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HIGH REACTANCE TRANSFORMERs 

Robert S. Quimby, Lexington, Mass, assignor to Ray 
theon Company, a corporation of Delaware 

Filed Oct. 28, 1955, Ser. No. 543,528. 
11 Claims. (C. 323-48) 

This invention relates to transformers, and, more par 
ticularly, to a high reactance transformer having a con 
trol winding for obtaining a wide range of values of 
leakage reactance. 

Transformers of the high reactance or leakage re 
actance type generally consist of a rectangular main core 
structure having one or more core members on which 
primary and secondary windings, or coils, are wound 
and one or more ferromagnetic shunts positioned adja 
cent the core members to provide a shunt path for mag 
netic flux traversing one of the coils. As is generally 
known, a transformer of this type is capable of greatly 
limiting the current under short circuit conditions, the 
value of the current so limited depending upon the length 
of an air gap or gaps between the shunt and the adjacent 
portion or portions of the main core. Control of the 
leakage reactance and, in like manner, control of the 
short circuit flux path is obtained by an adjustment of 
the length of the air gap which provides a sensitive 
shunt for flux linking the coils, which, with the usual 
manufacturing techniques, generally requires careful ad 
justment to provide a leakage deactance of proper value 
to meet predetermined tansformer operating require 
ments. In addition, it becomes increasingly difficult, 
with conventional production line techniques, to main 
tain close tolerances during punching and assembly of 
the laminations making up the main core and shunt iron 
assembly for a plurality of transformers and, conse 
quently, it becomes difficult to maintain substantially 
constant the desired length of the air gap. In a majority 
of cases, therefore, individual adjustment of the air gap 
between the shunt iron and the main core becomes nec 
essary, resulting in the expenditure of additional time 
and effort as well as in extra labor and testing costs. It 
is, therefore, an object of the invention to provide a novel 
leakage reactance-type transformer, in which it is pos 
sible to affect precisely predetermined values of leakage 
reactance without the use of a variable air gap, and in a 
manner which can readily be established by design. An 
advantage of apparatus embodying this invention is that 
it may be used as a current-limiting transformer in 
which accurate control of leakage reactance is achieved 
in a simple and convenient manner. This current-limit 
ing effect may be used, for example, in connection with 
limiting the initial heating of the filament of certain types 
of hot, cathode tubes where the filament, due to its in 
itial low reistance when cold, might suffer shock dam 
age from the application of heavy filament current from 
a standard-type transformer. . . . . 

in accordance with this invention, accurate control of 
transformer leakage over a wide range of values is ob 
tained without the use of an air gap shunt through the 
use of a three-coil transformer comprising a magnetic 
core arranged to be operated at a relatively moderate flux 
density below the knee of the B-H curve of the core ma 
terial, the core comprising three core, members on which 
are wound a primary winding, a secondary or load wind 

2 
ing, and a novel control winding connected in series with 
the load winding. The primary winding is wound on 
the center core member in order to provide separate flux 
paths linking the two outer legs. When the control wind 
ing on one outer leg is connected in series with the load 
winding, the distribution of the amount of flux supplied 
by the primary winding linking, the two outer windings, 
and, consequently, the leakage reactance, can be con 
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trolled by changing the reluctance of the leakage flux 
path. It has been found that this is easily achieved by 
changing the ratio of turns on the control winding with 
respect to the turns on the load winding, the total number 
of turns on both windings, and the open circuit trans 
former output voltage, remaining the same. In this man 
ner, the ratio of turns on the control leg with respect to 
the number of turns on the load leg controls the short 
circuit current flowing through each leg. In another em 
bodiment of the invention, the number of turns on the 
load and control windings, and, in turn, the degree of 
leakage flux traversing the control flux path is varied by 
providing each winding with a series of taps, so that as 
the number of turns on the control winding is increased, 
the number of turns on the load winding is decreased in 
order to maintain the total number of turns on the two 
windings, and thus the transformer output voltage, at all 
times constant. In like manner, the control of degree of 
leakage and the value of the short circuit current which 
can be obtained thereby, is simplified to an unexpected 
degree. 

