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ﬁex1ble metal:-tubing.: :
+It-is -an-object: of . the 1nvent1on to prov1de an
improved machine -for making .metal:tubing by

helically, winding a-preformed metal:strip-around .

a rotating mandrel, and particularly a mandrel
of non-rectangular cross section having .two of
-its:;opposite: sides- substantially longer: than the
other two oppos1te sides. :; = :

- A>more:-specific-object..of the. mventmn is to
make helically wound, -flexible. metal. tubing . of
rectangular.cross.section at higher speed than has
heen possible on.the machines.of the prior. art,
and .- to.make . such. tubing . with more uniform
seams and with.less scrap losses.

,Slble the higher. speed. operation .and’ resulting
’greater productlon relates to. positive. displace-
ment.means for moving guiding.and seaming rolls

of the mandrel. = Such .positive . displacement
means maintain the rollers in contact with.the
non-circular surface of the tubing as it is formed
oh the mandrel.

~ Another object of the 1nvent10n is to ,provide
‘a. tube making machine in which ‘guiding and
seaming, rollers located at angularly spaced. re-
gions around the mandrel produce a progressrve
movement of the flanged and folded edges of the

preformed strip in such a way that tearing and.

cracking of the edges’is eliminated and a locked
'séam is formed while the rollers strip the tublng
progressively from the mandrel. ‘

Another feature of the invention relates to the

‘manner inh which & wire is applied to the man-

‘drel ‘ahead of the strip- and in- such a‘way-as to
eliminate any kinks and irregularities in the wire
*before the-strip is 1aid on the-mandrel over the
~wire: - Another feature of the wire feed relates

to the application’ of substantially “uniform -ten- .

sion to the wire regardless of the -diameter - of
the supply reel from which-the wire is payed out.
: Other objects; features and advantages of the
.inventmn will'appear or be pointed out as the de-
scr1pt1on proceeds. )

.- In the’ drawmg, forming a part hereof, in whlch
"hke ‘reference characters 1nd1cate correspondmg
parts in all the views,

_ Pigure 1 is a side elevatmn of a tube making
‘,machlne embodymg thls invention, "~

‘Figure 27is ‘an end elevat1on of the machme |

shown in F1gure 1, :
I"lgure 3 is,.a.top. plan v1ew of the machme
shown in Figures Tand 2, -

Flgure 4'isq, .greafly. enlarged sectmnal view o

‘taken on the line 4—4 of Figure 3,
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.2, .
) F1gure 5 is an enlarged deta1led vlew of the
mandrel and the gu1d1ng and seammg rollers for
applymg the str1p mater1al to the mandrel

Figure 6 is an enlarged detall v1ew, partly m
section, of one of the, supportmg arms for the
guiding and seaming ‘rolls,

. Figure 7 is a sectional view taken on the l1ne
1—1 of Flgure 6.

_ . Figures 8, 9 and 10 are greatly enlarged $6¢-
<t1ona1 v1ews showmg the-- d1fferent rollers by
which the ‘preformed matenal is gulded and
seamed as it wraps around the mandrel AR

. Flgure 11 is an enlarged view; partly broken
away and partly in sectmn, of the- str1p formlng
roll, assembly shown in Flgure 1,

__Figure 12 is an enlarged sect10nal v1ew taken
on the line 12—12 of Figute 11, : :

. Figure'13 is a side elevation, partly- in seet1on
showing a modified forming roll -assembly ‘that
can be. used in place of the structure shown 1n
,Flgure 11. ,’ .

Figure 14 is a sect1ona1 v1ew taken on the 11ne
14—i4 of Figure 13,

Figure 15is a s1de elevation,'on a reduced scale
'showmg the way in which the formmg roll assem-
bly of Flgures 13- and 14 is assembled with: “the
‘frame of the machlne shown in Figiire 1, when
_this modified formmg roll assembly is fsedy in
place of the formmg roll assembly of F1gure 4.

The tube making machine 1ncludes a fixed
frame 20 that rests upon a floor or -other support.
‘This frame has sultable ‘control switches 21 and
22 at the front’ 1n pos1t10n for® convement actua~
tion by the operator ‘of ‘the machine. There is
2, post 23 connected with the back -.0f' the main
frame,. by brackets 24 and 25." These ‘brackets
and | the post 23 are part of tl‘e ﬁxed frame 20 of
the machme

A'reel of metal str1p 27 rests on a; plate 28 sup-
ported from the main frame of the machlne by
2. bracket 29. 'The plate 28 is’ held ‘i1 position
by a stud 3l whlch extends through 'an opening:in
the center of the plate ‘and ‘the reel of str1p 2Tis
‘held down on the plate 28 by a frame 32 con—
nected with the plate 28 by hinges 33." '

-

25

30

40

When a. roll of strip 2T becomes exhaus_t_ed, 7 he

‘plate havmg a full reel of str1p is' subst1tuted
This qulck change keeps the rate of productlon

2 a roller, at the lower éhd of 41¢
55° 42 sapports the lever 41, and & SW1tch opérator
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44 bears against the upper portion of the lever
41 above the pivot 42.

As long as the roller 86 and feeler 40 are held
apart by the presence of a strip of metal between
them, the automatic strip device 38 is ineffective.
Whenever there is no strip between the roller
35 and feeler 40, either because of breakage of
the strip or the exhaustion of the supply reel
on the plate 38, the feeler 40 moves closer to the
roller 36 and this motion permits the -switch
operator 44 to move far enough to operate the
automatic stop device and shut off the electric
power that operates the machine. .

The strip 27 passes upward through feed rollers
46 operated by a motor 47 that supplies the power
for paying out the strip 27 from the supply reel
on the plate 28. The strip 27 passes upward
further to an idler roller 49 supported by a
bracket at one end of -a track 50. This track

-850 is attached to the fixed frame of the ma-
“chine by a connection 52 that is adjustable to
change the inclination of the track §0. The
strip 27, after passing around the roller 439, passes
around 2 guide roller 54 and then through a
number of successive roll passes in a forming

roll assembly 55.

