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Claims priority, application France Feb. 8, 1962 
3 Caii is, (CE. 38-30) 

This invention relates to a locking ring for retaining 
two rigid parts together and more particularly to a lock 
ing ring for the closure plug of a pressure vessel for stor 
ing fluid under pressure and particularly of the type being 
a deformable partition, such as a bladder, therein. 
As conducive to an understanding of the invention, it is 

noted that where a pressure container has an opening or 
port with a removable closure plug therein, the use of a 
threaded plug is undesirable in that the threads may be 
come worn and stripped with likelihood of blowing out 
of the plug when high pressures are attained in the con 
tainer. In addition, if such plug can be removed before 
substantially all of the pressure is relieved in the container, 
when the mechanic disassembling the container has par 
tially released the plug, it may suddenly blow out and 
cause severe injury. 
To overcome such difficulties, a plug may be utilized 

having a reduced neck defining a shoulder and forming an 
enlarged inner end portion of smaller outside diameter 
than the port so that it may be inserted therein. A lock 
ing member in the form of a ring encompassing the re 
duced neck portion of the plug, has an outer diameter 
greater than that of said port and an inner periphery over 
lapped by the shoulder of the enlarged end portion of the 
plug and is seated in position with rigid portions of the 
locking member intervening between the inner rim of the 
port and said shoulder. By means of any suitable re 
taining element, such as a nut screwed on the externally 
threaded neck of the plug, which protrudes from the port, 
the plug may be releasably, yet securely affixed to said 
container. As the locking member is of greater diameter 
than the port, in order that it may be inserted therethrough 
into the container, it is made deformable as by having por 
tions thereof relatively displaceable. 
Where, to permit such deformation, the locking mem 

ber is of resilient metal having one or more splits through 
the circumference thereof, such as a conventional split 
ring which may be of hardened spring steel, the pressure 
vessel bladder as it expands to expel liquid from the con 
tainer, will come in contact with the portion of the surface 
of such ring which extends laterally outward from the 
shoulder of the plug and especially at high pressures, ex 
trude through such split, thereby pinching or cutting the 
bladder with resultant destruction of the latter and failure 
of the pressure vessel. 

In order to permit such deformation and provide a sur 
face against which the pressure vessel bladder may abut 
which has no splits or discontinuities, as shown in Patent 
No. 2,936,787, a locking member has been provided which 
comprises a plurality of arcuate segments arranged sub 
stantially in a ring, the adjacent ends of said segments 
being spaced from each other. The segments are desir 
ably of hardened metal such as steel which will withstand 
the shearing action against the inner periphery of the lock 
ing member caused by the pressure on the enlarged end 
of the plug when the bladder is bearing thereon and the 
shearing action caused by the pressure of the locking mem 
ber against the rim of the port. The segments are con 
nected together by a resilient ring which is glued, cemented 
or otherwise bonded to the top of the locking member so 
as to be securely retained with respect thereto and so posi 
tioned that the top of the locking member will present an 
uninterrupted Surface to the bladder, the resilient ring per 
mitting relative displacement of portions of the locking 
member so that it may be deformed for insertion into the 
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port, the locking member being self-restoring to its original 
shape. 

By reason of the fact that the resilient ring is bonded 
as by gluing to the top surface of the rigid arcuate seg 
ments, such bonding operation requires that the contact 
ing Surfaces be previously prepared, which adds to the 
cost of manufacture. Furthermore, since the resilient 
ring is bonded to the rigid arcuate segments, little displace 
ment is possible of the portions of the resilient ring ad 
jacent the regions where the locking member is folded 
and unfolded. This results in substantial fatigue of the 
material of the resilient ring at such regions with repeated 
folding actions which causes breakdown of the unit with 
resultant failure thereof. 

it is accordingly among the objects of the invention to 
provide an annular locking member which may readily 
be fabricated at relatively low cost and which may readily 
be deformed for insertion into an opening of diameter 
less than the unfolded diameter of the locking member, 
which locking member will provide an uninterrupted resil 
iènt surface and which may be folded and unfolded with 
relatively free movement between the resilient ring and 
the rigid segments of the locking member at the region of 
folding and unfolding, thereby reducing fatigue at such 
regions. 
According to the invention, these objects are accom 

plished by the arrangement and combination of elements 
hereinafter described, and more particularly recited in the 
claims. 

