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(57) Abrege/Abstract:
A control valve comprising; a wall defining a chamber, the chamber having an inlet end (8) a middle portion (48) and an outlet end

(46) In axial alignment, a valve seat (16) and a valve plug (4, 21, 20, 19, 11) proportioned to fit the valve seat (16) arranged In axial
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(57) Abrege(suite)/Abstract(continued):

alignment within the chamber and at least one of the valve seat (16) and valve plug (4, 21, 20, 19, 11) configured for axial
movement towards the other, relative movement between the valve plug and valve seat being enabled by means of a cam
mechanism comprising, a first shaft assembly (14, 15, 28) extending axially along the chamber and fixed to one of the valve plug (4,
21,20, 19, 11) and valve seat (16), a cam (24) operable with the first shaft assembly (14, 15, 28) to separate or draw together the
valve seat and valve plug along the axis of the chamber, a second shaft assembly (2) coupled to the cam (24) and extending
through the middle portion (48) of the chamber wall terminating in a free end, the free end being configured for attachment to a
rotary actuator (50). The novel control valve can be made pressure independent by enclosing in a common valve body in line with
and in-line differential pressure controller.




w0 2010/103408 A3 | /I 0 0A 0 )0 PR AR AR

CA 02753196 2011-08-19

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization _ﬁ"""\ N VA 0 T 0 R0 A D R
I

International Bureau

(43) International Publication Date (10) International Publication Number

16 September 2010 (16.09.2010) WO 2010/103408 A3
(51) International Patent Classification: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
F16K 1/12 (2006.01) F16K 31/524 (2006.01) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
, . ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(21) International Appllcatlon Number: NO NZ. OM. PE. PG. PH. PL. PT. RO.RS. RU. SC. SD
rCL/AB2010/001372 SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(22) International Filing Date: T'T, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
5> May 2010 (05.05.2010) (84) Designated States (unless otherwise indicated, for every
(25) Filing Language: English kind of regional protection available). ARIPO (BW, GH,
o . GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(26) Publication Language: English ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(30) Priority Data: TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EP 09003416.6 9 March 2009 (09.03.2009) EP EE, ES, Fl, FR, GB, GR, HR, HU, IE, 15, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
(71) Applicant (for all designated States except US). TA- SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
REGULATOR [SI/SI]; Orliska 13, SI-8250 Brezice (SI). GW, ML, MR, NE, SN, TD, TG).
(72) Inventor; and Published:
(75) Inventor/Applicant (for US only): VOLOVEC, Peter s .
[SUSI]: Zupelevec 58, SI-8258 Kapele (SI). with international search report (Art. 21(3))
| L The before the expiration of the time [imit for amending the
(74) Agents: FRY HEATH & SPENCE LLP et al; The claims and to be republished in the event of receipt of
(ables, Massetts Road, Horley, Surrey RH6 7DQ (GB). amendments (Rule 48.2(h))
(81) Designateq States (unZe:’SS othe.r wise indicated, for every —  \ith information concerning request for restoration of
kind of national protection available): AE, AG, AL, AM, the right of priority in respect of one or more priority
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, claims (Rules 26bis.3 and 48.2(b)(vii))

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, (88) Date of publication of the international search report:
13 January 2011

(54) Title: PRESSURE INDEPENDENT CONTROL VALVE

A

(57) Abstract: A control valve comprising; a

wall defining a chamber, the chamber having
]__J — a an 1nlet end (8) a middle portion (48) and an
outlet end (46) in axial alignment, a valve
seat (16) and a valve plug (4, 21, 20, 19, 11)
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A0 | - 4 axial movement towards the other, relative
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seat being enabled by means of a cam mech-
anism comprising, a first shaft assembly (14,
Fiow direction : | 15, 28) extending axially along the chamber
. sg: and fixed to one of the valve plug (4, 21, 20,

. 19, 11) and valve seat (16), a cam (24) oper-
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| .,; 3 cam (24) and extending through the middle

{ ‘ \ \ portion (48) of the chamber wall terminating

5B ® éj) @ @ % \® 5 n in a free end, the free end being configured

for attachment to a rotary actuator (50). The

FIG. 1 novel control valve can be made pressure in-

dependent by enclosing in a common valve

body in line with and in-line differential pressure controller.
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PRESSURE INDEPENDENT CONTROL VALVE

FIELD OF THE INVENTION

This invention relates to a novel pressure independent control valve.

