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3 Claims." ‘(CL ease-148.2)“1 ‘ t t 

I The present inventionv relates to an improved‘ 
method of defdrmingthe end portion of a tube. 
and‘ more particularly to ‘an improved method of“ 
closing the end of a metal tube. ‘The invention‘ 
also relates to the improved pressure tight tube 
end closure structure which is obtained by‘utiliz 
ing the present improved method. Although gen? 
erally applicable to the formation of end closures“ 
on both soft and hard‘ metal tubes, of all sizes,‘ 
dimensions and cross-sectional configurations‘, 
the improved method disclosed herein is particue 
larly applicableto the formation of pressure tight 
end closures on annealed‘ steel or other ‘workable ‘ 
ferrous metal tube blanks‘ having around or oval 
cross-sectional con?guration; ‘ b‘ I ‘ a 

In general, the prior art practice of closing 
the ends of metal tubes is limited‘to the usecf 
spinning‘and swedging‘ methods. The spinning 
method, wherein the work is turned at high speed 
while ahard metal tool,‘usually‘ ‘formed of tool“ 
steel, is brought to bear with increasing pressure 
against the metal of the tube end being ‘worked 
upon, ‘is limitedhto the working of soft metal 
tubes, such, for example, as those‘ made of ‘cop 
per, brass, aluminum and other, soft non-ferrous 
metals. It has been found, ‘in attempts to “utilize 

10 

production‘ of tube“ ‘end closures in‘ large ‘ volumes, 2 
regardless of‘wheth‘e‘r‘ the jtubes‘v ‘are formed of1 
hard metal or‘ soft metal. Moreover‘, in‘ utilizing“ 
this method to ‘work hard ferrous‘ metalsp‘such‘,‘ 
for ‘example, asannealed carbon steel,‘ it is ‘necesé ‘ 
sary to preheat the metalto, a workable‘ state be: 
fore ‘the fswedging operation can "be ‘started ‘and 
to maintain the metal in a‘ workable ‘s‘ta'tefb‘y ‘re-‘b 
heating , as the‘ “swed‘g‘ing‘ operation ‘ ‘‘ progresses.‘ 
Such heating‘ causesa scaleto form on’the ‘outer 
surface ‘of the metal whichusually must‘belre 

‘ moved by dipping‘the metal in‘ a pickling bath 
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this method to forme‘nd ‘closures on hard‘ metal _ 
tubes, that an affinity between the tu‘befmetal 
and the tool is developed‘ early in the process and 
long before an‘ end, closure. can be’ formed on 
the tube. Thisafiinity is probably caused by the 
heat resulting from the, frictional engagement 
betweenthetube metal and the tool, and has the 
effect of causing the tube metal or the tool metal, 
or both, to bind and tearwhen the tool is, brought 
to bear under pressure against the spinning ltube 
end. So ,far as is known, ‘no tool‘ material, 
steel or‘otherwise, is available which lacks a?inity 
for, workable ferrous metals and yet‘, is hard 
enough to carryout the shapingiof thes‘tube 
metal required during the. spinning , ‘operation. 
Thus it is commercially impractical to; employ 
conventional’ spinning ,methodsln the forma 
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tion of ,end closures on hard metal tubes. More,- , 
over, this‘ method aslcommercially employed in 
the formation‘ of, end closures on soft, metall'tu‘bes 
is somewhat slow and must be practiced‘ with 
care, sinceif the pressure oi the ‘shaping tool 
against the endsidewall‘metal of the'tube‘ 'i‘s 

be otherwise deformed at some weak point ‘along 
itslengthm‘ . “‘ ‘I ‘ ‘a ‘s ‘ 

‘ The method of swedging‘ ‘the end side‘ wall 
metal of a tube to form anjen‘d closure thereon is 
so slow and costly as to have little utility in the 

50 

after the swedging‘ is‘ completedJl'A ‘further dis? 
advantage of the swedging method resides in‘the 
fact‘ that‘ regardless of the? hardness of the metal 
worked upon, a smooth ‘?nished surface‘ cannot ‘ 
be‘ obtained.‘ Accordingly,‘ a‘ v?nishing ‘ operation,‘ , 
such, for example‘, as 1 grinding‘ and ‘polishing? is‘, 
in the ‘manufacture of‘ 1many‘ articles,‘ required 
after‘ ‘ the "metal ‘ shaping‘ been ‘ effected‘ by 
swe‘dging,‘ ‘This‘fis also“ true“ o‘ffthe‘ spinning‘ 
method, although perhaps‘ ‘to‘a lesser‘deg'ree. “ i‘ 

7 Ian general,‘it‘isj‘an‘object‘of thepresentfini " 
vention to provide‘an ‘improved methodoflclosl 
mg the’end of a metaltubefwhich is entirely free ‘ 
°f Phi"amt-Waived‘limitations-and mamas‘; 
iages ‘characterizing, the‘ known, inethodsfof 5pm; 
ningandlswedging‘.‘ ‘‘ l , 

