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MULTI-FLUID PRECISION CALIBRATION PRESSURE SOURCE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is related to and claims priority to U.S. Provisional

Application No. 61/601,872, filed February 22, 2012, the entire application of which is

hereby incorporated by reference and made a part of this specification.

BACKGROUND

Field

[0002] Various embodiments disclosed herein relate generally to devices

and methods for calibrating pressures in systems and devices.

Related Art

[0003] Current calibration pressure devices use various types of volume

adjusters and bleed valves that are usually designed exclusively for either pneumatic

or hydraulic applications. Because of the significant different pressure values

involved, valves and adjusters that work well in hydraulic applications may not work

as well in pneumatic applications and vice versa.

[0004] Many current devices do not operate both as a pressure source and

as a vacuum source for calibration. Those that do have various limitations and

disadvantages.

SUMMARY OF THE DISCLOSURE

[0005] Various embodiments described herein address many of the

problems found in current calibration pressure devices. For example, many current

devices require metal to metal seals in order to block fluid leaks in hydraulic

applications, which operate at very high pressures. Such seals require a very large

torque to close, making it difficult to fine tune pressure levels, and they quickly bleed

gas when opened in a pneumatic application. In various embodiments described

herein, a device can have a micro metering bleed valve that can be used for finely

controlled release of pressure in both pneumatic and hydraulic applications. A micro

metering bleed valve can have delicate components, and in some embodiments a

device can have a unidirectional slip clutch that prevents over-tightening of a bleed

valve, thereby preventing accidental damage. In some embodiments, a micro



metering bleed valve can be combined with a pressure release valve to save space

and weight.

[0006] Additionally, many calibration pressure devices use check valves to

allow for uni-directional flow between a pump chamber and a manifold. Check

valves are important components of a calibration pressure device. Because

calibration pressure devices frequently operate at high pressures, the seals on check

valves are frequently prone to rapid failure. In various embodiments described

herein, check valves can have seals, such as O-rings, that attach to a housing of a

check valve rather than a poppet of the check valve. This can allow for use of larger

O-rings, which decreases the volumetric material deformation of the O-ring,

increasing the mean time between failures.

[0007] In many calibration pressure devices, volume adjusters are also

used to provide controlled pressure modifications. However, in many current

devices a volume adjuster that works well for pneumatic applications by making a

relatively large volume adjustment requires a significant torque in order to adjust

volume in hydraulic applications. Various embodiments described herein help

overcome this problem by providing volume adjusters with pistons configured for

hydraulic applications and pistons configured for pneumatic applications. In some

embodiments, the pistons can be concentrically positioned to minimize space and

weight considerations. In various embodiments, the pistons can be controlled

independently or together as a single combined piston.

[0008] Additionally, current devices that do attempt to provide both vacuum

and pressure modes often use metal seals used when switching between vacuum

and pressure modes, and the operator must provide a significant torque to switch

between modes. Further, in many current devices an operator must rotate a handle

many times to switch between modes. Various embodiments described herein have

a mode selector valve that allows for an operator to easily rotate a handle a

predefined amount, such as 120 degrees, to alternate between vacuum and

pressure modes. This can also make it easier for an operator to tell whether a

device is configured for vacuum mode or pressure mode.

[0009] The various components and assemblies described herein can be

used for portable calibration pressure devices, portable calibration pressure devices

with hand pumps, and/or non-portable calibration pressure devices. In various

embodiments described herein, a portable calibration pressure device can include a



pump having an inlet and an outlet, a manifold in fluid communication with the pump,

a reservoir in fluid communication with the pump, and a selector valve. The selector

valve can include a selector valve housing with a first port configured to fluidly

connect to the pump inlet and a second port configured to fluidly connect to the

pump outlet; a spool positioned at least partially within the housing and configured to

move axially within the housing from a first position to a second position; a plurality

of sealing elements positioned within the housing such that when the spool is in the

first position the first port is in fluid communication with the reservoir and the second

port is in fluid communication with the manifold, and when the spool is in the second

position the first port is in fluid communication with the manifold and the second port

is in fluid communication with the reservoir; and a cam member mechanically

connected to the spool such that rotating the cam member causes the spool to move

axially within the housing.

[0010] In some embodiments, the cam member can have an angled slot

configured to receive a pin that connects to the spool. The cam member can be

configured to rotate no more than 360 degrees to move the spool axially from the

first position to the second position, and in some embodiments it can rotate

approximately 120 degrees to move the spool axially from the first position to the

second position. In some embodiments, the sealing rings can be O-rings. In some

embodiments, the pump can be a hand pump.

[0011] In some embodiments, the selector valve housing can have a third

port, a fourth port, and a fifth port in addition to the first and second ports. In some

embodiments, when the spool is in the first position the third port can be in fluid

communication with the reservoir and can be in fluid communication through the

selector valve with the first port, and the fourth port can be in fluid communication

with the manifold and can be in fluid communication through the selector valve with

the second port. In some embodiments, when the spool is in the second position the

fifth port can be in fluid communication with the reservoir and can be in fluid

communication through the selector valve with the second port, and the fourth port

can be in fluid communication with the manifold and can be in fluid communication

through the selector valve with the first port.

[0012] In various embodiments described herein, a portable calibration

pressure device can include a pump having an inlet and an outlet, a manifold fluidly

connected to the pump, a reservoir fluidly connected to the pump, and a selector



valve. The selector valve can include a housing having a plurality of ports; a spool

positioned at least partially within the housing and configured to move axially within

the housing from a first position to a second position, the spool having at least two

recessed sections; a plurality of spacer bushings positioned within the selector valve

housing such that each port is adjacent a spacer bushing and the spacer bushings

adjacent each port comprise at least one radial hole; a plurality of sealing elements

configured to seal against an outer diameter of the spool, and at least one sealing

element positioned between adjacent spacer bushings; a first fluid volume between a

first recessed section of the spool and interior surfaces of the sealing elements and

spacer bushings; and a second fluid volume between a second recessed section of

the spool and interior surfaces of the sealing elements and spacer bushings. The

spool can be located within the housing such that when the spool is in the first

position the reservoir fluidly communicates through one of the first and second fluid

volume to the pump inlet and the manifold fluidly communicates through the other of

the first and second fluid volume to the pump outlet, and when the spool is in the

second position the reservoir fluidly communicates through one of the first and

second fluid volume to the pump outlet and the manifold fluidly communicates

through the other of the first and second fluid volume to the pump inlet.

[0013] In some embodiments, the pump can be a hand pump. In some

embodiments, the calibration device can also include a cam member mechanically

connected to the spool such that rotating the cam member causes the spool to move

axially within the housing. The cam member can have an angled slot configured to

receive a pin that connects to the spool. The cam member can be configured to

rotate no more than 360 degrees to move the spool axially from the first position to

the second position, and in some embodiments it can rotate approximately 120

degrees. In some embodiments, the sealing rings can be O-rings. In some

embodiments, the sealing elements can remain stationary relative to the selector

valve housing when the spool moves from the first position to the second position. In

some embodiments, the spacer bushings adjacent each port can comprise at least

one radial hole aligned with the port.

[0014] In some embodiments, a first port in the selector valve housing

fluidly connects to the pump inlet and a second port in the selector valve housing

fluidly connects to the pump outlet. In some embodiments, when the spool is in the

first position, a third port is in fluid communication with the reservoir and is in fluid



communication through the first fluid volume with the first port, and a fourth port is in

fluid communication with the manifold and is in fluid communication through the

second fluid volume with the second port. In some embodiments, when the spool is

in the second position, a fifth port is in fluid communication with the reservoir and is

in fluid communication through the second fluid volume with the second port, and the

fourth port is in fluid communication with the manifold and is in fluid communication

through the first fluid volume with the first port. In some embodiments, the spool can

have a third position between the first position and the second position such that

when the spool is in the third position the reservoir fluidly communicates through one

of the first and second fluid volume with the manifold.

[0015] In various embodiments described herein, a portable calibration

pressure device can include a pump having an inlet and an outlet, a manifold fluidly

connected to the pump, a reservoir fluidly connected to the pump, and a pressure

relief valve. The pressure relief valve can include a housing with a first port in fluid

communication with the manifold, a second port in fluid communication with the

reservoir, and a channel connecting the first port and the second port; a plunger

positioned within the housing; a sealing tip with a central lumen attached to a first

end of the plunger; a spring element positioned proximate a second end of the

plunger and configured to bias the plunger toward a first position in which the

plunger pushes a sealing surface of the sealing tip against an opening to the

channel, blocking fluid communication between the first port and the second port; a

bleed valve needle extending through the plunger and having a distal tip configured

to seal within the central lumen of the sealing tip; and a handle assembly with a

handle, the handle assembly configured to attach to a proximal end of the bleed

valve needle such that rotating the handle in a first direction moves the distal tip of

the bleed valve needle into the central lumen of the sealing tip to seal the central

lumen and rotating the handle in a second direction moves the distal tip of the bleed

valve needle away from the central lumen of the sealing tip.

[0016] In some embodiments, the pump can be a hand pump. In some

embodiments, the sealing tip can screw into the plunger. In some embodiments, the

sealing tip can have a curved distal surface. In some embodiments, the calibration

pressure device can include a carrier positioned between the plunger and the handle

assembly, and the bleed valve needle can pass through the carrier and threadedly

engage the carrier.



[0017] In some embodiments, the handle assembly can also include a

clutch bushing defining a plurality of holes and positioned within the handle and

attached to the proximal end of the bleed valve needle. The handle assembly can

also include a plurality of balls within channels in the handle, and each ball can be

configured to brace against a hole in the clutch bushing to provide a mechanical

connection between the handle and the clutch bushing. The handle assembly can

also include a biasing member configured to bias each ball against a respective hole.

In some embodiments, an opening to the holes of the clutch bushing can be

asymmetrically chamfered.

