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The invention relates to a regulating trans-
former for the practically stepless regulation of
‘potential with a set of brushes rotatable about
the core of the transformer or with a rotatable

5 winding. )

In the -case of the known transformers of this
kind, the potential is varied substantially by a
jump of an entire turn potential at each com-
plete revolution of thé brushes about the core.
In order to avoid this potential jump and o pro-
duce an at least approximately continuous regu-
lation of potential there has therefore already
been provided in combination with the rotatable
brushes a potential divider from which the regu-
lated potential can be taken off. .

The subject-matter of the invention is a. regu-
lating transformer by means of which there can
be obtained an increase of the regulafed poten-
~ tial that is approximately continuous or as finely
9 eraduated as desired without its being necessary

to provide special potential dividers. According
to the invention the iron core of this transformer
is divided, and the regulating winding is applied
to the core and, if required, provided with tap-
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25 pings led through between the limbs, for the time

being traversed by a part of the exciting flux, so
_ that on the shifting of the regulating brush along

the winding the potential is varied by an amount
which corresponds to only a fraction of the entire
exciting flux and which may be made as small as
desired and, consequently, only a fraction of the
complete turn potential. '

Specially advantageous is the construction of
the transformer as a shell-type transformer the
shell of which is divided into several separate
return paths. The tappings of the regulating

winding surrounding the main limb are then ad-
vantageously led outwards between these return
paths and there formed as a spiral contact path
4 which extends parallel to the regulating winding
and along which then slides the brush, which is
preferably rotatable about the transformer. In
this way the transformer is given an extremely
compact and closed form, which is particularly
advantageous also as regards leakage losses.
In ‘a particularly preferred constructional ex-
‘ample of the invention the several regulating
turns with tappings are constructed in the form
‘of annular and slit metal sheets. Each metal
sheet is confiected at the sit with the succeeding
metal sheet in such a manner that there results
a helical turn arranged around the main core. -
Some constructional examples of the invention
are shown in. the drawings, in which,. Figure 1
is a vertical section through one form of con-
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struction embodying my invention; Figure 1b is
a horizontal section through the construction
shown in Figure 1; Figures 2, 3 and 4 are eleva-

° tions, partly in section, and Figures 2b, 3b and 4b
horizontal sections, respectively, showing three 5
other embodiments of the invention, and Figure 5
is a diagrammatic illustration of a three-phase
transformer system constructed in accordance
with the invention. .

In Figure 1, | denotes the core of the regulat- 10
ing transformer, which is in this gase surrounded
by twelve return paths 3. . The laminated core |
has the form of a hollow cylinder and is composed
of separate (twelve) segments (Figure 1b). 'The
connection with the return paths, which are like- 15
wise laminated in the direction of the radius, is
effected by means of yeke plates 2, which may if
required also be laminated. .The yoke plates
serve at the same time for:holding together the
entire iron core and are pressed together by 20

" means of a spindle 8. o

The exciting winding 5 surrounds the core |
and is in its turn surrounded by the secondary
winding (regulating winding). The latter con-
sists of metal discs 4, which are slit at 4" and o5
are in each case there electrically well connected
with the succeeding sheet by welding (preferably
by butt welding) or soldering or some other
‘method. The sheets themselves are provided with
tappings 4’, which widen outwards and each two 30
of which enclose one of the return paths 3. The
annular sheet metal discs 4 with the tappings are
advantageously stamped out of one and the same
sheet, preferably copper or brass sheet, in & single
operation. - '

The bolts 6 and the spacing pieces 1 serve for’
supporting and holding the several annular
sheets, which extend collectively helically around
the core. Between the several turns there is a
comparatively large interspace through which the 40
air can pass so that a good cooling of the trans-
former is ensured.

The widenings of the several tappings 4’ located
outside the core system produce a practically
uninterrupted contact path which extends around 45
the shell-type transformer spirally and along
which travels the brush 9, which is preferably
formed as a roller. .

