1 SOLENQ D VALVE CONTROL CI RCUI T Description The present invention el &fes
to acircuit for control- ling the operation of a |atching sol enoid val ve,
and nore particularly to a solenoid valve control circuit which em ploys a
battery as a power supply. Some washrodm+aucets have an automatic water
supply control unit for automatically supplying water by aétUating a faucet
sol enoi d val ve when the %gyroach of a user to the faucet is detected, and

for automatically stoppi mPHHE MatEEGANTRRE 4&REHETng t he sol enoi d

The present invention relates to a circuit for con-
trolling the operation of a solencid valve, and more partic-
ularly to a solencid valve control circuit which employs a
battery as a power supply.

Some washroom faucets have an automatic water sup-
ply control unit for automatically supplying water by actu-
ating a faucet solencid valve when the approach of a user
to the faucet is detected, and for automatically stopping
the water supply by actuating the solenoid valve again when
10 the leaving of the user from the faucet is detected.

Generally, such solenoid valve comprises a plunger
serving as a valve body -and a latching solenoid for driving
the plunger when it is energized. As shown in FIG. 4A of
the accompanying drawings, it it empirically known that the

15 solenoid valve has a certain characteristic between a power
supply voltage Vcc applied to the solenoid and the quantlty
of electricity Q (i.e., all the electric current flowing
through the solenoid, hereinafter referred to as an o
"electric quantity") through the solenoid. When the:bOQg¥“"

20 supply voltage Vcc is low, the electric quantity Qn which is
required by the solenoid to drive the plunger is larger than
the electric quantity Qn that is required by the solenoid to
drive the plunger when the voltage Vcc is sufficiently high.
Stated otherwise, the electric quantity Qn which is required

25 and sufficient to drive the plunger has to be passed through
the solenoid for a relatively long time when the power sup-
ply voltage Vcc is lower and for a relatively short time
when the power supply voltage Vcc is higher.

Where a battery is employed as the power supply for

30 the solenoid valve and the solenoid is to be energized for a
constant period of time, a problem arises either when the

.- voltage vcc of the battery is higher because the battery is

- new or when the voltage vcc of the battery is lower because
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val ve agai n when the | eaving of the user fromthe faucet is detected.
General |y, such sol enoid val ve conprises a plunger serving as a val ve body
and a | atching solenoid for driv- ing the plunger when it is energized. As
shown in FIG 4A of the accompanying drawings, it it enpirically known that
t he sol enoid valve has a certain charactesistic be- tween a power supply
vol tage Vcc applied to the sole- noid and the quantity of electricity Q
(i e aleld the BheEbF{CiSUSLENbr | BOVEPToEREQUIN Ndle SN -Q:O?ﬂ%,g'nl fter
rr .
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r}$ to be energized is

to as,an "electric quan%é{ééé%%hrough the <ol enoi
selected to be relatively short in view of new battery
conditions, then the solenoid will not be sufficiently ener-
gized when the battery voltage Vcc becomes lower and the
plunger will not be driven to a desired stroke. Conversely,
if the time of energization of the solenoid is selected to
be relatively long in view of old or deteriorated battery
conditions, then the solenoid will be excessively energized
when the battery voltage Vcc becomes higher, resulting in
excessive electric power consumption and a shorter battery
service life.

The present invention has been made in view of the
aforesaid problems with conventional solenoid valve contrgl
circuits. )

It is an object of the preseat invention to provide
a solenoid valve control circuit which can energize a sole-
noid under optimum conditions irrespective of the voltage of
a battery applied to the solenoid, so that the electric
power from the battery will efficiently be consumed and the
service life of the battery will be increased. :

To accomplish the above object, there is provided -
in accordance with the present invention a solenoid valve
control circuit for operatively connecting a battery to a
solenoid to energize the solemoid to actuate a valve, the
control circuit including coulomb controlling means for con-
trollably supplying an electric quantity to the solenoid.

The above and further objects, details and advan-
tages of the present invention will become apparent from the
following detailed description of preferred embodiments

thereof, given by way of example only, when read in conjunction

with the accompanying drawings.
FIG. 1 is a block diagram of a solenoid valve con-
trol circuit according to a first embodiment of the present

invention;
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quantity On which is required by the solenoid to drive the plunger is

| arger than the electric quantity On that is required by the solenoid to
drive the plunger when the voltage Vcc is sufficiently high. Stated
otherwi se, the electric quantity On which is required and sufficient to
drive the plunger has to be passed thraugh_.the solenoid for a relatively
l ong time when the power supply voltage Vcc is lower and for a relatively
short tine when the ey ZerisSlapI&'iStc\dQH dadagyes, Igabtgbeghowherlﬁ ad1baktery

|3 TPl ovedss, (U R Pl 90 he 50 29eLdokalus) and the oghencrd 1
greater detail;
FIG. 3 is a timing chart of output signals or oper-
5 ating conditions of circuit elements in the circuit shown in
FIG. 2; -
FIG. 4A is a graph showing the relationship between
a power supply voltage and an electric quantity required by
a solenoid;
10 FIG. 4B is a graph showing the relationship between
a voltage produced by dividing the power supply voltage,and
a sawtooth voltage;
FIG. 5 is a block diagram of a solenoid valve con-

trol circuit according to a first modification;

15 FIG. 6 1s a block diagram shéwing some of the
blocks of FIG. 5 in detail;

FIG. 7 is a block diagram of a solenoid valve con-
trol circuit according to a second embodiment of the present
invention;

20 FIG. 8 1s a circuit diagram, partly shown in block ..
form, illustrating the solenoid valve control circuit in‘
greater detail;
| FIG. 9 is a timing chart of output signals or oper-
ating conditions of circuit elements in the circuit shown in

25 FIG. 8; -

FIG. 10 is a graph-showing voltage characteristics
of a general battery;

FIG. 11 is a block diagram of a solenoid valve con-
trol circuit according to a second modification;

30 FIG. 12 is a block diagram showing some of the
blocks of FIG. 11 in detail;

FIG. 13 is a block diagram illustrating a decision
circuit in the solenoid valve control circuit shown in each
of FIGS. 1 and 7;

35 FIG. 14 is a timing chart of output conditions of

- Circuit elements in the circuit shown in FIG. 13;
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when the vol.tage Vcc of the battery is higher because 2 the battery is
new or when the voltage Vcc of the battery is | ower because the battery is
old or deteriorated. Mre specifically, if the time for which the solenoid
is to be energized is selected to be relatively short in view of new
battery conditions, then the solenoid wll _not be suffi- ciently energized
when the battery voltage Vcc be- cones | ower and the plunger will not be

driven to a de- FIG. 15 is a block diagram of a portion of a
solenoid valve control circuit according to a third
modification;

FIG. 16 is a timing chart of output conditions of
circuit elements in the circuit shown in FIG. 15;

FIG. 17 is a block diagram of a portion of a -
solenoid valve control circuit according to a fourth

un

modification;
FIG. 18 is a block diagram of a portion of a

10 solenoid valve control circuit according to a fifth

modification; and
FIG. 19 is a block diagram of a portion of a

solenoid valve control circuit according to a sixth

modification.

15 FIG. 1 shows a solenoid valve control circuit 10

according to a first embodiment of the present invention.

The control circuit 10 in its entirety constitutes part of

an automatic faucet unit (not shown). The control circuit"?' ,%f;
10 comprises a valve operafion decision circuit 3 for B

20 determining valve operation, a voltage monitoring circuit
4 for monitoring a power supply voltage, a coulomb cdntrolégfl
ling circuit 5 for controlling the electric quantity to be
supplied to a latching solenoid 2 of a solenoid valve (not
shown), and a drive circuit 6 for driving the solenoid 2.

25 The control circuit 10 controllably drives the latching
solenoid 2 with electric power supplied from a battery 1
which is employed as the power supply for the control cir-
cuit 10. The solenoid 2 may have either a single winding
(in which case the opening or closing of the solenoid valve

30 is determined by the direction in which-an electric current
flows through the solenoid 2) or double windings (i.e., a
winding for opening the solenoid valve and a winding for
closing the solenoid valve). The power supply voltage Vcc
is applied to the decision circuit 3 at all times. The

35 decision circuit 3 is associated with an infrared-radiation
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battery voltage Vcc becomes hi gher
consunption and a shorter battery servicelife.
circuit for driving a nagnet to actuate printing elenents of a daisy wheel

i L | stroke. Conversely, if the tinme of energization of the solenoid is
@Wected to be relatively long in view of old or deteriorated battery

then the solenoid will be excessively energi zed when the
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sistor 3b which detects reflected light to detect whether a
user moves toward or away from the automatic faucet device.
Dependent on a detected signal from the phototransistor 3b,
the decision circuit 3 applies valve opening/closing signals
S1, S2 each of which can selectively take ON and OFF states
(i.e., "high" and "low") to the drive circuit 6.

The automatic faucet unit with the control circuit
10 may be incorporated in various devices. Where the auto-
matic faucet unit is assembled in a washroom faucet, both
the signals S1, S2 are OFF when no user is present at the
faucet. Wwhen an approaching user is detected, only the sig-
nal S1 is turned ON and the signal S2 remains OFF. As
described later on, the signal S1 is turned OFF after the
solenoid 2 has been energized with a suitable electric
quantity. Thereafter, when the leaving of the user is
detected, only the signal S2 is turned ON and the signal S1
remains OFF. After the solenoid 2 has been energized with
a suitable electric quantity, the signal S2 is turned off.
Therefore, the signal S1 is a solenoid valve opening signal,
and the signal S2 is a solenoid valve closing signal. The
light-emitting diode 3aand the phototransistor 3b are
located at a suitable position near the faucet.

The power supply voltage monitoring circuit 4 moni-
tors the voltage vcc of the battery 1 and applies a signal
dependent on the magnitude of the voltage vcc to the coulomb
controlling circuit 5.

when either one of the signals S1, S2 is turned ON,
the solenoid valve drive circuit 6 supplies the solenoid 2
with an electric current I of a prescribed polarity to drive
a plunger (not shown) serving as a valve body in a given
direction. As shown in FIG. 4A, the electric quantity Qn =
Qo which is required to open the valve is greater than the
electric quantity Qn Qc which is required to close the
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resulting in excessive electric power
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. battery powered | atching sol enoids for opening and closing val ves. The
present invention has been nmade in view of the aforesaid problens with
conventional latching solenoid valve control circuits. It is an object of
the present invention to provide a |atching solenoid valve control circuit
whi ch can ener- gize such a sol enoid under optinumconditions irre-
spective of the voltage of a battery appkied to the sole- noid, so that the
el ectric power fromthe batter will effi- ciently be consuned and the
service |i¥8lge .t hdnhgacsr pinithe ppenipgeasddclosing of the valve, the

electric quantity required by the solencid 2 to drive the
plunger when the voltage Vcc of the battery 1 is low is
greater than the electric quantity required by the solenoid
S 2 to drive the plunger when the battery voltage Vcc is suf-
ficiently high. The horizontal axis of FIG. 4A represents
the battery voltage Vcc, and the vertical axis the electric
quantity Qn required by the solenoid 2 to drive the plunger.
Reference characters Ea, Ef, Q3 will be described later with

10 reference to FIG. 4A, and reference characters EO through E4
will be described later with reference to FIG. 10.
Generally, the entire electric charge quantity Q (= total electric
quantity) passing through the solenoid is expressed by:

Q = [1dt

15 where I is the electric current flowing through the sole-

noid and t is the time for which the solenoid is energized.

The coulomb controlling circuit 5 applies a
detected signal S3 of a "high" level to the decision circuit
3 when the electric quantity Q supplied to the solenoid 2

20 reaches a prescribed value (= Qn = Qo or Qc). The solencid - i7f;§m
valve opening/closing signals S1, S2 are also supplied to S
the coulomb controlling circuit 5, which varies output con-
ditions for the detected signal S3 based on the signals S1,
S2.

25 In response to the detected signal S3 from the cou-
lomb controlling circuit 5, the decision circuit 3 turns OFF
the one of the signals S1, S2 which is ON at the time, whereupon
the drive circuit 6 de-energizes the solenoid 2.

FIG. 2 shows the solenoid valve control circuit 10,

30 particularly the voltage monitoring circuit 4 and the cou-
lomb controlling circuit 5, in detail. The decision circuit
3 comprises a plurality of logic circuits, for example, and
each time it detects the approach or leaving of a user, it
turns on a power supply switch 7 to apply the power supply

35 voltage Vcc to the voltage monitoring circuit 4 and the cou-
lomb controlling circuit 5.
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To acconplish the above object, there is provided in accordance with the
present invention a solenoid valve control circuit for operatively
connecting a battery to a solenoid to energize the solenoid to actuate a
val ve, the control circuit including coulonb controlling neans for
controllably supplying an electric quantity to the so- |lenoid.as detailed
in claiml. The above and further objects,7 details and advan- tages of the

present invention will becone apparent fromthe follow ng detailed
description of prefeffihed deriwebodintarits 6t Her dof thgi femmbygfwaybofdgsaopte

only, when pgad LRpQkYnyt '¥o0r power transistors, for example. The
solenoid 2 is connected between the two output terminals of
the bridge circuit. One of the two input terminals of the

5 bridge circuit is connected to the positive terminal of the
battery 1, whereas the other input terminal of the bridge
circuit is grounded through a resistor. The signals S1, S2
are supplied to a pair of coacting power transistors which
form opposite sides of the bridge circuit. Wwhile the sole-

10 noid 2 is being energized, part of the current I flowing
through the solencid 2 is supplied to a current amplifying
circuit Sa of the coulomb controlling circuit 5 (Actually, a
voltage signal similar to the solenoid current I is supplied
to the amplifying circuit 5a).

15 The current supplied to the émplifying circuit 5a
is supplied as a charging current i through resistors R1, R2

to a monitoring capacitor 5d. .
Feedback signals. are applied from those terminals
of the resistors R1, R2 which are closer to the capacitor 5d
20 to the'amplifying circuit 5a through switches Sb, 5c¢. The
switches Sb, S5c are mutally exclusively closed by an ocutput signal
from the voltage monitoring signal 4. While only the switch

5b is closed, the current gain of the amplifying cir-
cult Sa is maintained at k1, and while only the switch 5c is
25 closed, the current gain of the amplifying circuit Sa

is maintained at k2. k represents a prescribed gain deter-
mined by the circuit arrangement, and the current gains k1,
k2 are selected such that k1 = k/R1 and k2 = k/(R1l + R2),
and hence k1l > k2. Therefore, as described later cn, the
30 average current gain of the amplifying circuit Sa is varied
by the closing and opening of the switches 5b, 5c¢ dependent
on variations in the power supply voltage Vcc.
The charging current i which flows while only the
switch sb is czlosed is indicated by:
35 i =%k1-I = (k/R1)-I = k-I/R1.
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3 with the acconpanying drawings. FIG 1 is a block diagramof a solenoid
val ve control circuit according to a first enbodi nent of the present
invention; FIG 2 is a circuit diagram partly shown in block form
illustrating the solenoid valve control circuit in greater detail; FIG 3
Is a timng chart of output signals or ope%gting

The charging current i which flows while only the
switch 5c¢ is closed is indicated by:
1 = k2-I = (k/({R1l + R2))-I = k-I/(Rl + R2).
When the power supply switch 7 is turned ON, a saw-
5 tooth oscillator 4a of the voltage monitoring circuit 4
starts operating to supply a sawtooth voltage Vsa as a
reference voltage to a comparator 4b. The sawtooth oscilla-
tor 4a may be replaced with a triangle generator. when the
power supply switch 7 is turned ON, the power supply voltage
10 Vvecc is divided by resistors R3, R4, and a divided voltage V1
is applied to the comparator 4b. The comparator 4b compares

the applied voltage V1 with the reference voltage Vsa.
Wwhile V1 > vsa, the comparator 4b issues an output signal of
a "high" level, and while V1 < Vsa, the comparator 4b issues

15 an output signal of a "low" level. "The output signal from
the comparator 4b is applied directly to one of the switches
Sb of the coulomb controlling circuit 5 and via an inverter
4e to the other switch Sc. The switches 5b, S5c are closed
only when they are supplied with a high-level signal, and

20 hence they are exclusively or alternatively closed. More
specifically, while vl > vVsa, the switch 5b is closed and
the amplifying circuit 5a has the current gain k1, and while
V1 < Vsa, the switch 5c is closed and the amplifying circuit
5a has the current gain k2 during which time the charging

25 current i is lower. Denoted at F in FIG. 2 is an input line
for closing the valve through a manual override.

As long as the current I flows through the solenoid

2, the capacitor 54 is continuously charged and a voltage V3
at the input terminal of the capacitor 5d progressively

30 rises. The voltage V3 is applied as an input voltage to a
comparator Sf which is supplied with a reference voltage Vr.
While v3 < Vr, the comparator 5f issues ah'output signal of
a "low" level, and when V3 > Vr, the comparator Sf issues an
output signal of a "high" level. The high-level signal from

35 the comparator S5f is sent as the de-energizing signal S3 to
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conditions of circuit elenments in the circuit showmn in FIG 2; FIG 4Ais a
graph showi ng the rel ati onship be- tween a power supply voltage and an

el ectric quan- tity required by a solenoid; FIG 4B is a graph show ng the
rel ati onship be- tween a voltage produced by dividing the power supply

vol tage, and a sawmooth voltage; FIG 5 g a block diagramof a sol enoid

val ve control circuit according to a first nodification: FIG 6 is a block

di agram sh@yn@gexand o depiocks qfhézlr(éféén%edezto"’liéa;ge Vr is deter-
mined according to the electric quantity Qn required by the
solenoid 2, and thus has different values when the valve is
to be opened (i.e., when the signal S1 is turned ON) and

5 when the valve is to be closed (i.e., when the signal S2 is
turned ON). The reference voltage Vr is selected to be
equal to the voltage V3 across the capacitor 5d when the
required electric quantity Qn (= Qo, QC) has flowed through the
solenoid 2 in the case where the power supply voltage vcec is

10 sufficiently high. The reference voltage Vr is produced by
dividing, with resistors RS, R6, R7 and switches Sh, 5i, an
output voltage from a constant voltage circuit or reference
voltage generator 5g to which the power supply voltage vcc
is applied through the power supply switch 7. The switches
15 sh, 5i are closed respectively by the'signals S1, s2.

As described above with reference to FIG. 4A, the
electric quantity Qn (= Qo) required by the solenoid 2 to
open the valve is greater .than the electric quantity Qn (=
Qc) required by the solenoid 2 to close the valve.

20 Therefore, when opening the valve, the switch Sh is closed
by the signal S1 to supply a relatively high divided voltage
Vr as a reference voltage to the comparator 5f£. When clos-
ing the valve, the switch 5i is closed by the signal S2 to
supply a relatively low divided voltage Vr as a reference

25 voltage to the comparator 5f.

Regardless of whether the valve is opened or
closed, the voltage V3 across the capacitor 5d becomes equal
to the reference voltage Vr when the electric quantity Q
passing through the solenoid 2 reaches the required electric

30 quantity Qn. At this time, the comparator 5f sends the
high-level de-energizing signal S3 to the decision circuit
3.

At the same time as the decision circuit 3 receives

the signal S3, it turns OFF the one of the signals S1, S2 which
35 is ON at the time, opens the power supply switch 7, and
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IG 7 is a block diagramillustrating a decision cir- cuit in the solenoid
alve control circuit shown in each of FIGS. 1 and 6; FIG 8 is a timng
hart of output conditions of circuit elenents in the circuit shown in FIG
; FIG 9 is a block diagramof a portion of a solenoid valve control

ircuit according to a second nodifi- catjigon, FIG 10 is a timng chart of
ut put conditions of cir- cuit elenments in the circuit showmn in FIG 9;

|G 11 is apdil ek ahacgﬂegntofs@nﬁqr g0 ofa @n3ehenQiederakye ac@nteah gL CUI t
ccording tJ.O a tvﬁt‘f&'xr? i ae_ energization of the solencid 2 is
stopped, the circuits 4, 5 are de-energized, and the capaci-
tor 5d is discharged, readying the control circuit 10 for a
5 next cycle of operation.

