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UNITED STATES PATENT OFFICE. 

WESTON M. FULTON, OF KNOXVILLE, TENNESSEE, ASSIGNOR TO THE FULTON COM 
PANY, O'F KNOXVILLE, TENNESSEE, A CORPORATION OF MAINE. 

TUBULAR CORRUGATED WALL AND METHOD FOR MAKING THE SAME. 

Application ?led June 6, 

To all whom it vmay concern: 
Be it known that I, WESTON M. FULTON, 

a citizen of the United States, and a resident 
of Knoxville, Tennessee, have invented new _ 

.3 and useful Improvements in Tubular Col-raj?‘ 
(rated Walls and Methods for' Making the 
bame, which invention is fully set forth in 
the following speci?cation. I 
This invention relates to ?exible tubular 

corrugated walls and methods for making 
the same, and it has for an object the provi~ 
sion of a wall of this character which is 
highly sensitive to pressure variations ‘and 
which, at the same time, is both durable and 

1.} efficient in operation. 
A demand exists for ?exible tubular cor 

rugated walls which are capable of respond 
ing to variations of pressure where the pres 
sure is of relatively small magnitude, as in 

~;..* the case of CO, recorders, gas pressure incli 
cators, draft indicators, etc., in which the 
tubular corrugated wall may have to extend 
and contract substantial amounts in response 
to variations in a pressure as small as one 

:3 or two inches of a water column. Hereto 
fore, efforts have been made to supply high 
ly~sensitive tubular corrugated walls capable 
of responding to variations in relatively small 
pressures by constructing the wall of rela 

III) tively thin metal and providing therein rela 
tively deep corrugations. Walls of this 
character, however, as well as the methods 
heretofore used in making the same, have 
possessed more or less serious defects and 
disadvantages, among the more important of 
which are the following :— 
The manufacture of a tubular corrugated 

wall of relatively thin metal requires a‘ rela— 

e: Cl 
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tively great. Moreover, a wall of relatively 
thin metal tends to buckle under the treat 
ment to which it is subjectediin forming the 
_corrugat~ions,“a'fid this causes strains to be 
set up in the metal which in turn cause a 
jerky or irregular motion of the wall in ex 
tendi g and contracting under pressure vari 
ationg. Additionally, when the radially 
directed or lateral Walls of the corrugations 
are relatively thin, they tend to‘bend back 
and forth under changes of pressure, result 
ing in a lost motion as pointed out in my 
prior Patent No. 947,229 granted January 
25, 1910, and therefore the wall fails to ex 
tend and contract with sensitive accuracy ' 
in response to variations of pressure. 

It is an object of this invention to provide 
a ?exible tubular corrugated wall which is 
highly sensitive to variations in relatively 
small pressures and which, at the same time, 
can be manufactured with the exercise of 
less care and by fewer, less delicate and less 
expensive ‘operations than have heretofore 
been necessary in making highly sensitive 
walls of this character. Another object of 
this invention is to provide a ?exible tubular 
corrugated wall which is highly sensitive to 
relatively small pressure variations and 
which can be manufactured more economi 
cally and with the elimination of much of the ‘ 
waste which is incident to the methods of 
manufacturing walls of this character here 
tofore employed. Another object of this in 
vention is to provide a ?exible tubular cor 
rugated wall and method of making the 
same whereby the buckling and resultant 
strains incident to the formation of such 
walls of very thin metal is avoided, and the 

tively large number of delicate and ex-'~\irregular and jerky motion of extension and 
pensive operations and the exercise of great 
care in working the metal: otherwise, the 

_ metal is torn apart or stressed beyond its 
elastic limit by the operations which form 
the corrugations therein. Even with the 
exercise of extreme care and the employ 
,ment of a large number of operations in 
progressively forming the corrugations, as 
well as the frequent annealin of the metal 
to take out the temper which is worked into 
the same by the operations to which 'it- is 
subjected, the number of walls which are 

. ruptured or overstressed during the forma 
tion of the corrugations is relatively large, 
so that the wastage incident to prior manu 
facturing processes of this character is rela 

l5 

contraction incident to the operation of such 
walls as beret fore constructed is eliminated. 
Another object \of this invention is to pro 

