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This invention relates to a high tensile multi-layer cyl 
inder for use wherever very high internal ?uid pressures 
are to be retained. 

in the fabrication of pressure vessels the use of multi 
layer steel cylinders has been known for some time and 
the advantages have been well established. In com 
mercial practice only cylinders of the type wherein each 
layer is itself cylindrical have found favor. Cylinders 
employing coil wrapped layers have not found favor. 
The expired Stresau Reissue Patent No. 22,251 is il 

lustrative of the ?rst type and has been the subject of 
substantial commercial operations. Other patents such 
as the expired Raymond Patents No. 2,268,961, 2,273, 
736, and 2,331,504, may be considered generally repre 
sentative of the coil wrapped structures. 
Former workers in this ?eld have always visualized the 

use of ordinary steels available in sheets of z/1<;" to 5/16" 
in thickness and in sizes generally suitable for weld fabri~ 
cation. Because of the sti?ness of such sheets it has been 
generally easier to form them in a roll prior to applica 
tion to the structure being fabricated, rather than to at 
tempt forming them into the desired curvature in situ and 
by wrapping processes. 
The present invention is based upon the concept that 

the coil wrap process provides a means for rapidly con 
structing vessels of much thinner layers and of substan 
tially thicker total wall thickness. The invention pro 
poses to make cylinders of any practical diameter and 
wall thickness by coil wrapping paper thin sheets or strips 
of very high tensile strength metal. 
The accompanying drawing illustrates a high pressure 

cylinder of the character embodying the present inven~ 
tion. In the drawing the single ?gure illustrates a cylin 
der with parts broken away and sectioned to show the 
construction. 
In the drawing the cylinder 1 is'shown as comprised of 

a large number'of very thin spirally wrapped thin layers 
2 of metal, as described hereinafte . 

Cylindrical sections as illustrated may be secured end 
to end, or closed at the ends as may be desired to make 
a high pressure vessel. The thickness of the wall will be 
determined by the strength of the metal, the diameter 
and the stress condition of the cylinder. 

It has not been possible heretofore to provide large 
cylinders of metal having tensile strength in excess of 
about 105,000 pounds per square inch and up to and in 
excess of 150,000 pounds per square inch tensile strength. 
Such high strength metals in thicknesses greater than 
about 3/i(;" are generally of low ductility and di?icult to 
form into cylindrical shape without encountering crack 
mg. 

The present invention overcomes this di?iculty and per 
mits fabrication of very high tensile strength metals by 
employing paper thin sheets or strips of the metal. These 
have been found to be formable as by wrapping into 
coiled cylinders of substantial diameter. Thicknesses of 
the order of .03 to .04 inch are suitable for metals hav 
ing a tensile strength of the order of 150,000 pounds per 
square inch obtained as by heat treating or cold working 
prior to fabrication. For higher tensile strength metal 
thinner sheets or strips should be employed, and it is con 
ceivable that metal foils may be used in some instances. 
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By employing the present invention, instead of the 

usual three to four layers of metal per inch of wall thick 
ness in present day multi-layer cylinders, the cylinders 
will have generally in excess of twenty-?ve layers per inch 
of thickness, and instead of the usual tensile strengths 
of less than about 100,000 pounds per square inch ob 
tained in present day cylinders of multi-layer constructed 
of reasonably low carbon steel, the cylinders of the in 
vention will have tensile strengths of the order of 150, 
000 pounds per square inch and even higher as may be 
obtainable by specially heat treated high carbon steels or 
alloys capable of rolling to the thinnesses referred to 
prior to such heat treatment. 
Depening upon the availability of wide sheets of the 

material capable of welding edge to edge, the cylinders 
may be constructed of a length corresponding to the width 
of the sheet with the latter coil wrapped in the formation 
of the cylinders. Where the material can be obtained 
only in strips of less Width than the desired length of the 
cylinders, it is possible to spirally wrap strips upon the 
inner mandrel or core, as in the wrapping of spiral pipe. 
Where it is desirable to weld cylinders end to end or 

adjacent strip edges to each other, this may be done by 
processes designed to produce joints of the same high 
tensile strength as the metal of the stock. 
One of the advantages of the wrapping process of mak 

ing the multi-layer cylinders of the present invention lies 
in the fact that welding may be reduced to a minimum 
by avoiding practically all longitudinal seam welding ex 
cept for the start and ?nish and any necessary end to end 
sheet or strip welding. 

It is possible to wrap with substantial tightness to pre 
stress the cylinders and thereby place the inner portion of 
the cylinder wall under initial compressive stresses and 
the outer portion under initial tensile stresses, somewhat 
as indicated in US. Patent No. 3,098,620 granted to Fred 
A. Carstens, the application of which was copending 
herewith. 
The accompanying drawing illustrates diagrammatical 

ly a coil wrapped cylinder of the present invention con 
stituting the best mode presently contemplated for carry 
ing out the invention. ' 

