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This invention relates to electrical transform 
ers, especially pulse transformers and, in par 
ticular, to transformers for the production of 
pulses of extremely high voltage and short du 
rationïby means of the additive flux effect of a 
multiplicity of separately magnetized cores. 

Heretofore, the voltage transformation be 
tween a primary and a secondary winding of a 
conventional transformer, such as a power trans 
former or the like, was due only to the ratio of 
the number of turns in the primary winding to 
to the'number of turns in the secondary wind 
ing. For relatively low voltages of the order of 
about 10,000 volts, such conventional transform 
er provides satisfactory voltage transformation, 
However, for high voltage, high frequency pulses 
of the order of 100,000 volts or more and of about 
0.1 microsecond duration, the insulation and the 
stray capacitance of the windings become major 
limiting factors in providing a satisfactory 
transformer construction. In conventional 
transformers high voltage on closely spaced 
windings tends to break down the insulation by 
arcing between windings, between winding and 
the transformer cores, and between close or ad 
jacent turns of the same winding. Also,v in con 
ventional transformers, the stray capacitance of 
transformer components limits the transforma 
tion of pulses of nonsinusoidal waveshape such 
as square waves and sawtooth waves in non ca 
pacitive circuits. Such stray capacitance exists 
between winding turns, between windings, and 
between windings and the cores. The present 
invention, by a unique winding and core ar 
rangement, overcomes the above objections and 
permits the manufacture of a high voltage pulse 
transformer capable of producing and withstand 
ing voltage pulses of the order of 75,000 volts in 
air and about 750,000 volts in oil. 
Accordingly, it is an object of the present in 

vention to provide a multiple core pulse trans 
former of low stray capacitance capable of pro 
ducing and withstanding extremely high voltage 
pulses. 
AAnother object is to provide a multiple core 

pulse transformer of low stray capacitance and 
low leakage reactance capable of producing and 
withstanding extremely high voltage pulses. 

'Still another object is to provide a multiple 
core pulse transformer with each of the cores 
having individually wound primary windings and 
all of the primary windings connected in parallel. 
A further object is to provide a multiple core 

transformer in which the ratio of transforma 
tion is proportional to the number of cores. 
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2 
Still a further object is to provide an easily 

constructed pulse transformer with readily ac 
cessible windings. 
Other objects and advantages of the invention 

will become more apparent when considered in 
conjunction with the following description and 
drawings in which: 

Figure l is a schematic view of the elements 
of a transformer embodying the invention; 

Fig. 2 is an elevation of a transformer utilizing 
a single secondary winding; 

Fig. 3 is a sectional elevation of a transformer 
utilizing a double secondary winding; and 

Fig. 4 is a perspective view of a transformer 
partly cut away employing the embodiment il 
lustrated in Fig. 3 and disclosing mechanical de 
tails of the windings. 
In general, my invention comprises a trans 

former having a plurality of cores insulated from 
each other and with each core having a separate 
primary winding. The leads of the primary 
windings preferably are all connected in parallel, 
permitting the magnetic flux of the primary 
winding to induce a cumulative voltage on a sec 
ondary winding which successively encompasses 
all of the cores in series. 
Attention is now directed to Fig. 1 illustrating 