In the accompanying drawings in which are shown one 
or more of various possible embodiments of the several 
features of the invention, 

FIG. 1 is a longitudinal sectional view of a pressure 
vessel embodying the invention herein, 

FIG. 2 is a diametric sectional view of the resilient ring forming part of the locking member, 
FIG. 3 is a sectional view of the rigid arcuate segments 

alone, taken along line III-III of FIG.4, 
FIG. 4 is a view of the locking member taken along 

line IV-IV of FIG. 1, 
FIG. 5 is a fragmentary detail view of the resilient ring 

alone in section taken along line V-V of FIG.4, 
FIG. 6 is a corresponding plan view taken along line 

VI-VI of FIG. 5, 
FIG. 7 is a partial view of the locking member similar 

to FIG. 4 before folding, 
FIG. 8 is a view similar to FIG. 7, but in which the two 

metal arcuate segments are starting to be moved apart 
from each other, 

FIG. 9 is a view similar to FIG. 7, but in which the two 
rigid arcuate segments are completely moved apart, 
FIG. 10 is a corresponding side view taken along line 

X-X of FIG. 9, 
FIG. 11 is a view illustrating the introduction of the 

locking member folded on itself, into the port of the pres 
Sure vessel, and 

FIGS. 12 and 13 are sectional views of two other em 
bodiments of the invention. 

Referring now to the drawings, the locking member 
according to the invention, is illustratively shown in FIGS. 
1 to 11, incorporated in a pressure vessel such as a pres 
sure accumulator. This accumulator desirably comprises 
a rigid container 12 of material such as steel which is ca 
pable of withstanding high pressure. The container has 
opposed ports, the upper port being designed to receive a 
Standard pneumatic valve 14 and the lower port desig 
nated by the numeral 13 serving as the liquid port. Posi 
tioned in the container in conventional manner is a de 
formable partition, illustratively a bladder 15, the latter 
desirably being of rubber, either natural or synthetic and 
capable of expanding in order to force liquid from the 
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container and defining a gas chamber 16 and a liquid 
chamber 17 on opposed sides thereof. 
The port 13 desirably has a cylindrical outlet plug 18 

positioned therein, the latter having a longitudinal bore 
therethrough and having a flange at its inner end defining 
an annular shoulder 19 and reduced neck portion i9. 
The outer diameter of the flange is slightly less than the 
diameter of the port 13 so that it may readily be inserted 
therethrough and the neck 19 is of length such that it 
may protrude from port 13. 
The plug 18 has a transverse wall with passageways 

therethrough and also has an axial bore through which ex 
tends the stem of a spring urged poppet valve 24, the 
periphery of the latter being designed to seat on the bev 
elled inner surface 23 of the bore of the plug. 
The outlet plug 18 is affixed to the container 12 by a 

locking member 20 in the form of a ring constructed so 
that it may readily be deformed for insertion through port 
13 into the container 12. As shown in FIGS. 2 and 3, 
for example, the locking member 20 comprises a resilient 
ring 35 and a plurality of arcuate segments, illustratively 
two in number and designated by the numerals 26 and 26, 
preferably of hardened metal such as steel. Each of the 
segments is slightly less than 180 degrees of arc so that 
when juxtaposed to form a ring, the adjacent ends 41 
thereof may be spaced from each other as is clearly shown 
in FIG. 4, for example. The ring formed by said juxta 
posed segments has an inner diameter shown at 34 in FIG. 
1, but slightly larger than the outer diameter of neck 9' 
of plug 18 so that the inner wall 34 of said segments 26, 
26 may snugly encompass neck 19 with shoulder 9 of 
the plug 18 resting on the inner periphery 33 of said seg 
ments. The outer diameter of the ring formed by said 
juxtaposed segments 26, 26' is greater than that of the 
port 13 so that the oblique or bevelled portion 29 of the 
segments 26, 26' which conform generally to the shape 
of the inner surface of the container 12 adjacent port 3 
may seat thereon. 
The undersurface of each of the segments adjacent 

the inner periphery thereof each has a cylindrical lower 
section defining an arcuate hub 28 of width substantially 
equal to the difference between the outer diameter of neck 
19' and the diameter of port 13 so that said hub, when 
positioned between neck 19 and port 13, will center the 
plug 18 in said port 13. 
More particularly, referring to FIG. 3, each of the seg 

