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This invention relates to rectifying systems.

An ohject of the invention is the provision of
an inexpensive regulating system for alternating
current rectifiers for use under conditions of low
voltage and low power.

In accordance with the inventlon a rectifier of
the varistor type is suppled with alternating
current energy through a main transformer con-
nected to a source of alternating current. An
auxiliary transformer also connects the varistor
rectifier to the source of- alternating current
through a variable bridge circuit which is so con-
trolled by rectified current from the output of the
rectifier that the electromotive force derived from
the auxiliary transformer aids or opposes the
electromotive force from the main transformer
in varying degree in such manner as to' tend
to hold substantially constant the output termi-
nal unidirectional electromotive force supplied by
the rectifier to its load circuit.

In the drawing,

Fig. 1 illustrates schematically the cirguits of
one embodiment of the Invention; .

Fig. 2 that of an alternative form; and

Fig. 3 that of a third modiflcation.

Referring to Fig. 1, a source | of alternating
current energy to be rectifled is connected by the
transformer 2 having a primary 3, & main sec-
ondary winding 4 and a split auxillary winding
5, 6 to a four-arm bridge rectifier T of well-
known type. The bridge elements are preferably
varistors of the selenfium or copper oxide types.
An alternating electromotive force is impressed
by secondary winding 4 upon terminals 8, 8 of the
bridge, and from its alternate terminals 10, | I the
output circult of the rectifier supplies unidirec-
tional current by way of a smoothing filler 12
to a load (3. The load 13 may be an energy con-
suming or translating device of any kind such
as a lamp, heater, storage battery to be charged,
or the like. . The smoothing filter consists of a
suitably designed series choke {4 and a shunt
capacitor 18.

Across the load input terminals (6, 1T a poten-
tiometer 18 is connected to provide a unidirec-
tionai regulating potentlal which tends to vary
with variations in the alternating electromotive
force across primary winding 3 and also with var-
jations in the load energy dellvered by secon-
dary winding 4, rectifier bridge 7 and smoothing
filter 12 to the load 3.

Auxillary secondary windings 5 and 6 consti-
tute two arms of & four-arm bridge circuit of
which capacitor 9 and auxiliary varistor recti-
fler 20 are the third and fourth arms, respectively.

(CL 175—363)

Between the normal equal potential points of the
bridge is connected the primary winding 23 of
& regulating transformer, the secondary winding
24 of which is connected in series with winding
s 4 in the input circuit of the main varistor rectl-
fier 1. BSince the net input electromotive force
impressed upon rectifier T depends upon the vec-
tor sum of the electromotive forces from sec-
ondary winding 4 and the regulating transformer
10 winding 24, it is possible, by reversing the latter
electromotive force to make it ald or oppose the
principal electromotive force at will.  Moreover,
by causing the auxillary electromotive force to
vary In accordance with the rectified output po-
156 tential across points 16, T of the main rectifier,
it is possible to so regulate the input alternating
electromotive force applied to the rectifler as to
maintain the rectified output potential substan-
tially constant. 'To do this a variable tap 28 of
¢0 potentiometer 18 and the terminal 1T are con-
nected by leads 27, 28 to terminals 29 and 38
of the varistor rectifier 20. A smeoothing capac-
itor 81 is connected across leads 2T and 28 to
effectively short circuit ripple electromotive forces

25 appearing across terininals 29, 30.

In operation the current in primary winding 23
is the difference between the current supplied by
winding 5 to capacitor {3 and that supplied by
winding 8 to rectifier 20. If windings § and [

30 provide equal electromotive forces and if the im-
pedances of capacitor 19 and rectifier 20 are
equal the current through winding 23 will be
zero. It follows that the magnitude of the cur-

' rent through winding 28 and moreover its phase

a5 will depend upon the impedance of rectifler 8.
As the impedance of the rectifler increases be-
yond that of capacitor 18 the current through
winding 23 will increase in one direction; as the
impedance of rectifier 20 decreases below that of

40 capacitor 18 the current through winding 23 will
likewlse Increase, but its phase will be opposite to
that of its normal condition. When, therefore,
the impedance of the varistor arm 20 is at its
minimum value the primary 23 of the regulat-

45 ing current transformer is essentially connected
across the winding 8 and the phase relations are
so preselected that the secondary electromotive
force of winding 24 adds algebraically with the
electromotive force of winding 4 to produce the

50 maximum alternating current electromotive force
applied to the main amplifier 1 which then de-
livers the maximum unidirectional output cur-
rent. When, on the contrary, the impedance of

. the varistor 20 is maximum the primary winding

56 23 1z connected effectively to the winding §
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through the capacitor {8 and the secondary elec-

tromotive force of secondary winding 24 is then

approximately 180 degrees out of phase with the
electromotive force induced in winding 4 so that
the net electromotive force applied to the main
rectifier 1 is the algebraic difference of the two.
Under these conditions the rectifier 7 delivers
minimum unidirectional cutput current to the
load. Thus the variation in impedance of the
varistor 20 provides at times an aiding or boost-
ing electromotive force and at other times an op-
posing or bucking electromotive force to control
the unidirectional output potential of the rec-
tifler.

