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Our invention relates to electrical induction 
apparatus such as transformers and, particularly, 
to the core or magnetic circuit structure thereof. 
Core structures of magnetic material have been 

developed in which the core loop is formed of a 
ribbon of magnetic sheet steel having preferred 
orientation of the grains of the material in the 
direction of the ribbon of steel, in which direction 
the lines of magnetic flux pass through the strip, 
thus resulting in a core having high permeability 
and low watts loss. The ribbon, or sheet of mag 
netic material, is wound on a mandrel or form 
of such shape as to give the desired window Open 
ing to the core structure and a predetermined 
thickness of the magnetic material. The core 
loop sections so formed are then annealed to re 
lieve strains in the material caused by the Wind 
ing operation. The core may then be further 
processed and the parts assembled about the cop 
per conducting coils of the electric circuit. This 
further processing may consist essentially of in 
pregnating the core with an adhesive bonding 
material and baking to bond the laminations or 
consecutive turns of the strip tightly together, 
cutting the core into parts, working the butt 
joint surfaces on opposite sides of the cut by 
grinding or machining, and treating the Surfaces 
to remove short-circuiting burrs at the joint. 

In forming this type of core, difficulties have 
arisen in keeping the tightness of the Wound ma 
terial at a desired value. If the steel strip form 
ing the magnetic material of the wound core is 
too tight, it becomes difficult to properly in 
pregnate the core with the bonding material, with 
the result that there may be some adjacent layers 
of the core that do not properly adhere to each 
other, so that, after the core is completed, it may 
split between these layers. 

In the conventional practice of Winding Such 
cores, the tightness of winding is controlled by 
follower rolls that are maintained under a 
desired pressure upon the ribbon of magnetic 
sheet material as it is wound upon the mandrel, 
and by maintaining a desired tension on the rib 
bon as it is fed onto the roll. However, the steel 
strip of magnetic material that is wound to form 
the core has a basic stiffness depending upon its 
gauge or thickness, and there is a minimum re 
quired pressure that must be maintained upon 
this strip by the follower rolls, in order to prop 
erly form the core loop, and this minimum pres 
sure increases with winding speed, in order to 
properly maintain the core shape. This mini 
mum pressure necessary to establish the con 
formity of the steel strip around the mandrel, at 
an economical winding speed, is so high that the 
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core is finished with extremely high space factor, 
that is, extremely high tightness of the consecu 
tive turns of the sheet-steel ribbon, with a small 
amount of Space between them. The innermost 
turns are under compressive stresses which are 
impossible to completely relieve with an economi 
cal strain anneal; hence, the core is likely to 
collapse after strain annealing, upon removal of 
the mandrel from the wound core structure. Also, 
the portion of the core which is not collapsed is 
wound So tightly that it is possible that too little 
space is left for satisfactory impregnation with 
the bonding compound. This results in many 
cores failing due to splitting apart between ad 
jacent laminations. Those cores which do not 
fail due to Splitting may give trouble in that ac 
curate butt-joint surfaces are difficult to main 
tain because the residual stresses in the steel 
causes the core laminations to slip relative to 
each other, to some degree, so that the cut ends 
of the laminations do not maintain a uniform 
smooth surface, thus increasing the reluctance 
of the butt-joint. Also, the tight Winding and 
consequent high pressure of each turn on the 
adjacent turn decreases the interlaminar resist 
ance and causes an objectionable increase in eddy 
current loss of the core. 
In accordance with the present invention, these 

difficulties are overcome by proper spacing of the 
consecutive turns of the Wound core. The ribbon 
of magnetic sheet steel forming the core is Wound 
simultaneously with a narrow strip of Organic 
spacer material that is gasifiable during the an 
nealing process, the strip of Spacer material being 
positioned well inwardly from the edges of the 
strip or ribbon of magnetic sheet steel forming 
the core, such as approximately along the center 
line thereof. The organic material may be either 
a material that is decomposable at annealing 
temperatures leaving substantially no residue, or 
it may be a volatile material that volatilizes and 
disappears during the annealing process. In 
either case, the spacer material Substantially dis 
appears during the annealing process except for a 
small residue. Organic material such as cotton 
thread, flax, silk, superpolyamide strips, rayon 
cord, vinylidene chloride string or other fibrous 
material capable of decomposing, reacting with 
hydrogen to form gaseous products or volatilizing 
at annealing temperature may be used. Other 
substances, such as magnesium, which is an ex 
tremely volatile and reactive metal, which will 
react with hydrogen, nitrogen, or water vapor to 
form insulating residues, may be used. 
Of the above-named organic materials, cellu 
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losic materials, such as cotton thread, has been 
found satisfactory. A single strand of cotton 
thread may be used. A thread having a diameter 
between .0015 and .003 inch has been found to 
be satisfactory. This diameter compresses to a 
lesser figure under the pressure of the follower 
rolls during the winding process. The cores are 
usually formed with a rectangular WindoW haV 
ing straight sides and, when given a strain an 
neal after winding, a static load is applied to 
compress the core legs, maintaining them flat 
or parallel. The strain anneal takes place at a. 
temperature above 500° C., preferably between 
700° C. to 1000 C. in a reducing atmosphere pref 
erably containing hydrogen. During this an 
nealing operation, the carbon is removed from 
the cotton thread by decomposition into gases 
that are absorbed by a reducing atmosphere con 
taining hydrogen so that no carburization of the 
steel strip occurs. The reducing atmosphere may 
be removed from the furnace by circulating it to 
further insure that no carburization of the steel 
strip occurs. This reducing atmosphere may con 
sist largely of nitrogen and hydrogen. The re 
moval of water and gaseous carbon products re 
duces the thread to a light streak of graphitic 
carbon which is of much less volume than the 
original thread. The volume of the thread sub 
stantially reduces or disappears. This reduction 
in volume is sufficient to provide looseneSS to en 
able full relief of compressive stresses within the 
core during strain annealing, yet the Space fac 
tor is not decreased beyond reasonable limits. 
The residue of the cotton thread is very slight 
and does not interfere with the impregnation of 
bonding material between the adjacent layers of 
the steel strip. 
We have tried other materials, such as a very 

