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ABSTRACT OF THE DISCLOSURE 
In this transformer, there is a central cylinder with 

annular ?anges extending from each end of the cylinder. 
This cylinder with its ?anges is placed in a box-like outer 
core integrally fabricated of a single piece of solid thin 
sheet material having high magnetic permeability. The 
box-like outer core supports a terminal plate, and a wind 
ing is wound around the cylinder, the end leads being 
connected to the terminals of the terminal plate. 

This invention relates to a miniature low frequency 
transformer having improved transmission characteristic 
through the improvement of the effective permeability of 
the magnetic core. 
The features and advantages of this invention will be 

come apparent upon consideration of the following de 
tailed description of this invention, especially when taken 
in conjunction with the accompanying drawings, wherein: 

FIG. 1 is a perspective view showing a cylindrical bob 
bin of the conventional miniature transformer; 
FIG. 2 is a longitudinal section of the bobbin of FIG. 

1 wound by acoil; 
FIG. 3 is a perspective view showing a sleeve placed 

over the bobbin shown in FIG. 2; 
FIG. 4 is an exterior view in perspective of the con 

ventional miniature transformer; 
FIG. 5 is a perspective view showing one embodiment 

of the inner core utilized in the transformer of this in 
vention; 
FIGS. 6—9 are 

bodiments of the 
of this invention; 
FIG. 10 is a perspective view showing one embodiment 

of an outer core utilized in the transformer of this inven 
tion; 
FIG. 11 is a longitudinal section of the inner core 

taken along the line of A-—A of FIG. 8; 
FIG. 12 is a perspective view showing the inner core 

of FIG. 9 secured within the outer core of FIG. 10; 
FIG. 13 is an analytical view in perspective of the con 

struction process of the transformer in accordance with 
this invention; ' 

FIG. 14 is an exterior view in perspective of one em 
bodiment of the transformer in accordance with this in 
vention; 

FIG. 15 is a view showing the difference between the 
frequency characteristic of the conventional transformer 
shown in FIG. 4 and that of the transformer of this in 
vention; 
FIG. 16 is a view showing the difference between the 

distortion factor characteristic of the conventional trans 
former utilizing an E and an I type cores and that of the 
transformer in accordance with this invention; 
FIG. 17 is a similar view showing the difference be 

tween the distortion factor characteristic of the trans 
former shown in FIG. 4 and that of the transformer in 
accordance with this invention; and 

perspective views showing other em 
inner core utilized in the transformer 
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FIG. 18 is a view showing the difference between the 

shielding e?iciency of the conventional transformer uti 
lizing an E and an I type cores and that of the trans 
former in accordance with this invention. 

Before referring to the transformer of this invention, 
a widely used transformer utilizing an E and I type mag 
netic cores will be ?rst described as one of the typical 
conventional miniature transformer. As is well known 
in the art said transformer is fabricated ‘by the steps of 
laying up an E and an I type laminated cores one after 
the other to constitute a magnetic core, and providing a 
coil wound on the winding frame to said core. In said 
transformer a winding frame for winding said coil is an 
indispensable element and the use of which lowers the 
space factor of coil winding. Accordingly, when it is 
necessary to increase the winding volume of the coil, 
the core becomes necessarily large. This may be incon 
sistent with the recent tendency of miniaturization of 
various electronic machine parts. Furthermore, an in 
rease in the size of said core causes iron losses and the 
whole shape of the coil of the transformer utilizing an 
E and an I type cores becomes square thus making long 
the length of the core and causing greater copper losses 
thereby lowering the ei?ciency of the transformer com 
pared with the round shape coil. Moreover, the disad 
vantages of the transformer utilizing an E and an I type 
cores reside not only in its square shape, but also in the 
electric characteristic because the gap at the contact of 
said E and I type cores increases the magnetic resistance 
thereby lowering the effective permeability of the mag 
netic cores. 

