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2 Claims. 

The present invention relates to containers for 
?uids under pressure as, for example, compressed 
Orlique?ed gas cylinders and to the storage and 
transport of ?uids therein and, more particu 
larly, to metal containers of a novel and im 
proved character for such ?uids. ' 
The ?uid pressure which the walls or any con 

tainer will withstand is determined by the re 

w 
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sistance to stress of the weakest portion of the ' 
walls and, for any given internal ?uid pressure, 
the weight of a ‘container in relation to its in 
ternal volume is a minimum when the resistance 
of its walls to ?uid pressure is uniform through 
out the materials of which the walls are con 
structed and the container is designed so that it 
may just withstand the pressure to which it is 
subjected in use with the desired or statutory 
margin for safety. , ‘ 

It is well known that for any given material 
of construction the weight of a containenin rela 
tion to its internal volume is a minimum when 
the container is in the form of a hollow sphere 
and that ?uid‘ pressure acting on the internal 
surface of a'spherical container will produce a 
stress which is uniform throughout the material 
comprising the walls if the walls-are of uniform 
thickness, assuming, of course, that the material 
is homogeneous. 
Although various formulae may be used for 

computing the degree of permissible stress in re 
lation to pressure, diameter, and thickness of 
.material, or each of these in relation to the 
others, and although the computed values for 
these may vary slightly according to the formula 
adopted in practice, it is conventionally accepted 
that the values of these factors in the case of a 
spherical container conform substantially to the 
law of the following equations: 

nu 
‘ f_ 42! 

or 

-22 1-4]. 
wherein ' 

p=pressure t=thickness 
d=diameter f=stress 

It is also well known that if the container be 
in the form of a hollow cylinder with closed 
ends—this being the more usual form of con 
tainer employed in practice for the storage and 
transport of ?uids under pressure—the degree of 
stress in the material of the walls resulting from 
internal ?uid pressure is not uniform as in the 
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case of a spherical container butis greater in the 
circumferential direction than in the longitudinal 
direction; for example, by simple conventional 
formula, the degree of circumferential stress or 
hoop tension is computable as: ' 

and the degree of longitudinal or endwise stress 
is similarly computable as: 

_n! f_ 4t 

from which it is to be seen that whereas the 
longitudinal stress is of the same order as that ' 
which prevails under similar conditions in the 
walls of a spherical container, the degree of cir 
cumferential stress in the cylindrical wall is com 
puted to be twice as great.‘ Consequently, in 
order that the resistance to stress imparted by‘ 
internal ?uid pressure to the walls of a cone 
tainer comprising a cylindrical portion termi 
nated by part-spherical end walls may be sub 
stantially uniform throughout the walls of the 
container, the thickness of the entire cylindrical 
portion should be twice that of ' ‘the part; 
spherical ,portions. ‘ 

Similarly, in order that, for any given internal 
pressure, the resistance to longitudinal stress 
along the line of junction of an end-piece to the ' 
cylindrical body portion may be of the same order 
as the resistance to circumferential stress, the 
minimum thickness of material required to con 
nect the end pieces to the cylindrical portion is 

; indicated to be half the calculated thickness of 
the cylindrical wall. ‘ ‘ 

Therefore, in designing and constructing a 
cylindrical container so that the stresses in its 
walls may be uniform according to accepted 
method of computation, the entire length of the 

. body portion should have a wall thickness twice 
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that of the part-spherical end ‘pieces, and if so 
constructed, the weight of the container in rela 
tion to internal volume is to be regarded as a ' 
minimum for any given conditions of ?uid pres-' 
sure and for the material employed in its con 
struction. ' ' 

Obviously, the weight of such a container in‘ 
relation to its internal volume may be propor 
tionately increased vor diminished by the use of 
materials which have lesser or higher degrees of 
stress resistance or by the use of materials of 
higher or lower speci?c gravity. 

