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ABSTRACT: A closure for the open end of a high-pressure
vessel is formed of two or more plugs, in the nature of pistons
that cooperate to seal the end of the vessel, each of which is
supported by engagement with a portion of the wall of the ves-
sel different from the portion or portions supporting the other
plug or plugs. The plugs may be in the form of a cylindrical
piston, and encircling annular pistons or a series of plugs with
varying effective areas. The plugs themselves or through inter-

' mediate members are individually supported from axially
spaced portions of the vessel wall.
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1
CLOSURE SYSTEM FOR HIGH-PRESSURE VESSELS

BACKGROUND OF THE INVENTION

For high-pressure vessels closed by a plug on the front end,
it is necessary to achieve optimum distribution of the stresses
occurring in the contact areas of plug and vessel wall in order
to avoid local stress concentrations and to reduce the risk of
breaking.

It is known that standard or special threadings of continucus
or interrupted design are used to obtain the force transmission
coupling between the high-pressure vessel and plug, particu-
larly for self-sealing or partly self-sealing closure systems. Bay-
onet-type plugs are also used.

The disadvantage of these assemblies is the nonuniform dis-
tribution of the load over the length of the threaded coupling.
It is known, for example, that the vessel is subject to particu-
larly high-peak stresses in the area of the first load-bearing
thread. A similar phenomenon is found in bayonet closures
where the load is sustained primarily by the first cam ring or
by the single cam ring. Owing to the high internal pressure, the
load-bearing section of high-pressure vessels is subject to addi-
tional radial deformation with peak stresses occurring at the
point of transition between vessel and plug. These stresses add
to those present in the closure with consequent addition to ex-
cessive stress concentration. This stress concentration might
rise to a value where the creep strength is substantially
reduced, especially at a first load-bearing thread. This means a
marked reduction in the safety of high-pressure vessels.

SUMMARY OF THE INVENTION

The object of the invention is to prevent stress concentra-
tions in the closure system of high-pressure vessels in order to
increase both operation safety and service life of such equip-
ment, while permitting at the same time a less sturdy construc-
tion of the equipment.

According to the invention, the problem is solved by sec-
tionalizing the closure into two or more closure pieces sustain-
ing the fluid pressure, said pieces transferring the load propor-
tionately to optimal areas of the vessel-closure wall section.

The forces are introduced into the vessel wall through a
piston and an annular piston either mechanically or hydrauli-
cally. By dividing the closure into a pressure-bearing piston
and annular piston it is possible to transfer given forces
produced by the internal pressure, which forces can be exactly
defined by the size of the piston and annular piston areas, into
any sections of the coupling between the closure plugs and the
wall of the high-pressure vessel in such a way as to avoid the
disadvantage inherent in conventional designs. The distribu-
tion of the forces introduced into the vessel wall ensures that
no plastic deformation will occur at any point of the closure
system; in addition, it permits using a less sturdy construction
while at the same time increasing the service life and operating
safety. '

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal section of a high-pressure vessel hav-
ing a closure constructed according to the invention.

FIG. 2 is a fragmentary longitudinal section of a high-pres-
sure vessel employing a **bayonet-plug” coupling between the
plugs and the vessel wall.

FIG. 3 is a transverse section taken along the line A—A of
FIG. 2, showing the parts in disengageable or unlocked posi-
tion. :

FIG. 4 is a fragmentary longitudinal section of an alternative
form of divided or sectionalized closure plug.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Examples of the improved closures are illustrated in FIGS. 1
to 4 inclusive. Referring to FIG. 1, the drawing illustrates a
high-pressure vessel 1 having an opening that is closed by clo-
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sure means including a threaded plug. The closure means in-

serted into the high-pressure vessel 1 comprises an outer-
threaded plug 2, an inner annular-threaded plug 3 including a

pressure-receiving face, a pressure-receiving element or
piston 4, and gaskets 5 and §’. The force of the internal pres-
sure acting upon the face of the annular-threaded plug 3 is
transferred, within the area of the plug threads, to the vessel
wall. The force of the internal pressure acting upon piston 4 is
transferred by the piston to the outer-threaded plug 2. Within
the area of the threads of this plug, the resultant forces are
transferred to the vessel wall,

Depending on the area selected for annular threaded plug 3
and piston 4 with respect to the total load-bearing area of the
closure, the forces are introduced proportionately into the
threaded sections of the high-pressure vessel.

Referring to FIG. 2, the drawing illustrates a high-pressure
vessel closure with bayonet plug. The closure inserted into
high-pressure vessel 7 comprises an outer bayonet plug 8, an
inner bayonet plug 9 of annular shape, a piston 4a, and gaskets
Sa and 54’ Similar to the principle shown in FIG. 1, the use of
piston 4a leads to a proportionate distribution of the sealing
force upon the load-bearing areas of the outer and inner plugs
8 and 9, consequently, to the distribution of the forces over
several areas of the vessel closure section. The sectional view,
FIG. 3, shows that the bayonet closure is a quick-closing
device that can be engaged by a fraction of a turn.

An equivalent interrupted thread closure, i.e. one in which
the periphery of the plug and corresponding wall are divided
into sections with the threads cut away in alternate sections to
allow the plug to be inserted without rotation and then locked
by a fraction of a turn, may be substituted for the bayonet
structure.

Referring to FIG. 4, the drawing illustrates a high-pressure
vessel closure with threaded plug. The closure inserted into
high-pressure vessel 1b comprises an outer threaded plug 2b,
an inner threaded plug 10 with a bore, and gaskets 5b and 11.
Through the bore of threaded plug 10, the area of the outer
threaded plug 2 bounded by gasket 11 is exposed to the fluid
pressure, and threaded plug 10 is unloaded accordingly, i.e.,
the effective area of the plug 10 is equal to that annular area
between the wall of the vessel and the gasket 11.

In this way again, the sealing force is distributed to two
distinct areas of the high-pressure closure.

In a broader sense of the invention, the closure may be di-
vided into more than two plugs with adequate pistons or with
boreholes for the passage of the pressure fluid.

‘High-pressure vessels may be equipped with one or more
closures as described above.

We claim:

1. In a high-pressure vessel arrangement, a closure means
comprising a plurality of pressure-receiving elements, each
element having an effective pressure-receiving area constitut-
ing a selected portion of the closure area and each element
having support means engaging a separate portion of the ves-
sel wall.

2. A high-pressure vessel closure arrangement according to
claim 1 in which the pressure-receiving elements include at
least one annular plug surrounding a piston, each being ex-
posed to pressure in the vessel.

3. A high-pressure vessel closure arrangement according to
claim 1 in which the support means for each element includes
threaded means engaging threads in the wall of the vessel.

4. A high-pressure vessel closure arrangement according to
c¢laim 1 in which the support means includes a bayonet con-
nection to the wall of the vessel.

S. A high-pressure vessel closure arrangement according to
claim 1 in which at least one pressure-receiving element is ex-
posed to pressure on opposite faces, the exposed effective
area of one face being greater than the exposed effective area
of the opposite face.
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