Other objects and a better understanding of the inven 
tion may be had by referring to the following specification 
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and claims in connection with the accompanying draw 
ings in which: 

Fig. 1 is a diagrammatic view of a leakage reactance 
transformer shown with a winding on the leakage flux 
path; 

Fig. 2 is a diagrammatic view of a modification of Fig. 
1 showing taps on the windings on the leakage flux path 
and on the load flux path; and 

Fig. 3 illustrates the changes accomplished in the re 
actance of the transformer by application of the invention 
thereto. 

Referring now to Fig. 1, there is shown a magnetic 
core having two outer flux paths, the one including the 
core member it, the other including the core member 
12, with the member 11 being common to both flux 
paths. The flux paths including the members 10 and 12 
is a closed path which has a cross-sectional area large 
enough to permit the magnetic core to be operated at a 
relatively moderate flux density below the knee of the 
B-H curve of the core material in a manner that will 
be described in detail below. The two flux paths are 
magnetized by a primary winding 13 on the center men 
ber 11, winding 13 receiving its energy from a single 
phase alternating current source 9. As is well known, 
the sum of the fluxes through outer core members 10 
and 12 is substantially equal to the flux in center mem 
ber 11. Located on outer core members 10 and 12 are 
windings or coils 14 and 16 which, in this embodiment, 
are connected in series with one another to form a sec 
ondary or output circuit connected in series with load 
15. Thus, flux caused by current flow in the primary 
winding 13 passes through the center member 11, and 
then divides and flows through the outer members, there 
by to produce a reactive effect or output voltage in the 
secondary circuit. It should be noted, however, that coil 
14 is designated as the load winding and coil 16 as the 
control winding, respectively, and that, because these 
windings are connected in series to form the secondary 
circuit, they can be interchanged as long as the turns 
ratio of the secondary circuit is preserved. Furthermore, 
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if load winding 14 and control winding 16 were open 
circuited, or disconnected from load 15, as shown in Fig. 
2, the flux produced by the primary winding divides 
equally between the two outer legs, and the voltage per 
turn of each outer winding becomes one-half the voltage 
per turn produced by primary winding 13. It will also 
be apparent that the manner in which the flux in center 
member 11 divides between the main or load core mein 
ber 10 and the shunt or leakage path 12 depends upon 
the relative reluctances of these two paths, and that by 
increasing or decreasing the reluctance of the leakage 
path, the proportion of flux traversing the load mag 
netic flux path may be increased or decreased. In like 
manner, the leakage reactance of the transformer and, 
in turn, its current-limiting effect may be controlled, in 
a simple and reliable manner, without the use of a mag 
netic shunt and attendant air gap by controlling the re 
luctance of the leakage or control magnetic flux path 
winich, in accordance with the invention, has been found 
to be substantially proportional to the ratio of turns be 
tween the control winding 16 and the load winding 4. 
It should be noted, however, load winding 14 and control 
winding 16 may be connnected either into series opposi 
tion to produce different reactive effects or, as here, in 
Series addition, providing the circuit is fed from a com 
mon flux source, such as center member 11. However, 
an important advantage of this invention is due to the 
fact that the control winding E6 is connected in series 
addition with the load winding 14, so that each turn con 
tributes to the total output voltage, making unnecessary 
lie additional expenditure of copper for biasing or con 

trol windings not directly contributing to the output voli 
age of the secondary circuit. 

Referring now to Fig. 2, there is shown a modification 
of the arrangement of Fig. 1, with windings having ad 
ditional turns on outer core members 10 and 12 and c1. 
center member 2. Thus, a load winding 20 is connecte 
in series with load i5 and control winding 22 to form the 
usual Secondary and load circuit for primary winding 21, 
which is connected to the single-phase alternating current 
Source 9. However, to obtain different values of trans 
former leakage, load winding 20 is provided with taps 
39 to 34 inclusive, and control winding 22 with taps 43 
to 43 inclusive, which, in turn, are connected to ap 
ropriate contacts 59 to 54 inclusive and 60 to 64 in 

clusive on rotary switch 24, in the manner shown. In 
addition, taps 49 and 65 provide a means for discon 
necting control winding 22 from load winding 28, when 
it is desirable to use the transformer in a conventional 
alie. 

