wo 2011/002560 A1 I 10KV 00 OO

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

Co o
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Property Organization /g5 1IN0 VAN VA 00O VKA 00O OO0 1
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
6 January 2011 (06.01.2011) PCT WO 2011/002560 Al
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
F16K 37/00 (2006.01) F16K 31/126 (2006.01) kind of national protection available): AE, AG, AL, AM,
. o AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA. CH. CL. CN. CO. CR. CU. CZ. DE. DK. DM. DO
PCT/US2010/035141 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
17 May 2010 (17.05.2010) KR, KZ, ILA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
- . ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . o
12/497,059 2 July 2009 (02.07.2009) Us (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): FISHER GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
CONTROLS INTERNATIONAL LLC [US/US]; 205 ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
South Center St., Marshalltown, IA 50158 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU
(72) Inventor; and > > > > > > > > > > > > >
(75) Inventor/Applicant (for US only): WILKE, Galen, Dale LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
[US/US]; 2136 Friley Road, Ames, IA 50014 (US). él\\;{, {/I[{L) &‘EP%(SFS’I\?J’TSF’TE?’ CL CM, GA, GN, GQ,
(74) Agent: READ, David, C.; MARSHALL, GERSTEIN &

Published:

BORUN LLP, 233 S. Wacker Drive, 6300 Willis Tower,
Chicago, IL 60606-6357 (US).

with international search report (Art. 21(3))

(54) Title: DEVICE AND METHOD FOR DETERMINING A FAILURE MODE OF A PNEUMATIC CONTROL VALVE AS-
SEMBLY

(57) Abstract: A control valve assembly is capable of diagnosing mal-
functions in the control valve assembly and discerning a location of a con-
trol fluid leak in the control valve assembly (56). The control valve assem-
bly includes a control valve (22), an actuator (24) and a positioner (56).
The actuator includes an actuator vent (63) in an actuator housing, the ac-
tuator vent being connected to a flow switch (65). By determining a flow
condition through the actuator vent, the positioner determines whether a
control fluid leak is located in a control line (57) or in a diaphragm (48).

FIG. 3

57

20

61l

N F‘J

CENTRALIZED
PROCESS
CONTROLLER




WO 2011/002560 PCT/US2010/035141

DEVICE AND METHOD FOR DETERMINING A FAILURE MODE OF A
PNEUMATIC CONTROL VALVE ASSEMBLY
Field of the Disclosure

[0001] The disclosure generally relates to control valve assemblies and, more
particularly, to control valve assemblies that diagnose and report failure modes in a

control valve.

Background of the Disclosure

[0002] Process control valves are used in myriad industrial applications for
controlling the flow of a fluid. For example, in chemical processing plants or oil
refineries, control valves are used to manipulate a flowing fluid to compensate for
increases or decreases in demand, or other load disturbances, and thus keep the fluid

flow regulated.

[0003] The control valve is typically provided as part of a control valve assembly
having a control valve, a control valve actuator, and a positioner. The control valve
includes an inlet and an outlet, with a movable valve plug therebetween. By adjusting
the position of the valve plug, fluid flow through the valve is adjusted. The control
valve actuator typically includes a stem connected to the valve plug and provides the
necessary motive force for moving the valve plug. The positioner provides a closed
loop feedback system that provides pressurized fluid to the control valve actuator
(which may include two chambers separated by a diaphragm) and the positioner
monitors the position of the valve plug, or more commonly the position of the
actuator stem, and compares the position to a desired set point. If a deviation between
the actual position and the desired set point is detected which will result in an
undesirable flow through the valve, the positioner sends a fluid signal to the actuator

to adjust the position of the metering device accordingly.

[0004] Such control valve assemblies can be provided in a variety of forms. In one
common arrangement the control valve is referred to as a sliding stem valve. In such
a valve, a sliding plug or piston is positioned between an inlet and outlet of the valve.
Depending on the position of the plug, the cross-sectional area of opening between the
inlet and outlet is adjusted, thus allowing more or less fluid to traverse through the
valve. The actuator for éubh a control valve can also be provided in a variety of

forms, but commonly has a movable stem directly coupled to a valve stem extending

-1-



WO 2011/002560 PCT/US2010/035141

from the valve plug, and employs air pressure, or other fluid pressure, within a

diaphragm casing of the actuator to thus cause the actuator stem to move.

