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POWER CIRCUITS WHICH ARE INFERENTLY 
CAPABLE OF INVERTER OPERATON 

Bruce D. Bedford, Scotia, N.Y. aasiguor to Genera 
Electric Company, a corporation of New York 

Origina No. 3,303,406, dated . Feb. 7, 1967, Ser. No. 
237,065, Nov. 13, 1962. Application for reissue June 29, 
1967, Ser. No. 651,641 

42 Clama. (C. 32-44) 
Matter enclosed in heavy brackets II aopears in the 

patent but forms no part of this reissue specifi 
S matter printed in italics indicates the additions 
maade by ressure. 

ABSTRACT OF TE DISCLOSURE 
A family of power circuits using a pair of conductivity 

controlled current snwitching devices interconnected in 
aseries circuit relationship with a tapped first linear in 
ductor across a pair of power supply terminals that are 
adaptêd to be connected acrossº a source of electric po 
tential. A load circuit is operatively coupled across the 
power supply terminals in series circuir relationship with 
at least one of the pair of devices through a part of the 
tapped inductor. The circuits also include commutation 
circuit mrteans formed by at least one commutating capaci 
or and series connected second linear inductor opera 
tively connected between the tappoint of the first inductor 
and at least one of the power supply terminals. The series 
circuit comprised by the commutating capacitor and sec 
ond inductor is tuned to series resonance at a commutat 
ing frequency having a period which is substantially 
arhorter thawn the load current conducting periods of the 
power circuit. With this arrangement, one of the pair of 
current switching devices is adapted to be intermittently 
conductive for discharging the commutating capacitor 
thircigh the tapped first inductor and thereby terminating 
the conduction of the other of the pair of current switch 
ling devices. Bridge type power circuits comprising the 
same basilic circuit configurations are also provided. 

This invention relates to new and improved inverter 
circuit. 

More particulary, the invention relates to a new and 
improved family of relatively inexpensive, efficient in 
werter circuits using silicon controlled reflectors recti 
fiers to convert direct current electric energy in’o alternat. 
ing current electric energy having a desired waveform. 
With the introduction of the silicon controlled recti 

fer into industry as a readily available and reliabke elec 
tric current controlling conponent, considerable effort 
has been expanded in devising inverter circuit configura 
tions foi converting direct current electric energy to alter 
nating current having a desired waveform. While there 
are a number of inverter circuits availabke to the industry, 
many of these available circuits have operating charac 
teristics which make them suitable for use only in certain 
situations. For other applications, these known inwerker 
circuits are not too satisfactory because their higher cost 
cannot be justified, relative inefficiency, lack of flexibility, 
or adaptability to particular operating conditions, and 
other similar objections. 

It is, therefore, a primary object of the present inven 
tion to provide a new and improved family of general 
purpose inverter circuits which are relatively inexpensive 
to manufacture and efficient in operation. 

In practicing the invcntion, a new and improved invcrt 
er circuit is provided which includes a pair of gate con 
trolled unidirectional conducting devices, which are pref 
erably silicon controlled rectifiers, and which are inter 
connected with a commutating interval current limiting 
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reactor in circuit relationship. The circuit thus formed 
is adapted to be cornected across a source of directº 
current ekectric potential. A series circuit comprised by: 
at keast one commutating capacitor and Sveries connected 
second inductor is operatively connected terough altersº 
nate ones of the unidirectional conducting devices to the 
Source of direct current electric energy in a manner Buch 
that the csepacitor is charged to a predetermined energy 
level during the periods of conduction of at least one 
of the gate entrollked unidirectional conducting devices, 
and discharge of the commutating capacitor during com 
mutating periods will reverse bias the gate controlled - 
unidirectional conducting device to cause it to turn off. 
The series circuit comprised by the commutating ca 
pacitor and the Second inductance is turned to series reso 
nance at a commutating frequency substantially higher 
than the operating frequency of the inverter. An addi 
tional unidirectional coniucting device, such as a dioder 
is connected in parallel circuit relationship with each of 
the gate controlled unidirectional conducting devices for 
circulating the excess reactive energy sored in the com 
mutating capacitor during the commutating periods of 
the gate controlled unidirectional conducting devices. - 
Additionally, auxiliary circuit means may te coupled to : 
the commutating interval current limiting reactor for cir 
culating the energy stored therein during the commutat- " 
ing periods of the gate controlled unidirectional conduct 
ing devices. In a preferred embodiment of the invention, - 
the commutating interval current liniting reactor con 
prises a center tåpped winding wherein the two winding 
halves are tightly coupled so that equal currents flowing" 
in opposite directions in the winding halves produce am 
pere turn effects which cancell each other out. To com 
plete the circuit, a load is coupled to the unidirectional 
conducting devices through the commutating interval cur 
rent limiting reactor, and a gating signal source is opera 
tively coupled to the gating eiectrodes of the gate con 
trolled unidirectional conducting devices for gating on 
these devices in a manner to produce a desired outpu 
waveform. 

Other objects, features, and many of the attendant 
advantages of this invention will be appreciated more 
readily as the same becomes better understood by refer 
ence to the following detailed description when consid 
ered in connection with the acccampanying drawings, 
wherein like parts in each of the several figures are 
identified by the same reference character, and wherein: 

FIGURE, 1 is a detailed circuit diagram of a new and 
improved, single phase inverter circuit constructed in ac 
cordance with the invention; 
FIGURE, 2 is a detailed circuit diagram of a second 

form of the new and improved single phase inverter cir 
cuit constructed in accordance with the invention and 
Rä is preferred for use in connection with inductive 

oads; 
FIGURE, 3 is a detailed circuit diagram of stil a third 

form of the new and improved, single phase, half wave 
inverter circuit constructed in accordance with the inven 
tion, and which is preferred for use with low voltage di 
rect current power supply. 
FIGURE4 is a detailed circuit diagram of :illu a fourth 

version of the new end improved single phase inverter 
circuit constructed in accordance with the invention; 
FIGURE 5 is a detailed circuit diagram of a three 

phase inverter employing a commutating circuit similar 
to that of the single-phase inverter of FIGURE 1; and the 
inductively coupled feedback circuit of FIGURE 2; 
FIGURE 6 is a detailed circuit diagram of a full wave 

inverter constructed in accordance with the present in 
"º vention, and which employs as a part thereof the single 

phase inverter of FIGURE 2; 
A A 
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FIGURE 7 is a detailed circuit diagram of a modified 
version of the full wave inverter circuit of FIGURE 6; 
FIGURE 8 is a detailed circuit diagram of still a third 

form of full wave inverter circuit constructed in accordi 
ance with the present invention, but wbich does not re 
quire a center tapped direct current power supply, and 
which employs as its basic buildings block the single phase 
inverter shown in FIGURE 4 of the drawings; 
FIGURE 9a is a characteristic curve illustrating the 

voltage-time operating characteristics of the new and im 
proved inverter circuits during commutation periods for 
å resistive load; 
FIGURE 9b is a current v. time characteristic curve 

of the new and improved inverter circuits during the 
communicating period for resistive load conditions; 
FIGURE 10a is a characteristic curve illustrating the 

voltage-time operating characteristics of the new and im 
proved inverter circuit for inductive load conditions; 
FIGURE 10b illustrates the current v. time charac 

teristics of the new and improved inveter circuits with 
inductive loads: -- 
- FIGURE 11a is a voltage v. tine characteristic curve 
for the new and improved inverter circuits operating with 
capacitive loads; and 
FIGURE 11b is a current v. time characteristic curve 

for the new and improved inverter circuits operating with 
capacitive koads. 
The new and improved inverter circuit illustrated in 

FIGURE 1 of the drawing includes a commutating interval 
current limiting reactor comprised by a center tapped 
winding 11, formed of two winding halves la and 1b, 
with the two winding halves 11a and 11b being tightly 
çoupled, and precisely matched for a reason which will be 
better appreciated hereinafter. The center tapped winding 
1 is connected in series circuit relationship with a pair 
of gate controlled unidirectional conducting devices 12 
and 13 which actually comprise silicon controlled recti 
fiers. Silicon ccatrolied rectifiers are now well known in 
the industry, and have been adequately described in the 
ierature. Hence, no further ideatificativih of their char 
acteristics is believed required other tituan to state that 
they comprize essentially a solid stete version of a grid 
controlled gas discharge device rivilterein conduction 
through the device can be initiated by the application of 
a gating signal to the gating control ekectrode of the 
deyice, but thereafter the gating electrode loses control 
over conduction through the device and is anode or collec 
te potential minst be reduced reletiye :: the cathode or 
emitter potential in order to turun the device off. For a 
further description of the construction and operation of 
ilicon controlled rectifiers, reference is made to the Sili 

Controlled Rectifier Manual, Second Edition, pub 
by the Rectifier Components Department of the 

General Electric Company, West Gernesee Street, Auburn, 
New York, copyright 1961, a copy of which can be ob 
tained from the above identified Department of the Gen 
eryal Electric Company. 

