and a control system usable in such
a method and apparatus.

As 1is known from DE-PS-813839 immediately after
winding steel strips, coated on one or both sides with
copper, are formed on a pre - and a finishing calibre to
a compact tube winding. The calibres consist of an
inside tool (swimmer) and an outside pair of forming
rolls. The tube winding is then brazed under the
influence of protective gas at a temperature above the
melting temperature of copper.

Tubes of this nature are safety parts because of
their special quality, so tha£ following legal
reguiations or instructions or govefnmental directions
their use as brake lines, fuel lines or hydraulic line
are allowed. This means the conditions under which the
tubes are made must be of extremely high quality. In
practice, that means various parameters have to be
monitored and controlled. For instance, the strip

thickness influences the inside diameter and in keeping



the outside diameter constant. The dimensicnal
tolerances and the stability of the tube winding are
influenced by the inside tool, the so-called swimmer,
especially by its diameter, by the tractive power, by the
swimmer position, etc.

The present invention has the aim to control the
production parameters with greater accuracy than before
and to compensate for variations rapidly and
automatically so that the tube winding can be produced in
a constant high quality.

In accordance with one aspect of the invention
there 1is provided a method of producing double wall
tubes, especially brake lines, fuel lines or hydraulic
lines using the so-called "Bundy" method, in which
immediately after forming or winding steel strips coated
on one or both sides with copper are forﬁed on a pre -~
and a finished calibre to a compact tube windihg, each of
which calibres consists of an inside tool (swimmer) and
an outside set of forming rolls and the tube winding is
brazed under influence of protective gas using a
temperature above the melting temperature of copper,’
wherein rthe tube walls are pressed together by a first

cold forming, caused by the calibres, whilst the tube



walls are supported and then a second cold forming,
which is caused by tractive power put on the compact tube
winding by different rotating speeds of strip forming
rolls and the pre-calibre on the one hand and the
finishing calibre on the other hand to produce elongation
or extension of the tube.

In another aspect the invention provides apparatus
for producing double wall tubes, especially brake lines,
fuel lines or hydraulic lines using the so-called "Bundy"
method, said apparatus comprising strip_forming rolls for
treating steel strip coated on one or both sides with
copper, pre - and finishing calibres for forming the
strip into a tube, each calibre comprising an inside tool
(swimmer) and an outside set of forming rolls, means for
brazing the wound tube after forming under protective gas
using a temperature above that of the melting temperature
of copper and a control system for controlling the
operation of the calibres to subject fhe tube walls to a
two stage cold forming treatment, the second stage
involving different rotating speeds of strip forming
rolls and the pre-calibre on the one hand and the
finishing calibre on the other hand to produce an
extension of the tube.

In accordance with the invention, the tube walls



are pressed together by a first cold forming caused by
calibres (the working together of the inside tool and the
outside set of forming rolls), and that this pressing
together of the tube walls is supported and increased by
a second cold forming, which is caused by tractive power
put on the compact tube winding by different rotating
speeds of the strip forming rolls and the pre-calibre on
the one hand and the finishing calibre on the other hand.

By this a better gquality of tubes up to now and a
constant quality during production can be achieved.

However, the stability of the tube winding has a
special importance. The double wall tube, which is
called tube winding before brazing, would spring back and
open if there would be only an elastic forming. A wusual
plastic forming, realized by hard pressing of both wound
tube walls would not be sufficient to keep the orderly
oveflapped double wall tube form, as manufactured in the
finishing calibre. Only by "overforming” in accordance
with the invention by the two stage cold forming can
bring the wanted result.

Advantageously is a tube winding elongation of 4-
8%. On average an elongation of 5-6% is sufficient for a

cold strengthening.



A preferred way for the elongation to be adjusted
is controlled tractive power on a pulling bar.

The desired high quality constant product achieved
during manufacturing can be achieved by the invention so
that the extension (stretching) is measurable between an
in- running steel strip and an out-running tube winding
by means of measurement sensors and an instantaneous
value is lodged into a memory as a reference input while
tool setting occurs and can be used as a basic value of a
microprocessor in an automatic control operation. A
hydraulic or electrical linear drive can control or
automatically control the change of the position of the
inside tool or the tractive power of the inside tool can
be measured by a locad cell in an automatic control
system. The instantaneous value during tool setting can
be loaded into the memory as a reference input and is
available for a variance comparison at an attitude
control and by this control the liﬁear drive can be
switched for changing the position of the inside tool.