More positivelystated, itkisfan,‘ objett ofth‘e 
inventionto provide an improved,1 method“ of, 
forming ‘sends closures‘ on tubes‘, method 
may be easily and cheaply practicedto produce 
the endlelqsw‘es 1h, productieni quantities” ‘with a ‘ 
minimum‘ of labor and with‘ a minimum‘ of ‘ readily ‘ 
obtainable and relatively cheap equipment.“ ‘ 
‘a It‘ is‘ anotherobject of the: invention toprovide 
an improved method“ of a the character described, 
which his notwlimit‘ed‘t‘oj the“‘formation'ofend ‘ 
closures on'jtubes ‘formed of sobftlworkablamate-r “ 
rials‘ but‘ may be ,employ‘ed with equal facility 
and at little ‘or no additional cost in‘ the forms.‘ 
‘tion ‘of end closures onfhardm‘etaljtubes‘ formed 
of workable ferrous metals and thellike‘.“ ab “ I 

‘ A¢C¢rdmg t0 ‘anetherbbiéct 61‘ the, illvelltlbftl. 
the present improved ‘method‘may be utilized to 
form an end closure‘which is, entirelyl‘lfinished, 
whereby the‘ machining ‘operation‘sius‘ually;ire- ‘ 
quired in the production of ‘an ‘article o‘f‘this char“ 
act‘ererlefnet‘req?irede ‘ ' ‘ ‘ “ ‘ 

' ‘In accordance with stlllano‘therl obiefctolf‘the ‘ 
invention,‘ the‘ present imprpve‘q method may‘ be 
employed‘ to form a tube Jen‘d closure which is 
‘pressure tight, contains noffls'sures extending-‘en. 
tirely between the inside ‘and‘the ‘outside “surfaces 



' continuous steps. 

3 
of the tube, and possesses great structural 
strength. ‘ 

It is a further object of the invention to pro 
vide for sealing an end of a pressure chamber, 
an improved pressure tight end closure which is 
capable of withstanding high pressures, is of sim 
ple and economical construction, and may easily 
be manufactured in production quantities. 
According to another and more speci?c object 

of the invention, the end closure is, during the 
formation thereof, provided with a portion hav 
ing a small ?ssure therein which is exposed to ' 
any pressure developed within the chamber, and 
provisions are made in the structure for utilizing 
the pressure developed within the chamber to as 
sist in preventing the ?ssure from expanding. 

In brief, the objects as set forth above are real— 
ized in accordance with-the present invention by 
utilizing a die molding method to shape the end.v 
side wall metal of a tube progressively and in non 

More speci?cally, the method 
comprises, the steps of intermittently applying 
pressure to the end side wall metal of the tube 
both along the length thereof and radially in 
ward, thereby to crowd the end side wall metal 
of the tube inward to form a mass disposedsub 

I5 

20 

stantially in the center of the tube end, and then . 
exerting pressure on the mass along a line sub~ 
stantially parallel to the longitudinal axis of the 
tube in order to close any ?ssure remaining in 
the mass. As each metal crowding operation pro 
ceeds, the thickness of the crowded mass of metal 
increases and the hardness of the metal increases. 
Accordingly, the pressure exerted during each 
intermediate crowding operation to produce a 
given amount of crowding must be substantially 
greater than that exerted on the metal during 
the preceding crowding operation. In order to 
prevent the increasing pressure applications from 
deforming the tube along its length, the end side 
wall metal of the tube is, during the ?rst applica~ 
tion of pressure thereto, extruded to provide a 

- surface on the inner side thereof which bears 
against the end of an anvil disposed within the 
tube, and. this bearing'surface is progressively 
increased during succeeding pressure applica 
tions, thereby to transfer an increasing propor 
tion of the pressure load from the barrel of the 
tube to the anvil. ‘ v 

The invention, both as to the methodand the 
article produced thereby, together with further 
objects and advantages thereof, will best be un 
derstood by reference to the speci?cation taken 
in connection with the accompanying drawings in 
which: 

Figs, 1 and 2 are front and side views, respec 
tively, of a die press which may be utilized in 
practicing the present invention; , 

Figs. 1A and 1B schematically illustrate a por 
tion of the carriage rotating mechanism forming 
a part of the press shown in Figs. 1 and 2. 

Fig. 3 is an underside view of the die carrying 
press head forming a part of the press shown in 
Fig.1, which illustrates the manner in which the 
metal shaping dies are disposed on'the under side 
of the head; ' 

Fig. 4 is an end view of the die carrying press 
head shown in Fig. 3; 

Fig. 5 is a detail view partially in section, illus 
trating the knockout device used for ejecting the 
tubes from the molding dies at the end of each 
pressure application; 

Figs. 6' and 7 are top and side views, respec 
tiveiy, of the stationary platform and rotatable 
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. ported by the anvils 24 during operation of the __ 
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work carriage forming 
in Fig. 1;‘ 

Fig. 8 is a side perspective view of.a tube blank; 
Figs. 9 to 1'7, inclusive, illustrate the plurality 

of progressive metal crowding ‘steps utilized in 
closing the upper end of the tube shown in'Fig. 3; 
and ‘. i 

Fig, 18 is an enlarged view partially in section 
showing the end‘closure in completed ‘form. 

