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1

This invention relates to tube manufacture
and more especially to the production of con-
tinuous tubing from initially flat strip material.

The principal object of the invention is to
provide a machine which is adapted to coil strip
material of suitable kind and character into
tubular form of any of a variety of cross sec-
tional shapes, including for example, triangular,
rectilinear and other polygonal forms having one
or more straight surfaces, as well as ovals and
various other curved but not necessarily circular
configurations.

It is another object of the invention to provide
a machine of the foregoing kind having guiding
means for laying strip material in a generally
helical course upon the surface of a continuously
rotating mandrel with one edge of each turn
of material overlapping the other edge of the
next adjacent turn, and for advancing the coiled
strip along the mandrel to produce continuous
tubing having s cross sectional shape correspond-
ing to that of the mandrel.

Another and more specific object of the in-
vention is to provide a machine having a mandrel

of other than truly circular cross section, and .

a guide chute which is adapted to be reciprocated
by the mandrel in such a way that the latter
element may lay the strip material on a course
which is always tangent to the surface of the
mandrel, whether that surface be a flat or curved
one and thus to cause the material to conform
itself properly to the variously shaped surfaces
of the mandrel.

It is a further object of the invention to pro-

. vide a machine for the manufacture of flexiple
metal tubing of various cross sectional shapes,
and particularly those having one or more flat
sides which are joined by relatively sharply
rounded corners, with a guide chute of some
considerable length which is adapted to support
metal strip of an appropriate preformed contour,
and to lay that strip tangentially upon the
curved and flat sides of the continuously ro-
tating forming mandrel with one edge of each
turn of material lying within a folded edge por-
tion of the next adjacent turn; and with a
seaming roll which is independent of the chute
and which is adapted to fold the engaged edges
of the coiled strip and thus to lock them firmly
together.

Other objects and various features and ad-
vantages of the invention will be made apparent
in the following detailed description of one em-
bodiment thereof, in the light of the accompany-
ing drawings in which:
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Fig. 1 is a perspective view of a fragment
of tubing of the general type for the production
of which the machine of the present invention
is particularly intended, o

Fig. 2 is a sectional view, on a very much
enlarged scale of a preformed metal strip of
the type used in making the tubing of Fig. 1
and showing the location of the solder and sup-
porting wires which are employed in the tube
assembling operation,

Figs. 3, 4, 5, and 6 are diagrammatic views
showing the sequence of operation of the eg-
sential elements of the tube making machine
embodying the present invention,

"~ Fig. 7 is a front elevation of one form of a
tube making machine embodying the invention,

Fig. 8 is a side elevation of the machine
shown in Fig. 7,

Fig. 9 is an elevational view, from. the rear,
of the upper part of the machine of Figs. 7 and 8,

Figs. 10 and 11 are enlarged sectional views'
taken on the lines 10—10 and 1{—I1 respectively
of Fig. 7,

Fig. 12 is a sectional view taken on an even
larger scale on the line 12—12 of Fig. 7,

Fig. 13 is an end view, partly broken away,
of tubing made in the machine of the preceding
figures, :

Figs. 14 and 15 are elevational views, on an
enlarged scale of a fragment of the tube making
machine taken from the right and left hand
sides respectively of Fig. 7, and

Figs. 16, 17, and 18 are profiles of tubing of
various sizes and shapes which may be produced
by the machine of the present invention.

The product which is shown in Fig. 1 of the
drawing is a flexible metal tube of rectangular
cross section such as to suit it for use as a wave
guide in the transmission of ulira high fre-
quency currents in radar and other electronic
applications. The process by which this product
is made involves, as g first step, the rolling or
otherwise working of a thin strip of brass or
any other metal having desired characteristics
into an appropriate preformed contour as shown
in Fig. 2. This particular type of preform is
well known in the art and need not be par-
ticularly described. The next step of the tube
making process involves the coiling of the pre~
formed strip 19 with the flange 28 of each turn
of material engaged in the folded edge 21 of
the next adjacent turn to produce a continuous
tubular structure. It is generally desirable to
roll the engaged flange and fold in such a way
as to interlock the edges, and where a fluid-
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tight structure is required to solder the edges
or to seal them in some other fashion. The
tubing as so far shown and described Is of a
kind which has been on the market for some
years so that further and specific description
of it appears unnecessary. It does suffice, how-
ever, to illustrate the type of product which can
be made in the machine of the invention.