thin layer of paper across the entire width of the 
ribbon of magnetic material, or some form of 
paint that will disappear during the annealing 
process, but the results were unsatisfactory, as 
the carbon residue over the entire surface of the 
strip interfered with proper impregnation of the 
core. It is necessary that the material used for 
spacing the successive layers of the core shall be 
narrow in width, as compared with the width of 
the steel, and positioned inwardly from the edges 
of the ribbon or strip of magnetic material form 
ing the Core, and preferably, substantially along 5 
the center of the strip to allow the desired in 
pregnation between the successive layers from 
both sides of the wound core. If paper is used, 
it must be either in a very narrow strip, or in a 
Wound thread form, so that its effect is similar 
to that of the cotton thread. The material used 
Should generally be gasifiable in character so 
that, during the annealing process, it substan 
tially disappears, except, perhaps, for a small 
residue, and this residue should be located Well 
in from the edges of the steel strip so as not to 
interfere with the proper impregnation of the 
Wound core. 
The size of the thread or strip used should be 

Varied for different core-loop structures, depend 
ing upon the size of the core loop and the gauge 
of the steel material used, to give the desired 
depth of Spacing between successive layers. The 
thicker the steel-ribbon material used, the heav 
ier will be the thread required to give the proper 
spacing. Also, the Wider the steel strip and the 
larger the number of layers to be used, the heav 
ier will be the thread required to properly space 
the Successive layers. 

It is an object of the invention to provide a 
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4. 
Wound core structure of the above-indicated 
character, in which the desired spacing is pro 
vided between the Successive turns of the mag 
netic steel loop, to relieve undue strains in the 
material caused by winding the material too 
tightly, and to thus provide proper spacing be 
tween the turns required for proper impregna 
tion of the core with bonding material after wind 
ing, and prevent adjacent core layers from ad 
hering together as a result of the strain-anneal 
treatment. 
More specifically, it is an object of the inven 

tion to provide a wound core, in which a ribbon 
of sheet steel and a strand of decomposable ma 
terial are simultaneously wound, layer upon layer, 
providing a space between the several layers of 
the wound sheet, and in which the core is then 
annealed to remove strains in the steel caused by 
winding and to effect decomposition of the Strand 
of material between the layers of the steel to re 
duce it to a negligible annount of material con 
sisting of a light streak of graphite carbon and 
impregnating the wound steel core with a bond 
ing material, and then baking the impregnated 
core loop to bond the laminations tightly togeth 
er. The core loop thus formed may then be cut 
into parts that will readily fit about form-wound 
coils of electrical apparatus. The cut surfaces 
may be further worked as by grinding or other 
Wise treating the surfaces to remove short-cir 
cuiting burrs. The combustible material used 
may be thread, formed of cotton, flax, silk, or 
similar material, or narrow strips of paper. 
The invention will be better understood by ref 

erence to the following description, having ref 
erence to the accompanying drawing, in which: 

Figure 1 is a side elevational view of a conven 
tionally wound core loop; 

Fig. 2 is a sectional view through the line II 
II of Fig. 1; 

Fig. 3 is an enlarged sectional view of a por 
tion of a core loop wound in accordance with the 
invention; 

Fig. 4 is a side elevational view of a portion of 
the machine for winding the core. 

Referring to the drawing, and particularly to 
Figure 1, a wound core loop is illustrated, built 
in accordance with conventional design, formed 
by Winding a strip 2 of magnetic sheet-steel rib 
bon upon a mandrel, forming a substantially rec 
tangular window 3. After the strip material is 
wound, bonded, and given a strain anneal in ac 
cordance with conventional practice, it is cut 
along lines 4-4 to form two solid U-shaped por 
tions 5 and 6. These U-shaped portions 5 and 6 
may be separated and reassembled about pre 
formed current-carrying windings in a well 
known manner. 

Fig. 2 is a sectional view, somewhat enlarged, 
to better show the layers of insulating bonding 
material existing between layers of the sheet 
Steel ribbon 2, this insulating material being the 
bonding material above-referred to, with which 
the core is impregnated by applying the material 
under pressure, after winding and annealing. Its 
use results in Solidly bonding the adjacent layers 
of Sheet Steel together to form a solid core struc 
ture. 

