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Description                                         Patent No. 4,116,728,
issued September 26, 1978; and a process for dipping a preformed electrical
The invention relates to an alternating current   coil in a liquid
insulation bath and curing the electrical transformer and more particularly
to a   insulative coating in an oven is disclosed in a toroidal electrical
transformer having a core    5    patent issued to Schou, U.S. Patent
No.2,061,388, wound from one or more continuous strips of        issued
November 17, 1936. core material and high and low voltage windings      The
present invention specifies a construction each wound in substantial part
from a continuous    for a transformer and a method of construction
conductor.                                          therefor whereby there
is obtained a toroidal Ideally, an alternating current toroidal trans-   to
electrical transformer of near optimum efficiency. former having a
continuous annular or toroidal      According to the invention there is
provided a core and continuous toroidal low voltage and        toroidal
electrical transformer having an annular high voltage windings surrounding
the core with-    magnetic core wound from magnetic strip and of out any
gap would provide a transformer of          minimum magnetic path length,
and first and optimum  operating efficiency The continuous    15   second
windings comprising high and low volt- annular or toroidal core would
minimize the         age windings, disposed around said core with a
effective magnetic path length and avoid the        small total
circumferential gap between windings, parasitic core losses which would
otherwise         amounting to between 5 per cent and 25 per cent occur at
the joins. Furthermore, the gapless con-   of the core length, of
sufficient dimension but [err] tinuous toroidal electrical windings  would
20    more than is necessary to admit the passage of a optimize the use of
an annular or toroidal core by  strip of magnetic material into the
windings to providing the smallest effective electrical coil path  form the
core, each of said windings being wound length. Previously known
transformer designs        in substantial part from a continuous conductor
have not, however, accomplished all of these        and said first windings
surrounding said second objectives.                                   25
windings, characterised in that each of said first Various proposals have
been made to provide a     and second windings are prewound to define one
transformer having a wound, annular core and        or more respective
elongated arcuate passages, toroidal windings surrounding the core For
the passage of said first windings containing the example, the patent to
Bastis, et al, U.S. Patent   said second windings and said first and second
No. 3,430,489, issued September 5, 1967, dis-   30   windings
circumferentially  encompassing  a closes an air-cooled toroidal
transformer in which  major portion of said annular magnetic core to the
core is severed into two segments so that the   define said small gap in
said windings, and in windings can be positioned onto the core seg-
which the core is continuous, being formed from ments before they are
joined. A similar technique   the aforesaid magnetic strip which is fed
into the is shown in the patent to Conner, et al, U.S. Patent   35
passage of said second windings through said No. 3,996,543, issued December
7, 1976. A seg-      gap and wound in place therein from an external mented
core is used in Conner, et al, because of    substantially continuous
supply of said magnetic the problems associated with winding the prim-
strip. The method according to the invention is ary and secondary windings
on a continuous          defined by claim 18. toroidal  core  using
conventional  winding    40    The above structure and configuration is
prefer- machines.                                           ably
accomplished by preforming each of the Efforts have been made to wind a
more-or-less     high and low voltage windings into two coreless continuous
annular or toroidal core into pre-       and semi-toroidal or arcuate
transformer portions formed, generally-rectangular  primary  and         or
sections, each pair of high and low voltage secondary windings. Examples of
such efforts are   45   windings constituting substantially one-half of
shown in the patents to Humphreys, U.S. Patent      the transformer
windings. The magnetic core No. 2,191,393, issued February 2, 1940; Vance,
material is then fed through the small circum- U.S. Patent No. 2,249,506,
issued July 25, 1941;    ferentially extending gap between adjacent ends
Granfield, U.S. Patent No. 2,160,588, issued May    of such semi-toroidal
portions or sections and 30, 1939; Boyajian, U.S. Patent No. 2,245,180,
5o   continuously wound in place into the generally issued June 10, 1941;
Brand, U.S. Patent No.       toroidal or arcuate elongated passage formed
in 2,246,239, issued June 17, 1941; Brand, U.S.        said portions or
sections. Such circumferentially- Patent No. 2,246,240, issued June 17,
1941;         extending gap is only sufficient in circumferential Camilli,
U.S. Patent No. 2,248,606, issued July 8,  length to allow the magnetic
core material to be 1947; Driftmeyer, U.S. Patent No. 2,282,854,   5s   fed
therethrough and wound in place within the issued May 12,1942; Steinmayer,
U.S. Patent No.     arcuate elongated passage to form the annular
2,344,006, issued March 14, 1944; and Stein-        magnetic core. mayer,
U.S. Patent No. 2,401,984, issued June 11,    In the preferred embodiment
of the toroidal 1946. The aforementioned patents, however,
transformer, the high voltage coil or winding is illustrate that it was not
deemed feasible to wind    60   wound into a number of wedge-shaped bundles
such a continuous core into continuous, pre-        or segments with
connecting loops of wire or formed toroidal windings.
conductor. Preferably in order to achieve the Finally, a process for heat
treating a toroid     advantages of the invention, such wedge-shaped wound
from an amorphous metal material is           segments and connecting loops
are wound and disclosed in a patent issued to Becker et al, U.S.   65
formed from a pre-insulated wire or conductor 2   



3                   0 083 567                       4 that is continuous
over 30 to 50 per cent of the    number of geometric shapes, including, for
total length of the high voltage coil. At a mini-   example, circles,
ovals, squares, or even irregu- mum, according to the invention, each
wedge-        lar shapes. shaped segment is wound and formed from a
Since the core structure in the present inven- continuous wire or
conductor.                 6    tion is continuous, as described above,
magnetic The low voltage coil or winding in the pre-       flux losses due
to gaps or breaks in the core ferred embodiment is wound and formed from
material are minimized. Since the structure of the conductor stock in a
singular or a multifilar       primary and secondary windings is continuous
in arrangement wherein each turn is wedge-shaped       substantial part, as
described above, electrical and may also be composed of two parallel coils
1o   losses due to connections in those windings are interleaved in a
spiral or double helix configura-  likewise minimized. Because the high
voltage tion as is explained in detail below. Preferably in  and low
voltage windings are toroidal in con- order to achieve the advantages of
the invention,   figuration, with each winding segment being such conductor
is continuous over 30 to 50          wedgeshaped, optimum  use is made of
the percent of the total length of the low voltage coil   15   wound-in
toroidal or annular transformer core. for at least each voltage winding
thereof in a      The minimizing of such magnetic flux losses and
multi-voltage  arrangement. At a minimum,           electrical losses is
especially timely since energy according to the invention, such low voltage
conservation is presently a national goal. conductor is continuous over
three or more turns     A toroidal electrical transformer according to of
the coil in each of the above-mentioned trans-   20   the invention is
preferably constructed by pre- former portions or sections for each voltage
forming the high voltage and low voltage coils or winding thereof.
windings, which are then assembled onto toroi- The preferred magnetic core
is fed through a      dal or annular insulation structures to form a gap
between the ends of the high voltage and        coreless toroidal winding
and insulation struc- low voltage windings and is wound in place into   25
ture having a generally annular or toroidal- a generally toroidal or
annular opening which       shaped central void or core-forming tunnel
extends through the high and low voltage coils      which forms an arcuate
elongated passage there- to form an arcuate elongated passage there-
through. Thereafter, the core material is fed into through. The core is
preferably formed and          the preformed toroidal winding and
insulation wound from a single continuous ribbon-like strip   30
structure through a relatively small, circum- of core material.
Alternatively, however, the       ferentially-extending gap between
adjacent ends magnetic core may be wound from a number of         of the
portions or sections of such structure and continuous strips of core
material in a parallel    wound in place to form the finished transformer.
bifilar or parallel multifilar arrangement. Also, in  Various novel
techniques are disclosed herein to the construction of very large toroidal
trans-   35   accomplish these steps. formers, a separate single strip or a
multifilar      Of particular importance is the fact that the group of
strips may be used to wind an inner        core material of a toroidal
transformer according portion of the core diameter, with one or more
to the invention may be extremely thin. Recent subsequent single strips or
multifilar group of     advances in core material technology have pro-
strips serially connected thereto for forming    40   vided amorphous
metals, an example of which is increasing diametric regions or portions of
the     known by the tradename METGLAS; Because wound core. In this
configuration, the subse-       such  amorphous metals are fabricated  by
quent, or serially-connected, single strips or      solidifying the molten
metal in a very short groups of strips may include different types of
period of time, such amorphous metals must be core material, having
different loss characteris-   45   of an extremely thin gauge as compared
with tics, at different diametric regions of the wound   core materials
composed of conventional grain- core as is described in U.S. Patent No.
4,025,288,  oriented metals. Such thin-gauge core materials issued to Lin
et al, on May 27, 1980. In such       are difficult, if not impractical, to
use with con- serially wound configurations, the magnetic core    ventional
core manufacturing techniques. The is considered to be substantially
continuous or   50   transformer  manufacturing  method  of the continuous
in substantial part.                     present invention, however, can
efficiently The toroidal or arcuate configuration of the      accommodate
such thin-gauge amorphous metal high and low voltage coils in the preferred
core materials, thereby further improving the embodiment is that of a torus
generated by the      efficiency and reducing the parasitic losses of the
revolution of a generally trapezoidal shape about   55   transformer. an
external axis, while the toroidal or annular       Other features and
advantages of the invention configuration of the preferred magnetic core is
will become apparent in the description of the that generated by the
revolution of a generally     preferred embodiments set forth below.
rectangular shape about an external axis with such  core configuration
being substantially   60   BRIEF DESCRIPTION OF THE DRAWINGS defined by the
above-mentioned arcuate elon-          Exemplary embodiments of the present
inven- gated passage through the high and low voltage      tion are
illustrated in the accompanying draw- coils. As is explained below,
however, such toroi-  ings, wherein: dal configurations may alternatively
be those         Figure 1 is a partially cut-away, partially generated by
the toroidal revolution of any of a    65   exploded, perspective view of a
preferred toroi- 3  



