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T'o all whom it may concern:
Be it known that I, Louis H. BRINkKMAN,

‘a citizen of the United States, and a resi-

dent of Glen Ridge, county of Essex, State
of, New Jersey, have invented certain new
and useful Improvements in Helically-Cor-
rugated Tubes, of which the following is a
specification.

My invention relates to helically corru-
gated tubes, and the invention consists in
the provision of helically corrugated tubes
as hereinafter described and more f)@l'ticu-
larly pointed out in the appended claims.

V);rlous methods and apparatus have
been proposed for corrugating tubes heli-
cally in an attempt to form helically corru-

ated tubes with deep folds to provide the
exibility or relatively great radiating sur-
face necessary to the adaptation of such
tubes to the extensive fields of uses such,
for example, as for flexible connections,
eouplings, radiators, etc., but-the methods
and apparatus proposed for making such
tubing either stretch or crush and stretch
the metal into folds without twisting the
metal, and this twisting I have found to be
essential in deeply corrugating tubing.
The methods and apparatus which have
been proposed are sucg that the deeply cor-
rugated tubes desired can not be commer-
cially manufactured, and so far as I am
aware, heretofore it has been impossible to
commercially manufacture corrugated tubes
with folds or corrugations of such depth as
to render the tubes really flexible, and pro-
vide a relatively great radiating surface.
But I have produced a new article in cor-

. rugated tubes differing in texture, and in
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their preferred forms differing in form and
texture from corrugated tubes heretofore
made.

The metal, or grain of the metal, so
called, lies helically due to the fact that
the tube is twisted while being corrugated,
but the twisting or displacement of the
metal is not equal to the pitch of the folds,
that is, a line representing the actual twist-
ing or displacement of the metal is of
greater pitch than the pitch of the folds.
of the tube in folding or
corrugating it, folds of extreme depth may
be formed so that a tube of great flexibility
and relatively large radiating surface may
be obtained, and the metal of the tube is not

b appreciably crushed, spun or stretched out

during the folding process. The metal of
my new product is not wrinkled as a re-
sult of being corrugated, its thickness is
substantially unchanged during the foldin,
process and is substantially uniform an
equal to that of the uncorrugated tube.

In order-to enable those skilled in the art
to more fully appreciate the texture and ad-
vantages of my new product, I will describe
the process by which tubes are corrugated.
_ I form the folds or corrugations by press-
ing upon a plain tube along a helical line,
and while thus pressing upon it, twisting
the tube to displace the pressed metal heli-
callfr. The pressure is exerted upon the
wall of the tube at a progressively shifting
short portion thereof, and the actual twist-
ing of the metal is localized to substantially
the short portion of the tube being pressed
upon or to the short %)ortion being folded,
so that the portion of the tube which has
been folded to the desired final form is
protected from distortion by the twistin,
force. The twisting of itself tends to .folﬁ
the tube by distorting it helically and con-

tracting it longitudinally, and thus greatly.

reduces the pressure required on the metal
to deepen the folds, and if continued after
the folds are thus formed, it reduces the
pitch of the folds by continuously forcing

the folds around helically analogous to the .

manner in which a helical spring of a cer-
tain pitch and diameter may be reduced in
diameter and pitch by slipping it over a
rod to prevent buckling, and holding one

end down on the rod while twisting the rod

and holding the opposite end of the spring
from rotation, while permitting it to move
along the rod.

In deeply corrugating tubing, I have
found that 1t is of great 1mportance, if not
essential, to apply the pressure along the
helical line inwardly against the wall of
the tube.

When the pressure is exerted from the
outside inwardly on the tube to form the
folds by displacing the metal inwardly, the
diameter of the pressed-in metal is less than
that of the original tube hence there is more
than sufficient metal for the circumferential
measurement of the folds and the metal
does not have to be stretched or spun out
in forming the folds as would be the case
if the pressure was exerted from the inside

60

65

70

76

80

86

90

96

100

105

outwardly. The metal is crowded in as it 110



1@

15

.20

is pressed inwardly, producing what with-
out the twisting of the metal would be an

excess of metal along the helical line of -

pressure, such as takes place when it is at-
tempted to force the metal of a hollow cyl-
inder or tube inwardly at any point along
its length to reduce the diameter. at that
point; in which event, by being crowded in
along the line of reduced diameter, the
metal is caused to wrinkle or pucker. This
crowding of the metal would scon limit the
depth of the folds if it were not for the
twisting force above mentioned ; but by pro-
ducing a twisting force in the tube to actu-
ally twist the metal, and while the tube is

under such force, pressing inwardly on it

along a helical line, the excess metal is dis-
placed helically as it is being forced in-
wardly so as to keep the wall substantially
uniform in thickness during the folding

* process, permitting the formation of folds
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of great depth.

