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PRESSURE MONITORING SYSTEM INCLUDING
MULTIPLE PRESSURE SWITCHES

TECHNICAL FIELD

The present invention relates to, a pressure monitoring system, and more

particularly, to a pressure monitoring system with multiple pressure switches in a single

housing.

BACKGROUND OF THE INVENTION

Pressure switches are incorporated in a wide variety of applications for

controlling a device based on a pre-determined pressure. For example, if a pressure

switch is in communication with a fluid (liquid or gas) supply, the pressure switch can

activate once the pressure supply reaches a pre-determined pressure threshold.

Similarly, the pressure switch may de-actuate at pressures substantially below the pre-

determined pressure threshold. Conversely, the pressure switch could optionally de-

actuate when the pressure supply reaches the pre-determined pressure threshold and

actuate when the pressure supply returns to below the pre-determined pressure

threshold. Thus, pressure switches can be used to determine whether the fluid pressure

is above or below a pre-determined pressure threshold.

In some situations, it may be desirable to maintain a fluid pressure within a

specified pressure range. Typically, in order to accomplish this, at least two pressure

switches are required. A first pressure switch can monitor a low pressure threshold by

actuating if the fluid pressure drops below the low pressure threshold, for example. A

second pressure switch can be provided to monitor a high pressure threshold by

actuating if the fluid pressure exceeds the high pressure threshold. If neither pressure

switch is actuated, the fluid pressure is assumed to be somewhere between the upper and

lower pressure thresholds. Figure 1 shows such a configuration.

FIG. 1 shows a prior art pressure monitoring system 100. The pressure

monitoring system 100 includes a fluid source 101 with two fluid hoses exiting from the

fluid source 101. Each of the hoses 107, 108 are coupled between the fluid source 101

and a pressure switch 105, 106, respectively. The pressure monitoring system 100 is

designed to monitor the pressure of the fluid source 101 using the first pressure switch

105 and the second pressure switch 106. The pressurized fluid source 101 may be in



communication with another device that uses the pressure to perform some action. Each

pressure switch 105, 106 includes electrical contacts 109, which are used to

communicate with an external device, such as a processor (not shown) in order to

send/receive signals indicating the actuation state of the pressure switch. The pressure

switches 105, 106 may be provided with one pressure switch actuating at a low pressure

threshold and one pressure switch actuating at a high pressure threshold.

Although the pressure monitoring system 100 can provide adequate results in

limited circumstances, one major problem with the above configuration is the

requirement of excess piping and/or fluid fittings. Each opening in both the pressure

switches 105, 106 as well as the fluid source 101 requires an individual fluid fitting.

Each fluid fitting not only increases the cost of the system, but also increases the

potential fluid leak locations. Therefore, the number of fittings should be kept to a

minimum. However, when two or more pressure switches are required, the number of

fittings can quickly increase. In addition, because the pressure monitoring system 100

requires at least three main components, i.e., a fluid source 101, a first pressure switch

105, and a second pressure switch 106; the pressure monitoring system 100 requires a

substantial amount of space. In certain applications the available space may be limited

requiring a re-configuration of the entire system in order to accommodate the pressure

monitoring system 100. In addition, each pressure switch is an independent component

and therefore, each pressure switch has its own electrical connector, thereby increasing

the number of required mating components. Therefore, it can be appreciated that such a

solution has serious drawbacks.

The present invention overcomes this and other problems by providing a single

housing pressure monitoring system with at least two independent pressure switching

points. Advantageously, the number of required fittings is reduced as only one fitting is

required to connect to the housing.

SUMMARY OF THE INVENTION

A pressure monitoring system is provided according to an embodiment of the

invention. The pressure monitoring system includes a housing and a fluid port formed

in the housing. The pressure monitoring system can also include a first pressure switch

positioned within at least a portion of the housing and in fluid communication with the



fluid port. The pressure monitoring system can also include a second pressure switch

positioned within at least a portion of the housing and in fluid communication with the

fluid port.

A method for forming a pressure monitoring system is provided according to an

embodiment of the invention. The pressure monitoring system includes a housing and a

fluid port formed in the housing. The method comprises the step of positioning a first

pressure switch in at least a portion of the housing such that the first pressure switch is

in fluid communication with the fluid port. The method also comprises the step of

positioning a second pressure switch in at least a portion of the housing such that the

second pressure switch is in fluid communication with the fluid port.

