VALVE ASSEMBLY

BACKGROUND

[0001] Exemplary embodiments pertain to the art of firppassion systems

and more specifically to a valve assembly for @ §iuppression system.

[0002] Fire suppression systems may rely on plunger vablugsh as solenoid
controlled plunger valves, for delivering fire supgsant fluid in an emergency.
Maintaining the health of the electrical and medt@ncomponents of these valves
assures proper operation. Testing of the compemaay require partial disassembly,
which may be time consuming and costly. Accordinglonintrusive testing of the

solenoid valves is preferred.

BRIEF DESCRIPTION

[0003] Disclosed is a valve assembly for a fire suppressistem, the valve
assembly comprising: a valve armature having apogion and a bottom portion
spaced from the top portion along a longitudinas athe bottom portion including an
armature cavity, the armature cavity including sityainlet for receiving fluid and a
cavity outlet proximate a bottom portion of the itavyor delivering fluid, a plunger
slidable along the longitudinal axis within the atore cavity, the plunger slidable
between a closed state and an open state, whereire closed state the plunger is at
a predetermined bottom position in the armaturetgdkiat is proximate the cavity
outlet for fluidly sealing the cavity outlet; and the open state the plunger is in a
predetermined top position in the cavity that istali the cavity outlet, and a
monitoring system operatively connected to the eadrmature, the monitoring
system acoustically sensing whether the plungenigitudinally misaligned when the

plunger is in the closed state and the open state.

[0004] In addition to one or more of the above discloseatures, or as an
alternative, the top portion of the valve armatfitedly isolates the monitoring
system from the bottom portion of the valve armatwand the monitoring system
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includes an ultrasonic transducer operatively cotatkto the top portion of the valve
armature, and a pulse-transmitting and echo-rewgisircuit operatively connected to

the ultrasonic transducer.

[0005] In addition to one or more of the above discloseatures, or as an
alternative, the monitoring system transmits arragtinic pulse into the valve
armature and receives a plurality of ultrasonicoeshincluding: a first ultrasonic echo
from the ultrasonic pulse traveling through the taption of the valve armature, a
second ultrasonic echo from the ultrasonic pulageting through the fluid, and a

third ultrasonic echo from the ultrasonic pulseétang through the plunger.

[0006] In addition to one or more of the above discloseatures, or as an
alternative, the monitoring system includes: a pssing unit operatively connected
to the pulse-transmitting and echo-receiving cirdor measuring a plurality of
acoustic travel periods including: a first acoustavel period between transmission
of the ultrasonic pulse and reception of the fulitasonic echo, a second acoustic
travel period between transmission of the ultrasguilse and reception of the second
ultrasonic echo, and a third acoustic travel permmtween transmission of the
ultrasonic pulse and reception of the third ultras@cho, and determining from the
plurality of the travel periods whether the plungelongitudinally misaligned.

[0007] In addition to one or more of the above discloseatures, or as an
alternative, the monitoring system includes antedeic control unit for controlling
the monitoring system to monitor whether the plunigelongitudinally misaligned

when the plunger is in the closed state and tha efse.

[0008] In addition to one or more of the above discloseatdres, or as an
alternative, when the plunger is in the open stie, monitoring system determines
the plunger is longitudinally aligned by: determmigithat the plurality of acoustic
travel periods are within a first predeterminedetahce indicative of the plunger

being at the predetermined top position.



[0009] In addition to one or more of the above discloseatures, or as an
alternative, when the plunger is in the open stidiie,monitoring system determines
the plunger is longitudinally misaligned by: determg that the second acoustic
travel period is longer than the first predeterrdinelerance and indicative of the

plunger being below the predetermined top position.

[0010] In addition to one or more of the above discloseatdres, or as an
alternative, when the plunger is in the closedestidite monitoring system determines
the plunger is longitudinally aligned by: determmigithat the plurality of acoustic
travel periods are within a second predeterminéetdace indicative of the plunger

being at the predetermined bottom position.

[0011] In addition to one or more of the above discloseatdres, or as an
alternative, when the plunger is in the closedestdite monitoring system determines
the plunger is longitudinally misaligned by: detéring that the second acoustic
travel period is shorter than the second predetethtolerance and indicative of the

plunger being above the predetermined bottom positi

[0012] In addition to one or more of the above discloseatures, or as an
alternative, the ultrasonic transducer is fixedlyumted at the top portion of the valve

armature.

