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1

This invention relates to flexible metallic tub-
ing and particularly to the type of tubing which
has walls of corrugated longitudinal sectional
configuration as that shown in U. S. Patent No.
1,198,392 to L. H. Brinkman. In particular, the
invention relates to a means for and a method
of forming tubing of this description in transverse
shapes other than circular such as rectangular,
hexagonal, or elliptical.

In the interest of utilizing conventional dies and
methods for making circular convoluted tubing
when making rectangular tubes or other tube
shapes, it is desirable in some instances to proceed
first to make a circular tube and to re-form this
shape. While the usual metal pipes and tubes,
within limits of size and ductility of material,
may be formed from circular transverse section
to other transverse sections by cold drawing a
tool of a desired shape through the interior of the
tube bearing directly against the tube wall, where-
by the metal flows to the shape of the tool, in the
case of a flexible tube having a corrugated wall,
however, this procedure can not be followed be-
cause a forming tool drawn through the inside
would tend to collapse relatively fragile corru-
gated sides and to destroy the flexibility of the
tube,

It is a primary object of this invention to pro-
vide a method of cold working a convoluted tube
to change the cross sectional configuration from
circular to another desired shape without de-
stroying the tube convolution form. A further
pburpose of the invention is to provide equipment
for forming a corrugated or convoluted tube of
a desired shape from a circular tube with a min-
imum of mechanical effort. Another object of
the invention is to provide a convoluted flexible
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metallic tube which will sustain interior and ex- .

terior forming operations thereto without de-
stroying the convolution., A still further ohject
of the invention is to provide a tube forming de-
vice for relatively fragile tubing which does not
create deleterious stresses on the tube during
forming.

The objects of the invention are attained in
part by the use of a circular convoluted tube
having a removable deformable material wound
in a particular manner on the interior of the
tube for the purpose of filling and supborting the

tube convolutions during forming operations. A &

corresponding material may be wrapped around
the outside of the tube to substantia y fill and
further support the convolutions of ihe tube to
prevent stresses which would otherwise result
during forming operations.
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The invention consists in the new and improved -
methods, construction, and devices to be herein-
after described and claimed for carrying out the B
above stated objects and such other intentional
objects as will be adverted to in the following
description of the preferred embodiment of the
invention shown in the accompanying drawings.

In the drawings:

Figure 1 is a side elevation view of the equip-
ment used to form a rectangular tube employing
this invention, partly broken away and sectioned
for clarity;

Figure 2 is
Figure 1;

Figure 3 is a side elevation view of a die used
to form a helically convoluted tube employed with
this invention;

Figure 4 is a section view of the die taken along
the lines 4—4 of Figure 3;

Figure 5 is a section view taken along the lines
§5—5 of Figure 4; i

Figure 6 is an enlarged section view of a frag-
mentary portion of the die of Pigures 3, 4, and 5
taken along the lines 6—6 of Figure 5;

Figure 7 is a top plan view partly in section of
& length of tubing being formed from circular to
rectangular section; ]

Figure 8 is an enlarged view half in section and
half in elevation of a length of circular tubing
constructed in accordance with this invention ;

Figure 9 is a section view taken along the lines
8—9 of Figure 7;

Figure 10 is an enlarged view half in section
and half in elevation of a length of formed rec-
tangular tubing made according to this invention;

Figure 11 is a view taken along the lines f{—1i{
of Figure 7; :

Figure 12 is a fragment of the top plan view
of Figure 2 with the forming devices shown in the
position which they would occupy directly after
the formation of a length of rectangular tubing;

Figure 13 is a cross section view taken on the
lines 13—13 of Figure 1; -

Figure 14 is a longitudinal elevation view of a
length of rectangular tubing produced with the
equipment of this invention and having a special
molded covering; and :

Figure 15 is an elevation view of 3 length of
tubing having a particular configuration produced
subsequent to rectangular forming.

