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VALVE ASSEMBLY 

BACKGROUND 

[0001] Exemplary embodiments pertain to the art of fire suppression systems 

and more specifically to a valve assembly for a fire suppression system. 

[0002] Fire suppression systems may rely on plunger valves, such as solenoid 

controlled plunger valves, for delivering fire suppressant fluid in an emergency.  

Maintaining the health of the electrical and mechanical components of these valves 

assures proper operation.  Testing of the components may require partial disassembly, 

which may be time consuming and costly.  Accordingly, nonintrusive testing of the 

solenoid valves is preferred. 

BRIEF DESCRIPTION 

[0003] Disclosed is a valve assembly for a fire suppression system, the valve 

assembly comprising: a valve armature having a top portion and a bottom portion 

spaced from the top portion along a longitudinal axis, the bottom portion including an 

armature cavity, the armature cavity including a cavity inlet for receiving fluid and a 

cavity outlet proximate a bottom portion of the cavity for delivering fluid, a plunger 

slidable along the longitudinal axis within the armature cavity, the plunger slidable 

between a closed state and an open state, wherein: in the closed state the plunger is at 

a predetermined bottom position in the armature cavity that is proximate the cavity 

outlet for fluidly sealing the cavity outlet; and in the open state the plunger is in a 

predetermined top position in the cavity that is distal the cavity outlet, and a 

monitoring system operatively connected to the valve armature, the monitoring 

system acoustically sensing whether the plunger is longitudinally misaligned when the 

plunger is in the closed state and the open state. 

[0004] In addition to one or more of the above disclosed features, or as an 

alternative, the top portion of the valve armature fluidly isolates the monitoring 

system from the bottom portion of the valve armature, and the monitoring system 
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includes an ultrasonic transducer operatively connected to the top portion of the valve 

armature, and a pulse-transmitting and echo-receiving circuit operatively connected to 

the ultrasonic transducer. 

[0005] In addition to one or more of the above disclosed features, or as an 

alternative, the monitoring system transmits an ultrasonic pulse into the valve 

armature and receives a plurality of ultrasonic echoes including: a first ultrasonic echo 

from the ultrasonic pulse traveling through the top portion of the valve armature, a 

second ultrasonic echo from the ultrasonic pulse traveling through the fluid, and a 

third ultrasonic echo from the ultrasonic pulse traveling through the plunger. 

[0006] In addition to one or more of the above disclosed features, or as an 

alternative, the monitoring system includes: a processing unit operatively connected 

to the pulse-transmitting and echo-receiving circuit for measuring a plurality of 

acoustic travel periods including: a first acoustic travel period between transmission 

of the ultrasonic pulse and reception of the first ultrasonic echo, a second acoustic 

travel period between transmission of the ultrasonic pulse and reception of the second 

ultrasonic echo, and a third acoustic travel period between transmission of the 

ultrasonic pulse and reception of the third ultrasonic echo, and determining from the 

plurality of the travel periods whether the plunger is longitudinally misaligned. 

[0007] In addition to one or more of the above disclosed features, or as an 

alternative, the monitoring system includes an electronic control unit for controlling 

the monitoring system to monitor whether the plunger is longitudinally misaligned 

when the plunger is in the closed state and the open state. 

[0008] In addition to one or more of the above disclosed features, or as an 

alternative, when the plunger is in the open state, the monitoring system determines 

the plunger is longitudinally aligned by: determining that the plurality of acoustic 

travel periods are within a first predetermined tolerance indicative of the plunger 

being at the predetermined top position. 
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[0009] In addition to one or more of the above disclosed features, or as an 

alternative, when the plunger is in the open state, the monitoring system determines 

the plunger is longitudinally misaligned by: determining that the second acoustic 

travel period is longer than the first predetermined tolerance and indicative of the 

plunger being below the predetermined top position.  

[0010] In addition to one or more of the above disclosed features, or as an 

alternative, when the plunger is in the closed state, the monitoring system determines 

the plunger is longitudinally aligned by: determining that the plurality of acoustic 

travel periods are within a second predetermined tolerance indicative of the plunger 

being at the predetermined bottom position. 

[0011] In addition to one or more of the above disclosed features, or as an 

alternative, when the plunger is in the closed state, the monitoring system determines 

the plunger is longitudinally misaligned by: determining that the second acoustic 

travel period is shorter than the second predetermined tolerance and indicative of the 

plunger being above the predetermined bottom position.  