[0013] In addition to one or more of the above discloseatudres, or as an
alternative, the assembly further comprises: ansadedisposed within the cavity, the
solenoid being operatively connected to the plurigessliding the plunger between
the closed state and the open state, and a soleonitbller electronically connected

to the solenoid for controlling operation of théesmid.

[0014] In addition to one or more of the above discloseatures, or as an
alternative, the assembly further comprises: amturma housing having a top surface
and a bottom surface spaced along the longitudired, a channel disposed in the

armature housing, the channel having: a top opestirige top surface of the housing;



and a bottom opening at the bottom surface of tbesing, wherein the valve
armature is fixedly disposed within the channes, tibp portion of the valve armature
is proximate the top surface of the armature hgysamd the bottom portion of the

valve armature is proximate the bottom surfacdefarmature housing.

[0015] In addition to one or more of the above discloseatudres, or as an
alternative, the armature housing includes: a fioidt for communicating fluid from

a supply conduit that supplies fluid to the valvenature.

[0016] In addition to one or more of the above discloseatdres, or as an
alternative, the assembly includes a fluid exhdnmtsing fixedly connected to the
bottom surface of the housing and fluidly connedtethe cavity outlet in the valve
armature, the fluid exhaust housing includes attleae passage for directing fluid

away from the cavity outlet.

[0017]  Further disclosed is a method of testing longitatialignment of a
plunger in a valve assembly for a fire suppressgstem, the method comprising:
transmitting an ultrasonic pulse into a valve aumatand sequentially receiving a
plurality of ultrasonic echoes including: a firsttrasonic echo from interaction
between the ultrasonic pulse and a top portionhef valve armature, a second
ultrasonic echo from interaction between the uttrés pulse and fluid within a
bottom portion of the valve armature, and a thildasonic echo from interaction
between the ultrasonic pulse and a plunger witha hottom portion of the valve

armature.

[0018] In addition to one or more of the above discloseatures, or as an
alternative, the method comprises measuring a lghuraf acoustic travel periods
including: a first acoustic travel period betweeansmission of the ultrasonic pulse
and reception of the first ultrasonic echo, a sdcaooustic travel period between
transmission of the ultrasonic pulse and recepiicthe second ultrasonic echo, and a

third acoustic travel period between transmissiothe ultrasonic pulse and reception



of the third ultrasonic echo, and determining frima plurality of the travel periods

whether the plunger is longitudinally misaligned.

[0019] In addition to one or more of the above discloseatures, or as an
alternative, when the plunger is in the open stabe method comprises of
determining the plunger is longitudinally alignegt betermining that the plurality of
acoustic travel periods are within a first predeieed tolerance indicative of the

plunger being at the predetermined top position.

[0020] In addition to one or more of the above discloseatudres, or as an
alternative, when the plunger is in the open sthie,method comprises determining
the plunger is longitudinally misaligned by: detéring that the second acoustic
travel period is longer than the first predeterrdinelerance and indicative of the

plunger being below the predetermined top position.

[0021] In addition to one or more of the above discloseatudres, or as an
alternative, when the plunger is in the closedestdite method includes determining
the plunger is longitudinally aligned by: determmigithat the plurality of acoustic
travel periods are within a second predeterminéstdace indicative of the plunger

being at the predetermined bottom position.

[0022] In addition to one or more of the above discloseatures, or as an
alternative, when the plunger is in the closedestdite method includes determining
the plunger is longitudinally misaligned by: determg that the second acoustic
travel period is shorter than the second predetethtolerance and indicative of the

plunger being above the predetermined top position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The following descriptions should not be consideliedting in any
way. With reference to the accompanying drawirige elements are numbered

alike:



[0024] FIG. 1 illustrates a valve assembly according tem@todiment;

[0025] FIGS. 2A-2B illustrate a valve assembly in an optate according to

an embodiment;

[0026] FIGS. 3A-3B illustrate a valve assembly in a clos&te according to

an embodiment; and

[0027] FIGS. 4A-4B illustrate a valve assembly in a selosed or semi-open

state according to an embodiment.

DETAILED DESCRIPTION

[0028] A detailed description of one or more embodimeritshe disclosed
apparatus and method are presented herein by wagxaiplification and not

limitation with reference to the Figures.

