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2,440,792 

METEOD AND MEANS FOR FORMING REC. 
ANGULAR FLEXBLE METALTUB ING 

John S. Wylie, East Orange, N. S., assignor, by 
rese ents, to Titefler, Inc., Newark, 
N.J., as corporation of Delaware 
Application June 6, 1946, Seria No. 674,806 

(C. 13-35) 20 Claims. 

This invention relates to improvements in the 
production of flexible metal tubing which is 
sometimes called flexible metal conduit. It has 
to do particularly with the production of flex 
ible metai tubing having a convoluted wall fab 
ricated by helically winding and seaming a 
preformed strip of metal which does not have 
the usual circular cross section. 
The principal object of the invention is to 

provide a machine and method of operation by 
which tubing of the character described having 
other than circular cross section may be pro 
duced efficiently and economically. Further 
objects and advantages of the invention will 
appear from the following detailed description 
of a preferred embodiment thereof. 
The embodiment of the present invention Se 

lected for illustration provides an arbor con 
forming in Cross section to that of the tube to 
be formed thereon, and upon which a metal strip 
of suitable preformed cross section is wound and 
interlocked into a continuous tube. The arbor 
shown is rectangular and is arranged for inter 
mittent rotation in steps corresponding in nun 
ber to the number of flat surfaces of the arbor. 
COOperating rollers are so mounted above and 
below the arbor that they will act to interlock 
the strip and advance the tube aiding the arbor 
regardless of its position, the rollier Gcated above 
the arbor performing a searning operation and 
both being used for stripping the fined the 
from the arbor. Mechanism is provided whereby 
each of these rollers is moved horizontaly and 
vertically to accommodate itself to the position of 
the arbor Surface as the arbor assumes different 
positions, and to roll along the strip or the fat; 
Surfaces of the arbor when the latter is at rest. 
The preforming of the metal strip is effected by 
a Set of forming rollers which act upon the strip 
as it is drawn toward the arbor. Due to the 

2 
ing rollers will be at a substantially uniform 
speed. On the arbor the preformed strip is as 
sembled with a deformable wire and a thread 
of solder, both of which are fed in with the strip. 
The deformable wire and solder thread may be 
guided to move with the forming roll carriage 
so that they will not be subject to irregular dele. 
terious strain. 

0. 

5 

The foregoing illustrative embodiment of the 
invention is shown in the accompanying draw 
ings wherein: 

Figure 1 is a front elevation view of a ma-. 
chine embodying my invention for producing 
rectangular flexible tubing, or conduit, some of 
the extremities of the machine having been 
omitted to include the view the confines of the 
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3. 

35 

4. 
shape of the arbor and to the fact that it is 
not rotated at uniform speed, the movement of 
the Strip toward the arbor will not be at a uni 
for n Speed. It is desirable that the strip pro 
ceed through the preforming rolet's at a uni 
form Speed and therefore these roles are 
mounted in a moveable carriage which is posi 
tively actuated toward and away from the arbor 
in such timed relation to the rotation thereof 
that the passage of the strip through the form 

As 

50 

page, 
Figure 2 is a top plan view of the machine of 

Figure 1 with a casing cover removed to show 
driving elements, 

Figure 3 is a cross section view taken along 
the lines 3-3 of Figure 2 to show cam opera 
tion, 

Figure 4 is a cross section view taken along 
lines - of Figure 2 showing the mechanism 
producing intermittent motion, 

Figure 5 is an enlarged front elevation view, 
partly in cross Section, showing certain tube 
forming and searning mechanisms, 

Figure 6 is a horizontal cross section view 
taken along the lines 6-6 of Figure 5, 

Figure is a side elevation view from the left 
side of Figure 5 taken along the lines 7-7, 

Figure 8 is a vertical cross section view taken 
along the lines 8-3 of Figure 5, 

Figure 9 is an enlarged vertical cross sections 
view taken along the lines' 9-9 of Figure 5, 

Figure 0 is an enlarged vertical cross section 
view taken along the lines G-G of Figure 5, 

Figure 11 is a fragmentary front elevation 
view, partly in section, showing the arbor and 
Seaming roller mechanism used in tube forming 
at a particular stage in the machine cycle, and 

Figure 12 is a view similar to the view in Fig 
lure 11 taken at 8 different stage in the machine 
cycle. 

Referring now to Figure i in the drawings for 
a description of the machine, I employ, as a 
principal element, a power driven rectangular 
to situated at the left central portion of 



turn about the arbor. 
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3 this view above the base plate 16. Arbor is is 

rotated intermittently counter-clockwise and, as 
it turns, it draws in preformed strip , soft 
metal wire 18 and a solder thread 9, to be suit 
ably associated and wrapped therearound. In 
terengaging edges of the strip are locked and 
seamed to form a tube as the strip is wrapped 
around the arbor by a seaming roller 20 and the 
strip formed tube is advanced on the arbor by 
the cooperation of rollers 20 and 2, located 
above and below the arbor respectively. 
The strip metal 7 used in fabricating tubing 

O 

is fed from a supply coil 22 which is suspended 
over the machine in a suitable manner. Strip 
f 7 leaves the coil 22 as a flat metal ribbon and 
passes downwardly to the machine, around the 
directional guide rollers 23, 24, and 25, located 
just above the base plate 6 and then feeds up 
Wardly into the bight of a pair of first operation 
forming rollers 26, 27. From the first forming 
rollers the strip feeds horizontally toward the 
arbor between two additional pairs of forming 
rollers 28, 29 and 30, 3, which complete a trans 
formation in the cross section of the strip from 
at flat metal ribbon to a prescribed shape, which 
Will be later described. The formed strip is 
then directed between a pair of guide rollerS 
32, 33 adjacent the arbor 5 and from these 
guide rollers to the arbor. 

