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ABSTRACT OF THE DISCLOSURE

To compensate for the tendency of an unsymmetrical
load to saturate an A-C supply transformer, a current
transformer is coupled to the supply transformer for sens-
ing the undesired D-C component and deriving an output
control signal pulse which is supplied to the firing circuit
of a diac or triac bidirectional conducting device. A com-
pensating D-C component is produced by turning on the
device at different phases of the half cycles of the A-C
supply potential and is applied to the supply transformer
secondary windings by means of an auxiliary secondary
winding or by connecting the load in series with the diac
or triac and the secondary winding to correct the load
current.

This invention relates to phase controlled alternating
current power circuits using bidirectional conducting de-
vices.

More particularly, the invention relates to phase con-
trolled alternating current power circuits employing single
phase supply transformers and bidirectional conducting
devices, and wherein saturation eflects of the supply
transformer are minimized.

Many alternating current power circuits employ single
phase transformers to supply alternating current electric
potential to various branches of the circuit. One of the
problems associated with the use of single phase supply
transformers in alternating current power circuits arises
because of the unsymmetrical loading of the transformer
as, for example, when the load contains direct current
components, because of the presence of a rectifier in the
load being supplied by the transformer. Under such con-
ditions the supply transformer may become saturated at
some point in one of the half cycles of the supply alter-
nating current potential, The effect of saturation of the
supply transformer is the distortion of the resulting out-
put wave shape and higher core losses giving rise to a
demand for a larger transformer to overcome these un-
desired effects. As a consequence, for any given alternat-
ing current circuit of a stated power rating, the size and
hence, cost of the supply transformer employed must be
considerably increased. To overcome this requirement,
the present invention was devised.

The same problem can exist in a variety of electric
power circuit configurations. For example, a transformer
secondary winding that is coupled to controlled switch-
ing means arranged to conduct secondary current during
both positive and negative half cycles of the supply volt-
age can be subject to an undesired D-C component as a
result of asymmetrical firing of the switching means.

It is therefore, a primary object of the present inven-
tion to provide a family of new and improved phase con-
trolled alternating current power circuits employing sup-
ply transformers and solid state bidirectional conducting
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Tdevices] means to overcome saturation effects of the
supply transformer.

In practicing the invention a phase controlled alternat-
ing current power circuit is provided which includes a
supply transformer and sensing means for sensing un-
desired saturation effects in the supply transformer and,
deriving control signal pulses having a polarity, magni-
tude and phase dependent upon the saturation effects to
be corrected. A conductivity controlled bidirectional con-
ducting device is operatively coupled to the electric power
circuit including the supply transformer and is responsive
to the control signal pulses produced by the sensing means
whereby the phase of the turn-on time of the bidirectional
conducting device is controlled with respect to the supply
alternating current potential in a manner to minimize the
saturation effects of the supply transformer.

Other objects, features and many of the attendant ad-
vantages of this invention will be appreciated more readily
as the same becomes better understood by reference to
the following detailed description, when considered in
connection with the accompanying drawings, wherein like
parts in each of the several figures are identified by the
same reference character, and wherein;

FIGURE 1 is a schematic circuit diagram of a phase
controlled power circuit for a five layer semiconductor
conductivity controlled diac bidirectional conducting pow-
er device;

FIGURE 2 is a characteristic curve illustrating the
voltage versus current operating characteristics of the diac
bidirectional conducting power device;

FIGURE 3 is a series of curves illustrating the voltage
versus time conducting characteristics of the diac bidirec-
tional conducting power device connected in the circuit
arrangement of FIGURE 1 for varying phase angles at
which the power diac is rendered conductive with respect
to a supply alternating current potential;

FIGURE 4 is a partial schematic circuit diagram of an
alternative firing circuit arrangement for the power diac;

FIGURE 35 is a schematic diagram of still another form
of firing circuit arrangement for the diac bidirectional con-
ducting power device used in the phase control firing
circiut of FIGURE 1;

FIGURE 6 is a series of curves illustrating the operat-
ing characteristics of the diac bidirectional conducting
device when operated as a phase controlled half-wave
rectifier;

FIGURE 7 is a detailed circuit diagram of a new and
improved alternating current power circuit employing a
supply transformer and a diac bidirectional conducting de-
vice for minimizing saturation effects in the transformer;

FIGURE 8 is a detailed circuit diagram of a circuit
arrangement similar to that of FIGURE 7 but which em-
ploys a triac bidirectional conducting power device in
place of the power diac;

FIGURE 9 is a series of curves illustrating the opera-
tion of the current transformer for sensing saturation
effects in the supply transformer of FIGURE 7 or §;

FIGURE 10 is a series of voltage versus time charac-
teristic curves illustrating the time of firing of the con-
ductivity controlled bidirectional conducting device with
respect to an alternating current supply potential, and its
effect on load current supplied through the device;

FIGURE 11 is a detailed circuit diagram of a phase
controlled alternating current power circuit employing a
supply transformer and a power diac for minimizing satu-
ration effects in the supply transformer without requiring
modification of the supply transformer itself;

FIGURE 12 is a voltage versus time characteristic curve
illustrating the operating characteristics of the circuit
shown in FIGURE 11;

FIGURE 13 is a detailed circuit diagram of a triac
version of the circuit shown in FIGURE 11;
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FIGURE 14 is a detailed circuit diagram of a new and
improved alternating current power circuit employing a
supply transformer and a power diac bidirectional con-
ducting device for minimizing saturation effects in the sup-
ply transformer without adversely affecting the load cur-
rent being supplied to a load;

FIGURE 15 is a series of voltage versus time charac-
teristic curves illustrating the manner of operation of the
circuit arrangement shown in FIGURE 14; and

FIGURE 16 is a detailed circuit diagram of a triac
version of the circuit arrangement shown in FIGURE 14.

The circuit arrangement shown in FIGURE 1 of the
drawings is comprised by a diac bidirectional conducting
power device 11 connected in series circuit relationship
with the small saturable core 12 and a load resistor 13
across a pair of power supply terminals 14 and 15. The
power supply terminals 14 and 15 in turn are connected
across a conventional 60 cycle alternating current power
source. The diac bidirectional conducting power device 11
is a five-layer semiconductor NPNPN junction bidirec-
tional conducting device such as described more fully in
an article entitled “Two-Terminal Asymmetrical and Sym-
metrical Silicon Negative Resistant Switches” by R. W.
Aldrich and N. Holonyak, Jr., appearing in the “Journal
of Applied Physics,” vol. 30, No. 11, November 1959,
pages 1819-1824. Briefly, however, it can be stated that
the diac bidirectional conducting power device 11 can be
designed to switch large (power level) currents in the
order of 50 to 125 amperes at 250 volts. The power diac
can be switched from its nonconducting blocking condi-
tion to its conducting condition by the application of a
sharp voltage rise across its load terminals 1 and 2 to con-
duct current in either direction through the device as de-
termined by the polarity of the applied alternating cur-
rent potential supplied to the terminals 14 and 15.