[0029] Turning to FIG. 1, a valve assembly 100 for a fitgpression system
is disclosed. The valve assembly 100 may includahze armature 104 having a top
portion 106 and a bottom portion 108 spaced from tibp portion 106 along a
longitudinal axis 110. The bottom portion 108 miagiude an armature cavity 112.
The armature cavity 112 may include a cavity idl&8 for receiving fluid 119 (FIG.
2A) and a cavity outlet 120 proximate a bottom jportl21 of the cavity 120 for
delivering fluid. The fluid 119 may be fire suppsant fluid, such as water, which

may be delivered as mist.

[0030] A plunger 122 may be slidable along the longitutlapds 110 within
the armature cavity 112. The plunger 122 may ioalsle between a closed state and
an open state. In the closed state, the plung2inid®y be at a predetermined bottom
position in the armature cavity 112 that is proxientne cavity outlet 120 for fluidly
sealing the cavity outlet 120. This may be theestd the plunger when no fire is
being addressed by the system. In the open dtaeplunger 122 may be in a
predetermined top position in the cavity 120 tisadlistal the cavity outlet 120. This
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configuration may allow fluid to pass out of thevitg outlet to address and

extinguish a fire.

[0031] A monitoring system 128 may be operatively connédtethe valve
armature 104. The monitoring system 128 may amallst sense whether the
plunger 122 is longitudinally misaligned when tHanger 122 is in the closed state
and the open state. This monitoring may be peddrm situ, that is, without having
to disassemble the valve system. Such a systenmahmay for remotely and regularly
monitoring the health of the valve so that earlg ancurate detection of valve faults
may be achieved. In addition, invasive disassendflythe valves may only be
required for valves with identified faults rathéan for determining whether a fault

exists.

[0032] Turning now to FIGS. 2A-4B, the top portion 106 tife valve
armature 104 may fluidly isolate the monitoringteys 128 from the bottom portion
108 of the valve armature 104. That is, the caintythe valve armature may be
manufactured as a blind hole in the bottom side sblid material, and the monitoring
system 128 may be positioned on the top side osttid material. According to an
embodiment, the monitoring system 128 may includeultrasonic transducer 130
operatively connected to the top portion 106 of thve armature 104, and a pulse-
transmitting and echo-receiving circuit 132 opesii connected to the ultrasonic
transducer 130.

[0033] As illustrated in FIGS. 2A, 3A and 4A, the monitagisystem 128 may
transmit an ultrasonic pulse 134 into the valveattre 104 and receive a plurality of
ultrasonic echoes from the transmitted pulse. €hbboes may include a first
ultrasonic echo 135 from the ultrasonic pulse 1@4&dling through the top portion
106 of the valve armature 104. The echoes mayiatsade a second ultrasonic echo
136 from the ultrasonic pulse 134 traveling throtig fluid 119 in the cavity. Fluid
may be in the cavity when the valve is closed aueeting supplied to the valve from
a supply conduit 164 (FIG.1), discussed below.idrtnay be in the cavity when the

valve is open because the valve is fluidly conmgcthe supply conduit 164 with a



fluid exhaust passage 168, discussed below. Theescmay further include a third

ultrasonic echo 138 from the ultrasonic pulse X&84dling through the plunger 122.

[0034] With reference to FIGS. 1-4B the monitoring systeE®8 may include

a processing unit 140 operatively connected to ghkse-transmitting and echo-
receiving circuit 132 for measuring a pluralityasfoustic travel periods. The acoustic
travel periods may include a first acoustic traperiod having a duration of tl
measured between transmission of the ultrasonisepahd reception of the first
ultrasonic echo. The acoustic travel periods nmyude a second acoustic travel
period having a duration t2 measured between tresgmn of the ultrasonic pulse and
reception of the second ultrasonic echo. The dmotrawvel periods may include a
third acoustic travel period having a duration tasured between transmission of the
ultrasonic pulse and reception of the third ultrasecho. The monitoring system
128 may determine from the plurality of the trapetiods whether the plunger 122 is
longitudinally misaligned.

[0035] The monitoring system 122 may include an electraoiatrol unit 142
for controlling the monitoring system 128 to moniwwhether the plunger 122 is
longitudinally misaligned when the plunger 122 nsthe closed state and the open
state. With reference to FIGS. 2A, 2B, 4A and #Bgen the plunger 122 is in the
open state, the monitoring system 128 may deterntime plunger 122 is
longitudinally aligned by determining that the @llity of acoustic travel periods are
within a first predetermined tolerance indicative tbe plunger 122 being at the
predetermined top position in the cavity. On tkteeo hand, when the plunger 122 is
in the open state, the monitoring system 128 detersnthe plunger is longitudinally
misaligned by determining that the second acoustieel period is longer than the
first predetermined tolerance and indicative of filanger 122 being below the
predetermined top position in the cavity. Accefsatolerances indicative of good

health of the valve assembly may be measured immeters or the like.