ASPECTS

According to an aspect of the invention, a pressure monitoring system comprises:

a housing;

a fluid port formed in the housing;

a first pressure switch positioned within at least a portion of the housing and in

fluid communication with the fluid port; and

a second pressure switch positioned within at least a portion of the housing and

in fluid communication with the fluid port.

Preferably, the pressure monitoring system further comprises a first pressure

switch aperture formed in the housing and adapted to receive the first pressure switch

and at least a second pressure switch aperture formed in the housing and adapted to

receive the second pressure switch.

Preferably, the pressure monitoring system further comprises a fluid channel

formed in the housing and providing a fluid communication path between the fluid port

and the first and second pressure switches.

Preferably, the pressure monitoring system further comprises an electrical

connector extending from the housing and in communication with the first pressure

switch and the second pressure switch.

Preferably, the pressure monitoring system further comprises:

a first adjustment member adapted to adjust a threshold actuation pressure of the

first pressure switch; and



a second adjustment member adapted to adjust a threshold actuation pressure of

the second pressure switch.

Preferably, one of the first or second pressure switches comprises a backup

pressure switch and the first and second pressure switches are configured to actuate at

substantially the same pressure.

According to another aspect of the invention, a method for forming a pressure

monitoring system including a housing and a fluid port formed in the housing,

comprises the steps of:

positioning a first pressure switch in at least a portion of the housing such that

the first pressure switch is in fluid communication with the fluid port; and

positioning a second pressure switch in at least a portion of the housing such that

the second pressure switch is in fluid communication with the fluid port.

Preferably, the step of positioning the first pressure switch comprises inserting

the first pressure switch into a first pressure switch aperture formed in the housing and

wherein the step of positioning the second pressure switch comprises inserting the

second pressure switch into a second pressure switch aperture formed in the housing.

Preferably, a fluid channel formed in the housing provides fluid communication

between the fluid port and the first and second pressure switches.

Preferably, the method further comprises the steps of extending an electrical

connector from the housing and providing electrical communication between the

electrical connector and the first pressure switch and the second pressure switch.

Preferably, the method further comprises the steps of:

adjusting the first pressure switch to actuate at a first threshold actuation

pressure; and

adjusting the second pressure switch to actuate at a second threshold actuation

pressure.

Preferably, one of the first or second pressure switches comprises a backup

pressure switch and the first and second pressure switches are configured to actuate at

substantially the same pressure.



BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a prior art pressure monitoring system.

FIG. 2 shows a pressure monitoring system according to an embodiment of the

invention.

FIG. 3 shows a cross- sectional view of the pressure monitoring system according

to an embodiment of the invention.

FIG. 4 shows another cross-sectional view of the pressure monitoring system

according to an embodiment of the invention.

FIG. 5 shows a partial cross-sectional view of the pressure monitoring system

according to another embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 2-5 and the following description depict specific examples to teach those

skilled in the art how to make and use the best mode of the invention. For the purpose

of teaching inventive principles, some conventional aspects have been simplified or

omitted. Those skilled in the art will appreciate variations from these examples that fall

within the scope of the invention. Those skilled in the art will appreciate that the

features described below can be combined in various ways to form multiple variations

of the invention. As a result, the invention is not limited to the specific examples

described below, but only by the claims and their equivalents.

FIG. 2 shows a pressure monitoring system 200 according to an embodiment of

the invention. The pressure monitoring system 200 comprises a housing 201, a fluid

port 202 (not visible in FIG. 2), an electrical connector 203, two or more pressure switch

apertures 230, 231, and two or more pressure switches 204, 205. While only two

pressure switches 204, 205 are shown in the figures, it should be appreciated that more

than two pressure switches may be utilized.

The pressure monitoring system 200, and more specifically, the fluid port 202,

can be coupled to a variety of devices that include pressurized fluid. Therefore, the fluid

port 202 can be in communication with a pressurized fluid source 101. In the

embodiment shown, the fluid port 202 is in fluid communication with the pressurized

fluid source 101 via a conduit 107. The pressurized fluid can be a gas, liquid, or a

combination thereof. The pressurized fluid may comprise a part of a variety of systems,



including, but not limited to valve systems, actuation systems, braking systems, such as

rail car braking systems, etc. The particular system associated with the pressurized fluid

should in no way limit the scope of the present invention. When the pressure

monitoring system 200 is in communication with a fluid, the pressurized fluid acts on

the first and second pressure switches 204, 205 to either actuate or de-actuate an

associated switch (See FIG. 4). Therefore, the pressure monitoring system 200 can

signal when the fluid pressure reaches a threshold level. The precise action that takes

place in response to the actuation of the switch is not important for the purposes of the

present invention and therefore should not limit the scope of the present invention.

