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This invention relates to the method of mak 
ing a transformer or the like. 
Objects of this invention are to provide a novel 

method of making a transformer or the like 
Whereby the nUmber of StepS in the construction 
or assembly of the transformer is materially re 
duced and whereby a very simple process results. 

In greater detail, objects of this invention 
are to provide a novel method of making a trans 
former Whereby an elongated magnetic mem 
ber, such for example as a ribbon or wire or 
Member of Other croSS-Sectional shape, is Wound 
to form a closed core, the elongated magnetic 
Inember being formed either of a continuous 
Strip or of a plurality of strips, but in all in 
stances being Wound to form a continuous closed 
COG. v 

The method further contemplates the Pro 
ducing of a transformer having a closed core 

- of Wound magnetic material which is unstressed 
When the coil construction is Wound on the core 
so that there is not any reworking of the core 
at the time the coil is assembled or formed on 
the core. This method, therefore, provides for 
the construction of a transformer in Which the 
älnished transformer has an unstressed core, 
thus materially improving its electrical char 
acteristics. 

Further objects are to provide a novel method 
Of Winding a Coil On a closed Core Without, Fe 
quiring reWorking of the Core and Without re 
quiring machining of the core, but in Which the 
Core is allowed to remain in its finished form 

- prior to and during the forming of the coil on 
the core so that there are no resultant stresses. 
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left in the core in the finished transformer, the 
core preferably having been annealed after 
having been formed and prior to the winding of 
the Coil thereOn. 
Attempts have heretofore been made to pro 

duce a transformer With a closed Wound core 
and in these attempts the coil was first wound 
and completed and thereafter the core was 
threaded through the coil to form a loosely 
WOUnd core and thereafter Was contracted. Sew 
eral undesirable results were produced by this 
method in that the core was stressed by this re 
Working and Consequently the efficiency of the 
finished transformer Was reduced as there Was 
no way in which the stresses, Whenever they oc 
curred, could beremoved from the core after the 
transformer had been completed. In addition 
to this defect, it is apparent that the portion of 
the core which passed through the coil was 
?urved and consequently required a larger open 
ing in the coil and thus required a greater length 
of Wire for the Same number of turns for the 
coll, thus also reducing the efficiency of the 
transformer. * v 

In the prior constructions, in order to keep 
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the stress in the core at a Small value, the most 
accUrate Workmanship Was required and Very 
little or practically no tolerance could be allOWed 
and Variation from Strict accuracy resulted in 
a material increase in the stresses remaining in 
the core. In other Words, in the prior. con 
Struction, the core was Wound and annealed, 
then simultaneously unwound, rewound to a. 
much larger size while it was being passed 
through the preformed coil, and was subse 
quently contracted. If the assembled core 
Varied in diameter even a Small fraction of an 
inch from its initial diameter, harmful stresses 
Were Set up that materially lowered the effi 
ciency of the completed transformer. 
This invention does not require such accuracy 

in the manufacture of the transformer in order 
tO aVoid StreSS in the finished core as the core 
of a transformer Constructed in accordance with 
this invention is not reWorked at all after an 
nealing. » 

This in Vention, therefore, has the further ob 
ject to provide a method of making a trans 
former in Which, in addition to providing an un 
Stressed finished core in the completed trans 
former, it, also minimizes the amount of Wire 
required for the Coil because the opening in the 
Coil does not have to be excessively large to ac 
commodate the core, the core being formed 
With a Straight portion at the point where it 
passes through the coil, and thus the length of 
Wire required for a coil of a given number of 
turns and given size of wire is reduced, thus 
again improving the electrical efficiency of the 
transformer. 

, When preformed conductive coils are ’em 
ployed With a ribbon like core of magnetic ma 
terial threaded therethrough to form the mag-\ 
netic core, the preformed finished conductive 
Windings are made rectangular with a rectangu 
lar window through which the flat, ribbon of 
magnetic material is threaded. These rectangu 
lar Shaped Windings are not as strong mechani 
cally as circular Windings and can, therefore, 
be more easily damaged by the large Stresses that 
are imposed on the winding when an accidental 
short circuit occurs. Under these conditions, 
the Stresses are Suddenly imposed on the wind 
ings and are frequently very severe mechani 
cally. » 

