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This invention relates to reactive transformers and, 
more particularly, to a transformer and transformer core 
construction useful, for example, in regulator ballasts for 
are discharge devices. Although the transformer con 
structions disclosed herein are primarily intended for use 
in ballasting the operation of arc lamps and will be de 
scribed principally from the standpoint of such utility, it 
should be understood that these teachings will also have 
applicability to such ?elds as arc welding and voltage 
regulation when it is desired to make use of a transformer 
having considerable leakage reactance. 
The transformer portion of a regulator ballast can be 

made in many conceivable ways. The basic requirements 
are, however‘, that independent primary and secondary 
electrical circuits should be mutually linked by a mag 
netic circuit ‘and that another magnetic circuit should be 
provided to link either the primary or the secondary 'cir 
cuit without necessarily linking the other. In addition, 
the secondary electrical circuit should be linked by a 
saturable magnetic circuit so that the flux linkages of the 
secondary will not be a linear function of the primary 
potential. . 

Within these basic requirements, it is an object of this 
invention to provide a reactive transformer whose core 
is formed in such a manner as to make maximum effec 
tive utilization of core winding techniques to reduce the 
total amount of magnetic material required while main 
taining superior electrical characteristics. 
By way of a brief summary of but one embodiment of 

the present teachings, the transformer core is formed in 
the shape of a closed magnetic circuit loop by winding 
a ribbon of magnetic material layer upon layer until a 
su?icient thickness is built up. The core is then out by 
sawing or otherwise into unequal parts having mating butt 
joints. The larger of the two portions of the core loop 
is provided with a saturable area of reduced cross section 
by sawing a slot partially through the core normal to the 
edge of the laminations. Precision wound primary and 
secondary electrical windings are then assembled induc 
tively on the core loop in such a way that the secondary 
windings are on that end of the core loop on which the 
restriction occurs and such that the butt joints lie directly 
beneath the primary windings. 
To complete the reactive transformer, a loose magnetic 

shunt is then created between the primary and secondary 
ends of the core loop by placing a stack of laminations on 
each side of the core loop spanning the central opening 
so that the laminations of the loop are edge to edge with 
those of the shunt. To prevent magnetic saturation of 
adjacent laminations, layers of paper or other composi 
tion are inserted between the magnetic shunts and the 
core loop, and the shunts ‘are then fastened in place sim 
ply by tying them together, in effect clamping them to the 
core loop. A completed reactive transformer formed in 
this manner makes very efficient use of magnetic mate 
rials, since all the stock is initially in the form of strip 
and no irregular punchings productive of waste are em 
ployed. Furthermore, the unique placement of the com 
ponent parts results in electrical characteristics at least 
as good as those of previous units. The result, therefore, 
is a comparatively inexpensive product with no sacri?ce 
in performance. 

Although the scope of this invention should not be lim 
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2 
ited except by a fair interpretation of the appended claims, 
further details of the invention as Well as additional ob 
jects and advantages may be more readily understood in 
connection with the accompanying drawings, wherein: 
FIGURE 1 is an isometric view of a loosely shunted 

transformer constructed in accordance with these teach 
mgs; 
FIGURE 2 is a plan view, with the electrical windings 

cut away, of the transformer illustrated in FIGURE 1; 
FIGURE 3 is an equivalent circuit of a regulator bal 

last for are discharge lamps illustrating the electrical char 
acteristics of a reactive transformer constructed in ac 
cordance with these teachings; 
FIGURE 4 is a plan view similar to FIGURE 2 but 

with the core structure partially cut away illustrating an 
alternative embodiment of the present invention; and 
FIGURE 5 is an isometric view of still another embodi 

ment of the present teachings. 
In FIGURES 1 and 2 the core structure of the reactive 

transformer is shown as comprising a generally rectangu 
lar core loop 1 of magnetic strip material Wound layer 
upon layer until a sufficient cross sectional area is built 
up. After Winding of the core loop, the superposed lami 
nations may be bonded together by any known technique 
to prevent their subsequent separation and the loop is 
then cut into two unequal sections 2 and 3. In that por 
tion 2 of the core loop which is to carry the secondary 
windings, a restriction in the cross sectional area of the 
core is introduced to provide a saturable area, in this in 
stance, by cutting a narrow slot 4 in the edge of the core 
to a depth of approximately one-third the width of the 
laminations. Cutting of the core into two sections per 
mits the placement thereon of prewound precision elec 
trical windings formed, in this instance, of a pair of pri 
mary windings 5 and 6 and a pair of secondary wind 
ings '7 and 8, each insulated from the transformer core 
by a layer of insulating material such as the paper insu 
lators 9 shown. It is to be noted that the butt joint 10 
formed by juxtaposing the two parts of the core loop oc 
curs in that part of the magnetic circuit bearing the pri 
mary windings and, in fact, lies immediately underneath 
the primary windings. The two portions of the core loop 
are fastened together by the use of a steel strap 12 of a 
type conventionally used for this purpose. 