dal electrical transformer according to the preset     Figure 17, with the
winding and forming dies in invention;
their closed position; Figure 2 is a partially cut-away top view of the
Figure 20 is a top view of the winding and toroidal electrical transformer
of Figure 1;          forming portion of the apparatus of Figure 17, Figure
3 is a partial cross-sectional view of the    5    illustrating the wire
guide assembly therefor; toroidal electrical transformer taken along line
3-3    Figure 21 through 23 are top views of the of Figure 2;
winding and forming portion of the apparatus of Figure 4 is an exploded
perspective view of one     Figure 17, illustrating the coil segment
pressing section of the preferred core insulation tube of the  operation,
wherein. present invention;                              10      Figure 21
shows. one of such segments after Figure 4A is a perspective view of an
assembled     winding and during pressing; section of the core insulation
tube of the present      Figure 22 is similar to Figure 21, but is
partially invention and a spreading tool therefor;              cut-away to
show the interlocking structure for Figure 5 is an exploded perspective
view of one     one of the split die portions; and Figure 23 shows ction of
the preferred high/low  insulation    15   one of such segments in its
compressed state rrier of the present invention;
during bonding of the wire turns; Figure 6 is a fragmented perspective view
of          Figure 24 illustrates the insulation piercing one of the
insulation members of the preferred        structure of the apparatus of
Figure 17; toroidal electrical transformer, illustrating a pre-    Figure
25 is a perspective view of an apparatus ferred cooling fluid channel
structure;         20   for pre-winding the core material of the present
Figure 7 is a schematic view illustrating the       invention; preferred
assembly of the major transformer             Figure 26 is a schematic
representation of the components prior to installation of the magnetic
annealing  operation  of the pre-wound core core;
material of Figure 25; Figure 8 is a block diagram, generally illustrat
26  Figure 27 is a partially cut-away perspective ing the preferred method
of manufacturing a           view of a core sleeve being installed in the
core toroidal electrical transformer according to the      insulation tube
of the present invention; present invention;
Figure 28 is a fragmented view showing the Figure 9 is an overall view of a
preferred low      ends of the core sleeve of Figure 27 being joined;
voltage coil forming and winding apparatus used    30   Figure 28A
illustrates an arrangement whereby in connection with the present
invention;             the use of the core sleeve of Figure 28 may be
Figure 10 is a detail view of the low voltage coil  eliminated for a core
fabricated from sufficiently forming portion of the apparatus of Figure 9;
thick core material; Figures 11 and 12 are detail views of the low
Figure 29 is an overall perspective view of a voltage coil forming roller
assembly of the    35    preferred core wind-in apparatus of the present
apparatus of Figure 9, wherein: Figure 11 illus-      invention. trates the
roller position for forming the inner leg     Figure 30 is a schematic view
of the major of the low voltage coil. and, Figure 12 illustrates
portions of the apparatus of Figure 29; the roller position for forming the
outer leg of the    Figure 31 is fragmented detail view of the low voltage
1 coil.                             40    winding belt position at the
completion of the Figure 13 is an end view of the low voltage coil    core
wind-in operation; forming portion of the apparatus of Figure 9,
Figure 32 is a side view  of an alternate illustrating various roller and
mandrel positions     apparatus for winding the low voltage coil of the
during the coil forming operation;                    present invention;
Figure 14 is a detail view illustrating a few    45   Figure 33 is a top
view of an alternate apparatus interleaved turns of two finished low
voltage-coil    for forming the wedge-shaped turns of the low lengths;
voltage coil; Figures 15 and 16 are two variations of the           Figure
34 is a side view of the apparatus of method for applying insulation to the
low voltage     Figure 33; coil assemblies, wherein: Figure 15 illustrates
an    50  Figure 35 is a side view of an alternate interleav- apparatus for
dipping the low voltage coil into a      ing apparatus for two lengths of
low voltage coil; liquid insulation material; and Figure 16 illus-
Figure 36 is a partially fragmented view of a few trates an apparatus for
electrostatically applying a   representative turns of an alternate low
voltage powdered insulation material to the low voltage       coil
structure wound in a generally bifilar arrange- coil;
55    ment wherein the low voltage coil is wound from Figure 17 is an
overall perspective view of an       a pre-insulated conductor to form
approximately apparatus for winding the high voltage coil and
wedge-shaped turns of said coil; forming a plurality of wedge-shaped
segments            Figure 37 illustrates a few turns of the low from a
continuous wire;                               voltage coil of Figure 36 as
installed on a core Figure 18 is a partially cut-away detail view of   60
insulation tube of the invention; the winding and forming portion of the
apparatus        Figure 38 illustrates an alternate core sleeve of of
Figure 17, with the winding and forming dies in    the present invention;
their open position;                                    Figure 39
illustrates an alternate method for Figure 19 is a partially cut-away view
of the       winding in the core material, using the alternate winding and
forming portion of the apparatus of   65   core sleeve of Figure 38;   



7                   0 083 567                       8 Figure 40 is a top
view of still another alternate  51, 52, respectively, with each of the
sections core wind-in apparatus according to the present     extending
circumferentially through an arc of invention; and Figure 41 is a side view
of the      approximately 165 degrees on each of the two apparatus of
Figure 40.                             sides of the preferred transformer
10. Thus, the 5    low voltage coil 40 is preferably disposed within
DETAILED DESCRIPTION OF THE PREFERRED               the high voltage coil
60, and the two coils prefer- EMBODIMENTS
ably encompass approximately 165 degrees of Figures 1 through 41 of the
drawings depict       the circumferential length of the toroidal or annu-
various preferred and alternate embodiments of      lar core 20. the
present invention for purposes of illustration    1o  The term "continuous"
as used herein in con- only. One skilled in the art will readily recognize
nection with the high voltage winding or coil 60, from  the following
discussion that still other     and the sections 61 and 62 thereof,
includes a alternate embodiments of the structures and         preferred
configuration wherein the wedge- methods illustrated herein may be employed
shaped segments and the connecting loops are without departing from  the
principles of the    15   wound and formed from a single wire or conduc-
invention described herein.                        tor that is continuous
over the length of each of Figures 1 through 3 illustrate a preferred
toroi-  the high voltage coil sections 61 or 62, or in other dal electrical
transformer 10 including a con-      words, over substantially one-half of
the toroidal tinuously wound, toroidal or annular core 20
transformer 10. Such term  "continuous" also disposed within a core
insulation tube 30. A low    20   refers to various alternate
configurations of the voltage coil or winding 40 surrounds the core
high voltage coil 60, wherein at least each wedge- insulation tube 30 and
is encased by a high/low     shaped segment is wound from  such a con-
insulation barrier 50, which is in turn surrounded  tinuous wire or
conductor. by a high voltage coil or winding 60.                 With
respect to the low voltage winding or coil The high voltage winding 60 is
preferably made    25   40, and the sections 41 and 42 thereof, the term up
of two sections 61 and 62, each including a      "continuous" includes the
above-mentioned pre- plurality of winding bundles or segments con-
ferred singular, bifilar or multifilar arrangements, tinuously wound from a
common wire and con-         wherein the conductor is continuous over the
nected by loops of said common wire, e.g.,          length of each of the
low voltage coil sections 41 twenty 2[err]% voltage segments in each of
said   30   or 42, or over the length of each of the interleaved sections.
At least the segments of the high volt-   windings for each section, as is
described in detail age winding 60 near the ends of the sections 61
below in connection with Figure 14. Thus in such and 62 are preferably
separated by inserts 70,      preferred embodiment, the low voltage coil is
around which said loops extend, for purposes of     continuous over
substantially one-half of the minimizing impulse stresses resulting from
any    35   toroidal transformer 10. The term "continuous" non-linear
voltage distribution to which the high   also includes any of several
alternate low voltage voltage winding may be subjected, such as those
coil structures wherein at a minimum the low encountered  during  high
voltage  impulses        voltage conductor, whether singular, multifilar,
or caused, for example, by lightning. Such inserts 70  otherwise, and
whether interleaved or not, is may in some cases be required between all
high    40   continuous over at least three turns thereof. voltage winding
segments as shown in the draw-         The term "continuous", as used with
reference ings, or more than one insert may be required       to the
magnetic core 20, includes such core between each segment. The inserts 70
are prefer-    structures wound from a single or multifilar group ably
composed of a synthetic material, such as      of ribbon-like strips of
continuous core material "MYLAR" or "KAPTON" for example, and are   45   as
well as a successive, serially-connected group retained in place by
thermo-formed cuffs 71         of core material strips, wound-in
successively to which extend circumferentially under the high       form
increasingly large diametric regions of the voltage winding segments as
shown in Figure 2.       core 20. Similarly, the preferred low voltage
winding 40 is    The terms "toroidal" or "annular" as used also made up of
two sections 41 and 42, corre-   50   herein in connection with the high
and low volt- sponding to the high voltage winding sections 61    age coils
60 and 40, respectively, and in connec- and 62. Such preferred low voltage
coil sections    tion with the magnetic core 20, refer to the 41 and 42 may
each include either a singular        configuration of a torus generated by
the revolu- winding conductor, bifilar or multifilar parallel   tions of
any of a number of regular or irregular conductors in an interleaved
configuration, one of   ss   shapes about an external axis. The various
pre- such parallel conductors for each voltage wind-     ferred and
alternative structures and configura- ing, as is explained in detail below.
In the pre-   tions of the high and low voltage windings or ferred
embodiment, as shown in the drawings,        coils 60 and 40, respectively,
and of the magnetic the high voltage winding sections 61 and 62 and
core 20 are described in detail below. the low voltage winding sections 41
and 42 each    60  Figures 4 and 4A represent detail views of the extend
circumferentially through  an  arc of        section 31 of a preferred core
insulation tube 30. approximately 165 degrees on each side of the
Although the section 31 is shown in Figures 4 and transformer 10.
Correspondingly, the core insula    4A for purposes of illustration, one
skilled in the tion tube 30 and the high/low insulation barrier 50  art
will appreciate that the section 32 is identical are each formed in
two-section pairs 31, 32 and    65   to the section 31. 5  
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1 4 The core insulation tube section 31 includes a     synthetic material.
A set of inner and outer walls, pair of upper and lower half-sections 33
which are  55 and 56, respectively, extend axially from each preferably
molded from a synthetic material and     of the base portions 57 and in the
preferred are identical in configuration but inverted with    embodiment
include opposite-oriented, radially respect to each other. Thus the four
identical half-    5    recessed end portions 58 and 59, respectively.
sections required to form the core insulation tube    When the upper and
lower half-sections 53 and 30 may all be molded from a single mold. The
54 are axially joined together over the low voltage half-sections 33 are
preferably molded from a       coil 41, the respective preferred recessed
end high-strength, glass-filled synthetic material, such  portions 58.and
59 of the inner and outer walls 55 as polyester, nylon, or epoxy, for
example.   1o   and the overlap in a general flush, mating rela- The
half-sections 33 of the core insulation tube  tionship, thereby providing
insulation protection 30 each include inner and outer walls 34 and 35,
to withstand electrical stresses occurring during respectively, extending
in an axial direction from  high impulse voltages associated with the high
a base portion 36. One or more interlocking         voltage coil 60. The
half-sections 53 and 54 must protrusions preferably in the form of teeth or
tabs    15   then be compressed axially, thereby allowing for 37 protrude
axially from the inner wall 34, with a  assembly of the high voltage coil
segments over corresponding number of circumferential spaces      the low
voltage windings and the core insulation 38 between adjacent teeth 37. The
teeth or pro-     barrier subassembly. trusions 37 and the spaces 38 are
oriented such       The particular cross-sectional shapes of the that when
the identical upper and lower half-   20   generally toroidal or annular
shaped core insula- sections 33 are joined together to form the section
tion tube 30 and high/low insulation barrier 50 31, as shown in Figure 4A,
the teeth 37 intermesh   correspond to the desired cross-sectional shapes
to prevent relative circumferential displacement    of the toroidal or
annular magnetic core 20 and of the inner walls 34 of the upper and lower
half-  high and low voltage coils 60 and 40, respectively. sections 33. The
teeth 37 have vertical edges   25    Figure 6 illustrates a broken-away
portion of the oriented along radius lines passing through the     high/low
insulation barrier 50 including a pre- center of the transformer 10,
thereby providing     ferred but not necessary internal wall structure of
for a flush, interference-free engagement of the    the present invention.
The wall structure shown in upper and lower teeth 37.
Figure 6 and the related discussion herein are The axial length or height
of each inner wall 34   30   equally applicable to the core insulation tube
30. and the teeth 37 is preferably greater than that of   Transformers of
the type disclosed herein fre- the outer leg 35, thereby forming an axial
gap 39   quently employ oil or other fluids, either liquid or around the
periphery of the core insulation tube    gaseous, for cooling their
components during 30 as is illustrated in Figure 4A. The purpose of
operation. Such cooling fluid is typically an elec- the axial gap 39 will
be described in detail below    35   trical grade insulation oil. The
highAow insulation in connection with the core wind-in process illus-
barrier 50 in Figure 6 includes a number of ridges trated in Figures 29
through 31. The teeth 37 are   95 molded into the internal side of the
outer wall preferably of an axial length or height such that   56. The
ridges 95 may be inclined, spiral, involute, the sections 31 and 32 may be
axially collapsed to  or the like, and form a plurality of cooling fluid a
height allowing easy insertion into the toroidal   40   branch channels 96
therebetween. The ridges 95 opening or arcuate elongated passage formed by
are interrupted short of the base portions 57 and the low-voltage coil
sections 41 and 42, as will be  thereby form common header channels 97 at
the described below. After such insertion, the half-    upper and lower
peripheries of the outer wall 56. sections 33 may be spread by means of a
suitable    The branch channels 96 and the header channels spreading device
such as the wedge-shaped    45   97 act as conduits for the convective flow
of the spreader tool 92 shown in Figure 4A, for example.   cooling liquid.
The configuration of the ridges 95, The spreading of the half-sections 33
after inser-  being inclined or spiral, etc., imparts a convec- tion into
the low voltage coil section 41 allows the  tively induced circulating
motion to the cooling core insulation section 31 to substantially con-
fluid flow throughout the inside of the high/low form to the inside of the
low voltage coil section    so   insulation barrier 50, as illustrated by
the flow 41 thus providing sufficient space in the arcuate    arrows in
Figure 6. Such circulating motion pro- elongated passage for winding in the
core 20, as    motes both cooling of the components and uni- will be
described later in this discussion. Such    form  temperature distribution
throughout the spread position may be maintained by providing
transformer. detents formed on the teeth 37, or by other means   65  As is
shown schematically in Figure 7, the known to those skilled in the art.
corresponding sections of the above-described Figure 5 shows the preferred
section 51 of the     components are assembled into two preferred high/low
insulation barrier 50, for purposes of     transformer half-portions or
sections 11 and 12, illustration. One skilled in the art will readily
each extending circumferentially through an arc understand that section 52
is identical to section    60   of approximately 165 degrees  as described
51. The section 51 of the high/low insulation       above. The preferred
transformer portions 11 and barrier 50 includes a pair of upper and lower
half-  12, when combined, thus form  a substantial sections 53 and 54,
respectively, which like the     portion of a torus made up of two
symmetrical half-sections 33 of the core insulation tube section  halves
with a circumferential space of approxi- 31, may be molded from a suitable
reinforced    65    mately 15 degrees therebetween on each side. 6 