Referring now to the drawings, in Figures 1
and 2 a base or bench (0 supports the various
structures employed with this invention and in-
cluding a gear reduction unit 1| cooperating with
a chain pull device to be later described used to

a top plan view of the equipment of




ve-form & elrcular tube to andthey shape, This

forming mechanism is constructed generally of

conventional parts associated and arranged for -

the purpose of cold working a circular tube with
certain improvements to adapt the equipment to
tubing having convoluted wall section. The gear
unit i is secured in place on the bench 10 with
suitable fastening devices. Projecting horizon-
tally from the frame 1§ of the gear unit and rig-
idly attached thereto is an auxiliary frame (8§’
which Is used as a guide and an sbutment for the
special tools employed with the work supporting
and forming devices generally grouped at (4.

In the gear unit I| a crank arm 16 having an
operating handle {7 is fixed to shaft I8 journaled
in frame I8 and is used to actuate the chain drive
through the train of gears (9, 20, 21, and 22 to
the chain sprocket 26, all suitably mounted on
frame 18. Depending upon the ratio of diameters
of the gearing in the train and the leverage of

joint-will be completely sealed. During the for-
mation of the tube it is continuously stripped
from the arbor 34 by the die sections 38.

No attempt has been made herein to describe
in complete detall the convoluted tube formation

" since description of these operations and: the

10

equipment used therewith may be found in pat-
ents referred to elsewhere in this specification.
It is intended to indicate principally the func-
tions, operations, and features having a bearing

. on the specialized application of this invention
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the crank arm 16, a considerable mechanical ad-
vantage is possible at the end of the gear train to.

Increase the power applied manusally on the han-
dle of crank 16 and to transmit the power to the
chain sprocket 26. A mechanical advantage of
40-1 has been employed in practice with satis-
factory results in a device of this kind resulting
. In approximately 2000 pounds pull on the link
chain 28 with a 50 pound pressure exerted on the
‘handle, The link chain is, in turn, fastened to
a wedge or draw bar 45 which is pulled through
the tubing 35 as will be hereinafter described.
In order to provide for a substantial wrap on the
chain 28 around the sprocket and to permit the
chain to drop vertically as the wedge is drawn
through the tube, an idler sprocket 29 is rotatably
mounted on side frame 5 over which idler the
chain is trained.

Referring now to Figures 3 and 4, the preferred
type of tubing employed with this invention is of
flexible corrugated metallic construction being
Iabricated from a narrow thin strip which has
been pre-formed by the use of rollers or other
suitable devices, and is subsequently helically
wound about & driven arbor with adjacent edges
interlocked as they are wound. It is customary
to use relatively ductile metal for tubing of this
description inasmuch as a certain amount of
stretching is required in the wrapping and seam
locking procedures.

A die generally indicated at 31 of multiple piece
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construction similar to that deseribed in the U. S. -

DPatent to Stone, No. 1,905,762, is employed in the
formation of ‘the circular section tubing. A back
section plece 32 guides the pre-formed strip 33
into the die at the correct helix angle so that one
edge will become associated with the opposite
edge of the first adjacent turn of the strip wound
on the driven arbor 34. Satisfactory arrange-
ments for the assembly and support of the die 31
and the power drive to the arbor 34 may be made
as In the aforesaid patent to Stone. As ‘the strip
reaches the die it is engaged by the die roller 36
suitably mounted for rotation in the die which
" serves to interfold the hook shaped edge of the
incoming strip with the upstanding edge of the
portion of the strip which has been previously
wound around the arbor, thereby forming a seam
on the outside of the convolution as shown in the
section view in Figure 6. Concurrently with the
feeding-in of a strip of pre-formed metal, a thread
or wire 37 of fluxed solder is fed therewith in a
manner by which it will become wrapped inside
of the interlocked seam so that upon subsequent
heating the solder will fuse and the interlocked
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wherein differences are evident from conventional
corrugated spirally wound tube making practice.

At the same time that the pre-formed strip 33
is being fed to the die and at the same rate of
feed as is used with the strip, a continuous de-
formable wire or rod 39 is also fed to the die from
& suitable supply to become associated with the
finished tube on the inner side of the convolutions
thereof. A copper wire of circular cross section
is preferable for this purpose although any suit-
able type or shape of material may be employed
which is deformable and removable, and which
will support the convolutions during operations
to be described. In cases where the length and
width of the inner tuke convolution are not equal,
it may be desirable to employ deformable wire
having a rectangular cross section.

