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3,538,728 
METHOD AND APPARATUS FOR PRODUCING 

FLEXIBLE METAL DUCTS 
John Massey Trihey, Harkaway, Victoria, Australia, as 

signor, by mesne assignments, to Johns-Manville Cor 
poration, New York, N.Y., a corporation of New York 

Filed May 15, 1967, Ser. No. 638,393 
Claims priority, application Australia, May 16, 1966, 

5,601/ 66 
Int. Cl. B21j 7/26 

U.S. C]. 72—23 5 Claims 

ABSTRACT OF THE DISCLOSURE 
A method of forming ?exible corrugated tubing from 

strip material in which the strip is corrugated, convoluted 
about a mandrel and seam locking adjacent edges by 
means of a seam which is doubled over to form a double 
locked seam. 

Apparatus for forming ?exible corrugated tubing from 
strip material, having corrugated rollers to corrugate the 
strip, a mandrel about which the strip is convoluted by 
forming rollers, seaming rollers to form a locked seam 
between the edges of adjacent convolutions of the strip 
to form the tube and a spiked roller to perforate the tube 
as it leaves the mandrel. 

CROSS REFERENCE TO RELATED APPLICATIONS 

The invention is useful in the manufacture of ?exible 
ducting according to our co-pending application Ser. No. 
638,392, ?led May 15, 1967, entitled “Flexible Ducting,” 
now Pat. No. 3,435,852. 

BACKGROUND OF THE INVENTION 

Field of the invention 

This application relates to a method for producing 
seam locked ?exible tubing from ductile strip material 
such as sheet metal and provides a method of forming a 
strong and stable seam. It also provides apparatus for 
corrugating the strip, for forming it into tube, for perfo 
rating the tube and for cutting the tube into lengths. 

Prior art 

Prior methods and apparatus for producing corrugated 
tubing from strip material suffer from the principal dis~ 
advantage that the strip is not strongly and permanently 
secured at the seams particularly where thin strip is used. 
The prior processes are also dif?cult to control due partly, 
I believe, to the practice of forming the corrugations in 
stages of progressively deepening them as- they progress 
through the apparatus and also to the practice of forming 
the tube on a power driven mandrel with freely rotating 
forming rollers. Furthermore I am unaware of any prior 
apparatus which will satisfactorily perforate corrugated 
tubing as it is formed. 

SUMMARY 

The object of this invention is to provide a method and 
apparatus for the manufacture of ?exible ducting accord 
ing to our said copending application. A particular but 
not exclusive object is to provide an improved method 
and means for producing seam locked perforated tubing. 
A further object is to provide a method and apparatus 
for producing perforated tubing. 

This invention provides a process for the manufacture 
of ?exible tubing comprising forming in a strip of ductile 
material a series of corrugations, feeding the strip to a 
mandrel and causing it to convolute about the mandrel 
with adjacent edges of the convolutions of the strip over 
lapping one another and seam locking together the ad— 
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jacent edges, characterised in that the adjacent edges are 
seam locked together by forming in one edge a deep 
channel and in the other edge a complementary ?ange, 
engaging the ?ange within the channel to form an up 
standing seam, bending the seam over about its mid-point 
through an angle of 180° to form a double seam and 
bending the double seam ?at about its base. Preferably 
the corrugation of the strip is carried out in a plurality 
of stages with the number of corrugations formed in the 
strip increasing from stage to stage. The invention also 
preferably includes the further step of perforating the 
tube after it has been formed on the mandrel. 
The invention further provides apparatus for forming 

corrugated tubes from ductile strip material comprising 
a rotatable mandrel, means to feed strip material to the 
mandrel, forming means located around the periphery of 
the mandrel to form the strip into convolutions about the 
mandrel with the edges of successive convolutions over 
lapping and seaming means also located about the periph 
ery of the mandrel to scam lock the overlapping edges 
of the convolutions to form a tube. 