In like manner the soft round wire 8 and 
solder thread 9 are fed from suitable supply 
reels, the soft Wire traveling upwardly centrally 
of the machine from its reel, not shown, over 
the guide rollers 38 and 35 after which it moves 
horizontally toward the arbor and becomes asso 
ciated with the strip as it passes between the 
guide rollers 32 and 33. The solder thread 9 
is guided from its reel over rollers 36 and 3, 
and also becomes associated with the strip as it 
paSSeS 
rollers. 
The Cross section of the strip after it has 

between the above-mentioned guide 

passed through the last pair of forming rollers 
and as it approaches the arbor 5 between guide 
rollers 32 and 33 is shown in Figure 10, consist 
ing of a U-shaped portion 40, to the left of which 
extends an angle shaped portion having an up 
standing edge 8, and to the right of which is a 
hook shaped portion 42. It will be noted at this 
point that the soft wire 8 becomes associated 

portion 40 and under the angle portion, also that 
the solder thread 9 is located in the V of the 
hook shaped portion 32 on the right. Figure 9 
shows the cross section of the strip approaching 
and resting on the arbor 5, the dotted lines in 
dicating the overlapping association of the hook 
shaped portion 42 of the incoming strip with the 
upstanding edge 4 of the strip on its previous 

After the upper seaming 
roll 20 has passed over these overlapping edges, 
a locked seam is formed as shown in the full lines 
which is tightly compressed having the solder 
thread interlocked therewith for a subsequent 
Solder fusing operation which securely joins the 
mating edges of strip. Soft wire 8, resting on 
arbor 5, supports this seaming operation and 
tends to regulate the configuration of the metal 
of the Sean, so that convolutions are uniform and 
So that sharp bends and kinks are avoided. 
Suitable clearance is provided on roller 21 so that 
it does not bear against the seam and so that it 
performs thrust stripping only as will be under 
stood as the specification continues. 

50 

with the strip at the left side of the U-shaped 
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4. 
Referring now to Figure 1, 2, and 4, the arbor 

5 may be a rectangularly formed projecting end 
of shaft 45, Figure 2, having rounded corners. 
Shaft 45 is suitably journalled for rotation in 
front and rear bearings 46 and 47 located on the 
front and rear plates 48 and 49 of the casing 50. 
Intermittent drive for the arbor shaft 45 is pro 
vided by the Geneva drive 5, the arrangement of 
parts for this Geneva drive being shown in Figure 
4 wherein a star wheel 52 having radial slots 53, 
53d, 53b, 53c, and cam surfaces 54a 54b, 54c,54d, 
is affixed to the shaft 45. The cam wheel 56 
therebelow is carried on the constant speed drive 
shaft 57 and has two cam pins 58 and 58' which 
are arranged to engage the radial slots 53 on the 
star wheel and to rotate shaft 45 for 90 degrees 
during each pin and slot engagement. Cam sur 
faces on the can wheel are arranged for sliding 
and locking engagement with the cam surfaces on 
the star wheel, two such surfaces being provided 
on the cam wheel, one of these 54' being a long 
Surface for an extended dwell in rotation of shaft 
45 and the other 56' being a short cam surface 
for short dwell. The purpose of this action is 
described later in the specification. 
The drive for the constant speed shaft 57, Fig 

ure 1, originates at the motor 60 mounted under 
the base plate 6, and is transmitted through a 
Suitable motor mounted W pulley 6 and belt 62 to 
a V pulley 63 situated on a speed reducing mech 
anism, which is likewise mounted under the base 
plate. From the speed reducer sprocket 65. trans 
mission is effected to the shaft 57, transmitted by 
a link chain 64 to sprocket 66 on shaft 57. An 
idler sprocket adjustably fixed to the base plate 
6 maintains suitable chain tension. 
Referring now to Figure 2, three closed path 

cams 67,68, and 69, are fixedly mounted on shaft 
5, and timed with the arbor, the first of these 
a form roll cam 6', being employed to impart 
horizontal reciprocation to a support bracket for 
the three pairs of strip forming rollers above 
mentioned. Form roll cam 6 actuates crank arm 
70 fixed to shaft which is journalled in the 
front and rear casing plates 48 and 49. Shaft 
terminates at the rear plate and extends through 
the front plate a sufficient distance for fastening 
thereto a lever 2, Figure 1. Motion of this lever 
which has been derived from cam 67 is oscillatory 
and is transmitted through a universal link 73, 
rod 4, and a second universal link 75, to a bell 
Crank 16 pivoted on bracket 77. Motion from 
the bell crank is transmitted through a pivot link 
78 to a rod 79 slideably guided in bracket 77. As 
rod 79 is reciprocated, motion is imparted to the 
form roll carrier 80 to which is fastened the 
form roll support casting 8d. Carrier 80 is pinned 
to rod 79 and has its lower section 82 guided over 
a machined portion on bracket 77 to maintain 
the form rollers in vertical alignment. 