As enclosed by the broken lines in FIG. 2, the
voltage monitoring circuit 4 is constructed from the circuit
elements 4a, 4b and the resistors R3, R4, and the coulomb
controlling circuit 5 is constructed from the circuit ele-

10 ments Sa through 5j and the resistors R1, R2, RS, R6, R7.

FIG. 3 shows a timing chart of output signals or
operating conditions of the circuit elements illustrated in
FIG. 2. Those output signals shown in a lefthand area A in
FIG. 3 are produced when the voltage Vcc of the battery 1 is

15 sufficiently high, and those ocutput signals shown in a
righthand area B in FIG. 3 are generated when the battery
voltage Vcc 1s lower. FIG. 3 only illustrates the output
signals in the areas A, B for opening the valve. The output
signals produced for closing the valve are similar and are

20 not shown.

The charts of FIG. 3 represent the following
conditions:

(a) The operating condition of the decision circuit
3, i.e., the manner in which the circuit 3 detects the

25 approach of a user.

(b} The length of a processing time required to
open the valve.

(c) The opening and closing condition of the power
supply switch 7.

30 (d) The ON/OFF condition of the valve opening
signal S1, i.e., the driving condition of the drive circuit
6. The drive circuit 6 is energized about 1 msec. after the
power supply switch 7 is closed as shown at (c), and de-
energized substantially at the same time that the power sup-

35 ply switch 7 is opened.
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jion; and FIG 12 is a block diagramof a portion of a solenoid valve
gontrol circuit according to a fourth nodifica- tion. 4 FIG 1 shows a
50l enoi d val ve control circuit 10 ac- cording to a first enbodi ment of the
br esent invention. The control circuit 10 in its entirety constitutes part
pf an automatic faucet unit (not shown).. §he control circuit 10

(e) The current I flowing through the solencid 2.

(£) The battery voltage vcc. In the area B, since
the internal resistance of the battery 1 is high, the volt-
age Vcc considerably drops when the solencid 2 is energized.

5 (g) The output voltage Vsa from the sawtooth gener-

ator 4a. The waveform and peak value of the voltage Vsa
remain unchanged in the areas A, B.

(h) The output condition of the comparator 4b,
which indirectly represents the opening and closing condi-

10 tion of the switch 5b.
(1) The opening and closing condition of the switch

5c¢c, which is a reversal of the condition of (h}).

with respect to the above charts (£}, (g}, (h), and
(i), while the divided voltage V1 is higher than the sawto-

15 oth voltage Vsa, only the switch Sb is closed, and while the

divided voltage V1 is lower than the voltage Vsa, only the
switch 5c is closed.

(j) The voltage v3 for charging the capacitor 5d.

(k) The output condition of the comparator 5f,

20 i.e., the output condition of the de-energizing signal S3.
(%) The time required for the decision circuit 3 toz;;::

end the energization of the solenocid 2, i.e., the time in
which the signal S4 is rendered "high" in level to close the
discharging switch 5] for a time long enough to discharge

25 the capacitor 5d.
In the area A, the switch Sb remains continuously

closed since V1 > Vsa at all times. Therefore, while the
solenoid 2 is being energized, the charging current i = kl1-I

flows into the capacitor 5d.
30 In the area B, the switches Sb, Sc are exclusively

closed based on the magnitude relationship between the sawt-
ooth voltage Vsa and the divided voltage V1. As described
above, the current gain of the amplifying circuit 5a is ki1
when the switch 5b is closed and it is k2 when the switch Sc
35 1is closed. Therefore, the average gain k10 of the amplify-
ing circuit 5a in the area B can be determined as follows:

. This Sheet Has Been R

11/




{

Conprlses a val ve operation decision circuit 3 for deter- mning val ve
bperatlon "a voltage nonitoring circuit 4 for nonitoring a power supply

vol tage, a coulonb control- ling circuit 5 for controlling the electric
quantity to be sup- plied to a latching solenoid 2 of a solenoid valve (not
shown), and a drive circuit 6 for drivingjthe solenoid 2. The control
Circuit 10 controllably drives the latching so- lenoid 2 with electric

pover supplied from gial ter sl avar%lpnl n%mln@ye@taant Eﬁlaetg@a §EBE§Y for
t he contr ol rCU|t 10. The sol enoi d have either a sjng

ma ng
(in which c Fhasenih 358 dﬁdsﬁﬁgOSF p%&ﬁeﬁ&@6t$QP§EiPsi&eFBPn1ned
by the direqmgu1srbﬂmeUtan elfget rie€erence characters vVsa(max) and

Vsa(min) represent maximum and minimum values of the sawto-

5 oth voltage vVsa, and t0 indicates the cyclic period of the
sawtooth voltage vVsa. If the period in which V1 < vsa
within one cycle of the voltage Vsa is t (0 < t < t0), then

the average gain k10 of the amplifying circuit Sa can be

expressed by:
10 k10 = (1 (t/t0)) -kl + (t/t0)-k2
Since 0 <t < t0 and kl > k2 as described above,

}

k1 > k10 > 2.

Particularly, when V1 > -Vsa(max), since t = 0,

k10 = k1.
15 when V1 < Vsa({min), since t = <0,
k10 = k2

Within the range of Vsa(min) < V1 < Vsa(max),

because the period t is in inverse proportion to the divided
voltage V1, the average gain k10 is proportional to the

20 divided voltage V1. In the area B, therefore, the average
gain k10 1s proportional to the power supply voltage Vcc,
and hence as the voltage Vcc is lowered, so is the average
gain k10.

When the power supply voltage Vcc is relatively

25 high, i.e., in the range of Vcc > Ea, in FIG. 4A, the elec-
tric quantity Qo required by the solenoid 2 to open the
valve is of a substantially constant value QL. When the
power supply voltage Vcc is relatively low, i.e., Vcc = EB,
the electric quantity Qo required by the solenoid to open

30 the valve is of a value Q3. When the power supply voltage
vce is in the range of Eg < Vecc < Ea, Q1 < Qo < Q3. The
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current flows through the solenoid 2) or double windings (i.e., a w nding
for opening the solenoid valve and a wi nding for closing the solenoid
val ve). The power sup- ply voltage Vcc is applied to the decision circuit 3
at all times. The decision circuit 3 is associated with an infra-
red-radi ati on 5 light-emtting diode 38 which is intermt- tently
energized to emt infrared radiation by the battery
range EB < Vcc < Ea corresponds to the area B in FIG. 3.
The control circuit 10 is arranged such that when
the power supply voltage Vcc is Ea and EB, the divided volt-
age V1 is equal to the maximum value Vsa(max) and the mini-
5 mum value Vsa(min), respectively, of the sawtooth voltage
Vsa. The values of the resistors R1, R2, the value of the
reference voltage Vr supplied to the comparator S5f, and the
capacitance of the capacitor 54 are selected such that when
Vcc = Ea, the electric quantity Q supplied to the solenocid 2
10 is Q = Q1L and when Vcc = EB, Q = Q3. Therefore, Q = Ql when
Vecec > Ea. Since the average gain k10 is proportional to the
power supply voltage Vcc when ES £ Vcc < Ea, as described

above, the electric quantity Q supplied to the solenoid 2 is
controlled so as to be substantially equal to Qo in FIG. 4A.

15 The aforesaid description has been directed to the
opening of the valve. For closing the valve, the electric
quantity Q supplied to the solencid 2 in the area B is con-
trolled so as to be equal to Qc in FIG. 4A since only the
reference voltage Vr supplied to the comparator 5f is lower.

20 As is apparent from the above description, the
electric quantity Q supplied to the solenoid 2 is controlled
so as to be dependent on the power supply voltage Vcc by the
solenoid valve drive circuit 10. More specifically, the
electric quantity Q is controlled so as to be equal to Qo,

25 Qc shown in FIG. 4A. Therefore, the solencid 2 is energized
in an optimum fashion regardless of whether the battery
voltage Vcc is high or low. As a consequence, the electric
power from the battery 1 1s efficiently consumed, and the
service life of the battery 1 is prolonged.

30 FIGS. S and 6 show a solenoid valve control circuit
20 according to a first modification of the present
invention. Those components in FIGS. 5 and 6 which are
identical to those of the control circuit 10 of the first
embodiment are denoted by identical reference numerals, and

35 will not be described.
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1, and a phototransistor 3b which detects reflected |ight to detect whether
a user noves toward or away fromthe automatic faucet device. Dependent on
a detected sig- nal fromthe phototransistor 3b, the decision circuit 3 ap-

plies val ve opening/closing signals S1, S2 each of which can selectively

take ON and OFF states (i.e., "high" and jkow') to the drive circuit 6. The

automatic faucet unit with the control circuit 10 nmay be incorporated in
various devi ces. Vhemmethen&woltamathmtfaOchhsuaitomsombséﬁmtﬁdliﬂn@

tesht o0 AR 805 LRy 0 hns 820 8g Find 0 i EEL 8 PR

50, a counter 51, and a switch driving circuit 52. The
energizing time determining circuit 50 receives an analog

5 output v1' from the voltage monitoring circuit 4 and deter-
mines-a time t for which the solenoid 2 is to be energized,
based on the analog ocutput V1' and the valve opening/closing
signals S1, S2 from the decision circuit 3. The counter 51
counts the determined energizing time t. While the counter

10 51 is counting the energizing time t, the switch driving
circuit 52 closes a switch 60 to energize the solenoid 2.
The switch 60 comprises a directional element such as a
bridge circuit or the like for energizing the solenoid 2.
The analog output v1' from the voltage monitoring circuit 4

15 is produced by dividing the power supply voltage Vcc at a
prescribed ratio.
_ As shown in FIG. 6, the energizing time determining
circuit 50 comprises an A/D converter 50a for converting the
analog output Vv1' from the voltage monitoring circuit 4 into

20 a digital signal v1", and a memory 50b for determining an
energizing time t in response to the digital signal V1" and
the valve opening/closing signals S1, S2. The memory 50b
has two memory maps which can be selected by the signals Si,
S2, respectively. Each of the memory maps stores data on

25 required energizing times t based on the characteristics of
the required electric quantity Qn and the time-base current
characteristics of the solenocid 2. The digital signal V1"
is applied as an address signal to the memory 50b to read
data on the required energizing time t from the memory map

30 which has been selected by the signal S1 or S2.

The electric quantity Q supplied to the solenoid
valve 2 can be controlled so as to be of a magnitude
dependent on the power supply voltage vcc by the solenoid
valve control circuit 20. Accordingly, the solenoid 2 is

35 energized in an optimum fashion regardless of whether the
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only the signal S1 is turned ON and the signal S2 re- mains OFF. As
déscribed later on, the signal S1 is turned OFF after the solenoid 2 has
been energized with a suit- able electric quantity. Thereafter, when the
| eaving of the user is detected, only the signal S2 is turned ON and the
signal S1 remains OFF. After the sol enai gs2-has been energized with a
suitable electric quantity, the sig- nal S2 is turned off. Therefore, the

si Ignal S_ld'b%t&eﬁ:@zi &rolltRigd Walevasopeghngrsignal , Agnd tthasehglakeS2 the a
SOl e- nol
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and the service life of the battery 1 is prolonged.

The circuit components 50, 51 of the control cir-

5 cuit 20 may be replaced with a PWM (Pulse Width Modulation)
circuit responsive to the output from the power supply volt-
age monitoring circuit for producing pulses of a duration
inversely proportional to the power supply voltage vcc, and
an output signal from the PWM circuit may be supplied to the

10 switch driving circuit 52. In this case, the PWM circuit

" doubles as a timer circuit. Thus, a pulse generator with
the pulse duration variable by the output from the power
supply voltage monitoring circuit may be used as a timer.

A solenoid valve control circuit 100 according to a

15 second embodiment of the present invention will be described
below with reference to FIGS. 7 through 9. Those parts in
FIGS. 7 through 9 which are identical to those of the con-
trol circuit 10 of the first embodiment are designated by
identical reference numerals, and will not be described in

20 detail.

The control circuit 100 differs from the control
circuit 10 of the first embodiment in that it lacks the
power supply voltage monitoring circuit 4, the switches 5b,
5c, and the resistors Rl, R2 of the control circuit 10.

25 Instead, the current gain of the current amplifying circuit
5a is set to a value k3. While the solenoid 2 is being
energized, a charging current i (= k3-I) flowing through a
resistor R1l1l is supplied to the capacitor 5d at all times.

FIG. 9 is a timing chart showing output signals or

30 operating conditions of the circuit elements in the control
circuit 100. The charts (a) through (f) and (j) through (%)
in FIG. 9 indicate the same conditions as those in FIG. 3.
It is assumed that the power supply voltage Vcc varies in a
relatively high range in the area A, and in a relatively low

35 range in the area B.
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The power supply voltage nonitoring circuit 4 non- itors the voltage Vcc of
the battery 1 and applies a signal dependent on the magni tude of the
voltage Vcc to the coulonb controlling circuit 5. Wen either one of the
'signals S1, S2 is turned ON, the solenoid valve drive circuit 6 supplies
ithe solenoid 2 with an electric current _1 @f _a prescribed polarity to drive
a plunger (not shown) serving as a val ve %ody In a given direction. As

shown in FIG 4A th%selsﬁﬁbﬁe(inq?ﬁ@t'by Re= s@e)&ewh | B ' EAUEG 004 OroPer

the valve is %reater than t el ectri c quant required
to cl ose ime Ta' in the area A, and for a time Tb' in the area B

The electric quantity Q supplied to the solenoid 2 is indi-
cated by the areas of sector-shaped portions Qa, Qb in the
5 chart (e} in the areas A, B.
It is now assumed that the valve is to be opened.
When the voltage V3 across the capacitor 54 is
equal to the reference voltage Vr, the de-energizing signal
S3 is issued. Assuming that the capacitor 54 has a capaci-
10 tance C, the charge q stored in the capacitor 54 is of a
constant value qr which is given by:

gr (C-v3) = C-Vr e (1)
In the area A, the following equation is
established: .
Ta'
15 qr = IO idt cee(2)

Since i = k3-I as described above, the equation (2)
can be modified as follows:

Ta' Ta'
gr = [ k3-Idt = k3-[ Idt e e (3)
0 o
Ta'
Inasmuch as | Idt represents the electric quan-
0

"-' 20 tity Q supplied to the solenoid 2 in the area A, the follow-
ing is obtained from the equation {3):

gr = k3-Qa cee(4)
The equation (4) can be modified into:
Qa = qr/k3 ce e (5)
25 Likewise, in the area B, '
Tb'
qr = | idt cve(6)
0

Since 1 = k3-I as described above, the equation (6}
can be modified as follows:
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6 the valve. In each of the opening and closing of the valve, the electric
quantity required by the solenoid 2 to drive the plunger when the voltage
\Vcc of the battery 1 is lowis greater than the electric quantity required
by the solenoid 2 to drive the plunger when the battery volt- age Vcc is
sufficiently high. The horizontal axis of  FIG 4A represents the battery
vol tage Vcc, and the vertical axis the lkttTic quantity On required by the
solenoid 2.to drive the plggger. Referencergharacters E[err], Elerr], 03"

qr = | k3-1dt = k3-] Idt <o e (7)
_ 0 0
) Th!'
Inasmuch as | Idt represents the electric quan-
0

tity Q supplied to the solenoid 2 in the area B, the follow-
ing is obtained from the equation (7):

5 qr:kj.ob -+ -(8)
The equation (8) can be modified into:
Qb = qr/k3 ce - (9)

In the control circuit 100, the reference voltage
Vr supplied to the comparator 5f when the drive signal S1 is
10 turned ON, is set to a prescribed value Vr = k3-Q10/C. The
value Q10 may be the same as the value Q1 in FIG. 4A.

Since
gqr = C-Vr see (1)
as described above, .
15 qr = C-(k3-Q10/C) = k3-Q10 -+ +(10)

By putting the equation (10) into the equations (5)
and (6), the following equations can be obtained:

Qb = Q10 .-+ (11)
Qa = Q10 e e (12)
20 From the equations (11}, (12) results the
following:
Qa = Qb = Q10 *e0(13)

The electric quantities Qa, Qb supplied to the
solenoid 2 in the respective areas A, B are equal to each
25 other, and to the value Ql10. With Q10 = Ql1, the electric
quantities Qa, Qb are equal to Ql.
According to the control circuit 100, therefore,
the electric quantity Q supplied to the solenoid 2 is con-
trolled at the constant value Q10 irrespective of variations

30 in the power supply voltage Vcc.
This also holds true for closing the valve. When

closing the valve, the reference voltage Vr is set to Vr =
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wi Il be described later with reference to FIG 4A, and reference characters
EO through E4 will be described later with reference to FIG 10. Cenerally,
the entire electric charge quantity Q (= total electric quantity) pass- ing
through the solenoid is expressed by: Q= [err] where | is the electric
current flow ng through the sole- noid an% is the tine for which the
solenoid is energlzed The coul onb control |ng circuit 5 applies a detected

quanti ty 0 S e o Rl LT P RS L AR T W T < o
or ). The "s”tﬂ enoi d
With the control circuit 100, accordingly, the con-
stant electric quantity is always supplied to the solenocid
5 regardless of irregularities in the power supply voltage.
As a result, the electric power of the battery is effi- _
ciently consumed and the battery has a prolonged service
life.
FIG. 10 shows voltage characteristics of a general

10 lithium battery. The horizontal axis of the graph of FIG.
10 represents the amount of electric power of the battery
which is consumed with time, and the vertical axis repre-
sents the voltage E of the battery when there is a load con-
nected to the battery. As shown, the voltage E of the

15 lithium battery has an initial value EO when not in use, and
as the stored electric energy is consumed, the battery volt-
age is gradually lowered stably in the range of E2 > E > E3.
When the voltage E is further lowered to a lower limit E4 as
a result of continued energy consumption, the battery can no ":-

20 longer be used as a power supply. The above characteristics
are similar to those of other batteries such as an alkaline . -
battery. The reference character El indicates an
electromotive force in the battery.

Referring back to FIG. 4A, the above voltage range

25 of E2 > E > E3 is very narrow, and the electric quantity Qn
(= Qo, Qc) required by the solenoid 2 has a substantially
constant value (Ql, Q2) in this voltage range. It is
assumed that the power supply voltage Vcc represents the
battery voltage E (Vcc = E).

30 By controlling the electric quantity Q supplied to
the solenoid 2 so as to be of a value (Ql, Q2) within the
above range of E2 > E > E3 in FIG. 4A, the solenoid 2 can be
energized optimally in most of the period of time in which
the battery is used.

35 By setting the value Q10 in the control circuit 100
to Q10 = Q1, the electric quantity Q supplied to the sole-
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t he cou-

val ve control cjrcuit 10,

val ve opening/closing signals S1, S2 are also supplied to the coul onb
controlling circuit 5, which varies output conditions for the detected
signal S3 based on the sig- nals S1, S2. In response to the detected signal
S3 fromthe cou- lonb controlling circuit 5, the decision circuit 3 turns

OFF the one of the signals S1, S2 which is ON at the tinme, whereupon the
drive circuit 6 de-energizes the solenoirdl® -FIG 2 shows the sol enoid

particularly the voltage nonitoring circuit 4 and

| 0P iSrk IR i8Ry At es, son agetts e Jegudred elesticic

10

15

20

25

30

35

quantity Qn (= Q1) even if the power supply voltage vcc var-
ies in the range (E2 > E > E3).

The above operation remains the same when the wvalve
is closed. By setting the value Q20 to Q20 = Q2, the elec-
tric quantity Q supplied to the solenoid 2 can be controlled
so as to be the required electric quantity Qn (= Q2) even if
the power supply voltage Vcc varies in the range (E2 > E >
E3).

Where the values Q10, Q20 in the control circuit
100 are thus established, the solenoid 2 can be energized
optimally in most of the period of time in which the battery
is used. The electric energy stored in the battery 1 is
thus efficiently consumed, and the service life of the bat-
tery 1 is prolonged. .

FIGS. 11 and 12 illustrate a solenoid valve control
circuit 200 according to a second modification of the pre-
sent invention. Those parts in FIGS. 11 and 12 which are
identical to those of the control device 20 of the first
modification are denoted by identical reference numerals,.
and will not be described in detail.