In Fig. 3, Several layers of the sheet-steel rib 
bOn 2 are shown wound with successive layers of 
threads if between them, as above described, 
the thread being positioned substantially along 
the middle of the width of the steel strip 2. Al 
though the threads are shown in Fig. 3 as 
Substantially round, it will be appreciated that, 
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under the pressure of the process of rolling, they 
will be considerably flattened to perhaps one 
third of their diameter when freely Suspended 
without pressure being applied. Even though the 
thread is shown positioned essentially along the 
middle of the width of the strip it may be Varied 
alternately on either side of the center line of the 
strip during winding. This will result in a more 
even build up of layers and eliminate any “ridg 
ing' due to each layer of thread being essentially 
on top of the one beneath it. 

Referring to Fig. 4, a machine 2 is illustrated 
for winding the core loop and shows a mandrel i3 
in position for winding the strip 2 simultaneously 
with the thread to provide layers of the thread 
between successive layers of the Steel. The na 
chine 2 may be substantially similar to that 
shown in United States Patent No. 2,264,800, is 
sued to C. C. Horstman, John H. Bramble and 
Fred R. Miller on December 2, 1941, and assigned 
to the same assignee as this invention. 
The mandrel 3 is supported in position for 

winding partly by the frame member 4 and 
partly from a shaft (not shown) carried by the 
machine frame 5 which carries the Winding 
head 6 upon which the mandrel 3 is directly 
mounted. Follower rolls 7 and 8 are mounted 
by pins 9 and 20 on a supporting member 2 
which, in turn, is pivotally mounted at 22 to a 
carriage 23 that is slidably mounted within a 
bracket frame structure 24. Means (not shown) 
is provided for applying a downward force to the 
movable carriage 23 SO as to apply preSSure 
through the follower rolls and 8 against the 
strip 2, while it is being Wound upon the mandrel 
3. Wo sets of braked rolls 32 and 33 are pro 

vided on a suitable frame 34, partly for flatten 
ing and removing any burrs that may exist. On the 
outer edges of the sheet Steel and partly for ap 
plying a braked pressure to maintain the ribbon 
of Sheet Steel 2 under a desired tension as it is 
drawn by the rotating mandrel to be wound, 
layer upon layer. A Suitable reel 35 is provided 
from which is supplied the thread if, the reel 
being shown as having a friction brake 36 for 
resisting its rotation. So as to maintain a slight 
tension on the thread . A guide wheel 37 is 
provided having a deep groove 38 and suitably 
mounted in a position to guide the thread so 
that it will be wound substantially centrally or 
alternately from side to side of the center line 
of the strip of steel, as Shown in Fig. 3. Any 
other Suitable means for so guiding the thread or 
properly locating it may be used. 

It will be understood by those skilled in the 
art that modifications may be made in the de 
tails of the Structure illustrated and described, 
and in the method of constructing the core with 
out departing from the Spirit of our invention 
and We do not wish to be limited otherwise than 
by the Scope of the attached claims. 
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We claim as our invention: 
1. In the method of making a magnetic core 

structure, the steps comprising simultaneously 
Winding a ribbon of magnetic sheet steel material 
Which is Subject to carburization layer upon 
layer around a Shaping forIn to provide a closed 
magnetic circuit loop and a strip of decomposable 
Organic Spacing material that is very much nar 
rower than the ribbon of magnetic sheet steel 
material inwardly from the edges of the ribbon 
of magnetic sheet steel material for spacing the 
SucceSSive layers of the ribbon, heating the wound 
core loop at a temperature Sufficiently high to 
Strain anneal the Wound core loop and to decom 
pose the decomposable organic spacing material 
in a reducing and decarburizing atmosphere Con 
taining hydrogen to prevent carburization of the 
magnetic sheet steel material by removing the 
gaseous products of decomposition, impregnat 
ing the Spaces between the Successive layers of 
the ribbon of magnetic sheet Steel material with 
bonding material and baking to bond the Several 
layers of the magnetic material Solidly together. 

2. In the method of Inaking a magnetic core 
Structure, the steps comprising Simultaneously 
Winding a ribbon of magnetic Sheet Steel material 
which is Subject to carburization layer upon layer 
around a shaping form to provide a closed mag 
netic circuit loop and a single Strand of decom 
posable thread between the layers inwardly from 
the edges of the ribbon of magnetic material for 
Spacing the Successive layers of the ribbon, heat 
ing the Wound core loop at a temperature suffi 
ciently high to strain anneal the wound core loop 
and to decompose the decomposable thread in 
a reducing and decarburizing atmosphere con 
taining hydrogen to prevent carburization of the 
magnetic sheet steel material by removing the 
gaseous products of decomposition, impregnat 
ing the Spaces established by the strand of thread 
between the successive layers of the ribbon of 
magnetic material with bonding material and 
baking to bond the Several layers of the magnetic 
material Solidly together. 

CLIFFORD C. HORSTMAN. 
JOHN H. BRAMBLE, 
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