In the inverter circuit of FIGURE 1, the silicon con 
tripliked rectifiers 12 and 13 are connected in front to 
back series circuit relationship through the center tapped 
vivinding 11, with the series circuit thus comprised being 
connected across the terminals 14 and 15 of a direct cur: 
fent power upply, not illustrated. Connected in parallel 
circuit relationship across the direct current power sup 
ply with the series circuit comprised by the center tapped 
winding 11 and the silicon controlled rectifiers 12 and 
is, are a pair of Series connected voltage dividing capaci 
tors 16 and 17 whose center tap point is connected through 
a uitabke load 18 to the center tappoint of the center 
tapped winding 11. Also connected in parallel circuit 
relationship with the series circuit comprised by center 
tapped winding 11 and two silicon controlled rectifiers 
12 and 13 are a pair of series connected commutsting 
capacitors 19 and 21 whose center tap point is connected 
through a second inductance 22 to the center tap point 
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4 
of the center tapped inductancc 11. To complete the 
circuit, additional unidirectional conducting devices com 
prised by diodes 23 and 24 are directly connected across 
each of the siicon controlked rectifircrs in parallel circuit 
relationship with respective ones of the silicon controlled 
rectifiers. Further it is anticipated that a suitable geting 
signal source (not shown) will be coupled to the con 
trol gates 12g and 13g of the SCR’s 12 and 13, respec 
tively for turning the SCR's on and off in a manner to 
provide a desired output waveform. For a description 
of suitable gating circuits for this purpose, reference is 
made to chap. er 4 of the above identified SCR Manual. 

In operation, at frequencies which are low with respect 
to the commutating frequency, the new and improved in 
verter circuit functions in the following manner: It is 
assumed that the silicon controlled rectifier 12 is conduct 
ing and that the silicon controlled rectifier 13 is in a 
turned off state. Under these condit ons, load current will 
be supplied through the silicon controlled rectifier 12 to 
the load 18, and the commutating capacitor 21 will be 
charged to the full value of the direct current supply 
potential Epc. If under these conditions, a gating on 
signal is supplied to the gating electrode 13g of the sili 
con controlled rectifier 13, and concurrently a turn off 
signal is applied to the gating electrode 12g of the silicon 
controlled rectifier 12, the SCR 13 will be rendered con 
ductive, and at the same instant the SCR 12 will con 
tinue to conduct since the turn-off signal applied to the 
gating electrode 12g will have no effect on conduction 
through the SCR 12 but is applied merely for insurance 
purposes to assure that upon the SCR 12 being turned off, 
it will remain off. At this instant of time, both SCR’s 
12 and 13 will be conducting so that the full line potential 
Epic is applied across both winding halves of the center 
tapped winding 11. As stated previously, the two winding 
halves 11a and 11b of the center tapped winding 11 
are exactly matched so that in effect at their center tap 
point the potential will be one half Enoc. In other words, 
the potential applied to the terminal Z of load 13 is 
equal exactly to the poteratial Eoc/2 applied to the re 
maining terminal X of the load 18 thereby assuring that 
no further load current is supplied to the load 18 and its 
value drops to zero. Since the commutating capacitor 21 
was charged to the full value Epic of the direct current 
power supply, it now discharges through the inductor 22 
into the center tap of the center tapped winding 11 where 
it splits, half the commutat ng cu: rent i/2 going through 
the winding half 11a and SCR 12, and the remaining half 
of the commutating current i/2 going through the wind 
ing half 11b and SCR 13. As previously stated, the center 
tapped inductance 11 is exactly matched and closely cou 
pled so that the ampere turns flowing in the winding half 
11e due to the commutating current i/2 cance's out the 
ampere turns flowing in the windling half 11b due to the 
commutating current i/2, and as a consequence the center 
tapped winding 11 does not look like an inductance to the 
commutating current. The commutating current flowing 
in the upper winding half 11a opposes the load current 
flowing through the silicon controlled rectifier 12 so that 
the net current through the rectifier drops to zero, and 
the excess commutating current will flow through the 
diode 23 back into the conmutating capacitor 19 to 
initiate charging of the commutating capacitor 19 to 
condition it for the next commutating cycle when it is 
required for the SCR 13 to be turned off. The con 
mutating current flowing in the lower half winding 11b is 
supplied through the SCR 13 and back into capacitor 21. 
This current is in a direction to charge the capacitor 21 
with a reverse polarity potential which conditions it for 
the next commutation cycle thereby greatly improving 
the efficiency of the circuit. Concurrently, with this action, 
the excess commutating current flowing through the diode 
23 produces a reverse bias across the silicon controlled 
rectifier 12 which assures it being turned off. To facilitate 
this action, the second induçtance 22, which together with 
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the commutating capacitor 21 is series tu ned to resonate 
at a commutating frequency which is substantially higher 
than the operating frequency of the inverter, but which 
allows the commutating current to build up sinusoidally 
for a period such that the initial sine wave pulse of com 
mutating current exceeds the load current flowing through 
the ?CR 12 for a period of time at least equal to the 
turn off time of the SCR 12, thereby causiung the above 
mentioned turn-off action to occur. This commutating 
frequency may be in the neighborhood of from two to 
one (2:1) to anywhere as high as 50,000 or 100,000 to 
one (50,000:1; 100,000: i) de pcnding of course on the 
operating frequency of the inverter and the turn off time 
of the SCR. It is to be understood that the ratios cited 
above are not limiting but are merely cited as exemplary. 

During the commutation interval (the period AT shown 
in FKGURE 9b), an additional current AII will begin to 
build up at a constant rate due to tuc impressed direct 
current voltage Eroc applied across the center tapped 
winding 11 which serves to ilimit the rate of increase of 
the dircct current flowing through the circuit during this 
interval. For this reason, the winding 11 is referred to 
as a commutation interval current limiting reactor and is 
designed so that it exhibits a minimum practical im 
Fredance to the load current, while exhibiting a maximum 
practical impedance to the build up of the additional 
current A during the commutating interval. The rate 
of build up of the commutation interval current A is 
dependent upon the inductance of the center tapped 
winding 11, and upon the value of the voltage Epoc as 
set forth by the expression 

di BDc 
dit I LI 

At the end of the commutation interval AT, this addi 
tional current will have the value 

While the current and voltage wave shapes shown in 
FIGURES 9a and 9b are for those assuming a resistive 
load 18, it is to be understood that this additional com 
mutation interval current AII will build up irrespective 
of the nature of the load. 