11              0 083 567                       12 One of the primary
purposes for the above-          segments with the cuffs 71 extending into
the described construction is to form  an arcuate       toroidal openings
in the segments. The high elongated passage for allowing the core 20 to be
voltage coil section 61 and the inserts 70 are then continuously wound in
place in a toroidal or        positioned ontotheexteriorof the
high/lowinsula- annular configuration as is illustrated in Figures 1    5
tion barrier section 51 to complete the operation of through 3 and
described in detail below. Once the   forming the half-portion 11 prior to
the winding in core wind-in operation is completed, the trans-     of the
core 20. former assembly is retained in its proper con-        The core
material, which is of a relatively thin, figuration by means of supporting
blocks 80 (see    ribbon-like configuration, is preferably pre-wound Figure
1), which maintain an equal spacing    10   into a tight coil and
automatically severed at a between the half-portions 11 and 12 on both
sides   prescribed length determined by the size of the
ofthetransformer10.Thetransformerassemblyis         transformer being
produced. The coil is then then installed in a suitable containment
structure  restrained and annealed to relieve its internal such as the tank
or housing 85 shown in Figure 1.   stresses, as is illustrated in Figures
25 and 26. The Various additional features will become readily   15
resultant structure is a pre-wound, coil-shaped apparent from the following
description of the      core 20 which is ready for winding into the above-
methods employed in the manufacture of a toroi-     described transformer
half-portions 11 and 12. dal electrical transformer and the components
The remaining steps in the production process thereof according to the
present invention.         include forming and installing a core sleeve
from a Figure 8 illustrates, in block diagram form, an   20   blank of core
material, if deemed to be necessary overview of the major operations
involved in the    forthe particular core material being used (Figures
preferred method of manufacturing the toroidal      27 and 28); the winding
of the pre-formed, pre- electrical transformer 10. Although for purposes of
annealed core 20 into the arcuate elongated illustration, the reference
numerals in Figure 8 and  passage through the interdisposed high and low in
the following discussion relate to the trans-   25   voltage coils 60 and
40, respectively, (Figures 29 former half-portion 11, the structure and
produc-   through 31); and the finished assembly steps of tion methods of
the transformer half-portion 12     installing the supporting blocks,
electrically con- are preferably identical to those of the transformer
necting the respective sections of the low voltage half-portion 11.
coil 40 and the high voltage coil 60, and mounting The low voltage coil
section 41 is preferably   30   the assembly in a suitable housing
structure (see wound from continuous conductor stockwith each      Figure
1). turn being formed into a wedge shape to provide       Figures 9 through
13 illustrate a preferred wind- the toroidal or annular configuration.
Preferably,  ing and forming apparatus 120 for fabricating the each turn is
formed with a generally constant       low voltage coil sections 41 and 42,
which may be cross-sectional area throughout. The formed coil   35
composed of suitable conductor material such as is then coated with
insulation, and the insulation is  aluminum or copper. The preferred
aluminum coil cured to finish the coil section 41. The above low  may be
fabricated from  pre-shaped EC grade- voltage coil producing steps are
described in detail  conductor stock of the redraw type or from other below
in connection with Figures 9 through 16 of    suitable conductor stock
known to those skilled in the drawings.                                  40
the art. The coil feedstock 121, which may be The low voltage coil 41 is
then positioned onto   round, square, or other desirable cross-section, is
the exterior of the pre-assembled core insulation   fed from a reel 122
onto a forming mandrel 123 barrier 31 and encased within the upper and
lower   having a cross-sectional shape corresponding to halves of the
high/low insulation barrier section 51  the desired cross-sectional shape
of the toroidal as is shown schematically in Figure 7. The sub-   45   low
voltage coil 40. The forming mandrel 123, assembly is then ready for
addition of the high     which is secured to a rotating shaft 124, includes
a voltage coil section 61.                            forming die plate 125
and an axially-projecting The high voltage coil section 61 is preferably
shoulder portion 126 for receiving the feedstock wound from a continuous
wire and formed into a      121. The feedstock 121 is engaged and pressed
number of wedge-shaped bundles or segments.   50   into the desired
cross-sectional shape by means of The segments are then compressed, and the
a conical pressure roller 127 and a vertically individual turns of wire in
each segment are        reciprocating cylindrical pressure roller 128.
which bonded together to form a tightly wound con-        cooperate with
the forming mandrel 123 to forcibly tinuous coil with a greater number of
turns of the  deform the feedstock 121 into the desired shape as wire per
unit cross-sectional area of the coil than    55   the shaft 124 rotates. A
conical backing roller 129 existed before the segments were compressed.
provides a counteracting force against the oppo- Such increase in the
number of turns per unit       site side of theforming mandrel
l23tobalancethe cross-sectional area of the coil maximizes the use  force
exerted by the conical pressure roller 127, of the volume of the toroidal
or annular space and  thereby providing the lateral stability required for
thereby increases the efficiency of the trans-   60   the forming
operation. A guide 131 directs the former. These operations are described
in detail    formed coil onto a storage mandrel 132 that below in
connection with Figures 17 through 24.     rotates in unison with the
forming mandrel 123, As is illustrated schematically in Figure 7, the
thereby producing a continuously wound coil inserts 70 are located at each
end of the high      configuration which is wound around the storage
voltage coil section 61 and between adjacent   65   mandrel 132 as the
process continues. 



7    13                  0 083 567                       14 The cylindrical
roller 128 is free-floating       rilateral in cross-section, with a low
height-to- between the conical pressure roller 127 and the     width aspect
ratio. Accordingly, in Figure 12, the conical backing roller 129 in the
preferred         thickness of the forming die plate 125 is thin embodiment
and is supported vertically by a pair    compared to the overall thickness
of the forming of cylindrical back-up rollers 137. The cylindrical    5
mandrel 123, thereby forming a thicker cavity into back-up rollers 137 are
rotatably attached to the   which the conductor feedstock 121 is forced.
yoke member 138. A pressure piston, which may         As the forming
mandrel 123 rotates from its be a pneumatic or hydraulic device, urges the
Figure 12 position to its Figure 11 position, as is cylindrical back-up
rollers 137 against the cylindri-  shown in part in the schematic
representation in Cal roller 128, which in turn forcibly engages the    10
Figure 13, the cylindrical roller 128 raises and conductor feedstock 121
during the forming oper-    lowers in following engagement with the corners
ation. By supporting the cylindrical roller 128     of the forming mandrel
124. Also, the radial between the conical rollers 127 and 129, its
excursion of the die forming plate 125 increases contact point is
maintained directly between the    to form the wedge-shaped upper portion
45 and, lines of contact of the conical rollers 127 and 129.   15
subsequent to forming the inner portion 44, The use of the two spaced-apart
cylindrical         decreases to form the wedge-shaped lower por- backup
rollers 137 provides clearance for the       tion 46. conical rollers 127
and 129 asthe cylindrical roller  The winding and forming process described
128 oscillates in engagement with the forming       above continues until a
predeterminned number mandrel 123 and the conductor feedstock 121.   20
of low voltage turns have collected on the storage Preferably, the sides of
the cylindrical roller 128  mandrel 132, at which time the conical pressure
are slightly concave, thereby limiting the contact  roller 127, the
cylindrical pressure roller 128, and with the conical rollers to only the
rim portion of  the conical backing roller 129 are indexed away the
cylindrical roller 128 in order to minimize     from the forming mandrel
123 thereby allowing scuffing and wear resulting from differences in   25
the fabrication of a cross-sectionally unformed the surface speed of the
rollers. Alternatively, a  terminal portion on the ends of the formed coil.
single cylindrical roller (not shown) may be rotat-  Finally, the feedstock
121  is automatically ably supported by a yoke member and may be
severed, the formed coil is removed, and the sized large enough to avoid
interference between    process is repeated to form another length of low
its axis and the conical rollers 127 and 129. Such a    30   voltage coil.
single cylindrical roller would also have concave     In forming the
preferred low voltage coil 40, sides to minimize scuffing and friction
there-      two lengths of coil formed as described above are between. In
such an arrangement, however, the       intertwined  or interleaved  into a
generally cylindrical roller would have to be reciprocable
double-spiral, or double-helix, configuration as is laterally so as to
maintain its pressure point   35   illustrated in Figure 14 to form one of
the coil between the lines of contact of the conical rollers.  sections 41
or 42. Each of such coil lengths in the Figures 11, 12, and 13 illustrate
schematically   low voltage coil section 41 is connected in series the
relationship of the forming components dur-      to a corresponding coil
length in the low voltage ing various stages of rotation of the forming
coil section 42 upon final assembly of the toroidal mandrel 123, and Figure
14 shows a number of   40   transformer 10. Each of such lengths is
designed wedge-shaped interleaved turns of the formed        for one-fourth
of the total low voltage. Thus, each low voltage coil 40 as discussed in
detail below. In  of the resultant sections 41 and 42 of low voltage Figure
11, an inner leg 44 of the low voltage coil  coil 40, when connected as
described above, 40 is being formed. As may be best seen in Figure
comprises two parallel toroidal coil lengths, inter- 14, the inner leg 44
is wide in the radial direction    45   leaved in a double-helix
configuration, each of and thin in the circumferential direction, said
said sections 41 and 42 being designed to carry directions being relative
to the toroidal or electri-  one-half of the total low voltage value of the
cal transformer 10. Thus, in Figure 11 the cylindri-  transformer. One end
of each of such parallel coil Cal roller 128 is in following engagement
with the  lengths is connected to one of two low voltage edge 130 of the
forming die plate 125 of the    50   transformer terminals, and the
opposite end of forming mandrel 123. Also as is shown in Figure      each
coil length is connected together to the 11, the axial thickness of the
forming die plate 125  common neutral terminal of the transformer. This is
large compared to the overall thickness of the   connection facilitates a
low voltage electrical out- forming mandrel 123 thereby forming a thin
put (or input), with one half of such voltage being cavity in which the
conductor feedstock 121 is   55   above neutral and one-half below neutral
for ease forced. Thus, the feedstock 121 is forcibly com-    of
single-phase multivoltage wiring. One reason pressed and deformed into a
generally quadri-       for intertwining  or interleaving the parallel
lateral space having a high height-to-width aspect   lengths low voltage
coil sections 41 and 42, as ratio, thereby forming the inner leg 44 of the
low  described above, is that if only a 120 volt load, for voltage coil 40.
60   example, is applied across one of the low voltage In Figure 12, the
forming mandrel 123 has          terminals and the neutral terminal, a
balanced rotated 180 degrees from the position shown in      ampere-turn
relationship will exist between the Figure 11 in order to form an outer leg
43 of the   loaded low voltage 120 volt coil section and the low voltage
coil 40. As may be best seen in Figure  fully series-connected winding
segments of the 