Thereby all existing parameters can be covered.
Besides this such an equipment has a special advantage
for automatic control.

In accordance with a further feature of the

invention an adjustable separate drive for a finishing



calibre rolling set ensures a higher automatically

controlled rotary speed to the other connected forming
roll drives. Thereby the tractive power put on the tube
winding can be controlled easily.

Alternatively, instead of separate drives for the
finishing rolling set there can be an adjustable
mechanism. A further drive variation is that instead of
a separate drive for the finishing rolling set there a
rigid mechanism or gear for driving this and the other
form rolling drives with a fixed rotary speed for each
drive.

The linear drive for changing the position of +the
inside +tool may consist of an hydraulic or mechanical
linear drive, which is connected to a support for the
inside tool respectively connected to a load cell.

A control system usable in the invéntion may have
the following features.

(a) a load cell which is impinged by a pulling b

of the inside tool,

(b a 1lcad amplifier, which is assigned to

electromechanical servomotor,

(é) a first module for the adjustment of a sign

level,
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(d) an average value former with a filter for the

measuring signal,

(e) an inverter and a parallel connected memory for

reference input,

(f) a position control and

(g) a final signal amplifier influencing the

servomotor.

Such a control systems fulfils all conditions for
obtaining and controlling the named parameters.

A further preferred feature of the invention is
the provision of a counter and a reference input
corrector, which are joined by a feed back connection
before entering the signal amplifier. It 1is advisable
that via the counter a comparator and an adjusting device
establish positive or negative limiting values of the
position adjustment of the inside tools. An AND-gate
connected between the position control and a first signal
ampiifier, and a second module caﬁ be provided for
adjusting the signal level in the conditions "machine
stop” or ‘"strip end". Thereby the 1last instantaneous
~value can be registered as a new start.

While the control system may be made on an
electric or electronic basis, another alternative is a

hydraulic linear drive for positioning the inside tool



which is connected to a pressure pump via a pilot
controlled check valve and a proportional valve, co-
operating with amplifier modules which are coordinated
to the single tube making parameters e.g. strip thickness
measuring amplifier and an elongation measuring device,
aswell as the signal adjusting modules. The
corresponding signals are fed to a microprocessor as
reference inputs or correction values, by which
differences of control values are noticed and compensated
via the signal amplifier and the proportional valve.

The invention may be understood more readily and
various other aspects and features of the invention may
become apparent from consideration of the following
description.

Embodiments of the invention will now be described
by way of examples only, with reference to the
éccbmpanying drawings wherein:

Figure 1 1is a block diagram of apparatus in
accordance with the invention utilizing a first control
system in an electromechanical design;

Figure 2 1is a block diagram of apparatus in
accordance with the invention utilizing a second control

system with & microprocessor based control system, but in



a hydraulic design;

Figure 3 is a block diagram for supplementing
Figure 1; and

Figure 4 is a partial section of a tube winding
mechanism of the apparatus with an inside tool and sets
of rolls constituting a calibre.

According to Figure 1 in the central region of the
block diagram the devices for making double wall tubes as
per the so-called "Bundy" method are shown. For the tube
making method one sided or double sided copper coated
strip 2 is pulled off a coiler 3 and via scarfing rolls
4, forming rolls 5 pre-calibre rolls 6 and finishing
calibre rolls 7 formed to a completed tube winding 8.

In a first phase the steel strip 2 is scarfed at
the edges and then wound. A second phase follows the
stabilisation of the tube winding 8 and after that the
brazing (this step is not to be seen on the drawing).
The second phase requires an inside téol 9, that is a so-
called ‘"swimmer", which shows its function. The double
wall tube 1 after manufacturing shows at least the double
wall thickness of the steel strip 2.