[0018] In various embodiments described herein, a portable calibration

pressure device can include a pump, a manifold fluidly connected to the pump, and a

volume adjuster. The volume adjuster can have a primary knob with a central bore,

at least a portion of which has internal threading; a volume adjuster housing defining

a cylindrical cavity, at least a portion of which has external threading engaging the

internal threading of the central bore, and having a first port that fluidly connects to

the pump and a second port that fluidly connects to the manifold; a primary piston

positioned at least partially within the cylindrical cavity and coupled to the primary

knob, the primary piston having a central channel; a secondary piston positioned at

least partially within the central channel of the primary piston, the secondary piston

and primary piston blocking an end of the cylindrical cavity to form a chamber that

fluidly communicates with the first port and the second port; and a secondary knob

mechanically connected to the secondary piston. Rotating the primary knob can

move the primary knob, the primary piston, and the secondary piston relative to the

volume adjuster housing. Rotating the secondary knob can move the secondary

piston relative to the primary knob, the primary piston, and the volume adjuster

housing.

[0019] In some embodiments, the pump can be a hand pump. In some

embodiments, the secondary knob has a non-circular central bore and a portion of

the secondary piston has a non-circular cross section configured to fit within the

central bore of the secondary knob. In some embodiments, a hollow plunger can be

positioned between the primary piston and the secondary piston. In some

embodiments, the secondary piston can have external threading configured to

engage internal threading of the hollow plunger. In some embodiments, a cylindrical

insert can be positioned between the secondary piston and the hollow plunger. The



cylindrical insert can have external threading configured to engage internal threading

of the hollow plunger, and can have internal threading configured to engage external

threading of the secondary piston.

[0020] In some embodiments, the calibration pressure device can include

a differential screw with a distal section threadedly connected to an internal bore of

the secondary piston, a central section threadedly connected to the central channel

of the primary piston, and a proximal section that is mechanically connected to the

secondary knob. In some embodiments, the threading on the distal section of the

differential screw has a smaller thread diameter than the threading on the central

section of the differential screw. In some embodiments, the threading on the distal

section of the differential screw has a different pitch than the threading on the central

section of the differential screw.

[0021] In various embodiments described herein, a portable calibration

pressure device can include a pump having an inlet and an outlet, a manifold in fluid

communication with the pump, a reservoir in fluid communication with the pump, a

mode selector valve configured to selectively move between a first position in which

the pump inlet draws fluid from the reservoir and the pump outlet pumps fluid to the

manifold, and a second position in which the pump inlet draws fluid from the manifold

and pumps fluid to the reservoir, and a pressure relief valve. The pressure relief

valve can include a housing with at least a first port in fluid communication with the

manifold, a second port in fluid communication with the reservoir, and a channel

connecting the first port and the second port; a sealing tip within the pressure relief

valve housing, the sealing tip comprising a central lumen; a biasing member biasing

the sealing tip against an opening to the channel, blocking fluid communication

between the first port and the second port; a bleed valve needle within the pressure

relief valve housing, a distal tip of which is configured to enter into and block the

central lumen of the sealing tip, and a proximal end of the bleed valve needle

attached to a handle, such that rotating the handle in a first direction moves the distal

tip of the bleed valve needle into the central lumen of the sealing tip to seal the

central lumen and rotating the handle in a second direction moves the distal tip of the

bleed valve needle away from the central lumen of the sealing tip.

[0022] In some embodiments, the selector valve can include a selector

valve housing having a first port configured to fluidly connect to the pump inlet and a

second port configured to fluidly connect to the pump outlet; a spool positioned at



least partially within the housing and configured to move axially within the housing

from a first position to a second position; a plurality of sealing elements positioned

within the housing such that when the spool is in the first position the first port is in

fluid communication with the reservoir and the second port is in fluid communication

with the manifold, and when the spool is in the second position the first port is in fluid

communication with the manifold and the second port is in fluid communication with

the reservoir; and an actuation member configured to move the spool from the first

position to the second position.

[0023] In some embodiments, the calibration pressure device can also

include a volume adjuster. The volume adjuster can have a housing defining a

cylindrical cavity in fluid communication with the manifold; a primary knob positioned

around and threadedly connected to at least a portion of the volume adjuster

housing; a primary piston positioned at least partially within the cylindrical cavity and

mechanically coupled to the primary knob; and a secondary piston positioned at

least partially within the primary piston and mechanically coupled to a secondary

knob. The primary and secondary pistons can block the cylindrical cavity to form a

chamber within the volume adjuster housing. Rotating the primary knob can

translate the primary piston and the secondary piston relative to the volume adjuster

housing, and rotating the secondary knob can translate the secondary piston relative

to the volume adjuster housing.

[0024] In some embodiments, a portable calibration pressure device can

include a hand pump, a manifold fluidly connected to the pump, and a check valve

positioned between the hand pump and the manifold, the check valve configured to

allow fluid communication between the manifold and hand pump in only one

direction. The check valve can include a check valve housing having a bore with a

tapered end, a circumferential groove within a wall of the tapered end, and an O-ring

positioned within the groove such that at least a portion of the O-ring extends past

the wall of the tapered end. The check valve can also include a poppet movably

positioned within the housing, and the poppet can have a first, tapered end and a

second end. The check valve can also include a biasing member configured to bias

the first end of the poppet into the tapered end of the housing bore, thereby forming

a seal between the poppet and the O-ring.



BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Throughout the drawings, reference numbers may be re-used to

indicate correspondence between referenced elements. The drawings are provided

to illustrate example embodiments described herein and are not intended to limit the

scope of the disclosure.

[0026] Figure 1 illustrates a schematic view of one embodiment of a

calibration pressure hand pump.

[0027] Figure 2 illustrates a schematic of a fluid path of one embodiment

of a calibration pressure device configured to provide pressure.

[0028] Figure 3 is a schematic diagram of the main components and fluid

connections of one embodiment of a calibration pressure device.

[0029] Figure 4 is an exploded perspective view of one embodiment of a

mode selector valve.

[0030] Figure 5 is a cross section of one embodiment of a selector valve in

a pressure position.

[0031] Figure 6 is a sectional view of one embodiment of a selector valve

in a vacuum position.

[0032] Figure 7 is a perspective view of one embodiment of a selector

valve.

[0033] Figure 8 is an exploded perspective view of the selector valve of

Figure 7.

[0034] Figure 9A is a perspective sectional view of the selector valve of

Figure 8.

[0035] Figure 9B is a detail view of a section of Figure 9A.

[0036] Figure 10A is a cross-sectional view of the selector valve of Figure

9A in a pressure position.

[0037] Figure 10B is a cross-sectional view of the selector valve of Figure

9A in a vacuum position.

[0038] Figure 11 is an exploded perspective view of a Pressure Relief

Valve and Bleed Valve combination.

[0039] Figure 12 is a perspective sectional view of a Pressure Relief Valve

and Bleed Valve combination.



[0040] Figure 13 is a cross section of a Pressure Relief Valve and Bleed

Valve combination.

[0041] Figure 14 is a detail view of one embodiment of a Pressure Relief

Valve and Bleed Valve combination.

[0042] Figure 15 is a cross section of one embodiment of a volume

adjuster.

[0043] Figure 16 is a cross section of one embodiment of a volume

adjuster.

[0044] Figure 17A is a cross section of one embodiment of a volume

adjuster with a fine adjustment knob in a secured position.

[0045] Figure 17B is the volume adjuster of Figure 17A with the fine

adjustment knob in a released position.

[0046] Figure 18A is a cross section of one embodiment of a volume

adjuster with a fine adjustment knob in a secured position.

[0047] Figure 18B is the volume adjuster of Figure 18A with the fine

adjustment knob in a released position.

[0048] Figure 19 is a perspective view of one embodiment of a volume

adjuster.

[0049] Figure 20 is a side view of the volume adjuster of Figure 19.

[0050] Figure 21 is an exploded perspective view of a piston assembly of

the volume adjuster of Figure 20.

[0051] Figure 22 is a cross-sectional view of the piston assembly of Figure

21.

[0052] Figure 23 is an exploded perspective view of the volume adjuster of

Figure 20.

[0053] Figure 24 is a cross-sectional view of the volume adjuster of Figure

23.

[0054] Figure 25A is a perspective sectional view of one embodiment of a

poppet type check valve.

[0055] Figure 25B is a detailed view of components of the check valve of

Figure 25A.

[0056] Figure 26A is a perspective sectional view of one embodiment of a

seat type check valve.



[0057] Figure 26B is a detailed view of components of the check valve of

Figure 26A.

DETAILED DESCRIPTION

[0058] In various embodiments described herein, calibration pumps can be

used for calibrating pneumatic and hydraulic gauges, switches and other

instruments. There are many types of pumps and calibration pressure sources. In

some embodiments, the pump can be a hand operated pump suitable for portable

applications. In some embodiments, the calibration pumps can combine hydraulic

and pneumatic calibration capabilities, providing fine adjustment capabilities for

gases and liquids in the same unit and providing pressure adjustment without

requiring excessive operator force. This can help allow technicians to carry a single

calibration device instead of one device for pneumatic and one device for hydraulic

applications.

[0059] In various embodiments described herein, calibration pumps can be

used as a pressure and/or a vacuum source for calibrating pneumatic and hydraulic

gauges, switches and other instruments. These embodiments can also allow a

technician to carry a single device for multiple applications. These embodiments can

also be useful for calibrating liquid-filled gauges. The vacuum mode can be used to

evacuate media from the gauge before calibration, and the pressure mode can be

used to calibrate and return media to the gauge. Use of multiple pumps for this

purpose can take additional time and increase the risk of spills.

[0060] In various embodiments described herein, various components of

calibration pumps have been improved to provide better pressure control

adjustability of the pumps and to enable accurate pressure and vacuum output

during instrumentation calibration. Each of the various components described herein

can individually improve pressure control adjustability, and they can also be

combined in any combination within a single pump.

