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[57] ABSTRACT

A flasher circuit has a power transistor controlling a
circuit with a load therein; a multivibrator produces a
timed pulse signal to the power transistor for turning
the power transistor “on”’; and an additional transistor
sensitive to the occurrence of an increased voltage
drop across. the load due to an outage is connected to

.the multivibrator for changing the time rate of the

timed pulse signal.

6 Claims, 4 Drawing Figures
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FLASHER CIRCUIT WITH OUTAGE INDICATION
This is a continuation of application Ser. No. 40,288,
filed May 25, 1970 now abandoned.

BACKGROUND OF THE INVENTION

Heretofore various circuits have been proposed for
use as flasher circuits. However, such flasher circuits
have been, and often still are, susceptible to the occur-
rence of a particular lamp or bulb, within the overall
{oad, becoming burned out. Such occurrences can be-
come dangerous where, for example, the flasher circuit
is employed as a directional turn indicator on motor ve-
hicles or an emergency flashing system as on school
buses or the like, because the vehicle operator may not
have knowledge that a particular lamp or bulb is
burned out and is assuming that all pedestrians as well
as other vehicles are aware that he is signaling his par-
ticular intent to perform a particular vehicular maneu-
ver.

Accordingly, the invention as herein disclosed and
described is directly concerned with the solution of the
above as well as other related problems.

SUMMARY OF THE INVENTION

According to the invention, a switching circuit com-
prises electrical load means, a load circuit containing
said electrical load means, first load switching means in
circuit with said load circuit, second means for produc-
ing a cyclic control signal for causing said first means
to be at times rendered conductive, and additional
means responsive to the occurrence of an outage con-
dition in said load means and being effective in re-
sponse thereto to vary the cycle time of said cyclic con-
trol signal.

Various general and specific objects and advantages
of the invention will become apparent when reference
is made to the following detailed description consid-
ered in conjunction with the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

In the drawings, wherein certain details may be omit-
ted, for purposes of clarity, from one or more views:

FIG. 1 is a schematic wiring diagram of a flasher cir-
cuit employing the invention disclosed herein;

FIG. 2 illustrates, in comparison, two graphs depict-
ing two different modes of operation of the circuitry of
FIG. 1; and

FIGS. 3 and 4 are fragmentary schematic wiring dia-
grams illustrating modifications of the invention shown
in FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now in greater detail to the drawings, FIG.
1 illustrates a flasher circuit with outage indication
means as comprising conductors 10 and 12 having their
respective ends 14 and 16 adapted for connection to a
suitable source of electrical potential 18 and ground as
at 2@. A first transistor 22 has its collector electrode 24
connected in series with a resistor 26 and conductor 12
while its emitter electrode 28 is connected to conduc-
tor 10. Similarly, a second transistor 30 has its collector
electrode 32 connected, in series with a resistor 34, to
conductor 12 while its emitter electrode 36 is con-
nected via conductor 38 to the base terminal 40 of a
load or power switching transistor 42 which, in turn,
has its emitter 44 connected to conductor 10 by means
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of conductor 45 and its collector terminal 46 con-
nected via conductor 48 to electrical load 50. The
other side of load 50 is connected to conductor 12 by
means of a conductor 52.

Accordingly, for purposes of discussion, conductors
45, 48 and 52 may be considered as comprising a load
circuit within which the power transistor 40 and load
50 are situated. Further, for purposes of clarity and
ease of description, the load 50 is shown as comprising
a plurality of loads 54, 56 and 58 arranged in parallel.
Such loads 54, 56 and 58 may be thought of as compris-
ing a plurality of flasher lamps carried as by an automo-
tive vehicle or even, for example, a school bus.

Base electrode 60 of transistor 22 is electrically con-
nected, via conductor 62, in series with a resistor 64

-which has its other end connected to conductor 12

while base terminal 66 of transistor 30 is connected to
conductor 12 by means of a conductor 68 and resistor
70.

A first capacitor 72 has one side connected to a point
electrically between resistor 26 and collector terminal
24 of transistor 22 while its other side is connected to
conductor 68 as at 74. Somewhat similarly, a second
capacitor 76 has one side connected to a point electri-
cally between resistor 34 and collector electrode 32 of
transistor 30 while its other side is connected to con-
ductor 62 as at a point 78.

A fourth transistor 8¢ has its emitter 82 connected to
conductor 12, as by conductor portion 84, while its col-
lector 86 is connected to a resistor 88 which, in turn,
is connected to point 74 as by a conductor 90. The base
terminal 92 of transistor 89 is connected, via conductor
94, to conductor 48 as at a point 96. A resistor 98 is
connected at its opposite ends to conductors 1¢ and 94
so as to be in parallel to power transistor 42.