25 and 26 and, as shown, is positioned to shunt out con 
trol winding 22 from the load circuit. In this manner, 
the turns ratio between the load and control windings, and 
hence the reactance, is adjusted as rotatable switch 24 
is progressively advanced to link each set of the remain 
ing contacts connected to the taps on the load and control 
windings. As noted, if all turns on the leakage flux path 
12 are disconnected by means of switch 24 remaining in 
its initial position, as shown, maximum transformer 
leakage is obtained, and the leakage flux traverses control 
member 12 unimpeded by reluctance which is set up when 
coil 22 is energized. Thus, when all the secondary turns 
are on core member 10, core member 12 acts as a con 
ventional magnetic shunt, and when current is drawn from 
secondary winding 20 by load 15, flux is forced from 
core member 10 to core member 12, and the voltage 
across the secondary winding 20 drops to a lower value 
in accordance with well-known transformer theory. Also, 
transformer operation is equivalent to that of a conven 
tional transformer having a shunt provided with a very 
small air gap. Because the amount of flux which can be 
shifted from core member 10 to core member 12 is re 
lated to the ratio of turns on the respective members, 
the use of one winding only, representing a turns ratio 

Switch 24 is provided with rotatable contacts i 
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4 
of zero, should theoretically produce a zero flux in load 
member 10 when the winding is short-circuited, but, due 
to the iron losses in the core material, some flux remains 
in load member 10 and, thus, the use of this single wind 
ing provides a high but finite impedance. As noted, if 
equal turns on each outer core member are connected 
into the secondary circuit, minimum transformer leakage 
is obtained. By proportioning the turns between the two 
outer legs, the degree of leakage and, consequently, the 
short-circuit current can be controlled, and, since it has 
been found that the leakage is proportional to the turns 
ratio, transformer reactance can be accurately controlled 
without the use of an air gap. 

Referring again to Fig. 2, when switch 24 is rotated 
in a clockwise direction to engage contact 50, connected 
to tap 30 on load winding 20, it also engages contact 
64, connected to tap 43 on control winding 22. In this 
position a single turn is subtracted from the load winding 
and added to the control winding in the manner shown. 
The control winding is now placed in series with the 
load circuit 15, and leakage flux, which traverses control 
member 12, is now impeded by the reluctance set up by 
the first turn of the control winding. As switch 24 is 
progressively advanced through contacts S1 to 54 con 
nected to corresponding taps 31 to 34 on load winding 
20, the number of turns on the load winding decreases, 
as shown, while the number of turns on the control wind 
ing increases by the action of contact 26 advancing 
through contacts 64 to 60 connected to corresponding 
taps 43 through 40 inclusive. Thus, as each successive 
turn is added to the control winding, the reactance of 
the transformer decreases until an equal number of turns 
on each winding is reached, corresponding to switch posi 
tions 54 and 60. In this position, the use of an equal 
number of turns on each leg, representing a turns ratio 
of one, results in a low but finite transformer impedance 
due to iron losses, rather than a theoretically zero im 

Thus, in practical applications, a transformer 
having a single control winding can be designated as hav 
ing a 100 percent reactance, while the lowest transforiner 
reactance obtained with equal coils on both legs will be 
substantially 10 percent of this value. However, the de 
sired transformer reactance will usually be obtained from 
turns ratios from between 0.1 and 0.8, as will be de 
scribed with reference to Fig. 3, where it has been found 
that a substantially linear relationship exists and trans 
former reactance may be accurately calculated in a man 
ner that will be described in detail below. 
Of course, it is to be understood that while switch 24 