Device Overview

[0061] Figure 1 illustrates a schematic overview of a multi-fluid calibration

pressure device 100. As used herein, the term fluid can refer to any material or

phase capable of fluid motion, such as a gas or liquid. The device can include an

actuator mechanism 1, such as a hand pump. The handles 55 can be configured



according to any standard mechanical mechanism to drive a piston rod 67 and piston

66 forward when the handles are squeezed, generating pressure in a fluid chamber

52. A spring or other biasing mechanism 58 can bias the handles toward an open

position.

[0062] A fluid inlet channel 102 can connect to the chamber 52 through a

bore in the piston rod 67 and piston 66. In some embodiments, a check valve 54

can be located inside the piston or piston rod. Various embodiments of a check

valve are described in more detail below. Seals 53 can be installed around the

piston 66 and piston rod 67 to help prevent escape of fluid.

[0063] The fluid chamber 52 can connect to a manifold 57 via a check

valve 56 and a channel. The manifold 57 can communicate with a mode selector

valve 2 (selecting between pressure or vacuum modes), a bleed valve and pressure

relief valve combination 27 (PRV), and a volume adjuster 13. Various components

are explained in further detail below.

[0064] Reference gauge 51 and a Unit Under Test (UUT) 50 can

communicate with the manifold via ports, which may include quick disconnect

couplings 60. Other types of connections between the gauges and the manifold can

be used, such as threaded connections. Additionally, the gauges can be positioned

at any convenient location on the calibration device.

[0065] Figures 2 and 3 schematically illustrate the fluid connections

between different components of a multi-fluid calibration pressure device. Fluid

connection can be with rigid tubing or any other sealed conduit. As illustrated, in

some embodiments the mode selector valve 2 can have at least five fluid connection

ports 83 that connect to the system. In some embodiments, the selector valve can

have two ports that connect to the pump 1 (one on each side of the pump), two ports

that connect to a reservoir 59 (which can be a container and/or access to ambient),

and one port that connects to the manifold 57. As best visible in Figure 2, and as

described further below, the two ports that connect to the pump can maintain fluid

communication through the selector valve with the rest of the system, and the port

that connects to the manifold can maintain fluid communication to the selector valve

and the rest of the system. However, the selector valve can have a first position in

which only one of the ports that connects to the reservoir is in fluid communication

through the selector valve with the rest of the system. In the first position, a

“pressure” mode, the mode selector valve 2 directs fluid from the reservoir 59 into



the pump 1 inlet and directs the pressurized fluid exiting the pump through the

volume adjuster 13 and the PRV 27 into the manifold 57, where it communicates

with the gauges 50, 51. In a second position, only the other of the ports that

connects to the reservoir can be in fluid communication through the selector valve

with the rest of the system. In the second position, a “vacuum” mode, fluid is

directed through the manifold 57, through the PRV 27, and through the volume

adjuster 13 to the pump, where it is pumped back into the reservoir 59. The first and

second positions are described in more detail below, as are different arrangements

of connections to the ports of the selector valve.

[0066] In some embodiments, the connection between the selector valve 2

and the manifold 57 can pass through a chamber 25 of the volume adjuster 13 and

through the PRV and bleed valve 27. The connection between the selector valve

and the reservoir 59 can pass through the PRV and bleed valve. The volume

adjuster can increase or decrease the size of the chamber 25, thus modifying the

pressure in the line and in the manifold. In some embodiments, the volume adjuster

can be configured to enable a coarse adjustment, useful when operating with

pneumatic circuits, and a fine adjustment, useful when operating with hydraulic

circuits. These are described in more detail below. The PRV and bleed valve can be

adjusted to either block communication between the two lines passing through it or

to allow varying degrees of communication, allowing the reservoir 59 and manifold

57 to partially or completely equalize in pressure, as desired. The PRV and bleed

valve can offer a safety release and fine controlled bleeding of pressure.

[0067] As an example of how a calibration pressure device can be used, in

some embodiments a user can connect a calibration pressure device to a pressure

gauge of a UUT and to a reference gauge. A user can close the PRV and bleed

valve, and use the mode selector to select pressure or vacuum mode, as desired.

The user can then activate the pump (such as by pumping the handles) to

approximate a desired pressure or vacuum level. The user can then use the volume

adjuster and bleed valve to fine tune the pressure until the reading on the reference

gauge is approximately equal to the desired pressure. The user can then compare

readings of the reference gauge and the UUT, and record offsets.

[0068] The device can also be used in any application that requires

introduction of accurate pressure levels over a wide range of values with no or

minimal flow. For example, it can be used to leak test in many types of mechanical



systems, medical devices, chromatography and more. It can also be used in

applications that require evacuation of media from the UUT and replacement with

another media for the duration of the test. The vacuum mode can be used for the

evacuation and the pressure mode can introduce fluid back into the unit.

Selector Valve

[0069] As mentioned above, a mode selector valve can be used to

alternate between a pressure mode and a vacuum mode. A selector valve can be

attached to a pump inlet and outlet and to other components in a fluid calibration

pressure device, and in the pressure mode certain components can receive

pressurized fluid while in the vacuum mode those components can receive negative

pressure (i.e., a vacuum). For example, in some embodiments, in the pressure

mode a pump inlet can draw fluid from a reservoir (e.g., ambient) through the

selector valve, and the pump outlet can pump fluid through the selector valve to a

manifold. In the vacuum mode, the pump inlet can draw fluid from the manifold

through the selector valve and pump fluid to the reservoir (e.g., ambient).

[0070] Figures 4-6 illustrate one embodiment of a mode selector valve 2.

Generally, a mode selector valve functions by using an actuator 8 to provide linear

motion of a spool 5 positioned concentrically and at least partially within a housing 3.

In some embodiments, the actuator can be a cam, which can turn rotational motion

of the actuator into linear motion of the spool. Linear movement of the spool and

seals can adjust the connections between different ports 83 of the housing, which

can change the selector valve from a pressure mode to a vacuum mode, as

described further below.

[0071] In some embodiments, the valve can include O-Ring seals 6, which

can be mounted onto grooves 106 on the spool to create a seal between the housing

3 and the spool 5. Preferably at least five seals 6 are used, and in some

embodiments additional seals can be included as backups. Fluid in the internal

cavity of the cylindrical housing 3 can communicate with other components of the

pump through radial ports 83, as discussed above.

[0072] The spool may operate at extremely high pressures, and the spool

and rings are preferably formed of materials that can support expected pressures.

For example, in some embodiments the spool can be made of steel, such as

stainless steel 300 series. In some embodiments, the O-rings can have a hardness



of at least 70A durometer, which works better at high pressure, including pressures

up to 10,000 psi. In some embodiments, O-rings can have a hardness of at least 90A

durometer. In some embodiments, lower hardness levels can be used. In some

embodiments, O-rings can be formed at least partially of polyurethane. In various

embodiments, O-rings such as those provided under the brand name Resilon can be

used. O-rings used in other components of the device can be of similar properties.

[0073] Figure 4 is an exploded perspective view of one embodiment of a

mode selector valve 2, Figure 5 illustrates a sectional view of the selector valve in a

first, pressure position, and Figure 6 illustrates a sectional view of the selector valve

in a second, vacuum position. As illustrated, the selector valve can have a cam 8

with an angled slot 114 that extends at least partially around a circumference of the

cam. In some embodiments, one or both ends of the slot can have a section 108

that is generally parallel to the circumference of the cam (i.e., at 90 degrees relative

to the longitudinal axis of the spool). The cam 8 can be mounted on the housing 3 in

the orientation shown. Two retaining ring and fiber washer pairs 4 can be positioned

on either side of the cam 8 to fix its axial position while still allowing it to rotate.

[0074] A knob 7 can be positioned around the cam, and can be attached to

the cam such that rotating the knob rotates the cam and moves the spool axially.

For example, when the spool 5 is positioned within the housing 3, a dowel pin 61 can

be inserted through the cam slots 114, a slot 112 in the housing, and a hole 110 in

the spool 5. A set screw 9 can be threaded into an end of the spool 5 to lock the pin

61 to the spool. The knob 7 can be mounted on top of the cam 8 so that a threaded

hole 107 in the knob is aligned with a counter bore 116 of the cam 8. A ball 12, such

as a steel ball, can be positioned into the hole 107, followed by a compression spring

11 and a spring retainer 10, which can be threaded. The ball can also contact a hole

118 in the housing 3. When tightened, the spring retainer 10 can engage the

counter bore 116 of the cam 8, thus creating a rigid link to the knob 7 such that the

cam rotates when the knob rotates. Other mechanical linking mechanisms can also

be used.

[0075] Rotation of the cam 8 converts rotary motion of the knob 7 into axial

motion of the pin 61, moving the spool 5 from a first position to a second position and

vice versa. Figure 5 illustrates the spool in a first position, and Figure 6 illustrates the

spool moved to a second position. The slot 114 in the cam can be at a fixed angle

relative to the longitudinal axis of the spool, such that linear movement of the spool is



constant relative to rotational movement of the knob and cam. The section 108 of

the slot that is at approximately 90 degrees to the longitudinal axis of the spool can

create a small portion at one or both ends of cam rotation where no axial motion of

the spool occurs. These two portions, in conjunction with the ball 12 that can engage

with a hole 118 in the housing, can create a mechanical lock at the end of motion of

the knob and cam.

[0076] Additionally, the angle of the slot 114 can be configured according

to a desired angle of rotation of the knob 7 to move the spool from the first position to

the second position. For example, in some embodiments, the angle of the slot 114

can be configured such that approximately 90, 120, or 180 degrees of knob rotation

are required to move the spool from the first position to the second position. In some

embodiments, the angle of the slot can be configured such that no more than 360

degrees of knob rotation are required to move the spool from the first position to the

second position.

[0077] Figures 7-10B illustrate an alternate embodiment of a selector

valve, and more clearly illustrate the relationship between a spool and different ports

83 of the selector valve. The arrangement of ports in this embodiment can also be

used in the selector valve embodiment of Figure 4-6. Similarly, components called

out and not specifically identified can be considered to operate the same as similarly

labeled components of Figures 4-6 or to be usable according to the same

embodiments described with respect to Figure 4-6. For example, the cam can have

the same slot 114 angles and can be configured to rotate the same amount as

described above to move the spool from a first position to a second position.

