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1. 

ELECTROMAGNETIC INDUCTION APPARATUS 

BACKGROUND OF THE INVENTION 
The present invention relates to an electromagnetic 

induction apparatus. 
In the conventional induction voltage regulators, 

when the primary winding is positioned at right angle 
to the secondary windings, no output voltage is induced 
across the secondary winding, but the secondary wind 
ing forms a magnetic path so that the self-inductance 
is incurred. Therefore, the short-circuited winding is 
used in order to cancel the magnetic flux produced by 
the load current. However, the shortcircuited winding 
has the following defects: 

1. The copper loss is increased. 
2. The copper wires large in diameter must be used 

in order to permit the flow of large short-circuited 
current because the effect of the short-circuited 
winding is increased as the larger short-circuited 
current flows. 

3. An extra space must be provided in order to re 
ceive the short-circuited winding. 

Furthermore, the conventional induction voltage reg 
ulators have generally the leakage impedance so that. 
the problem of the voltage drop due to the leakage im 
pedance is brought about. 

SUMMARY OF THE INVENTION. 

Briefly stated, an electromagnetic induction appara 
tus in accordance with the present invention generally 
comprises an outer core, an inner core whose relative 
angular position relative to the outer core may be var 
ied, a first group of windings on the outer core and a 
second group of windings on the inner core. The output 
voltage of the apparatus may be varied depending upon 
the relative angular position between the first and sec 
ond windings. Even through the magnitudes of the 
magnetic fluxes produced by the first and second 
groups of windings remain unchanged, the direction of 
coupling and linking of the magnetic flux or fluxes pro 
duced by one group of winding to the other group of 
windings may be varied in response to the relative an 
gular position between the first and second groups of 
windings so that the output voltage may be varied ac 
cordingly. 
One of the objects of the present invention is there 

fore to provide an electromagnetic induction apparatus 
having less leakage impedance. 
Another object of the present invention is to provide 

an electromagnetic induction apparatus which has less 
electrical losses. 
A still another object of the present invention is to 

provide an electromagnetic induction apparatus com 
pact in size and light in weight. 

In this specification, the terms "inductively positively 
coupled" and “inductively negatively coupled' are 
used to refer to the fact that the primary and secondary 
windings are so coupled that the polarities of the volt 
age induced across the secondary winding are same 
with or opposite to those of the winding voltage across. 
the primary winding. 
The above and other objects, features and advan 

tages of the present invention will become more appar 
ent from the following description of some preferred 
embodiments thereof taken in conjunction with the ac 
companying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGs. 
FIG. 1 is a top view of a first embodiment of the elec 

tromagnetic induction apparatus in accordance with 
the present invention illustrating the arrangement of an 
annular outer and inner cores and windings placed 
thereupon; 
FIG. 2 is a fragmentary sectional view thereof illus 

trating the mechanical construction thereof; 
FIGS. 3-5 are top views illustrating the relative an 

gular position between the first and second windings of 
the apparatus shown in FIG. 1; 
FIGS. 6A-6Ca are views illustrating the connections 

of the windings and the relation between the angle of 
rotation of the rotor and the output voltage of the appa 
ratus shown in FIG. 1; 
FIG. 6D is a view illustrating the connection of the 

windings of a second embodiment shown in FIG. 7; 
FIG. 7 is a top view of a second embodiment of the 

electromagnetic induction apparatus in accordance 
with the present invention; 
FIG. 8A to FIG.9C are views used for explanation of 

the arrangements of slots formed in the outer and inner 
cores of the electromagnetic induction apparatus in ac 
cordance with the present invention; 
FIG. 10 is a top view of a third embodiment of the 

electromagnetic induction apparatus in accordance 
with the present invention; 

FIG. 11A to FIG. 12B illustrate the connections of 
the first and second windings of the third embodiment 
shown in FIG. 10. 
FIG. 13 is a circuit diagram used for explanation of 

the use of the apparatus of the present invention as a 
variable inductance; 
FIGS. 14A, -14G illustrate the arrangements and 

connections of the first and second windings of still 
other embodiments of the present invention; 
FIGS. 15A - 15F illustrate the arrangements and 

connections or couplings of the first and second wind 
ings of a still another embodiment of the present inven 
tion; 
FIG. 16 is a top view of a still another embodiment 

of the present invention illustrating the arrangement of 
the windings placed upon the outer core; 
FIG. 17 is a view used for explanation of the mag 

netic flux distribution in the electromagnetic induction 
apparatus in accordance with the present invention; 
FIGS. 18-21 are top views illustrating still other em 

bodiments of the present invention especially illustrat 
ing the shapes of the outer and inner cores and the ar 
rangements of the first and second windings; 
FIG. 22 is a fragmentary sectional view of a still an 

other embodiment of the present invention; 
FIGS. 23 - 25 are the top views thereof illustrating 

the relative angular relation between the first and sec 

60 

65 

ondary windings of the apparatus shown in FIG. 22; 
FIGS. 26, 27 and 28 are top views which illustrate 

only two pairs of the first and second winding coils for 
the sake of simplicity to facilitate the explanation of the 
embodiment shown in FIGS. 22 - 25; 
FIGS. 29A - 29O illustrate the arrangements and 

connections of the first and second windings of still 
other embodiments of the present invention; 
FIGS. 30A - 30M illustrate the arrangements and 

connections of still other embodiments of the present 
invention; 
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FIG. 3 is a top view used for explanation of the mag 
netic flux distribution in the apparatus in accordance 
with the present invention; 
FIGS. 32, 33 and 34 are top views illustrating the rel 

ative angular positions between the first and second 
windings of the embodiment shown in FIG. 22; . 
FIGS. 35 and 36 are views illustrating the methods 

for centering the windings compact in size; 
FIG. 37 illustrates the form of the coils of the wind 

ings of the apparatus of the embodiment shown in FIG. 
22; 
FIG. 38 is a fragmentary sectional view of a still an 

other embodiment illustrating a recess formed in the 
inner core thereof for receiving the windings in com 
pact, 
FIG. 39A to FIG. 40M illustrate the arrangements 

and connections of the first and second windings of the 
embodiment shown in FIG. 38; 
FIG. 41 is a view used for explanation of the mag 

netic flux distribution in the apparatus in accordance 
with the present invention; 
FIG. 42 is a top view of a still another embodiment 

of the present invention; 
FIG. 43 is a fragmentary sectional view thereof illus 

trating the mechanical construction; 
FIGS. 44, 45 and 46 are top views of the embodiment 

shown in FIGS. 42 and 43 illustrating the relative angu 
lar positions between the first and second windings 
thereof; 
FIG. 47 is a top view of an arrangement of the em 

bodiment shown in FIG. 42, 
FIG. 48 is a top view of the embodiment shown in 

FIG. 6D; and 
FIG. 49 is a top view of a still another embodiment 

of the present invention. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

Referring to FIG. 1, the first embodiment of the elec 
tromagnetic induction apparatus in accordance with 
the present invention generally comprises an annular 
outer core 1, an annular inner core 2 disposed coaxially 
of the outer. core 1, a first group of windings 3 radially 
wound and placed in slots 4 formed along the inner pe 
ripheral surface of the outer core 1 and a center hole 
5 axially formed at the center of the inner core 2, and 
a second winding group 7 wound between slots 6 
formed along the outer peripheral surface of the annu 
lar inner core 2 and the center hole 5 thereof. It should 
be noted that both the first group 3 of windings and the 
second group of windings 7 pass through the center 
hole 5. 

In the instant embodiment, first group of windings 3 
may be used as primary windings whereas the second 
group of windings 7 may be used as secondary wind 
ings or vice versa. Similarly the annular outer core 1 
may be the rotor whereas the annular inner core 2 
may be the stator, or vice versa. The instant embodi 
ment will be described in more detail with a further 
reference of FIG. 2. The annular outer core 1 has a 
plurality of slots 4 formed along the inner periphery 
thereof for mounting the first group of windings 3, 
and the annular inner core 2 has a plurality of slots 6. 
equal in number to the slots 4 for mounting the 
second group of windings 7 which may be radially 
converged toward the center hole 5. The second 
group of windings 7 is rotated in unison with the 
annular inner core 2. The first group of windings 3 
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4 
pass through the slots 4 of the annular outer core 1 
and the center hole 5 of the annular inner core 2. 
The portion 3a of the first group of windings extend 
ing from the slot 4 passes into the center hole 5 of 
the inner core 2 directly, but the windings 3b, 3c,..., 
and 32 are not straight, but are so arranged as to 
pass along the periphery of the center hole. 5 and 
to converge toward common points 13 and 13a 
as best shown in FIG. 1. From these common 
points 13 and 13a the secondary windings 7b-7z. 
start to pass through the center hole 5. The annular 
inner core 2 is carried for rotation by a center shaft 
14 with brackets 15, bolts and nuts 16. The annular 
outer core 1 is supported between electrically in 
sulating supporting members 18 extending from 
the center shaft 14 with bolts and nuts 17. If the sup 
porting members 18 are not made of an electrically in 
sulating material, the magnetic circuits are established 
among the center shaft 14, the brackets 15, the bolts 
and nuts 16 and 17, and the annular outer and inner 
cores 1 and 2 so that the magnetic fluxes pass through 
the circuit of a conductor to induce the voltage. There 
fore, this conductor circuit is short-circuited, causing 
the abnormal operation of the apparatus. 
As described above, according to the present inven 

tion, the secondary windings are once converged 
toward the common points 13 and 13a before they pass 
through the center hole 5 of the annular inner core 2 
so that the angle of rotation of the annular inner core 
2 may be increased. That is, the annular inner core 2 
may be rotated in the direction indicated by the arrow 
in FIG. about the axis of the center shaft 14 until the 
vertical portions 15a of the brackets 15 contact with 
the secondary windings 7 concentrated about the com 
mon points 13 and 13a. 

In the first embodiment, the first group 3 consists of 
the primary windings whereas the second group 7, the 
secondary windings. The annular inner core 2 is rotat 
able whereas the annular outer core 1 is stationary. 
Thus, the group of the primary windings 3 are station 
ary whereas the group of the secondary windings 7 are 
rotatable in unison with the annular inner core 2. 
Next referring to FIGS. 3, 4 and 5, the primary wind 

ings indicated by the bold lines and the secondary 
windings indicated by fine lines are wound in the direc 
tions indicated by the arrows. In FIGS. 3-5, the cores 
1 and 2 are viewed from the top, so that the arrange 
ments of the primary and secondary windings are oppo 
site in direction to those shown in FIGS. 3 - 5 when 
viewed from the bottoms thereof. 

In the embodiment illustrated in FIG. 3, the angle of 
rotation which is 360° is divided into two equal angles 
180' so that a pair of windings produce the symmetrical 
fluxes is and be as shown in FIG. 3. Both the primary 
and secondary windings in each of the 180 sectors are 
wound in the same directions and are connected in se 
eS. 

FIG. 5 shows that the annular inner core (rotor) is 
rotated through 180° from the position shown in FIG. 
3 so that the directions of the secondary windings are 
opposite to those of the primary windings. It should be 
also noted that the directions of the secondary windings 
themselves are opposite to those shown in FIG. 3. 

FIG. 4 shows that the inner core or rotor is located 
in a position substantially intermediate between the po 
sitions shown in FIG.3 and FIG. 5 respectively. The di 
rections of one half of the secondary windings in each 
180' sector are opposite to those of the primary wind 
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ings and to those of the secondary windings shown in 
FIGS. 3 and 5. In short, the secondary windings 7a - 7z 
shown in FIGS. 4 and 5 are rotated through 180° and 
90° from the positions shown in FIG. 3, but since the 
primary windings are stationary, the two fluxes b and 
db, produced by them remain unchanged in position. 
As shown in FIGS. 8 and 9, the slots of the annular 

outer and inner cores may be formed in parallel with 
the axes thereof or inclined at angles in order to attain 
the uniform coupling between the primary and secon 10 
dary windings. In general, the slots 4 of the annular 
outer core are located in line with the slots 6 of the an 
nular inner core as shown in FIG. 1 or in positions in 
termediate the adjacent slots 6 as shown in FIGS. 8A 
and 8B. In the latter case, the coupling between the pri 
mary and secondary windings is rough as compared 
with the case the slots are aligned so that some leakage 
impedance occurs. When it is desired to eliminate this 
leakage impedance in order to obtain the desired char 
acteristics, either of the slots 4 or 6 may be inclined as 
shown in FIG. 9B relative to the other so that the uni 
form coupling may be attained. In this case, the pri 
mary or secondary windings are always coupled to the 
secondary or primary windings so that the uniform cou 
pling therebetween may be attained. In addition to the 
above described arrangements of the slots, various vari 
ations may be effected. For example, the slots may be 
so formed as to incline in the opposite directions or in 
the form of < or arc. 
Furthermore, when the degree of the coupling be 

tween the primary and secondary windings changes be 
cause the slots are located in alignment with each other 
or displaced from each other as shown in FIGS. 8A and 
8B, the number of the slots of the annular outer or 
inner core may be increased or decreased by one rela 
tive to the number of slots of the annular other core. 
For example, the annular inner core has a number of 
in slots whereas the annular outer core has a number of 
(n + i) slots. In this case, one of then slots of the annu 
lar inner core will coincide with one of the (n + 1) slots 
of the annular outer core when the annular inner core 
rotates through an angle of 1/n of the angle between 
the adjacent slots. In the instant embodiment, the num 
ber n is equal to 20 as shown in FIG. 1 so that the slots 
of the annular outer and inner cores coincide with each 
other when the latter rotates through the angle equal to 
(the angle between the adjacent slots)/20. When the 
annular outer core has a number of (n it 2) slots, the 
slots of the annular outer and inner cores coincide with 
each other when the latter rotates through the angle 
equal to (the angle between the adjacent slots) X 2/n. 
That is, when the number of slots is increased to (n it 
2), the angle of the rotation of the rotor or annular 
inner core must be increased twice as compared with 
the annular outer core having the number of (n it 1) 
slots. 

If the increase in exciting current presents no prob 
lem, the slots of the annular outer and inner cores may 
be eliminated. 
Next the mode of operation will be described. FIG. 

