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- This invention relates to voltage regulators of the kind
“1n which a D.C. supply circuit is broken intermittently for
- periods sufficient to maintain the average voltage at a de-
sired value. |

A voltage regulator according to the invention com-
prises in combination a pair of input terminals for con-
nection to the supply to be regulated, a pair of output ter-
minals for connection to a load, a transistor having its
emitter and collector connected between one of the input
terminals and one of the oufput terminals, a square wave
oscillator operable by said supply to produce an output
consisting of successive positive and negative half-cycles,
- a pair of switching circuits through which the output from
the oscillator is applied to the base of the transistor so
that at the commencement of each half-cycle of the oscil-
lator the transistor is rendered conductive, and means for
.mterruptmg the supply to the base of the transistor at a
time in each half-cycle which is variable in accordance
- with the supply voltage across the output terminals.

The accompanying drawing is a circuit diagram illus-
trating one example of the invention.

Referring to the drawing, there are provided a pair of
input terminals 1, 2 which are connected to a D.C. source
3, and a pair of output terminals 4, 5 between which a
load 6 is connected. The terminals 2, 5 are intercon-
nected, whilst the terminal 1 is connected to the emitter
of a transistor 7 having its collector connected to the ter-
minal 4. |

The base of the transistor 7 is connected to one end of

the secondary winding 8 of a transformer 9 through a
- diode 10 1in series with a resistor 11, and is further con-

nected to the other end of the winding 8 through a diode

12 in series with a resistor 13. The centre point of the
winding 8 is connected to the terminal 1. Opposite ends
of the winding 8 are connected to the anodes of controlled
recfifiers 14, 15 respectively, the cathodes of these con-
troiled rectifiers being interconnected, and the gates of the
~controlled rectifiers being connected to their respective
cathodes through diodes 16, 17. Moreover, the cathodes
of the controlled rectifiers 14, 15 are connected through a
resistor 8¢ to the base of the transistor 7.

The transformer ¢ further includes a primary winding
18 and control windings 19, 20. The windings 19, 28 each
have one end connected through resistors 23, 24 respec-
tively to the bases of transistors 21, 22. Moreover, the
other end of the windings 19, 20 are connected through
a diode 25 to the emitter of the transistors 21, 22. The
collectors of the transistors 21, 22 are connected to oppo-
-site ends of the winding 18, whilst said other end of the
winding 19 1s connected to the mid-point of the winding
18 through resistors 26, 27 in series. The point intermedi-
ate the resistors 26, 27 is connected to the terminal 2.

The terminals 4, 5 are bridged by two parallel circuits,
one of which contains a diode 28, and the other of which
contains a resistor 29 i series with a resistor 38, the re-
sistor 30 being bridged by a capacitor 31. A variable
point on the resistor 3¢ is connected through a resistor
32 to the base of a transistor 33, the emitter of which 1is
connected to the terminal 2 through a Zener diode 34
~ bridged by a capacitor 35. The base and collector of
the transistor 33 are bridged by a capacitor 36 and a re-
sistor 37 in series, whilst the emitter of the transistor 33
is connected through a resistor 38 to the terminal 1.
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The collector of the transistor 33 is further connected
through a resistor 39 to the base of a transistor 40, the
collector and emitter of which are bridged by a variable
resistor 42 the emitter of which is connected to the ter-
minal 1 through a resistor 41, and the base of which is
connected to the terminal 1 through a resistor 43 in series
with the resistor 41. The collector of the transistor 46 is
connected to the terminal 2 through a resistor 44 in series
with a capacitor 45, a point intermediate the resistor 44
and capacitor 45 being connected to the emitter of a uni-
junction transistor 46.

The unijunction transistor 46 has its primary and sec-
ondary base terminals bridged by a Zener diode 47 having
a capacitor 48 in parallel therewith. Moreover, the sec-
ondary base terminal of the unijunction transistor is con-
nected to the terminal 2 through a resistor 49 which is
bridged by the primary winding 56 of a transformer 51
having secondary windings 52, 53. One end of the wind-
ing 52 is connected through a resistor 54 to the gate of the
controlled rectifier 15 whilst its other end is connected to
the cathode of the controlled rectifier. One end of the
winding 53 is connected through a resistor 55 to the gate
of the controlled rectifier 14, whilst its other end is con-
nected to the cathode of the controlled rectifier 14.