It can be seen that each of transistors 28, 30 and 42
are of the P-N-P type while transistor 80 is of the N-P-N
type. Generally, in the P-N-P type conduction there-
through will occur when the emitter is made suffi-
ciently positive with respect to the collector and base
while in the N-P-N type conduction therethrough will
occur when the emitter is made sufficiently negative
with respect to the collector and base.

OPERATION OF THE INVENTION

Generally, transistors 22 and 30 comprise a multivi-
brator the operation of which is generally as follows.
Let it now be assumed that a related control switch 100
has been closed and that transistor 22 has just switched
“‘on,” creating current flow through the emitter-
collector circuit 28, 24 and that transistor 30 has
switched “off”” or its non-conducting state.

At the instant that transistor 22 so switches “on,” ca-
pacitor 72 would have been fully charged so that the
side thereof connected to point 74 is positive with re-
spect to the other side of capacitor 72 which is con-
nected between resistor 26 and collector 24. At this
same time capacitor 76 will be in a discharged state.

Capacitor 72 now starts charging toward the opposite
polarity by virtue of being essentially connected to 10
when transistor 22 is conducting and the emitter-
collector circuit 28, 24, thereof is completed. It can
also be seen that because of the charge that existed on
capacitor 72 at the instant that transistor 22 went into
conduction and its connection to base electrode 66 of
transistor 30, via conductor 68, the emitter-base circuit
36, 66, of transistor 30 are reverse biased (the base 66
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being positive with respect to emitter 38) thereby keep-
ing transistor 36 in an “off” or non-conductive state.

At this same time, capacitor 76 will start to charge
essentially through the emitter-base circuit 28, 60, of
transistor 22, and resistor 34. Such charging current of
capacitor 76 holds transistor 22 conductive or “hard
on”; further, even when charging of tapacitor 76 is
completed, transistor 22 will remain conductive by vir-
tue of the base current provided through resistor 64.

As the potential across capacitor 72, holding transis-
tor 30 “off,” is reduced, a condition is finally attained
where the capacitor 72 voltage can no longer maintain
transistor 30 in the non-conductive state. As transistor
30 starts to become conductive, by virtue of a biasing
current through resistor 70, the collector to emitter
voltage thereof drops and the now charged capacitor
76 starts to discharge, resulting in a reverse bias driving
transistor 22 into non-conduction. When transistor 22
is thusly driven into non-conduction, the voltage across
its emitter 28 and collector 24 increases causing capac-
itor 72 to again start charging through the emitter-base
circuit of conductive transistor 30.

At the instant that transistor 30 became conductive,
capacitor 76 was charged so as to have its side con-
nected to point 78 positive relative to its side con-
nected between collector 32 and resistor 34, However,
as transistor 30 becomes conductive, capacitor 76
starts to charge toward the opposite polarity by virtue
of the emitter-collector circuit 36, 32 being conductive
and because of the current flow through resistor 64. As
described with reference to capacitor 72, so now ca-
pacitor 76 produces a reverse bias on transistor 22
holding it in a non-conductive or “off”’ state.

During the time that transistor 30 is conducting, ca-
pacitor 72 is being charged so that its side connected
to a resistor 70 will be positive with respect to the side
thereof connected between collector 24 and resistor
26. Such charging of capacitor 72 is the consequence
of the base current from transistor 30 which also serves
to hold the transistor 30 in its “‘on” or conductive state.
Transistor 30 is also maintained conductive for some
period after capacitor 72 has been fully charged be-
cause of the base bias provided by resistor 70.

However, as capacitor 76 continues to discharge and
the voltage thereacross approaches zero, the voltage
holding transistor 22 in a non-conductive state de-
creases and transistor 22 starts to again become con-
ductive. This initiates the regenerative cycle which re-
sults in the rapid “turn on” of transistor 22 and “turn
off” of tramsistor 22 as well as the subsequent rapid
“turn off” of transistor 22 and “turn on” of transistor
30.

It can be seen that when transistor 30 is in a conduc-
tive state, the emitter-base 44, 40, circuit of load or
power transistor 42 is biased into conduction thereby
completing the circuit through the emitter 44 and col-
lector 46 thereof causing energization of the load 5¢
comprised of parallel loads 54, 56 and 58. As should be
apparent from the preceding, power or load transistor
42 is made conductive during the period that multivi-
brator transistor 30 is conductive. Therefore, when
transistor 30 is cyclically rendered non-conductive, as
previously described, power transistor 42 is also ren-
dered non-conductive causing the load circuit to be
opened as between load circuit conductor portions 45
and 48.
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For purposes of discussion, load 50 may be consid-
ered as comprising, for example, a plurality of lamps 54
and 56 situated so as to be visible externally of a vehicle
while load 58 may represent a relatively small indicator
lamp carried within the vehicle so as to be visible to the
vehicle operator. '

Accordingly, with the above assumptions, it can be
see that whenever transistor 3@ is cyclically made in-
ductive, the power or load transistor 42 is likewise
turned “‘on” thereby completing the circuit through the
load circuit, comprised of conductors 45, 48 and 52,
and load 56 causing the externally situated lamps 54
and 56 to be energized, creating an external signal, and
indicator lamp 58 to be simultaneously energized creat-
ing an internal indicator signal for the operator.