ments 26, 26' comprises a flat lower face 27, an outer side 
face having the cylindrical lower section 28 which defines 
the hub, an intermediate section which defines the oblique 
or bevelled portion 29 and a cylindrical upper section 30 
of larger diameter than section 28. In addition, each of 
the segments has an upper rim in the form of an inverted 
L with an upright portion 31 and a horizontal portion 32 
directed outwardly, said rims 31, 32 being at the outer 
periphery of each of the segments, the top wall of each 
segment defining the annular shoulder 33 from the inner 
periphery of which the inner wall 34 of each segment de 
pends. 
The segments 26, 26 are designed to be mounted in the 

resilient ring 35 so that they may be securely but releas 
ably retained therein. 
To this end, the lower surface of the ring 35 has a circu 

lar recess 35’ therein of depth but slightly less than the 
height of the cylindrical portion 30 of the segments. In 
addition, an inverted substantially l-shaped annular 
groove is provided in said elastic ring 35 complementary 
to the rim portions 31, 32 of the segments. Thus, the 
groove has a portion 37 designed to accommodate the 
rim portion 32 and a portion 36 designed to accommodate 
the rim portion 31. 
When the arcuate segments 26, 26 are mounted in the 

resilient ring 35, the resulting locking member will have 
the shape shown in FIG. 1, the resilient ring 35 having 
an oblique or bevelled outer periphery 38 which is de 
signed to form an extension of the bevelled surface 29 of 
the segments. 
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4. 
It is to be noted that in the embodiment shown, the re 

silient ring 35 has two diametric fins 41, clearly shown in 
FIGS. 4 to 8, for example, which are formed integral with 
the resilient ring and extend inwardly therefrom, said fins 
being designed to be positioned in the space between 
the adjacent ends 41' of the segments as is clearly shown 
in FIG. 4. 

If desired, the depending portion 46 of the resilient 
ring, which is interposed between the rim portion 31 and 
the adjacent inner end of the plug 18 could be eliminated 
and the rim portion 31 made of slightly greater thickness 
so that it would be positioned closely adjacent the flange 
portion of the plug 18. 

It is to be noted, referring particularly to FIG. 1, that 
the width of the top surface 39 of the elastic ring is such 
that when the locking member is positioned in the con 
tainer 2, such surface 39 will fill the space between the 
inner surface of the container adjacent the port 13 and 
the adjacent portion of the inner end of the plug 18, 
thereby providing a substantially continuous surface which 
the expanding bladder 15 may contact during operation 
of the equipment. 

In order to provide a liquid-tight seal between the neck 
19' of plug 18 and the wall surface of port E3, a resilient 
Sealing ring i3a, preferably an O ring, encompasses the 
neck 19' between hub 28 and the reduced diameter por 
tion 23' of a collar 29' which encompasses the neck 34. 
A nut 22 screwed on the externally threaded portion 22' 
of neck 34, when tightened, will securely retain the parts 
in assembled relationship. 

in assembling the accumulator, the bladder 5 is passed 
through the port 43 of the empty container 12. The valve 
stem (not shown) secured to the bladder is pushed through 
an opening in the upper end of the container 12 and 
secured thereto as by means of nut 14'. The plug 23 is 
then passed through the port 3 and the locking member 
20 is deformed by being folded in two as shown in FIGS. 
7, 8, 9 and 11, for example, such folding being permitted 
by reason of the fact that the rigid arcuate segments 26, 
26' are spaced from each other by the resilient material 
of the ring 35. 
The deformed locking member 20 may readily be passed 

through the port 43 into the container 2 as shown in 
F.G. 11. 
The locking member 20 is then released and by reason 

of the resilience of the folded resilient ring 35, will as 
Sume its original ring-like shape so that it may readily 
be passed around the neck portion 19 of the plug 18. 
The plug 8 can then be drawn outwardly until its 
shoulder 9 seats against the inner peripheries 33 of the 
locking segments 26, 26' and the bevelled surface 29 of 
the segments seat on the inner surface of container 2 
about port 3. The sealing ring 8a and collar 29' may 
then be placed around the neck 34 and moved therealong 
until the ring 58a is against the hub 28. The nut 22 is 
then screwed on neck 9' and tightened securely to retain 
the shoulder 9 of the plug against the inner periphery 
33 of the segments and the undersurface of the segments 
against the inner surface of the container 1 about port 
i3, the O ring 8a providing a dependable seal between 
the neck 9' and the wall of the port 13. The pressure 
accumulator later may then be used in conventional man 
c. 

The construction of the locking member has been de 
Scribed with reference to its incorporation into a pressure 
reservoir such as a pressure accumulator as shown in 
FGS. 1 to 11. 

