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This invention relates to voltage regulation and 
more particularly to electrical control circuits 
for governing the charging of a battery. 

It is an object of this invention to associate 
with a battery a normally idle charging unit and 
to automatically energize said unit during cer 
tain periods of low battery voltage of predeter 
mined character So as to supply charging cur 
rent to the battery. 

It is also an object of this invention to auto 
matically govern the charging cycle of a battery. 
Another object of this invention is to automati 

cally govern the starting and stopping of the 
charging cycle. 
A further object is to automatically govern the 

length and the nature of the charging period. 
According to a Specific embodiment of the in 

vention disclosed herein for the purpose of illus 
tration, a charging unit normally idle is asso 
ciated with a battery which is connected to a load 
circuit. A voltage relay is provided to continual 
ly monitor the terminal voltage of the battery. 
If the monitored voltage should fall below a cer 
tain value the charging cycle is initiated by first 
preparing the charging unit to receive energy 
from a power source. When this energy is avail 
able, an automatic preset timer permits the 
thermionic discharge elements of the charging 
unit to reach operating temperature. Power is 
then Supplied to the charging unit so that it sup 
plies charging current to the battery. Another 
timer controls the length of the charging period, 
Commencing its timing when the battery has 
reached a certain charge. It completes the 
charging cycle by deenergizing the charging unit 
at the end of the predetermined time period. The 
charging unit will also be disabled at any time 
during the charging cycle by an overvoltage at 
the battery. 
The charging unit may employ any well-known 

rectifier or, if desired, a regulated rectifier com 
prising gas-filed triodes with pulsing and regul 
lating circuits as disclosed in William H. Bixby 
application Serial No. 35,948, filed June 29, 1948. 
The two-phase rectifier of the specific embodi 
ment described herein is merely illustrative and 
is not to be construed as limiting as to the type 
of charging unit to which this invention may be 
applied. 
The single figure of the drawing is a schematic 

view of a battery charging apparatus embodying 
the invention. 

Referring to the drawing, a battery is con 
nected to a load circuit 2. This battery may be 
the Sole power Source for load circuit 2 or if de 
Sired, there may be provided an additional direct 
current power Supply 3 of any of the types well 
known in the art which normally supplies cur 
rent to the load circuit 2 and maintains the ter 
minal voltage of battery at a correct value. As 
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sociated with battery is a charging unit com 
prising full-wave rectifier 4 with regulating cir 
cuit 5 and smoothing filter 6, all as disclosed in 
the aforementioned Bixby application. This 
charging unit may be the Sole power Supply for 
battery or it may be auxiliary to charging unit 
3. The rectifier 4 comprises two gas-filled triodes 
30 and 3 having a filamentary heater 32 for heat 
ing their cathodes. A measure of the charging 
current is obtained by ammeter 7 and of the bat 
tery terminal voltage by voltmeter 8. 
Connected across the battery is a voltage relay 

9. Relay 9 is equipped with two Scales, a low 
Scale ranging from 139 to 146 volts and a high 
scale ranging from 145 to 152.2 volts, the voltage 
values being merely illustrative. Under normal 
conditions as shown in the drawing, the low 
range terminals of Voltage relay 9 are connected 
to the terminals, respectively, of battery by Way 
of contact a of a relay , and armature C of 
relay 9 registerS midscale, midway between low 
contact I, and high contact H. Under this con 
dition all relays shown in the drawing, except 
relays 0 and il, are released and the charging 
unit is completely deemergized and disconnected 
from the battery. 