[0012] In addition to one or more of the above disclosed features, or as an 

alternative, the ultrasonic transducer is fixedly mounted at the top portion of the valve 

armature. 

[0013] In addition to one or more of the above disclosed features, or as an 

alternative, the assembly further comprises: a solenoid disposed within the cavity, the 

solenoid being operatively connected to the plunger for sliding the plunger between 

the closed state and the open state, and a solenoid controller electronically connected 

to the solenoid for controlling operation of the solenoid. 

[0014] In addition to one or more of the above disclosed features, or as an 

alternative, the assembly further comprises: an armature housing having a top surface 

and a bottom surface spaced along the longitudinal axis, a channel disposed in the 

armature housing, the channel having: a top opening at the top surface of the housing; 
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and a bottom opening at the bottom surface of the housing, wherein the valve 

armature is fixedly disposed within the channel, the top portion of the valve armature 

is proximate the top surface of the armature housing, and the bottom portion of the 

valve armature is proximate the bottom surface of the armature housing. 

[0015] In addition to one or more of the above disclosed features, or as an 

alternative, the armature housing includes: a fluid inlet for communicating fluid from 

a supply conduit that supplies fluid to the valve armature. 

[0016] In addition to one or more of the above disclosed features, or as an 

alternative, the assembly includes a fluid exhaust housing fixedly connected to the 

bottom surface of the housing and fluidly connected to the cavity outlet in the valve 

armature, the fluid exhaust housing includes at least one passage for directing fluid 

away from the cavity outlet. 

[0017] Further disclosed is a method of testing longitudinal alignment of a 

plunger in a valve assembly for a fire suppression system, the method comprising: 

transmitting an ultrasonic pulse into a valve armature and sequentially receiving a 

plurality of ultrasonic echoes including: a first ultrasonic echo from interaction 

between the ultrasonic pulse and a top portion of the valve armature, a second 

ultrasonic echo from interaction between the ultrasonic pulse and fluid within a 

bottom portion of the valve armature, and a third ultrasonic echo from interaction 

between the ultrasonic pulse and a plunger within the bottom portion of the valve 

armature. 

[0018] In addition to one or more of the above disclosed features, or as an 

alternative, the method comprises measuring a plurality of acoustic travel periods 

including: a first acoustic travel period between transmission of the ultrasonic pulse 

and reception of the first ultrasonic echo, a second acoustic travel period between 

transmission of the ultrasonic pulse and reception of the second ultrasonic echo, and a 

third acoustic travel period between transmission of the ultrasonic pulse and reception 
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of the third ultrasonic echo, and determining from the plurality of the travel periods 

whether the plunger is longitudinally misaligned. 

[0019] In addition to one or more of the above disclosed features, or as an 

alternative, when the plunger is in the open state, the method comprises of 

determining the plunger is longitudinally aligned by: determining that the plurality of 

acoustic travel periods are within a first predetermined tolerance indicative of the 

plunger being at the predetermined top position. 

[0020] In addition to one or more of the above disclosed features, or as an 

alternative, when the plunger is in the open state, the method comprises determining 

the plunger is longitudinally misaligned by: determining that the second acoustic 

travel period is longer than the first predetermined tolerance and indicative of the 

plunger being below the predetermined top position.  

[0021] In addition to one or more of the above disclosed features, or as an 

alternative, when the plunger is in the closed state, the method includes determining 

the plunger is longitudinally aligned by: determining that the plurality of acoustic 

travel periods are within a second predetermined tolerance indicative of the plunger 

being at the predetermined bottom position. 

[0022] In addition to one or more of the above disclosed features, or as an 

alternative, when the plunger is in the closed state, the method includes determining 

the plunger is longitudinally misaligned by: determining that the second acoustic 

travel period is shorter than the second predetermined tolerance and indicative of the 

plunger being above the predetermined top position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The following descriptions should not be considered limiting in any 

way.  With reference to the accompanying drawings, like elements are numbered 

alike: 
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[0024] FIG. 1 illustrates a valve assembly according to an embodiment; 

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

an embodiment;  

[0026] FIGS. 3A-3B illustrate a valve assembly in a closed state according to 

an embodiment; and 

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

state according to an embodiment.  

DETAILED DESCRIPTION 

[0028] A detailed description of one or more embodiments of the disclosed 

apparatus and method are presented herein by way of exemplification and not 

limitation with reference to the Figures. 