It will be noted at this point that all three of 
the feeding-in materials which are employed in 
fabricating tubing, namely the strip T, wire 8, 
and solder thread 9, are reciprocated by the 
above-described cam mechanism, the form rolls 
being attached to the carrier 80, the wire guide 
roller 35 being fastened to a bracket 35' Clamped 
to the left end of rod 79, and the solder thread 
guide pulley 37 being mounted on the form roller 
support casting 8. The result of this recipro 
catory motion will be described later. 
The second cam 68 pinned to shaft 57, Figure 

2, is provided for the purpose of imparting hori 
Zontal movement to the rollers 28 and 2 asso 

... is 



5 
ciated with arbor 5. Cam 68 drives a bell crank 
82 which is free to pivot on a bronze bushing 83 
fitted over shaft T f. Bell crank 82, in turn, drives 
an oscillating crank 84 fixed to the stub shaft 85 
which is journalled in bearing 86 mounted on the 
front casing plate. Shaft 85 projects a short dis 
tance on the outside of plate 48 to carry the 
double crank 84', See also Figure 5, which actual 
ates the slides 8 and 88 through pin and slot 
connections. Slides 87, and 88, detail construc 
tion of which will be described later, carry the 
rollers 20 and 2 respectively and are free to move 
horizontally in blocks 89 and 90. 

Referring now to Figure 3, I employ well known 
can and follower construction, and have indi 
cated the paths of superposed cams 67, 68, and 
69, as 67, 68, and 69' respectively. The third 
cam 69, also pinned to shaft 57, Oscillates a bell 
crank 9 which is also free to pivot on a bushing 
83 on shaft T. Motion of the bell crank.9 is 
transmitted through arm 92 on shaft 93 to actu 
ate pinion gear 94, Figures 5 and 8. Oscillation 
of the pinion 94 will alternately raise and lower 
a pair of racks integral with the supports 9 and 
98. Supports 9 and 98 are vertically slideable 
against the front casing plate, keyed for align 
ment therewith and with their angular side faces 
restrained against horizontal movement by the 

0 
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25 

gibs foo and ?o fixed to the casing plate. The 
supports 97 and 98 further carry angle pieces O2 
and 103 to which are attached the blocks 89 and 
90. It may be seen at this point in the description 
that both horizontal motion and vertical motion, 
may be transmitted to the rollers 20 and 2 in 
combination by cams 68 and 69. 

Referring back to Figure 3, the three aligned 
cam paths 67' 68, 69', are shown superposed at 
a chosen reference point in the machine cycle, 
with the follower arms on cranks 70, 82, and 9, 
in alignment. At the same reference point, see 
Figure 4, the roller 58 on the Geneva cam is about 
to enter a radial slot 53 in the star wheel 52 at 
the end of a dwell in rotation of shaft 45. Clock- . 
wise rotation of the Geneva driving cam 56 will 
result in counter-clockwise rotation of arbor shaft 
45, and the roller 58 in moving from point A to 
point B will rotate the arbor shaft 90 degrees, 
The short dwell cam surface 5' on the Geneva, 
cam. 56 will then interlock with the surface 54a, 
on the star wheel and, during this contact the 
arbor shaft 45 Will remain stationary. There 
after the roller 58' will in like manner engage 
slot 5.3a to rotate the arbor shaft another 90 de 
grees followed by a more extensive dwell in the 
rotation of the arbor shaft 85 when the can Sura 
face 54 on cam wheel 56 interlocks with the next 
succeeding surface 54b on star wheel 52. The 
Geneva, intermittent drive will not be further 
elaborated upon inasmuch as it is a well known 
device for imparting intermittent shaft operation, 
however, it will be noted that in this particular 
arrangement, rotation of arbor shaft 45 takes 
place in steps of 90 degrees intermittently and 
that two complete revolutions of the driving shaft 
57 are required for a single revolution of the 
arbor shaft 45. Likewise, it will be noted that the 
dwell between periods of rotation of the arbor 
shaft 45 is alternately short and long, the real 
son for which will become apparent as the speci 
fication continues, 

In Figure the arbor 5 is positioned at the 
reference point in the machine cycle referred 
to in connection with the description of Figures 
3 and 4. As the arbor is rotated counter-clock 
wise from this point, the top seaming roller 2 
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is moved upwardly and to the left by the hori 
2Ontal and vertical cams 68 and 69 until the 90 
degree rotation of arbor S has been completed. . 
During this movement of the arbor the lower 
stripping roller 2 moves downwardly and to the 
right. The extent of movement of these rollers 
with respect to the arbor surface will be the 
traverse of only the radius corner on the upper 
right and lower left corners of the arbor thereby 
interlocking and seaming adjacent strip convolu 
tions at those locations. The arbor then remains 
stationary for a short period of time correspond 
ing to the dwell during contact of surfaces 54'', 
54a Figure 4, during which the upper seaming 
roller 20 will be moved to the right to interlock 
and Seam the short flat side of the tubing being 
formed and the lower stripping roll will be moved 
to the left. The seaming and stripper rollers 
will then again be located at the upper right and 
lower left corners of the arbor as shown in Fig 
ure 12 with the long dimension of the arbor in a 
vertical position. The Geneva drive cam will 
then rotate the arbor through 90 degrees and 
the upper Seaming roller 20 will move down 
wardly and to the left while the lower stripper 
roller will move upwardly and to the right, again 
traversing only radius corners of the tubing being 
formed. A longer dwell follows during which 
rollers 20 and 2 will move to the right and left 
respectively during interlocking and seaming of 
adjacent convolutions of the long flat side of 
tubing or conduit. 
This cycle of operation is repeated, the rollers 

20 and 2 being actuated by cams 68 and 69 to 
perform the locking, seaming, and stripping op 
erations on the corner radii during periods of 
rotation of the arbor and locking and seaming 
on the flat sides of the tube formed during pe 
riods of arbor dwell, always moving clockwise 
only with respect to the tube being formed, and 
at no time traversing any part of the seam more 
than once. Inasmuch as the formation of rec 
tangular tubing during one complete revolution 
of the arbor comprises duplicate operations of 
forming a short and long side with two radius 
corners, the can shaft 5, Figure 4, is turned 
through two revolutions for each single revolu 
tion of the arbor. 