In lieu of the above-mentioned transformer, such trans 
former as described in the United States patent speci?ca 
tion (Patent No. 2,949,591) has been proposed. Said 
transformer is characterized by the cylindrical bobbin 
of insulating material on which a coil is Wound and the 
cylindrical sleeve is placed on said bobbin. Referring 
now to FIG. 1, thin magnetic material, such as a 45% 
or 78% nickel-iron alloy is cut to provide a core element 
1 and two end ?anges 2 and 3. A hollow 4 is provided 
coaxially to the central portion of said core element 1. 
Ioreover, slits 5 and 6 are provided on said ?anges 2 

and 3 respectively to prevent eddy current. Thus, a bob 
bin is fabricated. After that, as shown in FIG. 2, a thin 

r layer of insulating compound 7 is applied to the rims of 
said core element 1 and the opposing inside of ?anges 
2 and 3. A coil 8 is wound on said thin layer of insulat 
ing compound 7 and lead wires 9 and ll} of said coil 8 
are respectively passed through said hollow 4 and taken 
out from said ?anges 2 and 3. A cylindrical sleeve 12 
shown in FIG. 3 is placed over the coil 8. Said sleeve 12 
has a slit 13 along its longitudinal direction and the inner 
wall of said sleeve 12 is brought into contact with the 
outer rims 14 and 15 of said ?anges 2 and 3 thereby 
fabricating a columnar transformer as shown in FIG. 4. 

In manufacturing the above-mentioned columnar trans 
former, the following dif?culties arise. First of all, a thin 
sheet of round rod shape magnetic material is cut as 
shown in FIG. 1 at the manufacturing process. This means 
that portions other than the bobbin are removed as un 
necessary. It is therefore very wasteful. Furthermore, the 
shape of said bobbin is not suitable for the automatic 
cutting operation and mass production thus making it 
difficult to lower the price of the bobbin. In bringing 
the outer rims 14 and 15 of the ?anges 2 and 3 of said 
bobbin into contact with the inner wall of said sleeve 12, 
the effective permeability is considerably lowered be 
cause/of its thin ?anges 2 and 3, large magnetic resist 
ance and considerably great leakage ?ux. If the ?anges 
2 and 3 are made thick in order to eliminate the above 
disadvantages, the space factor for winding the coil is 
reduced. 
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There is another di?iculty in fabricating said columnar 
transformer, viz., the production of the same standard of 
the sleeve 12 is somewhat difficult due to its cylindrical 
shape. Further, it is dif?cult to secure said sleeve 12 to 
the ‘bobbin, thus the mass production of said sleeve is 
difficult. 

Accordingly, the transformer in accordance with this 
invention is intended to eliminate the above mentioned 
various disadvantages of the conventional transformer. 
As shown in FIG. 5, circular ?anges 21 and 22 are fabri 
cated of any pipe-shaped magnetic materials of high mag 
netic permeability, such as ‘permalloy or chromium-iron 
alloy by stamping or extending both ends of said magnetic 
materials. 

Slits 23 and 2.4 for preventing eddy current are respec 
tively providedto said ?anges 21 and 22. Moreover, slit 26 
is provided to the longitudinal direction of the cylinder 25, 
viz., between two end ?anges .21 and 22 directly to said 
slits 23 and 24. FIG. 6 shows another embodiment of an 
inner core to be utilized in the transformer of this 
invention. Although said inner core 28 is substantially 
the same shape as that of the inner core 27 shown in FIG. 
5, it is particularly designed for preventing eddy-current 
losses and a plurality of slits 29, 30, 31, 32 and 33 (though 
only four slits are shown in FIG. 6) are provided on said 
?anges 21 and 22 radially to the hollow 34. Reference is 
further made to FIG. '7 in which a still ‘further embodi 
ment of the inner core 37 to be utilized in the transformer 
of this invention is shown. More particularly, in lieu of 
the above-mentioned circular ?anges .21 and 22, four .pro 
jecting fragments are provided to both ends of the cyl 
inder 25 and said projecting fragments are bent perpen 
dicular to the axial direction of said cylinder 25. Thus, 
?anges 35 and 36 are formed radially to the hollow 34. 
Furthermore, an inner core 38 shown in FIG. 8 shows 
a modi?cation of the inner core 37 shown in FIG. 7 in 
which three projecting fragments are provided to both ends 
of the hollow cylinder 34 and said three projecting frag 
ments being ‘perpendicular to the axial direction of said 
hollow cylinder 34. An inner core 39 shown in FIG. 9 
shows a still further embodiment of the inner core to be 
utilized in the transformer of this invention, wherein dis 
coiclal ?anges 41 and 42 are provided to both ends of 
the solid core element 40 of said inner core 39 fabricated 
of magnetic material of high resistivity, such as ferrite. 
An outer core is formed as shown in FIG. 10 so that 