[0078] Figure 7 illustrates a perspective view of a selector valve 2. As

described above, the valve can have a knob 7 that can attach to a spool 76 with a

plurality of ports 83. The knob can have a decal 34 that identifies when the valve

has selected a pressure mode and when the valve has selected a vacuum mode.

[0079] Figure 8 illustrates an exploded view of a selector valve. The

selector valve can be assembled generally as described above. However, rather

than having a spool 5 with grooves that receive O-rings, the selector valve of this

embodiment can have a needle type spool 75. Spacer bushings 81 can be

positioned within the selector valve housing 76, and O-rings or seals 6 can be

positioned between the bushings inside a central bore of the housing. Preferably,



there are at least six bushings with at least one ring between each bushing. At least

some of the bushings can be positioned adjacent ports 83 of the housing 76.

[0080] The seals 6 can be configured to contact and seal against an outer

diameter of the spool 75 and to contact and seal against an inner surface of the

housing 76. The spool 75 can have at least one recessed portion 175, such that a

volume of space can exist between the recessed portion of the spool and the interior

surfaces of the bushings 81 and seals 6. In some embodiments, the spool can have

two recessed portions that form a first fluid volume and a second fluid volume

between the recessed portion of the spool and the interior surfaces of the bushings

81 and seals 6. This volume(s) can communicate with the ports 83 via radial holes

85 in the bushings (visible in Figure 9B). Each bushing can have at least one radial

hole that passes through the bushings’ walls. In some embodiments, an

intermediate fluid volume can exist between an outer surface of each bushing and an

inner surface of the selector valve housing 76. In some embodiments, the radial

holes of bushings adjacent a port 83 can be in fluid communication with the port via

the intermediate fluid volume. In some embodiments, the radial holes of bushings

adjacent a port 83 can be aligned with the port.

[0081] In some embodiments, locating pins 80 can help maintain the

arrangement of seals and bushings in place on one end, and a stopper 82, such as a

threaded stopper, can maintain them in position at the opposite end. In some

embodiments, an additional lock pin 78 may be used in order to lock a bushing

axially in place, thus helping prevent movement under extreme pressure conditions.

The pin 78 can be inserted into a retaining hole 84, sealed with an O-Ring 77, and

secured with a retaining ring 79.

[0082] Figure 9A and 9B illustrate perspective sectional views of the

selector valve 2. Figure 9A is a view of the whole valve and Figure 9B is a detail

view of a section that illustrates bushings 81 with their radial holes 85. Figures 10A

and 10B illustrate cross-sectional views of the selector valve. In Figure 10A, the

valve is in a first position configured for pressure, and in Figure 10B the valve is in a

second position configured for vacuum. In Figures 9A-10B the ports 83 are all

illustrated as aligned for ease of illustration. They are not required to be aligned, and

can be in any circumferential position as desired to more easily connect them to

other sections of the calibration device.



[0083] In the first position, as illustrated in Figure 10A, the spool 75 is

positioned with the recessed portions 175 aligned such that a first port 83A

communicates through the selector valve with a fourth port 83D (e.g., communicates

through a first fluid volume), a second port 83B communicates through the selector

valve with a fifth port 83E (e.g., communicates through a second fluid volume), and a

third port 83C is sealed from communication with other ports through the housing 76

of the selector valve. The first port and third port can communicate with the reservoir

59 and the fourth port can communicate with an inlet to the pump 1 (illustrated in

Figure 3). The second port can communicate with the manifold 57 and the fifth port

can communicate with an outlet of the pump (illustrated in Figure 3). Thus, in the

first position, the pump will draw fluid from the reservoir (or ambient) and pump it to

the manifold.

[0084] In the second position, as illustrated in Figure 10B, the spool 75 has

translated axially such that the first port 83A is sealed from communication with other

ports through the housing 76 of the selector valve, the second port 83B fluidly

communicates through the selector valve with the fourth port 83D (e.g.,

communicates through the first fluid volume), and the third port 83C fluidly

communicates through the selector valve with the fifth port 83E (e.g., communicates

through the second fluid volume). In this position, the pump will draw fluid from the

manifold (thus creating a vacuum) and pump it to the reservoir (and/or ambient).

The spool can be translated by rotating the knob 7, as described above.

[0085] In some embodiments, as the spool 75 transitions between the first

and second positions it can place a port that communicates with the reservoir 59 into

fluid communication with a port that communicates with the manifold 57. For

example, in the illustrated embodiment, when the spool is in a third position between

the first and second positions, a recessed portion 175 can be positioned such that

the second port 83B, which communicates with the manifold, is also in fluid

communication through the selector valve with the third port 83C, which

communicates with the reservoir. This can allow the selector valve to be used as a

“quick release” of pressure or vacuum in cases of emergency, quickly allowing

pressure to equalize between the reservoir and the manifold. Pressures in this

embodiment can equalize more quickly than when using a bleed valve, described in

more detail below.



[0086] In some embodiments, the ports can be arranged and connected

differently, so long as in a first position the pump draws fluid from the reservoir

(and/or ambient) and pumps it to the manifold, and in a second position the pump

draws fluid from the manifold and pumps it to the reservoir. For example, in some

embodiments, the first port 83A and third port 83C can communicate with the

manifold 57 and the second port 83B can communicate with the reservoir 59. In a

first position, the second port 83B fluidly communicates through the selector valve

with the fourth port 83D, which can connect to the pump inlet, and the third port 83C

fluidly communicates through the selector valve with the fifth port 83E, which can

connect to the pump outlet. In this position, the pump will draw fluid from the

reservoir (or ambient) and pump it to the manifold. Similarly, in a second position the

first port communicates through the selector valve with the fourth port and the

second port communicates through the selector valve with fifth port, such that the

pump draws fluid from the manifold (thus creating a vacuum) and pumps it to the

reservoir (or ambient).

[0087] As illustrated, in some embodiments the seals 6 of the selector

valve 2 remain stationary as the spool 75 moves. This can help maintain the life of

the seals, which tend to deform under high pressures and can be sensitive to surface

irregularities, like steps or holes in the housing 76. Because the seals don’t move

relative to the housing and only move relative to the smooth surface of the spool 75,

their service life can be prolonged. Additionally, this arrangement can make it easier

to switch selector modes under high pressure conditions.

[0088] In some embodiments, a selector valve may use a different actuator

to axially push and pull the spool between its operational positions (i.e., between

pressure mode and vacuum mode). Preferably, any actuator used allows an operator

of the device to easily switch between the different operational positions. However,

the pump can still function with other types of selector valves, such as selector

valves that require larger torque to operate or are less reliable due to metal to metal

seal contacts that deteriorate over time and quickly bleed gas when loosened during

pneumatic applications. Additionally, in some embodiments, pumps that are

designed only for a hydraulic or a pneumatic application may not have a selector

valve.

Pressure Release Valve and Bleed Valve



[0089] A pressure release valve and “micro metering” bleed valve

assembly (PRV combination) can be used to control slow bleeding of pressure from

the system in order to achieve a desired pressure in the manifold. In various

embodiments described herein, a PRV combination can be used to control bleeding

of pressure in both pneumatic and hydraulic applications. As described herein, the

term “bleeding” can refer not just to lowering the pressure in the system, when the

device is operating in pressure mode, but also letting atmospheric pressure enter the

system when the device is operating in vacuum mode. A PRV combination can also

be used as a valve for safety purposes, and can be configured to quickly bring the

pressure in the system to atmospheric. A PRV combination can also have a uni-

directional clutch that prevents the PRV combination from being tightened to a point

that damages it. Various components of the PRV combination can be formed of

different materials. Preferably, the internal parts are formed of a hard, corrosion

resistant material, such as stainless steel.

[0090] Although described herein as a combination, in some embodiments

a calibration pressure device can include just a pressure release valve or just a

bleed valve, as described further below.

[0091] Figures 11-13 illustrate one embodiment of a PRV combination 27.

Figure 11 illustrates an exploded perspective view, Figure 12 is a perspective

sectional view, and Figure 13 is a cross-sectional view of a PRV combination 27.

The PRV combination can comprise a housing 28, which is preferably cylindrical.

The housing can have radial ports 69, preferably four, which can connect to an

internal cavity of the housing. The ports are variously drawn in different locations for

illustration purposes. Generally, there will be two sets of ports, a set of ports on one

side of a seal tip 31, further from a knob assembly 38, and a set of ports on the other

side of the seal tip, closer to the knob assembly. The ports can have any orientation

relative to each other that makes connecting the ports to other parts of the device

easier. The ports that are further from the knob assembly can maintain fluid

communication with each other and can connect to the manifold 57. The two ports

that are closer to the knob assembly can maintain fluid communication with each

other and can connect to the reservoir 59 and/or atmospheric pressure. In an

assembled calibration pressure device, some of the ports can connect to other

components in the system, such as a selector valve, a pump, or a volume adjuster.

The PRV combination can bleed pressure by operating to allow fluid communication



between ports connected to the manifold and ports connected to the reservoir and/or

atmosphere. In some embodiments, this fluid communication can occur through a

channel 169.

[0092] The housing 28 can include threaded cylindrical openings at both

ends. The end furthest from the knob assembly 38 can be used to secure the PRV

combination to a multi-fluid calibration pressure device. In some embodiments, a pin

29 can be used to provide a more secure attachment. In some embodiments, the

end closest to the knob assembly can receive a bonnet 36, which can be used to

secure a plunger assembly 130 within the housing 28.

[0093] The plunger assembly can include a sealing tip 31 with a central

lumen 131 through it, a plunger 32, and an O-ring 33 positioned around a plunger

groove 132 and configured to create a seal between the plunger 32 and an interior

surface of the housing 28. The sealing tip can attach to a first end of the plunger. In

some embodiments, the sealing tip can have threading, allowing it to screw into the

plunger 32. In some embodiments, the sealing tip can be threaded with left hand

thread. In some embodiments, as illustrated, the sealing tip can have an angled

distal surface. In some embodiments, the sealing tip 31 can have a flat distal

surface that engages an elevated surface of an opening to the channel 169 that

connects the manifold 57 and the reservoir 59. Figure 14 illustrates a detail sectional

view of one such embodiment.