The itmpedance of varistor rectifier 2¢ in the
loop paths 8, 28, 23 to alternating currents which
the winding § impresses upon the loop is de-
pendent upon the unidirectional electromotive
force applied over circuit 21, 28 to the terminals
28, 30 of the rectifier 20. If the unidirectional
electromotive force applied over leads 27, 20 is of
such polarity as to tend to cause current to flow
through varistor 18 in its high impedance direc-
tion, it will cause the alternating current imped-
ance of the rectifler for currents from winding
* § to increase thus permitting current through ca-
pacitor 1§ to predominate in the winding 23.
When, on the contrary, the rectifier unidirec-
tional potential across points 14, |7 falls in con-
sequence of reduction of the electromotive force
applled by source | or in consequence of increased
potential drops occasioned in the main trans-
former, maln rectifier and smoothing filter by
increased current to the load (3, the potential
produced across terminals 28, 3¢ by varistor 29
will exceed that supplied from the potentiom-
eter 8. The varistor 20 will therefore supply
unldirectional current over the path 21, 28 to
potentiometer (8. Under these conditions varis-
tor 20 will act as a low impedance with respect
to electromotive forces from winding ¢ and the
alternating “current in winding 23 will reverse
in phase and will increase as the varistor im-
pedance decreases. By choosing the position of
the tap 26 properly the system may operate to
hold the unidirectional potential across points
i€, (7 substantially constant.

In Fig. 2 like elements are designated by the
same reference characters as in Fig. 1. The mod-
{fications are in the regulating circuit. In Meu
of the capacitor (9 of Fig. 1 a fixed resistor 32
is employed and in lieu of varistor 28 a saturable
reactor 33 is provided with two windings 34 'and
38 associated with the saturating winding 38§ on

a common magnetic core structure in well-known -

fashion so that no alternating electromotive force
is induced in the saturating winding 36 by the
opposed fluxes of winding 34 and 3§ but the sat-
urating winding varies the magnetic flelds and
hence the impedances presented by the windings
34 and 35. If desired, a direct current amplifier
31 of well-known kind may be introduced into
the regulating circuit to increase the relative
magnitude of the unidirectional potential vari-
ations appearing across potentiometer (8. The
operation of this circuit will be readily under-
stood without further explanation since the cur-
rent in the winding 23 will increase and will
change in phase exactly as in the case of Pig. 1
with variations in unidirectional potentia] im-
pressed by potentiometer I8 upon the regulating
circuit.

The circuit of Fig. 3 is somewhat more complex
but has the advantage of greater flexibility in
adjustment for varying conditions. It differs
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from that of Fig. 1 in the addition of
secondary winding 38 to the transformer

winding 38 is direct®y connected to two

of s four-arm varistor rectifier 30 and the recti-
fied polential appearing in the alternate termi-
nals of varistor 30 is introduced serially into the
regulating circuit of the reactor 33. The circult
ia 80 that the unidirectional output elec-
tromotive force of the rectifier §9 is opposed in
the regulatipg circuit to the output electromotive
force delivered by the direct current amplifier 31.
Consequently, the resultant current that flows
through the saturating winding 38 of reactor 33
undergoes & relatively greater change and so ltke-
wise does the saturation of the reactor. Thus
by comparing the unidirectional electromotive
force of rectifier 38, which reflects the electro-
motive force of winding 3, with the unidirections.
potential derived from the potentiometer, whick
reflects the effect of varying load conditions, s
very much greater change in the saturating cur-
rent may be had with a small change in the uni-
directional output electromotive force applied te
the main rectifier 7 to the load 13. Expressec
somewhat differently the variation in the satura-
tion current is more than proportional to the
variation in potential of the rectified output cur.

rent at the input as measured at the terminal
of the load. A large capacitor 48 functions in the
circuit as does capacitor 31 of Plg. 1 to reduce
ripples appearing across the output of the auxil

fary rectifier.