Re?erring again to FIGURES 9a and 9b and assum 
ing a resistive load 18, upon the commutating current i 
showg in FIGURE 9b reaching a value equal to the load 
current i plus twice the build up in commuteting interval 
current (2Ai, current through the SCR 12 is reversed 
and cut-off commences. The commutating current i 
continues to build up and maintains the reverse current 
through the SCR for a period equal to the cut off time of 
SCR 12. During this period, diode 23 is rendered con 
ductive, and maintains the commutating current is while 
SCR 12 is cut off and returned to its blocking condition. 
Also during this period the commutating current i 
reaches a peak, and begins to decay sinusoidally toward 
zero unti time t where the net current in the upper 
winding is zero, and the diode 23 begins to block. A 
ffinite cleat out time is required for the diode 23 to block 
complete'y, however, so the commutation operation will 
continue until such time t that diode 23 blocks. It is 
astumed that the center tæpped winding 11 has mo leak 
age reactance for the purpose of this diseussion, and that 
the current in the upper winding half 11a can be cut off 
instantaneously. Accordingly, - at the instant that the 
diode 23 blocks, the fux level in the core of the center 
tapped winding 11 has built up from its precommuta 
tion level of Ni to a kevel of NA-I-N, and upon 
the diode 23 blocking, the current that had been flowing 
in the upper winding half 11a has to be transferred to 
the lower winding 11b (or to a secondary winding as will 
be discussed later). At the instant that the diode 23 
blocks, two major conditions must be satisfied upon the 
current being transferred to the lower winding half 11b. 
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6 
The first of these conditions is due to Lenz’s law which 
requires that the fux level in the inductance 11 must be 
maintained at the value NAI--NaI, and the second 
condition requires that the commutating current i flow 
ing in the inductance 22 be maintained to complete the 
commutation interval. This later current also serves to 
precharge the capacitor 21 to R devel Epic to condition it 
for the next commutating interval. Accordingly, upon 
diode 23 blocking, the point Z drops from its mid-tap 
potential Epic/2 to a potential that is determined by the 
requirements of Lenz’s law as set forth above. For 
example, if the commutating interval current A is very 
small, the voltage of point Z in effect will go to the nega 
tive D.C. potential; thereby assuming a condition where 
most of the effects of commutation are largely com 
pleted, and initiating a new half cycle of operation of 
the inverter. The stored energy in the inductance 22 and 
in the center tapped reactor 11 may cause a slight amount 
of oscillation of the voltage of point Z, but such oscilla 
tion will die out due to the damping effect of the resistive 
load 13. 

If in contrast to the above defined condition, the ccm 
mutating interval current Al is sizeable compared to load 
current, the load current i will assume a value which will 
satisfy the condition required by Lenz’s law cited above. 
Under these circumstances, the voltage of point Z at time 
t-- will fall to a potential more negative than the value 
of the negative terminal of the direct current power 
supply Eoc. Subsequently, as the commutating interval 
current AI decre: ses to zero, the potentia of the point Z 
will fall toward the value of the negative terminal of the 
direct current power supply --Epoc allowing the load 
current i to build back up to satisfy the requirements of 
Lenz’s law. Upon reaching this condition, the voltage of 
point Z goes to the potential of the negative D.C. supply, 
and assumes a condition where the effects of commuta 
tion are largcy completed, and initiates a new half cycie 
of operation. Again, if the commutating interval current 
AI is not too great with respect to load current, the volt 
age of point Z may oscillate due to the energy stored in 
the inductance 22 and reactor 11, but will be damped 
out by the effects of the resistive load. 

In the event that commutating interval current A is 
even larger compared to the load current, the potential 
at the point Z, will tend to fall to a value consideraluly 
below the negative terminal of the direct curent power 
supply Epic. To prevent this condition, a resistor shown 
in dotted lines at 25 can be coupled across the center 
tapped inductance 11 in the manner shown for circulat 
ing the energy trapped in the inductance 11 so as to de 
crease the flux level in the reactance to the point such 
that the flux level in the core of inductance 11 drops to 
a value equal to that just prior to commutation (that is, 
equal to NXI). Upon this occasion, the core will 
be reret by the net ampere turns being reduced to a value 
such that the fux level in the core is determined primarily 
by the load current, and the voltage of the point Z goes 
to the potential of the negative terminal of tilne direct 
current power supply -Epic; thereby assuming a condi 
tion where the major effects of the commutation are com 
pleted, and initiating a new half cycke of operation. 
There is another technique for meeting this problem 
which will be described with relation with the circuit 
shown in FIGURE 2 of the drawings, and which is 
probably a more satisfactory solution to the problem since 
dissipation of the energy stored in the center tapped 
winding 11 is not required, thereby improving the effi 
ciency of the inverter. 

Another circuit modification which may be employed 
with the basic inverter circuit of FIGURE 1 for protec 
tive purposes to limit the rate of rise of reapplied voltag 
across the silicon controlled rectifiers 12 and 13 is the 
inclusion of a series connected resistor 26 and capacito 
27 shown in dotted lines as being connected in paralle 
with the silicon controlled rectifiers 12 and 13. Thi 
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7 
resistance-capacitance network provides a path for the 
current at the instant that the diodes 23 and 24 block 
so as to reduce the induced voltage due to leakage in 
ductance. Other schemes are available for this purpose, 
but will not be described since such techniques are well 
known in the art. The price paid for this protective 
feature, in addition to the added components, is the loss 
of enerasy in the resistor 26. This loss may not be serious 
at low frequencies, but as the inverter frequency is in 
creased, the losses may become significant and may pre 
sent heating problems in addition. 
A second embodiment of the invention suitable for use 

as a single-phase inverter is shown in FIGURE 2 of the 
drawings. The embodiment of the invention shown in 
FIGURE 2 is similiar in almost all respects to the circuit 
shown in FIGURE 1. One major difference is that a 
common commutating capacitor 31 is used in place of the 
two commutating capactors 19 and 21 of the circuit 
shown in FIGURE 1. For this reason like parts in each 
of the two circuits have been given the same reference 
character. In the circuit shown in FIGURE 2 the com 
mon commutating capacitor 31 is connected in series cir 
cuit relationship with the econd inductánce 22, with the 
series circuit 'uus formed being series tuned to resonate) at a commutating frequency which is substantially higher 
than the operating frequency of the inverter as was ex 
plained in connection with the circuit shown in FIGURE 
. The load 18 is connected in parallel circuit relation 
hip with the series circuit comprised by the commutating 

capacitor 31, and second inductance 22 teween the mid 
tap points of the center tapped winding 11 and the two 
voltage dividing capacitors 16 and 17. The Second major 
difference is the inclusion of a secondary winding 32 
inductively coupled to the center tapped winding 11. The 
secondary winding 32 is connected in series circuit rela 
tionship with a blocking diode 33. The series circuit 
formed by secondary winding 32 and diode 33 is con 
nected in parallel with the series circuits comprised by 
the center tapped winding 11 and the two series con 
nected silicon controlled rectifiers 12 and 3. 
The embodiment of the invention shown in FIGURE 2 

is preferred for use in conjunction with inductive loads 
since it is better able to cope with the reactive compo 
nent of the load curren stored in the load 20, as well as 
the excess energy built up during the commutating inter 
val. This feature is obtained by the inclusion of the sec 
ondary winding 32 and blocking diode 33 which, of 
course, could be incorporated into the embodiment of 
the circuit shown in FIGURE, 1 in place of the resistor 
25. Fabrication of the circuit to include this feature 
allows excess energy drawn from the oower supply dur 
ing commutation, to be recirculated back into the power 
supply, thereby conserving the energy, and greatly im 
prowing the efficiency of the inverter. In operation at 
frequencies which are low, with respect to the commutat 
ing frequency, the commutating capacitor 31 will be 
charged to substantially half the value of the direct cur 
rent power supply Epic during each cycle of operation of 
the controlled rectifier 12 or 13. Fcr example, if the 
SCR 12 is conducting, commutating capacitor 31 will be 
charged so that the piciant Y is pcsitive with respect to the 
point X to half the value of the direct current power sup 
ply Eoc fa: this point the SCR 13 is gated on by the 
gating signal source while a turn off signa is applied to 
the gating electrode of the SCR 12, the cohmmiutating cur 
rent i will flow out of the commutating capactor 3 
and through both winding halves 11a and 1b of the 
center tapped inductance il in opposite directicots 1o 
turn off the SCR 12 in the manner described with rela 
tion to the circuit shown in FIGURE 1. Similarly, be 
cause the full value of the direct current power supply 
Eoce is supplied across the winding 11, an additional cur 
Net 
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will be built up during the commutating interval in the 
manner described with relation to the circuit shown in 
FIGURE 1. Here again, this additional current A is 
minimized because the reactor 11 is designed to exhibit 
a minimum practical impedance to the load current while 
exhibiting a maximum practical impedance to the build 
up of the additional current A during the commutating 
interval. 
The operation cuf the inverter circuit with an inductive 