[0036] The time t1 of reflection through the top portidntiee cavity will not

change because the top portion of the cavity isc@fly a solid and stationary



structure. Similarly, the difference between titBeand time t2, that is the different
between the echo reflection through the plungerthadiuid, will not change because
this time segment represents travel through thegaly which is also typically solid.

Thus if time t2 and time t3 both are outside of #ueeptable tolerance, while the
difference between time t3 and time t2 is withie thcceptable tolerance, then the
acoustic travel time is lengthen due to the trakmdugh the fluid. This is indicative

of the plunger being lower than the predetermirgg gosition for the closed state.
This may be considered a malfunction as the cordigon may result in unacceptable

leaking of fluid. Thus, the valve may be compraadisind should be changed.

[0037] With reference to FIGS. 3A-4B, when the plunger i2h the closed
state, the monitoring system 128 determines thegelul122 is longitudinally aligned
by determining that the plurality of acoustic treyeeriods are within a second
predetermined tolerance and indicative of the pduri®2 being at the predetermined
bottom position relative to the cavity. When thenger 122 is in the closed state, the
monitoring system 128 determines the plunger 12Bngitudinally misaligned by
determining that the second acoustic travel peii®dshorter than the second
predetermined tolerance and indicative of the pung22 being above the
predetermined bottom position. Here too, acceptablerances indicative of good

health of the valve assembly may be measured immaikrs or the like.

[0038] Similarly, if time t2 and time t3 both are outsidé the acceptable
tolerance, while the difference between time t3 &g t2 is within the acceptable
tolerance, then the acoustic travel time is shedetue to the travel through the fluid.
This is indicative of the plunger being higher thiha predetermined top position for
the closed state. This may be considered a mdlimas the configuration may
result in preventing a full flow from reaching aefi Thus, the valve may be

compromised and should be changed.

[0039] Turning back to FIG. 1 additional features of theigture of the valve
assembly will be addressed. The ultrasonic trazesdi30 is fixedly mounted at the

top portion 106 of the valve armature 104. Witls tbonfiguration, the ultrasonic



transducer 130 is fluidly separated from the catbigythe structure forming the top

portion of the valve armature.

[0040] A solenoid 148 is disposed within the cavity 113tve the plunger.
That is, the solenoid 148 is operatively connedtethe plunger 122 for sliding the
plunger 122 between the closed state and the o¢®. sIn addition, a solenoid
controller 149 is electronically connected to theeroid 148 for controlling operation
of the solenoid 148. Other forms of mechanicactical or magnetic drives for the
plunger are within the scope of the disclosures tb be appreciated that fault within
the system determined herein may be directly cabgetie drive mechanism for the

plunger.

[0041] An armature housing 150 is disclosed having a tofase 152 and a
bottom surface 154 spaced along the longitudinal Bk0. A channel 156 is disposed
in the armature housing 150. The channel 156 h&spaopening 158 at the top
surface 152 of the housing 150 and a bottom opett@gat the bottom surface 154 of
the housing 150. The valve armature 104 is fixeyposed within the channel 156.
In this configuration, the top portion 106 of thalwe armature 104 is proximate the
top surface 152 of the armature housing 150 andbétem portion 108 of the valve

armature 104 is proximate the bottom surface 154efarmature housing 150.

[0042] The armature housing 150 includes a fluid inlet iddZommunicating
fluid 119 from a supply conduit 164 that suppliesd to the valve armature 104. A
fluid exhaust housing 166 is fixedly connectedtte bottom surface of the housing
154 and fluidly connected to the cavity outlet iACthe valve armature 104. The
fluid exhaust housing 166 includes at least onesgges 168 for directing fluid away

from the cavity outlet 120.

[0043] In sum, disclosed is a system that is able to m@zegthe health of a
plunger valve without any contact with a contrajlimedium (liquid, gas). The term
“about” is intended to include the degree of eassociated with measurement of the

particular quantity based upon the equipment abiglat the time of filing the
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application. This solution may be retrofittedeisting fire suppressant systems as

would be appreciated by one of ordinary skill ia #ut.