It is however, usual in the manufacture of ‘ 
cylindrical containers to form the body portion 



2 
from a tube, and the contiguous end pieces by 
bending over and progressively reducing the di 
ameter of the terminal portions of the tube until 

.' sufficient closure is produced. The concentration 
of material as the terminal portion of the tube is 
progressively reduced in diameter results gener 
ally in a thickness of end piece appreciably 
greater than the wall thickness of the body por 
tion of the container whereas, according to the 
above-mentioned formulae, it may be half the 
thickness. Where limitation in weight is an im 
portant consideration in the use of a container, 
the excess thickness of material in end pieces so 
formed is, insofar as is ‘possibleand practicable, 
subsequently, removed, but ‘the operations m 
volved are inconvenient and costly. The expense 
and di?iculties attaching to these operations are 
obviously increased and frequently they become 
impracticable at the end which is entirely sealed; 
in consequence, the weight .of the ?nished con- ,_ 
tainer remains excessive, and the stress in the 
material of the end piece is not uniform with 
that of the body portion. I . _ 
Various methods of producing cylindrical con 

tainers of reduced weight in relation to their 
internalvolume have been proposed, such prior 
proposals falling broadly into three groups. One 
proposal is to construct a container in which the 
thickness throughout is substantially equal ‘to 
that required or computed for the end pieces 
and thereafter to reinforce the body port1on_by 
applying to its external surface strengthemng 
material ‘in the form of a sheath, windings of 
wire or series of equally spaced or equal sized 
hoops. ’ _ 

Another proposal is to form deep corrugations 
in the container so that it is comprised of a series 
of partial spheres or globular portions joined to-' 
gether by thickened necks of reduced diameters, 
or ?rst to form a cylindrical container of nor 
.mal thickness and then to subject it to an ex 
cessive internal pressure load within a mould 
or localised restraining bands, so as to inflate 
and stretch the material of the walls at predeter 
mined intervals, thereby‘ forming a series of, 
partial spheres or globular portions joined by 
necks of materials which remain at the original 
thickness. D 

A third proposal is to reduce the thickness 
of the terminal portions of the tube so that it is 
less than that of the cylindrical portion before 
forming the contiguous end pieces. 
None of the containers constructed in accord— 

ance with such prior proposals possess a resist 
ance to stress per unit area of the container walls 
including the reinforcing elements which would 
even approximate to uniformity. , 

It is an object of the present invention to pro. 
vide a substantially cylindrical container for 
fluids under pressure in which the mass of ma 
terial and/or weight thereof in relation to its 
internal volume is a minimum for any material 
or combination of materials of given or desired 
degree of permissible working stresses. 

It is another object of the invention to pro 
_ vide a cylindrical container in which the rein 
forcement naturally resulting from the' end 
pieces, and which is transmitted for an ap 
preciable distance along the body portion, is ad 
vantageously employed to reduce the amount of 

" material required to impart to the.body portion 
the strength necessary to resist the internal ?uid 
pressure to which the container is subject in 
use. , 

It is a further object of the present invention 
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2,280,501 
to provide a metal container of a novel and 
improved character for the transportation and 
storage of ?uids under pressure having a mini 
mum of weight for a given volume- and a wall 
thickness which is different at different portions 
thereof in accordance with the distribution of 
stresses. 
The invention also contemplates an improved ' 

metal container for ?uids under pressure having 
a minimum of weight for a given volume and 
‘having reinforcing members incorporated there 
in formed either integrally with the material of 
the container or subsequently applied or attached 
to the preformed container. 

It is also within the contemplation of the in 
vention to provide a metal container for ?uids 
under pressure having a greatly reduced weight 
for a given volume which is simple in con 
struction and which may be manufactured on a 
practical and industrial scale at a low cost. 
Other and further objects and advantages of 

the invention will become apparent from the 
present description taken in conjunction with the 
accompanying drawings, in which: ' 

Fig. l is a central longitudinal section of a 
cylindrical container constructed in accordance 
with the invention on which is superimposed, for 
the purpose of comparison, a similar section of a 
standard type of cylindrical container of equal 
internal volume as used heretofore; 

Fig. 2 is a central longitudinal section of a 
cylindrical container having reduced weight in 
accordance with the invention, the figure also 
showing in dotted lines the extension of the body 
portion prior to formation of the end pieces 
therefrom; . 