[0029] Turning to FIG. 1, a valve assembly 100 for a fire suppression system 

is disclosed.  The valve assembly 100 may include a valve armature 104 having a top 

portion 106 and a bottom portion 108 spaced from the top portion 106 along a 

longitudinal axis 110.  The bottom portion 108 may include an armature cavity 112.  

The armature cavity 112 may include a cavity inlet 118 for receiving fluid 119 (FIG. 

2A) and a cavity outlet 120 proximate a bottom portion 121 of the cavity 120 for 

delivering fluid.  The fluid 119 may be fire suppressant fluid, such as water, which 

may be delivered as mist.  

[0030] A plunger 122 may be slidable along the longitudinal axis 110 within 

the armature cavity 112.  The plunger 122 may be slidable between a closed state and 

an open state.  In the closed state, the plunger 122 may be at a predetermined bottom 

position in the armature cavity 112 that is proximate the cavity outlet 120 for fluidly 

sealing the cavity outlet 120.  This may be the state of the plunger when no fire is 

being addressed by the system.  In the open state, the plunger 122 may be in a 

predetermined top position in the cavity 120 that is distal the cavity outlet 120.  This 
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configuration may allow fluid to pass out of the cavity outlet to address and 

extinguish a fire. 

[0031] A monitoring system 128 may be operatively connected to the valve 

armature 104.  The monitoring system 128 may acoustically sense whether the 

plunger 122 is longitudinally misaligned when the plunger 122 is in the closed state 

and the open state.  This monitoring may be performed in situ, that is, without having 

to disassemble the valve system.  Such a system may allow for remotely and regularly 

monitoring the health of the valve so that early and accurate detection of valve faults 

may be achieved.  In addition, invasive disassembly of the valves may only be 

required for valves with identified faults rather than for determining whether a fault 

exists.    

[0032] Turning now to FIGS. 2A-4B, the top portion 106 of the valve 

armature 104 may fluidly isolate the monitoring system 128 from the bottom portion 

108 of the valve armature 104. That is, the cavity in the valve armature may be 

manufactured as a blind hole in the bottom side of a solid material, and the monitoring 

system 128 may be positioned on the top side of the solid material.  According to an 

embodiment, the monitoring system 128 may include an ultrasonic transducer 130 

operatively connected to the top portion 106 of the valve armature 104, and a pulse-

transmitting and echo-receiving circuit 132 operatively connected to the ultrasonic 

transducer 130. 

[0033] As illustrated in FIGS. 2A, 3A and 4A, the monitoring system 128 may 

transmit an ultrasonic pulse 134 into the valve armature 104 and receive a plurality of 

ultrasonic echoes from the transmitted pulse.  The echoes may include a first 

ultrasonic echo 135 from the ultrasonic pulse 134 traveling through the top portion 

106 of the valve armature 104.  The echoes may also include a second ultrasonic echo 

136 from the ultrasonic pulse 134 traveling through the fluid 119 in the cavity.  Fluid 

may be in the cavity when the valve is closed due to being supplied to the valve from 

a supply conduit 164 (FIG.1), discussed below.  Fluid may be in the cavity when the 

valve is open because the valve is fluidly connecting the supply conduit 164 with a 
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fluid exhaust passage 168, discussed below.  The echoes may further include a third 

ultrasonic echo 138 from the ultrasonic pulse 134 traveling through the plunger 122.   

[0034] With reference to FIGS. 1-4B the monitoring system 128 may include 

a processing unit 140 operatively connected to the pulse-transmitting and echo-

receiving circuit 132 for measuring a plurality of acoustic travel periods.  The acoustic 

travel periods may include a first acoustic travel period having a duration of t1 

measured between transmission of the ultrasonic pulse and reception of the first 

ultrasonic echo.  The acoustic travel periods may include a second acoustic travel 

period having a duration t2 measured between transmission of the ultrasonic pulse and 

reception of the second ultrasonic echo.  The acoustic travel periods may include a 

third acoustic travel period having a duration t3 measured between transmission of the 

ultrasonic pulse and reception of the third ultrasonic echo.  The monitoring system 

128 may determine from the plurality of the travel periods whether the plunger 122 is 

longitudinally misaligned. 