Referring to Figure i, the lineal speed of strip 
7, wire 8, and solder thread 9, feeding to the 

rectangular arbor, 5 varies, and for the purpose 
of having the respective Supply reels for these 
materials rotating at a constant angular velocity 
during machine operation, compensation is pro 
vided by reciprocating the form rollers through 
which the strip passes and also reciprocating the 
guide rollers 35 and 3 Over which the soft Wire 
and solder thread are trained. With such come 
pensation, Overrunning and deleterious strains 
on the materials are avoided and a constant ten 
sion is effected in the wrapping of the materials 
about the arbor. 

For an understanding of the above noted com 
pensating arrangements and, considering the op 
erating of the machine from the Zero reference of 
Figures 3 and 11; during the first 90 degrees of 
arbor rotation the strip feed at the arbor will be 
substantially harmonic and will correspond to 
the motion imparted to the arbor by the Geneva, 
cam. Rotation will start slowly then increase to 
a maximum, followed by a decrease to Zero, af 
fected by such variables as the effective raidus 
of the rectangular arbor 5 and the relative po 
sition of the strip guide elements, after which 
the strip feed will remain at Zero for a short . 



7 
dwell period. The strip will then again move at 
increasing and decreasing speed during the next 
90 degrees of rotation of the arbor shaft, foll 
lowed again by a longer dwell. This irregular 
feed will be repeated continuously as tubing O 
is formed. 
The irregular feed of strip f will extend from 

the arbor 5 to the nearest set of form rollers 30, 
3A, Figure 1. Horizontal reciprocation of the 
form roller support 8, which is derived from can 
67, compensates for this irregular strip feed so 
that the strip passing between the form roller 
sets travels at a constant speed with respect to 
the rollers; also so that the ribbon strip drawn 
from the supply reel 22 is moving at constant 
lineal speed during the operation of the machine. 
When the speed of strip feed at the arbor is 2ero 
during a dwell in arbor rotation, the form roller 
support 8 is moved to the right, so that strip is 
drawn between the form rollers and formed at 
the average strip speed for the machine cycle. 
As the arbor rotates and draws strip therewith, 
the form roller support 8 will be moved either 
to the left or to the right at a speed which will 
add in the positive or negative difference between 
the rate at which the arbor is drawing strip and 
the average strip feed. Inasmuch as the guide 
roller 35 for soft wire is fastened to the Support 
35' on shaft 9 it will also reciprocate with the 
form rollers, and the same situation of constant 
withdrawal speed from its supply reels is effected. 
Likewise, the guide roller 3 fastened to support 
8 will reciprocate resulting in constant with 
drawal of Solder thread. 

Referring now to Figure 5, 6,7, and 8, and par 
ticularly to Figures 6 and 7, the blocks 04 and 
A 5 carrying the freely rotating guide rollers 32 
and 33, by which the formed strip is guided to 
the rectangular arbor 5; also the slides 8 and 88 
carrying seaming roller 20 and stripping roller 2 
and their corresponding guide blocks 89 and 90, 
are disposed angularly with respect to the man 
chine at an angle which is identical With the 
helix angle of the convolutions of strip wrapped 
about arbor 5 to form the tube O. It will be 
noted here that the upper slide 8 and block 89 
are at a reverse angle With the lower slide 88 and 
block 9 since this same condition is the case with 
the convolutions of tubing. 
The upper strip guide roll 32, Figure 5, is freely 

rotatable on pin 06 fixed to block & mounted 
on guide block 89. The lower strip guide roller 
33 is free to rotate on pin 07 fixed to block 05 
which is pivoted on a depending end iO3 of block 
04. Coil tension spring 09 is interposed be-, 

tween an inwardly projecting end of pin 9 and 
a spring pin ?o fastened to guide block 89, the 
purpose of the spring being to hold the guide roll 
ers together yet permitting strip 7 to pass there 
between. The hub extension on roller 33, 
Figure 6, permits a machine operator to pivot 
block fo5 downwardly and separate the guide 
rollers when inserting a strip. This entire guide 
roller mechanism, being mounted on the guide 
block 89 moves up and down therewith and keeps 
the strip feeding horizontally at the level of the 
top surface of the arbor irrespective of its posi 
tion during rotation. 
Upper and lower slides 8 and 88 Figure 5 are 

each of two-piece construction assembled with 
the pins ff2 and 3 which permit pivoting of 
the front piece with respect to the rear section, 
the rear sections being restrained in and guided 
between the surfaces 4 and 5 on blocks 89 

2,440,792 
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20 

25 

30 

8 
and 90, Figure 8, and the closure plates ff.6 and 
f7, respectively. Compression springs 20 are 
fitted between the extending legs 2, 22, Figure 
5, on the front slide sections and the legs 23, 
24 on the rear sections restraining the rollers 