The control circuit 200 has a coulomb controlling
circuit 5 comprising an energizing time determining circuit
50, a counter 51, and a switch driving circuit 52. The
energizing time determining circuit 50 determines a time t
for which the solenoid 2 is to be energized, based on the
valve opening/closing signals 51,'52 from the decision cir-
cuit 3. The circuit elements 52, 60 are equivalent to the
drive circuit 6 shown in FIG. 1.

As shown in FIG. 12, the energizing time determin-
ing circuit 50 comprises a memory 50a for determining an
energizing time t in response to the valve opening/closing
signals supplied thereto. The memory 50a has two data which
can be selected by the signals S1, S2, respectively. These
data represent values of the time t required to supply a
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3 conprises a plurality of logic circuits, for exanple, and each tine it
detect's the approach or leaving of a user, it turns on a power supply
switch 7 to apply the power sup- ply voltage Vcc to the voltage nonitoring
circuit 4 and the coulonb controlling circuit 5. 7 The drive circuit 6
is in the formof a bridge circuit conprising four power transistors, for
exanpl e. The so- lenoid 2 is connected petBeen the two out put termnals

prescribed electric quantity, e.g., the required electric
quantity Qn (= Ql, Q2) in the range of E2 > E > E3 in FIG.
4A, to the solenoid. The time data selected from the memory
S0a by the signal S1 or S2 is sent to the counter 51.

5 According to the solenoid valve control circuit
200, the electric quantity Q supplied to the solenoid valve
2 1s controlled at a prescribed magnitude (Qn = Ql, Q2)
dependent on the power supply voltage Vcc in most of the
period of time in which the battery is used. As a

10 consequence, the solenoid 2 1is energized optimally in most
of the period of time of use of the battery. The electric
energy stored in the battery 1 is efficiently consumed and
the service life of the battery 1 is thus prolonged through
a simple and inexpensive circuit arrangement.

15 The control c¢ircuit 200 is aévantageous over the
control circuit 20 shown in FIGS. 5 and 6 in that it
requires no power supply voltage monitoring circuit and no
A/D converter, and that the size of the memory 50a used is
small.

20 : The memory 50a and the counter 51 may be replaced
with a timer circuit which receives the valve opening/clos-
ing signals S1, S2 and issues an energlzing time t for
directly obtaining a prescribed electric quantity to be sup-
plied to the solenoid.

- 25 For a simpler circuit arrangement, the pulse gener-
ating times produced in response to the valve opening/clos-
ing signals S1, S2 may be equal to each other to equalize
the electric quantities for opening and closing the valve.

FIG. 13 shows one detailed circuit arrangement for

30 the decision circuit 3, and FIG. 14 is a timing chart show-
ing output conditions of circuit components in the circuit
3.

The circuit 3 normally generates the valve opening/
! closing signals S1, S2 based on signals SO0l, S02 which serve
! 35 as origins of the signals S1, S2. The signals S0l, S02 have
1
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pf the bridge circuit. One of the two input terminals of the bridge circuit
s connected to the positive terninal of the battery 1, whereas the other
nput termnal of the bridge circuit is grounded through a resistor. The
signals S1, S2 are supplied to a pair of coacting power transis- tors which
f orm opposite sides of the bridge circuit,;Wiile the solenoid 2 is being
energi zed, part of the cur- rent | flow ng through the solenoid 2 is

suppl i ed t0ydvelHormseitls aHwnf wnn@;nel ERuire 53 49f 1bhereaul @rﬂan@O@t rO'sJHer
cir- cuit 5 &éctually, a voltage signal simlar to the solenoid current

is supplied® ﬁe%ﬁﬂﬁglﬁ}ﬁﬁgséﬂﬂéél§3S&F geRerdefenthesgpriicaals S,
anpl i fying gorcuire 2hanyed to a "low" level by a non-illustrated logic

circuit.

5 If no de-energizing signal S3 is produced due for
example to a failure of the coulomb controlling circuit 5
even when the signal S1 or S2 is generated, then the circuit
3 temporarily stops the issuance of the signals S1, S2.
Thereafter, the circuit 3 produces the signals S1, S2 again.

10 If a de-energizing signal S3 is still not produced even by
the regenerated signals S1, S2, the circuit 3 forcibly
closes the valve and stops its controlling operation on the
solenocid 2.

More specifically, the origin signals S01, S02 go

15 high in level when the approach/leavihg of a user is
detected. The origin signals S0l, S02 are applied respec-
tively to D input terminals of F/F (flip-flop) circuits 301,
302 which serve as latch circuilts. The signals S01, S02 are
also applied to an OR gate 303, the output signal of which

20 is applied to a CLK input terminal of the F/Fs 301, 302.
Therefore, when either one of the origin signals $01, S02
goes high, both the F/Fs 301, 302 are operated, and a
high-level output signal is issued from the Q output ter-

e minal of one of the F/Fs to which the high-level signal has

“~ 25 been applied. Specifically, when the signal SOl goes high,
the high-level output signal is issued only from the Q ter-
minal of the F/F 301. When the signal S02 goes high, the
high-level ocutput signal is issued only from the Q terminal
of the F/F 302. The output condition of the Q terminals of

30 the F/Fs 301, 302 is latched until the~’signals S01, S02 go
high again after they have gone low. The F/Fs 301, 302 are
thus triggered by positive-going edges of the signals

applied to their CLK input terminals.
The signals S01, S02 are also applied to an OR gate

35 304, the output of which is applied to a START terminal of a
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upplied as a charging current i through resistors RL, R2 to a nonitoring
Eapacitor-Sd. Feedback signals are applied fromthose termnals of the
resistors RL, R2 which are closer to the capacitor 5d than to the
anplifying circuit 5a through switches 5b, 5c. The switches 5b, 5c are
fmutal | y exclusively closed by an output signal fromthe voltage nonitoring
signal 4 Wiile only the switch 5b is cl 3sé , the current gain of the

Slbsed. the HIErerOGal Trot et samerdl oEfpnl idlar: cBEn shaooRitrhea ar
k2. k represént goesphdghs shieped tgdieastievaenpfietihbystipgnatsr§0it &02aggesent,
and high, starting the timer 305. The output signal from the
timer 305 is normally low in level. When the timer 305
5 reaches a time-out condition after it has counted the output
signal from the OR gate 304 for a prescribed period of time,
the timer 305 continuously issues a signal To of a high
level. When a retry signal Re of a high level from a retry
commander 306 is applied to a RESET terminal of the timer

10 305 under this condition, the output signal from the timer
305 goes low and starts counting the output signal from the
OR gate 304. Times for which the timer 305 counts the input
signal in response to signals applied to the START and RESET
terminals thereof are equal to each other. These counting

15 times are selected to be longer than the energizing time Tb
shown in FIG. 3 at (j).

The output signal from the timer 305 which is nor-
mally low is applied to input terminals of AND gates 307,
308 through an inverter 309 to enable the AND gates 307,

20 308. The other input terminals of the AND gates 307, 308
are supplied with the output signals from the F/Fs 301, 302.
The de-energizing signal S3 is applied to the STOP terminals
of the timer 305 and the retry commander 306 for stopping
the operation of the timer 305 and the retry commander 306.

25 Therefore, insofar as the de-energizing signal S3 is nor-
mally generated, the timer 305 does not produce a high-level
output signal. Normally, the output signals from the AND
gates 307, 308 are thus equal to the origin signals S01,

S02, respectively.

30 The high-level time-out signal To from the timer
305 is applied to the retry commander 306. Simultaneously
in response to the time-out signal To, the retry commander
306 applies the high-level retry signal Re to the RESET ter-
minal of the timer 305 and an input terminal of an AND gate

35310. The output terminal of the AND gate 310 thus issues a
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‘the current gains k1, k2 are selected such that k1 = k/ Rl and k2 = k/ (Rl +
F2), and hence k1 > k2. Therefore, as described later on, the average
current gain of the anplifying circuit 5a is varied by the closing and
opening of the switches 5b, 5c dependent on variations in the power supply
vol tage Vcc. The charging current i which flows while only the switch 5b is
closed is indicated by: i= k1. 1 = (k/RI%~1" =k.|/R1

failure signal Tr of a high level only when the timer 305
issues the time-out signal To after the retry signal Re has
been issued. The retry command 306 may comprise a latch
circuit.

5 The output signal from the AND gate 310 is supplied
through an inverter 313 to an input terminal of an AND gate
311 and directly to an input terminal of an OR gate 312.

The other input terminals of the AND gate 311 and the COR
gate 312 are supplied with the signals S01, S02 from the AND

10 gates 307, 308, respectively. Since the output signal from
the AND gate 310 is low in level under normal condition, the
output signal from the AND gate 311 is equal to the signals
S01, S02 under normal condition.

The output signal from the AND gate 310 is sent to

15 a trouble display circuit 314. When the failure signal Tr
is issued from the AND gate 310, the trouble display circuit
314 indicates a failure condition through a pilot lamp or
the like to show that the control circuit is suffering a
failure somewhere therein.

20 The output signal from the AND gate 310 is also
applied to a START terminal of a timer 317. The timer 317
normally continues to issue a low-level output signal. When
the high-level failure signal Tr is applied to the START

- terminal of the timer 317, the timer 317 counts a prescribed
- 25 period of time, and then continuously issues an output
inhibit signal In of a higﬁ level. The time interval which
is counted by the timer 317 is selected to be longer than
the time counted by the timer 305.
The output signal from the timer 317 is applied via

30 an inverter 318 to input terminals of AND gates 315, 316,
the other input terminals of which are supplied with the
output signals from the AND gate 311 and the OR gate 312.
Normally, the output signal from the timer 317 is low in
level, and the output signals from the AND gates 315, 316

35 are the same as the origin signals S01, S02, respectively,
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8 The charging current i which flows while only the switch 5c is closed is
i'ndicated by: i = k2-1-= (k/(RL + R2))-1 = k.I/(RL + R2). \When the power
supply switch 7 is turned ON, a sawm oot h oscillator 4a of the voltage
nonitoring circuit 4 starts operating to supply a sawmooth voltage Vsa as a
ref erence voltage to a conparator 4b. The samﬁooth oscillator 4a may be
repl aced with a triangle generator. Wen™t pomer supply switch 7 is

R N

: gates 315, 316 are supplied as the valve opening/closing

: signals S1, S2 to the coulomb controlling circuit 5 and the
solenoid valve drive circuit 6, respectively.

5 Operation of the control circuit 3 shown in FIG. 13
will hereinafter be described with reference to FIG. 14.
The timing chart of FIG. 14 shows the output conditions of
the circuit elements indicated by the corresponding refer-
ence characters, and illustrates a fallure condition of the

10 control circuit 3 due to trouble of the coulomb controlling
circuit 5, for example. As described above, the origin sig-
nals S01, S02 are generated by the non-illustrated logic
circuit. 1Indicated at 316, S2(Tr) is a valve closing over-
ride signal produced by the failure signal Tr, and indicates

15 that the signal functions in the same manner as the signal
S2. Denoted at St in FIG. 14 is a time at which the timers
305, 317 start counting time.

when either the -origin signal S01 or S02 goes high
in level, the corresponding one of the valve opening/closing

20 signals S1, S2 goes high, starting to energize the solenoid
2. At the same time, the START terminal of the timer 305 is
supplied with a high-level signal through the OR gate 304 to
start counting a prescribed period of time (> Tb).

Normally, the de-energizing signal S3 is generated

25 before the timer 305 reaches a time-out condition, the ori-
gin signals S0l, S02 go low, and the timer 305 and the retry
commander 306 stop their operation. These conditions are
illustrated in FIG. 14.

In the event that no de-energizing signal S$3 is

30 produced upon elapse of the energizing time, e.g., Tb, for
some reason, the timer 305 reaches a time-out condition.

The timer 305 continuously issues a high-level time-out sig-
nal To. Therefore, one of the input terminals of each of
the AND gates 307, 308 is supplied with a low-level signal

35 from the inverter 309, with the result that the output sig-
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The conparator 4b conpares the applied voltage V1 with the reference

vol tage Vsa. Wiile V1 > Vsa, the conparator 4b issues an output signal of a
"high" level, and while V1 < Vsa, the conparator 4b issues an output signal
of a "low' level. The output signal fromthe com parator 4b is applied
directly to one of the swtches 5b of thejzgoul onb controlling circuit 5 and
via an inverter 5e to the other switch 5¢c. The swi tches 5b, 5c are cl osed

only when t hey sarfrauild ediDvddtes hiogh- begegosignakgaand heneecbhgy-are

exclusively qr_alt tively closed. .Nore specificall e V1l > Vsa, the
switch 5b ié‘:lc?ln%séJ amtr e b ISeatg é:arlﬁu§§258rﬁa§“yi?‘f}£g&f}?fie§¥ 5BenQKI
and output signals from the F/Fs 301, 302.

The time-out signal To is sent to the retry com-

5 mander 306 to enable the latter to issue a retry signal Re
after it has closed the discharging switch 5j for a pre-
scribed period of time with a delay circuit (not shown).

The retry signal Re is applied to the RESET terminal of the
timer 305, which then issues a low-level signal and restarts
10 counting a prescribed period of time (Tb <). Since the out-
put signal from the timer 305 goes low, the AND gates 307,
308 are enabled again to issue the condition of the origin
signals S0l, S02 which are held in the F/Fs 301, 302. While
the retry signal Re.is also applied to the AND gate 310, the
15 output signal from the timer 305 remains low. The signals
-from 'the AND gates 307, 308 are finally issued as the valve
opening/closing signals S1, S2 from the AND gates 315, 316,
respectively. This condition is indicated by a second
"high" state of the chart represented by (307, 308) S1, S2
20 in FIG. 14, 1.e., a retry condition.

After the signals S1, S2 have been issued again,
the origin signals S01, S02 go low if the de-energizing sig-
nal S3 is produced before the time-out condition of the
timer 305, and the operation of the timer 305 and the retry

25 commander 306 is stopped. This condition is not illustrated
in FIG. 14.

If no de-energizing signal S3 is produced upon
elapse of the energizing time, e.g., Tb, for some reason,
then the timer 305 reaches a time-out condition. The timer

a0 305 continues to issues a high-level time-out signal To
again. Therefore, the output signals from the AND gates
307, 308 go low, thus inhibiting the transmission of the
origin signals S01, S02 past the AND gates 307, 308. As a
result, the output of the valve opening/closing signals S1,
35 S2 is inhibited. '

R
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|Ie V1 < Vsa,

e current gain k2 during which tinme the charging current i is |ower.
noted at Fin FIG 2 is an input line for closing the valve through a

nual

over -

ride. As long as the current | flows through the solenoid 2,

e capacitor 5d is continuously charged-ang a volt- age V3 at the input

rm nal

of the capacitor 5d progres- sively rises. The voltage V3 is

the switch 5¢c is closed and the anpli- fying circuit 5a has

pplied as an input vdinceaghet Q:e&rg)oB‘mgnaﬂ.OReSﬁ.sV\/had;htainéBDEU edeVWhiBha -

efer
gi gnal

ence
of a

10

15

20

25

30

35

%%%, %ég%hiMh#geﬁxgﬁisghggbhie gp%ggiure sigggfe§ an output
issued from the AND gate 310.

The failure signal Tr is sent to the trouble dis-
play circuit 314, which then continuously indicates the
failure condition. -

The failure signal Tr is also applied to the START
terminal of the timer 317 to enable the latter to start
counting a prescribed period of time. Since the output sig-
nal from the timer 317 is low until it reaches a time-out
condition, a high-~level signal is applied to one input ter-
minal of the AND gate 316 to enable the latter.

The failure signal Tr is also fed tec the OR gate
312. Therefore, the output signal from the OR gate 312 goes
high, and is issued as the valve cloéing signal S2 (Tr)
caused by the failure signal Tr. The solenoid valve drive
circuit 6 closes the valve in response to the signal S2
(Tr) . .
When the timer 317 has completed the counting of

the prescribed time, it issues a high-level output inhibit

signal'In to disable the AND gates 315, 316, so that the
issuance of the valve closing signal S2 (Tr) is inhibited.
The timer 317 subsequently continues to issue the output
inhibit signal In to inhibit the issuance of the valve
opening/closing signals Si, S2.

Even after the forced closing of the valve with the
override signal S2 (Tr) has been brought to an end, the
failure signal Tr and the output inhibit signal In are
maintained to inhibit the solenoid 2 from being energized
and to indicate the failure.

with the aforesaid arrangement of the decision cir-
cuit 3, any wasteful consumption of the electric energy
stored in the battery, which would otherwise be caused by
some failure of the control circuit, can be avoided. Even
if no de-energizing signal S3 is obtained within a pre-
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5f issues an output signal of a "high" level. The high-I|evel

fromthe conparator 5f is sent as the de- energi zing signal S3 to
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9 the decision circuit 3. The reference voltage Wr is determ ned accordi
to the electric quantity On required by the solenoid 2, and thus has

di fferent values when the valve is to be- ggrened (i. e., when the signal
Is turned ON) and when the val ve

scribed period of time, the valve opening/closing signals
S1, S2 are automatically rendered low, thus effectively pre-
venting a reverse latching phenomenon in which if the ener-
gizing time is long, the valve which has once been opened is
closed again because of solenoid characteristics exhibited
when closing the solenoid.

Since the circuit 3 informs the operator of a fail-
ure condition, the operator can immediately find such a
failure of the control circuit. In addition, the valve is
forcibly closed when the circuit 3 determines that the con-
trol circuit suffers a failure. Accordingly, the control
circuit is associated with an effective fail-safe system.

The circuit 3 does not regard a single time-out
condition of the timer 305 as a failure, but tries to ener-
gize the solenoid again through the retry commander 306
should such a time-out condition occur. This prevents the
control circuit from being de-energized by a single
extrinsic error which may be caused by noise or the like.

A solenoid valve control circuit 400 according to a
third modification will be described with reference to FIGS.
15 and 16. Circuit elements 401, 402, 403, 404 illustrated
in FIG. 15 are added to the control circuit 10 or 100,
described above for detecting a drop in the battery voltage
vece.

A voltage produced by dividing the output voltage
from the reference voltage generator 5g at a prescribed
ratio is applied as a reference voltage Th to a comparator
401, the reference voltage Th providing athreshold value. The
battery voltage Vcc is divided into an input voltage vcc'
which is applied to the comparator 401. When the input
voltage vcc' is higher than the threshold voltage Th, the
comparator 401 issues a high-level signal to one input ter-
minal of an AND gate 403 through an inverter 402.