The forming roll assembly 55 includes a frame
57 that slides on the track 58, In the ordinary
operation of the machine, the track 58 is set
on an inclination that makes the assembly B3
tend to slide down the incline in a direction
away from the guide roller 43. The forming
roll assembly 55 is counterbalanced on the track
50 by a weight 60 connected to the frame 87 by
& ribbon or cord 61 that passes around a pulley
62 carried by a lug extending upward from the
track 50. )

The forming rolls in the forming roll assembly
56 are geared together for operation in unison
and include successive pairs of rolls that com-
prise roll stands through which the strip passes
successively. This construction will be described
more fully in connection with Figures 10 and
11. It is sufficient for the present to understand
that the forming rolls are driven by a pulley 65§
to. which power is supplied by a belt 66 from
a smaller pulley 67. This pulley 67 is on a shaft
68 with another pulley 69 that receives power
through a belt 19 from a double-groove adjust-
able pulley T1.

‘The belt 70 runs in one groove of the adjust- g

‘able pulley 71 and another belt 73 runs in the
other groove of the pulley 7f and connects this
pulley 11 with a driving pulley 74 on a jack shaft
15 _near the bottom of the machine.
shaft 15 .is rotated by an electric motor 717
through reduction gearing, and by pulleys 19
and 80 secured to a reduction gear output shaft
81 and the jack.shaft 75 respectively.

The adjustable pulley 71 rotates on an axle
carried by a bracket 712 which is movable in either
direction about a pivot 84 that connects the
bracket 12 with the fixed frame 28 of the ma-
chine. A clamping screw 76 extends through the
fixed frame 20 and through an arcuate slot in
the bracket 72.  This clamping screw can be
tightened to hold the bracket 12 in any adjusted

" position.. The movement of the bracket 12 about
its pivot 84 provides an adjustment for the ten-
slon of the belt 73; and the tension of the belt
70 can.be adjusted by raising and lowering a
clamp. 718 that supports the pulley 87 from the

" post 23.

.. The posmon of the pulley 65 with respect to

. the pulléy 67 is correlated with the slope of the

The jack ;
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track 50 so that movement of the frame 57 along
the track 50 under the influence of the weight
60 reduces the distance between the centers of
the puileys 65 and 687. This results in a decrease
in the tension of the belt 68 so that the belt slips
and stops the rotation of the forming rolls in
the forming roll assembly 53. Such movement

_of the frame 57 can only occur when the strip 21

breaks beyond the forming roll assembly 585.
The movement of the forming roll assembly 55,
therefore, under the influence of the weight 66,
provides an automatic stcp for cutting off the
supply of power to the forming rolls whenever
the strip 27 breaks beyond the forming rolls.
The strip 27 is pulley from the forming rolls
by a mandrel 83. Power for rotating the mandrel
is supplied from a pulley 85 on the jack shaft
78, to a.pulley 87 through V-belts 88. The mo-
tion transmitting connections through which the
pulley 87 rotates the mandrel 83 will be described
more fully in ¢onnection with Figure 4. For the
present it is sufficient to- understand that the
mandrel 83 is rotated continuously and at uni-

" form speed by the power drive.

There are a plurality of rollers adjacent the
mandrel 83 and angularly spaced around the
mandrel. In the construction shown there are
four rollers 91, 82, 63 and 54, Each of these
rollers is carried by a support 95 connected by
a pivot 97 with fixed extensions 88 of ‘the frame
of the machine. The supports 95 are movable
about the pivots 97 to shift the rollers 9{ to 94
toward and from the axis of rotation of the
mandrel 83. This movement is necessary in order
to enable the machine to operate with non-cir-
cular and polygonal mandrels which have varia-
tions in their width at different regions around
the periphery of the mandrel. There is a guide,
preferably a roller 89, across which the strip
passes just ahead of the roller 81. This guide
roller 89 is carried by the same support 86 that
carries the roller 81 and is in a definite fixed
relation to the roller 9t that causes the strip to
always maintain an arc of contact with the
roller §i.

In order always to maintain the strip wrapped
around the first roller 91 far enough so that
the strip contacts with this roller 91 before
wrapping around the mandrel 83, it is neces-
sary to locate the guide roller §9 high enough
50 that its contact with the strip is at an eleva-
tion at least as high as the upper limit of the
range of the tangents to the roller 99 at the
various points of nearest approach of the roller
89 to the mandrel 83. For example, if no tangent
to the roller 91, at its point of nearest approach
to the mandrel, ever passes above the elevation
at which the guide roller §9 holds the strip, then
the strip will never come in contact with the
mandrel before contacting with the roller 81,
and this means that the strip is always guided
by the roller 91 as the strip reaches the man-
drel. This guiding is important because the
initial engagement of the edges of the strip with
the opopsite edge of the preceding convolution on

_the mandrel must be accurate to insure tubing

having a uniform seam.

For making tubing having a soldered seam,
means are provided for feeding a thread of solder
toward the mandrel into position to be incor-
porated into the seam of the tubing at the time
that the strip 27 is. wrapped around the mandrel
to form the tubing. These means include a
solder supply roll {00 from which. a thread of
solder 101 passes upward around guide rolls 102
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to the mandrel 83. A switch feeler 103 bears
against a run of the solder’ and actuates an au-
tomatic ‘stop switch in the event that the solder
thread breaks. - The solder ‘thread travels past
a fluxing device in a manner well understood in
the art, and no illustration of ‘the fluxing device
is necessary for a complete understandmg of thls
mventlon

S In addition to the metal strip 21 and the solder
thréead. 101, a wire 106 is supplied to the mandrel
from a reel 108 near the bottom of the machine;
the wire passing first over a vertical guide roller
{10 and then around a horizontal guide roller
fii. The purpose of the wire is to provide a
support under the corrugations of the metal
strip to prevent these corrugations from being
mashed down during the forming of the tubing
on the mandrel.

In order to have the wire 106 wind on the
mandrel without kinks, the wire is maintained
under tension as it comes to the mandrel. This
is done by prov1d1ng a brake 114 (Figure 2) which
bears against a disc 115 to supply friction that
resists the unwinding of the wire from the reel
108. 'This brake 114 is applied by a spring, and
the pressure of the brake can be relieved by pull-
ing upward on a pull rod (7 that connects with
a bell crank 118.