In order to turn-on the power diac bidirectional con-
ducting device 11 and render it conductive, the load ter-
minals 1 and 2 of the device are connected across a pair
of firing circuits 16 and 17 respectively. The firing circuit
16 is comprised by a current limiting resistor 18, a first
set of relay operated contacts 19 connected in series circuit
relationship with a parallel charging network comprised
by a capacitor 21, a resistor 22, and a battery 23 or other
suitable source of direct current electric potential. By this
arrangement, the battery 23 will charge the capacitor 21
to essentially the full potential of the battery, and upon
the contacts 19 being closed, capacitor 21 will serve to
drive the potential of the load terminal 2 of diac 11 sharp-
ly positive with respect to the load terminal 1. Under these
conditions, and assuming that the terminal 14 at that in-
stant is positive with respect to terminal 15 then load
current will be conducted through diac 11 in the direc-
tion of the solid arrow iy,

The firing circuit 17 is further comprised by a limiting
resistor 25 and second set of relay operated contacts 26
connected in series circuit relationship with a parallel
connected capacitor 27, resistor 28, and battery 29. It
should be noted that the battery 29 or other source of di-
rect current electric potential has its polarity reversed with
respect to the battery 23. As a consequence, upon the relay
contact 26 being closed, capacitor 27 will drive the po-
tential of the load terminal 2 of diac 11 sharply negative
with respect to terminal 1 of power diac 11. As a result,
and assuming the terminal 15 is now positive with respect
to terminal 14, load current will be conducted through
diac 11 in the reverse direction shown by the dotted arrow.
The contacts 19 and 26 are actuated by their associated
relay windings 31 and 32, respectively, to which they are
mechanically connected by a solenoid actuated push rod
or the like. The relay windings 31 and 32 are in turn ener-
gized from a selsyn generator 33 which is supplied from
the same 60 cycle alternating current supply connected
to the supply terminals 14 and 15. The energizing poten-
tial supplied from the selsyn generator 33 is applied to the
relay winding 31 through a variable resistor 34 and diode
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35, and the relay winding 32 similarly is energized through
a variable resistor 36 and associated diode 37. By this
arrangement, relay contacts 19 and 26 can be operated
synchronously with the alternating current supply voltage
applied across the terminals 14 and 15, or by varying the
values of the resistors 34 and 36, varying degrees of phase
retardation can be introduced into the time at which the
relay contact 19 or 26 close to thereby introduce a phase
retardation into the time of conduction of the diac bi-
directional conducting power device 11.

FIGURE 2 of the drawings illustrates the voltage versus
current characteristics of the diac bidirectional conducting
device 11 wherein it can be seen that the device can be
caused to conduct current irrespective of the polarity of
the voltage applied across the device.

FIGURE 3 of the drawings illustrates a series of volt-
age versus time characteristic curves wherein varying
amounts of phase retardation are introduced into the
point at which the bidirectional conducting power diac
device is rendered conductive with respect to [the phase]
a cycle of the alternating current supply potential. In these
figures, the upper trace shows the voltage appearing across
the power diac device 11, and the lower trace illustrates
the load current iy, flowing through the device. Accord-
ingly, it can be appreciated that where no phase retarda-
tion is introduced into the time of firing the diac, there is
practically zero voltage continuously across the diac 11,
and a full wave of load current flows through the load
resistor 13 as shown in FIGURE 3(a) of the drawings.

In FIGURES 3(b) through 3(g) varying amounts of
phase retardation are introduced into the time of firing
of the power diac 11. From an examination of these
curves it can be appreciated that correspondingly varying
amounts of voltage appearing across the diac, and vary-
ing values of load current are caused to flow in the cir-
cuit arrangement of FIGURE 1. Specifically, FIGURE
3(b) illustrates a condition for phase retardation of five
degrees; FIGURE 3(c) shows a phase retardation of
45°; FIGURE 3(d) illustrates the condition for a phase
retardation of 90°; FIGURE 3(e) shows the voltage and
load current for phase retardation of 135°; FIGURE
3(f) for a 170°; and FIGURE 3(g) for 180°. Those
skilled in the art refer to the degrees of phase retardation
as a firing angle” From a comparison of FIGURE
3(a) and FIGURE 3(g), it can be appreciated that the
circuit goes from a condition of essentially full voltage
across the load and no voltage across the diac device
11, to a condition where there is essentially full voltage
across the diac device, and no voltage across the load. It
should also be noted that essentially continuous control
can be obtained from the 0 to 180° phrase retardation
condition without any instability. During turn on, the
small saturable reactor 12 holds off the firing potential
applied across terminals 1 and 2 for only a short time
period to cause a sharp increase in voltage across power
diac 11 to thereby cause it to turn on more quickly than
if the reactor 12 were not present.

With one of the relay coils 31 or 32 disconnected, the
diac bidirectional conducting device 11 of FIGURE 1
will operate as a phase controlled rectifier. Operation
of the circuit of FIGURE 1 in this manner is illustrated
in FIGURE 6 of the drawings wherein FIGURE 6(a)
illustrates the voltage across the diac 11 is zero from 0
to 180° and appears from 180 to 360° where there is no
phase retardation introduced into the time of firing of
the diac. As a consequence, load current will flow for one-
half cycle as in a rectifier. FIGURES 6(b) through 6(g)
illustrate the condition for varying amounts of phase re-
tardation introduced into the time of firing of the diac
11 wherein it can be seen that the current wave shapes
are similar to those that can be obtained with a conven-
tional SCR using phase control, If the other one of the
two relay windings 31 or 32 were disconnected so that the
alternate voltage spike were used to turn on the diac 11,
a similar control would be achieved except that the load
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current flow would be in the opposite direction. Ac-
cordingly, it can be appreciated that if the load resistor
13 were replaced by the armature of a shunt field excited
motor, one could not only control the speed of the motor
by controlling the firing angle, but could also control the
direction of rotation by supplying firing spikes of one di-
rection or the other to the power diac 11.

FIGURES 4 and 5 of the drawings illustrate alterna-
tive arrangements for firing power diac 11. In the circuit
arrangement shown in FIGURE 4, a coupling transform-
er 41 is used which has its secondary winding 43 con-
nected across the diac 11 through a coupling capacitor
45, and its primary winding could be connected to a
phase control circuit such as that shown in FIGURE 1
by connection between the juncture of the limiting resis-
tors 25 and 18 and the terminal 15. In the circuit arrange-
ment of FIGURE 3, the secondary winding 43 of the cou-
pling transformer is connected in series circuit relation-
ship with the diac 11 and load resistor 13 with a capaci-
tor 45 being connected in parallel circuit relationship
with the series connected diac 11 and the secondary wind-
ing 43. In these arrangements the capacitor 45 provides
as direct a path as possible across the terminals of the
diac 11 for the voltage spikes used to fire the diac.