14, the preferred outer leg 43 is generally quad-   65   entire length
voltage coil 60. 8    17 15                  0 083 567
16 If the low voltage coil 40 were to be fabricated  segments preferably
being formed and wound in a non-interleaved configuration, with only a
from a continuous wire. Figure 17 shows an single half-voltage coil length
in each coil section  overall view of a preferred winding apparatus 41 or
42, and with all of the high voltage coil     170,  which includes a
winding and pressing segments of the entire high voltage coil 60 being    5
assembly 172, a rotatable storage mandrel 174, connected in series, an
application of a half-      and a wire guide assembly 176 adapted for
voltage load (e.g., 120 volts) to one of such low   feeding and guiding a
continuous wire 178 into voltage coil sections 41 or 42 would result in an
the winding apparatus 170. The preferred wire excessively high circuit
impedance. This is         178 is coated with an insulation material com-
because one-half of the series-connected high    1o   posed of a
combination of a fully cured dielectric voltage coil 60 would be
dimensionally far          coating overcoated with a so-called "B" stage
removed from the low voltage coil section being     semi-cured
thermosetting adhesive coating that used. If such a non-interleaved low
voltage coil    is dry to the touch. The adhesive coating serves to
configuration is desired, however, a balanced       bond the turns together
and to enhance the ampere-turn relationship may be obtained by    15
insulating qualities of the insulation combination. winding the high
voltage coil 60 into two full      Such insulation material as well as
other similar voltage (e.g., 7200 volts per each coil section 61 or
materials are known to those skilled in the art. 62) and then simply
connecting the coil sections      As shown in Figures 18 and 19, the
winding and 61 and 62 in parallel, thus obtaining good induc-   pressing
assembly 172 includes an integral wind- tive coupling between each high
voltage coil   20   ing form 180 and upper and lower portions 182 section
61 or 62 and its associated non-inter-      and 184, respectively of a
split winding form 186. leaved low voltage coil section 41 or 42. In such a
The integral and split winding forms 180 and 186, case, one of the
transformer sections 11 or 12      respectively, are operatively connected
to a wind- would provide transformation of one-half the        ing mandrel
188, which rotates in unison with the output voltage (e.g. 120 volts) one
side of neutral,   25   rotatable storage mandrel 174. with the other
transformer section providing          The upper and lower portions 182 and
184, equal transformation on the opposite side of        respectively, of
the split winding form 186 are neutral.
movable into and out of interlocking engagement Although it would be
desirable to wind and        with a pair of cavities 190, formed by the
winding form the low voltage coil 40, as described above,   30    mandrel
188 and the storage mandrel 174, by from  pre-insulated conductor feedstock
(e.g.,      means of upper and lower carriers 192 and 194, anodized or
film-insulated), it may not be possible  respectively. The upper and lower
carriers 192 in some cases to do so by the above-described       and 194
are operated by a pair of hydraulic or method without damaging the
insulation coating.     pneumatic cylinders 196, or alternatively by any
Therefore, if bare conductor feedstock is used, the    35   other suitable
mechanical or electrical motion formed coil sections should be insulated
after      imparting operator known in the art. Each of the forming and
winding. Figures 36 and 37, and the     carriers 192 and 194 includes at
least a pair of corresponding discussion below, illustrates an
retaining devices 198 for selectively retaining or alternate low voltage
coil structure and method of  releasing the upper and lower portions 182
and winding that is perhaps better suited for use with   40   184 of the
split winding form 186. The preferred pre-insulated conductors.
retainer devices 198 each include a slidable arma- Figures 15 and 16
illustrate alternative or       ture 200 which extends to engage, or
retracts to optional methods of applying insulation to the      release,
one of the retaining apertures 202 on formed low voltage coil windings
either before or   each of the upper and lower form portions 182 after
interleaving. In Figure 15, a tank 140 contains   45   and 184. The
armatures 200 may be actuated by a liquid insulation coating material 142,
into      any suitable means such as an electric solenoid which the coils
are dipped and passed by means      device, or by a hydraulic or pneumatic
cylinder, of a conveyer wire 144 with a series of hanger-     for example.
The preferred upper and lower form type clamps 146 for retaining the formed
coils.     portions 182 and 184 also include a pair of locking After the
formed coils are dipped in the coating    50   apertures 204 adapted to
receive a pair of locking material 142, they are conveyed through a drying
pins 206 which are extendible from the storage and curing apparatus 148 for
solidifying the insu-  mandrel 174 to retain the upper and lower forms
lation. An insulation material recovery system,     portions 182 and 184 in
position in the cavities indicated generally by reference numeral 150 may
190. be employed, if desired, to recycle insulation    55  As may be best
seen in Figures 18, 19 and 22, material vapors from the curing apparatus
148 to    the above-described upper and lower carriers 192 the tank 140.
and 194 thus operate to move the upper and In Figure 16, an alternate
powdered insulation    lower form portions 182 and 184 into position in
material is electrostatically applied to the formed  the cavities 190 under
the force of the cylinders coils in an electrostatic spray bath 152. After
60   196, where they are retained by the locking pins application of the
powdered insulation, the         206 and released by the armatures 200, at
which formed coils are cured in a curing oven 154.        pointthe upper
and lower carriers 192 and 194 are 



Figures 17 through 24 illustrate a preferred      retracted as shown in
Figure 19. When the upper apparatus and method for winding the high volt-
and lower form portions 182 and 184 are to be age coil 60 with a number of
wedge-shaped    65    moved out of the cavities 190, the upper and 9    17
0 083 567                      18 lower carriers 192 and 194 move into
engagement  the coil winding segment 222 that are parallel therewith, the
armatures 200 slide into the retain-  both to each other and to a radial
center-line ing apertures 202, the locking pins 206 are      through said
segment. Alternatively, the facing retracted from the locking apertures
204, and the  surfaces of the winding forms 180 and 186 may be upper and
lower form portions 182 and 184 are    5    biplanar with the portions
adjacent the outer leg moved away from the winding mandrel 188 by        of
the coil segment 222 being parallel, thus the upper and lower carriers 192
and 194. The     eliminating the need for the hinges 187 while purpose and
timing of such movement of the        accomplishing early the same result.
upper and lower form portions 182 and 184           While the coil segment
222 is held in its com- relative to the winding operation are discussed in
10   pressed state, as illustrated in Figures 21 through detail below.
23, the exposed portion of the wire 178 is The wire guide assembly 176,
which may be       engaged by the electrode 227 located on the best seen in
Figures 18 through 21, includes      winding mandrel 188, as is shown in
Figure 23. vertical feed rollers 212, horizontal feed rollers  Another
electrode 229 makes contact with the 214, and a set of guide rollers 216
rotatably   15   previously pierced and exposed portion of the mounted on a
guide arm 218 which is pivotally     wire 178 in the loop portion 221 on
the other side secured to a shaft 220. As the wire 178 is wound  of the
coil segment 222. The winding apparatus into the winding apparatus 170
between the         170 then briefly applies a high frequency voltage
wedge-shaped winding forms 180 and 186, the       through the coil segment
222 which quickly heats guide rollers 216 automatically oscillate in a   20
the periphery of the wire 178 to a temperature of lateral direction to
direct the wire 178 onto the  approximately [err] and causes the
thermo-set- winding mandrel 188 in a generally uniform       ting adhesive
insulation to bond to itself. Because pattern, as shown in Figure 20,
thereby minimiz-  the high frequency voltage causes only the ing the gaps
between wire turns and efficiently   periphery of the wire 178 to heat up
substantially, using the allotted space for each coil segment. As   25
while leaving the center or core relatively cool, the winding of a
particular coil segment 222 is  the interior of the wire acts as a heat
sink after the nearly completed, an insulation piercer 226       voltage is
removed. Thus the coil segment 222 (located near the feed rollers 212)
makes a small  cools quickly and as a result is wound, com- cut in the
insulation, thereby exposing the bare  pressed and bonded into its final
wedge-shaped conductor. The winding then continues until the   30
configuration. exposed portion of the wire is indexed in a
Alternatively, a high current (D.C. or low fre- position where it can be
contacted by an electrode  quency A.C.) may be imposed across the coil 227
after the wire segment 222 is compressed as   segment 222, causing an
essentially uniform is described below. The electrode 227 is located
temperature elevation of conductor which in turn on the winding mandrel 188
(see Figures 18 and   35   causes the surface adhesive coating to flow and
23), and its purpose is explained below. The guide  bond. Although such
alternate method results in a arm 218 and the guide rollers 216 pivot to
the    somewhat longer cool-down period than the position shown in Figure
21 to form the con-      above-described preferred method, this result is
tinuous loop portion 221 (see Figure 18), with the  mitigated somewhat by
the heat sink effect of the above-described  exposed  portion  therein,
40   winding forms 180 and 186 drawing heatfrom the between each of the
coil segments 222 and to      coil segment. allow for the compressing and
bonding of the        The upper and lower carriers 192 and 194 then wire in
the segments 222.                         engage the upper and lower form
portions 182 Figures 21 through 23 illustrate the preferred  and 184, the
locking pins 206 retract, and the apparatus and method for the pressing and
bond-   45   armatures 200 extend, as shown in Figure 22, ing of the wire
turns of each coil segment 222.  thereby allowing the form portions 182 and
184 to Once the winding of each coil segment 222 is      be moved away from
the winding mandrel 188. completed, and the guide rollers 216 have pivoted
Finally, the rams 230 extend even further to push into their position as
shown in Figure 21, a pair of  the winding form 180 and the coil segment
222 rams 230 extend to forcibly decrease the spacing   50   onto the
storage mandrel 174. The winding form between the integral winding form 180
and the     180 is retracted and the winding of the coil split winding form
186 from a distance d[err], to a   segmentsfrom the continuous wire 178
continues distance d2, as indicated in Figure 21, thereby   as described
above until the required number of forcibly compressing the turns of the
coil seg-   segments have been formed to make up a com- ment 222. Such
compression of the coil segment   55   plete high voltage coil section 61
or 62, at which 222 further minimizes the space or gaps between   time the
continuous wire 178 is automatically the individual turns of wire and
thereby max-     severed. The previously pierced portions of the imizes the
use of the space around the toroidal  loop portions 221 are covered with
pieces of transformer 10.                                  insulation, if
necessary, upon final assembly. The integral winding form 180 and the split
60   Figures 25 and 26 illustrate the fabrication and winding form 186 are
preferably hinged, as indi-  annealing of the core 20, which may be per- 



cated by reference numeral 187, so as to over-    formed independently of
the above-described compress the wider outboard leg of the coil
operations. In Figure 25, the ribbon-shaped stock segment 222. Such hinged
arrangement on the  .    core material 260 is fed into a core forming
winding forms 180 and 186 thereby form sides on   65   apparatus 262,
including tension rollers 263 10    19                  0 083 567
20 which tightly wind the core material 260 onto a     sections 31 and 32.
The use of a core sleeve 280 is spindle 266, thereby forming a core coil
264,       preferred, at least for amorphous metal core preferably in the
size and shape of the finally     materials, in order to allow the core
material to be wound-in core 20 in Figure 1. When the build of     seated
against the tabs 282, and to minimize the the core reaches the dimension
for the trans-    5    possibility of the core material snagging or former
being manufactured, a stack gauge or         becoming hung-up on the core
insulation tube 30, sensing mechanism  268 causes the winding
during the core wind-in operation described mechanism to stop and a cutting
blade (not          below. Furthermore, the core sleeve 280 helps to shown)
to automatically sever the core material     keep the transformer sections
axially aligned 260. The core coil 264 is then secured by a steel   10
prior to and during the wind-in operation. How- bonding strap or by spot
welding the finished end   ever, to avoid breaking the welds or otherwise
to the remainder of the coil to maintain its shape  damaging the core
sleeve a suitable carrier (not and annealed in an annealing oven 270, as
shown     shown) may also by used when transporting the schematically in
Figure 26, to relieve the internal  core-less sub-assembly to be sure that
the sec- stresses resulting from the winding operation.  15   tions 11 and
12 are maintained in their proper If the thin-gauge amorphous steel is used
for     relative positions. A pair of transformer section core material,
the core winding step may not be     handling clamp-type structures, such
as those necessary. In such a case, the amorphous steel      indicated by
reference numeral 290 in Figure 27, may be wound in place directly into the
core        may also be used for ease in handling the sub- insulation tube
30 and annealed in place while a    20   assembly both before, during and
after installa- magnetic field is simultaneously being applied by   tion of
the core sleeve 280. the energized windings, thereby obtaining the
As is mentioned above, a core sleeve 280 may optimum magnetic performance
due to the core        not be necessary for cores fabricated from the being
annealed to its operating position. Even      thicker conventional silicon
steel. In such a case, though the annealing temperature of amorphous   25
as shown in Figure 28A, a tang 281 is formed on steel is relatively low
(approximately [err]), the  the initial end of the core material. The tang
281 is insulation on the electrical coils would have to be  adapted to be
received in a slot 283 formed in the selected so that it would be capable
of withstand-  core material at a distance from the initial end ing such
temperatures for a short time.             substantially equal to the
circumference of the Referring back to Figures 7 and 8, and the    30
inner wall of the core insulation tube 30. As the related description, the
major components are       core material 280 is initially wound in, the
tang each fabricated as described above and then         281 is secured in
the slot 283 to form an integral assembled into two transformer sections 11
and      core "sleeve", and the wind-in process continues 12 (see Figure
1), which are joined by means of a   essentially as described below. core
sleeve 280 as is illustrated in Figures 27 and    35  Figures 29 through 31
illustrate the preferred 28, The use of a core sleeve 280 will generally be
apparatus and method for winding the previously required for magnetic cores
fabricated from the     annealed core material 264 into the window or
typically thin amorphous metals, but may not be    tunnel of the core
insulation tube 30. A preferred required for the thicker conventional
silicon steel  wind-in apparatus 310 generally includes a core core
material (typically 9 mils to 12 mils in   40    material support assembly
312 having a rotating thickness) as described below. The core sleeve
table 314 for rotating the core material 264 during 280 is formed from a
strip of core material with    wind-in, a support roller or pulley 315 for
support- one or more protrusions or tabs 282 cut or lanced   ing the core
material 264, a coil support fixture and bent outwardly from one end
thereof. The        316 for aligning and supporting the transformer core
sleeve 280 may be slightly thicker than that   45   sections 11 and 12, a
driven endless drive belt 318 used for winding the core 20 in order to
provide    (with a disconnectable joint 320) for supporting added stability
during the wind-in process. The     and winding in the core material 264,
and a belt core sleeve 280 is inserted into the arcuate elon-  tensioning
mechanism  322 for automatically gated passage or tunnel in the core
insulation      maintaining proper tension on the endless drive tube 30, as
shown in Figure 27. The ends 284 and    50   belt 318 during the wind-in
operation. The belt- 286 are then fixed to each other, with the tabs 282
tensioning mechanism 322 may comprise a pneu- left in their
outwardly-protruding positions, pre-  matic or hydraulic cylinder  for
example, with an ferably by resistance spot welding as shown in      idler
roller or sheave on the outer end of its piston Figure 28. The end 286
preferably overlaps the      rod for engaging the endless drive belt 318 as
end 284, as shown in Figure 28, so as to form a    55   shown in Figure 29.
The pre-assembled coreless backward-facing step 292 relative to the
direction  transformer sections 11 and 12, with the core of rotation of the
core sleeve 280 during core      sleeve 280 in place, are positioned on the
pre- wind-in, as indicated by direction arrow 288. The   ferred wind-in
apparatus 310 with their axis provision of the backward-facing step 292
helps     oriented horizontally. Such horizontal axis orien- to minimize
the friction and hang-up between the    60   tation is preferred so that
the endless drive belt 