The bell crank 118 is supported from the main
frame by a pivot 120, and the guide pulley 18 is
carried by the upwardly extending arm of the
bell crank {{8. As the pull on the wire 106 in-
creases, the guide roller 110 is pulled to the right
in Figure 2, and this rocks the bell crank {!3
in a direction to relieve some of the pressure
of the brake so that the wire unwinds more easily
from the reel and is under reduced tension. This
construction provides an automatic control for
maintaining substantially constant tension on
the wire as it is supplied to the mandrel.

Figure 4 shows the apparatus for rotating the
mandrel 83 and for moving the rollers 92 and
94 to follow the changes in the width in the
mandrel. The pulley 87 is keyed to a holiow
shaft 124 that turns in bearings 125 mounted in
the main frame 20 of the machine. One end of
the mandrel 83 is rigidly connected with a cam
121 and the assembly comprising the mandrel
83 and the cam 127 fits into a socket 129 in an
enlarged end portion of -the sleeve (24.

There is a threaded socket 133 in the rear-
ward end of the mandrel 83. A draw bolt 134 ex-~
tends through the hollow shaft 124 and threads
into the socket 183. The rearward end of the
draw bolt is threaded to receive a nut 135 which
reacts against the hub. of a hand wheel 126 to
pull the draw bolt 134 rearwardly and to hold the
mandrel 83 and cam 127 securely in the socket
128 at the end of the hollow driving shaft (24.

~ The hand wheel [36 is keyed.to the driving
shaft 124 and provides a convenient means for
turning the mandrel by hand when starting the
forming of a new piece of tubing on the mandrel,
or when adjusting the machine. The mandrel
83 and cam 127 are also connected. with the driv-
ing shaft 124 by keys as will be more fully ex-
plained ‘in describing the operation of the cam.

The fixed extensions 98 are connected with
another part of the fixed frame 20 by screws 149,
and the supports 96 are spaced some distance
ahead of the fixed extensions 98 by spacers (42
and {43. Nuts 146 threaded over the opposite
ends of the pivot 97 hold the assembly together.

At the lower end of the support 96, there is an

angle 148 by which a composite bearing pracket _
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149 is connected with the support 96. This beat-
ing bracket 149 is held in place on the angle 148
by a dowel pin' {50, but the ahgular posmon of
the bearing bracket 149 is determmed by screws
152 extending through slots in the angle 148
and threaded into the composite bearing bracket
{49. The roller 94 has an.axle. {54 connecting it
with ‘the bracket (49.  All 'of the other rollers
around the mandrel 83 are s1m11ar1y connected
with the other supports 96. ’

A cam follower, preferably -a roller-160, is con-
nected with each of the supports 88 and is located
in position to contact with the face of the cam
121 This cam 127 is held in a fixed and definite
angular relation to the mandrel 83 by a key 162;
and the face of the cam 127 is shaped to maintain
the roller 94, and the other rollers that are lo-
cated around the mandrel, in working relation
to the mandrel at all times. Thus the cam 127
displaces the cam follower (60 to move the roller
94 closer to the axis of rotation of the mandrel
83 whenever a portion of the mandrel having a
reduced width is moving info position under the
roller 94. ‘ _

The other cam followers 163 cause the other
rollers around the mandrel to stay in working
relation with the mandrel 83 during its rotation.
It is necessary for the cam 127 to move the rollers
toward the mandrel only, because the mandrel
itself, being non-circular, acts as a cam and
pushes the rollers outward away from its axis
of rotation whenever portions of the mandrel
having greater width are moving into position
under the rollers 92 or 94, or the other rollers
that are located adjacent the mandrel but not
visible in Figure 4.

The roller 94 has g peripheral surface 165 at
the rearward end of the roller for contact with
the surface of the mandrel 83. Since this sur-
face 165 is beyond the grooves of the roller that
guide the metal strip, and beyond the portion of
the mandrel on which the metal strip wraps, it
can contact directly with the mandrel and serve
as a follower for pushing the roller cutward away
from the axis of rotation of the mandrel under
the cam action of the mandrel.

In the preferred construction, the radius of
the face 165 is greater than the radius of any
other part of the roller 24 by a value at least
as great as the thickness of the metal strip with
which the roller is intended to be used. This
makes it possible for the face 185 to touch the
surface of the mandrel 83 while the metal strip
is being wrapped on the mandrel.

Because of the fact that the roller 84 is free
to rotate and therefore has comparatively little
friction against the metal strip, it is also prac-
tical to rely upon pressure transmitted from the
mandrel through the strip to the roller 94 for
camming the roller 94, and the other rollers that
surround the mandrel, cutward away from the
axis of rotation of the mandrel, instead of hav-
ing the peripheral surface 165 of g diameter suf-
ficient to maintain contact with the mandrel.
Depending upon the diameter of the peripheral
surface 185 and its relation to the diameters of
the other parts of the roller 94 and the thickness
of the metal strip, the roller §4 will clamp the
metal strip tightly against the surface of the
mandrel 83 or press and guide the metal strip in-
to a position clese to the mandrel as the strip
is drawn into actual contact with the surface of
the mandrel by the tension of the strip approach-
ing the mandrel. The roller. 84, and the other
rollers around the mandrel 83, are said to be in
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“working- relation’ with: the: mandrel, 83. when
they are either clamping the metal strip against
the mandrel or located close enough to the man-
drel to guide and form the tubing as the strip is
wrapped around the mandrel by the tension: of
the approaching strip.

The brackets 149 are angularly adjusted about
the dowels: 150 s0 as to make the grooves of the
roller 94 extend in the same direction as. the
helical seam that is to-be formed when wrapbing
the strip on the mandrel. The roller 82.and the
other rollers around the mandrel are similarly
turned, and the corresponding-grooves of -the suc-
cessive rollers around the mandrel contact with
the strip on- the mandrel at regions which are
spaced axially to correspond with the pitch of
the helix:in which the strip is wound. The rollers
92 and 94, and the.other roliers around the man-
drel, are held against axial movement on. their
axles, however, so that as the. mandrel continues
to rotate, the material on the mandrel is pro-
gressively stripped from the mandrel as it forms
into a tube.

There is a socket {87 in cne end of the mandrel
for receiving an extension that can be used to
support the tubing as it is pushed beyond. the end
of the mandrel by the stripping action of the
rollers 92, 94 and the cother rollers around the
mandrel. A set screw for holding this mandrel
extension in place can be threaded into the open-
ing (88, This opening 169 is located in a portion
of the mandrel beyond the region where the strip
is formed into tubing so that the opening through
the surface of the mandrel will not affect the
wrapping or seaming of the tube.