The primary winding 5§ is, in the case of the
constructional form according to Figure 1, divided 50
into separate coils connected in parallelism (Fig-
ure 1a) in order to avoid too great leakage with
the winding only partly switched in. This ‘ar-
rangement is specially advaniageous in the case
of transformers with comparatively long cores. 58
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The coils are advantageously arranged in such
& manner that there is always g primary coil in
the immediate neighbourhood of .3 switching turn
of the secondary winding. The transformer then
behaves as if it consisted of a number of com-
ponent transformers the primary windings of
which are all connected together in parallel and
are consequently mutually independent of the
condition of loading of the secondary circuit.
The division of the primary cylindrical wind-
Ing into separate disc coils is advantageous not
only for the purpose of reducing the leakage to a,
minimum but also when it is a question of fixing
the leakage to any desired value in accordance
with the given conditions. This is essential par-
ticularly for Wwelding transformers and also for
variable choking coils.
vantages attach to connecting all the coil ends of
the primary winding to one termina] boardorto g
suitable switch for the burpose of connecting the
coils of the primary - winding according to re-
quirements alternatively in groups, in series or in
parallel, .
The transformer constructed according to the
Invention is exceedingly safe as regards short-
circuiting, and individua] tappings can be short-

sented in Figure 1» each contact 4’ corresponds
to the twelfth part of the turn potential. In that
case, where, as shown in the drawings the roller
is just passing from .one tappiag to the other, a
short-circuit current must ofcur. Now this cur-
rent is itself very small; because it can be pro-
duced only by a twelfth part of the turn poten-
tial, and it is moreover further reduced owing to
the fact that the flux produced by it compen-

sates the exciting flux in the surrounding com- -

ponent imb and deflects it into the other com-
ponent limbs.

around the transformer there is always produced
again a symmetrical loading of the component
cores.

It is advantageous to make the flux deflection

Possible when the exciting - flux Is divided into
only a few, or for example two, component flyxes.
Such an arrangement is represented in Figure 2,
The transformer is in this case constructed as
an auto-transformer. The exciting winding con-
Sists again of disc-shaped sheets 4 which are
threaded over the core f and the return paths 3
and which are welded together at their slits 4/
and surround the iron core spirally. (Flgure 2),
The sheets at their edge have gaps 10 (Figure 2b)
Wwhich extend to the return paths 3 and between
Which there exists in each case half the turn-
Potential. When in this case the current-col-
lecting brush 9 bridges the gap 10 directly, the
half turn-potential in the short circult surround-
Ing one of the component return paths 3 pro-
duces a current. As, however, the corresponding

In this case special ag-

" dependent potential
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limb 3 is blocked as regards the exciting flux by
the short circult, the short circuit current can-
not be of an undue magnitude. In some circum-
stances it may then be advantageous to make the
Toller 8 of resistance materia] for the purpose of
limiting the short-cireuit current. This is par-
ticularly advantageous when deflection of the flux
Irom one of the return paths into the other is
to be opposed by a resistance and the short circuit
current must consequently be reduced in another
way.

Also in the case of the arrangement according
to Pigure 2, a loading-dependent potential drop
at the ends of the regulating winding does ‘not
oceur injuriously, because the loading of the com-
bonent limbs and consequently the distribution
of .the exciting flux are always uniform after a
complete revolution of the brush, '

The transformer constructed according to the
invention presents great advantage when flux de-
flection is rendered possible inasmuch as special
load switches need not be provided in this case,
and on the contrary, the current-collecting brush
tan regulate the load circuit directly.