20 and 2 against the arbor surface. Extension 
handles 25 on the upper slide and 26 on the 
lower slide provide for manual release of the 
Spring pressure SO that an operator may provide 
the initial wrap of the strip 7 about the arbor 
5 before proceeding to operate the machine with 

motor drive. Furthermore in the event of a 
"jam' of tubing on the arbor piling-up an abnor 
mal thickness of strip metal thereon, the lower 
extension handle 26 on the lower slide 88 will 
be moved to the right, Figure 1, to press against 
the lever 2 pivoted at 28 to actuate a motor 
trip switch 29 and stop the motor drive. 
A gas burner 30 is attached below arbor f 5, 

located a sufficient distance away from tube form 
ing devices so that no harmful effects will result 
when heating the formed tube on the arbor 5 
to fuse the solder thread 9 and so seal the inter 
locked joint of adjacent convolutions of tube. 
In the present embodiment this accessory is 
shown attached by bracket 3 to the sliding piece 
98 to move to and away from the formed tube as 
the arbor turns thus maintaining a constant 
Separation. 
When setting up the machine for operation, the 

operator threads the ribbon strip from the reel 
22 over the pulleys 23, 2, and 25, and inserts it 

35 
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between the three pairs of form rolls 26, 27; 
28, 29; 30, 3. Knurled spring release nuts 32 
are provided above the form roll support 8 to 
release compression springs f33 so that the rollers 
may be moved away from one another and so that 
the strip may be inserted therebetween. The 
nuts 32 are then brought down against the 
Springs 33 to exert the necessary pressure be 
tween the form rolls to bend the strip so that it 
Will conform to their shape as it passes between 
them. The operator then grasps the strip with a 
pair of pliers and draws a sufficient length 
through the forming rollers to extend to and be 
Wrapped several turns about the arbor f S. The 
strip, soft Wire, and solder thread are subse 
quently inserted between the guide rollers 32, 33 
and given several turns about the arbor with the 
edges of adjacent convolutions of strip interlock 
ing, during which time the engagement of the 
rollers 20 and 2 has been released by manipula 
tion of handles 25 and 26. The rollers are then 
permitted to bear against the tube forming con 
volutions and the motor for the machine is 
started whereafter a sufficient amount of tubing 
is formed to insure that the machine is operating 
properly and the machine is stopped so that the 
gas burner may be lighted. The machine is then 
again started to form the tubing with a soldered 
Seal. 

During operation when the arbor 5 is station 
ary and the Seaming roller 20 and stripping roller 
2 move horizontally to interlock and seam a 

flat side of a convolution of tubing, there is no 
axial thrust of either roller against the tube con 
volutions tending to discharge the tubing along 
the arbor. As the arbor rotates, interference is 
progressively effected between the shoulders on 
the formed surfaces of rollers 20, 2 and the tube 
convolutions, tending to move the formed tube 
along the arbor for discharge in a similar manner 
to the axial movement of a screw when turned 
in a fixed nut, 
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The soft wire 18 may be permitted to remain in 

the tube after formation or may be removed, de 
pending upon the nature of the rectangular tub 
ing application. If it is left within the tube, it is . . 
useful as a reinforcement and if removed, the tube 
will be improved from a standpoint of weight and 
flexibility. 

It Will be understood that changes may be ef 
fected in the physical embodiment of my inven 
tion to adapt the machine to various other shapes 
of tubing such as triangular, octagonal, or any 
commercially desirable shape having fiat sides 
and radius corners by altering the stop motion 
drive and the cam arrangements; furthermore, 
that changes may be made in the size, shape, and 
arrangement of the parts of the machine without 
departing from the spirit of my invention. 
Having thus described my invention, what I 

claim as new and desire to Secure by Letters Fat 
ent is: 

1. In a machine for producing non-circular 
flexible metallic tubing, in combination, a rotat 
able arbor shaped to conform with the desired 
shape of the tubing and over which a metal strip 
may be helically wound into successive engaging 
convolutions, driving means to rotate the ar 
bor intermittently and to provide a period of 
arbor dwell between successive periods of arbor 
rotation, and means to interlock the seam of 
adjacent convolutions of metal strip, said inter 
locking means being in position to operate on cor 
ners of the tube during arbor rotation, and mech 
anism for causing relative movement of the in- . 
terlocking means across other surfaces of the 
tube during periods of arbor dwell. 

2. In a machine for producing non-circular 
flexible metallic tubing, in combination, a rotat 
able arbor shaped to conform to the desired shape 
of the tubing and over which a metal strip may be 
helically wound into Successive engaging convo 
lutions, driving means to rotate the arbor inter 
mittently and to provide a period of arbor dwell 
between Successive periods of arbor rotation, and 
means also to interlock the seam of adjacent con 
volutions of strip while progressively discharg 
ing tubing along the arbor, said interlocking 
means being located in position to Operate on 
corners of the tube and to progressively discharge 
the tube along the arbor during periods of arbor 
rotation, and mechanism for causing relative 
movement of the interlocking means across other 
Surfaces of the tube during periods of arbor dwell. 