The resistance of the metal of a tube to

inward pressure is so great that sufficient

friction between the corrugating tool and -

the metal is produced to twist the tube,
and because of this resistance the metal
can be gripped and drawn together along
the length of the tube to form the axial
sectional configuration of the folds and oth-

“erwise formed into the desired shape with-

out appreciable stretching or spinning of
the metal.

"In the more preferred method of form-
ing my new product, I initiate a helical

groove in the tube, of such pitch as to

mark out along the tube sufficient metal to
form an ultimate fold of the desired depth

. and pitch without substantial change in
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wall thickness, and progressively increase
the depth- of the groove and decrease its
piteh by simultaneously pressing inwardly
on the metal along the groove, drawing to-
gether its convolutions and twisting. By
marking out along the tube substantially
enough metal to form the ultimate fold of
the desired depth and pitch, sufficient metal
is provided to form the fold without hav-
ing to spin or stretch from a less amount of
metal a sufficient length to form the axial
sectional configuration of the fold. This
feature and the twisting permit the tube to
be folded or corrugated without substan-
tially changing its wall thickness. By press-
ing on the folds while they are being
formed, they may be made to assume differ-
ent desired cross-sectional configurations, de-
pending upon the angle at which the pres-
sure is exerted upon them. ,

In the preferred manner of forming cor-
rugated tubing embodying my invention, I
rotate the forward end of the tube at a
certain speed and rotate.the rear end of the
tube at a less speed, and groove it at a
speed having a definite relation thereto, the

3 1,120,268

ratio between the speeds being constant so
as to produce a positive and constant twist-
ing force in the tube to produce absolutely
uniform corrugations or folds in the finished
tube. In order to limit the pitch of the
ultimate folds and their depth, and to hold
the tube from buckling during the folding
or corrugating process, I provide an inner
support upon which the tube is felded.
With this inner support the inward pres-
sure may be progressively applied by the
tool until the depth of the groove in the
tube is positively limited by coming in con-
tact with the support, whereupon, if there
should be any irregularities or unevenness in
the metal of the groove, the tool will act
to smooth or iron cut any unevenness in the
metal. ' :

In one form of my invention the folds are
bent longitudinally of the tube to one side
to further increase the flexibility and radi-
ating surface of the tube, and they are pref-
erably so bent while being formed.

The invention will be more fully under-
stood and further advantages of the new
product will more fully appear from the
following description taken in connection
with the accompanying drawings, in which,
for the benefit of those skilled in the art
who may desire to make such tubing, and

to enable them to more fully appreciate the

difference in texture between my new prod-
uct and corrugated tubes of the prior art,
I have included in the drawings and de-
scription the. preferred form of apparatus

for making the tubing, and have described

forms of tubing embodying my invention in
connection therewith.

‘Referring to the drawings, Figures 1 to
5 show different forms of tubing embodying
my invention; Fig. 6 shows a form of the
same with an inner tension.member; Fig. 7
is a front elevatiqn of the preferred form
of apparatus for corrugating tubes, with a
tube being corrugated ; Fig. 8 is an enlarged
view of a part of the mechanism showing
the corrugating tool or die partly in sec-
tion and in position to commence corru-
gating the tube; Fig. 9 is a view showing
the die and a part of the corrugated tube in
section Fig. 10 is a cross-sectional view of
the die shown in Fig. 8, taken on line A—A
and looking in the direction of the arrows
B; Fig. 11 is a fragmentary sectional view
showing a modified form of corrugating die
in process of operation; Fig. 12 illustrates
the manner in which the metal of the tube
is twisted or carried around helically as it
is being compressed; and Fig. 13 is a dia-
grammatic illustration. ) K

Referring to the drawings, Figure 1
shows a form of the product such as is
made by the tool shown in Figs. 8 and 9,
and the helical dotted line 52 represents the
degree to which the tube has been twisted
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or the helical direction in which the grain
of the metal lies due to the twisting force
which was exerted upon the tube in corru-
gating it. -

In Fig. 2 I have shown a form of the
Eroduct in which the folds have been

rought closer together than in the product
of Fig. 1, by further twisting the tube after
it has been folded in the form shown in
Fig. 1 or by forcing the folds together and
twisting them. ‘

Fig. 3 shows a form of the product in
which the folds have a wall each bent lon-
gitudinally to one side to increase the flexi-
bility and radiating surface of the tube.