core sleeve 280 and the core insulation tube        318 may support the
weight of the core 20 as it is sections 31 and 32.
being wound, thereby aiding in the maintaining of When finally installed,
the core sleeve 280 acts  tension on the endless drive belt 318 and in the
as a bushing or bearing which is freely rotatable   centering of the core
20 with the transformer about the inner walls of the core insulation tube
65   sections 11 and 12. In contrast, however, the 11    weight of the
transformer sections 11 and 12 is     contact with the core material 264
with the preferably supported by the coil support fixture    increasing
speed of the core material 264 as the 316. Various automatic controls known
to those      core is rotated during winding. skilled in the art are also
provided for the various  As the core material 264 is wound into the core
functions described herein.                   5    insulation tube 30, the
diameter of the core 20 As was discussed above, the transformer sec-
increases as the core builds, layer-by-layer. tions 11 and 12 each extend
circumferentially       Accordingly, the belt-tensioning mechanism 322
through an arc preferably of approximately 165      automatically adjusts
to allow for the increased degrees, thereby forming a circumferential gap
of   core diameter and to maintain the proper level of approximately 15
degrees on each side of the    10   belt tension. The process continues
until the core completed toroidal transformer 10. Thus, when       20 is
complete, at which time the endless belt 318 the transformer sections 11
and 12, with the core   leaves the core insulation tube 30 through the gap
sleeve 280 in place, are positioned on the coil     39 between the outer
wall portions thereof, as support fixture 316, they may be rotated slightly
shown in Figure 31. The provision of the gap 39 such that the upper gap 324
forms an angle of   15   thus allows the core insulation tube 30 to be
approximately 25 degrees and the lower gap 326      completely filled with
the core material 264 with- forms an angle of approximately 5 degrees,
out leaving an unusable annular space for the thereby allowing sufficient
clearance to feed the   endless drive belt 318 around the periphery of the
core material 264 through the upper gap 324 and     core 20. Once the
endless drive belt 318 is wind it in place within the core insulation tube
30,   20   removed upon completion of the core 20, the gap thereby forming
the annular magnetic core 20.       39 may be filled with an insulative
transformer Once the transformer sections 11 and 12 are       cooling
fluid, thus achieving dielectric insulation properly positioned on the
wind-in apparatus 310,   sufficient to withstand voltage stresses between
the end of the core material 264 is inserted        the core and the low
voltage windings. through the upper gap 324 and restrained by the    25
For final assembly of the preferred toroidal tabs 282 of the core sleeve
280 (see Figures 27     electrical transformers 10, the transformer sec-
and 28). As was described in detail above, the      tions or half-portions
11 and 12 are rotated back core material 264 is pre-wound and pre-annealed
to their original positions with equal. circum- into a configuration
substantially identical to that  ferential gaps of approximately 15 degrees
on of the finished core 20. Accordingly, the core   30   each side. The
corresponding ends of both the material 264 is fed into and wound in place
within  low voltage coil sections 41 and 42 and the high the core
insulation tube 30 from the inside, or     voltage sections 61 and 62 are
connected together inner diameter, of the pre-wound, pre-annealed      or
fitted with external connector devices as core coil. As a result the
finished preferred core 20  required for the desired application of the
trans- is a continuous, tightly wound, substantially   as   former. The
upper and lower portions of the stress-free structure, with virtually no
air gaps,  supporting blocks 80, shown in Figure 1, are thereby maximizing
the magnetic flux flow of the    inserted into the 15 degree circumference
gaps core 20 and the efficiency of the toroidal electrical  and are secured
together by suitable fastening transformer 10.
means known to those skilled in the art. The In order to wind-in the core
material 264, the    40   assembly is then ready for mounting in a housing
endless belt 318 is fed through the;upper gap 324   or containment
structure, such as that indicated such that it partially surrounds and
engages both   by reference numeral 85 in Figure 1, and for the core sleeve
280 and the end portion of the      evacuating and charging with
transformer cool- core material 264 as is shown in Figure 30. The     ing
fluid, which is typically an electrical grade endless drive belt 318 may
then be reconnected at   45   insulation oil. the joint 320, and the
belt-tensioning mechanism      The present invention, as disclosed above,
pro- 322 may be activated, thereby tensioning the        vides for an
electrical transformer, which is suit- endless drive belt 318 and
preparing the           able for either step-down or step-up applications,
apparatus for the wind-in operation. When the       and which employs
continuously wound high and wind-in apparatus 310 is started, the rotating
50   low voltage coils as well as a continuous mag- table 314 beings to
rotate at a speed that is       netic core, all of which are arranged in a
toroidal automatically synchronized with the movement        or annular
configuration. By such a structure and of the endless drive belt 318, which
drivingly      configuration, the toroidal electrical transformer feeds and
winds the core material 264 through the   according to the present
invention provides for upper gap 324 and around the core sleeve 280.    as
maximum efficiency and optimum use of space, A pair of spring loaded
conical rollers 330 (only  thereby representing a great stride in the one
of which is shown) are preferably provided      advancement of transformer
technology. Further- on opposite sides of the upper gap 324 and apply
more, it is believed that the disclosed method and a light force on the
edges of the core material 264  structure for the continuously wound-in
core of to keep the layers properly aligned during wind-   60   the present
invention allows the greatest use of 



ing. The conical rollers 330 may be driven, if     the efficiency gains to
be derived from the use of desired, in order to assist the endless drive
belt  the thin-gauge amorphous metal core materials 318 in winding the core
material 264. A conical     rather than the traditional grain-oriented
material. shape forsuch rollers is preferred for purposes of    Although
the discussion herein, in connection matching their surface speed along the
line of   65   with the Figures 1 through 31, discloses the 12    21 23
0 083 567                       24 structure and method of production for
the toroi-   former, on the inner legs of the low voltage coil. dal
electrical transformer 10, alternate structures  As they are wound,
however, the conductors 450 and methods of producing the various corm-
and 452 are turned or rotated 90 degrees in the ponents of such a
transformer may be employed       upper radial portion so as to lie
side-by-side in the without departing from the spirit and scope of the    5
circumferential direction, relative to the toroidal invention. The
following discussion, in conjunc-    transformer, on the outer legs. On the
lower radial tion with Figures 32 through 41, illustrate a few   portion,
the conductors 450 and 452 are then examples of other alternate embodiments
of the      turned or rotated 90 degrees in the opposite present invention.
direction, thus returning to their original orien- Figures 32 through 35
illustrate an alternate   1o   tation (one inboard of the other) on the
inner legs method and apparatus for forming the low volt-      of the coil.
It should be noted that the same two age coil sections 41 and 42. In Figure
32, the      faces of the conductors 450 and 452 remain in conductor
feedstock 121 is fed from the reel 122    contact with each other
throughout each winding by means of a pair of tension rollers 410 onto a
turn. Furthermore, as is shown in Figures 36 and rotating mandrel 412,
driven by a motor 414. After   15   37, the turned portions on the upper
and lower winding the requisite amount of feedstockto form    radial
portions of adjacent turns are circum- one of the lengths of the coil
section 41 or 42, a  ferentially nested together in order to conserve
cut-off mechanism 416 automatically severs the      space. feedstock 121.
The length of coiled Feedstock is      Such a construction, as shown in
Figures 36 then conveyed to the forming press 420 shown in   20   and 37,
thereby approximates the wedge-shaped Figures 33 and 34.
configuration of each turn of the above-discussed At the forming press 420,
the coil length is      preferred low voltage coil 40, without the neces-
lipped onto a support mandrel 422 and retained      sity of the substantial
forming operations which by a bearing plate 423. The support mandrel 422
would tend to damage the pre-insulated conduc- is then moved into a
position such that each of the    25   tor. Even though the construction of
a coil formed turns 424 of the coil length is between a pair of   as shown
in Figures 36 and 37 only approximates tapered press forms 424. An upper
press plate 426   a wedge-shape for its turns, and thus does not is then
forcibly urged downward, as viewed in       make the most efficient use of
space in the Figure 34, to compress the turns 424 of the coil    toroidal
electrical transformer, such a construc- length into the same wedge-shaped
configuration    30   tion may be desirable in applications where such as
is discussed above in connection with the        efficient space
utilization is not critical. However, preferred low voltage coil forming
apparatus.       through modest forming in conjunction with the Two of the
coil lengths are then inserted into a  turning described above, efficient
use of space winding apparatus 430 for interleaving as is        may be
improved. shown schematically in Figure 35. The winding    35   Figures 38
and 39 illustrate an alternative core apparatus 430 includes a rotatable
head 432         wind-in method, employing an alternate core which is
movable upwardly and downwardly on a       sleeve 460 which includes a
plurality of gear teeth support post 434. The upper coil length 436 is
462, preferably stamped or forged therein such attached to the rotatable
head 432 and is turned  that the overall thickness of the core sleeve 460
is as it is moved downwardly to interleave the upper   40   not
substantially increased over that of its parent coil length 436 with the
lower coil length 438       material. Like the core sleeve 280, discussed
which is fixed to a stationary base plate 440.      above in connection
with the preferred embodi- Figures 36 and 37 illustrate still another
alter-  ment, the thickness of core sleeve 460 is prefer- nate low voltage
coil structure and a method of     ably greater than that of the core
material 264 in forming such a coil. The structures and method    45
order to provide stability during the core wind-in shown in Figures 36 and
37 are especially well-     process. Also like the preferred core sleeve
280, suited for winding the low voltage coil from pre-   the alternate core
sleeve 460 preferably remains insulated conductor because of the limited
form-    in place in the core insulation tube 30 after ing required by such
method. As is perhaps best     completion of the core 20. seen in Figure
36, a pair of parallel bifilar conduc-   50  To facilitate the wind-in of
the core 20, an end of tors 450 and 452 are wound together. Each of the
the core material 264 is attached to the core conductors 450 and 452 has a
generally rect-        sleeve 460. Such attachment may be made in any
angular, or possibly square, cross-section and are  of a number of ways,
such as by spot welding the preferably copper thereby reducing electrical
end of the core material 20 to the outer surface of losses and more
efficiently using the available   55   the core sleeve 460 or by way of
lanced tabs space because of the smaller cross-section. It      thereon
similar to the protrusions or tabs 282 should be noted, however, that it
may be desir-     shown in Figures 27 and 28. A pinion gear 464 is able for
each of the conductors 450 and 452 to be   positioned in the
circumferential space or gap 324 



