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[57] ABSTRACT 
An inverter circuit for generating a stepped sinusoidal 
like output has a transformer with a center tapped pri 
mary winding, a source of DC. voltage connected be 
tween the center tap point and ground or other refer 
ence point, and a pair of switch means respectively 
connected between the opposite ends of the primary 
winding and the common reference point, which 
switch means are rendered conductive sequentially 
and during spaced intervals during which an output is 
desired. Primary winding shunting switch means is 
connectable across all or half of the primary winding 
to short circuit that part of the winding carrying cur 
rent to produce a substantially zero output between 
each pair of said spaced intervals. The primary wind 
ing shunting switch means most advantageously is a 
transistor or the like whose load terminals are con 
nected between the center tap point of the primary 
winding and the juncture of a pair of diodes respec 
tively connected to the opposite ends of the primary 
winding. 

11 Claims, 9 Drawing Figures 
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STEPPED SINUSOIDAL-LIKE WAVEFORM 
GENERATING INVERTER CIRCUIT 

This invention relates to apparatus for generating rel 
atively low frequency sinusoidal-like signals from a 
source of direct current, using relatively compact, 
light-in-weight components, and has its most important 
application in direct current powered single phase sine 
wave power supplies capable of delivering substantial 
amounts of power for various applications, such as 
power supplies for satellites and aircraft, where size, 
weight and/or cost limitations are important consider 
stigm 

- The generation of low frequency sinewave current of 
substantial magnitude generally requires extremely 
bulky equipment, whether it be an electromechanical 
device, such as motor generator equipment, or elec 
tronic circuits. Electronic circuits commonly generate 
sinewave currentfrom the output of a direct current 
energized square wave generator or inverter circuit 
whose output appearing across the output ‘of a trans 
former is filtered to provide a substantially sinusoidal 
waveform. A relatively recent development in elec 
tronic sinewave generator circuits produce an approxi 
mation of a'sinewave signal by the superpositioning of 
a number of square topped pulses of varying width and 
polarity to provide‘ a stepped waveform whose general 
outline resembles a sinewave.) , 
‘US. Pat. No. 3,579,081 discloses, as examples of a 

basic invention also utilized in the present invention, 
several low frequency sinusoidal sinewave generator 
circuits each comprising a major and one or more 
minor bridge circuits each comprising two circuit 
branches including a pair of current control devices or 
switches like transistors connected in series circuit rela 
tion across a source of DC. voltage. Each pair of 
switches in each circuit branch are rendered alternately 
conductive so only one of these devices is conducting 
at a time. Different complementary alternating voltage 
outputs, which suddenly vary between various finite 
values and zero at different instants of time, are ob 
tained across the output terminals of each of the bridge 
‘circuits located at the junctures between the pairs of 
switches in the circuit branches. The voltage outputs 
have a finitevalue about equal to the output of the DC. 
voltage source as two non-corresponding pairs of 
switches of the circuit branches are rendered alter 
nately conductive. In such bridge circuits, the maxi 
mum voltage which is applied to each of the switches 
is the applied DC. voltage, and load current flows 
‘through two switches connected in series across the ap 
plied D.C. voltage. These complementary voltage out 
puts are added together to produce a stepped sinusoi 
dal-like voltage waveform. , 

i The present invention provides stepped sinusoidal 
like waveforms preferably-utilizing at least a pair of 
center-tapped transformer inverter circuits which pro 
vide different component square topped voltage wave 
forms which suddenly vary between various ?nite val 
ues and zero at different instants of time and each of 
which circuits requires three rather than four switches 
and has load current ?owing only through one of the 
switches at a given time. This has the advantage of 
eliminating the voltage drop across one switch to in 
crease the efficiency’bf the circuit as well as reducing 
the cost and increasing the reliability thereof. However, 
the use of a cententa'pped transformer inverter circuit 
produces voltage conditions where the main inverter 
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2 
switches must withstand twice the applied DC. voltage, 
and so this circuit has its most advantageous applica 
tion in lower voltage application than the bridge re 
ferred too. In a center-tapped transformer inverter cir 
cuit, a pair of main transistor switches or the like are 
connected across the opposite ends of a center-tapped 
primary winding of a transformer and a common refer 
ence point. A source of DC voltage is connected be 
tween the center tap of the primary winding and the 
common reference point. Alternately rendering the 
transistors conductive over spaced intervals results in 
the flow of current in opposite directions respectively 
through the halves of the primary winding to produce 
voltage pulses of opposite polarity across the secondary 
winding of the transformer. To obtain a sudden zero 
output between the desired spaced conducting inter 
vals of the transistors without any build up of undesir 
ably high voltages across the transformer primary wind 
ing, a short circuit is directly provided across a winding 

.. of the transformer most advantageously across the half 
of the primary winding conducting current at a given 
instant of time. In the latter case, a transistor switch or 
the like is connected between the center tap of the pri 
mary winding and the juncture of a pair of diodes re 
spectively connected to the opposite ends of the pri 
mary winding so as to complete paths of current flow 
in the associated halves, of the primary winding. Each 
diode and the load terminals of the latter transistor ef 
fectively short circuits the associated half of the pri 
mary winding which thereby re?ects a short circuit of 
zero impedance condition across the terminals of the 
secondary winding. Properly timed control signals are 
fed to the control electrodes of the various transistors 
or other switch devices referred to>to produce the de 
sired plus, minus or zero output conditions across the 
transformer secondary winding. 