In the reactive transformer shown in FIGURES l 
and 2 a loose magnetic shunt is added to the basic core 
loop by the provision of ‘a pair of stacks of laminations 13 
and 14, spaced vfrom the core loop such as by insulating 
layers 15 and 16. These laminations are placed beside 
the core loop in edge-to-edge relationship with the layers 

. of the loop to span the central ‘opening, thus providing a 
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leakage, path for the primary and secondary portions of 
the core loop. Although omitted from FIGURES 1 and 
2 for clarity, means for holding the shunts in place on the 
core loop prior to impregnating with a potting compound 
can ‘take the for-m1 of tape, for example, wound about 
the center or ends of the two stacks of 'l-aminations, effec 
tively clamping them to the core loop. This disposition of 
the magnetic shunt overcomes a problem which until now 
has discoumaged ‘the use of strip winding techniques in 
the formation of reactive transformer cores. It has been 
customary to place the shunt in the plane of the basic 
core loop. But if such a shunt were placed within the 
plane of a strip wound core, most of the ?ux shunted 
through it would necessarily have to pass through several 
adjacent layers of the laminations in- the core loop in a 
direction normal to the lam-inations before ever entering 
the shunt, an eventuality that would materially increase 
core losses and decrease the effectiveness of the shunt. 
For this reason, as much as for ‘any other, the core struc 
tures of prior reactive transformers have generally been 
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formed from stacked punchings which, although some 
what wasteful of magnetic material, have had satisfactory 
electrical characteristics. By placing a laminated shunt 
beside the wound core loop instead of in the same plane 
and orienting its laminations edge to edge with those 
of the core loop, the effectiveness of the shunt is preserved, 
and it becomes feasible to strip wind the core loop. The 
resulting core structure is, therefore, very economical be 
cause it can ‘be formed entirely of strip materials with no 
appreciable waste. 
A regulator ballast ‘for an arc discharge device, such 

as a mercury vapor lamp or a fluorescent lamp, is in 
tended to maintain a nearly constant current into the lamp 
load with variations of supply potential. When the lamp 
is operated at or near its rated power, although the po 
tential across it remains nearly constant, variations in the 
lamp current are re?ected in the energy output of the 
lamp. The lamp current and hence the energy output 
can be maintained nearly constant by applying a constant 
voltage to the lamp and by limiting the amount of current 
which the lamp is permitted to draw. As its basic ap 
proach to these design considerations, the reactive trans 
former which is the subject of this invention provides a 
nonlinear transformer coupling between .a source of power 
and a load circuit including, for example, an arc lamp 
and a series capacitor. The ‘series capacitor, in addition 
to its current ‘limiting function, provides the necessary 
leading current through the nonlinear reactive transformer 
so that a constant output voltage may be obtained. ‘For a 
better appreciation of these and ‘other factors, FIGURE 3 
shows an equivalent circuit of the transformer which is 
the subject of this invention operatively connected to 
ballast the operation of an arc lamp 30. Those elements 
bounded by the dashed-line rectangle represent the ef 
fective impedance elements resulting from the transformer 
construction described and include an ideal transformer 
31 having a turns ratio of a preselected value. The re 
actance 32 represents the primary magnetizing reactance 
referred ‘to the secondary circuit. The reactances ‘33 and 
34 represent, respectively, the secondary magnetizing rc 
actance andthe total leakage reactance. The ballast is 
completed by the connection in the output circuit of a 
shunt capacitor 35 across the output leads and a series 
capacitor 36 in series with the load. 
With the transformer construction previously described, 

it is possible to vary each of the effective reactances to 
obtain optimum characteristics for a given installation. 
The ‘loose shunts placed between the primary and sec 
ondary coils provide the effective leakage reactance 34 
which must be of a value in proportion to the series ca 
pacitor reactance. The 'value of this leakage reactance 
may be adjusted without altering the characteristics of 
the other effective reactances simply ‘by varying the cross 
sectional area of the shunt and/or the width of the air 
gap between the edges or the shout and the edges of the 
core loop. The elfective secondary magnetizing reactance 
33 provides a nonlinear saturating effect that affects both 
the regulation of load current with variations in input 
potential and the crest factor of the load current. The 
characteristic of this reactance is controlled principally by 
the core restriction placed on the secondary side of the 
core. The dimensions of the restriction, which may be 
a hole or a slot, and the type of steel employed control 
the actual characteristic of the secondary magnetizing re 
actance. Normal variations in the primary voltage affect 
only the degree of saturation of the secondary magnetizing 
reactance, and thus the voltage output of the ballast re 
mains nearly constant. 
By placing the butt joint in the primary portion of the 

core loop it affects only the primary magnetizing re 
actance 32, and the ‘effective gap may be adjusted to con 
trol the input power factor. If this joint were located en 
tirely or partially in the secondary core portion, it would 
affect the secondary magnetizing inductance, thereby ad 
versely affecting regulation and increasing transformer 
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losses. The shunt capacitor, which may also be termed 
a peaking capacitor, is used to» increase the peak open 
circuit voltage above the turns~ratio voltage and should 
preferably be of a value to resonate with the leakage re 
actance at slightly above the third harmonic frequency. 
Although shown as connected across the entire output of 
the ballast transformer, the pea-king capacitor may also be 
connected across only a part of the secondary turns to 
reduce to some extent the open circuit voltage supplied 
by the ballast. 
Another reactive transformer embodying the principles 