In the manufacture of tubing of noncircular
cross section, as for example the rectangular tub-
ing of Figs. 1 and 13, the laying of the preformed
strip upon the mandrel in such a way as to cause
it to conform to the contour of the latter element
has presented very real and difficult problems. It
has been the practice, for example, to provide
for an intermittent driving of the mandrel to
advance the strip a given distance, and for an
intermittent operation of the guiding means to
lay that strip about the momentarily stationary
mandrel. It was likewise necessary, of course,
to provide for an intermittent driving of the
seaming means in step with the other elements,
all of which required the use of complicated driv-
ing and timing mechanism. In fact, the eom-
plexity of these prior art devices was so great
as effectively to limit their use to the production
of rectangular tubing, snd that in a few sizes,
each of which was made on a single machine.
The production of ovals, half-rounds, and other
odd-shaped tubing in this way was considered to
be thorousghly impractical. The machine of the
present invenstion solves all of these problems in
a simple and effective way. Thus, and referring
to Figs. 3 to 6 inclusive, it consists essentially of
a mandrel 22 which is adapted to be rotated
about its own axis at a constant desired speed,
and a guide chute 23 which is mounted for re-
ciprocation crosswise of the axis of the mandrel
and is adapted to be advanced and retracted by
the mandrel to deliver strip material at a tangent
to the rotating surface of the latter element. The
guide chute serves of course to lay the strip ma-
terial upon the mandrel so that it may be
wrapped on a generally helical course, and also
to support the preformed strip so that it may he
bent around the mandrel without ecllapsing. In
this latter connection the element provides lat-
eral support for the upstanding parts of the pre-
form to permit them to be stretched and drawn
as they are bent around the mandrel surface. In
the event that coiled strip material requires a
bending of its edges to form a lock seam between
adjacent turns, then the machine is further pro-
vided with s ssaming roll 24, this element, tos,
being mounted for reciprocation in a direction
crosswise of the rotating mandrel, and being ar-
ranged to he advanced and retracted by that ele-
ment so that it may press constantly against the
engaged edges of the strip to roll them in the de-
sired way.

The cycle of operation for these essential form-
ing elements is illustrated in Figs. 3 to 6 inelu-
sive. Thus, when mandrel 22 is in the position
shown in Fig. 3, chute 23 supports strip {8 across
the entire widih of one of the flat sides of the
mandrel. As that latter element rotates in a
counterclockwise direction toward the position
shown in Fig. 4, it pushes chute 23 towards the
-right and out of its path. It will be noted, how-
ever, that in the course of this relative movement,
chute 28 holds strip {9 in a position which is
tangent to the surface of the mandrel, and thus
causes it to bend properly around that element.
‘Further rotation of the mandrel completes the
turn of the strip around the first corner to the
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position shown in Fig. 5 where the short flat side
of the mandrel is presented to the guide chute
23. During the latter part of this movement the
guide chute obviously must be moved toward the
left to hold it against the rotating part, and this
is accomplished by tension spring 25 or any other
suitable device. It will be observed that here
again the strip is maintained fangent tothe sur-
face of the forming element and is supported
across the entire face thereof. In the course of
further rotation of the mandrel to the position
illustrated in Fig. 6, chute 23 is again moved out-
wardly, thus turning another corner, and ap-
proaching the second of the wider flat surfaces
to return to the position which it cccupied in
Fig. 3. Beyond that point further rotation will
start a new cycle to complete the turn, and to
duplicate it in additional ones. During the
course of the foregoing operation roller 24 was
moved to the left from the position shown in
Fig. 3 to that in Fig. 4 by the pressing of the
mandrel against it, then returned a short dis-
tance to the right under the urging of a spring
or other suitable means, thence to the left, and
finally to the right under the urging of the man-
drel and the sprinz means as shown in Figs. 5
and 6. It will be evident from the foregoing that
during the entire eycle of operation, the seaming
roll followed the mandrel and pressed the coiled
strip firmly against the latter element so as to
rolt the interlocked edges to form the desired
seam.