The valve opening/closing signals S1, S2 are
applied to an OR gate 404, the'output signal of which is
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‘is to be closed (i.e., when the signal S2 is turned ON). The reference

voltage Vr is selected to be equal to the voltage V3 across #h&,SoRa Lol

5d when the required electric quantity Qn (= Qo, Q) has rowE m mgen eﬂaced
I

| t

ihigh. The reference voltage Vr is pro- duced by dividing, w ﬂ@ ﬂ
R5, R6, R7 and switch- es 5h, 5i, an owt @8 voltage froma constant voltage
cir- cuit or reference voltage generator 5g to which the pow er supply -

vol tage Vcc2PBligpl tedtadhraiifr tinoylovermsinel wify tdei ASP gat®he0swi t ches
Sh, S are phesed, i LEPECI NG Y difhad H¥lot B 132high in level, the

AND gate 403 is enabled to issue an output signal. That is,
the AND gate 403 can issue an ocutput signal only when the

5 solencid 2 is energized.
T If the voltage Vcc' drops lower than the threshold

voltage Th while either the signal S1 or S2 is high and the

solenoid 2 is being energized, the output signal from the

comparator 401 goes low.  The low-level signal from the com-
10 parator 401 is applied through an inverter 402 as a high-

level signal to the AND gate 403. Consequently, the AND

gate 403 issues a signal S5 of a high level which represents

that the battery voltage Vcc drops lower than a prescribed '

'solenoid 2 in the case where the power supply voltage Vcc is

voltage level.
15 FIG. 16 shows the output condition of the voltage

drop signal S5. The voltage drop signal S5 is delivered to
a non-illustrated circuit so as to be processed thereby in a
predetermined manner.
For example, the signal S5 is sent to a latch cir-
20 cuit (not shown) which produces an output signal to enable a
liquid crystal display, for example, to display the reduc-
tion in the battery voltage.
The signal S5 may be employed to perform the same
function as the failure signal Tr shown in FIGS. 13 and 14.
25 A drop in the battery voltage vcc when there is no
load on the battery can be detected even by dispensing with
the OR gate 404 and the AND gate 403. It isin practice
preferable, however, to detect any drop in the voltage vcc
when the battery is loaded by energizing the solenoid 2 as
30 illustrated. while only one threshold Th is employed in the
above modification, two threshold values may be established,
with the higher threshold value used for warning the opera-
tor about a voltage drop and the lower threshold value for
de-energizing the entire control system.
35 FIG. 17 illustrates a solenoid valve control cir-
cuit 500 according to a fourth modification of the present




As descri bed above with reference to FIG 4A, the electric quantity Qn (=
Qo) required by the solenoid 2 to open the valve is greater than the

el ectric quantity On (= Cc) required by the solenoid 2 to close the valve.
her ef ore, when opening the valve, the switch 5h is closed by the signal Sl
o supply a relatively high divided voltage Vr as a reference voltage to
he conparator 5f. Wen closing the valVv the switch 5i is closed by the

oL 52 PagtBRL e el vel dpdom ol et g a0 ey BLRLCC
cl osed, theLvoht@gedddd ate otslse tdmninapact tmruiSd HeconeL0 for determin-
ing that the battery is used up when the solenoid 2 is ener-
gized a number of times in excess of a predetermined number.
5 The solenoid opening/closing signals S1, S2 are
applied to an OR gate 501, the output signal of which is
applied to a counter 502 to count the number of times which
the solenoid 2 is energized. The count is then applied as a
digital signal to a digital comparator 503.
10 A reference count applied to the digital comparator
503 is set to a prescribed value (= an integer) through a
jumper switch J. The reference count is selected to be a
number of times the solenoid 2 is energized to use up the
electric energy stored in the battery. Thetdigital compara-
15 tor 503 issues an output signal Sé of-a high level when the
- count exceeds the reference count.

The signal S6 is a signal which statistically or
indirectly represents that the battery voltage Vcc drops
below a prescribed value. The voltage drop signal Sé is

20 sent to a certain circuit (not shown) so as to be processed
thereby. The signal Sé is practically equivalent to the
voltage drop signal S5 described above, and the manner of
utilizing the signal S6 is also the same as the manner of

- utilizing the signal S5.
- 25 A solenoid valve control circuit 600 in accordance
with a fifth modification of the present invention is shown
in FIG. 18. Circuit elements 401, 402, 403, 404 (or 501),
502, 503 shown in FIG. 18 are added to the control circuit
10 or 100. Those circuit elements in FIG. 18 which are

30 identical to those of the control circuits 400 and 500 will
not be described below. -

The control circuit 600 simultaneously performs the
functions of the control circuits 400, 500. However, the
signals S5, S6 are applied to an OR gate 601, which produces

35 an output signal S7 of a high level when the signal S5 or Sé

- This Sheet Has Been Replaced




equal to the reference voltage Wr when the electric quan- tity Q passing
t hrough the solenoid 2 reaches the re- quired electric quantity Qn. At this
time, the conparator 5f sends the high-level de-energizing signal S3 to the
decision circuit 3. At the sane tine as the decision circuit 3 receives the
signal S3, it turns OFF the one of the si gals S1, S2 which is ON at the
time, opens the power supply switch 7, an
goes high. The signal S7 is applied a certain circuit and
processed thereby.
The signal S7 is produced when the solenoid 2 has
been energized a number of times in excess of a predeter-
S mined number or when the battery voltage Vcc drops below a
prescribed value. By using the signal S7 as a battery con-
sumption signal, the battery can reliably be replaced with a
new one before the battery power is completely used up.
FIG. 19 shows a solenoid valve control circuit 700
10 according to a sixth modification of the present invention.
The control circuit 700 includes a solenoid valve
drive circuit 6 in the form of a bridge circuit, and a
capaclitor 701 connected parallel to the drive circuit 6.
The capacitor 701 has a relatively large capacitance Cl for
15 supplying the solenoid 2 with an electric current which is
large enough to open the valve.
" Under normal condition, the valve opening/closing
signals Sl1, S2 are low in level, rendering the drive circuit
6 nonconductive. At this time, the capacitor 701 is charged
20 to a voltage equal to the battery voltage Vcc at the time
there is no load on the battery. Therefore, the capacitor
701 is charged to Cl-Vcc.
When the approach of a user is detected and the
. valve opening signal S1 goes high, for example, the drive
. 25 circuit 6 is rendered conductive. Under this condition, a
current flows mainly from the capacitor 701 into the drive
circuit 6. Upon elapse of a prescribed period of time in
which the electric quantity Q supplied to the solenoid 2
should reach a predetermined value, the signal S1 goes low,
30 making the drive circuit 6 nonconductive. Thereafter, the
capacitor 701 is gradually charged in readiness for a next
cycle of energization of the solenoid 2.
Wwhile the signal S1 is high in level and the sole-
noid 2 is being energized, the battery voltage Vcc does not

35 largely drop.
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"applies an output signal S4 of a "high" level to a discharging swtch
The energi zation of the solenoid 2 is stopped, the circuits 4, 5 are
energi zed, and the capacitor 5d is discharged, readying the control
cuit 10 for a next cycle of operation. As enclosed by the broken |ines
FIG 2, the volt- age nonitoring circu+t3®d 4+s constructed fromthe
rcuit elenents 4a, 4b and the resistors R3, R4, and the cou- |onb
ntrolling circuit 5 Weitensheuebewde frvabve his copened il enentabdaet hr ough

and the regbstoi e Rin, ReneRRo1&Ro1d2 is also energized mainly by the
capacitor 701 for closing the valve.
In the control circuit 700, the solenoid 2 is ener-
5 gized mainly by the capacitor 701. Therefore, even if the
battery voltage Vcc when the battery is loaded is considera-
bly lowered at the end of the service life of the battery,
the solenoid 2 is supplied with the same electric quantity
as that which is available at the beginning of the battery
10 service life. As a result, the electric energy stored in
the battery can fully be utilized without being wasted.
The aforesaid modifications of the invention may be

combined in various combinations.
Although there have been described what are at pre-
15 sent considered to be the preferred embodiments of the pre-
sent invention, it will be understood that the invention may
be embodied in other specific forms without departing from
the essential characteristics thereof. The present embodi-
ments are therefore to be considered in all aspects as
20 illustrative,.and not restrictive. The scope of the inven-
tion is indicated by the appended claims rather than by the

foregoing description.
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FIG 3 shows a timng chart of output signals or op- erating conditions of
the circuit elenments illustrated in FIG 2. Those output signals shown in a
| efthand area Ain FIG 3 are produced when the voltage Vééilmtﬁdséednateplﬁfey

1is sufficiently high, and those output, signals shown in m ”;'ﬂmumea

Bin FIG @LaiBSgenerated when the batt€ry voltage Vcc is
only illus- trates the output signals in the areas A B for opening e
val ve. The output signals produced for closing the valve are simlar and

are not shown. The ghay t g, pLoFl & o1 JERLERENL (O dBH Qg0 £pndige £ i ons:
200; 400; 500; 600; 700] for operatively connecting a bat-
tery [1] to a solenoid [2].to energize the solenoid to actu-

5 ate a valve, said control circuit including coulomb
controlling means (4, 5; 5] for supplying a contrallable

electric charge quantity [Qn; Ql0] to the solenoid (2].

2. A solenoid valve control circuit (10; 20; 200)
according to claim 1, wherein said electric quantity [Qn] is
10 a required electric quantity [Qn] corresponding to the volt-
age [Vcc] of said battery [1], ‘

said coulomb controlling means [4, 5] comprising
means for supplying said required electric quantity [Qn] to

said solenoid [2].

15 3. A solenoid valve control circuit [10] according

to claim 2, further comprising:

a decision circuit [3] for producing an energizing
signal {S1, S2] indicating that said battery [1] is to be
connected to said solenoid [2] under a prescribed condition;

20 and

a solenoid valve drive circuit -{6] responsive to
said energizing signal (S1, S2] for operatively connecting
said battery [1] to said solenoid [2] to energize said sole-

noid [2], and

* c L M s *




(a) The operating condition of the decision circuit 3, i <5 the manner in

whi ch the circuit 3 detects the approach of a user. (b) < cep Replaced
processing tinme required to open the valve. (c) The openi ' I ’ ‘
condi tion of the power supply swtch é. (d) The ON OFF co
val ve opening sig- nal Sl1, i.e., thé Fiving condition of the drive circuit
6. The drive circuit, 6 is energi zed about 1 nsec. af- ter the power supply
switch 7 is cl osed ‘&Eegﬁbﬂms%l’tg(%?‘?l%ﬂ?ﬂ ‘E@%‘f‘%ﬁg‘i%&‘e@&ﬁst[ém isgll ly at the
same time .
comprises:
a power supply voltage monitoring circuit (4] for
monitoring the voltage [Vcc] of said battery (1] and produc-
5 ing a signal [f; g] corresponding to the battery voltage
[Vcec]; and
a coulomb controlling circuit [5] for monitoring

the electric quantity [Q, V3] supplied from said battery [1]

to said solenocid [2] and for producing a de-energizing sig-

10 nal [S3] based on the signal [f; g] from said power supply
voltage monitoring circuit [4] when the electric quantity
[Q] supplied to said solenoid {2] is eéual to said required
electric quantity [Qn] corresponding to said battery wvoltage

[Vec].

15 4. A solenoid valve control circuit {10] according
to claim 3, wherein said coulomb controlling circuit [5]

comprises:

an amplifying circuit {S5a, Sb, 5¢c, Rl1, R2] con-

nected to said solenoid [2] for amplifying an electric
20 current [{I] to be supplied to the solenoid [2];

a capacitor [5d] chargeable tc a prescribed charge
level [C-V3] in response to the amplified current (kl-I,
k2-I] from said amplifying circuit [S5a, Sb, S5c, R1l, R2)]; and

a comparator [Sf] for comparing a voltage [V3]

25 across said capacitor [5d] with a reference voltage [Vr] and
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vol t -

the internal resistance of the battery 1 is high, the volt-
consi derably drops when the solenoid 2 is energized. (g) The
Vsa fromthe sawtooth gen- erator 4ar Fhe-waveform and peak val ue of the

10

15

20

that the power supply switch 7 is opened. 11 (e) The current | flown
through the solenoid 2. (f) The battery voltage Vcc. In thérhﬁ ﬁiB n

producing said de-energizing signal ([S3] when the voltage
[V3] across said capacitor [5d4] is equal to said reference
voltage [Vr]; and

said amplifying circuit [S5a] being responsive to
said signal [f; g] corresponding to the battery voltage
from said power supply voltage monitoring circuit [4] for
amplifying said electric current to be supplied to said
solencid [2] at a gain.{klO] proportional to said battery

voltage [Vcc].

5. A solenoid valve control circuit [10] according
to claim 3, wherein said amplifying ciécuit [Sa, 5b, 5c, Rl,
R2] amplifies said electric current [I] at a constant gain
[k1] when said baﬁtery voltage [Vcc] is relatively high,

said reference voltage [Vr] of said comparator [5f)

being set to be equal to the voltage [V3] across said capac-

itor [5d] when said -required electric quantity [Qn = Ql, Q2]
is supplied to said solenocid [{2] in case said battery volt-

age [Vcc] is relatively high.

6. A solenoid valve control circuit [10] according

to claim 3, wherein said de-energizing signal [S3] from said

coulomb controlling circuit [5] is supplied to said decision

circuit [3], said decision circuit [3] being responsive to
said de-energizing signal ([S3] for stopping the generation

of said energizing signal [S1, S2].
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iage Vsa remain unchanged in the areas A, B. (h) The output c tlon of the
conparator 4b, which indirectly represents the opening and" BR"RWh“d
~condition of the switch 5b. (i) The.opening and cl osing con ”Itl“

:switch 5¢, which is a reversal of the condition of (h). VVt he
.above charts (f), (g), (h), and (i), while the divided voltage V1 i s higher

zthan the sawt oot h VOlkaQSlgﬁgﬁdOO%%véhg E%&f ?pcuny ?@Ed ?gﬂfgéle t he

i divided voltage V1°i's”| OWeEr & vl age

closed. () Thgs¥ohtage VRekOLofPRIGLAY: the capaci tor 5d.

a decision circuit [3] for producing an energizing

signal [Sl, S2] indicating that said battery (1] is to be
5 connected to said solenoid {2] under a prescribed condition,
and |
wherein said coulomb controlling means [4, S, 60]
comprises:
a power supply voltage monitoring circuit [4] for
10 monitoring the voltage [Vcc] of said battery {1] and produc-
ing a signal [V1'] corresponding to the battery voltage
[Vcc]; -
an energiziné time decision circuit [50] for deter-
mining an energizing time [t] in which said solenocid [2] is
15 to be energized, in response to saild energizing signal [S1,
S2] from said decision circuit [3] and said signal [V1']
corresponding to said battery voltage from said power supply
voltage monitoring circuit [4]; and
a drive circuit {51, 52, 60] for connecting said
20 battery (1] to said solenoid [2] to energize said solenocid

i " [2] for said determined energizing time [t].

8. A solenoid valve control circuit [100; 200]
according to claim 1, wherein said electric quantity [Q10,
Q20] is an electric quantity [Q10, Q20] having a constant

25 value; and

mmmmmm
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-k) The out put condition of the conparator 5f, i.e., the output condi tion
of the de-energizing signal S3. (1) The tinme required fortTh SiestHasiBsen Replaced

circuit 3 to end the energization of the solenoid 2, i.e
whi ch the signal S4 is rendered "high" in level to close th
switch 5 for a time long enough te disseharge the capacitor 5d. In the area

A, the switch 5b remains continuously closed since V1 > Vsa at all tines.
Therefore, while thmaisbleulioht? dontirelddngneegnzeds jt havehgr geagscasrent i
= k1.1 flows into the capacitor 5d. In the area B, the switches 5b, 5c are
excl usi velsypplying said constant-value electric quantity [Q10, Q20]

to said solenoid [2].

9. A solenoid valve control circuit [100] according
S to claim 8, further comprising:

a decision circuit [3] for producing an energizing
signal [S1, S2] indicating that said battery [1] is to be
connected to said solenoid [2] under a prescribed condition,
and

10 a solenoid valve drive circuit [6] responsive to
said energizing signal {S1, S2] for opératively connecting
said battery [1] to said solenoid (2] to energize said sole-
noid (2], and

wherein said coulomb controlling means [5]

15 comprises:

a coulomb controlling circuit [S] for monitoring
the electric quantity ([Q, V3] supplied from said battery [1]
to said solenocid [{2] and for producing a de-energizing sig-
nal [S3] when the electric quantity {Q] supplied to said

20 solenoid [2] is equal to said constant-value electric quan-

tity [Ql0, Q20].

10. A solenoid valve control circuit {100] accord-

ing to claim 9, wherein said coulomb controlling circuit (5]

{ comprises:

| | AL R O
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cl osed based on the magnitude rel ati onship between the sawm ooth vol tage Vsa

and .t he divided voltage V1. As descri bed above, the cur hegftas Besh Retlaged
anplifying circuit Sa is k1 when the switch 5b is cl osed ﬂ H en
the switch 5¢c is closed. Therefore,.tfe average gain k10 iiflyi ng
circuit 5a in the area B can be determned as foll ows: 12 FIG 4B i1s a

graph showing, at an enmpdigedngcalecust {58, R11] connected to said

solenoid (2] for amplifying ap 9lectric current [I] to be

supplied to the solenold (2] at a prescriped gain (k31;

a capacitor [5d] charqgeable tq a prescribed charge

5 level [C-V3] in response to thg amplified current [k3-I]

from said amplifying circuit (g4, R11]; and

a comparator ([5f] for Comparing a voltage [V3]

across said capacitor (Sd] witp 4 reference voltage [Vr] and
producing said de-energizing S1lgnal (S3] when the voltage

10 [V3] across said capacitor [5d) g4 equal to said reference

voltage [Vr].

11. A solenold valve contrel ecircust [100] accord-

ing to claim 10, wherein saiq Constant-value electric quan-

tity [Q10, Q20] is an electric quantity [on = Ql, Q2]

15 required by said solenoid [2] whep 4pg voltage [Vcc] of said

battery [1] is of a stable value (g 5 5 5 E3], and

said reference voltage (VX) of said comparator [5f]
is equal to the voltage (V3] acroas gaig capacitor [5d] when
said required electric quantity (Qn « Q1

Q2] is supplied to
20 said solenoid (2].

. im 9, wherein -
ing to claim W in said de energizing signal [S3] from

said coulomb controlling circuit (S] is supplied to said

decision circult (3], sald deciston cireysit 37 being

) 0 R AU
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]

ihe'charts (f) and (g) in overlapping relationship in the argastet®fas BlefRephced

I

The reference characters Vsa(nax) and Vsa(m n) represent maxi
m ni rum val ues of the sawtooth voltage Vsa, and [err]0 indic I
period of the sawtooth voltage Vsa. If the period in which V [

one cycle of the voltage Vsa is [err]‘(%ﬁ[érr] [err] [err] [err]0), then

the average gain k10 of the_ applifying circujt 5a can be expressed by: k10
= (1 - ([cFRFPPRELYD) FokFadd( f?#{%’rﬂ%‘;.%lzgfﬁﬁc@bl[ o SERPRIAE k1 > k2

as desori bed aboue, k1oLSL) K19 LELLL: 21 fR1 450 Ady, pn V1 Lerr]

13. A solenoid valve control circuit [200] accord-
ing to claim 1, further comprising: -
5 a decision circuit [3] for producing an energizing
signal [S1l, S2] indicating that said battery [1] is to be
connected to said solenoid [2] under a prescribed condition,
and
wherein said coulomb controlling means [5, 60]
10 comprises:
an energizing time decision circuit (50] for deter-
mining an energizing time [t] in which said solenoid [2] is
to be energized, in response to said energizing signal ([Si,
S2] from said decision circuit ([3]; and
15 a drive circuit [51, 52, 60] for connecting said
battery [1] to said .solencid [2] to energize said solenoid

(2] for said determined energizing time [t].

14. A solenoid valve control circuit [FIG. 13}
according to claim 3 or 9, wherein said decision circuit [3]
20 comprises a timer circuit [305)] for producing a time-out
signal [To] to stop the generation of said energizing signal
[S1, S2] when said de-energizing signal [S3] is not produced
upon elapse of a predetermined period of time [> Tb] after

said energizing signal [Sl1, S2] has been produced.
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k10 = k1. When V1 [err] Vsa(mn), since [err] = [err n the
range of Vsa(mn) [err] V1 [err] Vsa(nex), be- cguse]t é@}hs%%nNYEHMIS I n
.inverse proportion to the divided voltage V1, the aver HMEEIEJ‘E JIE
;proportional to the divided voltage Vl3gln the area B

raverage gain k10 is proportional to the power supply voltage Vcc, and hence

:as the voltage Vcc is;4overeshe®id Ydihve %ntecroag%wtkwm\/\hqm t he powver
;supply voltage Vcc is relatively high, i.e., in the range of Vcc > E[err],
in FIG 4A jbeophes§Tts claim 14, wherein said decision circuit [3]
further comprises a retry commander [306] for.producing a

retry signal [Re] to generate said energizing signal [S1,

5 S2] once more when said time-out signal [To] is produced by

said timer circuit [305].

16. A solenoid valve control circuit [FIG. 13]
according to claim 15, wherein said decision circuit [3]
further comprises a failure determining circuit [310 ~ 318]
10 for producing a failure signal [Tr] to stop controlling said
solenoid (2] when said de—energizing-signal [S3] is not pro-
duced upon elapse of a predetermined period of time [> Tb]
after said energizing signal'[SI, S2] has been produced

again based on said retry signal [Re].

