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Re. 20,364 

PATENT OFFICE 
20,364 

ELECTRC WALWE CONVERTING SYSTEM 

Ernst F. W. Alexanderson, Schenectady, N. Y., 
assignor to General Electric Company, a cor 
poration of New York 

Original No. 1,937,377, dated November 28, 1933, 
Serial No. 598,380, March 12, 1932. Applica 
tion for reissue May 23, 1935, Serial No. 23,055 

47 Claims. (Cl 172-274) 
My invention relates to electric valve convert 

ing Systems, and more particularly to such sys 
tems adapted to transmit energy from an alter 
nating current Supply circuit to a variable fre 
quency alternating current load circuit or de 
vice, Such for example, as an alternating current 
motor. 

Heretofore, there have been proposed various 
electric valve converting systems for transmitting 
energy from an alternating current supply circuit 
to an electric translating circuit of either con 
stant or variable frequency. In such arrange 
ments it has been customary to interconnect the 
translating circuit with two groups of grid con 
trolled electric valves which, together with their 
asSociated circuits, comprise a pair of rectifiers 
Connected to alternately supply unidirectional 
Current of Opposite polarity to the electric trans 
lating apparatus. In such arrangements it has 
been found preferable to use valves of the wa 
por electric discharge type because of the relative 
ly large amounts of energy which may be handled 
at Ordinary operating voltages. With the use of 
vapor electric discharge devices in such arrange 
ments, however, the failure of the grid circuit of 
any of the electric valves tends to produce a short 
circuit on the alternating current circuit, or on 
the electric transmitting apparatus, or both. 
Furthermore, when utilizing such apparatus for 
Operating an alternating current motor at va 
riable Speed, no satisfactory arrangement has 
been proposed for controlling the electric valves 
at the various operating speeds of the motor. 

It is an object of my invention, therefore, to 
provide an improved electric, valve converting 
System for transmitting energy from an alternat 
ing current supply circuit to an electric trans 
lating apparatus which will overcome the above 
mentioned disadvantages of the arrangements 
of the prior art, and which will be simple and 
reliable in operation. 

It is a further object of my invention to pro 
vide an improved electric valve converting sys 
ten for transmitting energy from a source of al 
ternating current to an electric translating ap 
paratus in which the occurrence of short circuits 
on the apparatus or the alternating current sup 
ply circuit occasioned by the failure of an elec 
tric waive will be substantially eliminated. 

It is a further object of my invention to pro 
vide an improved electric valve converting system 
which is particularly suitable for transmitting 
energy from an alternating current supply circuit 
to a variable speed alternating current motor. 

It is a still further object of my invention to 

provide an improved arrangement for control 
ling the valves of an electric valve converting 
System which is of general application but which 
is particularly suitable for controlling the grids 
of the valves of an electric valve converting sys 
term embodying my invention. 
In accordance with one embodiment of my in 

Vention, an alternating current Supply circuit is 
interconnected with an electric translating ap 
paratus comprising a plurality of phase windings, 
such for example, as a polyphase alternating 
current motor, through a plurality of electric 
valves. One group of electric valves interconnects 
the supply circuit with one of the phase windings 
and all of the valves are connected with the same 
polarity with respect to the alternating current 
circuit. Similarly, another phase winding of the 
translating apparatus is connected to the supply 
circuit through a second group of electric valves, 
all connected with opposite polarity with respect 
to the supply circuit, and an interconnection is 
provided between the two phase windings. With 
such an arrangement current is continuously fed 
from the alternating current supply circuit into 
one phase winding, the valves being so controlled 
as to periodically transfer it between the several 
terminals of the Winding; is then transmitted 
through another phase Winding, and returned 
through the valves associated thereWith to the 
alternating current circuit, the return current 
being periodically transferred between the termi 
nals of the second winding in a similar manner. 
In this manner the current Commutated between 
the several terminals of a single-phase winding 
always flows in the same direction so that a fail 
lure of the grid circuit of any One of the valves 
does not cause a short circuit current. In accord 
ance with another feature of my invention when 
applied to the operation of a variable speed alter 
nating current motor, the interconnection be 
tween the Several phase windings, which carries 
unidirectional current, may comprise the field 
winding of the alternating current motor. When 
this latter arrangement is used it has been found 
desirable to control the grids of the several elec 
tric valves by means of a distributor driven direct 
ly from the motor rotor. For starting the opera 
tion of the motor the grid potential for the sev 
eral valves may be derived from a phase shifting 
-circuit energized from the alternating current 
circuit in order to reduce the average voltage im 
pressed upon the motor armature winding. This 
alternating potential, variable in phase, is con 
nected in series with the distributor in order to 
excite the grids of the several electric valves in 5: 
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2 
the proper sequence. When the motor of such an 
arrangement reaches a speed of approximately 
one-half synchronous speed, it has been found 
preferable to excite the grids of the several elec 
tric valves in accordance with the counter-elec 