schematically the relation of the several trans 
former elements for carrying out the transform 
er operation. A plurality of ferromagnetic 
transformer cores, as for example, cores II, I2, 
and I3, formed preferably of magnetic material 
of low hysteresis and eddy current loss have cor 
responding apertures I4, I5, and I6. A primary 
winding I8 consisting of a single turn of con 
ductive material such as copper ribbon or wire 
through the aperture I4 of core II is connected 
in parallel with identical turns I9- and 20 through 
cores I2 and I3. A source of variable current 
capable of supplying voltage pulses is applied 
to parallel windings 25. A secondary winding 
22 of conductive material, such as copper wire, 
is threaded through the apertures I4, I5, and I6 
of cores II, I‘2, and I3 in a series manner such 
that the voltage induced in the secondary wind 
ing 22 by magnetic flux in cores II, I2, and I3 
will be additive, Primary windings I8, I9, and 
20 are connected in parallel so as to allow each 
of the windings, Iwhen energized by a varying 
current, to produce the same amount of mag 
netic flux in each core. Since secondary wind 
ing ̀ 22 passes through all the cores in series and 
consequently has the flux of each core impressed 
on a portion of its winding, the voltages induced 
therein will be the sum of the voltages induced 
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by each individual core. It will be noted then 
that even though the ratio of transformation of 
each core is only unity, the cumulative effect of 
the magnetic ñux oi the three cores Il, l2, and 
I3 upon the secondary 22 results in a voltage 
output three times as great as that of the pri 
mary voltage. The above procedure may be car 
ried out using any number of cores, and the volt 
age induced in the secondary winding will be 
dependent not only on the ratio of the number 
of turns in the primary and secondary windings, 
but also upon the number of cores used. The 
ratio of transformation then becomes C 

NP 
where C is the number of cores, Np is the number 
of turns around each core of the primary wind 
ing, and Ns is the number of turns of the sec 
ondary through all the cores. 

If now, cores Il, l2, and i3 are placed one 
over the other so that apertures i4, l5, and i6 
coincide vertically, secondary 22 may preferably 
take the form of a straight conductor, resulting 
in a transformer having a construction as shown 
in Fig. 2. The cores 23 of Fig. 2 are stacked and 
aligned vertically so as to form a hollow cyl 
inder with a. core passageway 26. The cores are 
electrically insulated from each other by means 
of suitable insulating material 24, such as poly 
styrene, in order to prevent any induced eddy 
currents from ñowing between the individual 
cores. The thickness ofthe insulation is suin 
cient to enable the paralleled single turn pri 
maries 25 to pass between the cores and then 
around their respective coresy without touching 
either the adjacent turns or the core itself and 
normally a suitable insulating covering 35 is 
placed upon the primary turn prior to assembly 
of the structure. In order to maintain minimum 
insulation thickness, the primary winding 25 
preferably takes the form of strips of copper 
ribbon which are easily bent and formed. To 
provide for the removal of accumulated electro 
static charges on the insulated cores, each core 
is connected to a ground 31. The secondary 
winding 22 which preferably takes the form of 
a copper rod, makes a single turn through the 
center of the core passageway 26 of all the cores, 
and the output voltage induced therein is ob 
tained between a pair of terminals 2l of sec 
ondary 22. If the voltage output of secondary 
winding 22 is desired relative to ground, one 
side of winding 22 may be grounded as shown. 
rl‘he transformer inherently possesses high re 
sistance to Voltage breakdown between second 
ary winding 22 and the cores 23, and betweenl 
secondary 22 and primary 25, because the physi 
cal location of the secondary 22 is such that it 
need not touch any other part of the trans 
former. The value of the breakdown potential 
may be still further increased by submerging the 
entire transformer in a fluid of high electrical` 
resistance, as for example, transformer oil. 