In the machine of Figs. 3 to 6 inclusive the
coiled strip is advanced along the mandrel by
the reaction of the material against guide chute
23 during the coiling operation. Thus, as will
later be evident, the chute is set at a slight angle
to the axis of the mandrel in the manner and
direction indicated in Fig. 14. It follows there-
fore that as the point at which the strip is laid
on the mandrel is advanced along the chute by
the non-circular mandrel, the sitrip material
must follow the angle of the chute and advance
along the mandrel. In forming the rectangular
tubing illustrated in Figs. 1 to 5, this advancing
of the point of contact occurs, of course, only
during the turning of the corners, with the result
that each course of strip is pushed ahead as it is
bent around a corner by just the amount neces-
sary to lay its flange 20 in a position to receive
the fold 21 of the succeeding course of strip.
Those familiar with the art will recognize, how-
ever, that a stripping element, such as a helical
bushing, may be provided for engaging the strip
as it is coiled in such fashion as to force it ahead
in the desired way, in which case the chute can
be wholly or partially relieved of the stripping
function.

The practical embodiment of the invention
which is shown in Figs. 7 to 15 includes an up-
right frame 28 carrying a mandrel holder 27 near
its upper end which is journaled in bearing 28.
The forward end of the holder is adapted to re-
ceive mandrel 22, and is provided with two or
more set screws for holding the latter element
firmly in place while permitting an easy and
rapid substitution of one mandrel for another.
The mandrel holder is adapted to be driven con-
tinuously and at an appropriate speed by a motor
28 which is attached o the back of the frame by
bracket 30, and is operatively connected to the
rear end of the mandrel shaft by reduction gear-
ing 31 and worm and wheel 32, 33.

The guide chute 23 of this device is mounted
upon an arm 34, which in turn is mounted to rock
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upon stub shaft 35 secured to the lower end of
frame. 26. The seaming roll 24 is in this case
mounted upon a similar arm 36 which is like-
wise journaled for rocking motion on shaft 38.
These arms are normally urged inwardly toward
the center of the machine by spring 25 which is
secured to extensions 38 and 39 on right hand
arm 34 and extensions 40 and 4! on the left hand
arm 36. It will he observed that the exiensions
33 and 40 are confined within a guide 42 attached
to the upper end of frame 2§ by supports 43.
The pivotal mounting of the guide chute and
seaming roller upon the relatively long support-
ing arms permits these elements to be moved
outwardly in response to rotation of the forming
mandrel, and o be drawn inwardly to maintain
their contact with the latter element under the
-urging of the spring 285.

The construction of a preferred form of guide
chute, generally identified by numeral 23, is best
shown in Figs. 10 and 12. Referring to those
figures it may be seen to comprise a body 45 hav-
ing & base portion which is adapted to be secured
to arm 34 and a flange for supporting and co-
operabing with a series of guide plates 48, 47, and
%8. The latter elements are arranged with their
straight rear edges aligned against the base, and
with their inner edges spaced from the mandrel
and so shaped that they serve collectively to
define a pass having substantially the contour
of the preformed strip 8. These elements msay
be secured to the angle part of the body by any
convenient means, such as bolts 49, which permit
them to be removed and replaced with the great-
est of facility. It will be observed that with a
guide of the type so far described, the preform
19 lying in the pass defined by plates 48, 48 can
serve to transmit motion from the rotating man-
drel 22 to the guide chute and to its supporting
arm 34. In the preferred construetion, however,
the flange of the body 45 extends beyond the
inner ends of the guide plates by an amount
which is slightly greater than the thickness of
strip material {9, say by from .01 to .003 inch,
and the end of the flange constitutes a bearing
58 for engaging the Surfaces of the rotating
- mandrel. In this construction, motion is im-
parted by the mandrel to the guide chute through
hearing 88 of the body, thus avoiding the build-
Ing up of excessive friction between the com-
paratively large surfaces of preform 19 and the
supporting surfaces of the guide plates. The
completed guide assembly is secured to arm 34
‘as by bolts 81 in such a position that its surfaces
‘lie at an angle to the axis of the mandrel, to the
end that the guide may lay the strip on the
mandrel so that it may be coiled on that element
on a generally helical course as shown in Fig. 14.