to operate at the highest efficiency. 
For a better understanding of my invention, 

together with other and further objects thereof, 
reference is had to the following description taken 
in connection with the accompanying drawings 
and its scope will be pointed out in the appended 
claims. In the drawings, Fig. 1 illustrates an ar 
rangement embodying the several features of 
my invention for transmitting energy from a sin 
gle-phase alternating current supply circuit to a 
quarter phase alternating current motor of the 
synchronous type, while Figs. 2, 3 and 4 illustrate 
the power circuits for various polyphase arrange 
ments which are modifications of the circuit of 
Fig. 1. 
Referring now to Fig. 1 of the drawings, there 

is illustrated an arrangement for transmitting 
energy from a single-phase alternating current 
supply circuit to to a quarter phase alternating 
current motor of the synchronous type com 
prising armature phase windings 2 and 3 and 
a rotatable field winding 14. The field winding 4 
may be connected in series with the armature 
windings, as illustrated, in case it is desired to 
give the motor series characteristics, or, in case 
shunt characteristics are desired the field winding 
may be separately excited as will be well under 
stood by those skilled in the art. The terminals 
of the armature phase winding 2 are connected 
to the supply circuit to through two pairs of 
similarly connected electric valves 5-6 and 
T-18. Similarly, the armature phase winding 
3 is connected to supply circuit to through two 

pairs of electric valves 19-20 and 21-22 con 
nected oppositely with respect to the valves 5 
8, inclusive. Each of the several electric valves 
15-22, inclusive, is provided with an anode, a 
cathode, and a control grid and may be of any 
of the several types well known in the art, al 
though I prefer to use valves of the vapor electric 
discharge type. The Control grids of the pairs 
of valves 5-6 and 7-8 are connected, to 
their respective cathodes through opposite halves 
of the secondary Windings of the grid transformers 
23 and 24, respectively, current limiting resistor 
27 and negative bias batteries 28, although in 
Some instances the batteries 28 may be satisfac 
torily omitted. Similarly, the grids of the valves 
of the pairs 9-20 and 2-22 which have inde 
pendent cathode potentials are energized through 
the insulated Secondary windings of the trans 
formers 25 and 26, respectively, current limiting 
resistors 2 and bias batteries 28. In certain in 
stances, it may be desirable also to connect ca 
pacitors 29 directly between the grid and cathode 
of the Several electric valves to eliminate sub 
stantially the effect of transients in the power 
circuit upon the grid control circuit, tending to 
deprive the grid of its proper control, although 
this feature comprises no part of my present in 
vention but is disclosed and broadly claimed in the copending application of O. W. Livingston, 
Serial No. 581396, filed December 16, 1931, and 
assigned to the same assignee as the present ap 
plication. W. 

In order to control the grids of the several 
electric valves under starting and low speed con 
ditions, there is provided a phase shifting ar 

20,364 
rangement, such for example as the impedance 
phase shifting circuit 30 comprising an auto 
transformer 3 connected across the alternating 
current circuit O, and a reactor 32 and variable 
resistor 33 connected across the transformer 3, 
the output circuit being connected between the 
electrical midpoint of the transformer 3 and 
the junction between the reactor 32 and re 
sistor 33.- The primary windings of the grid 
transformers 23-26, inclusive, are energized 
with the potentials across the resistors 34, 35, 
36 and 37, respectively, through a two-position 
switch 43, while the resistors 34-37, inclusive, 
are connected in the output circuit of the im 
pedance phase shifting arrangement. 30 through 
the brushes 38, 39, 40 and 4t, respectively, of a 
distributor 42 driven directly from the shaft of 
the motor f. When the Switch 43 is in its 
right-hand position it will be noted that the 
several grid transformers 23-26, inclusive, are 
disconnected from the impedance phase shifting 
circuit 30 and are short-circuited. However, 
the feature of controlling the conductivity of the 
electric valves by a distributor mechanism driven 
by the motor forms no part of my present in 
vention, but is disclosed and broadly claimed in 
my United States Letters Patent No. 1,993,581, 
granted March 5, 1935, assigned to the same as 
signee as the present application. 