60 
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vide a ?exible tiibular corrugated wall and I 
method of making the same whereby the lat 
eral walls of the’ corrugations may be made 
relatively strong and resistant to the tend 
ency to bend back and forth under pressure 
variations, so as to eliminate the lost motion 
and lack of accurate response in extending 
and contracting under pressure variations 
which are characteristic of tubular corru 
gated walls of relatively thin metal. 
Tubular corrugated walls are sometimes 

employed as presslire-responsive elements 
where they are subjected on opposite sides to 110 V 
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, space under the higher pressure; thus, if the 
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relatively large differences‘ in pressure and 
yet where they are required to respond sensi 
tively to relatively small changes in pres-, 
sure. A relatively large difference in pres 
sure on the two sides of a corrugated wall 
tends to collapse the folds of the corrug? 
tions which form'reentrant recesses in t e 

higher pressure exists interiorly of the wall, 
it tends .to collapse into engagement each‘ 
air of lateral walls on either side of each 

inner bend of the corrugations; on the other 
hand, if the higher pressure exists exteriorly 
of the wall, it tends to colla se into enga - 
ment-each pair of lateral wa ls on either side 
of each outer bend o-fstheycorrugations. This 
phenomenon manifests itself under relative. 
ly light pressures when the corrugated walls 
is made of relatively thin metal and ex 
perience has demonstrated that the lateral 
walls ‘of the corrugations may. be so col 
lapsed into engagement under ‘pressures 
which are only about one-third" of those 
which are required to rupture such walls.‘~ 
It is an object of this invention to provide 
a flexible tubular corrugated wall-in which 
certain bends of the corrugations may be 
made relatively stron to resist collapse 
while other bends of t e corrugations may 
be rendered highly sensitive to changes in 
pressure. - ~ 

Another object of this invention is to pro 
vide a method for thinning the bends‘ of a 
tubular corrugated wall which will effective 
ly auge the extent of the reduction ,in 
thic ess so as to insure that the bends of 
the corrugations shall be thinned to a sub 
stantially uniform and predetermined thick 

' ,ness. 

40 Another object of the invention is to pro» 
vide a ?exible tubular corrugated wall hav 

, ,ing one or both of the outer and inner bends 
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of its corrugations thinner than the lateral 
portions of said corrugations, together with 
a method for making the same, whereby, if 
desired, the thinned portions may be made 
of substantially uniform thickness; where 
by, if desired, the thinned portions may 
extend for a short distance 'into the lateral 
portions of the corrugations; whereby, if 
desired, the thinned portions may be con 
nected to the thicker portions by regions of 
tapering thickness; and whereby. if desired, 
the bends of the corrugations may be made 
more resilient than the lateral portions 

, ‘ thereof. 

60 
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Other objects will appear as the descrip 
tion of the invention proceeds. 

_ Stated broadly,the.invention comprises a 
‘?exible tubular corrugated wall having one 
or both of the outer and inner bends of its ~ 
corrugations made thinner than the lateral 
portions thereof by a predetermined amount; 
also the method of making a ?exible tubular 
corrugated wall by predeterminately thin 
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nin one or' both of the outer and inner 
ben s of its cor tions, perferably by 
rolling "or other col working operations. 
The invention is capable of being em 

bodied in a variety of ways some of which 
are illu rated on the accompanyi draw 
mgs, _b it is to be ex ressly un erstood 
that the drawings are or purposes of il 
lustration onlyand are not to be construed 
as a de?nition of the limits of the inven 
tion, reference being bad to the appended 
claims for that purpose. 
In said drawings wherein the thickness 

of the wall is shown greatly exaggerated 
for clearness of illustration :—~ ' 

Fig. 1 is an axial section of a ?exible tubu 
lar corrugated wall embodying the present 
invention; _ 

Fig. 2 is a half axial. section of another 
wall embodying the present invention; 

Fig. 3 is a half axial section of still an 
other wall embodying the present inven 
tion; a ' 

Figs. 4, 5 and 6 are enlarged fragmen' 
tary sections of a corrugation and illustrate 
different extents to which the thinned por 
tions of the bends of the corrugations may 
be extended toward or into the lateral por 
tions thereof; 

Fig. 7 is a schematic elevation of co 
operating rollsfor carrying out the method 
of the present invention; and ‘ 