The seam roll 24 as may hest be seen in Figs.
10, 12, and 14, is mounted for rotation on a shaft
%1 which is supported in the forward ends of the
legs of bracket 52, and the latter is conveniently
secured fo pivoted arm 38 of the machine by holts
83 or in any other suitable fashion. The surface
of the seaming roll is, of course, shaped to con-
form and cooperate with the preformed strip 9.
“Thus it has a peripheral recess 54 for receiving
the upturned flange 28 of the preform, and a
wider peripheral groove 55 into which the en-
gaged flange 20 and folded portion 21 of adja-
cent turns of material pass after they leave the
guide chute; and between these grooves are sup-
‘porting surfaces 56, §71, and 38 which engage
various portions of the strip as best shown in
‘Fig. 12. If desired the parts can be so arranged
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that outward components of motion of the rotat-
ing mandrel may be transmitted through the
strip to the seaming roll to force that element
outwardly against the reaction of spring 25. It
is generally preferable, however, to provide roll
24 'with a peripheral flange element 59 which is
of greater diameter than the supporting surfaces
51, 58 by an amount equal to the thickness of
the strip material 19 plus a few thousandths of
an inch. With this construction flange 89 acts
as & bearing surface against which the rotating .
mandrel can react to force the seaming roll out
of its path against the reaction of spring 28, thus
aveiding the building up of excess friction he-
tween the strip, the roll and the mandrel. It
will be observed in Fig. 15 that seaming roll 24
is mounted upon pivoted arm 24 at an angle to
the center line of mandrel 22 so that its surfaces
may readily engage the surfaces of the strip as it
is coiled about the mandrel on a generally helical
course.

Other constructional details of the machine
will be hrought out in the course of the follow-
ing consideration of its operation. In that oper-
ation, flat strip material (9¢ is fed from a reel
(not shown) over guide pulley 81 secured to the
frame, and thence with a quarter turn over guide
pulley 62, through a lubricating bath 63 and to
a set of forming rolls 84. These rolls which are
of conventional construction and are journaled
in a suitable stand 85, serve to bend the strip to
the contour shown in Fig. 5. In this particular
embodiment of the invention the roll stand is
preferably mounted on pivoted arm 34 so that it
may move back and forth with the guide chute
23 and deliver the strip in general alignment with -
that element. ,

After the preformed strip leaves the last of
rolls 64 it meets a soft metal wire, such as copper
wire 60, which is fed from any suitakle source
over guide pulleys 67 and 62, so that it may lie
in the space between the main body of the pre-
form and flange 20. It follows that wire 83
will be wrapped around the mandrel with the
strip material, and will lie in s position where
it can support offset 88 of the strip during the
bending of the preform around the mandrel;
and that it serves a further function in support-
ing the offset during the rolling of the inter-
locked edges 29, 21, in the course of the subse~
quent seaming operation. It will be evident from
the foregoing that the wire 8§ will be employed
only in the coiling of preforms which, hy reason
of their cross sectional shapes, require radial sup-
port during the bending and seaming opera-
tions, and that it may be omitted in any case in
which radial support for the preform can ba fur-
nished by the mandrel or in some other fashion.

If desired, a thread of solder 89, supplied from
a reel or other suitable source (not shown) ‘may
be drawn into fold 21 of the preform as the strip
advances from the forming rolls toward the guide
chute. The thread §9, employed in making the
illustrated tubing, is a cored solder which pro-
vides both the flux and bonding material for the
carrying out of a soldering operation. Thus the
formed tubing may be made tight by the simple
expedient of heating it to a temperature at which
the solder will flow under the seam and seal
the lock joint. It will be equally evident that the
solder or other bonding material may be applied
to the formed tube in any other suitable and
convenient way, and that where a bonded seam
is not required, wire 69 or its equivalent may he
dispensed with. =
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The preformed strip, {8, and supporting wire
80 and solder wire §9, where these wires are used,
are all drawn into the guide chute 23, and are
1aid by that element on the surface of mandrel
29. As that element is continucusly driven by
motor 29, at a constant speed, the preform is
pulled into the machine by that element, being
applied first cn cne of its flat sides, then around
a corner, then on another flat side and around
another corner, etc. In the course of this opera-
tion the strip is supported radially by mandrel
22 and wire 60 as previously deseribed. It will
be evident, however, that flange 28, fold 24, and
other upstanding portions of the strip must also
be supported throughout the course of the bend-
ing operation sc that they may be drawn and
stretched into shape, rather than to collapse. This
lateral support is furnished by the guide chute
which is purposely shaped to conform closely 0
the contour of the preform (8. Thus, and re-
ferring to Fig. 12, it will be noted that fange 28 of
the preform lies in a groove between the for-
wardly extending flange of the body 4%, and the
adjacent surface of guide plate 48, of the chute;
that plate 47 projecis into the cenfral depressed
portion of the preform tc support its sides; and
that the folded edge portion 2§ is supported by
the angularly disposed surface of guide plate 3.