Referring to the drawing, the cylinder 1 is composed 
of an inner retaining cylindrical metal core 2 having coil 
wrapped thereon a paper thin metal sheet 3 in a large 
number of successive convolutions to provide the desired 
wall thickness for the cylinder. 
The core 2 may be a cylinder fabricated from a plate 

of approximately one quarter inch thickness and a metal 
capable of forming into the cylinder with the meeting 
longitudinal edges welded together as at 4. In general 
the metal of core 2 should be a low carbon steel that can 
be readily formed in whatever thickness is obtained. 
The coil layers of sheet 3 are constructed by tightly 

wrapping the sheet upon the core 2 until the desired wall 
thickness is provided for the cylinder. Where the pull 
exerted in wrapping sheet 3 substantially stresses it as it 
is applied to the cylinder, it is possible to produce a ?nal 
cylinder wherein core 2 and inner layers of metal adja~ 
cent thereto are under initial compression stress effected 
by an initial tensile stress in the outer layers. 
The sheet 3 is preferably of a steel which can be rolled 

at the mill in suitable widths and to a thickness substan 
tially less than 1/16 inch, such as to a thickness of the order 
of .03 or .04 inch. The thinner the better. It then should 
be capable of substantial increase in tensile strength by 
suitable heat treating processes as by heating to beyond 
the upper critical temperatures and rapidly cooling there 
of to below the Ms temperature (the temperature at 
which martensite begins to form). 
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For this purpose steel conforming to the following 
composition range may be employed: 

Percent 

C __________________________________ __ .20 to .40 
Mn ________________________________ .._ .80 to 1.50 
Si __________________________________ __ .20 to 1.0 
Cr __________________________________ _ .40 to 1.20 
Ni _________________________________ __ .90 to 2.0 
Mo ________________________________ __ .15 to .50 
V __________________________________ __ 10 to .20 

A typical composition (Speci?cation 4405 of American 
Metal Society) is as follows: 

C _______________________________________ __ .40 
Mn ______________________________________ __ .70 

Si _______________________________________ __ .25 
Cr ______________________________________ __ .80 
Ni ______________________________________ __ l 80 

Mo ______________________________________ __ 25 

V _______________________________________ __ 10 

When such a steel is heated to 1650° F. and subsequently 
quenched and tempered at 1000’ R, the tensile strength 
will increase from approximately 100,000 pounds per 
square inch to approximately 200,000 pounds per square 
inch. At the same time the metal will become corre 
spondingly less ductile. However, because the sheet is 
so thin its bending stresses in wrapping the same core 2 
will be sufficiently low to avoid cracking from brittleness. 

Various alloy steels may be employed to give desired 
characteristics. In general, it is believed that the present 
invention is the ?rst to provide a high pressure cylinder 
having a wall of substantial thickness and of metal with 
a tensile strength exceeding 100,000 pounds per square 
inch. 
One of the advantages in utilizing the coil wrap meth 

od of producing the cylinders is that welding is kept to 
a minimum. Longitudinal welds are only needed to se 
cure the starting edge of the sheet to be coiled, and gen 
erally to secure the ?nal end edge of the wrapped coil. 
Ali intermediate layer contact is frictionally tight to pro~ 
vide the desired ?exibility and greater strength of multi 
layer construction as compared to solid wall cylinders. 

It is possible to provide wall thicknesses of any extent 
whereas solid wall weld fabricated cylinders are usually 
limited to about six inches. By reason of the greater 
wall thicknesses possible with the present invention and 
the greater strength metal that can be used, the cylinders 
may be made substantially larger in diameter for the same 
internal working pressures, thereby providing desirable 
greater capacity. 
By taking advantage of the higher tensile strength of 

the metal employed, the cylinders can be made of sub 
stantially less wall thickness for the same working pres 
sures, thereby providing much lighter weight structures, 
a factor substantially important in missiles and rockets. 

CI 

Sheets of the thickness indicated can be obtained in 
widths up to ?ve feet or even more, and make it possible 
to construct cylinders of a corresponding length. Girth 
welds between abutting ends of cylinders, because of the 
?neness of the layers may be made as readily as in solid 
wall cylinders. 

Various modes of carrying out the invention are con 
templated as being within the scope of the following 
claims particularly pointing out and distinctly claiming 
the subject matter which is regarded as the invention. 

1 claim: 
1. A cylinder for incorporation in pressure vessels, 

rockets and the like for retaining high internal ?uid pres 
sures, comprising a tubular metallic cylindrical core of 
substantial thickness and rigidity reinforced by a coil 
wrapping of a plurality of layers of flexible metallic sheet 
material having a thickness less than about .04 of an inch 
and a tensile strength exceeding 100,000 pounds per 
square inch, said coil wrapping having its adjacent layers 
in tight frictional metal to metal contact throughout and 
having a total thickness several times that of said core, 
said core having a thickness several times that of said 
sheet material, the individual layers of said wrapping be 
ing generally unattached to each other between the ends 
thereof, and welds maintaining the layers in tightly 
wrapped relation. 

2. A cylinder for incorporation in pressure vessels, 
rockets and the like for retaining high internal pressures, 
comprising a tubular metallic cylindrical core of substan 
tial thickness and rigidity reinforced by a coil wrapping 
of a plurality of layers of ?exible metallic sheet material 
having a thickness less than about .04 of an inch and a 
tensile strength exceeding 100,000 pounds per square 
inch, said coil wrapping having its adjacent layers in 
tight frictional metal to metal contact throughout and 
having a total thickness several times that of said core, 
said reinforcing having the outer convolutions thereof 
under resi'ual tensile stress placing the core under re 
sidual compression stress, said core having a thickness 
several times that of said sheet material, the individual 
layers of said wrapping being generally unattached to 
each other between the ends thereof, and welds maintain 
ing the layers in tightly wrapped relation. 
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