Fig. 8 is a schematic elevation of-another 
set of cooperating rolls which ma be used 
with or ‘in place of the rolls of Fig.‘ 7 in 
carrying out the present invention. ‘ 
In conformity with the present invention, 

a ?exible tubular corrugated wall is pro 
vided having one or both of the outer and 
inner bends of itsicorrugations made thin 
ner than the lateral walls of said corruga~ 
tions by a redetermined amount, as dis 
tinguished fIi‘om an accidental and more 
or less irregular an defective thinning of 
the metal incident to some manufacturing 
methods heretofore suggested. In the form 
shown in Fig. 1, the tubular corrugated 
wall 10 has both the outer bends 11 and the 
inner bends 12 of its corrugations predeter 
minately thinner than ‘the lateral portions 
13 of said corrugations. In the form shown 
in Fig. 2, the tubular corrugated wall 14 has 
the outer bends 15 of its corrugations pre 
determinately thinner than the inner bends 
16 and the lateral walls 17 of said corruga 
tions, the inner bends 16 and the lateral 
walls 17 referably being of substantially 
uniform t ickness. In the form shown in 
Fig. 3, the tubular corrugated wall 18 has 
the iuner'bends 19 of its corrugations thin~ 
ner than the outer bends 20 and the lateral 
walls 21 of said corrugations, said outer 
bends 20 and the lateral walls 21 preferably 
being‘ of substantially uniform thickness. 
The form shown in Fig. 1 is particularly de 
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signed for uses where the wall must be sen 
sitively responsive to variations in relative 
ly small pressures; the ‘form shown in Fig. 
2 is particularly designed for uses where 
the wall may be subjected to relatively high 
interior pressures and yet must be sensitive 
ly responsive to relatively small changes in 
pressure; the form shown’i-n Fig. 3 is par 
ticularly designed for uses where the wall 
may be subjected to relatively high exterior 
pressures and yet must respond sensitively 
to relatively small changes in pressure; the 
forms shown 'in Figs. 2 and 3, however, 
while particularly designed to resist a rela 
tively -large di?'erence in the exterior ‘and 

'interior pressures, arev also possessed of 

i 

40 

marked .utilityewhere the wall must respond 
sensitively to relatively small pressure vari 

\~~ations even though the wall be not sub 
jectedto relatively high interior or exterior 
pressures", because eitheifoi" these construc 
tions is ‘much more sensitive to pressure 
variations than if the entire wall were made 
of the thickness of the. lateralvportions of‘ 

-' the corrugations, although they are less sen 
sitive to pressure variations than the type 
of structure shown in Fig. 1. 
The thinner portions in the bends of the 

corrugations are preferably connected ,to 
the thicker port-ions in the lateral walls oi'\ set 31-34, the 1'0 
the corrugations by regions of tapering 
thickness, so that’there will be.‘ no abrupt 
change in the thickness of the metal at 
which strains may concentrate. The por 
tions of reduced thickness may extend for a. 
short distance into the lateral portions of 
the corrugations or tlie'region of tapering 
thickness may extend for a short distance 
into the bends of the corrugations. In the 
form shown in Fig. 4 the entire bond 22 of 

' the corrugation is made of reduced thick 

45 

ness and connected to the lateral portions 
23 of the corrugations by regions 24 of tap‘er 
ing thickness ‘at the ends of the curve of 
the bend‘. In the form shown in Fig. 5 
the entire bend 22 of the corrugation is 
made of reduced thickness and the thinned 
portion is also extended for a short distance 
25- into each of the lateral walls 23 of the 
corrugation, where it is connected to the 
main portion of each lateral wall by a 
region of tapering ‘thickness 24. In the 
form shown in Fig. 6, the regions of taper- 
ing thickness 24 extend for ashort distance 
into the bend of the corrugation. In each 
instance the major portion of the bend. of 
the corrugation is preferably made of sub 

‘ stantially uniform thickness and the major 

60 
portion of each lateral wall of the corruga 
tion is also preferably made of substantially 
uniform thickness. - - . 

A ?exible tubular corrugated wall as here 
tofore described may be made in ‘any suit 
able wa . I preferably make the same from 
relative y thick metal, i. e. metal of the 

thickness that is to exist in the lateral walls 
of the completed corrugated wall, and form 
corrugations therein in any suitable Way, as 
by the method disclosed in my prior Patent 
No. 971,838, granted October 4, 1910. Then, 
Whgn the corrugations are nearing or have 
reached their completed form, I subject the 
bends of said corrugations to one or more 
operations by which the metal at said bends 
is reduced ‘in tl 'ckness to a predetermined 
amount. This latter result may be accom 
plished in any suitable way, as by machining 
or abrasive operations, but I prefer to effect 
the reduction in thickness by cold working 
operations, preferably by rolling. Suit-able 
apparatus for thinning the bends of the cor 