[0005] The positioner of such a system is typically mounted on the outside of the
actuator, and includes a sensor therein adapted to receive a signal from a transmitter
mounted on the sliding stem of the actuator. The positioner may include tubing
fluidly connecting the positioner to the control valve actuator in order to send fluid
signals as control fluid pressure to the actuator. The tubing may be external to the

control valve, or the tubing may be incorporated into a housing.

[0006] Recently, so called “smart” positioners have been introduced that can diagnose
and report certain malfunctions within the control valve. One example of a smart
positioner is the FIELDVUE® positioner manufactured by Fisher Controls. Another
such positioner is described in U.S. Patent Publication No. 2001/0037159, which is
hereby incorporated by reference herein. Such positioners diagnose and report a
variety of control valve malfunctions by sending signals to a centralized process
controller. Smart positioners may communicate with the centralized process
controller via any number of protocols including, but not limited to the
FOUNDATION® Fieldbus protocol and the HART™ protocol. While known smart
positioners are capable of detecting certain general malfunctions in a control valve,
these positioners are not capable of distinguishing between certain types of control

fluid leaks within the control valve assembly.

[0007] Control fluid leaks in the control valve assemblies can occur between the
positioner and the actuator, in the tubing, or in the diaphragm itself. While control
fluid leaks in the tubing are generally easy and inexpensive to repair, control fluid
leaks in the diaphragm itself are more costly and time consuming to repair. Given
that many control valves are located in remote locations in process control systems,
repair technicians must carry all parts and tools necessary to repair either a tube leak

or a diaphragm leak when a smart positioner reports a control fluid leak.

Brief Description of the Drawings

[0008] Fig. 1 is a perspective view of a sliding stem control valve assembly

constructed in accqfdance with the teachings of the disclosure;

[0009] Fi'g. 2 is a sectional view of the sliding stem control valve of Fig. 1;

S0
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[0010] Fig. 3 is a sectional view of sliding stem control valve of Fig. 1, including a

positioner;

[0011] Fig. 4 is a logic diagram of a method for diagnosing the location of a control

fluid leak in the sliding stem control valve of Fig. 1;

[0012] Fig. 5 is an alternate embodiment of a sliding stem control valve assembly

constructed in accordance with the teachings of the disclosure; and

[0013] Fig. 6 is yet another alternate embodiment of a sliding stem control valve

assembly constructed in accordance with the teachings of the disclosure.

[0014] While the disclosure is susceptible to various modifications and alternative
constructions, certain illustrative embodiments thereof have been shown in the
drawings and will be described below in detail. It should be understood, however,
that there is no intention to limit the disclosure to the specific forms disclosed, but on
the contrary, the intention is to cover all modifications, alternative constructions, and

equivalents falling within the spirit and scope of the invention.

Detailed Description of the Disclosure

[0015] Referring now to the drawings and with specific reference to 'Fig. 1, a control
valve assembly is generally referred to by reference numeral 20. The control valve
assembly 20 includes a control valve 22 to which a control valve actuator 24 is
attached. While the control valve assembly 20 described herein will be referred to as
a sliding stem type of control valve, the teachings of the disclosure can be used in
conjunction with other types of control valves, including but not limited to, rotary

valves, butterfly valves, and the like.

[0016] Referring now to Fig. 2, the control valve 22 is shown in further detail to
include a housing 26 having an inlet 28 and an outlet 30. While not shown, it is to be
understood that the valve 22 is adapted to allow fluid to flow from the inlet 28 to the
outlet 30, and that by adjusting the position of a valve plug 32 slidably disposed
within the housing 26, the volume and rate at which the fluid flows therethrough can
be adjusted as well. The position of the plug 32 is adjusted by adjusting the pbsition
of a valve stem 34 connected to the plug 32. More specifically, by adjusting the
position of the stem 34, it can be seen thét the position of the plug 32 relati\}e to a seat

ring 33 positioned between the inlet 28 and outlet 30-is also adjusted.
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[0017] The actuator 24 adjusts the position of the stem 34 and thus the position of the
plug 32. The actuator 24 includes a housing 36 in which an actuator stem 38 is
adapted to reciprocate. More specifically, in the depicted embodiment, the housing
36 includes a yoke 40 at a base thereof, and a diaphragm casing 42 at a top thereof.

