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(57) Abstract: A pressure switch safety system includes a pressure switch for
mounting to a mud pumping system. The pressure switch can be moved from

a pressure switch open position to a pressure switch closed position when the
pressure within the mud pumping system reaches an excess trigger pressure.
The excess trigger is greater than the pressure required to activate a pressure

relief valve system of the mud pumping system. An alarm and a timer are ac-
tuated when the pressure switch is moved from the pressure switch open pos -
ition to the pressure switch closed position. The timer has a preset time inter-
val. The system has a mud pump shut down control module that will shut

\\ ' //
l 25
/—77
//—23
13
| }——19
29 L
115

FIG. 1

down the mud pumping system atter the preset time interval has elapsed.
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PUCT PATENTAPPLICATION

MUD PUMP PRESSURE SWITCH

INVENTORS:  Eyadah Al-Ruothy AL-SHAMMARY

BACKGROUND

Field of the Invention:

LLEL ! The mvention relates generally to mud pumping systems and more specifically, to

safety mechanisms for pressure relief valves for use with mud pumping systems.

Bescription of the Related Art:

[6662] The pressure relief valve in the mud pumping system is designed to relieve the
pressure buildup in the mud pumping system and prevent such pressure from reaching unsafe
levels. Excessive pressure in nud puroping systems can cause the failure of major system
components. The failure of the relief valves in reducing system pressure Can cause pressure
build up which could result the failure in any weak point in the system and lead to
catastrophe high pressure explosions which can damage the equiproent and harm individuals

in the vicinity.

SUMMARY OF THE INVENTION

(66683 In view of the foregoing, embodiments of the present invention provide a safety
systern and method, should the pressure rehief valve fail in maintaining the pressure of the

mud puraping system below a specified excess pressure.

16684 In one embodiment of the present invention, a pressure switch safety system
inchudes a pressure switch for mounting to a mud pumping system. The pressure switch can
be moved from a pressure switch open position {0 a pressure switch closed position when the
pressure within the mud pumping system reaches an oxcess trigger pressure. The excess
trigger pressure is greater than the pressure required to activate a pressure relief valve system

of the mud pumping system. An alarm is i electrical communication with the pressure
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switch such that the alarm is actuated when the pressure switch s moved from the pressure
switch open position to the pressure switch closed position. A timer is also in electrical
comnmunication with the pressure swiich such that the timer is actoated when the pressure
switch 18 moved from the pressure switch open position to the pressure swiich closed
position. The timer has a preset time interval. The system also inchides a mud pump shut
down control module. The shut down control maodule can be actuated to shut down the mud

pumping system after the preset time interval bas clapsed.

[LHEERY In certain embodiments, the system can have a reset switch, The reset switch is
operable to turn off the alarm if the pressure switch s returned to the pressure switch open
position. The reset swiich can also turn off the alarm and to turn off the timer if the pressure

switch is returned to the pressure switch open position before the time interval has elapsed.

[60086] In other embodiments, the system can have a first relay and a plurality of first
relay contacts. Each first relay contact is moveable from a first relay normal open position to
a first relay closed position when the pressure switch is in the pressure switch closed position.

The first relay is operable to actuate the alarm and to actuate the timer.

[6687] In yet other embodiments, the system can have a second relay. The second relay
has a second relay contact movable from a second relay normal position to a second relay
actuated posttion.  The second relay contact actaates the mud pump shut down control
module when the second relay is in the second relay actuated position. The timer can have a
timer contact in electrical communication with the second relay. The timer contact is
moveable from a timer contact normal open position to a timer contact closed position when
the time interval has elapsed, causing the second relay contact to move from the second relay

normal position to the second relay actuated position,

{8603} in another embodiment of the present invention, a pressure switch safely system
imchudes a pressore switch for mounting 0 a mud pumping system. The pressure switch
moves from a pressure switch open position 1o a pressure switch closed position when the
pressure within the nwud pumping system reaches an excess trigger pressure. The excess
trigger pressure is greater than the pressure required o activate a pressure relief valve system
of the mud pumping systera. A first relay s i electrical convnunication with the pressure
switch, the first relay having a first contact, 3 second contact and a third contact. Each of the
first relay contacts move from a first relay normal open position to a first relay closed

position when the pressure switch is moved to the pressure switch closed position. An alarm