[0094] The plunger 32 can attach to a carrier 35, preferably with a

threaded connection, and a needle 43 can pass through the carrier and into the

plunger. In some embodiments the carrier 35 can have an axial groove 135 cut into

it, and a set screw 30, such as a set screw with a dog point tip, can be inserted

through a hole in the housing to engage the groove. In some embodiments, the

needle 43 can have a smooth cylindrical section on its proximal end that engages

with a portion of the knob assembly 38, such as a clutch bushing 45. A set screw 68

(visible in Figure 12) can be used to secure the needle and clutch bushing to each

other. The needle can also have a threaded section that engages an internal thread

of the carrier 35, and a distal tip that can extend into and seal the lumen 131 of the

sealing tip 31.

[0095] In some embodiments, an O-ring 65 can be positioned between the

carrier 35 and the bonnet 36, thus supporting the plunger assembly. A spring

element, such as disc springs 37, can be positioned proximate a second end of the



plunger. For example, the spring element can be positioned between the bonnet 36

and an edge of the carrier 35. The spring element can provide a compression force

between the two components. Also, in some embodiments an O-ring (and possibly a

backup ring) 64 can be mounted within the plunger 32 to create a liquid tight seal

between the needle 43 and the internal walls of the plunger 32.

[0096] The force of the disc springs can bias the plunger 32 into a first

position in which the sealing tip 31 is against an opening to the channel 169 that

connects the manifold 57 and the reservoir 59, creating a seal on the channel

opening and blocking fluid communication between the manifold and reservoir. The

force or load on the sealing tip 31 can be adjusted by turning the bonnet 36 in its

threads, thus compressing or relaxing the spring element 37 against the carrier 35.

When the pressure in the manifold reaches a “cracking” pressure determined by the

load on the sealing tip, the plunger will be pushed backward into a second position in

which the sealing tip 31 no longer seals the opening to the channel 169, allowing for

high pressure fluid bleed. Thus, by compressing or relaxing the disc springs, a

maximum desired pressure can be selected beyond which the sealing tip will be

pushed open and high pressure fluid can bleed. This action of the sealing tip forms

a pressure release valve. In some embodiments in which a device only has a

pressure release valve, the sealing tip may not have a central lumen.

[0097] In embodiments of a PRV combination or where a device only has a

bleed valve, the sealing tip may have the central lumen 131 . The lumen 131 through

the sealing tip 31 can create a fluid path between the manifold and reservoir when it

is not blocked by the bleed valve needle 43, which can engage with the back side of

the lumen 131 . The lumen can be used for finely controlled, or “micro metering,”

bleeding. Turning the knob assembly 38 in one direction, typically counterclockwise,

can cause the needle to retract, opening the lumen 131 and allowing system fluid to

bleed. The knob assembly can include a knob 39, held axially in place by a retaining

ring and washer 44, which can be a fiber washer or a steel washer. The knob can

be grasped and used to rotate the knob assembly 38. In some embodiments, as

illustrated in Figure 13, a larger diameter ring 46 can be added to the knob. Turning

the knob while using the large diameter ring allows for more delicate adjustment of

the bleed valve needle 43. Turning the knob with smaller diameter sections can be

used for quick fluid discharge and pressure drop when needed. Another function of



the large diameter ring 46 is to protect the knob assembly from debris and to act as a

mechanical stop in combination with a stopper pin 47 and a lock ring 48.

[0098] Tightening the knob 39 too much can cause the needle 43 to

damage the sealing tip 31. For example, in some embodiments the sealing tip can

be made of a polymer, such as Vespel or Peek, and over-tightening can deform the

tip. To help prevent over-tightening, in some embodiments the knob assembly 38

can include an adjustable slip clutch. The knob assembly can include a clutch

bushing 45 within the knob and attached to the proximal end of the bleed valve

needle. Rotating the clutch bushing can cause the needle 43 to advance against the

sealing tip 31. The clutch bushing can have a plurality of holes 145, which in some

embodiments can pass through the clutch bushing. In some embodiments, the

clutch bushing has two holes.

[0099] In some embodiments, the knob can have channels 147 that align

with the holes 145, and a ball 42, which is too large to pass through each hole 145,

can be positioned within the knob channels and against each hole 145 to provide a

mechanical connection between the knob and the clutch bushing. The balls can be

biased by a biasing member 41, such as a spring, against each hole 145. Rotating

the knob 38 causes the balls to rotate about a longitudinal axis of the clutch bushing,

and the contact between the balls and clutch bushing can cause the clutch bushing

to rotate. As the clutch bushing is tightened, a point will be reached where the force

required on the balls to tighten further is greater than the force provided by the

spring, and the clutch will slip. An adjustable set screw 40 can be positioned behind

each biasing member, such that tightening or loosening the set screw increases or

decreases the biasing force on the ball, thereby adjusting the point at which the

clutch slips.

[0100] In some embodiments, openings to the holes 145 can be

asymmetrically chamfered such that the chamfer where the balls slip when rotated in

a tightening direction is shallower than that on the opposite side. This results in a

lower torque limit for tightening, while the torque necessary to loosen the knob 39

and clutch bushing 45 can still be applied. Additionally, varying the number of holes

145, balls 42, and biasing members 41 can also affect the maximum torque that the

slip clutch can provide. In some embodiments, other aspects of the slip clutch can

be designed asymmetrically to provide a torque limit for tightening the knob that is

lower than the torque limit for loosening the knob.



Volume Adjuster

[0101] One difficulty in using a volume adjuster to adjust pressure in a

multi-fluid pump (e.g., a pump that can be used for hydraulic or pneumatic

applications), is that volume adjustments required for a pneumatic application can be

significantly greater than volume adjustments required for a hydraulic application. A

typical volume adjuster includes a piston that is moved along a cylinder axis by

means of a threaded knob. Adjustment of manifold pressure in pneumatic

applications requires a relatively large volume to be adjusted, and volume adjusters

for such applications can have pistons with relatively large diameters and stroke

lengths. Using the same volume adjuster for hydraulic applications requires a

significant torque application by the operator due to the high fluid pressure in the

manifold. In addition to making adjustments difficult, the required torque can also

make it difficult to fine tune pressure levels. For example, in many applications

pressure levels are required to be tuned to within 0.1% of an indicated value.

[0102] Various volume adjusters described herein have features that allow

them to be easily used for both hydraulic and pneumatic applications without

requiring excessive torque. For example, in some embodiments a volume adjuster

can have a coarse adjustment knob configured to control a piston with a surface

area appropriate for adjusting pneumatic pressure levels. A fine adjustment knob

can control a piston with a smaller surface area appropriate for adjusting hydraulic

pressure levels. In some embodiments a volume adjuster can have both a coarse

and fine adjustment knob and pistons within the same component, and in some

embodiments they can be concentrically arranged. This can save space and weight

for a fluid calibration device. This can also improve the functionality of a device by

providing both coarse and fine adjustment capabilities within the same handle or

knob, making the device easier to learn and use. Additionally, in embodiments that

have both a volume adjuster and a bleed valve, use of both components can allow

for adjusting a pressure source to a pre-determined level quickly and with minimal

physical effort.

[0103] Figure 15 illustrates one embodiment of a volume adjuster 13. The

volume adjuster can have a housing 16, a primary piston 17, a secondary piston 22

and a primary knob assembly 15 with a central bore 150. The volume adjuster can

have a distal end that includes a chamber 25 and a proximal end that includes the



knob assembly 15. The cylindrical housing 16 exterior can be partially threaded. It

can be sized and configured to engage internal threading in the bore 150 of the knob

15.

[0104] The primary, coarse adjustment, piston 17 can be positioned at

least partially inside a cylindrical cavity of the housing 16 in a concentric manner. In

some embodiments, the primary piston can have a central channel or bore that

extends through it. In some embodiments, at least a portion of the central bore can

have internal threading.

[0105] The primary piston can be connected mechanically to the knob 15,

such as by two pins or screws 19. A seal, such as an O-ring 23 (and in some

embodiments one or more backup O-rings) can be mounted between an exterior

body of the piston assembly 17 and internal walls of the housing 16, thereby creating

a fluid tight seal between the chamber 25 and other sections of the volume adjuster.

One or more radial channels or ports 24 can create a fluid path between the

chamber 25 and the other components of the calibration device. The ports 24 can

be arranged in any convenient manner.

[0106] A secondary, fine adjustment, piston 22 can be positioned

concentrically within the primary piston 17 and at least partially within the cylindrical

cavity. The distal ends of the primary and secondary pistons can close the

cylindrical cavity of the housing 16 to form the chamber 25. Both the fine and coarse

pistons can be formed of smooth, hard materials, such as stainless steel or sapphire,

in order to minimize friction and extend their working life times. In some

embodiments, one of the pistons can be formed of a first material and another of the

pistons can be formed of a second material.

[0107] The secondary piston 22 can have a distal section 122 with a

smooth exterior surface, a middle section 123 that can have a threaded exterior, and

a proximal section 124. The middle section can engage internal threading in the

primary piston 17 to mechanically link the two pistons. An O-ring 62 (and in some

embodiments one or more backup O-rings) can be mounted inside the primary

piston 17 to seal between the distal section 122 of the secondary piston 22 and the

internal walls of the primary piston 17. The proximal section 124 of the secondary

piston 22 can extend into and engage a secondary knob 18 that has a smaller

diameter than the main knob 15. In some embodiments, the secondary knob can be



positioned at least partially within the primary knob. A set screw 20 or other securing

device can be used to secure the secondary knob 18 to the secondary piston 22.