BACKGROUND OF THE INVENTION
Pressure independent control valves are known. Typically such valves are
with @ mechanism to enhance control of fluid flow independently of system
pressure. Such valves may be employed with a differential pressure

controller and are commonly used in heating ventilation and cooling systems.

Conventional pressure independent control valves comprise a globe valve
incoporating a plug which is actuated by a linear actuator. Since the actuator
typically is operated through a wall of the valve housing, it is usual for the
plug to travel at an angle (typically 60 to 90 degrees) to the axis of the
housing and direction of flow of fluid through the conduit into which the valve

is installed.

SUMMARY OF THE INVENTION

In accordance with the present invention there is provided a control valve
comprising; a wall defining a chamber, the chamber having an inlet end a
middle portion and an outlet end in axial alignment, a valve seat and a valve
plug proportioned to fit the valve seat arranged in axial alignment within the
chamber and at least one of the valve seat and valve plug configured for
axial movement towards the other, relative movement between the valve
plug and valve seat being enabled by means of a cam mechanism
comprising, a first shaft assembly extending axially along the chamber and
fixed to one of the valve plug and vlave seat, a cam operable with the first

shaft assembly to separate or draw together the valve seat and valve plug



CA 02753196 2015-04-16

along the axis of the chamber, a second shaft assembly coupled to the cam
and extending through the middle portion of the chamber wall terminating in

a free end, the free end being configured for attachment to a rotary actuator.

In use, rotary actuation of the second shaft assembly is translated, via the
cam, to linear actuation of the first shaft assembly which in turn effects linear

motion of the plug or seat axially of the chamber.

Preferably, the cam and shaft assembly arrangement is confrigured to be
operable to move the valve seat towards the valve plug, the valve plug being

fixed in position.

The assembly may further comprise a stroke limitation mechanism.

Desirably, the first and second shaft assemblies are arranged to be

perpendicular to one another.

The pressure independent control valve can conveniently be used in
combination with an inline differential pressure controller. In a preferred
embodiment, the inline differential pressure controller sits downstream of the
pressure independent control valve of the invention in line with the control
valve and comprises a wall defining a chamber, the chamber having an inlet
end and an outlet end in axial alignment; a valve seat and a valve plug
proportioned to fit the valve seat arranged in axial alignment within the
chamber and at least one of the valve seat and valve plug configured for
axial movement towards the other when a pre-defined load from the inlet
end is exceeded whereby to close the valve, resilient means for resisting the
axial movement when the pre-defined load is not exceeded and a pilot valve

Integrated into the wall of the chamber and in fluid communication with the



CA 02753196 2015-04-16

chamber by means of one or more conduits provided within the chamber

wall.

A further objective is to provide a user friendly adjustment means involving a
simple low torque setting of a pilot valve and ease of the pilot valve change

over.

In a particular embodiment, the valve seat is operated by an annular
diaphragm positioned proximal to the inlet end and carried on the annular
valve seat which extends distally and is arranged for axial movement
towards the outlet end; the resilient means is a coiled spring arranged for
resisting said axial movement of the annular diaphragm and valve seat and
the valve plug is fixedly mounted proximal to the outlet end and in axial
alignment with the annular diaphragm and valve seat. The spring

characteristics match the pre-defined load.

The pilot valve is of conventional construction. The walls of the main valve
chamber are prepared to receive the pilot valve by providing a recess in the
wall proportioned to receive the pilot valve and incorporating pressure signal
conduits (or impulse pipes) to connect the pilot valve with the chamber of
the main valve through drillings defining channels and conduits in the
- chamber wall. Conveniently, the recess and pilot valve body may be provided
with complementing screw threads to allow easy and secure installation of
the pilot valve whilst maintaining ease of removal or replacement of the pilot

valve when repairing / maintaining the controller.

