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UNITED STATES PATENT OFFICE 
2,305,587 

MACENE FOR MARING KBE 
METALLIC TUBEs 

Albert F. Lapp and Herman shellmer, Newark, 
N. J., assignors to Breece Corporations, Inc., 
Newark, N.J., a corporation of New Jersey 

Application March 14, 1941, serial No. 383.298 
(C. 113-35) 15 Claims, 

This invention relates to a machine for pro 
ducing flexible tubing. 

It is common practice to manufacture flexible 
tubing from a continuous strip formed with con 
volutions which are interlocked so as to provide 
a seam. In Some applications of flexible tubing, 
particularly in the aircraft industry, it is essen 
tial that the tubing be airtight and watertight. 
Under the stress of service where the tubing is 
subjected to intense vibration and other strains, 
the seams will not stand up and the tubing does 
not remain fluid tight. The broad object of the 
present invention is to produce a flexible tube 
which will withstand the strains of service and 
yet remain fluid tight, and air tight. 

In order to Overcome this difficulty it has been 
known in the past to introduce a thread of solder 
into the seam of the tubing and, by the applica 
tion of heat, provide a soldered joint. The objec 
tion to such construction is that each convolu 
tion of the tube is a Seam, which seam in con 
tinuous, and of necessity a considerable portion 
of the stress of flexing the tube must be carried 
by the seam, with the result that even a soldered 
seam is subject to breakdown. A flexible tube 
can be made so that apparently no stress is ap 
plied to the seam with the result that no break 
down will occur by reason of the seam opening. 
This result is accomplished by providing a strip 
of metal having a plurality of convolutions so 
that only every second or third convolution forms 
the seam. Accordingly, the primary object of 
this invention is to provide a flexible tube formed 
of a single strip having interlocked edges and 
provided with intermediate convolutions to per 
mit flexibility without imposing strain on the 
SeaS. 
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Figure 2 is a vertical section, partly in eleva 
tion, and partly in perspective, taken approx 
imately on lines 2-2 of Figure 1, looking in the 
direction indicated by the arrows. 

Figure 3 is a plan view of the die plate and dies 
for preforming the strip; 

Figure 4 is a side elevation of the dies shown 
in Figure 3, partly broken away; 

Figure 5 is an end elevation of the dies shown 
in Figure 3, partly broken away; 

Figure 6 is a longitudinal section, partly in 
elevation, through the operating head of the ma 
chine, showing the forming die and the driving 
mechanism together with the clutch means, 

Figure 7 is a transverse section, partly broken 
away, taken approximately on line 7-7 of Fig 
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A further object of the invention is to provide 
a simple machine for carrying the foregoing 
objects into effect which machine may be readily 
used for manufacturing tubing of various sizes. 
A further, more Specific object of the invention 
is to provide a machine having a compound die 
so that by change of parts of the die different 
sizes of tubing may be made. 
The invention consists of the construction, 

combination and arrangement of parts described 
and claimed. 

In the accompanying drawings, forming part 
hereof, is illustrated one form of embodiment of 
the invention, in which drawings similar refer 
ence characters designate corresponding parts, 
and in which: 

Figure 1 is a side elevation showing the gen 
eral setup of the machine; 
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ure 6, looking in the direction indicated by the 
arrowS; 

Figure 8 is a section, taken approximately on 
line -8 of Figure 6, looking in the direction in 
dicated by the arrows; 

Figure 9 is an expanded edge elevation of one 
forming die and the spacer which separates it 
from the Succeeding die; 

Figure 10 is an enlarged, fragmentary trans 
verse Section, taken through the forming die; 

Figure 11 is a transverse section, taken approx 
imately online f-f of Figure 10, looking in the 
direction indicated by the arrows; 

Figure 12 is a side elevation of a section of tub 
ing with an extended portion of the strip mate 
rial shown in perspective, 

Figure 13 is a fragmentary detail in section, 
taken approximately on line 3-3 of Figure 12, 
looking in the direction indicated by the arrows, 
and showing the contour of the strip material 
after having been preformed in the die of Figures 
3, 4 and 5; - - 

Figure 14 is a fragmentary detail in section, 
taken approximately on line 4-4 of Figure 12, 
looking in the direction indicated by the arrows; 