As shown particularly in Figures 4 and 6, this
wire enters the die between the back die section
32 and the edge of a formed strip, the diameter
of the wire being approximately equal to the
length and the width of the convolution form.
The wire is guided -during its entrance into the
die by a block 40 which is rigidly fixed to the die
by the screw 4! and is carried into the die by
“wrap” around the mandrel or arbor 34. The
back section 32 guides the wire 38 around the
arbor in much the same manner as the strip 33
is guided at the correct helix angle for the tube
to be formed and, after the first revolution on the
arbor 34, the wire comes directly under the form-
ing roller 36.at the point of interlocking of the
outside seam on the tube. Inasmuch as the wire
extends diametrically from the surface of the
arbor 34 to the under side of the top of the con-
volution form, it will serve to. support the con-
volution as the interlocked seam is rolled under
the influence of roller 36 and also since the wire
is of ductile material it will take the circular
form of the arbor and will substantially fill the
inside convolution during tube formation, A sec~
ond wire 42 may also be employed to substantially
fill the outside convolution as shown in Figure
4 by wrapping it over the tube guided by block
43 at the exit of the tube from the die 384.

Referring now to the finished tube as it comes
from the die and before re-forming, Figure 8
shows a fragmentary length of this tube 35 having
& wire 39 wound in its inner convolutions and a
wire 42 included within the outside convolutions.
This tube is ready for further operations of tube
forming as will be described. Inasmuch as the
wire 39 is included in the inner convolutions, any
forming operations performed employing various
bressure exerting tools used against the inside
tube wall will react with the reinforced convo-
luted tube in much the same manner as if the
tube were of solid wall section. - Since forming
tools to be applied against the inner tube wall
may be placed directly against the wire, there will

be a tendency to resist stresses which would

otherwise be directed entirely against the fragile
convolutions. Reinforcement is further enhanced
by the winding of wire within the outer convolu-
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tion which will help to distribute inside forming
stress although this outside wire will have no
direct contact with inside forming devices, After
re-forming the tube from the inside as will be
described, the supporting wires may be stripped
from the tube so that the convolutions will be
open to permit flexing and give hending in the
side walls as is customary with flexible tubing
of this description.

‘Referring now to Flgure 7 which shows an en-
larged view of some of the tube forming devices,
a pair of grooved rectangular metal forming bars
44 used in operations performed on the circular
convoluted tube 35 and a wedge 45 having tongues
mating with the forming bar grooves is drawn
therebetween tending to spread the tube and to
change its sectional configuration. The purpose
of the forming bars 44 is to prevent longitudinal
stress on the inside surface of the tube and to
avold sliding frictional contact which would be
experienced when using & wedge .drawn through
the tube and contacting the tube walls. As will
be noted at the left hand side of this view and
also in Figure 9, where the convoluted tube is of
circular cross section, the inside area of the cir-
cular tube accommodates forming bars 44 to-
gether with the shank 46 of wedge 45. On the
right hand side of Figure 7 and in the center of
Figure 11 the enlarged end 47 of wedge 45 has
been drawn through the tube 35 and has re-
formed the cross section shape from circular to
rectangular by bending the materia] of the tube.

In order that a rectangle of a given size may
be formed in such an operation, it is necessary to
use & tube having a circular shape with approxi-
mately the same inside circumference as the in-
side perimeter of the desired rectangle. In other
* words, to create a rectangular section having in-
side dimensions L and W, Figure 11, it would be
necessary to employ a circular section tube of
inside diameter D, Figure 9, where #D=2(L+W).
Certain correction is necessary to allow for the
corner radius R where a radius at the corner is
necessary or desirable. In some cases, it has been
found advantageous to employ a circular section
tube slightly smaller than the theoretical equiva-
lent in a rectangular tube to produce a certain
amount of stretch during re-forming and to
thereby give uniformly flat sides to the rectan-
gular tube.