It has been found that the above described 
grid excitation arrangement for the several elec 
tric valves operates most satisfactorily for mo 
tor speeds less than approximately half synchro 
nous Speed, and that most satisfactory operation 
for higher motor speeds is obtained when the 
grids of the several electric valves are excited in 
accordance with the electromotive force, of the 
motor armature terminals. To secure this type 
of excitation there is included in the grid cir 
cuits of each of the several electric valves 
5-22, inclusive, the secondary windings of grid 

transformers 44-5?, inclusive, respectively, the 
primary windings of which are energized 
through a two-position switch 52 from the sec 
ondary winding 53 of a rotary phase shifting 
transformer energized directly from the motor 
terminals, the connections being such that the 
grid of each of the electric valves receives a grid 
potential of substantially the same phase as 
that of the potential of the winding to which 
it supplies energy. As with the switch 43, the 
switch 52, when in its right-hand position, is 
adapted to short-circuit the transformers 44-5, 
inclusive, and to disconnect them from the rotary 
phase shifting transformer 54. When operating 
with the last described grid excitation, the speed 
of the motor may be controlled by means of the 
rotary phase shifting transformer 54, but it has. 
been found that in some cases a more satisfac 
tory speed control may be obtained by means of 
a resistor 55 connected in parallel to the field 
winding 4. With a such an arrangement it is 
sometimes desirable to include a reactor 56 in 
series with parallel circuit comprising the field 
winding 4 and the resistor 55 in order to com 
pensate for the non-inductive path through the 
resistor 55. 
In explaining the operation of the above de 

scribed apparatus, it will be assumed that the 
alternating current circuit do is energized at any 
desired frequency, preferably a commercial fre 
quency, that the switch 43 is in its left-hand posi 
tion, the switch 52 in its right-hand position, 
and the motor field 4 and associated distributor 
42 in their illustrated positions. Under these 
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20,364 
conditions, the primary windings of the grid 
transformers 44-5, inclusive, are short-circuit 
ed. So that rho potentials are introduced thereby 
into the grid circuits of the several electric valves 
and their impedances are negligible. The pri 
mary windings of the grid transformers 24 and 
25 are energized with the potential appearing 
across resistors 35 and 36, respectively, through 
the switch 43, while these resistors are energized 
with the output potential of the phase shifting 
circuit 30 through the brushes. 39 and 40, respec 
tively, of the distributor 42. For starting the 
motor , the resistor 33 is adjusted until the 
grid potential supplied by the phase shifting 
circuit 30 is retarded substantially with respect 
to the potential of the circuit (0. In this way, 
electric valves 7 and 8 operate together as a 
rectifier supplying unidirectional current to the 
upper terminal of the phase winding 2 of the 
motor it, the current passing from the winding 
2, through the field winding 4, the reactor 56, 

the left-hand portion of the armature winding 
3 and electric valves 9 and 20, which return the 

unidirectional current alternately to the proper 
sides of the supply circuit O. For example, if 
the upper side of the circuit to be assumed to 
be positive initially, current will flow through 
electric valve 7 and the above traced circuit 
and Will be returned through electric valve 20, 
since the potential of the lower side of the circuit 
O is less than that of the upper and since, 

as is well understood by those skilled in the art, 
current will flow from a common source through 
two electric valves connected in parallel to that 
circuit having the lower counter-electromotive 
force. By the illustrated connection of the grid 
transformers, it will be seen that the grids of 
the valves of each pair 5-6, 7-8, etc., re 
ceive potentials, opposite in phase, but since 
their anode potentials are also opposite in phase, 
their relative phase displacements are equal. 
Thus, a relatively low potential unidirectional 
current is supplied to the upper portion of the 
phase winding 2 and the left hand portion of the 
phase winding 3. The distributor 42 is so 
mounted on the rotor that in the illustrated 
position of the distributor the field member f4 
is in a maximum torque producing position. 
When the motor rotor has noved through. Sub 
stantially 90 electrical degrees, aSSunning a Coun 
terclockwise rotation, the energizing circuit of 
the grid transformer 24 through the brush 39 
will be broken and the grid transformer 23 will 
be energized in accordance with the potential 
across resistor 34, the energizing circuit for 
which is completed through the brush 38. In 
a similar manner unidirectional current will 
now be supplied the lower portion of the phase 
winding 2 of the motor thus advancing the 
axis of resultant magnetization of the motor 
through 90 electrical degrees so that the motor 
field member 4 is again in maximum torque 
producing position. In this manner the current 
is successively commutated between the ter 
minals of the armature winding 2 and the ter 
minals of the armature winding 3 by means of 
their associated electric valves, the current al 
ways entering through one of the terminals of 
the phase winding 2, traversing the field wind 
ing and being returned from the other phase 
winding 3 to the circuit O. With this arrange 
ment the current is always commutated between 
electric valves carrying current in the same di 
rection so that in case the grid circuit of one of 
the electric valves should fail for any cause, no 