the inner walls of the outer core is brought into contact 
with the outer side of the ?anges of each inner core, 
that is to say, perpendicular to the axial direction of the 
cylinder 25 shown in FIG. 5 through FIG. 8 and the solid 
core element 40 shown in FIG. 9. More particularly, a 
box-like outer core 43 having one open face only on one 
side is fabricated of thin magnetic material of high mag 
netic permeability, such as permalloy or chromium-iron 
alloy by the stamping process. The dimension between the 
inner walls of the sides 45 and 4d or 47 and 48 of the outer 
core 43 is equal or somewhat small compared with the 
dimension between outer sides of the ?anges of each inner 
core shown in the above FIGURES 5 through 9, thus 
making the magnetic resistance considerably small because 
the contact between the inner side wall of the outer core 
43 and the outer side of the ?anges of the inner core is 
sufficient. The state in which said outer .core 43 and each 
inner core shown in the FIGURES 5 through 9 are joined 
together is shown in FIG. 12. wherein the inner core is the 
same inner core 39 shown in FIG. 9. In this case, the 
magnetic path is formed in the direction in the order of 
solid core element 40 of the outer core 43, sides 4-5 and 
46 of said outer core 43, a side 49 of said outer core 43, 
and the ?ange 41 of the inner core 39 or in the opposite 
direction of the above order. In this magnetic path, the 
portion in which eddy current frequently ?ows is the 
solid core element 40 of the inner core 39. Therefore, said 
solid core element 40 is expected to lower the effective 
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4 
permeability of the whole magnetic path because of its con 
siderable inner volume. 
However, the inner core 39 in accordance with this in 

vention is fabricated of magnetic material of high re 
sistivity in order to reduce eddy current losses. Moreover, 
as mentioned before, a space to be brought into contact 
by the side of the outer core and the ?anges of the inner 
core utilized in the transformer of this invention is made 
as large as possible so that the magnetic resistance at the 
contact surface is small whereby the effective permeability 
of the core is considerably increased. Furthermore, as the 
contact surface is completely covered by the outer core, 
there is no leakage ?ux from the contact surface. Accord 
ingly, the transformer of this invention is not under the 
in?uence of the magnetic flux from the outside. 
The manufacturing process of the transformer of this 

invention will be illustrated on the basis of the mag 
netic path described above. Referring now to FIG. 11, an 
insulating coating 49 is applied to the outer periphery of 
the cylinder 25 of the inner core 38 shown in FIG. 8 and 
each opposing face of the ?anges 35 and 36. (It is to be 
understood that the insulating tape may be utilized instead 
.of said insulating coating 49 as desired). After that, as 
vshown in FIG. 13 (the inner core shown in FIG. 13 is 
the same shown in FIG. 7), lead wires 51 through 55 .of 
said coil 50 are respectively connected to any lead ter 
minals 57 through 62 provided on the terminal plate 56 
fabricated .of insulating material, such as phenol resin. 
After connecting said lead wires to lead terminals, the 
coil 50 is ?xedly secured to the curved portion 63 of the 
terminal plate 56 and at the same time the inner core 
37 is ?xedly secured within the outer .core as shown in 
FIG. 12. One embodiment of the external construction 
of the transformer of this invention manufactured above 
is shown in FIG. 14. As is clear from FIG. 14, the outer 
.core 43 serves also as a case and lead wires of the coil 
50 are connected to lead terminals 57 through 62 pro 
vided on the terminal plate 56 so that said terminal may 
be directly mounted on the printed base plate and more 
.over soldering is possible. 
The result of the electric characteristic of the trans 

former of this invention fabricated as above is shown in 
the following by comparison with that of conventional 
transformer. The characteristic view shown in FIG. 15 
shows the relation between the frequency and the inser 
tion loss. More speci?cally, a curve of the solid line (a) 
in FIG. 15 is a characteristic ‘view of the transformer of 
this invention and acurve of the dotted line (b) is that 
of the conventional transformer shown in FIG. 4. This 
?gure clearlyshows that the transformer of this invention 
has a far bettercharacteristic in the low frequency region 
than the conventional transformer. 
FIGS. 16 and 17 show the relation between the distor 

tion factor and the frequency of the transformer utilizing 
an E and an I type cores, and the conventional trans 
former shown in FIG. 4 by measuring electric power as 
a parameter. While in these ?gures curves of dotted lines 
respectively show the relation between the distortion fac 
tor and the frequency of the conventional transformers, a 
curve of the solid line show that of the transformer of this 
invention. Thus, FIGURES l6 and 17 clearly show that the 
distortion factor in the low frequency region is consid 
erably improved in accordance with the transformer of 
this invention. In other words, FIGURES l5, l6 and 17 
show the improvement of the various characteristics in 
the low frequency region. Particularly, it must be pointed 
out that the improvement of the transmission characteris 
tie in the low frequency region of the low frequency trans 
former of this invention contributes to the improvement 
of ?delity and output of the transformer. The improve 
ment of these various characteristics is attributable to the 
improvement of the effective permeability due to the large 
contact surface between the outer core and the ?anges 
of the inner core. The transformer of this invention has 
changed the idea of the conventional construction of the 
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magnetic circuit of the low frequency transformer and 
has proved the improvement of the electric characteristic 
due to the revolutionary change of the construction of 
the above magnetic circuit. 
FIG. 18 shows the difference between the shielding 

