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My invention relates to electric valve convert-
ing systems and more particularly to new and
improved apparatus for exciting the control ele-
ments of the electric valves of such converting
systems.

Heretofore, there have been devised numerous
electric valve converting systems for transmit-
ting energy between direct and alternating cur-
rent circuits, direct current circuits of different
voltages, or independent alternating current cir-
cuits of the same or different frequencies. Many
of these systems have included a distributor ap-
paratus effective to render conductive the sev-

eral electric valves in a predetermined sequence

to transfer the current between the several ter-
minals of the load circuit of the system. In
many cases, however, it is desirable to eliminate
the moving contacts and other disadvantages in-
herent in a mechanical distributing apparatus.
My invention relates more particularly to an
excitation apparatus which may replace the con-
ventional mechanical distributor in the arrange-
ments of the prior art. »

It is an object of my invention, therefore, to
provide an improved electric valve converting
system and an excitation apparatus therefor
which will overcome the disadvantages inherent
in the mechanical distributor apparatus of the
prior art and which will be simple and reliable
in operation.

It is another object of my invention to provide
an improved electric valve converting system and
an excitation apparatus therefor which will ren-
der conductive the several electric valves in a
predetermined sequence and which will elim-
inate all moving contacts.

In accordance with one embodiment of my
invention, each of the several terminals of a load
circuit is interconnected with the supply circuit
through a group.of one or more electric valves
each provided with a control circuit. There is
also provided one or more magnetic core mem-
bers having a pair of parallel magnetic paths
each including an air gap. Each of these mag-
netic core members may constitute the core of
a transformer provided with an exciting winding
on & common portion of the core and secondary
windings mounted on one or both of the parallel
magnetic paths of the core member. Associated
with the magnetic core members is & reluctance
modifying means, such for example, as a pair of
coaxially mounted disks, each disk comprising
complementary segments of magnetic and con-
ductive materials, respectively, and these disks
are arranged in the air gaps of the parallel paths

of the magnetic core members, the disks and
the core members being arranged for relative
rotation. The corresponding conductive and
magnetic segments of the two disks are angular-
ly displaced so that when the air gap of one of
a pair of parallel magnetic paths is closed by a
magnetic segment, the other is closed by a con-
ductive segment. The magnetic segment acts
to lower the reluctance of the magnetic path
in which it is included, while the conductive seg-
ment, due to the eddy currents induced therein,
increases the effective reluctance of the magnetic
path in which it is included. In this way, the
main flux of the magnetic core member is period-
ically shifted between the parallel magnetic
paths, the potentials induced in the winding as-
sociated with the path including a magnetic seg-
ment having its maximum or normal value,
while that induced in the winding associated
with the path including a conductive segment
being negligible in magnitude. Each of the con-
trol circuits of the electric valves includes one
of the secondary windings associated with the
magnetic core members and, by rotating the
disks relative to the core members, the grids of
the several electric valves are excited in a pre-
determined sequence to control the flow of cur-
rent in the system.

For a better understanding of my invention,
together with other and further objects there-
of, reference is had to the following description
taken in connection with the accompanying
drawing and its scope will be pointed out in the
appended claims. Fig. 1 of the drawing illus-
trates diagrammatically an electric valve con-
verting system for transmitting energy from a
single phase slternating current supply circuit to
a quarter phase alternating current motor to
which is applied my improved valve excitation ap-
paratus. .

Fig. 2 of the drawing illustrates a modified con-
nection of the windings of the transformer in
Fig. 1.

Referring now more particularly to Fig. 1 of the
drawing, there is illustrated an arrangement for
transmitting energy from a single phase alternat-
ing current supply circuit 10 to a quarter phase
alternating current motor 11 of the synchroncus
type comprising armature phase windings 12 and
13 and a rotatable field winding 14. The field
winding 14 may be connected in series with the
armature winding, as illustrated, in case it is de-
sired to give the motor series characteristics, or in
case shunt characteristics are desired the fleld
winding 14 may be separately excited in any
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well known manner. As illustrated, the fleld
winding 14 is connected between the electrical
neutrals of the phase windings 12 and 13, a cir-
cuit which carries unidirectional current, as will
be explained more fully hereinafter. A variable
resistor 15 may be connected across the field
winding 14 to regulate the speed torque charac-
teristics of the motor, in which case it is pref-
erable also to include a reactor 16 in series with
the parallel connected winding 14 and resistor 15.

