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SYSTEM FOR CONTROLLING 
ELECTORMAGNETIC ACTUATORS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. The present application is a continuation of com 
monly assigned copending U.S. Patent Application Ser. No. 
09/514,491, which was filed on Feb. 29, 2000, by Parsons et 
al. for a Reduced-Energy-Consumption Actuator and is 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention is directed to electromag 
netic actuators and in particular to the Systems that control 
them. 

0004 2. Background Information 
0005 For many automatic flow-control installations, 
Such as automatic toilet and urinal flushers, one particularly 
Stringent design requirement is that the System consume as 
little power as possible. The reason for this varies from case 
to case, but it is typically that the circuitry and other 
apparatus required to make the flusher's operation automatic 
are quite frequently provided on a retrofit basis. That is, 
manual flushers are being converted to automatic operation. 
Unless the retrofit unit can be battery-operated or otherwise 
Self-contained, the installation process is quite expensive, 
typically requiring that walls be opened to provide the 
necessary wiring. That expense can be avoided if the auto 
matic System is battery-operated, but a battery-operated 
System's acceptability depends greatly on battery life. A 
Significant determinant of the battery's longevity is the 
energy that valve actuation consumes. 

SUMMARY OF THE INVENTION 

0006 The present invention achieves this result by reduc 
ing the energy waste that usually occurs in driving the 
actuator's armature. The approach employed by the inven 
tion involves determining when the armature has reached the 
end of its travel by taking advantage of the Sound that the 
armature makes when it reaches that point. When that point 
is detected, the coil drive is changed, typically to a level that 
is adequate to hold the armature at its end point but less than 
needed to move the armature to the end point with accept 
able Speed. This can reduce energy consumption greatly and 
result in a significant battery-longevity increase. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007. The invention description below refers to the 
accompanying drawings, of which: 
0008 FIG. 1 is a cross-sectional view of a latching valve 
on which a piezoelectric transducer has been mounted; and 
0009 FIG. 2 is a block diagram of a control system for 
the valve's actuator. 

DETAILED DESCRIPTION OF AN 
ILLUSTRATIVE EMBODIMENT 

0010 FIG. 1 shows in cross section a valve system 10 
that includes a valve actuator. The actuator includes a coil 12 
wound on a bobbin 14 mounted in an actuator housing 16. 
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In the illustrated position, the coil is being driven to hold an 
armature 22 in an upper position against the force that a 
return Spring 24 exerts on a shoulder 26 formed near the 
armature's lower end. In the FIG. 1 position, a resilient 
valve member 28 at the bottom of the armature is spaced 
from a valve seat 30 formed about a valve inlet 32. Fluid can 
therefore flow through inlet 32 and an annular cavity 34 to 
the valve's outlet 36. 

0011. A drive voltage applied to the coil 12 through 
terminals 37 and 38 is what causes the current flow that 
holds the armature in the illustrated, open position. Terminal 
38 is in ohmic contact with the conductive housing 16, 
which a contact Spring 39 in turn connects to one end of the 
coil 12. Alead 40 connects the coil 12's other end to terminal 
37, and a non-conducting bushing 41 insulates terminal 37 
from the housing 16. 

0012 To close the valve, the drive voltage is removed, 
and the return spring 24 urges the valve member 28 onto the 
Valve Seat 30. To open it again, the drive is re-applied. 
According to the present invention, though, the coil is driven 
in a different mode to open the valve initially than to hold it 
open once it reaches the illustrated end position. The drive 
level applied to Such actuators is usually Selected to insure 
that the resultant force can overcome Static friction and 
cause the change from the closed to open States to be 
acceptably brief. But in most cases that drive level is much 
greater than is needed to keep the valve open. 

0013 So keeping the same drive level whenever the 
valve is to be open is a waste of battery energy; the drive can 
be reduced after the open state has been reached. But there 
would still be waste even if a drive reduction were, Say, 
made a predetermined length of time after valve drive is 
initially applied. Since the time required for the valve to 
reach the desired State can vary widely, use of a high-drive 
duration that is predetermined would require that the dura 
tion be relatively long so that it will be adequate for 
Worst-case conditions. Since most actuations are not per 
formed under worst-case circumstances, though, the high 
level coil drive would typically continue for some time after 
the valve reaches its stable position. 
0014) To reduce the resultant energy waste, a system that 
employs the present invention monitors the armature to 
determine whether the armature has reached its endpoint, 
and it stops applying coil drive when that occurs. To this end, 
it takes advantage of the Sound that the armature makes 
when it reaches the end of its travel. 

0015 We use the term sound here in the broad sense of 
a preSSure or Strain wave. In most embodiments, moreover, 
the predominant frequency components of the "Sound” are 
typically above the audible range. The illustrated embodi 
ment's Sensor is a piezoelectric transducer 44 that responds 
to vibrations in the housing wall. The piezoelectric element 
44's size and shape have typically been So chosen as to 
maximize its response to the predominant frequency com 
ponents, and it normally is mounted in a location where the 
Sounds to be detected are greatest in amplitude or most 
distinguishable from noise. 