Preferably the forming rollers are driven and serve to 
feed the strip around the mandrel. Preferably also the 
mandrel is freely rotatable. 
The apparatus preferably further comprises a plurality 

of pairs of ?uted rollers arranged to corrugate the strip 
as it is fed to the mandrel, said rollers being arranged to 
successively increase the number of corrugations formed 
in the strip. 
The apparatus preferably further includes means to 

perforate the strip, said means preferably comprising a 
spiked roller adapted to perforate the tube as it comes 
off the mandrel. 

Preferably there is also provided means to cut the tube 
into lengths, comprising a saw adapted during operation 
to be moved axially at the same speed as the tube. 

In order that the invention will be more readily under 
stood, a preferred embodiment of it will now be described 
with reference to the accompanying drawings which illus 
trate the method and apparatus for the construction of a 
light-weight ?exible ducting for use in central-heating 
installations. In the particular construction now to be 
described, the tubing was produced from relatively soft 
aluminium strip of thickness approximately .006". 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIGS. 1 and 1a constitute a plan view of apparatus 

for forming tubing according to the invention, but with 
the coiling head removed, 

FIG. 2 is a side elevation of the apparatus, 
FIG. ‘3' is a plan view of the coiling head, 
FIG. 4 is a side elevation of the coiling head, 
FIG. 5 is a front elevation of the coiling head, 
FIG. 6 is a sectional view on the line 6—6 in FIG. 2, 
FIG. 7 is a sectional view on the line 7—7 in FIG. 2, 
FIGS. 8 to 13 are enlarged diagrammatic views showing 

the stages of the deformation of the strip as it passes 
through successive pairs of rollers, 

FIGS. 14 to 20 show successive stages in the formation 
of the lock seamed joint, 

FIG. 14 is a sectional view on the line A in FIG. 5, 
FIG. 15 is a sectional view on the line B in FIG. 5, 
FIG. 16 is a sectional view on the line C in FIG. 5, 
FIG. 17 is a sectional view on the line D in FIG. 5, 
FIG. 18 is a sectional view on the line E in FIG. 5, 
FIG. 19 is a sectional view on the line F in FIG. 5, 
FIG. 20 is a sectional view on the line G in FIG. 5, 
FIG. 21 is an enlarged plan view of part of the coiling 

apparatus showing the perforating means. (In this ?gure, 
for convenience and clarity of illustration, the spiking 
roller and the forming rollers are shown with their axes 
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parallel to the axis of the mandrel but they are in fact 
disposed at an angle shown in FIGS. 3, 4 and 5.) 

FIG. 22 is a sectional view showing the mounting of the 
perforating means, 

FIG. 23 is a sectional view on the line 23—23 in FIG. 
22, 
FIG. 24 is a plan view of the coiling head portion of the 

apparatus showing a pneumatic cylinder mechanism for 
moving the perforating means and a timing mechanism for 
timing the movement of the perforating means and the 
pipe cut-off means, 

FIGS. 25 to 27 are views on the line 25-25 in FIG. 24 
showing three positions of the cylinder mechanism cor 
responding to three positions of the perforating means; 
and ’ 

FIG. 28 is a cross-sectional view on the line 28—28 in 
FIG. 24. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

As shown in FIGS. 1 and 2 of the drawings, the ap 
paratus comprises essentially a machine frame 31 having 
a strip feeding portion 32, a coiling head portion 33 and 
a tube delivery or feeding portion 34; the tube feeding 
portion making an angle slightly greater than a right 
angle with the strip feeding portion 32. If this angle is 
90° plus a, then u is the helix angle of the helical tube 
formed by the apparatus. 
The strip feeding frame 32 carries a series of corru 

gating rollers 35, 35a, 36, 36a, 37, 37a, 38, 38a, 39, 
39a, 41, 41a, 42, 4211. These rollers are driven by means 
of a suitable drive 43 from a gear box 44 and a motor 
45. A coiling head portion indicated generally by the 
numeral 46 and shown in dotted lines in FIGS. 1 and 2 
is mounted on the coiling head portion of the frame 33. 
This coiling head will be more fully described herein 
after. The pipe delivery portion of the frame 34 car 
ries a driven supporting roller 47 and a number of idler 
rollers 48. It also carries a cutting mechanism indicated 
generally by the reference numeral 49. 