The inventive process is based on the fact, that
the tube walls (both surfaces of the steel strip 2) are

pressed together by a first cold forming made by the
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inside tool 9 working together with the scarfing rolls 4,
the forming rolls 5, the pre-calibre rolls 6 and the
finishing calibre rolls 7 and that this pressing together
of the tube walls is increased by a second cold forming,
that is put on the tube winding 8 by tractive power
caused by different rotary speeds of the forming rolls 5
and pre-calibre rolls 6 on one hand and the finishing
calibre rolls 7 on the other hand.

The resultant elongation of the +tube winding
should be 4-8%, preferably on average 5-6%. The
elongation can be brought to the tube winding by a
controlled tractive power on a pulling bar 10 connected
with the inside tool 9.

In Figure 4 the double step cold forming operation
is represented. The pre-calibre rolls 6 and the
finishing calibre rolls 7 press the tﬁbe winding 8
radiélly together whereby the second step of the cold
forming is caused by pulling of the inside tool 9 axially
in (direction 63) or out (direction 64). The inside tool
9 1is obviously constructed as double cones 65a and 65b.
In order to transfer the tractive power from the
finishiné calibre 1rolls 7 to the tube winding 8 these

rolls 7 have a roughened surface preferably a surface
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with a wearing coat on its calibre form 66. At the same
time it is essential, that the inside tool 9 prevents the
tube winding 8 from escaping intc the inside of the tube.
The inside tool 9 forms together with the pre-calibre
rolls 6 and the finishing calibre rolls 7 a roll gap,
between which the winded double wall tube 1 is pulled out
by means of the roughened calibre form 66.

A control system for the apparatus is shown in two
alternatives. The alternative according to Figure 1
shows an electromechanical solution. This control
system is composed of a load cell 25 impinged by the
pulling bar 10, a load measuring amplifier 26, a first
module 27 an average value former 28 with a filter for
the measuring signal, an inverter 28 and a parallel
connected memory for reference input 30 and a position
control 31. An instantaneous value, put in normally, is
stored as a reference input and is used for the variance
comparison in automatic conditions. at the position
control 31.

According to the upper region of the block diagram
of Figure 1 a counter 34 and a reference input corrector
35 are joined by a feed back connector before entering a
final signal amplifier 32. Via the counter 34, a

comparator 36 and an adjusting device 37 positive or
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negative limiting values of the position adjustment of the
inside tools 9 are set.

An AND-gate 38 is connected between the position
control 31 and the final signal amplifier 32 and a second
module 39 for adjusting the signal level in the
conditions "machine stop" or "strip end" whereby the last
instantaneous value can be registered as a new start.

A strip thickness measuring sensor 12 gives a
signal to an amplifier 41, which is connected to the AND-
gate 38. The strip thickness is thus monitored and
indicated. Therstrip thickness measuring can take place
continuously with the strip thickness sensor 12.

By means of an incremental pulse generator 13 as a
pick up sensor (strip inlet) and an incremental pulse
generator 14 (tube winding outlet) there will be measured
in an elongation measuring device 42 the difference
speéd, thereby the elongation c¢an be monitored and
indicated.

By passing over the upper or under limiting value
adjusted in the before mentioned measuring device a
signal will be given to an OR-time-gate 43, which gives
at first a warning. After the time x is over, the whole

production line will be stopped.
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The inside tool positioning device 44 1is shown
besides a linear drive 21, a support 22, an inside tool
power sensor 23, the tool pulling bar 10, the load cell
25 and this is a subassembly of the control system.

A servomotor 16 for positioning of the inside tool
9 is connected to the mechanical linear drive 21.

There is also the possibility to adjust by a
separate drive 17 the finishing calibre roll stand 7, 7a
to a higher controlled raotary speed than it is on the
other forming roll stand drives 18.

On the other hand it is possible that instead of a
separate drive 17 for the finishing calibre roll stand 7,
7a an adjustable mechanism 19 is used.

In another modification, instead of the separate
drive 17 for the finishing calibre rolls 7 or 7a a rigid
mechanism 20 with fixed rotary speeds for the rolls 7 or
7a and the other forming rolls 18 is used.

There are three variants to ‘obtain the wanted
elongation in the tube winding 8:

1) A solution C (Figure 1) in form of a separate

drive 17.