The terminals of the armature phase winding
12 are connected to the supply circuit 10 through
two pairs of similarly connected electric valves
17 and 18, and 19 and 20, respectively. Similarly
the armature phase winding 13 is connected to
the supply circuit 10 through two pairs of elec-
tric valves 21 and 22, and 23 and 24, connected
to the circuit 10 with a polarity opposite to that
of the electric valves 17-20, inc. Each of the
electric valves 17-24, inc., is provided with an

anode, a cathode and a cortrol electrode or grid

and may be of any of the several types well
known in the art, although I prefer to use valves
of the vapor or gaseous electric discharge type.

In order to render the valves conductive in g
predetermined sequence, the control electrodes,
or grids; of the pairs of valves 17—18, 19—20,
ete., are connected to their respeetive cathodes
through current limiting resistors 25, negative
bias batteries 26 and secondary windings of grid
transformers 27, 28, 29 and 30, respectively, al-
though in some instances, the negative bias bat-~
teries 26 may be satisfactorily cmitted. In or-
der to excite the grid transformers 27-30, inc.,
in a predetermined sequence their primary wind-
ings are energized from the secondary windings

31-34, inc., respectively, of the t{ransformer de-

vices 35 and 36.

The transformer devices 35 and 36 are pro-
vided with magnetic core members 37 and 38,
respectively, each comprising parallel magnetic
paths, as illustrated, and provided with exciting
windings 39 and 40, respectively, mounted on a
common portion of the parallel’ magnetic paths.
The windings 39 and 40 are energized from the
alternating eurrent supply circuit 10 through a
suitable phase shifting arrangement, such as an
impedance phase shifting circuit 41, and a self-

saturating, or peaking, transformer 42, although .

the transformer 42 may be omitted if desired.
As illustrated in the drawing, each of the sec-
ondary windings of the transformer devices 35
and 36 is mounted on one of the parallel mag-
netic circuits, each of the magnetic circuits be-
ing constructed with an air gap. Mountfed in
the air gaps of the magnetic core members 37
and 38 are reluctance modifying means, such for
example, as discs 43 and 44, coaxially mounted
and connected for rotation by the motor 11.
Each of the disks 43 and 44 is made up of com-
plementary segments, one of conductive ma-
terial, and the other of magnetic material, and
the corresponding segments of the two disks are
angularly displaced, in the particular embodi-
ment by 180 electrical degrees. However, this
feature of controlling the conductivity of a group
of electric valves by a distributor mechanism
driven by a motor energized through the valves
forms no part of my present invention, but is
disclosed and broadly claimed in a copending
application of E. F. W, Alexanderson, Serial No.
638,361, filed May 11, 1923, and assigned to the
same assignee as the present application.

The general principles of operation of the
above-described apparatus for transmitting en-

1,989,433

ergy from the alternating current circuit 10 to the
motor 11 will be well understood by those skilled
in the art, or may be found explained in detail in
the copending application of E. F', W. Alexander-
son, Serial No. 598,380, filed March 12, 1932 and
assigned to the same assignee as the present ap-

plication. That application discloses and broad- .