. When the distance between corner bends of the

rectangular shape is relatively short as in the
case of the W dimension of Figure 11 and where
the tubing is not of a material which is readily
deformable, it has been found desirable to use
exterior guides in the forming operations, such
as the channel section in the drawings, compris-~
ing an L.-shaped member 48, Figure 11, and a de-
tachable side 49 held together by cap screw 59.
Side piece 49 is detachable in order to permit the
.removal of a rectangular tube from the channel
after the forming operation during which it may
become wedged therein. Lateral adjustment of
the side piece 49 may be made if desired for differ-
ent rectangular tubing sizes by inserting shims 51
between the lower leg of the L. member 48 and
the side piece 49. In cases where the tubing em-
ployed in re-forming has good working qualities it
may be possible to omit the channel sides relying
on the base support only with no exterior
forming means.

Referring again to Figures 1 and 2, the work
supporting channel is mounted on the bench or
-base {0 by means of support brackets 52 secured
to the bench through spacers 53 provided for ver-
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tical adjustment. Alignment is necessary so that
the center line of the circular tube to be reformed
is substantially tangent to the pitch circle of the
sprocket 26 of the gear reduction unit {1. This
positioning is maintained by one size of g series
of spacing blocks 53 used for various tube diam-
eters. Position of the channel is also maintained
transversely of the machine so that the channel
support and sprocket are in alignhment. A direct
pull results when drawing the wedge 45 between
the forming bars 44 by means of the gear unit
which is interconnected with the wedge by means
of g bifurcated link 54 on chain 28.

Sufficient distance is provided between the

_sprocket 26 in gear unit 11 and the end of tube 35

so that the wedge 45 with its shank 46 and en-
larged portion 4T may be completely drawn
through the tube as shown in Figure 12 before the
end of the wedge shank 46 reaches the chain
sprocket. The face 55 of abutment frame 5§’
serves to hold the forming bars 44 against being
moved toward the gear unit by the friction force
exerted by the wedge during tube forming op-
erations, and yet the aperture 57 of frame {5’ is
sufficiently large to permit the enlarged portion
47 of wedge 45 to pass therethrough and to com-
rletely traverse the tube 35’. Lugs 55’ at the ends
of the forming bars 44 make the end faces of the
forming bars wide enough to bear against the face
55 on opposite sides of the aperture 51. The por-
tions of the face 55 with which the ends of the
bars 44 come in contact are recessed to prevent
the lugs 55’ from distorting the sides of the tube.
These recesses in the face 55 are designated by the
reference characters 55¢. Figure 13 additionally
shows this aperture 51 in the frame 15’ and also
shows the J section 56 extending between the
abutment face 55 and the flange by which aux-
iliary frame 5’ is fastened to frame 15. This J
section serves as a guide for the chain and the
wedge between the gear unit and the work sup-
port 14,

Figure 8 shows the corrugated tube 35 with
wires 39 and 42 substantially filling the inside and
outside corrugations before reforming and Figure
10 shows the tube 35’ after reforming, with the
supporting wires stripped therefrom, the solder
thread 37 in the locked seam not being fused.
While the solder remains unfused it is possible
to twist the tube on itself, whereupon there will
be relative displacement in the seams and in the
case of a rectangular tube, as in Figure 15, the
axes of the rectangular section may be rotated so
that the long dimension at one end may take any
desired angular relationship with the long dimen-
sion at the other end. The tube would, after
twisting, be heated to the proper temperature for
a period of time to fuse the solder in the seam
and create a stable and pressure-tight rectangular
tube with a pre-determined angular relationship
of the cross section axes. In general, however,
angularity of this sort is not required in the use
of rectangular tubing and solder fusing may take
lplace continuously during tube formation, as
with the use of a gas burner suitably located ad-
jacent the exit of the formed circular tube from
the die 31, Figure 4.