In high power capacity inverter circuits, it is usually 
desirable to use transformer coupled drive ampli?ers. 
Any feature which reduces the number of transformers 
in the drive ampli?ers will desirably materially reduce 
the cost, weight and size of an inverter system. With 
this end in mind, another feature of the invention is the 
utilization of a common drive transformer for two or 
more of the inverter switches of the same inverter cir~ 
cuit and/or for the two inverter circuits of the stepped 
sinusoidal¢like waveform generator circuit, even when 
the switches controlled by the common drive trans 
former have different conduction patterns. A still fur 
ther feature of the invention provides more perfect 
zero output intervals which, in the absence of such fea 
ture, is not achieved because of a transformer coupled 
voltage drop appearing across the primary winding 
shunting transistor switch and diodes. 
The above and other advantages and features of the 

invention will become apparent upon making reference 
to the speci?cation to follow, the claims and the draw 
ings wherein: 
FIG. 1 is a simplified diagram of a center-tapped 

transformer inverter circuit designed in accordance 
with the present invention; 
FIG. 2 shows the output from tthe inverter circuit of 

FIG. 1; 7 

FIG. 3 shows two center-tapped transformer inverter 
circuits each providing complementary pulsed output 
waveforms andconnected together to provide a more 
nearly sinusoidal-like‘resultant output; 
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FIG. 4 is an exemplary circuit diagram for the circuit 
‘shown in FIG. 3; 

FIG. 5 shows various voltages present at various des 
ignated points in FIG. 4; 
FIG. 6 shows an improvement in' the center-tapped 

' transformer inverter circuit shown in FIG. 4 which pro 
duces a more perfect Zero output condition than that 
possible with the circuit of FIG .' 4; 
FIG. 6A shows waveforms present in parts of the cir 

cuit of'FIGQ6; 
‘FIG. .7 shows a further improvement in the center 

tapped transformer inverter circuit of FIG. 4, used for 
high power applications where greater transistor drive 
is necessary; and , 

FIG. 8 is a simplified diagram of a center-tapped 
transformer inverter circuit constituting a lessadvanta 
geous form of the invention. 

Refer now to FIG. 1 which shows the simplest form 
of the invention. This inverter circuit, generally indi 
cated by reference numeral 2, includes a transformer 
4 having a center-tapped primary winding formed by 
two primary-halves 4a and 4b, and a secondary winding 
4c across which an output like El shown in FIG. 2 ap 
pears-[Switches S1 and S2, which may be transistors, 

‘20, 

25 

are connected respectively between the ends of the pri- - 
mary winding halves 4a and 4b and a common refer 
ence‘ point or ground 5. A source of D.C. voltage 6, 
which may be abattery, is connected between the cen 
ter-tapped ‘point (of the said primary ‘winding and 30 
ground. Switch means S3, which may include a control . 
switch like a ‘transistor and diodes to be described, is 
connected across the primary winding 4a. When the 
control switch involved is rendered conductive, a short 
circuit-forming pathv is formed no matter what the po 
larities of the voltages or currents in the circuit are at 
the time involved. This short circuit is then re?ected 
across the secondary winding 40 to provide an effective 
near zero impedance across the secondary winding to 
effect a zero voltage output condition for the inverter 
circuit. A control circuit 7 is provided having a number 

35 

40 

4 
To provide a stepped sinusoidal-like voltage wave 

form, one or more other pulse waveforms can be added 
to the waveform E1 shown in FIG. 2 as, for example, 
the waveform E2 shown in FIG. 5, which for each half 
cycle of waveform E1 supplies additive pulses during 
the first and last 30° interval and during the middle 60° 
interval of each half cycle. These pulses have an ampli 
tude approximately one-third that of the amplitude of 
the waveform E1. (Other more complex waveforms 
may be added, such as those shown in said U.S. Pat. 
No. 3,579,08l). Waveform E0 in FIG; 5 represents the 
summation of the waveforms E1 and B2. In the present 
invention, to provide a waveform like E2, a second cen 
ter-tapped transformer inverter circuit 2’ is provided in 
addition to the inverter circuit 2, as shown in FIG. 3. 
(The inverter circuits 2 and 2’ will sometimes be re 
ferred to as the major and minor inverter circuits). The 
inverter circuit 2’ shown in FIG. 3 is substantially iden 
tical to the inverter circuit 2 (and corresponding parts 
thereof have been similarly identified in FIG. 3 except 
for the addition of a prime _(') to the reference charac 
ters) except that the turnsratio of the primary and sec 
oridary windings of the‘ transformers 4 and 4"‘and the 
control signal waveforms produced by control circuits 
7 and 7’ are different. The secondary windings‘4c and 
4c’, are‘ connected in_ series acrossoutput'terminals8 
a'nd"10 at which the output. waveform E0‘ inFIG. 5 ap 
pears. ' .0 . _ i .' ‘ 

vRefer now to the circuit diagram shown in FIG. 4, 
which’ shows a transistorized embodiment of the inven 
tion where certain‘portions .of- the control, circuitry 7 
and7' used to control the~primary windingshort cir 
cuiting switch means 83 and S3’ are combined intoa 
common control circuit. As thereshown, the various 
transistor switches S1, S2, 51-’ and S2’ are NPN type 
transistors with the collectors 12c of the transistor 
switches 81 and S2 and the collectors 12c’ of the tran 
sistor switches S1’ and S2’ respectively connected to 
the outer ends of the associated primary winding halves 
4a-4b and 4a'-4b'. To provide a path for current ?ow 