[
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is in electrical communication with the first relay. The alarm s actuated when the second
contact of the first relay 18 moved to the first relay closed position. A timer is also in
electrical cornmunication with the first relay. The timer 15 actuated when the third contact of

the first relay is moved to the first relay closed position. The timer has 3 preset time interval,

13609} The system inchudes a second relay. The second relay has a second relay contact
that moves from a second relay normal position to a second relay actuated position when the
preset fime interval has clapsed. A mwud pump shut down control module is in electrical
commmunication with the second relay. The nwud pump shut down control module shuts down
the mud pumping system when the second relay contact is moved to the second relay

actuated position.

166164 fn certain embodiments, the system includes a reset switch that has a reset swiich
normal closed posttion. The reset switch is in electrical communication with the first contact
of the first relay. When the pressure switch s in the pressure switch open position the reset
switch can be moved 1o a reset switch open postiion to cause the first contact, second contact
and third contact of the first relay to cach move to the first contact normal open position 1o
trn off the alarm. The reset switch can alternatively be moved to the reset switch open
position before the time nterval has clapsed to caunse the first contact, second contact and
third contact of the first relay to cach move to the first relay normal open position to turn off

the alarm and the timer.

6611 The second relay normal position can be an open position and the second relay
actuated position can be a closed position. Alternatively, the second relay normal position can

be a closed position and the second relay actuated position can be an open position.

18612} In yet other embodiments of the current invention, a mud pumping system
imchudes a omud pumyp for pumping dritling fhuids into a subterranean well and 3 pressure
reliet valve for relieving pressure within the mud pomping systemn when pressure within the
mud puroping systom exceeds a predetermined pressure. The system includes a pressure
switch. The pressure switch moves from a pressure switch open position to a pressure switch
closed position when the pressure within the mud pumping system reaches an excess trigger
pressure. The excess trigger pressure is greater than the pressure reliet valve predetermined
pressure. The system includes an alarm. The alarm is actuated when the pressure switch is
moved from the pressure switch open position to the pressure switch closed position. The

syster also includes a timer. The timer is actuated when the pressure switch s moved from
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the pressure switch open position to the pressure switch closed position. The timer has a
preset fime interval, The systery also has a mud pump shut down control module. The mud
purop shut down condrol module shuts down the mud pumping systom after the preset time

interval has clapsed.

3613 In certain embodiments, the system has a reset switch, The reset switch can tum
oft the alarm if the pressure switch is retarned to the pressure switch open posttion.
Alternatively, the reset swiich can turn off the alarro and turn off the timer if the pressure

switch is returned to the pressure switch open position betore the time interval has clapsed.

[6614] In other embodiments, the system has a first relay. The first relay has a first
contact, a second contact and a third contact. Each first relay contact moves from a first relay
norroal open position 1o a fivst relay closed position when the pressure swiich is moved to the
pressure swiich closed position.  The system can have a reset switch in electrical
commaunication with the first contact of the first relay. The reset switch causes each of the
first contact, second contact and third contact of the first relay to roove to the first relay
normal open position after the pressure switch is moved from the pressure switch closed
position to the pressure switch open position and the reset switch is moved from a reset
switch normal closed position to a reset switch open position. The timer is in electrical
comnmunication with the second contact of the fivst relay and actuated when the second
contact of the first relay moves to the first relay closed position. The alarm is in clectrical
communication with the third contact of the first relay and actuated when the third contact of

the first relay mowves to the first relay closed position,

[BG15] In yet other embodiments the system can have a second relay. The second relay
has a second relay contact movable from a second relay normal position to a second relay
actuated position. The second relay actuates the mud pump shut down control module when
the second relay 1s in the second relay actuated position. The timer can have a timer contact
i electrical conmumunication with the second relay. The timer contact is moveable from a
timer contact normal open position to a timer contact closed position when the time interval
has elapsed, cavsing the second relay contact to move from the second relay normal position

to the second relay actuated position.
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BRIEF DESCRIPTION OF BRAWINGS

[8616] So that the manner in which the above-recited features, aspects and advantages of
the invention, as well as others that will become apparent, are atiained and can be understood
i detail, more particular description of the invention briefly sumumarized above can be had
by reference to the embodiments thereof that are illustrated in the drawings that form a part of
this specification. [t is {0 be noted, however, that the appended drawings illustrate some
embodiments of the invention and are, therefore, not 0 be considered limiting of the

mvention's scope, for the invention can admit to other equally effective embodiments.