In the construction of the tube, aluminium strip 51 
of suitable width is fed through guide means 52 to the 
?rst pair of corrugating rollers 35, 35a. The roller 35 
has a rib 53 which mates with a trough 54 formed be 
tween two ribs 55, 55' on the roller 35a, so that as 
the strip passes between the rollers, it is deformed to 
provide a corrugation, the dimensions of the rib and 
trough being such that the corrugation is curved about 
an inside radius of approximately .070". The strip then 
passes to the next pair of rollers 36, 36a. The roller 36 
is provided with three ribs and the roller 36a with two 
mating ribs, the distance between the ribs being .300". 
The next pair of rollers 37, 37a is provided with two 
additional ribs on the roller 37a so that after leaving 
this pair of rollers, the strip has three corrugations. It 
then passes through further roller pairs (not shown) 
Where the number of corrugations is sequentially in 
creased, to the rollers 38, 38a and then to rollers 39, 
39a where the ?nal number of corrugations is formed. 
The next set of rollers 41, 41a forms a plain edge ?ange 
56 on one side of the strip and partly forms a deep 
edge corrugation 57 on the other side, the formation of 
this edge corrugation being completed in the ?nal set 
of corrugating rollers 42, 42a. After it leaves the roll 
ers 42, 42a, the strip passes via a coiling head guide 60 
to the coiling head 46. 
The coiling head 46 comprises a head frame 61 mounted 

on the coiling head portion 33 of the frame and car 
ries a freely rotatable mandrel 62 around which is mounted 
a series of driven forming rollers 64, 65, 66 and 69 and 
a series of freely rotatable seaming rollers 63, 6'7 and 68. 
The corrugated strip is guided into the ?rst pair of roll 
ers 63, 64 by means of a corrugated guiding roller 71 
and a guide plate 72. 
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In the coiling operation, the strip is fed by the guide 

roller 71 and the guide plate 72 to the mandrel 62 and 
is lapped around the mandrel by the driven rollers 64, 
65, 66, 69. Due to the angular disposition of the man 
drel relative to the strip, the strip is formed on the man 
drel in convoluted form and the helix angle at is ar 
ranged relative to the width of the strip such that when 
the strip has completed one revolution of the mandrel, 
the plain edge ?ange 56 of the first convolution nests in 
the deep open corrugation 57 of the second convolution. 
With the ?ange and corrugation so nesting, it is passed 
between the forming roller 63 and the complementary 
anvil face 73 on the roller 64 so that the corrugation 57 
is ?attened to form a seam with the ?ange 56 and the 
outer half of the seam is pushed over at an angle of 
approximately 45°. The strip proceeds about the man 
drel and is guided via guide plate 74 to the next forming 
roller 65 whereby the bent-over portion 75 engages in a 
forming groove 76 to bend the portion ‘75 through a 
further angle of about 90°. With the seam thus formed, 
it is passed to the next roller pair 66, 67 where the 
roller 67 completes the bending over of the portion 75 
of the seam to form a locked seam 77. This locked 
seam is then pushed over at an angle of about 45° by 
the next roller 68 and is ?nally ?attened by the groove 
70 in the succeeding roller 69 to form a double locked 
seam. 

Rotation of the tube causes the formed and seamed 
tube to be fed off the end of the mandrel and as it is fed 
off, it is guided by the rollers 47, 48. Immediately after 
leaving the mandrel, the tube moves past a backing roller 
89 (mounted on the same shaft as the roller 65) and a 
spiking roller 81 located inside the tube and mounted on 
a cranked extension 82 of the mandrel shaft 83. The ro 
tation of the tube as it comes off the mandrel causes ro 
tation of the spiking roller ‘81 and the spikes 87 project 
through the troughs in the corrugations of the tube into 
spaces between ridges 84 on the backing roller 80 thereby 
perforating the tube. 
The rollers 64, 65, 66 and 69‘ are driven by means of 