Figure 15 is a side elevation of a section of 
tubing mounted on a fixture for the purpose of 
longitudinal compression after the tubing has 
been made; 
Figure 16 is a view similar to Figure 15, but 

showing the tubing after it has been compressed; 
Figure 17 is an enlarged section, partly in 

elevation, after the tube has been compressed, 
showing the flexibility of the tube without flexing 
the seam; 

Figure 18 is a fragmentary detail in section of 
a modified type of tube in which the seam is 
formed at the base rather than at the crown of 
the convolutions; and, 
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Figure 19 is a fragmentary detail showing the 

contour of the seam-forming die at the point 
where the preformed strip enters the dies and 
at the point where the seam is completed by 
turning the edge of the strip Over on the adja 
cent edge of the next convolution. 

Figure 20 is a fragmentary detail in section of 
a tube in which the seam is formed at the crown 
of the convolutions. 

Referring to the drawings, and particularly 
Figure 1, 20 designates a base on which is mount 
ed a hollow stand 2. Carried by the stand 2 
is a horizontal arm. 22 on which is amounted a 
battazhik 23 containing flux 2. Carried by the 
stand 38 is a reel 25 having a supply of strip ma 
terial 26 which is fed over a wheel 27, carried by 
the talk 23, and under a wheel 28 so that the 
strip 2S is covered on oth sides with the liquid 
flug. 23. 
The strip 28 then passes through a wiping ele 

Yaesai, 23. Which is so arranged that the surplus 
fiti oil both sides of the strip 26 is removed and 
he strip 28 proceeds with an even coating of flux 

or both sides. The flux 24 may be of any well 
known composition, common in the art of sol 
dering. She advantage of applying the flux to 
the strip is hat all parts of the eventually so 
dered seam will have an application of flux ap 
pied thereto, whereas, if the flux is merely ap 
splied to the Soldies it may hot be dispersed 
throughout the Sean, and as weak soldered seam 
Will result. 
Carried a dove the stand 2 is a forked 2-di 
Siaole oar 39 which supports on its Outer end 

a wheel 3 Over which the strip 25 passes to 8. 
set of dies which are designated generally as 32. 
the dies 32 are more fully disclosed in connec 
tion with the description of Figures 3, 4 and 5, 
and their function is to preform the strip 25 to 
the contour shown in Figure i3. The dies 32 are 
adjustable on the bar 36 and are held in ad 
justed position by a wing nut 33. 

i.e. leaving the dies 32 he strip 28 proceeds 
to the operating head designated generally as 38 
and as incre fully disclosed in connection With 
he description of Figares 6, etc., where the ac 
tual exile e is coxaed. 
Caired by 82a Sagge: Si 23 is 2, 3racket, 35 

oz facia is notated a sco 33 of soldier 3:. . . 
& 8-forgiag operatio), as hereinafter de 
seried, the haead of solder 3 is irasoduced in 
23 Sea: a diging the forgiang operatioA). So that 
the soldiek 3 is coginpletely disposed in the sea . 

aka operating head 36) is &ctuated through the 
Raedar og & drive a 33 connected to the usual 
idae: sad drive psey's 33, the change CoE idler 
to drive 23A2ay 32ing accosiglished toy & Ordinary 
sia, 33 act2gie Roy a control ever 3, is the Well 
kino.7 (agae. A drive shaft (32 is operated by 
the irive gaisy 39, and operates S, belt (38 to 8. 
guig 33 for supplying a lubrica at to tie tube 
fogging tie tasough a giga 3S having & Snozzle 
33 38, S. position 2.07 he gaxaticag head; 38. 