- for out-of-phase current components ‘where reactive 
of different output lines carrying various control signals _ 
and respectively connected to switches S1 and S2 and 
the control switch-of switch means S3 to control the 
conduction, and‘ non-conduction thereof. vWhen the 
switch S1 is rendered conductive for a given‘ interval, 

- current ?ows through primary winding half 4a and the 
switch S1 connected in series across the terminalsof 
the D.C. voltage source 6, to induce a‘?at topped ‘pulse 
of one polarity across the secondary winding 4c of the 
transformer 4. Such a pulse lasting for a 120° half cycle 
centered interval is'shown during the first half cycle of 
the waveform E1 shown" in FIG. 2'. When the switch S2 
is rendered conductive for a given‘ interval, current 
?ows. in the'opposite direction through the other pri 
mary winding half 4b and the switch S2 connected in 
series across the terminals of the D.C. voltage source 
6, to induce a flat topped pulse of opposite polarity 
across the. econdary winding 4c of the transformer 4. 
Such a‘ pulse of opposite polarity lasting for a 120° 
interval centered in the second half cycle is shown by 

2. To quickly terminate the ?ow of current in the pri~ 
mary winding to effect a zero output condition interval 
(like the 60° zero output interval between the positive 
and negative pulses of the waveform Elshown in FIG. 
2), the control switch portion of‘ switch means S3 is 
rendered conductive for the interval involved. 

45 

‘the negative going portion of the waveform E1 in FIG. 1 

65 

loads are utilized, reverse current conducting diodes 
20-22 and 20'-22' are respectively connectedacross 
theemitter and collector pairs of the transistor switches 
s1-s2 and s1'-s2'. ' _ _ . ' ' 

The primary winding bypassing-transistor control 
switches of switch means S3 and S3’ as illustrated are 

‘PNP type transistors 14 and 14' having ‘their emitters 
14e-14e’ connected to the center-tap points of the 
associated primary windings of the transformers 4 
and 4’. The collectors l4c—14c' of the transistors 
14-14’ are respectively‘connected to the juncture 
points of pairs'of ‘diodes 16-18 and 16518". The 
.arlgésssithsdiode pairs 16:18. and .16'—18’ are. 
respectively connected to’ the collectors 14c—-l4c’ 
of the transistors 14-14’, and the cathodes thereof 
are respectively connected to the outer ends of 
the primary windings of the associated transformers 
4 and 4’. When current is flowing through the pri 
mary winding half 4a or 4a’, the conduction of 
the transistors 14 _or 14' will establish a current path for 
the current ?owing in the associated winding half 4a or 
4a’, and to effectively short circuit the associated trans 
vformer secondary winding 40 and prevent the build-up 
of high voltages when the associated transistor switch 
S1 or S2 is rendered non-conductive. This current path 
includes the emitter and collector of the transistor 14 
or 14' and the'diode 16 or 16’. Similarly, when current 
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is ?owing in the primary winding half 4b or 4b’, the 
conduction of transistor 14 or 14' establishes a short 

current forming Path across. tbgassgciatsd primary 
winding half 4b or 4b’ and including the emitter and 
collector of the transistor 14 or 14’ and the asso 
ciated diode 18 or 18’. In FIG. 4, a common source 
of D.C. voltage 6 is utilized for both major and 
minor inverter circuits 2 and 2’. Accordingly, the 
positive terminal of the D.C. voltage source 6 is' 
connected to the center-tap points of the primary 
windings of the transformers 4 and 4' and the negative 
terminal thereof is grounded. 
The bases 12b of the transistor switches S1 and S2 of 

the major inverter circuit 2 are respectively connected 
to outputs 24a and 24b of a major circuit turn-on drive 
means 24 at which outputs the control signal wave 
forms 3a and 3b shown in FIG. 5 appear. Each of these 
waveforms provides a positive output during the inter 
vals at which the associated transistors are to be ren 
dered conductive which, in the example of the inven 
tion being described, is a centered 120° interval for one 
half cycle of each cycle of operation of the inverter cir 
cuit. Similarly, the bases 12b’ of the transistor switches 
S1’ and S2’ of ‘the minor inverter circuit 2' are respec 
tively connected to control signal outputs 24a’ and 
24b’ at which the control signals Ea’ and Eb'shown in 
FIG. 5 appear. Each of the ‘waveforms Ba’ and Eb’ 
provide a 30° positive pulse for the ?rst and last 30° 
intervals and a centered 60° positive pulse of the half 
cycle during which the associated transistor switch is to 
be rendered conductive. Such pulses will render the as 
sociated NPN transistors conductive duringthe period 
such positive pulses exist. 
For high power inverters, a simple drive circuit for 