When insulated wire is wound to form a rec 
tangular Coil, the Wire has to be sharply bent 
arOUnd the Corners and this Working of the Wire 
tends to damage it and has a tendency to crack 
or otherWise injure the insulation. This fre 
quently Causes failures and shortens the life of 
the transformer. This invention, therefore, em 
ploys a coil or winding of the strongest Shape, 
namely, circular-One in which the chances of 
failure are reduced to a minimum. 
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A further object of this invention. is to pro 

vide a method of making a transformer in which 
reactance is reduced although a Wound core is 
employed. This result is attained by having the 
straight portion of the structure, not in the wind 
ing, but in the core itself. The core and the 
winding always interlinkandif the core is Wound 
on a preformed winding, it is obvious that the 
core must be circular as it cannot be shaped 
after ässembly without producing prohibitive 
stresses as it cannot then be annealed. 
Where a circular core is employed, the Wind 

ing will have to be relatively thick, or in other 
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words, will have to have a relatively great depth . 
in comparison to its length. With this in Ven 
tion, however, it is possible to shape the Wound 
core to provide a straight portion and renoVe 
the stresses by annealing and thereafter Wind a 
coil or winding on the straight portion. It is 
possible, therefore, with this invention, to wind 
the coil on the straight portion in Such a man 
ner as to produce a coil or Winding that is rela 
tively thin with respect to its length and thus to 
provide a transformer which has little reactance 
though a wound core is employed, thus further 
improving the electrical characteristics. 

In this invention, the core is preferably shaped 
in cross-Section by stepping the core, that is to 
say, by using ribbon like material of different 
widths so that the core approximates a circle in 
cross-Section. Obviously, Other magnetic mem 
bers of other shapes, such as magnetic wire, 
could be employed and the core WOUnd to give 
an approximately circular cross-Section. Pro 
ducing the cross-sectionally shaped Core is read 
ily possible with this invention but Would be Very 
difficult if the core Were Wound On a preformed 
coil. 
This invention has for its further object a 

method of making a transformer, in which a 
circular coil or winding is employed and in Which 
the straight portion of the structure is the mag 
netic core which has at least one straight leg or 
portion passing through the circular conductive 
Winding. 

Reference is to be had to the drawing which 
shows diagrammatically successive steps in the 
making of the transformer. 

In the drawing, Figure 1 shows the first step 
which consists in winding a ribbon or other 
shaped elongated magnetic member on a form 
to produce a closed WOUnd core. 

Figure 2 is a sectional view through a boX 
showing the transformer core clamped in posi 
tion and ready for annealing. 

Figure 3 is a sectional View on the line 3-3 
of Figure 2. 

Figure 4 is a plan View showing the manner in 
Which the coil is WOUnd on the finished core. 

Figure 5 is a transverse sectional view show 
ing one way of holding the core while it is being 
WOUnd. 

Figure 6 shows the finished transformer, the 
mounting brackets, terminal block or other ac 
cessories being omitted for the sake of clear 
MeSS. » 

Referring to the drawing, it Will be seen that 
the first step in the manufacture of the trans 
former is the Winding of an elongated magnetic 
member upon a form of the desired shape. This 
magnetic member may have any desired cross 
Section. For example, it may be a round Wire 
or an elongated ribbon or may have other shapes. 
The form On Which it is Wound may be of any 
desired contour, Preferably the form is rec 
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tangular as shown in Figure 1 so as to provide 
the elongated slde portions for the wound closed 
core, thus economizing in the required size of 
opening in the coil which is subsequently formed 
directly on the flnished core. 

In Figure 1 the form is indicated by the refer 
ence character . This form may be of metal 
and may be made in many different ways, one of 
which is shown in section in Figure 3 fronn which 
it Will be seen that in this particular illustration 
the form is made of two halves which are pro 
Vided With stepped portions 2 so that ribbon of 
different widths may be successively wound on 
the form to provide a cruciform cross-section 
for the core, as shown most clearly in Figure 3. 
The form is carried in any suitable manner 

by a revolving member 3 by means of which the 
form is rotated during the winding of the core. 
The elements composing the form are remov 
ably held together by means of bolts 4 or in any 
other suitablemanner. The core takes the shape 
of the form on which it is wound. By using a 
rectangular form as illustrated, the core is pro 
Vided with elongated side portions 5 and end 
portions 6 So that a substantially rectangular 
window through the form is provided which is 
defined by these side portions 5 and end por 
tions 6. 
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After the core has been wound, the final end 
Or convolution is Secured in place in any suitable 
manner by wiring it down or by welding or braz 
ing at the point indicated by the reference char 
acter in Figures 2 and 4. Thereafter the 
shaped core is clamped in place either upon the 
form 1 as shown in Figure 3, or merely clamped 
in shape with the form removed. Preferably it 
ls clamped On the form to prevent sagging or 
change of shape during annealing and also to 
hold the successive convolutions or layers close 
together on the flat elongated sldes. 
Any Suitable type of clamping structure may 