universally coupled shafts 85 and drive 86 from the motor 
45 and as more fully shown in FIGS. 4 and 22, the man 
drel 62 is freely rotatable on the shaft 83. This shaft 83 
is axially movable by means of a rack 120 mounted in a 
block 121 and attached to the shaft by collar 122 (see 
‘FIG. 28). The rack is adjusted by means of a pinion 123 
which is rotated by a hand Wheel 124 whereby the man 
drel may be withdrawn rearwardly from its position be 
tween the rollers 64, 65 etc. in the event of any mal-func 
tioning of the coiling head. Each of the driving rollers is 
corrugated and has a pro?le to match that of the strip so 
that the roller ?rmly engages the strip. It will be observed 
also that the axis of rotation of each roller makes an angle 
on with the axis of rotation of the mandrel i.e. is angled 
to the mandrel at an angle equal to the helix angle of the 
tube. Thus the strip is at all times ?rmly gripped by the 
driving rollers and driven around the mandrel which in its 
turn is rotated by the movement of the strip. 
As shown in FIGS. 21 to 27, the shaft 83 is a hollow 

shaft and carries within it further shaft 90 which is capa 
ble of limited rotation within the shaft 83. The outer end 
of this shaft 90 is provided with an eccentric 91 which en 
gages in the crank 82 which carries shaft 92 on which is 
mounted the spiking roller 81. The crank 82 is slidable on 
a mounting 93 attached to the shaft 83 so that on rota 
tion of the shaft 90, the eccentric 91 causes the crank 82 
to move inward or outward on its mounting thereby mov 
ing the spiking roller into or out of contact with the tube 
as it is formed. 

It will be observed that the spikes 87 on the spiking 
roller are generally conical so that the size of hole formed 
by a spike varies according to the extent to which the 
spike penetrates. Thus as the shaft 90‘ is rotated to move 
the axis of the spiking roller towards or away from the 
wall of the formed tube, the diameter of the holes caused 
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by the spikes is increased or decreased. As will be seen 
from FIGS. 22 to 27, the rotation of the shaft 90 is con 
trolled by a double ended ram 135 connected by means 
of a crank mechanism 136 to the end of the shaft. With 
both ends of the ram fully extended as shown in FIG. 25, 
the roller 81 is fully withdrawn and no perforation is ef 
fected by the spikes. With one end extended and the other 
end retracted as shown in FIG. 26, the spiking roller is in 
a position such that the spikes penetrate to about half 
their effective depth and in the position shown in FIG. 27 
with both ends of the ram fully retracted, the spiking 
roller is in its outermost position so that the spikes 87 
penetrate to their fullest extent. 
The operation of the rams is controlled by a timing 

plate 140 which is rotated through a variable speed gear 
box 141 by belt drive 100, which as will later be ex 
plained, also operates the cut-off mechanism. As will be 
seen from FIG. 1, the drive to the belt 100 is from the 
shaft 150 which in turn is driven by the belt 151 from gear 
box 44, and since the drive to the corrugating rollers, to 
the forming rollers and to the delivery roller 47 are all 
from this common gear box, all of the drives are in syn 
chronism. 

Rotation of the timing plate 140 causes cams 143, 144 
and 145, arranged in the form of annuli upon the plate 
to operate pneumatic control valves 146, 147 and 148 re 
spectively (see FIG. 24). These pneumatic control valves 
control the operation of the ram 135 and a pneumatic 
motor 111 which operates the cutting mechanism. 
Mounted on the tube feeding frame 34 and driven by 

