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Patented Aug. 24, 1926. 1,597,206 
UNITED STATES PATENT OFFICE. 

HARRY C.MALLORY, OF BELLEPORT, NEW YORK, ASSIGNOR, BYMESNE ASSIGNMENTs, 
To AMERICAN RADIATOR COMPANY, OF NEW YORK, N. Y., A CORPORATION of NEW JERSEY. 

METHOD OF PRODUCING EXPANSIBLE-COLLAPSIBLE ELEMENTs. 
Application filed March 23, 1920, Serial No. 368,118. 

My invention relates to improvements in methods of producing expansible-collapsible 
elements, and the same has for its object 
more particularly to provide a method of 
producing corrugations in a hollow cylin 
drical or tubular blank, which method con 
sists in drawing the wall of said blank over 
suitable dies, whereby the shape thereof is 

portions connecting the ends of said curved 
bends. 
Other objects will in part be obvious, and 

in part be pointed out hereinafter. 
To the attainment of the aforesaid objects 

and ends my invention consists in the suc 
cessive steps or operations hereinafter de 

altered without subjecting said wall to any 
rolling or Swaging action. . 

Further, said invention has for its ob 
ject to provide a method of corrugating a 
hollow cylindrical or tubular blank which 
consists in securing the blank at one end to 5 
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secured end into corrugations or folds of 
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a suitable support, and then subjecting it 
to the action E appropriate dies, beginning 
adjacent to the secured end, and working 
progressively outwardly therefrom and 
drawing the metal of the wall from its free 
end over or between said dies towards its 
substantially uniform temper throughout. 

Further, said invention has for its object. 
to provide a method of producing corruga 
tions in a hollow cylindrical or tubular 
blank one end of which is firmly secured to a 
support in which the wall of the blank, pro 
ceeding from said secured end towards its 
free end, is passed over appropriate dies, 
in such a manner that the metal of the wall 
is drawn inwardly from the free end of said 
blank towards its secured end to produce a. 
series of shallow corrugations, after which 
the blank is subjected successively to other 
dies in order to progressively deepen and 
contract said corrugations. t 

Further said invention has for its object 
to provide a method of corrugating a hollow 
cylindrical blank, in which the wall of the 40 blank is initially drawn over substantially 
the entire effective surface of one member 
of a set of cooperating dies, and over a part 
of the effective surface of the remaining 
member or members of said dies in order 
to produce shallow corrugations extending 
approximately an equal distance inside and 
outside of the original wall line or diameter. 
of the blank, which corrugations are there 

, after drawn, in succession, over or between 50 additional dies serving to deepen and con 
tract said corrugations by reducing the ra 
dius of the curved inner and outer bends of 
said corrugations and forming intermediate 

s 

scribed and then pointed out in the claims. 
In the accompanying drawings forming 

part of this specification wherein like char 
acters of reference indicate like parts, I have 
illustrated the first, last and several of the 
intermediate steps or operations performed 
in carrying out my method, and in connec tion therewith the essential parts of a ma 
chine whereby said method may be carried 
into effect. 

In said drawings:- 
Figure 1 is a side elevation showing a pair 

of cooperating dies, and in section, a hollow, cylindrical blank engaged thereby for pro 
ducing the initial, shallow corrugations. 
Fig.2 is a similar view showing the second 

operation in which the initial, shallow, cor rugations are slightly deepened; 
Fig. 3, is a similar view showing a further 

operation in which the corrugations have 
been drawn into semi-circular bends extend 
ing substantially an equal distance inside 
and outside of the original diameter of the 
wall of the blank; 

Fig. 4, is a similar view showing the final 
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drawing operation in which the corruga 
tions are deepened and contracted to the de 
sired extent; 

Fig. 5, is an enlarged detail side view 
showing a set of dies for drawing the corru 
gations, showing the manner in which a por 
tion of the wall of a blank is drawn over 
approximately the entire effective surface of 
the upper die, and over approximately one 
quarter of the effective surface of each of 
the cooperating lower dies, and 

Fig. 6, is a diagrammatic view showing 
the development of a corrugation from the 
blank to the completed corrugation in seven successive drawing operations. 
To produce a corrugated element, for use 

- as an expansible-collapsible vessel, I take a 
hollow, cylindrical blank 12 of appropriate 
thickness, by preference one that is open at 
one end, as 13, and closed at the other 14. 
The blank is then secured at its closed end 
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14 in a chuck 10 which is freely revoluble 
in a bearing 11. Then the dies 15, 15 are 
simultaneously advanced towards the closed 
end 14 of the blank- the die 15 being dis 
posed within the blank, and the die 15 with 
out the blank. When said dies are duly po 
sitioned with respect to the blank, the same 
are placed in operation, rotating towards 
each other, and are brought together with 
thé wall of the blank 12 therebetween. As 
soon as the wall of the blank becomes en 
gaged by said rotating dies 15, 15, the blank 
and the chuck 10 supporting the same, will 
be caused to rotate by the frictional engage 
ment of the dies 15, 15, with said wall, and 
the metal thereof will be drawn slightly in 
wardly from the free end 13 of said blank 
towards its closed end 14, and a very shal 
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apprecibly narrower in width. 