[6617] Figure 1 1s a schematic drawing of an embodiment of a mud pumping system in

accordance with this disclosure.

16618] Figure 2 is a schematic drawing of an embodiment of a roud purep prossure switch

electrical circuit, with the pressure switch not trigeered, in accordance with this disclosure.

16619 Figure 3 is a schematic drawing of an embodiment of a mud pump pressure switch
electrical circuit, with the pressure switch triggered and before the tine interval of the timer
has elapsed, in accordance with this disclosure.

[BG2¢] Figure 4 15 a schematic drawing of an embodiment of a owd pump pressure switch
electrical circuit, with the pressure switch triggered and after the time interval has elapsed, in

accordance with this disclosure.
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DETAILED DESCRIPTION OF THE INVENTION

16621 Turning to Figore |, muad pumping system 11 inchudes a high pressure mud purp
13, The mud pumping system [ draws mud and other related drilling fhutds from the roud
pits, or other source, through an intake pipe 15 and discharges the fluids through a discharge
pipe 17. The discharge pipe 17 delivers the fluids to a wellhead assembly for injection into a

well,

[8622] The pumping systern 11 includes a pressure rehief valve 19, The pressure relief
valve 19 is shown connected to the mud pump 13 but may alternatively be connected to the
discharge pipe 17. The pressure relief valve 19 i3 designed to prevent excessive pressure in
the mud pumping system 11, However, there may be tiroes when the pressure relief valve 19

fails to provent the over-pressurization of pumping systern 11,

16623 A pressure switch safety system 21 in figure 2 can be mounted to the pressure
relief valve 19, Alternatively, the pressure swiich safety system 21 can be mounted to the
discharge pipe 17 or any other convenient location along the mud pamping system T where
pressure within the mud pumping system 11 can be measured. Pressure switch safety system
21 includes a pressure switch 23, Pressure switch 23 is electrically connected to an alarm 285,

~y

a timer 27, and a mud pump shutdown control module 29,

(8824 Taming to Figure 2, 8 simplified schematic elecirical diagram of an embodiment
of the pressure switch safety system 21 includes the pressure switch 23, Pressure switch 23
can be set to be trigeered if pressure within mud pumping systern 11 reaches a certain excess
trigger pressure. The excess trigger pressure 18 greater than the pressure at which pressure
relief valve 19 is desigued to relieve pressure. For example, pressure switch 23 can be set o
be triggered if the pressure within mud pumping syster is 50-200 psi, or in a more specific
example 100 psi, higher than the pressure at which the pressure relief valve was designed to

relieve pressure from the mud pumping system.

[6625] Looking at Figure 3, it pressure switch 23 is triggered and moved to the pressure
switch closed position, power trom a power supply + will flow through the pressure switch
23 and reach the first relay R, actuating the first relay R1, and return to a ground GND.
Relay R1 can have a first contact Rla, a second contact R1b, and a third contact Ric. Each
comtact Rla, Rib, and Rlc of the first relay R1 will move from a first relay normal open
position to a first relay closed position when power is supplied to the first relay R1. First

contact Ria of first relay R1 is located in series with a reset switch RST and located in

-
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paraliel with pressure switch 23. Moving first contact Ria of first relay R1 to the first relay
closed position will provide an alternative paralie] power circuit to the first relay R1 so that if
pressure switch 23 1s returned to the pressure switch open position, the tust relay countacts
Rla, R1b and Rlc will remain in the first relay closed position until the reset switch RST is

moved to a reset switch open posttion

88326} Third contact Ri¢ of the first relay R is located in series with alarm 25, With the
first contact Ric¢ of the furst relay R in the first relay closed postiion, power 5 supplied 1o
alarm 25 to actuate alarm 25. Alarm 25 can be audial or visual or both, Alarm 25 will
fonction to warn the personnel, such as those on the rig floor and in particular, the driller, that
the excess trigger pressure of the mud pumping system 11 has been reached and that the
pressure relief valve 19 has failed to properly relieve such excess pressure. Personnel will
then have to act within the preset time interval of timer 27, or the mud pumping system 11

will be automatically shut down as discassed herein.