3. In a machine for fabricating flexible corru 
gated flat sided metal tubing, in combination, a 
flat sided arbor about which a formed strip may 
be helically wound to form a tube, driving means 
to rotate the arbor intermittently, roiler means 
to interlock adjacent edges of strip used for form 
ing the tube during rotation of the arbor, and 
mechanism for intermittently reciprocating the 
roller means for limited distances lengthwise of 
the Sean, 

4. In a machine for fabricating flexible corru 
gated flat sided metal tubing, in combination, a 
fiat sided arbor about which a formed strip may 
be helically Wound to form a tube, driving means 
to rotate the arbor intermittently, roller means to 
interlock adjacent edges of strip used for forming 
the tube during periods of rotation of the arbor 
and during periods when the arbor is stationary, 
and mechanism for intermittently reciprocating 
the roller means for limited distances lengthwise 
Of the Sean when the arbor is stationary. 

5. In a machine for fabricating flexible corru 
gated metal tubing having flat sides and radius 

0 . . 8 
: Corners, in combination, a flat sided arbor having 
radius corners about which a formed strip may be 
helically wound to form a tube, driving means to 
rotate the arbor intermittently, roller means to 

5 interlock adjacent edges of strip used for forming 
the tube on the radius corners during arbor ro 
tation and on the flat sides during periods when 
the arbor is stationary, and mechanism for mov 
ing the roller means along the seam when the 

10 arbor is stationary. 
6. In a machine for fabricating flexible corru 

gated metal tubing having flat sides and radius 
corners, in combination, a flat sided arbor haw. 
ing radius corners about which a formed strip 

15 may be helically wound to form a tube, driving 
means to rotate the arbor intermittently, roller 
means to interlock adjacent edges of strip used 
for forming the tube on the radius corners during 
arbor rotation and on the flat sides during periods 

20 when the arbor is stationary, and means to move 
said roller means with respect to the arbor and 
lengthwise of the strip during periods of rotation 
of the ario. 

. . In a machine for fabricating flexible corru 
25 gated flat sided metal tubing, in combination, a 

flat sided arbor about which a formed strip may 
be helically Wound to form a tube, driving means 
to rotate the arbor intermittently, roller means 
for interlocking the seams of the tube and for dis 

30 charging the tube from the arbor during arbor 
rotation, and mechanism for causing the roller 
means to interlock the seams without discharging 
the tube dying periods between the intermittent 
movements of the arbor. 

8. A nachine for fabricating flexible, corru 
gated, flat sided metal tubing including in com 
bination a flat sided arbor, mechanism for ro 
tating the arbor about its axis, means from which 
a formed strip is supplied to the airbor in a direc 

40 tion to cause the strip to wind in a helix about the 
arbor, means in position to interlock the edges 
of the helical Sean of the tube as the tube is 
formed on the airbor, guides aiong which the in 
terlocking Eneans reciprocate in the direction of 
the portion of the seam on which the interlock 
ing means Operate, and mechanism for moving 
the interlocking means on the guides. 

9. In a reachine for fabricating flexible cor 
rugated flat sided metal tubing, in combination, 
a flat sided arbor about which a formed strip may 
be helicaliy Yound to form a tube, driving means 
to rotate the arbor intermittently, roller means 
having ridges and grooves cooperating with the 
corrugations of the tube for interlocking the 

55 seams of the tube during periods when the arbor 
is rotating and when the airbor is at rest, said 
interlocking means being also arranged to dis 
charge the tube from the arbor during periods 
of rotation thereof, and mechanism for causing 

60 relative movement of the role means along the 
seams when the arbor is a rest. - 
i. in a machine for fabricating flexible cor 

rugated polygonal cross section metal tubing, in 
combination, a polygonal section arbor about 

65 which a formed strip may be helically wound to 
form a tube, driving means to rotate the airbor 
intermittently, means to interlock adjacent edges 
of strip used in forming the tube, and means to 
move the strip edge interlocking means vertically 

70 and horizontally with respect to the arbor axis in 
time relationship with the arbor driving means. 

| ii. In a machine for fabricating flexible, cor 
rugated, polygonal cross Section metal tubing, 
in combination, a polygonal section arbor about 

5 which a formed strip may be helically wound to 

35 
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form a tube, driving means to rotate the arbor 
intermittently, means to interlock adjacent edges 
of strip used in forming the tube, supporting 
structure for the interlocking means, guides on . 
which the supporting structure is movable trans 
versely with respect to the arbor axis, and mecha 
nism for causing movement of the supporting 
means in the direction in which the strip moves 
as the strip approaches the arbor. 

12. A machine for fabricating flexible, corrus 
gated, metal tubing including in combination an 
arbor of polygonal cross section, mechanism for 
rotating the arbor intermittently, rollers fron 
which formed strip is supplied to the arbor, a 
carriage for holding a supply of strip material, 
mechanism for moving the carriage toward and 
from the arbor in such timed relation with the 
movement of the arbor that the rate of feed of 
strip material from the carriage is uniform in 
spite of variations in the rate at which the strip 
material is required at the arbor, roller means in 
contact with the arbor and having portions overe 
lapping the strip on the arbor and shaped to in 
terlock the edges of the helical seam of the tube 
as it forms upon the arbor, guides on which the 
roller means are movable in the direction of the 
portion of the seam with which they co-operate, 
mechanism for moving the roller means along the 

5 

20 

seam during periods when the arbor is stationary 
and for causing the roller means to feed the 
formed tube axially on the arbor during periods 
of arbor rotation. 

