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(57) L’imvention se rapporte a une soupape de
surpression (10) qui comprend un €lément de soupape a
boisseau spherique (28) a orifices, charge par ressort, et
qu est monte rotatif axialement dans le trou de soupape
de sorte que, lors d’une surpression, le fluide pousse le
boisseau sphéerique (28) hors du siege (50) contre une
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(57) A pressure relief valve (10) 1s described which
includes an apertured ball valve element (28), which 1s
spring-loaded, and which 1s rotatably and axially
mounted 1n the valve bore so that when an over-pressure
situation arises fluid forces the ball (28) off a ball valve
seat (50) against a spring force (40) and causes the ball
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force ¢lastique (40), et le met en rotation, de sorte que
I’ouverture (32) dans le boisseau spherique (28) raccorde
le passage d’entrée (20) et le passage de sortie (22) d"un
logement (16) de soupape, et que le fluide peut s’€couler
a travers la soupape de surpression (16). Lorsque la
pression au niveau de I'entrée descend au-dessous d une
valeur predeterminee, la force €lastique (40) oblige le
boisseau spherique (28) a tourner et a se replacer contre
le sicge de soupape (50), refermant ainsi la soupape (10).
Grace a cet agencement, une pression minimale est
exercee sur le logement (16) de soupape, et la soupape
(10) va fonctionner a une contre-pression atteignant
jusqu’a 50 % de la pression d’entrée. Cec1 implique que
des tuyaux a sortie de dimension beaucoup plus faibles
peuvent etre utilis€s, ce qui permet de réaliser des
¢conomies en ce qui  concerne le poids e,
conscquemment, le colt. Des tuyaux de 3 pouces
peuvent ainsi €tre utilises au lieu de tuyaux de 8 pouces
ou des tuyaux plus larges pour des soupapes de debit
¢quivalent.
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valve (28) to rotate such that the aperture (32) in the ball
valve (28) connects the 1nlet bore (20) and outlet bore
(22) of a valve housing (16) so that fluid can flow
through the pressure relief valve (16). When pressure at
the inlet falls beneath a predetermined value, the spring
force (40) forces the ball (28) to rotate and move back
against the valve seat (50), thus closing the valve (10).
With this arrangement there 1s minimal pressure exerted
on the valve housing (16) and the valve (10) will operate
with a back-pressure up to 50 % of the inlet pressure.
This means that much smaller bore outlet piping can be
used with savings in weight and, consequently, cost. For
example, 3 m. piping may be used instead of 8 1n. or
larger piping for the equivalent rated valves.
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(54) Title: PRESSURE RELIEF VALVE

(57) Abstract

A pressure relief valve (10) 1s described which includes an apertured
ball valve element (28), which is spring-loaded, and which is rotatably and
axially mounted in the valve bore so that when an over-pressure situation
arises fluid forces the ball (28) off a ball valve seat (50) against a spring for-
ce (40) and causes the ball valve (28) to rotate such that the aperture (32) in
the ball valve (28) connects the inlet bore (20) and outlet bore (22) of a valve
housing (16) so that fluid can flow through the pressure relief valve (16).

When pressure at the inlet falls beneath a predetermined value,

the spring

force (40) forces the ball (28) to rotate and move back against the valve seat
(50), thus closing the valve (10). With this arrangement there is minimal
pressure exerted on the valve housing (16) and the valve (10) will operate
with a back-pressure up to 50 % of the inlet pressure. This means that much
smaller bore outlet piping can be used with savings in weight and, conse-
quently, cost. For example, 3 in. piping may be used instead of 8 in. or larg-

er piping for the equivalent rated valves.
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valve particularly, but not exclusively, for use with

environments.