koad represents the most severe condition presented for 
commutation since with an inductive load it is necessary 
that the commutation current not only perform the op 
eration of turning cf the SCR (as in the resistive and no 
load situations), but in addition it mus: supply current to 
the load during a pcrtion of the commutation interval. 
This is caused by the nature of the inductive load. FIG 
URIE 10a and FIGURE 10b illustrate the pertinent vol:- 
age and current wave forms o:tained during the com 
mutation interval with the circuit shown in FIGURE 2 
of the drawings. la FIGURE 10b it can be scen that at 
the start of the commutation interval, the load current . 
is supplied to the load. As the commutation current i 
begins to build up frcem zero, i flows into the load de 
crecs’ng the amount of the current required from the SCR 
12. At one point, the current is is just equal to the load 
current i, so that the load requires no current from the 
SCR 12, and the current through SCR 12 is reduced to 
one half the load current (neglecting Ai) and the cur 
rent in the SCR 13 has built up to one half the load cur 
rent so as to mainain the fux leveli in the center tapped 
winding 11 in accordance with the requirements of Lenz’s 
law. As the commutation interval continues, the com 
mutaking current i builds up until i equals twice the 
load current i plus the build up in commutating inter 
val current Ai, at which pciat current in SCR 12 is re 
versed, and cut-off commences. The commutating cur 
rent is continues to build up and maintains the reverse 
curren: through the SCR forr a pericd equal to the cut off 
time of SCR 12. During this pericd, diode 23 is rendered 
conductive and maintairs the commutation current whi’e 
the SCR 12 is turned off, and returned to is blocking con 
dition. Also during this period, the commutating current 
i reaches a peak and stars to decay sinusoidally toward 
zero. At time t, the commutation current i and the load 
current i, through the upper winding half 11a is equal 
to twice the buikd up current Ai (i.e., 2 Ai) so that the 
diode 23 begins to block. A tite t the diode 23 has 
completely blocked so that the load current i is now 
flowing entirely through the lower branch 11b. At time 
ta the current which flows through the lower winding half 
11b is determined by the difference between the com 
mulating current is and the load current i that has built 
up, since both of these currents must be maintained when 
the diode 23 blocks due to the inductances in each path 
in accordance with the requirements of Lenz’s law. It 
may be seen in FIGURE 10b that the currert through 
the lower winding 11b a: time t is less than . At the 
point of time just prior to commutation, the flux level 
built up in the center tapped winding 11 was equal to 
Na XL and since there has been a net increase of flux 
due to the build up of the ccmmutating interval current 
A during the period AT, it is necessary that the second 
ary winding 32 conduct in order to maintain the flux 
level of the center tapped winding 11. For this to hap 
pen, the potential of the point Z must drop below the 
value of the negative terminal of the direct current power 
supply in order to render dicde 33 conductive. With 
the potential of pcint Z below the negative terminal of 
the direct current power supply, the voltage between the 
points X and Z is increased, thereby allowing more com 
mutating current i to be drawn frcm thc commutating 
capacitor 3. This occurs between the intervals ta and 
ts. This additional current also flows in the lower wind 
ing half 11h and builds up to a maximum before it te 
gias to sinusoidally decay back towards zero at a frequen 
cy which is approximately the same as the frequency of 



26,342 
commutation since only the leakage inductance of the 
lower winding is see te when the secondary winding 32 is 
conducting. At the instant the commutating current i 
reaches the value . and begins to decrease below that 
value, the energy stored in the load inductance 18 begins 
to supply current through the return diode 24 back 
thrcugh the lower winding half 1b into the load. This 
flow of current in the reverse direction through the lower 
winding half 11u requires that the secondary winding 
32 conduct even more current than before in order to 
maintain the fieux level of the center tapped winding 11. 
For tillis eas on, the diode 33 will remain conducing un 
til the core vyf the center tapped inductance 11 has been 
reset by the met amere turns being reduced so that the 
flux level in the core is determined primarily by load 
current. Once the cure has been reset, the major effects 
of commutation are completed and the load current flows 
to the load through the return diode 24. This current de 
creases linearly with time as shown in FIGURE 10b until 
the energy in the load inductance is exhaused, at which 
point the current then reverses and begins to flow through 
the silicon controlled rectifier 13 building up during the 
next half cycle of operation of the inverter until the next 
commutating period. From the above discussion it can 
b appreciated that tbe after effects of commutation 
:entioned briefly in connection with the resistive load 

Care are quite pronounced in the case of an inductive 
lcod. As discussed previously, a resistive load tends 
u dampen the oscilatory current which results when the 
diode 23 or 24 blccks, and the additional stored capaci 
tor energy in the commutating capacitor is being dis 
charged. In the inductive load case, this osciliation be 
conles more severe than for the rcsistive load case due to 
the additional trapped energy in the circuit components 
resulting from the inductive load current. 
As shown in FIGURES 11a and 11b of the drawing, 

operation of the new and improved inverter circuit with 
a capacitive load is somewhat similar to no-load opera 
tion of the inverter. Because of the leading load factor 
caused by the capacitive load, the load current will be 
flowing through the return diode 23 just prior to com 
mutation, assuming that the circuit is in the condition 
where the SCR 12 is in a condition such that if the po 
larity of the potentials across it were correct, it would 
conduct, and SCR’s are turned off. Upon initiating the 
commutation cycle by turning on SCR 13, the commuta 
tion current is will flow up through the return diode in 
winding half 11a adding to the load current, and the 
other half of the commutation current i flows through 
the lower winding half 11b and SCR 13 in the usual man 
ner. In this case the commutation current i flowing in 
the upper winding half 11a and return diode 23 is re 
dundant since the silicon controlled rectifier 12 was al 
ready backabiased due to the leading load current through 
the return diode 23 just prior to commutation. As shown 
in FIGURE 11b, the net current in the upper winding 
half 11a is not reduced to zero until time t when the 
current in the upper winding half 11a is just equal to the 
build up current A. At this point the return diode 23 
will begin to block, thereby completing the commuta 
tion interval. Prior to this occasion, the SCR 12 has, of 
course, been turned off due to the back-biasing effect of 
the return diode 23 upon conduction through the SCR 13 
having been initiated. It should be noted that the com 
mutation interval AT in the case of the capacitive koad 
is increased considerably over that observed with other 
load conditions. 
The embodiment of the invention shown in FIGURE 

3 of the drawings is somewhat different from the single 
phase inverter circuits shown in FIGURES 1 and 2 in 
that the emitter electrodes of both siliccm controlled rcc 
tifiers 12 and 13 are coupled to the negative terminal 
of the direct current power supply Epic in common, with 
the collector electrodes of the SCR’s being connected 

- to the ends of respective winding halves 37a and 37b of 
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center tapped winding 37. The center tapped point of 
the center tapped winding 37 is connected through a com 
mutating interval current limiting reactor comprised by 
a primary winding 11, to the positive terminal of the di 
rect current power supply Eoc. The commutating inter 
vali current limiting winding 11 is inductively coupled to 
a secondary winding 32 connected in series with a block 
ing diode 33 across the direct current power supply Eoc. 
A commutating capacitor 35 is connected in series cir 
cuit relationship with a second inductance 36 between the 
collector electrodes of the silicon controlled rectifiers 12 
and 13 with the series circuit thus comprised being tuned 
to series resonance at a commutating frequency which is 
substantially higher thar the operating frequency of the 
inverter. Load current is supplied from the inverter cir 
cuit of FIGURE 3 through a secondary winding 38 that 
is inductively coupled to the center tapped winding 37 and 
that has a load 39 connected across it. 