FIGURE 7 of the drawings illustrates a practical op-
erating circuit employing a phase controlled power diac
bidirectional conducting device 11, The circuit of FIG-
URE 7 comprises a new and improved alternating cur-
rent power circuit employing a supply transformer and
means (including a power diac) for preventing satura-
tion of the supply transformer during one-half cycle of
an applied alternating current supply potential. The cir-
cuit arrangement of FIGURE 7 is comprised by an al-
ternating current supply transformer 51 having [its pri-
mary winding 52 connected across a source of alternat-
ing current potential.] a set of inductively coupled primary
and secondary windings 52 and 53, respectively. The
primary winding 52 is connected to the alternating volt-
age supply lines 14 and 15 as shown. The secondary wind-
ing 53 of the supply transformer 51 is connected across a
load 54 connected in series circuit relationship with a recti-
fier 55 which together operate as an unsymmetrical load on
the secondary winding 53. As a result of the unsymmetri-
cal nature of the load 54 and 55, the supply transformer
51 will tend to saturate during one-half cycle of the
applied alternating current potential. This is caused by
the direct current component flowing in the secondary
winding 53 as a result of the presence of the rectifier 55,
which in effect causes the secondary winding 53 to be
unsymmetrically loaded.

FIGURE 9 of the drawings illustrates the nature of the
phenomenon involved. In FIGURE 9(A) the voltage
versus time characteristic of the applied alternating cur-
rent potential is plotted. FIGURE 9(B) illustrates the
nature of the magnetizing current which flows in the sec-
ondary winding 53 due to the saturation effect during one-
half cycle of the applied alternating current potential.
This magnetizing current is the difference between the
currents flowing in the primary winding 52 and the sec-
ondary winding 53, and for the circuit arrangement shown
in FIGURE 7 results in the current peaks shown in
FIGURE 9(B) in solid lines. In the event of the reversal
of the connection of the diode rectifier 55, saturation of
the supply transformer would take place on the other
side of the hysteresis loop of its core, and the wave shape
of the curve shown in FIGURE 9(B) would be shifted
180°, and its polarity reversed as illustrated by the dotted
curve in FIGURE 9(B). Accordingly, it can be appre-
ciated that the position of the current peaks in FIGURE
9(B) and their polarity provide one with information
as to which side of the hysteresis loop of the transformer
core the transformer is saturating, and the height or mag-
nitude of the peak provides one with the information of
the degree of saturation.

In order to derive the above described information, a
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current transformer sensing means 56 is provided which
includes the two primary windings §7 and 58 and output
winding 59. The primary winding 57 is connected in series
circuit relationship with the primary winding 52 of supply
transformer 51, and the primary winding 58 is connected
in series circuit relationship with the secondary winding
53 of supply transformer 51. By placing these two wind-
ings on a common core and properly proportioning the
turns ratios of the two primary windings §7 and 58, the
current i, induced in the output winding 59 will be a
replica of the magnetizing current tending to drive the
supply transformer 51 into saturation. This current is the
difference between the current flowing in the primary
winding 52 and the current flowing in the secondary wind-
ing 53. The magnetizing current i, is illustrated in the solid
line curves of FIGURE 9(B). It, of course, follows that
if the opposite side of the hysteresis loop of the core of
supply transformer 51 is being saturated, then the current
iy would be as shown in the dotted curve of FIGURE
9(B).

The replica of the magnetizing current i; is derived by
the current transformer sensing means 56 is then supplied
to a potentiometer comprised by variable resistor 61
where it develops a voltage that is applied to an avalanche
operated conductivity controlled bidirectional conducting
device 62. The avalanche operated conductivity controlled
bidirectional conducting device 62 may comprise any con-
ventional snap switch device such as a three layer signal
diac being manufactured and sold by the General Electric
Company, Rectifier Components Department, Auburn,
N.Y., a Hunt diode manufactured and sold by the Hunt
Electric Manufacturing Company, or a bidirectional con-
ducting Shockley diode. All of these devices are voltage
sensitive devices which can break down and conduct cur-
rent in either one of two directions upon the voltage across
the device rising to a predetermined firing level, and upon
the voltage across the device dropping below a predeter-
mined holding level, the device reassumes its blocking
condition. By proper adjustment of the setting of the
variable resistor 61, one can control the potential at which
the conductivity controlled bidirectional conducting de-
vice 62 breaks down and conducts. Hence, device 62
serves as a clipping device which develops a clipped out-
put current iy that is supplied to a parallel connected
capacitor 63 and resistor 64 connected across the ava-
lanche operated bidirectional conducting device 62. As a
result of this arrangement, a voltage ¢, will be developed
across the capacitor 63 which is illustrated in FIGURE
9(D) of the drawings by the solid line curve. For more
intense saturation conditions of the supply transformer
51, the voltage e, will become larger. If the supply trans-
former 51 saturates in the opposite direction, that is, it
saturates on the opposite side of its hysteresis loop, the
polarity of the voltage e, will be reversed and will be
phase shifted by 180° as illustrated in the dotted curve
shown in FIGURE 9(D).

The capacitor 63 is coupled across the primary winding
65 of a pulse transformer 66 whose split secondary wind-
ing halves 67 and 68 are connected to the base electrodes
of a pair of NPN junction transistors 6% and 71, respec-
tively. The transistors 69 and 71 are connected in a con-
ventional alternating current push-pull amplifier arrange-
ment, and for this purpose, the emitter electrodes of the
transistors 69 and 71 are connected in common to a mid
tap point on the secondary windings 67, 68 of pulse trans-
former 66 and the collector electrodes of the NPN junc-
tion transistors 69 and 71 are connected across a primary
winding 72 of an output pulse transformer 73. Operating
potentials are supplied to the amplifying means comprised
by transistors 69 and 71 from a rectifier power supply
comprised by a limiting resistor 74, a rectifier 75 and asso-
ciated filter network including an inductance 76 and
capacitor 77 connected across the alternating current
power supply terminals 14 and 15. In order to provide
rectified direct current bias potentials to transistors 69 and



26,866

7

71, a limiting resistor 74 is connected to a mid tap point
on the output winding 72 of pulse transformer 73, and the
emitters of transistors 69 and 71 are connected in com-
mon to the power supply terminal 15 which if desired may
be grounded. By reason of this arrangement, the voltage
pulses e, which are representative of the undesired mag-
netizing current flowing in the supply transformer 51 are
amplified by push-pull amplifier 69 and 71, and then
supplied through output coupling transformer 73 where
they are applied across the bidirectional conducting power
diac device 11 by the secondary winding 78 of output
pulse transformer 73.

The bidirectional conducting power diac device 11 is
operatively connected in series circuit relationship with
a small saturable core winding 12 and a load resistor 81
across the secondary winding 53 of the supply trans-
former 51. The power diac device 11 is turned on by a
firing circuit means which includes the secondary winding
78 of output pulse transformer 73, a charging capacitor
82, and firing circuit means comprised by a second ava-
lanche operated bidirectional conducting device 83 which
is similar in nature to the avalanche operated bidirectional
conducting device 62. The capacitor 82, secondary wind-
ing 78, and avalanche operated bidirectional conducting
device 83 are all connected in series circuit relationship
across the diac bidirectional conducting device 11 at a
point intermediate the diac 11 and the small saturable
reactor winding 12. By this arrangement, current pulses
induced in the secondary winding 78 of output pulse trans-
former 73 will cause the diac bidirectional conducting
device 11 to be turned on and rendered conductive in a
manner that will be discussed more fully hereinafter.