[0044] The terminology used herein is for the purposeesfcdbing particular
embodiments only and is not intended to be limitoighe present disclosure. As

used herein, the singular forms “a”, “an” and “tte& intended to include the plural
forms as well, unless the context clearly indicabéiserwise. It will be further
understood that the terms “comprises” and/or “casnpy,” when used in this
specification, specify the presence of stated featuintegers, steps, operations,
elements, and/or components, but do not precluelgtbsence or addition of one or
more other features, integers, steps, operatidesjemt components, and/or groups

thereof.

[0045] While the present disclosure has been describdu neference to an
exemplary embodiment or embodiments, it will be enstbod by those skilled in the
art that various changes may be made and equisatesny be substituted for elements
thereof without departing from the scope of thespre disclosure. In addition, many
modifications may be made to adapt a particulaiasivn or material to the teachings
of the present disclosure without departing frone tbssential scope thereof.
Therefore, it is intended that the present disclswt be limited to the particular
embodiment disclosed as the best mode contempfatecarrying out this present
disclosure, but that the present disclosure wdlude all embodiments falling within

the scope of the claims.
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What is claimed is:

1. A valve assembly 100 for a fire suppression esystthe valve

assembly 100 comprising:

a valve armature 104 having a top portion 106 arabtom portion 108
spaced from the top portion 106 along a longitudaxés 110, the bottom portion 108
including an armature cavity 112, the armaturetgald 2 including a cavity inlet 118
for receiving fluid 119 and a cavity outlet 120 xiroate a bottom portion 121 of the

cavity 120 for delivering fluid,

a plunger 122 slidable along the longitudinal aki) within the armature
cavity 112, the plunger 122 slidable between aetlostate and an open state,
wherein: in the closed state the plunger 122 & ptedetermined bottom position in
the armature cavity 112 that is proximate the gawittlet 120 for fluidly sealing the
cavity outlet 120; and in the open state the pluri@? is in a predetermined top

position in the cavity 120 that is distal the cpwttlet 120, and

a monitoring system 128 operatively connected ¢ovtlve armature 104, the
monitoring system 128 acoustically sensing whethemlunger 122 is longitudinally

misaligned when the plunger 122 is in the closatesind the open state.

2. The assembly of claim 1 wherein:

the top portion 106 of the valve armature 104 fiuidolates the monitoring

system 128 from the bottom portion 108 of the vasumature 104, and

the monitoring system 128 includes an ultrasorangducer 130 operatively
connected to the top portion 106 of the valve auneal04, and a pulse-transmitting

and echo-receiving circuit 132 operatively connédtethe ultrasonic transducer 130.
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3. The assembly of claim 2, wherein:

the monitoring system 128 transmits an ultrasonilse 134 into the valve

armature 104 and receives a plurality of ultrasewitoes including:

a first ultrasonic echo 135 from the ultrasonicspull34 traveling
through the top portion 106 of the valve armatgé, 1

a second ultrasonic echo 136 from the ultrasonlsep@34 traveling
through the fluid 119, and

a third ultrasonic echo 138 from the ultrasonicspull34 traveling
through the plunger 122.

4, The assembly of claim 3 wherein the monitoripstesm 128 includes:

a processing unit 140 operatively connected to pghkse-transmitting and
echo-receiving circuit 132 for measuring a pluyaliaf acoustic travel periods

including:

a first acoustic travel period between transmissbrihe ultrasonic

pulse and reception of the first ultrasonic echo,

a second acoustic travel period between transmissidhe ultrasonic
pulse and reception of the second ultrasonic e,

a third acoustic travel period between transmissibthe ultrasonic
pulse and reception of the third ultrasonic ecimal, a

determining from the plurality of the travel persodvhether the

plunger 122 is longitudinally misaligned.
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5. The assembly of claim 4 wherein the monitoriggtesm 128 includes
an electronic control unit 142 for controlling thenitoring system 128 to monitor
whether the plunger 122 is longitudinally misalignghen the plunger 122 is in the
closed state and the open state.

6. The assembly of claim 5 wherein when the pluiger the open state,

the monitoring system 128 determines the plung@rid Bngitudinally aligned by:

determining that the plurality of acoustic travedripds are within a first
predetermined tolerance indicative of the plung&t heing at the predetermined top
position.

7. The assembly of claim 6 wherein when the pluri@® is in the open
state, the monitoring system 128 determines thegeluis longitudinally misaligned
by:

determining that the second acoustic travel pergodonger than the first
predetermined tolerance and indicative of the pdund22 being below the

predetermined top position.