[0108] Rotating the primary knob 15 can move both the primary piston 17

and secondary piston 22 relative to the housing 16, thus changing the volume of the

chamber 25 and altering the pressure of fluids connected to the chamber. The

friction force between the knob 15 and the housing 16 increases when the system

pressure is elevated. However, in some embodiments the thread that engages the

coarse adjustment piston 17 with the secondary piston 22 can be smaller in diameter

than the threading between the primary knob 15 and the housing 16. In some

embodiments, the pitch of the thread that engages the coarse adjustment piston with

the secondary piston can also be smaller than the pitch of the threading between the

primary knob and the housing. These differences can mean that rotation of the fine

adjustment knob 18 when the system is under pressure can require less torque

compared to the torque required to turn the large knob, such that the large knob

does not move when the smaller knob is rotated. Consequently, if fine adjustments

to pressure need to be made, rotating just the secondary knob 18 can move just the

secondary piston 22 relative to the housing 16. Because the secondary piston is

smaller than the primary piston, it will have a lesser effect on the volume of the

chamber and on the consequent pressure of fluids in communication with the

chamber.

[0109] Figure 16 illustrates one embodiment of a volume adjuster 13 that

can be used for ultra-fine tune volume adjustment in addition to coarse adjustment.

The embodiment of Figure 16 is assembled similarly to that of Figure 15, but the

secondary piston 63 does not rotate relative to the primary piston 17. The secondary

piston 63 can slide axially relative to the primary piston 17. A pin 26 engaged in a

slot 126 on an exterior surface of the secondary piston can prevent relative rotational

motion between the two pistons, while still allowing relative axial motion.

[0110] The secondary piston 63 of the embodiment of Figure 16 can have

an internally threaded bore 163 that receives a distal section 120 of a differential

screw 21. A central, threaded section 121 of the differential screw can engage

internal threading of the primary piston 17, and the proximal end of the differential

screw can attach to the secondary knob 18. In some embodiments, the threading on

the central section of the differential screw can have a thread diameter that is greater



than the thread diameter of the threading on the distal section of the differential

screw.

[0111] The threading of the differential screw can vary between its different

sections. For example, the threading on the distal section 120 of the screw can have

a greater thread diameter than the threading on the central section 121 . In some

embodiments, the threading on the distal section 120 of the screw can have a

different pitch than the treading on the central section 121 of the screw. In some

embodiments, the distal section is threaded by small diameter thread with a fine

pitch, for example #8-32 UNC-2B. The central section can have a larger diameter

and can be threaded with a coarser thread, for example #10-24 UNC-2A. Thus,

rotation of the secondary adjustment knob 18 can create a small axial motion of the

fine adjustment piston 63 relative to the primary piston 17, caused by the small

difference between the two threads’ pitches. This small axial motion can make very

small changes to the volume of the chamber 25.

[0112] In various embodiments, the secondary adjustment knob can be

made in different forms to save space and weight for the device. For example,

Figures 17A and 17B illustrate one embodiment of a volume adjuster 13 where the

secondary knob 18 can be hidden inside of the primary knob 15. In Figure 17A, the

secondary knob is in a first position within the primary knob, and in Figure 17B the

secondary knob has been pulled into a second, released position. A spring 152 can

be used to bias the secondary knob into the first position. The secondary knob can

be configured such that simply pulling it will release it, or a double click mechanism

can be used, as is known in the art.

[0113] Figures 18A and 18B illustrate another design for a secondary knob

18. The secondary knob can be of similar diameter as the primary knob 15, and can

have a projection or pin members 154 that are configured to engage a corresponding

recess or recesses 156 of the primary knob 15. When engaged, the primary and

secondary knobs rotate together. Pulling the fine adjustment knob outwards enables

its independent rotation and fine volume adjustment, as described according to

various embodiments herein. In both of the embodiments of Figures 17A and 17B,

and Figures 18A and 18B, the secondary shaft 122 can be linked to the secondary

knob 18 through a spline mechanism that allows free relative axial movement

between the two and that transfers rotational force from the knob to the shaft. Also,



both of the embodiments of Figures 17A and 17B, and Figures 18A and 18B can be

used with any other embodiment of volume adjusters described herein.

[0114] Figures 19-24 illustrate another embodiment of a volume adjuster

for use with a calibration pressure device. Figure 19 is a perspective view of the

assembled volume adjuster, which can have the various components previously

described. Figure 20 is a side external view of the same device.

[0115] As described with respect to various embodiments above, the

volume adjuster 13 can have a first knob 15 configured for coarse volume

adjustment, a second knob 18 configured for fine volume adjustment, and a housing

16 with one or more ports 24 connecting to a chamber within the housing.

[0116] Figure 21 illustrates an exploded perspective view of a piston

assembly 170, which can include a primary piston 17 and a secondary piston 22. A

secondary knob 18, which can control fine volume adjustment, can have a central

bore 180 running through it. At least a portion of the bore can have a non-cylindrical

shape, such that the secondary piston can be inserted into the bore and be

rotationally locked relative to the secondary knob. For example, in the illustrated

embodiment the bore 180 has a hexagonal cross-section, and the secondary piston

22 can include a hexagonal section 140 that can be configured to fit within the bore

such that the secondary piston will not rotate relative to the secondary knob 18. A

retaining ring and washer pair 44 can be attached to the back end of the secondary

knob. The washer can be stainless steel, fiber, or of other materials. The retaining

ring and washer pair can also serve as a mechanical stop for the secondary piston

22.

[0117] In some embodiments, the secondary piston 22 can be positioned

within a hollow plunger 91. The plunger can have a section 191 of larger diameter

and a section 193 of smaller diameter. Within the larger diameter section, a

cylindrical insert 90 can be positioned between the secondary piston and an interior

wall of the plunger in order to help insure smooth movement of the secondary piston.

In some embodiments, the interior wall of the larger diameter section 191 of the

plunger 91 and the insert 90 can be threaded such that the insert can screw into the

plunger. The secondary piston 22 can also have a threaded section 142 which can

screw into interior threads of the insert 90, such that the secondary piston, insert,

and plunger are all threadedly connected. In some embodiments, the smaller

diameter section 193 of the plunger can have internal threading which the threaded



section of the secondary piston can screw directly into. In some embodiments, the

device does not have an insert and the secondary piston can be configured to screw

only into the plunger. Regardless of whether an insert is present, rotating the

secondary knob 18 can rotate the piston 22, which moves it relative to the plunger.

[0118] The plunger 91 can be positioned within the primary piston 17. In

some embodiments, the primary piston can have internal threads which can receive

external threading 195 on the plunger. Retaining screws 86 can be used to axially

lock the secondary knob 18 to the piston assembly. The primary piston can also

have one or more holes 119, which can be used to connect it to a primary knob, as

illustrated in Figures 23 and 24 below. An O-ring 62 (and in some embodiments one

or more backup rings) can be positioned around the secondary piston 22 but within

the primary piston 17 to help create a fluid seal. An O-ring 23 (and in some

embodiments one or more backup O-rings) can also be mounted around a tip of the

primary piston.

[0119] Figure 23 illustrates an exploded perspective view of a volume

adjuster 13, and Figure 24 is a cross-sectional view of the volume adjuster. As

illustrated, in addition to the piston assembly 170, the volume adjuster can include a

primary knob 15 into which the piston assembly can be positioned. The piston

assembly can be secured in place with pins or screws 19, which can pass through a

hole 129 in the primary knob and the hole 119 of the primary piston 17. The piston

assembly can also be positioned at least partially within a housing 16. The O-ring 23

can contact an interior surface of the housing to create a fluid seal between the

housing and the primary piston 17.

[0120] In some embodiments, the housing 16 can have a section 160 with

external threading and the primary knob 15 can have internal threading 151 , allowing

the two components to be screwed together. A ring 92 and a retaining ring 93 can

be positioned around an end of the housing to provide a mechanical stop for motion

of the knob relative to the housing.

[0121] A stop plug 88 can be used to seal an opening at one end of the

housing 16, thereby forming a chamber 25 between the plug and the primary piston

17 and secondary piston 22. In some embodiments, a retaining pin 89 or other

locking mechanism can be used to secure the plug to the housing. In some

embodiments, one or more O-rings 188 can be positioned around a section of the

stop plug to create a fluid seal between the stop plug and the housing.



[0122] As in previous embodiments, rotation of the primary knob 15 can

cause the primary piston 17 to move relative to the housing, adjusting the volume in

the chamber 25. In some embodiments, the threading can be designed such that

the required torque to rotate various components is such that rotation of the primary

knob causes both the primary and secondary pistons to move relative to the housing.

In some embodiments, the threading can be configured such that rotation of the

primary knob only causes the primary piston to move relative to the housing.

Rotation of the secondary knob 18 can cause just the secondary piston 22 to move

relative to the housing, leading to smaller volume adjustments within the chamber

25.

Check Valves

[0123] Figures 25A through 26B illustrate different check valve designs for

use in a fluid calibration pressure device. The check valves can be positioned as

described above, such as in a channel between a fluid chamber and a manifold, or

within the piston or piston rod of a pump. Generally, check valves can be positioned

anywhere in the device where flow is desired in only one direction.

[0124] Figures 25A and 26A illustrate different embodiments of a check

valve. Figures 25B and 26B illustrates detail views of a poppet 70 of Figures 25A

and 26A, respectively. As described and illustrated with respect to Figure 1, check

valves can be positioned in various locations within a calibration pressure device,

including within a piston 66 or piston rod 67, or between a fluid chamber 52 and a

manifold 57 of the device (visible in Figure 1). The embodiments described herein

can be used for any check valve within a fluid calibration pressure device.

[0125] In some embodiments, a check valve 56 can include a check valve

housing 73 with a cavity 173. In some embodiments, the cavity can be a bore with a

central axis and a tapered end that can form a valve seat 174. A poppet 70 can be

positioned concentrically within the cavity and be capable of movement along the

central axis of the cavity. The poppet can have a first, tapered end 171 configured

to fit within the valve seat 174. The tapered end can help allow a poppet to seal

against the valve seat in low pressure conditions.

