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AUSTRALIA
Patents act 1952

DECLARATION IN SUPPORT OF AN APPLICATION FOR A PATENT

In support of the Application made by FLUID TECHNOLOGY
(AUST) LIMITED for a patent for an invention entitled
LINE PRESSURE REGULATOR.

I, KENNETH JOHN DAVEY of 15 Mann Way, Bassendean, in the
State of Western Australia, Commonwealth of Australia, do
solemnly and sincerely declare as follows:

1. I am authorised by FLUID TECHNOLOGY (AUST) LIMITED,
the applicant for the patent to make this declaration
on its behalf.

2. I am the actual inventor of the invention and the
facts upon which the applicant is entitled to make
the application are as follows:

The applicant is the Assignee of the actual inventor.

Declared at BussE~nLEAN this 257 day of FXBRUARY 1989,

........ ,t’/:....-.... D )
(Siggﬁﬁure of D gZarant)
KENNETH JOHN DAVEY

TO: THE COMMISSIONER OF PATENTS
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(12) PATENT ABRIDGMENT  (11) ocument No. AU-B-45433/89
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 615121

(54) Title
LiNE PRESSURE REGULATOR

International Patent Classification(s)
(51)* GO5D 016/06

(21) - Application No. : 45433/89 (22) Application Date : 21.11,89
(30) Priority Data
(31) Number (32) Date (33) Country

PJ2965 27.02.89 AU AUSTRALIA

(43) Publication Date : 30.08.9¢
(44) Publication Date of Accepted Application :'19.09.91

(71) Applicant(s)
FLUID TECHNOLOGY (AUST) LTD

(72) Inventor(s)
KENNETH JOHN DAVEY

(74) Attorney or Agent
WRAY & ASSOCIATES , PO Box 6292, Hay Street, EAST PERTH WA 6004

(567) Claim

1. An in-line pressure regulator comprising 3 housing
having an 1inlet and an outlet, said housing providing a
first chamber open to the inlet, the first chamber being
provided with a pair of substantially opposed ports which
open to a second chamber, the second chamber having a
third port opening to the outlet, an axial support element
movable through the pair of ports and received within the
first and second chambers, the support element supporting
a pair of valve members wherein a valve member 1is
.associated with each of the pair of ports, the support
element being movable within the first and second chambers
to vary the extent of -engagement of the pair of valve
members with the pair of ports, said support element
further supporting a third valve member which is
associated with the third port, said support element being
biassed to an end position at which the pair of ports are
open, and the third port is closed, said support element
further supporting a pressure surface which is in the
second chamber, whereby <the force exerted by fluid
pressure in the second chamber on the support element
counteracts the biassing force applied thereto to rapidly
move the support element from its end position to a
regulating position where the third port is opened and the
pair of valve members are moved proximate their respective
porfs to vary the degree of opening of the ports in
accordance with the fluid pressure applied at the inlet.
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Complete Specification for the invention entitled:
"LINE PRESSURE REGULATOR™"

The following statement is a full description of this C
invention, including the best method of performing it known -
to me: - : '
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THIS INVENTION relates to a line pressure regulator for
use  in fluid 1lines whereby fluid from a high pressure
source can be delivered at a controlled reduced pressure
to provide 'a substantially constant output  pressure

irrespective of the input pressure.

In one form the invention resides in an 1in-line ©pressure

regulator comprising a housing having an inlet and an

i outlet, said housing providing a first chamber open to the

inlet, the first chamber being provided with a pair of

2he" e substantially opposed ports which open to a second
§°5f° chamber, the second chamber having a third port opening to
"o the outlet, an axial support element movable through the

pair of ports and received within the first and second
chambers, the support element supporting a pair of valve
members wherein a valve member is associated with each of
the pair of ports, the support element being movable
within the first and second chambers to vary the extent of
engagement of the pair of valve members with the pair of
et ports, said support element further supporting a third
: valve member which is associated with the third port, said
. support element being biassed to an end position at which
e the pair of ports are open, and the third port is <closed,
said support element further supporting a pressure surface

which is in the second chamber, whereby the force exerted

’ by fluid pressure in the second chamber on the support
element counteracts the biassing force applied thereto to
rapidly move the support element from its end position to
a regulating position where the third port is opened and

the pair of valve members are moved proximate their

respective ports to vary the degree of opening of the
ports in accordance with the fluid pressure applied at the
inlet.