The yoke 40 defines a bottom 44 adapted to mount to the valve 22.

[0018] Movement of the actuator stem 38 is controlled by spring and fluid pressure.
As shown best in Fig. 3, the actuator stem 38 is connected to a diaphragm 48
positioned within the diaphragm casing 42. A coil spring 50 is positioned around the
actuator stem 38 and biases the diaphragm 48 upwardly in Fig. 3, by acting on both
the diaphragm 48 and a spring seat 52. The spring 50 therefore biases the diaphragm
48, actuator stem 38, valve stem 34, and valve plug 32 upwardly in Fig. 3.
Accordingly, it can be seen the control valve 22 could be provided in the form or
either a normally open or normally closed valve, depending on the relative

relationship between the valve plug 32 and the valve seat 33.

[0019] In order to move the plug 32, and thus adjust the position of the valve 22,
control fluid pressure is adjusted in the diaphragm casing 42. More specifically, it
will be noted that the diaphragm 48 divides the diaphragm casing 42 into upper and
lower chambers 53 and 54, respectively. The diaphragm 48 may be at least partially
supported by a diaphragm plate 49. By adjusting the control fluid pressure, typically
air pressure, in the upper chamber 53 through a control line 57, the diaphragm plate
48 is caused to move upwardly or downwardly depending on the relative forces

between the spring 50 and control fluid pressure in the upper chamber 53.

[0020] The actuator 24 depicted is of but one type of actuator adapted to adjust the
position of the valve stem and plug of the control valve 22. Other forms of actuators

are possible, and included within the scope of the present application.

[0021] Using structures such as that described above, it can seen that the position of
the plug 32 can be adjusted to thus adjust the flow of fluid through the valve 22.
However, in order to accurately position the plug 32, and thus accurately control the
flow of fluid throughv the valve 22, a positioner 56 is provided. The positioner 56
includes a housing 58 having a fluid inlet 60 connected to a pressurized control fluid
source (not shown), a control fluid vent 61, and the control an 57. The positioner 56

may include a transmitter (not shown) adapted to generate a signal as the actuator
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stem 38 moves up and down. Moreover, the positioner 56 may include a receiver (not
shown) adapted to monitor the signal generated by the transmitter and thus determine
the relative position of the stem 38. In turn, the position of the plug 32 is determined
and if the plug 32 is not positioned appropriately, a corresponding correction signal
can be generated by the positioner 56 and sent though the control line 57 to actuate
the stem 38 by changing control fluid pressure in the upper chamber 53. More
specifically, the positioner 56 may include a processor and memory (not shown), the
received signal may be compared by the processor to a set point stored in the memory,
to thus generate the correction signal. Alternatively, the positioner 56 may
communicate the received signal to a remote processor, by direct wiring, RF
communication, or the like, with the remote processor then generating and

transmitting the correction signal to the actuator 24.

[0022] As control fluid pressure in the upper chamber 53 is increased, the diaphragm
48 moves downward as the control fluid pressure in the upper chamber 53 overcomes
the spring force generated by the spring 50. As the diaphragm 48 moves downward in
this figure, volume of the lower chamber 54 decreases and volume of the upper
chamber 53 increases. The increased volume of the upper chamber 53 is filled by
incoming control fluid through the control line 57. The lower chamber includes an
actuator vent 63 to allow fluid to escape from the lower chamber 54 as the volume of
the lower chamber 54 decreases. Likewise, when the control fluid pressure in the
upper chamber 53 decreases, the volume of the upper chamber 53 decreases while the
volume of the lower chamber 54 increases. The positioner vents control fluid from
the upper chamber 53 through the vent 61 by way of the control line 57 as the volume
of the upper chamber decreases and fluid enters the lower chamber 54 through the

actuator vent 63 to fill the expanding volume of the lower chamber 54.