According to an embodiment of the invention, the pressure switches 204, 205

may be adjustable. For example, the threshold pressure at which the pressure switches

204, 205 actuate can be adjusted by adjustment members 206, 207, respectively.

Advantageously, the threshold actuation pressure of the first pressure switch 204 may be

different from the threshold actuation pressure of the second pressure switch 205, for

example. Alternatively, the pressure switches 204, 205 may be chosen based on their

pre-determined threshold actuation pressure values. If the desired threshold pressures

change, the pressure switches 204, 205 may be exchanged with other suitable pressure

switches.

According to an embodiment of the invention, the first pressure switch 204 may

be used to indicate that the pressure supplied to the pressure monitoring system 200 has

reached a low pressure threshold and the second pressure switch 205 may be used to

indicate that the pressure supplied to the pressure monitoring system 200 has exceeded a

high pressure threshold. Such a configuration may be useful in situations where it is

desirable to maintain the fluid pressure within a certain pressure range and both low

pressures and high pressures outside of the pressure range are undesirable. The

electrical connector 203 can include one or more contact members 208, which can be

used to couple the pressure monitoring system 200 to a variety of devices, such as a

processing system, a CPU, other circuits, or an emergency shut-off valve, for example.

However, the invention should not be limited to the devices listed, and the contact

members 208 can couple the pressure monitoring system 200 to any number of other

devices.



FIG. 3 shows a cross-sectional view of the pressure monitoring system 200

according to an embodiment of the invention taken along line 3-3 of FIG. 2. Visible in

FIG. 3 is the fluid port 202. Although the fluid port 202 is shown as being formed in the

bottom of the housing 101, it should be appreciated that the fluid port 202 could be

formed in any side of the housing 101 and the particular location should not limit the

scope of the present invention. As can be seen, the fluid port 202 is in fluid

communication with both the first pressure switch 204 and the second pressure switch

205 via fluid channel 315, which branches off to each pressure switch aperture 230, 231.

Therefore, fluid entering the pressure monitoring system 200 through the fluid port 202

acts on both the first pressure switch 204 and the second pressure switch 205 with

substantially equal pressures. As can easily be appreciated, only one fluid fitting is

required between the associated device(s), such as the pressurized fluid source 101 and

the pressure monitoring system 200. This is in contrast to prior art designs, which

require multiple fluid fittings when multiple pressure switches are employed.

Advantageously, the present invention can reduce the number of fittings without

minimizing the number of pressure switches. The fluid port 202 may include a threaded

surface in order to accept a fluid fitting, or alternatively, various fluid fittings could be

coupled to the fluid port 202 according to other well known methods. The particular

method used to couple the pressurized fluid to the fluid port 202 is not important for

purposes of the present invention and therefore, should not limit the scope of the present

invention.

In the embodiment shown, the pressure switch apertures 230, 231 are formed in

the housing 101 and are adapted to receive a pressure switch, such as the pressure

switches 204, 205. A pressure switch 204, 205 can be inserted into the pressure switch

aperture 230, 231. One or more sealing members 316 can provide a fluid tight seal

between a pressure switch 204, 205 and the associated pressure switch apertures 230,

231. The seals 316 can allow the pressure switches 204, 205 to be easily removed if

desired. According to other embodiments, the pressure switches 204, 205 may be

substantially permanently coupled to the pressure switch apertures 230, 231 according

to known methods. However, allowing the pressure switches 204, 205 to be removably

coupled in the pressure switch apertures 230, 23 1 can allow the pressure switches 204,



205 to be easily replaced and exchanged. This allows the pressure monitoring system

200 to be easily configured to accommodate a much wider range of pressures.