Figs. 3, 4, 5 and 6 are central longitudinal part 
sections of modi?ed forms of the container; 

Fig. '7 is a central longitudinal section of a 
further modi?cation; 

Fig. 8 is a plan view partly in section of another 
modi?cation; - 1 

Fig. 9 shows a part section of a cylindrical con 
tainer strengthened by the application of a rein 
forcing member; ' 

Fig. 10 shows a constructional modification of 
the reinforcing member shown in Fig. 9; 

Figs. 11 to 14 similarly show_ various modi?ca 
tions of reinforcing members as applied to the 
container; 

Fig. 15 is a central longitudinal part section 
of another modified form of container; 

Figs. 16 to 27 are part sectional views and end 
elevations of various modified forms of end por 
tions of containers; 
According to this invention there is provided for 

-?uids under. pressure a container comprising a 
substantially cylindrical body portion and an end 
piece constituting a closure member at each ex 
tremity thereof, the mass per unit area of the 
material constituting the body portion decreasing 
towards each extremity preferably in direct or 
approximate proportion to the degree of rein 
forcement for stress resistance imparted to and 
transmitted along the body portion by and from 
the end pieces, the construction being such that 
the resistance to stress and dilation due to inter~ 
nal ?uid pressure is substantially uniform 

, throughout the body portion. ' 

According to a furtherfeature of this inven 
tion, in a container for ?uids under pressure’com 
prising a substantially cylindrical body portion 
and an end piece at each extremity thereof, the 
mass per unit area of the body portion decreasing 
towards each extremity, at least one end piece is 
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I of a thickness less than that conventionally com~ 
puted as required to withstand the ?uid pressure 
to which the container is subject in use and is 
provided with reinforcing means whereby the 
‘requisite resistance to stress due to internal pres- _ 
sure is achieved with minimum mass of material. 
By employing a container constructed in accord 

weight, the storage and transportation costs of 
?uids stored therein may be substantially reduced. 
In the design and construction of. containers 

according to the invention, the ~wall thickness at 
or about the longitudinal centre of the body por 

ance with the invention so as to have reduced ‘ 
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tion and the thickness of the'end pieces may be » 
.determined empirically or computed in accordance 
with any convenient or accepted formula utilising 
appropriate ‘values for the allowable degree of 

118 

stress in the material to be used for construction ’ 
of the container, and the sections of the body 
portion disposed between the longitudinal centre 
or approximate longitudinal centre and the end 
pieces are of a thickness which diminishes'to 
wards the end pieces. The diminution in thick 
ness may be made in one or more stages or steps 
at appropriate intervals, or in gradualpro‘gres 
sion, e. g. tapering in a straight line or of curved 
shape approximating to a catena, or combinations 
of these as may be determined in an empirical‘ 
manner from typical test containers subjected to 
appropriate internal ?uid pressures. 

Reinforcing members capable of acting also' as 
rolling hoops or impact and wear resisting mem- ‘ 
hers may be applied to the container and these 
may be formed either integrally with'the material 
of the container or as separate members and sub 
sequently applied or attached to the preformed 
container. ' 

The diminution in thickness may be produced. 
on the internal or external surface, or conjointly 
on both internal and external surfaces, and may 
be produced before or after attachment of the end 
pieces to or their formation from the bodyportion. 

If the diminution is carried out before forming 
' the end pieces, the decrease in thickness may be 
extended either. progressively or in modi?ed de 
gree to the extremities of the tubular or cylindri 
cal body piece from which the contiguous end 

, pieces are to be formed so as to avoid or limit 
excess of metal in the formed end pieces. , 

If the length of the body portion be short in 
relation to its diameter, for certain materials the 

- normal calculated wall thickness of the body por 
tion may be reduced according to the degree of 
reinforcing effect of the end pieces along the wall 
of, the body portion.v For example, it has been 
con?rmed in practice that in highly stressed gas 
containers in which the length of the body portion 
is equal to the diameter, the thickness of the body 
portion can be reduced till it approximates to the 
minimum thickness of the end pieces. 
Whilst the preferred shape of the end pieces for 

minimum weight is hemispherical, they may be 
ellipsoidal, globular, or other convenient or de 

as 
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‘so 

sired shape, and may be convex, concave 01‘ con- ' 
vex-concave, and of either uniform or varying 
thickness, according to the shape of the end piece 
preferred or required. 