The invention will be more fully understood in the light
of the following description of two specific embodiments.
The description is made with reference to the accompanying
drawings of which;
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Figure 1 is a sectional elevation of a line pressure
regulator according to the first embodiment in a
closed position;

Figure 2 1is a sectional elevation of the pressure

regulator of Figure 1 in the partially open position;

Figure 3 is an enlarged view of the support element
in position within the housing of the pressure

regulator as shown at Figure 2; and

Figure 4 is a sectional elevation of a pressure

regulator according to the second embodiment.

Figure 5 is a schematic representation of each of the

embodiments.

The line pressure regulator 11 as shown at Figures 1, 2
and 3 1is intended to be utilised to deliver fluid at a
substantially constant pressure to a spray nozzle 10 from
a high pressure fluid source that may vary in its feed
pressure. The line regulator 11 comprises a substantially
tubular housing 11 having an inlet 13 provided in its side
wall at an intermediate location thereof and which opens
into a first chamber 14 accommodated within the tubular
body 12. The opposed walls of the first chamber 14 which
are in opposed relation to the ends of the tubular body 12
are each formed with a first and second port 15 and 16
respectively. The first port 15 opens to one side of a
second chamber 18 to one side of the first chamber 14
which further opens to an outlet 17 provided at one end of
the tubular body 12 while the second port 16 opens the
other side of the second chamber provided to the other
side of the first chamber 14. Both sides of the second
chamber 18 communicate through a fluid passageway 19 which
provides a relatively unrestricted communication between
the sides of the second chamber 18. The second chamber

communicates with the outlet 17 through a third port 24.




A spindle like support element 20 is received within the
tubular housing 12 such that it is axially slidable
through the ports 15 and 16. The support element 20
supports a set of three valve members 21, 22 and 23 which
are associated with the first, second and third port 15,
16 and 24 respéctivéiy. The first and second valves are
dimensioned such that they are slidably receivable through
the respective first and second ports 15 and 16 with a

very close tolerance therebetween.

The faces of the first and second ports 15 and 16 are
fluted as shown at Figure 3 and the depths of the flutes
31 increase as the distance from the first chamber 14
increases. In the case of the first port 15 the flutes
commence at a position spaced axially from the first
chamber 14 while in the case of the second port 16 the
flutes commence at the entry of the second port 16 into
the first chamber 14. The flutes are relieved to minimise
flow resistance, but most importantly, to guide the
support element 20. The end of the support element 20
adjacent the outlet 17 supports the third valve member 23
which is sealingly engagable with a valve seat provided at
the third port 24 when the support element 20 is located
at an end position at which position the line regulator is
closed. |

The other end of the support element 20 extends into the
other side of the second chamber 18 and is provided with
an enlarged disc-like head which 1is connected to a
collapsible closure 26 extending between the periphery of
the head 25 and a sﬁop member 27 provided at the other end
of the tubular body 12. A pressure spring 28 is
accommodated within the collapsiblé closure 26 between the
face of the enlarged head 25 remote from the other port 16
and the stop member 27. The stop member 27 is provided

e e

[ Aiets St




with a threaded stud 29 which bears against the end of
the compression spring adjacent the stop 27. The extent of
penetration of the stud 29 into the stop 27 serves to vary
the extent of biasing force applied to the support element
20 by the spring 28. A portion of the support element
adjacent the enlarged head 25 is formed with an increased
diameter shank 30 which is snugly and slidably received by
the flutes 31 in the other port 16 when the support
element 20 is in its end position at which position - the
third valve member 23 is in engagement with the third
port. When at the closed position the first valve member
21 is adjacent but clear of the outlet side of the one
port 15 while the second valve member 22 is located within
the first chamker 14 and is clear of the other port 16.
The engagement of the valve members 21 and 22 and the
enlarged diameter shank 30 with the respective ports 15
and 16 is not a sealing engagement at least due to the
presence of the flutes 31, and as a result there is the
capacity for some fluid flow therebetween when fully
engaged with the respective port.

When no fluid pressure is applied to the inlet 13 and the
pressure is insufficient to overcome the biassing force
provided by the spring 28 as shown at Figure 1 the biasing
force provided by the spring 28 ensures engagement of the
third valve member 23 with the third port 24 to close the
line regulator and prevent any reverse fluid flow through
the 1line regulator. On the application of sufficient
fluid pressure to the inlet 13 as shown at Figure 2 fluid
pressure is admitted to the secondary chamber 18 through
the one port 15 and passageway 19 by free passage through
15 and 19 which in turn exerts a force upon the axial
face of the enlarged head member 25 adjacent the one port
16 in opposition to the biasing force provided by the
spring 28. On that counteracting pressure exceeding the
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biasing force applied by the spring 28 the support element
20 is caused to move axially within the tubular body 12 in
the direction of the stop member 27 and as a result the
third valve member 23 is disengaged from the third port 24
and fluid flows into the outlet to create a higher back
pressure at the outlet than that which existed at the
outlet before the third member valve 23 disengaged from
the third port 24. The resultant net increase in force on
the support element in a direction away from the outlet
due to the balancing pressure either side of the third
valve member 23 causes the support element 20 to move
quickly away from the end position, to a second pressure
regulating position, such that the valve members 21 and 22
are brought into engagement with ports 15 and 16
respectively -to restrict the flow from the tirst chamber
14 to second chamber 18. The passageway 19 ensures that
there is little pressure differential between each side of