The guide roller 99 turns on an axle supported
by a bracket {70 which is attached to the sup-
port 96 by screws {71. It is a feature of the in-
vention that the guide roller 99 is located above
a line passing through the point of tangency of
the roller 81 on the mandrel 83, or the point on
the roller circumference that is closest to the
mandrel with constructions that do not have ac-
tual contact between the roller 8i and the man-
drel 83. The importance cf this feature is that
it insures the guiding of the strip by the roller
91 at all times.

It will be apparent that the point of tangency
of the roller 81 on the mandrel 83 or the point of
the roller closest to the mandrel will vary and
will be at different phase angle positions of the
roller 91, that is, at points which are in different
angular relation to the axis of the roller, when
the roller 8¢ swings with its support 95 toward
and from the axes of rotation of the mandrel as
wider and narrower portions of the mandre] move
into position under the roller 9f. The guide roller
99 is located in position to wrap the strip 27
around the roller 9{ along an arc of contact that
includes all of the points of tangency, or points
of nearest approach, of the roller 91 with the
non-circular mandrel 83.

In order to obtain accurate positioning of the
cam follower 168 with respect to the roller 94,
there is-a slot {72 cut in the support 95 between
the portions cof the support to which the cam
follower-and roller are connected. The respective
distances of the cam (80 and roller 84 from the
center of rotation of the mandrel 83 can be con-
trolled by increasing or decreasing the width of
the slot 172. This is done by means of screws,
best illustrated in Figure 7. .

There is another screw 18 that threads
through an opening {19 and that presses against
the wall on the side of the slot (72 opposite the
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end . of - the threaded opening- 179; When- this
screw. 1718 is turned in g direction to screw- it fur-
ther into the threaded opening 119, the end of
the screw pushes against the wall of the slot 112
and spreads the slot to.make it wider,

It will be evident that the screws 175 and 178
must be operated in such a.way that one of them
does not make the adjustment of the slot:by the
other one impossible. The fact that the screws
i?75 and 178 operate in opposition to one another
enables an attendant to lock these screws.in posi-
tion by merely screwing both of them tightly into
position opposing the other screw.

Figure 8 shows the roller 91 which guides the
strip 27 into its initial contact with the mandrel
83. There are a plurality of circumferentially ex-
tending grooves. in the face of the roller 8i.
These include a groove {81 for guiding the-wire
106 as it wraps around the mandrel 83. Another
groove (82 in the roller 9{ guides the. flanged
edge of the strip 27 as the strip wraps.around the
mandrel. It is a feature of the invention that
the groove 182 has sloping faces which permit
the upstanding flange of the preformed strip 21
to bend over part way out of its original vertical
position. This bending over of the flange pre-
vents the flange from stretching and tearing-in a
way that has been experienced on other tube
making machines using non-circular mandrels.

A particular problem is presented by the non-
circular mandrel, even though it rotates con-
tinuously, because the changes in the radial
width of the portion of the mandrel with which
the strip has its initial contact cause substantial
variations in the rate at which the strip is drawn
to the mandrel. This causes an uneven pull on
the strip, and with this invention the flange of
the strip is relieved of some of the strain result-
ing from the pulling and bending of the strip
by being allowed to bend over part way so that
the outer edge of the flange is nearer to the cen-
ter of curvature of the bend, with the result that
the flange does not have to stretch as much.

In order to obtain economically the particular
shape desired for the groove (82, the roller 91
is of composite construction with a ring 186
pressed over a reduced diameter portion of the
hody of the roller 91, and the inner face of this
ring 188 comprises one side of the groove 181.
The roller 81 has ball bearings 188 for reducing
its frietion as it rotates about its axle {84. Al
of the other rollers around the mandrel &3 have
similar ball bearings, though other types of bear-
ings can be used if desired.

A third groove 183 of the roller 81 guides the
folded over edge of the preformed strip 27 into
engagement with the flange of the next adjacent
convolution of the strip on the mandrel 83.
There are other grooves 185 in position to re-
ceive subsequent convolutions of the seamed
tubing on the mandrel. The roller 21, and the
other rollers that are located around the mandrel
83, act in effect as a roller nut through which
the tubing screws as the mandrel rotates. The
tubing is thus. stripped from the mandrel pro-
gressively as it is formed.

Figure 9 shows the roller 92 with a groove 19}
for the wire 106, and a second groove 192 that
bends the flange of the metal strip back into a
substantially vertically extending position. The
bending of the flange after the strip is wrapped
on the mandrel, and while the strip approaches
and passes into the groove 121, permits the flange
to be returned. to ifs upright. position. without
tearing because the pressure is applied gradually
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ahd substantially uniformly in a manner that
permits cold flow of the metal of the strip.

A third groove (93 is not as deep as the corre-
sponding groove .183 of the roller 81 and this
groove 193 forces the folded edge of the strip

toward the mandrel and starts the interlocking

of the seam. Other grooves 195 correspond with
the grooves (85 of the roller 91 and the side
walls .of these grooves serve to strip the tubing
from the mandrel, in a manner already ex-
plained. .. . . : , ; :
Figure 10 shows the roller 93 with a groove
201 for the wire 106 and a groove 202 for guid-
ing the flanged edge of the metal strip and ad-
vancing the strip axially along the mandrel 83
in accordance with the progressive stripping ac-
tion of the rollers previously explained. The
next groove 203 is shallower than the corre-
sponding groove 193 and the previous roller 92.
The. groove 203 is preferably shallow enough to
bend the folded edge of the strip and its engag-
ing flange all the way down to form an inter-
locked seam for the tubing, and the bottom of
this groove 203 preferably rolls the interlocking
seam against the wire {06 on the mandrel.
wire prevents the.corrugation under the seam
from being mashed down by the seaming oper-
ation.. - . ) B o 7 )
‘The.solder thread 161 is enclosed within the
seam and is.fused subsequently after the tub-

ing is.stripped from the mandrel.. Other grooves,

205. in the roller- 93 assist in the stripping of
the tubing from the mandrel. .The fourth roller
around the mandrel is preferably of the same
construction as the roller 93 shown in Figure 10.
-Figure 11 shows the roller assembly 55 with
part of the structure broken away to show the
apparatus for driving the rolls. Although each
of the rolls in the rol] assembly 55 is of different
shape, the upper rolls are all indicated by the
same reference character 288, and all of the lower

rolls are indicated by the reference character

209. . The upper and lower rolls 208 and 209 are

secured to axles 211 and 212 respectively. There

is a gear 215 keyed to each of the upper shafts
21{; and there is' a gear 21T keyed to each of
the  lower shafts 212. These gears 2i5 and

217 for each pair of complementary forming rolls.

mesh with one another. Idler gears 219 disposed
between the gears 217, connect the different roll
stands for operation in unison. =

A driving gear 221 located between the second
and third pair of forming rolls meshes with the

gears 21T on opposite sides of it. This driving

gear 221 is connected with a drive shaft 223
(Figure 12) which is rotated by the pulley 85.