'The capacitor 45 is bridged by the collector and emitter
of a transistor 56, the base of which is connected through
a diode 57 10 the terminal 2, and through a capacitor 58
and resistor 59 in series to the mid-point of the Wmd-
ing 18.

Between the collector of the transistor 7 and the ter-
minal 4 1s a series transductor which is connected to a
full-wave bridge rectifier 61, and derives its A.C. power

from a transformer 63 having a primary winding 64 and
secondary winding 62.

Connected across the output of the full-wave bridge rec-

tifier are three parallel circuits containing respectively a

resistor 65, a resistor 66, and a diode 67 and capacitor
68 1n series. A point intermediate the diode 67 and ca-
pacitor 68 1s connected through a diode 69 to the base
of the transistor 33, and through a diode 7¢ to the emitter
of the transistor 33. The transformer 9 together with the
components associated with its windings 18, 19, 28 form
a square wave oscillator of known form. On switching
on current flows through the resistor 26 and winding 19
to switch on the transistor 21 and the resulting flow
through the winding 18 induces a feed-back signal to the
base of the transistor 21 to render it more conductive,
whilst at the same time inducing a signal in the winding 20
to hiold the transistor 22 off. However, when the transistor
21 1s fully conductive, there is no further feedback and
the transistor 22 becomes conductive, the transistor 21
being switched off. For convenience, the output of the
oscillator can be considered to consist of odd and even
half-cycles.

The emitter of the transistor 7 is of course connected
to the mud-pomt of winding 8 during both the odd and
even ‘half-cycles, and during the odd half-cycles the base
of the transistor 7 is connected to said other end of the
winding 8 through a switching circuit constituted by the
diode 1Z and resistor £3. During the even half cycles,
the base of the transistor 7 is connected to said one end
of the winding 8 through a further switching circuit con-
stituted by the diode 1® and the resistor 11. In either
case, therefore, the transistor is rendered conductive to
permit current flow to the load.

The cutput voltage is sensed by the resistance chain 29,
3¢, and applied to the base of the transistor 33, the
emitter voltage of which is held constant by the Zener
diode 34. If, during a half-cycle, the output voltage rises
atove a predetermined value, the transistor 33 conducts
to render the transistor 40 conductive and permit charging
oi the capacitor 45. When the capacitor 45 has charged




3,200,583

3

to a predetermined level, the unijunction fransistor 46
is rendered conductive and current flows through the
winding 5@ of the transformer 51 to produce pulses in
the windings 52, 53. These pulses are applied to the gates
of the controlled rectifiers 14, 15, and during the odd
half-cycles of the square-wave oscillator, the controlled
rectifier 14 is rendered conductive whilst the controlled
rectifier 15 is unaffected by the pulses. Similarly, during
the even half-cycles the controlled rectifier 15 is rendered
conductive whilst the controlled rectifier 14 is unaftected.
In either case, however, the transistor 7 is not only short
circuited but actually has its base-emitter junction reverse-
biased by the conducting controlled rectifier and so the
transistor 7 is turned off and no current flows to the out-
put terminal 4.

~ Atthe end of each half~cyc:le of the oscillator the voltage
developed across the resistor 27 serves to render the tran-
sistor 56 conductive and thereby discharge the capacitor
45. 1t will thus be appreciated, that the moment in each
cycle when the transistor 46 conducts to apply pulses to
the controlled rectifiers depends upon the rate of charge of
the capacitor 45. This in turn depends on the degree of
conduction of the transistor 4¢, which depends upon the
amount by which the output voltage exceeds the prede-
termined voltage. The circuit described also provides
protection against over-current faults. Thus, the output
of the bridge 61 1s fed to the base of the transistor 33
and affects this transistor in the same way as the signal
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from the resistor 30. The circuit is adjusted so that the

output from the bridge 61 does not render the transistor
33 conductive unless the current flowing through the series
transductor 6@ exceeds a predetermined value.