low. circumferential corrugation 12 formed 
therein adjacent to its closed end 14. Upon 
completing said first shallow corrugation, 
the dies 15, 15 are separated again and 
moved outwardly a step, towards the open 
end 13 of the blank, and then brought to 
gether again into engagement with the wall 
of the blank, and a corresponding, second 
shallow corrugation 12. This operation is 
repeated-until the desired number of corru 
gations or bends have been produced in the 
blank. . Hereupon the partly. corrugated blank is 
subjected to the second step or operation, as 
illustrated at Fig. 2, in which the dies are 
reversed, i. e. the upper die 17 being a large. 
single one, and the lower dic 17 being a 
small, double one whose members are sepa 
rated from each other by a distance equal 
to the width of the upper die 17, plus dou 
ble the thickness of the metal of the wall 
of the blank and the requisite clearance. In this second operation the corrugations 
are successively deepened into semi-circular, 
or substantially semi-circular folds extend 
ing approximately an equal distance within 
and without the original diameter of the 
blanks. The dies 17, 17 used in this opera 
tion are of substantially the same diameter a. have as a matter of convenience shown only 

four operations to illustrate my method. as those used in the first operation, but are 
Succeeding operation, however, not 

necessarily the third, is illustrated at Fig. 3. 
In this operation the dies are again reversed, 
and the upper die 18 formed as a double one, 
and the lower, smaller die 18 as a single one. 
The dies in this instance are also of the 
same diameter as in the preceding construc 
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tions, but appreciably narrower in width 
than those shown at Fig. 2, and serve to 
deepen the corrugations somewhat further 
and bring the same more closely together. 
The final ?peration is illustrated at Fig. 

4. In the regular course of operation, sev 
eral operations may occur between the op 
eration illustrated at Fig. 3, and that shown. 
at Fig. 4. In said last named figure, the 
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dies 19, 19 are reversed, and the upper die 
19 formed as a single die, and the lower die 
19 as a double one. The dies 19, 19 are, as 
heretofore, of the same diameter but mate 
rially thinner in width. In this final opera 
tion the corrugations, as previously devel 
oped, are further deepened and contracted 
to the degree desired in the finished product. 
In each of the sets of dies hereinabove de 

scribed the distance between the inner op 
posing faces of the double dies is always 
about equal to the width of the single die 
plus double the thickness of the metal of the 
wall of the blank to be operated upon, suf 
ficient clearance being provided in each case 
to insure the proper drawing of the metal 
of the wall over and between said dies. 
At Fig. 5 the operation illustrated and 

described in connection with Fig. 2, is repre 
sented on an enlarged scale in order to show 
graphically the manner in which the wall 
of the blank is acted upon by the dies. In 
Fig. 5 the blank is shown with the first partly-drawn corrugation 12 formed adja-. 
cent to the closed end 14 of the blank, and the dies 17, 17 acting to produce the second corrugation 12 and forming about one-half 
of the succeeding corrugation 12 by draw 
ing the metal of the wall of the blank in 
wardly from the free end 13 of the blank, 
as indicated by arrows a, over and between 
the effective surfaces of said dies and con 
forming the wall of the blank thereto. 
At Fig.6 have shown diagrammati 

cally the development of one corrugation 
corrugation resulting from the operation of 
a series of seven sets of dies acting in suc 
cession upon the wall of the blank. In this 
figure, the successive operations are illus 
trated by a series of curved lines indicated 
by the letters a to g inclusive. 
tween the initial and final drawing opera 
tions as illustrated at Figs. 1 and 4, respec 
tively, any desired number of intermediate 
drawing operations may be performed. I 

It is to be noted particularly that in car 
rying out my method prefer to secure one end of the blank firmly in position upon the 
chuck 10 which, while capable of free rotary 
movement, is preferably held against all 
longitudinal movement, and that in cor 
rugating the wall of the blank I prefer to 
begin the operation at or adjacent to the 
fixed end of the blank, and progressively 
work outwardly towards the free end of the 
blank until the desired number of corruga 
tions have been produced and that as a re 
sult of the construction and disposition of 
the dies with reference to each other, the 
metal of the wall of the shell between the 
dies and the open, free end of the blank 
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from the original blank to the completed 

It will be understood of course, that be 
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will be progressively drawn inwardly to 
wards, over and between said dies in the 

10. 
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formation of the corrugations thereby. This 
action is due to the fact that the wall of the 
blank between the die and the free end of 
the blank being unconfined or unrestrained 
will offer less resistance to the drawing 
action of the dies than the closed end of 
the blank or the corrugated portion of the 
blank between said dies and said closed end, 
and will cause the metal of the blank.to be 
drawn inwardly over and between said dies 
and thus insure the uniform temper of the 
metal. - ... 

Having thus described my invention, what 
I claim and desire to secure by Letters Pat ent is:- . 

1. The method of producing corrugated 
expansible-collapsible elements which con 
sists in taking a cylindrical blank, securing 
one end of said blank to a support, subject 
ing the said blank to the action of suitable 
dies and successively drawing the same over 
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said dies from the free end of said blank 
towards its secured end to form a series of 
shallow, parallel corrugations therein, and 
then subjecting said blank- to the further 
action of said dies whereby to progressively. 
deepen said corrugations and draw the same. 
closer together, substantially as specified. 