Various modifications to the design can be envisaged without departing from
the invention. For example, the valve may be arranged for the plug to move
towards the seat and resilient means other than a coil spring may be

employed to balance the movement of the valve plug.
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It will be appreciated that flow through a valve is dependent on the valve
opening and differential pressures applied to the valve. Pressures in a
hydronic system to which the invention is suitably applied can vary a lot and
can cause control problems. In order to make the valve operation
independent of pressure variation such that the flow depends only on the
opening and closing of the control valve, it is necessary to keep the
differential pressure across the control valve as constant as possible. This
can be achieved by adding a differential pressure controller to the valve or

rather into a common valve body as further described below.

The valves of the invention offer many advantages over conventional
designs; the hydronic resistance of the inline valve geometry is relatively low
compared with conventional globe valve geometry, as a consequence the
inline valve of the invention can be made smaller. Smaller valve size provides
benefits in manufacture in the form of lower material, storage and transport
costs, benefits for the installer as the smaller valves are easier to manipulate
during installation and benefits to the end-user as the valves take up less

space when installed.

Other more technical advantages are that noise characteristics of the inline
valve arrangement are better than conventionally used valve configurations,
i.e they are more quite in operation. Furthermore, the cam operation of the
valve seat has been found to produce high valve performance characteristics
that can be further optimized by changing geometry of only one relatively

simple part of the valve.

BRIEF DESCRIPTION OF THE DRAWINGS
One embodiment of the invention will now be further described by way of

example with reference to the following figures in which:
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Figure 1 shows an embodiment of a pressure independent control valve in
accordance with the invention embodied in a single valve body which also
includes a stroke limitation mechanism and differential pressure controller in
line with the pressure independent control valve. The valve body is shown in

cross section through a first axis.

Figure 2 shows the embodiment of Figure 1 in cross section through a second

axis of the valve body, through a plane perpendicular to the first axis.

DETAILED DESCRIPTION OF THE INVENTION
As can be seen from the Figures, the valve body consists of a wall defining an
inlet chamber (8), a middle chamber (48) an.d an outlet chamber (46),
assembled together by number of fasteners (22, 33), for example screws or
bolts, placed along flanges on all three chambers. The inlet and outlet
chambers (8, 46) have blind holes with threads that are used for installing
the valve between flanges on a target pipeline. Chambers provided in the
valve body include various drillings to provide conduits that enable pressures
to be transmitted to various points inside the valve chamber and for venting

of chambers and installing pressure test points.

An inline control valve is installed between the inlet chamber (8) and the
middle chamber (48). The inline control valve consists of a fixed control valve
seat (16) fastened into the inlet chamber (8), and a valve plug, that consists
of a control element (4), a fixed cover (21), a pressure relieved control
cylinder (20), a seal (19), a cover (11) and a cam mechanism (described in
more detail below). Control element (4) is held in place by a ring (3) that is

fixed to the middle chamber by number of screws or other fasteners (23).

The cam mechanism consists of a first, inline shaft assembly (14, 15, 28), a

cam (24), bearings (51, 52) and a second, perpendicular shaft (2). The inline
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shaft is sealed by the lip-seal (12) which prevents water from entering the
control element (4). Movement of the inline shaft assembly (14, 15, 28) is
guided by a guide (29) and a fixed cover (21). An end of the perpendicular
shaft (2) protrudes outside the middle chamber wall (48), the end is shaped
so that a rotational actuator (50) can be operably connected to it. Rotation of
the actuator (50) in turn rotates the perpendicular shaft (2) and this motion
is transferred, via the cam, into an inline displacement of inline shaft
assembly (14, 15, 28). Since the control cylinder (20), cover (11) and inline
shaft assembly (14, 15, 28) are fixed together by a number of screws (10,
13), they move together in an axial direction along the valve chamber
opening and closing the gap between control valve seat (16) and cover (11)

as required thereby controlling the flow of fluid through the control valve.

Between the actuator (50) and the perpendicular shaft (2) is shown an
optional stroke limitation mechanism (49). By turning the adjustment screw
one can limit the angle of actuator movement. This way also the stroke of
the inline shaft assembly (14, 15, 28) is limited, and thus the opening of the

control valve is limited.