[BG27] Second contact R1b of first relay R is located n series with timer 27, With the
second contact R1b of first relay RI in the first relay closed position, power is supplied to
timer 27 to actuate timer 27. Timer 27 has a preset time interval, such as 10-15 seconds.
After such time interval has elapsed, if the pressure switch safety system 21 has not been
reset, timer contact Ta will roove from a timer contact normal open position to a timer contact
closed position. Moving timer contact Ta to a timer contact closed position will cause power
to be provided to the second relay R2 to actuate second relay R2. Second relay R2 has a
second relay contact R2a which has a second relay normal position and a8 second relay
actuated position. The second relay normal position of second relay contact R2a can be
either open or closed. In either case, when power is supplied to the second relay R2, the mud
pump shutdown control module 29 will be actoated and shut down the mud pamping system
11, In the ernbodiroent of Figure 4, the second relay normal position of second relay contact
RZa is open and when power is supplied to the second relay R2, sccond relay contact R2a
will close and the mud pump shut down control module 29 will be powered and cause the
muod pumping system F to shut down. Alternatively, if the second relay normal position of
second relay contact R2a is closed, when power 15 supplied to the second relay R2, second
relay contact R2a will open and power to the mud pump shut down control module 29 is

mterrupted causing mud pumping systermn 11 to shut down.

16628] After the pressure in the roud pumping systern 11 drops below the excess trigger

pressure, the pressure switch 23 will return to the pressure switch open position. Pressure
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switch safety system 21 can then be reset by moving the reset switch RST from the reset
switch normal closed position to the pressure switch open position.  This can be
accoraplished, for exaraple, by pushing a reset button. Moving the reset switch RST to the
reset switch open position will cut the power to the first relay R1 which will cause the first
relay contacts Rlia, R1b, Rlc to move back to the first relay normal open position. With
second contact R1b of first relay R1 in the first relay normal open position and no power
being provided to timer 27, timer contact Ta will move from the timer contact closed position
to the timer contact normal open position. This will result in a loss of power being provided
to the second relay and the second relay contact R2a will return to the second relay normal
position. Therefore after resetting the pressure switch safety system 21, the pressure switch

safety system 21 will return o0 its normal, un-triggered condition of Figure 2.

[6029] In operation, looking at Figures 1-2, mud pumping system 11 circulates drilling
fluids at high pressure into a subterrancan wellbore during hydrocarbon field development. If
the pressure within the mud pumping system 11 reaches a predetermined level, the pressure
relief valve 19 is meant to relieve the pressure within the mud pumping system 11 so that the
pressure within the mad pumping system 11 decreases to a value below such predetermined
level. However, if the pressure within the nwd puroping system 11 continues 1o rise and
reaches the excess trigger pressure of pressure switch 23, pressure switch 23 will be
triggered. This could happen if the pressure relief valve a fails to reduce pressure in the mud

pumping system 11

[LHERTL! Turning to Figure 3, once the pressure switch 23 has been triggered, the alarm 25
and the timer 27 will be activated. This can be accomplished by pressure switch 23
activating the first relay R1I, which in turn causes the second and third contacts Rib, Ric of
first relay R1 to move to the first relay closed position. It the operator does not act within the
preset time jonterval of timer 27, the roud pumping system 11 will be shut down, This can be
accomplished, for example, by timer contact Ta moving to the timer contact closed position

when the time interval of timer 27 has elapsed.

6031 With the time interval of timer 27 having clapsed, the muod pumping system 1
will be shut down. This can happen by the movement of timer contact Ta to the fimer contact
closed position, actuating the second relay R2. Turning to Figure 4, second relay contact R2a
can then move to the second relay actuated position and activate mud pump shut down
module 29. Mud purop shut down module 29 can be as simple as a kill switch which

mterrupts the power supply to mud pump 13, In this manner, the pressure switch safety
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system 21 will auntomatically shut down the mud pumping system if the pressure within the
mud pumping system 1l reaches the excess trigger pressure and the operator does not reset

the prossure switch safety systern T within the tiae interval of timer 27.