may be rotated to position 54 and 60 to provide an equal 
number of turns on each winding, it is possible that ad 
ditional turns could be added to the control winding 
which would have the effect of making the control wind 
ing operate as a load winding, and the present load wind 
ing then, in effect, become a control winding, the re 
actance of the transformer remaining proportional to the 
turns ratio of the aforementioned windings. For this 
reason, this embodiment shows the control winding hav 
ing no more than the same number of turns as the load 
winding. 
By utilizing the principles of the invention, as de 

scribed above, a typical leakage reactance transformer, 
as shown in Fig. 1, can be constructed using standard 
E- and I-shaped laminations interleaved by alternately 
reversing the position thereof to provide a minimum air 
gap as is customary in conventional transformer designs. 
Thus, as shown in Fig. 1, this typical leakage reactance 
transformer consists of a closed core having a transverse 
over-all dimension of three inches, the length of the 
three core members contained therein being 2.5 inches 
over-all, and alternately interleaved with E and I lani 
nations in a conventional manner. The width of the two 
windows is approximately one-half of an inch, as is the 
width of the material making up the main and control 
magnetic flux paths. In order that the transformer will 
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operate at all times below saturation of the core material, 
the primary or center member is at least as wide as the 
outer members. Furthermore, the core material con 
sists of 26-gauge, 4 percent silicon steel, grade 72, in the 
form of sheets which have been punched into E and I 
laminations. It is to be understood, however, that other 
methods of interleaving may be employed or other meth 
ods of core construction, such as wound cores, may be 
used. In addition, the primary coil in the present em 
bodiment consists of approximately 2500 turns of No. 29 
wire, which is wound around the center leg in the direc 
tion shown in Fig. 1. The load coil comprises a thousand 
turns of No. 29 wire, the control winding having 500 
turns of the same size wire wound in the direction indi 
cated. The number of control turns may be calculated 
in the manner described in detail below. 

For purposes of explanation, Fig. 3 shows curve 80 
representing percentages of total transformer reactance 
or impedance recorded for typical turns ratios generally 
having values between 0.1 and 0.8. The limits of the 
percentages of transformer impedance shown at 81 and 
82 may be obtained by measuring the open circuit voltage 
and the short circuit current and, as is well known, divid 
ing the former by the latter to obtain the maximum 
transformer reactance for this particular design. Thus, 
using the curve shown in Fig. 3, when the desired values 
of the open circuit voltage and short circuit current are 
given, these two factors can be used to establish the 
number of turns on the load winding and thus the design 
of the novel transformer, shown in Fig. 1, in accordance 
with the invention. For example, assuming the present 
transformer requirements are for an open circuit voltage 
of 35 volts, and a short-circuit current of 0.230 amperes, 
the transformer impedance is equal to 35 divided by 
0.230, or 152 ohms required impedance. It is deter 
mined from well-known calculation that one thousand 
turns of the correct size wire, No. 29, will fill the avail 
able space in the window of the load coil 14 and that this 
number of turns will produce a load coil impedance 
of 1000 ohms. Referring now to the curve shown in 
Fig. 3, the impedance of 1000 ohms is related to the curve 
as 100 percent impedance at a turns ratio of zero. This 
is shown on the curve 80 at 81 representing substantially 
no control turns. As noted, 82 corresponds to a turns 
ratio of one, or substantially equal control turns and load 
turns. Now, the required impedance is approximately 
150 ohms, which is 15 percent of the maximum impedance 
and 83 on the curve 80 shows that 15 percent impedance 
is equal to a turns ratio of 0.5. Since this ratio is the 
ratio of control turns to load turns on the secondary 
winding, the number of control turns is equal to 1000 
multiplied by 0.5, which is equal. to 500. Thus, the sec 
ondary winding of the transformer shown in Fig. 1 
has 1000 turns on the load coil, and 500 turns on the 
control coil. Since the sum of the voltages for the two 
coils must equal 35 volts, the volts per turn in each coil. 
must equal 35 divided by 1500 turns, which is equal to 
0.0233. Then, according to well-known transformer 
theory, since the volts per turn on the center winding 
must be twice this value, the primary coil will have a 
volts-per-turn value of 0.0466. Now in order to operate 
from the usual 115-volt alternating current line, the num 
ber of turns required will, therefore, be 115 divided by 
.0466 which is equal to 2460 turns of wire, which is 
substantially equal to 2500 turns, as mentioned previously. 
Of course, the number 29 wire size may be established in 
the well-known manner from the total secondary volt 
amperes. In this manner, therefore, it is possible to 
transfer the burden of accurate control of transformer 
reactance from the assembly line to engineering design 
by the elimination of the air gap shunt with its attendant 
difficulties. 