In operation, the circuit of FIGURE, 3 functions in a 
manner similar to the circuits of FIGURES 1 and 2. As 
sunning the silicon controlled rectifier 12 is to be conduct 
ing and SCR 13 to be turned off, the commutating capac 
itor 35 will be charged so that thc point X is at the poten 
tial of the negative terminal of the D.C. power supply 
--E, and the point Y is charged to double the positive 
potential --Epco. Upon SCR 13 being turned on, the 
point Zwill be connected to the same potential as the point 
X, and both points will in effect be at the same potentiali 
as the negative terminal of the direct current power supply 
-Eoc. The charges trapped in the commutating capacitor 
35 upon this occurrence will flow through the SCR 13 
and the SCR 12 reducing the load current through SCR 
12 to zero, with the surplus commutating current flowing 
through the diode 23 to produce a reverse bias on SCR 12, 
and turn it off. On the alternate half cycles the reverse 
process takes place to commutate off the SCR 13. During 
the commutating interval the additional current A built 
up during theº commutating interv'al will flow into the 
center top tappoint on the winding 37, split, and supply 
equal currents in opposite directions through the winding 
halves 37a and 37b. As a consequence, the ampere turn 
effects of these currents will cancel each other out, and the 
winding 37 will not appear as an impedance to this addi 
tional current. In corder to prevent this additional current 
AI from increasing at too great a rate, the commutating 
interval current limiting reactor winding 11 is included in 
the circuit. This winding 11 is designed to exhibit a mini 
num practical impedance to the load current while ex 
hibiting a maximum practical impedance to the build-up 
of the additional current All during the commutating inter 
val. Because the winding 11 does exhibit some impedance 
to the load current I fux is built up in the core of the 
winding 11 during the load current carry interval as set 
forth in the expression N During the commutation 
interval, Lenz Lenz’s law requires that this fux level be 
maintained until it is allowed to decay at a finite rate 
limited by the finite voltage of the direct current power 
supply. To satisfy this requirement the secondary winding 
32 conducts, and recirculates the current induced therein 
by the flux change in winding 11, back into the D.C. power 
supply. In this manner, the energy associated with the flux 
in winding 11 is not dissipated but is conserved thereby 
improving the efficiency of the circuit while allowing the 
energy stored in winding 11 to decay at the above men 
tioned finite rate. Concurrently, the charge on the con 
mutating capacitor 35 will oscillate around the series tuned 
circuit comprised by the commutating capacitor 35 and 
second inductance 36, recharging the capacitor 35 in a 
reverse polarity direction, and commutating of the SCR 
12. Upon this occurrence, the potential of the point Z 
will go to the potential of the negative terminal of the di 
rect current power supply Epic, thereby completing the 
commutation interval, and initiating a new half cycle of 
operation. 

Still a fourth version of a single phase inverter circuit 
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constructed in accordance with the invention is shown in 
FIGURE 4 of the drawings. The embodiment of ths 
single phase inverter circuit shown in FIGURE, 4 is simi 
lar in al respects to the inverter circuit illustrated in FG 
URE, I with the exception that the single inductor 22 of 
the FIGURE 1 circuit is replaced by two separate induc 
tors 39 and 41 in the inverter of FIGURE 4. The inductor 
39 and series connected capacitor 19 are tuned to series 
resonance at the commutating frequency of the inverter as 
also are the inductor 41 and the capacitor 21. Addition 
ally, a secondary winding 32 is inductively coupled to the 
commutating interval current limiting reactor comprised 
by the center tapped winding 11, and is connected in series 
circuit with a blocking diode 33 across the direct current 
power supply. By this arrangement, the nuxiliary circuit 
means comprised by winding 32 and diode 33 serves to 
feed back the excess reactive energy in tue winding 11 to 
the direct current power supply in the manruer described 
with relation to F1GURE 3 of the drawings. In all other 
respects, the circuit of FIGURE, 4 operates in a fashion 
that is so similar to that described with relation to FG 
URE, 1 of the drawings, that it is believed unnecessary to 
again describe it in detail. 
A three-phase inverter circuit constructed im accord 

ance wi.h the present invention is shown in FIGURE 5 
of the drawings. The three-phase inverter of FIGURE 5 
is actually constructed from three single-phase inverters of 
the type shown in F1GURE 1 of the drawings, and, hence, 
each of the single-phase inverters has been identified with 
the same reference character employed in connection with 
the description of FIGURE, 1 of the drawings. Because 
each of the three single-phase inverter employed in the 
FIGURE 5 circuit are constructed ard operate in an es 
entially identical manner of that described in relation to 
FIGURE 1, they will not be again described in detail. 
The outputs of the three single-phase inverters are com 
bined in a delta connected lond circuit comprised by one 
load 42 being connected between the center tap points of 
the center tapped windings 11 and 11’, a load 43 connected 
between the center tap points of the center tapped windings 
1” and 11”, and a load 44 connected between the center 
tap points of the center tapped windings 11 and 11”. It 
would also be possible to combine the outputs in a Y con 
nected load circuit with or without a neutral connected to 
ground, or with a neutral connection back to the neut al 
of the direct current power supply. By interconnecting 
the individual loads of the single phase inverters in any 
of the above manners, the outputs of the inverters can be 
combined to provide a three-phase optput. It is of course 
necessary that the timing of the gating-on and turn-off sig 
nals applied to the gating electrodes of the several SCR’s 
be properly synchronized by the gating signal sources. For 
this reason, the gating signal Ecource must be specially 
taillored for three-phase operatior, in the manner of those 
illustrated, and described on pages 130 and 133 of the 
above described SCR manual. 
A single-phase, full-wave bridge inverter constructed 

in accordance with the invention is shown in FIGURE 6 
of the drawings. The full wave bridge inverter of FG 
URE, 6 employs two of the basic single-phase, full-wave 
inverter circuit arrangements of FIGURE 2 modified 
to provide full wave operation. To form the full-wawe 
bridge inverter circuit of FIGURE 6, the voltage dividing 
capacitors 16 and 17 of the single-phase full-wave inverter 
of FIGURE 2 have been replaced with a second set of 
series connected silicon controlled rectifiers 12” and 13” 
and center tapped winding 11” shown on the left hand 
portion of the circuit as viewed by the reader. In op 
eration, the full-wave bridge inverter of FIGURE 6 func 
tions in essentially the same manner as two single-wave 
inverters, but must employ an appropriate gating signal 
Source for providing gating signals to the gating electrodes 
of the silicon controlled rectifiers to achieve full wave 
operation. Because of the fact that the inverter of FIG 
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it is necessary that the SCR’s be gated on and off in a 
closely controlled manner to avoid complications in the 
operation of the circuit. * 

In order to obviate the need for rigorous synchroniza 
tion of the firing of the SCR’s for the circuit shown in 
FIGURE 6 of the drawings, the full wave inverter of 
FIGURE 7 has been provided. The full wave inverter 
of FIGURE, 7 is similar to the iverter of FIGURE 6 
with the exception that two commutating circuits com 
prised by the corimutating capacitor 31 and second in 
ductance 22 and commutating capacitor 31’ and serond 
inductance 22” have been provided, in place of the single 
commutating circuit used in the embodiment shown in 
FIGURE 6. In the full wave bridge inverter of FIGURE 
7, a pair of series connected voltage dividing capacitors 
16 und 17 are connected across the direct current power 
supply Eoc with the mid-point of the voltage dividing 
capacitors being connected through the series commutat 
ing ircuit comprised by commutating capacitor 31 and 
second inductance 22 to thic mid-tap point of the center 
tapped winding 11. Similarly, the center point of the 
voltage dividing capacitors 16 and 17 is connected through 
a second series commutating circuit comprised by the com 
mutating capacitor 31” and series connected second in 
ductance 22” to the center tapped point of the center 
tapped winding 11”. The load 18 to be supplied is con 
nectcd between the center tap point of the two center 
tapped windings 11 and 11”. 

in operation, the full wave bridge inverter of FIGURE 
7 functions in an essentially similar fashion to two single 
phase inverters of the type shown in FIGURE 2 of the 
drawings operated in a bridge inverter manner to provide 
a full wave output signal. Because separate commutat 
ing circuits are provided for each of the center tapped 
windings 11 and 1”, it is no longer essential to so closely 
synchronize the turning on and turning off of the various 
silicon controlled rectifiers as was the case with the full 
wave inverter shown in FIGURE 6 of the drawings. It 
should be noted, however, that both the full wave in 
verters shown in FIGURE 6 and FIGURE 7 require a 
center tapped direct current power supply which increases 
the cost of the inverter somewhat. To obviate this need, 
a circuit such as that shown in FIGURE, 8 of the draw 
ings is provided. 
The full wawe bridge inverter shown in FIGURE, 8 of 

the drawings is comprised by two single-phase inverters 
of the type shown in FIGURE 4 interconnected through 

70 

a common load 18 to provide a full wave output. Be 
cause the full wave bridge inverter of FIGURE 8 is essen 
tially no different in operation and construction from two 
single-phase inverters of the type illustrated and described 
with relation to FIGURE 4 of the drawings, the various 
parts of the circuit have been identified by the same ref 
erence numerals, and a further description of the con 
struction and operation of the circuit is believed un 
necessary. It should be noted, however, that the fuil 
wawe bridge inverter of FIGURE 8 does not require a 
center tapped direct curent power supply even though it 
does require two additional inductances and two addi 
tional commutating capacitora. 