Fig. 4 shows a form of the product in
which the entire fold droops over longitu-
dinally to one side and is the form which
msrzly be made by the tool shown in Fig. 11.

he axial sectional configuration of the
folds may be given any desired shape by
suitably shaping the tool used in corrugat-
ing or folding the tube, and it will be ob-
served in Figs. 4 and 5 that the outer sur-
face of the folds is flat instead of being
curved as in Figs. 1 to 3, which gives a
pleasing appearance and results in a highly
useful form of tubing for many purposes.

The product shown in Fig. 6 is provided
with an inner tension member 51 adapted
ipe or connection to
which the tube is to be secured to prevent
longitudinal expansion, or to hold the tube
in alinement. .

Fig. 7 is a front elevation of a suitable
machine frame 1 having a head stock 2 and
a tail stock 8. 4 is a shaft journaled in the
head stock 2 and counter pillow block 5 and
driven through any suitable means such as
pulley 6. The inner end of-the shaft is pro-
vided with a chuck 7 (Fig. 8) to which is
secured the tube 8 to be corrugated or fold-
ed, and also an inner support or mandrel 9
which extends through the tube, the tube
and mandrel being secured to the chuck by
any suitable means such as set bolts 10, 10,
so that they will revolve together with the
chuck. A carriage 11 of suitable construc-
tion is slidin%ly mounted on the frame 1
and is moved longitudinally along the same
by means of a screw spindle 12 journaled
in the head and tail stocks and driven from
shaft 4 through suitable gearing 13, the
gearing being arranged like the usual lathe
gearing so that the speed of the screw spin-
dle 12 may be varied, depending upon the
work to be performed. On the carriage 11
is mounted a suitable chuck 14 of the usual

construction, but in which for the usual ra-

dially adjustable gripping jaws, are substi-
tuted radially adjustable die sections 15, 16,
17, 18. These sections are moved radially
by adjusting pins 19 each carrying at its
inner end the usual bevel gear meshing with
the gear teeth 20 cut on one side of ring 21

on the other side of which are formed the
spiral threads 22 which mesh with threads
93 for the purpose of moving the die sec-
tions in ang out radially to adjust the di-
ameter of the die. The inner ends of these
die sections are tapered as shown at 24 in
Fig. 10, to permit the desired radial adjust-
ment, and the inner ends of the sections are
provided with projections 26, 27, 28, 29,
which, when the die sections are assembled,
form a thread or helical projection increas-
ing in height and decreasing in pitch to-

ward the finishing end of the die. In the

oreferred form of the invention as shown

erein, the projections of each section of the
die constitute longitudinal sections of a con-
tinuous thread or helical projection pro-

essively increasing in heingt and decreas-
ing in pitch, so that when the die is assem-
bled, the projections of the different die sec-
tions form such a helical projection.

In the form of apparatus herein shown, a

hollow tail shaft 80 is provided extending
“through a sleeve 31 journaled in tail stock ?i

the tail shaft being secured at its inner en

by a suitable chuck 32 to the rear end of
the tube 8. The purpose of this tail shaft is
to produce a positive predetermined twist
in the tube being corrugated, and for this
purpose the tail shaft is rotated at a speed
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less than the speed of shaft 4, the differ-

ence in speeds being such as to produce the
desired twist in the tube while it is being
folded. This tail shaft may be rotated by
any suitable means to produce this result,
and in the present form of apparatus the
shaft is provided with a groove 33 in which
fits a suitable feather (not shown) project-
ing inwardly from the sleeve 31 to cause the
shaft to rotate with the sleeve and permit-
ting it to move longitudinally through the
sleeve. The sleeve is driven 'in any suitable
manner such, for example, as from screw
spindle 12 through gearing 34. The tail
shaft is preferably hollow so that the rear
end of the mandrel 9 may extend into it.