3 
Short circuit will result on the alternating cur 
rent supply circuit. At the same time, short 
circuit currents on the alternating current load 
circuit, that is the phase windings of the motor 
lf, are prevented, due to the unilateral conduc 
tivity characteristics of the electric valves. As 
the motor begins to rotate the field Winding 
4 generates a counter-electronotive force in 

the phase windings 2 and 3 which opposes the 
flow of current therethrough so that, the phase 
of the grid potentials of the several electric 
valves may be advanced by means of the phase 
shifting arrangement 30 to increase the average 
voltage applied to the motor terminals, as is well 
understood by those skilled in the art. 
When the motor f l is operating at low speed, 

the current may be easily commutated between 
the electric valves associated with the terminals 
of one of the phase windings, for example, the 
valves 5 and , because of the fact that the 
electromotive force of the supply circuit peri 
odically passes through Zero many times for each 
cycle of the current Supplied to the motor arma 
ture winding, and each time that such electromo 
tive force passes through Zero the grid of the elec 
tric valve may regain control. At higher speeds, 
however, where the frequency of the supply cir 
cuit is of the same Order of magnitude as the 
frequency of the current supplied to the motor 
armature windings, this type of commutation 
would become unsatisfactory due to the fact that 
the successive half cycles supplied to the motor 
armature windings might comprise different 
numbers of half cycles of the supply circuit and 
thus be unsymmetrical. However, with the 
above described arrangement, as the motor conses 
up to speed the field winding 4 generates a coun 
terelectromotive force in the windings 2 and 3, 
which is effective to commutate the current be 
tween the valves even at an intermediate point 
in the half cycle of the supply circuit, so that 
the frequency commutation need not be relied 
upon. With such an arrangement the notor 
may operate at Speeds up to and beyond syn 
chronous Speed. However, it has been found that 
the optimum position of the distributor for low 
speed conditions does not necessarily correspond 
With that for high speed conditions since the 
phase of the generated counter-electromotive 
force may vary with respect to the notor shaft ; 
under heavy load conditions. 

It has been found that most satisfactory opera 
- tion at speeds above approximately half synchro 
nous speed may be obtained by exciting the grids 
of the several electric valves in accordance with 
the electromotive force of the notor armature 
terminals. Such excitation may be obtained by 
means of the above described apparatus by op 
erating the switch 43 to its right-hand position, 
thus removing the excitation used for starting the 
motor and short-circuiting the grid transformers 
23-26, inclusive, to minimize their impedance in 
the grid circuits and operating the switch 52 to its 
left-hand position. Under these conditions, the 
grids of the electric valves associated with each 
motor terminal receive a grid potential substan 
tially in phase With the electromotive force of 
that terminal. Slight variations in the phase of 
this grid potential may be obtained by means of 
the rotary phase shifting transformer 54 to se 
cure the best operating conditions. 
ating within this speed range, it has been found 
that a very satisfactory speed control may be ob 
tained by means of a variable resistor connected 
in parallel with the field winding 4, as illus 

When oper 
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trated. With this type of grid excitation and 
that described in the preceding paragraph, the 
motor , although an alternating current motor 
of the synchronous type, has speed torque char 
acteristics similar to those of a direct current 
series motor. 