It is to be understood, however, that the locking mem 
ber, according to the invention, has broader application 
and may be used whenever it is desired to connect one 
cylindrical member to another cylindrical member with 
one of the members having an opening therein through 
which the other member extends. 

In the embodiment shown in FIG. 12 a locking mem 
ber, according to the invention, is utilized to connect two 
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members 53, 5i, the part 53 being a cylindrical member 
Such as a pipe, for example, having an annular flange 52 
at its inner end which has an annular notch in its under 
Surface defining an annular shoulder 57, and a annular 
Seating Surface 75 inwardly of the shoulder 57. The 
menber 5 has a circular opening 50 therein through 
Which the pipe 53 extends, the diameter of opening 56 
being greater than the diameter of the flange 52. As is 
clearly shown in FIG. 12, the portion of the member 5. 
gompassing the opening 50, defines an annular shoulder 

The locking member 20, shown in FIG. 12, comprises 
a resilient ring 35 having an inwardly extending annular 
flange 28 at its top surface with an upstanding bead 56 
at its inner periphery. The inner surface of the resilient 
ring 35 has two annular grooves 37a and 37b and an 
annular bead 54 depends from the undersurface of the 
inner periphery of the resilient ring 35. 
A plurality of arcuate segments 26, illustratively two 

in number, are provided, which, when juxtaposed, form 
a ring having an inner diameter 72 just slightly greater 
than the Outer diameter of the pipe 53 as is clearly shown 
in FIG. 12. Each of the segments 26 has a flat top wall 
78 and an arcuate recess in its undersurface defining a 
cylindrical hub 74 adapted to fit into the opening 50 
With but little clearance, said hub defining an arcuate 
shouider 73 outwardly thereof. Two spaced parallel 
arcuate fanges 32a and 32b extend laterally outward from 
the segments 25 and are designed to be positioned in the 
recesses 37a and 37b as is clearly shown in FIG. 12. 

In assembling the unit shown in F.G. 12, the pipe 53 
is inserted through the opening 50 and then the locking 
member 20 is folded and inserted through such opening 
and positioned around the pipe 53 below the flange 52. 
Thereupon, a washer 59 is positioned around the portion 
of pipe 53 extending outwardly from opening 58; a coil 
Spring is then interposed around the pipe and a snap ring 
6 is positioned in an arcuate groove 69' in pipe 53, said 
Snap ring 68 serving as a retainer for the coil spring which 
will be compressed between the washer 59 and the snap 
ring 60, thereby tending to urge the pipe 53 outwardly. 
As a result, the hub 74 will be moved into the opening 

58 until shoulder 73 abuts against shoulder 55 compress 
ing bead 54. The surface 71 will move downwardly until 
it abuts against the top surface 7e of the segments inward 
ly of the outer periphery of the flange 20', thereby pro 
viding a dependable seal, the shoulder 57 compressing 
the bead 56. 
The embodiment shown in FIG. 3 is similar to that 

shown in FiG. 12 with certain minor variations. 
In the embodiment of FIG. 13 the resilient locking ring 

35 is Substantially U-shaped and has a depending annular 
rim 35' at its inner periphery, which rim has an outwardly 
extending annular bead 56 on its outer surface, which 
is designed to abut against the outer periphery 61 of the 
flange 62 of the pipe 53 as is clearly shown in FIG. 13. 
Each of the rigid arcuate locking segments 26 has a flat 
shoulder 70 at its inner periphery against which the bot 
tom surface 71 of the flange 52 may abut. An upstanding 
arcuate flange 37d is provided at the outer periphery of 
each of the segments 26 and is designed to fit in the space 
between the depending flange 35' and the opposed outer 
periphery of the resilient ring. The inner periphery of 
each of the arcuate segments 26 has an arcuate hub 74 
depending therefrom which is designed to fit between the 
outer surface of the pipe 53 and the wall of opening 50. 
The hub 74 defines a shoulder 73 which rests on the top 
surface of the inner periphery of annular shoulder 55 
and an additional shoulder 32c is provided adjacent the 
undersurface and at the outer periphery of each of the 
segments, said shoulder 32c resting on the bottom leg 
37c of the locking ring, the latter having a depending 
bead 54 which will be compressed against the shoulder 
55. It is to be noted that the bottom leg 37c has an in 
wardly projecting flange 37e which fits into a correspond 
ing groove in the segments 26. 
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6 
As the assembly of the embodiment shown in FIG. 13 