The axles 211 and 212 are supported in ball bear-

ings 225. 'The upper ball bearings 225 are car-

ried in blocks 228 which are adjustable in the

frame 51 which hold down screws 230 for regu-
lating the gap. between each of the upper form-

ing rolls 208 and its complementary. lower form-.

ing roll 208. The rearward ends: of the- axles
211 and 212 are carried in ball bearings 23{ held
in the frame §1.

The sides of the frame of the roll assembly 55
are secured together at their upper and lower

ends by a top plate 233 and a bottom plate 234,

respectively; and these plates are connected with
the sides of the frame by screws 235.  Por ini-

tially threading the strip 21 through the succes-

sive roll -stands of the roll assembly 55, there

The
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is a large . hand wheel 238 attached to the end

of the drive shaft 223 in position to turn the
drive shaft without the use of power. Brackets

75

240 attached to-the bottom plate 234 serve gs
runners on which the roll assembly 55 is movable
along the track §0. ) o
Figure 12 shows also the connection of the
pulley. 65 with the shaft 223. The portion of
the pulley that is rotated by the belt 66 is free
to turn on the shaft 223, but the shaft 223 is
secured to a fange 242 by a set screw 243, and
a friction clutch disc 245 is located between one
side wall of the pulley €5 and the confronting
side wall of the fiange 242. The pulley is urged
against this friction clutch disc 245 by another
flange 2471 which is located on the other side
of the pulley 65 and which transmits -pressure
to the pulley 65 through another friction clutch
disc 248. ) o
The: pressure with which the pulley 65 is
clamped between the flanges 242 and 247 is de-
termined by a spring-25v compressed between
the hub of the ciutch flange 241 and a washer.
292 that is retained on the end of the shaft 223
by a nut 254. A limited adjustment of the pres-
sure of the spring 290 can be obtained by screw-
ing the nui 254 along the threads that :con~
nect it with the shatt 223. In the illustrated.
construction, the threaded end of the shaft 223
is' short because there is ordinarily no occasion
to adjust the pressure of the spring 250. .
The iriction clutch comprising the. flanges 242
and 247, and the parts clamped between them,
is correlated with the forming rollers 207 and
208, and with the size and hardness or stiff-
ness of the strip 27 so that the driving. clutch.
will slip before it supplies enough torque to drive
the forming rolls. Additional power must be
supplied by turning the mandrel, and pulling
the strip toward. the mandrel as it wraps on
the mandrel. - ' Lo
In the preferred construction, the pulley 65
and its associated friction clutch are made so
that they will supply approximately two-thirds.
of the torque required for advancing the strip
27 through the forming roll assembly 55. The
power- driving connection to the forming rolls
greatly reduces the tension in the run of ‘the
strip between the forming roll assembly and the :
mandrel, but some tension in the.strip is de-
sirable. : '
Figure 13 shows a forming roll assembly 260
that can be used in place of that shown in Fig-
ures 11-and 12, if desired. The forming roll as-
sembly .contains only idler rolls, and the strip
21 is advanced through these forming rolls en-
tirely by the tension imparted .to . the strip by
the wrapping action of the mandrel. This
forming roll ‘assembly is suitable for small or
light gauge strip, but for strip that requires
substantial power to form it, the roll assembly
of Figures 11 and 12 is preferred. L
The forming roll assembly 260 includes up-
ber forming rolls 263 on axles 264; and lower
forming rolls 266 on axles 267. The axles 261
are fixed with respect to & main frame 268.
This frame has a dovetail slide 276 which runs
along a groove in a track. 272. . ST
Each of the axles 264 is supported from' a
block 275. which swings about a pivot 218. The.
block 275 can be urged by a coil spring 280,
to. rock. either clockwise or counterclockwise
about its pivot 218. The force of thig spring .
280 is exerted through a roller 282 that is mov-
able to either the right or left of the pivot 278.
-This shifting of the spring 280 and roller.282 .
is effected by swinging a ‘tubular: housing. 284,
~in which the spring 280 is enclosed, about a
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pivot 286 that connects the spring housing 284
with- the frame 288 of the forming roll assem-
bly. Each of the rollers 282 is carried by an
axle at the forked lower end of a block 288 that
slides in the bottom portion of the tubular spring
housing 284. This block 288 has a slot 290 ex-
tending through it, and the pin 288, which con-

nects -the tubular spring housing 284 with the-

frame- 288, extends through the slot 290 and
prevents the block 288 from rotating. The up-
per- end: of the. spring 280 contacts with a plug
292 threaded in the upper end of the spring
housing 284. The plug 292 has an opening 295
through- which a tool can be inserted for un-
screwing the- plug 292 if it sticks in the spring
housing.

In Figure 13 the left-hand. spring housing-is

in position to apply the pressure of the roller-

282 against a portion of the block 215 slightly
to the right of the axis of the pivot 218 about
which the block 275 swings. This separates the
rollers 263 and 266.