0016 A terminal 46 provides electrical communication to 
one of the transducer 44's electrodes through a contact 
Spring 48 that a plastic cap 49 Secured to the housing holds 
in place. The transducer 44's other electrode can Share 
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terminal 38 with the coil because the transducer is secured 
to the housing 16 by conductive bonding between the 
housing and that electrode. 
0017 AS FIG. 2 shows, a control circuit for the valve 
includes a sensor amplifier and envelope detector 50, which 
receives the transducer output. The amplifier and envelope 
detector 50 includes an amplifier tuned to the expected 
Sound's predominant (typically ultraSonic-range) frequency 
components, rectifies the resultant filtered Signal, and low 
pass filters the result to produce an output representative of 
the tuned-amplifier outputs envelope. When the armature 
22 reaches an endpoint and causes housing vibration, the 
resultant envelope value exceeds a threshold that a com 
parator 52 applies. 
0.018. A microcontroller 54 may operate the valve in 
response to triggering by an object Sensor 56. For example, 
it may open the valve when the Sensor detects user's leaving 
the flusher's vicinity, and it may then close it once the valve 
has been open for a predetermined duration. To open the 
valve, the microcontroller sets OPEN and START signals 
applied to a valve-driver circuit 58. This causes that circuit 
to drive current through the actuator 60's coil at a level high 
enough to open the valve initially. 
0.019 When that current starts flowing, comparator 52's 
output initially indicates that amplifier 50's output is less 
than the threshold, So the amplifier is not receiving Sound of 
a magnitude consistent with the armature's reaching the end 
of its travel. So long as this is true, the microcontroller 54 
therefore keeps the START signal asserted. But comparator 
52s output changes in response to the Sound made by the 
armature 22 at the end of its travel. In response to this 
change, the microcontroller de-asserts its START output and 
thereby causes the valve driver 58 to reduce the coil drive to 
a level adequate to keep the valve open but lower than the 
level used to open the valve initially. 
0020 What lower level means depends on the particular 
drive Scheme employed. One simple Scheme is simply to 
apply a predetermined Voltage to the coil. In Such a Scheme, 
a logical way to apply a lower level is simply to apply a 
lower Voltage. In other Systems, the drive is applied as a 
Sequence of rapidly applied pulses, and the lower level 
would be achieved by reducing those pulses duty cycle 
and/or frequency. In any event, the lower drive level results 
in a lower force on the armature than would have prevailed 
in the absence of the end-position-indicating Signal. 
0021. The invention can be used to control not only the 
drive Signals duration but also its magnitude. A coil-drive 
level high enough for ordinary operation may occasionally 
be inadequate, and the coil-drive level can be increased if the 
armature fails to reach the endpoint. One way to increase the 
coil-drive level is to increase the Voltage on capacitors 
discharged through the actuator coil. 
0022 FIG. 2 depicts the valve driver 58 as being pow 
ered by a battery 62. The valve driver 58 typically includes 
energy-storage capacitors, which the battery 62 charges up 
between actuations through an inductor L1 and a Shottky 
diode D1. When the microcontroller 54 asserts its START 
Signal, the driver discharges the capacitors through the 
actuator 60's coil. Ordinarily, it is the voltage of battery 62 
itself that determines the Voltages to which the capacitors 
will be charged, and this in turns determines coil current and 
thus armature force. 

0023 Now, factors such as the accretion of foreign matter 
may make it harder than usual to open or close the valve. But 
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energy use that normally is unnecessarily high would result 
if the battery Voltage were Set high enough to deal with Such 
more-difficult circumstances. The illustrated embodiment 
therefore uses a battery-Voltage level that is adequate for 
normal situations but not for more-difficult ones. 

0024. Instead, it increases the capacitor voltage if the 
armature has not reached the end of its travel within a 
predetermined maximum current-flow duration. Specifi 
cally, the microcontroller 54 turns the valve driver off 
temporarily when the predetermined maximum current-flow 
duration is reached, and it begins to pulse a transistor Q1 
through a current-limiting resistor R1. During each pulse, 
the transistor draws current from the battery through induc 
tor L1. Because of diode D1, though, it does not discharge 
the valve driver's capacitors. At the end of each pulse, 
transistor Q1 turns off, and the resultant electromotive force 
in inductor L1 causes current to continue to flow and thereby 
charge the drive circuit's capacitors through diode D2 even 
if those batteries voltage exceeds that of the battery 62. So 
those capacitors can be charged to Voltages that exceed the 
battery's. 
0025 To achieve the appropriate capacitor voltage, a 
comparator 64 compares the capacitor Voltage to a level that 
microcontroller 54 Sets. In response to the comparator's 
resultant output, the microcontroller increases the pulses 
duty cycle if the capacitor Voltage is less than the threshold, 
and it decreases their duty cycle if the capacitor Voltage 
exceeds the threshold. The threshold is set higher than the 
battery voltage, So the force on the armature is greater and 
more likely to open or close the valve when the microcon 
troller then turns the valve driver on again. 
0026. To close the valve, the microcontroller 54 de 
asserts its OPEN output and thereby causes the valve driver 
58 to remove the coil drive. Although we have employed a 
Simple amplitude criterion to determine whether the arma 
ture has reached the end of its travel, other criteria may be 
found preferable for Some applications. For instance, the 
Sonic Signal could be Sampled and compared by Signal 
processing with a stored waveform known to be character 
istic of the armature's reaching its endpoint. The invention 
can thus be practiced in a wide range of embodiments and 
therefore constitutes a significant advance in the art. 

What is claimed is: 
1. An actuator System comprising: 

A) an actuator including an armature and a coil operable 
by application of a coil drive thereto to conduct current 
and thereby tend to drive the armature to an end 
position from a rest position, to which the armature is 
biased to return in the absence of coil current; 

B) a Sound sensor So coupled to the actuator as to Sense 
Sound made by the armature in reaching the end 
position, the Sound Sensor generating a Sensor output 
indicative of the Sound that it Senses, and 

C) a control circuit operable to begin applying coil drive 
to the coil at a first level and responsive to the Sensor 
outputs meeting a predetermined end-position-indicat 
ing criterion to change the coil drive to a different level 
great enough to keep the armature from returning to the 
rest position. 