Relay 0 is an alarm transmitting relay and to 
gether with relay has one side of its winding 
permanently connected to holding battery f3. If 
released, relay 0 would permit the lamp 2 to 
be energized. Relay is primarily a scale 
changing relay and, as shown, connects the low 
Scale terminal of Irelay 9 to battery through con 
tact a of relay . The relay if, when released, 
connects the high Scale terminal of relay 9 to the 
battery through contact b of relay . Ground 
Connection for the winding of relay O is obtained 
through the uppermost contact of a relay 4 and 
for the Winding of relay through the lower 
contact of relay 5. 
For purposes of illustration, the normal volt 

age of battery will be taken as 142 volts. In 
the event of a failure of power supply 3, for ex 
ample, the Voltage acroSS battery would soon 
decrease to a value less than 142 volts and, if the 
power failure is of Sufficient duration, to a value 
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less than 139 volts. Woltage relay 9 is so con 
Structed that at 139 volts or less, armature C 
will complete a circuit through its low contact L. 
This operation of Irelay 9 connects ground to re 
lay f6 causing it to operate, followed by relay T 
which is energized through the top contacts of 
relays 6 and 5. These relays, as are all to be 
described in this embodiment, are also energized 
by holding battery 3. The operation of relay 7 
connectS the primary P. of transformer 8 across 
the alternating current power supply S. 

If the decrease in voltage across battery Was 
due to a failure of the alternating current supply 
S, these Operated relays Will remain operated until 
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power is available. If power from source S is 
available when the operation of relay fl occurs, 
power will be immediately Supplied to the Sec 
ondaries S1 and S2 of transformer 8. These 
secondaries supply current to the filaments of 
tubes 30 and 3 and of thermionic tubes (not 
shown) associated with regulating circuit 5. Co 
incident with the energizing of the filament 
transformers is the energizing of the motor of 
motor-driven timer f9 through relay 7. Timer's 
9 and 25 are of the type disclosed in United 
States Patent 2,377,370 to J. A. Potter et al. 
dated June 5, 1945. This timer has been adjusted 
to allow the aforementioned filaments Sufficient 
time to be heated to operating temperature be 
fore power is supplied to the plates of the tubes 
asSociated with these filaments. At the end of 
the timing interval the contacts of timer 9 are 
closed and maintained in this position, operating 
relays 4 and 20 by connecting battery 3 to their 
windings through the upper contact of relay 6. 
A locking circuit for relays 4 and 20 is estab 
lished through contact a of relay 4. The power 
input transformer 33 of rectifier 4 is now ener 
gized from source C through the upper contacts 
of relay 20 and the rectifier 4, now fully ener 
gized, is connected to the negative terminal of 
battery through relay 2 which is operated 
through the lower contact of relay 20, and to the 
positive terminal through the ammeter T and the 
resistor 34. The output current as measured 
by ammeter should now rise to normal value 
of 90 amperes and be held there by regulating 
circuit 5. 

It has already been shown that alarm relay 
O is held operated when the system is idle, thus 

preventing lamp 2 from being energized. Now 
that the system is in operation relay O is held 
operated through relay 22 which shunts a Small 
portion of the output. Current of rectifier 4 and 
is so adjusted as to remain operated when the 
output current exceeds 65 amperes. 
Charging continues with no change in the 

relays until the battery voltage increases be 
yond 139 volts at Which time the low contact L. 
of voltage relay 9 no longer makes contact with 
the armature C, thus releasing relay 6. No 
further changes occur until the battery voltage 
attains 146 volts So as to cause the completion 
of a circuit through armature C and contact H. 
for connecting ground to the winding of relay 
5, causing it to operate. The operation of relay 
f5 releases relay f by removing the lock-up path 
through its bottom contact, the alternate lock-up 
path of relay having been opened by the re 
lease of relay 6. 
The release of relay f l immediately switches 

the connection of battery to voltage relay 9 
from the low Scale to the high scale by opening 
the circuit through contact a and closing a cir 
cuit through contact b. The armature of voltage 
relay 9 will assume a midscale position very 
quickly Since its high range is between 145 and 
152.2 volts and the battery voltage will not have 
changed appreciably during the fraction of a 
Second required for relay 5 to operate and for 
relay to Subsequently release. 
The return to midscale of the armature of 