Referring to Figs. 8 and 9, it will be
observed that the helical die teeth or pro-
jections are so constructed that the advance
projection simply initiates in the tube a
helical mark or groove along which the tube
is to be foldedg, and by thus starting a
groove in the tube it gives it a line of least
resistance along which to fold under the
twisting force. It will also be noted that
the advance convolution of the helical pro-
jection marks out along the length of the
tube sufficient metal to form the axial sec-
tional configuration of the desired fold in
the ultimate product; that is, the distance
between points 36 and 37 is equal to the
length of the curved outline between points
38 and 39. )

By marking out along the tube sufficient
metal to form the sectional outline of a fold
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of the desired depth and pitch, it is possi-
ble to form the desired folds without appre-
ciably stretching -or spinning out the metal,
as hereinbefore explained. It will be fur-
ther - observed  from inspection of these
drawings, that the greatest diameter of the
helical thread of the die is the same through-
out the length of the thread and is equal to
the diameter of the tube to be corrugated.
This insures the diameter of the corrugated
tube being the same as the original diam-

eter .of the tube, since it positively prevents.

any outward expansion of the tube-during
the folding process, and the outer surface
of the folds may be made to assume an out-
line depending upon the outline of the
grooves between the projections of the die.
When a die of this character is used and
relative rotation is produced .between the
tube and the die while the tube is gripped
by the die, the friction produced is so great
that the tube is twisted, and as the metal
of the tube under this twisting force and the
relative longitudinal movement between the
die and the tube, is drawn through the heli-
cal path or grooves in the die, the helical
lines along which the tube is gripped by
the advance convolutions of the die are
gathered or drawn together in forming the
folds. The friction produced by a corru-
gating tool or die of this character is so
great that sufficient friction is obtained for
corrugating tubes of certain sizes without
the use of any means for retarding the rear
end of the tube or for positively driving it
at less speed than the front end to produce
a positive twisting force. Tubes as large
as 8 inches in diameter and with walls a
thirty-second of an inch thick, have been
successfully corrugated by such dies with-
out any additional twisting force applied at
the rear of the tube, but the application of
a twisting force at the rear end of the tube
makes it possible to utilize a tool having
less friction, and whether or not this be
taken advantage of, it produces corruga-
tions of greater uniformity and  enables
tubes of greater wall thickness to be more
readily corrugated. :

When it is desired to form tubes of a
given size but . with greater flexibility or
larger radiating surface than is possible
with the die shown in Figs. 8 and 9, means
may be_provided for pressing én the folds
longitudinally of the tube while they are
being formed so as to bend them as shown
in Figs. 8, 4 and 11. - This is done in the
form of apparatus herein shown (Fig. 11)
by gradually turning-the edges of the heli-
cal projections at the finishing end of the
die longitudinally of the tube so as to pro-

gressively bend the folds laterally as they .

are being deepened. I have found it pref-
erable to commence this turning over or
bending of the helical projections at about

. one and 2 half coﬁvolutions from thé finish-

ing end. of the die and gradually increasin%

the longitudinal projection until it is of
-such: depth as to give the desired shape to
the ultimate fold. While I have shown

these - projections with longitudinally bent
edges as an integral part of the die sec-

-tions, obviously they need not be made inte-

grally with the remaining part of the sec-
tions. ' :
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Besides obtaining corrugated tubes of

greater flexibility and radiating surface by
bending the folds laterally as shown in Figs,
8, 4 and 11, the bending of the folds in this
manner enables the corrugated tube to be
more readily drawn from the mandrel, since
the folds, instead of bearing down perpen-
dicularly upon the mandrel, are inclined or
so constructed that they will more readily
yield when the mandrel is being drawn out.

In the drawings herein shown, the man-
drel is of such diameter with respect to the
setting of the die, that-the last tooth of the
die folds the tube down upon the mandrel ;
but if desired, the finishing tooth or convo-
lution need not come down so close to the
mandrel, and the twisting of the tube after
it leaves the finishing end of the die may be
relied upon to finish the folding of the tube
down upon the mandrel.