Upon the diac bidirectional conducting device 11 being
turned on and rendered conductive, current flows in the
load resistor 81 which will in turn develop a current flow
through a small auxiliary winding 85 connected in series
circuit relationship with a choke coil 86 across the load
resistor 81. The small auxiliary winding 85 is wound on
the core of the supply transformer 51 in common with
the primary winding 52 and secondary winding 53 in a
manner such that the ampere turns induced by the small
auxiliary winding 85 oppose the ampere turns of the sec-
ondary winding 53. By reason of this arrangement, a
direct current component of a proper phase, polarity and
magnitude is induced in the small auxiliary winding 85
which is in such a direction as to drive the core of the
supply transformer 51 out of saturation thereby obviat-
ing any saturation effects in the transformer.

The manner in which the compensating D-C compo-
nent is developed in the small auxiliary winding 85 can
best be appreciated in connection with FIGURE 10 of
the drawings. As shown in FIGURE 10(A), the voltage
ey; appearing across the diac bidirectional conducting de-
vice 11 is essentially the same as the 60 cycle alternating
current supply potential, Ignoring for the moment the
effect of the gating pulse supplied to the secondary wind-
ing 78, then by reason of this potential the rise in poten-
tial of the capacitor 82 indicaied at e, in FIGURE 10(A)
will lag the supply potential e;; due to the drop in resistor
84, an dis adjusted to attain the value ¢; at a phase posi-
tion of 90°. The value ey is the firing potential of the ava-
lanche operated bidirectional conducting device 83 so
that at this point, a firing pulse will be applied across the
diac bidirectional conducting device 11. Upon a firing
pulse being applied across the diac bidirectional conduct-
ing device 11, the load terminal 2 of the device will be
driven sharply positive with respect to the load terminal
1. It should be noted that during this firing interval the
small saturable reactor 12 will hold off the firing poten-
tial sufficiently to give rise to this sharp rise in potential
of the load terminal 2 thereby causing the diac 11 to be
rendered fully conductive almost instantancously. As a
consequence of diac 11 being rendered conductive, the
voltage e;; across the diac drops essentially to zero as
shown in FIGURE 10(A) and the voltage across the
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load resistor 81 shown as er, in FIGURE 10(B) will rise
sharply to essentially the full potential of the alternating
current power supply. During the succeeding half cycle
of the supply alternating current potential, substantially
the same process will occur but in a reverse polarity sense
to develop across the load resistor 81 an alternating cur-
rent potential having the wave shape e, shown in FIG-
URE 10(B).

Consider now the effect of the current pulse applied to
the capacitor 82 by output pulse transformer 73. If ca-
pacitor 82 were biased with a negative charge at the time
t=0, it can be appreciated from an examination of FIG-
URE 10(C) that it will take more time for the capacitor
voltage e, to reach the diode breakdown firing voltage e;
in comparison to the time required to reach the same volt-
age under the circumstances plotted in FIGURE 10(A).
Hence, the time of firing of the diac 11 during the positive
half cycle of the applied alternating current potential will
be delayed in the manner shown in FIGURE 10(C). The
result is a reduction in the average value of the load
voltage e;, during the positive half cycle of the supply
voltage from 0 to 180° as shown in FIGURE 10(B). If
no bias is applied to the capacitor 82 during the follow-
ing negative half cycle of the supply voltage from 180°
to 360°, the load voltage ey, will remain the same as shown
in FIGURE 10(B). It follows, therefore, that the biasing
of the capacitor 82 by the current supplied from pulse
transformer 73 results in a load voltage ey, which now has
a direct current component. If the capacitor 82 is biased
with a larger charge, the direct current component will
also be larger. Further, if the capacitor 82 is biased with
a reversed polarity charge that is phase displaced by 180
electrical degrees, the direct current component in the
resulting load voltage e;, will also have the opposite direc-
tion and a magnitude dependent upon the magnitude of
the reverse polarity phase displaced charge. It can be
appreciated, therefore, that by feeding back the direct
current component appearing across the load resistor 81
to the auxiliary winding 85, a corrective current is caused
to flow in the auxiliary winding 85 which is in such a
direction as to prevent saturation of the supply trans-
former core. The choke coil 86 connected in series with
the auxiliary winding 85 serves to suppress any alternat-
ing current induced in the auxiliary winding 85 by the
transformer core of the supply transformer S1.

FIGURE 8 of the drawings illustrates a circuit arrange-
ment similar to that shown in FIGURE 7 wherein a triac
bidirectional conductivity controlled conducting device
91 is substituted for the diac bidirectional conducting de-
vice 11. The triac bidirectional conducting device 91 is 2
new triode A-C semiconductor switch which can be
periodically triggered into conduction by a gate signal
applied to its control gate in a manner similar to the
action of a conventional silicon controlled rectifier. The
triac differs from the conventional SCR, however, in that
it can conduct current in both direcitons depending upon
the polarity of the potential across the load terminals of
the device, and gating-on can be accomplished in re-
sponse to either a positive or negative gate signal. A
triac is essentially a five layer NPNPN junction semicon-
ductor device which is manufactured and sold by the
Rectifier Components Dept. of the General Electric Co.,
located in Auburn, N.Y. For a more complete descrip-
tion of the triac, reference is made to Application Note
No. 200.35 issued February 1964 entitled “Triac Control
for A-C Power” by E. K. Howell, published by the
Rectifier Components Dept. of the General Electric Com-
pany at Auburn, N.Y. Reference may also be made to
an article entitled, “Bilaterial SCR Lets Designers
FEconomize on Circuitry,” by E. K. Howell appearing in
Flectronic Design Magazine, Jan. 20, 1964, issue.

By reason of its novel gate firing characteristic, the
triac 91 may have its gate clectrode connected directly
to the firing circuit means comprised by avalanche oper-
ated bidirectional gating device 83. Gating device 83 in
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turn is connected directly across the charging capacitor 63
with the capacitor 63 being connected in series circuit
relationship with a limiting resistor 84 across the load
terminals of the triac device 91. By reason of this ar-
rangement, the need for the push-pull amplifying means
comprised by transistors 69 and 71, their associated cou-
pling transformers, and the direct current power supply
connections is eliminated. As a consequence, a much
simpler circuit configuration results since the voltage ¢
used to file the triac 91 can now be the voltage e, appear-
ing across the capacitor 63. In all other respects, the cir-
cuit will function in precisely the same manner as the
circuit arrangement of FIGURE 7 to develop a direct
current component in the load voltage developed across
the resistor 81. This direct current component in turn sup-
plies the compensating ampere-turns to the auxiliary
winding 85 to unsaturate the supply transformer 51. Since
the manner in which such operation is achieved was dis-
cussed fully in connection with the circuit arrangement
of FIGURE 7, a further detailed description of the man-
ner of operation of the circuit of FIGURE 8 is believed
unnecessary. It should also be noted that while the circuit
of FIGURE 8 is simpler in construction, the triac 91 is
inherently a slower responding device than diac 11 and
hence the circuit of FIGURE 7 may be designed to be
faster responding than the circuit of FIGURE 8.