Referring now more particularly to Figs, 1 to '7, 
inclusive, of the drawings, the press there illus- l 
‘trated is well adapted for use in practicing the 
present improved method in the manner ex 
plained below. In brief, this press comprises 
the usual pedestal H) which carries side frame 
members H and I2 joined at the top by across-v 
over piece [3. The L-shaped frame members H 
and I2 support the usual work platform M on the 
bases thereof, this platform in turn having a tube 

carriage l5 mounted for rotation on-xthe upper side thereof in a suitable manner. Ari‘éccehtrio _ 

shaft I6, journaled in the frame members I l and- ‘ 
l2 at the upper ends thereof, and carrying a driv- _ 
ing pulley l‘! at one end thereof, isprovided for 
actuating a press head l8 which is arranged to 
coact with the tube carriage l5. More speci? 
cally, the head I8 is mounted upon the lower. ‘end 
of a ram l9 which is journaled on'the off-center 
portion of the shaft in such a manner that the 
head l8 may be reciprocated alonga- vertical path 
without tilting during the up and .down'rnove 
vment thereof. Guide rods 20 and Ti, laterally 
spaced apart and rigidly mounted upon~the sta-. - 
tionary platform M are provided, which extend 
through snugly ?tting holes 22 and_23 provided‘ 
in the head [8 and function to_ guide this head‘ 
in its up and down movement. - - \ >' 
The tube carriage l5 comprises auro'und' anvil 

plate l5a which is rigidly‘ secured by means of' 

bolts I50 to a ratchet plate l5b' ha'vinfg' aportion of reduced diameter journaled 'in;a, matching re-' ’ ' 

cess machined in the top side .of. the platform ' 
I4. The plate l5a rigidly supports a~ plurality 
of tube anvils in the form of vertically extending 
steel posts 24 which are equally spaced apart and - 
form a circle having a center coincident with the 
center of the plate. As best shown in Figs. 9 ,to 
18, inclusive, of the drawings, each of the ‘anvils 
24 is provided with an upper end which forms a 
half globe, having the diameter of the anvil. At 
the upper central portion of ‘each-rounded anvil 
end, a conicalv recess is provided “which, ‘in the 
illustrated arrangement, has surfaces diverging 
thirty degrees from the longitudinal axis of the 
anvil. ' - - 4 - 

A plurality of shaping dies 25 are carried by 
the head I8 in a manner such_ that thev'may be 
brought to bear against the ends of 'tubes sup 

press. More speci?cally, the head. 18 ‘comprises 
two plates um and l8b which, are provided with,’ . ’ 
suitable die receiving recesses'a'nd are suitably- _ -' 

clamped together to retain the dies therebetween. 
As best shown in Fig. 3 of the drawings, the die 
receiving recesses are cut in ‘the lower plate l8b. 
These recesses are arranged ‘in an are which is co 
incident with the are formed by the anvils 24. 
More speci?cally, the recessesaresoarranged 
that with dies held therein, means orthe mold 
ing cavity in each die‘ is coincident with the long 
axis of one of the anvils. _-._fh-,the,illustrated ar 
rangement and as shown'in Fig.7}, recesses are 
provided for receiving thirteen‘ different shaping ' 
dies thus permitting a maximuini‘of thirteen dif 
ferent shaping operations. Itv is ‘understood, of 

a part of the. press shown ' 



5 . 
‘course, that the invention is not limited to this 
specific number but it is illustrative. ‘When, how 
ever,‘the present improved method is practiced 
in the‘ speci?c manner described below, only ‘nine 
different shaping dies are required.‘ Of these 
nine dies, those which perform the ?rst seven 
metal crowding operations are ‘each provided with 
a hole extending through the die“ and into which 
the metal is crowded. For the purpose of pre-‘ 
venting the tubes from sticking in these seven 
diesat the end of each shaping operation, the 
knockout arrangement illustrated in Fig. 5 of the 
drawings may be provided in conjunction‘ with 
each die receiving recess of the head 18. This 
arrangement comprises a- kn‘ocko‘ut'piece 26, dis 
posed in a‘ recess provided in ‘the plate l8a op 
posite they die receiving recess in thepiate ‘i817 
and biased by a heavy spring 21¥to engage a die 
‘25 disposed in the die‘ receiving recess. Each 
knockout ‘element 26 is provided with a projection 
26a of the appropriate sizejto enter the metal 
receiving hole provided in a die of given size. 