15 . 17. A solenoid valve control circuit [FIG. 13]
according to claim 16, wherein said failure determining cir-
cuit [310 ~ 318] comprises a valve closing override circuit
(312, 316 ~ 318] for forcibly closing said valve, and a
trouble display circuit [314] for indicating a failure

20 condition.

18. A solenoid valve control circuit (FIG. 13]
according to claim 3 or 9, wherein said decision circuit [3]

further comprises a failure determining circuit [304 ~ 318]
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quantity Qo required by the solenoid 2 to open the vaIve Is of a
substantially constant value QL. When the power su eRN@xaﬂs
, red by
ppl y

relatively low, i.e., Vcc = E[err], the electric qu

the solenoid to open the valve is oL aoval ue B. W

voltage Vcc is in the range of E[err] [err] Vcc [err] Eerr], QL [err] Q
Lerr] 03. The A% 309 hSUel LeGhb1VGachets SELG' EbnERbl pERENYS 0 the

solenoid [2] when said de-energizing signal [S3] is not pro-

duced upon elapse of a predetermined period of time after
said energizing signal [S1, S2] has been produced.
5 19. A solenoid valve control circuit [400] accord-
ing to claim 1, further comprising:
a voltage drop detecting circuit [401, 402, 403,
404] for detecting a drop in the voltage [Vcc] of said bat-
tery [1] below a predetermined value [Th] and for producing
10 a voltage drop signal [S5] indicative of the detected volt-

age drop.

20. A solenoid valve control circuit (500] accord-

ing to claim 1, further comprising a counting circuit [501,
502, 503] for detecting that the number of times said scle-

15 noid [2] is energized by said battery [1] exceeds a prede-
termined number and for producing a voltage drop signal ([S5]

indicative of the detected number of times.

21. A solencid valve control circuit [600] accord-
ing to claim 1, further comprising:
20 a voltage drop detecting circuit [401, 402, 403,
404] for detecting a drop in the voltage {Vcc] of said bat-

tery [1] below a predetermined value [Th] and for producing

a first voltage drop signal [SS] indicative of the detected

voltage drop; and
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FIL,G 3. The control circuit 10 is arranged such that when the power supply

voltage Vcc is E[err] and Eferr],

the divided voltage V1 is equal

to the

maxi nrum val ue Vsa(max) and the m ni mim3al-ue Vsa(m n), respectively, of the

saw tooth voltage Vsa. The values of the resistors Rl, R2,
the reference voltage Wr supplied to the conparator 5f,

of the capacitor 5d arecwetftd adi st tiwil W Vo
guan- tity Q supplied to the solenoid 2 is Q= 01 an

t he val ue of
and the capacitance

Hoat Idetddig ] ectric
when Vcc = Eferr],

[err]= 8. et efios enuide QloMhisimed s i Elsylidno il e tile eheaidgedayn k10

I's proportional to the power supply

said battery (1] exceeds a predetermined number and for pro-

ducing a second voltage drop signal {S5] indicative of the

5 detected number of times.

22. A solencid valve control circuit [700] accord-

ing to claim 1, further comprising:

a capacitor (701] chargeable to a charge level

[Cl-Vcc] by said battery [1] while said solenocid {2] is not

10 being energized by said battery [1], said solenoid [2] being

supplied with an electric current from said capacitor [701]

when said solenoid [2] is energized.
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vol tage Vcc when E[err] [err] Vcc [err] E[err], as described above, the
electric quantity Q supplied to the solenoid 2 is con- trolled so as to be
substantially equal to Qo in FIG 4A -Th2 aforesaid description has been
directed to the opening of the valve. For closing the valve, the electric
quantity Q supplied to the solenoid 2 in the area Bis controlled so as to

be equal to Q¢ in FIG 4A since onIXngﬁAégference voltage Vr supplied to.

the conparator 5f is lower. As is a fromthe above description, the
el ec- tric quantity Q %EH%'EE% t, lbgec Eg Qigigc£§tcontrolled so as to be
dependent on the pomer*sup6¥y—vogtage~§§t—§y———~———*

A solenoid valve control circuit [10] for operatively
connecting a battery [1] to a solenoid [2] to energize the
solencid to actuate a valve has a coulomb controlling
circuit [5] for supplying a controllable electric charge

quantity to the solencid [2].

. ' (Fig.1l]
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he sol enoid valve drive circuit 10. Mre specifically, the electric
uantity Qis controlled so as to be equal to Qo, shovvnTHisI‘ShEézﬁaslékéaReplaced
herefore, the solenoid 2 is ener- gized in an optimum fashi I

f -whether the battery voltage Vcc is high or low. As a con%ﬂgl’%uml’"tﬂm,
¢l ectric power fromthe battery 1 is efficiently con- suned,

bervice life of the battery 1 is prolonged. FIGS. 5 and 6 show a sol enoi d
al ve control circuit 20 according to fir i fication of the present
nven- tion. Those conponents in FIGSf™5 Aan n%i ch are iden@ical to those
hf the control circuit 10 of the first em bodiment are d;mft by -
dentical ref erenggpurmral S,
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3a { - { f { 2
S5l ] LE] e
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T =7 - o e gl gt N s

nd will not be-descri bed. 14 The control circuit 20 has a coul onb
ontrolling cir- cuit 5 conprising an energizing tinme determning circuit

0, a counter 51, and a switch driving circuit 52. The energizing tine
Hetermining circuit 50 receives an ana- |og output V1' fromthe vol t age
honitoring circuit 4 and determnes a tinme t for which the solenoid 2 is to
be en- ergized, based on the anal og output V1' and the val ve
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openi ng/ cl osing signals S1, S2 fromthe decision circuit 3. The counter 51
counts the determ ned energizing tine t. Wile the counter 51 is counting
the energizing tine t, the switch driving circuit 52 closes a switch 60 to
energi ze the solenoid 2. The switch 60 conprises a di- rectional elenent
such as a bridge circuit or the like for energizing the solenoid 2. The
anal og output V1' fromthe voltage nonitoring circuit 4 is produced by

di vidi ng the power supply voltage Vcc at a prescribed ratio. As shown in
FIG 6, the energizing tinme determining circuit 50 conprises an A/D
converter 50a for converting the anal og output V1' fromthe voltage

nmonitoring circuit
FI1G3

(a) |

(c}
(d) Si
(e) I
(f) W1
(g) Vsa
(h)
(i)
(j) Vs
(k) 53_
2
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4 into a digital signal V1", and a nenory 50b for deter- mning an
energizing tinmnet in response to the digital sig- nal V1" and the val ve
openi ng/ cl osing signals S1, S2. The nenory 50b has two nmenory naps which
can be selected by the signals Sl1, S2, respectively. Each of the nenory
maps stores data on required energizing times [err] based on the
characteristics of the required electric quantity On and the tine-base
current characteristics of the solenoid 2. The digital signal V1" is
applied as an address signal to the nenory 50b to read data on the required

energizing tine t fromthe menory map V\:hFh /na@beﬁ sel ected by the signal

S1 or S2.
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{

The electric quantity Q supplied to the solenoid valve 2 can be controlled
so as to be of a nmagnitude dependent on the power supply voltage Vcc by the
so- lenoid valve control circuit 20. Accordingly, the solenoid 2 is

energi zed in an optinum fashi on regardl ess of whether the 15 battery

voltage Vcc is high or low. As a con- sequence, the electric power fromthe
battery 1 is effi-

FIGT7
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ciently consuned, and the service |life of the battery 1 is prolonged. The
circuit conponents 50, 51 of the control circuit 20 may be replaced with a
PWM (Pul se Wdth Modul a- tion) circuit responsive to the output fromthe
power sup- ply voltage nonitoring circuit for producing pul ses of a
duration inversely proportional to the power supply volt- age Vcc, and an
out put signal fromthe PWMcircuit may be supplied to the switch driving
circuit 52. In this case, the PMMcircuit doubles as a timer circuit. Thus,
a pul se generator with the pul se duration variable by the output fromthe
power supply voltage nonitoring circuit may be
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used as a timer. FIG 7 shows one detailed circuit arrangenent for the
decision circuit 3, and FIG 8 is a timng chart show ing output
conditions of circuit conponents in the circuit 3. The circuit 3 normally
generates the val ve opening/ closing signals S1, S2 based on signals S01,
S02 which serve as origins of the signals S1, S2. The signals S01, S02 have

(¢l

FlG9

(d)

e —
T

(e) 1
(f) _Vcc

(j) Vs
(k)
(2)

g T —
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6 wavefornms as shown in the chart (d) in FIG 3. Wen the de-energizing
ignal S3 is generated, these signals S01, S02 are changed to a "low' | eve
y a non-illustrated logic circuit. If no de-energizing signal S3 is
roduced due for exanple to a failure of the coulonb controlling circuit 5
ven when the signal S1 or S2 is generated, then the circuit 3 tenporarily
tops the issuance of the signals S1, S2. Thereafter, the circuit 3
roduces the signals S1, S2 again. |If a de-energizing signal S3 is stil

ot pro- duced even by the regenerated signals S1, S2, the cir-
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uit 3 forcibly closes the valve and stops its controlling operation on the
ol enoid 2. Modre specifically, the origin signals-S01, S02 go hi.gh in |eve
en the approach/leaving of a user is de- tected. The origin signals S01,
02 are applied respec- tively to Dinput termnals of F/F (flip-flop)
ircuits 301, 302 which serve as latch circuits. The signals S01, S02 are
| so applied to an OR gate 303, the output signal of which is applied to a
Kinput terminal of the F/Fs 301, 302. Therefore, when either one of the
rigin signals S01, S02 goes high, both the F/Fs 301, 302 are operat- ed,

nd a high-level output signal is ig;pbd fromthe Q4
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output termnal of one of the F/Fs to which the high-Ievel signal has been
applied. Specifically, when the signal S01 goes high, the high-Ievel output
signal is issued only fromthe Qtermnal of the F/'F 301. Wen-the signal
S02 goes high, the high-level output signal is issued only fromthe Q
termnal of the F/F 302. The output condition of the Qtermnals of the
F/Fs 301, 302 is latched until the signals S01, S02 go high again after

t hey have gone low. The F/Fs 301, 302 are thus triggered by positive- going
edges of the signals applied to thei [ t ter- mnals. The signals
S01, S02 are also applied to an gate
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1&04, the output of which is applied to a START term nal of a 17 timer
305. Therefore, the output signal fromthe OR gate 304 goes hi gh when at
| east one of the signals S01, S02 goes high, starting the tinmer 305. The
output signal fromthe tinmer 305 is normally lowin level. Wen the tiner
305 reaches a tinme-out condition after it has count- ed the output signal
fromthe OR gate 304 for a pre-
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] Robiaz Irey
scribed period of time, the tinmer 305 continuously issues a signal To of a
high I evel. When a retry signal Re of a high level froma retry conmander
306 is applied to a RESET termnal of the timer 305 under this condition,
the output signal fromthe tinmer 305 gges |low and starts c untln 2
output signal fromthe OR gate 304. Tires for mh|§H HEHe; 1d gﬁts
the input signal in re- sponse to signals applied to the START and RESET
ter- mnals thereof are equal to each other. These counting tines are
sel ected to be longer than the energizing tinme Tb shown in FIG. 3 at (j)
The output S|gnal frantthe tlner 305 mhlch |s nor-_gtxt@ : ;
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mally lowis applied to input term nals of AND gates 307, 308 through an

i nverter 309 to enable the AND gates 307, 308. The other input term nals of
the AND gates 307, 308 are supplied with the output signals fromthe F/Fs
301, 302. The de-energizing signal S3 is applied to the STOP term nals of
the tinmer 305 and the retry commander 3B6 for stopfubsgtitute shyeet atd/on/38 the
timer 305 and the retry conmander 306. Therefore, insofar as the

de-energi zing signal S3 is normall y generated, the tinmer 305 does not
produce a high-1evel output sig- LF"NZ Ely the output signals fromthe
AND gates 307, 308 are thus equal signals S01, S02,
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respectively. The high-level tine-out signal To fromthe timer 305 is
applied to the retry commander 306. Sinultaneously in response to the
time-out signal To, the retry com mander 306 applies the high-level retry
signal Re to the RESET termnal of the tiner 305 and an input term nal of
an AND gate 310. The output terminal of 3he AND gat 8uBstrutéshebss 2251 M6

18

FIG3
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failure signal Tr of a high Ilevel only when the tiner 305 issues the
time-out signal To after the retry signal Re has been issued. The retry
com nmand 306 nay conprise a latch circuit. The output signal fromthe AND
gate 310 is supplied through an inverter 313 to an input term nal of an AND
gate 311 and directly to an input term fal of an ORubatitutdlisheethe2/otes
input termnals of the AND gate 311 and the OR gate 312 are supplied with
the signals S01, SO2 fromthe AND gates 307, 308, respectively. Since the
out put si gnal fromthe AND gate 310 is low in level under normal condition,
t he out put signal fromthe AND gate
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311 is equal to the signals SO01, SO02 under normal con- dition. The out put
signal fromthe AND gate 310 is sent to a trouble display circuit 314. \Wen
the failure signal Tr is issued fromthe AND gate 310, the trouble display
cir- cuit 314 indicates a failure condition through a pilot lanp or the

| i ke to show that the control circuit i§ sufferingSybkétliter sheAnennares
therein. The output signal fromthe AND gate 310 is also applied to a START
termnal of a timer 317. The timer 317 normally continues to issue a

| ow-l'evel output sig- nal. Wien the high-level failure signal Tr is applied
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the START terminal of the timer 317, the tinmer 317 counts a prescribed
period of time, and then continu- ously issues an output inhibit signal in
of a high level. The tine interval which is counted by the tiner 317 is
selected to be longer than the time counted by the timer 305. The out put
signal fromthe tinmer 317 is applied vi& an invert Subdfifutecherput2/tiardtnal s
of AND gates 315,316, the other input termnals of which are supplied with
the output signals fromthe AND gate 311 and the OR gate 312. Nornally, the
out put signal fromthe tinmer 317 is lowin |level, and the output signals

fromthe AND gates
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315, 316 are the sane as the origin signals S01, S02, respectively, 19
under normal condition. The output signals fromthe AND gates 315, 316 are
supplied as the val ve opening/closing signals S1, S2 to the coul onb
control- ling circuit 5 and the solenoid valve drive circuit 6, re-
spectively. Operation of the control cifcuit 3 shoSnbstituteGheét - 2/11/96

Fl G8
100

!
(—
T
T
' Y g7 5
- Sw. /
:8 :3: 1 Orive _
Q= circuit -2
Q° L S2
Sa
— I
o— F
. ) Am /"50-.[
P.
' - Ryl |Sa
Constant Si 5h
voltage |- o2 t Vsl Vs.L

circuit g e | /T ¥,
- ; L =l vr < 54/ | T

59 Rr b~ _.
i

This is the replacement sheet

This Sheet Has Been Replaced

Date:




wi Il hereinafter be described with reference to FIG 8. The timng chart of
FIG 8 shows the output conditions of the circuit elenents indicated by the
correspondi ng reference characters, and illustrates a failure condition of
the control circuit 3 due to trouble of the coulonb con- trolling circuit

5, for exanple. As described above, the8origin sigBabstitia, shs@2 -&/¢1/96
generated by the non-illus- trated logic circuit. Indicated at 316, S2(Tr)
is a valve closing override signal produced by the failure signal Tr, and

i ndi cates that the signal functions in the same nman- ner as the signal S2.
Denoted at St in FIG 8 is a time at which the tiners 305, 317 start
counting tine.
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Wien either the origin signal SO0l or S02 goes high in level, the
correspondi ng one of the val ve opening/ closing signals S1, S2 goes high,
starting to energize the solenoid 2. At the sane tinme, the START term nal
of the timer 305 is supplied with a high-level signal through the OR gate
304 to start counting a prescribed peridd of tine (SﬂbFEi}lJtel\gr%I-l%/ﬂ WHE
de-energi zing signal S3 is generated before the tiner 305 reaches a
time-out condition, the origin signals S01, S02 go low, and the tinmer 305

and the retry commander 306 stop their operation. These conditions are not
illustrated in FIG 8.
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Ih the event that no de-energizing signal S3 is pro- duced upon el apse of
the energizing tine, e.g., Th, for sonme reason, the tinmer 305 reaches a
time-out condi- tion. The tinmer 305 continuously issues a high-I|evel
time-out signal To. Therefore, one of the input term nals of each of the
AND gates 307, 308 is supplied with a ItOw1evel si Gudstitutensidea -i 2Mmeryger
309, with the result that the output signals 20
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fromthe AND gates 307, 308 go |low again. The conditions of the origin
signals S01, S02 are maintained by the Q output signals fromthe F/Fs 301,
302. The time-out signal To is sent to the retry conmand- er 306 to enable
the latter to issue a retry signal Re after it has closed the discharging
switch 5) for a prescribed period of tirkel with a deSapstituteuiHeet Nt/ 130oEN) .
The retry signal Re is applied to the RESET term nal of the tinmer 305,

whi ch .then issues a | owlevel signal and restarts counting a prescribed
period of time (Tb <). Since the Quft put si gnal frorpthe timer 305 goes | ow,
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gdtes 307, 308 are enabled again to issue the condition of the origin
signals S01, S02 which are held in the F/ Fs 301, 302. Wiile the retry
signal Re is also applied to the AND gate 310, the output signal fromthe
timer 305 remains low. The signals fromthe AND gates 307, 308 are finally
i ssued as the val ve opening/closing sidials S1, S2SubstititaesHydd -gat1gsg815s,
316, respectively. This condition is indicated by a second "high" state of
the chart represented by (307, )JSﬁSéf' FIG 8, i.e., aretry
condition. After the signals S1/ S i ssued again, the origin
signals S01, S02 go low if the de-energizing
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signal S3 is produced before the tinme-out condition of the tinmer 305, and
the operation of the tinmer 305 and the retry conmander 306 is stopped. This
condition is not illustrated in FIG 8. If no de-energizing signal S3 is
produced upon el apse of the energizing tine, e.g., Th, for some reason,
then the tinmer 305 reaches a tinme-out ¢a@ndition. Thgbdtitiite ehesdOS 2¢PNIg/UES
to issue a high-level tinme-out signal To again. Therefore, the output
signals fromthe AND gates 307, 308 go low, thus inhibiting the

transmi ssion of the origin signals S01, S02 past the AND gates 307, 308. As

a result, the output,of,~h | ve openi ng/cl osing sig-
jput Of el ve openino/ o\ gsing sig:
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nals S1, S2 is inhibited. 21 Since the retry signal Re is mai nt™FHad™at
the high level at this time, the high-level failure signal Tr is issued
fromthe AND gate 310. The failure signal Tr is sent to the trouble display
circuit 314, which then continuously indijcat 8sbstiteaté shéetr €2t Auhustarg9dhe
failure signal Tr is also applied to the START

SOLENOID VALVE CONTROL CIRCUIT

Description

The present invention relates to a circuit for control-
ling the operation of a latching solenoid valve, and more
particularly to a solenoid valve control circuit which em-
ploys a battery as a power supply.

Some washroom faucets have an automatic water
supply control unit for automatically supplying water by
actuating a faucet solenoid valve when the approach of
a user to the faucet is detected, and for automatically
stopping the water supply by actuating the solenoid
valve again when the leaving of the user from the faucet
is detected.

Generally, such solenoid valve comprises a plunger
serving as a valve body and a latching solenoid for driv-
ing the plunger when it is energized. As shown in FIG.
4A of the accompanying drawings, it it empirically known
that the solenoid valve has a certain characteristic be-
tween a power supply voltage Vcc applied o the sole-
noid and the quantity of electricity Q (i.e., all the electric
current flowing through the solenoid, hereinafter re-
terred to as an "electric quantity®) through the solenoid.
When the power supply voltage Vcc is low, the electric
quantity Qn which is required by the solenoid to drive
the plunger is larger than the electric quantity Qn that is
required by the sclenoid to drive the plunger when the
voltage Vce is sufficiently high. Stated otherwise, the
electric quantity Qn which is required and sufficient to
drive the plunger has to be passed through the solenoid
tor a relatively long time when the power supply voltage
Vccis lower and for a relatively short time when the pow-
er supply voltage Vcc is higher.