Jadex he operating head: 33, watch iEscludes 
the Sorraing dies, &hereirafter described, is dis 
gose; a caica ags: 3 provided with a straine: 
23 in goaga whicia tas axicant ray be eitained. 
to the heliovy sitsai 2 S groix which it repeats the 
cycle of oty tasough a retur pipe 38, 2nd the 
garag 33, to the 2nozzle (36. The lubricant used 
gray be of any desired composition Well glow a 
i? ae art, fog its integadied function. 
29terring to Sigure 2, it will be readily obs 

gerye. Shai, is shaft, 32 is supported iron the 
tasia cearing supports 39 and is provided with a 
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2,805,587 
pulley S which drives a belt. 42, and a pulley 
53 which operates the head 34. When the ma 
chine is operated the flexible tube is formed in 
the forming dies and progresses to the left of 
Figure 2 as a completed tube 54 having the solder 
3 incorporated in the seam. The tube 54 then 
passes through aheating coil 55 which surrounds 
a glass or other suitable tube 56 and forms part 
of a high frequency electrical induction heat ap 
paratus designated generally as 57 which is pro 
vided with the usual controls 58. The coil 55 is 
Ornally copper tubing and not only acts as con 

ductor, but carries a flow of Water for cooling 
purposes. The use of high frequency induction 
heat is well known in other arts, and need not 
ce fully described here. It uses a high frequency 
oscillator producing high frequency alternating 
current, which, when passed through the induc 
tiye coil. 53 produces a rapidly alternating 
Raagnetic field. When the tube 54 is passed 
through the field a high, readily controlled heat 
is applied to the tube 58. This quickly melts the 
soldier 3 and causes an even dispersion of the 
soider through the entire seam by reaSOn Of the 
fact that the entire strip 26 is coated on both 
sides with the aux 26. 3elow the heating coil 55 is disposed a trough 
53 adapted to catch any surplus flux or lubricant 
which Zaay drip from the finished tube. As the 
Libe 543 proceeds to the left of Figure 2 it is 

2.eceived in a chute 6 which may be of any de 
sired leagta and is preferably straight to prevent 
flexing of the tube 53 antil the solder 37 has 
set and the tube 5? has cooled. When any de 
sired length of the tube 5 has been made, or 
When all of the material din the reel 25 has been 
used up, the finished tube 56, may be removed 
from the chute 39 for further processing, as 
aereinafter described. 
Referring to Figures 3, 4 and 5, the performing 

die 32 consists of a roller die case 6 in which 
are gaounted a set of three progressive dies 62, 
rotataiple on fixed stub shafts 63. The three dies 
62 gre progressive, the first die serving to make 
grooves in the strip 23, the second die being 
intended to form the grooves into definite de 
pressions, and the third die to continue the op 
ersion to orga the stig 26 to the contour 
inely secured, as shown in Sigure 13. Comple 
aerially dies (53 are provided for each die 62 
azad are fined in floating blocks 65 in the die 
case SS, essare scret is 65 are provided SO 
that proper a dustraeat Inay be made between 
the dies 53 and the dies 52. 
On the front of the die case S is mounted 

an extension 67 carrying an adjustable block 88 
for signing the strip 26 with the dies 62 and 
68. A transverse shaft 69 carrying an adjust 
ing ina; ) is grovided for aligning the strip 
23 to the biocis 63 with the dies 62 and 66. The 
sing?, 69 is provided with a spring and a 
pigs 2 waich is notated in the die case 6 to 
prefera; it sining of the shaft, 69. By adjustment 
of Ehe Inuit, S the block 53 may be moved lat 
easily to king the strip 25 into proper register 
Wi: the dies 63 and 63. A stud. 3 is provided 
to engage in a cut-away portion of the shaft 69 
so as to leck the same in any position which 
may a sked by adjustment of the nut 9. 

Filex the strip 26 leaves the left hand dies 
62 and 83 it has the contour as shown in Figure 
13, having a hooked portion & On its left side, 
intesiaediate convolutions 5, an angular exten 
sio: 5 &nd an upstanding fange . This con 
tour is 28cessarily 2, function of the contour of 
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the dies 2 and 4, and particularly the left hand 
die, as shown in Figures 3 and 4. 
After leaving the preforming dies 32, the strip 