“ These projections of course vary in. dimensions 
in accordance with the sizes of the particular 
die holes with which they are required to mate.“ ‘ 

> For ‘the purpose ‘of rotating the tube carriage , 
i5 step by step, thereby to advance veach tube 

, supported by an anvil 24. so that it will be oper- ‘ 
ated upon successively ‘by different ‘ones of the 
several dies carried by the head I8, a driving ‘con 
nection‘is provided between this carriage ‘and 
the shaft 16. This connection comprises a collar 
28 rigidly secured to the end of- the shaft [6 ‘op-’ 
posite that upon which the pulley ll‘! is'mounted;. 
and a link 29 which is connectéd‘at its upper 
vend to an eccentric pin' iilhlanid is pin connected 
at its lower end to thelarzn' Sta of ‘a rocker shaft 
3|. This shaft is journ‘a‘led in the legs of a U 
.shaped frame 32 mounted upon the platform l4,‘ 
and carries a rocker‘ arm 34 which is arranged 
to reciprocate an edge biased slide 35 engaging 
the teeth 36 of the ratchet plate‘ l5b. The teeth 
of ‘the ‘ratchet plate. l5b are angularly spaced 
apart ‘by the'same number of radians as the 
anvils 24 carried by theplate I5a. ‘In order to 
prevent the carriage l5 from'being retracted dur 
ing the‘back stroke of the slide 35, a stop pawl 
39 pivotally mounted upon the platform i4 and 
biased by the leaf spring ‘40 is provided to engage 
the teeth 35 of the ratchet plate‘ 15b. 

In adapting the illustrated press‘ for‘ use in 
forming end closures on metal tubes of i a given 
length and diameter, an anvil plate l5a carrying 
anvils 24 havinga diameter only slightly less than 
the internal diameter of the tubes, is employed. 
The anvils are of exactly the same'shape and 
length. More specifically,‘ the anvil length is 
enough less than the length of each tube blank 
that a su?icient‘ amount of side wall metal re 
mains‘above the‘end of the anvil to‘ permit the 
end closure to be formed; This difference in the 
‘lengths of the anvils and the tubeblanks will, of, 
course, vary somewhat depending upon the ‘wall 
thickness of the particular tube ‘blank which is to 

_ have an. end closure formed thereon. A plurality 
of ‘shaping dies having the proper molding cavity 
dimensions to progressively crowd theend side 
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Fig. 6 of the drawings, and thenine dies 25a to‘ 
251‘, inclusive, vshown in ‘Figs. ‘ 91; to 17, inclusive.‘ 

' of the 'drawinzaare to‘ be used, these 1dies may 
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be mounted ‘in the head 18 in the mannerilanclq ‘ ‘ 
order indicatedin Fig. 3 of the‘ drawings. A; .L. . 
After ‘the press ‘has been“ thus adapted‘ for use, u 

operation ofthe. press may be started, it being‘ 
‘ understood in this regard‘ that‘ the press ‘is-belt , 
driven either directly or through a‘suitablespeedlg. 
reducing mechanism from a lin‘e‘shaft or an eleca. 

‘ tric motor. During eachirevolution of the shaft‘. 3‘ ‘ 
[6, the head i8 is moved downward so that the 
dies 25 are positioned adjacent the rounded ends. 
of the anvils 24, and isthen retractedto its ‘raised 

15 
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position wherein su?lcient space is ‘provided‘ibe-r 
tween thehead l8‘ and the ends ‘of the anvils to‘ 
permit tube blanks to be‘lplace‘d upon and removed‘ 
from the“ anvils. Also duringeach revolutionieof 
the shaft‘ N5, the slide 35 ‘is moved‘from its‘ re‘-‘ ‘ 
tracted position to its ‘extended position and'then‘ ‘ 
back to its retracted position to advance‘thetube 
carriage . l5 one stepH'More speci?cally, the ,ro;‘-» ‘ ‘ 
tarymovement of the shaft "5 is‘so related to the ‘ 
movement of the rocker arm ‘34 that the slide 35. 
is ‘retracted during retraction of {the head ‘I 8‘ toits 
raised ‘position, and only reaches its extended 

, position to engage‘ ‘one oflthe' teeth 35 of the 
ratchet plate .I5b slightly ‘ ‘after the head‘ ‘l8 

‘ reaches the. limit‘ of'iits‘ downward movement. 