2. The method of roducing corrugated 
expansible elements which consists in takin 
a hollow, cylindrical blank, securin 
of said blank to a support subjecting said 
blank to the action of suitable series of dies 
and successively drawing the same over said 
dies from the free end of said blank towards 
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port, subjecting said blank to the action of 

its secured end and initially forming shal low circumferential corrugations ii, 
and then subjecting said partially corru-, 
gated structure to the action of additional 
sets of dies whereby further to draw said 
blank from its free end towards its secured 
end and progressively to deepen and con tract said corrugations, substantially as specified. . 
3. The method of producing expansible collapsible elements which consists in Eig 

a hollow cylindrical blank, open at one end 
and closed at its other end, securing said: 
blank at its closed end to a revoluble sup 
a set of cooperating revolving dies, while 
upon said support, beginning adjacent to its 
closed end, and drawing the wall of said 
blank over and between said dies, from the 
free open end of said blank towards its 
closed fixed end whereby to form corruga tions therein, substantially as specified. 

4. The method of producing expansible collapsible elements which consists in taking 
a hollow cylindrical blank having an open 
end and a closed end, securing said blank at 
its closed end to a revoluble support, sub 

the action of a set of cooperating, revolving 
dies, and proceeding from the secured end 
of said blank towards its free end, drawing 
the metal of the wall of said blank inwardly, 
from the free end thereof towards its se 
cured end, over and between said dies and simultaneously forming corrugations in said 
wall, substantially as specified. 

5. The method of producing expansible 
collapsible elements which consists in taking 
a hollow cylindrical blank having an open 
end and a closed end, securing said blank at 
its closed end to a revoluble support, subject 
ing said blank, while on said support, to the 
action of a set of cooperating, revolving dies, 
and, proceeding from the closed, secured end 
Df said blank towards its free, open end, 
drawing the metal of the wall of said blank 
inwardly, from the free open end thereof to 
(wards its closed, secured end, over and be 
tween said dies and initially forming shal 
low corrugations in said wall, and then sub 
jecting said blank successively to the action. 
of other sets of dies which serve to draw the 
metal of the wall of said blank further in 
wardly towards its closed end and to deepen 
as specified. 

6. The method of producing expansible 
collapsible elements which consists in taking 
a hollow cylindrical shell having an open 
end and a closed end, securing said blank at 
its closed end to a revoluble support, subject 
ing said blank, while on said support, to the 
action of a set of cooperating revolving dies, 
and, proceeding from the closed, secured end 
of said blanktowards its free, open end, 
drawing the metal of the wall of said blank 
with a -step-by-step movement inwardly 
from the free, open end thereof towards its 
closed, secured end, over and between said dies and initially forming shallow corruga 
tions in said wall, and then subjecting said 
blank successively to the action of other sets of revolving dies which serve to draw the 
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and contract said corrugations, substantially 
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metal of the wall of said blank further in wardly and progressively deepen and con 
tract said corrugations, substantially as 
specified. - . 

7. The method of producing expansible collapsible elements which consists in taking 
a hollow cylindrical shell having an open 
end and a closed end, securing said blank at 
its closed end to a revoluble support, sub 
jecting said blank, while on said support, to 
the action of a set of cooperating, revolvin 
dies, and, proceeding from the secured en 
of said blank towards its free end, drawing 
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the metal of the wall of said blank progres 
sively inwardly from said free end towards 
said secured end and initially forming shal 
low corrugations in said wall, and then sub 
jecting said blank successively to the action 
of other sets of revolving dies of gradually jecting said blank, while on said support, to diminishing width which serve to draw the 130 
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metal of the wall of said blank further in 
Wardly towards its closed end and progres 
sively reducing the diameter of the curved 
inner and outer ends of said corrugations 
and forming substantially flat, parallel por 
tions intermediate said curved ends, substan 
tially as specified: 8. The method of producing expansible 
collapsible elements which consists in taking 
a hollow blank, open at one end and closed 
at its other end, securing the same at its 
closed end to a support, subjecting said 
blank to the action of suitable dies and suc 

15 
cessively drawing the same over said dies 
from the free end of said blank towards its secured end whereby to form corrugations 
therein, substantially as specified. 9. The method of producing corrugated 
expansible-collapsible elements which con 

sists in taking a hollow blank, securing the 
same at one end to a support, subjecting said 
blank to the action of suitable dies and suc 
cessively drawing the same over said dies 
from the free end of said blank towards its 
secured end to form a series of shallow, par 
allel corrugations therein, and then subject 
ing said blank to further action of dies 
whereby to deepen said corrugations and 
draw the same closer together; all of the 
said several corrugating operations proceed 
ing from the secured end of said blank to 
wards the free end thereof, substantially as 
specified. . Signed at the city of New York, borough 
of Manhattan, New York County, in the 
State of New York, this 28th day of Febru 
ary, one thousand nine hundred and twenty. 

HARRY C. MALLORY. 
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