Where a battery is employed as the power supply
for the solenoid vaive and the solenoid is to be energized
for a constant period of time, a problem arises either
when the voltage Vcc of the battery is higher because
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terminal of the timer 317 to enable the latter to start counting a
prescribed period of tinme. Since the output signal fromthe timer 317 is
low until it reaches a time- out condition, a high-level signal is applied

to one input termnal of the AND gate 316 2 Substithte sHeetl-R1 Augusheobai | ure
om the CR gate 312 golt® Sty & agwer wen HeVckaBeVeaolinepfith, O 0101 o
(Tr) caused by the faiisipwesbesayserthe batteryds eldprpalancates.iMereci rcuit 6
closes the valve in regpetificallyoiltthe tirmgniar vaiick The soWnmid idi¢o biener 317 has
conpl eted the countinggff mizedis selectedto be relatively short in view of new

batlery conditions, then the solenoid will not be suffi-

ciently energized when the battery voltage Vcc be-

comes lower and the plunger will not be driven to a de-

sired stroke. Conversely, if the time of energization of

the solenoid is selected to be relatively long in view of

old or deteriorated battery conditions, then the solenoid

will be excessively energized when the battery voltage

Vee becomes higher, resulting in excessive electric

power consumption and a shorter battery service life.

JP-A-62120006 discloses a circuit for driving &
magnet 1o actuate printing elements of a daisy wheel so
that printing pressure is kept constant for a set time, in
which the current supplied to the magnet is controlled
by the width of a lcad driving pulse dependent on power
source voltage. This circuit does not, however, relate to
battery powered latching solenoigds for opening and
closing valves.

The present invention has been made in view of the
aforesaid problems with conventional lalching solenoid
vaive control circuits.

It is an object of the present invention to provide a
latching solenoid valve control circuit which can ener-
gize such a solenoid under optimum conditions irre-
spective of the voltage of a battery applied to the sole-
noid, so that the electric power from the batter will effi-
ciently be consumed and the service life of the battery
will be increased.

To accomplish the above object, there is provided
in accordance with the present invention a solenoid
valve control circuit for operatively connecting a battery
to a solenoid to energize the solenoid to actuate a valve,
the control circuit including coulomb controliing means
for controliably supplying an electric quantity to the so-
lenoid.as detailed in claim 1.

The above and further objects, details and advan-
tages of the present invention will become apparent
from the tollowing detailed description of preferred em-

bodiments thereof, given by way of example only, when
read in conjunction
This is the reoigcemeant sheet
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the-preécribed time, it issues a high-level output inhibit signal In to
di sabl e the AND gates 315, 316, so that the issuance of the val ve cl osing
signal S2 (Tr) is inhibited. The timer 317 subsequently continues to issue

the out- put inhibit signal In to inhibit mesumimmcgueéfc-mem?hgﬁggg
openi ng/ cl osing signals S1, S2. Even after the forced closing of the valve
with the override signal S2 (Tr) has been brought to an end, the failure
signal Tr and the output inhibit signal In are nain- tained to inhibit the

sol enoid 2 from being Wﬁb%ﬁﬁ,{f},# Bfg\ﬁiﬁbE, the failure. Wth the
clr-

af oresai d arrangenent of the decisio

FIG. 1 is a block diagram of a solenoid valve control
circuit according to a first embodiment of the
present invention;

FIG. 2 is a circuit diagram, partly shown in biock
form, illustrating the solenoid vaive control circuit in
greater detail;

FIG. 3is a timing chart of output signals or operating
conditions of circuit elements in the circuit shown in
FIG. 2;

FIG. 4A is a graph showing the relationship be-
tween a power supply voltage and an electric quan-
tity required by a solenoid;

FIG. 4B is a graph showing the relationship be-
tween a voltage produced by dividing the power
supply voltage,and a sawtooth voltage;

FIG. 5 is a block diagram of a solencid valve control
circuit according to a first modification:;

FIG. 6 is a block diagram showing some of the
blocks of FIG. § in detail;

FIG. 7 is a biock diagram illustrating a decision cir-
cuit in the solenoid vaive control circuit shown in
each of FIGS. 1 and 6;

FIG. 8 is a timing chart of output conditions of circuit
elements in the circuit shown in FIG. 7 ;.

FIG. 9 is a block diagram of a portion of a solenoid
vaive control circuit according to a second modifi-
cation;

FIG. 10 is a timing chart of output conditions of cir-
cuit elements in the circuit shown in FIG. §;

FiG. 11 is a block diagram of a portion of a solenoid
valve control circuit according to a third modifica-
tion; and

F1G. 12 is a block diagram of a portion of a solenoid
vaive control circuit according to a fourth modifica-
tion.
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cuit 3, any wasteful consunption of the electric energy stored in the
battery, which would otherwi se be caused by sone failure of the contro
circuit, can be avoided. Even if no de-energizing signal S3 is obtained

within a This is the replacement sheet Dage: Sub®Ruts §ﬁ§éti-b?f§fqrti§§??lgﬁpered

time, the valve opening/closing sig- nals S1, S2 are autonma
| ow, thus effec-

FIG. 1 shows a solenoid valve control circuit 10 ac-
cording 1o a first embodiment of the present invention.
The control circuit 10 in its entirety constitutes part of an
automatic faucet unit (not shown). The control circuit 10
comprises a valve operation decision circuit 3 for deter-
mining vaive operation, a voltage monitoring circuit 4 for
monitoring a power supply voltage, a coulomb control-
ling circuit & for controlling the electric quantity to be sup-
plied to 2 latching solenoid 2 of a solenoid valve (not
shown), and a drive circuit 6 for driving the solenoid 2.
The control circuit 10 controllably drives the latching so-
lenoid 2 with electric power supplied from a battery 1
which is employed as the power supply for the control
circuit 10. The solenoid 2 may have either a single wind-
ing (in which case the opening or closing of the solenoid
valve is determined by the direction in which an electric
current flows through the solenoid 2) or double windings
(ie., & winding for opening the solenoid vaive and a
winding for closing the solenoid valve). The power sup-
ply voltage Vcc is applied to the decision circuit 3 at all
times. The decision circuit 3 is associated with an infra-
red-radiation
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tively preventing a reverse |atching phenomenon in which if the energizing
time is long, the valve which has once been opened is closed again because
of sol enoid characteristics exhibited when closing the solenoid. Since the

circuit 3 informs the operator of a failufe soBgHifute3hes'C29PRLGIAR 1658
i mmedi ately find such a fail- ure of the control circuit. I'n addition, the

valve is forcibly closed when the circuit 3 determnes that the control
cir- cuit suffers a failure. Accordingl ﬁgthe.cont(ol circuit is associated
with an effective fdightsrhittiny sieds 3ghwhigh éuintegniloes not regard a single

time-out con- ditioneRfly eherdiz88Ro dphit Airatedizadiation tiHihd battsnyt O energi ze

1, and a phototransistor 3b which detects refiected light
to detect whether a user moves toward or away from the
automatic faucet device. Dependent on a detected sig-
nal from the phototransistor 3b, the decision circuit 3 ap-
plies valve opening/closing signals S1, S2 each of which
can selectively take ON and OFF states (i.e., "high® and
‘low") 1o the drive circuit 6.

The automatic faucet unit with the control circuit 10
may be incorporated in various devices. Where the au-
tomatic faucet unit is assembled in a washroom faucst,
both the signals S1, S2 are OFF when no user is present
al the taucet. When an approaching user is detected,
only the signal S1 is turned ON and the signal S2 re-
mains OFF. As described later on, the signal S1 istumed
OFF after the solenoid 2 has been energized with a suit-
able electric quantity. Thereafier, when the leaving of the
user is detected, only the signal S2 is turned ON and
the signal S1 remains OFF. After the solenoid 2 has
been energized with a suitable electric quantity, the sig-

-nal 82 is turned off. Therefore, the signal S1 is a sole-
noid valve opening signal, and the signal S2 is a sole-
noid valve closing signal. The light-emitting diode 3a
and the phototransistor 3b are located at a suitable po-
sition near the faucst.

The power supply voltage monitoring circuit 4 mon-
itors the voltage Vec of the battery 1 and applies a signal
dependent on the magnitude of the voltage Vcc to the
coulomb controlling circuit 5.

When either one of the signais S1, S2 is tumed ON,
the solenoid valve drive circuit 6 supplies the solenoid
2 with an electric current | of a prescribed polarity to drive
a plunger (not shown) serving as a valve body in a given
direction. As shown in FIG. 4A, the electric quantity Qn
= Qo which is required 1o open the valve is greater than
the electric quantity Qn = Qc which is required to close

This is the replacement sheet
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the sol enoi d again through the retry commander 306 should such a tine-out
condition occur. This prevents the control circuit from being de-energized
by a single extrinsic error which may be caused by noise or the like. A

sol enoi d val ve control circuit 400 accor @ ngSubstituseensest 24 Ahgiadti TypoM | |
be described with reference to FIGS. 9 and 10. Circuit elenents 401, 402,

403, 404 il- lustrated in FIG 15 are added to the control circuit 10,
Vol T age produced by 1 e I e e ratce vol t age
genergt OIrO 5g at a %ré’d‘f?-ﬁgg a10&riR Qubattity FehfEa'tytHe dSehBif548 9
drive the plunger when the voltage Vcc of the battery 1
is low is greater than the electric quantity required by
the solenoid 2 to drive the piunger when the battery voit-
age Vee is sufficiently high. The horizontal axis of FIG.
4A represents the battery voltage Vec, and the vertical
axis the electric quantity Qn required by the solenoid 2
1o drive the plunger. Reference characters Ea. EB, Q3
will be described later with reference to FIG. 4A, and
reference characters EO through E4 will be described
later with reference to FIG. 10. Generally, the entire
electric charge quantity Q (= total electric quantity) pass-
ing through the solenoid is expressed by:

Q= [ict

where | is the slectric current flowing through the sole-
noid and t is the time for which the solenoid is energized.

The coulomb controlling circuit 5 applies a detected
signal S3 of a "*high” level 1o the decision circuit 3 when
the slectric quantity Q supplied to the solenoid 2 reaches
a prescribed value (= Qn = Qo or Qc). The solenoid
vaive opening/closing signals S1, S2 are also supplied
10 the coulomb controlling circuit §, which varies output
conditions for the detected signal S3 based on the sig-
nais S1, S2.

In response to the detected signal S3 from the cou-
lomb controlling circuit 5, the decision circuit 3tums OFF
the one of the signals S1, S2 which is ON at the time,
whereupon the drive circuit 6 de-energizes the solenoid
2.

FIG. 2 shows the solenoid valve control circuit 10,
particularly the voltage monitoring circuit 4 and the cou-
lomb controlling circuit 5, in detail. The decision circuit
3 comprises a plurality of logic circuits, for exampie, and
each time it detects the approach or ieaving of a user, it
turns on a power supply switch 7 to apply the power sup-
ply voltage Vcc 1o the voltage monitoring circuit 4 and
the coulomb controlling circuit 5.
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ratio is applied as a reference voltage Th to a conpara- tor 401, the

reference voltage Th provi di ngat hreshol d val ue.
divided into an input voltage Vcc

When the input voltage Vcc'

i s higher than Substitutesheet- 23| AugestTh998he

The battery voltage Vcc is
which is applied to the conparator 401.

conparator 401 issues a high-level sig- nal to one input term nal of an AND
gate 403 through an inverter 402. The val ve opening/closing signals S1, S2

are ap- plied to an Ofngatifivéd @ircuite ioi thé fomaoila btidgki sifcuis
comprising four power transistors, for example. The so-
lenoid 2 is connected between the two output terminals
of the bridge circuit. One of the two input terminals of
the bridge circuit is connected 10 the positive terminal of
the battery 1, whereas the other input terminai of the
bridge circuit is grounded through a resistor. The signals
81, 82 are supplied to a pair of coacting power transis-
tors which form opposite sides of the bridge circuit.
While the solenoid 2 is being energized, part of the cur-
rent | flowing through the solenoid 2 is supplied to a cur-
rent amplifying circuit 5a of the coulomb controliing cir-
cuit 5 (Actually, a voltage signal similar to the solenoid
current | is supplied 1o the amplifying circuit 5a).

The current supplied 1o the amplifying circuit 5a is
supplied as a charging current i through resistors R1,
R2 to a monitoring capacitor 5d.

Feedback signals are applied from those terminals
of the resistors R1, R2 which are closer to the capacitor

5d than to the amplifying circuit 5a through switches 5b,
5c. The switches Sb, 5c are mutally exclusively ciosed
by an output signal from the voltage monitoring signal
4 While only the switch 5b is ciosed, the current gain of
the amplifying circuit 5a is maintained at k1, and while
only the switch 5¢ is closed, the current gain of the am-
plitying circuit 5a is maintained at k2. k represents a pre-
scribed gain determined by the circuit arrangement, and
the current gains k1, k2 are selected such that k1 = k/
R1and k2 = W(R1 + R2), and hence k1 > k2. Therelore,
as described later on, the average current gain of the
amplifying circuit 5a is varied by the closing and opening
of the switches 5b, 5¢c dependent on variations in the -
power supply voltage Vcc.

The charging current i which flows while only the
switch 5b is closed is indicated by:

i= k1= (WR1)} = kVR1.
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23 applied to the other input termnal of the AND gate 403. Thus, while
the AND gate 403 is enabled to

ei ther the signal

S1 or S2 is high in level,

i ssue an output signal. That is, the AND gate 403 can i ssue an out put

signal only when the solenoid 2 is energigedSubétifute sheet 29¢ AMGEUstt SPS
| ower than the threshold voltage Th while either the signal

hi gh and the solenoid 2 is being energized, the output signal fro

conparator 401 goes |low. The low1level sigpal .fromthe, co rator 401 is
appl i ed through an inver The auarging current’i which H ”aly the

ows while
switch 5¢ is closed is indicated by:

i = k2.1 = (K/(R1 + R2))-l = k-I/(R1 + R2).

When the power supply switch 7 is turned ON, a
sawtooth oscillator 4a of the voitage monitoring circuit
4 starts operating to supply a sawtooth voltage Vsa as
a relerence voltage to a comparator 4b. The sawtooth
oscillator 4a may be replaced with a triangle generator.
When the power supply switch 7 is turned ON, the power
supply voltage Vcc is divided by resistors R3, R4, and
a divided voltage V1 is applied 1o the comparator 4b.
The comparator 4b compares the applied voltage V1
with the reference voltage Vsa. While V1 > Vsa, the
comparator 4b issues an output signal of a *high" level,
and while V1 < Vsa, the comparator 4b issues an output
signal of a "low" level. The output signal from the com-
parator 4b is applied directly to one of the switches 5b
of the coulomb controlling circuit 5 and via an inverter
5e to the other switch 5¢. The switches 5b, 5c are closed
only when they are supplied with a high-level signal, and
hence they are exclusively or altemnatively closed. More
specifically, while V1 > Vsa, the switch 5b is closed and
the ampiifying circuit 5a has the current gain ki, and
while V1 < Vsa, the switch 5¢ is closed and the ampili-
fying circuit 5a has the current gain k2 during which time
the charging current i is lower. Denoted at F in FIG. 2 is
an input line for closing the valve through a manual over-
ride.

As long as the current | flows through the solenoid
2. the capacitor 5d is continuously chajged and a volt-
age V3 at the input terminal of the capacitor 5d progres-
sively rises. The voltage V3 is applied as an input volt-
age 1o a comparator 5f which is supplied with a refer-
ence voltage Vr. While V3 < Vr, the comparator 5f issues
an output signal of a "low® level, and when V3 > Vr, the
comparator 5f issues an output signal of a *high® level.
The high-level signal trom the comparator 5f is sent as
the de-energizing signal S31o

23 Al
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as a high-level signal to the AND gate 403. Consequent- |y, the AND gate
403 issues a signal S5 of a high level which represents that the battery
vol tage Vcc drops low er than a prescribed voltage level. FIG 10 shows
the output condition of the voltage drop si GubstiGiie shieet v @1t Aggustr 999i gnal
S5 is delivered to a non-illustrated circuit so as to be processed thereby
In a predeterm ned manner. For exanple, the signal S5 is sent to a latch

circuit (not shown) whegdegisnoieuitd) The put signal to enable a liquid
crystal display, for ree grrg?'ilcee’ VE)RaSIeS'glr 3¢ 53@!&%9@%&-&&@”6 hRgbat tery

vol t age.

electric quantity Qn required by the solenoid 2, and thus
has different values when the vaive is to be opened (i.
e.. when the signal S1 is turned ON) and when the vaive
is 1o be closed (i.e., when the signal S2 is tumed ON).
The reference voltage Vr is selected to be equal to the
voltage V3 across the capacitor 5d when the required
electric quantity Qn (= Qo, Qc) has flowed through the
solenoid 2 in the case where the power supply voltage
Vee is sufficiently high. The reference voltage Vr is pro-
duced by dividing, with resistors A5, RE, R7 and switch-
es 5h, 5i, an output voltage from a constant voltage cir-
cuit or reference voltage generator 5g to which the pow-
er supply voltage Vcc is applied through the power sup-
ply switch 7. The switches 5h, 5i are closed respectively
by the signals S1, S2.

As described above with reference to FIG. 4A, the
electric guantity Qn (= Qo) required by the solenoid 2 to
open the valve is greater than the electric quantity Qn
(= Qc) required by the solenoid 2 to close the valve.
Therefore, when opening the valve, the switch 5Sh is
ciosed by the signal S1 1o supply a relatively high divided
voltage Vr as a reference voltage to the comparator 5f.
When closing the valve, the switch 5i is closed by the
signal S2 to supply a relatively low divided voltage Vr as
a reterence voltage to the comparator 51.

Regardiess of whether the valve is opsned or
closed, the voltage V3 across the capacitor 5d becomes
equalto the reterence voltage Vr when the electric quan-
tity Q passing through the solenoid 2 reaches the re-
quired electric quantity Qn. At this time, the comparator
5f sends the high-level de-energizing signal S3 to the
decision circuit 3.

At the same time as the decision circuit 3 receives
the signal S3, it tums OFF the one of the signals S1, S2
which is ON at the time, opens the power supply switch
7, and

This is the replacement sheet
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The signal S5 may be enployed to performthe same function as the failure
signal Tr shown in FIGS. 7 and 8. A drop in the battery voltage Vcc when
there is no load on the battery can be detected even by di spensing with the
e AND gate 403. It iggin Sudstitite Ghept eldrAabyest hevever,
to detect any drop in the volt- age Vcc when the battery is | oaded by
energi zing the solenoid 2 as illustrated. While only one threshold Th is

OR gate 404 and th

enpl oyed in the ab

established, with®

about a vol tage dr

ajischarging switch 5j. The energization of the solenoid
2 is stopped, the circuits 4, 5 are de-energized, and the
capacitor 5d is discharged, readying the control circuit
10 for a next cycle of operation.

As enclosed by the broken lines in FIG. 2, the voit-
age monitonng circuit 4 is constructed trom the circuit
elements 4a, 4b and the resistors R3, R4, and the cou-
lomb controlling circuit 5 is constructed from the circuit
elements 5a through 5j and the resistors R1, R2, RS,
Ré. R7.

FIG. 3 shows a timing chart of output signals or op-
erating conditions of the circuit elements itiustrated in
FIG. 2. Those output signais shown in a lefthand area
A in FIG. 3 are produced when the voltage Vce of the
battery 1 is sufficiently high, and those output signals
shown in a righthand area B in FIG. 3 are generated
when the battery voltage Vcc is lower. FIG. 3 only illus-
trates the output signals in the areas A, B for opening
the valve. The output signais produced for closing the
valve are similar and are not shown.

The charts of FIG. 3 represent the following condi-
tions:

(a) The operating condition of the decision circuit 3,
i.e.. the manner in which the circult 3 detects the
approach of a user. .

(b) The length ofa processing lime required to open
the valve.

(¢) The opening and closing condition of the power
supply switch 7. . .
(d) The ON/OFF condition of the valve opening sig-
nal S1, i.e., the driving condition of the drive circuit
6. The drive circuit 6 is energized about 1 msec. al-
ter the power supply switch 7 is closed as showp at
(c), and de-energized substantially at the same time
that the power supply switch 7 is opened.