of a different cross-section, one of a square and   between the transformer
sections 11 and 12 and one of a non-square rectangular cross-section, or
60   drivingly rotated so as to rotate the core sleeve each of different
rectangular dimensions, for       460 and wind-in the core material 264 in
lieu of example.                                            the endless
drive  belt 318 of the preferred The bifilar conductors 450 and 452 are
wound in    apparatus shown in Figures 29 and 31 and a manner so as to lie
one inboard of the other in a  discussed above. radial direction, relative
to the toroidal trans-   65  Finally, Figures 40 and 41 illustrate still
another 13    22 25                  0 083 567                       26
alternate method and apparatus for winding in       continuously arcuate
passage and the passages *    the core 20, which is perhaps less desirable
for     of said sections of said first one (60) of said use with the
thin-gauge amorphous metal core        windings contain the corresponding
sections of materials than it is for use with the heavier and   said second
winding (40), and in that said sections thicker, grain-oriented metal
materials. In such    5    of the  windings  together circumferentially
alternate apparatus, the inner end of the pre-      encompass the said
major portion of said annular viously wound and annealed core material 264
is     magnetic core (20) to define said small gap. fed through a pair of
tensioning rollers 480 and      4. A toroidal electrical transformer
according to pulled by a drive roller 482 and a spring-loaded    Claim 3
wherein each section of the second back-up roller 483 until a complete loop
is formed    10   winding is angularly co-extensive with the corre- around
the inner walls of the core insulation tube  sponding section of the first
winding. sections 31 and 32. A tack weld is made to secure     5. A
toroidal electrical transformer according to such inner loop to the
remainder of the incoming    any preceding claim wherein the said second
core material 264, and the wind-in process con-     winding is the low
voltage winding and that each tinues until the entire core 20 is formed.
Alterna-   15   turn 441, 42, 43, 45) thereof is wedge-shaped in tively,
the inner end of the core material 264 may  cross-sectional configuration.
be secured to a core sleeve 280 as is described       6. A toroidal
electrical transformer according to above in connection with the preferred
wind-in      Claim 5 or any claim appendant thereto wherein method. The
core material 264 is supported and      the low voltage winding is formed
from a conduc- rotated on a rotating table 314, similar to that   20   tor
which is continuous over a portion of the described above, and a pair of
conical support      effective lengtb of the-winding which is between
rollers 490 are disposed in the gaps between the    30 to 50 per cent.
transformer sections 11 and 12 for vertically         7. A toroidal
electrical transformer according to supporting the core material 264 during
the wind-   Claim 5 or Claim 6 wherein said low voltage in process.
25   winding includes at least a pair of conductors wound in a multifilar
configuration. Claims                                                8. A
toroidal electrical transformer according to Claim 7 wherein the multifilar
configured conduc- 1. A toroidal electrical transformer having an    tors
are interleaved. annular magnetic core (20) wound from magnetic   30   9. A
toroidal electrical transformer according to strip and of minimum magnetic
path length, and      any of Claims 5 to 8 wherein said first, high first
and second windings (60, 40) comprising       voltage, winding is formed
into a number of high and low voltage windings, disposed around
wedge-shaped segments (222) each having a said core (20) with a small total
circumferential   plurality of turns and there are a corresponding gap
between windings, amounting to between 5    35   number of loop portions
(221) interconnecting per cent and 25 per cent of the core length, of
adjacent wedge-shaped segments. sufficient dimension  but no more than is
10. A toroidal electrical transformer according necessary to admit the
passage of a strip of        to Claim 9 wherein said turns of said segments
magnetic material into the windings to form the     are bonded together by
means of a thermoset- core, each of said windings being wound in   40
ting, adhesive, insulating coating. substantial part from a continuous
conductor and      11. A toroidal electrical transformer according
saidfirstwindingssurroundingsaidsecondwind-         to Claim 9 or Claim 10
wherein each segment ings, characterised in that each of said first (60)
comprises a continuous conductor. and second (40) windings are prewound to
define       12. A toroidal electrical transformer according one or more
respective elongated  arcuate   45   to any of Claims 9 to 11 wherein said
high voltage passages, the passage of said first windings (60)   winding
comprises a continuous conductor over a containing the said second windings
(40) and said   portion of its length which is in the range of 30 to first
(60) and second (40) windings circum-         50 per cent of said length.
ferentially encompassing a major portion of said      13. A toroidal
electrical transformer according *  annular magnetic core (20) to define
said small   50   to any preceding claim wherein said annular gap (324) in
said windings, and in which the core   magnetic core is composed of an
amorphous is continuous, being formed from the aforesaid      metal.
magnetic strip (264) which is fed into the passage    14. A toroidal
electrical transformer according of said second windings (40) through said
gap       to Claim 3 or any claim appendant thereto charac- (324) and wound
in place therein from an external   55   terised in that each winding
section extends substantially continuous supply (314) of said       through
an arc of approximately [err]. 



magnetic strip.                                       15. A toroidal
electrical transformer according 2. A toroidal electrical transformer
according to  to any preceding claim further comprising first Claim 1
wherein said first and second windings      insulation means (31) for
insulating said annular are angularly co-extensive.                   60
magnetic core (20) from the innermost of said 3. A toroidal electrical
transformer according to  high voltage and low voltage windings (40-60)
Claim 1 wherein each of said windings is pre-       and second insulation
means (51) for insulating formed in at least two circumferentially disposed
said high voltage and low voltage windings from sections, each section (41,
42, 61, 62) of each of  each other. said windings defining a respective
elongate and    65  16. A toroidal electrical transformer according 14
25                   0  083  567                      26 alternate method
and apparatus for winding in         continuously arcuate passage and the
passages the core 20, which is perhaps less desirable for      of said
sections of said first one (60) of said use with the thin-gauge amorphous
metal core          windings contain the corresponding sections of
materials than it is for use with the heavier and     said second winding
(40), and in that said sections thicker, grain-oriented metal materials. In
such  5    of the  windings  together circumferentially alternate
apparatus, the inner end of the pre-        encompass the said major
portion of said annular viously wound and annealed core material 264 is
magnetic core (20) to define said small gap. fed through a pair of
tensioning rollers 480 and        4. A toroidal electrical transformer
according to pulled by a drive roller 482 and a spring-loaded      Claim  3
wherein each section of the second back-up roller 483 until a complete loop
is formed    10    winding is angularly co-extensive with the corre- around
the inner walls of the core insulation tube    sponding section of the
first winding. sections 31 and 32. A tack weld is made to secure       5. A
toroidal electrical transformer according to such inner loop to the
remainder of the incoming      any preceding claim wherein the said second
core material 264, and the wind-in process con-       winding is the low
voltage winding and that each tinues until the entire core 20 is formed.
Alterna-   15   turn (41, 42, 43, 45) thereof is wedge-shaped in tively,
the inner end of the core material 264 may    cross-sectional
configuration. be secured to a core sleeve 280 as is described         6. A
toroidal electrical transformer according to above in connection with the
preferred wind-in        Claim 5 or any claim appendant thereto wherein
method. The core material 264 is supported and        the low voltage
winding is formed from a conduc- rotated on a rotating table 314, similar
to that   20   tor which is continuous over a portion of the described
above, and a pair of conical support        effective length of the-winding
which is between rollers 490 are disposed in the gaps between the      30
to 50 per cent. transformer sections 11 and 12 for vertically           7.
A toroidal electrical transformer according to supporting the core material
264 during the wind-     Claim 5 or Claim 6 wherein said low voltage in
process.                                     25    winding includes at
least a pair of conductors wound in a multifilar configuration. Claims
8. A toroidal electrical transformer according to Claim 7 wherein the
multifilar configured conduc- 1. A toroidal electrical transformer having
an  -   tors are interleaved. annular magnetic core (20) wound from
magnetic   30     9. A toroidal electrical transformer according to strip
and of minimum magnetic path length, and        any of Claims 5 to 8
wherein said first, high first and second windings (60, 40) comprising
voltage, winding is formed into a number of high and low voltage windings,
disposed around        wedge-shaped segments (222) each having a said core
(20) with a small total circumferential     plurality of turns and there
are a corresponding gap between windings, amounting to between 5    35
number of loop portions (221) interconnecting per cent and 25 per cent of
the core length, of       adjacent wedge-shaped segments. sufficient
dimension  but no  more than  is             10. A toroidal electrical
transformer according necessary to admit the passage of a strip of
to Claim 9 wherein said turns of said segments magnetic material into the
windings to form the       are bonded together by means of a thermoset-
core, each of said windings being wound in   40   ting, adhesive,
insulating coating. substantial part from a continuous conductor and
11. A toroidal electrical transformer according said firstwindings
surrounding said second wind-      to Claim 9 or Claim 10 wherein each
segment ings, characterised in that each of said first (60)   comprises a
continuous conductor. and second (40) windings are prewound to define
12. A toroidal electrical transformer according one  or more  respective
elongated  arcuate   45   to any of Claims 9 to 11 wherein said high
voltage passages, the passage of said first windings (60)     winding
comprises a continuous conductor over a containing the said second windings
(40) and said     portion of its length which is in the range of 30 to
first (60) and second (40) windings circum-           50 per cent of said
length. ferentially encompassing a major portion of said         13. A
toroidal electrical transformer according annular magnetic core (20) to
define said small   so   to any preceding claim  wherein said annular gap
(324) in said windings, and in which the core     magnetic core is composed
of an amorphous is continuous, being formed from the aforesaid
metal. magnetic strip (264) which is fed into the passage      14. A
toroidal electrical transformer according of said second windings (40)
through said gap         to Claim 3 or any claim appendant thereto charac-
(324) and wound in place therein from an external   55   terised in that
each winding section extends 