30 

as 

, tained at the ‘end of each. increment 
40 

50 

"stood that‘ after operation of‘the press ‘-is under‘ ‘ 
way, the operator can, during ‘each interval" when 

55 
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wall metal of the tube toward the center of the‘ ‘ ‘ 
tube end in‘the manner explained below, are also 
assembled in the die receiving recesses of the head 
i8 in the precise order required to obtainv the 
progressive crowding of the end side wall ‘metal 
of thetube. Thus if the tube carriage l5 lst‘o be 
rotated in the direction of the arrow, as shown in 

70 

it 

Thus the tube carriage ‘I5 is only rotated from‘ ‘ i “ “ 
a given position to the next succeeding‘ position 
during upward movement of ‘the head 18 ‘when l ‘ 
the‘di‘es 25 ‘are moving away from theilanvils ‘24., 
By suitably adjusting‘the position of ‘the anvil‘ ' 
plat‘e [5a ‘relative to the ratchet plate l5b to posi 
tion nine‘ " of the anvils“. directly beneath- the 
nine dies5i25a to 25:‘; inclusive, the desired‘ align; 
mentbetween the anvils ‘and the dies may be re 

of ‘ move-‘ 

ment of the carriage i5. » , ‘ i ' 

From the foregoing explanation it will be under 
stood that. after operation of the press is initiated, 
the tube blanks may ‘be‘fe‘d to the press‘ione‘or 
more at a‘time during each: interval whengthe 
head" l8 occupies its raised position.‘ The‘p‘ress 
maybe fed‘ by manually telescoping the tube 3 
blanks over‘ the vertically extending anvils ‘2L 
After each tube blank ‘has been operated uponby 
each of the ‘nine‘dies-25a to 25i,inclusive, it may 
be manually removed from its supporting‘ anvil 
by the press operator.‘ ‘Thus it will be under 

the'die carrying head/l8 occupies its raised posi 
tion, remove a ?nished tube from its supporting 
anvil and telescope a new‘tube blank over the-ad 
jacent anvil from which a ?nished tube blank has 
just been, removed. Thus the‘manual operations 
required continuously to practice the , present 
improved method are ‘reduced to an‘ absolute 

minimum. . . ‘ l i l. Referring now more particularly to the manner 

in which the end of a tube blank may beclosed 
by employing the‘present‘improved method, it 
may be assumed that the blank '42, asshowniin 
Figs‘. 8 to 18, inclusive,»of ‘the drawings, is tele 
scoped over ‘the anvil 240, shown in Fig.‘ 61of;,the‘ 
drawings. Thereafter‘ and when the tube 42, as‘ 
carried by theianvill?a, is ‘rotated‘with the'caf-J 
riage 15‘ into a position beneath the“ ?rst die 25a, 
it is subjected to the ?rst metal shaping opera? 
tion. More‘ specifically, with the tube ‘42 in“ this ‘ 
position, the .upper end side wall metal‘ ‘o‘flthe 
tube is crowded radially‘ inward as the shaping 
surfaceso‘i!v the die 25a are brought into‘ engage- . . 



2,421,629 
7 

ment with the upper end of the tube during the 
downward movement of the head 18. Thus im 
mediately the lower shaping surface of the die» ' 
25a engages-the end of the‘tube 42, pressure is 
exerted onvthe wall metal of the tube both along 
the length of. the tube ,and radially inward. . This 
pressure causesthe end side wall metal of the 
tube to-becrowded radially inward and at the 
[same/‘time extruded slightly to increase the length 
of the tube. As the die 25a is brought. to its 
lowermost position, the inwardly tapering shap 
ing, surfaces thereof squeeze a segment of the 
end side wall metal of the tube into engagement > 

with a segment‘ of the rounded end of the anvil 
24a, so that bearing surfaces are provided be 
tween the end‘of the anvil and the metal of the 
tube. . In this regard it is noted that thetaper 
between the outer circumference of the entrant 
opening into the molding cavity of the die 25a 
and the metal receiving opening at the top of 
the die, is so proportioned that the pressure 
applied to the tube 42 along its longitudinal axis 
is‘insui?cient to cause the tube to buckle- or be 
otherwise deformed at any weak point along its 
length. After the metal has been‘ deformed 
through the action of the die 25a and duringthe 
initial retraction of the head l8, the tube knock 
out arrangement, as illustrated in Fig. 5 of the 
drawings, functions to eject the tube 42 from 
the die 2541, thereby to maintain the tube posi 
tioned‘on the anvil 24a. Also during the re 
traction of the head l8, the carriage is rotated 
.to bring the anvil 24a and the tube 42 into a 
position beneath the die 25b. Thereafter, and 
during the second downward movement of the 
head 18, the shaping surfaces of the die 25?), upon 
engagement with the extruded end metal of the 
tube, further crowd this metal towards the center 
of the tube end and further increase the surface 
of this metal which bears upon the rounded end 
of the anvil 24a. From this point on, the pro 
gressive crowding of the end side wall metal to 
ward the center of the tube endprogressively in 
creases when the anvil 24a and the tube 42 are 
successively positioned beneath the dies 250 to 
25g, inclusive, all in a manner ‘which will be 
clearly apparent from a consideration of Figs. 
11 ‘to 15, inclusive, of the drawings. From an in 
spection of these ?gures, it will be observed that 
at each stage of the metal crowding procedure 
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a pressure tight?seal, by crowding the excess of 4' 
metal which remains at the end of thetube 
following the seventh shaping operation, into the 
inverted conical shaped recess provided in the, 
molding cavity of the die 25h. 
*Froma consideration of Fig. 17 of the draw-. 