[0126] In some embodiments, as illustrated in Figures 25A and 25B, the

poppet 70 can have a groove 182. In some embodiments the groove can be within

the tapered end 171 of the poppet. An O-ring 181 can be mounted within the



groove. In some embodiments, a biasing element 72, such as a spring, can attach

to a second end of the poppet and bias the poppet against the valve seat 174. The

O-ring can contact the valve seat and create a fluid seal, blocking or substantially

blocking fluid flow through the check valve 56. This can block or substantially block

fluid communication between the chamber 52 and the manifold (visible in Figure 1).

When the calibration device is pumped such that the piston 66 and piston rod 67

drive toward the check valve 56, the increased pressure can drive the poppet 70

away from the biasing element 72, breaking the seal between the O-ring 181 and the

valve seat 174 and allowing fluid to flow past the poppet and out of a flow path or

channel 172 of the check valve. The biasing element 72 can return the poppet to the

valve seat 174 when enough fluid has flowed past for the pressure in the chamber

52 to diminish. A plug 69 can be used to maintain the biasing element in position

and to seal the housing cavity 173. In some embodiments, the plug can be

threaded. In some embodiments, the plug can have a distal end that has a reduced

diameter that attaches to the biasing element 72.

[0127] Because the poppet 70 can move with every stroke of the piston 66,

the O-ring can be subject to significant deformation as it moves between a position in

which it seals against the valve seat 174 and a position in which it is not sealed.

This can be especially true in high pressure conditions, such as during applications

with pressures exceeding 3,000 psi. When using various embodiments described

herein, operating pressures can exceed 10,000 psi.

[0128] Figures 26A and 26B illustrate an alternate embodiment of a check

valve design for use in a fluid calibration pressure device. Figure 26A illustrates a

check valve 56 and Figure 26B illustrates a detail view of a poppet 70 used in the

check valve. The check valve can operate generally as described above, but in

some embodiments the tapered end 171 of the poppet 71 does not have a groove

but can instead be generally smooth. In some embodiments, the tapered end of the

poppet can have a generally conical shape.

[0129] The valve seat 174 of the housing 74 can have a groove 183 within

a wall of the valve seat, such as a circumferential groove extending around an entire

circumference of the valve seat. An O-ring 181 can be positioned within the groove.

In some embodiments, at least a portion of the O-ring can extend from the groove

past the wall of the valve seat. This portion of the O-ring can seal against the surface



of the tapered end 171 of the poppet 71, creating a fluid seal between the poppet

and the housing 74, as described above.

[0130] Because the groove is within the housing 74, it can be much larger

than a groove within the poppet itself. This allows for use of an O-ring 181 with a

larger diameter without changing the size of the poppet. For example, in some

embodiments, the design discussed with respect to Figure 25A can use a size 006

O-ring. In some embodiments, the design discussed with respect to Figure 26A can

use a size 008 O-ring, even if it uses the same sized poppet. The use of a larger O-

ring allows for a lower volumetric material deformation of the O-ring during use,

which can lead to a longer mean time between failures (MTBF) for the O-ring as

compared to the previous embodiment. For example, changing from a size 006 to a

size 008 O-ring can decrease volumetric compression from approximately 13.4% to

approximately 6.6%, a reduction of approximately 50%. [0131] Additionally, by

positioning the O-ring within the housing and not a groove on the poppet itself, the

O-ring can be increased in size not just according to diameter but also or

alternatively according to its cross-sectional area. Thus, larger and more robust O-

rings can be used that can greatly diminish the volumetric material deformation of

the O-rings during use and lead to a longer MTBF.

Component Relationships

[0132] One advantage of the various subassemblies described herein

(e.g., the PRV and bleed valve combination, the selector valve, and the volume

adjuster) is that they can easily be modified for use as modular field replaceable

units. For example, the subassemblies can have housings that are capable of being

inserted into a fluid calibration pressure device and locked in place, such as with a

quarter turn mechanism. This can enable repair and preparation of the device for

different applications in minimal time. It is also possible to use various types of

pumps in a calibration device, such as an electrically actuated pump, in place of the

handle and lever mechanism described above. An electrically actuated pump can

either replace or be incorporated within the handle mechanism.

[0133] The subassemblies of a fluid calibration device can be positioned

anywhere in the pump and in any order so long as fluid communication exists

between the components and the manifold. Since ergonomic considerations are an

important part of hand pump design, the desired placement of knobs can determine



the location of the components. Also, some functions can be separated. For

example, the bleed valve can be independent of the pressure release valve and/or

be combined with other subassemblies, such as the volume adjuster.

[0134] Additionally, various subassemblies can be used in other devices

that require the features they provide. For example, the volume adjuster can be

used in any device that requires volume adjustment of both pneumatic and hydraulic

applications, or in any device that requires both coarse and fine volume adjustments.

Similarly, the bleed valve and slip clutch knob can be used in other pneumatic or

hydraulic instruments that use “micro metering” valves, whether stationary or

portable. Additionally, various subassemblies can be used to replace and improve

subassemblies in existing pumps.

[0135] The housings used in the subassemblies and in the fluid calibration

pressure device itself are preferably formed of a durable, lightweight material. For

example, in some embodiments one or more housings can be made of aluminum.

The housings can also be plated with a coating to alter the properties of the material

selected. For example, in some embodiments the housings can be covered with a

corrosion resistant anodic coating such as Magnaplate HCR, which can also provide

lubricity and surface hardness.

[0136] Although this invention has been disclosed in the context of certain

preferred embodiments and examples, it will be understood by those skilled in the art

that the present invention extends beyond the specifically disclosed embodiments to

other alternative embodiments and/or uses of the invention and obvious

modifications and equivalents thereof. In addition, while a number of variations of

the invention have been shown and described in detail, other modifications, which

are within the scope of this invention, will be readily apparent to those of skill in the

art based upon this disclosure. It is also contemplated that various combinations or

sub-combinations of the specific features and aspects of the embodiments may be

made and still fall within the scope of the invention. Accordingly, it should be

understood that various features and aspects of the disclosed embodiments can be

combined with or substituted for one another in order to form varying modes of the

disclosed invention. Thus, it is intended that the scope of the present invention

herein disclosed should not be limited by the particular disclosed embodiments

described above, but should be determined only by a fair reading of the claims that

follow.



[0137] Similarly, this method of disclosure is not to be interpreted as

reflecting an intention that any claim require more features than are expressly recited

in that claim. Rather, as the following claims reflect, inventive aspects lie in a

combination of fewer than all features of any single foregoing disclosed embodiment.

Thus, the claims following the Detailed Description are hereby expressly

incorporated into this Detailed Description, with each claim standing on its own as a

separate embodiment.



THE FOLLOWING IS CLAIMED:

1. A portable calibration pressure device for generating either vacuum or

pressure, said calibration pressure device comprising:

a pump having an inlet and an outlet;

a manifold in fluid communication with the pump;

a reservoir in fluid communication with the pump; and

a selector valve comprising:

a selector valve housing comprising a first port configured to

fluidly connect to the pump inlet and a second port configured to fluidly

connect to the pump outlet;

a spool positioned at least partially within the housing and

configured to move axially within the housing from a first position to a

second position;

a plurality of sealing elements, the sealing elements positioned

within the housing such that when the spool is in the first position the

first port is in fluid communication with the reservoir and the second

port is in fluid communication with the manifold, and when the spool is

in the second position the first port is in fluid communication with the

manifold and the second port is in fluid communication with the

reservoir; and

a cam member mechanically connected to the spool such that

rotating the cam member causes the spool to move axially within the

housing.

2. The calibration pressure device of claim 1, wherein the cam member

comprises an angled slot configured to receive a pin that connects to the spool.

3. The calibration pressure device of claim 1, wherein the cam member

rotates no more than 360 degrees to move the spool axially from the first position to

the second position.

4. The calibration pressure device of claim 3, wherein the cam member

rotates approximately 120 degrees to move the spool axially from the first position to

the second position.

5. The calibration pressure device of claim 1, wherein the pump is a hand

pump.



6. The calibration pressure device of claim 1, wherein the selector valve

housing further comprises a third port, a fourth port, and a fifth port.

7. The calibration pressure device of claim 6, wherein when the spool is in

the first position the third port is in fluid communication with the reservoir and is in

fluid communication through the selector valve with the first port, and the fourth port

is in fluid communication with the manifold and is in fluid communication through the

selector valve with the second port.

8. The calibration pressure device of claim 7, wherein when the spool is in

the second position the fifth port is in fluid communication with the reservoir and is in

fluid communication through the selector valve with the second port, and the fourth

port is in fluid communication with the manifold and is in fluid communication through

the selector valve with the first port.

9. The calibration pressure device of claim 1, wherein the plurality of sealing

elements are O-rings that are each positioned within a respective groove on the

spool.

10. A portable calibration pressure device for generating either vacuum or

pressure, said calibration pressure device comprising:

a pump having an inlet and an outlet;

a manifold fluidly connected to the pump;

a reservoir fluidly connected to the pump; and

a selector valve comprising:

a selector valve housing comprising a plurality of ports;

a spool positioned at least partially within the housing and

configured to move axially within the housing from a first position to a

second position, the spool comprising at least two recessed sections;

a plurality of spacer bushings positioned within the selector

valve housing, wherein each port is adjacent a spacer bushing and the

spacer bushings adjacent each port comprise at least one radial hole;

a plurality of sealing elements, at least one sealing element

positioned between adjacent spacer bushings, the plurality of sealing

elements configured to seal against an outer diameter of the spool;

a first fluid volume between a first recessed section of the spool

and interior surfaces of the sealing elements and spacer bushings; and



a second fluid volume between a second recessed section of

the spool and interior surfaces of the sealing elements and spacer

bushings;

wherein the spool is located within the housing such that when the

spool is in the first position the reservoir fluidly communicates through one of

the first and second fluid volume to the pump inlet and the manifold fluidly

communicates through the other of the first and second fluid volume to the

pump outlet, and when the spool is in the second position the reservoir fluidly

communicates through one of the first and second fluid volume to the pump

outlet and the manifold fluidly communicates through the other of the first and

second fluid volume to the pump inlet.