What 18 cladmed is:

1, A self-regulating rectifying system for con
verting alternating current energy into unidire¢
tional current energy comprising a rectifier have
ing an alternating current input circuit and
unidirectional current output circuit including
terminals to which a unidirectional current loag
may be connhected, alternating potential regulat-
ing means connected in the input circuit to cause
an alternating electromotive force to be applied
thereto to augment or oppose the electromotive
force applied to the rectifier input circuit as the
rectified unidirectional potential across the out
put circuit terminals falls or rises respectively
and means electrically connected to the output
terminals and connected in energy control re
lation to the alternating potential regulatir
means for reversing the phase of the alternatin
electromotive force applled by the regulatin
means whenever the load potential of the rectified,
unidirectional current passes through a predeter.
mined normal value whereby the unidirectiona
potential difference between the output terminal
tends to remain substantially constant.

2. Apparatus for converting the energy of
alternating current into unidirectional current
energy of substantially constant potential com
prising a rectifier, input terminals and output

s third
2. The

- terminals connected - thereto, an input circuyt

70

76

connected to the input ternrinals and inclu
means for impressing on the rectifier & main
alternating current electromotive force to be rec
tified and an auxiliary electro-motive force to aid
or oppose the main electromotive force, a source
of auxillary alternating current electromotive
force, a four-arm bridge circuit connecting the
source to the means for applying the auxilla
elcctromotive force to the input circuit, a path
connected across the output circuit terminals of
the rectifier to receive unidirectional curreny;
therefrom and also including one arm of the
four-arm bridge, said included bridge arm have.



2,340,685

ing an impedance which varies with electric cur-
rent therethrough whereby a variation in the
output terminal potential of the rectifier tends
to alter the auxiliary alternating electromotive
fo:;ce supplied from the source of auxiliary cur-
refit through the bridge to the input circuit of
the rectifier. .

3. In a system for rectifying alternating cur-
rent energy and regulating the potential of the
output unidirectional current, a rectifier, an in-
put circuit and an output circuit each connected
thereto, a source of alternating current to be
rectified, a main energy transfer means con-
necting the source to the input circuit to apply
an electromotive force to be rectified, an auxiliary
energy transfer means connecting the source to
the input circuit to apply a controlling electro-
motive force thereto in serles with the clectro-
motive fcrce to be rectified, sald auxiliary con-
necting means including a varistor, and means
connected tc two points in the output circuit
across which constant potential is desired and
also connected to the varistor to apply to the
varistor energy varying with the umidirectional
output potential to cause the auxiliary energy
transfer means to apply & controlling electro-
motive force to the input circuit which is of
such phase as to aid the electromotive force ap-
plied by the main energy transfer means when
the unidirectional output potential is below a
predetermined desired magnitude and to oppose
the electromotive force applied by the main en-
ergy transfer means when the unidirectional out-
put potential is above the predetermined desired
magnitude.

4. A rectifying system comprising & rectifying
device having input terminals and output ter-
minals, 8 winding in which an alternating elec-
tromotive force to be rectified may be induced, &
secondary winding in which a control electro-
motive force may be induced, means connecting
said windings in series to sald input terminals, &
source of control energy, & four-arm bridge con-
necting said source to said secondary winding,
one arm of the bridge comprising a saturable re-
actor, and means connected to said output ter-
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minals and to the reactor to cause the saturation
of the reactor to vary with the potential across
said output terminals whereby the control energy
electtomotive force impressed upon said second-
ary winding from the source of control energy
tends to cause the unidirectional potential across
the output terminals to remain substantially
constant.

5. A rectifying system comprising & rectifier,
input terminals and output terminals connected
thereto, a circuit connecting a source of alter-
nating current to the input terminals, and means
for maintaining substantially constant the po-
tential of the unidirectional output current as
measured across the output terminals of the
rectifler said means comprising a four-arm bridge
constituting the energy transfer path of the con-
necting circuit, one arm of the bridge comprising
a saturable reactor and & varistor connected in
a path linking the output terminals and the
saturable reactor to cause the energy transfer
characteristic of the connecting circuit to vary
with the unidirectional potential across the out-
put terminals. .

6. In combination, & rectifier having input ter-
minals and output terminals, & source of alter-
nating current energy, means connecting the
source to the input terminals of the rectifier to
apply an electromotive force to be rectified,
means also connecting the source to the rectifier
for supplying a control electromotive force of
variable magnitude and of reversible phase there-
to and s controlling circuit connecting the out-
put terminals of the rectifler to the second means
to determine the magnitude and phase of the
control electromotive force, sald controlling cir-
cuit including means for deriving from the out-
put terminals & unidirectional potential depend-
ent upon the rectified output potential and in-
cluding in series opposing relation thercto o rec-
tifier receiving alternating current energy from
sald source whereby the resultant current in the
controlling circuit varies in a menner more than
proportional to the rtzctiﬁed output potential.

DAVID E. TRUCKSESS.