is readily apparent since it is similar to the assembly 
of the embodiment shown in FIG. 12, it will not be de 
scribed. 
With the constructions above described, it is apparent 

that the rigid arcuate segments are not permanently 
bonded to the resilient ring, but are retained in the re 
silient ring frictionally. Thus, when the locking member 
is folded, the portion of the resilient ring adjacent the 
ends of the arcuate segments will be free to move, thereby 
reducing the stress which would be imparted to such re 
silient ring at such folding portion if the resilient ring was 
cemented or otherwise permanently bonded to the rigid 
arculate Segments. 
With such an arrangement, it is apparent that the re 

silient ring can be made of harder material than would be 
needed if considerable extension thereof was required to 
permit the folding. As a result, a more effective support 
will be provided for the bladder abutting against the ring 
as in the case of the embodiment shown in FIGS. 1 to 12 
and a wider range of materials can be used in the fabrica 
tion thereof. 
With the construction of the deformable locking mem 

ber shown in the embodiments of FIGS. 1 to 11, as the 
entire upper surface thereof contacted by the inflated 
bladder 15 on expansion thereof is an uninterrupted re 
silient surface defined by the resilient ring 35 and as no 
discontinuity is provided in the discharge end of the ac 
cumulator radially outwardly of the plug 18, there will 
be no spaces or discontinuities through which the ex 
panded bladder 15 may protrude. Consequently, failure 
of the bladder due to pinching or cutting is avoided. 

In disassembling a pressure vessel or accumulator of 
the type shown in FIGS. 1 to 11, utilizing the locking 
member of the type described, it is necessary first to push 
the plug 18 inwardly after the nut 22 has been removed 
So that the locking member may be slipped off the neck 
19 of the plug and deformed for removal through port 
13. If there is any air pressure in the bladder 15, the 
latter will press against such plug 18 and prevent dis 
placement thereof. It is apparent therefore, that in dis 
assembly of the accumulator, a mechanic cannot neglect 
first to release all of the air pressure remaining in the 
bladder and consequently there is no danger of injury as a 
result of the plug being blown out of the container. 
As many changes could be made in the above con 

structions, and many apparently widely different embodi 
ments of this invention could be made without departing 
from the scope of the claims, it is intended that all matter 
contained in the above description or shown in the ac 
companying drawings shall be interpreted as illustrative 
and not in a limiting sense. 

Having thus described my invention, what I claim as 
new and desire to secure by Letters Patent of the United 
States is: 

1. In a pressure vessel of the type having a port, a de 
formable partition secured in said pressure vessel and 
adapted to move toward such port and a hollow flanged 
plug in said port, said flange defining a shoulder; the 
combination therewith of a deformable locking member 
for said plug, said locking member comprising a plurality 
of rigid arcuate segments defining a ring of inner diameter 
less than that of the port and of outer diameter greater 
than that of such port, adjacent ends of said segments 
being in relatively close juxtaposition, the undersurface 
of Said segments adjacent the outer periphery thereof hav 
ing a configuration complementary to that of the inner 
Surface of the pressure vessel adjacent its port and defin 
ing a relatively wide surface adapted to seat directly on 
said inner surface of said port, a ring of resilient material 
having an annular recess therein, each of said locking 
segments having peripheral conformations complementary 
to said annular recess and adapted securely yet releasably 
to fit therein, whereby the top surface of said resilient ring 
Will define a continuous annular surface coaxial with the 
ring formed by said segments, each of said segments hav 
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ing a top surface of width such as to extend inwardly of 
the inner periphery of said resilient ring whereby the 
exposed surfaces of the top surface of said segments de 
fine a retaining shoulder for the shoulder of Such plug 
the width of the top surface of said ring being Such that 
its outer periphery extends laterally beyond the outer 
periphery of said rigid arcuate segments, whereby said 
top surface of the ring when the expanded partition is 
thereagainst, will prevent extrusion through the spaces 
between the segments and the inner wall of the pressure 
vessel as well as through the spaces between adjacent ends 
of said segments. 

2. The combination set forth in claim 1 in which the 
outer periphery of said resilient ring and the outer periph 

0 2,340,466 

3. 
ery of the bottom portion of said rigid arcuate segments 
forms substantially a continuous bevelled surface. 

3. The combination set forth in claim 1 in which the 
inner periphery of said resilient ring defines a wall be 
tween the vertical leg of the L-shaped rim and the inner 
end of the plug. 
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