Although the invention has been described with a cer 
tain degree of particularity, it is understood that it is not 
to be limited to the particular embodiment described 
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herein. For example, the output power of the load wind 
ing can be controlled by varying the value of a resistor. 
across the control winding, or similar control may be 
obtained by supplying current from a separate source to 
the control winding, thereby permitting control of very 
high voltages or high currents generally beyond, the lim 
its of conventional controls, such as rheostats connected 
in series with such load circuits. Furthermore, while 
the load in the above-described embodiment, shown in 
Fig. 2, is connected between the load and control wind 
ings in the manner shown, it also may be placed at any 
other point within the series secondary circuit. Also, 
the load winding may consist of separate symmetrical 
windings connected together to provide a center tap 
which may be grounded to meet external circuit require 
ments. . 

In addition, it will be appreciated that many variations 
of the features shown and described herein in connection 
with the single embodiment of the invention illustrated 
will occur to those skilled in the art to which the inven 
tion relates. It is, therefore, intended that the claims 
which follow shall not be limited by the particular de 
tails of the illustrated embodiment but rather by the 
prior art. ... . . . . . . . . . . . . . . . 
What is claimed is: 
1. A reactance transformer comprising in combination 

a closed magnetic core having three core members, a pri 
mary winding only on one core member adapted to be 
connected to a source of alternating current and to pro 
vide a source of flux equally traversing said other core 
members, a secondary circuit adapted to be connected 
to a load comprising a winding on the first of said other 
core members connected in series addition with a wind 
ing on the second of said other core members, said lat 
ter core winding co-acting with said first core winding 
to determine the percentage of leakage flux applied to 
said latter core winding from said first core winding in 
response to said load connected to said secondary cir 
cuit. 

2. A reactance transformer comprising in combination 
a closed magnetic core having three core members, a 
primary winding on only one of said core members adapt 
ed to be connected to a source of alternating current and 
to provide a source of flux traversing said other core 
members, and a secondary circuit comprising a winding 
on the first of said other, core members connected in 
series addition with a winding on a second of said other 
core members, said second core winding co-acting with 
said first core winding to provide a flux leakage path for 
flux normally traversing said first core member, said leak 
age flux being responsive to the ratio of turns of said first 
and second core members. 

3. A variable reactance transformer comprising in 
combination a closed magnetic core having a load mag 
netic flux path and a control magnetic flux path, a pri 
mary winding of a pre-determined number of turns pro 
viding therein a source of magnetic flux in each path, 
means for supplying said primary winding with alter 
nating current, a secondary circuit comprising a load 
winding linking said load magnetic flux path and a con 
trol winding linking said control magnetic flux path, 
said windings connected in Series addition and in such 
a manner that the percentage of leakage flux in said con 
trol magnetic flux path changes in response to a change in 
the number of turns of said control and load windings 
linking said control and load paths, said total number 
of turns of said secondary circuit remaining constant. 

4. A leakage reactance-type transformer comprising 
in combination, first, second and third nonsaturable mag 
netic flux paths, a primary circuit comprising a winding 
of a predetermined number of turns linking only said 
second flux path and adapted to be energized by a source 
of alternating current to produce oppositely flowing flux 
in said first and third flux paths, a secondary circuit 
comprising windings linking said first and third flux paths 
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connected in series with a load, the amount of flux linked 
by said third winding with respect to said first winding 
being proportional to the ratio of turns on said first and 
third windings. 