the primary wining bypassing transistor switches 14 and 
14’ would probably not suffice. Accordingly, the cir 
cuit of FIG. 4, which is assumed to be one requiring a 
relatively high power drive to the transistors 14-14’ in 
cludes a unique control circuit which utilizes only one 
main drive transformer for both the major and minor 
inverter circuits. To avoid transformer core saturation, 
it is important that, cover a cycle of operation of the 
transformer involved, approximately the same amount 
of positive and negative ampere turns of ?ux generating 
power are produced within the transformer core. It 
should be observed that the zero outputintervals of the 
output waveforms E1 and E2 of the major and minor 
inverter circuits, during which the primary winding by 
passing transistors 14-14' are to be respectively con 
ductive, occur at different intervals of time, and over 
a cycle of operation of the inverter circuit occupy the 
same total periods, namely 240° (120° each half cycle). 
This fact is taken advantage ofin the design of the drive 
circuit. 
Accordingly, the turn-off drive circuit includes a 

drive transformer 26 with a center-tapped primary 
winding having primary windings halves 26a - 26b, the 
juncture of which is connected to one of the terminals 
of a source of D.C. voltage, a positive terminal in the 
exemplary circuit being described, which may be the 
positive terminal of the D.C. voltage source 6. Trans 
former 26 has a center-tapped secondary winding with 
secondary winding halves 26c - 26d. The center-tap 
point of the secondary winding is connected to the pos 
itive terminal of the D.C. voltage source 6 to which the 
emitter l4e-l4e’ of the transistors 14-14’ are also con 
nected. The outer ends of the secondary winding halves 
26c - 26d are respectively connected by conductors 

6 
27-27’ to the basesll4b-l4b' of the PNP transistors 
14-14’ which require a negative voltage to render them 
conductive. The voltage appearing between the outer 
terminal of the secondary wind half 26c and the posi 
tive center tap point thereof control the conduction of 
the transistor 14, and the voltage appearing between 

. the outer terminal of the secondary winding half 26d 
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and the positive center tap point thereof controls the 
conduction of the transistor 14'. 

The outer terminals of the primary winding halves 
26a - 26b are respectively connected to the collectors 
18c-30c of a pair of NPN transistors 28 - 30 forming 
part of an inverter circuit. The emitters 28e-30e of the 
transistors 28-30 are shown connected to a common 
ground point, and the bases 28b —30b thereof respec 
tively are shown connected to the output terminals 
32a-34a of major and minor circuit turn-off drive 
means which generate the control signal waveforms 
Ec-Ec' shown in FIG. 5, which respectively render 
NPN transistor switches 28-30 conductive during the 
positive “1” amplitude intervals of the waveforms 
Ec-Ec'. It will be noted that the control signals Ec - Ec' 
fed to the bases 28b-30b have their positive “ l ” ampli 
tude levels at different instants of time and, over a full 
cycle, the sum of the “l ” amplitude intervals thereof, 
is the same for the-two waveforms. Since conduction of 
transistor switches 28-30 effects current flow respec 
tively in opposite directions through primary winding 
halves 26a-26b, the plus and minus ampere turns gen 
erated in the transformer 26 over an operating cycle 
are equal, providing a balanced operation of the trans 
former. 

When transistor 28 is conductive and current ?ows 
through the upper primary winding half 2611 of the 
transformer 26, the outer or upper terminal of the sec 
ondary winding half 26c viewed in FIG. 4 will be nega 
tive with respect to the positive center tap point thereof 
and the outer or bottom terminal of the secondary 
winding half 2611 will be positive with respect to the 
positive center tap point thereof. Since these terminals 
are respectively connected by the conductors 27-27’ to 
the bases of PNP transistors 14-14’ where a negative 
voltage effects conduction and a zero or positive volt 
age effectnon-conduction thereof, it is apparent that 
the intervals during which transistor switch 28 is con 
ductive will only have an effect upon the transistor 14 
of the major inverter circuit 2. Similarly, when the tran 
sistor 30 is rendered conductive and current ?ows 
through the bottom primary winding half, the bottom 
or outer terminal of the secondary winding half 26b will 
be negative with respect to the positive center tap point 
thereof and the outer or upper terminal of the second 
ary winding half 260 will be positive with respect to the 
center tap point thereof. Conduction of the transistor 
30 will, therefore, only result in the conduction of the 
transistor 14’ of the minor inverter circuit 2'. 

In order to effectively terminate all current flow in 
the transformer 26 during those intervals when the 
transistor switches 28-30 are both to be in a non 
conductive state, an additional secondary winding, 
which is illustrated as center-tapped winding having 
secondary winding halves 26e-26f, is provided on the 
transformer 26, so that one or the other of these wind 
ing halves can be short circuited. This has the same ef 
fect as short circuiting the .primary winding. The junc 
ture points of the secondary winding halves 26e-26f is 
grounded, and the outer terminals thereof are respec 
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tively coupled through similarly connected diodes 
38-40 to a common point, in turn, connected to the 
collector 360 of an NPN transistor switch 36. The emit 
ter 36:: of the transistor switch 36 is grounded and the 
base 36b thereof is connected to the output 42a of a 
turn-off aiding means 42, which is a circuit generating 
the waveform ' Ed in FIG. 5 which comprises 60° 
positive pulses occuring during the intervals when the 
transistor ‘switches 28-30 are both non-conductive. 
When such positive pulses are fed to the NPN transistor 
switch'36, the same becomes conductive to effectively - 
short circuit that secondary winding half 26e or 26f 
across which a voltage is induced of a polarity which 
effects conduction of the associated diode '38 or 40. 
Refer now to FIG. 6 which show a further improve 