Inlet or outlet ports or connections, manholes, 
and lifting or other requisite attachments may be 
arranged either in or on the end pieces or on the 
body portion. 
The weight of the end pieces may be reduced by 

diminishing their thickness from the outer diam 
eter at or near the point of junction between the 
and pieces and the body portion and towards the 
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centre of the end piece either in steps as, for 
example-by a series of concentric SNOW; 01‘ 
recesses, or progressively,‘ and the centre part may 
be left thicker for convenient attachment of valve, 
or inlet and‘ outlet connection or other attach 
ments. ‘ . ' 

Alternatively, the grooves or recesses may be 
formed to extend radially from the centre of van 
end piece to the periphery, in which case the 
grooves may be formed by pressing or by addition 
to or removal ofsome of the material from the ' 
end piece during or after-manufacture ‘thereof so 
that spaced radial ribs or ridges of thicker metal 
capable of reinforcing the end pieces remain be-' 
tween the recesses or grooves. Combinations of 
such radial and concentric reinforcing grooves or , 
ribs may be, of course, employed. 
As a further alternative, the metal of the end 

piece maybe first made of progressively dimin 
ishing thickness from the periphery‘ towards the 
centre thereof, and' ‘the. radial grooves or re 
cesses may be subsequentlvformed. For this pur-' 
pose, moulds may be applied to the end pieces 
acting against internal ?uid or mechanical pres 
sure, so'that the material is made‘ to conform 
the shape provided in the mould. _ o 
The provision of radial ribs and grooves or re 

cesses can be advantageously adopted in cases - 
where the end pieces are of the‘concave type, 
which, in view of their shape, are partly housed 
within the body portion and which, unless of ex 
cessive weight as compared with the convex type. 
have a normal tendency to invert and assume 
a convex hemispherical shape when subjected to 
internal ?uid pressure. _ \ _ 

The material of the finished container may, 
after completion, be subjected to suitable heat 
treatment for‘ normalising, or hardening or tem 
pering such as sorbitising, or certain parts, such 
as the outer surface of the body portion and/or 
the reinforcing or stiffening members only may be 
hardened or tempered to increase the stress hear 
ing qualities , ‘ _ I ‘ 

Alternatively, the heat treatments necessary 
to produce tempering or hardening orcondition 
ing of the material may be applied only to the 
portions which are of diminished or diminishing 
thickness, so that the material of the container 
may have greater ductility in its thicker portions 
and/or in the reinforcing orsti?ening members. 

_ In another method of carrying the improve 
ments into effect in accordance with the. inven 
tion, the bodyportion is formed with thinner 
walls, e. g. is only of su?‘icient thickness to with 
stand the longitudinal stress and is provided . 
with reinforcing means suchv as sheathing, wind 
ings .of wire, bands or the like, the arrangement 
being such that the reinforcement resulting 
therefrom increases, either in stages or progres 
sively from each end. towards the longitudinal 
centre, so that at the junction between an end 
piece and the body portion, where the reinforcing 
effect of the end piece is a maximum, the amount 
of additional reinforcement is a minimum and 
increases to a maximum at or about the longi 
tudinal centre and/or where the reinforcement 
due to the end pieces is a minimum. 

Preferably, the reinforcing sheath ‘has maxi-_ 
mum thickness about its central portion and 
tapers towards each extremity. For example, it 
may be formed externally as a convex catena and 
internally ‘as a'tube of parallel bore to conform 
'to the external surface of the preformed body 
portion, so that when the sheath is ?tted over ‘the 
container, the greatest thickness and strength is 

a 
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provided for a limited distance on each side of 
the longitudinal centre. The sheath may be so ' 
formed that it increases in thickness in stages 
with or without thicker bands or corrugations at 
spaced distances from the ends towards the 
centre. 
More than one reinforcing sheath may ‘be 

> used,-each super-imposed sheath being of shorter 
length than the inside one it envelopes so that 
greatest thickness results at or near the longitu 
dinal centre. , 
The sheath or sheaths may be fitted to the con; 

tainer either by mechanical pressure or~ "by‘ 
shrinking on. If shrunk on, the sheath or sheaths 
may be heated for enlargement before passing 
‘over the thin-walled container, or the thin-walled 
container may be intensely cooled before insert 
in: it into the ‘sheath. _ 
In the case where wire winding is used instead 