5. In a leakage reactance-type transformer comprising 
a closed magnetic core of a predetermined value of leak 
age reactance having three core members and a nonsat 
urating winding of a predetermined number of turns on 
each member, means for supplying only one of said 
windings linking only one member with a source of al 
ternating current, means connecting said windings on the 
two other core members in series addition with respect 
to an output load circuit, and switching means for chang 
ing the number of turns on one member with respect 
to the nuinber of turns of the other thenber while 
maintaining constant the total number of turns of said 
two members, thereby changing the leakage reactance 
of said transformer from said predetermined value in 
response to a change in load in said output circuit. 

6. A leakage reactance-type transformer comprising 
a closed magnetic core having first, second and third 
core members, and a nonsaturating winding of a prede 
termined number of turns on each member, said wind 
ing on said second core member in a circuit separate 
from said other windings and adapted to be connected to 
a source of alternating current, said third core member 
providing a leakage flux path adapted to shunt part of 
the flux of said first core member around said third 
core member, said third winding connected in series ad 
dition to said first winding and cooperating with said 
first winding to control the percentage of said flux from 
shifting said first core member through said third core 
member, thereby changing the leakage reactance of said 
transformer in proportion to the ratio of turns of said 
first and third windings. 

7. A leakage reactance transformer comprising a mag 
netic core having first, second, and third nonsaturable 
core members and windings of a predetermined number 
of turns on each core member, said first and third wind 
ings on said first and third core members being con 
nected in series addition relationship with respect to an 
output load circuit, said second winding connected in a 
circuit Separate from said other windings and adapted 
to be energized by a source of alternating current, said 
third core member having a predetermined number of 
turns to produce a change in leakage reactance in said 
transformer in response to a change in load in said out 
put circuit, said leakage reactance being proportional to 
the ratio of turns of said first and third windings. 

8. A reactance transformer comprising a closed mag 
etic core having three core members providing three 

no;Saturable flux paths, means acting in connection with 
only one core member to provide a source of magnetic 
flux equally traversing said other core members in the 
absence of a load, means on said third member co-act 
ing with means on said first member to control the pro 
portion of flux distributed from said source through said 
first and third core members in response to a load, there 
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8 
by to control the reactance of said transformer, said 
means on said third core member coupled in series with 
Said means on said first core member to provide an out 
put current varying in response to a change in load ap 
plied to said transformer. 

9. A nonsaturable high reactance transformer system 
adapted to operate without an air gap magnetic shunt 
for leakage flux, a plurality of magnetic core members 
having continuous magnetic core flux paths intercon 
nected at a common junction, an input power source con 
nected to a primary winding linking only one of said 
members, first and second windings on at least two of 
said core members, said first and second windings con 
nected in series aiding with a load circuit and coacting 
with said load circuit to control the percentage of leak 
age flux flowing through one of said core members other 
than the member to which said primary winding is con 
nected. 

10. A leakage reactance transformer comprising a 
closed magnetic core having three core members adapted 
to provide three nonsaturable flux paths, means coact 
ing with one of said core members to provide a source 
of magnetic flux traversing and other core members, 
first winding means for setting up a counter flux in re 
sponse to a load connected to said first winding on a 
first of said other core members to oppose said flux trav 
ersing said first core member, said other core member 
providing a leakage flux path, thereby to attain a rela 
tively high leakage reactance, and, second winding means 
on said other core members adapted to control the per 
centage of leakage flux applied to said other member from 
said first core member, said second winding means con 
nected in circuit with said first winding means and said 
load. 

11. A leakage reactance transformer comprising a 
closed magnetic core having first, second, and third non 
saturable core members providing three nonsaturable flux 
paths, a first winding on only the first of said core mem 
bers adapted to be energized by a source of alternating 
current to provide a source of flux at all times equally 
traversing said second and third core members, said third 
core member arranged to act as a leakage flux path for 
a portion of said flux traversing said second core mem 
ber, and a secondary circuit comprising windings on said 
second and third core members adapted to be connected 
to a load circuit, said load circuit cooperating with said 
leakage flux path to control the distribution of flux in said 
second and third core members, said third winding con 
nected to said second winding in a manner to oppose said 
flow of leakage flux through said third core member when 
said secondary circuit is connected to said load circuit. 
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