Hydrocarbon fluid in a well test Oor well production
environment is maintained initially at pressure
substantially higher than atmosphere. The pipeline
containing the pressurised hydrocarbon fluid usually

contains a piece of equipment, such as a safety valve,
such that if an over-pressure situation occurs the well

fluid is vented to atmosphere via a oil rig pressure

‘relief burner boom. Such pressure relief valves have

flanged pressure relief valve which is spring-loaded and

which is coupled to the hydrocarbon pipeline. In the
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type of prior art valve is a Crosby spring-loaded flanged

pressure relief valve style JOS and JBS. Although these
types of valve are common in the industry, they suffer
from a number of disadvantages. One significant
disadvantage of this type of valve is that a back-pressure
at the valve outlet of approximately 10% of the inlet
pressure 1s sufficient to act together with a spring force
to close the valve leading to a potentially hazardous
situation. In addition, the top housing which contains
the spring element is rated at 120 p.s.i. which is
believed insufficient to use with a large range of
pressures commonly encountered in hydrocarbon process
equipment. In order for the valve to be used such that
the outlet pressure is less than 10% of the inlet pressure
large diameter piping is required at the outlet. This
pPiping is not only heavy, but is also relatively
expensive. A further consequence of the weight of the
Piping is that in the production and exploration structure
at least 9 times the amount of piping welght requires to
be added for structural considerations. Therefore, where
considerable amount of piping is required, as is common in
01l exploration and production platforms, this can result
in a significant add-on cost in terms of weight and
overall structural costs as a consequence of having to use
large diameter piping to reduce the pressure relief valve
back-pressure. A further disadvantage of the

aforementioned prior art valves is that most of the valve
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significantly to the cost of operating the rig. Yet
another disadvantage of the Prior art pressure relief
valves 1is that with a Plate valve fluid impinges on the

valve nozzle and the valve plate, with the result that the

favrd
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pressures of 100 psig or greater at present. Such valves

are incapable of withstanding back pressures in excess of

200 psig, therefore, large relief systems are still

having an apertured ball valve element which is

spring-locaded and which is rotatably and axially mounted

When pressure at

the inlet falls beneath a predetermined value, the spring

force forces the ball to rotate and move back against the

valve seat, thus closing the valve.

With this arrangement there is minimal pressure

exerted on the valve housing and the valve wil}l operate

with a back-pressure up to 50% of the inlet pressure.
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This means that much smaller bore outlet piping can be used with savings in
welght and, consequently, cost. For example, 3 in. piping may be used instead of
8 1n. or larger piping for the equivalent rated valves.

Therefore, various aspects of the invention are provided as follows:

A pressure relief valve for relieving pressure above a predetermined value
1n fluid flow lines, said pressure relief valve comprising:

a valve housing defining a through-bore with a bore inlet and a bore
outlet,

a ball valve element mounted in said through-hore, said ball valve element
having a through-aperture, and being mounted on said through-bore such that
said ball valve element is rotatable and axially moveable within said through-
bore,

said ball valve element bheing coupled to spring means biased to urge said
ball valve element into a closed position, the arrangement being such that in
response 1o fluid at said through-bore inlet exceeding a predetermined pressure,

said ball valve is axially moved off a valve seat against said spring means
and rotated such that said through-bore allows fluid communication between
sald through-bore inlet and said through-bore outlet, and when fluid pressure at
said through-bore inlet falls beneath said predetermined level said spring means
providing a restoring force to rotate and axially move said ball valve element
onto said valve seat to close said pressure relief valve.

A pressure relief valve for relieving pressure above a predetermined value
in fluid flow lines, said pressure relief valve comprising:

a valve housing defining a through-bore with a bore inlet and a bore
outlet,

a ball valve element mounted in said bore, said ball valve element having
a through-aperture, and being mounted on said bore such that said ball valve

element is rotatable and axially moveable within said bore,

R N VAR ] P .mmmmmmm o CEDREL IR 1] %mmmmm»-umm T S P ey S Y S PP rr P | e AP = = o = s A & bbb 10 B P E s et o8 . ' e ot
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said ball valve element being coupled to spring means
biased to urge said ball valve element into a closed position,

5 the arrangement being such that in response to fluid at said

bore inlet exceeding a predetermined pressure,

said ball valve is axially moved off a valve seat against
said spring force and rotated such that said through bore
allows fluid communication between said bore inlet and said
10 bore outlet, and when fluid pressure at said bore inlet falls

beneath said predetermined level said spring means providing a
restoring force to rotate and axially move said ball valve

element onto said valve seat to close said pressure relief

valve.