of a'single or multiple sheath to provide the pro 
gressively increasing reinforcement in accord 
ance with the invention, the diameter of the 
wire may be greater for the winding at the centre 
and may diminish in stages as it extends to 
wards the end pieces. 'For this purpose wires of 
different cross-sectional diameter and/or 
strengths may be either joined at intervals or 
left discontinuous and the windings may be made 
in separate sections with spacings therebetween 
or abut each other closely. Alternatively, the 
increase in strength of reinforcing material to 
wards the longitudinal centre may be obtained bv 
superimposing one or more layers of wire winding 
of diminished or diminishing length so that the 
greatest thickness of superimposed wire is dis 
posed at or about the longitudinal centre. 
The windings may be held in position in rela» 

tion to each other and lateral movement along 
the cylinder or turning movement about thecyl 
inder prevented by any convenient means, such 
as by applying a metal or other suitable material 
of low melting temperature either'as a. brazing, 
solder, paint or cement-like filler of any sprayed 
on metal, and the material used for this purpose 
may be so selected and applied that it will serve 
as a protection against corrosion or like surface 
attack. ' 

In order to ensure close fitting of the wire 
winding, the initial container‘may be intensively 
cooled before the winding is applied, or prior to 
the application of each successive layer. 

‘ It is, however, not essential that the wire wind 
ings or the reinforcing sheath or sheaths apply 
pressure to any appreciable degree before the 
container is subjected to internal pressure. For 
certain purposes. it is preferable that the initial 
container be capable of expanding before the re 
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inforcing members operate‘, provided that the ex- f 
pansion of the initial container shall reasonably 
be within the elastic range of the material from 
which it is constructed. 
In an alternative method of carrying out the 

invention the body portion of the container may 
be corrugated, the corrugations being so con 
structed and arranged as to produce a progres 
sively increased strengthening effect from the 
junction of the end portions with the body por 
tion towards the longitudinal centre. The cor 
rugations may be continuous or separated by 
non-corrugated portions and may be parallel or 
helical, being preferably deeper and more steeply 
curbed towards the longitudinal centre of the 
body portion. . 

It will be clearly understood that these various 
and alternative methods of producing a con 
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tainer of the-cylindrical type. in which the re‘ 
sistance of the cylindrical portion to circumfer 
ential stress increases‘towards the longitudinal ' 
centre, lend themselves conveniently to combina- . 
tions whereby the same object is achieved in a 
more or less economical way. 
As a further alternative, the body portion may 

have the sections between its ends and a portion 
extending forsome distance either side of its 
longitudinal centre made of a thickness dimin 
ishing towards the end pieces. and the portion 
about the longitudinal centre, instead of being of 
maximum wall thickness may be made globular, 
so that the mass of material at this point encom 
passes a larger volume. By reason of its shape 
such a globular extension affords a reinforcing - 
eifect which can be applied to reduce still fur- 
ther the thickness of the tapering portion dis 
posed between the end pieces and the globular 
extension. 
Referring to Fig. 1, the usual known type of 

cylindrical container is formed from a tube hav 
ing a central portion which constitutes the body 
portion l of the ?nished container and contigu 
ous end pieces 5, I which are produced by‘ bend 
ing over and progressively reducing the diameter 
of the terminal portions of the tube. As shown 
inFig. 1, the concentration of material at. for 
example, the end piece 8 due to the shaping op 
eration results in the thickness of the end piece 
8 being considerably morp than that of the body ' 
portion I from which it is formed; whereas, in 
accordance with the foregoing formulae, the end 
piece may be half the thickness of the body por 
tion. The amount of material which may be dis 
pensed with is shown in the dotted portion and 
the residual material which constitutes a cylin 
drical container shaped in accordance with the 

, invention is shown by the hatched parts in Fig. 1. 
From empirical determinations of containers of 
the two forms ‘of construction, it has been-as 
certained that the saving in weight which may 
be effected by proceeding in accordance with the 
invention is of the order of 36 to £0 per centum 
for containers of equal ‘strength and internal 
capacity. - 

. Referring to Fig. -2 of the drawings, a simple 
form of container constructed in accordance with 
the invention and having a weight in relation to 
its contained volume which is less than that of 
containers of ‘similar volume used hitherto, is 
formed from a hollow, and substantially cylin 
drical, body portion I. At its longitudinal centre 
2, the body portion has a wall thickness either 
calculated according to the usual formulae or de 
termined empirically for the ‘degree of permis 
sible stress and dilation due to circumferential 
tension, and sections 3 and 4 disposed between 
the centre section 2‘ and the end pieces which 
progressively diminish in thickness towards each 
extremity, so that when the end pieces 5 and 6 
are formed from the thinner extremities of the 
body portion, the thickness of wall at and/or 
adjacent to- the line of junction between the 
parts 1 and 5 at one end, and the parts 4 and t 
at the further end, is substantially equal or ap 