ment in the inverter circuits 2 - 2' shown in FIG. 4. 
When currentiflows through either of the primary 
winding bypassing transistors 14 or 14' and the sso 
ciated diodes 16-18 or 16'-18’, the voltage drop oc 
curring across these elements acts as a low voltage, 
source of, for example, the order of magnitide of l ‘k 
volts. This voltage source is stepped up by the inductive 
coupling between the associated primary winding half 
4a-4a' or 4b-4b’, and appears as an undesired voltage, 
for example, three or four times this amount across the 
associatedfsecon'dary winding 40 or 40’. In the pre 
ferred form of the invention,fthis voltage is substan 

‘ tially eliminated by circuitry like that shown in FIG. 6 
which includes the addition of a low power transformre 
44 having a primary winding 44a and ‘secondary wind 
ing 44b -' 44b’. One of the corresponding terminals of 
primary‘vwinding 44a is shown grounded and the other 
terminal thereof isconnecteti to the output 48a of a cir 
cuit turnoff drive means 48 which is a circuit which 

, generates, for example", the waveform Ee shown in FIG. 
6A when- the inverter circuit involved is the major in 
verter'circuit 2, and the waveform Ee' shown therein 
when the inverter circuit involved is the minor inverter 
circuit 2’. As shown in FIGS. 6A,‘ the waveforms Be and 
Be’ comprises pulses alternating between apositive “ l ” 
and. a negative “I” amplitude level during intervals 
which the primary circuit shorting transistors 14-14' 
areconductive. One of the corresponding ends of the 

- secondary windings 44b-44b’ (the upper ends as illus 
trated)'of the transformer 44 are respectively con 
nected to the cathode of the diode 16 or 16' and the 
‘outer or bottom end of the primary winding half 4b or 
4b’ of‘the transformer 4 or 4'. The bottom ends of the 
secondary windings 44b-44b’ are respectively con 
nected to the outer or upper endof the primary wind 
ing half 4a or 40' of the transformer 4 or 4' and the 
cathode-of diode 18 or 18'. The anodes of the diodes 
16- 18 or l6’-'18' are respectively connected to the 
collector l4c-14c' of the transistor 14 or 14'‘. The cath 
odes of the latter diodes, instead of being connected to 
the outer ends of the primary winding halves 4a-4b or 
4a'-4b' of the transformers 4 or 4' as in the case of the 
circuit of FIG. 4, are‘instead connected to the non 
corresponding ends of the secondary windings 44b - 
44b’. Accordingly, when the voltage at the end of the 
secondary winding 44b connected to the cathode of the 
associated diode 16 or 16' is negative with respect to 
the opposite end thereof, the end of the secondary 
winding 44b’ connected to the cathode of diode 18 or 
18' will be positive with respect to the opposite end 
thereof, and visa versa. Thus, each half cycle, the polar- ' 
ity of the voltages induced into the secondary windings 
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8 
44b-44b’ alternate from that present during the previ 
ous half cycle. 
The phase of the voltage waveforms Be and He’ 

applied to the primary winding 44a-44b' of the trans 
formerv 44 is such that the polarity of the voltages in 
duced across the secondary windings 44b-44b’ cancel 
the voltage drop occurring across the conducting tran 
sistor 14 or 14' and the .then conducting diode 16 or 
16', or 18 or 18'. The amplitude of the voltages in 
duced in the secondary windings 44b-44b’ is such as 
substantially to'cancel out the voltage drops developed 
across the transistor 14 or 14' and the diodes 16-18 or 
16"—l8',‘so ‘that there will be little or no resultant volt 
age coupled into the secondary windings 4c or 4c’. 
(The polarities shown in FIG. 6 of the voltages involved 
correspond to the polarities of the voltages present dur 
ing the conducting intervals of the diodes and transistor 
switches involved, which occur during different half cy 
cles). 
‘For especially high power inverter systems, such as 

for inverters above a kilovolt ampere of capacity, it is 
desirable also to utilize drive circuits for the main tran 
sistor switches 81-82 and S1’-S2' of ‘the major and 
minor inverter circuits 2 and 2’ like that shown in FIG. 
7. Such drive circuits are similar to the drive‘circuits 
shown in FIG. 4 for-driving the primary circuit bypass 
ing transistors 14-14’. Accordingly, a transformer 50 is 
provided having a center-tapped primary winding con 
stituted by primary winding halves 50a-50b to the junc 
ture point of which'is connected the positive terminal 
of a source of D.C. voltage, like the D.C. voltage source 
6, and a center-tapped secondary winding having sec 
ondary winding halves 50c-50d, the juncture point of 
‘which is grounded. The opposite ends of the secondary 
winding halves 50c-50d_ are respectively connected to 
the bases ‘of the associated pairs of main transistor 
switches 81-82 or Sl'-S2'. ‘A pair of NPN transistor 
switches 52-54 are provided having collectors 52c-54c 
connected to the opposite ends of the primary winding 
halves 50a-50b, and grounded emitters. The bases 
52b-54b of the transistor switches 52-54 respectively 
are connected to the output terminals 56a-56b of turn 
on drive means 56, which terminals respectively have 
the control voltage waveforms Ea-Eb' or Ea'-Eb’ 
shown in FIG. 5 applied thereto to effect the desired 
conduction of the transistor switches 52-54. To termi 
nate conduction in the transformer windings during the 
intervals the transistor switches 52-54 are not to be 
conducting, a secondary windingcomprising secondary 
winding halves 50e-50f is provided on‘the transformer 
50, the juncture point of which is grounded and whose 
opposite ends are respectively connected through di 
odes 60-62 to the collector 58c of a NPN transistor 58 
whose emitteris grounded and whose base is connected 
to the output terminal 64a of a turn-off drive means 64 
which produces-a control voltage waveform having a 
positive ‘v‘l” amplitude level, during those intervals 
when the transistors 52-54 are both non-conductive, 
namely during the “ l ” amplitude intervals of the wave 
forms Ec or E0’ shown in FIG. 5. 