1y claims the above described power circuit, which
forms no part of my present invention. Assum-
ing that the motor field winding 14 and the ro-
tatable disks 43 and 44 are in the positions il-
lustrated, and that the phase shifting circuit 41 is
so adjusted that the potentials impressed upon
the primary windings of the transformer devices
35 and 36 are substantially in phase with the po-
tential of the alternating current circuit 10, it
will be seen that the effective reluctance of the
magnetic paths linking the windings 32 and 33
are very high-because of the conductive material
closing their air gaps. Under these conditions,
the potentials induced in the windings 32 and 33
of the primary windings 39 and 40, respectively,
will be negligible and will be inadequate to excite
the grid transformers 28 and 29 sufficiently to
render conductive the pairs of electric valves 19
and 20, and 21 and 22. At the same iime, the
air gaps of the magnetic paths linking the
windings 31 and 34 will be closed by the segments
of the disks 43 and 44 composed of magnetic ma-
terial and these windings will be excited at sub-
stantially normal potential to excite their asso-
ciated grid transformers 27 and 30 to render
conductive the pairs of electric valves 17 and 18,
and 23 and 24. The two pairs of electric valves
17 and 18, and 23 and 24, comprise a-full wave rec-
tifying circuit of which the unidirectional load
circuit comprises the lower portion of the arma-
ture phase winding 12, the fleld winding 14, re-
actor 16 and the right-hand portion of the arma-
ture phase winding 13. The resultant armature
magnetomotive force created by current flowing
in the armature windings 12 and 13 will be in such
a direction as to produce a torque upon the mo-
tor field 14 and initiate rotation of the motor,
which, it will be assumed, is in a counter-clock-
wise direction.

‘When the motor 11 has rotated through ap-
proximately 90 electrical degrees, the air gap of
the magnetic path linking the winding 33 will be
closed with magnetic material rather than con-
ductive material, while that included in the mag-
netic path linking the winding 34 will be closed
with conductive material rather than magnetic
material so that the winding 33 will be -ener-
gized while the winding 34 will be deenergized,
and the grid excitation shifted from the trans-

-former 30 to the transformer 29. Under these

conditions the electric valves 23 and 24 will be
rendered nonconductive, while the valves 21 and
22 will be rendered conductive and current will be
transferred from the right-hand terminal to the
left-hand terminal of the armature phase wind-
ing 13. The armature magnetomotive force of
the motor 11 is thus advanced 90 electrical de-
grees and again produces a torque upon the mo-
tor field 14 to rotate it through an additional 90
degrees. In this manner, current is successively
commutated between the several terminals of
the armature windings 12 and 13 to produce a
rotating magnetomotive force and rotation of the
motor 11. The disks 43 and 44 are effective to
control the reluctance of the magnetic paths

‘linking the windings 31 to 34, inc., to energize only

those windings connected to excite the valves
associated with the terminals of the armature
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windings which are in torque producing position
with respect to the motor field 14 at any particu-
lar instant. The speed of the motor may he con-
trolled by adjusting the phase shifting circuit
41 or the field shunting resistor 15, or both, as is
well understood by thrse skilled in the art.
Thus it is seei. that the several pairs or groups
of electric valves are rendered conductive in a
predetermined sequence to transfer the current
between the several terminals of the load circuit
without the aid of any moving contacts or any
moving parts other than the simple, rugged disks
43 and 44 attached directly to the motor shaft.
In the above-described apparatus, it is desired
to transfer the current between the pairs of
valves 17 and 18, and 19 and 20, and between the
pairs of valves 21 and 22, and 23 and 24, every

. 180 electrical degrees when' supplying current to
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the quarter phase motor 11. However, it will be
well understood by those skilled in the art, that,
in case it is desired to supply current to a motor
or a load circuit of any other number of phases
requiring different periods of excitation of the
electric valves, the angular length of the seg-
ments of magnetic and conductive material of
the disks 43 and 44 may be varied accordingly.
Also it will bé understood that, under certain cir-
cumstances, it may be desirable to utilize only
one winding linking a single one of the parallel
magnetic paths of each transformer device, in
which case the number of transformer devices
or magnetic core members may be increased ac-
cordingly.