R i ol B, 27,
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the lower threshold val ue for de-energizing the entire control system FIG

11 illustrates a solenoid valve control circuit 500 according to a third
nodi fication of the present in- 24 venti on.
503 shown in FIG 11 are added to the congrofypititeie shéd f 94
that the battery is used up when the solenoid 2 is energized a hunber of

tinmes in excess of a predeter-

Circuit conmponents 501, 502,

(e) The current | flowing through the solenoid 2.

() The battery voltage Vec. in the area B, since the
internal resistance of the battery 1 is high, the volt-
age Vec considerably drops when the solenoid 2 is
energized.

(g) The output voltage Vsa from the sawiooth gen-
erator 4a. The waveform and peak value of the volt-
age Vsa remain unchanged in the areas A, B.

(h) The output condition of the comparator 4b,
which indirectly represents the opening and closing
condition of the switch 5b.

(i) The opening and closing condition of the switch
5¢, which is a reversal of the condition of (h).

With respect to the above charts {f), (g), (h), and (i),
while the divided voltage V1 is higher than the sawtooth
voltage Vsa, only the switch 5b is closed, and while the
divided voltage V1 is lower than the voltage Vsa, only
the switch 5¢ is closed.

(i) The voltage V3 for charging the capacitor 5d.
(k) The output condition of the comparator 5f, i.e.,
the output condition of the de-energizing signal S3.
(€) The time required for the decision circuit 310 end
the energization of the soienoid 2, i.e., the time in
which the signal 84 is rendered *high® in level to
close the discharging switch 5] for a time long
enough to discharge the capacitor 5d.

In the area A, the switch Sb remains continuously
closed since V1 > Vsa at all times. Therefore, while the
solenoid 2 is being energized, the charging current i =
k1-1 flows into the capacitor 5d.

In the area B, the swilches 5b, 5¢c are exclusively
closed based on the magnitude relationship between
the sawtooth voltage Vsa and the divided voltage V1.
As described above, the current gain of the amplitying
circuit 5a is k1 when the switch 5b is closed and it is k2
when the switch 5c is closed. Therefore, the average
gain k10 of the amplitying circuit 5a in the area B can
be determined as follows:

2
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m ned number. The sol enoi d opening/cl osing signals S1, S2 afe applied to an
OR gate 501, the output signal of which is applied to a counter 502 to
count the nunber of times which the solenoid 2 is energized. The count is

then ap- plied as a digital signal to a g'%gi BabstrRAP3RaLE! 2908ugdst PAGY ence
count applied to the digital conparator 3is set to a prescri%ed val ue (=

an integer) through a junper switch J. The reference count is selected to
be a nunber of times the solenoid 2 is energized to use up the electric
energy stored in the battery. The digital com parator 503 issues an out put

signal S6 of a high leysls 48 is a graph showing, at an entarged scale,

the charts (i) and (g) in overlapping relationship in the
area B of FIG. 3. The reference characters Vsa(max)
and Vsa(min) represent maximum and minimum values

of the sawtooth voltage Vsa, and t0 indicates the cyclic
period of the sawtooth voltage Vsa. If the period in which
V1 < Vsa within one cycle of the voltage Vsaist (0 = <
= 10), then the average gain k10 of the amplifying circuit
5a can be expressed by:

k10 = (1 - (t/10))-k1 + (1/t0)-k2
Since 0 = 1 = t0 and k1 > k2 as described above,

k12 ki0=2
Particularly, when V1 2 Vsa(max), since 1= 0,
k10 = k1.
When V1 = Vsa(min), since 1t = 10,
k10 = k2

Within the range of Vsa(min) = V1 = Vsa(max), be-
cause the period 1 is in inverse proportion to the divided
voitage V1, the average gain k10 is proportional to the
divided voltage V1. In the area B, therefore, the average
gain k10 is proportional to the power supply voltage Vce,
and hence as the voltage Vcc is lowered, so is the av-
erage gain k10.

When the power supply voltage Vcc is relatively
high, i.e., inthe range of Vec > Eq, in FIG. 4A, the electric
quantity Qo required by the solenoid 2 to open the valve
is of a substantially constant vaiue Q1. When the power
supply voltage Vcc is relatively low, i.e., Vec = EB, the
electric quantity Qo required by the solenoid to open the
valve is of a value Q3. When the power supply voltage
Vecis inthe range of EB = Vec S Ea, Q1 = Qo = Q8.
The
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when the count exceeds the reference count. The si gnal S6 is a signal which
statistically or indi- rectly represents that the battery voltage Vcc drops
be- I ow a prescribed value. The voltage drop signal S6 is sent to a certain

circuit (not shown) so as to be proc- esgpd Shbsttite shost SRINRgt 1999
practically equivalent to the voltage drop signal S5 described above, and

the manner of utilizing th%ﬁ%ﬁﬂ%ﬁ%‘%ﬂé ﬁamgéfag Banmanner of

utilizing the signal ENOA ve control circuit 600 in accordance
with a fourth rmdificiv.il'gog of the present invention is showmn in FIG 12.

Crcuit elenments 401, 2:°°403, 404 . .
The control circuit 10 is arranged such that when

the power supply voltage Vcc is Ea and EB, the divided
voltage V1 is equal o the maximum value Vsa(max) and
the minimum value Vsa(min), respectively, of the saw-
tooth voltage Vsa. The values of the resistors R1, R2,
the value of the reference voltage Vr supplied 1o the
comparator 5f, and the capacitance of the capacitor 5d
are selected such that when Vee = Eq, the electric quan-
tity Q supplied to the solenoid 2 is Q = Q1 and when Vec
= EB, Q= Q3. Theretore, Q = Q1 when Vcc > Ea. Since
the average gain k10 is proportional to the power supply
voltage Vec when EB = Vee s Ea, as described above,
the electric quantity Q supplied to the solenoid 2 is con-
trolled s0 as to be substantially equal to Qo in FIG. 4A.

The aloresaid description has been directed to the
opening of the valve. For closing the valve, the electric
quantity Q supplied to the solenoid 2 in the area B is
controlied so as to be equalto Qc in FIG. 4A since only
the reference voltage Vr supplied 1o the comparator 51
is lower.

As is apparent from the above description, the elec-
tric quantity Q supplied to the solenoid 2 is controlied so
as 1o be dependent on the power supply voltage Vcc by
the solenoid valve drive circuit 10. More specifically, the
electric quantity Q is controlied so as to be equalto Qo,

Qc shown in FIG. 4A. Therefore, the solenoid 2 is ener-
gized in an optimum fashion regardiess of whether the
battery voltage Vcc is high or low. As a conseguence,
the electric power from the battery 1 is efficiently con-
sumed, and the service life of the battery 1 is prolonged.

FIGS. 5 and 6 show a solenoid valve control circuit
20 according to a first modification of the present inven-
tion. Those components in FIGS. 5 and 6 which are
identical to those of the control circuit 10 of the first em-
bodiment are denoted by identical reference numerals,
and will not be described. '
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(or 501), 502, 503 shown in FIG 12 are added to the control circuit 10.
Those circuit elenents in FIG 12 which are identical to those of the
control circuits 400 and 500 will not be described bel ow. The contr ol
circuit 600 simultaneously performs tiae funStbsiitateoshedie 2biugsist 3id%i t s
400, 500. However, the signals S5, S6 are applied to an OR gate 601, which
produces an output signal S7 of a high I evel when the signal S5 or S6

The control circuit 20 has a coulomb controlling cir-
cuit 5 comprising an energizing time determining circuit
50, a counter 51, and a switch driving circuit 52. The
energizing time determining circuit 50 receives an ana-
log output V1’ from the voltage monitoring circuit 4 and
determines a time t for which the solenoid 2 is to be en-
ergized, based on the analog output V1’ and the valve
opening/closing signals S1, S2 from the decision circuit
3. The counter 51 counts the determined energizing
time t. While the counter 51 is counting the energizing
time {, the switch driving circuit 52 closes a switch 60 to
energize the solenoid 2. The switch 60 comprises a di-
ractional slement such as a bridge circuit or the like for
energizing the solenoid 2. The analog output V1’ from
the voltage monitoring circuit 4 is produced by dividing
the power supply voltage Vcc at a prescribed ratio.

As shown in FIG. 6, the energizing time determining
circuit 50 comprises an A/D converter 50a for converting
the analog output V1’ from the voltage monitoring circuit
4 1nto a digital signal V1~, and a memory 50b for deter-
mining an energizing time t in response to the digital sig-
nal V1”7 and the valve opening/closing signals S1, S2.
The memory 50b has two memory maps which can be
selected by the signals S1, 82, respectively. Each of the
memory maps stores data on required energizing times
! based on the characteristics of the required electric
quantity Qn and the time-base current characteristics of
the solenoid 2. The digital signal V1” is applied as an
address signal o the memory 50b to read data on the
required energizing time t from the memory map which
has been selected by the signal S1 or S2.

The electric quantity Q supplied to the solenoid
valve 2 can be controlled so as to be of a magnitude
dependent on the power supply voltage Vce by the so-
lenoid valve control circuit 20. Accordingly, the solenoid
2 is energized in an optimum fashion regardiess of
whether the



25 goes'high. The signal S7 is applied to a certain circuit and processed
thereby. The signal S7 is produced when the solenoid 2 has been energi zed a
nunber of times in excess of a pre- determ ned nunber or when the battery

vol tage Vcc drops bel ow a prescribed val ues BSubitOfe sh&ets
battery consunption signal, the battery can reliably be reﬁ?gggﬁﬁ%fq?Q?mev

one before the battery power is conpletely used up. The aforesaid
nodi fications of the invention nay be conbined in various conbinations.

battery voltage Vce is high or low. As a con-
sequence, the electric power from the RQattery 1 is effi-
ciently consumed, and the service life of the battery 1 is
prolonged.
The circuit components 50, 51 of the control circuit
20 may be replaced with a PWM (Pulse Width Modula-
lion) circult responsive to the output from the power sup-
ply voltage monitoring circuit for producing pulses of a
duration inversely proportional to the power supply volt-
age Vce, and an output signal from the PWM circuit may
be supplied to the switch driving circuit 52. In this case,

the PWM circuit doubles as a timer circuit. Thus, a pulse
generator with the pulse duration variable by the output
from the power supply voltage monitoring circuit may be
used as a timer.

FIG. 7 shows one detailed circuit arrangement for
the decision circuit 3, and FIG. 8 is a timing chart show-
ing output conditions of circuit components in the circuit
3.

The circuit 3 nommally generates the valve opening/
closing signals S1, S2 based on signals S01, S02 which
serve as origins of the signals S1, S2. The signals S01,
S02 have
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26 Clainms 1. A solenoid control circuit (10;20) for operatively connecting
a battery (1) to a solenoid (2) to energize the solenoid (2),
circuit including: coulonb controlling nmeans (4,5) for supplyi
control lable electric charge quantity ({3 tSubstitus®shéetno?t ARjust JLA9

el ectric charge quantity (Q corre- sponding to the voltage (Vcc) of the

battery (1);

waveforms as shown in the chart (d) in FIG.
3. When the de-energizing signal S3 is generated,
these signals S01, S02 are changed 10 a *low" level by
a non-illustrated logic circutt.

if no de-energizing signal S3 is produced due for
example to a failure of the coulomb contralling circuit 5
even when the signal S1 or S2 is generated, then the
circuit 3 temporarily stops the issuance of the signals
S1, S2. Thereafter, the circuit 3 produces the signals S1,
S2 again. If a de-energizing signal S3 is still not pro-
duced even by the regenerated signals S1, S2, the cir-
cuit 3 forcibly closes the valve and stops its controlling
operation on the solenoid 2.

More specifically, the origin signals S01, S02 go
high in leve! when the approach/leaving of a user is de-
tected. The origin signals S01, S02 are applied respec-
tively to D input terminals of F/F (flip-fiop) circuits 301,
302 which serve as latch circuits. The signals S01, S02
are also applied to an OR gate 303, the output signal of
which is applied to a CLK input terminal of the F/Fs 301,
302. Therefore, when either one of the origin signals
S01, S02 goes high, both the F/Fs 301, 302 are operat-
ed, and a high-level output signal is issued from the Q
output terminal of one of the F/Fs 1o which the high-ievel
signal has been applied. Specifically, when the signal
S01 goes high, the high-ievel output signal is issued only
tfrom the Q terminal of the F/F 301. When the signal S02
goes high, the high-level output signal is issued only
trom the Q terminal of the F/F 302. The output condition
of the Q terminals of the F/Fs 301, 302 is latched until
the signals S01, S02 go high again after they have gone
low. The F/Fs 301, 302 are thus triggered by positive-
going edges of the signals applied to their CLK input ter-
minals.

The signals S01, S02 are also appliedto an OR gate
304, the output of which is applied 1o a START terminal
ofa

said control
ng a



characterised in that:
pl unger for opening and cl osing a val ve,

said solenoid is a latching solenoid (2) having a

and in that said electric charge

quantity (Q is controlled to the value required (On, Qo, ) to energize

said | atching solenoid 15 (2) to nove thgz sobabstitite/sHBEL - 87 A
and cl osing the valve.

2. A solenoid valve control circuit (10?‘{’ accor

to claim1, further corrprlg ?n%g%dyﬁb§éwﬁecﬁépgi%ﬁt?§| art

energiz- ing signal (S1, S
connected to said sol engate

S02 goes high, stamng the timer 305. The output sagnal
from the timer 305 is normally low in level. When the
timer 305 reaches a time-out condition after it has count-
ed the output signal from the OR gate 304 for a pre-
scribed period of time, the timer 305 continuously issues
a signal To of a high level. When a retry signal Re of a
high level from a retry commander 306 is applied to a
RESET teminal of the timer 305 under this condition,
the output signal from the timer 305 goes low and starts

counting the output signal from the OR gate 304. Times
for which the timer 305 counts the input signal in re-
sponse to signals applied 1o the START and RESET ter-
minals thereof are equal to each other. These counting
times are selected to be longer than the energizing time
Tb shown in FIG. 3 at (j).

The output signal from the timer 305 which is nor-
mally low is applied to input terminals of AND gates 307,
308 through an inverter 308 1o enable the AND gates
307, 308. The other input terminails of the AND gates
307, 308 are supplied with the output signals from the
F/Fs 301, 302. The de-energizing signal S3 is applied
to the STOP terminals of the timer 305 and the retry
commander 306 for stopping the operation of the timer
305 and the retry commander 306. Therefore, insotfar
as the de-energizing signal S3 is normally generated,
the timer 305 does not produce a high-level ocutput sig-
nal. Normally, the output signals from the AND gates
307, 308 are thus equal to the origin signals S01, S02,
respectively.

The high-level time-out signal To from the timer 305
is applied o the retry commander 306. Simultaneously
in response to the time-out signal To, the retry com-
mander 306 applies the high-level retry signal Re 1o the
RESET terminal of the timer 305 and an input terminal

of an AND gate 310. The output terminal of the AND
gate 310 thus issues a

uéﬂ*ﬁ@ g
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a prescribed condition; and a sol enoid valve drive circuit (6) responsive
to said energizing signal (S1, S2) for operatively connecting said battery
(1) to said solenoid (2) to energize said solenoid (2), and wherein said

coul onb controlling means (4, 5) conpriﬁgs: Substi®ite sHE®! Y21 AG 1999
nmonitoring circuit (4) for nonitoring the voltage (Vcc) of said battery (1)
and producing a signal (f; g) corregponding to the battery voltage (Vcc);
and a coul onb cont r ol failurecsigoal fr Pi)a P'lﬂh %}ﬁ?t oring

only when the timer 305 issues the time-out signal To

after the retry signal Re has been issued. The retry com-
mand 306 may comprise a latch circuit.

The output signal from the AND gate 310 is supplied
through an inverter 313 to an input terminal of an AND
gate 311 and directly to an input terrninal of an OR gate
312. The other input terminals of the AND gate 311 and
the OR gate 312 are supplied with the signals S01, S02
from the AND gates 307, 308, respectively. Since the
output signal from the AND gate 310 is low in ievel under
normal condition, the output signal from the AND gate
311 is equal to the signals S01, S02 under normal con-
dition.

The output signal from the AND gate 310 is sent o
a trouble display circuit 314. When the failure signal Tr
is issued from the AND gate 310, the trouble display cir-
cuit 314 indicates a failure condition through a pilot lamp
or the like to show that the contro! circuit is suffering a
failure somewhere therein.

The output signal from the AND gate 310 is aiso
applied to a START terminal of a timer 317. The timer
317 normally continues to issue a low-level output sig-
nal. When the high-level failure signal Tr is applied to
the START termina! of the timer 317, the timer 317
counts a prescribed period of time, and then continu-
ously issues an output inhibit signal In of a high level.
The time interval which is counted by the timer 317 is
selected to be longer than the time counted by the timer
305.

The output signal from the timer 317 is applied via
an inverter 318 to input terminals of AND gates 315, 316,

the other input terminais of which are supplied with the
output signals from the AND gate 311 and the OR gate
312. Normally, the output signal from the timer 317 is
low in level, and the output signals from the AND gates
315, 316 are the same as the origin signals S01, S02,
respectively,
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the electric quantity (Q supplied fromsaid bat- tery (1) to said solenoid
(2) and for producing a de-energizing signal (S3) based on the signal (f;
g) fromsaid power supply voltage nonitoring circuit (4) when the electric

quantity (Q sup- plied to said sol enoi d192) Substté'shéex sandt\\}mstmsg@d
el ectric quantity (On) corresponding to said battery voltage (Vc

under normal condition. The output signals

from the AND gates 315, 316 are supplied as the vaive
opening/closing signals S1, S2 to the coulomb control-
ling circuit 5 and the solenoid valve drive circutt 6, re-
spectively.

Operation of the control circuit 3 shown in FIG. 7
will hereinatter be described with reference to FIG. 8.
The timing chart of FIG. 8 shows the output conditions
of the circuit elements indicated by the corresponding
reference characters, and illustrates a failure condition
of the control circuit 3 due to trouble of the coulomb con-
trolling circuit 5, for example. As described above, the
origin signals S01, S02 are generaled by the non-illus-
trated logic circuit. Indicated at 316, S2(Tr) is a valve
closing override signal produced by the failure signal Tr,
and indicates that the signal functions in the same man-
ner as the signal S2. Denoted at St in FiG. B is a time
at which the timers 305, 317 start counting time.

When either the origin signal SO1 or S02 goes high
in level, the corresponding one of the vaive opening/
closing signals S1, S2 goes high, starting to energize
the solenoid 2. At the same time, the START terminal of
the timer 305 is supplied with a high-level signal through
the OR gate 304 to start counting a prescribed period of
time (> Tb).

Normally, the de-energizing signal S3 is generated
before the timer 305 reaches a time-out condition, the
origin signals S01, S02 go low, and the timer 305 and
the retry commander 306 stop their operation. These
conditions are not illustrated in FIG. B.

In the event that no de-energizing signal S3 is pro-
duced upon elapse of the energizing time, e.g., Tb, for
some reason, the timer 305 reaches a time-out condi-
tion. The timer 305 continuously issues a high-evel
time-out signal To. Therefore, one of the input terminals
of each of the AND gates 307, 30B is supplied with a
low-level signal from the inverter 309, with the result that
the output signals

N
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3. A solenoid valve control circuit (10) according to claim2, wherein said
coulonb controlling circuit (5) conprises: an anplifying circuit (5a, 5b,
5¢c, Rl, R2) con- nected to said solenoid (2) for anplifying an electric

current (1) to be supplied to the sol enopgd (ghbsﬁt&@gngégpm(/ﬁ@u&hﬁgwabl e
to a prescribed charge level (C. V3) in response to the anplified current

(k1.1, k2.1) fromsaid anplifying circuit (5a, 5b, 5¢c, Rl, R2); and a
conparator (5f) for Conﬁmwnﬂgammaoagolow

again. The conditions of the origin signais S01, S02 are
maintained by the Q output signals from the F/Fs 301,
302. .
The time-out signal To is sent to the retry commangd-
er 306 to enable the latter to issus a retry signal Re after
it has closed the discharging switch 5j for a prescribed
period of time with a delay circuit (not shown). The retry
signal Re is applied to the RESET terminal of the timer
305, which then issues a low-level signal and restarts
counting a prescribed period of time (Tb <). Since the
output signal from the timer 305 goes low, the AND
gates 307, 308 are enabled again to issue the condition
of the origin signals S01, S02 which are held in the F/
Fs 301, 302. While the retry signal Re is also applied to
the AND gate 310, the output signal from the timer 305

remains low. The signals from the AND gates 307, 308
are finally issued as the vaive opening/closing signals
S1, S2from the AND gates 315, 316, respectively. This
condition is indicated by a second "high” state of the
chan represented by {307, 308) S1,S2inFIG. 8, i.e, a
retry condition.