substantially continuous supply (314) of said         through an arc of
approximately 1650. magnetic strip.
15. A toroidal electrical transformer according 2. A toroidal electrical
transformer according to   to any preceding claim further comprising first
Claim 1 wherein said first and second windings        insulation means (31)
for insulating said annular are angularly co-extensive.
60    magnetic core (20) from the innermost of said 3. A toroidal
electrical transformer according to    high voltage and low voltage
windings (40-60) Claim 1 wherein each of said windings is pre-         and
second insulation means (51) for insulating formed in at least two
circumferentially disposed     said high voltage and low voltage windings
from sections, each section (41, 42, 61, 62) of each of    each other. said
windings defining a respective elongate and    65  16. A toroidal
electrical transformer according 14    23 27                 0083567
28 to Claim 15 when appendant to Claim 5 wherein    to 21 wherein the
conductor of each turn of the said first insulation means (31) comprises an
low voltage winding is formed with a generally annular core insulation tube
disposed between     wedge shaped cross-sectional configuration. said
annular magnetic core (20) and said low        23. A method according to
Claim 22 wherein the voltage winding (40), said core insulation tube    5
low voltage winding is formed by winding a pair having an external surface
substantially conform-  of conductors to have a multifilar configuration.
ing with the inside of said arcuate elongated       24. A method according
to Claim 23 wherein the passage defined by the low voltage winding and
multifilar configured conductors are wound so as an internal surface
substantially conforming to  to be interleaved. the external surface of
said annular magnetic   10    25. A method according to any of Claims 18 to
core.                                             24 wherein the said high
voltage winding is 17. A toroidal electrical transformer according  formed
in a plurality of wedge-shaped segments to Claim 15 or Claim 16 wherein
said second       which are joined electrically. insulation means (51)
comprises an annular high/    26. A method according to Claim 25 wherein
low insulation barrier disposed between said high   15   said wedge-shaped
segments of the higher volt- voltage winding (60) and said low voltage
wind-     age winding are each formed from a continuous ing (40), said
high/low insulation barrier having  conductor, and loop portions are
provided for an external surface substantially conforming with
interconnecting the adjacent wedge-shaped seg- the inside of said arcuate
elongated passage      ments. defined by said high voltage winding, and an
20   27. A method according to Claim 25 or Claim 26 internal surface
substantially conforming with the  wherein in each said segment the turns
are external surface of said low voltage winding.     bonded together with
a thermosetting adhesive 18. A method of manufacturing a toroidal elec-
insulation coating. trical transformer having continuous arcuate        28.
A method according to any of Claims 18 to windings and a continuous annular
core of mini-  25   27 wherein said annular magnetic core is mum magnetic
path length wherein a high volt-     annealed after being wound within said
arcuate age winding and a low voltage winding are each    elongated
passage. wound apart from the core from a substantially      29. A method
according to Claim 28 wherein continuous conductor so as to define a
respective  said annealing process includes energizing said arcuate
elongated passage extending there-   30   coil means while a magnetic field
is applied to through, said windings being generally angularly  said
annular magnetic core. co-extensive, the low voltage winding is inserted
30. A method according to any of Claims 18 to into the arcuate passage
defined by the high      29 wherein the said magnetic strip is a strip of
voltage winding and said windings are arranged    amorphous material. at
least during assembly of the transformer to   35  31. A method according to
any of Claims 18 to provide a small circumferential gap between       30
wherein said magnetic strip is such as to have windings amounting to
between 5 per cent and 25   been prewound and pre-annealed prior to being
per cent of the core length, of sufficient dimen-  wound into the arcuate
passage in the low volt- sion but no more than is necessary to admit a
age winding. strip of magnetic material through the gap into   40 the
passage formed by the low voltage winding,    Patentanspruche and a
substantially continuous strip of magnetic material is fed into said
passage in the low        1. Elektrischer Ringtransformator mit einem
voltage winding through said small gap and is     ringf6rmigen Magnetkern
(20), der aus einem wound in said passage to form an annular mag-   45
Magnetstreifen gewunden ist und eine minimale netic core within said
arcuate windings.          Magnetweglange besitzt sowie erste und zweite
19. A method according to Claim 18 wherein      Windungen (60, 40)
aufweist, bestehend aus high and low voltage windings are each wound in l
Hoch- und Niederspannungswindungen um den at least two sections, and during
the formation of  Kern (20) herum, mit einem schmalen umlaufen- the core
the said sections are substantially closed   50   den Spalt zwischen den
Windungen, der zwischen together to form a gap which is only just large   5
und 25% der Kernlange betragt und eine ausrei- enough to admit the said
continuous strip of      chende Abmessung, aber nicht mehr als notwen-
magnetic material.                                dig fur die Durchfuhrung
eines Magnetstreifens in 



20. A method according to Claim 18 or Claim 19  die Windungen zur Bildung
des Kernes besitzt, wherein after forming said windings a belt is   55
wobei jede der Windungen zu einem wesent- passed into the passage of said
low voltage       lichen Teil von einem  kontinuierlichen Leiter winding
and formed into a continuous loop whilst  gewunden ist und die ersten
Windungen die still in the passage, said loop being continuously  zweiten
Windungen umgeben, dadurch gekenn- driven through said passage by drive
means        zeichnet, daB Jede der ersten (60) und zweiten (40) whilst
winding the core so as to assist in the   60   Windungen vorgewunden ist,
um einen oder formation of the latter.                          mehrere
entsprechend gestreckte Bogendurch- 21. A method according to Claim 20
wherein the  gange zu bilden, wobei die Durchgange der belt is formed from
said strip, and is attached   ersten Windungen (60) die zweiten Windungen
thereto.                                          (40) enthalten und die
ersten (60) und zweiten (40) 22. A method according to any one of Claims 18
65   Windungen umfangsmAiig den grolBten Teil des 15    29
0 083 567                      30 ringf8rmigen Magnetkernes (20) umfassen
zur      ihrer LAnge, der im Bereich zwischen 30 und 50% Bildung der
schmalen Spalte (324) in den Win-     der Lange liegt, enthalt. dungen und
wobei der Kern kontinuierlich aus        13. Elektrischer Ringtransformator
nach einem dem Magnetstreifen (264) gebildet wird, der in    der
vorstehenden Anspruche, wobei der ringffr- den Durchgang der zweiten
Windungen (40)    5    mige Magnetkern aus einem amorphen Mittel durch den
Spalt (324) von einer 3uBeren im        besteht. wesentlichen
kontinuierlichen Zufuhrung (314)       14.  Elektrischer  Ringtransformator
nach fOr den Magnetstreifen zugef0hrt und darin        Anspruch 3 oder
einem abhangigen Anspruch, gewunden wird.
dadurch gekennzeichnet, daB jeder Windungsab- 2.  Elektrischer
Ringtransformator  nach   ro   schnitt sich uber einen Bogen von annahernd
165 Anspruch 1, wobei die ersten und zweiten Win-     erstreckt. dungen
winklig koextensiv sind.                     15. Elektrischer
Ringtransformator nach einem 3.  Elektrischer  Ringtransformator  nach
der vorstehenden Anspruche, wobei ferner erste Anspruch 1, wobei jede der
Windungen in wenig-    Isoliermittel (31) zur Isolierung des ringf6rmigen
stens  zwei  umfangsmaBig  angeordneten   s5   Magnetkernes (20) gegenuber
dem innersten der Abschnitten vorgebildet ist, wobei jederAbschnitt
Hochspannungs- und Niederspannungswindun- (41, 42, 61, 62). jeder der
Windungen einen ent-  gen (40, 60) und zweite Isoliermittel (5) zur Isolie-
sprechenden langlichen und kontinuierlich gebo-   rung der Hochspannungs
von den Niederspan- genen Durchgang bildet und die Durchgange
nungswindungen vorgesehen sind. dieser Abschnitte der ersten (60) der
Windungen   20  16.  Elektrischer  Ringtransformator  nach die
entsprechenden Abschnitte der zweiten Win-    Anspruch 15 und Anspruch 5,
wobei die ersten. dungen (40) aufnehmen und wobei die Abschnitte
Isoliermittel (31) ein ringformiges Kernisolierrohr der Windungen zusammen
umfangsmaBig den           aufweisen, das zwischen dem  ringformigen
grolten Tell des ringf6rmigen Magnetkernes zur    Magnetkern (20) und der
Niederspannungswin- Bildung des schmalen Spaltes umfassen.      25   dung
(40) angeordnet ist, wobei das Kernisolier- 4.  Elektrischer
Ringtransformator  nach       rohr eine auBere Oberflache aufweist, die mit
der Anspruch 3, wobei jeder Abschnitt der zweiten     Innenseite des
bogenformigen langlichen Durch- Windung winklig koextensiv mit dem entspre-
ganges, der durch die Niederspannungswindung chenden Abschnitt der ersten
Windung ist.         gebildet wird, ubereinstimmt und eine Innenfla- 5.
Elektrischer Ringtransformator nach einem    30   che, die im wesentlichen
mit der 3uBeren FlRche der vorstehenden Anspruche, wobei die zweite
des ringformigen Magnetkernes Obereinstimmt. Windung eine
Niederspannungswindung ist und         17.  Elektrischer  Ringtransformator
nach jede Umwindung (41, 42, 43, 45) davon im Quer-    Anspruch 15 oder 16,
wobei die zweiten Isolier- schnitt keilformig ist.
mittel (51) eine ringformige Hoch/Niedrigisolier- 6.  Elektrischer
Ringtransformator  nach   35   sperre enthalten, die zwischen der Hochspan-
Anspruch 5 oder jedem  davon abhangigen           nungswindung (60) und der
Niederspannungs- Anspruch, wobei die Niederspannungswindung        windung
(40) angeordnet ist, wobei diese Hoch/ aus einem Leiter gebildet ist, der
Ober einen     Niedrigisoliersperre eine auBere Oberfliche auf- Bereich
effektiver Lange der Windung zwischen     weist, die in wesentlichen mit
der Innenseite des 30 und 50% durchgehend ist.                  40
gebogenen langlichen Durchganges, der durch 7.  Elektrischer
Ringtransformator  nach       die Hochspannungswindung gebildet wird, Ober-
Anspruch 5 oder 6, wobei die Niederspannungs-     einstimmt und dessen
Innenflache im wesent- windung wenigstens ein Paar Leiter enthalt, die in
lichen mit der Aul~enflache der Niederspannungs- einer
Mehrfadenkonfiguration gewunden sind.       windung ubereinstimmt. 8.
Elektrischer  Ringtransformator  nach   45    18. Verfahren zur Herstellung
eines elektrischen Anspruch 7, wobei die Mehrfadenleiter ver-
Ringtransformators, der kontinuierlich gebogene schachtelt sind.
Windungen und einen kontinuierlich ringf6rmi- 9. Elektrischer
Ringtransformator nach einem    gen Kern mit minimaler magnetischer
Weglange der AnsprOche 5 bis 8, wobei die erste Hochspan-  aufweist, wobei
eine Hochspannungswindung nungswindung aus einer Anzahl keilformiger   so
und  eine  Niederspannungswindung  jeweils Segmente (222) besteht, die
jeweils eine Mehr-    abseits des Kernes aus einem in wesentlichen zahl von
Windungen aufweisen und wobei eine       kontinuierlichen Leiter gewunden
worden sind, 