The oscillator and controlled rectifiers may be used to
control more than one transistor. For each additional
transistor five extra components are required, these com-

ponents being those correspondmg to resistors 18, 11
and 13, and diodes 16 and 12.

Hawng thus described my invention what I claim as new

and desire to secure by Letters Patent 1s: |

1. A D.C. voltage regulator comprising in combination
a pair of input terminals for connection to the supply to
be regulated, a pair of output terminals for connection
to a load, a transistor having its emitter and collector con-
nected between one of the input terminals and one of the
output terminals, a square wave oscillator connecied
across said input terminals so as-to be operable by said
supply, said square wave oscillator producing an output
consisting of successive positive and negatrve half-cycles,
a pair of switching circuits through which the output from
the oscillator is applied to the base of the transistor so
that at the commencement of each half-cycle of the oscil-
lator the transistor is rendered conductive, switch means
in circuit with the base-emitter junction of said transistor,
said switch means when conductive reverse biasing said
base-emitter junction to turn said transistor off, and con-
tro]l means for said switch means, said control means
‘being connected across said output terminals and con-
trolling said switch means to tfurn off said transistor at a
‘time in each half-cycle which is variable in accordance
with the supply voltage across the output terminals.

Z. A D.C. voltage regulator comprising in combination
a pair of input terminals, a pair of output terminals, a
D.C. source connected between the input terminals, a
load connected between the output terminals, a transistor
having its collector and emitter connected between one
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of the input terminals and one of the output terminals,
the other input terminal being connected to the other out-
put terminal, a square wave oscillator connected across
said input terminals so as to be operable by said D.C.
source, said oscillator producing an output consisting of
a pair of
switching circuits through which the output from the
oscillator is applied to the base of the transistor so that
at the commencement of each half-cycle of the oscillator
the transistor is rendered conductive, a pair of controlled
ectifiers connected in circuit with the base-emitter junc-
fion of said transistor, each of said controlled rectifiers
serving when conductive to reverse bias said base-emitter
junction to turn said transistor off, a pulse-producing
circuit having connections to said cuiput terminals, said
pulse-producing circuit producing in each half-cycle an
output pulse at a time in the half-cycle dependent on
the output voltage across said output terminals, means
connecting the output from said pulse-producing circuit to
the gates of the controlled rectifiers, and biasing means
operable by said oscillator for biasing said controlled
rectifiers so that one of them 1s held non-conductive during
the positive half-cycles of the oscillator output, and the
other controlled rectifier is held non-conductive during the
negative half-cycles of the oscillator output.

3. A D.C. voltage regulator as claimed in claim 2 in
which said pulse-producing circuit includes a transformer
having a pair of secondary windings connected to the gates
of the controlled rectifiers, a unijunction transistor con-
trolling current flow through the primary winding of the
transformer, a Zener diode maintaining a predetermined
voltage across the base terminals of the unijjunction tran-
sistor, a capacitor in circuit with the emitter of the uni-
junction transistor, means for discharging the capacitor
at the end of each hali-cycle of the cscillator output, and
means operable when the output voltage exceeds a pre-
determined value for charging said capacitor at a rate
dependent on the difference between the output and pre-
determined voltages so that the greater the output voltage
the sooner in each half-cycle of the oscillator output the
uni-junction transistor will conduct to switch on one of
the controlled rectifiers. | -

4. A D.C. voltage regulator as claimed in claim 3
including a control transistor for controlling the charging
rate of said capacitor, means for maintaining the emitter
voltage of said control tfransistor constant, and means for
applying a proportion of the voltage across said output
terminals to the base of said control t{ransistor,

5. A D.C. voltage regulator as claimed in claim 4
including a series transductor connected in series with
said transistor connected between the mput and output
terminals, and a full wave rectifier through which the
transductor output is connected to the base of said control
transistor, whereby the charging rate of the capacitor is

“increased when the current flowing to the output terminal

exceeds a predetermined value,
6. A D.C. voltage regulator as claimed in claim 2 in-

cluding means for interrupting the SUpply to the base of

the transistor when the current flowing to the output

terminals exceeds a predetermined value.
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