' proximates to the requisite wall thickness of the 
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end pieces when calculated according to the 
usual formulae. If the end pieces 5 and 0 be 
hemispherical, they can be substantially half the 

' thickness of the centre section 2. In the pre 

75 

‘ferred design of the simple form of improved 
container, the progressive diminution in thick 
ness of the walls of the bodypiece I from its lon 
gitudinal-centre 2 towards the end pieces results 



u 

in the external of the bodylpiece having 
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the shape of a convex catena as shown in Fig. 6. * 
the precise form of which is preferably deter 
mined empirically from typical test cylinders 
subjected to appropriate pressures. 
The end pieces which are‘preferably of reduced 

thickness ‘as compared with the body portion 
may be varied in thickness to provide a su?icient ' 
mass of material in the formed end piece for in 
let or outlet conduits or attachments. The re 
duction in weight of the body portion of the im 
proved container, as compared with that used 
hitherto‘ corresponds to the amount of metal dis 
placed or dispensed with by diminishing the 
thickness of the sections of the body portion on 

_ each side of the longitudinal centre. 
- The amount of metal that can be so displaced 
ordispensed with without impairing the effec 
tive strength of the body portion of the con 
tainer is dependent upon its length in relation 
to its diameter; for example, if when constructed 
of material normally employed for such con 
tainers the length of the body portion be less 
than approximately 10 diameters, it is possible 
to reduce its weight to a further extent by re 
ducing the thickness of wall at the longitudinal 
centre, in addition to the progressive reduction 
in thickness towards the and pieces, because of 
the distance to which the reinforcing eifect of 
the end pieces is transmitted along the bod)7 
portion. It has been found in practice that the 
approximate distance of 10 diameters varies also 
with the physlcalproperties of the material. 
In practice, however, it is necessaryto provide 

for variations in thickness of wall in consequence 
_ of the variations in thickness required for nor 
mal tolerances on dimensions during manufac 
ture. Unless the conditions of use merit the cost 
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lb is accordingly caused to ‘taper from 2b to 
wards lib. For the same reason, the portion 36 
tapers towards the further extremity of'the con 
tainer. Both ends may be globular or/hemi 
spherical. _ - 

Instead of shaping the wall of the body por 
tion so that it tapers from the central section 
towards the extremities, a cylindrical body por 
tlon having a thickness no greater than is re 
quired for the end pieces may be used, and the 
body portion strengthened by a reinforcing mem 
ber or members. , _ I - > 

As shown in Fig. 9, the reinforcing member 
may comprise a separate sheath ‘I which tapers‘ 
from the centre section'towards' each extremity. 
The form of taper may be, that shown in any of 
Figs. 2,_3, 4, 5 and 6._ Alternatively, a compound 
sheathing as illustrated in Fig. 10 may be em 
ployed. _ V 

In place of the sheathing 7, the reinforcing 
member may comprise windings of wire ‘lb ar 
ranged ‘in superimposed layers. The windings 
may be continuous as shown in Fig. 11, the num 
ber of layers being greatest about the central 
section of the body portion and progressively de 
creasing towards each extremity. Alternatively, 
groups of multi-layer windings ‘lb may be pro 
vided as illustrated in Fig. 12, the number of 
layers in each group decreasing from the centre 
sections towards each extremity. Bands or col 
lars 'lc, which may be shrunk-on,v welded or oth 

‘ erwise secured to the body of the container, may 
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of manufacture to extremely small tolerance 1im-_ ' 
itsfin thickness and concentricity, it is neces-‘ 
sary, and less costly, to allow reasonable toler-_ 
ances on the limits of accuracy, and to reduce 
to a proportionate amount, for. example, v5 di 
ameters, the length of body portion to which 
any reduction in wall thickness at the longitu 
dinal centre is eifected. In cases where the 
length of the body portion is considerable in 
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relation to diameter no metal is removed from , ' 
the body portion for some distance either side 
of the centre section 2, the wall of the central 
zone 2a remaining parallel to the central longi 
tudinal axis of the body piece as‘shown in Figs. 
3, 4 and 5. The portions 3, 8 between the zone 
2a and the end pieces may taper in a. straight 
line as shown in Fig.3, or in' steps as shown in 

so 

_ of course, be used so long as the reinforcing ef- ' 