3 illustrates that the secondary voltage is in phase with 
the primary voltage and has the maximum magnitude; 
FIG. 5 illustrates that the secondary voltage is opposite 
in phase with respect to the primary voltage but has the 
maximum magnitude; and FIG. 4 illustrates that the 
secondary voltage is almost Zero. 
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6 
FIGS. 6A-6D illustrate the connections of the pri 

mary and secondary windings and the relation between 
the output voltage and the relative position of the sec 
ondary winding with respect to the primary winding. 

Referring back to FIG. 3, when the AC voltage is ap 
plied across the primary windings, the two fluxes (band 
ch, are produced in the directions indicated by the ar 
rows in the annular outer core at, and pass through the 
annular inner core in the directions indicated by the ar 
rows. Therefore the maximum output voltage is in 
duced in the secondary windings because the latter are 
wound in the directions so that the maximum output 
voltage in phase with the primary voltage may be in 
duced when the fluxes set up by the primary windings 
pass through the secondary windings. 
When the annular inner core is rotated through 180° 

from the position shown in FIG. 3 to the position as 
shown in FIG. 5, the fluxes indicated by the arrows are 
generated and pass through the annular inner core in 
the directions indicated by the arrows. However, the 
directions of the primary and secondary windings are 
opposite to each other so that the secondary voltage in 
duced is out of phase by 180° relative to the primary 
voltage. 
When the rotor or the annular inner core 2 is rotated 

through 90° from the position shown in FIG. 3 to the 
position shown in FIG. 4, intermediate of the positions 
shown in FIGS. 3 and 5, one half of the secondary 
winding are opposite in direction to the primary wind 
ing whereas the remaining half of the secondary wind 
ing are in the same direction with the primary winding. 
As a result, the output voltages induced are in and out 
of phase with respect to the primary voltage, and are 
cancelled by each other, so that the resulting output 
voltage becomes zero. Same is true in the other secon 
dary winding so that the overall output voltage is zero. 

In the positions different from those shown in FIGS. 
3, 4 and 5, the output voltage whose magnitude is de 
pendent upon the angle of rotation of the rotor or the 
annular inner core is induced. That is, the output volt 
age changes depending upon the angle of rotation of 
the annular inner core or the rotor as shown below: 

angle of rotation 
of 
rotor in deg. Output voltage 

0 Maximum and in phase 
90 Zero 
180 Maximum, but out of phase 

by 180° 

This is more clearly illustrated in FIG. 6Ca. 
In FIG. 6A, one end of the primary winding P is con 

nected to one end of the secondary winding S so that 
the other ends of the primary and secondary windings 
may be used as the output terminals. The primary and 
secondary windings have the same turns. 

In FIG. 3, it is assumed that the primary voltage be 
100 volts. Then, the output voltage induced across the 
secondary winding is additive to the primary voltage 
applied across the primary winding. That is, the output 
voltage becomes the sum of the primary and scondary 
voltages given by 100 (V) + 100 (V) = 200 (V). 
When the annular inner core or the rotor is rotated 

through 90° to the position illustrated in FIG. 4, the 
secondary voltage becomes zero so that the output 
voltage becomes equal to the primary voltage, that is 
100 (V). 
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When the annular inner core or the rotor is rotated 
through 180° to the position shown in FIG. 5, the sec 
ondary voltage is deductive relative to the primary volt 
age. Therefore the output voltage is given by 100 (V) 
- 100 (V) = 0 (V). 

In the manner described above the output voltage 
may be adjusted between 200 (V) and 0 (V) when the 
rotor is rotated through an angle between 0 and 180°. 
This is illustrated in FIG. 6Aa, from which it is seen that 
the output voltage is about 130 (V) at the angle of rota 
tion of 60 and about 70 (V) at the angle of rotation of 
120°. Thus, the output voltage may be continuously 
and infinitesimally. 

In FIG. 6B, the primary winding is shown as being 
center-tapped so that the secondary voltage becomes 
one half of the primary voltage. That is, the secondary 
voltage becomes 50 (V) when the primary voltage is 
100 (V). In this connection, 
Angle of rotation 
of 
rotor in deg. Output voltage in volt 

0° 100 
90° 50 
180° 0. 

The relation between the angle of rotation of the rotor 
and the output voltage is shown in FIG. 6Ba. 

In the circuit shown in FIG. 6C, the turns of the sec 
ondary winding is equal to those of the primary winding 
so that the output voltage may be varied over the range 
from + 100 (V) to - 100 (V) as shown in FIG. 6Ca. 

It is of course possible to effect various modifications 
and variations of the connections of the first embodi 
ment described above. One variation shown in FIGS. 6 
and 7 is substantially similar in construction to the first 
embodiment described above except that the coils 8a 
- 8j of the main winding P (for example of 100 turns), 
the coils 8k - 8u of auxiliary winding P (for example 
of 100 turns) wound around the annular outer core, 
and coils 9a - 9j of the winding S (for example of 50 
turns) wound around the annular inner core are 
mounted in the directions indicated by the arrows re 
spectively. That is, as shown in FIG. 7, the coils 9a - 9j 
and 8a - 8j extend radially outwardly whereas the coils 
8k - 8u extend radially inwardly so that the main wind 
ing P on the annular outer core produces the flux dis 
whereas the auxiliary winding P. produces the flux dis 
in the directions indicated by the arrows. These three 
windings P, P and S are connected in series as shown 
in FIG. 6D. 
When the supply voltage of 100 (V) is applied to the 

input terminals I and I, in FIG. 6D and when the rotor 
is located in the position shown in FIG. 7, the voltage 
across the main winding P is given by 

Turns of the main winding 
The sum of turns of the main, auxiliary and secondary windings 

100(V)x 

that is 

d (V) x 100/100 + 50 + 50 = 50 (V). 
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In the position shown in FIG. 7, the voltage per turn is 65 
given by 0.5 (V)/T. Therefore, the voltage across the 
auxiliary winding P is given by 

8 
0.5 (V)/TX 50 T = 25 (V), and 

similarly the voltage across the secondary winding S is 
given by . . . . . . . 

0.5 (V)/T x 50 T = 25 (V). 
As a result, the output voltage between the output ter 
minals O, and O, is 50 (V). 
When the annular inner core is rotated through 180 

so that the coils 9a - 9jare located in opposed relation 
with the coils 8k - 8u of the auxiliary winding, the coils 
9a - 9jare directed radially outwardly whereas the coils 
8k - 8u are directed radially inwardly. That is, the po 
larities of the voltages across the coils are opposite so 
that the coils 9a-9.j and 8k-8u have zero voltage. 
As a result, the voltage between the terminals I 
and O, in FIG. 6D becomes zero so that the output volt 
age between the output terminals O and O, becomes 
zero, whereas the voltage between the terminals I, and 
O is 100 volts. In summary when the annular inner 
core has rotated through 180°, the voltage between the 
terminals I, and O. drops from 50 volts to zero whereas 
the voltage between the terminals I and O rises from 
50 volts to 100 volts. Thus, the voltages may be contin 
uously and infinitesimally varied as the annular inner 
core rotates over the range between 0° and 180. In the 
instant variation, the coils 8a - 8u are shown as being 
wound on the annular outer core, but the coils 9a - 9j 
may be wound on the annular outer core whereas the 
coils 8a - 8u may be wound on the annular inner core. 
Next referring to FIGS. 10, 11 and 12, another varia 

tion will be described. In FIG. 10, the coils of the right 
winding mounted on the annular outer core or stator 
are designated by 10a - 10i, the coils of the left winding 
on the annular outer core, by 11a - 11j; and the coils 
of the winding on the annular inner core or rotor, by 
12a-12.j, respectively. 

In FIGS. 11A and 11B, one of the primary wind 
ings on the annular outer core is connected in series 
to the secondary winding on the annular inner 
core, and the output voltage is derived from the junc 
tion between the primary and secondary windings. 
The connection shown in FIG. 11A illustrates that 
the rotor is rotated through 180° from the posi 
tion shown in FIG. 10 for raising the voltage whereas 
the connection shown in FIG. 11B is for lower ing the voltage. It is of course possible to change the 
mountings of the primary and secondary windings. 

In a still another variation shown in FIGS. 12A and 
12B, both the primary windings are connected in paral 
lel with the supply voltage source, and the secondary 
voltage obtained from the secondary winding may be 
adjusted. It is of course possible to change the mount 
ings of the primary and secondary windings. 
When the primary or input voltage of 100 (V) is ap 

plied in the connection shown in FIG. 11B, the output 
voltage is lowered by the voltage drop across the wind 
ing 12. When the windings 12, 10 and 11 have 30, 130 
and 100 turns respectively, the output voltage is given 
by 

Turns of winding 10 
The sum of turns of windings 

10 and 12 
130T 

1807 foot-81 (V). 

Output voltage= 100(V)x 

= 100(V)x 
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Next when the rotor is rotated through 180° from the 
position shown in FIG. 11B to the position shown in 
F.G. 11A so that the secondary winding 12 is coupled 
to the primary winding 11. In this case, the direction of 
the secondary winding 12 remains unchanged, but the 
direction of the primary winding 11 is opposite to that 
of the primary winding 10. That is, the winding 
11 is oriented radially inwardly whereas the sec 
ondary winding is oriented radially outwardly so that 
the polarity of the voltage induced across the sec 
ondary winding is opposite to that of the primary 
voltage across the primary winding 11. Therefore, 
the output voltage is given by output voltage = 
(input or primary voltage) - (voltage induced across 
the secondary winding 12) = voltage across the pri 
mary winding 10, and the voltage across the sec 
ondary voltage is given by 

Woltage across Input or primary voltage 
the winding 12 Turns of winding 11 

100(V) 
100T 

Turns of 
winding 12 

X30 T-30(V). 

The polarity of the voltage induced across the secon 
dary winding 12 is clearly opposite to that of the input 
or primary voltage so that the voltage is given by 

output voltage = 100 (V) - (-30 V) = 100 (V) + 30 
(V) = 130 (V). 

That is, the input or primary voltage is raised by 30 (V). 
Thus, in the variation shown in FIGS. 11A and 11B, the 
output voltage may be adjusted over the range from 81 
(V) to 130 (V) infinitesimally when the input or pri 
mary voltage is 100 (V). Therefore, the variation 
shown in FIGS. 11A and 11B may be used when the 
constant output voltage of 100 (V) is desired even 
when the input voltage fluctuates between 130 (V) and 
81 (V). 

In another variation shown in FIGS. 12A and 12B, 
the connection shown in FIG. 12B corresponds to the 
locations of the primary and secondary windings shown 
in FIG. 10. Since the polarity of the secondary winding 
12 is equal to that of the primary winding 10, the out 
put voltage is increased by the voltage across the secon 
dary winding 12. FIG. 12A illustrates the connection 
when the annular inner core or rotor has been rotated 
through 180°. The polarity of the voltage induced in the 
secondary winding 12 is opposite to that of the voltage 
across the primary winding 11 so that the output volt 
age is decreased by the voltage across the secondary 
winding 12. 

In the variations shown in FIG. 1A to FIG. 12B, the 
primary windings are connected in parallel opposed to 
the connections shown in FIGS. 3-5 where the pri 
mary windings are connected in series. 

In another variation shown in FIG. 6E, the output 
voltage may be adjusted over the range from zero volt 
to 100 volts. Since the principle of this variation is clear 
from the description of the various embodiments de 
scribed above, no detailed description will be made ex 
cept that two variable induction circuits to be de 
scribed in more detail with reference to FIG. 13 are co 
axially connected in series in such a manner that when 
the upper circuit has a zero impedance the lower cir 
cuit has the maximum impedance; and the output ter 
minal is the junction between these two circuits. 
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In a still another variation shown in FIG. 14A to FIG. 

14G, the primary windings P and P are mounted on 
the annular outer core or stator whereas the secondary 
windings S1, S2, Sa and S4 are mounted on the annular 
inner core or rotor for rotation in unison. It is of course 
possible to reverse the mountings of the primary and 
secondary windings so long as the secondary windings 
S1-S may rotate in unison. In the instant variation, the 
rotor rotates from 0 to 90', but it is obvious to those 
skilled in the art from the description of the present in 
vention to design the apparatus so that the rotor may 
rotate through 180°. The instant variation is generally 
characterized in that the polarities of the voltages in 
duced across the secondary windings S1 - S are differ 
ent depending upon the angle of rotation of the rotor 
so that the output voltage may be changed. 

In FIGS. 14A and 14C the rotor is shown as being lo 
cated at the initial position, that is the 0 position. The 
primary winding P, and the secondary winding S4 are 
so oriented that they have the relation substantially 
similar to that between the coils 8a - 8i and the coils 
9a - 9j shown in FIG. 7. In a similar manner, the pri 
mary winding P and the secondary winding Ss are dis 
posed. The secondary windings Sa and S4 on the rotor 
are in quadrature relation to the secondary windings S3 
and S as shown in FIG. 14A. When the primary voltage 
is applied, the fluxes (bs and be are generated as shown 
in FIG. 7, and since the polarities of the primary wind 
ings P and P are same with those of the secondary 
windings Sa and S. respectively, the output voltage is 
derived from the output terminals. However, as shown 
in FIG. 14A, the secondary windings S1 and S are lo 
cated in quadrature relation with respect to the primary 
windings P and P2, the voltages induced in the one 
halves of the windings are cancelled by those induced 
in the other halves. As a result, the voltages across the 
secondary windings S and S are zero, as shown in FIG. 
14C. Therefore, the output voltage is 100 volts. 
FIG. 14B and FIG. 14E illustrate the relation among 

the primary windings and secondary windings when the 
rotor has been rotated through 90'. It is seen that the 
secondary windings S1 and S are inductively coupled 
to the primary windings P, and P. respectively so that 
the voltages are induced across them, whereas the 
windings Sa and S are coupled in quadrature relation 
with the primary windings P and P. so that the voltages 
across the former are zero because of the reason de 
scribed above. Thus, the output voltage becomes zero 
as shown in FIG. 14E. FIG. 14E shows the connections 
among the primary and secondary windings when the 
rotor has been rotated through 45, and the output volt 
age becomes 50 volts, intermediate of those obtained 
in the 0° and 90' positions. 