It should be understood that filter circuits (not 
shown) would be connected to the output of the vari 
ous generator circuits above described to provide a 
substantially ripple-free sinusoidal-like waveform. 
The various specific forms of the present invention 

above described provide very effective, efficient, single 
phase stepped sinusoidal-like waveform generator cir 
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cuits of minimum complexity, weight and size for ap 
preciable' power handling capacities. Three such single 
phase circuit properly phased could provide a three 
phase system, where desired. 

it should be understood that numerous modifications 
may be made in the most preferred forms of the inven 
tion described without deviating from the broader as 
pects thereof. For example, while an important specific 
aspect of the invention is the location of the short cir 
cuit producing switch means 3 as described across the 
primary windings of the transformer where in the bat 
tery operated systems, voltages of lower magnitude are 
present thereby requiring lower voltages and less ex 
pensive transistors, in accordance with the broader as 
pects of the invention, the switch means for effecting 
an effective short circuit across the secondary winding 
4c of the output transformer 4 may be located across 
the secondary winding 40 as illustrated in FIG. 8. As 
there shown, a PNP transistor 14" is shown with its 
emitter 14a” connected to the juncture of the cathodes 
of diodes l6a-18a whose anodes are respectively con 
nected across the upper and lower ends of the second 
ary winding 4c, and its collector Me” is connected to 
the juncture of the anodes of diodes l8b-l6b whose an 
odes are respectivelyconnected across the upper and 
lower ends of the secondary winding 40. The base 14b" 
of the transistor 14" is connected to the output of the 
control circuit 7 which provides pulses during those in 
tervals when it is desired to produce ‘a zero output for 
the inverter circuit. It is thus apparent that when the 
upper end of the secondary winding 4c is positive with 
respect to the bottom end thereof, a short circuit path 
is established extending through the diode 16a, the 
emitter and collector of transistor 14 and the diode 16. 
When the upper end of the secondary‘ winding 40 is 
negative with respect to the bottom end thereof, a short 
circuit path is established extending through diode 18a, 
the emitter to collector of transistor 14" and the diode - 
18b. 

1 claim: 
1. A stepped alternating voltage generating circuit 

comprising: a transformer having a center tapped pri 
mary winding and at least one secondary winding: a 
source of DC. voltage having a pair of DC. output ter 
minals, said DC. output terminals being connected be 
tween a center tap point on said primary winding and 
a reference point; first and second switch means re 
spectively connected between the ends of said primary 
winding and said reference point; control means for al 
ternately rendering said switch means conductive dur 
ing spaced intervals to effect current flow sequentially 
in opposite directions through different halves of said 
primary winding to generate pulses alternating in polar 
ity in said secondary winding spaced by intervals where 
the output is substantially zero; and means for ensuring 
the sudden and continued disappearance in the output 
across said secondary winding during said spaced inter 
vals including third switch means connectable across a 
winding of said transformer, and control means for ren 
dering the latter switch means conductive during said 
spaced intervals wherein said third switch means is a 
current control device having a pair of load terminals 
connected in series with the center top point of said pri 
mary winding, and there is associated with said third 
switch means a pair of recti?er means connected re 
spectively in the same sense between the load terminal 
of said current control device remote from said'primary 
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winding and the'opposite ends of said primary winding, 
to form respective paths shunting the respective halves 
of the primary winding to bypass the current flow 
therethrough. 

2. A stepped alternating voltage generating circuit 
comprising: a major and a minor inverter circuit, each 
inverter circuit comprising a transformer having a pri 
mary winding and at least one secondary winding, a 
pair of DC. voltage input terminals connected between 
a center tap point on said primary winding and a refer 
ence point, first and second switch means respectively 
connected between the ends of said primary winding 
and said reference point, first control means for alter 
nately rendering said ?rst and second switch means 
conductive during spaced intervals to effect current 
?ow sequentially in opposite directions through differ 
ent halves of said primary winding to generate pulses 
alternating in polarity in said secondary winding spaced 
by intervals where the output is substantially zero, and 
‘means for ensuring the sudden and continued disap 
pearance in the output across said secondary winding 
during said spaced intervals comprising third switch 
means connectable across a winding of said trans 
former and second control means for rendering the lat 
ter switch means conductive during said spaced inter 
vals; the control means ofsaid major and minor bridge 
circuits rendering the associated first, second and third 
switch means conductive in different but complemen 
tary conduction patterns so the summation of the out 
puts of the secondary windings of the associated trans 
formers produces a stepped, sinusoidal-like waveform; 
and means connecting the secondary windings of the 
transformers of said major and minor bridge circuits in 
series voltage additive relation. 