30 

13. In a machine for fabricating flexible cor 
rugated polygonal cross section metal tubing, in 
combination, a polygonal section arbor about 
which a formed strip may be helically wound to 
form a tube, driving means to rotate the arbor 
intermittently, means to interlock adjacent edges 
of strip used in forming the tube, can means to 
move the strip edge interlocking means vertically 
with respect to the transverse arbor axis, and 
cam means to move the strip edge interlocking 
means horizontally with respect to the arbor axis, 
the vertical movement and horizontal movement 
cam means being operative in timed relationship 
with the intermittent rotation of said arbor. 

14. In a machine for fabricating flexible cor 
rugated metal tubing, having rectangular CrOSS 
Section, in combination, a rectangular section 
arbor about which a formed strip may be helically 
wound to form a tube, driving means to rotate 
the arbor intermittently, and roller means to in 
terlock adjacent edges of strip used in forming 
the tube, said roller means being located in posi 
tion to interlock adjacent edges of strip on ra 
dius Corners of the tube during periods when 
the arbor is rotating, and mechanism for causing 
said roller means to move across and interlock 
adjacent edges of strip on flat sides of the tube 
When the arbor is not rotating. 

15. The improvement in the art of fabricating 
flexible polygonal corrugated metal tubing which 
consists in forming a strip of metal with ridges 
and grooves formed by a longitudinally extending 
corrugation between up-turned edges one of 
Which is flanged and the other folded over to en 
gage the flange of the other edge when the strip 
is Wrapped around an arbor in successive con 
volutions, helically winding a formed strip of 
Said metal having the ridges and grooves over 
a rotatable arbor having a smooth surface with 
a plurality of flat sides of different widths joined . 
by rounded corners, guiding the strip to bring 
the folded over edge into engagement with the 
flanged edge of the next preceding convolution by 
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applying restraining force to the strip at the re 
gion where the run of the approaching strip is 
tangent to the rounded corners during the time 
that the strip is winding on the rounded corners 
and shifting the region of application of Said re 
straining force as the point of tangency moves 
angularly about the axis of the arbor, and guid 
ing the strip also by applying restraining force 
to a run of the strip that is substantially straight 
and at various points along the length of said run 
across the width of each flat side of the arbor 
during the time that each flat side is substantially 
in alignment With the run of the Strip ap 
proaching the arbor, feeding a solder wire into. 
the folded edge of the strip prior to the engaging 
of the folded over edge with the flange of the 
next preceding convolution, feeding a soft metal 
wire under the strip into position to come within 
a convolution thereof as the strip is wound about 
the arbor, seaming inter-engaging edges of the 
formed strip against the soft metal wire resting 
on the arbor, and discharging the tube formed 
along the arbor progressively as it is formed and 
by means of a flange that extends into an outside 
corrugation of the tube and that transmits lon 
gitudinal thrust against and through a side Wall 
of said outside corrugation to and through the 
soft metal wire to a side wall of the next Corru 
gation of the tube. 

16, The improvement in the art of fabricating 
flexible polygonal corrugated metal tubing which 
comprises rotating an arbor having flat sides 
joined by rounded corners, forming a strip with a 
longitudinally extending corrugation between 
up-turned edges one of which is flanged and the 
other folded to engage the flange of the other 
edge when the strip is wrapped around the arbor 
in successive convolutions, feeding the strip to 
the arbor in a direction that causes the strip to 
wind on the arbor with a predetermined pitch 
that brings the folded edge into engagement with 
the flanged edge of the next preceding convolu 
tion, guiding the strip to bring the folded Over 
edge into engagement with the flanged edge of the 
next preceding convolution by applying restrain 
ing force to the strip at the region where the run 
of the approaching strip is tangent to the rounded 
corners during the time that the strip is Winding 
on the rounded corners and shifting the region 
of application of said restraining force as the 
point of tangency moves angularly about the axis 
of the arbor, and guiding the strip also by apply 
ing restraining force to a run of the strip that is 
substantially straight and at various points along 
the ength of said run across the width of each 
flat side of the arbor during the time that each 
flat side is substantially in alignment with the 
run of the strip approaching the arbor, Wrapping 
a metal wire around the arbor with a pitch equal 
to the pitch of the strip and with the convolu 
tions of the wire in position to come within in 
side convolutions of the tubing under the seam 
formedy the engaging edges of the strip, lock 
ing the seam edges together by pressing the en 
gaging edges down against the metal Wire within 
the tubing, and stripping the tubing from the 
arbor by pressure applied against a side Wall of 
an outside corrugation of the tubing. 

17. A machine for fabricating flexible, corru 
gated, flat-sided metal tubing including, in Com 
bination, a flat-sided arbor with rounded corners, 
mechanism for rotating the arbor about its axis, 
feed means that Supply a formed strip to the 
arbor in a direction to cause the strip to wind in 
a helix about the arbor, apparatus for guiding 
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the strip edges of successive convolutions into 
engagement, for seaming the engaged edges, and 
for stripping the tube from the arbor, said ap 
paratus comprising a device on One side of the 
arbor that interlocks the engaged edges of the 
helical seam of the tube, a device on another side 
of the arbor that extends into a corrugation of 
the tube and exerts a pressure against the side 
of the corrugation to strip the tube from the 
arbor, one of the devices being located at the 
region. Where the strip first comes into contact 
with the arbor, and having guide surfaces there 
on for guiding an edge of the strip into engag 
ing relation with the next preceding convolution 
on the arbor, movable supports for said interlock 
ing and stripping devices, said movable supports 
including one on which the device with the guide 
Surfaces is movable to maintain the guide sur 
faces in contact with the strip at the region where 
the approaching strip is tangent to the rounded 
corners during the time that the strip is winding 
on the rounded corners and while the point of 
tangency moves angularly about the axis of the 
arbor, and means for moving the device with the 
guide surfaces to bring said surfaces into con 
tact with the strip at various points along the 
length of the seam across substantially the ful 
width of each flat side of the arbor during the 
time that each flat side is substantially in align 
ment with the run of the strip approaching the 
abor. 