In order to adjust the output voltage between 0 volt 
and 130 volts, and additional secondary winding Ss may 
be inserted as shown in F.G. 14 F. 
When the output voltage drops due to the resistances 

of the windings, additional windings S5 and S6 may be 
inserted as shown in FIG. 4G so that the voltage of 99 
per-cent of the normal voltage may be obtained. Alter 
natively, the secondary windings are connected in se 
ries in the order of S, S2, S6, Ss, Ss and S4 in order to 
compensate the voltage drop due to the resistances of 
the windings. The primary windings P and P. may be 
connected in parallel to the input voltage source. 
An improvement of the variations shown in FIG. 14A 

to FIG. 4G are illustrated in F.G. 15A to FIG. 15F in 
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which the secondary windings S. and Sa are rotated rel 
ative to the stationary primary windings P and P, in 
order to adjust the output voltage. The relation in posi 
tion between the primary and secondary windings is il 
lustrated in FIGS. 15A and 15D when the rotor is in the 
initial or 0 position; in FIGS. 15B and 15E when the 
rotor is rotated through 90'; and in FIGS. 15C and 15F 
when the rotor is rotated through 180°. 
When the rotor or the annular inner core is in the ini 

tial position or 0 position as shown in FIGS. 15A and 1 
15D, the polarity of the secondary winding S is oppo 
site to that of the primary winding P while the polarity 
of the secondary winding S is same with that of the pri 
mary winding P. As a result, output voltage is equal to 
the input voltage which is 100 volts in the instant em 
bodiment. When the rotor is rotated through 90° from 
the position shown in FIG. 15A to the position and con 
nection shown in FIGS. 15B and 15E, the polarity of 
the left half of the secondary winding S1 is opposite to 
that of the primary winding P whereas the polarity of 2 
the right half is same with that of the primary winding 
P2. However, polarities of the primary windings Pt 
and P are opposite as indicated by + and - signs so 
that the overall voltage across the secondary winding S. 
becomes zero. Similarly, the voltage across the secon 
dary winding S is also zero. In summary, when the 
rotor has been rotated through 90, the voltages across 
the secondary windings S and S are zero, and the 
input or primary voltage is applied only across the pri 
mary windings P and P. so that the output voltage be 
comes 50 volts. 
When the rotor has been rotated through 180 as 

shown in FIGS. 15C and 15F, the relation in position 
and connection of the windings are reversed with re 
spect to those shown in FIGS. 15A and 15D. That is, 
the polarity of the secondary winding S2 is opposite to 
that of the primary winding P, whereas the polarity of 
the secondary winding S1 is same with that of the pri 
mary winding P. As a result, that output voltage be 
COS ZO. 

In the instant embodiment, the two primary windings 
are used to generate two fluxes so that the output volt 
age may be adjusted as the rotor is rotated through 
180°, but it is of course possible to use four primary 
windings so that the output voltage may be adjusted by 
the rotation of the rotor through 90'. 

In the instant embodiment, in practice the load cur 
rents flow only through the primary and secondary 
windings P and S on the left side so that the balance 
between the left and right windings is lost. In order to 
overcome this problem, the arrangement of the pri 
mary and secondary windings may be appropriately ad 
justed. For example, one halves of the primary and sec 
ondary windings P and S may be located on the right 
side while one halves of the primary and secondary 
windings P, and S may be located on the left side so 
that the loss of the balance due to the load current may 
be prevented. 
Next referring to FIG. 16, the second embodiment of 6 

the present invention which is different in construction 
from the first embodiment will be now described. In the 
second embodiment, the coils of the primary windings 
are concentrated together above the annular inner core 
2 to form the passages through which the supporting 
members 19 of the annular inner core 2 may move in 
the directions indicated by the arrows. That is, the an 
nular inner core 2 may rotate through an angle, indi 
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12 
cated by the arrows, 180 in the instant embodiment. 
It will be obvious to those skilled in the art that the sec 
ond embodiment may be so arranged that the rotor 
may rotate through 90'. Alaternatively, the primary 
windings may be concentrated along the side wall of 
the center hole 5 in such a manner that the annular 
inner core or the rotor 2 may rotate. 
Next referring back to FIG. 13, the use of the vari 

able inductor will be described. The first and second 
windings which correspond to the windings on the an 
nular outer and inner cores respectively are connected 
in series. When the first and second windings are lo 
cated as shown in FIG. 3, their polarities are same so 
that the maximum inductance may be obtained, but 
when the rotor is rotated through 180’ from the posi 
tion shown in FIG. 3, their polarities are opposite as 
shown in FIG. 5 so that the reactance becomes zero. 
When the rotor is rotated through 90' as shown in FIG. 
4, the effective turns of the windings are decreased by 
one half so that the inductance is decreased about to 
one quater. In a similar manner, the inductance is var 
ied depending upon the angle of rotation of the rotor. 
Thus, the variable inductor capable of infinitesimally 
varying its inductance may be provided. 

In the above embodiments, the problem of leakage 
fluxes has not taken into consideration, but as shown in 
FIG. 17 the fluxes produced by the primary winding or 
windings and/or by the load current flowing through 
the secondary winding or windings are bypassed in 
practice. That is, so far only the flux chi has been taken 
into consideration, but in practice various fluxes as in 
dicated by d) - d 1 are produced. Therefore the flux 
density is highest in the annular inner core at the por 
tion where the coils 3m and 4m of the primary and sec 
ondary windings are placed, but is decreased gradually 
at the portions where the coils 3n, 4n, 3o, 4o, 3p, 4p, 
... and 32 and 4z are placed. To overcome this prob 
lem, that is to cause all fluxes to link or thread all wind 
ings (uniformly) the present invention provides three 
novel arrangements as shown in FIGS. 18, 19 and 20. 
Referring first to FIG. 18, the side surface of the 

inner core is machined as shown so that the magnetic 
resistances in the bypaths may be increased in order to 
cause the maximum magnetic fluxes to pass through all 
windings. The recessed portions of the inner core are 
designated by reference numerals 141 and 142, and the 
first windings (which may be the primary windings) in 
dicated by the white triangles and the second windings 
(which may be the secondary windings) indicated by 
the white dots are placed in the right and left 180' sec 
tors of the outer and inner cores respectively in a man 
ner similar to that of the first embodiment described 
with reference to FIGS. 3, 4 and 5. The principle and 
mode of operation and the connections of the windings 
are substantially similar to those of the first and second 
embodiments and variations thereof described herein 
before. The dimensions of the recessed portions 141 
and 142 of the annular inner core are determined in 
such a manner that the widths 143, 144 and 145 may 
equal each other. When the width 146 of the flux pas 
sage is greater, it is desired to form the deeper recessed 
portions 141 and 142. In this arrangement, the electri 
cal characteristics are much enhanced, and the cooling 
efficiency is increased. In order to minimize the leak 
age fluxes shown by d - bi in FIG. 17, the shortcir 
cuited windings or arcuate electrically conductive 
members 147 may be placed at the bottoms of the re 
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cessed portions 141 and 142. When the apparatus 
shown in FIG. 18 is used as a variable voltage regulator, 
it is advantageous to mount the primary winding or 
windings on the annular inner core so that the magnetic 
fluxes b and b may rotate as the annular inner core 
rotates. 
The arrangement shown in FIG. 19 is substantially 

similar to that shown in FIG. 18 except that the inner 
side wall of the annular outer core is recessed as indi 
cated by reference numerals 141a and 142a. When the 
apparatus shown in FIG. 19 is used as a variable voltage 
regulator, it is preferable to mount the primary wind 
ings on the annular outer core as indicated by the white 
dots. 

In the arrangement shown in FIG. 20, the rectangular 
outer core is used. The arrangement is similar in con 
struction to the conventional power transformer except 
that the leg of the inner core is so arranged as to rotate. 
The windings are placed in the positions indicated by 
the black and white dots, and the connections ex 
plained hereinbefore may be also used in this arrange 
ment. In the arrangement shown in FIG. 20, the white 
dots represent the primary winding whereas the black 
dots, the secondary winding, and no winding is placed 
along the axis connecting the poles N and S. This ar 
rangement is most ideal because the number of dead or 
unnecessary coils may be minimized while the highest 
efficiency in operation may be attained. In the arrange 
ments shown in FIGS. 18 and 19, no coils are placed 
along the axes between the poles N and S. 
Four variations are illustrated in the first, second, 

third and fourth quadrants of FIG. 21. In the variation 
shown in the first quadrant, the slots are formed only 
in the outer core, and only the windings 104 are ro 
tated. In the variation shown in the second quadrant, 
the outer and inner cores have no slot, and either of the 
windings 103 or 104 may be rotated. In the variation 
shown in the third quadrant, only the inner core is pro 
vided with slots, and only the windings 103 are rotated. 
In the variation shown in the fourth quadrant, either or 
both of the windings 103 and 104 are embedded in the 
magnetic member, and either of the windings 103 or 
104 may be so arranged as to rotate with respect to the 
other. In this case, not only the torque for rotating the 
windings may be decreased, but also the starting and 
stopping of the windings may be made easier. Further 
more, the variation shown in the fourth quadrant has an 
advantage that the exciting current may be reduced as 
compared with the variation shown in the second quad 
rant and provided with no magnetic members. 
Next referring to FIGS. 22-28, another embodiment 

of the present invention will be described. The coil of 
the windings of the first group 103 is placed in the slots 
which are diametrically opposed, and then placed in 
the next slot to be placed in the diametrically opposed 
slot, and so on. In a similar manner to that described 
above, the coils 104 of the windings of the second 
group are placed on the inner core 102. The first group. 
of windings 103 may be used as the primary windings 
and the second group of windings 104 may be used as 
the secondary windings, and vice versa. The outer core 
101 may be stationary whereas the inner core 102 may 
be rotatable, and vice versa. In the instant embodiment, 
the first windings 103 are the primary windings whereas 
the second windings 104 are the secondary windings. 
The inner core 102 is rotatable whereas the outer core 
101 is stationary. Therefore, the primary windings 103 
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on the outer core 101 are stationary whereas the secon 
dary windings 104 on the inner core 102 are rotatable. 
Reference numeral 105 designates a rotary shaft; and 
106 and 107, slots of the outer and inner cores 101 and 
102, respectively. In FIGS. 23 - 28, the primary wind 
ings 103 are indicated by the bolt lines whereas the sec 
ondary windings 104 are designated by the fine lines. 
FIGS. 23 - 28 are the top views so that the windings 
103 and 104 are reversed in direction when viewed 
from the bottoms of the outer and inner cores 101 and 
102. 
In FIGS. 23-25, the outer and inner cores are shown 

as having 20 slots, but the number of the slots is not 
limited to 20, and may be increased or decreased as the 
needs demand. Moreover, the slots in any shape such 
as square, rectangular, triangular or circular in cross 
section may be used as in the case of the embodiments 
described hereinbefore. 

In the embodiment shown in FIGS. 23 - 28, the inner 
core or the rotor is so arranged as to rotate through an 
angle of 180°, and two primary and secondary windings 
103 and 104 are placed on the semi-circular sectors of 
the outer and inner cores respectively. In the instant 
embodiment of primary and secondary windings 103 
and 104 are connected in series, but may be connected 
in parallel when so required. Furthermore, the number 
of the primary and secondary windings is not limited to 
tWO. 
FIGS. 25 and 28 illustrate the positions of the rotor 

or the inner core having the secondary windings 104 
when the rotor is rotated through 180' from the posi 
tions shown in FIGS. 23 and 26. It is seen that the po 
larities of the secondary windings 104 are opposite to 
those of the primary windings 103. 
FIGS. 24 and 27 show the positions of the rotor when 

it is rotated through about 90° from the positions shown 
in FIGS. 23 and 28 so that the rotors are located in the 
positions intermediate the positions shown in FIGS. 23 
and 28 and the positions shown in FIGS. 25 and 26. It 
is seen that the polarities of one halves of the secondary 
windings are opposite to those of the primary windings. 
The instant embodiment will be described with refer 

ence to FIGS. 26, 27 and 28 hereinafter because the ar 
rangements of the windings shown in FIGS. 23, 24 and 
25 are rather complex. Now referring to FIG. 26, when 
the primary AC voltage is applied to the primary wind 
ings 104, two fluxes band b are produced at some in 
stant in the directions indicated by the arrows in the 
outer core 101. The two fluxes link the secondary 
windings 104a and 104b so that the secondary voltage 
in phase with the primary voltage is induced in each of 
the secondary windings 104a and 104b. That is, the pri 
mary windings 103a and 103b coincide with the secon 
dary windings 104a and 104b with the same polarity so 
that the secondary voltages in phase with the primary 
voltage are induced in the secondary windings 104a 
and 104b. Next when the inner core or the rotor 102 
having the secondary windings 104a and 104b is ro 
tated from the position shown in FIG. 26 through 90' 
to the position shown in FIG. 27, the directions of the 
fluxes b and db remain unchanged because the pri 
mary windings 103a and 103b placed on the outer core 
101 remain unchanged in position. Since the rotor 102 
has been rotated through 90° with respect to the stator 
or the outer core 101, the secondary winding 104a 
coincides with the primary winding 103b with the same 
polarity whereas the secondary winding 104b coincides 
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with the primary winding 103a with the opposite polar 
ity. Therefore, the secondary voltage in phase with the 
primary voltage is induced in the secondary winding 
104a whereas the secondary voltage out of phase by 
180 with the primary voltage is induced in the secon 
dary winding 104b. As a result, these induced secon 
dary voltages cancel each other so that the output volt 
age becomes zero. 
When the rotor or the inner core 102 is rotated 

through 180° to the position shown in FIG. 28, the sec 
ondary windings 104a and 104b coincide with the pri 
mary windings 103a and 103b respectively but with the 
opposite polarity. Therefore, the voltages out of phase 
by 180 with the primary voltage are induced in the sec 
ondary windings 104a and 104b. That is, the output 
voltage is out of phase by 180° with respect to the pri 
mary or input voltage. The relation between the angle 
of rotation of the rotor and the induced output voltage 
may be summarized as follows: 

Angle of rotation 
of . 
rotor in deg. Output voltage 

FIG. 26 O positive voltage in phase with 
primary or input voltage 

zero voltage 
negative voltage out of phase by 

180 with the input voltage 

FG. 27 
FG.28 

90 
80 

The arrangements of the slots described hereinbefore 
with reference to FIGS. 8 and 9 may be also applied to 
the embodiment described with reference to FIGS. 22 
- 28. 