With the circuit arrangements of FIGURES 7 and 8, it
is necessary to modify the construction of the supply trans-
former 51 to incorporate the auxiliary winding 85 around
the core thereof. Such modification of the supply trans-
former may not be possible in certain circumstances, and
hence use of the circuit arrangements of FIGURES 7
and 8 will be inappropriate. The circuit arrangement of
FIGURE 11 is designed for use in those circumstances
where it is not appropriate to modify the construction of
the supply transformer either because of economy, or
because the nature of the load prevents it. The circuit
shown in FIGURE 11 is substantially similar to the circuit
arrangement of FIGURE 7 with the exception that the
load 92 is connected in series circuit relationship with a
diac bidirectional conducting device 11 and small satura-
ble reactor winding 12 across the secondary winding 53
of the supply transformer 51, By connecting the load
92 in this manner, it is possible to correct the load cur-
rent applied to load 92 itself so as to compensate for satu-
ration effects in the supply transformer S§1. The manner
in which this is accomplished with the circuit arrange-
ment of FIGURE 11 can best be appreciated in connec-
tion with FIGURE 12 of the drawings.

FIGURE 12(a) illustrates the voltage wave shape of
the applied alternating current supply potential e; appear-
ing between terminals 14 and 15. Curve e,y in FIGURES
12(b) and 12(c) represents the voltage rise across the
diac bidirectional conducting device 11 over a full cycle
of the applied alternating current supply potential. Curve
e, represents the voltage rise across the capacitor 82 as-
suming that there is no additional charge applied thereto
from the secondary winding 78 of pulse transformer 73.
It should be noted that under such condition the voltage
on capacitor 82 will rise sufficiently to the firing voltage
e of device 83 to fire the diac bidirectional conducting de-
vice 11 at substantially 90° phase relation with respect to
the supply potential during the positive half cycle, and
at 270° phase relation during the negative half cycle. As
a result, the load voltage supplied to load 92 would have
the wave shape er, shown in FIGURE 12(b).

In the event that the core of the supply transformer 51
is driven into saturation during either half cycle of the
applied alternating current supply potential, the current
transformer sensing means 56, avalanche operated bidi-
rectional conducting device 62, and amplifying circuit
means 69, 70 will develop control signal pulses of the
nature shown in FIGURE 9(c) which are supplied to the
capacitor 82 through output pulse transformer 73. These
control current pulses will bias the capacitor 82 in the

20

25

30

40

45

60

65

70

75

10

manner shown in FIGURE 12(c) of the drawings so that
the potential across the capacitor e, will require a greater
length of time to reach the firing potential e;, hence, a
greater portion of the positive half cycle of the alternat-
ing current supply potential is required to reach the firing
potential e; of the avalanche operated bidirectional con-
ducting device 83. Upon reaching this level, the diac 11
will, of course, be triggered on and rendered conductive
in the previously described manner to supply load current
of positive polarity to the load 92, This load current will
have a wave shape such as is illustrated at e;, in FIGURE
12(c) of the drawings wherein it can be appreciated that
there will be developed a compensating direct current com-
ponent which will tend to unsaturate the core of the
alternating current supply transformer 51.

FIGURE 13 is of the drawings illustrates a form of the
circuit arrangement shown in FIGURE 11 wherein Ia
triac bidirectional conducting device 913 conductivity
controlled solid state switching means, such as the illus-
trated triac 91, is employed in place of the diac 11. Be-
cause the triac 91 can be turned on with only a small
value gate turn-on signal, it is possible to eliminate the
amplifying means comprised by transistors 69 and 70,
and apply the control signal pulses developed across the
capacitor 63 directly to the charging capacitor 82 through
the medium of a pair of voltage dividing resistors 84 and
93 connected in series circuit relationship with the charg-
ing capacitor 82 across the terminals of the secondary
winding of supply transformer 51. The effect of connec-
tion of the circuit in this manner will be to apply a bias
charge to the charging capacitor 82 in the manner de-
picted in FIGURE 12(c) of the drawings so that [the
triac 91 will be turned on at a point with respect to the
phase of the applied alternating current supply potential}
the firing angle at which the triac 91 commences to con-
duct in the “positive” direction during one half cycle of
the alternating voltage is shifted relative to the firing
angle at which it commences to conduct in the “negative”
or opposite direction during the succeeding half cycle in
order to develop the desired load current as represented
by the load voltage wave shape ey, illustrated in FIGURE
12(c). As shown, the shift in firing angles effects differ-
ent angles for positive and negative half cycles; alterna-
tively, if the saturation tendency were due to an uninten-
tional disparity between the respective firing angles, it
would restore symmetry. As a consequence of operation
of the triac 91 in this manner, a compensating direct cur-
rent component will be developed in the secondary wind-
ing 53 of transformer 51 which will tend to unsaturate
the transformer thereby obviating the undesired satura-
tion effects. It should be noted while the circuit arrange-
ment of FIGURE 13 is considerably simpler from the cir-
cuit arrangement of FIGURE 11, the speed of response
of the circuit arrangement of FIGURE 11 is greater than
that of FIGURE 13 arrangement due to the fact that the
diac 11 is an avalanche operated device which is rendered
conductive almost instantaneously across its entire cross
section. This is in contrast to the gate controlled triac
device 91 which requires a finite time to propagate car-
riers of conduction across the cross section of the device
thereby limiting its speed of response.

From an examination of curve 12{c) of the drawings,
it will be appreciated that in order to derive the compen-
sating direct current component for unsaturating the sup-
ply transformer 51 with the circuit arrangements of
FIGURES 11 and 13, it is necessary to vary the value of
the load current supplied to load 92, By this is meant
that the root mean square value of the load current is
varied so that in order to utilize the circuit arrangements
of FIGURES 11 and 13 it is necessary that the load 92
be able to accommodate such variations in the value of
the load current supplied to it. Since there may be cer-
tain applications where it is not possible to tolerate such
variation of the root mean square value of the load cur-
rent, the circuit arrangements of FIGURES 14 and 16
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were derived wherein the root mean square value of the
load current is maintained constant. Nevertheless, with
the circuit arrangements of FIGURES 14 and 16, a di-
rect current component is derived which prevents satura-
tion of the supply transformer 51 and maintains the sup-
ply transformer 51 operating in an unsaturated condi-
tion.