After the signals S1, S2 have been issued again,
the origin signals S01, S02 go low if the de-energizing
signal S3 is produced before the time-out condition of
the timer 305, and the operation of the timer 305 and
the retry commander 306 is stopped. This condition is
not illustrated in FIG. B.

It no de-energizing signal S3 is produced upon
elapse of the energizing time, e.g., Tb, for some reason,
then the timer 305 reaches a time-out condition. The tim-
er 305 continues to issue a high-level time-out signal To
again. Therefore, the output signals from the AND gates
307, 308 go low, thus inhibiting the transmission of the
origin signals S01, S02 past the AND gates 307, 308.
As a result, the output of the valve opemng/closmg sig-
nals S1, S2 is inhibited.

R A



across said capacitor (5d) with a reference volt- age (Vr) and produci ng
sai d de-energi zing sig- nal (S3) when the voltage (V3) across said ca-
pacitor (5d) is equal to said reference voltage (Vr); and said anplifying
circuit (5a) being responsive to said sRgnalSubistitute sheet esddoAdgast 1898he
battery voltage from said power supply voltage noni- toring circuit (4) for
anplifying said electric cur- rent to be supplied to said solenoid (2) at a
gain (k 10) proporti of@ince dheaiednbsignalyReds reajatained)at the highol enoi d val ve

control circuit (1l{yyeratHistinde the high-levelfailure signal Tris issued
from the AND gate 310.

The tailure signal Tr is sent to the trouble display
circuit 314, which then continuously indicates the failure
condition.

The failure signal Tr is also applied to the START
terminal of the timer 317 to enable the latter to start
counting a prescribed period of time. Since the output
signal from the timer 317 is low until it reaches a time-
out condition, a high-level signal is applied to one input
terminai of the AND gate 316 to enabie the latter.

The failure signal Tr is also fed 1o the OR gate 312.
Theretore, the cutput signal from the OR gate 312 goes
high, and is issued as the valve closing signal S2 (Tr)
caused by the failure signal Tr. The solenoid valve drive
circuit 6 closes the vaive in response to the signal S2
(Tr).

When the timer 317 has completed the counting of
the prescribed time, it issues a high-level output inhibit
signal in to disable the AND gates 315, 316, so that the
issuance of the valve closing signal S2 (Tr) is inhibited.
The timer 317 subsequently continues 10 issue the out-
put inhibit signal In to inhibit the issuance of the valve
opening/closing signals S1, S2.

. Even after the forced closing of the valve with the
override signal S2 (Tr) has been brought to an end, the
tailure signal Tr and the output inhibit signal In are main-
tained to inhibit the solenoid 2 from being energized and
1o indicate the failure.

With the atoresaid arrangement of the decision cir-
cuit 3, any wastetul consumption of the electric energy
stored in the battery, which would otherwise be caused
by some failure of the control circuit, can be avoided.
Even if no de-energizing signal S3 is obtained within a
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claim2 or 3, wherein said anplifying circuit (5a, 5b, 5c, Rl, R2)
anplifies said electric current (1) at a constant gain (k1) when said
battery voltage (Vcc) is relatively high, said reference voltage (Vr) of
sai d conparator (5f) being set to be eqpal Substitutesheate 20\Bugustr b¥899sai d
capacitor (5d) when said required electric quantity (@ = QL, Q) is
supplied to said solenoid (2) in case said battery voltage (Vcc) is
rel atively high. 5. pkesclibedipincd obtimethelvaive openinglcipsing sigii ng to
claimz2, 3 or 4, wherf)g &1 g2 U AAHhAICANY ériered low, thus effec-

tively preventing a reverse latching phenomenon in

which if the energizing time is long, the vaive which has

once been opened is closed again because of solenoid

characteristics exhibited when closing the solenoid.

Since the circuit 3 informs the operator of a failure
condition, the operator can immediately find such a fail-
ure of the control circuit. in addition, the valve is forcibly
closed when the circuit 3 determines that the control cir-
cuit suffers a failure. Accordingly, the control circuit is
associated with an eflective fail-safe system.

The circuit 3 does not regard a single time-out con-
dition of the timer 305 as a failure, but tries 10 energize
the solenoid again through the retry commander 306
should such a time-out condition occur. This prevents
the control circuit from being de-energized by a single
extrinsic error which may be caused by noise or the like.

A solenoid vaive control circuit 400 according to a
second medification will be described with reference to
FIGS. 9 and 10. Circuit elements 401, 402, 403, 404 il-
lustrated in FIG. 15 are added to the control circuit 10,
described above tor detecting a drop in the battery volt-
age Vcc.

A voltage produced by dividing the output voltage
from the relerence voltage generator 5g at a prescribed
ratio is applied as a reference voltage Th to a compara-
tor 401, the reference voltage Th providingathreshoid
value. The battery voltage Vcc is divided into an input
voltage Vec' which is applied to the comparator 401.
When the input voltage Vee' is higher than the threshoid
voltage Th, the comparator 401 issues a high-level sig-
nal to one input terminal of an AND gate 403 through an
inverter 402.

The valve opening/closing signals S1, S2 are ap-
plied to an OR gate 404, the output signal of which is

This i e rgmvacement sheed



(S3) ffon1said coulonb controlling circuit (5) is sup- plied to said

decision circuit (3),
de- energi zi ng signal

to claim1, further conprising: a decision circuit

energi z-

said decision circuit (3) being responsive to said
(S3) for stopping the generation of said energizing
signal (S1, S2). 28 6. A solenoid val 28 cSubstiuteishest ¢ 20 20hg@sCrogHng

applied to the other input terminal ofghe AND gate 403.
Thus, while either the signal S1 or S2 is high in level,

.the AND gate 403 is enabled to issue an output signal.

That is, the AND gate 403 can issue an output signal
only when the solenoid 2 is energized.

If the voltage Vec' drops lower than the threshoid
voltage Th while either the signal S1 or §2 is high and
the solenoid 2 is being energized, the output signal from
the comparator 401 goes low. The low-level signal from
the comparator 401 is applied through an inverter 402
as a high-level signal to the AND gate 403. Consequent-
ly, the AND gate 403 issues a signal S5 of & high level
which represents that the battery voltage Vee drops low-
er than a prescribed voltage level.

FIG. 10 shows the output condition of the voltage
drop signal S5. The voltage drop signal S5 is delivered
to a non-illustrated circuit so as to be processed thereby
in a predetermined manner.

For example, the signal S5 is sent to a latch circuit
(not shown) which produces an output signal 1o enable
a liquid crystal display, for example, to dispiay the re-
duction in the battery voltage.

The signal S5 may be employed to perform the
same function as the failure signal Tr shown in FIGS. 7

and B.

A drop in the battery voltage Vcc when there is no
load on the battery can be detected even by dispensing
with the OR gate 404 and the AND gate 403. It is in prac-
tice preferable, however, to detect any drop in the volt-
age Vcc when the battery is ioaded by energizing the
solenoid 2 as illustrated. While only one threshold Th is
employed in the above modification, two threshold val-
ues may be established, with the higher threshold value
used for warning the operator about a voltage drop and
the lower threshold value for de-energizing the entire
control system.

FIG. 11 illustrates a solenoid valve control circuit
500 according to a third modification of the present in-

3) for producing an



ing signal (S1, S2) indicating that said battery (1) is to be connected to
said solenoid (2) under a prescribed condition, and wherein said coul onb
controlling neans (4, 5, 60) conprises: a power supply voltage nonitoring
circuit (4) for nonitoring the voltage (dfc)Sabstitate sheét <2y Addustnbog
producing a signal (V1') corresponding to the battery voltage (Vcc); an
energizing tinme decision circuit (50) for de-_ternining an energizing tine
(t) in which said solvemtion. (Qrcuit compenands $Qkdd0Rn Bbown R

FIG. 11 are added to the control circuit 10 for determin-

ing that the battery is used up when the solenoid 2 is

energized a number of times in excess of a predeter-

mined number.

The solenoid opening/closing signals S1, S2 are
applied to an OR gate 501, the output signal of which is
applied to a counter 502 10 count the number of times
which the solenoid 2 is energized. The count is then ap-
plied as a digital signal to a digital comparator 503.

A reterence count applied to the digital comparator
503 is set to a prescribed value (= an integer) through
a jumper switch J. The reference count is selected to be
a number of times the solenoid 2 is energized to use up
the electric energy stored in the battery. The digital com-
parator 503 issues an output signa!l S6 of a high level
when the count exceeds the reference count.

The signal S6 is a signal which statistically or indi-
rectly represents that the battery voltage Vee drops be-
low a prescribed value. The voltage drop signal S6 is
sent to a certain circuit (not shown) so as to be proc-
essed thereby. The signal S6 is practically equivalent to
the voftage drop signal S5 described above, and the
manner of utilizing the signal S6 is also the same as the
manner of utilizing the signal S5.

A solenoid valve control circuit 800 in accordance
with a fourth modification of the present invention is
shown in FIG. 12. Circuit elements 401, 402, 403, 404
(or 501), 502, 503 shown in FiIG. 12 are added to the
control circuit 10. Those circuit slements in FIG. 12
which are identical to those of the control circuits 400
and 500 will not be described beilow.

The control circuit 600 simultaneously performs the
functions of the control circuits 400, 500. However, the
signals S5, S6 are applied to an OR gate 601, which
produces an output signal S7 of a 'high level when the
signal S5 or S6

This is the replacement sheet
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said energizing signal (S1, S2) fromsaid deci- sion circuit (3) and said
signal (V1') correspond- ing to said battery voltage fromsaid power sup-
ply voltage nonitoring circuit (4); and a drive circuit (51, 52, 60) for
connecting said battery (1) to said sobgnoi Gubgjitute shieet gi2ZleAsgust $888noi d
(2) for said determ ned energizing tine (t). 29

goes high. The signal S7 is applied to a
certain circuit and processed thereby.

The signal 87 is produced when the solenoid 2 has
been energized a number of times in excess of a pre-
determined number or when the battery voltage Vee
drops below a prescribed value. By using the signal S7
as a battery consumption signal, the battery can reliably
be replaced with & new one belore the battery power is

completely used up.
The aforesaid modifications of the invention may be
combined in various combinations.
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7. A solenoid val ve control circuit 7 according to any preceding claim
wherein said decision circuit (3) conprises a tinmer circuit (305) for
producing a tine- out signal (To) to stop the generation of said ener-

gi zing signal (S1, S2) when said de-ener@6zi Bgbstitite 3hkef S2) Aggiit1999
produced upon el agTslg éf a predeter- mned period of tinme (> Th) after said
energi zing sig- n t f, S2) has been produced. 8. A solenoid valve control
circuit 7 according to claim7, wherein said decision circuit (3) further

conpris- es a retryy CANSBIBASK £SAd! tREtuirrAR0)Nfbracpetativety gnal (Re) to
generate said energi ZiQg kRl ndirety (1) to a solenoid (2) 10 energize
the solenoid (2), said control circuit including:
coulomb controlling means (4,5) for supplying
a controliable electric charge quantity (Q) to the so-
lenoid (2), said electric charge quantity (Q) corre-
sponding to the voltage (Vce) of the battery (1);
characterised in that:
said solenoid is a latching solenoid (2) having
a plunger for opening and closing a valve, and in
that said electric charge quantity (Q) is controlled to
the value required (Qn, Qo, Qc) to energize said
latching solenoid 15 (2) to move the solenoid piung-
er for opening and closing the vaive.

2. A solenoid valve control circuit (10) according to
claim 1, turther comprising:

a decision circuit (3) for producing an energiz-
ing signal (S1, 82) indicating that said battery
(1) is to be connected to said solenoid (2) under
a prescribed condition; and

a solenoid valve drive circuit (6) responsive 10
said energizing signal (S1, S2) for opsratively
connecting said battery (1) to said solenoid (2)
to energize said solenoid (2), and

wherein said coulomb controliing means (4, 5)
comprises:

a power supply voltage monitoring circuit (4) for
monitoring the voltage (Vee) of said battery (1)
and producing a signal (f; g) corresponding to
the battery voltage (Vce); and

a couiomb controlling circuit (5) for monitoring
the electric quantity (Q) supplied from said bat-
tery (1) to said solenoid (2) and for producing a
de-energizing signal (S3) based on the signal
(f, g) from said power supply voltage monitoring
circuit (4) when the electric quantity (Q) sup-
plied 1o said solenoid (2) is equal to said re-
quired electric quantity (Qn) corresponding to
said battery voltage (Vcc).

N O



S2) once nore when said tinme-out signal (To) is pro- duced by said tiner
circuit (305). 9. A solenoid valve control circuit 7 according to claim 8,
wherein said decision circuit (3) further conpris- es a failure determning
circuit (310 - 318) for pro- ducing a faillyBubstiote skdet)- 20 Augyst 1999
controlling said solenoid (2) when said detenergi zing signal (S3) is not

produced upon el apse ofg a RrMEAsiE Vahrd cB8irbt cm_,,ptmlg&d,amg after sai d

Tengl (RS > 967" A 551 ener iy iRt R GiGB OobERBE AT LT

o claim
comprises:

an amplifying circuit (5a, 5b, 5¢, R1, R2) con-
nected to said solenoid (2) for amplifying an
electric current (1) to be supplied to the soienoid
(2);

a capacitor (5d) chargeable 10 a prescribed
charge level (C.V3) in response to the amplified
current (k1.l, k2.1) from said amplifying circuit
(5a, 5b, 5¢, R1, R2); and

a comparator (5f) for comparing a voltage (V3)
across said capacitor (5d) with a reference volt-
age (Vr) and producing said de-energizing sig-
nal (S3) when the voltage (V3) across said ca-
pacitor (5d) is equal to said reference voltage
(Vr), and

said amplifying circult {(5a) being responsive to
said signal (t; g) corresponding to the battery
voltage from said power supply voltage moni-
toring circuit (4) for amplitying said electric cur-
rent to be supplied to saikd solenoid (2) at a gain
(k10) proportional to said battery voltage (Vez).

4. A solenoid valve control circuit (10) according to
claim 2 or 3, wherein said amplifying circuit (5a, 5b,
5¢, R1, R2) amplifies said electric current (1) at a
constant gain (k1) when said battery voltage (Vce)
is relatively high,

said reference voltage (Vr) of said comparator
(51) being set to be equal to the voltage (V3) across
said capacitor {5d) when said required electric
quantity (Qn = Q1, Q2) is supplied to said solenoid
(2) in case sad battery voltage (Vcc) is relatively
high.

5. A soienoid valve control circuit (10) according to
claim 2, 3 or 4, wherein said de-energizing signal
{S3) trom said coulomb controlling circuit (5) is sup-
plied to said decision circuit (3), said decision circuit
(3) being responsive toc said de-energizing signal
(S3) for stopping the generation of said energizing

signal (S1, S2).
This is the replacement sheet
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9, ‘wherein said failure determning circuit (310 - 318) conprises a valve
closing override circuit (312, 316 - 318) for forcibly closing said valve,
and a trou- ble display circuit (314) for indicating a failure con- dition.
11. A solenoid valve control circuit 7 aR8or 8ubstitute shgetof 2¢| Airgoest21 9390 7,
wherein said decision circuit (3) fur- ther conprises a failure determning
circuit (304 - 318) for producing a failure signal (Tr) to stop con-

€. A solenoid valve control circuit (20) according to
claim 1, further comprising:

a decision circuit (3) for producing an energiz-
ing signal (S1, S2) indicating that said battery
(1) is to be connected to said solenoid (2) under
a prescribed condition, and

wherein said coulomb controliing means (4, S,
60) comprises:

a power supply voltage monitoring circuit (4) for
monitoring the voltage (Vec) of said battery (1)
and producing a signal (V1) corresponding to
the battery voltage (Vcee);

an energizing time decision circuit (80) tor de-
termining an energizing time () in which said
solenoid (2) is to be energized, in response 1o
said energizing signal (S1, S2) from said deci-
sion circuit (3) and said signal (V1') correspong-
ing to said battery voltage from said power sup-
ply voltage monitoring circuit (4); and

a drive circuit {51, 52, 60) for connecting said
battery (1) to said solenoid (2) to energize said

solenoid (2) for said determined energizing
time (t).

AT
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30 trofiing sai d sol enoid (2) when said de-energizing signal (53) is not
produced upon el apse of a prede- termned period of tinme after said
energi zing signal (S1, S2) has been produced. 12. A sol enoid valve control

circuit (400) according to any precedi ng 29 aiSubstituitelseet oI ABGOSE 1999
vol tage drop detecting circuit (401, 402, 403, 404) for detecting a drop in

For producing a vatt aBuSGIETPE Wile FafraneReBit cgcli 20abg [ of *
vol tage drop. preceding claim wherein said decision circuit (3)

comprises a timer circuit (305) for producing a time-

out signal (To) to stop the generation of said ener-

gizing signal (S1, $2) when said de-energizing sig-

nal (S3) is not produced upon elapse of a predster-

mined period of time (> Tb) after said energizing sig-

nal (S1, S2) has been produced.

8. A solenoid valve control circuit 7 according to claim
7. wherein said decision circuit {3) further compris-
es a retry commander (306) for producing a retry
signa! (Re) to generate said energizing signal (S1,
S2) once more when said time-out signal (To) is pro-
duced by said timer circuit (305).

9. A solenoid valve control circuit 7 according to claim
8, wherein said decision circuit (3) further compris-
es a failure determining circuit (310 - 318) for pro-
ducing a tailure signal (Tr) to stop controliing said
solenoid (2) when said de-energizing signal (S3) is
not produced upon elapse of a predetermined peri-
od of time (> Tb) alter said energizing signal (S1,
S2) has been produced again based on said retry
signal (Re).

10. A solenoid valve control circuit 7 according to claim
9, wherein said failure determining circuit (310 -
318) comprises a valve closing override circuit (312,
316 - 318) for forcibly closing said valve, and a trou-
ble display circuit (314) for indicating a failure con-
dition.

11. A solenoid valve control circuit 7 according to any
of claims 2 to 7, wherein said decision circuit (3) fur-
ther comprises a failure determining circuit (304 -
318) for producing a failure signal (Tr) to stop con-

weEA SPEg
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13. ‘A sol enoid valve control circuit (500) according to any preceding
claim further conprising a counting circuit (501, 502, 503) for detecting
that the nunber of tines said solenoid (2) is energized by said bat- tery

(1) exceeds a predeterm ned nunber and foBoprggggfﬁg 1 3ge | gnal
(S5) indi catlve of the detected nunber of tines 1ifle 3n¥et 2 A&é@& ?égé]

trolling said solenoid (2) when said de-energizing
signal (53) is not produced upon elapse of a prede-
termined period of time after said energizing signal
(S1, 82) has bsen produced.

12. A solenoid valve control circuit (400) according to
any preceding claim, turther comprising:
a voltage drop detecting circuit (401, 402,
403, 404) for detecting a drop in the voitage (Vec)
of said battery (1) below a predetermined value (Th)
and for producing a voltage drop signal (S5) indic-
ative of the detected voltage drop.

13. A solenoid valve control circuit (500) according to
any preceding claim, turther comprising a counting
circuit (501, 502, 503) for detecting that the number
of times said solenoid (2) is energized by said bat-
tery (1) exceeds a predetermined number and for
producing a voltage drop signal (S5) indicative ot
the detected number of times.

O
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