8. The assembly of claim 5 wherein when the pludgis in the closed

state, the monitoring system 128 determines thegelu122 is longitudinally aligned
by:

determining that the plurality of acoustic traveripds are within a second
predetermined tolerance indicative of the plung2? being at the predetermined
bottom position.

9. The assembly of claim 8 wherein when the pluriggris in the closed
state, the monitoring system 128 determines thengelu 122 is longitudinally

misaligned by:

14



determining that the second acoustic travel peisoshorter than the second
predetermined tolerance and indicative of the pdund22 being above the

predetermined bottom position.

10. The assembly of claim 5 wherein the ultrasamémsducer 130 is

fixedly mounted at the top portion 106 of the vatwrenature 104.

11. The assembly of claim 10 further comprising:

a solenoid 148 disposed within the cavity 112, Hdwdenoid 148 being
operatively connected to the plunger 122 for s@idthe plunger 122 between the
closed state and the open state, and a solencitblien149 electronically connected

to the solenoid 148 for controlling operation of $olenoid 148.

12. The assembly of claim 11 further comprising:

an armature housing 150 having a top surface 182aamottom surface 154

spaced along the longitudinal axis 110,

a channel 156 disposed in the armature housingth®@hannel 156 having: a
top opening 158 at the top surface 152 of the mgu$b0; and a bottom opening 160
at the bottom surface 154 of the housing 150,

wherein the valve armature 104 is fixedly dispos#tiin the channel 156, the
top portion 106 of the valve armature 104 is pradenthe top surface 152 of the
armature housing 150, and the bottom portion 108hef valve armature 104 is

proximate the bottom surface 154 of the armaturesimg 150.

13. The assembly of claim 12 wherein the armatoresimg 150 includes:
a fluid inlet 162 for communicating fluid 119 froensupply conduit 164 that supplies
fluid 119 to the valve armature 104.
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14. The assembly of claim 13 including a fluid ex$tahousing 166
fixedly connected to the bottom surface of the 454 and fluidly connected to
the cavity outlet 120 in the valve armature 104,fthid exhaust housing 166 includes

at least one passage 168 for directing fluid awamfthe cavity outlet 120.

15. A method of testing longitudinal alignment ofplinger in a valve

assembly for a fire suppression system, the metbaogprising:

transmitting an ultrasonic pulse 134 into a valieature 104 and sequentially

receiving a plurality of ultrasonic echoes incluglin

a first ultrasonic echo 134 from interaction betwdbe ultrasonic

pulse 134 and a top portion 106 of the valve arneat04,

a second ultrasonic echo 136 from interaction betwde ultrasonic
pulse 134 and fluid 119 within a bottom portion 18f8the valve armature,
and

a third ultrasonic echo 138 from interaction betwdbe ultrasonic

pulse 134 and a plunger 114 within the bottom partf the valve armature.

16. The method of claim 15 comprising measurinduaafity of acoustic

travel periods including:

a first acoustic travel period between transmissbrihe ultrasonic

pulse and reception of the first ultrasonic echo,

a second acoustic travel period between transmissidhe ultrasonic

pulse and reception of the second ultrasonic e,

a third acoustic travel period between transmissibthe ultrasonic

pulse and reception of the third ultrasonic ecimal, a

16



determining from the plurality of the travel persodvhether the
plunger 122 is longitudinally misaligned.

17. The method of claim 16 wherein when the plung@n the open state,

the method comprises determining the plunger igitadinally aligned by:

determining that the plurality of acoustic travedripds are within a first
predetermined tolerance indicative of the plund&® fieing at the predetermined top

position.

18. The method of claim 17 wherein when the plung@n the open state,

the method comprises determining the plunger igitadinally misaligned by:

determining that the second acoustic travel pergodonger than the first
predetermined tolerance and indicative of the phurigeing below the predetermined
top position.

19. The method of claim 16 wherein when the plurigein the closed
state, the method includes determining the plurgglengitudinally aligned by:

determining that the plurality of acoustic trave@ripds are within a second
predetermined tolerance indicative of the plung22 being at the predetermined

bottom position.

20. The method of claim 19 wherein when the plurigein the closed

state, the method includes determining the plurgglengitudinally misaligned by:

determining that the second acoustic travel peisoshorter than the second
predetermined tolerance and indicative of the pdurizeing above the predetermined
top position.
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