The strip material which has been laid on the
mandrel at one side of the machine is engaged
by the seaming roil 24 on the other side thereof,
to turn the interlocked edges of the coiled mate-
rial to form a desired seam. In this operation, as
can best be seen in Fig. 12, groove 52 supporis

flange 20 of one turn of strip in its recess 54, while 5

groove 55 engages interlocked flange 20 and foid
21 of the next adjacent turn, and bends them to-
gether to form a seam, the seaming force being
transmitted from the roll to the mandrel through
supporting wire §8.

The advancing of the coiled material along
the mandrel, and the stripping of the finished
tubing from that element, is accomplished in the
illustrated device entirely by the guide chutle 23.
This cperation can best be understood by a refer-
ence to Figs. 3 to 6, 12 and 14. Thus it will be
observed that the chute 23 is firmly secured to
its supporting arm 3£ in a position such as to
slope forwardly of the axis of the mandrel, as is

clearly indicated in Fig. 14. It follows that as

the strip material is wrapped around coiner &
of the mandrel, for example, the point of con-
tact between the mandrel and strip is progressive~
1y moved upwards along the guiding surfaces of
the chute, as clearly indicated in Figs. 3 and 4.
Tn view of the angular disposition between fhe
rotating and guiding parts (Fig. 14) this ad-
vancing of the point of contact must be accom-~
plished by a pushing of the strip material along
the mandrel. The laying of the strip on the fiat
sides of the mandrel is not accompanied by any
relative motion of the point of contact along
the chute, so that no advancing takes place
during those parts of the coiling cycle. As a
matter of fact, the turning of any one corner,
simultaneously completes the laying of the strip
on the adjacent flat side of the mandrel, and im-
mediately shifts the point of confact from that
corner to the next.one. It follows that the ad-
vanecing operation which ceases with the turning
of corner ¢ of the mandrel, is immediately picked
up as the strip begins to bhend around the next
corner b. The overall result of this operation is
a progressive moving of the strip forwardiy along
the mandrel as it is coiled about that element.

[
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In order that this may be accomplished in the
desired way, the guide chute is set at an angle
such that one corner of the coiled material is
advanced just far encugh along the mandrel to
leave its flange 28 standing in a position where
it may be engaged by the fold 21, as the next
suceceeding turn of material is laid in place. The
seaming roll takes no part in this stripping oper-
ation. In fact, that element is preferably so
mounted as to be capable of sliding back and
forth upon its supporting shaft 81, so that the
corners and flanges which define its operating
surface may follow the generally helical course
of the coiled material. This is particularly de-
sirable in g machine for making tubing of rec-
tangular or other form where one surface may be
longer than another, and where the coiling does
not necessarily follow a truly helical course but
some variant thereof.

It will be observed that the stripping action
which is described above is facilitated by the
rather light pressing of the strip material against
the roller. Thus, as has heretofore besn pointed
out, mandrel 22 engages chute 23 along bearing
surface 58 to transmit outward meotion to the
chute, and that this bearing lies ahead of the
front of the shaped surfaces of guide plates 46,
41, A8 so as to minimize friction between the guide
surfaces, the strip and the mandrel. So too,
cutward motion of the mandrel surface is trans-
mitted to seaming roll 24 through a bearing sur-
fzce 59 rather than through the strip, for the
express purpose of minimizing friction between
the strip and the opposing mandrel and roller
surfaces. In both cases therefore the tension of
hring 2% and the other forees which are involved
in advancing and retracting the guide and seam-
ing roll, are diverted Irom the strip so that it may
offer a minimum frictional resistance during the
stripping operation.