Fig. 4, or in a‘catenary curve as shown in Fig. 5. . 
If, in order to facilitate transport or for any 

other reason, it is desirable that the exterior 
surface of the container be substantially cylin 
drical, the inner wall may be made to taper to 
wards the extremities as shown in Fig. 7. This 
may be accomplished either by removing mate 
rial from the internal surface or removing it 
from' the external surface and then by well 
known means forcing the material inwards so 
that the external surface is made parallel. 
In the modi?cation shown in Fig. 8, the cen 

tral section 2b is extended into a globular shape. 
By reason of it possessing this shape, the thick-_ 
ness of the section 2b need not be greater than 
that of the end piece 612, which may also be 
globular. As the‘sphericity of the end piece 6b 
is greater than that of the section 2b, it is ca 
pable of imparting to the intermediate portion 
lb a larger reinforcing eifectw and the portion 
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be employefd as reinforcing members instead of 
wire windings. Fig. 13 shows one arrangement 
of collars 'Ic which vary in width, the widest be 
ingvlocated about the ‘central section of the body 
portion and successively narrower collars being 
disposed at progressively wider intervals towards 
each extremity of the body portion. Fig. 14 
shows an arrangement of reinforcing members 
7c similar to that shown in Fig. 13, but the col 
lars in this case decrease progressively in thick 
ness towards each extremity. '~ 
The reinforcing members may be made of ma 

terials differing in tensile strength, the material 
with the highest tensile strength preferably be— 
ing disposed about the central section of the 
body portion, members having progressively low 
erjand lower tensile strength being disposed be 
tween the central section and the ‘terminal por- . 
tions. ' 

.Any combination of reinforcing members dif 
fering in dimensions and tensile strength may, 

fect imported to the body portion is greatest 
about the central section and diminishes towards 
the end pieces. ' ' 

In an alternative construction shown in Fig. 
15, the thickness of the central portion may be 
reduced as compared with that ‘shown in Figs. 
1 to 6 and without the necessity of providing 
any reinforcing members, by forming a central 
corrugation 2c and complementary corrugations 
8, 9 at the junctions of the end pieces with the 
body portion, the intermediate portions 30 and 
4c tapering from the corrugation 2c towards each 
extremity. ‘ It will, of course, be understood that . 
the number of corrugations is not limited to 
that shown. ’ ' ' 

Containers having a body portion which tapers 
in thickness towards the end 'pieces as hereinbe 
fore described may also be corrugated to provide 
any desired reinforcement. These corrugations 
may be of uniform pitch and depth'or they may 
vary in pitch and/or depth to impart a varying. A _ 



glhdegree of reinforcement to different parts of the 
body portion so as to maintain uniformity in the 
resistance to stress and dilation due to internal 
?uid pressure. _ 

, Similarly, the reduction in weight of the end 
pieces is dependent upon/or corresponds to the - 
amount of metal displaced or dispensed with 
either before or after forming the end pieces. 
The amount of metal that can be displaced or 
dispensed with is'dependent upon the form of 
end piece to be employed. The hemispherical 
form made from extremities of theabody portions 
which have been previously reduced in thickness 
is most convenient to'manufacture and affords 
the greatest volume in relation to weight more 
especially if its thickness is further diminished 
towards the centre, but circumstances or condi 
tions of use frequently require that the shape of 
the end piece shall be concave or convex-concave, 
ellipsoidal, flat or other convenient shape. In 
this case concentric or radial grooving or the 
formation of radial ribs or ?ns permits of part 
of the end piece to be of reduced thickness to 
effect closure and disposes the metal of the rein 
forcing elements in such a position that maxi 
mum reinforcement is afforded with minimum 
weight. - 

Various forms of end pieces shaped in ‘accord 
ance with the invention are illustrated in Figs. 
16 to 27. ' . ‘ 

As shown in Fig. 16, the end piece 6 is hem 
ispherical and of uniform thickness less than 
that of the terminal portion 4 of the body por- 
tion. Where the end piece 8 is less than hemi 
spherical the thickness thereof may progressive 
ly decrease towards the centre as shown in Fig. 
17. . ' 