In FIGS. 23, 24 and 25, the positions of the secon 
dary windings 104 denoted by the fine lines with the 
black and white arrows with respect to the primary 
windings 103 placed on the outer core 101 are illus 
trated. As the rotor 102 rotates, the output voltage can 
be regulated in a manner similar to that described with 
reference to FIGS. 26, 27 and 18. The relation between 
the angle of rotation of the rotor and the output voltage 
may be summarized as follows: 

Angle of rotation 
of 
rotor in deg. Output voltage 

FIG. 23 0 positive voltage in phase with the 
input voltage 

F.G. 24 90. zero voltage 
FIG. 25 180 negative voltage out of phase by 

180 with the input voltage 

The above relation may be clearly seen from the graph 
shown in FIG. 6Ca, and the connection is shown in 
FIG. 6C. That is, the primary windings and the secon 
dary windings are all connected in series, and have the 
same turns so that the output voltage may be varied 
over the range from + 100 (V) to - 100 (V) as shown 
in FIG. 6Ca. According to the present embodiment 
only one apparatus is used to derive the secondary volt 
age from the circuit electrically isolated from the sup 
ply circuit so that the advantages hitherto unobtainable 
by the conventional slide voltage regulators may be 
provided. : 

In order to provide an economical type, the connec 
tion of the autotransformer as shown in FIG. 6B may 
be used. One end of the secondary winding S is con 
nected to the center tap of the primary winding P, and 
the output is derived from the other end of the secon 
dary winding S. When the arrangement is made in such 
a manner that the secondary voltage equal to one half 
of the input voltage having the maximum voltage of for 
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example 100 volts may be induced, the relation be 
tween the angle of rotation of the rotor and the output 
voltage may be summarized as follows: 

Angle of rotation 
of 
rotor in deg. Output voltage 

0 100 volts 
90 50 volts 
180 0 volt 

The above relation is illustrated in F.G. 6Ba. 
When the connection of the autotransformer is used 

to raise the input voltage, the connection shown in FIG. 
6A may be used. One end of the secondary winding S 
is connected to one end of the primary winding P, and 
the other ends of the primary and secondary windings 
P and S are used as the output terminals. The primary 
and secondary windings P and S are shown as having 
the same turns. When the rotor is at 0 position or ini 
tial position and when the input voltage is 100 volts, the 
secondary voltage induced across the secondary wind 
ing S is additive to the input voltage applied across the 
primary winding P so that the output voltage becomes 
the sum of the voltages across the primary and secon 
dary windings. That is, the output voltage is given by 

output voltage = 100 (V) + 100 (V) = 200 (V). 
When the rotor is rotated through 90° as shown in 

FIG. 24, the voltage induced across the secondary 
winding becomes zero so that the output voltage equals. 
the input voltage. That is, the output voltage is 100 
volts. 
When the rotor is rotated through 180° as shown in 

FIG. 25, the polarity of the voltage induced across the 
secondary winding is opposite to that of the input volt 
age applied across the primary winding so that the out 
put voltage is given by 

output voltage = 100 (V) - 100 (V) = 0 (V) 
Thus, as the rotor rotates through the range between 0° 
and 180°, the output voltage may be regulated between 
200 volts and zero volt as shown in FIG. 6Aa. From this 
figure, it is seen that the output voltages are 130 and 70 
volts respectively when the angles of rotation of the 
rotor are 60' and 120°. Thus, the output voltage may 
be continuously and infinitesimally regulated. 

In principle, the output voltage varies linearly as 
shown in FIGS. 6Aa, 6Ba and 6Ca. Referring back to 
FIG. 23, when the rotor and hence the secondary wind 
ings are rotated through the angle given by 
(Angle of rotation of rotor)/(a number of slots lo 

cated within the angle of rotation) = 180/10 = 18, the 
polarities of a pair of coils of the secondary winding are 
opposite to those of the corresponding coils of the pri 
mary winding. That is, when there are ten pairs of coils 
and when the input voltage is 100 volts, the output volt 
age changes by 100 (V)/10 = 10 (V) when the rotor ro 
tates through 18. In other words, the angle of rotation 
of the rotor is in proportion to the lowered voltage. 
Next referring to FIG. 29A to FIG. 29O, variations of 

the embodiment described above with reference to 
FIGS. 22 - 28 will be described. The variations to be 
described are similar in construction of the outer and 
inner cores to the embodiment described with refer 
ence to FIG. 22 so that only the arrangements of the 
windings will be described. So far the inner core has 
been shown as being disposed within the outer core in 
FIGS. 23 - 28, but for the sake of simplicity in the de 
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scription of the variations the arrangements of the 
inner core and the secondary windings are illustrated in 
FIGS. 29B - 29G separately from the arrangement of 
the outer core and its windings shown in FIG. 29A. It 
should be also noted that in FIGS. 29B - 29G the inner 
core is designated by the dot at the center and that the 
outer core is stationary whereas the inner core is rotat 
able. However, the present invention will not be limited 
to this arrangement, but the outer core may be so ar 
ranged as to rotate with respect to the inner core. Al 
ternatively both the outer and inner cores may be so ar 
ranged as to rotate with respect to each other. In sum 
mary, any arrangement which permits the relative rota 
tion between the outer and inner cores may be em 
ployed. In FIG. 29A to FIG. 29G, the windings on the 
outer core are shown as the primary windings, but the 
windings on the inner core may be used as the primary 
windings. In this case, it should be noted that the mag 
netic fluxes b and db rotate as the inner core rotate. 
In the instant variations the windings placed in the slots 
of the outer core or stator are the primary windings so 
that the magnetic fluxes will not rotate even when the 
inner core rotates. 

FIGS. 29B, 29C and 29D are views used for explana 
tion of the arrangement of the secondary winding S1 
and the positions thereof when the rotor is rotated, and 
FIGS. 29E, 29F, and 29G are the views used for expla 
nation of the arrangement of the secondary winding S2 
and the positions thereof when the rotor is rotated. 
That is, FIGS. 29B and 29E illustrate the secondary 
windings in the initial or 0 positions; FIGS. 29C and 
29F, the secondary windings in the positions rotated 
through 45° from the positions shown in FIGS. 29B and 
29E; and FIGS. 29D and 29G, the secondary windings 
in the positions rotated through 90° from the positions 
shown in FIGS. 29B and 29E. It should be noted that 
in practice both secondary windings S and S are 
placed in the same slots of the rotor as shown in FIGS. 
29B-29G, but for the sake of simplicity they are sepa 
rately shown as described above. More particularly the 
secondary windings S and S are placed in quadrature 
relation with respect to each other, and have the same 
turns in the instant variation. 

The connections of and voltages across the primary 
and secondary windings when the rotor is in the initial 
or 0, 45° and 90° positions are illustrated in FIGS. 
29H, 29I, and 29J, respectively. The primary windings 
is connected to the supply circuit, and the secondary 
windings are connected in series. The output voltage is 
derived from the junction between the secondary wind 
ings. It is of course possible to connect the coils of the 
primary winding placed in the slots in parallel to the 
supply circuit. 
Next the mode of operation of the variation with the 

above construction will be explained. It is assumed that 
the primary and secondary windings have 100 turns. In 
the initial position or 0 position the polarities of the 
secondary winding S are same with those of the pri 
mary winding P so that the induced voltage is 100 volts. 
However, the fluxes is and b link the secondary wind 
ing S. in the opposite directions as shown in FIG. 29E 
so that the induced voltages are cancelled by each 
other. As a result, the voltage induced across the secon 
dary winding S is zero. This condition is similar to 
those shown in FIGS. 24 and 27. In summary, as shown 
in FIG. 29H, the voltage across the secondary winding 
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S is 100 volts, that across the secondary winding S., 0 
volt; and the output voltage is 100 volts. 
When the secondary windings are rotated as shown 

in FIGS. 29C and 29F through 45, the fluxes band d) 
link the coils Sia and St and the coils Sc and Sid in 
the opposite directions so that the voltages induced 
are cancelled. That is, the voltage induced in these 
four coils is zero. Therefore, the voltage induced in the 
coils Ste-Sin becomes 50 volts. In a similar manner 
the voltage induced across the secondary winding S. 
shown in FIG. 29F becomes 50 volts. Therefore, the 
output voltage becomes 50 volts as shown in FIG. 29. 
When the rotor has been rotated through 90, the 

fluxes d and d link the halves of the secondary wind 
ing S1 in opposite directions respectively as shown in 
FIG. 29D so that the voltage induced across the secon 
dary winding S becomes zero. On the other hand, the 
fluxes b and b link the secondary winding S2 in the 
same direction as shown in FIG.29G, the secondary 
voltage induced across the secondary winding S. 
becomes in phase of the input voltage and is 100 volts. 
Therefore the output voltage becomes zero as shown in 
F.G. 29.J. 
So far the mode of operation at the three positions, 

0', 45° and 90 positions have been described, but it is 
seen that the output voltage depending upon the angle 
of rotation of the rotor may be obtained. The variation 
in output voltage in response to the rotation of the 
rotor is linear, which is very advantageous in practice. 

In another variation, the slots of the rotor are so di 
vided that the secondary windings S and S. may be 
placed as shown in FIG. 29K. This arrangement serves 
to simplify the manufacturing process, and can attain 
the same effects. 
Next referring to FIGS. 29L - 29O, the variations in 

the connections of the windings will be described. In 
the connection shown in FIG. 29L, the series 
connected secondary windings S and S are connected 
to suitable points of the primary winding P. This con 
nection is economically advantageous in that only the 
secondary windings S S for obtaining a desired volt 
age-variation range are required. For example, when 
the series-connected secondary windings S and S2 are 
connected to the 70 (V) and 30 (V) taps of the primary 
winding P, the precise voltage regulation over the range 
from 70 volts and 30 volts may be attained in a very 
economical way. 

In the connection shown in FIG. 29M, the series 
connected secondary windings S1 and S are connected 
to the 130 volt tap and 70 volt tap of the primary wind 
ing P so that the voltage regulation over the range from 
130 to 70 volts may be attained with a higher degree of 
accuracy. This connection is also advantageous in that 
even when the supply circuit voltage drops to 77 volts, 
the output of 100 volts may be secured, and even when 
the supply circuit voltage is raised to 143 volts, the out 
put voltage of 100 volts may be securely obtained. The 
supply circuit may be connected to the input terminals 
so that the constant output voltage of 100 volts may be 
obtained even when the input voltage varies over the 
range between 70 volts and 130 volts. 

In the autotransformer connection shown in FIG. 
29N, the output voltage may be varied over the range 
between 100 volts and 50 volts. 

In many cases, it is desired to obtain the output volt 
age of 100 volts from the input voltage of 100 volts, but 
due to the voltage drop across the secondary winding 
S., the output voltage of 100 volts cannot be obtained 



3,777.296 
19 

in practice. To overcome this problem, the connection 
shown in FIG. 29O is provided in which an additional 
winding S is disposed together with the secondary 
winding S in order to compensate the voltage drop. 
Since the additional winding Sa is so coupled to the 
winding S as shown in FIG. 29O, when the voltage is 
lowered, the voltage across the winding Sa becomes 
zero when the secondary voltage across the secondary 
winding S is zero as in the case of the connection 
shown in FIG. 29.J. Thus, the voltage may be compen 
sated over the range from 100 volts to zero volt when 
loaded. 
So far the voltages are induced across both the secon 

dary windings S and Sa, but either of them may be 
eliminated. However, the use of the two secondary 
windings has the advantage over the use of the single 
secondary winding in that the output voltage is well sta 
bilized by the voltages induced across the two secon 
dary windings. 
Next referring to FIGS. 30A to 30N, some further 

variations will be described. In FIGS. 30A to 30G, the 
outer and inner cores and their associated windings are 
separately illustrated as in FIGS. 29A to 29K. These 
variations to be described are similar in construction to 
the embodiment described with reference to FIGS. 22 
and 23. 
FIGS. 30A and 30N illustrate the outer cores, and 

FIG. 30A illustrates the primary winding P whereas 
FIG. 30N, the primary winding P, which are oriented 
in the direction same with that of the primary winding 
P. However, they may be wound in the opposite 
direction when the connections shown in FIGS. 
30H, 30I and 30J are changed accordingly. The 
secondary winding S is illustrated in FIGS. 30B, 
30C and 30D while the secondary winding S2, in 
FIGS. 30E,30F and 30G. As shown in FIGS. 30B 
and 30E, the directions of the secondary windings S1 
and S are opposite, but they may be wound in the 
same direction. 
The connections of the windings are shown in FIGS. 

30H to 30M. In FIGS. 30H, 30 and 30J, the polarities 
of the voltages across the windings are denoted by + 
and - signs so that the polarity relation between the 
coupled windings may be clearly understood. In the 
connections shown in FIGS. 30K, 3.0L and 30M, the 
voltages across the windings when the input voltage is 
100 volts are shown. 
The mode of operation will be described under the 

assumption that the winding Pi, P, S and S2 have sub 
stantially the same impedance, but they may have dif 
ferent impedances when required. The primary wind 
ings P and P are stationary whereas the secondary 
windings S and S, are rotated. The intitial positions of 
the secondary windings S and S. are shown in FIGS. 
30B and 30E, and in FIGS. 30H and 30K. The positions 
of the secondary windings when rotated through 90 
are shown in FIGS. 30C and 30F and in FIGS. 30 and 
30L. The positions when they rotated through 180 are 
shown in FIGS. 30D and 30G and in FIGS. 30J and 
3OM. 
When the windings are arranged as shown in FIGS. 

3OB and 30E and are connected as shown in FIGS. 30H 
and 30K, the polarities of the voltage induced across. 
the secondary winding S are opposite to those of the 
voltage applied across the primary winding P1 whereas 
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the polarities of the voltage induced across the secon 
dary winding S are same with those of the voltage 
across the primary winding P, so that the output volt 

20 
age becomes 100 volts. When the windings are rotated 
through 90° as shown in FIGS. 30C and 30F and are 
connected as shown in FIGS. 30 and 30L, the voltage 
induced in the right half of the secondary winding S is 
in phase with the voltage across the primary windings 
P and P, whereas the voltage induced across the 
left half is in phase opposite to the voltage across the 
primary windings P1 and P. Accordingly as indicated 
by the -- and - signs, the overall voltage induced 
across the secondary winding S1 becomes Zero. 
In a similar manner, the voltage induced across 
the secondary winding S becomes Zero. In short, 
when the rotor rotates through 90, the voltage in 
duced in both secondary windings S1 and S2 are 
zero. As a result, the supply circuit voltage is applied 
across the primary windings P1 and P at that the 
output voltage or the voltage derived from the 
center tap of the series connected windings become 
50 volts. 