2) A solution B in form of an adjustable

mechanism 19 and

3) A solution in the form of a rigid mechanism
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20 with fixed rotary speeds.

An AC-motor 48 is provided for the separate drive
17, an AC-motor 47 for driving of the forming roll stands
18 as well as and the adjustable mechanism 19 and the
rigid drive 20.

The AC-motor 46 is fed by an inverted rectifier
48. The instantaneous value of the rotary speed is
picked up by a tachogenerator 49, which gives inputs to
the inverted rectifier 48.

According ta Figure 2 a hydraulic linear drive 51
for positioning the inside tool 9 can be seen; it is a
part of an electrohydraulic inside tool positioning
device.

In Figure 2 on the right side can be seen in a
dot-and-dash outline a frame 52 a complete hydraulic
pPressure fluid equipment with a pump 53 and a hydraulic
diaﬁhragm étorage 53a as a pressure source. The
hydraulic 1linear drive 51 is connected to the pressure
source by a dislockable non-return valve (pilot
controlled check valve) 54 and a proportional wvalve 55.

The parameters of elongation and tractive power of
the inside tool 9, empirically found out, and coordinated

with the single tube dimensions, will be stored in a



15

microprocessor 3la as reference input. According to
these reference inputs the position of the existing
inside tools 9 is established fully automatically. As
soon as the front end of the tube winding leaves the
production machine the incremental pulse generator 13 as
measuring sensor of the strip inlet and the generator 14
as a measuring sensor of the tube winding outlet will be
activated and, after a short delay, also the control
device for the inside tool 9. The value of the
elongation is passed to the microprocessor 3la via the
elongation mgasuring device and a signal modification
module 59.3. This value is the basic instantaneous
value of the controlling device.

Both correction instantaneous values will be added
to that basic instantaneous value or subtracted and as a
control deviation passed to a proportional valve
émplifier 60 as a signal amplifier. In the proportional
valve 55, which is fed by the émplifier 60, the
electrical signal is converted into an hydraulic signal,
which gives a mechanical movement to the hydraulic
- cylinder 62, by way of the proportional valve 55.

The measuring amplifier of the inside tool
tractive power measuring device, the amplifier of the

strip thickness measuring and that of the elongation
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measuring are provided with adjustable 1limiting value
indicators, which will give at first a fault signal and,
after gquite a while, the total production line will be
stopped.

By different surface conditions of the steel strip
2 the friction factor between the strip 2 and the inside
tool 9 can be changed and with it the tractive power of
the inside tool 9. Here the power measuring amplifier 28
influences the procedure. The measuring signal of the
amplifier 26 during tube forming will be passed as a
correction wvalue to the microprocessor 3la via the
amplifier 26 and a signal forming module 59.1.

Deviations of the stored reference input will be
computed with the elongation contrel value and the
resulting control deviation is passed to the proportional
gmplifier 60. This control deviation wili be balanced by
the.proportidnal valve 55 and the hydraulic linear drive
57.

The measured signal for the sensor 12 as a further
correction value is passed to the microprocessor 3la via
the strip thickness measuring amplifier 41 and a signal
modification module 59.2. An incremental pulse generator

56 measures the distance between the strip thickness
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sensor 12 and the reference position of the inside tool
g. After a delay time, which is dependent on the
production speed, the difference between the reference
strip thickness and the effective strip thickness is
passed as a correction value to the microprocessor 3la

via a signal modification module 59.4.
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CLAIMS

1. A  method of producing double wall tubes,
especially brake lines, fuel lines or hydraulic lines
using the so-called "Bundy" method, in which immediately
after forming steel strip coated on one or both sides
with copper is formed on a pre- and a finishing calibre
to a compact tube winding, each of which calibres consist
of an inside tcol (swimmer) and an outside set of forming
rolls and the tube winding is brazed under influence of
protective gas using a temperature above the melting
temperature of copper, wherein the tube walls are pressed
together by a first cold forming, caused by the calibres
whilst the tube walls are supported and then by a second
cold forming, which is caused by tractive power put on
the compact tube winding by different rotating speeds of
strip forming rolls and the pre-calibre on the one hand
and the finishing calibre on the other hand to produce
extension of the tube. .