166321 After the mud pumping system 11 has been shut down, the pressure in mud
pumping system i1 can be relieved. This will cause the pressure switch 23 to return to the
pressure switch open position. The operator may then reset the pressure switch satety system
21, for example by moving the reset switch RST to the reset switch open position. This will
cause the first relay contact Rla to return to the first relay normal open position, turn off the
alarm 25, and return the pressure switch safety system 21 to i3 normal pre-triggered

condition of Figure 2.

16633 Returning to Figure 3, if the operator s able to reduce the pressure within the mud
pumping system 11 before the time interval of timer 27 has elapsed, the pressure switch 23
will return to the pressure swiich open position and the operator can reset the pressure switch
safety systern 21, for example by moving the reset switch RST to the reset switch open
position. This will stop the alarm 25 and the timer 27 and return the pressure switch safety
system 21 to its normal pre-triggered condition of Figure 2, without the pressure switch

safety system 21 having shut down the wad pumping system 11,

16634} Figures 2-4 illustrate one possible configuration of the cucutiry of prossure swiich
safety system 21, Other configurations are possible which will result in the operational
process as described herein. While the invention has been shown in only a few of its forms, it
should be apparent to those skilled in the art that it is not so limited but susceptible to various
changes without departing from the scope of the mvention.  Accordingly, it is intended 1o
embrace all such alternatives, modifications, and variations as fall within the spirit and broad

scope of the appended claims.

16635] Those skilled n the art will vecognize that many changes and modifications can be
made to the method of practicing the invention without departing the scope and spirit of the
mvention. In the drawings and specification, there have been disclosed embodiments of the
mvention and, although specific terms are employed, they are used in 2 generic and
descriptive sense ouly and not for the purpose of limitation, the scope of the invention being
set forth in the following claims. The invention has been described in considerable detail
with specific reference to these illustrated embodiments. It will be apparent, however, that

vartons modifications and changes can be made within the spirit and scope of the mvention as
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described in the foregoing specification. Furthermore, language referring to order, such as
first and second, should be understood in an exemplary sense and not in a limiting sense. For
example, 1t may be recognized by those skilled 1o the art that certain steps can be combined

mto a single step.

-10-
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What is claimed is.
I. A pressure switch safety system, the system comprising:

a pressure switch for mounting to a roud pumping system, the pressure switch
operable 10 be moved from a pressure switch open position to a pressure switch closed
position when the pressure within the mud pumping system reaches an excess trigger
pressure, such excess trigger pressure being greater than the pressure required to activate a

pressure relief valve system of the mud pumping system;

an alarm in clectrical communication with the pressure switch such that the alarm is
actuated when the pressure switch is moved from the pressure switch open position to the

pressure switch closed position;

a timer in electrical communication with the pressure switch such that the timer
actuated when the pressure switch is moved from the pressure switch open position to the

pressure switch closed position, the timer having a preset time interval; and

a mad pump shut down control module, the shut down control module operable when

actuated to shut down the mud pumping system after the preset tirae interval has elapsed.

2. The systern of claim |, further coraprising a reset switch, the reset swiich operable 1o
turn off the alarm if the pressure switch is returned to the pressure switch open position.

-~

3. The system of claim |, further comprising a reset switch, the reset switch operable to
turn oft the alarm and to turn off the timer if the pressure switch is retwrned to the pressure

switch open position before the time interval has elapsed.

4. The systemn of any of claims 1-3, further comprising a first relay and a plurality of
first relay contacts, cach first relay contact moveable from a first relay normal open position
to a first relay closed position when the pressure switch is 1o the pressure switch closed
position, the first relay being operable to actuate the alarm and to actuate the timer.

5. The system of any of claims 1-4, further comprising a second relay, the second relay
having a second relay contact movable from a second relay normal position to a second relay
actuated position, the second relay contact operable to actuate the roud pump shut down

controf module when the second relay is in the actuated position.