When the windings are rotated through 180 as 
shown in FIGS. 30D and 30G and are connected as 
shown in FIGS. 30J and 30M, the condition is opposite 
to that when the rotor is in the initial position (See 
FIGS. 30B, 30E,30H and 30K). That is, the voltage in 
duced across the secondary winding S2 has the polari 
ties opposite to that of the voltage across the primary 
winding P, whereas the polarities of the voltage in 
duced across the secondary winding S are same with 
those of the voltage across the primary winding P1. As 
a result, the sum of the voltages across the secondary 
and primary windings S and P becomes zero so that 
the output voltage becomes zero. 

in the variation described so far, the two primary 
windings are used to produce two fluxes, and the out 
put voltage is controlled by the rotation of the rotor 
through 180°, but it is obvious to those skilled in the art 
from the above description that four primary windings 
may be used to produce four fluxes so that the voltage 
regulation may be effected by the rotation of the rotor 
through 90. 
Next the use of the apparatus in accordance with the 

present invention as a variable inductor will be de 
scribed. Referring back to FIGS. 6A, 23, 24 and 25, the 
input terminal I, and the output terminal O are used. 
When the rotor is in the initial position or 0 position, 
the polarities of the primary windings are same with 
those of the secondary winding S as shown in FIGS. 23 
so that the maximum inductance may be obtained. 
When the rotor is rotated through 90 as shown in FIG. 
24,the impedances of the halves of the secondary wind 
ing 104 are cancelled by each other so that the impe 
dance of the winding 104 need not be taken into con 
sideration. As a result, only the impedance of the wind 
ing 103 may be taken into consideration. That is, the 
number of turns of the windings may be considered to 
be one half of that of the windings shown in FIG. 28 so 
that the inductance drops to about one quarter. When 
the rotor is rotated through 180° as shown in FIG. 25, 
the polarities of the windings 103 and 104 are opposite 
so that the sum of the turns of the windings when 
viewed into the circuit from the terminals I and O in 
FIG. 6A becomes zero. As a result, the inductance be 
comes zero. Thus, the impedance may be varied from 
the maximum to the minimum or vice versa by rotating 
the rotor of the apparatus of the present invention. 
Next some variations of the outer and inner cores of 

the apparatus of the present invention will be de 
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scribed. Referring to FIG. 31 illustrating again the con 
struction of the apparatus described so far, the fluxes 
produced by the primary windings and by the load cur 
rents flowing through the secondary windings will not 
pass through all of the coils of the windings in practice 
and will tend to produce the shortest magnetic paths. 
That is, so far the magnetic flux has been limited to one 
denoted by b, but in practice other fluxes such as b, 
dbic,..., and b are produced so that the magnetic flux 
density becomes. greatest in the inner core 2 in the 
proximity of the primary coil 3m and the secondary coil 
4m and is gradually decreased in the proximity of the 
primary and secondary winding coils 3n, 4n, 3o, 4o, 3p, 
4p, . . . and 32 and 4z. Therefore, the present invention 
has provided some countermeasures which were de 
scribed in reference to FIGS. 18-21 in order to cause 
as much fluxes as possible to pass through all the coils 
of the windings. 
Next a still another embodiment of the present inven 

tion will be described with reference to FIGS. 32, 33, 
34, 35, 36 and 22. As shown in FIG. 32. 
A first group of windings 203 is placed in the slots of 

an annular outer core 201 symmetrically about a line 
(the chain line in FIG. 32) passing through the center 
of the outer core and also about a line passing through 
the center at a right angle relative to the chain line. It 
is seen that in the upper and lower sector of the top of 
the outer core the coils of the first group of windings 
203 are disposed to diverge from an converge toward 
the portions in the proximity of the center of the outer 
core at the same angles relative to the vertical center 
line (the chain line). A second group of windings 204 
is also placed in the slots of an annular inner core 202 
in a manner substantially similar to that of the first 
group of windings 203 on the outer core 201. 
The first group of the windings 203 may be used as 

the primary windings whereas the second group of 
windings 204 may be used as the secondary windings, 
or vice versa. The outer core 201 may be so arranged 
as to be stationary whereas the inner core 202 may be 
rotatable, or vice versa. In the instant embodiment, the 
first windings 203 are used as the primary windings 
whereas the second windings 204 are used as the secon 
dary windings. The inner core 202 is rotated with re 
spect to the outer core 201 which is stationary. There 
fore, the primary windings 203 are stationary whereas 
the secondary windings 204 are rotated in unison with 
the inner core 202. In the figure, reference numeral 
205 designates a rotary shaft; and 206 and 207, the 
slots of the outer and inner cores 201 and 202 respec 
tively. 

In FIGS. 32 to 36, the windings are wound in the di 
rections indicated by the arrows, and the primary wind 
ings are denoted by the bold lines whereas the secon 
dary lines, by fine lines. FIGS. 32 to 36 are top views 
so that when viewed from the bottom, the directions of 
the windings are opposite to those shown in FIGS. 32 
to 36. 
In FIGS. 32 to 36, the outer and inner cores are 

shown as having 20 slots, but the present invention is 
not limited to the number of 20 slots. The number of 
slots may be increased or decreased as the needs de 
mand, and the slots of any shape such as square, triang 
ular or circular in shape may be used as in the case of 
the preceding embodiments. 

In the embodiments shown in FIGS. 32 to 36, the 
rotor may rotate through an angle of 180, and two 

22 
pairs of windings are so disposed that two fluxes band 
(b. are produced symmetrically about a diameter of the 
outer core. That is, as described above, the pairs of the 
primary and secondary windings are placed symmetri 

5 cally about the two center lines at right angles relative 
to each other, and are wound in the same directions in 
the semicircular sectors of the annular outer and inner 
cores. More particularly, the coil 203a placed in the 
slot of the annular outer core 201 is symmetrical about 

10 the vertical center line (the chain line in FIG. 32) with 
respect to the coil 203j placed also in the slot of the an 
nular outer core. Similarly the coil 204a placed in the 
slot of the annular inner core 202 is symmetrical about 
the vertical center line with respect to the coil 204.j 

15 placed in the slot of the inner core. 
In FIGS. 32, 33 and 34, the portions in the proximity 

of the shaft 205 of the inner core 202 are not shown be 
cause these portions are very complex, but the wind 
ings may be centered around the shaft as shown in 
FIGS. 35 and 36. That is, in the embodiment shown in 
FIG. 35, the portions of the windings in the proximity 
of the rotary shaft 205 are so arranged not to extend 
through the shaft. In the figure the primary windings 
are not shown, and only the secondary windings are 
shown, but the primary windings may eplaced around 
the secondary windings in a similar manner. In FIG. 
36, only the upper halves of the secondary windings 
are shown, but the lower halves may be located in a 
similar manner. 

In order to prevent the height of the groups of the 
windings centered around the rotary shaft from becom 
ing too high, the inner core is provided with upper and 
lower recesses formed in the proximity of the rotary 
shaft as shown in FIG. 38 so that the windings may be 
disposed within these recesses. Alternatively the diam 
eter of the center hole of the inner core may be in 
creased so that the windings centered around the shaft 
may be disposed in the enlarged center hole. 
FIG. 37 shows the formed coil of the winding, and 

reference numerals 204e, 204f, 204b and 204i 
correspond to those used in FIGS. 32 to 36. The arrows 
indicate the direction of the coil. 
Next the principle of operation of the apparatus in 

accordance with the present invention will be de 
scribed with refenece to FIGS. 32,33, 34 and FIGS. 6C 
and 6Ca. FIG. 32 shows the initial position or 0' 
position; FIG. 33, the position rotated through 90'; 
FIG. 34, the position rotated through 180; and FIG. 6 
shows the connections of the windings and the relations 
between the angle of rotation of the rotor and the out 
put voltage. In the instant embodiment, both the pri 
mary and secondary windings are connected in 
parallel but in practice they may be partly connected 
in series as in the preceding embodiments. 

FIG. 32 shows the initial position or 0 position, and 
the primary windings denoted by the large arrows and 
the secondary windings denoted by the small arrows 
are all oriented in the same direction. Therefore, the 
voltages induced across the secondary windings are in 
phase with the supply circuit voltage or input voltage. 
That is, the maximum output voltage in phase with the 
input voltage is obtained as shown in FIG. 6Ca. 
When the inner core or rotor is rotated through 90' 

to the position shown in FIG. 33, the magnetic fluxes 
dband db produced by the primary windings remain un 
changed as in the case of FIG. 32 because the primary 
windings are stationary, but the directions of one halves 
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of the coils of the secondary windings indicated by the 
small arrows are opposite to those of the primary wind 
ings indicated by the large arrows. This means that one 
half of each of the secondary windings is inductively 
positively coupled to the primary winding whereas the 
other half, inductively negatively coupled. As a result, 
the voltage induced across the secondary winding be 
comes zero. Similarly, the voltage induced across the 
other secondary winding is also zero. Therefore, when 
the rotor is rotated through 90, the overall secondary 
voltage becomes zero as shown in FIG. 6Ca. 
When the rotor is rotated through 180° from the ini 

tial position to the position shown in FIG. 34, the direc 
tions of the seondary windings indicated by the small 
arrows are opposite to those of the primary windings 
indicated by the large arrows so that the voltages in 
duced across the secondary windings are out of phase 
by 180 with respect to the input voltage and are maxi 
mum as shown in FIG. 6Ca. Thus, when the rotor is ro 
tated through the angle 0, 90 and 180°, the output 
voltage becomes maximum in phase with the input volt 
age, zero, and maximum out of phase by 180° with the 
input voltage. So far the output voltages at three posi 
tions have been described, but depending upon the 
angle of rotation of the rotor, the output voltage may 
be suitably regulated. 

In the connection of the windings described above, 
the secondary voltage may be derived by one apparatus 
in which the secondary windings are electrically iso 
lated from the supply circuit so that the features hith 
erto unattainable by the conventional step voltage reg 
ulators may be attained. 

In order to provide an economical type, the auto 
transformer type connection shown in FIG. 6B may be 
used. That is, the one end of the secondary winding is 
connected to the center tap or 50 volt tap of the pri 
mary winding P so that when the input voltage of 100 
volts is applied to the latter, the secondary windings S 
may have the voltage of 50 volts. The other end of the 
secondary winding S is used to derive the output volt 
age. When the rotor is in the initial or 0 position, the 
output voltage becomes the sum of the voltage across 
the secondary winding S and 50 volts of the primary 
winding, that is 100 volts. When the rotor is rotated 
through 90, the output voltage is 50 volts because the 
voltage across the secondary winding S is zero because 
of the reasons explained above. When the rotor is ro 
tated through 180, the voltage across the secondary 
winding S is 50 volts but is out of phase by 180°. 
Therefore, the voltages of the primary and secondary 
windings are cancelled by each other so that the output 
voltage becomes zero. Thus the output voltage may be 
varied infinitesimally from 100 volts to zero volt. 
When the autotransformer type connection is used to 

raise the voltage, the connection shown in FIG. 6 may 
be used. As shown in FIG. 6Aa, the output voltage may 
be controlled over the range from 200 volts to zero 
volt. The variation in output voltage is similar to that 
described with reference to FIGS. 23, 24 and 25.so that 
no detailed description will be made. 

In the instant embodiment which has been described 
with reference to FIGS. 32, 33 and 34, the arrange 
ments of the slots of the outer and inner cores de 
scribed with reference to FIGS. 8 and 9 may be applied. 
So far the fundamental connections of the windings 

in accordance with the present embodiment have been 
described, but various modifications and variations 
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24 
may be effected by those skilled in the art based upon 
the underlying principle of the present invention. 
Next a still another variation will be described with 

reference to FIGS. 39A to 39C) and 22 (the latter illus 
trating the construction of the apparatus). Since the 
outer and inner cores of the instant variation are similar 
in construction to those described with reference to 
FIG. 22, only the arrangement of the windings will be 
described. In FIG. 39A to 39Q, for the sake of simplic 
ity the windings associated with the outer and inner 
cores are illustrated separately, and the rotary shaft of 
the inner core is denoted by the dot at the center of the 
inner core. The outer core is stationary while the inner 
core rotates with respect to the outer core, but the 
outer core may be rotatable while the inner core may 
be stationary when so required. That is, any arrange 
ment may be employed so long as the outer and inner 
cores are rotated relative to each other. In the instant 
variation, the windings placed on the outer core and 
used as the primary windings, but the windings on the 
inner core may be used also as the primary windings 
when so required. In the latter case, the magnetic fluxes 
d) and db rotate as the inner core rotates. In FIGS. 39A 
-39G, the primary windings placed in the slots of the 
outer core produce the fluxes db and b, which will not 
rotate even when the inner core rotates, so that the di 
rections of the fluxes db and d), remain unchanged as 
shown in FIG. 39A even when the secondary windings 
on the rotor rotate relative to the primary indings as 
shown in FIGS. 39B - 39G. FIGS. 39B, 39C and 39D 
are the views used for explanation of the secondary 
winding S and the positions thereof when rotated. 
FIGS. 39E, 39F and 39G are the views used for expla 
nation of the secondary winding S1 and the positions 
thereof when rotated. That is, FIGS. 39B and 39E show 
the initial or 0 positions of the secondary windings S. 
and S, FIGS. 39C and 39F, the 45 positions; and 
FIGS. 39D and 39G, the 90° positions. In practice the 
secondary windings S and S. are placed in the same 
slots, but for the sake of simplicity they are separately 
illustrated in FIG. 39. The secondary windings S and 
S. are disposed in quadrature relation with each other 
and have the same turns. The connection of the wind 
ings and the voltages across the windings when the 
rotor is at the 0°, 45° and 90° positions are illustrated 
in FIGS. 39H,39I and 39J respectively. The primary 
winding P is connected to the supply circuit, and the 
secondary windings S and S. are connected in series 
and the output voltage is derived from the junction be 
tween the secondary windings S and S. The coils of 
the primary winding P placed in the slots may be con 
nected in parallel to the supply circuit. 

In the instant variation, the primary and secondary 
windings P, S, and S2 have 100, turns respectively. 