When the end piece 6 is ?at as shown in Figs. 
18 and 19, it may be reinforced by a plurality 
of substantially hemispherical or other conven 
iently shaped radial buttress ribs l0 extending 
diametrically across the base of the container, 

10 

20 

30 

35 

40 

the ribs having the greatest depth at the mid- - 
dle. When the end piece 8 is concave, it may be 
reinforced by a plurality of radial buttress ribs 
lilalextending diametrically across the concave 
portion as shown in Figs. 20 and 21. Figs. ‘22 
and 23 show similar reinforcement achieved by 
providing radial ribs [0b with a centre boss H 
to permit either of the formation of an inlet 
or outlet connection or the attachment of lifting 
or other means. 
Where the end piece‘ 6 is convex, radial ribs 

[0c may be provided as shown in Figs. 24 and 25, ' 
the ribs increasing in depth to a maximum at 
the middle. If a convex end piece has initially 
a greater thickness than is necessary to with 
stand the iuternal fluid pressure to which the 
container is subject in use, annular grooves may 
be formed in the-end piece, the depth and/or 
width of the grooves increasing towards the 
centre of the end piece. As shown in Figs. 26 
and 27, the grooves may be V-shaped as shown 
at llld, and these may be supplemented by radial 
ribs such as illustrated in the preceding Figs. 
18 to 25. ~ 

It will be clear that containers constructedv 
from metallic materials of comparatively low 
tensile strength and which, to provide adequate 
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strength in the central part of the cylindrical 70 

2,280,501 
portion, have hitherto had an overall wall‘ thick 
ness considerably in excess of what is necessary, 
will‘lend themselves with particular advantage 
to treatment in accordance with this invention. 

. Such materials, for example, mild steels, usually 
have greater shock resistance and a higher de- 
gree of ductility than high carbon or alloy steels; 
moreover, they are less costly and have the added 
advantage that they are ‘usually less diiilcult to 
manipulate in the processes of manufacture and 
heat treatment. \ 

It will, of course, be understood that, where 
as, the improvements may show greater advan 
tage in materials of lower degrees of stress re-_ 
sistance, they are equally applicable to‘mate 
rials of; high degree of stress resistance. Further, 
the improvements hereinbefore proposed may be 
applied for the same purpose and advantage to 
containers designed and constructed according 
to present practice and which may even have ‘ 
already been in service for the storage and/or 
transport of fluids under pressure. 

I claim: 
1. A container adapted for the‘ storage of 

. ?uids under pressure comprising a substantial 
ly cylindrical body portion formed from a single 
homogeneous tubular member, vand an end‘piece 
at each extermity of the body portion con 
stituting a closure member, said end pieces being 
formed integrally with the'body portion by pro 
gressive reduction in diameter of the material 
of the body portion, the mass per unit area of the 
material constituting the body portion decreasing 
towards each extremity substantially in propor- ' 
tion to the degree of reinforcement for resistance 
to stress and dilation imparted to and transmit 
ted along the body portion by the end pieces, 
said decrease in mass being effected by a pro 
gressive reduction in thickness of the body por 
tion whereby the resistance to stress and dilation 
due to internal ?uid pressure is substantially 
uniform throughout said body portion, and 
wherein the progressive reduction in thickness 
of the body portion is stepped’ at appropriate . 
intervals. , , . v v 

2. A container adapted for the storage of ?uids 
under pressure comprising a substantially cylin 
drical body portion formed from a single homo 
geneous tubular member, and an end piece at 
each extremity of the body portion constituting 
'a closure member, said end pieces being formed 
integrally with the body portion by progressive 
reduction in diameter of the material of the body 
portion, the mass per unit area of the material 

4 constituting the body portion decreasing towards 
each extremity substantially in proportion to the 
degree of reinforcement for resistance to stress 
and dilation imparted to and transmitted along 
the body portion by the end pieces, said decrease ' 
in mass being effected by a progressive reduction 
in thickness of the body portion whereby the re 
sistance to stress and dilation due to internal 
?uid pressure is substantially uniform through 
out said body portion, and wherein the body 
portion has a substantially cylindrical internal 
surface, and wherein the progressive reduction 
in thickness of the body'portion is effected ex 
ternally. ' 

ARTHUR STEPHENSON. - 