belt 100 is the cutting mechanism 49 (see FIG. 1). This 
cutting mechanism comprises a frame 101 on which is 
mounted a shaft 102 and an axially movable platform 
103 which is carried on rods 104. The shaft 102 carries a 
cylindrical cam 105 which, as it rotates, engages a pin 112 
on the underside of the platform 103 and thereby causes 
the platform to reciprocate on the rods 104. At its outer 
end, the shaft 102 carries a further cam 106 which as it 
rotates operates a lever 107 mounted on a shaft 108 
which carries at its other end an arm 109 on which is 
mounted a saw 110 driven by a pneumatic motor 111. 
The drive to the shaft 102 is arranged such that in opera 
tion it moves the platform and therefore the saw 110 
parallel to the tube as it leaves the mandrel and at the 
same axial speed as the tube. The rotating saw is caused, 
at selected and programmed intervals, by the cam 106 
to move with the arm 109 into a position such that it en 
gages the tube and severs it as it leaves the mandrel. In 
the actual apparatus at present in use, the platform 103 
has a travel of 3" so that by appropriate programming of 
the cam 106, tube issuing from the mandrel can be cut 
into lengths of any multiple of 6". The idler rollers 48 are 
set at an angle and engage the corrugations of the tube as 
it is fed from the mandrel. The supporting roller 47 is 
driven at such a speed that the speed of rotation of the 
severed tube is slightly greater than that of the tube as it 
leaves the mandrel so that the severed portion of the tube 
is fed off along the tube delivery section of the frame at a 
slightly greater speed than the tube issues from the man 
drel thereby separating the severed lengths from the un 
severed portion of the tube. 

In the formation of perforated ducts of say 15 feet 
length, the cam surfaces 143, 144 and 145 on the timing 
plate 140 are arranged so that in every 15 feet of tube 
produced by the coiling head, banded patterns of large 
holes, small holes and no holes are produced. In a typical 
application, there is produced every 15 feet one plain sec 
tion with no holes and four alternating sections of large 
holes and small holes and the cutting saw is timed to oper 
ate to cut the tube midway along the length of the plain 
section thereby producing a length of tubing which is 
plain at each end and has four alternating bands of holes, 
two of large holes and two of small holes, along its length. 
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Because the drive to the timing plate 140 is through 

variable drive mechanism 141, alterations may be made 
to the time of operation of each of the functions con 
trolled by the valves 146, 147 and 148. Thus by variation 
of the speed of the plate 140 through the gear box 141, 
the length of tube between saw cuts may be varied and 
since the spiking roller is controlled from the same timing 
plate the length of each band of large and small holes 
is varied in proportion to the variation in the length of 
the tube between cuts. 
What is desired to secure by Letters Patent of the United 

States is: 
1. A method for the manufacture of ?exible tubing 

comprising forming in a strip of ductile material a series 
of corrugations, feeding the strip to a mandrel and caus 
ing, it to convolute about the mandrel with adjacent 
edges of the convolutions of the strip overlapping one 
another and seam locking together the adjacent edges, 
characterised in that the adjacent edges are seam locked 
together by forming in one edge a deep channel and in 
the other edge a complementary ?ange, engaging the 
?ange within the channel to form an upstanding seam, 
bending the seam over about its mid-point through an 
angle of 180° to form a double seam and bending the 
double seam ?at about its base. 

2. Apparatus for forming corrugated tubes from ductile 
strip material comprising a mandrel, means to feed cor 
rugated strip material to the mandrel, forming means lo 
cated adjacent the periphery of the mandrel to form the 
strip into convolutions about the mandrel with the edges 
of successive convolutions overlapping, seaming means 
also located about the periphery of the mandrel to seam 
lock the overlapping edges of the convolutions to form 
a tube, spiking means disposed inside the tube adapted 
to form spiked holes in the tube, and means to move the 
spiking means towards or away from the tube in a pre 
determined pattern wherein said predetermined pattern 
is realted to the rate at which the tube is formed. 

3. Apparatus as claimed in claim 2, and further char~ 
acterized in that the spiking means is a spiking roller 
having spikes and there is provided a backing roller ar 
ranged on the opposite side of the tube to the spiking 
roller to support the tube as it is perforated by the spikes 
of the spiking roller. 

4. Apparatus as claimed in claim 2, further character 
ized in that the spikes are of tapered con?guration so that 
the size of holes caused by the spikes may be varied by 
varying the extent to which the spikes penetrate the strip. 

5. Apparatus as claimed in claim 2 wherein troughs 
are formed between the corrugations of the tube and the 
spiked holes are substantially all in the troughs. 
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