15 A method of relieving pressure above a predetermined

value in fluid flow lines comprising the steps of:
applying a spring force to force a ball valve element

against a valve seat in the absence of pressure in said fluid

flow lines above said predetermined value,

20 and when pressure in said fluid flow lines exceeds said

predetermined value urging said ball valve axially from said

valve seat against said spring force,

rotating said ball valve element such that fluid flows
through said ball valve element to relieve said excessive

25 pressure, and when said pressure falls beneath said
predetermined value said spring force provides a restoring

force to return the ball valve element into sealing engagement

with said valve seat.
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Preferably, said spring means is adjustable so that
the predetermined pressure at which the ball valve element
1s moved is variable. Conveniently, the pressure relief
valve means includes test coupling means for coupling to
valve test apparatus by which the valve operation can be

tested in situ.

Preferably, the area of the valve seat is exactly the
same as the area of the seat seal.

Preferably, the spring means is provided by
Belleville washers the properties of which are selected to
give a selected response to predetermined inlet pressure
values.

Preferably also, the ball valve element is coupled to

the spring means by means of a cylindrical piston located

between said ball valve element and a spring-pusher and
which is axially moveable within said valve housing.
Conveniently, the ball valve element in the housing
bore has machined slots of a Predetermined shape which are
mounted on camming spigots such that as the valve 1s moved
off the valve seat axially in response to inlet pressure
above a predetermined threshold, it is simultaneously
rotated such that at the full open position, the aperture
of the ball element is aligned with the inlet and outlet
bores. Conveniently, the ball valve element seals are

made of beryllium copper. Conveniently, the ball wvalve

element is displaced by a very small amount, such as 0.2

in., before it starts to

. e N e M . .. . .- B CEL ] Y B T et
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rotate and is rotated to a fully open position when
displaced axially by 0.635 in.

These and other aspects of the invention will become
apparent from the following description, when taken in
combination with the accompanying drawings in which:-

Fig. 1 is a longitudinal split sectional view through
a pressure relief valve in accordance an embodiment of the
present invention, and

Fig. 2 is an enlarged side view of the ball valve
element taken in the direction of arrow 2 shown in Fig. 1.

Reference is made to the drawing which depicts a
pressure relief valve, generally indicated by reference
numeral 10, having a valve inlet flange 12 and a valve
outlet flange 14 for connection to inlet and outlet
piping, which are not shown in the interests of clarity.
The valve 10 has a valve housing generally indicated by
reference numeral 16 which defines the longitudinal valve
bore 18 which extends throughout the length of the valve
element such that when the pressure relief valve is open,
as will be later described, the valve bore is in
communication with a bore inlet 20 at the inlet flange and
bore outlet 22 at the outlet flange so that fluid can flow
through the valve and relieve excess pressure in fluid
pipeline.

The valve housing 16 has a lower or inlet bush 24

into which is fixed a cylindrical ball valve element

carrier 26. A ball valve element 28 is disﬁosed in the

TR v—r = b, et M= PR AR SR PO i i
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is a plate with a circular Cut-out for receiving a

machined circular slot 29 (Fig. 2) of the ball element 28

described in detail. The ball valve element 28 has

bore 18 such that there is a continuous bore between the

element 28. The piston is, as will be later described,
axially moveable within saig housing and abuts a

spring-pusher 38.

A blasing spring 40 in the form of a plurality of

Belleville washers 42 arranged as shown is disposed in a

housing 16. The spring is contained in chamber 44 by
means of the spring-pusher 38 and an adjustable stop 48.
The adjustable stop 48 can be used to test the operation

of the pressure relief valve in situ, as will be later

described in detail. The adjustable stop is secured in
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Hposition thus, in turn, confining the spring 42 within the
chamber 44 as shown.