The regulating operation itseif takes place, in ¢

_the case of the constructional example here repre-

sented, by rotating the entire transformer on the
base-plate | 4, for e€xample, by means of g force
applied to the axle 3. Through the toothed
ring i1 ahd the toothed wheels 12 the rotary mo- 3
tion is transmitteq to the roller brush 9, which
thereupon, moving axially, rolls on the tappings
of the secondary winding 4. Tt is particularly
advantageous to arrange for the transformer to
be fixed as a whole and the brush 3 only to move, 8
the brush, for €xample, being fastened to g gal-
lows-like support and moved around the trans- .-
former cores and thus shifted axially. Asa guid-
Ing device for the brush there may serve the
correspondingly formed regulating winding or its ¢
tappings.

A similar construction, likewise in auto-trans-
former connection, is shown in Figure 3. The
turn potential is in this case divided into eight
steps, and the core | has eight return paths 3.
The core itself is composed of sheet-metal bun-

- dles stepped in relation to one another, and has

essentially the form of & cross. The several
return paths are arranged circularly about the
core and have respective yokes 2, with -which they
are extended over the core | (Figure 3). The
sheets of the return paths 3 have rectangular
brojections forming the yokes 2. When the trans-
former is constructed &s two-winding transtorm-
ers, there may be arranged around the core a
Special primary winding in a manner similar to
that of Figure 1. The annular metal sheets 4
put together to form a spiral are here, as is
shown ‘in Flgure 3a, placed substantially edge-
wise. The tappings 4’, and may be also a larger
or smaller annular edge of the sheets, extend
substantially horizontally and at right angles to
the parts of the sheets that are placed edgewise,
This arrangement has the advantage that the
distribution of the winding within the trans-
former is facilitated and that, moreover, the ac-
tlon of the skin effect can be suppressed in a
favourable manner. .

In order, in the case of this arrangement, when
the several flux conductors are ununiformly
loaded, to prevént an undue increase of the load-
drop at the regulating wind-
ing, it may be advantageous to arrange equalizing
windings on the return paths which offer a resist-
ance to a deflection of the exciting flux from the '
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loaded component limbs to the unloaded ones.
Tt may be specially advantageous, particularly in
the case of transformers for larger power, to apply
the equalizing windings in such a manner that
whilst a shifting of flux is possible within separate
groups of at least two component limbs, flux de-
flection from these groups to the others is sup-
pressed.

In Figure 3b the arrangement of . equalizing
windings is represented quite diagrammatically. .
For the sake of clearness the several coils 15 are
shown only on four return paths (in Figure 3
they are omitted altogether). Bach two of the
equalizing coils I5 are connected in series but
these groups of coils are all connected in parallel.
The equalizing windings have the effect that the
exciting flux must be distributed uniformly over
all the groups (each of two component limbs).
Within the groups the flux may, however, be. .
.For example, in the case of
the position shown of the roller brush 9, the flux
is deflected from the return path 3’ to the return
path 3. The short-circuit current flowing
sround this limb 3’ is consequently limited. Con-
versely, when the tappings on the return path 3"
are short-circuited by the roller brush 9 the fux
is deflected from this return path to the return
path3. A corresponding statement applies when
the roller brush short—(_:ircuits the tappings on
the other return paths. Tn the case of a short
circuit, consequently, a flux deflection is always
possible.  On the other hand, in the case of un-
uniform loading of the regulating transformer,
the load current will pe able to deflect the ex-
citing flux in each case at most out of one of the
return paths 3, so that an injurious rise of the
ioad-dependent potential drop at the ends of the
regulating winding does not oceur,

Both the position and also the number of the’
turns of the equalizing windings is a suitable
means for enabling the magnitudé of the flux de-
flection to he adjusted. For example, the equal-
izing windings on the yokes 2, will impede the flux
shifting less than when the windings are arranged
on the return paths 3. ]

When the turn potential is divided so finely that
in the case of the short-circuiting of separate
tappings injurious currents can no longer oceur,
the possibility of flux deflection may in some cir-
c¢umstances be entirely dispensed with. The
transformers of this kind frequently present spe-
cial advantages because in this case there results
an absolutely linearly rising and approximately
perfectly continuous regulating-potential curve.
A constructional example ¢f this kind is repre-
The main core { has in this
cose 24 return paths 3, and the turn potential is
consequently. divided into 24 steps. Each return
path 3 has its own yoke 2. The yokes and the
return paths are advantageously stamped out of
one and the same metal cheet. Instead: of the
may in some cases be used
of circular-disc form.