2. A method according to Claim 1 wherein the
extension of the tube winding is adjustable in the range
of 4 - 8%.

3. A method according to Claim 1 or 2 wherein the
extension of the +tube is adjusted by a controlled

tractive power working on a draw bar connected with the
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inside tool of one or more of the calibres.

4. A method of producing double wall tubes
substantially as described herein with reference to, and
as illustrated in any one or more of the Figures of the
accompanying drawings.

5. Apparatus for producing double wall tubes
especially brake lines, fuel lines or hydraulic 1lines
using the so-called "Bundy" method, said apparatus
comprising strip forming rolls for treating steel strip
coated on one or both sides with copper, pre and
finishing calibres for forming the strip into a tube,
each calibre comprising an inside tool (swimmer) and an
outside set of forming rolls, means for brazing the wound
tube after forming under protective gas using a
temperature above that of the melting temperature of
copper and a control system for_controlliﬁg the operation
of the calibres to subject the tube walls to a two stage
cold forming treatment the second stage involving
differenﬁ rotating speeds of the strip forming rolls and
the pre-calibre on the one hand and the finish calibre on
the other hand to produce an extension of the tube.

6. Apparatus according to Claim 5 and further

comprising sensors for measuring the extension between
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the in~running steel strip and the out-running tube
winding, a microprocessor with a memory for storing an
instantaneous wvalue as a reference input while +tool
setting occurs and a hydraulic linear drive for
controlling the change of the position of the inside
tool.

7. An apparatus according to Claim 5 and further
comprising sensors for measuring the extension between
the in-running steel strip and the out-running tube
winding, a microprocessor with a memory for storing an
instantaneous value. as a reference input while +tool
settiné occurs, means for measuring tractive power of the
inside tool and control means to control an electrical
linear drive for changing the position of the inside
tool.

8. Apparatus according to Claim 6 wherein the linear
drive for changing the position of the inside +tool
consists of a hydraulic or mechanical.linear drive, which
is connected to a support for the inside tool.

9. Apparatus according to Claim 6, 7 or 8 wherein
there is a separate drive providing an automatically
higher controlled rotary speed to the finishing calibre
than the other connected forming roll drives.

10. Apparatus according to Claim 6, 7 or 8 and further



21

comprising an adjustable mechanism for adjusting the
rotational speed of the finishing calibre.
i1. Apparatus according to Claim 6, 7 or 8 wherein a
mechanism is provided for driving the finishing calibre
and the other form rolling drives with a fixed rotary
speed different to one another.
12. Apparatus according to any one of Claims 5 to 11
and further comprising a load cell which subjected to
force by a pulling bar acting on the inside tool;

a load amplifier which is assigned to an
electromechemical servomotor;

a first module for the adjustment of a signal
level;

an average value former with a filter for a
measuring signal;

an inverter and a parallel connecied memory for
reference inéut;

a position control; and

a final signal amplifier influencing the
servomotor.
13, Apparatus according to Claim 12 wherein there is
further provided a counter and a reference input

corrector joined by a feed back connection before



22

entering the final signal amplifier.

14. Apparatus according +to Claim 12 or 13 wherein
there 1is provided a counter, a comparator and adjusting
device with which positive or negative limiting values of
the position adjustment of the inside tool is
established.

15. Apparatus according to any one of Claims 12 to 14
wherein an AND-gate is connected between the position
control and the final signal amplifier, and a second
module serves for adjusting the signal 1lewvel in the
conditions "machine stop! or "strip end" whereby the last
instantaneous value can be registered as to a new start.
16. kpparatus according to Claim 5, wherein an
hydraulic linear drive for positioning the inside tool is
connected to a pressure pump via a pilot controlled check
valve and a proportional wvalve, signal amplifier modules
are provided which are coordinated to the tube making
parameters, e.g. strip thickness énd elongation and
measuring and signal adjusting modules provide
corresponding signals to a microprocessor as reference
inputs or correction values, by which differences of
control values are noticed and compensated via the signal
amplifier and the proportional valve.

17. Apparatus for making tubes or a control system
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therefor substantially as described with reference to, and

as illustrated in, any one or more of the accompanying

drawings.
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