be employed. A simple type is indicated in Fig 
ures 2 and 3 in which upper and lower members 
8 are drawn into binding engagement with the 
wOund core by means of the bolts 9. This in 
Sures the holding of the Side legs of the core 
Straight and the legs of the annealed core re 
main straight and compact after annealing when 
the clamping means is removed. The shaped 
core is placed in an annealing oven and is an 
nealed, preferably substantially shielded from. 
the direct action of the flame. This is easily ac 
complished by placing the clamped core in a box 

I having a. removable cover , or if desired 
the core may be placed in the box and packed 
With flaked mic8. 
Themagnetic ribbon or material may beeither 

cold rolled or hot rolled, but is in each instance 
preferably annealed in a reducing atmosphere. 
The annealing of the shaped core while held in 
its shaped form removes all stresses due to the 
working of the core and thus enhances the elec 
trical characteristics of the flnished transformer. 
Additionally, the straight leg or legs of the core, 
depending Upon the shape of the form On Which 
it is WOUnd, retain their Straight shape and al 
low a circular coil or conductive Winding to be 
Would on the straight leg or straight legs of the 
core. This circular coil or conductive winding 
has very desirable characteristics as will appear 
hereinafter. 
After annealing, the form is removed and the 

core is clamped in a holder in any suitable man 
ner. For example as shown in Figure 5, during 
the Winding of the lrst coil one of the elongated 
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sides may be clamped to the support 12 by means 
of the clamping plate 13. For greater security 
each of the members, namely, the support 12 and 
clamping plate 13, may be shaped to receive a 
portion of the COre and to thereby get a better 
grip On the Core. As shOWn in Figure 5, each of 
these members may be provided with a notched 
outor grooved outportion indicated at 14, though 
this is not absolutely necessary. Thereafter the 
coil is wound on the core without reworking the 
core as the coil is rotated while it is being Wound 
in any suitable manner, either by hand or by 
machine, preferably the latter. The winding of 
the coil on the closed core is made possible by 
Causing relative rotation to occur between the 
coil and the core. For example, while the core 
is clamped as Shown in Figure 5, the coil is 
formed by actually rotating Such coil during its 
formation. An easy way of accomplishing this 
is to provide 8 Sleeve 15 preferably of Suitable 
insulating material which encircles One of the 
legs 5 of the transformer Core and is preferably 
Out Of contact therewith, though in the broader 
aspect of this invention it may contact loosely 
with the core provided free rotation of the sleeve 
is Secured. 
The sleeve may take any of Several forms. For 

example, it may be somewhat resilient and may 
be Split as Shown in Figure 5 and Sprung over 
the core, orit may be made ofremovablesections 
is so desired. Any Suitable means may be pro 
Vided for rotating the sleeve as stated, or it may 
be rotated by hand, and While the Sleeve is being 
rotated, the collis formed thereon by winding the 
Wire 6 On the rotating sleeve. 
The sleeve, as stated, is preferably of insulat 

ing material though it may be of metal, in which 
case it would be either removable in sections or 
would have the edges adjacent the Split Out of 
contact with each other if it is to form a perma 
nent part of the transformer. » 
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Themachine for winding the coil on the closed 
finished core is disclosed in the COpending ap 
plication of Alwin G. Steinmayer and William 
E. Krueger, Serial No. 342,524, filed June 26, 
1940, for Method and machine for winding coils. 

It is obvious that this process can be followed 
for the production of transformers or chokes or 
other similar electromagnetic devices and it is 
also to be distinctly understood that where the 
expression “coilº appears it is intended to Cover 
any coil structure whether it includes a single 
coil or whether it includes either a primary or a 
secondary or both a primary and a Secondary. 
The expression “coilº is used merely for the pur 
pose of simplicity in the description and claims. 