The way in which tubes are corrugated by
the use of the apparatus herein described, is
as follows: The tube 8 to be folded is prefer-
ably, though not necessarily, drawn down to
a taper near its forward end so as to fit the
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taper of the die, and the tube is then slipped

over the mandrel and the mandrel and tube
are secured in the chuck 9 in any suitable
manner s0 as to rotate together with the
chuck. The hollow tail shaft 80 (when one
is used) is then pulled forward through the
sleeve 81 and after the rear end of the man-
drel has been slipped into it, the rear end of
the tube 8 is secured in the chuck 82, and the
carriage being up at the head of the frame
to bring the die in the position shown in Fig.
8, the sections of the die are graduallymoved
inwardly by turning one of the pins 19 until
the helical projection formed by the differ-
ent projections on the die sections, grips the
tube along the tapered portion. If power is
now thrown on to rotate shaft 4, the mandrel
and front end of the tube will be rotated,
and simultaneously therewith the threaded
spindle 12 will be rotated to move the car-
riage along the tube and to rotate the tail

‘shaft and rear end of the tube at a definite

predetermined speed less than that at which
the forward end of the tube is being rotated
80 as to positively twist the tube a predeter-
mined definite amount depending upon the
relative rotation between the forward and
rear end of the tube. As the die is moved.
along the tube, the advance point 36 of the
helical projéction progressively marks or
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initiates a helical groove in the tube‘ and the

" metal marked out by the first convolution of

10
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" 20

the helical projection, as, for example, the
metal between points 36 and 37, is gradually
drawn together as the pitch of the helical
projection decreases, an(y since the height of
the projection progressively increases as the

pitch decreases, the metal along the helical

line is_gradually and progressively pressed
inwardly as the line along which the tube is
gripped is drawn togeth‘er ; and as the metal
18 being gradually orced in by the helical

rojection, the excess metal, due to the re-

uction in the diameter along this line, is
gradually displaced by the twisting force
exerted on the tube, as indicated, by way of

illustration, by the direction of the arrows '

in Fig. 12. This twisting force, as previ-
ously stated, not only displaces the metal so
as to permit the deepening of the grooves to

~ the desired extent without wrinkling or rup-
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turing the metal, but the twisting in itself
tends to fold the tube helically along the line
of least resistance produced by the helical
groove initiated in the tube. As the die car-
riage is moved along the tube, the die pro-
gressively marks the tube in this manner
and the twisting force is continuously ap-

lied as described. The effect of the twist-
ing force in the gradual drawing together of
the metal of the tube into helical folds may
be illustrated, in a way, by reference to Fig.
13, in which 45 is a rod or mandrel to the
end 46 of which is secured a helical lsipring or
piece of spring wire which is woun around
the rod with a progressively increasing pitch
from the end 46. 1f it is attempted to draw
the convolutions of the spring toward end
46 so as to decrease the pitch of the longer
convolutions as shown at the end 46 of the
mandrel without rotating the mandrel or the
free end of the spring, as the convolutions
say at points 47 and 48, are gripped and
drawn together, the convolutions of the
spring between these points will rise from
the mandrel as shown in dotted lines; but bv
gripping the convolutions at the free end of
the spring so as to hold them from rotation,
and then rotating the rod in the direction
shown by the arrow 49, the spring will be
folded down firmly upon the rod in the de-
sired decreased pitch without increasing its
diameter and without any tendency to
buckle out of the desired form of the spring.
During this rotation of the rod the spring
will actually slide along and move around
the mandrel in a helical line as indicated by
the arrows 50. In a somewhat similar man-
ner, when a tube is being folded according
to my method of folding tubes, the twisting
force applied actually displaces.or carries
the metal around helically so that the result-
ing corrugated tube formed under the twist-
ing force is actually slightly longer than the
tu%e would have been if it could have had

similar corrugations formed in it without
the twisting force. : )

"The amount that the tube may be twisted
in forming the folds may be varied in sev-
eral ways such as by varyingthe relative rate
of rotation of the advance and rear ends of
the tube, or by varying the pitch of the die
relative to that of screw shaft 12, or the
speeds of the shafts 4 and 12.