In the embodiment shown in FIG. 3, the pressure switches 204, 205 comprise

movable pistons 310, 3 11 and biasing members 312, 313. The biasing members 312,

313 are shown as comprising springs; however, it should be appreciated that other

biasing members may be used and the present invention should not be limited to the use

of springs. Furthermore, it should be appreciated that the pressure switches 204, 205

shown are merely examples, and a wide variety of different types of pressure switches

may be used, such as for example, pressure switches actuated by the flexing of a

diaphragm. Therefore, the particular pressure switches shown and discussed should not

limit the scope of the present invention.

According to an embodiment of the invention, the pressure switches 204, 205

include adjustment members 206, 207. The adjustment members 206, 207 may engage

the biasing members 312, 313 to adjust the threshold pressure at which the pressure

switches 204, 205 actuate. According to the embodiment shown, the adjustment

members 206, 207 may be configured to adjust the compression of the biasing members

312, 313, for example. According to the embodiment shown, the adjustment members

206, 207 may threadedly engage the pressure switches 204, 205 such that rotation in a

first direction raises the adjustment member to decrease the compression of the biasing

member while rotation in a second direction lowers the adjustment member to increase

the compression of the biasing member. As can easily be appreciated, as the

compression of the biasing member 312, 313 decreases, the threshold pressure required

to actuate the piston 310, 3 11 decreases. Conversely, as the compression of the biasing

member 312, 313 increases, the threshold pressure required to actuate the piston 310,

3 11 increases. Other types of adjustment members are possible and therefore, the

particular adjustment members 206, 207 shown should not limit the scope of the present

invention. For example, adjustment of the actuation pressure may comprise adjusting

the area acted upon by the pressurized fluid. It can easily be appreciated that adjusting

the exposed area of the pressure switch will adjust the force acting on the pressure

switch for a given pressure.

According to an embodiment of the invention, the threshold pressure at which

the first pressure switch 204 actuates is different from the threshold pressure at which



the second pressure switch 205 actuates. More specifically, according to an

embodiment of the invention, the first pressure switch 204 can be configured to actuate

when the pressure reaches a low pressure threshold. Therefore, during normal operation

when the pressure is above the low pressure threshold, the first pressure switch 204 may

be de-actuated. Actuation of the first pressure switch 204 may send a signal indicating

that the pressure of the system has dropped below a desired pressure.

According to an embodiment of the invention, the second pressure switch 205

may be configured to actuate when the pressure reaches a high pressure threshold. In

other words, the second pressure switch 205 will be de-actuated during normal operation

when the pressure of the system is below the high pressure threshold. Therefore,

actuation of the second pressure switch 205 may send a signal indicating that the

pressure of the system has exceeded a desired pressure. According to an embodiment of

the invention, the low pressure threshold and the high pressure threshold can be

separated by a desirable operating pressure range. Therefore, the system may have a

given pressure tolerance defined between the low pressure threshold and the high

pressure threshold. Advantageously, if neither the first pressure switch nor the second

pressure switch is actuated, the pressure monitoring system 200 may indicate that the

pressure of the system is within the acceptable operating range.

FIG. 4 shows another cross-sectional view of the pressure monitoring system 200

according to an embodiment of the invention taken along line 4-4 of FIG. 2. Visible in

FIG. 4 is an electromechanical switch 420 associated with the pressure switch 205. It

should be appreciated that the pressure switch 204 may likewise include a similar switch

that is not visible in the figures. According to an embodiment of the invention, the

switch 420 comprises an electromechanical switch, such as a micro-switch, for example.

However, other types of switches may be used and the particular switch chosen should

not limit the scope of the present invention. As can be seen, the electromechanical

switch 420 can be coupled to the electrical connector 203 via lead 421, for example.

Therefore, the electrical connector 203 allows the electromechanical switch 420 to

communicate with an external device, for example. It should be appreciated that the

pressure switch 204 likewise includes an electromechanical switch, which may also be

coupled to the electrical connector 203. Advantageously, although more than one

pressure switch is included in the pressure monitoring system 200, only one electrical



connector 203 is required to extend from the housing 201. As a result, there is a

reduction in the amount of wiring required to communicate with the pressure monitoring

system 200.

In operation, a fluid fitting can be coupled to the fluid port 202. It should be

appreciated that in some embodiments, this is the only required fluid fitting, thus

reducing the number of fluid fittings to one, regardless of the number of pressure

switches. However, in some embodiments, more than one fluid port may be provided.