[0023] The positioner 56 diagnoses and may report certain malfunctions in the control
valve assembly 20 to a centralized process controller 55. In particular, the positioner
56 detects and reports control fluid leaks within the control valve assembly 20.
Control fluid leaks typically ‘occur in one of two locations. First, a control fluid leak
can occur in the control line 57, for example in external tubing. Second, a control
fluid leak can occur in the diaphrégm 48 itself, for example through a tear or hole in

the diaphragm 48. In order to distinguish between leaks in these two locations, the
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control valve assembly 20 includes a flow switch 65 installed on the actuator vent 63.

The flow switch 65 is a passive device that does not require any power.

[0024] A status of the flow switch 65 is polled or monitored by the positioner 56
through a communication connection, such as line 68. The status of the flow switch
65 may be monitored at regular or irregular intervals, or the status of the flow switch
65 may be polled or checked when the positioner 56 detects a malfunction, such as an
air leak. As a illustration, the status of the flow switch 65 may be periodically
monitored at regular time intervals, for example, once every minute, five minutes, 10
minutes, etc. Alternatively, the positioner 56 may monitor the status of the flow
switch 65 at irregular intervals, such as when the positioner 56 detects an air leak, or
when the positioner 56 detects any other malfunction in the control valve assembly
20. Polling the flow switch 65 when the positioner 56 detects a malfunction enables
the positioner 56 to diagnose and locate a source of the malfunction and report the
source of the malfunction to the centralized process controller 55. The
communication connection between the positioner 56 and the flow switch 65 can be
any type of communication connection suitable for transmitting a flow switch 65
status to the positioner 56, such as, fbr example, a wired connection, a wireless
connection, an infrared éonnection, a radio frequency connection, etc. Virtually any
type of flow switch 65 may be used. Examples of flow switches 65 include the
Gentech FCS-04, the Malema M-60, and the Malema M064 flow switches.
Additionally, the flow switch 65 may be closed on a low flow condition, or closed on
a high flow condition. It is only important that the position of the flow switch 65

indicate one particular flow condition.

[0025] As shown in Fig. 4, the positioner 56 includes logic 400 that resolves the
location of a control fluid leak when a control fluid leak is detected. The logic begins
at step 410 when a control fluid leak is detected, for example when the positioner 56
sends a control signal to the actuator, but the valve stem fails to move, or the valve
stem moves at a rate that does not correspond with the control signal. The positioner
56 polls the ﬂbw switch 65 through the communication connection 68 at step 420.
The flow switch 65 position is determined at step 430. If the flow switch 65 position
is open at step 430, a low flow condition is indicated which means a leak in the
control line 57 as indicated at 440. Once a leak in the control line 57 is determined,

the positioner 56 may output a control line leak alarm at 450 which may be

-6 -



WO 2011/002560 PCT/US2010/035141

transmitted to the central process controller. If the flow switch 65 is closed at step
430, the positioner 56 determines whether the stem 38 is moving at 460 by monitoring
sensors that detect stem 38 movement. A moving stem 38 indicates that at least some
of the control signal fluid is entering the upper chamber 53 of the actuator housing 42
causing the diaphragm 48 to move. If the stem 38 is moving, the positioner 56 waits
5 seconds at step 470 and then re-polls the flow switch 65 at step 430. Feedback loop
475 1s repeated until the flow switch 65 indicates closed and the stem 38 is not
moving. When the flow switch 65 is closed (indicating a high flow condition) and the
stem 38 is not moving, a leak in the diaphragm 48 is indicated at step 480. The
positioner 56 may output a diaphragm failure alarm at step 490 and may send the
alarm to the central process controller. The logic 400 shown in Fig. 4 is for a flow
switch that is open in a low flow condition. To adapt the logic for a flow switch that
is closed in a low flow condition, the open and closed outputs from step 430 may be

reversed.