18. A machine for fabricating flexible, cor 
rugated, flat-sided metal tubing including, in 
combination, a flat-sided arbor with rounded 
corners, rechanism for rotating the arbor about 
its axis, means from which a formed strip is sup 
plied to the arbor in a direction to cause the 
strip to Wind in a helix about the arbor, means 
from which a netal wire is supplied to the arbor 
in position to wind about the arbor and to serve 
as a filler for an inside corrugation of the tube 
beneath interengaging edges of the helical seam 
of the tube, an element on one side of the arbor 
in position to interlock the interengaging edges 
of the Sean, an element on another side of the 
arbor extending into an outside corrugation of 
the tube in position to exert a pressure axially 
of the tube against a side wall of the corrugation 
and through said side wall to the wire filler that 
in turn transmits the axial pressure to the side 
wail of the next convolution for stripping the 
tube from the arbor, one of the elements being 
located at the region where the strip first comes 
into contact with the arbor and having guide 
surfaces thereon for guiding an edge of the strip 
into engaging relation with the next proceding 
convolution on the arbor, movable supports for 
said interlocking and stripping elements, said 
movable supports including one on which the ele 
ment With the guide surfaces is movable to 
maintain the guide Surfaces in contact with the 
Strip at the region. Where the approaching Strip 
is tangent to the rounded corners during the 
time that the strip is winding On the rounded 
corners and while the point of tangency moves 
angularly about the axis of the arbor, and means 
for moving the device with the guide surfaces 
into contact with the strip at various points 
along the length of the Sean across Substantially 
the full width of each fiat side of the arbor dur 
ing the time that each flat side is substantially 
in alignment with the run of the strip approach 
ing the arbor. r 

19. A machine for fabricating flexible, corru 
gated, flat-sided metal tubing including, in Com 
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bination, a flat-sided arbor with rounded 
corners, mechanism for rotating the arbor about 
its axis, means from which a formed strip is 
supplied to the arbor in a direction to cause the 
strip to wind in a helix about the arbor, two 
devices located at different angular positions 
about the arbor, one of said devices being lo 
cated at the region at which the strip first 
comes into contact with the arbor and having 

10 guide surfaces thereon for guiding an edge of 
the strip into engagement with an edge of the 
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next preceding convolution on the arbor, the 
other of said devices being located beyond the 
first device and at an angular distance around 
the arbor in the direction of rotation of the 
arbor, movable Supports for said devices including 
one on which the element with the guide surfaces 
is movable to maintain the guide surfaces in 
contact with the strip at the region where the 
approaching strip is tangent to the rounded 
corners during the time that the strip is winding 
on the rounded corners and while the point of 
tangency moves angularly about the axis of the 
arbor, and means for moving the device with 
the guide surfaces into contact with the strip 
at various points along the length of the Seam 
across substantially the full width of each flat 
side of the arbor during the time that each fiat 
side is substantially in alignment with the run 
of the strip approaching the arbor, and resilient 
means urging each of said devices toward the 
tube, at least one of said devices comprising 
interlocking means for seaming adjacent con 
volutions of the strip, and at least one of said 
devices comprising a stripper for advancing the 
tube longitudinally on the arbor during relative 
movement of the arbor and said stripper. 
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- 20. A machine for fabricating flexible, corru 
gated, flat-sided metal tubing including, in com 
bination, a flat-sided arbor with rounded corners, 
mechanism for rotating the arbor about its axis, 
means from which a formed strip is supplied to 
the arbor in a direction to cause the strip to 
Wind in a helix about the arbor, means from 
which a metal wire is supplied to the arbor in 
position to wind about the arbor and to serve 
as a filler in an inside corrugation of the tube 
beneath interengaging edges of the helical seam. 
of the tube, two devices located at different 
angular positions about the arbor, one of said 
devices being located in position to guide the 
strip as it bends around the corners of the arbor 
and at the region where the approaching run 
of the strip is tangent to the rounded corner, to 
guide the strip as straight runs of the strip first 
come into contact with the flat sides of the arbor, 
the other of said devices being located beyond 
the first device and at an angular distance around 
the arbor in the direction of rotation of the arbor, 
a separate Support for each of said devices, one 
of said supports being movable to cause the 
guiding device to move and maintain its guidance 
in the region of tangency while the point of 
tangency moves angularly about the axis of the 
arbor, resilient means urging each of Said devices 
in a direction toward the arbor and with a pre 
determined pressure, at least one of said devices 
comprising interlocking means for Seaning adja 
cent convolutions of the strip, and at least one 
of said devices comprising a stripper extending 
into an outside corrugation of the tube in position 
to exert a pressure axially of the tube against 
a side Wall of the corrugation and through said 
side wall to the wire filler that in turn transmits 
the axial pressure to the side Wall of the next 
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- convolution for advancing the tube axially on Number Name Date 
the arbor during relative movement of the arbor 871,241 Scognanillo -------- Nov. 19, 1907 
and said stripper. 1,005,915 Wouters.------------ Oct. 17, 1911 
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