Fig. 3 illustrates a preferred embodiment oi 
the present invention, utilizing secondary wind 
ing 22 consisting of two conductors 21 and 23 
which are connected so as to yield double the 
voltage output provided by the embodiment 
shown in 2. One end of conductor 21 is 
connected to the inside of a bottom core 2S of 
the pile of grounded cores 23 at a point 3D and 
inclined so that it emerges in the center of the 
aperture of a top core 3l. In a similar manner, 
one endof conductor 28 enters the center of 
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4 
the area of the aperture of the bottom core 29 
and is inclined parallel to conductor 21 along 
the core passageway 2B and is grounded to the 
top of the inside of core 3l at a point 32. Con 
nections to the cores such as grounding connec 
tions at points y30 and 32 are preferably made 
by welding or soldering, so that mechanical 
rigidity is imparted by the connections as Well 
as electrical conductivity. The utilization of 
two conductors 21 and 28 does not reduce the 
breakdown voltage between the secondary wind 
ings 22 and the cores 23 or between the sec 
OIldary windings 22 and the primary windings 
25, since, as will be shown, the voltage tension 
relationships of the embodiment of Fig. 2 are 
unchanged. If, now, we consider the bottom 
core 29 of the core pile 23, the voltage diifer 
ential between conductor 23 of secondary 22 
and the grounded core 29 is at a maximum. 
Conductor 28, however, is in the center of the 
aperture area of core 29, so that insulation 
strength between secondary 22 and cores 23 is 
also at a maximum. Conductor 21 is grounded 
at the bottom core 28 at point 38 and, conse 
quently, has no voltage differential with respect 
to the core 23. As we move up conductor 28 
through the core passageway 26, the distance 
between conductor 28 and the cores 23 decreases 
but likewise and in the same proportion the 
voltage diiference decreases, becoming zero at 
the top of core 3l at point 32. In a similar 
manner, conductor 21 has an increasing voltage 
induced in it as we consider it from the bottom 
to the top of the core pile 23, but proportional 
to the voltage increase, conductor 21 also in 
clines toward the center of the core passage 
way 26 until at the upper edge it is at the center 
of the area of the aperture of the top of core 
3| where it has maximum insulation strength. 
Thus, the potential necessary for voltage break 
down of the transformer windings remains con 
stant between the cores 23 and the conductors 
21 and 28 of secondary 22 along the entire length 
of the core passageway 26. Similarly, the volt 
age gradient between the conductors 21 and 28 
is constant along the length of core passageway 
2S, since the secondaisT windings are constructed 
parallel to each other. The voltages induced in 
conductors 21 and 28 are of equal magnitude 
and of opposite phase; hence, the resultant volt 
age between conductors 21 and 28 is equal to 
twice the voltage of either conductor to a neu 
tral ground rod 33. 
Capacitance of the windings is a function of 

the proximity of the turns of the windings as well 
as the number of turns. In one form of my in 
vention, the primary winding as illustrated con 
sists of only a single turn about each core with 
each turn physically separated by a grounded 
core from an adjacent turn. It is to be under 
stood, however, that a plurality of turns of pri 
mary winding may be made about each core with 
out departing from the larger aspects of the in 
vention. When only one turn of primary wind 
ing per core is used, however, the input capaci 
tance of the primary is diminished for all prac 
tical purposes to a negligible value of the order 
of 100 micro-micro farads. Likewise, the capaci 
tance of the secondary winding has also been 
reduced to a negligible value of the order of 50 
micro -micro farads when utilizing only one or two 
secondary turns about the cores 23. The large 
spacing between secondary rods 21 and 28 and 
between the secondary rods and the primary 
windings is also an important factor in the re 
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duction of the amount of stray capacitance. The 
leakage reactance of my transformer is likewise 
held to a minimum value, since the transformer 
structure allows nearly all of the iiux of the pri 
mary windings to link with that of the secondary 
windings, providing a transformer of ’high effi 
ciency. 

Fig. 4 is a perspective view of the transformer 
embodiment illustrated in Fig. 3 and discloses in 
detail several structural features of the preferred 
form of the pulse transformer. As an example, 
in one satisfactory form, the core structure 23 is 
about 15” high and made up of fifteen layers of 
a ferromagnetic material comprising iron, nickel, 
and molybdenum. Each layer consists of a %" 
wide ribbon of the magnetic material wound 1 1/2” 
thick upon a square form having a 3” side. The 
resulting core layer has the form of a square 
having a 6” side and a 3” square aperture. Each 
core layer is separated from adjacent core layers 
by 1A” of polystyrene insulation 24. The pri 
mary winding 25 consists of fifteen strips of 3A” 
wide copper tape, each strip passing through the 
insulation 24 and making a single turn around a 
corresponding core as shown. All of the turns 
of the copper strips are connected in parallel by 
soldering them to a pair of copper straps 4l and 
42. In order that the cores 23 do not short cir 
cuit the primary windings, an insulating cover 
ing of polystyrene 35 is wound around the sepa-  
rate primary turns where they touch the cores. 
The secondary winding 22 is made of two M3” 