the second chamber 18. The pressure at the outlet side of

the first and second ports in the second chamber 18 is

throttled by the degree of engagement of the first and
second valve 21 and 22 with the first and second ports 15
and 16. Should there be a rise in the outlet pressure,
the degree of engagement increases thereby increasing
throttling. Thus outlet pressure is regulated to remain

substantially constant irrespective of supply pressure.

Once flow commences, the first and the second valve
members 21 and 22 are brought into engagement with the
ports 15 and 16 respectively to reduce the degree of
communication of the fluid pressure applied to the inlet
to Athe second chamber 18. ©On the application of maximum
fluid pressure to the inlet 13 both the first and second
valve members 21 and 22 become fully engaged with the
respective ports 15 and 16 whereby the only fluid flow
through the ports is accommodated by the flutes and the
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clearance between the respective valve members and the

respective ports.

The value of the first embodiiment may be schematically
represented as shown at Figure 5. When the line regulator
is closed as shown at Figure 2 the force (Fs) applied by

the spring 28 may be represented as:

= - - ) =
Fs = F2 F3 + F1 F1 Where F force
= F2 - F3 P = pressure
= (P2 PA).A2 (P2-P3).A3 A = area
= P2.A2 - (PZ—P3).A3
(PA = O pressure of Pl’ P2 and P3

measured above atmospheric pressure).

The supply pressure P, produces balancing forces F, on the

first and second valvés marked 21 and 22 where t;ey are
the same area A. The area A2 of the enlarged head 25 is
greater than the area A3 of the third valve members 23.
The differential force between the forces F2 and F3
applied to the enlarged head 25 and the third valve member
23 respectively is balanced by the force Fs applied by the

spring.

Under no flow conditions the third valve member 23 closes
the third port 24 and thus there is no throttling by the

first and second valve members 21 and 22 and therefore

Under such pressure conditions the valve member is closed

and the opening and spring pressure forces are balanced.
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k is spring constant
% is initial deflection.

When the force differential (F2 - F3) applied to the
enlarged head 25 just exceeds the resisting force Fs of

the spring 28 the third valve member 23 disengages from
the third port 24.

OAﬁi Thus it can be seen that the strength of the spring 28
determines the value of inlet pressure P1 required to open

on the line regulator.
et When the line regulator opens and there is flow to the
outlet 17 such flow generates a back pressure P3 greater
than atmospheric pressure
O n” i.e. FS = P2’A2 - (P2—P3).A3
4 = P2.A2 - P2'A3 + P3.A3.
coute Assuming the losses past the third valve member 22 are
T small and aecrease as the third valve member lifts from
M::“’ the third port 24 it can be assumed
ou o i:
0‘ v ~g ,s
P3 = P2 ?
'
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Therefore as soon as flow commences and produces a back
pressure P3 and the outlet 17 above atmospheric the net
force lifting the third valve member from the valve seat
increases rapidly resulting 4in a rapid movement of the
support element 20 to its regulating position where the
first and second valve members 21 and 22 engage the first
and second ports 15 and 16 where flow between the inlet 14
and the second chamber is throttled to produce a
differential in pressures P1 and P2 thereat. As a result
chatter or valve flutter 1is at 1least reduced if not
eliminated. The slight increase in the force FS applied
by the spring 28 due to compression of the spring 28 by
movement of the support element 20 is small compared with
the force F3 generated the back pressure P3.

In addition  the pressure required to maintain the third
valve member in the open 1is less than the pressure
required to move the third valve member from the closed

position.

The new balance position of the support element is one at
which the pressure in the second chamber is held at a
level at which the force Fs applied by the spring is Jjust
balanced. If the pressure P2 in the second chamber
continues to increase the support element is moved to
bring the first and second valve members 21 and 22 into
closer engagement with the first and second ports 15 and
16 respectively to further throttle the flow between the
inlet chamber 14 and second chamber 18 so as to reduce P

2
with respect to Pl‘

If the inlet pressure P1 is low (i.e. nearly equal to P2)
the extent of throttling by the first and second valve
member 15 and 16 is low and resistance to flow is low.