~.rug!ations by a rolling operation is illus 
trated in F 1g. 7, wherein a roll 26 is pro~ 
vided‘with a plurality of grooves 27, 28, 29 
and 30 which, are designed to cooperate with 
a set of rolls 31,32, 33 and 34, the con?gura 
tion of the periphery of said rolls and 
grooves being selected‘ to conform with the 
size and shape of the corrugations to be 
acted upon and the radii of curvature of 
each groove and its cooperating roll differ 
ing by an amount equal to the thickness of 
the metal at the bend of the corrugation to 
be acted on or produced. One roll ofthe 

of-an increased diameter corresponding to 
the predetermined extent to which the bends 
of the corrugations are to be reduced in 
thickness. Thus, assuming that. the bonds 
of the corrugations are to be reduced in 
thickness .004 of an inch, the roll 31 has a 
diameter .008 of an inch greater than rolls 
32, 33 and 34. Roll 26 and the set of rolls 
31~34 are rotated in any suitable way and 
also suitably mounted so that they may be 
moved toward and away from each other. 
Each bend of the corrugations is subjected 
to the action of the roll 31 and its cooperat 
ing groove 27 until the thickness of the wall 
at said bend is reduced to the predetermined 
amount, whereupon the rolls 32, 33 and 34 
engage the succeeding bends of the corru 
gations in the grooves 28,29 and 30 and 
prevent a further reduction in the thickness 
of the corrugation being acted upon ‘by the 
roll 31. _ 

The aforesaid operation of reducing the 
thickness of the metal at the bend of the cor 
rugation is repeated with each successive 
bend until there is an insuilicient number of 
corrugations not yet acted on to be engaged 

'_ by the rolls 32, 33 and 34. The wall is then 
removed from the said rolls and the thin 
,ning operation may be completed on an vap 
paratus such as illustrated in Fig. 8. In the 
structure here shown, the roll 35 is provided 
with a plurality of grooves 36, 37, 38 and 
39 which cooperate with a series of rolls 
40, 41, 42 and 43. In this structure all of 
the rolls 40-43 are of equal diameter and 

1 31 for example, is made -; 
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correspof nd insize to the row of the ap- ‘ 
paratus shown in Fi . 7. The remaining 
corrugations are subjected successively to 
the thinning action of the roll 43 coacting 
with its opposed‘ groove 39, and as each bend 
is reduced to the‘ predetermined thickness, 
the rolls 40, 41 and 42 engage the preceding 

‘ bends of the corrugations in the cooperating 

10 

15 

20 

grooves 36, 37 and 38 and prevent further 
thinnin by the action of the roll 43. 
There y the thinning of the bends of the 

corrugations is accurately gauged so as to 
insure that all of said bends shall be of sub 
stantially uniform thickness. ' i 

If desired, he entire thinning operatio 
ma be carried out by cooperating rolls 
which include both rolls of increased diame 
ter as in the apparatus in Fig. 8 and rolls 
of lesser diameter as in the‘ apparatus of 
Fig. 7, s'aidrolls cooperating wlth an op 
-posed roll having a corresponding number 
of cooperating ‘grooves. This is illustrated 
in- dotted lines in Fig. 8 wherein the roll 35 
is’ rovided with additional grooves 28, 29 
and) 30, and the cooperating set of rolls also 
includes rolls 32, 33 and 34 of the lesser di 

' ameter for coaction with the bends of the 

4 28, 29 and 

corrugations which have not yet been 
. .thinned, the same reference characters being 
employed ~- for these additional rolls and 
grooves as in the embodiment of Fig. 7. 
In this construction the reduction in the 
thickness of the wall at the bends is gauged 
by the rolls 32, 33 and 34 engaging suc 
ceeding bends of the corrugatlons, which 
have not vet been thinned, in the grooves 

30, as well as by~ the rolls 40, 
41 and 42 engaging the preceding bends 
of the corrugations, which have already been 
vthinned. in the grooves 36, 37 and 38. I 
prefer, however, to use two separate appara 
tus as shown in Figs. 7 and 8, as the addi 
tion of the further rolls ’and cooperating 
grooves complicates the apparatus and ren 
ders the gauging operation more di?icult. 
If the inner bends of the corrugations are 

also to be thinned, the cooperating rolls 
heretofore described are. interchanged, the 
grooved roll being positioned interiorly and 
the set of rolls being positioned exteriorly, 

\ and the inner'bends of the corrugations are 

60 

then thinned successively by the action of 
the apparatus heretofore described. 