In certain applications requiring a considerable
amount of energy from the transformer devices
35 and 36 their windings may be reconnected as
shown in Fig. 2. In this arrangement, the sec-
onddry windings 31 and 32 are connected in series
opposition and in series with the voltage supplied
to the primary winding 39. The secondary volt-
ages of the windings 31 and 32, when their re-
spective magnetic paths are closed by a magnetic
portion of the disk, are approximately equal to
the primary voltage. Under these conditions,
when the magnetic material closes the magnetic
path of the winding 31, as illustrated in Fig. 1,
it will be assumed that the voltage of this winding
is in opposition to that of the primary voltage and,
since the voltage in the winding 32 is substan-
tially zero, the total circuit voltage applied to the
primary winding of the transformer 27 will be
substantially zero. When the disks 43 and 44
have rotated to opposite positions, however, the
bucking voltage of the winding 31 will be sub-
stantially zero while the voltage of the winding 32
will be cumulative with respect to the primary
voltage, and substantially twice the primary volt-
age will be supplied to the primary winding of
the transformer 27. With such a circuit con-
nection only half of the energy supplied to the
transformer 27 is transformed through the de-
vice 35, the remaining portion being supplied
directly by the primary circuit. As suggested in
the preceding paragraph, with this arrangement
a separate transformer device will be required
for each control fransformer.

While I have described what I at present con-
sider the preferred embodiments of my invention,
it will be cbvious to those skilled in the art that
various changes and modifications may be made
without departing from my invention, and I,
therefore, aim in the appended claims to cover all
such changes and modifications as fall within the
true spirit and scope of my invention,

3

|

What I claim as new and desire to secure by
Letters Patent of the United States, is:

1. In a controlled electric -valve converting
system, apparatus for exciting the control ele-
ments of the valves of the system in a predeter-
mined sequence comprising a control circuit for
each of said valves, magnetic core means pro-
vided with parallel magnetic paths each having
an air gap, exciting means for said core means,
a winding included in each of said control cir-
cuits and linked by one of said parallel magnetic
paths, reluctance modifying means mounted in
said air gaps and comprising a magnetic portion
and a conductive portion, and means for produc-
ing relative rotation between said reluctance
modifying means and said magnetic core means.

2.In a controyed electric valve converting
system, apparatus for exciting the control ele-
ments of the valves of the system in a predeter-
mined sequence comprising a control circuit for
each of said valves, magnetic core means pro-
vided with parallel magnetic paths each having
an air gap, exciting means for said core means,
a winding included in each of said control cir-
cuits and linked by one of said parallel magnetic
paths, a plurality of disks mounted in the air
gaps of said parallel magnetic paths, each disk
comprising a segmental magnetic portion and a
segmental conductive portion, corresponding
portions of said disks being angularly displaced,
and means for producing relative rotation be-
tween said disks and said magnetic core means.

3. In a controlled electric valve converting
system, apparatus for exciting the centrol ele-
ments of the valves of the system in a prede-
termined sequence comprising a control circuit
for each of said valves, magnetic core means pro-
vided with parallel magnetic paths each having
an air gap, exciting means for said ‘core means;
& winding included in each of said control circuits
and linked by one of said parallel magnetic paths,
a plurality of coaxially arranged rotatable disks
mounted in the air gaps of said parallel magnetic
paths, each disk comprising a segmental portion
of magnetic material and a segmental portion of
low resistance conductive material, correspond-
ing portions of said disks being angularly dis-
placed, and means for rotating said disks.

4. In s controlled electric valve converting
system, apparatus for exciting the control ele-
ments of the valves of the system in a prede-
termined sequence comprising a control circuit
for each of said valves, a plurality of magnetic
core members each provided with a pair of paral-
lel magnetic paths having air gaps, an exciting
winding for each of said core members, a winding
included in each of said control circuits and
linked by one of said parallel magnetic paths,
reluctance modifying means mounted in said air
gaps and comprising a magnetic portion and a
conductive portion, and means for producing
relative rotation between said reluctance modify-
ing means and said magnetic core members.