ings, it will be observed that the shaping surfaces 
of the ninth die 251‘ follow the contour of a half 
globe. Accordingly, when the tube 42, as de 
formed in the manner shown in Fig. 16 of the. 
drawings, is operated upon by the die 25:’, vthe 
mass of excess metal forming the inverted cone 
at the center of the tube end is crowded into 
the conical recess provided in the central portion 
of the rounded end of the anvil 24a. During 
this particular operation, the end side wall metal. 
of the tube which is utilized in forming the clo 
sure, is ?nished to present a smooth.. rounded, 
outer surface,’ and the ?ssure extending there 
through is con?ned in its extent substantially en 
tirely to the metal which is forced into the con 
ical recess provided at the central end portion 
of the anvil 24a. Thus a pressure tight end 
closure is formed on the tube 42. 
,To examine the above-described methodsome 

what more closely, it will be noted that at the end 
of each shaping operation an increasing propor 
tion of the end side wall metal of the tube 42 
is brought to bear upon the rounded end surface 
of the anvil 24a. This, of course, meansthat 
during the next shaping operation when pressure 
is applied to the tube along the longitudinal axis 
thereof, a‘ greater proportion of the pressure load 

' is removed from the barrelof the tube and trans 
35 
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50 
the bearing surfaces between the end side wall I 
metal of the tube and the rounded end of the 
anvil 24a are increased, and also that the thick 
ness of the mass of metal disposed at the end of 
the tube is progressively increased. This is ac 
complished by progressively decreasing the di 
ameter of the openings at the tops of the dies 
into which the metal is forced at the different 
shaping stages. 
From a consideration of Fig. 16 of the draw 

ings, it will be observed that the die 25h, which 
is utilized to perform the eighth metal crowding 
operation, isnot provided with a metal receiv 
ing opening through the thickness thereof, but 
on the contrary is provided with an inverted con 
ical recess exactly in the center of its molding 
cavity. Accordingly, at the end of the eighth 
shaping operation a small. mass of metal, form 
ing- substantially an inverted cone shaped tit, re 
mains at the top center portion of the tube 42. 
At the end of the seventh shaping operation a 
small. hair line ?ssure remains in the metal 
which is forced into the metal receiving opening 
of the die 259. This ?ssure is, during the eighth 
shaping operation, completely closed to provide 
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ferred to the anvil 24a. 
pointed out that during each succeeding shaping 
operation an increasing amount of pressure on 
the end side wall metal of the tube is required in 

, order to effect a given amount of metal crowding. ' 
This is true not only for the reason that, as the 
shaping of the metal proceeds, the thickness of 
the metal being worked upon is increased and 
the diameter of the excess metal being forced 

, into the‘metal receiving openings of the dies is 
decreased, but for the additionalreason that the ' 
metal is progressively hardened during each 
shaping operation. i In other words, the' “work 
hardness” of the end side wall metal of the tube 
increases with each deformation thereof, 
utilizing the anvil 24a to carry an increasing 
proportion of the pressure load, however, the in 
creasing pressure required to distort the metal 
during the later shaping stages, is prevented 
from buckling or otherwise deforming the tube 
at a point along its length. It will also be noted 
in this connection, that the initial step of ex: 
truding the end side wall metal of the tube 42 
to provide a bearing surface between this metal 
and the rounded end of the anvil-24a, is of im 
portance since it permits an increased pressure 
application at the second shaping stage without 
danger‘of deforming the tube at a point along - 7 
its length. 
From the foregoing explanationit ‘rill be un- 77 

derstood that the rate‘ at which the end side . 
wall metal of a tube may be deformed to form 
the desired end closure, depends upon a number 
of factors. Thus, the character of the metal 
from which the tube is made, the diameter ‘of. 
the tube, the thickness of the side walls ofthe, 
tube, and the extent to which the workhardens 
during a-given' shaping operation, must all be 
vconsidered in determining the'rate at which the 
tube metal may be deformed. More explicitly, if 
thetube upon which the end closure is to be, 

In this regard it is , 



‘ primer tubes. 

formed is offsoft metal, such, for example, as. 
brass or copper, has a large diameter, and has 