If the inlet pressure P4 is much greater than the pressure
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P2 in the second chamber 18 the throttling by the first
and second valve members 15 and 16 1s greater. The
minimal extent of movement of the spindle required to vary
the extent of throttling to control the pressure P, in the
second chamber results in only a slight difference on the
force Fs applied by the spring 28. This implies a higher
regulation of ©pressure for instances of a high inlet
pressure than for low inlet pressures however in practice
the difference in the degree of regulation has been found

to be negligible.

As the inlet pressure P1 falls to O below the minimal
regulating pressure P2 in the second chamber the outlet

back pressure P, decreases correspondingly.

3

Therefore FS = P2.A3.

At this point in time there is no significant throttling
of flow through the first and second ports and the third
valve member 23 is caused to be moved towards the third
port 24 resulting in the throttling of fluid flow through
the third port 24

i.e. FS = P2.A2 - P2.A3 + P3.A3.

The change in the force FS applied by the spring 28 as it
relaxes is minimal compared to the force differential (F2
—F3) applied to the enlarged head 25 as the back pressure
P3 produced at the outlet is reduced as the throttling
applied to the third port 24 by the third valve member 23
is increased which results in a positive rapid closure of

the line regulator.

Since

R




the lower the value of the of k the lower the variation
in the force Fs applied by the spring 28 in the travel of
the support element between the regulation position and

the end position.

F = P2.A2 regulating
FS = P2'A2 - P2A3 + P3.A3 near closure position
The difference between these two positions may be

expressed as
A\ F_ = (P2-P3).33.

If the variation in the force FS applied by the spring
through its movement is small a small amount of throttling
produced by the third valve member 23 results in a rapid
and positive closure of the third port 24 as the pressure
P2 in the second chamber falls 'slightly below the

reqgulating pressure.

The second embodiment as shown at Figure 4 is of a similar
form to that of the first embodiment except that the
enlarged head of the collapsible c¢l.sure 26 and the
support element 20 of the first embodiment is replaced by
a flexibie diaphragm 125 which may be formed of an
elastomeric material which is supported by a central bbss
132 réceivable over the end of the support 20 element
adjacent the other end of the tubu: rody and which
receives the innermost end of the spx . :d. In addition
the tubular body is formed as a two pa: oody. The ports
15 and 16 are accommodated within : pular element 133
axially supported between a pair of axially opposed
apertures provided in the walls of the chamber 13 and the

tubular element 133 is formed with a&axial extensions
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134 and 135 which slidably support the support element to
each side of the ports. The relief flutes 31 of the

first embodiment are substituted by ports 136 in tubular
element 133.

It should be appreciated that the scope of the present

invention need not be limited to the particular scope of
the embodiment described above.
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THE CLAIMS defining the invention are as follows:-

1. An in-line pressure regulator comprising a housing
having an inlet and an outlet, said housing providing a
first chamber open to the inlet, the first chamber being
provided with a pair of substantially opposed ports which
open to a second chamber, the second chamber having a
third port opening to the outlet, an axial support element
movable through the pair of ports and received within the
first and second chambers, the support element supporting
a pair of valve members wherein a valve member is
associated with each of the pair of ports, the support
element being movable within the first and second chambers
to vary the extent of engagement of the pair of valve
members with the pair of ports, said support element
further supporting a third valve member which 1is
associated with the third port, said support element being
biassed to an end position at which the pa2ir cf ports are
open, and the third port is closed, said support element
further supporting a pressure surface which is in the
second chamber, whereby the force exerted by fluid
pressure in the second chamber on the support element
counteracts the biassing force applied thereto to rapidly
move the support element from its end position to a
regulating position where the third port is opened and the
pair of valve members are moved proximate their respective
ports to vary the degree of opening of the ports in

accordance with the fluid pressure applied at the inlet.

2. An in-line pressure regulator as claimed at claim 1
wherein locations of the support element when at its end
position and regulating position are axially spaced such
that when the support element is at its regulating
position the third valve member is spaced clear of the
third port such that there is substantially no throttling
of the fluid flow through the third port.
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3. An in-line pressure regulator as claimed at claim 1

or 2 wherein the biassing force is capable of being

varied.
4. 'An in-line pressure regulator substantially as herein
described.
DATED this 21st day o= NOVEMBER 1989.
FLUID TECHNOLOGY (AUST) LIMITED
Applicant.

Wray & Associates
Perth, Western Australia
Patent Attorneys for Applicant.
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