The laminated core { ig formed as a hollow cyl-
inder and the metal sheets are advantageously
put together in involute form (Figure 4b). The
regulating winding 4 is arranged around the core.
The primary winding § is again divided into disc
coils which are connected in parallel and of which
each is located between the metal sheets 4 (Figure
4q). There thus results & particularly compact
construction of the transformer. 1f required in
this case also equalizing windings may .be ar-
ranged on the return paths or on their yokes, and
indeed all the coils of this winding ‘are then ad~

connected yoke plates

3

vantageously connected in parallel so that a de-
flection of the exciting flux from one return
path to the other is practically altogether im-
possible. = .

The guiding of the roller brush 9 is effected by
mesans of two arms 16, which are mounted on
the central axle 13 of the {ransformer and are
insulated in relation thereto. In smaller con-
structions of the transformer one of the arms
may in some cases be omitted. It may be advan-
tageous to use two current-collecting brushes and
to shift them in opposite directions from the mid-
dle of the regulating winding. ‘In the case of
transformers in which the primary winding is
formed as a cylindrical winding (of coils not
connected in paralleD) , and also in the case of
autotransformers, there then results the advan-
tage that the leakage of the transformer is con-
siderably reduced.

The regulating transformer constructed ac-
cording to the invention, has, further, special ad-
vantages as a three-phase current transformer
as is quite di»agrammatically shown in Figure 5.
In that case each part 20 corresponds o a trans-
former core according to Figures 1-4 for each
phase of the three-phase current. Thestar point
of the three-phase current transformer is formed
by the contact rollers 19. The potential regula-
tion is effected by rotating the transformer cores
20 in the direction of the arrows (pr in the opposite
direction). For the supply of current there is
necessary only one conductor for each of the
transformer cores 20. The conductors are con-
nected through slip rings. Conductors to the con-
act rollers {9 moving along the winding axis may
be dispensed with. There thus results a particu-
larly advantageous and simple construction of
the ar-rangement. : :

What I claim isi—

1. A regulating transformer having an iron core
with a main limb and several magnetic return
paths connected with the main limb and arranged
in spaced relation around the main limb, a regu-
lating winding surrounding the main limb and a
current-collecting pbrush, the regulating winding
being provided with tappings, the tappings ex-
tending between the return paths to the periph-
ery of the transformer and there forming a heli-
cal contact-path which extends parallel to the
turns of the regulating winding, and means
mounting said brush in contact with said helical
contact-path and
between the same.

2. A regulating transformer as recited in claim
1, in which mean$ are provided for moving the
current-collecting prush along said helical con-
tact-path around the fixed transformer core.

3. A regulating transformer as recited in claim
1, in which the iron core is rotatable and the
current-collecting brush comprises a contact-
roller movably mounted on a stationary rod, said
prush “being responsive to rotation of the iron
core to slide along the contact path and to move
in the longitudinal direction of the winding.

4. A regulating transformer having an iron core
with a main limb and several magnetic return
paths connected with the main limb and circu-

'larly disposed in spaced relation around the main

limb, a regulating winding surrounding the main
limb and having tappings which extend between
the return.paths to the periphery of the trans-
former and form a helical contact path extend-
ing parallel to the turns of the regulating wind-
ing, & current collector, and means mounting said
current collector for sliding movement along said
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contact path, the current collector being constant-
1y in contact with said contact path so that during
its movement, before leaving one contact of the
contact path, it hag already reached the Succeed-
ing contact. -
5 A regulating transformer having an iron
with a main limb and several magnetic return
Paths connected with the main limb and circu-
larly disposed in spaced relation around the main
limb, g regulating winding strrounding the main
limb, and a movable current collector, the regu-
lating winding comprising a helical sheet metal

path.
6. A regulating transformer according to claim
5, in which the helical sheet metal conductor
forming the regulating winding comprises a plu-
rality of sheet meta] coll sections welded together
at their'abutting ends.
5 . A regulating transformer according to claim
, in C

round a return-path, the current-collecting brush
being so dimensioned that during its movement,
before leaving one segment, it has already reached
the next. '