‘ thin walls, the deformation of the metal toiform-l 
the end closure may proceed at a rapid rate.‘ On 
the other hand, if thetube is formed of a hard . 
workable ferrous metaLI-such, ‘for examplegas 
annealed steel, is of small diameter, and has‘ 
heavy walls, the shaping of the end side wall. 
metalto form the end closure must necessarily 
proceed at a much slower rate. ‘ All of the above " 
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factors must be considered in the design of the .1 
molding cavities of “the dies, and also, inthe'de- ‘ 
termination’ of the‘ number-of shaping vstages 
which must be used inobtaining the desired end 
closures. When, however, the method is to be 
utilized in the formation of end closures on ‘tube ‘ 
blanks of uniform size, wall thickness and ma 
terial, the number of shaping steps required and p 
the con?guration of the molding cavities pro,» 
‘vided in the dies may be readily determined on 
an experimental basis. In this regard it is noted 
that the limiting factor in determining the shapes 
of the molding cavities, and hence the number 
of shaping steps required, is the amount of pres 
sure which may be applied along the long axis 
of a particular tube without causing the unde 
sired deformation of the tube along its length. ‘ 

It has been found that the above-described 
method of forming end closures on the ends of 
metal tubes on a production basis is of particular 
utility in closing the ends of the‘primer tubes 
‘conventionally used ‘in the. manufacture of shells, 
bombs, and the like. ,Prior to the advent of ‘the 
present invention, the spinning method was em? ‘ 
ployed‘in the formation of end closures on brass 

However such method was limited 
to materials such as brass which are soft enough 
to permit spinning. This excluded the use of 
steel tubing, and ‘thus represented a serious 
handicap to. ‘large volume, production from all 
suitable and available metals. The formation of ‘ 
the .tube blanks from steel tubing presented no 
problem to the‘primer tube manufacturers,‘ but 
the method of swedging was ‘all that was avail 
able in‘ the formation. of end closures on steel 
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primer tubes and this method is expensive, and ‘ 
‘generally unsatisfactory from a large volume, 
high quality output standpoint. The presentim 
proved method represents a complete solution of 
this problem. 
closures on workable steel tubes of the character 
now available to the primer tube manufacturing 
industry may, by utilizing the present improved 
method, proceed at a rate equaling if not sur 
passing the rate at which end closures may be 
formed on brass primer tubes by utilizing‘the 
spi'nning method referred to above. 

It has been found that in forming end closures 
on annealed steel tube blanks having the follow 
ing dimensions, the nine shaping steps illustrated 
in Figs. 9 to 17, inclusive, of the drawings and 
employing die molding cavities‘ of substantially 
the con?gurations there shown, are su?‘icient to 
provide a smooth rounded end closure which is 
wholly. free of ?ssures except possibly at the very 
inside surface and is absolutely pressure tight: 

Tube length _________________________ __ 3.25 

Outside diameter of tube__‘____c, _____ __-_ .5625 
Tube wall thickness ________ _.‘ _______ ,__ 

In utilizing the method to close the, ends of 
tubes having these particular described dimen 
sions, the diameter of the end side wall metal of 
the tube is decreased by approximately .125" 

'In fact, the production of‘iend ‘ 

Inches 

.01405' 7 

. After a primer tube blank has been provided with i 
an end closure in the manner just explained, ?r-, 
ing or explosion ‘ports 42amay be formed in the H 

60 

during the ?rst shaping operationjand the length 
of the tube is, by extrusion, increasediby approxi 
mately thesame amount.‘ During each of‘ the 
second to sixth‘ shaping operations the diameter ‘ 

a of the extruded metal is decreased at the rate of ‘ , ‘ 
.0625" for each step‘, while the overall length of . “ 
the tube is not substantially altered. During the , “ 
seventh shaping operation the diameter of the’ , 

t extrudedmetal; is decreased by‘ approximately ' 
.03125" an‘d theioverall‘llength of the tube is also 

‘ decreased slightly. During the eighth ‘and ninth“ 
‘ shaping operations the ‘pressure is ‘exerted prié‘1 

I marily upon the mass of metalwhich haspbeen ‘ 
crowded to the center of the tube end. More spe-. ‘ 
ci?cally, ‘thigp‘ressut‘e is‘applied along‘ a‘ lined 
which is substantially parallel to the longitudinal , ‘ 

1 axis of the tube, and is primarily appliéd‘t'nrough 1 
‘ this mass ‘of metal to‘the anvil‘24a. ‘ i i‘ ‘ 

The finished end closure as ‘formed upona 
steel primer tube in the manner just explained: 
is illustrated in‘ the sectionalized ‘vi‘ew shown in 

‘ Fig. ‘18 of the drawings.‘ From‘ a consideration “ 
of this closure, it‘will‘ be noted‘that ‘after the 
closure is completed the excess metal which .pro 
jects within the pressure ‘chamber of‘ithe tube 
forms a conical mass, the‘side surfaces of‘which 
converge tov a narrow end at the lowermost por- 1‘ ~ 
tion of themass and have a‘baseline along the 
body portion of the end closure.‘ This small mass 1 
of excess metal contains‘ a small‘ ?ssure which is a 
substantially coincident with the longaxis of the‘ ‘ 
tube and is exposed to anyipressu‘re developed 
within‘ the tube. Thus in the‘absence. of the 
radially displaced outer side walls of the excess‘ 
metal portion, the‘ pressure exerted‘ upon the‘ 
sides‘of the ?ssure‘iwould‘tend to‘expand. this‘ 
?ssureandmig'ht, if su?iciently great, cause a“ 