To accomplish the above-mentioned end, the circuit ar-
rangements of FIGURES 14 and 16 have been designed
to include a circuit means for maintaining the bias on the
charging capacitor 82 throughout a full cycle of the ap-
plied alternating current supply potential. For this pur-
pose, the circuit ararngement of FIGURE 14 supplies
the control signal pulse developed by the current trans-
former sensing means 56 through the avalanche operated
bidirectional conducting device 62 to a rectifier bridge
arrangement 101. The output from the rectifier bridge
101 is coupled through a coupling diode 102 to a tank
circuit comprised by a parallel connected capacitor 103
and inductor 104. The inductor 104 comprises the pri-
mary winding of a coupling transformer 105 whose split
secondary winding halves 106 and 107 are connected in
circuit relationship with four NPN junction transistors
108, 109, 111 and 112 to form a phase discriminator.
Alternating current power is supplied to the phase dis-
criminator from a supply transformer 113 whose primary
winding 114 is connected across the secondary winding
53 of supply transformer 51, and whose split secondary
winding halves 115 and 116 are connected, respectively,
between the collector elecirodes of transistors 108 and
109, and between the collector electrodes of transistors
111 and 112, respectively. Because the phase discrim-
inator comprised by the windings 106, 107, transistors
108 through 112 and windings 115 and 116 is a conven-
tional circuit which has been described in detail in a
number of textbooks on electronic circuits, a detailed de-
scription of its construction and manner of operation is
believed unnecessary. It is believed adequate to point out
that the phase discriminator circuit 106-116 will develop
across a load resistor 117 connected to the output of
the phase discriminator, a bias current whose polarity,
magnitude and phase relation is determined by the po-
larity, maguitude and phase relation of the control signal
pulses derived from the output of the current transform-
er sensing means 56. The load resistor 117 is connected
in series circuit relationship with a capacitor 63, and a
variable resistor 118 across the secondary winding of the
supply transformer 51 so that the charge on the capacitor
63 is determined by the combination of the alternating
current supply potential, and the bias derived from the
load resistor 117.

Capacitor 63 is connected through a second avalanche
operated bidirectional conducting device 119 which is
similar in nature to the avalanche operated bidirectional
conducting device 62, and is connected across primary
winding 65 of the input transformer 66 to a push-pull
amplifying means comprised by the transistors 69 and
70. The output of the amplifying means 6% and 70 is sup-
plied through an output coupling transformer 73 and ap-
pears across the secondary winding 78 of the transform-
er. The secondary winding 78 is connected in series circuit
relationship with a charging capacitor 82 and limiting
resistor 84 across the secondary winding of the supply
transformer 51. The juncture of the bias winding 78
and limiting resistor 84 is connected through a third
avalanche operated device 83 to the load terminal 2 of
the diac bidirectional conducting device 11. The diac bi-
directional conducting device 11 is connected in series
circuit relationship with the small saturable reactor
winding 12 and the load 92 across the secondary winding
53 of supply transformer 51.

The operation of the circiut arrangement shown in
FIGURE 14 can best be described in connection with
the voltape wave shapes shown in FIGURE 15 of the
drawings. In FIGURE 15(a), the alternating current sup-
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ply potential e, is illustrated. If there is no bias potential
supplied from the current transformer sensing means 56,
the charge on capacitor 82 would be represented by the
curve ¢, in FIGURE 15(b) and would normally cause the
diac 11 to be turned on at 90° and 270° in one cycle of the
alternating current supply potential in the same manner
shown with the curve in FIGURE 12(b) of the drawings.
However, in the event that the current transformer sens-
ing means 56 derives output current signal pulses repre-
sentative of the magnetizing current flowing in the sec-
ondary winding 53 of supply transformer 51, these cur-
rent signal pulses will develop across the load resistor 117
a bias potential which will be supplied through the am-
plifying means 69 and 70 to the secondary winding 78
of the output pulse transformer 73. Because of the oscil-
latory nature of the tank circuit 103, 104, the bias po-
tential developed across load resistor 117 will be main-
tained continuously throughout one entire cycle of the
supply alternating current potential e.

The effect of maintaining the bias charge on capacitor
63 throughout one entire cycle in this manner is best
illustrated in FIGURE 15(c) of the drawings wherein
it can be seen that because of the bias charge on 63 dur-
ing the positive half cycle of the supply alternating cur-
rent potential, a longer period of time will be required
for the charge on the capacitor 63 (and hence the charge
on capacitor 82), to reach the firing potential +e; of
the avalanche operated bidirectional conducting device
119 and 83 to turn on diac 11. During this half cycle,
the operation of the circuit will be similar to the opera-
tion of the circuit previously described. However, dur-
ing the negative half cycle of the supply alternating cur-
rent potential, the charge on the capacitors 63 and 82
again will be biased negative to the value represented
by ey, so that during the negative half cycle a lesser period
of time will be required for the charge on the capacitor
to reach the negative firing potential —e, thereby pro-
portionately increasing the load current value during
the negative half cycle of the supply alternating current
potential in the manner shown by the curve ey, in FIG-
URE 15(c) of the drawings. As a consequence, it can
be appreciated that while the compensating direct current
component is still developed in the load current circuit,
the total load current flowing through the load 92 is
maintained constant. That is to say the root mean square
value of the load current is maintained constant because
where the load current is decreased during the positive
hz_ilf cycle in order to derive the desired compensating
direct current component, it is proportionally increased
during the following negative half cycle to thereby main-
tain the root mean square value of the load current
constant over a full cycle of the alternating current supply
potential. It should also be noted that while a tuned
oscillatory circuit has been illustrated as the means for
maintaining the charge on capacitor 63 (and hence 82)
over a complete cycle of the alternating current supply
potential, other similar means might be employed. For
example, a bank of various direct current voltage levels
could be selectively switched into circuit relationship with
the capacitor 63 by the control signal pulses from the
current transformer. Other equivalent circuit arrange-
ments are believed to be equally obvious.

FIGURE 16 of the drawings is a triac version of the
circuit arrangement of FIGURE 14 wherein the triac
bidirectional conducting device 91 is substituted in place
of the diac 11. As a consequence, of this substitution.
the circuit arrangement can be considerably simplified
by elimination of the amplifying circuit means and its
associated direct current power supply as well as elimina-
tion of one of the avalanche operated bidirectional con-
ducting switches 119. In other respects, the operation of
the circuit of FIGURE 16 is identical to that described
with relation to the circuit of FIGURE 14 and hence will
not be again described in detail.

From the foregoing description, it can be appreciated
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that the invention provides a family of new and improved
phase controlled alternating current power circuits em-
ploying supply transformers and solid state [bidirectiona}
conducting devices which are utilized to overcome]
switching means whose contrel means is constructed and
arranged to sense and automatically to counteract satu-
ration effects of the supply transformer. As a conse-
quence, the need for over designed supply transformer is
obviated.

Having described several embodiments of the new and
improved phase control alternating current power circuit
constructed in accordance with the invention, it is be-
lieved obvious that other modifications and variations of
the invention are possible in light of the above teach-
ings. It is, therefore, to be understood that charges be-
ing made in the particular embodiments of the inven-
tion described which are within the full intended scope
of the invention are defined by the appended claims,

What I claim as new and desire to secure by Letters
Patent of the United States is:

1. An alternating current power circuit including in
combination a supply transformer having an undesired
direct current component flowing in the secondary wind-
ing thereof during one phase of an alternating current
supply potential applied to the supply transformer, cur-
rent sensing means comprising a current transformer op-
eratively coupled to the supply transformer for semsing
the undesired direct current component and deriving an
output control signal which has a polarity, magnitude, and
phase dependent upon the polarity, magnitude, and phase
of the undesired direct current component flowing in the
secondary winding of the supply transformer, a conduc-
tivity controlled solid state bidirectional conducting de-
vice operatively coupled with the secondary winding[s]
of the supply transformer, firing circuit means therefor re-
sponsive to the control signal derived from said sensing
means for cyclically turning on the bidirectional conduct-
ing device at different phases of the positive and negative
half cycles of the alternating current supply potential to
thereby derive a compensating direct current component
for minimizing the undesired direct current component
flowing in the secondary winding of the supply trans-
former, and means for applying said compensating direct
current component to the supply transformer.