It is obvious that the clamping means 2 and 
13, Figure 5, could beapplied to the side 5 or end 
portion 6 if so desired. Also if applied to the end 
portion 6, it would be advantageous for relatively 
heavy coresto employa clamping-member at each 
end of the COre. 
The transformer may be formed either with a. 

single coil, which is shown as being Wound in 
Figure 4, or with a pair of coils as shown in Fig 
ure 6 and indicated by the reference character . 
It is also obvious that the transformer could be 
constructed by employing two cores with the elon 
gated portion 5 of each core passing through a. 
centrally arranged coil. Under these conditions, 
the core would only be wound for a half section 
of that shown in Figure 3 so that when the two 
half sectionswere placed side by side Where they 
passed through the centrally located col, they 
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However, it is believed that the disclosure of the 
single Core is sufficient for illustrating this inven 
tion, though Other forms could be employed. 

It Will be Seen that by following this invention 
that a transformer is produced in which there is 
a cloSed WOUnd Core Which is not reWorked and 
which, in the finished transformer, is unstressed 
and in which the coil is wound directly on the 
core by Causing relative rotation of the-Coil and 
Core While the Coil is being Wound. 

It will also be seen that by following this 
method, the elongated, straight Side portions 
of the wound core are Secured, thus reduc 
ing the size of the opening through the coil, 
as has been pointed out hereinabove, and conse 
quently reducing the length of Wire required for 
a given size of wire and for a given number of 
turns and Securing an eXcellent Space factor. 
These features outlined hereinabove material 

ly improve the electrical characteristics of the 
transformer. 

It is of course to be understood that the coils 
are taped, tied, or otherwise finished in the 
usual manner and that wedging blocks or any 
other Suitable means are employed for holding 
the finished coils against motion with respect 
to the core, though these well known features 
have not been illustrated. 
Also it is to be understood that suitablemount 

ing brackets are employed in accordance with 
the usual practice, though these mounting 
brackets, as well as other accessories, have been 
Omitted for the Sake of clearness. 

It Will be Seen that several of the Various 
Steps heretofore found necessary in the con 
struction of transformers are avoided. For ex 
ample, it is not necessary to punch and stack 
the separate elements making up the cores. Also 
the Step of removing the wire edges resulting 
from stamping the separate elements of the 
Core as heretofore practiced is avoided. Addi 
tionally, there is no machining of the core after 
it has been wound to shape and consequently 
there are no burrs or sharp edges left on the 
core layers. Also there is no reworking of the 
Wound Core after it has been annealed and con 
Sequently there is no chance whatsoever of any 
Stresses remaining in the core in the finished 
transformer. 
The amount of work required in producing a 

transformer in accordance with this invention 
is materially reduced and the resulting trans 
fOrmer haS been foUnd to have excellent elec 
trical characteristics. x 

It is to be understood that although a single 
length of magnetic member has been illustrated, 
that the invention contemplates the use of either 
a Single elongated strip of magnetic material or 
a plurality of Such strips. However, the core is 
Wound in a closed shape irrespective of whether 
a Single strip or a plurality of strips are em 
ployed in producing the core. . Obviously where 
a plurality of different widths are employed as 
shown in Figure 3, it is preferable to use differ 
ent strips of material for these different por 
tions of the core, the ends of such strips bein 
either left free or welded to each other. * 

It is also to be understood that other forms 
of Sleeves On which the coil is wound may be em 
ployed without departing from the spirit of this 
invention. » » 

The circular coil or conductive winding is me 
.. chanically stronger than a prefornied winding 
Which has a rectangular window. The circular 

would togetherformthe shapeshown in Figure 3. 75 coil will resist forces tending to distort or move 
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the coil, or component parts thereof, better than 
a rectangular preformed coil with its relatively 
long straight sides. The distorting forces are 
frequently very severe under certain conditions 
as when an accidental short circuiting of a 
transformer occurs. This additional mechanical 
strength, together with an actual reduction in 
the amount of wire required, is obtained when a 
circular coil is employed in conjunction with a. 
rectangular core or a core having a straight side 
or leg passing through the Coil. 
Another advantage resulting from the use of 

a circular coil, or winding, is that it eliminates 
the problem of bending insulated wire around 
corners. This eliminates, to a great extent, the 
possibility of damaging magnet wire and the in 
sulation thereof in the winding of the coil. The 
net results of this are fewer failures and longer 
life and a more uniform high impulse strength. 
By having the core formed with one Or more 

straight Sides and winding the Coil around the 
core by rotating the coil about one of the straight 
sides, it is clear that the internal diameter of 
the coil is less than if the coil were Wound on a 
circular core, as in this latter case the internal 
diameter of the coil would have to be sufficiently 
large to accommodate the curved or circular Core. 