In Fig. 2 there is illustrated a modification of 
the arrangement shown in Fig. 1 for transmitting 
energy from a polyphase alternating current sup 
ply circuit to a variable speed polyphase alternat 
ing current motor of the squirrel cage induction 
type. In this figure energy is transmitted from a 
quarter phase alternating current circuit 60 to 
a quarter phase motor 6 through a plurality of 
pairs of electric valves 62 connected similarly to 
the arrangement of Fig. 1 with the exception that 
energy is drawn from one phase of the alternating 
current circuit 60, transmitted through the motor 
6 and returned to the other phase of the alter 
nating current circuit 60. Such an arrangement 
is somewhat more simple than those described in 
connection with Figs. 3 and 4 in that only a single 
pair of electric valves is required for each of the 
motor terminals, while it has the disadvantage 
that the current drawn from the polyphase cir 
cuit is unbalanced. Such an arrangement is, 
therefore, particularly suitable for installations 
comprising a number of relatively small motors . 
energized from the same circuit, so that the un 
balance current drawn by one motor may be com 
pensated by that drawn by another. In this ar 
rangement also the synchronous motor of Fig. 
1 is illustrated as replaced by a squirrel cage in 
duction motor 6, in which case the field winding 
is omitted and the electrical neutrals of the phase 
windings 63 and 64 of the motor 6 are intercon 
nected through a reactance device 65. Also when 
operating an induction motor, the distributor 42 
must be driven at a speed above that of the motor 
as for example, through a differential gearing 66, 
one element of which is driven through a pilot 
motor 66a. This stepping up of the speed of the 
distributor is necessary in order to determine the 
slip of the induction motor and thus its Speed 
for any particular load. The connections to the 
grids are otherwise as in the arrangement illus 
trated in Fig. 1. When operating a motor of the 
induction type, however, in which it inherently 
draws a lagging current, the current cannot be 
commutated between the several electric valves 
by the counter-electromotive force of the motor, 
so that that feature of grid excitation described 
in connection with Fig. 1 may be omitted. Other 
wise, the operation is similar to that described 
in connection with Fig. 1. 

In Fig. 3. is illustrated a further modification 
of the power circuit of Fig. 1 suitable for trans 
mitting energy from a three-phase alternating 
current supply circuit to a quarter phase motor. 
The arrangement is similar to Fig. 1 with the 
exception that three valves 6T are required for 
interconnecting each of the motor armature ter 
minals with the three lines of the three-phase al 
ternating current supply circuit 68. The same 
type of grid control may be utilized as that de 
scribed in connection with Fig. 1. 
There is illustrated in Fig. 4 an arrangement 

for supplying energy to a three-phase alternat 
ing current motor of the Synchronous type from 
a polyphase alternating current Supply circuit, 
for example, a three-phase supply circuit 68. In 
this arrangement the motor 70 is illustrated as 
of the synchronous type, but, as will be well un 
derstood by those skilled in the art, may be of 
the induction type as illustrated in Fig. 2. The 

20,364 
motor 70 comprises two armature windings Tf 
and 72 and a field or exciting winding 74 con 
nected between their neutrals. Each of the sev 
eral terminals of the armature windings T and 
T2 is interconnected with each of the lines of the 
supply circuit 68 through an electric valve 69. 
The operation and grid control arrangements 
are similar to that described in connection with 
Fig. 1. 
While I have described my invention as ap 

plied to arrangements for transmitting energy 
from single-phase, quarter phase or three-phase 
alternating current circuits, to quarter phase Or 
three-phase alternating current motors, it will 
be obvious to those skilled in the art that my 
invention is equally applicable to the transmis 
Sion of energy between a Supply circuit of any 
number of phases and an alternating current 
motor of any number of phases. 
While I have described what I at present con 

sider preferred embodiments of my invention, it 
will be obvious 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 with 
in the true spirit and scope of my invention. . 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 1. An electric valve converting system com 
prising a source of alternating current, electric 
translating apparatus including a plurality of 
phase windings, a group of similarly connected 
electric valves iriterconecting one of Said phase 
windings and said source, a second group of elec 
tric valves connected oppositely to said first group 
and interconnecting another of said phase wind 
ings and said source, and means for controlling 
the conductivity of said valves. . 

2. An electric valve converting system com 
prising a source of alternating current, electric 
translating apparatus including a plurality of 
phase windings, electric valve means for trans 
mitting current from said source to one of said 
windings, an interconnection between said phase 
windings, electric valve means for returning said 
current from another of said windings to Said 
source, and means for controlling the conduc 
tivity of said electric valve means. 

3. An electric valve converting system com 
prising a source of alternating current, electric 
translating apparatus including a plurality of 
phase windings, a group of electric valves con 
nected to transmit current continuously from 
said source to one of said windings, an intercon 
nection between said phase windings, a second 
group of electric valves connected to return said 
current continuously from another of said wind 
ings to said source, and means for controlling 
the conductivity of said groups of valves. 

4. An electric valve converting System com 
prising an alternating current supply circuit, 
electric translating apparatus including a pair of 
inductive windings, an electric valve intercon 
necting each terminal of one of said windings 
with each terminal of Said alternating current 
circuit, said valves being similarly connected 
With respect to said supply circuit, an intercon 
nection between said windings, and an electric 
valve interconnecting each terminal of the other 
of said windings with each terminal of said 
alternating current circuit in a sense opposite 
to that of said first mentioned valves, and means 
for controlling the cond ctivity of said valves. 