11. The calibration pressure device of claim 10, wherein the pump is a hand

pump.

12. The calibration pressure device of claim 10, wherein the spool is

configured to have a third position between the first position and the second position

such that when the spool is in the third position the reservoir fluidly communicates

through one of the first and second fluid volume with the manifold.

13. The calibration pressure device of claim 10, further comprising a cam

member mechanically connected to the spool such that rotating the cam member

causes the spool to move axially within the housing.

14. The calibration pressure device of claim 13, wherein the cam member

comprises an angled slot configured to receive a pin that connects to the spool.

15. The calibration pressure device of claim 13, wherein the cam rotates no

more than 360 degrees to move the spool axially from the first position to the second

position.

16. The calibration pressure device of claim 15, wherein the cam rotates

approximately 120 degrees to move the spool axially from the first position to the

second position.

17. The calibration pressure device of claim 10, wherein the spacer bushings

adjacent each port comprise at least one radial hole aligned with the port.

18. The calibration pressure device of claim 10, wherein the plurality of sealing

elements remain stationary relative to the selector valve housing when the spool

moves from the first position to the second position.



19. The calibration pressure device of claim 10, wherein a first port in the

selector valve housing fluidly connects to the pump inlet and a second port in the

selector valve housing fluidly connects to the pump outlet.

20. The calibration pressure device of claim 19, wherein when the spool is in

the first position, a third port is in fluid communication with the reservoir and is in fluid

communication through the first fluid volume with the first port, and a fourth port is in

fluid communication with the manifold and is in fluid communication through the

second fluid volume with the second port.

21. The calibration pressure device of claim 20, wherein when the spool is in

the second position, a fifth port is in fluid communication with the reservoir and is in

fluid communication through the second fluid volume with the second port, and the

fourth port is in fluid communication with the manifold and is in fluid communication

through the first fluid volume with the first port.

22. A portable calibration pressure device for calibrating pressurized systems,

said calibration pressure device comprising:

a pump having an inlet and an outlet;

a manifold fluidly connected to the pump;

a reservoir fluidly connected to the pump; and

a pressure relief valve comprising:

a pressure relief valve housing comprising a first port in fluid

communication with the manifold, a second port in fluid communication

with the reservoir, and a channel connecting the first port and the

second port;

a plunger positioned within the housing;

a sealing tip attached to a first end of the plunger, the sealing tip

comprising a central lumen;

a spring element positioned proximate a second end of the

plunger, the spring element configured to bias the plunger toward a first

position in which the plunger pushes a sealing surface of the sealing tip

against an opening to the channel, blocking fluid communication

between the first port and the second port;

a bleed valve needle extending through the plunger, the bleed

valve needle having a distal tip configured to seal within the central

lumen of the sealing tip; and



a handle assembly comprising a handle, the handle assembly

configured to attach to a proximal end of the bleed valve needle,

wherein rotating the handle in a first direction moves the distal tip of the

bleed valve needle into the central lumen of the sealing tip to seal the

central lumen and rotating the handle in a second direction moves the

distal tip of the bleed valve needle away from the central lumen of the

sealing tip.

23. The calibration pressure device of claim 22, wherein the pump is a

hand pump.

24. The calibration pressure device of claim 22, wherein the sealing tip

screws into the plunger.

25. The calibration pressure device of claim 22, wherein the sealing tip has

a curved distal surface.

26. The calibration pressure device of claim 22, further comprising a carrier

positioned between the plunger and the handle assembly, wherein the bleed valve

needle passes through the carrier and is threadedly engaged with the carrier.

27. The calibration pressure device of claim 22, wherein the handle

assembly further comprises a clutch bushing positioned within the handle and

attached to the proximal end of the bleed valve needle, the clutch bushing defining a

plurality of holes, and wherein the handle assembly further comprises:

a plurality of balls within channels in the handle, each ball configured to

brace against a hole in the clutch bushing to provide a mechanical connection

between the handle and the clutch bushing; and

a biasing member configured to bias each ball against a respective

hole.

28. The calibration pressure device of claim 27, wherein an opening to the

holes of the clutch bushing is asymmetrically chamfered.

29. A portable calibration pressure device for use with either hydraulic or

pneumatic systems, said calibration pressure device comprising:

a pump;

a manifold fluidly connected to the pump; and

a volume adjuster comprising:

a primary knob with a central bore, at least a portion of the

central bore having internal threading;



a volume adjuster housing defining a cylindrical cavity, at least a

portion of the volume adjuster housing having external threading

engaging the internal threading of the central bore, the housing having

a first port that fluidly connects to the pump and a second port that

fluidly connects to the manifold;

a primary piston positioned at least partially within the cylindrical

cavity and coupled to the primary knob, the primary piston having a

central channel;

a secondary piston positioned at least partially within the central

channel of the primary piston, the secondary piston and primary piston

blocking an end of the cylindrical cavity to form a chamber that fluidly

communicates with the first port and the second port; and

a secondary knob mechanically connected to the secondary

piston;

wherein rotating the primary knob moves the primary knob, the

primary piston, and the secondary piston relative to the volume

adjuster housing; and

wherein rotating the secondary knob moves the secondary

piston relative to the primary knob, the primary piston, and the volume

adjuster housing.

30. The calibration pressure device of claim 29, wherein the pump is a hand

pump.

31. The calibration pressure device of claim 29, further comprising a

differential screw with a distal section threadedly connected to an internal bore of the

secondary piston, a central section threadedly connected to the central channel of

the primary piston, and a proximal section that is mechanically connected to the

secondary knob.

32. The calibration pressure device of claim 31, wherein the threading on the

distal section of the differential screw has a smaller thread diameter than the

threading on the central section of the differential screw.

33. The calibration pressure device of claim 31, wherein the threading on the

distal section of the differential screw has a different pitch than the threading on the

central section of the differential screw.



34. The calibration pressure device of claim 29, wherein the secondary knob

has a non-circular central bore and a portion of the secondary piston has a non-

circular cross section configured to fit within the central bore of the secondary knob.

35. The calibration pressure device of claim 29, further comprising a hollow

plunger positioned between the primary piston and the secondary piston.

36. The calibration pressure device of claim 35, wherein the secondary piston

has external threading configured to engage internal threading of the hollow plunger.

37. The calibration pressure device of claim 35, further comprising a cylindrical

insert positioned between the secondary piston and the hollow plunger, the

cylindrical insert having external threading configured to engage internal threading of

the hollow plunger, and having internal threading configured to engage external

threading of the secondary piston.

38. A portable calibration pressure device for use with either hydraulic or

pneumatic systems, said calibration pressure device comprising:

a pump having an inlet and an outlet;

a manifold in fluid communication with the pump;

a reservoir in fluid communication with the pump;

a mode selector valve configured to selectively move between a first

position wherein the pump inlet draws fluid from the reservoir and the pump

outlet pumps fluid to the manifold, and a second position wherein the pump

inlet draws fluid from the manifold and pumps fluid to the reservoir; and

a pressure relief valve, the pressure relief valve comprising:

a pressure relief valve housing comprising at least a first port in

fluid communication with the manifold, a second port in fluid

communication with the reservoir, and a channel connecting the first

port and the second port;

a sealing tip within the pressure relief valve housing, the sealing

tip comprising a central lumen;

a biasing member biasing the sealing tip against an opening to

the channel, blocking fluid communication between the first port and

the second port;

a bleed valve needle within the pressure relief valve housing, a

distal tip of the bleed valve needle configured to enter into and block

the central lumen of the sealing tip, and a proximal end of the bleed



valve needle attached to a handle, wherein rotating the handle in a first

direction moves the distal tip of the bleed valve needle into the central

lumen of the sealing tip to seal the central lumen and rotating the

handle in a second direction moves the distal tip of the bleed valve

needle away from the central lumen of the sealing tip.

39. The calibration pressure device of claim 38, wherein the selector valve

further comprises:

a selector valve housing comprising a first port configured to fluidly

connect to the pump inlet and a second port configured to fluidly connect to

the pump outlet;

a spool positioned at least partially within the housing and configured to

move axially within the housing from a first position to a second position;

a plurality of sealing elements, the sealing elements positioned within

the housing such that when the spool is in the first position the first port is in

fluid communication with the reservoir and the second port is in fluid

communication with the manifold, and when the spool is in the second

position the first port is in fluid communication with the manifold and the

second port is in fluid communication with the reservoir; and

an actuation member configured to move the spool from the first

position to the second position.

40. The calibration pressure device of claim 38, further comprising a volume

adjuster, the volume adjuster comprising:

a volume adjuster housing defining a cylindrical cavity in fluid

communication with the manifold;

a primary knob positioned around and threadedly connected to at least

a portion of the volume adjuster housing;

a primary piston positioned at least partially within the cylindrical cavity

and mechanically coupled to the primary knob; and

a secondary piston positioned at least partially within the primary piston

and mechanically coupled to a secondary knob, the primary and secondary

pistons blocking the cylindrical cavity to form a chamber within the volume

adjuster housing;

wherein rotating the primary knob translates the primary piston and the

secondary piston relative to the volume adjuster housing;



and wherein rotating the secondary knob translates the secondary

piston relative to the volume adjuster housing.

41. A portable calibration pressure device for use with either hydraulic or

pneumatic systems, said calibration pressure device comprising:

a hand pump;

a manifold fluidly connected to the pump; and

a check valve positioned between the hand pump and the manifold and

configured to allow fluid communication between the manifold and hand pump

in only one direction, the check valve comprising:

a check valve housing comprising a bore with a tapered end;

a circumferential groove within a wall of the tapered end;

an O-ring positioned within the groove such that at least a

portion of the O-ring extends past the wall of the tapered end;

a poppet movably positioned within the housing, the poppet

comprising a first, tapered end and a second end; and

a biasing member configured to bias the first end of the poppet

into the tapered end of the housing bore, thereby forming a seal

between the poppet and the O-ring.
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