[0035] The monitoring system 122 may include an electronic control unit 142 

for controlling the monitoring system 128 to monitor whether the plunger 122 is 

longitudinally misaligned when the plunger 122 is in the closed state and the open 

state.  With reference to FIGS. 2A, 2B, 4A and 4B, when the plunger 122 is in the 

open state, the monitoring system 128 may determine the plunger 122 is 

longitudinally aligned by determining that the plurality of acoustic travel periods are 

within a first predetermined tolerance indicative of the plunger 122 being at the 

predetermined top position in the cavity.  On the other hand, when the plunger 122 is 

in the open state, the monitoring system 128 determines the plunger is longitudinally 

misaligned by determining that the second acoustic travel period is longer than the 

first predetermined tolerance and indicative of the plunger 122 being below the 

predetermined top position in the cavity.  Acceptable tolerances indicative of good 

health of the valve assembly may be measured in millimeters or the like.   

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

change because the top portion of the cavity is typically a solid and stationary 



 9

structure.  Similarly, the difference between time t3 and time t2, that is the different 

between the echo reflection through the plunger and the fluid, will not change because 

this time segment represents travel through the plunger, which is also typically solid.  

Thus if time t2 and time t3 both are outside of the acceptable tolerance, while the 

difference between time t3 and time t2 is within the acceptable tolerance, then the 

acoustic travel time is lengthen due to the travel through the fluid.  This is indicative 

of the plunger being lower than the predetermined top position for the closed state.  

This may be considered a malfunction as the configuration may result in unacceptable 

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

[0037] With reference to FIGS. 3A-4B, when the plunger 122 is in the closed 

state, the monitoring system 128 determines the plunger 122 is longitudinally aligned 

by determining that the plurality of acoustic travel periods are within a second 

predetermined tolerance and indicative of the plunger 122 being at the predetermined 

bottom position relative to the cavity.  When the plunger 122 is in the closed state, the 

monitoring system 128 determines the plunger 122 is longitudinally misaligned by 

determining that the second acoustic travel period is shorter than the second 

predetermined tolerance and indicative of the plunger 122 being above the 

predetermined bottom position.  Here too, acceptable tolerances indicative of good 

health of the valve assembly may be measured in millimeters or the like.   

[0038] Similarly, if time t2 and time t3 both are outside of the acceptable 

tolerance, while the difference between time t3 and time t2 is within the acceptable 

tolerance, then the acoustic travel time is shortened due to the travel through the fluid.  

This is indicative of the plunger being higher than the predetermined top position for 

the closed state.  This may be considered a malfunction as the configuration may 

result in preventing a full flow from reaching a fire.  Thus, the valve may be 

compromised and should be changed. 

[0039] Turning back to FIG. 1 additional features of the structure of the valve 

assembly will be addressed.  The ultrasonic transducer 130 is fixedly mounted at the 

top portion 106 of the valve armature 104.  With this configuration, the ultrasonic 
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transducer 130 is fluidly separated from the cavity by the structure forming the top 

portion of the valve armature.   

[0040] A solenoid 148 is disposed within the cavity 112 to drive the plunger.  

That is, the solenoid 148 is operatively connected to the plunger 122 for sliding the 

plunger 122 between the closed state and the open state.  In addition, a solenoid 

controller 149 is electronically connected to the solenoid 148 for controlling operation 

of the solenoid 148.  Other forms of mechanical, electrical or magnetic drives for the 

plunger are within the scope of the disclosure.  It is to be appreciated that fault within 

the system determined herein may be directly caused by the drive mechanism for the 

plunger. 

[0041] An armature housing 150 is disclosed having a top surface 152 and a 

bottom surface 154 spaced along the longitudinal axis 110.  A channel 156 is disposed 

in the armature housing 150.  The channel 156 has a top opening 158 at the top 

surface 152 of the housing 150 and a bottom opening 160 at the bottom surface 154 of 

the housing 150.  The valve armature 104 is fixedly disposed within the channel 156.  

In this configuration, the top portion 106 of the valve armature 104 is proximate the 

top surface 152 of the armature housing 150 and the bottom portion 108 of the valve 

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

[0042] The armature housing 150 includes a fluid inlet 162 for communicating 

fluid 119 from a supply conduit 164 that supplies fluid to the valve armature 104.  A 

fluid exhaust housing 166 is fixedly connected to the bottom surface of the housing 

154 and fluidly connected to the cavity outlet 120 in the valve armature 104.  The 

fluid exhaust housing 166 includes at least one passage 168 for directing fluid away 

from the cavity outlet 120. 