If a circular core is used and is threaded Or 
wound into a preformed coil or conductive wind 
ing, it is obvious that if a fairly good Space factor 
is attempted, that it is necessary to have the 
winding or coil cruciform in cross-section. This 
results in a winding or coil which has a large 
thickness or depth as compared with its length 
which results in a high reactance. By following 
this invention and employing a preformed Core 
having one or more straight sides and winding 
the coil on the preformed core, that a coil which 
is thin or of Small depth as compared With its 
axial length is produced, which results in a loW 
reactance. 
This invention produces a transformer in 

which the air gap is reduced to a minimum as 
there is, in effect, Only One air gap which has a 
very Small effect as compared with the multi 
plicity of air gaps in the ordinary transformers 
where individual sections are assembled. There 
is considerable economy both in material used in 
the manufacture of the transformer and in the 
expense of operation thereof, for with this re 
duction in air gaps there is a material lessening 
in the Value of exciting current. Additionally, 
with this inewntion it is possible to efficienty 
use a high grade steel and have a higher flux 
density therein as the reluctance of the mag 
netic path has been greatly reduced by the 
reduction in air gaps. If, on the other hand, 
it were attempted to have a high flux density 
in the magnet core and yet have a nUmber of 
air gaps, it is obvious that this high flux density 
would also exist at the air gaps and consequently 
a very inefficient transformer would result as 
the exciting current Would be Very high. 
Also by using a. high grade Steel and substan 

tially eliminating the majority of air gaps, it is 
possible to effect a real economy in material in 
practicing this invention. 

In addition to preventing the Core from sagging 
by clamping it while it is being annealed, there 
is the further advantage of holding the Succes 
sive layers on the long straight sides compacted 
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so that the finished core, which retains its shape 
after annealing, Will have successive layers Well 
compacted and thus minimize the Spacing or air 
gap between the successive layers. Further, by 
holding the core clamped during annealing, the 
resulting annealed Core more accurately con 
forms to its desired dimensions and there is, 
consequently, less Variation during manufacture. 

It is to be understood that other types of 
forms may be employed On Which the core is 
Wound. For example, if it is desired, the core 
may be wound On a Single rectangular block 
without any of the Stepped portions as shown 
in Figure 3 and the clamping structure may be 
different from that shown in Figure 2. For 
example, it may merely consist of two straight 
bars on opposite sldes of the wound core. . . 
Wherever the term “collº appears, such ex 

pression is intended to include either a single coil 
or winding or the coll structure as employed 
in transformers, that is to say, a coil structure 
including both a primary and a secOndary, elther 
wound as One assembly With One COil Wound On 
or adjacent the other or with the two coils phys 
ically separated but interlooped by the core. 

It is also obvious that the invention is equally 
applicable to the manufacture of chokes when a 
closed core is employed and a coil or colls wound 
on a portion of Such core. 
Although this invention has been described in 

Considerable detail, it is to be understood that 
such description is intended as illustrative rather 
than limiting, as the invention may be variously 
embodied and is to be interpreted as clalmed. 

| clain 
1. The method of making a transformer or 

the like comprising winding a closed core of 
magnetic ribbon around a shaping form having 
at least One straight Side with the magnetic 
core surrounding the shaping formin successively 
closely compacted convolutions, holding the 
WOund COre On the form so that it does not 
change its shape and annealing the wound core 
while it is held against change of shape to cause 
the core to take a permanent finished shape and 
to insure that successive convolutions of the core 
remain closely compacted during and after an 
nealing, removing the form and winding a cir 
cular coll structure around the straight side of 
the core by causing relative rotation between the 
Coil and the core while the coil is being wound, 
the core being free from any working or machin 
ing after annealing. 

2. The method of making a transformer or 
the like comprising winding a closed core of mag 
netic ribbon of different widths around a shap 
ing form having at least one straight side to 
thereby provide a straight-sided core stepped in 
cross-section, holding the wound core in shape 
on the form and annealing the wound core whlle 
it is held in shape to cause the core totake aper 
manent hinished shape and to insure that suc 
cessive convolutions of the core remain closely 
Compacted during and after annealing, renoving 
the form and winding a circular coll structure 
around the straight side of the core by causing 
relative rotation between the coil and the core 
While the Collis being wound, the core being free 
from any working or machining after annealing. 

DAVIDE wIEGAND. 