[0026] Referring now to Fig. 5, an alternate embodiment of a control valve assembly
524 constructed in accordance with the teachings of the disclosure is illustrated. Like
the embodiments of Figs. 1-3, the control valve assembly 524 includes a control valve
522, an actuator 524, and a positioner 556. The positioner 556 has a control fluid
inlet 560 that is connected to a pressurized control fluid source (not shown) and a
control fluid vent 561 to vent excess pressurized control fluid. The actuator 524
includes a housing 542 having an actuator vent 563 for venting fluid from the housing
542 during actuator 524 operation. Also like the embodiment of Figs. 1-3, the vent
563 may include a flow switch 565 that is communicatively connected to the
positioner 556 through a communication line 568. Rather than being vented directly
to the atmosphere, however, as in the embodiment of Figs. 1-3, the flow switch 565 is
connected to the positioner vent 561 through a vent line 570. The vent line 570 and
the positioner vent 561 join and both are vented to the atmosphere through line 572.
By constantly venting a small amount of pressurized fluid through the positioner vent

- 561, fluid within the vent line 570 remains at a pressure slightly above atmospheric
pressure. Thus, atmospheric pressure is not allowed to enter the vent line 570. In
other words, the constant small flow of control fluid out of the vent 561 continually
purges the fluid.inthe lower chamber 554 without affecting operation of the

diaphragm. As a result, fluid tfaveling into and out of the lower diaphragm chamber
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554 during operation of the actuator 524 is always pressurized control fluid.
Typically, pressurized control fluid is filtered and dehumidified. Thus, the internal
components of the actuator 524 are not subject to atmospheric impurities and/or
corrosive compounds. As a result, the control valve assembly 520 is ideally suited to
uses where the control valve assembly may be subject to corrosive atmospheric
conditions or fugitive emissions that would shorten the life of internal actuator
components. For example, the control valve assembly 520 shown in Fig. 5 is ideally

suited for marine operations.

[0027] Referring now to Fig. 6, an alternate embodiment of a control valve assembly
620 constructed in accordance with the teachings of the disclosure is illustrated. Like
the embodiments of Figs. 1-3, the control valve assembly 620 includes a control valve
622, an actuator 624, and a positioner 656. The positioner 656 has a control fluid
inlet 660 that is connected to a pressurized fluid source (not shown) and a positioner
vent 661 to vent excess pressurized control fluid. The actuator 624 includes a housing
642 having a vent 663 for venting fluid from the housing 642 during actuator 624
operation. The positioner 656 shown in Fig. 6 includes an internally mounted flow
switch 665. In this embodiment, the flow switch 665 is a passive device and does not
require any power. The flow switch 665 may be mounted in the positioner 656 during
assembly, or the flow switch 665 may be retrofitted to an existing positioner 656. The
actuator vent 663 may be connected to the positioner 656, and thus to the flow switch
665 through line 659. As a result, the internally mounted flow switch 665 is fluidly
connected to the lower chamber 654. Thus, the lower chamber 654 of the actuator
housing 642 is isolated from environmental conditions, and internal components of
the actuator 624 are protected from harmful atmospheric elements, similar to the
embodiment of Fig. 5. One advantage to the positioner 656 having an internally
mounted flow switch 665 is that such a positioner 656 may be easily mounted to a
control valve assembly 620 having an existing positioner without a flow switch. In
this way, virtually any control valve assembly 620 can be upgraded to a control valve
assembly capable of detecting and diagnosing air leaks as described above.

Mbreover, the internally mounted flow switch 6635 is protected from environmental

conditions and from damage that may occur during transportation and installation.

[0028] As opposed to prior art control valve assemblies, the control valve assembly of

‘the present disclosure is capable of distinguishing between different types and/or
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locations of control fluid leaks. This ability advantageously allows a technician to
select appropriate tools and parts before departing to fix a control valve assembly that

may be located in a remote location.

[0029] From the forgoing, one of ordinary skill in the art will readily understand that
through the teachings of the disclosure, a control valve assembly can be constructed
having a valve positioner capable of distinguishing between different types of
malfunctions. Moreover, a control valve assembly can be constructed that protects

the inner components of an actuator from harmful environmental conditions.
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What is claimed is:

1. A control valve assembly, comprising:

a control valve having a fluid inlet and a fluid outlet, the control valve
comprising a valve plug being movably positioned between the fluid inlet and the

fluid outlet to control the flow of fluid through the valve;

an actuator for moving the valve plug, the actuator comprising an actuator
housing and a diaphragm mounted within the actuator housing, the diaphragm
dividing the actuator housing into at least two chambers, at least one of the chambers
including an actuator vent and at least one of the chambers including an actuator
control fluid inlet, and a valve stem connected to the diaphragm and the valve plug,
the valve stem being arranged to move the valve plug in response to movement of the
diaphragm;

a positioner comprising a positioner control fluid inlet, a control fluid vent,

and a control line, the control line being connected to the control fluid inlet;

wherein the actuator vent is connected to a flow switch capable of detecting a
flow condition through the actuator vent, the flow switch being communicatively

connected to the positioner.