[0043] In sum, disclosed is a system that is able to recognize the health of a 

plunger valve without any contact with a controlling medium (liquid, gas).  The term 

“about” is intended to include the degree of error associated with measurement of the 

particular quantity based upon the equipment available at the time of filing the 



 11

application.   This solution may be retrofitted to existing fire suppressant systems as 

would be appreciated by one of ordinary skill in the art. 

[0044] The terminology used herein is for the purpose of describing particular 

embodiments only and is not intended to be limiting of the present disclosure.  As 

used herein, the singular forms “a”, “an” and “the” are intended to include the plural 

forms as well, unless the context clearly indicates otherwise.  It will be further 

understood that the terms “comprises” and/or “comprising,” when used in this 

specification, specify the presence of stated features, integers, steps, operations, 

elements, and/or components, but do not preclude the presence or addition of one or 

more other features, integers, steps, operations, element components, and/or groups 

thereof. 

[0045] While the present disclosure has been described with reference to an 

exemplary embodiment or embodiments, it will be understood by those skilled in the 

art that various changes may be made and equivalents may be substituted for elements 

thereof without departing from the scope of the present disclosure.  In addition, many 

modifications may be made to adapt a particular situation or material to the teachings 

of the present disclosure without departing from the essential scope thereof.  

Therefore, it is intended that the present disclosure not be limited to the particular 

embodiment disclosed as the best mode contemplated for carrying out this present 

disclosure, but that the present disclosure will include 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 system, the valve 

assembly 100 comprising: 

a valve armature 104 having a top portion 106 and a bottom portion 108 

spaced from the top portion 106 along a longitudinal axis 110, the bottom portion 108 

including an armature cavity 112, the armature cavity 112 including a cavity inlet 118 

for receiving fluid 119 and a cavity outlet 120 proximate a bottom portion 121 of the 

cavity 120 for delivering fluid,  

a plunger 122 slidable along the longitudinal axis 110 within the armature 

cavity 112, the plunger 122 slidable between a closed state and an open state, 

wherein: in the closed state the plunger 122 is at a predetermined bottom position in 

the armature cavity 112 that is proximate the cavity outlet 120 for fluidly sealing the 

cavity outlet 120; and in the open state the plunger 122 is in a predetermined top 

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

a monitoring system 128 operatively connected to the valve armature 104, the 

monitoring system 128 acoustically sensing whether the plunger 122 is longitudinally 

misaligned when the plunger 122 is in the closed state and the open state. 

2. The assembly of claim 1 wherein:  

the top portion 106 of the valve armature 104 fluidly isolates the monitoring 

system 128 from the bottom portion 108 of the valve armature 104, and  

the monitoring system 128 includes an ultrasonic transducer 130 operatively 

connected to the top portion 106 of the valve armature 104, and a pulse-transmitting 

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

the monitoring system 128 transmits an ultrasonic pulse 134 into the valve 

armature 104 and receives a plurality of ultrasonic echoes including:  

a first ultrasonic echo 135 from the ultrasonic pulse 134 traveling 

through the top portion 106 of the valve armature 104, 

a second ultrasonic echo 136 from the ultrasonic pulse 134 traveling 

through the fluid 119, and 

a third ultrasonic echo 138 from the ultrasonic pulse 134 traveling 

through the plunger 122. 

4. The assembly of claim 3 wherein the monitoring system 128 includes:  

a processing unit 140 operatively connected to the pulse-transmitting and 

echo-receiving circuit 132 for measuring a plurality of acoustic travel periods 

including:  

a first acoustic travel period between transmission of the ultrasonic 

pulse and reception of the first ultrasonic echo,  

a second acoustic travel period between transmission of the ultrasonic 

pulse and reception of the second ultrasonic echo, and  

a third acoustic travel period between transmission of the ultrasonic 

pulse and reception of the third ultrasonic echo, and  

determining from the plurality of the travel periods whether the 

plunger 122 is longitudinally misaligned. 
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5. The assembly of claim 4 wherein the monitoring system 128 includes 

an electronic control unit 142 for controlling the monitoring system 128 to monitor 

whether the plunger 122 is longitudinally misaligned when the plunger 122 is in the 

closed state and the open state. 

6. The assembly of claim 5 wherein when the plunger is in the open state, 

the monitoring system 128 determines the plunger 122 is longitudinally aligned by: 

determining that the plurality of acoustic travel periods are within a first 

predetermined tolerance indicative of the plunger 122 being at the predetermined top 

position. 

7. The assembly of claim 6 wherein when the plunger 122 is in the open 

state, the monitoring system 128 determines the plunger is longitudinally misaligned 

by: 

determining that the second acoustic travel period is longer than the first 

predetermined tolerance and indicative of the plunger 122 being below the 

predetermined top position.  