The next spring housing 284 is- shown in a
different position in which it causes- the pres-
sure: of the spring 288 to be applied to the block
275 on the left-hand side of the axes of  the
pivot 2718 so that the upper -forming- roll is urged
toward the lower - forming roll. There is an ad-
justable stop screw 298 in each of the blocks 215.
These. stop screws:extend beyond the lower end
of the blocks 275 and strike against the por-

tions of the frame 268 below the blocks to limit-

the minimum clearance between: the upper and
lower rolls 263 and 266. :

Figure 15 shows the way in which the man-
ually releasable forming roll assembly 2§0- is
mounted on the track 212 with the adjustable
connection 52 set to give the track-272 an in-
clination that will permit the entire forming roll
assembly 260. to- move upward under the pull
of the weight 60 whenever there is a break in
the. strip. 21 between the forming roll assem-
bly..and the mandrel. This movement of the
forming roll assembly 260, along the track 272,
can. be made to operate a switch to shut-off the
supply. of electric- power to the machine in the
event of such a break in the strip.

The preferred embodiment of the invention
and some modifications -have-been described, but

changes. and other modifications- can be made,

and: some features can be used alone or -in dif-
ferent combinations without departing from- the
invention.as defined in the claims.

What is claimed is:

1. A machine for making helically- wound, con-
voluted: tubing including, in combination, a non-
circular mandrel, apparatus for rotating the
mandrel, a plurality of rollers angularly spaced
around the mandrel substantially in contact with
the mandrel and in positions to guide g preformed
metal strip and make it into convoluted tubing
as it wraps around the mandrel, one or more of
said rollers. being shaped to seam adjacent con-
volutions of the-strip, supporting means for at
least the one of said rollers with which the strip
first. comes into contact as the strip is wrapped
around the mandrel, said supporting means
including. bearings on which the supporting
means are movable in directions that shift the
first roller toward and from the axis of the man-
drel along a predetermined path as the non-cir-
cular mandrel rotates under said first roller, and
a combined guide and arc control element for
the formed strip ahead of the first roller and in

position to hold the formed strip wrapped-around.
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the first roller along an arc that extends beyond:
the range of locations at which the mandrel and
first roller mest nearly approach one another
during the movement of the first roller toward
and from the mandrel along said predetermined
path.

2. A machine for making non-circular, convo-
luted tubing by helically winding a preformed
strip, said machine comprising a non-circular
mandrel about which the strip is wound, appara-
tus for rotating the mandrel, rollers around the
mandrel that make the strip into a convoluted
tubing as the strip is wound on the mandrel, said
rollers including a first roller substantially in
contact with the mandrel and that presses the
preformed strip into contact with the mandrel,
other rollers angularly spaced from the first roller-
arcund the mandrel in positions to guide and
seam adjacent convolutions of the strip, supports
by which the rollers are carried and with which
the rollers are movable to follow the variations
in the width of the non-circular mandrel, said
supports including bearings that confine the:
movement of the rollers to predetermined paths.
and a combined guide and arc control element:
for the formed strip ahead of the first roller and
in positicn to wrap the strip around the first
roller along an arc of contact that includes all
of the points on the circumference of the first
roller that becomes tangent with the surface of
the mandrel as the first roller- moves along its
predetermined path to follow the variations in
the radial width of the portion of the mandrel
immediately adjacent to said first roller.

3. A machine for making flexible metal tubing
including a non-circular mandrel, apparatus for
rotating the mandrel, forming rolls that shape
a metal strip with a fold along one edge and an
upturned flange along the other edge, a roller
adjacent the mandrel in position to cause the
preformed strip to wrap around the mandrel in
a helix, a support for said roller movable toward
and from the axis of rotation of the mandrel
along a predetermined path, means for causing
the roller to move with said support as the width
radial of the mandrel under the roller changes
during rotation of the mandrel, a guide that fits
the preformed strip on the opposite side of the
strip from the roller and that is located between
said roller and the forming rolls in a position to
deflect the run of strip between said roller and
the forming rolls in a direction to wrap the strip
around an arc of said roller, said arc being at
least long enough to include all of the points on
the circumference of the roller that becomes
tangent with the surface of the mandrel as the
roller moves along said predetermined path while
following the variations in the radial width of
the mandrel and other rollers located around the
mandrel and angularly spaced in positions to
guide successive convolutions of the strip and to
interlock the folded and flanged edges of succes-
sive convolutions to form g helical seam.

4. A machine for making flexible, convoluted
metal tubing including a non-circular mandrel,
a roller adjacent the mandrel in position to cause
a preformed metal strip to wrap in a helix-around
the mandrel, a support for said roller, a bearing
on which said support moves about an axis that
is parallel to and fixed with respect to the axis
of rotation of the mandrel, means for causing
the roller and its support to follow the mandrel
as angular regions of the mandrel of greater and
lesser radial width move under the roller, other
rollers angularly -spaced around- the mandrel for
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guiding and seaming ' adjacent convolutions
together, and a combmed guide and arc control
element for the formed strip located adJacent the
ﬁrst roller in position to bear against the strip
on the opposn;e side of the strlp from the first
roller before the strlp reaches the first roller, and
at a posmon that holds the strip against the cir-
cumference of the first rolléer along. an arc that
is ‘at least long enough to include at all times
the point on the circumference of the first roller
that is nearest to the mandrel as the ‘first roller
swings about’ the axis of 1ts support to follow
changes in'the radial width of the mandrel.

5." A “machine for making helically seamed,
non-circular tubing, said machine including ‘s
mandrel having the desired cross sectlon of the
tubing, mechamsm for rotatmg ‘the mandrel a
plurality of rollers located at angularly spaced
regions around thé mandre] in position to- gulde
a strip and seam it as sald strip wraps around
the mandrel in a-helix, a separate arm by which
each 1oller is carned a pivot about which each
arm swings, & cam follower connected- with each
arm and' located near the same end of the arm
as the roller; a ‘cam having a d1sp1acement sur-

face’ upon ‘which the followers run and by which

each follower and’ its-associated roller and arm
assembly is dlsplaced toward the axis of the man-
drel as* portlons of the mahdrel having reduced
rad1a1 thlckness come under the respective rollers,
the surfaces of the non-crrcular mandrel itself
comprising & second ‘cam that ‘cooperates with

<t

10.