It may be desirable after formation of the rec-
tangular tube to mold a layer of rubber or other
plastic material on the outside of the tube in order
to resist abrasion or to increase the life of the rec-
tangular tube in flexing. Figure 14 shows such
an article, the molded covering 58 having been
added subsequent to rectangular tube forming
but before removing the inside wire 39. The out~
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side wire 42 may or may not be removeq depend-
ing upon the desired qualities of the finished as-
sembly. The purpose of retaining the wire in the
inner corrugations of rectangular tube during
molding operations is to give added strength to
the tube during the molding pressure and to pre-
vent any bending of the side walls of the tube,
yet this wire may be later removed to give the
light weight and flexibility of the tubing alone.

In producing rectangular tubing with this in-
vention, lengths of circular section convoluted
metal tube 3%’ are prepared having wire wound
on the inside and outside according to the above
description. To avoid unravelling, these wires
may preferably be soldered to the tube on the in-
side and outside after the tubing has been cut to
8 desired length. A pair of forming bars 44 of
suitable size are inserted within the circular tube
and the tube is placed on the work supporting
channel as shown in Figure 1 with the rectangular
forming bars in abutting relationship with the
frame 15’. The link chain 28 is so arranged as to
be resting in the J section of the frame with a free
end in the proximity of the tube to be formed.

Thereafter, wedge 45 may be inserted through
the tube so that its shank fits between the form-
ing bars 44 and so that the wedge end projects out-
side of the end away from the gear unit. A pin
connection is made between the wedge shank and
chain 28 and s lubricant applied to surfaces hav-
ing frictional contact. As the crank handle is
rotated counterclockwise the wedge is drawn be-
tween the forming bars to re-form the tube from
circular to rectengular cross section.

Continued rotation of the crank carries the
wedge completely through the tube until it rests
entirely on the J section of frame {5 where it
may be removed for a repeated tube forming
operation. Inasmuch as the forming bars 44 are
confined during tube re-forming by the tube walls,
it is necessary that a certain amount of bending
of these bars take place as the wedge is drawn
therethrough. This bending is provided for by
making the bars relatively thin. Tube re-forma-
tion takes place progressively over a relatively
short length of tubing and therefore the force
required is not excessive. Figure 1 shows the
approximate shape of the tube, part of which is
circular section and part of which has been re-
formed to rectangular, and intermediate between
the two there Is a length of tube which is partially
re-formed. With the wire support in the convolu-
tions it is not possible for the tube convolutions
to be distorted during this cold working, and the
finished rectangular tube will have approximately
the same form of convolution as has the circular
tube. ’

‘While the invention has been illustrated with
manually operated devices usipg a particular style
of tubing and re-forming the tubing to a rectan-
gular cross-sectional configuration, it will be un-

“derstood that various types of power supply mech-
anisms such as hydraulic and electric motor
driven may be substituted for manual operation,
and that other types of tubing will be applicable
to the procedure and equipment described. It
will also be understood that other shapes than
rectangular may be produced such as hexagonal
and elliptical, without departing from the spirit
of the invention or from the scope of the claims.

Having thus described our invention, what we
claim is:

1. In the art of re-forming flexible corrugated
metal tube that has a helically corrugated wall,
the improvement which consists in filling with g
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deformable pressure resisting material those eor-
rugations that open toward the inside of the tube,
changing the cross section shape of the tube by
pressure applied internal'y thereof, and removing
the corrugation filling material while said mate-
rial is In a solid state.

2. In the art of re-forming flexible corrugated
metal tube that has g helically corrugated wall
the improvement which consists in filling with
a continuous length of deformable pressure re-
sisting material those corrugations that open
toward the inside of the tube, changing the cross
section shape of the tube by pressure appled
internally thereof, and then removing the con-
tinuous length of pressure resisting material from
the internal corrugations while said material is
in a solid state.

3. In the art of re-forming flexible helically
wound metal tube that has a corrugated wall,
the improvement which consists in filling with a
deformable pressure resisting material those cor-
rugations that open toward the inside of the tube,
filling the other corrugations with a deformable
material outside of the tubing, changing the cross

5 section shape of the tube by pressure applied in-

ternally thereof, and then removing the deform-
able material from both the internal and external
tube corrugations while said material is in a solid
state.