5. An electric valve converting System com 
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20,364 
prising an alternating current supply circuit, 
electric translating apparatus including a pair of 
inductive windings each provided with an elec 
trical neutral, a reactance device interconnect 
ing said neutrals, an electric valve interconnect 
ing each terminal of one of said windings and 
each terminai of said alternating current cir 
cuit, said valves being similarly connected with 
respect to Said supply circuit, an electric valve 
interconnecting each terminal of the other of 
said windings with each terminal of said supply 
circuit in a Sense opposite to that of Said first 
mentioned valves, and means for controlling the 
conductivity of said valves. - 

6. An electric valve converting system com 
prising a polyphase alternating current supply 
circuit, electric translating apparatus including 
a plurality of inductive windings, electric valve 
means for Supplying current to one of said wind 
ings from One phase of said supply circuit, a con 
nection between said windings, other electric 
Valve means for returning said current from an 
other of Said windings to another phase of said 
Supply circuit, and means for controlling the 
conductivity of said electric valve means. . 

7. An electric valve converting system, com 
prising a polyphase alternating current supply 
circuit, polyphase electric translating apparatus 
comprising a pair of inductive windings each 
provided with an electric neutral, a reactance 
device interconnecting said neutrals, an electric 
valve interconnecting each terminal of one of 
said windings with one phase of said supply cir 
cuit, said valves being similarly connected with 
respect to said supply circuit, an electric valve 
interconnecting each terminal of the other of 
said Windings with another phase of said supply 
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circuit in a sense opposite to that of said first 
mentioned valves, and means for controlling the 
conductivity of said valves. 

8. An electric valve converting system com 
prising an alternating current supply circuit, 
polyphase electric translating apparatus includ 
ing a pair of polyhase inductive networks each 
provided with an electrical neutral, a reactance 
device interconnecting said neutrals, an electric. 
valve interconnecting each phase terminal of one 
of said networks with each terminal of said sup 
ply circuit, said valves being similarly connected 
with respect to said supply circuit, an electric 
valve interconnecting each phase terminal of the 
Other of Said networks with each terminal of 
Said Supply circuit in a sense opposite to that of 
said first mentioned valves, and means for con 
trolling the conductivity of said valves. 

9. An electric valve converting system, com 
prising , an alternating current supply circuit, 
polyphase electric translating apparatus com 
prising a plurality of phase windings, electrie 
valve means connecting said phase windings 
across said source in series circuit relation, and 
means for controlling the conductivity of said 
electric valve means. 

10. The method of energizing a polyphase elec 
tric translating apparatus comprising a plurality 
of phase windings from a source of alternating 
current which comprises continuously supplying 
current from said source to one of said phase 
windings, transmitting said current to another 
of said phase windings, and continuously return 
ing said current from said last mentioned phase 
Winding to said Source. 

11. The method of energizing a polyphase elec 
tric translating apparatus comprising a plurality 
of phase windings from a source of alternating 

5 
current which comprises continuously supplying 
unidirectional current to one of said phase wind 
ings, periodically changing the point of entrance 
of Said current from one terminal to the other, 
transmitting said unidirectional current to a sec 
old of said phase Windings, continuously re 
turning Said current from said second phase 
Winding to said source, and periodically chang 
ing the point of exit of said current from one 
terminal to the other of said second winding. 

12. An electric valve frequency changing sys 
tem comprising a Source of alternating current, 
a load circuit comprising a plurality of phase 
windings, a group of similarly connected elec 
tric valves interconnecting one of said phase 
Windings and said source, a second group of elec 
tric valves interconnecting another of said phase 
windings and said source, said second group of 
valves being connected oppositely to said first 
group with respect to said source, and means 
for controlling the conductivities of said valves 
at a variable frequency to supply variable fre 
quency alternating current to said load circuit. 

13. An electric valve converting system com 
prising a Source of alternating current, an alter 
nating current dynamo-electric machine pro 
vided with a plurality of phase windings, a group 
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of similarly connected electric valves intercon 
necting one of Said phase Windings and said 
Source, an interconnection between said phase 
windings, a second group of electric valves inter 
connecting another of said phase Windings and 
said source, said second group of valves being 
connected oppositely to said first group with re 
spect to said source, and means for controlling 
the conductivities of said valves at a variable 
frequency to vary the speed of said machine. 