Tt will be readily evident that the angular posi-~
tioning of the chute and mandrel is an important
feature of the invention, in that it simplifies the
construction of a machine for making polygonal
tubing by allowing a single part, the guide chute,
to perform the several functions of guiding the
strip material to the mandrel, of supporting it
while it is laid on that element, and of stripping
the coiled material from the mandrel. Those
familiar with the art will understand, however,
that the chute can be limited o the function of
guiding and supporting the strip, and that inde-
pendent means may be provided for advancing
the coiled material along the mandrel. It isen-
tirely feasible, for example, to mount a stripping
collar immediately behind the guide chute and
seaming roll, with its helical face partially en-
circling the mandrel and in a position to engage
the strip at the corners of polygonal tubing, or
along the curved surfaces of a round or oval one,
in such manner as to thus push the coiled strip
along the mandrel in the desired way. In such
a case, the collar may assist in the stripping action
or perform that entire operation, and the guide
chute may ke partially or entirely relieved of its
stripping function.

The completed tubing leaves the forming man= -
drel with the supporting wire 82 and sclder wire
§9 in the positions shown in Pigs. 12 and 13. The
first of these wires has completed its entire func-
ticn in the forming and seaming operation, and
may be stripped out for reuse or scrapping. This
may readily be accomplished by merely pulling
upon the wire which, being unsupported, merely
collapses and is drawn out. The solder wire; how-
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ever, is ih a position where it is needed, and stays
there until the tube is heated to a temperature
such as to cause it to flow.

The invention is not limited to the manufac-
ture of the one particular type, size and shape of
flexible tubing which has heretofore been de-
scribed, nor is this particular machine so limited.
Thus, if another size or shape of tubing is to ke
made of the same preform as illustrated in Fig, 2,
then all that is required is the substitution of a
mandrel of appropriate size and shape for the
one shown in the drawings. Upon the assump-
tion that a larger size of rectangular tubing is
required, it is only necessary to loosen set screws
of the holder 21, and to remove mandrel 22 for
the substitution of a larger mandrel. This step
alone suffices to complete the conversion, and the
machine may then be run to form the larger tub-~
ing. If a different size of preform is required,
then the conversion is made by substituting an
appropriate stand of forming roll 65 for those
shown, by removing guide plates 48, 41 and 48
and replacing them with plates which define the
contour of the new preform, and by substituting
an appropriate seaming roll.

In the event that the machine is to be employed
in the manufacture of a different type of tubing,
say the common interlock type such as is shown
in Patent No. 1,338,187 rather than the particular
form of convoluted tubing here shown, an appro-
priate stand of rolls will be provided for preform-
ing the strip, and the guide chute and seaming
roll 24 will be arranged to accommodate and sup-
port that type of preform. It will be evident that
in the manufacture of such tubing, radial support
for the preform will be furnished by the mandrel,
making unnecessary the winding in of supporting
wire 68. So too, various forms of convoluted
tubing having a seam formed next to the man-
drel, that is to say, an inside seam, as exemplified
by Patent No. 1,340,818, rather than the outside
seamed tubing heretofore considered, may be
formed in this machine by the provision of suit-
able preform material and an appropriate shaped,
guide chute and seaming roll; and that in such
cases, the need for the supporting wire 60 also
disappears. ]

The foregoing has dealt entirely with the man-
ufacture of flexible tube from g single strip of
material having its edges overlapped and turned
to form a suitable lock seam. The invention is
not limited however, to the manufacture of tub-
ing of this particular kind, but may be employed
in the making of various conventional forms of
tubing with which the art is thoroughly familiar,
and which require the wrapping of one or several
strips of metal around a mandrel with the edges
overlapped and secured together by a folded seam
or otherwise.

It will be further evident that the machine may
be used for the formation of continuous tubing
of various cross sectional shapes such, for ex-
ample, as those shown in Figs. 16, 17 and 18.
While these figures illustrate several odd shapes,
they do not define the full capacity of the machine
which obviously can be used for making tubing
of any cross section which includes flat surfaces,
or curved surfaces of convex shape, or both, and
obviously it is readily adaptable to the manufac-
ture of tubing of circular cross section. All that
is necessary in any of these cases is to feed suit-
able preformed strip to an appropriately shaped
guide chute, and to wrap it around a mandrel
‘having the selected contour.

The versatility of .the machine, and its ready
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adaptation to the manufacture of various forms
of spirally wound tubing including both con-
voluted and nonconvoluted types and in both
polygonal and curved shapes has been illustrated
hereinbefore. In essence, all that is required is
the provision of a rotating mandrel of a desired
shape, and of a guide chute which is shaped to
support the particular type of preform required,
and is mounted to reciprocate in a crosswise di-
rection to follow the contour of the mandrel. In
this latter connection, of course, it will be rec-
ognized that the guide chute must always be .of
sufficient length to maintain the strip in con-
tact with the mandrel as the point of contact with
that element shifts lengthwise of the chute, and
to assure delivery of the strip along a line which
is always tangent to the surface of the mandrel
presented to the strip and chute at any given
instant.