4. In the art of re-forming flexible helically
wound metal tube the improvement which con-
cists in filling the internal corrugation with a
continuous length of metal wire, changing the
cross section shape of the tube by pressure applied
internally thereof, and removing the wire from
the internal tube corrugation.

5. In the art of reforming flexible helically
wound metal tube the improvement which com-
prises filling the internal corrugation with a con-
tinuous length of a metal wire, filling the outer
corrugation with a deformable material, changing
the cross section shape of the tube by pressure
applied internally thereof while both the inner
and outer corrugations of the tube are filled, and
after reforming the tube, removing the wire from
the internal tube corrugation and also removing
the material from the outer tube corrugation.

6. The improvement in the art of making flexi-
ble metal tubing that has a corrugated wsall, which
improvement consists in forming a metal tube of
circular cross section and with a helical corruga-
tion, substantially filling with a deformable pres-
sure resisting material those corrugation convo-
lutions that open toward the inside of the tube,
re-forming the cross section shape of the tube
by applying pressure internally thereof and re-
moving the corrugation filling material while said
material is in a solid state.

7. The improvement in the art of making flexi-
ble metal tubing that has a corrugated wall, which
improvement consists in forming a corrugated
metal tube of circular eross section with g helical
seam, substantially filling with a continuous
length of deformable metal wire those corruga-
tions that open toward the inside of the tube,
wrapping a continuous length of deformable metal
wire in the external tube corrugation, re-forming
the cross section shape of the tube by applying

. pressure internally thereof and removing the

70:
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wires from the corrugations after the reforming

-operation,

8. In the art of making rectangular convoluted
metal tubing, the improvement which consists in
forming a circular section helically wound con-
voluted tube having a continuous length of de-
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formable metal wire substantially filling the in-
ternal helical corrugation, re-forming the cross
section shape of the tube by applying pressure
internaily thereof, and removing the wire from
the internal helical corrugation after reforming,

8. In the art of making rectangular convoluted
metal tubing the improvement which consists in
forming a circular section helically wound con-
voluted tube having a continuous length of de-
formable wire substantially filling the helical in-
ternal corrugation and having g continuous length
of deformable metal wire included in the helical
external corrugation, re-forming the cross section
shape of the tube by applying pressure internally
thereof and removing the wire from the internal
helical corrugation after reforming,.

10, In the art of making rectangular convoluted
metal tubing, the improvement which consists in
forming a circular section helically wound con-
voluted tube having a continuous length of de-
formable metal wire substantially filling the in-
ternal helical corrugation, re-forming the cross
section shape of the tube by applying pressure
internally thereof while resisting the internally
applied pressure by external pressure resisting
members and removing the wire from the internal
helical corrugation after reforming.

11, The method of making flexible tubing hav-
ing a corrugated wall, which method comprises
winding a longitudinally corrugated metal strip
into a helix to form a tube of circular cross sec-
tion, joining contiguous edges of the strip along
the helical seam of the tube, feeding a continuous
length of metal wire into the tube as the strip is
formed into a helix and in such relation to the
strip that the metal wire is located in the corru-
gations that open toward the inside of the tube,
reforming the tube to a different shape of cross
section by applying pressure internally thereof,
and removing the wire from the internal corru-
gations after reforming.

12. The method of making flexible tubing hav-
ing a corrugated wall, which method comprises
winding a longitudinally corrugated metal strip
into a helix to form a tube of circulay cross section,
joining contiguous edges of the strip along the
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helical seam of the tube, feeding a continuous
length of metal wire into the tube as the strip is
formed into a helix and in such relation to the
strip that the metal wire is located in the corru-
gations that open toward the inside of the tube,
laying wire in the corrugations that open toward
the outside of the tube, and with the wires in both
the inner and outer corrugations, reforming the
tube to a different shape by applying mechanical
pressure to the inside wire and to the portions
of the tube wall under the outside wire to bend
the tube to a different shape of cross section, and
then removing both the inside and outside wires
after the tube has been reformed.

DAVID INGALLS.
JOHN HERMAN PETERSEN.
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