, rupture of the end closure. 
structure, however, the pressure developed within 
the tube ‘chamber is‘also‘ exerted radiallyinward 

. on the tapering side surfaces of the‘excess ‘metal 1 i a 
‘ Since ‘the area of these a‘ 

, surfaces is greatly in‘ excess, of the‘exposed ‘sur- . . 

face area‘of“ the ?ssure, the ‘pressure directed1 radially inward is far‘in. excess‘of that‘ exerted 

portion of the closure. 

against the side walls‘ ‘of the ?ssure and thus 
positivelyprevents the ?ssure from expanding. “ a‘ i 

This feature oflthe illustrated structure, is ‘of 1‘ ‘ 
particular utility in the formation‘ of primer‘ 
tubes, since.‘ any rupture of ‘the‘tubemetal may i 1 
cause segments of the metal‘ tube expelled from 
the ?ring chamber ‘of ,a‘shell‘intothe bore of 
the ri?e wherein the shell is fired, to become 
lodged in the rifling and thus cause scoring of the 
ri?ing during a subsequent ?ring operation. 

side walls thereof in the manner illustrated in 
Fig. 13 of the drawings, 'I'hese‘ports are usually‘ 

‘ formed by a punching operation and de?ne four. ’ 
equally spaced apart lines extending along the 
barrel of the tube. i 
From the foregoing explanation it will be un 

derstood that the present invention is ofgreat 
‘utility in the metal tube art since it permits of 
the use of hard workable, ferrous‘metals in the 

1 formation of tube blanks, while ‘permitting closed, 
ends to be formed on suchtubesfin production‘, ‘ 
quantities and on a low unit cost basis. More-i. ‘ ‘ 
over,the method is applicable to the formation of 
end closures on tubes madeofsofter metals at 
a per unit cost which is comparable, if not less 
than, that ‘presently possible using the methods a , 
.knownto the prior art, In‘ this ‘regardit‘iis C 

With the illustrated ‘ 
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pointed out that the method is not limited to the 
formation of end closures on round tubes, but may 
be employed in closing the ends of tubes having 
oval, octagonal, square, or other CI‘OSS-SCCUOHEL. 
con?gurations. The shape of the closure which 
may be formed, utilizing the present improved 
method, is also not limited to that of a half globe, 
but may be different, depending upon the re 
quirements of the particular tube application. It 
is noted further that the structure of the end 
closure formed by the present improved method is 
especially well adapted to the closing of tubes 
which are to be used as pressure chambers, since ‘ 
thepressure sealing action of the ?ssure remain 
ing in the excess metal portion of the closure, 
positively precludes any rupture of the end clo 
sure due to the pressure developed within the 
tubechamber. 
While one embodiment of the invention has 

been disclosed, it will be understood that various 
modifications may be made therein which are 
within the true spirit and scope of the invention. 

I claim: . 

1. The method of closing the end of a cold hard 
metal tube about the end of an anvil disposed 
within the tube which comprises extruding the 
end side wall metal of the tube to provide a bear 
ing surface between the extruded metal and the 
end of said anvil, and progressively crowding the 
extruded metal of the tube inward and against 
the end of said anvil by a series of pressure ap 
plications and in a manner such that the bear 
ing surface of'the metal against the end of said 
anvil is increased upon each pressure application 
to offset the increase in pressure required to crowd 
the metal upon the next pressure application, 
whereby deformation of the tube along its length 
during‘ the pressure applications is prevented. 

2. The method of closing the end of a cold hard 
metal tube about the end of. an anvil disposed 
within the tube and provided with an excess metal 
cavity at its end, which comprises extruding the 
end sidewall metal of the tube to provide bearing 
surfaces between the extruded metal and the end 
of said anvil, progressively crowding the extruded 

> metal inward by applying pressure to the tube at 
least partially along the length thereof, thereby 
to form a mass of metal disposed substantially 
in the center of the tube end, concurrently crowd 
ing the extruded metal against the end of said 
anvil to progressively increase the bearing sur 

U! 

12 
face of the metal against the end of ‘said anvil 7' 
and thus increasingly relieve the barrel of the 
tube of the pressure exerted along the'length of 
the tube, and crowding said mass into saidcavity 

' in order .to close any ?ssure remaining'in said 
mass. 1 

3. The method of closing the end of a cold hard 
. metal tube about the end of an anvil which isdis 
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posed within the tube and is provided with an 
excess metal cavity at its end, which comprises 
collapsing the end side wall metal of the tube 
radially inward to form a mass disposed substan 
tially in the center of the tube end, and crowding 
said mass into said cavity in order to close any 
?ssure remaining in said mass. 

O'I'I‘O A. LANGOS. 
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