of this invention is shown in FIGURE 4 as including a 
pair of strip wound, butt jointed cores 4d and 42, gen 
erally similar to the cores shown in FIGURES 1 and 2. 
The core restriction, which in this instance is provided by 
holes 43 and 44, drilled through one side of th longer part 
of each core loop, is placed in the secondary portion of 
the core immediately underneath secondary windings 45. 
On the upper portion of the core loops the primary win - 
ings 46 cover two of the butt joints 47. In this case, the 
magnetic shunt is provided by two stacks of laminations, 
only one of which, 48, is shown in the ?gure, spanning 
both core loops between the primary and secondary wind 
ings. This construction makes use of two core loops but 
only one set of primary and secondary windings. It 
offers most of the ‘features of the transformer design de 
scribed in FIGURES l and 2 along with the added advan 
tage of an improved heat transfer from the core outward 

' . because of a more exposed core area. 
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In some instances it may not be desired to make use 
of prewound electrical windings to be inserted on the 
strip wound core after cutting the core into two parts. 
An alternative embodiment of these teachings, shown in 
FIGURE 5, makes use of a generally toroidal transformer 
construction with the core 51 wound upon a circular man 
drel. To form the area of reduced cross section, a hole 
or a slot may then be placed in that portion of the core 
which is to form a part of the secondary magnetic cir 
cuit. The core may then be insulated to prevent it from 
shorting out any of the electrical windings to be added. 
Thereafter, primary and secondary windings 52 and 53, 
respectively, are wound toroidally on opposite sides of the 
circular core, a space being left between them for inser 
tion of the magnetic shunts. In the space which is left 
a pair of stacks of laminations 54 and 55 may then be 
placed in edge-to-edge relationship with the laminations 
of the strip wound core spanning the central opening in 
the core. These stacks of laminations may be held in 
place by suitable binding means such as tapes 56. This 
construction requires the generally more expensive toroi 
dal windings but eliminates the necessity of a butt joint 
in the core loop. 

Although certain preferred embodiments have been de 
scribed herein, it is to be understood that these are illus 
trative in nature and not necessarily limiting upon the 
scope of these teachings in their broader aspects. Cer 
tain important operations, such as the annealing step nec 
essary to develop the required characteristics of the mag 
netic materials employed, have not been mentioned here 
in, since they form no part of the present invention and 
because they are familiar techniques to those skilled in 
the art to which this invention pertains. Many additional 
variations within the scope of the appended claims will 
doubtless occur to persons skilled in the transformer and 
ballast arts. 
What we claim as new and desire to secure by Letters 

Patent of the United States is: 
l. A reactive transformer comprising a magnetic cir 

cuit loop formed of a plurality of laminations of magnetic 
material bent ?atwise to form a closed path about a cen 
tral window, a ?at stack of lamiuations placed against 
the side of said circuit loop de?ned by the edges of the 
laminations of said circuit loop across said central win— 
dow in edge-to-edge relationship with the laminations of 
said loop, said loop being provided with a butt joint on 
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one side of said stack of laminations, a primary elec 
trical winding on said one side of said stack of lamina 
tions and overlying said butt joint, and a secondary elec 
trical winding on said loop on said other side of said stack 
of laminations. 

2. A reactive transformer comprising a magnetic cir 
cuit loop formed of a plurality of laminations of magnetic 
material bent ?atwise to form a closed path about a cen 
tral window, and a ?at stack of laminations placed against 
the side of said circuit loop de?ned by the edges of the 
laminations of said circuit loop across said central win 
dow in edge-to-edge relationship with the laminations of 
said loop, said loop being provided with a butt joint on 
one side of said stack of laminations and with an area of 
reduced cross-section on the other side of said stack of 
laminations, a primary electrical winding on said loop 
on said one side of said stack of laminations and overlying 
said butt joint, and a secondary electrical winding on said 
loop on said other side of said stack of laminations. 

3. A transformer comprising a magnetic core and 
spaced primary and secondary electrical windings induc 
tively associated therewith whereby said magnetic core is 
divided into primary and secondary portions, said mag 
netic core comprising two unequal length sections of 
superimposed laminations of strip material secured to 
gether to form a butt joint in the primary portion so 
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that the secondary magnetizing inductance of the trans 
former is substantially unaffected, and including an area 
of reduced cross-section in the secondary portion to pro 
vide a saturable area in the secondary, and a loose mag 
netic shunt shunting the respective portions formed of a 
?at stack of laminations of magnetic material placed 
against the side of said core de?ned by the edges of said 
superimposed laminations of strip material between the 
primary and secondary windings, the side edges of said 
laminations being placed in edge-to-edge relationship with 
those of said magnetic core laminations. 
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