14. An electric valve converting system con 
prising a source of current, a dynamo-electric 
machine provided with a plurality of arnature 
terminals, a plurality of electric valves inter 
connecting Said Source, and said terminals for 
commutating the current therebetween, said sys 
tem including a circuit carrying unidirectional 
current, and a reactance device connected in Said 
unidirectional current circuit to maintain sub 
stantially steady current therein and serving as 
a source of excitation for said machine. 

15. An electric valve converting system com 
prising a source of alternating current, a dynamo 
electric machine provided with a plurality of 
armature phase windings a plurality of electric 
valves interconnecting said phase Windings and 
said source and acting to rectify said alternating 
current and commutate it between said phase 
windings, said phase windings and valves being 
connected to form a direct current circuit, and a 
reactance device in said direct current circuit to 
smooth out the ripples of the supply frequency, 
said reactance serving also as an exciting wind 
ing for said machine. ' 

16. An electric valve converting System. Con 
prising a source of current, a motor provided 
with a pair of armature phase Windings each pro 
vided with an electrical neutral, a first group of 
similarly connected electric valves interconnect 
ing one of said windings and said Source, an ex 
citing winding for said motor connected between 
the neutrals of said windings, a second group of 
electric valves interconnecting the other phase 
winding with said source, said second group be 
ing connected oppositely to said first group with 
respect to said source, and means for controlling 
the conductivity of said valves. 

17. An electric valve converting system com 
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prising a Source of current, a motor provided with 
a plurality of armature phase windings, a plu 
rality of electric valves interconnecting said 
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source and said windings for commutating the 
current therebetween, said system including a 
circuit carrying unidirectional current, a react 
ance device connected in said unidirectional cur 
rent circuit to maintain substantially steady 
Current therein and serving as a source of excita 
tion for said motor, and a variable impedance de 
Vice in circuit with said reactance device to vary 
the Speed-torque characteristics of said motor. 

18. An electric valve converting system com 
prising a source of current, a motor provided with 
a pair of armature phase windings each having 
an electrical neutral, a first group of similarly 
connected electric valves interconnecting one of 
Said windings and said source, an exciting wind 
ing for said motor connected between the neu 
trals of said windings a second group of electric 
Valves interconnecting the other phase winding 
with said source, said second group being con 
nected oppositely to said first group with re 
Spect to Said source, means for controlling the 
conductivity of said valves in accordance with 
an operating condition of said motor, whereby the 
motor is given series motor characteristics, and 
a variable impedance device in circuit with said 
exciting winding for varying the speed-torque 
characteristics of said motor. 

19. An electric valve converting system com 
prising a source of current, a motor provided with 
a pair of armature phase windings each having 
an electrical neutral, a first group of similarly 
connected electric valves interconnecting one of 
Said windings and said source, an exciting wind 
ing for said motor connected between the neu 
trals of Said windings, a second group of electric 
valves interconnecting the other phase winding 
with Said source, said second group being con 
nected oppositely to said first group with respect 
to said source, means for controlling the con 
ductivity of said valves in accordance with an 
Operating condition of said motor, whereby said 
notor is given Series motor characteristics, a re 
actance device in series with said exciting wind 
ing, and a variable resistor connected in parallel 
with said exciting winding to vary the speed 
torque characteristics of said motor. 

20. An electric valve converting system com 
prising a source of alternating current, an elec 
tric translating apparatus, a plurality of electric 
valves interconnecting said source and said ap 
paratus, each of said valves being provided with 
an anode, a cathode, and a control grid, a grid 
circuit for each of Said valves including a dis 
tributor and an alternating potential derived 
from said source, and means for varying the phase 
of said alternating potential to vary the energiza 
tion of said apparatus. 

21. An electric valve converting system com 
prising a Source of alternating current, a dyna 
mo-electric machine provided with a plurality 
of armature terminals, a plurality of electric 
valves interconnecting said source and said ter 
minals for commutating the current therebe 
tween, each of Said valves being provided with 
an anode, a cathode, and a control grid, a dis 
tributor provided with a brush for each of said 
armature terminals, a phase shifting device en 
ergized from said Source, a plurality of circuits 
energized from said phase shifting device and 
including a brush of Said distributor and an in 
pedance device, and a circuit for exciting the 
grids of the valves aSSociated with each terminal 
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of said armature winding with the potential 
across one of Said impedance devices. 