In the position shown in FIG. 39E, the voltage in 
duced across the secondary winding S1 has the same 
polarities with those of the primary winding P so that 
the voltage across the secondary winding S is 100 
volts. In the position shown in FIG. 39B, the voltages 
induced across one half of the coils of the secondary 
winding S have the polarities opposite to those of the 
voltage induces across the other half of the coils of the 
secondary winding S. Therefore, these voltages having 
the opposite polarities cancel each other so that the in 
duced voltage across the secondary winding S. 
becomes zero as in the case of the winding shown in 
FIG. 33. Thereofre, the voltage across the winding S. 
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is Zero; that across the winding S is 100 volts; and the 
output voltage is 100 volts as shown in FIG. 39H. 
When the rotor has been rotated through 45°, the 

Secondary windings Si and S are brought to the posi 
tions shown in FIGS. 39C and 39F. As shown in FIG. 
39C, the voltages induced across the coils See and S. 
have the polarities opposite to those of the voltages in 
duced across the coils Sye and Sf so that these volt 
ages cancel each other. As a result, the overall 
voltage induced across these four coils becomes zero. 
On the other hand, the voltage induced across the 
coils Sza, S2, Sea and Seh is 50 volts as shown in 
FIG. 39. Therefore, the output voltage is 50 volts. 
When the rotor has been rotated through 90° so that 

the secondary windings S1 and S are brought to the po 
sitions shown in FIGS. 39G and 39D, the voltage in 
duced across the secondary winding S becomes zero 
because the fluxes db and d5, link the secondary winding 
as shown in FIG. 39G whereas the voltage induced 
across the secondary winding S becomes 100 volts be 
cause the fluxes band d link the secondary winding 
as shown in FIG. 39D. The voltage across the secon 
dary winding S is in phase with the supply circuit volt 
age or input voltage. As a result, the output voltage be 
comes zero as shown in FIG. 39.J. So far the output 
voltages when the rotor rotates through 0°, 45° and 90° 
have been described, but the output voltage may be 
varied depending upon the angle of rotation of the 
rotor based upon the principle described hereinbefore. , 
The variation in output voltage is linear, which is very 
advantageous in practice. 
When the secondary windings S and S are placed in 

the slots of the inner core as shown in FIGS. 39K, 39P 
and 39Q manufacturing process may be much simpli 
fied as compared with the arrangement shown in FIGS. 
39A -39G. FIG. 39K illustrating the 0° position of the 
secondary windings corresponds to FIG. 39H; FIG. 39P 
illustrating the 45 position, to FIG. 391; and FIG. 39Q. 
illustrating the 90° position, to FIG. 39.J. 
Next a still another connection will be described with 

reference to FIG. 39L. The ends of the series 
connected secondary windings S and S are connected 
to for example the 70 volt and 30 volt taps of the pri 
mary winding P. This arrangement is advantageous be 
cause only the secondary windings S and S for obtain 
ing a desired voltage variation are required. That is, the 
output voltage variation over the range between 70 
volts and 30-volts may be attained by the rotation of the 
rotor with a greater degree of accuracy. 

In the connection shown in FIG. 39M, the ends of the 
series connected secondary windings S1 and S are con 
nected to for example the 130 volt and 70 volt taps of 
the primary winding P so that the output voltage may 
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be varied over the range from 130 volts to 70 volts. 55 
Furthermore, by a suitable change in design, the con 
stant output voltage of 100 volts may be secured even 
when the input voltage drops to 77 volts. Moreover, 
even when the input voltage rises to 143 volts, the out 
put voltage may be secured at 100 volts. It is also possi 
ble to connect the output terminals to the supply circuit 
so that the constant output voltage of 100 volts may be 
derived across the primary winding even when the sup 
ply circuit voltage varies over the range between 70 
volts and 130 volts. 

In case of the autotransformer connection shown in 
FIG. 39N, the output voltage may be controlled over 
the range from 100 volts to 150 volts. 
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In many cases in practice it is desired to obtain the 

output of 100 volts from the input voltage of 100 volts, 
but due to the voltage drop across the secondary wind 
ing S2, it is difficult to obtain the output voltage of 100 
volts. The greater the load current, the greater the volt 
age drop across the secondary winding S. As a result, 
the output voltage drops. In order to overcome this 
problem, in the connection shown in FIG. 390, an ad 
ditional winding Sa is provided and coupled to the sec 
ondary winding Si so that the voltage drop may be com 
pensated. Since the additional winding Sa is coupled to 
the secondary winding St, when the voltage across the 
winding S becomes zero, the voltage across the wind 
ing S becomes also zero as shown in FIG. 39.J. Thus, 
the output voltage variation over the range from 100 
volts to zero volt may be well compensated when 
loaded. 

In the above variations, the two secondary windings 
S and S are used, but it is also possible to obtain a 
variable output voltage from only one secondary wind 
ing. However, the use of the two secondary windings is 
advantageous because the output voltage may be well 
stabilized by the voltages induced across the two secon 
dary windings. 
A still another embodiment of the present invention 

will be described wtih reference to FIG. 40 in which the 
outer and inner cores and theirssociated windings are 
separately illustrated for the sake of simplicity. The in 
stant embodiment is substantially similar in construc 
tion of the outer and inner cores to that shown in FIG. 
22. 
The polarities of the winding voltage of the primary 

winding P. placed upon the outer core shown in FIG. 
40A are opposite to those of the winding voltage of the 
primary winding P. shown in FIG. 40N. However, if re 
quired, they may be wound in the opposite direc 
tion, and the connections shown in FIGS. 40H, 
40 and 40J are modified. Moreover, it is possible 
to wind the primary windings P and P in the upper 
and lower sectors of the outer core respectively. 
The two secondary windings S and S are illus 
trated in FIGS. 40B, 40C and 40D and FIGS. 40E, 
40F and 40G respectively. The secondary wind 
ings S1 and S are so arranged that the polarities of 
the voltages induced across the secondary windings are 
opposite to each other, but the secondary windings S, 
and S2 may be wound in the same direction, and the 
connection may be modifed accordingly. 
The connections of the windings are illustrated in 

FIGS. 40H, 40 and 40J and in FIGS. 40K, 40L and 
40M respectively. In FIGS. 40H, 40 and 40J, the po 
larities of the winding voltages are indicated by + and 
- signs in order to clearly illustrate the couplings be 
tween the primary and secondary windings. In FIGS. 
40K, 40L and 40M the windings voltages are given 
when the input voltage is 100 volts. In the instant em 
bodiment, the windings Pi, P, S, and S. have the same 
impedance, but may have different impedances when 
so required. The primary windings P1 and P are sta 
tionary whereas the secondary windings S and S. are 
rotatable. The positions and connections of the secon 
dary windings when they are in the initial positions are 
illustrated in FIGS. 40B, 40E, 40H and 40K; the posi 
tions and connections when they are rotated through 
90° are illustrated in FIGS. 40C, 40F, 40 and 40L, and 
the positions and connections when they are rotated 
through 180° are illustrated in FIGS. 40D, 40G, 40J 
and 40M, 
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When the secondary windings are located in the posi 
tions shown in FIGS. 40B and 40E and are connected 
as shown in FIGS. 40H and 40K, the polarities of the 
voltage induced across the secondary winding S are 
opposite to those of the winding voltage of the primary 
windings P1 and P2 whereas the polarities of the volt 
age induced across the secondary winding S are 
same with those of the winding voltage of the primary 
windings P1 and P2. Therefore, the output voltage 
derived form the junction between the secondary 
windings S1 and S is equal to the input voltage, 
and is 100 volts. 

O 

When the secondary windings S1 and S. are rotated 
through 90° to the positions shown in FIGS. 40C and 
40F and are coupled to the primary windings P and P. 
as shown in FIGS. 401 and 40L, the voltage induced 
across the secondary winding S is zero because as 
shown in FIG. 40C, the flux db link the right half coils 
of the secondary winding S. so that the voltages in 
duced in the coils denoted by the black arrows have the 
polarities opposite to those of the voltages induced in 
the coils indicated by the white arrows. As a result, the 
induced voltages cancel each other. This condition is 
same with that of the secondary winding shown in FIG. 
33. Similarly in the left sector the induced voltage is 
zero, so that the overall voltage across the secondary 
winding S becomes zero. Similarly the voltage induced 
across the secondary winding S is zero in the position 
shown in FIG. 40F. Thus, the voltage induced across 
the series-connected secondary indings S and S2 
becomes zero. Consequently, the output voltage comes 
50 volts as shown in FIGS. 40 and 40L. 
Next when the secondary windings S1 and S. are ro 

tated to the positions shown in FIGS. 40D and 40G and 
coupled to the primary windings P and P2, the condi 
tions are opposite to those described with reference to 
FIGS. 40B, 40E, 40H and 40K. That is, the polarities 
of the voltage induced across the secondary winding S. 
are opposite to those of the winding voltage of the pri 
mary winding P, whereas the polarities of the voltage 
induced across the secondary winding S1 are same with 
those of the voltage across the primary winding P. As 
a result, the output voltage becomes zero as shown in 
FIGS. 40J and 40. 

In the instant embodiment, the two primary windings 
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are used to produce two fluxes, and the output voltage . 
is controlled by the rotation of the rotor through 180. 
However, when four primary windings are used to pro 
duce four fluxes as shown in FIG. 39R, the output 
voltage may be regulated by the rotation of the rotor 
through 90°. Although the voltage regulation only 
in three angular positions, 0, 90 and 180 positions 
has been described so far, the output voltage may be 
linearly varied depending upon the angle of rotation 
of the rotor intermediate the above three angular 
positions. ... , -- ---a-um-- 

Next the use of the apparatus of the present invention 
as a variable inductance is substantially similar to that 
described with reference to FIGS. 6A, 23, 24 and 25. 
The embodiments of the present invention described 

hereinbefore has generally the construction shown in 
FIG. 41. In practice, the magnetic fluxes produced by 
the primary windings and by the load currents flowing: 
through the secondary windings will not pass through 
all the coils of the windings and tend to pass through 
the shortest magnetic paths. So far the description of 
the fluxes in the above embodiments has been limited 
to those indicated by d) in FIG. 41, but in practice the 
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magnetic fluxes indicated by dbib, d, ..., and d) are 
produced. Therefore, in the inner core, the magnetic 
flux density becomes maximum in the proximity of the 
coil 3, of the primary winding and the coil 4 of the 
secondary winding, and is gradually decreased as they 
approach to the coils 3, 4, 3, 4, 3, 4, . . . , and 3, 
and 4. To overcome this problem, the arrangements 
described with reference to FIGS. 18, 19, 20 and 21 
may be also applied to the above embodiment. 

In the above embodiments described, the inner core 
has been described as constituting the inner leg of the 
core whereas the outer core, as constituting the outer 
legs of the core. However, in the embodiment to be de 
scribed hereinafter, the inner core forms the magnetic 
paths in the outer legs whereas the outer core forms the 
mganetic paths in the inner leg. The embodiment to be 
described hereinafeter corresponds to the embodiment 
described with reference to FIGS. 1, 2, 3, 4 and 5 so 
that it may be also applied to the variations shown in 
FIGS. 17, 18 and 19. 
Referring to FIG. 42, the apparatus in accordance 

with the present invention comprises an annular outer 
core 301 and an annular inner core 302. First windings 
203 radially extend from slots 304 formed on the inner 
side wall of the annular outer core 301 to the outer side 
wall 301a thereof. Second windings 306 extend from 
slots 305 formed on the outer wall of the annular inner 
core 302 to the outer surface 301a of the annular outer 
core 301. In summary, the first and second windings 
are placed upon the outer peripheral surface 301a of 
the annular outer core 301. 
The first windings 303 may be used as the primary 

windings while the second windings 304 may be used 
as the secondary windings, or vice versa. The annular 
outer core 301 may be stationary whereas the annular 
inner core 302 may be rotatable, or vice versa. How 
ever, in the instant embodiment the first windings.303 
arre used as the secondary windings whereas the secon 
dary windings 306 are used as the primary windings, 
and the annular outer core 301 is rotated wtih respect 
to the stationary annular inner core 302. Hence the 
secondary windings 303 rotate in unison with the annu 
lar outer core 301 whereas the primary windings 306 
are stationary on the annular inner core 302. 
As shown in FIGS. 42 and 43, the secondary windings 

303 placed in the slots 304 of the annular outer core 
301 extend radially toward the outer peripheral surface 
301a thereof, and rotate in unison with the annular 
outer core 301. The primary windings 303 placed in the 
slots 305 of the annular inner core 302 extend toward 
the outer peripheral surface of the outer peripheral sur 
face of the annular outer core 301. Each half of the pri 
mary windings 306 is centered at one position above 
the annular outer core 301 as shown in FIG. 42 so that 
shafts 307 of the annular outer core 301 may move 
over a distance indicated by the arrow in FIG. 42 with 
out being interrupted by the primary windings 306. 
Hence the annular outer core 301 may rotate over the 
range indicated by the arrow. As a variation, the pri 
mary windings may be concentrated at one portion of 
the outer peripheral surface of the annular inner core 
302. In FIG.43, reference numeral 307 a designates a 
rotary shaft; 307b, arms for connecting the center shaft 
307a to the shafts 307; and 307c, a support of the appa 
ratus. If the center shaft 307a, the arms 307b, and the 
shafts 307 are made of an electrically conductive mate 
rial, an electric circuit will be established so that some 
of them must be made of an electrically insulating ma 
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terial or suitable insulating means must be employed a 
described elsewhere hereinbefore. 

In FIGS. 44, 45 and 46, the coils of the windings are 
wound in the directions indicated by the arrows. The 
secondary windings are denoted by the bolt lines 
whereas the primary windings, by fine lines. FIGS. 44 
to 46 are the top views so that when the bottom of the 
apparatus is viewed, the arrangement of the windings 
becomes opposite to those shown in FIGS. 44 to 46. 
The two primary-windings are so arranged that two 

* fluxes band d) are produced symmetrically of a diam 
eter of the annular outer core. 301 as shown in FIG. 46. 
That is, in each 180° sector of the apparatus the pri 
mary and secondary windings are wound in the same 
direction and the primary-and-secondary windings are 
connected all in series respectively. However, if re 
quired, they may be connected in parallel. 