3. The circuit of claim 2 wherein said third switch 
means of each inverter circuit is a current control de 
vice having a pair of load terminals connected in series 
with the center tap point of said primary winding and 
a control terminal which effects conduction of the 
‘switch means when a drive signal of a given polarity is 
fed thereto by said second control means, and there is 
associated with each third switch means a pair of recti 
fier devices respectively coupled in the same sense be 
tween the load terminal of said current control device 
remote from said primary winding and the opposite 
ends of said primary winding, to form respective paths 
shunting the respective halves of the primary winding 
to bypass the current ?owing therethrough. 

4. The circuit of claim 2 where the conduction pat 
tern of the first, second and third switch means of said 
major inverter circuit is that said first and second 
switch means are identically alternately rendered con 
ductive during successive half cycles, each such switch 
means having one conducting interval occupying a ma 
jority of and centered in the half cycle involved, leaving 
relatively narrow non-conducting intervals at the be 
ginning and end of the half cycle, and the third switch 
means is conductive during the intervals when said first 
and second switch means are not conductive; the con 
duction pattern of the first, second and third switch 
means of said minor inverter circuit is that said first and 
second switch means are identically alternately ren 
dered conductive during successive half cycles, each 
such switch means having during each half cycle when 
the same is conductive a half cycle centered conduct 
ing interval and conducting intervals corresponding to 
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said narrow hon-conducting intervals of the corre 
sponding switch means of the major inverter circuit. 

5. The circuit of claim 3 wherein the conduction pat 
tern of the first, second and third switch means of said 
major inverter circuit is that said ?rst and second 
switch means are identically alternately rendered con 
ductive during successive half cycles, each such switch 
means having only one conducting interval occupying 
a majority of and centered in the half cycle involved, 
leaving relatively narrow non-conducting intervals at 
the beginning and end of the half cycle, and the third 
switch means is conductive during the intervals when 
said first and second switch means are not conductive; 
the conduction pattern of the ?rst, second and third 
switch means of said minor inverter circuit is that said 
first and second switch means are identically alter 
nately rendered conductive during successive half cy 
cles, each such switch'means having during each half 
cycle when the same is conductive only a half cycle 
centered conducting interval and conducting intervals 
corresponding to said narrow non-conducting intervals‘ 
of the corresponding switch means of the major in 
verter‘circuihthe sum of the non-conducting intervals 
of‘ the first and second switch means of the major in 
verter circuit over each cycle thereof being substan 
tially the’ same as the sum of the non-conducting inter 
vals of the first and second switch means of the minor 
inverter circuit; and said second control means of the 
said major and minor inverter circuits being a common 
inverter drivecircuit comprising a transformer having 
a center-tapped primary winding and at least one, sec 
ondary winding, a source of~D.C. voltage having a pair 
of D.C. output terminals, said D.C. output terminals 
being connected between a center tap point on said‘pri 
mary windingand a reference point, first and second 
switch means respectively'connected between the ends 
of said primarywinding and said reference point, the 
latter secondary winding having a center tap point cou 
pled to said reference point pf said- major and minor in 
verter circuits and the opposite ends thereof being re 
spectively connected to said'control terminals of said 
third switch means of said major and minor inverter cir 
cuits, major inverter circuit turn-off drive means and 
minor inverter circuit turn-off drive means for respec 
tively rendering said first and second switch means of 
the'common‘drive inverter circuit conductive over in-' 
tervals corresponding to the desired conducting inter 
vals of said third switch means to said major and minor 
inverter'circuits. , i i ' ' 

6. An inverter circuit for cyclically driving vtwo sepa 
rate current control devices conductive in a conduction 
sequence wherein one of the current control devices is 
to be rendered conductive at a different time and more 
frequently than the other of same over a given cycle, 
each of said current control devices having load termi 
nals and a control terminal which effects the conduc 
tion through the load terminals when voltage of the 
same given polarity is applied thereto, said inverter cir 
cuit comprising: a transformer having a center tapped 
primary winding and at least one center tapped second 
ary winding, a pair of D.C. input terminals ‘connected 
between the center tap point on said primary winding 
and a common reference point, ?rst and second switch 
means respectively connected between the ends of said 
primary winding and said reference point, means con 
necting the opposite ends of said center tapped second 
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12 
pair of current control devices, and first and second 
control means for respectively controlling the conduc 
tion of said first and second switch means in accor 
dance with the desired conduction patterns of said first 
and second current control devices, said ?rst and sec 
ond control means effecting cyclic conduction patterns 
of said ?rst and second switch means wherein a summa 
tion of the conducting intervals of each of said first and 
vsecond switch over a given cycle of operation is identi 
cal to provide balanced operation of the transformer. 