With these as essentials, the machine may be
modified in various ways, as for example by the
provision of a seaming roll, independent means
for advancing the coiled material along the man-
drel, feed arrangements for winding in a sup-
porting wire or a solder thread or both; and ob-
viously the preforming rollg may be included as
a part of the unit, and may be mounted to recip-
rocate with the feed chute, or the rolls may be
eliminated and provision be made for the feed-
ing of preformed strip from any source to the
guide chute.

Having described the invention in its broadest
aspects and illustrated it by way of specific ex-
amples, what is claimed as new and useful is:

1. A machine for making helically wound, non-
circular tubing including, in combination, a non-
circular mandrel on which is wound a trans-
versely formed strip that has an upwardly ex~
tending flange along one side, driving means for
imparting continuous rotation to the mandrel
about its longitudinal axis, guide means for ap-
plying a strip to the mandrel in substantially the
same direction at all times and at g slight angle
to the axis of the mandrel 50 as to wind as a helix
on the mandrel, and to engage the flange along
one side of the strip with a folded-over edge
along the other side in the next convolution of
the strip on the mandrel, said guide means in-
cluding a chute having a face confronting the
mandrel and shaped to the contour of the strip
with a surface that holds the strip adjacent to
the mandrel and with one or more shoulders
that provide surfaces that confine and guide the
strip against displacement lengthwise of the man-
drel at the region of application of the strip to
the mandrel, the face of the chute having a
length equal to at least the range of movement
of the point of application of the strip to the
mandrel, a support for the chute movable to swing
the chute toward and from the axis of rotation
of the mandrel as the radius of the non-circular
mandrel confronting the chute changes during
rotation of the mandrel, and means urging the
chute support to swing toward the axis of the
mandrel.

2. A machine for making helically wound, non-
circular tubing including, in combination form-
ing apparatus through which a strip passes and
in which a strip is bent to g transverse contour
having g central corrugation, a turned-up flange
along one side and a folded-over edge along the
other side, a non-circular mandrel to which the
strip is supplied, driving means that impart con~
tinuous rotation to the mandrel about its longi-
tudinal axis, guide means that supply the strip
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to the mandrel progressively and from substan-
tially the same direction during the entire time
of each revolution of the mandrel, and along
which the strip passes to the mandrel at an
angle to the axis of the mandrel so ag to wind
as a helix and engage the flange of the strip
with the folded-over edge along the other side
of the strip in the next convolution of the strip
on the mandrel, said guide means including a
chute confronting the mandrel and shaped to
the contour of the strip with a face that holds
the strip adjacent to the mandrel and with one
or more shoulders that confine and guide the
strip against displacement lengthwise of the
mandrel at the point of application of the strip
to the mandrel, a support for the chute com-
prising an arm that swings about an axis sub-
stantially parallel to the axis of rotation of the
mandrel but spaced at a substantial distance
from the axis of the mandrel to swing the chute
toward and from the axis of rotation of the
mandrel, a bearing that prevents movement of
the chute support longitudinally of and parallel
to the longitudinal axis of the mandrel, an abut-
ment carried by the support at a location along
the mandrel ahead of the region at which the
strip is applied to the mandrel, spring means
helding the abutment in contact with the man-
drel at a phase angle substantially equal to
that at which the chute face is tangent to the
mandrel so that changes in the radius of the
mandrel under said abutment move the abut-
ment and the associated suppert and chute with
a cam gction that shifts the chute away from
the axis of the mandrel in accordance with the
changes in diameter, the face of the abutment
on the chute support being slightly closer than
the chute face to the axis of the mandrel so
that the chute face clears the mandrel for a
distance that allows for the thickness of the strip,
the portion of the chute having said face and
shoulders that fit the contour of the strip being
of a length at least as great as the entire range
of movement of the point of application of the
strip to the mandrel as the radius of the man-
drel under the .chute changes.