characteristic of the transformer of this invention and 
that of the conventional transformer utilizing an E and 
an I type cores. More particularly, a curve of the solid 
line shown in FIG. 18 shows the characteristic view of 
the transformer of this invention and a curve of the dotted 
line shows the characteristic view of the conventional 
transformer utilizing an E and an I type cores. As a 
measuring condition, an induced power in the uniform 
magnetic ?eld of 1 oersted of 50 c./s. frequency is repre 
sented by lmW=OdB. The alphabetic letters in the charac 
teristic view shown in FIG. 18 show the direction of the 
magnetic ?ux in the above two transformers. The maxi 
mum value of the shielding effect in the transformer is 
shown in the direction A-B which is under the maximum 
in?uence of the outside magnetic ?eld. It is clear from 
FIG. 18 that the attenuation volume of the outside mag 
netic ?eld in accordance with the transformer of this 
invention is —55dB and that of the conventional trans 
former is —48dB. It only proves that the shielding effect 
of this transformer is better than that of the conventional 
transformer by 7dB. 
Although the relation between the shielding character 

istic of the transformer shown in FIG. 4 (U.S. Patent No. 
2,949,491) and that of the transformer in accordance with 
this invention is not shown, it is to be understood that the 
shielding effect of the transformer shown in FIG. 4 is 
inferior to that of the transformer of this invention be 
cause of its low effective permeability and the outside 
exposure of the contact surface of the bobbin and the 
sleeve. 
From the foregoing it will be seen that the present in 

vention provides a miniature transformer having little 
eddy-current losses, considerable effect permeability, im 
proved transmission characteristic and good shielding 
effect by ?xedly securing the inner core comprising a 
?ange of relatively large contact area with the outer core 
and serving also as a winding frame to the box-like outer 
core of magnetic material, thus forming the magnetic 
path together with said outer core. Furthermore, as the 
thickness of said ?anges may be considerably thin and 
the space factor of the coil is good, the transformer is 
miniaturized and the decrease of the iron-loss is realized. 
Moreover, the manufacturing of the inner and outer cores 
is easy because no such troublesome operation as cutting 
is required. Therefore, it is convenient for the automatic 
operation and mass production thus lowering the price, 

10 

15 

20 

25 

30 

35 

40 

6 
While description and illustration of exemplarly em 

bodiments of the present invention are made, it will be 
come apparent that variations of the speci?c details of 
construction may be resorted to without departing from 
the true spirit and the scope of the invention as de?ned 
in the appended claims. 
What is claimed is: 
1. A miniature low frequency transformer comprising 

an inner cylindrical core fabricated of magnetic material, 
said cylindrical core having annular flanges which extend 
radially from each end of said cylinder, at least one wind 
ing with end leads, wound on said cylinder between said 
?anges, a terminal plate disposed in the vicinity of the 
cylinder provided with terminals for connecting each lead 
of said winding, and, a box-like outer core integrally 
fabricated of a single piece of solid thin sheet material 
having high magnetic permeability and having an open 
face on which said terminal plate is secured, said box 
like outer core having one selected pair of opposite sides 
of substantially the same inner dimension as the axial 
length of said cylindrical core, snugly ?tting against the 
outer sides of said flanges, and, extending at least there 
between and being arranged so that the outer side of each 
?ange and the inner surface of each opposite side are 
closely in contact with each other in order to form a 
magnetic path together with said inner core. 

2. A miniature low frequency transformer as claimed 
in claim 1 wherein said inner core comprises a central 
hollow cylinder provided with an axial slit and flanges 
on both sides provided with at least one radial slit, and 
is integrally fabricated of a single piece of solid thin sheet 
material having high magnetic permeability. 

3. A miniature low frequency transformer as claimed 
in claim ll wherein said inner core is solid, has circular 
flanges on both ends and is made of magnetic material 
of high resistivity. 

4. A miniature low frequency transformer as claimed in 
claim 2, wherein each ?ange of said inner core comprises 
a plurality of radially projecting fragments that are bent 
perpendicularly to the axial direction of the cylinder. 
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