2 enters the fixed dies in the head 34; see Fig 
ures 6 and 10. This head comprises a die case 
78 which is substantially cylindrical in shape, the 
front portion being cut away to permit ingress 
of the tube material. In this die case are 
disposed a number of die plates 79 separated from 
one another by spacers 80. The die plates and 
spacers are substantially discs in shape, hav 
ing one quadrant removed, as shown in Figure 8. 
The die plates and spacers are maintained in 
proper position by means of dowels 8 which 
extend through appropriate openings, and are 
threaded into the right hand Wall of the die 
case 78. The die plates 79 and the spacers to 
are provided with arcuate openings 2 in their 
centers, and instead of being flat are convoluted, 
that is offset laterally, so that the resulting tube 
will have the desired pitch. 
A bearing block 83 is provided and the die case 
is secured to the bearing block by means of 

screws 4. A set screw 85 holds a sleeve 6 in 
place, and there is provided the usual ball bear 
ing assembly 8 to permit rotation of the pulley 
58, the right hand side of which is provided with 
bayonet slots 88. A hand wheel 9 having a 
hub 90 provided with pins 9 is disposed against 
the pulley 53, and the pins 9 are adapted to 
be engaged in the bayonet slots 88 for the pur 
pose of driving the wheel 9. The hub 90 is 
provided with screw threads 92 for the purpose 
of receiving a threaded hollow shaft B. 

Borne in the wheel 89 is a dog 93 actuated by 
a spring 94, the dog being provided with a lat 
erally extending pin 95. A sleeve 9 is secured 
around the hub 90 and the extension of the 
pulley 53 is provided with a Cam surface 
against which the pin 95 is adapted to ride. 
Threaded to the hub. 9 is the hollow shaft 98 
formed with a plurality of slots 99 in any of 
which the dog 93 may engage as shown in Fig 
ure 7. 
A mandrel D is carried by the hollow shaft 

9 and is provided with a very slight taper at 
the portion which contacts the tube material 2. 
The shank of the mandrel 0 is provided with 
a standard Morse taper of to enter the hollow 
shaft 98. A rod O2 is threaded into the shank 
of the mandrel fo and is provided on its outer 
end with a head OS having flat surfaces so that 
it may be engaged by a wrench for the purpose 
of adjusting the mandrel 0. The right hand 
end of the hollow shaft 9 is provided with a 
hand adjusting wheel 3 held in place by a 
set screw 4. 
In the tube forming operation the preformed 

strip 2 is set into the dies 79, which, as best 
shown by Figure 10, are of a shape to form the 
contour of the strip. The actual tube forming 
Operation is performed by the die which re 
ceives the hook portion 74 of the strip, and folds 
it over on to the extension 7 of the preceding 
convolution. As the strip 2 enters the form 
ing die the thread of solder 8 is passed into the 
seam so as to lie at the junction of the 'off-set 
portion and the annular flange of the strip 
2. Figure 19 shows the contour of the die which 
forces the hook portion 4 on to the flange T. 
As the material enters the die it rides against 
a can face T, which gradually energes from 
the shape shown at to the square shape as 
shown at 8. This causes the hook portion 

O 
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incorporated in the seam, as shown in Figure 14. 
When the folding action is complete the Outside 
diameter of the finished seam O is the same 
as the outside diameter of the free interme 
diate convolution 7 S. 
The entire movement of the strip material 

26 through the forming dies and through the 
preforming dies, is by virtue of the friction be 
tween the mandrel to and the material in the 
process of being formed. In order to start or 
stop the mandrel too it is necessary only to ro 
tate the sleeve 9 so that the pin 95 rides up on 
the cam 97, and disengages the dog 93. The 
hand wheel 89 may then be turned so as to dis 
engage the pins 9 from the bayonet slots 8 of 
the pulley 3. Upon retraction of the wheel 
to the right, as shown in Figure 6, it carries with 
it the hollow shaft 98. 
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As the finished seam fois is progressively com 
pleted, the tube moves to the left and may be im 
mediately heat treated as shown in Figure 2, or 
any desired length of the finished tube may be 
made and subsequently treated as a separate 
operation. 

After the completed tube has been heat treat 
ed, it is desirable to compress the same longi 
tudinally so as to afford greater flexibility with 
out imposing strain on the seam 06. Referring 
to Figures 15 and 16, a fixed bracket 09 is pro 
vided, which holds one end of a shaft 0. The 
shaft fle may be rigid, but it is preferably an 
untempered flexible shaft. The tube 54 is slipped 
On the shaft and a sliding block f is pro 
vided to compress the tubing. The block 
may be operated by mechanical power, but it 
has been found very efficient to force the block 
lff against the end of the tube by manual pres 
Sure. The compression of the tube reduces the 
length of the tube by approximately 40%, and 
causes a change in the pitch at the convolu 
tions. The free convolutions are then curved 
in Cross-section, as shown in Figure 17, and the 
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to be folded over with the thread of solder 75 

tube may be readily flexed without any move 
ment of the seam it, since the movement is 
entirely taken up by the convolutions between 
the seams. 