voltage relay 9 releases relay 5. During the 
short time between the release of relay f and 
the Subsequent release of relay 5, the battery 
connection is removed from relay 7. Relay 
does not, however, release even momentarily dur 
ing this short time by having the voltage on its 
winding Sustained by the charge on the 1,500 
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4. 
microfarad capacitor 23 which is connected 
across the Winding of relay 7 in series with the 
10-ohm resistor 24. 
A further function of the releasing of relay 

is to start timer 25. Its motor is energized over 
the circuit through the lower contact of relay 
3 and the uppermost contact of relay from 

alternating current power available at the pri 
mary P of transformer 26 due to the operation 
of relay fl. Initiation of this timing interval 
marks the beginning of the timed overcharge 
period. Which proceeds independently of over 
charge voltage limitations to be described here 
inafter. 

Note now that alarm relay 0 is operated by 
ground connection through contact d of relay 

and the lower contact of relay f S which circuit 
path is poSSible only When the battery voltage 
is over 146 volts, putting voltage relay 9 on the 
high Scale and releasing relay . This completes 
the three possibilities for maintaining relay to 
Operated: 

1. When the system is idle. 
2. When the output current is over 65 amperes. 
3. When the battery voltage is over 146 volts. 
A Warning of any failure of the output current 

of rectifier 4 is thus obtained by the lighting of 
lamp 2 which is energized only when relay fo 
is released. 

If for any reason control is lost by regulating 
circuit 5 So that the battery voltage exceeds 152.2 
Wolts, armature C of relay 9 will make its high 
contact H operating relay 5. This will allow 
relay to Open since the 1,500-microfarad 
capacitor 23 will hold relay it operated only a 
fraction of a Second as previously explained. Re 
lease of relay 7 deenergizes the motor of timer 
9 to open its contact, causing relays 4 and 20 

to release, thereby completely deemergizing the 
charging System. The load is disconnected by 
the release of relay 21 due to its loss of ground 
through relay 20. 

However, if charging proceeds normally, i. e., 
With no Overcharge greater than 152.2 volts, relay 
5 Will remain released and overcharging will 
continue for a length of time determined by 
the adjustment of timer 25. At the end of this 
time the contacts of timer 25 will open, removing 
ground from relays 4, 7, 20 and 21, and thus 
deenergizing the system. 

All relays except relay to will remain released 
until armature C of relay 9 makes its low contact. 
Since relay 9 is now on its high scale, it will make 
its low contact when battery voltage has de 
creased to 145 volts or less. This operation of 
relays 9 and 6 is only momentary since as soon 
as it occurS relay f6. Operates so as to operate 
and lock up relay . This immediately changes 
relay 9 back to its low scale, putting its arma 
ture Cat midscale again, and releases relay 6. 

During the momentary operation of relay 6 a. 
by-product effect is produced, namely, the brief 
energizing of reiay 7. This condition starts mo 
tor timer 9 and briefly energizes transformers 
f8 and 26 but does not adversely affect the op 
eration of the unit. This reoperation of relay 
inarks the point at which the start-and-stop 
relay System is restored to its initial and normally 
ide condition. 
While the control circuit has been described as 

operating in a Specific manner and for specific 
Operating values, it is to be understood that this 
Was merely to facilitate description and should 
in no way be construed as limiting. 
A feature of this control circuit is that it does 
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not energize the charging unit as a result of 
brief fluctuations of the battery terminal voltage 
below normal. The charging unit is not energized 
until timer 9 has completed its preadjusted time 
interval and locks up its contacts. Any return 
to normal voltage or any voltage above 139 volts 
during this timing interval will release relays 6 
and 7 due to the armature C of voltage relay 9 
returning to midscale. This returns the charging 
unit and its asociated control circuit to their nor 
mal stand-by condition. Thus any decrease in 
voltage below 139 volts for a length of time leSS 
than the time delay interval of timer 9 will not 
cause the charging unit to Supply charging cur 
rent to the battery. It is also apparent that any 
return to normal voltage before tinner 9 has 
completed its timing interval will prevent the 
energizing of the charging unit in case there is a 
time interval between the decrease in battery 
voltage and the starting of timer 9. 