8. A regulating ,transformer-lncludlng‘an iron
Core with a main limp and

able current-collector,
comprising a coiled meta] sheet forming g helical
winding, said exciting winding lying between the

iphery. of the transformer and there form with
their edges a spiral contact path, and' means
mounting said current-collector for movement in
contact with said spiral path. ' ,
10, A regulating transformer comprising an
iron core with a main Umb and several magnetic
return paths arranged in spaced

relation around

2,150,382

the main limb, an exciting winding, a regulating
winding, and a current: collector, the exciting
winding and the regulating winding each includ-

11, A regulating transformer comprising an
iron core with g main limb and severa] magnetic
return paths circularly disposed in Spaced relation

-paths, the regulating
winding being provided with tappings which ex-
tend outwardly between the return
periphery of the transformer and there form a
helical contact-path which extends parallel to the
turns’of the regulating winding and along which
may slide a current-collector, .

12. A regulating transformer according to claim
11, in which the equalizing winding Includes sep-
arate turns, one on each return path of the iron
core, the total number of the turns being divided
into groups of at least two turns, with the coils
of each group connected in series and the several
groups of turns placed in barallel with one an-
other. ) ‘

13, A regulating transformer comprising an
iron core with g, main limb and several magnetic
return paths circularly disposed in spaced relation

‘around the main limb, a regulating winding sur-

rounding the main core, and a movable current-
collector, the main limb of the iron core includ-
ing a plurality of laminated sheets forming a
core of cruciform cross-section, the return paths
including laminated metal sheets, the regulating

. Winding having g plurality of tappings which ex-

spiral contact-path which extends parallél to the
turns of the regulating winding, and means
mounting- said current-collector for movement
in contact with said spiral contact path.

14, A regulating transformer having an iron
core, composed of laminated sheets, including a
main limb and severa] magnetic return paths
circularly disposed in spaced relation around the
main limb, the main limb being formed tubularly

of the transformer and there
form a helical contact bath which extends par-
allel to the turns of the regulating winding and
slide a current-collector,

. having & main limb and sevéral magnetic return

paths arranged
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ing brushes in the form of contact rollers each
of which is located between two of the single-
phase transformers and in contact with the said
contact paths of these two transformers simul-
taneously, and means mounting the contact roil-

ers for movement in the axial direction of the .-

windings, the contact rollers forming together the
star point of the three-phase transformer. .
16. A regulating transformer as recited in claim

CERTIFICATE OF CORRECTION.

_Patent No. 2,150,382.

1, satid mounting means comprising a rotatable
shaft centralized with respect to said core, at
least one arm secured to said shaft and extend-
ing radially therefrom, and means connecting
said brush with sald arm whereby to move the
brush in contact with and along sald spiral con-
tact path upon rotation of said shaft.

GEORG LEISCHNER. -

Tareh 1, 1939.

. GEORG LEISCHNER. . _

It is hereby certified that error appears in the printed specification
of the above numbered patent requiring corregtion as follows: Page L, first
.column, line 72, claim9, after the word fgpiral" insert contact; same page,
gsecond columm, line 30, claiml2, for fc01ls" read turns; and that the said
Letters Patent should be read with this correction therein that the seme
may conform to the record of the case in the Patent Office, :

Signed and 'sealed this 15th day of August, A. D. 19%39.

_ (Seal)

Leslie Frazer
Acting Commissioner of Patents.