8. The assembly of claim 5 wherein when the plunger 122 is in the closed 

state, the monitoring system 128 determines the plunger 122 is longitudinally aligned 

by: 

determining that the plurality of acoustic travel periods are within a second 

predetermined tolerance indicative of the plunger 122 being at the predetermined 

bottom position. 

9. The assembly of claim 8 wherein when the plunger 122 is in the closed 

state, the monitoring system 128 determines the plunger 122 is longitudinally 

misaligned by: 
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determining that the second acoustic travel period is shorter than the second 

predetermined tolerance and indicative of the plunger 122 being above the 

predetermined bottom position.  

10. The assembly of claim 5 wherein the ultrasonic transducer 130 is 

fixedly mounted at the top portion 106 of the valve armature 104. 

 

11. The assembly of claim 10 further comprising: 

a solenoid 148 disposed within the cavity 112, the solenoid 148 being 

operatively connected to the plunger 122 for sliding the plunger 122 between the 

closed state and the open state, and a solenoid controller 149 electronically connected 

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

12. The assembly of claim 11 further comprising: 

an armature housing 150 having a top surface 152 and a bottom surface 154 

spaced along the longitudinal axis 110, 

a channel 156 disposed in the armature housing 150, the channel 156 having: a 

top opening 158 at the top surface 152 of the housing 150; and a bottom opening 160 

at the bottom surface 154 of the housing 150,  

wherein the valve armature 104 is fixedly disposed within the channel 156, the 

top portion 106 of the valve armature 104 is proximate the top surface 152 of the 

armature housing 150, and the bottom portion 108 of the valve armature 104 is 

proximate the bottom surface 154 of the armature housing 150. 

13. The assembly of claim 12 wherein the armature housing 150 includes: 

a fluid inlet 162 for communicating fluid 119 from a supply conduit 164 that supplies 

fluid 119 to the valve armature 104. 
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14. The assembly of claim 13 including a fluid exhaust housing 166 

fixedly connected to the bottom surface of the housing 154 and fluidly connected to 

the cavity outlet 120 in the valve armature 104, the fluid exhaust housing 166 includes 

at least one passage 168 for directing fluid away from the cavity outlet 120. 

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

assembly for a fire suppression system, the method comprising: 

transmitting an ultrasonic pulse 134 into a valve armature 104 and sequentially 

receiving a plurality of ultrasonic echoes including:  

a first ultrasonic echo 134 from interaction between the ultrasonic 

pulse 134 and a top portion 106 of the valve armature 104, 

a second ultrasonic echo 136 from interaction between the ultrasonic 

pulse 134 and fluid 119 within a bottom portion 108 of the valve armature, 

and 

a third ultrasonic echo 138 from interaction between the ultrasonic 

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

16. The method of claim 15 comprising measuring a plurality of acoustic 

travel periods including:  

a first acoustic travel period between transmission of the ultrasonic 

pulse and reception of the first ultrasonic echo,  

a second acoustic travel period between transmission of the ultrasonic 

pulse and reception of the second ultrasonic echo, and  

a third acoustic travel period between transmission of the ultrasonic 

pulse and reception of the third ultrasonic echo, and  
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determining from the plurality of the travel periods whether the 

plunger 122 is longitudinally misaligned. 

17. The method of claim 16 wherein when the plunger is in the open state, 

the method comprises determining the plunger is longitudinally aligned by: 

determining that the plurality of acoustic travel periods are within a first 

predetermined tolerance indicative of the plunger 122 being at the predetermined top 

position. 

18. The method of claim 17 wherein when the plunger is in the open state, 

the method comprises determining the plunger is longitudinally misaligned by: 

determining that the second acoustic travel period is longer than the first 

predetermined tolerance and indicative of the plunger being below the predetermined 

top position.  

19. The method of claim 16 wherein when the plunger is in the closed 

state, the method includes determining the plunger is longitudinally aligned by: 

determining that the plurality of acoustic travel periods are within a second 

predetermined tolerance indicative of the plunger 122 being at the predetermined 

bottom position. 

20. The method of claim 19 wherein when the plunger is in the closed 

state, the method includes determining the plunger is longitudinally misaligned by: 

determining that the second acoustic travel period is shorter than the second 

predetermined tolerance and indicative of the plunger being above the predetermined 

top position.  