Downstream of the control valve there is an inline differential pressure
controller. Centred inside the outlet chamber (46) there is star shaped valve
plug, which consists of a differential star (44), a seal (42) and a cover (43)
assembled together by number of screws (45). The star is held in place by a

ring (39) that is fixed to the outlet chamber by a number of screws (40)

Inside the middle chamber (48) there is a ring shaped diaphragm (32). The
outer edge of the diaphragm (32) is fixed to the middle chamber by a
diaphragm ring (31) and a plurality of screws (47), while the inner edge is
fixed to the middle chamber by a funnel (35).
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Between the middle chamber and outlet chamber there is a differential valve
seat (41) that is screwed into a disc (34). Together, in use, they move in an
inline (axial) direction under influence of differential pressure on the
diaphragm and the force of springs (36, 37). Moving parts are guided by the
funnel (35) and guide (38)

As shown in the Figures, pressure (pl) upstream of the control valve is
transmitted through drilled channels in inlet chamber (8) and middle
chamber (46) to the inlet side of the diaphragm (32) and acts in favour of
closing the valve. Pressure (p2) downstream of the control valve is
transmitted through drilled channels in the disc (34) to the outlet side of the
diaphragm (32) and together with the force of springs (36, 37) acts in favour
of opening the valve. As long as the differential pressure (the difference of
pressures pl - p2), muitiplied by the active surface area of the diaphragm is
equal to the spring force, the valve remains stationary. If the differential
pressure increases, the differential pressure control valve closes (and vice

versa). Thus the differential pressure across the control valve is kept almost

constant.

The scope of the claims should not be limited by the preferred embodiments
set forth in the examples, but should be given the broadest interpretation

consistent with the description as a whole.



CA 02753196 2016-06-01

CLAIMS
1. A pressure independent control valve system comprising a valve body
housing a control valve in combination with an inline differential pressure

controller, the system comprising:
a pressure independent control valve comprising:

a wall defining a chamber, the chamber having an inlet end, a
middle portion and an outlet end in axial alignment, a valve seat and a
valve plug proportioned to fit the valve seat arranged in axiai
alignment within the chamber and the valve seat and/or the valve plug
configured for axial movement towards the other, relative movement
between the valve plug and valve seat being enabled by a cam

mechanism,
the cam mechanism comprising:

a first shaft assembly extending axially along the chamber and
fixed to one of the valve plug and valve seat, a cam operable with the
first shaft assembly to separate or draw together the valve seat anad

valve plug along the axis of the chamber, and

a second shaft assembly coupled to the cam and extending
through the middle portion of the chamber wall terminating in a free

end, the free end being configured for attachment to a rotary actuator;

wherein a first pressure is located upstream of the control valve
and a second pressure is located downstream of the control valve

between the control valve and the inline differential pressure

controller;

the inline differential pressure controller sitting downstream of
the pressure independent control valve in line with the control valve

and the inline differential pressure controller comprising:
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a wall defining a chamber, the chamber having an inlet

end and an outlet end in axial alignment;

a valve seat and a valve plug proportioned to fit the valve
seat arranged in axial alignment within the chamber and at least
one of the valve seat and valve plug configured for axial
movement towards the other when a pre-defined pressure
difference between the first pressure and the second pressure is

exceeded to close the valve; and

resilient means for resisting the axial movement when the

pre-defined pressure difference is not exceeded.

2. The control valve system as claimed in claim 1 wherein the cam and shaft
assembly arrangement are configured to be operable to move the valve plug

towards the valve seat, the valve seat being fixed in position.

3. The control valve system as claimed in claim 1 or 2 wherein the assembly

further comprises a stroke limitation mechanism.

4. The control valve system as claimed in any one of claims 1-3 wherein the
first and second shaft assemblies are arranged to be perpendicular to one

another.

5. The control valve system as claimed in any one of claims 1-4 wherein the
valve seat is operated by an annular diaphragm positioned proximal to the
inlet end and carried on the annular valve seat which extends distally and is
arranged for axial movement towards the outlet end; the resilient means is a
coiled spring arranged for resisting said axial movement of the annular
diaphragm and valve seat and the valve plug is fixedly mounted proximal to
the outlet end and in axial alignment with the annular diaphragm and valve

seat and wherein the spring characteristics match the pre-defined load.

6. A pipe fitted with a pressure independent control valve system as claimed

in any one of claims 1-5.
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10

/. A hydronic system including a return pipe as claimed in claim 6.
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