It is believed obvious from an examination of FIG 
URES 6-8 that the gating signal sources used to gate 
on the various silicon controlled rectifiers will be some 
what more complex tham those used with the single-phase 
inverters illustrated and described in connection with 
FIGURES 1-4. Suitable gating signal sources for use 
with full wave bridge inverters have been described 
heretofore in the literature (for example, see the above 
identified Silicon Controlled Rectifier Manual), and, 
hence, a detailed description of their construction and 
operation is believed unnecessary. Further with respect 
to circuits shown in FIGURES 7 and 8, because of the 
use of the individual commutation circuit branches in 
these circuits, it is possible to use these circuits in con 

URE 6 employs a common commutating capacitor 31, 75 junction with a phase controllked gating signal source 
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similar to those described in the above identified SCR 
Manual, to deliberately alter the phase relation of the 
firing of the SCR’s in this circuit for voltage control 
purposes. Since such technique is well known in the con 
trol of bridge inverter circuits, a further description of 
the sange is believed unnecessary. It should be noted that in the foregoing description, it 
was assumed that the conmutating frequency was sub 
stantially higher than the operating frequency. For the 
purpose of this paragraph, this relationship shall be de 
fined as constituting the portion of the spectrum where a 
half period of the commulating frequency is no more than 
one tenth (2%o) a half period of the operating frequency. 
In the ewent that the inverter is designed to operate in a 
high frequency region where the commutating frequency 
is such that its half period extends from about one-half 
(%4) to nine tenths (%o) a half period of the operating 
frequency, the operation becomes more complex. In 
operating under these latter assumed conditions, the dis 
sipation of the energy stored in the commutating in 
terva curent limiting reactor will extend over a sub 
stantial portion (i.e. Má to %o) of the operating half period. 
Accordingly, since the transients associated with com 
mutation extend over a substantial portion of the operat 
ing half cycle, it is anticipated that the wave-shape of the 
output signal will not be quite so good as that which 
could be maintained while operating under other not so 
rigorous conditions. From the foregoing description, it can be appreciated 
that the invention provides a new and improved family of 
general purpose inverter circuits which are relatively in 
expensive because of the fact that it does not require addi 
tional silicon controlled rectifiers to commutate off the 
load current carrying rectifiers. Additionally, because 
the commutating energy stored in the commutating cir 
cuits of the inverter is recirculated and used to charge the 
commutating circuit in a reverse direction following each 
half cycle of operation, the efficiency of the new and im 
proved inverter is comparatively high. 

Having described several embodiments of the new and 
improved inverter circuits constructed in accordance with 
the invention, it is believed obvious that other modifica 
tions and variations of the invention are possible in light 
of the above teachings. It is, therefore, to be understood 
that changes may be made in the particular embodiments 
of the invention described which are within the full in 
tended scope of the invention as defined by the appended 
claims. What I claim as new and desire to secure by Letters 
Patent of the United States is: 1. A new and improved inverter including in combina 
tion a pair of gate controlled unidirectional conducting 
devices, a commutating interval current limiting reactor 
interconnected with the pair of gate controlled unidirec 
tional conducting devices with the circuit thus formed 
being designed for connection across a source of direct 
current electric potential, a commutating circuit cornprised 
by at least one commutating capacitor and series con 
nected second inductor operatively connected through at 
keast a portion of the commutating interval current limit 
ing reactor and through alternate ones of the unidirec 
tional conducting devices during periods of conduction of 
the same across the source of direct current electric energy whereby the commutating capacitor is charged to a pre 
determined energy kevel during periods of conduction of 
respective ones of said gate controlled unidirectional con 
ducting devices, and means for gating on the non-con 
ducting one of the gate controlled unidirectional conduct 
ing devices to discharge of the commutating capacitor 
and reverse bias the initially conducting one of said gate 
controlled unidirectional cond?cting devices to turn it off, the series circuit comprised by the commutating capacitor 
and second inductor being tuned to series resonance at a commutating frequency substantailly higher than the op 
erating frequency of the inverter. 
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2. The combination set forth in claim 1 further charac 

terized by an additionai unidirectional conducting device 
directly connected across each of the gate controlled uni 
directional conducting devices in parallel circuit relation 
ship for circulating any excess reactive energy of the com 
mutating capacitor during the commutating periods of the 
gate controlled unidirectional conducting devices. 

3. The combination set forth in claim 1 further char 
acterized by auxiliary circuit means operatively coupled 
to said commutating interval current limiting reactor for 
circulating the energy stored therein during the con 
mutating pcriod. 4. The combination set forth in claim 1 wherein the 
commutating interval current limiting reactor is a winding 
which is tapped at its midpoint with the two winding halves 
being tightly coupled so that equal currents flowing in 
opposite directions in the winding halves produce ampere 
turn effects which cancel each other out. 

5. The combination set forth in claim 1 further char 
acterized by a load operatively coupled to the source of 
electric potential through said unidirectional conducting 
devices. 6. The combination set forth in claim 1 wherein said 
gate controlled unidirectional conducting devices com 
prise silicon controlled rectifiers. 7. The combination set forth in claim 1 wherein the 
gate controlled unidirectional conducting devices com 
prise silicon controlled rectifiers and wherein the com 
mutating interval current limiting reactor is a winding 
which is tapped at its center point with the two winding 
halves being tightly coupled so that equal currents flowing 
in opposite directions in the winding halves produce am 
pere-turn effects which cancel each other out, and further 
characterized by auxiliary circuit means operatively 
coupled to said commutating interval current limiting re 
actor for circulating any excess energy stored therein dur 
ing the commutating period, a load operatively coupled 
to the source of electric potential through said silicon 
controlled rectifiers, and an additional unidirectional con 
ducting device directly connected across each of the gate 
controlled unidirectional conducting devices in paralle 
circuit relationship for circulating any excess reactive 
energy of the commutating capacitor during the com 
mutating periods of the gate controlled unidirectional con 
ducting devices. 8. The combination set forth in claim 2 wherein said 
gate controlled unidirectional conducting devices comprise 
silicon controlled rectifiers, and said additional unidirec 
tional conducting devices comprise diodes. 

9. A new and improved inverter including in combina 
tion a pair of silicon controlled rectifiers, a commutating 
interval current limiting reactor comprised by a center 
tapped winding interconnecting the pair of silicon con 
trolled rectifiers in series circuit relationship, a pair of 
voltage dividing capacitors connected in series circuit 
relationship and adapted to be connected across a direct 
current source of electric energy in parallel circuit rela 
tionship with the series circuit comprised by the center 
tapped winding and silicon controlled rectifiers, a com 
mutating capacitor and second inductance interconnected 
in series circuit relationship betwcen the juncture of the 
voltage dividing capacitors and the center tap point on 
the center tapped winding, the commutating capacitor and 
second inductance being tuned to series resonance at a 
commutating frequency that is substantially higher than 
the operating frequency of the inverter, and a respective 
by-pass diode directly connected across each one of said 
silicon controlled rectifiers in parallel circuit relationship. 

10. The combination set forth in claim 9 further char 
acterized by auxiliary circuit means operatively coupled 
to said center tapped winding for circulating the energy 
stored in said tapped inductance during the commutating 
periods. 1. A new and improved inverter including in com 
bination a pair of silicon controlled rectifiers, a com 
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mutating interval current limiting reactor comprised by 
a center tapped winding interconnecting the pair of silicon 
controlled rectifiers in series circuit relationship, a first 
pair of voltage dividing capacitors connected in series 
circuit relationship and adepted to be connected across 
a direct current source of electric potential in parallel 
circuit relationship with the series circuit comprised by 
the center tapped winding and silicon controlled rect.fiers, 
a pair of commutating capacitors connected in series cir 
cuit relationship in parallel with the series circuit com 
prised by said center tapped winding and silicon controlled 
rectifiers, and with the voltage dividing capacitors, a 
econd inductance interconnected between the juncture 
of the commutating capacitors and the center tap or the 
center tapped winding with a load being adapted to be 
connected between the center tap on the center tapped 
winding, and the juncture of the voltage dividing capaci 
tors, said second inductance being of a value to tune the 
series circuit comprised by the second inductance and 
either of the commutating capacitors to series resonance 
at a conmutating frequency that is substantially higher 
than the operating frequency of the inverter, and a respec 
tive diode directly connected across each one of said 
silicon controlled rectifiers in parallel circuit relationship. 