As can be seen, resistor 98 is in parallel with the
power transistor 42 and, therefore, combines with the
load 50 to in effect form a voltage divider. For purposes
of illustration, let it be assumed that resistor 98 has a
resistance value comparatively very high to that of load
50 and that its resistance value is in the order of nine
times the effective resistance value of load 50. There-
fore, whenever transistors 30 and 42 are “‘off,”” 9/10 of
the voltage drop occurs across resistor 98 while 1/10 of
the total voltage drop, across conductors 18 and 12, oc-
curs across the load 50. However, it should be remem-
bered that the effective resistance of load 50 is deter-
mined by the following:

R, = R,R;Ry/R,R;+R, Ri+R;R,

where:

R, = effective resistance;

R, = resistance of load 58;

R, = resistance of load 56; and

R, = resistance of load 54.

Now let it be assumed that for some reason one of the
external loads or lamps, such as, for example, lamp 54,
has become burned-out thereby in effect causing such
lamp 54 to appear as an electrically open branch cir-
cuit. Consequently, the effective resistance of load 50
will now increase because the effective resistance will
be determined by the following:

R, = R,R,/R+R,

where:

R, = new effective resistance;

R, = same unchanged resistance of load 58; and

R, = same unchanged resistance of load §6. .
For purposes of illustration, let it be assumed that R,
is now of a value twice that of original effective resis-
tance R,. With this assumption, it then becomes appar-
ent that with, for example, lamp 54 being burned-out
whenever transistors 30 and 42 are “off” 9/11 of the
voltage drop will occur across resistor 98 while 2/11 of
the total voltage drop will occur across the load 50,
which is now comprised of lamps 56 and 58.

Accordingly, in view of the above, it can be seen that
with load transistor 42 in its “off”’ or non-conductive
state and with the occurrence of an outage in the total
load 50, the resulting increase in voltage drop across
the load 50 and transistor 80 base-emitter divide, due
to the outage, is sufficient to cause transistor 80 to be-
come conductive thereby completing a cycle time mod-
ifying circuit from point 74 through conductor 90, re-
sistor 88, collector 86, emitter 82, conductors 84 and
12 to ground at 20.
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The effect of such a cycle time modifying circuit will
be better appreciated when the circuit described by re-
sistor 26, capacitor 72, resistor 70 and conductor 12
joining resistors 76 and 72 is first considered. From
previous description, it should be apparent that capaci-
tor 72 had been fully charged at the moment that tran-
sistor 22 was turned “on’’ and transistor 30 was turned
“off.” At the moment that transistor 30 was turned
“off”” capacitor 72 starts to discharge generally in the
loop defined by resistors 70, 26 and conductor 12
therebetween and in so doing reverse biases transistor
30 so as to keep it in its “off” condition. Obviously, in
view of the above, the length of time that transistor 30
will be held “off”” is dependent on the length of time re-
quired to sufficiently discharge capacitor 72 which, in
turn, is primarily dependent on the value of resistor 70.

Therefore, whenever the cycle time modifying circuit
is completed, as described above, resistor 78 is effec-
tively placed in parallel with resistor 88 which results
in an effective resistance value less than the resistance
value of either resistor 78 or 88. The lowering of the re-
sistance value reduces the time required to sufficiently
discharge capacitor 72 and, therefore, reduces the
“off” time portion of the overall operating cycle of
transistor 30.

This is graphically illustrated in FIG. 2 by the com-
parative curves 120 and 122 with curve 120 represent-
ing a normal operation without outage and curve 122
representing operation of the flasher circuitry with an
outage. If, in curve 120, portions 124 and 126 repre-
sent the ““‘on” times while portions 128 and 130 repre-
sent the “off” times of transistor 30 and if, in curve
122, portions 132, 136 and 146 represent the “on”
times while portions 134, 138 and 142 represent the
“off”” times of transistor 38, it can be seen by compari-
son that the “on” time of transistor 30 remains the
same whether or not an outage exists in the overall load
50 while the “off”’ time of transistor 30 is reduced
whenever an outage is present.