This thinning of the bends of the corru~ 
gations may be e?'ected after the corruga 
tions have been given the form which they 
are to have in the completedwall, or the 
bends of the corrugations may be subjected 
to one or more thinning operations prior to 
the shaping'of the corrugations into their 
?nal form and such corrugations thereafter 
be subjected to further treatment to deepen 
and narrow the same, or said bends may be 
subjected to thinning operations both before 
and after they have ‘reached their ?nal form. 

1,628,961 

If it is desired that the portions of reduced 
thickness extend for a short distance into 
the lateral walls of the corrugations, I pre 
fer. to subject the bends of the corrugations 
to athinnirig operation prior to the ?nal 
operation or operations by which the corru~ 
gations are brought into their ?nal form, 
and then reduce the radius of curvature of 
the corrugations by one or more further roll 
ing operations, which may be carried out as 

70 

76 
disclosed in my prior Patent No. 971,838. 
As the radius of curvature of the bends of 
the corrugations are thus reduced, some of 

I the thinned portions of the wall at the bends 
is transferred into the lateral portions and 
the resulting .wall at the bends is construct 
ed as shown diagrammatically in Fig. 5. In 
place of reducing the thickness of each en 
tire bend, I may so construct the periphery 
of the cooperating rolls that the region of re 
duced thickness extends through less than 
the entire length of each bend-so that the 
construction at the bond is as shown' dia 
grammatically in Fig. 6. ‘\Vliether or not 
the portion of reduced thickness extends 
throughout the entire length of each bend, 
and whether or not the reduced portion ex 
tends into the lateral walls of the corruga~ 
tions, and whether or not the corrugations 
be subjected to subsequent operations after 
the reduction in thickness of the bends, such 
cold working operations by which the bends 
of the corrugations are reduced in thickness 
increases the resiliency of the metal at said 
bends and may therefore impart to said 
bends a higher elastic limit than is possessed 
by the lateral portions of said corrugations. 

It will therefore be perceived that I have 
)rovided a ?exible tubular corrugated wall 
in which the bends of the corrugations may 
be made as thin or even thinner than the 
metal heretofore employed in tubular cor 
rugated walls designed for highly sensitive 
response to small pressure variations while, 
at the same time, the lateral walls of said 
corrugations remain relatively thick and 
strong so as to eliminate buckling during 
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‘ manufacture as well as the bending back and 
forth during operation which is characteris 
tic of relatively thin lateral walls. Thereby, 
a wall has been provided which is highly 
sensitive to small pressure variations and 
which, at the same time, avoids the jerky 
and irregular motion heretofore present 
from the overstraining of the metal as well 
as also eliminates much if not all of the lost 
motion incident to the bending back and 
forth of the lateral walls. At the same time. 
a ?exible tubular corrugated wall has been 
provided in which either the inner or the 
outer bends of the corrugations may he left 
relatively strong to resist collapse under the 

120 
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.action of the pressure to which the wall is 
subjected while the wall is still sensitively 
responsive to relatively small pressure varia- 13° 
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‘tubular corrugated wall having the bends. 

1,623,951 
tions- Furthermore, this highly sensitive 
tubular corrugated wall is provided by a 
method of manufacture which avoids the 
delicate and expensive operations hereto 
fore employed, which does not require ex 
cessive care in the treatment of the walls, 
and which eliminates substantially all of the 
wastage incident to the methods heretofore 
employed. Moreover, this method of manu 
facture may render the bends of the corru 
gations of increased resilience and leaves the 
wall strong and durable as well as sensi 
tively and e?iciently responsive to changes 
of pressure. Additionally, a method has 
been provided whereby the bends of the 
corrugations may be reduced in thickness by 
accurately gauged operations so that said 
bends shall be of substantially uniform 
thickness. ‘ 

While the embodiments of the invention 
illustrated on the drawings have been de 
scribed with considerable particularity, it 
is to be expressly understood that the in 
vention is not limited thereto, as the inven 
tion may be carried out in a variety of ways, 
some of which will now readily suggest 
themselves to those skilled in the art, while 
changes may be made in details, dimensions 
and arrangements, and certain features used 
without‘ other features, without departing 
from the spirit of this invention. Reference 
is therefore to be had to the claims hereto 
appended for a de?nition of the limits of 
said invention. ‘ 
What is claimed is :—~ 

1 1. A ?exible,'expansible and collapsible, 

of its corrugations reduced in 
a predetermined amount. 

