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This, invention relates to current Supply ap 
paratus and more particularly to an arrange 
ment in which a rectifier normally Supplies cur 
rent to a load and to a battery for charging it 
and in which means are provided for maintaining 
the load voltage within normal operating limits 
during a period following a power failure. 
In accordance with a feature of the invention, 

there is provided an alarm circuit which is ener 
gized to produce an alarm only in response to 
a rectifier failure. 
In a specific embodiment of the invention 

herein shown and described for the purpose of 
illustration, a varistor bridge rectifier is provided 
for rectifying alternating current supplied there 
to and for supplying the rectified current to a 
load circuit comprising a storage battery and a 
load connected in a current path acroSS the bat 
tery. Suitable means of the type disclosed in 
a copending application of J. A. Potter, Serial 
No. 134,916, filed December 24, 1949 (Patent No. 
2,563,486, granted August 7, 1951), for example, 
are provided for regulating the alternating cur 
rent supplied to the bridge rectifier in response 
to load voltage changes for minimizing the load 
voltage changes. When the supply of rectified 
current to the battery and load is interrupted 
due to a power failure, for example, current is 
supplied to the load from the battery. A re 
sistor is connected in series with the load be 
tween a terminal of the battery and a terminal 
of the load to cause the load voltage to be re 
duced with respect to the battery voltage. How 
ever, when the battery voltage decreases below 
a normal operating range due to failure of the 
rectified current supply, for example, a relay 
responsive to the battery voltage causes the com 
pletion of a short-circuiting path across the 
series resistor, thereby increasing the load voltage 
to the battery voltage. There is also provided 
an alarm system for giving an alarm when a 
rectifier failure occurs and which does not give 
an alarm in response to a power Service failure 
or in response to low rectifier output during the 
time required for heating to operating tempera 
ture cathodes of space current devices associated 
With the rectifier. 
The invention will now be described in greater 

detail with reference to the accompanying draw 
ing the single figure of which is a schematic view 
of a current supply system embodying the 
invention. 
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Referring to the drawing, there is provided 
a bridge-type rectifier to having selenium or 
other suitable rectifying elements in the arms of 53 

2 
the bridge, the input terminals of the bridge 
being connected to the secondary winding of an 
input transformer ff. When alternating current 
is supplied through transformer to the recti 
fier 10, it supplies rectified current through a 
filtering choke coil f2 and through a resistor 23 
to a battery f3. Rectified current is also sup 
plied to a current path connected across battery 
f3 comprising resistor f4 and a load 5 in series. 
The positive terminal of battery 3 is connected 
to ground. 
The primary winding of transformer f is con 

nected in Series with the winding abc of an auto 
transformer 6 and the windings 7 and f8 in 
parallel of a saturable reactor f 9 which also has 
a saturating winding 20. Alternating current 
from a supply source 2 is supplied through the 
winding of a relay 22 to the circuit comprising 
autotransformer 6, reactor windings 7 and 8 
and the primary of transformer f, one terminal 
of the source 2 being connected to the mid 
terminal to of autotransformer 6 and a terminal 
of the winding of relay 22 being connected to a 
common terminal of reactor windings 7, 8 and 
of the primary of transformer f. The alter 
nating current supplied to the primary of trans 
former is controlled by varying the unidirec 
tional current flowing through Saturating wind 
ing 20 of Saturable reactor 9 to change the re 
actance of windings 7 and 8. When the re 
actance of Windings T, f8 is such that the cur 
rent flowing through portion ba of autotrans 
former 6 is equal to the current flowing through 
portion be, the voltage across bc is equal to zero 
because the current flowing in portion bat in 
duces in portion bc a voltage equal and opposite 
to the voltage across portion be produced by the 
current flowing through it. For this condition, 
the voltage across the primary of transformer 
is substantially equal to the voltage of Source 
2 . . The current flowing through portion ba of 
the autotransformer 6 induces in portion bc a 
voltage which aids the voltage of source 2. 
Therefore, a decrease of current in Winding por 
tion ba due to an increase of reactance of Wind 
ings 7, 8 reduces the voltage induced in por 
tion be to cause the voltage impressed upon the 
transformer to decrease. Likewise, an increase 
of current flowing through portion ba of the 
autotransformer causes the voltage supplied to 
the primary of transformer to increase. 
Current is supplied to winding 20 of Saturable 

reactor 9 by an auxiliary rectifier comprising a 
space current rectifying device 30, the amplitude 
of the current being controlled by the resistance 
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of the space current path of a triode Space cur 
rent device 3. There are provided a transformer 
having a primary winding 32 and Secondary 
windings 33 and 34, and a transformer having a 
primary winding 35 and a secondary winding 36. 
The primary windings 32 and 35 are connected 
through the winding of relay 22 to the current 
supply source 2. Transformer winding 34 Sup 
plies heating current to the filamentary cathode 
of rectifier tube 30 while transformer Winding 
36 supplies current to the heater of tube 3 to 
increase the temperature of the indirectly heated 
cathode. The end terminals of transformer 
winding 33 are connected to the anodes, respec 
tively, of tube 3 and the mid-terminal of Wind 
ing 33 is connected to one terminal of reactor 
winding 20. The other terminal of winding. 20 
is connected to the cathode of tube 3 and the 
anode of tube 3 is connected to the cathode of 
tube 30, thereby completing a circuit for Supply 
ing current rectified by tube 30 to Saturating 
winding. 20. 
The current supplied to saturating winding 20 

may be varied in response to voltage changes 
across the battery 3 to thereby control the alter 
nating voltage supplied to rectifier O. So as to 
minimize the load voltage variations. For this 
purpose the voltage across the battery 3 is con 
nected in Series with a source of fixed reference 
voltage 38 of opposite polarity to the input of a 
vacuum tube amplifier 3, the output voltage of 
the amplifier being impressed upon the control 
grid-cathode circuit of Space current device 3. 
If the load voltage should increase, for example, 
the voltage impressed from amplifier 37 upon the 
grid-cathode circuit of tube 3 changes in a di 
rection to make the control grid of tube 3 rela 
tively more negative. with respect to its cathode. 
The current supplied to Saturating winding 20 is 
thereby caused to decrease, thus increasing the 
reactance of windings T and f 8. The resulting 
decrease of the voltage impressed upon the recti 
fier . O. causes battery 3 to discharge and the 
voltage across it. to decrease. The initially as 
sumed increase of load voltage is thus minimized. 