-11-
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6. The system of claim 5, wherein the timer comprises a timer contact in electrical
commmnication with the second relay, the timer contact moveable from a timer contact
norroal open position to a timer contact closed position when the time interval has lapsed,
causing the second relay contact to move from the second relay normal position to the second

relay actuated position.
7. A pressure switch safety system, the system comprising:

a pressure switch for mounting to a mud puroping systern, the pressure switch
operable to be moved from a pressure switch open position to a pressure switch closed
position when the pressure within the mud pumping system reaches an excess trigger
pressure, such excess trigger pressure being greater than the pressure required to activate a

pressure relief valve systerm of the mud pumping systeny

a first relay in clectrical communication with the pressure switch, the first relay
having a first contact, a second and a third contact, each first relay contact being operable to
move from a first relay normal open position to a first relay closed position when the pressure

switch 15 raoved 1o the pressure switch closed position,

an alarm i clectrical comnmnication with the fust relay such that the alarm is

actuated when the second contact of the first relay is moved {o the first relay closed position;

a timer in electrical communication with the first relay such that the timer is actuated
when the third contact of the first relay 18 moved to the first relay closed position, the timer

having a preset time interval;

a second relay, the second relay having a second relay contact moveable from a
second relay normal position to a second relay actuated position when the preset time interval

has clapsed; and

g mud pump shut down control moduie in electrical communication with the second
relay, the shut down control module operable to shut down the mud pumping system when
the second relay contact is moved to the second relay actuated position.

8. The system of claim 7, further comprising 4 reset switch having a reset switch normal
closed position and in electrical commmunication with the first contact of the first relay such
that when the pressure switch 8 in the pressure switch open position the reset switch can be

moved to a reset switch open position to cause the first contact, second contact and third

13-
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contact of the first relay to cach move to the first contact normal open position and o turn off

the alarm.

9. The system of claim 7, further comprising 4 reset switch having a reset switch normal
closed position and in electrical commmunication with the first contact of the first relay such
that when the pressure switch 8 in the pressure switch open position the reset switch can be
moved to a reset switch open position before the time interval has elapsed to cause the first
contact, second contact and third contact of the fust relay to cach move to the first contact

normal open position and to turn off the alarm and the timer.
0. A mud pumping system, the system comprising:
a mud pump for pumping drilling fhuds into 8 subterranean well;

a pressure relief valve for relieving pressure within the mud pumping systemn when

pressure within the nwd pumping system exceeds a predetermined pressure;

a pressure switch, the pressure switch movable from a pressure switch open position
to a pressure switch closed posttion when the pressure within the mud pumping system
reaches an excess frigger pressure, the excess frigger pressure being greater than the pressure

relief valve predetermined pressure;

an alarm, the alarm operable to be actuated when the pressure switch is moved from

the pressure switch open position to the pressure switch closed position;

a timer, the timer operable to be actuated when the pressure switch is moved from the
pressure switch open position to the pressure switch closed position, the timer having a preset

time interval; and

a md pump shut down control module, the shut down control module operable to

shut down the mud pumping system after the preset tirne interval has elapsed.

11. The system of claim 10, further comprising a reset switch, the reset switch operable to

turn off the alarm if the pressure switch is returned to the pressure switch open pogition.

12, The system of claim 10 or 11, further comprising a first relay the first relay having a
first contact, a second contact and a third contact, each first relay contact being operable to
move from a first relay normal open position to a first relay closed position when the pressure

switch is moved to the pressure switch closed position,
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13 The system of any of claims 12, further comprising a reset switch in clectrical
comnmunication with the first contact of the first relay, the reset switch operable to move each
of the first contact, sccond contact and third contact of the first relay to the fivet relay normal
open position after the pressure switch is moved from the pressure switch closed position to
the pressure switch open position and the reset switch is moved from a reset switch normal
closed position to a pressure switch open position.

14, The system of claima 12 or 13, wherein the timer is in electrical convnunication with
the second contact of the first relay and the timer is actuated when the third contact of the
first relay moves to the first relay closed position.

15. The system of any of claims 12-14, wherein the alarm is in electrical communication
with the third contact of the first relay and the tumer is actuated when the third contact of the

first relay moves to the first relay closed position.
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