2. The control valve assembly of claim 1, wherein the positioner is
arranged to determine a flow condition through the actuator vent by polling the flow

switch for a position of the flow switch.

3. The control valve assembly of claim 2, wherein the positioner is
arranged to send an alarm to a central controller when a leak of control fluid is

detected

4. The control valve assembly of claim 3, wherein the positioner is
arranged to distinguish between a control fluid leak in the control fluid line and a
control fluid leak in the diaphragm and the alarm sent to the central controller

includes information that identifies the type of fluid leak.

-10 -



WO 2011/002560 PCT/US2010/035141

5. The control valve assembly of claim 1, wherein the flow switch is
connected to the positioner via one of a wired connection, a wireless connection, a

radio frequency connection and an infrared connection.

6. The control valve assembly of claim 1, wherein the control fluid is a

gas.

7. The control valve assembly of claim 1, wherein the positioner vent is

joined to the actuator vent.

8. The control valve assembly of claim 7, wherein both the positioner
vent and the actuator vent are vented to the atmosphere downstream of the location at

which the positioner vent joins the actuator vent.

9. The control valve assembly of claim 7, wherein the flow switch is

positioned between the actuator vent and the positioner vent.

10. The control valve assembly of claim 1, wherein an open position of the

flow switch indicates a low flow condition through the actuator vent.

11.  The control valve assembly of claim 1, wherein a closed position of the

flow switch indicates a low flow condition through the actuator vent.
12. A control valve assembly, comprising:

a valve having a fluid inlet and a fluid outlet, the valve comprising a valve
plug positioned between the fluid inlet and the fluid outlet to control the flow of fluid

through the valve;

an actuator for moving the valve plug, the actuator comprising an actuator
housing and a diaphragm mounted within the actuator housing, the diaphragm
dividing the actuator housing into at least two chambers, at least one of the chambers
including an actuator vent and at least one of the chambers including an actuator
control fluid inlet, and a valve stem connected to the diaphragm and the valve plug,

movement of the diaphragm moving the stem, which in turn moves the valve plug;

a positioner comprising a positioner control fluid inlet, a control fluid vent, a

first control line, and a second control line, the first control line being connected to

-11 -
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the actuator control fluid inlet and the second control line being connected to the

actuator vent;

wherein a flow switch detects a flow condition through the actuator vent, the

flow switch being communicatively connected to the positioner.

13. The control valve assembly of claim 12, wherein the positioner

comprises the flow switch.

14. The control valve assembly of claim 12, wherein the positioner

determines a flow condition through the actuator vent by polling the flow switch.

15.  The control valve assembly of claim 14, wherein the positioner sends

an alarm to a central controller when the positioner detects a leak of control fluid.

16.  The control valve assembly of claim 15, wherein the positioner the
alarm distinguishes between a control fluid leak in the control fluid line and a control

fluid leak in the diaphragm.

17. A method of determining a failure mode in a control valve assembly
comprising:
detecting a leak in control fluid;

polling a flow switch connected to an actuator vent to determine a position of

the flow switch;
determining whether the flow switch is open or closed;

determining a flow condition through the actuator vent based on the position

of the flow switch;
determining whether a valve stem is moving;

waiting for a period of time if the valve stem is moving before subsequently

polling the flow switch;

outputting a control line leak alarm if the flow switch indicates a low flow

condition through the actuator vent; and

outputting a diaphragm leak alarm if the flow switch indicates a high flow

condition through the actuator vent and the valve stem is not moving.
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18. The method of claim 17, wherein the period of time is approximately 5

seconds.

19. A positioner for a control valve assembly comprising:

a housing;
a control line extending from the housing; and
an internally mounted flow switch,

wherein the internally mounted flow switch is adapted to be connected to a
chamber in an actuator assembly, thereby protecting fluid in the chamber from

atmospheric impurities.

20.  The positioner of claim 19, wherein the flow switch is a passive flow

switch.
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