Apparatus is provided for energizing an alarm 
to indicate a failure of a regulated rectifier to 
supply rectified current to the load circuit. Such 
a failure may occur, for example, due to a failure 
of tube 30 or tube 3f, thereby interrupting the 
Supply of Saturating current to the winding 29 
of saturable reactor 9. To prevent false indi 
cations, means are provided to permit energiza 
tion of the alarm only in response to (1) zero or 
abnormally low rectifier output current, (2) nor 
mal power service, (3) abnormally low battery 
Voltage, and (4) an elapsed time sufficient to per 
mit the heating to operating temperature of 
Cathodes of Space current devises such as tubes 30 
and 3. For this purpose there are provided for 
controlling the energization of a lamp 40 or other 
suitable indicating device a relay system com 
prising electromagnetic relays 22, 43, 44, 45, 46 
and 47, and a thermostatically operated relay 48. 
The winding of relay 43 is connected across re 
Sistor 23. Decrease of the output current of rec 
tifier 0 to zero or an abnormally low amplitude 
resultS in the operation of relay 43 to complete 
a circuit for energizing relay 45 from grounded 
battery 50. When the voltage of battery 3 de 
creases to a predetermined voltage, relay 44 oper 
ates to close a circuit for supplying current from 
grounded battery 5, to the winding of relay 46, 
thereby operating relay 46. Relay 22 operates 
When current from Source 2 is being supplied 
through its winding. With relays 45, 46 and 22 

0. 

4. 
operated, a circuit is completed for Supplying 
current from grounded battery 53 through the 
winding of thermostatic relay 48 and through 
the armatures and contacts of relays 46, 22 and 
45 to ground at 52. After a delay period equal 
to or somewhat greater than the time required to 
heat the cathodes of tubes 30 and 3 to operat 
ing temperature when starting the circuit in 
operation, relay 48 operates to close a circuit for 
Supplying current from grounded battery. 54 to 
the winding of relay 47. A circuit is thus COm 
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pleted for energizing lamp 40 by current from 
battery 55. Separate batteries 50, 5, 53, 54 and 
55 are shown in the drawing for the sake of sim 
plicity but, obviously, the voltages represented 
by these batteries may be derived from storage 
battery 3. 
The operation of relay 46 in response to ab 

normally low voltage across battery 3 also com 
pletes a circuit for supplying current from bat 
tery 3 to the winding of a relay 56. Relay 56 
when operated completes a circuit for short-cir 
cuiting resistor 4. The voltage across the load 
5 is thus maintained within normal operating 

limits for a period after the voltage of battery 
f3 falls to an abnormally low voltage. By con 
necting the winding of relay 44 across the bat 
tery, hunting is avoided such as might occur if 
the winding were connected across the load. 
What is claimed is: 
1. In combination, rectifying apparatus for 

rectifying current from an alternating-current 
Supply source and for Supplying rectified current 
to a load, said load comprising a battery, slow 
Operating relay means, an energizing circuit for 
Said relay means for causing said relay means to 
operate after a delay interval following the com 
pletion of Said energizing circuit, three switching 
means in Series in said energizing circuit, means 
for closing a first of said switching means in re 
Sponse to current supplied from said supply source 
to Said rectifying apparatus, means for closing a 
Second of said switching means in response to 
a reduction of current Supplied from said recti 
fying apparatus to said load to a predetermined 
low amplitude, means for closing said third 
SWitching means in response to a reduction of 
Said battery Voltage to a predetermined voltage, 
an indicating device, and means responsive to the 
Operation of said slow operating relay means for 
completing a circuit for energizing said indicat 
ing device. ... • 

2. In combination, a battery, a resistor, a load 
circuit comprising said battery, said resistor and 
a load all in Series, rectifying apparatus for sup 
plying current to said load circuit comprising a 
thermionic device for rectifying current from an 
alternating-current Supply source, said rectify 
ing apparatus when started in operation supply 
ing Zero or low amplitude current to said load 
circuit during a delay period required for heat 
ing the cathode of said thermionic device to 
operating temperature, a first electromagnetic 
relay having a winding connected directly across 
Said battery, said first relay being operated in 
response to a decrease of the voltage of said 
battery to a predetermined abnormally low volt 
age, means responsive to the operation of said 
first relay to complete a short-circuiting current 
path acroSS Said resistor, a second electromag 
netic relay having a winding energized by cur 
rent Supplied from Said rectifying apparatus to 
Said load circuit, said second relay being operated 
in response to a decrease of said load current 
to a predetermined, abnormally low amplitude, a 
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third electromagnetic relay operated in response 
to current supplied from said supply Source to 
said rectifying apparatus, a fourth relay which 
operates after a delay interval following its ener 
gization, said delay interval being at least as 
long as the delay period required for heating Said 
cathode, means responsive to the operation of 
said first, second and third relays for complet 
ing a circuit for energizing said fourth relay, an 
indicating device, and means responsive to the 
operation of Said fourth relay for causing the 
completion of an energizing circuit for Said indi 
cating device. 
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