diameter copper rods 21 and 28 so as to possess 
mechanical rigidity and are brazed or soldered 
to the top and bottom of cores 23 at points 32 
and 30. Each core is electrically connected to a 
copper grounding elbow 36 by brazing and all of 
the elbows are connected to a grounded copper 
strip 31, to which grounding rod 33 is also con 
nected. 
The above embodiment has a step-up ratio of 

about 15 to 1 with a purely resistive load and 
about 25 to 1 when connected to a highly capaci 
tive load. For example, with a primary input 
consisting of a 20,000 volt pulse having a 0.15 mi 
crosecond duration and having a pulse recur 
rence frequency of about 100 times per second, an 
output of 300,000 to 500,000 volts, depending on 
the type of load, may be obtained. The trans 
former is capable of withstanding about 75,000 , 
volts in air and about 750,000 volts when entirely 
submerged in transformer oil. 

It will be understood that the invention is capa 
ble of many refinements which will readily occur 
to those skilled in the art; I intend, therefore, to 
be limited only as indicated by the scope of the 
following claims, wherein _ 

I claim: 
1. A high voltage pulse transformer compris 

ing a plurality of toroidal magnetic cores dis 
posed in superposed and spaced relation, a core 
primary winding surrounding a radial cross sec 
tion of each core, a plurality of spaced insulat 
ing rings disposed in the spaces between the re 
spective cores, a conductor interconnecting said 
cores, a pair of spaced conductors interconnect 
ing the corresponding terminals of each of said 
core primary windings in parallel, and a second 
ary winding extending axially through the 
generally cylindrical space defined by said core 
ring assembly, thence as a single conductor 
bight once about the end portion of each ter 
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minal core of said assembly to external electrical 
terminals. 

2. A high voltage pulse transformer compris 
ing a plurality of toroidal magnetic cores dis 
posed in superposed and spaced relation, a core 
primary winding consisting of a single conduct 
ing loop passing once only around a radial cross 
section of each core, a plurality of spaced in 
sulating rings disposed in the spaces between 
the respective cores and constituting a core-ring 
assembly, a conductor interconnecting said cores, 
a pair of spaced conductors interconnecting the 
corresponding terminals of each of said loops 
in parallel and a single conductor secondary 
winding extending axially and once only through 
the generally cylindrical space defined by said 
core-ring assembly, thence as a bight once only 
about the end portion of each terminal core 
of said assembly to external electrical terminals. 

3. A high voltage pulse transformer compris 
ing a plurality of toroidal magnetic cores dis 
posed in superposed and spaced relation, a core 
primary winding surrounding a radial cross sec 
tion of each core, a plurality of spaced insulating 
rings disposed in the spaces between the respec 
tive cores, a conductor interconnecting said 
cores, a pair of spaced conductors interconnect 
ing the corresponding terminals of each of said 
core primary windings in parallel, a secondary 
winding having a pair of conductors connected 
to opposite terminal cores respectively of said 
core-ring assembly and extending outwardly in 
opposite directions through the center of said 
terminal cores, thence as a bight about the end 
portion of said terminal cores to external elec 
trical terminals. 

4. A high voltage pulse transformer compris 
ing a plurality of toroidal magnetic cores dis 
posed in superposed and spaced relation, a core 
primary winding consisting of a single conduct 
ing loop passing once only around a radial cross 
section of each core, a plurality of spaced insu 
lating rings disposed in the spaces between the 
respective cores and constituting a core-ring 
assembly, a conductor interconnecting said cores, 
a pair of spaced conductors interconnecting the 
corresponding terminals of each of said loops in 
parallel, a secondary winding having a pair of 
conductors connected to opposite terminal cores, 
respectively of said core-ring assembly and ex 
tending outwardly in opposite directions through 
the center of said terminal cores, thence as a 
bight about the end portion of said terminal 
cores to electrical terminals. 

QUENTIN A. KERNS. 
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