15

20

30

each roller, ‘cam follower and arm “assembly to -

move it away from the axis of the mandrel as
portlons of the mandrel having greater radial
thlckness come - under “the” “respective rollers,
means on the arms adjustable to change the
spacing of the axes of the cam follower and roller
with respect to one another on the respective
arms, and cam drwmg means that rotate the
mandrel and cam in constant phase angle rela-
tion’ with ‘one another.,

6. Apparatus’ for making non- c1rcular tubing
including, in combination, a fixed frame, a non-
circular mandrel, bearings-in the frame in which
the mandrel is rotatable. about an axis, a plu-
rality of “rollers located at angularly spaced
regions around. the mandrel for guiding and
bending a metal strip as it wraps around the
mandrel; “supports- with- which the rollers are
movable toward and from the axis of the man-
drel to follow the variations in-the shape of the
mandrel, cam followers connected with said sup-
ports” and each of which comprises a unitary
assembly with its associated support and. roller,
there being a separate cam follower for each sup-
port’ and sald cam followers being angularly
spaced around the axis of the mandrel and hav-
ing their axes generally in allgnment with the
axes of the respective rollers, a cam that. sur-
rounds the mandrel and that has an 1n51de dis-
place'nent surface on which. the cam followers
run, said cam having changes in contour. corre-
spondmcr to the changes in radial width of the
mandrel t6 move the rollers toward the mandrel
during periods ‘when the radial width of the man-

drel under the respective rollers is decreasing;

the surfaces of the non-circular -mandrel itself
comprising a second cam that cooperates with
each roller, cam follower and arm assembly to
move it away from. the axis of the mandrel as
portions of the mandrel having greater radial
thickness come under the respective rollers,
mechanism that drives the mandrel and cam with
& continuous rofation at the same speed and at
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constant phase angle to one another, and releas~
able fastening means connectmg the cam to- the-
apparatus

7. A machine for making convolited, hehcally
wound tubmg including forming rolls that bend
a metal strip to provide an upturned flange along
one side, -a folded edge along the other side and
a longn;udlnally extending corrugatmn between
the sides of the strip, a mandrel ‘on’ Which- the
strip 'is* wound, g ‘plurality of rollers ‘angularly
spaced around the mandrel including a first roller
with which the strip has contact before reaching’
’che other roliers, per1phera1 grooves in said rollers
shaped to wind the strip around the mandreél in
3 helix, to guide the folded édge of one convolu-’
tion into engagement with the flange of the adja~
cent convolution and to bend the engaged flange
and folded edge to form an’ 1nterlocked helical
seam, other peripheral grooves in the" rollers-
beyond the strip gulding and -bending sgrooves
for stripping the tubmg progresslvely from’ the
mandrel as the tubeé is formed Upon the: mandrel
guide means that control the movement of both
the formed strip and a wire to the first of said

5 rollers, the guide means being located in contact»
‘with the strip and wire at least as high as the

upper limit of the range of tangents to the first
roller at-its various points: of nearest- -approach’
to the ‘mandrel, other peripheral grooves in-the
rollers ahead of~ +the strip guiding and bending

: grooves and'in posmons to cause the wire to wrap

as a helix around the mandrel and to advance
the wire into pos1t1on to ‘support’ the seam in
spaced relation to the mandre] beyond the 1mt1a1‘
convolution of the wire.

- 8. A machine for making helieally wound, cor-‘
rugated metal tubing, including a manc‘xrel appas
ratus ‘for rotating the mandrel, a plurality of
rollers located adjacent the mandrel and angu=
larly spaced around the 'mandrel, per1phera1:
grooves in the rollers guiding a preformed strip
that has a turned up flange along ore side and
a folded edge along the other sidé and a’ loncltu—
dinally extending corrugation between the oppo=
site sides of the strip, other grooves in the rollers

- for guiding a wire to wrap the wire in:a’ convolu-’

tion- ahead of the metal strip, said other grooves
of the- successive rollers having’ side ‘'walls that
advance the wire along the mandrel into’ posmon,
to be covered by a convolution of the metal strip’
upon the next revolutmn of the mandrel, a supply’
réel from which wire is ‘payed out to the mandrel,
a brake on the supply reel, and a device respon-f
sive to the pull on the wire for controllmg ‘the
force with which the brake 1s apphed to the sup-;
ply reel. - ‘

9. Apparatus for making flexible tulmnt7 mclud-',
ing a rotatable mandrel, a plurality of rollers
angular 1y spaced ar oluind the mandrel and in posi-
tion to cause a preformed strip to wrap in a helix
around the mandrel and form tibing havmg an.
interlocked seam and a hehcal corruvatlon, appa-.
ratus for snpplymg a wire to the mandrel in ‘Posi-
tion to wrap in.a helix around the mandrel and
to support the hehcal corruvatlon 0f :the tubing
during the interlocking of the seam and to.brace
the. helical corrugation against forces used:to
strip the tubing from the mandrel;” a -brake
retarding the feeding of the wire to provide a
tension in the wire as it wraps around the man-
drel, a yieldably supported element deflecting a
run of the wire as it approaches the mandrel, and
motion transmitting connections between said
element and the brake for changing the braking
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force -in ‘proportion to the eéxtent to which the
wire is deflected by said element.

10. In g machine for making helically wound,
non-eircular tubing, a roller that guides a strip
into-its initial contact with a non-circular man-
drel as -the mandrel rotates to wrap the strip
areund it, a guide located adjacent to said roller
in position tc wrap the strip around an arc of
the rolier, a common support for the roller and
guide, 8 bearing on which said -support is mov-
able to shift the roller along a predetermined
path toward and from the axis of rotation of the
non-circular mandrel, the arc of contact heing
at least long enough to include each and every
point-on the circumference of the roller that is
closest to the mandrel at various times as the
roller moves along said predetermined path {o
follow -the differences in radial thickness of the
mandrel.

11. In a machine for making helically wound,
flexible metal tubing from a preformed strip hav-
ing a longitudinally extending corrugation
between its edges, a mandrel about which the
strip is wrapped as a helix with successive con-
volutions- in overlapping relation, a roller adja-
cent ‘the mandrel in position to guide the strip
into its contact with the mandrel, a strip guide
immediately ahead of said roller and in contact
with the strip at an elevaticn at least as high as
the upper limit of the range of the tangents to
the roller at its various points of nearest approach
to ‘the mandrel, grooves in the roller and guide
for guiding the strip, and-other grooves in both
the roller and guide for guiding a wire to the
mandrel one convolution ahead of the strip.