2. The combination set forth in claim 1 wherein the
last-mentioned means comprises an auxiliary winding in-
ductively coupled to at least the secondary winding of the
supply transformer and connected in circuit relationship
with the conductivity controlled bidirectional conducting
device for supplying ampere turns to the core of the sup-
ply transformer in a direction to unsaturate the core of
the supply transformer to thereby obviate the effects of
the undesired direct current component flowing in the
secondary winding,

3. The combination set forth in claim 1 wherein to
provide the last-mentioned means the conductivity con-
trolled bidirectional conducting device is operatively con-
nected in series circuit relationship with the load to be
supplied across the secondary winding of the supply trans-
former and wherein the load current itself is controlled
by controlling the phase of the turn-on of the bidirectional
conducting device with respect to the supply alternating
current potential to thereby obviate the effects of the
undesired direct current component flowing in the sec-
ondary winding.

4. An alternating current power circuit including in
combination a supply transformer having an undesired
direct current component flowing in the secondary wind-
ing thereof during one phase of an alternating current
supply potential applied to the supply transformer, current
sensing means comprising a current transformer operative-
ly coupled to the supply transformer for sensing the un-
desired direct current component and deriving an output
control signal pulse which has a polarity, magnitude and
phase dependent upon the polarity, magnitude, and phase
of the undesired direct current component flowing in the
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supply transformer when measured with respect to the
supply alternating current potential applied to the supply
transformer, an avalanche operated conductivity con-
trolled bidirectional conducting device operatively cou-
pled to the current transformer sensing means for develop-
ing control signal pulses of a given magnitude or greater,
signal pulse amplifying means operatively coupled to the
output of the avalanche operated conductivity controlled
bidirectional conducting device, a diac bidirectional con-
ducting device operatively coupled with the secondary
windings of the supply transformer, firing circuit means
therefor coupled to the output of the signal pulse amplify-
ing means and thereby responsive to the control signal
pulses derived from said sensing means for cyclically
turning on the diac bidirectional conducting device at
different phases of the positive and negative half cycles
of the alternating current supply potential to thereby
derive a compensating direct current component for
minimizing the undesired direct current component flow-
ing in the secondary winding of the supply transformer,
and means for applying said compensating direct current
component to the supply transformer comprising an
auxiliary winding inductively coupled to at least the sec-
ondary winding of the supply transformer and wound on
the same core therewith and operatively connected to the
diac bidirectional conducting device for applying ampere-
turns to the core of the supply transformer in a direction
to unsaturate the core of the transformer to thereby
obviate the undesired effects of the undersired D-C com-
ponent flowing in the secondary winding thereof.

5, An alternating current power circuit including in
combination an alternating current supply transformer
having an undesired direct current component flowing in
the secondary winding thereof which tends to saturate
the core of the transformer in one or the other half cycles
of the alternating current supply potential, current trans-
former sensing means operatively coupled to the supply
transformer for sensing the undesired direct current com-
ponent and deriving output control signal pulses having
a polarity, magnitude and phase dependent upon the
polarity, magnitude, and phase of the undesired direct
current component flowing in the secondary winding of
the supply transformer, an avalanche operated conduc-
tivity controlled bidirectional conducting device opera-
tively coupled to the output of the current transformer
sensing means for deriving output control signal pulses
of a given magnitude or greater, a triac bidirectional
conducting device operatively coupled with the secondary
windings of the supply transformer, firing circuit means
therefor responsive to the control signal pulses derived
from the output of said avalanche operated conductivity
controlled bidirectional conducting device for cyclically
turning on the triac bidirectional conducting device at
different phases of the positive and negative half cycles
of the alternating current supply potential to thereby
derive a compensating direct current component for
minimizing the undesired direct current component flow-
ing in the secondary winding of the supply transformer,
and means for applying said compensating direct current
component to the circuit comprising an auxiliary winding
on the core of the supply transformer and operatively
connected in circuit relationship with the triac bidirec-
tional conducting device for supplying ampere-turns to
the core of the supply transformer to unsaturate the core
and thereby obviate the undesired effects of the undesired
direct current component flowing in the secondary wind-
ing of the supply transformer,

6. An alternating current power circuit including in
combination an alternating current supply transformer
having an undesired direct current component flowing in
the secondary winding thereof during one phase of an
alternating current supply potential applied to the supply
transformer, current transformer sensing means opera-
tively coupled to the alternating current supply trans-
former for deriving output control signal pulses having a
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polarity, magnitude and phase dependent upon the
polarity, magnitude, and phase of the undesired direct
current component flowing in the secondary winding of
the supply transformer, an avalanche operated conduc-
tivity controlled bidirectional conducting device opera-
tively coupled to the output of the current transformer
sensing means for deriving output control signal pulses
of a given magnitude or larger, signal amplifying means
operatively coupled to the output of said avalanche oper-
ated conductivity controlled bidirectional conducting de-
vice for amplifying the control signal pulses, a diac bidi-
rectional conducting device operatively connected in
series circuit relationship with the secondary windings of
the alternating current supply transformer, firing circuit
means therefor coupled to the output of the signal am-
plifying means and thereby responsive to the control
signal pulses derived from said sensing means for cycli-
cally turning on the diac bidirectional conducting device at
different phases of the positive and negative half cycles
of the alternating current supply potential to thereby
derive a compensating direct current component for
minimizing the undesired direct current component flow-
ing in the secondary winding of the supply transformer,
and means for applying said compensating direct current
component to the supply transformer by connecting the
load in series circuit relationship with the diac bidirec-
tional conducting device and the secondary winding of
the supply transformer to control the load current.

7. An alternating current power circuit employing con-
ductivity controlled bidirectional conducting devices in-
cluding in combination an alternating current supply
transformer having an alternating current supply potential
applied thereto and an undesired direct current com-
ponent flowing in the secondary winding thereof which
tends to saturate the core of the supply transformer dur-
ing one of the half cycles of the alternating current supply
potential, current transformer sensing means operatively
coupled to the supply transformer for deriving control
signal pulses having a polarity, magnitude and phase
dependent upon the polarity, magnitude, and phase of the
undesired direct current component flowing in the sec-
ondary winding of the supply transformer, an avalanche
operated conductivity controlled bidirectional conducting
device operatively coupled to the output of the current
transformer sensing means for deriving control signal
pulses having a given magnitude or larger, a triac bidirec-
tional conducting device having its gate electrode and
firing circuit means therefor operatively coupled to the
output of the avalanche operated conductivity controlled
bidirectional conducting device, said triac bidirectional
conducting device being connected in series circuit rela-
tionship with the secondary windings of the supply trans-
former so that its firing circuit means is responsive to the
control signal pulses derived from the output of said
avalanche operated conductivity controlled bidirectional
conducting device for cyclically turning on the triac bi-
directional conducting device at different phases of the
positive and negative half cycles of the alternating current
supply potential to thereby derive a compensating direct
current component for minimizing the undesired direct
current component flowing in the secondary winding of
the supply transformer, and means for applying said com-
pensating direct current component to the supply trans-
former by connecting the load in series circuit relation-
ship with the triac bidirectional conducting device and the
secondary winding of the supply transformer to control
the load current.