FIG.: 45 illustrates the positions of the secondary 
windings. 303 placed upon the annular outer core 301 
when the latter is rotated through 180° from the posi 
tion shown in FIG.44. The directions of the secondary 
windings 303 are opposite to those of the primary wind 
ings, that is the voltages induced across the secondary 
windings have the polarities opposite to those of the 
voltages across the primary windings. 
FIG. 46 illustrates the positions of the secondary 

windings 303 on the annular outer core 301 when the 
latter is rotated through about 90° from the position 
shown in FIG. 44. That is, the positions of the secon 
dary windings shown in FIG.46 are intermediate the 
positions shown in FIGS. 44 and 45. It is seen that one 
half of the coils of the secondary windings 303 are ori 

- ented in the directions opposite to those of the primary 
windings. 

It is also seen that the coils 303a,303b, 303c, ... and 
303z of the secondary winding have been rotated 
through 180° in the positions shown in FIG.45 and 
through 90° in the positions shown in FIG. 46 from the 
positions shown in FIG. 44. However, the two fluxes di 
and db produced by the primary windings 306 remain 
in the same positions because the latter will not rotate. 
The arrangements of the slots 304 and 305 of the outer 
and annular, inner cores described with reference to 
FIGS. 8 and 9 may be also applied to the instant em 
bodiment. The number of the slots may be increased or 
decreased as described with reference to FIG. 8C. If 
the increase in exciting current presents no problem in 
applications, the slots of the outer and inner annular 
cores may be eliminated. 
Next the mode of operation will be described. In FIG. 

44, the secondary voltage induced is in phase with the 
primary voltage and has the maximum magnitude. In 
FIG. 45, the secondary voltage is out of phase relative 

FIG. 46, the secondary voltage is almost zero. 
The connections and couplings of the windings and 

the winding voltages are shown in FIGS. 6A - 6D. 
When the AC voltage is applied to the primary wind 

ings 306, the two fluxes:dband b are produced in the 
directions shown in FIG.44. Since the two secondary 
windings linked with the fluxes d and d are so wound 
that the voltages induced across the secondary wind 
ings 303 have the same polarities with those of the volt 
ages across the primary windings. Hence, the voltage 
induced across the secondary windings have the maxi 
mum magnitude. 
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to the primary voltage and has the maximum value. In 55 
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When the annular outer core 301 has been rotated 

through 180' to the position shown in FIG. 45 from the 
position shown in FIG. 44, the two fluxes d and d) are 
produced and link the secondary windings 303 so that 
the voltages are induced across the secondary wind 
ings. However, the secondary windings 303 are ori 
ented in the direction opposite to that of the primary 
windings 306 so that the secondary voltages are oppo 
site to those induced under the conditions shown in 
FIG. 44. 
Next when the annular outer core has been rotated 

through 90° to the position shown in FIG. 46, the inter 
mediate positions shown in FIGS. 44 and 46, one halves 
of the secondary windings are oriented in the directions 
opposite to those of the primary windings 306 whereas 
the other halves are oriented in the same directions 
with those of the primary windings. As a result, the 
voltages both in phase and out of phase by 180° with 
the primary voltage are induced in the secondary wind 
ings, but they cancel each other. As a consequence the 
overall secondary voltages induced across the secon 
dary windings become zero. In a similar manner, the 
output voltage may be varied depending upon the angle 
of rotation of the annular outer core. The relation be 
tween the angle of rotation of the annular outer core 
and the induced secondary voltage may be summarized 
as follows: 

Angle of rotation 
of 
annular outer 
core Induced voltage 

0. maximum and in phase with 
primary voltage zero 

90° ZO 
80° maximum but out of phase 

The above relation is illustrated in FIG. 6Ga. 
As in the case of the connection shown in FIG. 6A, 

one end of the secondary winding S is connected to one 
end of the primary-winding P, and the other ends of the 
primary and secondary windings are used as the output 
terminals. The primary and secondary windings have 
the same turns. 
When the input voltage 100 volts is applied, under 

the conditions shown in FIG. 52, the voltage induced 
across the secondary winding S has the same polarities 
with those of the primary voltage across the primary 
winding P. Therefore, the voltage across the output ter 
minals becomes the sum of the primary and secondary 
voltages. That is, the output voltage is given by 

output voltage = 100 (V) + 100 (V) = 200 (V). 
When the rotor has been rotated through 90° to the 

position shown in FIG. 46, the secondary voltage is 
zero and the output voltage equals the input voltage, 
that is 100 volts. 
When the rotor has been rotated through 180° to the 

position shown in FIG. 45, the secondary voltage in 
duced across the secondary winding has the polarities 
opposite to those of the primary voltage. As a result, 
the output voltage is given by 

100 (V) - 100 (V) = 0 (V). 
Hence, the output voltage may be varied over the range 
between 200 volts and 0 volt when the rotor and hence 
the secondary winding is rotated through the range 
from 0 to 180 as shown in FIG. 6Aa. So far the output 
voltage variation at three angular positions, that is 0, 
90° and 180° positions of the rotor has been described, 
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but from FIG. 6Aa it is seen that the output voltage be 
comes about 130 volts and about 70 volts when the 
rotor rotates through 60° and 120 respectively. 
When one end of the secondary winding S is con 

nected to the center tap of the primary winding P and 
the other end is used as the input terminal, the connec 
tion similar to that shown in FIG. 6B is obtained. The 
maximum voltage induced across the secondary wind 
ing equals one half of the primary or input voltage. For 
example when the input voltage is 100 volts, the volt 
age induced across the secondary winding S is 50 volts, 
and the relation between the angle of rotation of the 
rotor and the induced voltage may be summarized as 
follows: 
Angle of rotation 
of 
rotor in deg. Output voltage in volt 

0 00 
90 50 
180 O 

The above relation is illustrated in the graph shown in 
FIG. 6Ba. 
When the primary and secondary windings having 

the same turns are coupled as shown in FIG. 6C, the 
output voltage may be varied over the range from + 
100 volts to - 00 volts as shown in FIG. 6Ca. 

It will be understood that various variations and mod 
ifications may be effected based upon the descrip 
tion of the instant embodiment. In one variation in 
accordance with the present embodiment, the primary 
and secondary windings are connected as shown in 
FIG. 6D and are arranged as shown in FIG. 48. 
The instant variation is similar in construction of the 
outer and inner cores to the embodiment described 
with reference to FIG. 46 so that only the connec 
tion and arrangement of the primary and secondary 
windings will be described. In the instant variation, 
the following windings are used: --- - 
Main winding P on the annular inner core whose 

coils are denoted by 309k-309 u and which has for 
example 50 turns; and 

Auxiliary winding P on the annular inner core whose 
coils are denoted by 309h - 309u and which has for ex 
ample 50 turns; and 
Secondary winding on the outer core whose coils are 

denoted by 310a - 310 and which has for example 50 
turns. 

These windings Pi, P, and S are wound in the directions 
indicated by the arrows. That is, the coils 309k-309i 
and coils 310a-310i are radially outerwardly oriented 
whereas the coils 309a - 309j are oriented radially in 
wardly. The main winding P on the annular inner core 
produces the flux dis whereas the auxiliary winding P. 
on the annular inner core, the flux is in the directions 
indicated in FIG. 48. The above three windings are 
connected in series as shown in FIG. 6D. 
When the input voltage of 100 volts is applied across 

the input terminals I and I shown in FIG. 6D, and 
when the rotor is in the position shown in FIG.48, the 
voltage induced across the main winding P on the an 
nular inner core is given by: : 

Number of turns of the 
main winding 

Sum of turns of main, 
auxiliary and secondary 

windings 
100T 

100T--50T--50T 

Induced voltage = 100(V) X 

= 100(V) X = 50(V). 
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Hence, under the conditions shown in FIG. 46, the 
winding voltage is given by 0.5 (V)/T. Therefore, it fol 
lows that winding voltage of the auxiliary winding P= 

0.5 (V)/TX 50T= 25 (V); and 

winding voltage of the secondary winding S = 0.5 

(V)/TX 50T= 25 (V). 

Therefore, the output voltage across the terminals O. 
and O is 50 volts. 
When the annular outer core has rotated through 

180° so that the coils 310a - 310i have moved toward 
the side of the coils 309k-309u of the auxiliary wind 
ing on the annular inner core, the coils 310k-310u are 
oriented radially outwardly whereas the coils 309k 
309u, radially inwardly so that the coil voltages in the 
coils 309a - 310i have the polarities opposite to those 
of the voltages induced in the coils 310a - 310j. As a 
result, the winding voltages across the auxiliary winding 
and the secondary winding cancel each other. In other 
words, there is no voltage between the terminals I, and 
O in FIG. 6D. Therefore, the voltage between the ter 
minals I and O is zero and that between the terminals 
I and O is 100 volts when the input voltage of 100 
volts is applied across the input terminals I and I2. 
Hence, when the annular outer core is rotated through 
180, the voltage between the terminals I, and O may 
be varied from 50 volts to zero volt whereas the voltage 
between the terminals I and O may be varied from 50 
volts to 100 volts. Of course in other angular positions 
of the annular outer core, the voltages in response to 
the angle of rotation of the annular outer core may be 
derived. Thus, the voltage may be regulated continu 
ously and infinitesimally by the rotation of the annular 
outer core. In the above embodiment, the coils 309a - 
309u have been described as being placed in the slots 
of the annular inner core, but the coils 310a - 310.j may 
be placed in the slots of the annular inner core whereas 
the coils 309a - 309u may be placed in the slots of the 
annular outer core. 
A further variation will be described with reference 

to FIGS. 49, 11A, 11B, 12A and 12B. First referring to 
FIG. 49, the coils of the winding placed on the right 
side of the annular inner core are designated by 3.11a 
- 311j; the coils on the left side of the annular inner 
core, by 3.12a - 312i; and the coils of the winding on 
the annular outer core, by 313a - 313c. 

Referring back to FIGS. 11A and 11B, the secondary 
winding on the annular outer core is connected in se 
ries to one of the primary windings on the annular 
inner core. FIG. 11A illustrates the coupling between 
the primary and secondary winding when the rotor 
(See FIG. 49) has been rotated through 180° for 
raising the voltage. FIG. 11B illustrates the coupling 
for lowering the voltage. Opposed to the instant varia 
tion, the winding on the annular outer core may be 
placed on the annular inner core whereas the windings 
on the latter may be placed on the former. 
The connections and couplings shown in FIG. 12 may 

be applied to the instant variation. The right and left 
primary windings are connected in parallel to the sup 
ply circuit, and the secondary winding across which is 
derived a variable voltage is placed on the outer core. 
The secondary winding may be placed on the annular 
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inner core whereas the primary windings, on the annu 
lar outer core. 
As shown in FIG. 11B, if the windings 311 (10 in 

FIG. 11B) and 313 (12 in FIG. 11B) are-oriented in the 
same direction and the input voltage of 100 volts is ap 
plied across them, the output voltage becomes equal to 
the input voltage minus the voltage drop across the 
winding 313 since the output is derived from the junc 
tion. When the winding 313 has 30 turns, the winding 
311, 130 turns, and the winding 312 (11 in FIG. 11B), 
100 turns, the output voltage is given by: 

Number of turns of winding 
l 

Sum of turns of windings 11 
and 13 

Output voltage = 100(V) X 

130T 
= 100(V)x1800T =81 (V). 

When the annular outer core has been rotated 
through 180° from the position shown in FIG. 11B to 
the position shown in FIG. 11A, the winding 312 is in 
ductively coupled with the winding 311 so that the po 
larities of the voltage across the winding 312 are oppo 
site to those of the winding voltage across the winding 
311. That is, the winding 313 is oriented radially out 
wardly even when it is brought to the magnetic path 
formed by the winding 312 whereas the winding 312 is 
oriented radially inwardly. The voltage induced across 
the winding 313 is opposite (in sign) to that induced 
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when the winding 313 is in the magnetic path formed 
by the winding 311. The output voltage is given by: 
output voltage = (input voltage) - (voltage across 

the winding 313). 

Woltage across the winding 311 
(input voltage) 

turns of the winding 312 Xturns of the winding 313 

= 100(V) x 100T iX30T=30(V). 
This voltage has the opposite polarities. Hence, the 

output voltage is 
output voltage = 100 (V) - (-30 (V)) = 100 (V) + 

30 (V) = 130 (V). This means that the output voltage 
is raised by 30 volts. Therefore, by the connection and 
couplings shown in FIGS. 11A and 11B, the output 
voltage may be regulated infinitesimally over the range 
from 81 volts to 130 volts depending upon the angle of 
rotation of the annular outer core when the input volt 
age is 100 volts. This means that even when the supply 
circuit voltage varies over the range between 130 volts 
and 81 volts, the constant output voltage of 100 volts 
may be secured. 
Next the connection and couplings will be described 

same as in FIGS. 12A and 12B. The winding 313 (12 
in FIGS. 12A and 12B) is inductively positively cou 
pled to the winding 311 (10 in FIGS. 12A and 12B) so 
that the output voltage is raised by the winding voltage 
across the winding 313. FIG. 12A shows the position of 
the annular outer core when rotated through 180. As 
the winding 313 is brought into the magnetic path 
formed by the winding 312 (11 in FIGS. 12A and 12B), 
it is inductively negatively coupled to the winding 312 
so that the voltage is lowered. That is, the output volt 
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age is lowered by the voltage corresponding to the volt 
age drop induced by the winding 313. 