2. A ?exible, expansible and collapsible, 
tubular corrugated wall having one or both 
of the outer and inner bends of its cor 
rugations made predeterminately thinner 

thickness by 

- than the lateral portions of said corruga 
tions, said thinner portions being connected 
to said thicker portions by regions of taper 
ing thickness. \ 

3. A ?exible, expansible and collapsible, 
tubular corrugated wall having the outer 
bends of its corrugations made thinner than 
the lateral portions thereof by a predeter 
mined amount. 

4. A ?exible, expansible and collapsible, 
tubular corrugated wall having the inner 
bends of its corrugations made thinner than 
the lateral portions thereof by a predeter 
mined amount. 

5. A ?exible, expansible and collapsible, 
tubular corrugated wall having one or both 
of the outer and inner bends of its corruga 
tions made predeterminately thinner than 
the lateral portions " of said corrugations, 
said thinner portions extending for a short. 
distance into said lateral portions. 

6. A ?exible, expansible and collapsible, 

U” 

tubular corrugated wall having one or both 
of the outer and inner bends of its cor 
rugations made - predeterminatel thinner 
than the lateral portions of sai corruga 
tions, said thinner portions extending for a 
short distance into said lateral portions, and 
being connected to said thicker portions by 
regions. of tapering thickness. \ 

. A ?exible, expansible and colla sible, 
tubular corrugated wall having hot the 
outer and the inner bends of its corrugations 
made thinner than the lateral portions 'there 
of by a redetermined amount. . . 

8. A exible, expansible and collapsible, 
tubular corrugated wall having one or both 
of the outer and inner bends of its corruga-_ 
tions of substantially uniform thickness and 
thinner than the lateral portions of said-cor 
rugations. 

9. A ?exible, expansible and collapsible, 
tubular corrugated wall having one or both 
of the outer and inner bends of its cor 
rugations of substantiallyuniform thickness 
and thinner than the lateral portions of said 
corrugations, said lateral portions ‘also being 
of substantially uniform thickness.‘ 

10. A ?exible, expansible and collapsible, 
tubular corrugated wall having one or both 
of the outer and inner bends of its corruga 
tions of substantially uniform thickness and 
thinner than the major part of the lateral 
portions of said corrugations, said thinner 
portions extending for a short distance into 
said lateral portions», ' i 

11. A ?exible, expansible and collapsible, 
tubular corrugated wall having one or both 
of the outer and inner bends of its corruga-_ 
tions of substantially uniform thickness and 
thinner than the lateral portions of said cor 
rugations, said thinner ‘portions being con 
nected to said thicker portions by regions/ 
of tapering thickness. , > 

12. A ?exible, expansible and collapsible, 
tubular corrugated wall having one or both 
of the outer and inner bends of its corruga 
tions predeterminately thinner and more re 
silient than the lateral portions of said 
corrugations. 

13. The method of making a ?exible tubu 
lar corrugated wall which includes form 
ing a tubular wall with corrugations and 
predeterminately reducing the thickness of 
the wall at one or both of the outer and 
inner bends of said corrugations. 

14. The method of making a'?exible tubu 
lar corrugated wall which includes‘ form 
ing a tubular wall with corrugations and 
cold working one or both of the outer and 
inner bends of said corrugations to reduce 
their thickness to a predetermined amount. 

15. The method of making a ?exible tubu 
lar corrugated wall (‘which includes form; 
in a tubular wall with corrugations and 
su jecting one or both of the outer and 
inner bends of said corrugations to a rolling 
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- operation ‘to reduce'their thickness by a pre 
'. determined amount; ' - 

i 16. The method of making a ?exible‘ tu-\ 
bular corrugated wall‘ which includes form 
ing a'tubular wall with ‘corrugations, pre 
determinately"reducing the thickness of the i 

. wall at one or both of 'themc-uter and'inner 
bends of said'corrug'ations', and reducing 

\ ' the radius of clirvature of said bends to 
10 

,. bular corrugated wall which includes form- - 

15 

transfer parts of said thinned portions into 
the lateral portions of said ‘wall. 