For example, more than one fluid port may be provided in order to accommodate

various sized fluid fittings. One advantage of the present invention is the number of

potential leak points is substantially reduced as compared to the prior art. Furthermore,

it should be appreciated that the cost of the system can be reduced. Once the fluid

fitting is coupled to the fluid port 202, pressurized fluid can be communicated to the

pressure monitoring system 200. The pressure entering the pressure monitoring system

200 can act on both pressure switches 204, 205 with substantially equal pressure. The

pressure switches 204, 205 can be adjusted to desired threshold pressures using the

adjustment members 206, 207, for example. According to an embodiment of the

invention, the first pressure switch 204 is adjusted to actuate at a low pressure threshold

and the second pressure switch 205 is adjusted to actuate at a high pressure threshold. It

should be appreciated however, that the pressures may vary from one application to

another. For example, in some embodiments, it may be desirable to have the first

pressure switch 204 actuate at a first pressure and the second pressure switch 205

actuate at a second pressure, where both the first and second pressures are above the

normal operating pressure. Therefore, actuation of the first pressure switch 204 may

trigger an alarm condition while actuation of the second pressure switch 205 may trigger

an emergency shutdown, for example. Conversely, both of the pressure switches 204,

205 may be adjusted to actuate at pressures below the normal operating pressure and

therefore indicate a loss of pressure. As another alternative embodiment, both pressure

switches 204, 205 may actuate at substantially the same pressure. Therefore, the

pressure monitoring system 200 would comprise a backup pressure switch in the event

that one of the pressure switches fails. The use of a backup pressure switch may be

required in certain implementations for various safety reasons.



According to an embodiment of the invention where the pressure switches 204,

205 are configured to actuate based on a low pressure threshold and a high pressure

threshold, the pressure monitoring system 200 can determine whether the operating

pressure is within the pre-determined operating pressure range. Therefore, during

normal operation, the operating pressure will be great enough to overcome the biasing

force of the biasing member 312. Therefore, the piston 310 will be raised away from

the position shown in the figures. Conversely, because the biasing force of the biasing

member 313 is adjusted to actuate at a high pressure threshold, the normal operating

pressure will not be great enough to overcome the biasing force of the biasing member

313. Therefore, the piston 3 11 will be in substantially the same position as shown in the

figures.

If during normal operation, the operating pressure falls below the pre-determined

low pressure threshold, the biasing member 312 will overcome the low pressure to

return the piston 310 to the position shown in the figures. According to an embodiment

of the invention, the movement of the piston 310 can actuate the electromechanical

switch 420. Therefore, the pressure monitoring system 200 can indicate that the

operating pressure has dropped below the low pressure threshold.

Conversely, should the operating pressure exceed the high pressure threshold, the

pressure will overcome the biasing member 313 of the second pressure switch 205 to

actuate the piston 3 11. When the piston 3 11 actuates, the electromechanical switch 420

also actuates, thereby signaling that the operating pressure has exceeded the high

pressure threshold. If appropriate action is taken to reduce the pressure, and the

operating pressure again falls below the high pressure threshold, the biasing member

313 will again overcome the operating pressure to return the piston 3 11 to its first

position, which is shown in the figures.

FIG. 5 shows a partial cross-sectional view of the pressure monitoring system

200 according to another embodiment of the invention. A portion of the housing 201

has been removed from FIG. 5 in order to show the internal components of the pressure

monitoring system 200. In the embodiment shown in FIG. 5, the pressure switches 204,

205 are coupled to an interior of the housing 201; however, the housing does not include

distinct pressure switch apertures as in the previously described embodiments. Rather,

the housing 201 substantially surrounds the pressure switches 204, 205. However, it



should be appreciated that because both pressure switches 204, 205 are positioned

within the housing 201 and are in fluid communication with the single fluid port 202,

that the number of fluid connections is still reduced to one while the space occupied by

the pressure monitoring system 200 is kept to a minimum.

In addition to the components shown in the previous figures, FIG. 5 also shows

individual electrical ports 560, 561. The electrical ports 560, 561 can be electrically

coupled to the electrical connector 203 in order to provide the pressure monitoring

system 200 with a single electrical connector 203.