Both timer and timer 25 are equipped with 
spring unwinding devices so that they will al 
Ways unlock their contacts and return to a con 
dition of zero time interval should they be de 
energized at any time. 
Timer 9 has been specifically described as 

being preset so as to allow time for the tube fila 
ments to heat sufficiently. In another embodi 
ment it may be more important to set the time 
according to the minimum duration of below 
normal battery voltage to which the System is to 
be sensitive, filament heat time being of Sec 
ondary or of no impolitance. There are also many 
variations possible in the arrangement and spe 
cific Operation of the many relayS Without devi 
ating from the Spirit of the invention. 
What is claimed is: 
1. In combination with a battery for supplying 

current to a load and charging means for nor 
mally maintaining the voltage of said battery 
within a normal operating range, an auxiliary 
normally idle charging means, means responsive 
to a decrease in the voltage of said battery below 
a normal value for conditioning said auxiliary 
charging means for operation, means for supply 
ing energy to said auxiliary charging means for 
causing said auxiliary means to supply current 
to said battery for charging it, means for causing 
said charging to continue for a predetermined 
period of Sufficient duration to cause said battery 
to be charged to a voltage above said normal op 
erating range, said predetermined period com 
mencing at a time when the battery voltage has 
increased to a certain normal operating value, 
and means for deenergizing said auxiliary charg 
ing means at the end of said predetermined time 
and causing it to be restored to its normally idle 
condition. 

2. A power Supply for charging a battery com 
prising means responsive to a decrease in the volt 
age of said battery below a normal operating 
value for energizing said power supply to cause 
it to supply charging current to said battery, 
means for causing said charging to continue for 
a predetermined time of sufficient duration to 
cause Said battery to be charged to a voltage 
above the normal operating range, said time com. 
mencing when the voltage of said battery has 
been increased beyond a certain predetermined 
value, and means for deemergizing said power 
Supply at the end of said predetermined time. 

3. A combination in accordance with claim 2 in 
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6 
which Said last-mentioned means is operable in 
response to a certain voltage of said battery larg 
er than the normal battery voltage as well as to 
the end of said predetermined time. 

4. In combination with a battery and a Source 
of electrical power, normally idle means for 
charging said battery from said source comprising 
a Space discharge device having a cathode and a 
space current path, means responsive to a de 
crease in the voltage of said battery below a nor 
mal operating value for conditioning said charg 
ing means for operation, said means comprising 
means for heating said cathode to operating tem 
perature and means for subsequently supplying 
space current to said device, means responsive to 
an increase in voltage above a normal operating 
Walue for causing charging to continue for a pre 
determined tine of Sufficient duration to cause 
Said battery to be overcharged to a voltage above 
the normal operating range, and means respon 
Sive to an excessive overcharge to deenergize said 
charging means and to restore said charging unit 
to its normally idle condition. 

5. The combination with a battery for supply 
ing current to a load and charging means for nor 
mally maintaining said battery charged to a 
voltage Within a normal operating range of an 
auxiliary charging means, means responsive to 
a decrease in battery voltage to a value below the 
normal voltage range due to a power supply fail 
ure for conditioning said auxiliary charging 
means for Supplying charging current to said bat 
tery when the power is restored, means energized 
in response to restoration of the power supply for 
causing Said auxiliary charging means to supply 
charging current to said battery for a predeter 
mined period of Sufficient duration to cause the 
battery to be overcharged to a voltage above the 
normal operating voltage range, said predeter 
Iihined period starting at a time when the battery 
voltage has been increased to a certain voltage, 
and means responsive to the deenergization of 
Said preceding means at the end of Said prede 
termined period for restoring said auxiliary 
charging means to its original condition which 
preceded said power failure. 
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