5. In a controlled electric valve converting sys-
tem, apparatus for exciting the control elements
of the valves of the system in a predetermined
sequence comprising & control circuit for each
of said valves, a pair of coaxially arranged rotat-
able disks each comprising a segmental portion
of magnetic material and a segmental portion
of conductive material, corresponding portions
of said discs being angularly displaced, a plurality
of magnetic core members each provided with
a pair of parallel magnetic paths having air
gaps, said core members being spaced about the

95

100

105

110

115

120

126

130

135

140

145

150



10

4 , V 1,080,488

path of rotation of said disks and said pair of

disks rotating in said pair of air gaps, an excit-

ing winding for each of said core members, a
winding included in each of said conirol circuits
and linked by one of said parallel magnetic
paths and means for rotating said disks.

6. Apparatus for generating an intermittent
periodic  potential comprising magnetic core
means provided with parallel magnetic paths
each having an air gap and with an exciting
winding for connection to a source of periodic
current, -an output winding linked by one of

. said parallel magnetic paths, reluctance modify-

15

20

ing means mounted in said air gaps and com-
prising a magnetic portion and a conductive
portion, and means for producing relative rota-
tion between said reluctance modifiying means
and said msagnetic core means.

7. Apparatus for generating an intermittent"

alternating potential comprising a magnetic
core member provided with a pair of parailel
magnetic paths each having an air gap, an ex-
citing winding mounted on said core member
for connection to a source of alternating poten-

. ial, an output winding linked by one of said

paraliel magnetic paths, a pair of coaxially
mounted discs each comprising complementary

" segments of magnetic material and conductive

35

(1]

0

6]

material, corresponding segments of said disks
being angularly displaced, said disks being rotat-

ably mounted in said air gaps, and means for .

rotating said disks.

8. Apparatus for generating an intermittent
periodic potential comprising magnetic core
means provided with parallel magnetic paths
each having an air gap and with an exciting
winding for connection to a source of periodic
current, a plurality of secondary windings, each
linking one of said magnetic paths, an output
circuit including said secondary windings™ con-
nected in series opposition and in series with said
exciting winding, reluctance modifying means

mounted in said air gaps, and means for produc- -

ing relative rotation between said reluctance
modifying means and said magnetic core means.

§. Apparatus for generating an intermittent
periodic potential comprising magnetic core
means provided with parallel magnetic paths

each having an air gap and with an exciting
winding for connection to a source of alternat-
ing current, a plurality of secondary windings,
each linking one of said magnetic paths, and -
having the same number of turns as said excit- 80
ing winding, an output ecircuit including said
windings connected in series opposition and in
series with said exciting winding, reluctance
modifying means rotatably mounted in sald air
gaps, and means for rotating said reluctance 85
modifying means. -

10. In a conirolled electric valve convertmg
system for iransmitting energy from a supply
circuit to a load circuif including an alternating
current motor, said system including a plurality 90
of valves interconnecting said supply circuit with
the several terminals-of said load circuit, appa-
ratus for exciting the control elements of the

-valves to render said valves conductive in a pre-

determined sequence comprising a conirol cir- 9§
cuit.for each of said valves, magnetic core means
provided with parallel magnetic paths each hav-

ing an air gap, exciting means for said core
means, & winding included in each of said control
cireuits and linked by one of said parallel mag- 100
netic paths, and reluctance modifying means
rotatably mounted in said air gaps, said reluc-
tance means comprising & magnetic portion and
a conductive portion and connected to be driven
by said motor.

11. In combination, a supply eircuit, a load
circuit provided with a plurality of terminals,
a plurality of electric valves interconnecting said
supply circuit and the several terminals of said
load circuit, each of said valves being provided 110
with a control element, a control circuit for each
of said control elements, magnetic core means
provided with parallel magnetic paths each hav-
ing an air gap, exciting means for said core
means, & winding included in each of said control 115
circuits and linked by one of said parallel mag-
netic paths, reluctance modifying means mounted
in said air gaps and comprising a magnetic por-
tion and a conductive portion, and means for
producing relative rotation between said reluc- 120
tance modifying means and said magnetic core
means.
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