8. An alternating current power circuit including in
combination an alternating current supply transformer
having an alternating current supply potential applied
thereacross and having an undesired direct current com-
ronent flowing in the secondary winding thereof which
tends to saturate the core of the supply transformer on
one of the half cycles of the supply alternating current
potential, current transformer sensing means operatively
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coupled to the supply transformer for deriving control
signal pulses having a polarity, magnitude and phase
dependent upon the polarity, magnitude, and phase of the
undesired direct current component flowing in the sec-
ondary winding of the supply transformer, an avalanche
operated conductivity controlled bidirectional conducting
device operatively coupled to the output of the current
transformer sensing means for deriving output control
signal pulses having a given magnitude or greater, charg-
ing circuit means operatively coupled across the secondary
winding of the supply transformer and to the output of
the avalanche operated conductivity controlled bidirec-
tional conducting device for developing an output firing
potential dependent upon the supply alternating current
potential and the control signal pulses derived from the
current transformer sensing means by the avalanche op-
erated conductivity controlled bidirectional conducting
device, circuit means interconnecting the avalanche op-
erated conductivity controlled bidirectional conducting
device and the charging circuit means for retaining the
charge on the charging circuit means due to the control
signal pulses derived by the current transformer sensing
means over a complete cycle of the supply alternating
current potential, firing circuit means including amplify-
ing means operatively coupled to the charging circuit
means for deriving a firing pulse from the charging circuit
means upon the potential of the charging circuit means
reaching a predetermined value, a diac bidirectional con-
ducting device operatively connected in series circuit re-
lationship across the secondary winding of the supply
transformer, said diac bidirectional conducting device
being operatively coupled across the output of the firing
circuit means for cyclically turning it on at different
phases of the positive and negative half cycles of the alter-
nating current supply potential to thereby derive a com-
pensating direct current component for minimizing the
undesired direct current component flowing in the second-
ary winding of the supply transformer, and means for
applying said compensating direct current component to
the supply transformer by connecting the load in series
circuit relationship with the diac bidirectional conductive
device and the secondary winding of the supply trans-
former to control the load current,

9. An alternating current power circuit including in
combination an alternating current supply transformer
having an alternating current supply potential applied
thereto and an undesired direct current component flow-
ing in the seconday winding thereof which tends to
saturate the core of the supply transformer during one
of the phases of the supply alternating current potential,
current transformer sensing means operatively coupled to
the supply transformer for deriving control signal pulses
having a polarity, magnitude and phase dependent upon
the direct current component flowing in the secondary
winding of the supply transformer, an avalanche operated
conductivity controlled bidirectional conducting device
operatively coupled to the output of the current trans-
former sensing means for deriving control signal pulses
having a given magnitude or greater, charging circuit
means operatively coupled to the output of the avalanche
operated conductivity controlled bidirectional conducting
device and responsive to the alternating current supply
potential for developing a firing potential that is depend-
ent upon the value of the supply alternating current po-
tential and the value of the control signal pulses derived
from the avalanche operated conductivity controlled bi-
directional conducting device, circuit means interconnect-
ing the avalanche operated conductivity controlled bidi-
rectional conducting device and the charging circuit means
for maintaining the potential on the charging circuit
means determined by the value of the control signal pulses
derived from the current transformer sensing means over
a full cycle of the alternating current supply potential,
firing circuit means operatively coupled to the charging
circuit means and controlled by the charging circuit
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means for deriving a firing potential, a triac bidirec-
tional conducting device operatively connected in series
circuit relationship with a load across the secondary wind-
ing of the supply transformer, the control gate of the triac
bidirectional conducting device being operatively con-
nected to the firing circuit means whereby the phase of
the turn-on time of the triac bidirectional conducting de-
vice is controlled with respect to the supply alternating
current potential to thereby obviate the undesired effects
of the direct current component flowing in the secondary
winding of the supply transformer.

10. An electric power circuit including in combination:

(a) a transformer having a set of inductively-coupled
primary and secondary windings, the primary wind-
ing being adapted to be connected to alternating
voltage supply lines and one of said windings being
subject to an undesired D-C component therein;

(b) means operatively coupled to the transformer for
sensing the undesired D-C component and deriving
a representative output control signal;

(¢) conductivity controlled solid-state switching means
operatively coupled with said secondary winding for
conducting secondary current during both positive
and negative half cycles of said alternating voltage;

(d) firing circuit means for periodically turning on
said switching means in timed relation to the alter-
nating voltage cycle, said firing circuit means being
responsive to said control signal for shifting the
firing angle at which said switching means can com-
mence conducting secondary current of one polarity
relative to the firing angle at which said switching
means can commence conducting secondary current
of the opposite polarity in a manner to derive a
compensating current component for minimizing the
undesired D-C component in said one winding; and

(e) means for applying said compensating component
to the transformer.

11. The combination set forth in claim 10 wherein to
provide the last-mentioned means the switching means
is operatively connected in series circuit relationship with
said secondary winding and with a load circuit and where-
in current in said load circuit itself is controlled by
controlling the switching means firing angle.

12. The combination set forth in claim 10 wherein
said switching means comprises a bidirectional conduct-
ing device.

13. The combination set forth in claim 10 wherein said
means for sensing the undesired D-C component con-
prises a current transformer operatively connected in
series circuit relationship with said one winding.
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14. The combination set forth in claim 10 wherein the
firing angle for secondary current of said one polarity
differs from the firing angle for secondary current of said
other polarity.

15. An electric power circuit including in combinatior:

(a) a transformer having a set of inductively coupled
primary and secondary windings, the primary wind-
ing being adapted to be connected to alternating volt-
age supply lines and one of said windings being sub-
ject to an undesired D-C component therein;

(b) means operatively coupled to the transformer for
sensing the undesired D-C compotent and deriving
a representalive output control signal;

(¢) conductivity controlled solid state switching means
operatively coupled between said secondary winding
and a load circuit for conducting load current during
successive half cycles of said alternating voltage; and

(d) firing circuit means for periodically turning on said
switching means in timed relation to the alternating
voltage cycle, said firing circuit means being respon-
sive to said control signal for shifting the firing angle
at which said switching means can commence con-
ducting load current during one of said half cycles
relative to the firing angle at which said switching
means can commence conducting load current during
the next half cycle in a manner to produce a com-
pensating effect for minimizing the undesired D-C
component in said one winding.
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