In practice I have found that it is very
important to provide a support for the tube
being corrugated, such, for example, as the
mandrel. Such a support is an important
feature in regulating the action of the twist-
ing force on the folds, and by the regulation
of this force, folds of the desired configura-
tion and size may be formed. For example,
when the finished folds are brought down
firmly upon the support and only sufficient
relative rotation between the shafts 4 and
30 is produced to displace the metal as it is
being pressed upon by the die, or to bring
the folds down upon the support after they
leave the die, where the support is of less
diameter than the die, the friction between
the folds and the support is sufficient to pre-
vent relative rotation between the support
and the folds which have been forced firmly
into engagement therewith, so that the sup-
port will serve to localize the twisting force
in the tube by transmitting the force from
the chuck to the portion of the tube being
folded down upon the support. By reason
of this the folds that have been brought
firmly into engagement with the support are
protected from: further effects ot the twist-
ing force, so that the tube may be deeply
corrugated under the twisting force and
the pressure of the die, without crowding
together the folds after they have been
forced down firmly into engagement with
the support. If, however, it 1s desired to
force the folds more or less together to
change the sectional configuration of the
same, and to decrease their pitch after they
have been forced firmly into engagement
with the support, this may be done by de-
creasing the longitudinal travel of the die
with relation to the pitch of the helix. I
have found that without a suitable support,
the tube under the twisting force necessary
to deeply corrugate it, will twist up and
buckle, since only a very short length of
tube can transmit the twisting force neces-
sary to overcome the friction of the die
without being distorted ; and again the cor-
rugations formed would, under such force,
likewise be twisted and distorted out of the
desired shape and size.

‘While I have shown several forms of my
new product, obviously the folds of the
product may be given various axial sectional
configurations, depending upon the use for
which the product is desired; and while I
have described the product in connection
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with the preferred ‘method. and apparatus_-

for .making the same in.order- that those
skilled in the art may understand the pre-
ferred manner of making such tubing and
more fully appreciate the difference in char-
acter of the new product over previously
corrugated tubes, I do not wish to be under-
stood as limiting myself other than as set
forth in the appended claims. '

For convenience of description, I have
used the terms “folds” and “each fold” in
referring to the corrugated or folded tube,
since each complete convolution of the heli-
%ailiy folded tube may be considered as. a

old. ’

I make no claim herein to my new method
of corrugating tubing as herein described, or
to the apparatus for carrying out the same,
since the method and apparatus form, re-
spectively, the. subject-matter of my co-
pending applications Serial No. 741,387,
and Serial No, 741,390, each filed on even
date herewith.

Having thus described my invention, what

I claim as new and desire to secure by Let-
ers Patent, is:

1. A flexible helically corrugated metal
tube the metal of which is twisted helically,
theline representing thetwist of the metal
being of greater fpitch than the pitch of the
corrugations or folds. T

2. A flexible helically corrugated metal
tube each fold of which is twisted helically,
the line representing the twist of the metal
being of greater pitch than the pitch of the
corrugations or folds.

3. A flexible helically corrugated metal
tube each fold of which'is twisted helically,
the line representing the twist of the metal
being more than twice the pitch of the folds.

4. A flexible helically corrugated metal

. tube the metal of which is twisted helically

45

and the outer ends of the folds of which are

straight in axial sectional configuration and

overhang the intervening helical groove.
5. A flexible helically corrugated metal

~ tube the metal of which is twisted helically

1,120,968

so that a line representing the twist of the

metal is of greater pitch than the pitch of
the folds, and in which the outer ends of
the folds are straight in axial sectional con-
figuration and overhang the intervening
helical groove. :

6. A flexible helically corrugated metal
tube the outer ends of the folds of which are
straight in axial sectional configuration and

overhang the intervening helical groove the.
.sectional outline of which is curved.

7. A flexible helically corrugated metal
tube the metal of which is twisted helically
so that a line representing the twist of the
metal is of greater pitch than the pitch of
the folds, the outer ends of the folds being
straight in axial sectional configuration and

-overhanging the intervening helical groove

the sectional outline of which is curved.

8. An integral flexible helically corru-
gated metal tube the folds of which are
uniform, each fold being unsymmetrical in
sectional outline longitudinally of the tube
and each having a wall bent over in the
same direction longitudinally of the tube.-

9. A flexible helically corrugated metal
tube the metal of which is twisted helically
and the folds of which are unsymmetrical,
each having a wall bent over longitudinally
in the same direction.

10. A flexible helically corrugated metal
tube the folds of which are unsymmetrical,
each extending laterally in the same direc-
tion and overhanging the intervening
groove,
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11. A flexible helically corrugated metal

tube the folds of which droop over bodily to
one side of the helical axis of the folds and
longitudinally of the tube.

In testimony whereof, I have signed my
name to this specification, in the presence of
two subscribing witnesses.

LOUIS H. BRINKMAN.

Witnesses:
Epwin Seornr,
Samurn M. Wm,,Jm
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