As described above, the present invention provides a pressure monitoring system

200 that includes more than one pressure switch 204, 205 positioned within a single

housing 201. According to an embodiment of the invention, the housing communicates

with a pressurized fluid source 101 using a single fluid port 202. Advantageously, the

number of fluid fittings coupled to the pressure monitoring system 200 can be

substantially reduced. In some embodiments, an internally formed fluid channel 315

provides a communication path between the fluid port 202 and the pressure switches

204, 205. Therefore, each pressure switch 204, 205 can communicate with the single

fluid port 202 without requiring additional fluid fittings. In addition, the pressure

monitoring system 200 can include a single electrical connector 203 extending from the

housing 201. Each of the pressure switches 204, 205 can be connected to the electrical

connector 203. This allows each of the pressure switches 204, 205 to communicate with

an external device while limiting the number of required connections to one. Therefore,

the total number of connections required to implement the pressure monitoring system

200 is substantially reduced compared to the prior art. However, the performance of the

pressure monitoring system 200 is not sacrificed as multiple threshold pressures can still

be monitored.

The detailed descriptions of the above embodiments are not exhaustive

descriptions of all embodiments contemplated by the inventors to be within the scope of

the invention. Indeed, persons skilled in the art will recognize that certain elements of

the above-described embodiments may variously be combined or eliminated to create

further embodiments, and such further embodiments fall within the scope and teachings

of the invention. It will also be apparent to those of ordinary skill in the art that the



above-described embodiments may be combined in whole or in part to create additional

embodiments within the scope and teachings of the invention.

Thus, although specific embodiments of, and examples for, the invention are

described herein for illustrative purposes, various equivalent modifications are possible

within the scope of the invention, as those skilled in the relevant art will recognize. The

teachings provided herein can be applied to other pressure switches, and not just to the

embodiments described above and shown in the accompanying figures. Accordingly,

the scope of the invention should be determined from the following claims.



CLAIMS

We claim:

1. A pressure monitoring system (200), comprising:

a housing (201);

a fluid port (202) formed in the housing (201);

a first pressure switch (204) positioned within at least a portion of the housing

(201) and in fluid communication with the fluid port (202); and

a second pressure switch (205) positioned within at least a portion of the housing

(201) and in fluid communication with the fluid port (202).

2. The pressure monitoring system (200) of claim 1, further comprising a first

pressure switch aperture (230) formed in the housing (201) and adapted to receive the

first pressure switch (204) and at least a second pressure switch aperture (231) formed in

the housing (201) and adapted to receive the second pressure switch (205).

3. The pressure monitoring system (200) of claim 1, further comprising a fluid

channel (315) formed in the housing (201) and providing a fluid communication path

between the fluid port (202) and the first and second pressure switches (204, 205).

4. The pressure monitoring system (200) of claim 1, further comprising an electrical

connector (203) extending from the housing and in communication with the first

pressure switch (204) and the second pressure switch (205).

5. The pressure monitoring system (200) of claim 1, further comprising:

a first adjustment member (206) adapted to adjust a threshold actuation pressure

of the first pressure switch (204); and

a second adjustment member (207) adapted to adjust a threshold actuation

pressure of the second pressure switch (205).



6. The pressure monitoring system (200) of claim 1, wherein one of the first or

second pressure switches (204, 205) comprises a backup pressure switch and the first

and second pressure switches (204, 205) are configured to actuate at substantially the

same pressure.

7 A method for forming a pressure monitoring system including a housing and a

fluid port formed in the housing, comprising the steps of:

positioning a first pressure switch in at least a portion of the housing such that

the first pressure switch is in fluid communication with the fluid port; and

positioning a second pressure switch in at least a portion of the housing such that

the second pressure switch is in fluid communication with the fluid port.

8. The method of claim 7, wherein the step of positioning the first pressure switch

comprises inserting the first pressure switch into a first pressure switch aperture formed

in the housing and wherein the step of positioning the second pressure switch comprises

inserting the second pressure switch into a second pressure switch aperture formed in

the housing.

9. The method of claim 7, wherein a fluid channel formed in the housing provides

fluid communication between the fluid port and the first and second pressure switches.

10. The method of claim 7, further comprising the steps of extending an electrical

connector from the housing and providing electrical communication between the

electrical connector and the first pressure switch and the second pressure switch.

11. The method of claim 7, further comprising the steps of:

adjusting the first pressure switch to actuate at a first threshold actuation

pressure; and

adjusting the second pressure switch to actuate at a second threshold actuation

pressure.



12. The method of claim 7, wherein one of the first or second pressure switches

comprises a backup pressure switch and the first and second pressure switches are

configured to actuate at substantially the same pressure.
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