17. ‘The method o'f making a ?exible tu 

ing a tubular wall with corrugations, sub 
-'ecting one or'hoth of the outer and inner 
bonds of said corrugations ‘to a rolling oper 
ationqto-reduceitheir thickness to a prede 
~termined amount, and reducing the ‘:adius 
Br atu're of said bends by a rolling oper 
ation to\-transfer,parts offsaid'thinned por 
tions into thelateral portions of said wall. - 
:18. The method of making a.?exible tu 
bular corrugated wall which includes form 
in a' tubular. wall with corrugations and 

ucing the thickness of said wall at one ,or 
- both of the‘ outer and inner bends of said 

' corrugations while 

30' 

gauging the extent of 
said reduction. - , - 4 I 

v19. The method of making a ?exible tu 
bular corrugated wall which includes form 
ing a tubular wall with corrugations and re 
ducing the thickness of said wall by a rolling 

, operation at one or both of the outer and 

35 
inner bends of said'corrugations while gaug 
ing ith ~coacting rolls the extent of said re 
duction. _ -' - 

. 20. The method of making a ?exible tu 
- '‘ bular corrugated wall which includes form 

__'ing a tubular wall with corrugations, sub 
'ecting one or both of the outer and inner 
nds of said;corrugations successively to 

ooacting sets of rolls, one or more of the 
rolls of one set of which have a predeter 
mined di?erence in diameter from that of 
‘other rolls of said‘ set,‘ and reducing-the 
bends of the corrugations in thickness while 
gauging the extent of said reduction by the 
action of said rolls of different diameter. 

21. A ?exible, expansible and collapsible, 
" tubular corrugated wall having one or both 
of the outer and inner bends of its corru 
gations reduced in thickness relative to‘its 
ateral walls. ' ~ * _ 

22. The method of making a ?exible tu 
bular corrugated wall which includes form 
inga tubular wall with corrugations and re 

_ ducing the thickness of one or both of the 
. outer and inner bends of said corrugations 

00; 
while increasing theresiliency of said bends. 

4 23. The method‘of making a ?exible tu~ 

11,528.95; 
bular corru ated wall-which includes form~ 
ing a, tubu ar wall with corrugations and 
thinning one or both of the inner and outer 
bends of said corrugations relatively to said 
lateral walls. . 

24¢L~The method of making a ?exible cor 
rugated tubular wall‘which includes form 
ing a tubular wall with'eorrugations, reduc- W 
ing the thickness of one or both of the outer 
and inner bends of said corrugations, and 
subsequently deepening and narrowing said 
co-rru ations. 

25. he method of making-a ?exible cor 
rugated tubular wall which includes forming 
a tubular wall with corrugations, and reduc 
ing the thickness of oneor both of the outer 
and inner bends of said corrugations by 
subjecting only the bends of said corruga 
tions to‘the‘qaction of a roll. 

' '26.-A ?exible, expansible and collapsible, 
tubularcorrugated wall havin one or both 
of the outer and- inner bends 0 its corruga 
tions reduced in thickness relative to its 
lateral walls and in a cold worked condition 
whereby they are resilient. - 

27. A ?exible, collapsible and expansible, 
tubular corrugated wall having one or both 
of the outer and inner bends of its corruga 
tions predeterminately thinner than the 

dateral portions of said corrugations. ' ‘ 
28.‘A ?exible, collapsible and expansible, 

tubular corrugated wall having one or both 
of the outer and inner bends of its corruga 
tions predeterminately thinner and more re 
silient than the lateral portions of said cor 
rugations. v 

29. The method of making a ?exible tubu 
lar corrugated wall highly responsive to rela 
tively small pressure variations which in 
cludes forinin one or both of the inner and 
outer bends 0% 
nately thinner than the lateral portions 
thereof. ' 

30. The method of making a ?exible tu 
bular corrugated wall highly responsive to 
relatively small pressure variations which in 
cludes subjecting one or'both' of the inner 

' and outer bends of its corrugations to a cold 
working operation‘ to make said bends thin~ 
ner than the lateral walls. 

31; The method of making a ?exible tu~ 
‘bular corrugated wall highly ‘responsive to 
relatively small pressure variations which 
includes. subjecting one or both of the inner . 
and outer bends of its corrugations to a roll 
ing operation to thin said bonds with re 
spect to the lateral walls. ' 
In ‘testimony whereof I have signed this 

speci?cation. . 4 

‘ WESTON ~M. FULTON. 
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