The ball valve element 28 has a valve seat 50 which
abuts a similar annular valve seat 52 of the annular
cylinder 54, the interior surface of which defines inlet
bore 20. It will be seen that there is clearance between
each ball element spigot 30 and spigot locating slot 54
such that the ball valve element 28 can be moved axially
within the housing. Each spigot 30 has a cylindrical
portion 31 and a conical portion 33 which fits into the
slot 54 which is best seen in Fig. 2. The slot (54) has
an outside track (55) and an inside track (58). The
outside track (55) acts upon the cylindrical portion (31)
of the spigot 30 and rotates the valve open and
correspondingly the inside track (58) acts upon the
opposite side (33) of the spigot (30) and rotates the
valve to the closed position. The upper area of the
inside track (57) allows the valve element to move axially
relative to the spigot (30) prior to rotation of the
element.

In operation, the pressure relief valve 10 is coupled
to an inlet pipe and an outlet pipe (not shown) and when
the fluid pressure in the inlet pipe, which enters bore 20
and presses on the valve element 28, is sufficient to
force the valve element axially along the bore 18 against

the spring force of the biasing washer spring 40, the seal

50,52 between the spherical valve seat and annular seal is
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broken as the ball valve element 28 moved axially along
bore 18 which is allowed by the track 57 moving past flat
surface 35. The spigot 30 performs a camming function
such that, after the ball valve element is moved by 0.2
in., the element 28 is simultaneously rotated about the
spigots 30 such that the aperture 32 turns into alignment
with the bore 18. When the ball valve is fully open,

that 1s it is moved 0.635 in., the aperture 32 is in

alignment with the bore 18 and fluid communicates through
the valve 10 from the inlet bore 20 through bore 18 to the
outlet bore 22 and to any pipe coupled to the outlet
flange 14. Pressure is exerted on the biasing spring 40
by means of the annular piston 34 acting on the
spring-pusher 38. The Belleville washers are Mubea disc
springs of the type such as C22,5 GR1 which has a
regressive force deflection curve. This means that the
force deflection curve is not linear and that at a certain
force a smaller increase in force, for example, 400N an
increase of 50N provides about a 2.5mm deflection whereas
at 100N an increase of 50N gives about a 0.5mm

deflection. This means that the spring force can be fine
tuned to enable the valve to be actuated at predetermined
pressures at the valve inlet 20. When the valve is open,
fluid rushes through the valve 10 to the outlet pipework
to be vented. 7T“e interior of the bore 18 js slightly
constricted by the internal bore tube 56 which forms a

nozzle 58 near the outlet. It will be appreciated that
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because this nozzle is displaced from the valve element
any hydration or freezing of well fluid will not affect

the operation of the valve element.

When pressure at the inlet falls beneath the
predetermined level, the biasing spring 40 acts on the
spring-pusher 38 and the annular piston 34 to urge the
ball valve element 36 axially towards the inlet 12. As
the valve element is urged in this direction it is rotated
because of the spigot/slot arrangement as before so that
the aperture 32 is rotated through 920° to the position
shown in the drawing. In this position, the valve seats
50,52 are again 1in contact and the valve is effectively
closed.

Thus, 1t will be appreciated that with the
afore-described embodiment of pressure relief valve
various advantages are provided over the aforementioned
prior art. In particular, back-pressure has nominal
affect on the valve element, this being driven by the
blasing spring means which is effectively separated from

" the bore, unlike the prior art. Therefore, the valve is
able to operate with up to 50% back-pressure which means
that the outlet pipe bore is very much smaller for a given
pressure relief requirement providing savings in weight
and, of course, cost. This results in a similar weight
saving in the structure further improving cost savings.

A further advantage is that the nozzle is removed from the

valve element so that there is minimal wear of the valve
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seat and valve element due to fluid flow, unlike the prior
art.