7. The inverter circuit of claim 6 wherein said first 
and second current control devices and said first and 
second switch means are to be rendered conductive 
during spaced conducting intervals requiring cesession 
of current ?ow in said center tapped primary winding 
of the inverter circuit over prolonged intervals of time, 
and there is provided a second center tapped secondary 
winding on said transformer whose center tap point is 
connected to said common reference point and whose 
opposite ends thereof are coupled to a pair of recti?er 
means connected in the same sense to a common point, 
third switch means'connected between said common 
point and said common reference point, and control 
means for said third switch means for ‘rendering the 
‘same vconductive‘during those intervals when current 
flow is to cease said center tapped primary winding, 
conduction of said third switch meansian'd one of said 
recti?er means establishing a low impedance short 
circuiting path across one of the halves ofsaid center 
tapped secondary winding. 

8. An inverter circuit comprising: a transformer hav 
ing a center tapped primary winding and at least one 
secondary winding, a pair of D.C. input terminals con 
nected between the center tapped primary winding and 
_a reference point, ?rst and second means respectively 
connected between the ends of said primary winding 
and said reference point, control means for rendering 
said first and second switch means conductive respec 
tively over spaced intervals of time wherein only one or 
the other of said switch means is conductive over any 
given interval and that interval is spaced from an inter 
val during which the other switch means is to be ren 
dered conductive, the conduction of said first and sec 
ond switch means respectively resulting in current flow 
in opposite direction in different halves of .the center 
tapped primary winding, means for terminating current 
flow through said primary winding between the. spaced 
‘intervals during which the first and second switch 
means-are conductive comprising a center tapped sec 
ondary winding of said transformer having a center tap 

_ point connected to said reference point and a pair of 
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ary winding respectively to the control terminals of said - 

recti?er means connected in the same sense to a com 
mon point, and third switch means connected between 
said common point and said reference point, and con 
trol means for rendering said third switch means con 
ductive when termination in the current ?ow through 
both halves of said primary winding is desired, to estab 
lish a short circuit path through said third switch means 
and one of said recti?er means across one of the halves 
of said center tapped secondary winding. 

9. A stepped alternating voltage generating circuit 
comprising: a transformer having a center-tapped pri 
mary winding and at least one secondary winding, a 
pair of D.C. input terminals connected between a cen 
ter tap point on said primary winding and a reference 
point, first and second switch means respectively con 
nected between the ends of said primary winding and 
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said reference point, control means for alternately ren 
dering said first and second switch means conductive to 
effect current flow sequentially in opposite directions 
through different halves of said primary winding, to 
generate pulses alternating in polarity in said secondary 
winding and spaced by intervals where the output is 
substantially zero, and turn-off means for ensuring the 
sudden and continued disappearance in the output 
across said secondary winding during said spaced inter 
vals including third switch means connectable across at 
least the half of said primary winding carrying current 
at any instant, control means for rendering the latter 
switch means conductive during said spaced intervals, 
the conduction of said latter switch means resulting in 
a voltage drop thereacross which when applied across 
the primary winding will effect an imperfect zero out 
put across said secondary winding, and zero output aid 
ing means including means for applying a voltage in se 
ries with said switch means and said primary winding 
which substantially cancels the voltage otherwise ap 
plied across said primary winding halves during the pe 
riod a zero output is desired. 

10.;The circuit of claim!) wherein said third switch 
means is a current control device having a pair of load 
terminals connected in series with a center tap point of 
said primary winding and there is associated with said 
third switch means a pair'of recti?er means respec 
tively coupled in the same sense to-the load terminal of 
said current control device remote from said primary 
winding; and said zero output aiding means comprises 
second transformer means having a primary winding 
and a pair of secondary windings respectively con 
nected‘ in an opposite sense between the opposite ends 
of said center tapped primary winding of the first men 
tioned transformer and said pair of rectifier means, and 
a source of alternating voltage connected to said pri 
mary winding of said second transformer means to pro 
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duce in said respective secondary windings thereat 
voltages of a polarity which respectively cancel out the 
voltage drop across the associated recti?er means and 
said third switch means during the half cycle when the 
associated recti?er means is operative to shunt the as~ 
sociated primary winding half. 

11. A stepped alternating voltage generating circuit 
comprising: a transformer having a center-tapped pri 
mary winding and at least one secondary winding, a 
pair of DC. input terminals connected between a cen 
ter tap point on said primary winding and a reference 
point, first and second switch means respectively con 
nected between the ends of said primary winding and 
said reference point, control means for alternately ren 
dering said first and second switch means conductive to 
effect current ?ow sequentially in opposite directions 
through different halves of said primary winding to gen 
erate pulses alternating in polarity in said secondary 
winding and spaced by intervals where vthe output is 

. substantially zero, and turn-off means for ensuring the 
- sudden and continued disappearance in the output 
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across said secondary winding during said spaced inter 
‘vals including third switch means having' a pair of load 
terminals connected in series with the center tap point 
of said primary winding, and a pair of recti?er means 
respectively coupled in the same sense to the load ter 
minal of said third switch means remote from said pri 
mary winding, and means comprising second trans 
former means having a primary winding and a pair of 
secondary windings respectively connected in an oppo 
site sense between the opposite ends of said center 
tapped primary winding of the first mentioned trans 
former and'said pair of rectifier means, and a source of 
alternating voltage connected to said primary winding 
of said second transformer. 

' * * * * =l= 