12. The combination set forth in claim 11 further char 
acterized by auxiliary circuit means operatively coupled 
to said center tapped winding for circulating the energy 
stored in said center tapped winding during the commutat 
ing interval. 

13. A new and improved inverter including in con 
bination a pair of silicom controlled rectifiers, a center 
tapped winding interconnecting one set of like electrodes 
of the pair of silicon controlled rectifiers, the remaining 
get of like electrodes of the pair of silicon controlled rec 
tiflers being adapted to be directly connected in common 
to one terminal of a direct current source of electric 
potential, a commutating interval current limiting reactor 
interconnected between the center tap of the center tapped 
winding and the remaining terminal of tha source of 
direct current electric potential, a commutating capacitor 
and inductance connected in series circuit relationship be 
ween the first mentioned set of like electrodes of the 
silicon controlled rectifiers and in parallel with the center 
tapped winding, the commutating capacitor and induct 
ance being tuned to serie resonance at a commutating 
frequency substantially higher than the operating fre 
quency of the inverter, and a respective by-pass diode 
directly connected across each of said silicon controlled 
rectifiers in parallel orircuit relationship. 

14. The combination set forth in claim 13 wherein said 
commutating interval current limiting reactor comprises 
a third winding, and wherein said inverter circuit is fur 
ther characterized by means for coupling a load to the 
center tapped winding, and auxiliary circuit means opera 
tively coupled to said third winding for circulating the 
energy Istored in said third winding during commutating 
perioda. 

S. A new and improved inverter including in combi 
nation a pair of silicon controlled rectifiers, a commutat 
ing interval current limiting reactor comprised by a cen 
ter-tapped winding interconnecting the pair of silicon con 
trolled rectifiers in series circuit relationship, a pair of 
voltage-dividing capacitor connected in series circuit rela 
tionship across a direct current source of electric poten 
tial in parallel circuit relationship with the series circuit 
comprised by the center-tapped winding and silicon con 
trolled rectifiers, two commutating series circuits with each 
series circuit being tuned to series resonance at a com 
mutating frequency substantially higher than the operat 
ing frequency of the inverter and beirg formed by a com 
mutating capacitor and a second inductance connected in 
series circuit relationship, the two series circuits thus 
formed are in turn connected in series circuit relation 
ship across the direct current source of electric potentiali 
in paraliei with the series circuit comprised by the centcr 

10 

5 

20 

30 

40 

4 

70 

5 

26,842 
16 

tapped winding and silicon controlled rectifiers, means 
connecting the juncture of the two commutating series 
circuits to the center tap point on the center tapped wind 
ing with the inverter being adapted to have a load con 
nected between the juncture of the voltage dividing capaci 
tors and the juncture of the series commutating circuits, 
and a respective diode directly connected across each of 
said silicon controlled rectifiers in parallel circuit rela tionship. 

16. The combination set forth in claim 15 further char 
acterized by auxiliary circuit means operatively coupled 
to said center tapped winding for circulating the energy 
stored in said tapped inductance during the commutating 
periods. 

17. A new and improved multi-phase invegier employ 
ing the single-phase inverters of the type set forth in 
claim 1 wherein the loads of the individual inverters are 
interconnected to provide a_multi 

18. A new and improved multi-phase inverter compris 
ing three single phase inverters of the type set forth in 
claim 9 wherein the loads are effectively interconnected 
between the center taps of the center tapped windings in 
the first und second inverters, the second and third invert 
ers, and the first and third inverters. 

19. A new and improved full waye bridge inverter in 
cluding in combination two series circuits adapted to be 
connected in parallel circuit relationship across a direct 
current source of electric potential, each of said series cir 
cuits being comprised by a pair of silicorn controlled recti 
fiers and a center tapped winding interconnecting the pair 
of silicum controlled rectifiers in series circuit relation 
ship, a commutating capacitor and second inductance in 
terconnected in series circuit relationship between the 
center taps of the center tapped windings of each of 
said first nentioned series circuits, the commutating ca 
pacitors and second inductance being tuned to series res 
onance at a commutating frequency substantially higher 
than the operating frequency of the inverter with the in 
verter being adapted to have a load connected in para 
liel with the commutating circuit between the center taps 
of the first mentioned center tapped winding, a respective 
diode directly connected across each of the silicon con 
trolled rectifiers in parallel circuit relationship, and auxil 
iary circuit means operatively coupled to each of said cen 
ter tapped inductances for circulating the energy stored 
in said center tapped inductances during the commutating periods. 

20. A new and improved full wave bridge inverter in 
cluding in combination two series circuits adapted to be 
connected in parallel circuit relationship across a direct 
current source of electric potential, each of said series cir 
cuits being comprised by a pair of silicon controlled rec 
tifiers and a center tapped winding interconnecting the 
two silicon controlled rectifiers in series circuit relation 
ship, a pair of voltage dividing capacitors connected in 
series circuit relationship, with the series circuit thus 
formed being connected in parallel circuit relationship 
with both said first mentioned series circuits, first and sec 
ond commutating circuits each comprised by a series con 
nected commutating capacitor and second iniuctance 
tuned to series resonance at a commutating frequency 
substantially higher than the operating frequency of the 
inverter, one eud of said first and second commutating cir 
cuits being connected in common to the juncture of the 
voltage dividing capacitors with the remaining ends of each 
commutating circuit being connected to the center tap 
points of respective ones of said center tapped winding, 
a respective diode directly connected across each one of 
said silicon controlled rectifiers in parallel circuit relation 
ship, and auxiliary circuit means operatively coupled to 
each of said center tappcd windings for circulating the 
energy stored in said center tapped winding during the 
commutating interval. 

21. A new and improved full wave bridge inverter cir 
cuit including in çoambination two series circuits adapted 
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to be connected in parallel circuit relationship across a 
direct current source of electric potential, each of said 
series circuits being comprised by a pair of silicom con 
trolled rectifiers and a center tapped winding interconnect 
ing the two silicon controlled rectifiers in series circuit 
relationship, a set of two commutating circuits connected 
in parallel circuit relationship with said first mentioned 
two series circuits, each of said sets of commutating cir 
cuits comprising two series connected circuits, with each 
circuit being comprised by a capacitance and a series con 
nected second inductance tuned to series resonance at a 
commutating frequency that is substantially higher than 
the operating frequency of the inverter, the center tap of 
the center tapped winding in one of said first mentioned 
series circuit) being connected to the juncture of the two 
Series connected circuits in one of said sets of commutat 
ing circuits, and the center tap of the center tapped wind 
ing in the remaining first mentioned series circuit being 
connected to the juncture of the two series connected cir 
cuits in the remaining one of said sets of commutating cir 
cuits with a koad being adapted to be connected between 
the centcr tap points of the center tapped windings in 
said first mentioned pair of series circuits, a respective 
diode directly connected across each one of the silicon 
controlled rectifiers, and auxitiary circuit means operative 
ly coupled to each of said center tapped windings for cir 
culating the energy stored in said center tapped windings 
during the commutating periods. 

22. The combination set forth in claim 20 further char 
acterized by a load interconnected between the center tap 
points of the two center tapped windings, and gatiuug sig 
nal means operatively coupled to the gate ekectrodes of 
the silicom controlled rectifiers for phase controlling the 
gating-on of said silicon controlled rectifiers to thereby 
control the hagnitude of the bridge inverter output. 

23. The combination set forth in claim 21 further char 
acterized by a load interconnected between the center 
tap points of the two center tapped windings, and gating 
signal means operatively coupled to the gate electrodes of 
the silicon controlled rectifiers for phase controlling the 
gating-on of said silicon controlled rectifiers to thereby 
control the magnitude of the bridge inverter output. 