In addition, the adjustable stop 48 can be coupled to
an external hydraulic test jig which can be used to test
the operation of the valve in situ which has hitherto not
been possible with existing valves. The set pressure of
the valve 1s checked by locating hydraulic Jig (not shown)
on the lower valve body and the adjustable stop 48.
Ideally the hydraulic area of the jig is equal to that of
the annular valve seat 50. Therefore by the application
of hydraulic pressure to the jig until the springs 40
begin to compress would provide a reliable indication of
the cracking pressure of the valve. Increasing the
pressure until the jig and springs had moved by circa
0.625" (full travel equivalent to full open position)
would provide a reliable indication of the full valve open
pressure. To set the valve at the required pressure a
lock ring 49 can be adjusted to abut the stop 48 and
therefore maintain the stop 48 in the correct position.
For the purpose of safety a mechanism is provided (not
shown) to enable the stop to be locked by either a lead
seal or padlock. A plug 60 can be located in the housing
as shown to secure the spring pusher 38 to facilitate
transport of the multi-sensor relief valve. The plug 60
is of course removed when the valve is in situ to

facilitate operation.

various modificatiéns-may be made to the embodiment
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hereinbefore described without departing from the scope of
the invention. For example, more than one valve spring
may be used disposed at various positions around the
periphery of the valve housing. The seals may be made of
any other suitable material than beryllium copper and the
spring means could be a coil spring instead of Belleville
washers or any other suitable resilient material which

could be tuned to provide the suitable valve opening and

valve closing positions.
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1. A pressure relief valve for relieving pressure above

Claims

a predetermined value in fluid flow lines, said pressure
relief valve comprising:

a valve housing defining a through-bore with a bore
inlet and a bore outlet,

a ball valve element mounted in said through-bore,
sald ball wvalve element having a through-aperture, and
being mounted on said through-bore such that said ball
valve element is rotatable and axially moveable within
sald through-bore,

said ball valve element being coupled to spring
means biased to urge said ball valve element into a
closed position, the arrangement being such that in
response to fluid at said through-bore inlet exceeding a
predetermined pressure,

sald ball valve is axially moved off a valve seat
agalinst said spring means and rotated such that said
through-bore allows fluid communication between said
through-bore inlet and said through-bore outlet, and when
fluid pressure at said through-bore inlet falls beneath
said predetermined level said spring means providing a
restoring force to rotate and axially move said ball
valve element onto said valve seat to close said pressure
relief wvalve.

2. A pressure relief valve as claimed in claim 1
wherein said spring means is adjustable so that the
predetermined pressure at which the ball valve element is
moved 1s variliable.

3. A pressure relief valve as claimed in claim 1 or
claim 2 wherein the pressure relief valve includes test
coupling means for coupling to valve test apparatus by

which the valve operation can be tested in situ.
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seal having a seat seal area, wherein an area of the

valve seat is exactly the same as the area of the seat

seal.

5. A pressure relief valve as claimed in any preceding
claim wherein the spring means is provided by Belleville
washers the properties of which are selected to glve a
selected response to predetermined inlet pressure valves.
6 . A pressure relief valve as claimed in any preceding
claim wherein the ball valve element is coupled to the
spring means by means of a cylindrical piston located
between said ball valve element and a spring-pusher and
which 1s axially moveable within said valve housing.

7. A pressure relief valve as claimed in any preceding
claim wherein the ball valve element in the housing bore
has machined slots of a predetermined shape which are
mounted on camming spigots such that as the valve is
moved off the valve seat axially in response to inlet
pressure above a predetermined threshold, it is
simultaneously rotated such that at the full open
position, the aperture of the ball element is aligned
with the inlet and outlet bores.

8. A pressure relief valve as claimed in any preceding

claims 1 to 8 wherein the ball valve element is displaced
by a very small amount, such as 0.2 inc., before it
starts to rotate and is rotated to a fully open position

when displaced axially by about 0.635 in.

10. A method of relieving pressure above a predetermined

value in fluid flow lines comprising the steps of,

m—&tmm p— -t m—mm&mw*-mw.mumm. AR . VLl e A4 R—— . .
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applying a spring force to force a ball valve

-16 -

element against a valve seat in the absence of pressure
in said fluid flow lines above said predetermined value,
o and when pressure in said fluid flow lines exceeds
sald predetermined value urging said ball valve axially
from said valve seat against said spring force,
rotating said ball valve element such that fluid
flows through said ball valve element to relieve said
10  excessive pressure, and when said pressure falls beneath
sald predetermined value said spring force provides a
restoring force to return the ball valve element into

sealing engagement with said valve seat.
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