12, Apparatus for making flexible metal tubing,
said apparatus comprising forming rolls that
bend a metal strip to provide a flange along one
side and g folded edge along the other, and a
longitudinally extending corrugation between the
flange and folded edge, a mandrel about which
the formed strip wraps as the mandrel rotates,
a plurality of rollers adjacent the mandrel and
angularly spaced around the mandrel, a periph-
eral groove in at least the first of the rollers for
guiding the strip to wrap it as a helix around
the mandrel! with the flange of one convolution
engaged in the folded edge of the next adjacent
convolution, a peripheral groove in another roller

in ‘position to bend the flange and folded edge ;

into an intericcked seam, said roliers having other
grooves extending in such directions and in such
correlation with the corresponding grooves of the
respective rollers that they strip the tubing from

the mandrel progressively as the tubing is formed, 5:

guide means immediately ahead of the first roller
in contact with the strip at least as high as the
upper limit of the range of the tangent to the
first roller at its various points of nearest
approach to the mandrel, other peripheral
grooves in the rollers, ahead of the grooves that
engage the strip, in position to guide the wire to
wrap as a helix around the mandrel, said cther
peripheral -grooves of the respective rollers being

in correlated positions for advancing the convo- 3

lutions of the wire axially along the mandrel at
the same rate that the convolutions of the metal
strip are advanced by the stripping action of the
rollers.

13. In a machine for making corrugated, heli-
cally wound, flexible tubing, a non-circular man-
drel about which a strip of metal is wound, means
for rotating the mandrel, a forming roll assembly
through which the strip of metal is pulled by the
wrapping ‘of the Strip on the mandrel, a frame
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that supports the forming rolls of said-assembly,
a track along which the frame is movable, said
track extending in'a direction that has a substan-
tial component in the direction in which the strip
travels from the forming roll assembly toward
the mandrel, and yieldable means that continu-
ously opposes any force urging the frame to move
along the track in the direction of the pull of the
strip ‘as ‘the strip feeds from the forming roll
assembly toward the mandrel, the force of said
yieldable means in the direction of the mandrel
pull being of a magnitude between the maximum
and minimum pull on the-strip as the radial
thickness of the mandrel changes at the ‘point
of initial wrap of the strip on the mandrel.

14. A machine for making tubing by wrapping
a formed strip -around a mandrel, said machine
comprising a fixed frame, apparatus for rotating
the mandre] with respect to the fixed frame, ‘a
forming roll assembly movable toward and from
the mandrel and through which a strip of metal
passes on its way to the mandrel, a track along
which the forming roll assembly is movable, ‘a
pulley carried by the forming roll assembly for
supplying power to the rolls of said assembly, ‘a
belt for driving the pulley, and another -pulley
that drives the belt and that is located on the
fixed frame in such g position that movement of
the forming roll assembly along the track away
from the mandrel looséns the belt-between' the
pulleys, and mieans urging the forming roil
asserably to move along the track in the direction
away from the mandrel so as to loosen the belt
and stop the supply of power to the rolls of said
assembly whenever there is no pull on the strip
between the mandrel and the forming roll assem-
bly.

15. Apparatus for making helically ‘seamed,
non-circular corrugated tubing from a metal
strip, said apparatus comprising a non-circular
mandrel about which the strip is wound in g helix
by the rotation of the mandrel, forming rolls
between which the strip passes to the mandrel
and by which the strip is shaped to a desired
transverse contour, driving mechanism that
rotates the non-circular mandrel at substantially
coustant angular speed with resulting variation
in rate of speed at which the strip is pulled
through the forming rolls, which speed is depend-
ent upon the changes in the radius of the man-
drel at the region where the strip starts to wrap
the mandrel, other péwer driving mechanism for
the forming rolls including friction clutch means
that slip when the strip in the forming rolls is
not subjected to supplemental power by the pull
of the strip by the mandrel, the driving mecha-
nism for the forming rolls including mechanism
that rotates the driving element of said friction
clutch means at a rate to give the strip a lineal
speed through the forming rolls equal to the max-
imum rate of pull of the mandrel, a carriage by
which the forming rolls are supported, s track
along which the carriage is movable toward and
from the mandrel, and means urging the carriage
to move along the track in a direction away from
the -mandrel with a predetermined force that
yields whenever a greater force is-exerted in the
opposite direction- by the pull of the strip from
the mandrel.

16. The apparatus described in claim 15, and
in which the clutch means of the power driving
mechanism for the forming roll includes a fric-
tion disc clutch with elements that slip .on one

"another at-a torque less than that ‘Fequired to
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drive the forming rolls with the strip between
them,

17. Apparatus described in claim 15, and in
which the forming rolls comprise a plurality of
rolls supported by the carriage in position to pro-
vide successive roll passes through which the strip
travels, driving gears connected with the respec-
tive rolls, intermediate gears between the roll
driving gears connecting the roll drive gears of
the different roll stands for operation in unison,
and a power shaft on the carriage and connected
with one of the gears, and in which the clutch
means include a cluich that drives the power
shaft, said clutch including driving elements that
slip on one another at a torque that is less than
that required to drive the forming rolls with the
strip between them and with no pull from the
mandrel.

PHILIP M. PADGETT.

REFERENCES CITED

The following references are of record in the
file of this patent:

20

Number
426,386
828,732
964,565

1,696,613
1,198,380
1,383,18%
1,480,741
1,513,270
1,596,215
1,793,487
1,961,994
2,127,943
2,162,355
2,350,070
2,406,943
2,422,272
2,440,792

Number
45,305

18
UNITED STATES PATENTS
Name Date
Relly . Apr. 22, 1899
Frankenberg _._____. Aug. 14, 1908
Wilkie _ oo July 19, 1910
Lombardie __._._____ May 12, 1914
Brinkman __..._.___ Sept. 12, 1916
Brinkman ..__._____. June 28, 1921
Bournt e Jan. 15, 1924
PeYSer - Oct. 28, 1924
Palmey . . Aug. 17, 1926
Johnson _____.______ Feb. 24, 1931
Troyer et al. __._____ June 5, 1935
Stone . _____ Aug. 23, 1938
Parrish oo June 13, 1939
Shellmer .. ____.__ May 30, 1944
Carter - ______ Sept. 3, 1946
Viehweger . __ June 17, 1947,
Wyllie May 4, 1948:
FOREIGN PATENTS
Country Date

Australia . _______ of 1910