Accordingly, in view of the preceding, it should be
apparent that the invention herein disclosed and de-
scribed provides means for producing a timed signal to
load switching means, in order to cause said load
switching means to become cyclically closed and
opened, and additional means sensitive to the occur-
rence of an outage in the load for varying the cycle time
of the means for producing a timed signal in order to
thereby produce a switching rate indicative of an ab-
normal load condition. Various other embodiments
and modifications of the invention are of course possi-
ble and FIGS. 3 and 4 hereof illustrates only two of
such modifications. In both FIGS. 3 and 4 only so much
of the circuit of FIG. 1 is repeated as is considered suf-
ficient to disclose the modification. All elements in
FIGS. 3 and 4 which are like or similar to those of FIG.
1 are identified with like reference numbers.

Referring to FIG. 3, it can be seen that a zener diode
102 is provided in circuit with conductor 94 and resis-
tor 98, As is known, a zener diode will maintain a sub-
stantively constant voltage once its break-down voltage
attained. Accordingly, the effect of providing zener
162 is to require the occurrence of some predeter-
mined higher value of voltage drop to occur across the
load 50 before transistor 80 will be permitted to be-
come conductive in the manner previously described.
This may be especially of value in situations where the
voltage drop across the normal load is close to the
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value required to cause transistor 80 to become con-
ductive and both operating and ambient temperatures
may be such as to at times cause transistor 80 to con-
duct even when there is no outage.

Another arrangement for accomplishing the same re-
sult is illustrated in FIG. 4 wherein diodes 112 and 114
are situated in series in the emitter circuit. The use of
such diodes (one or more in series) also required the
attainment of a higher voltage to be impressed across
the base-emitter diode of transistor 80 as well as the di-
odes 112, 114 before transistor 80 becomes conduc-
tive.

In view of the preceding, it should be apparent that
functional equivalents could be substituted for the vari-
ous sections of the circuitry as well as components or
elements contained therein. Also, as should be appar-
ent, the circuitry disclosed could be practiced employ-
ing N-P-N transistors for those that are shown as P-N-P
and vice versa where appropriate polarity changes are
made as is well known in the art.

Although only three embodiments of the invention
have been disclosed and described, it should be appar-
ent that other embodiments and modifications of the
invention are possible within the scope of the appended
claims.

We claim:

1. In a flasher circuit of the type adapted to intermit-
tently energize a load from a voltage source and includ-
ing means for producing intermittent control signal im-
pulses, and a switching device having its output con-
nected between the load and the voltage source and
having its input connected with said means and adapted
to be switched between on and off conditions in re-
sponse to said control signal impulses to connect and
disconnect the load and the voltage source, said load
comprising plural signal lamps connected in parallel di-
rectly across the voltage source whereby the entire
voltage of the source is applied to the load when the
switching device is on, the improvement comprising a
resistor connected across the output of said switching
device and in series with the load whereby the resistor
and load constitute a voltage divider across the voltage
source when the switch is off, the voltage across the
load during the interval when the switching device is off
being less than a predetermined value when all of the
plural signal lamps are operative and being greater than
the predetermined value when one of said signal lamps
is open circuited, and control means having an input
connected with the junction of the load and the resistor
and being responsive to the voltage across a portion of
said voltage divider for producing an output when the
voltage across the load is greater than said predeter-
mined value, thereby being indicative of an open cir-
cuit condition of one of said lamps.

2. The invention as defined in claim 1 wherein said
control means has its input connected across said load
and includes a voltage threshold device adapted to be-
come conductive at said predetermined voltage.

3. The invention as defined in claim 1 wherein said
control means is operatively coupled to the input of
said switching device to change the action thereof upon
the occurrence of an open circuit condition of one of
said signal lamps.

4. The invention as defined in claim wherein said
switching device is a power transistor and said control
means comprises a control transistor having its input
connected across said load.
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5. The invention as defined in claim 1 wherein said
means for producing intermittent control signal im-
pulses is a multivibrator including first and second
cross-coupled transistors and wherein said switching
device is a power transistor having its input operatively
connected with the second transistor of the multivibra-
tor and having its output connected with said load
across the voltage source, said control means compris-
ing a control transistor having its input connected
across said load.

6. The invention as defined in claim § wherein said
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multivibrator comprises a pair of resistance capaci-
tance cross-coupling networks connected respectively
with said first and second transistors for controlling the
conductive interval thereof, said control transistor hav-
ing its output connected to ome of said networks
whereby the conductive interval of one of the transis-
tors in the multivibrator is changed when the control
transistor changes from one conductive condition to
another in response to an increase of load voltage dur-

ing the nonconductive interval of the power transistor.
* x ¥ Kk %
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