It will be obvious that by simple changes in 
the die plates 79 and the spacers 80, various types 
of tubing may be made, as for example, that 
shown in Figure 18, in which the seam is at the 
base of the convolution, rather than the crown. 
Likewise, by appropriate substitution of die plates 

, tubing may be formed having two or more 
convolutions intermediate of each seam. Tubing 
of varying diameters may be made on the same 
machine by the substitution of different sizes of 
die plates 79 and spaces 80, together with a cor 
responding substitution of the mandrel OO for 
a different size. 

Having thus fully described the invention, what 
is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. In a machine for making flexible tubing, a 
forming die comprising a die casing, a plurality 
of convoluted die plates therein, a plurality of in 
dependent similarly convoluted spacer plates 
separating said die plates, a mandrel to feed ma 
terial for forming a tube through the die plates 
in said casing, and means to rotate said mandrel. 

2. In a machine for making flexible tubing, a 
forming die comprising a die casing, a plurality 
of helically twisted changeable die plates there 
in, a plurality of separate similarly twisted 
changeable spacer plates separating said die 
plates to facilitate the formation of tubes of . 



4. 
various sizes, a mandrel to feed material for 
forming a tube to the die plates, and means to 
drive the mandrel. 

3. In a machine for making flexible tubing, a 
forming die comprising a die casing, a plurality 
of convoluted die plates therein, a plurality of 
independent spacer plates intermediate Said die 
plates, said die plates being substantially disc 
shaped and having a sector thereof cut a Way 
and having an arcuate opening in the center 
thereof, a mandrel to feed material for forming 
a tube through the die casing, and means to 
drive the mandrel. 

4. In a machine for making flexible tubing, a 
forming die comprising a die casing, a plurality 
of helically flexed die plates therein and a plus 
rality of spacer plates of lesser diameter sepa 
rating said die plates, said die plates being sub 
stantially circular, lacking a sector and having 
an opening in the center thereof, a maindrel to 
feed material for forming a tube to the die, and 
means to drive the mandrel, the Wall of Said 
opening being On a curve to control and define 
the pitch of the convolutions of the tube. 

5. In a machine for making flexible tubing, a 
forming die comprising a die casing, a plurality 
of die plates therein, a plurality of spacer plates 
separating said die plates, a mandrel to feed 
material for forming a tube to the dies, means 
to drive the mandrel comprising a hollow shaft to 
carry the mandrel, a drive pulley, a collar to drive 
the shaft, and connecting means between the 
collar and said drive pulley. 

6. In a machine for making flexible tubing, a 
forming die comprising a die casing, a plurality 
of die plates therein, a plurality of spacer plates 
separating said die plates, a mandrel to feed ma 
terial for forming a tube to the dies, means to 
drive the mandrel comprising a hollow shaft to 
carry the mandrel, a drive pulley, a collar to drive 
the shaft, and a disengageable connecting means 
between the collar and said pulley. 

7. In a machine for making flexible metallic 
tubes, a former head including a die casing, a 
plurality of dies therein having spacers there 
between, a mandrel to feed a preformed metal 
strip to the dies to form coils therefrom, a sleeve 
enclosing said mandrel, a drive pulley, a collar 
fixed. On Said sleeve and having disengageable 
connections with said pulley, means to apply 
solder to the strip as it advances between said 
dies, and means for heating the coils to fuse the 
solder. 

8. In a machine for making flexible metallic 
tubes, a former head including a die casing, a 
plurality of dies therein having spacers therebe 
tween, a power driven mandrel to move said 
strip into engagement with said dies, means to 
engage and disengage the power drive to said 
mandrel, a flux bath through which said strip is 
drawn, wipers to remove excess flux from the 
surfaces of said strip prior to passage into the 
dies, means to supply a thread of solder to the 
strip as it advances into said dies, means to 
lubricate the strip in its passage between said 
dies, and means to cause the Solder to coalesce 
with the edges of the strip upon its emergence 
from the dies. 