In the connections and couplings shown in FIGS. 
11A, 11B, 12A and 12B, the primary windings are con 
nected not in series but in parallel opposed to the con 
nection shown in FIGS. 44 - 46. 
The connection shown in FIGS. 14A to 14G may be 

also applied to the instant embodiment, and FIGS. 14A 
and 14B schematically show the arrangement of the 
primary and secondary windings on the cores similar to 
those shown in FIGS. 48 and 49. The first windings P. 
and P2 are placed on the annular inner core whereas 
the second windings S1, S2, Sa and S4 are placed on the 
annular outer core. Of course it is possible to reverse 
the above arrangement as long as the second windings 
S-S may rotate in unison. In the instant embodiment, 
the rotor rotates through from 0 to 90°, but it is obvi 
ous to those skilled in the art to change the design so 
that the rotor may rotate through 180° from the de 
scription of the instant embodiment. The feature of the 
instant embodiment is that the output voltage may be 
varied because the voltages induced across the second 
windings S-S have the opposite polarities depending 
upon the angle of rotation thereof. 
The initial position of the rotor when not rotated is 

shown in FIGS. 14A and 14C. The relation between the 
windings P, and S is similar to that between the coils 
309a -309jand the coils 310a-310j. In a similar rela 
tion, the windings P and Sa are arranged. The windings 
S and S are arranged in quadrature relation with re 
spect to each other as shown in FIG. 14A. When the 
input voltage is applied to the primary windings, the 
fluxes (bs and be are produced as shown in FIG. 48. 
Since the primary windings P and P, are inductively 
positively coupled to the secondary windings S. and S, 
the voltages are induced across the secondary wind 
ings. Since the secondary windings S and S are lo 
cated in quadrature relation relative to the primary 
windings P and P2, the voltages induced in the respec 
tive halves of the winding S cancel each other so that 
the voltage across the winding S1 is zero. In a similar 
manner, the voltage across the secondary winding S is 
zero. Hence as shown in FIG. 14C, the output voltage 
is 100 volts. 
Next when the rotor is rotated through 90 as shown 

in FIGS. 14B and 14E, the secondary windings S and 
S. are inductively positively coupled to the primary 
windings P and P. so that the voltages are induced 
across the secondary windings S and S2. However, the 
voltages across the windings Sa and S4 are zero as they 
are located in quadrature relation with respect to the 
primary windings P and P2. Hence, the output voltage 
is zero as shown in FIG. 14E. 
Next when the rotor is rotated through 45 as shown 

in FIG. 13D, the output of 50 volts is obtained. In FIG. 
14F, an additional winding Ss which is capable of in 
ductively generating 30 volts across the winding is lo 
cated in the same position with those of the secondary 
windings Sa and S in order to vary the output voltage 
over the range between zero volt and 130 volts. The 
connection shown in FIG. 14G is for compensating the 
voltage drop due to the resistance of the winding. The 
compensating windings S5 and Ss are arranged for 10 
percent compensation. In this arrangement the output 
voltage is compensated to become 99 per-cent. Alter 
natively, the secondary and compensating windings 
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may be connected in series in the order of S, S, S, S, 
Sa and S4. 
Next referring to FIG. 15, a still another embodiment 

of the present invention will be described. The instant 
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inductance becomes zero. Next when the rotor is ro 
tated through 90° from the position shown in FIG. 44 
to the position shown in FC. 46, the inductance 
equal to one quarter of the maximum may be ob 

embodiment is an improvement over the embodiment 5 tained. Hence, in response to the angle of rotation of 
described above with reference to FIG. 14. The pri 
mary windings P and P are held stationary while the 
secondary windings S and S are rotated with respect 
to the primary windings P and P, the output voltage 
being derived from the junction between the secondary 
windings S and S. The initial positions of the primary 
and secondary windings are shown in FIGS. 15A and 
15D; the positions when rotated through 90° are shown 
in FIGS. 15B and 15E; and the positions when rotated 
through 180° are shown in FIGS. 15C and 15F. 

In the positions shown in FIG. 15A and when con 
nected as shown in FIG. 15D, the secondary winding S. 
is inductively negatively coupled to the primary wind 
ing P whereas the secondary windings S is inductively 
positively coupled to the primary winding P. Hence 
the voltage at the junction is equal to the input voltage, 
that is 100 volts. 

Next when the rotor is rotated through 90° to the po 
sition shown in FIGS. 15B and 15E, the left half of the 
winding S2 is inductively negatively coupled to the 
primary winding P1, and the right half is inductively 
positively coupled to the primary winding P. Ac 
cordingly as denoted by -- and - signs, the overall 
voltage induced across the secondary winding S1 
is zero. Similarly the voltage induced across the sec 
ondary winding S is zero. Thus, the supply circuit volt 
age is applied only across the primary windings P and 
P, so that the output voltage becomes 50 volts, one 
half of the input voltage of 100 volts. 
When the rotor is rotated through 180° to the posi 

tion shown in FIGS. 15C and 15F, the conditions are 
opposite to those shown in FIGS. 15A and 15D. The 
winding S is inductively negatively coupled to the pri 
mary winding P whereas the secondary winding S is 
inductively positively coupled to the primary winding 
Pi. Hence the voltage across the windings S. and P. 
becomes zero so that the output voltage becomes zero. 

In the above embodiment, two fluxes are produced 
by the two primary windings, but when four primary 
windings are used to produce four magnetic fluxes, the 
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output voltage regulation may be effected by the rota- . 
tion of the rotor through 90°. 

In FIG. 15, the windings P and S are located on the 
left whereas the windings P, and P on the right. How 
ever, in practice, the load current flows only through 
the windings P, and S so that the windings on the left 
side is more heavily loaded than the windings on the 
right side. To overcome this problem, the halves of the 
primary and secondary windings P, and S may be lo 
cated on the right side whereas one halves of the pri 
mary and secondary windings P, and S, on the left side. 
Next the variable inductance will be described. As 

shown in FIG. 13, the primary and secondary windings 
on the annular inner and outer cores are connected in 
series. When the primary and secondary windings are 
located in the positions shown in FIG. 44, they are in 
ductively positively coupled in series so that the maxi 
mum inductance may be obtained. When the rotor is 
rotated through 180° from the position shown in FIG. 
44 to the position shown in FIG. 45, the windings are 
inductively negatively coupled to each other so that the 
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the rotor, the inductance may be varied continuously 
and infinitesimally. a . . . . . 

In summary, the electromagnetic induction appara 
tus in accordance with the present invention has the 
following advantages: 

1. The primary and secondary leakage impedances 
are substantially constant and almost equal to those of 
the conventional transformers at any position of the ro 
tor, and are less than those of the conventional induc 
tion voltage regulators; 

2. The self-inductance remains unchanged opposed 
to the conventional induction voltage regulator de 
pending upon the angle of rotation of the rotor, and will 
not be excessively increased even when the primary or 
secondary windings are rotated through 90° relative to 
the other: 

3. No short-circuited winding is required. The use 
fullness of the short-circuited winding is to cancel all 
ampere-turns (AT) generated by the load current flow 
ing through the secondary winding. However the higher 
the load current, the greater the ampere-turn becomes 
and must be cancelled. In other words, as the load cur 
rent is increased, the secondary winding is doubled. 
This means that the copper loss is doubled so that more 
copper wires are required, thus resulting in the high 
cost of the apparatus. Furthermore, the problem for 
providing the space for disposing the copper wires pres 
ents, thus further increasing the cost of the apparatus. 
However, according to the present invention, the short 
circuited winding may be eliminates so that the appara 
tus is excellent in operation characteristics, low in cost, 
compact in size and light in weight. 

4. The variation in output voltage in response to the 
angle of rotation of the regulator rotor is linear. In the 
conventional induction voltage regulator, the variation 
is sinusoidal so that the voltage variation ratio is low on 
the high and low voltage sides whereas the ratio is rap 
idly increased. However according to the present in 
vention, the variation in output voltage is basically lin 
ear. The apparatus of the present invention may be said 
to be the refinement of the step voltage regulator in 
which the number of taps is infinitively increased. In 
the conventional step voltage regulators, the output 
voltage is adjusted by sliding the carbon brush or 
contractor so as to contact with one of the voltage 
regulation taps, but in the apparatus of the present 
invention, the annular outer or inner core is rotated 
with respect to the inner or outer core as to change 
the inductive coupling between the primary and 
secondary windings. Because of the linear variation 
in output voltage in accordance with the present 
invention, the operation becomes very advantageous, 
and the scales may be graduated with ease especially 
in case of the small-sized apparatus. & 

5. When the core is recessed as shown in FIGS. 18, 
19 and 20, the passage of the cooling air or oil may be 
much facilitated. 

6. Since the windings are radially distributed, the 
local temperature rise may be prevented. 

7. The apparatus may be used as a variable induc 
tance. As described hereinbefore, the short-circuited 
winding may be eliminated in accordance with the 



37. 
present invention so that there are no problems of the 
use of much copper wires, of the copper loss and of the 
space for disposing the copper wires. Therefore, the ap 
paratus of the present invention is inexpensive in cost, 
light in weight and compact in size. 

In addition to the advantages of the present invention 
described above, the present invention has many other 
novel features and advantages. The... electromagnetic 
induction apparatus in accordance with the present in 
vention is used not only as a voltage regulator but also 
a rotary transducer in which the secondary voltage var 
ies in response to the angle of rotation of the rotor so 
that the angle of rotation of the rotor may be detected 
as the variation in the secondary voltage. 
The apparatus of the present invention may be also 

used as a frequency modulator because when the inner 
core is rotated at a predetermined-speed, the supply 
circuit voltage or input voltage may be modulated by 
the frequency of the rotation of the inner core. 
What is claimed is: 
1. An electromagnetic induction apparatus compris 

ing 
an outer core, 
an inner core which has a center hole and is disposed 
coaxially of said outer-core, 

a first group of windings wound along the inner pe 
ripheral surface of said outer core and through said 
center hole of said inner core, and 

a second group of windings wound along the outer 
peripheral surface of and through said center hole 
of said inner core and inwardly of said first group 
of windings in a similar manner thereto, 

at least one of said first and second groups of wind 
ings being rotatable with respect to each other so 
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that the relative angular position therebetween 
may be varied and that in response to said angular 
relative position the degree of the inductive cou 
pling between said first and second groups of wind 
ings may be varied. 

2. An electromagnetic induction apparatus as set 
forth in claim 1 wherein at least one of said outer and 
inner cores is annular in shape. 

3. An electromagnetic induction appratus as set forth 
in claim 1 wherein at least one portion of each of the 
inner peripheral surface of said outer core and of the 
outer peripheral surface of said inner core is provided 
with slots for at least one portion of said first and sec 
ond groups of windings. 

4. An electromagnetic induction apparatus, as set 
forth in claim 1 wherein at least one of said outer and 
inner cores and said first and second groups of windings 
is provided with leakage flux preventive means. 

5. An electromagnetic induction apparatus as set 
forth in claim 1 wherein one of said first and second 
groups of windings which is connected to a supply cir 
cuit is electrically insulated against the other group of 
windings connected to a load-circuit. 
6. An electromagnetic induction apparatus as set 

forth in claim 1 wherein one end of one of said first and 
second groups of windings which is connected to a load 
circuit is connected to a tap of the other group. of wind 
ings which is connected to a supply circuit. 

7. An electromagentic induction apparatus as set 
forth in claim 3 wherein said slots are formed in parallel 
with the axis of said inner core. 
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8. An electromagnetic induction apparatus as set 

forth in claim 3 wherein said slots are formed at angles 
relative to the axis of said inner core. 

9. An electromagnetic induction apparatus as set 
forth in claim3 wherein said slots are bent at any point 
intermediate the ends thereof. 

10. An electromagnetic induction apparatus as set 
forth in claim. 4 wherein said leakage flux preventive 
means comprises at least one recess formed at least on 
one of the inner peripheral surface of said outer core 
and the outer peripheral surface of said inner core. 

11. An electromagnetic induction apparatus as set 
forth in claim 4 wherein said leakage flux preventive 
means comprises an electrically conductive plate dis 
posed along at least one of said inner peripheral surface 
of said outer core and the outer peripheral surface of 
said inner core. 

12. An electromagnetic induction apparatus as set 
forth in claim 6 wherein said first and second groups of 
windings are connected in series, and a load is con 
nected between one of the terminals of said first and 
second groups of windings and a point of said series 
connected circuit of said first and second groups of 
windings. 

13. An electromagnetic induction apparatus as set 
forth in claim 6 wherein said first or second group of 
windings is further divided into two subgroups the junc 
tion of which is connected to a supply circuit, and 

said first or second group of windings has its both 
ends connected to a load circuit in parallel with 
said second or first groups of windings connected 
to said load circuit. 

14. An electromagnetic induction apparatus as set 
forth in claim 6 wherein said first group of windings 
connected to said supply circuit is further divided into 
two subgroups the junction of which is connected to 
one terminal of said supply circuit together with one 
end of said second circuit connected to said load cir 
cuit; and 
one of the terminals of said first group of windings 
connected to said supply circuit and the other ter 
minal of said first group of windings connected to 
said load circuit; and 

the other terminal of said second group of windings 
connected to said supply circuit and said load cir 
cuit. 

15. An electromagnetic induction apparatus as set 
forth in claim 6 wherein 
one half of said second group of windings connected 

to said load circuit is inductively positively coupled 
to said first group of windings connected to said 
supply circuit; 

the other half is further divided into two subgroups 
one of which is inductively positively coupled to 
and the other of which is inductively negatively 
coupled to said first group connected to said supply 
circuit; 

said winings connected to said load circuit are all 
connected in series and then connected in parallel 
to said group connected to said supply circuit; and 

said group of windings connected to said load circuit 
has its center tap connected to said load circuit. 

16. An electromagnetic induction apparatus com 
prising 
an Outer core, 
an inner core disposed coaxially of said inner core, 
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a first group of windings which are wound around 
said inner core so as to pass in the proximity of the 
axis of said inner core and extend across the points 
along the outer periphery thereof and in diametri 
ally opposed relation, ... 5 

a second group of windings wound inwardly of said 
outer core but outwardly of said first group of 
windings in a manner similar thereto, 

either of or both of said outer and inner cores being 
rotatable relative to each other so that the relative 10 
angular position therebetween may be varied and 
that in response to said angular relative position the 

40 
also pass in the proximity of said center, 

a second group of windings wound inwardly of said 
outer core but outwardly of said first group of 
windings in a manner similar thereto, 

at least one of said inner and outer cores being rotat 
able with respect to the other so that the relative 
angular position therebetween may be varied and 
that in response to said angular relative position. 
The degree of inductive coupling between said first 
and second groups of windings may be varied. 

18. An electromagnetic induction apparatus com 
prising 

effects of the fluxes produced by said first and sec 
ond groups of windings on the other may be varied. 

an outer core, 
an inner core disposed coaxially of said outer core, 

(The degree of the inductive coupling between said 15 a first group of windings wound around the inner and 
first and second groups of windings may be varied.) outer peripheral surfaces of said outer core, 

17. An electromagnetic induction apparatus com- a second group of windings wound around the outer 
prising peripheral surfaces of said inner and outer cores, 
an outer core, at least one of said outer and inner core being rotat 
an inner core disposed coaxially of said outer core, 20 able with respect to each other so that the relative 
a first group of windings which are wound around angular position therebetween may be varied and 

said inner core in such a manner that said windings that in response to said relative angular position. 
may pass through the points along the outer periph- The degree of induction coupling between said first 
ery of said inner core and symmetrical about the and second groups of windings may be varied. 
line passing through the center thereof and may 25 ck : *k. k. k. 
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