entsprechende Anzahl schlaufenformiger Be-        um einen bogenformigen
langlichen Durchgang, reiche (121) vorgesehen ist, die die benachbarten
der sich durch diesen hindurch erstreckt zu bil- keilf6rmigen Segmente
verbinden.             ss   den, wobei die Windungen grundsitzlich winklig
10.  Elektrischer  Ringtransformator  nach      koextensiv sind und die
Niederspannungswin- Anspruch 9, wobei die Umwindungen der Seg-
dungen in den gebogenen Durchgang eingefuhrt mente durch einen
warmhartenden, klebenden,       ist, der durch die Hochspannungswindung
gebil- isolierenden Uberzug zusammengehalten sind.       det worden ist und
wobei diese Windungen 11.  Elektrischer  Ringtransformator  nach   60
wenigstens wahrend des, Zusammenbaus des Anspruch 9 und 10, wobei jedes
Segment einen      Transformators so angeordnet sind, dal( ein
kontinuierlichen Leiter enthilt.                  schmaler Umfangsspalt
zwischen den Windun- 12.  Elektrischer  Ringtransformator  nach      gen,
der bei 5-25% der Kernlinge liegt, geschaf- Anspruch 8 bis 11, wobei die
Hochspannungswin-    fen wird und wobei die Abmessung ausreichend, dung
einen kontinuierlichen Leiter uber einen Teil  65   aber nicht mehr als
notwendig ist, um einen 16    31                 0 083 567
32 Streifen magnetischen Materials durch den Spalt     31. Verfahren nach
einem der Anspruche 18 bis in den durch die Niederspannungswindungen
30, wobei der Magnetstreifen vorgewunden und gebildeten Durchgang
einzufuhren und wobei ein    vorangelassen, ist, bevor er in dem
bogenformi- im wesentlichen kontinuierlicher Streifen magne-  gen Durchgang
der Niederspannungswindung tischen Materials in den Durchgang der Nieder-
5    gebogen wird. spannungswindungen durch diesen schmalen Spalt
eingefulhrt und in dem Durchgang zur Bil-   Revendications dung des
ringformigen Magnetkernes innerhalb dieser gebogenen Windungen gewunden
wird.           1. Transformateur electrique torique compor- 19.Verfahren
nachAnspruch 18,wobeidie Hoch   10  tant un noyau magn6tique annulaire (20)
forme und  Niederspannungswindungen  jeweils  in        par bobinage d'un
feuillard magnetique et de wenigstens zwei Abschnitten gewunden sind und
longueur de parcours magnetique minimale, et wobei wahrend der Bildung des
Kernes diese        des premiers et seconds enroulements (60, 40)
Abschnitte im wesentlichen dicht beieinander sind  comprenant des
enroulements A haute et basse zur Bildung eines Spaltes, der nur so grog
ist, daB   15  tension, disposes autour du noyau (20) et presen- der
kontinuierliche Streifen magnetischen Mate-  tant un petit intervalle
circonf6rentiel total interen- rials zufuhrbar ist.
roulement, qui est compris entre 5 et 25% de la 20. Verfahren nach den
Anspruchen 18 oder 19,   longueur du noyau, dont les dimensions sont wobei
nach dem Bilden der Windungen ein Gurt in   suffisantes, mais ne sont pas
superieures A celles den Durchgang der Niederspannungswindungen    20   qui
sont necessaires pour admettre le passage eingefuhrt und zu einer
kontinuierlichen Schlaufe  d'un feuillard de matibre magnetique dans les
geformt wird, wahrend er in dem Durchgang ist     enroulements afin de
former le noyau, chacun des und wobei diese Schlaufe kontinuierlich durch
den  enroulements etant form6, pour une partie subs- Durchgang mit Hilfe
von Antriebsmitteln getrie-  tantiolle, par bobinage d'un conducteur
continu et ben wird, wahrend der Kern gewunden wird, um    25   les
premiers enroulements entourant les seconds, damit die Bildung dieses zu
unterstutzen.         caracteris6 en ce quo chacun des premiers (60) et 21.
Verfahren nach Anspruch 20, wobei der Gurt  seconds (40) enroulements sont
pr6bobines de aus dem Streifen gebildet und an diesen ange-     maniere A
d6finir un ou plusieurs longs passages bracht ist.
courbes respectifs, le passage des premiers enrou- 22. Verfahren nach einem
der Anspruche 18 bis   30   lements (60) contenant les seconds enroulements
21, wobei der Leiter jeder Windung der Nieder-    (40) et les premiers (60)
et seconds (40) enroule- spannungswindungen mit einem grundsatzlich
ments encerclant circonferentiellement une partie keilformigen Querschnitt
gebildet wird.           majeure du noyau magnetique annulaire (20) pour
23. Verfahren nach Anspruch 22, wobei die       d6limiter le petit
intervalle (324) dans les enroule- Niederspannungswindungen durch Winden
eines   35   ments, le noyau 6tant continu, etant forme au Leiterpaares
hergestellt werden, um eine mehrla-  moyen du dit feuillard magnetique
(264) qui est gige Ausbildung zu erreichen.                    introduit
dans le passage des seconds enroule- J>   24. Verfahren nach Anspruch 23,
wobei die         ments (40) par l'intervalle (324) et qui y est bobin6
mehrlagig ausgebildeten Leiter sich uberlappend   en place a partir d'une
alimentation exterieure gewunden sind.                              40
(314) en substance continue du feuillard magn6ti- 25. Verfahren nach einem
der Anspruche 18 bis   que. 24, wobei die Hochspannungswindungen aus
2. Transformateur electrique torique suivant la einer Mehrzahl keilformiger
Segmento gebildet     revendication 1, dans lequel les premiers et wird,
die elektrisch miteinander verbunden sind.  seconds enroulements sont
angulairement de 26. Verfahren nach Anspruch 25, wobei die   45   merne
6tendue. keilformigen Segmente der Hochspannungswin-         3.
Transformateur electrique torique suivant la dungen jeweils aus einem
kontinuierlichen Leiter  revendication 1, dans lequel chacun des enroule-
gebildet sind und wobei Schlaufenbereiche vorge-  ments est prefabriqu6 en
au moins deux sections sehen sind zum Verbinden der benachbarten
dispos6es circonf6rentiellement, chaque section keilf6rmigen Segmente.
50   (41, 42, 61, 62) de chacun des enroulements 27. Verfahren nach
Anspruch 25 oder 26, wobei   d6finissant un long passage respectif courb6
de 



in jedem Segment die Windungen miteinander        maniere continue et les
passages des sections du verbunden sind, und zwar durch einen warmhar-
premier (60) des enroulements contenant les tenden klebenden
Isolieruberzug.                  sections correspondantes du second
enroulement 28. Verfahren nach einem der Anspruche 18 bis   55   (40), et
les sections des enroulements encerclent 27, wobei der ringformige
Magnetkern nach dem     circonferentiellement ensemble, la partie princi-
Winden innerhalb des gebogenen langlichen         pale du noyau magnetique
annulaire (20) pour Durchganges angelassen wird.
d6finir le petit intervalle. 29. Verfahren nach Anspruch 28, wobei das
4. Transformateur electrique torique suivant la Anlassen ein Anregen der
Spule einschlielt, wih-   60   revendication 3, dans lequel chaque section
du rend ein Magnetfeld an den ringformigen Magnet-   second enroulement
presente angulairement la kern angelegt wird.                  *
meme etendue que la section correspondante du 30. Verfahren nach einem der
Anspruche 18 bis   premier enroulement. 29, wobei der Magnetstreifen ein
Streifen aus       5. Transformateur electrique torique suivant amorphem
Material ist.                       65   Iune quelconque des revendications
precedentes, 17    33                  0 083 567                     34
dans lequel le second enroulement est l'enroule-  a basse tension et une
surface interne qui epouse ment a basse tension et chaque spire (41, 42,
43,  en substance la surface externe du noyau magne- 45) de cet enroulement
est cun6iforme encoupe     tique annulaire. transversale.
17. Transformateur electrique torique suivant la 6. Transformateur
electrique torique suivant la    5    revendication 15 ou 16, dans lequel
le second revendication 5 ou l'une quelconque des revendi-  moyen
d'isolement (51) comprend une barriere cations qui en decoulent, dans
lequel 1'enroule-  isolante haute/basse disposee entre 1'enroule- ment A
basse tension est forme d'un conducteur    ment a haute tension (60) et
1'enroulement A qui est continu sur une partie de la longueur     basse
tension (40), la barriere isolante hautel effective de l'enroulement qui
est comprise entre   10   basse comportant une surface externe qui epouse
30 et 50%.                                        en substance l'int6rieur
du long passage courbe 7. Transformateur 6lectrique torique suivant la
defini par 1'enroulement 3 haute tension, et une revendication 5 ou la
revendication 6, caract6rise  surface interne qui 6pouse en substance la
sur- en ce que l'enroulement a basse tension corn-     face externe de
l'enroulement A basse tension. prend au moins une paire de conducteurs   t5
18. Procede pour fabriquer un transformateur bobines suivant une
configuration multifilaire.   electrique torique comportant des
enroulements 8. Transformateur 6lectrique torique suivant la  courbes
continus et un noyau annulaire continu revendication 7, dans lequel les
conducteurs A    de longueur de parcours magnetique minimale, configuration
multifilaire sont imbriques.        dans lequel un enroulement a haute
tension et un 9. Transformateur electrique torique suivant   20
enroulement a basse tension  sont chacun l'une quelconque des
revendications 5 a 8, dans   bobines s6par6ment du noyau A partir d'un
lequel le premier enroulement A haute tension est  conducteur en substance
continu de maniere A faconn6 en plusieurs segments cunbiformes (222)
d6finir un long passage courbe respectif qui les comportant chacun
plusieurs spires et des parties  traverse de part en part, les enroulements
etant en boucle (221) en nombre correspondant inter-   25   angulairement,
dans l'ensemble, de meime eten- connectent des segments cuneiformes
adjacents.    due, I'enroulement A basse tension est introduit 10.
Transformateur electrique torique suivant la  dans le passage courbe defini
par 1'enroulement A revendication 9, dans lequel les spires des seg-  haute
tension et les enroulements sont disposes, ments sont unies par collage au
moyen d'un        au moins pendant le montage du transformateur, revetement
isolant adhesif thermodurcissable.  30   de maniere a presenter un petit
intervalle circon- 11. Transformateur electrique torique suivant la
ferentiel entre les enroulements qui est compris revendication 9 ou 10,
dans lequel chaque seg-    entre 5 A 25% de la longueur du noyau, dont les
ment comprend un conducteur continu.              dimensions sont
suffisantes, mais ne sont pas 12. Transformateur electrique torique suivant
sup6rieures A celles qui sont necessaires pour l'une quelconque des
revendications 9 A 11, dans   35   admettre un feuillard de matiere
magnetique A lequel l'enroulement A haute tension comprend     travers
l'intervalle dans Is passage formi  par un conducteur continu sur une
partie de sa        l'enroulement A basse tension, et une bande en longueur
qui est comprise entre 30 et 50% de      substance continue de matiere
magnetique est celle-ci.                                         introduite
dans le passage dans l'enroulement a 13. Transformateur electrique torique
suivant   40   basse tension a travers le petit intervalle et est l'une
quelconque des revendications prece-        bobinee dans ce passage pour
former un noyau dentes, dans lequel le noyau magnetique annu-
magnetique annulaire dans les enroulements laire est fait d'un metal
amorphe.                courbes. 14. Transformateur electrique torique
suivant la  19. Procede suivant la revendication 18, dans revendication 3
ou l'une quelconque des revendi-   45   lequel des enroulements A haute et
basse tension cations qui en decoulent, caracterise en ce que   sont
bobines chacun en au moins deux sections chaque section d'enroulement
setend sur un arc    et, pendant la fabrication du noyau, les dites
d'environ 1650.                                   sections sont en
substance juxtapos~es de 15. Transformateur electrique torique suivant
maniere A definir un intervalle qui est juste assez l'une quelconque des
revendications precedentes   50   grand pour admettre le feuillard continu
de 



comprenant, en outre, un premier moyen d'isole-   matiere magnetique. ment
(31) pour isoler le noyau magnetique annu-     20. Procede suivant la
revendication 18 ou 19, laire (20) du plus interieur des enroulements A
dans lequel, apres fabrication des enroulements, haute et basse tension
(40, 60) et un second      on fait passer une courroie dans le passage de
moyen d'isolement (51) pour isoler les enroule-   55   I'enroulement a
basse tension et on lui donne la ments A haute et basse tension l'un de
l'autre.   forme d'une boucle continue, tandis qu'elle se 16.
Transformateur electrique torique suivant la  trouve encore dans le
passage, catte boucle etant revendication 15 decoulant de la revendication
5,  entrain~e sans interruption A travers le passage dans lequel le premier
moyen d'isolement (31)     par un dispositif d'entralnement tandis qua le
comprend un tube d'isolement de noyau annu-   60   noyau est bobine, de
maniere A assister la fabrica- laire dispose entre le noyau magnetique
annu-    tion de ce dernier. laire (20) et l'enroulement a basse tension
(40), le  21. Procede suivant la revendication 20, dans tube d'isolement de
noyau comportant une sur-    lequel la courroie est formee A partir du
feuillard face externe qui epouse en substance l'interieur  et y est
attachee. du long passage courbe defini par 1'enroulement   65  22. Procede
suivant l'une quelconque des 18
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36 -- /    revendications 18 A 21, dans lequel le conducteur  27. Procede
suivant la revendication 25 ou 26, de chaque spire de l'enroulement A basse
tension    dans lequel, dans chaque segment, les spires sont presente une
configuration en substance cunei-     reunies par collage au moyen d'un
revAtement forme en coupe.                                     isolant
adhesif thermodurcissable. 23. Procede suivant la revendication 22, dans
5  28. Procede suivant l'une quelconque des lequel l'enroulement A basse
tension est forme      revendications 18 A 27, dans lequelle noyau par
bobinage d'une paire de conducteurs de          magnetique annulaire est
recuit apres avoir et6 maniere A obtenir une configuration multifilaire.
bobine dans le long passage courbe. 24. Procede suivant la revendication
23, dans       29. Proc6d6 suivant la revendication 28, dans lequel les
conducteurs de configuration multifi-   10   lequel le processus de recuit
implique l'excitation laire sont bobinbs de maniere A etre imbriques.
de la bobine tandis qu'un champ magnetique est 25. Procede suivant l'une
quelconque des          appliqu6 au noyau magnetique annulaire.
revendications 18 a 24, dans lequel l'enroulement    30. Procede suivant
l'une quelconque des a haute tension est forme en plusieurs segments
revendications 18 a 29, dans lequel le feuillard cuneiformes qui sont
r~unis electriquement.   15   magnetique est un feuillard de matiere
amorphe. 26. Procede suivant la revendication 25, dans       31. Procede
suivant lune quelconque des lequel les segments cuneiformes de 1'enroule-
revendications 18 A 30, dans lequel le feuillard _,   ment A haute tension
sont chacun formes A partir     magnetique a ete prebobine et prerecuit.
avant d'un conducteur continu et des boucles sont         d'Atre bobine
dans le passage courbe de l'enrou- prevues pour interconnecter les segments
cunei-   20   lement a basse tension. formes adjacents. 25 30 35 40 45 50
55 60 65 19    