9. In a machine for making flexible metallic 
tubes, a former head including a die casing, a 
plurality of paired dies in said casing, a mandrel 
to move a preformed single unitary metal strip 
between said dies, said dies being replaceable and 
having spacers therebetween, a tank containing 
a bath of liquid flux through which the strip 
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passes, means to remove excess flux from each 
side of the strip, means to preform the strip prior 
to entering said dies, means to apply a thread of 
solder to one of the edges of said strip while 
passing through said dies, and means to melt the 
solder upon emergence of the tube formed by 
said dies. 

10. In a machine for making flexible metallic 
tubes from a single unitary metal strip, a series 
of pairs of dies for progressively forming the 
strip to present opposed interengageable edges 
and one or more channelled Wales spaced paral 
lel therewith, a power driven mandire or which 
the strip is colled upon its passage from Said dies, 
a plate die casing, a plurality of substantially cir 
cular plate dies spaced unifornly in Said Casing 
and disposed circumjacent said mandrel and 
coil, said plate dies progressively causing searx. 
interlocking of the strip edges and rectification. 
of the intervening Wale or Wales to form 2, uni 
form helically convoluted tube. 
1. In a machine for making flexible metallic 

tubes from a single unitary metal strip, 2, Series 
of pairs of dies for progressively forning the 
strip to present opposed interengageble edges 
and one or more channelled Wales spaced inter 
mediate the edges, a controllably driven mandrel 
on which the strip is tightly coiled as it energes 
from said dies, a casing, a plurality of piate dies 
fixed in Said casing, Spacers arranged therebe 
tween, Said plate dies being Substantially three 
quarters of a circle, helically shaped in cross sec 
tion, concentric with said mandrel and adapted 
to cause the edges of the strip to interlock for 
ing a helically convoluted tube, means to supply 
lubricant to the tube during its passage through 
said plate dies, and means to seam the inter 
locked edges with Solder. 

12. In a machine for making flexible metallic 
tubes from a unitary metal strip, a series of rev 
oluble dies to progressively form the strip with 
Opposed interengageable edges and a continuous 
raised wale therebetween, a rotating mandrel to 
grip the strip and cause its advancement through 
the dies, a housing around said mandrel, a series 
of can disc formers fixed in said housing to pro 
gressively cause interlocked engagement of the 
strip edges, said cam discs coiling the strip 
around the mandrel in uniform convolutions 
with its wale intermediate thereto, means to 
enter a thread of solder between the interlocked 
edges of the strip, means to supply lubricant to 
said can disc formers, and means to set the 
solder. 

13. In a machine for making flexible metallic 
tubes from a unitary metal strip, a series of rev 
oluble dies to progressively form the strip with 
opposed interengageable edges and a continuous 
raised wale therebetween, a rotating mandrel to 
grip the strip and cause its advancement through 
the dies, a housing around said mandrel, a series 
of can disc formers fixed in said housing to pro 
gressively cause interlocked engagement of the 
strip edges, said cam discs coiling the strip 
around the nandrel in uniform convolutions 
with its wale intermediate thereto, means to en 
ter a thread of solder between the interlocked 
edges of the strip, and a high frequency electri 
cal induction tube through which the coils are 
passed to melt the solder. 

14. In a machine for making flexible metallic 
tubes from a continuous strip having preformed 
interengageable edges and a raised central chan 
nel, a rotating mandrel, a series of cam plates 
about said mandrel, said mandrel drawing the 
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strip through said plates unseaming the edges 
and rectifying the channel, said can plates shap 
ing the seam and channel to present uniform 
convolutions. 

15. In a machine for making flexible metallic 
tubes from a strip, a rotatable mandrel, a die 
therearound, said mandrel drawing the strip 
through said die, said die having means to inter 

fold the edges of the strip at alternate convolu 
tions of the tube, the intermediate convolutions 
being unseamed and uniform therewith and said 
die introducing metallic means to render the in 

5 terfolded convolutions hermetically sealed. s 

ALBERT F. APP. 
HERMAN SHELLMER. 