3. A machine for making helically wound, non-
circular tubing including, in combination, a non-
circular mandrel on which is wound g transverse-
1y formed strip that has an upwardly extending
fiange along one side, driving means for impart-
ing continuous rotation to the mandrel about its
longitudinal axis, guide means for applying a
strip to the mandrel in substantially the same
direction at all times and at a slight angle to the
axis of the mandre! so as to wind on the mandrel
as a helix, and to engage a flange along one side
of the strip with a folded-over edge along the
other side in the next convolution c¢f the strip
on the mandrel, said guide means including a
chute having a face confronting the mandrel and
shaped to the contour of the strip with a surface
that holds the strip adjacent to the mandrel and
with one or more shoulders that provide surfaces
that confine and guide the strip against displace~
ment lengthwise of the mandrel at the region of
application of the strip to the mandrel as the
flange and folded-over edge are brought together
to form the seam of the tubing, the face of the
chute having a length equal to at least the range
of movement of the point of application of the
strip to the mandrel, a seaming roller located
along the seam and angularly spaced from the
chute around the mandrel in position to bend
over the engaged flange and folded edge to form

(<11

10

15

40

50

55

60

70

6

12

an interlocked seam, supports for the chute and
seaming roller, means urging both the chute and
the seaming roller toward the mandrel as the
radii of the non-circular mandrel adjacent to the
chute and seaming roller change during rotation
of the mandrel.

4, The machine for making helicaily wound
non-circular tubing as described in claim 3, and
in which there is a bearing Tor the seaming
roller along which the seaming roller is movable
axially paraliel to the axis of the mandrel, and
in which the chute is held against movement
parallel to the axis of the tube so that the chute
serves to strip the tubing from the mandrel pro-
eressively as the tubing is formed on the mandrel.

5. A machine for making helically wound, non-
circular tubing, as decribed in claim 1, with a
eam follower for moving the chute outwardly as
the radius of the mandrel increases, the cam
follower comprising an abutment connected with
the chute and positioned at a location along the
mandrel ahead of the region at which the strip
is applied tc the mandrel, means holding the
abutment in contact with the mandrel at a phase
angle substantially equal to that at which the
chute face is tangent to the mandrel so that
changes in the radius of the mandrel under the
abutment move the abutment and chute in ac-
cordance with the changes in the radius of the
mandrel, the face of the abutment being slightly
closer than the chute face to the axis of the
mandrel so that with the abutment in contact
with the mandrel the chube face clears the man-
drel by a distance that allows for the thickness
of the strip.

6. A machine for making helically wound, non-
circular tubing including, in combination form-
ing apparatus through which a strip passes and
in which the strip is bent to a transverse contour
having a central corrugation, a turned-up fiange
along one side and a folded-over edge along the
other side, 2 non-circular mandrel to which the
strip is supplied, driving means that impart con-
tinuous rotation to the mandrel about its longi-
tudinal axis, guide means along which the strip
passes to the mandrel in substantially the same
direction at all times and at a slight angle to the
axis of the mandrel so ag to wind as a helix and
engage the flange of the strip with the folded-
over edge along the other side of the strip in the
next convolution of the strip on the mandrel, said
guide means including a chute having a face con-
fronting the mandrel and shaped to the contour
of the strip with a face that holds the strip adja-
cent to the mandrel and with one or more shoul-
ders that confine and guide the strip against dis-
placement lengthwise of the mandrel at the re-
gion of application of the strip to the mandrel,
means supporting the chute for movement toward
and from the axis of the mandrel, said chute be-
ing so located with respect to said mandrel that
components of motion of the tubing-forming sur-
faces of the mandrel in an cutward direction are
transmitted to the chute to force it outwardly,
means urging the chute inwardly to maintain it
in operative relation to the mandrel, the portion
of the chute having said face and shoulders that
fit the contour of the strip extending along the
length of the chute for a distance that includes
the full range of the movement of the point of
application of the strip to the mandrel during the
various changes of the radius of the mandrel con-
fronting the chute.

7. The machine for making helically wound,

non-circular tubing, as described in claim 6, with
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an abutment connected to the chute and posi-
tioned at a location along the mandrel ahead of
the region at which the strip is applied to the
mandrel, said abutment being in contact with
the mandrel at a phase angle substantially equal
to that at which the chute face is closest to the
mandrel so that changes in the radius of the man-
drel under the abutment move the abutment and
the chute with a cam action that shifts the chute
away from the axis of the mandrel in accordance 19
with the changes in the radius of the mandrel.
ROBERT S. CARR.
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