24. A new and inprover power circuit including in 
combination a pair of gate controlled current nwitching 
devices, a commutating interval current limiting reactor 
interconnected with the padr of eate controlled current 
nwiching devices with the ircuit thus formed being de 
riigned for connection across, a source of electric potential, 
a commutating circuit comprised by at lest one conra 
mutating capacitor and series connected second inductor 
operatively connected through at least a portion of the 
connutating interval current limiting reactor and through 
alternate oner of the current switching devices during 
periods of conduction of the samie across the source of 
electric potential whereby the commuta:ing capacitor is 
charged to a predetermined energy level during period 
of conduction of respective ones of said gate controlled 
current witching devices, and means for gating on the 
non-conducting one of the gate controlled current switch 
ling devices to discharge the commuta. ing capacitor and 
reverse blas the initially conducting one of said gate con 
frolled current switching devices to turn it off, the series 
circuit comprised by the commutating capacitor and sec 
ond inductor being tuned to series resonance at a con 
Priuating frequency having ar period substantially shorter 
than the load current conducting periods of the power 
circuit. 

25. The combination set forth in claim 24 further char 
acterized by a unidirectional conducting device directly 
connected acrossr each of the gate controlled currert 
switching devices din reverse polarity parallel circuit re 
lationship for circulating any excess reactive energy of 
the commutating capacitor during the commutaring 
periods of the gate controlled current nwitching devices. 

26. The combination set forth in claim 24 further char 
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to said commutatinig interval current limi ing reactor for 
circulating the energy stored therein during the commu 
taiing period. 

27. Tle combination set forth in clainn 24 wherein the . 
commutating interval current linni. ing reactor is a winding . 
which is tapped at its midpoint with the two winding : 
halves b.ring tightly coupled so that equal currents flowin 
in oppcsite directions in the winding halves producef 
ampereturn effects which cancell each other out. 

28. Tie combinationi set forth in claim 24 further char 
acterized by a load operatively coupled across the Fource 
of electric potential through at least onte of said gate con 
trolled citurrent switching devices. 

29. The combination set forth in claim 24 wherein said 
gate controlled current switching devices comprise silicom . 
controlled rectifiers. 

30. The combination set forth in claim 24 wherein the 
gate controlled, current switching devices comprise silicom . 
controlled rec.ifiers and wherein the commutauing interval 
current limiting reactor if a winding which is tapped a 
its center point with the two winding halves being rightly 
coupled so that equal currents flowing in opposite direc 
tions in the winding halves produce anpere-turn effects 
which cance each other out, and further characterized by 
auxiliary circuit means operatively coupled to said com 
muta:ing interval current lini ing reactor for circulating 
arry excess energy stored therein during the commutating 
pcricid, a load operatively coupled across the source of 
electric potential through at least one of said silicon con 
trolled rectifiers, and a unidirectional conductig device 
directly connected across each of the rilicon controlled 
reci?iers in reverse polarity, parallel circuit relationship 
for circula. ing any excess reactive energy of the commu 
tating capacitor during the cominutarting periods of the 
gate controlled devices, 

3. The combina.ion set forth in claim 24 wherein said 
gate controlled current switching devices comprise srilicon 
controlled rectifiers, and said unidirectional conducting 
devices comprise semiconductor diodes. 

32. An improved power circuit including in combinas 
tion a pair of conductivity controlled current nwitching 
devices, a fapped first lintear inductor interconnected with 
said pair of devices in series circuit relationship across 
a pair of power supply terminals which are adapted to be 
connected across a source of electric potential, a load 
circuit, means operatively coupled in series circuit rela 
tionship with art least one of said pair of devices through 
a paut of said tapped first linear inductor for coupling 
said load circuit across said power supply terminals for 
circula ing load current therethrough, and commutation 
circuit means comprising at least one commutating ca 
pacitor and serier connected second linear inductor op 
eratively connected between af leart one of said power 
supply terminals and through said tapped first inductor 
to said pair of devices for cominuta.ing off the devices, 
the series circuit comprised by the commutating capacitor 
and recond inductor being tuned to series resonance at a 
cronimutaling frequency havling a period which is sub 
stanially shorter than the load current conducting period 
of said power circuit, one of said pair of current switch 
ing devices being adapted to be intermittently conductive 
for discharging the commuta ing capacitor through the 
tapped first inductor and thereby fermina.ing the conduc 
tion of the other of said pair of devices. 

33. The combination set forth in caim 32 further 
characterízed by a unidirectional conducting device direct 
y connected across earch of the conductivity controlled 
current ruwitching devices in reverse polarity parallel cir 
cuit relationship for circulating any excess reactive energy 
of the commutating capacitor during the commutating 
periods of the conductivity controlled conducting devices. 

34. The combination set forth in claim 32 further . 
characterized by auxiliary circuit means operatively cou 
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p?ed to Jald tapped first linear inductor for circulating the 
'energy stored therei during the commutating period. 

35. The combination sef forth a claim 32 wherein the 
: tapped first linear inductor is a winding which is tapped 
at its midpoint with the two winding halves being tightly 
cpupled so that equal currents ?owing in opposite direc 
tions in the winding halves produce ampere-turn effects 
which cancell each other out. 

36. The combination set forth in claim 32 wherein 
said gate conductivity controlled current snwitching de 

. vices comprise silicon controlled rectifèrs. * 
37. The combination set forth in claim 32 wherein the 

conductivity controlled current switching devices com 
prire silicon controlled rectifiers and wherein the tapped 
first linear inductor is a winding which is tapped at its 
center point with the two winding halves being tightly 
coupled so that equal currents fillowing in opposite direc 
tlons in the winding halves produce ampere-turn effects 
which cancel each other out, and further çharacterized by 
auxiliary circult means opertively toupled to said com 
mutating interval current limiting reactor for circulating 
any excess enery stored therein during the commutating 
Period, anildirectional conducting deyice directly con 
rected acrors each of the silierun controlled rectifiers in 
reverse polarity, parallel circuit relationship for circulat 
ling any excess reactive energy of the commutating capac 
itor during the commutating periods of the gate con 
tpilled devices. 

38. The combination set forth in claim 33 wherein 
said conductivity controlled current Irwitching devices 
comprise stilicon controlled rectifiers, and said undirec 
tlqinal conducting devices comprise semiconductor diodes. 

39. Mn improved full-wave bridgè power circuit includ 
ing lin combination two series circuits connected in paral 
lel clrcuit relationship across a pair of power supply ter 
minalar that in turna are adapted to be connected across a 
source of electric potential, each of said series circuits be 
ing comprised by a pair of conductivity controlled current 
artyltching devices and a tapped first linear inductor inter 
connecting the pair of devices in series circuit. relationship, 
a load circuit interconnecting the tappoints of said first in 
ductors, and commutation circuit means comprised by at 
least one series circuit formed by a commutating capacitor 
and serdes connected second linear incluictor, said last 
mentioned series circuit being coupled between said pow 
er supply and one of said devices ih each air in its con 
ducting condition through the tap point oj the second 
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linear inductor connected to such device for commutating 
of the same, the series circuit comprised by the com 
mtuatatling capacitor and second inductor being tuned to 
serier resonance at a commutating frequency having a 
period which is substanutiarilly shorter than the load cúr 
rent conducting periods of the power circuit, one of said 
current switching dervices in each pair of series connected 
devices being intermittently conductive for discharging the 
commutating capacitor through the tapped first inductor 
connected thereto and thereby terminating the conduction 
of the other of said pair of devices. 

40. A bridge power circuit according to clain. 39 
wherein the commutation circuit means is comprised by a 
single series circuit formed by a commutating capacitor 
and series connected recond linear inductor connected in 
parallel circuit relationship with the load. 

41. A bridge power circuit according to claim 39 
wherein the commutation circuit means is comprised by 
two sfets of series circuits each formed by a commutating 
capacitor and series connected second linear inductor wiih 
each set being connected between the tap point of a re 
spective tapped first inductor and a tapped power source 
connected across the power supply ferminals. 

42. A bridge power circuit according to claim 39 
wherein the commutation circuit means is comprised by 
four sets of series circuits each formed by a commutating 
capacitor and series connected second linear inductor with 
each set being connected in parallel circuit relationship 
with a respective conductivity controlled current switching 
device and its series connected winding portion of the 
fapped first linear inductor connected thereto. 
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