22. An electric valve converting system con 
prising a source of alternating current, a motor 
provided with a plurality of armature terminals, 
a plurality of electric valves interconnecting said 
Source and said terminals for commutating the 
current therebetween, each of said valves being 
provided with an anode, a cathode, and a control 
grid, a direct current exciting winding for said 
motor, a distributor driven by said motor and 
provided with a brush for each of Said motor 
terminals, a phase shifting device energized from 
said source, a plurality of circuits energized from 
said phase shifting device and including a brush 
of Said distributor and a resistor, and a circuit 
for exciting the grids of the valves associated 
with each terminal of said armature winding with 
the potential across one of said resistors. 

23. The method of operating a dynamo-elec 
tric machine provided with a plurality of arma 
ture windings and associated terminals from a 
Source of alternating current through a plurality 
of electric valves provided with control grids 
which comprises applying successively to the 
grids of the valves associated with the several ar 
nature terminals an alternating potential de 
rived from said source, and varying the phase of 
Said alternating potential to vary the energiza 
tion of said machine. 

24. The method of operating a dynamo-elec 
tric machine provided with a plurality of arma 
ture windings and associated terminals from a 
source of alternating current through a plural 
ity of electric valves provided with control grids 
which comprises applying an alternating poten 
tial derived from said source to the grids of the 
Valves associated with the terminal of an arma 
ture winding in torque producing position, suc 
cessively transferring said grid excitation to the 
valves associated with successive armature ter 
minals as their respective windings move into 
torque producing position, and varying the phase 
of Said alternating potential to vary the energi 
zation of said machine. 

25. The method of starting a motor provided 
with a plurality of armature windings and as 
Sociated terminals from a source of alternating 
current through a plurality of electric valves 
provided with control grids which comprises ap 
plying to the grids of the valves associated with 
the terminal of an armature winding in torque 
producing position, an alternating potential de 
rived from said source and retarded in phase 
with respect thereto, successively transferring 
said grid excitation to the valves associated with 
successive armature terminals as their respec 
tive windings move into torque producing posi 
tion, and advancing the phase of said alternat 
ing potential to increase the energization of said 
motor as it increases in speed. 

26. An electric valve converting system com 
prising a source of current, a dynamo-electric 
niachine provided with a plurality of armature 
terminals, a plurality of electric valves inter 
Connecting said Source and said terminals for 
commutating the current therebetween, each of 
said valves being provided with a control grid, 
a direct current exciting winding for said ma 
chine, and grid circuits for the several valves 
energized from Said armature terminals. 

27. An electric valve converting system com 
prising a source of current, a dynamo-electric 
machine provided with a plurality of armature 
terminals, a plurality of electric valves inter 
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connecting said source and said terminals for 
commutating the current therebetween, each of 
Said valves being provided with a control grid, 
a direct current exciting winding for said ma 
Chine, means for exciting said grids in accord 
ance With the counter-electromotive force of said 
machine, and means for determining the phase 
relation between said electromotive force and 
Said grid excitation. 

28. An electric valve converting system com 
prising a Source of current, a motor provided 
With a plurality cf armature terminals, a plu 
rality of electric valves interconnecting said 
Source and said terminals for cominutating the 
Current therebetween, each of said valves being 
prided With a control grid, a direct current 
exéffing Winding for Said notor, a control cir 
Clit for Said grids energized from Said motor 
terminals, and a manually operable phase shift 
ing device interposed in Said control circuit. 

29. An electric valve converting system com 
prising a Source of alternating current, a motor 
provided with a plurality of armature terminals, 
a plurality of electric valves interconnecting said 
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Source and said terminals for commutating the 
current therebetween, each of said valves being 
provided with a control grid, a direct current ex 
citing winding for said motor, a grid circuit for 
each of Said valves including a source of poten 
tial derived from said armature terminals, a 
distributor, and a source of alternating poten 
tial derived from said source, means for varying 
the phase of said alternating potential to vary 
the energization of said motor, and means for 
Selectively disconnecting either of the sources of 
potential in said grid circuit. 

30. An electric valve converting system com 
prising a Source of alternating current, a motor 
provided with a plurality of armature terminals, 
a plurality of electric valves interconnecting said 
Source and Said terminals for commutating the 
current therebetween, each of said valves being 
provided with a control grid, a direct current ex 
citing Winding for Said motor, means for exciting 
Said grids for motor speeds below approximately 
half synchronous Speed comprising a distributor 
driven by said motor, a source of alternating po 
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tential derived from Said source of alternating 
current, and means for varying the phase of said 
alternating potential to vary the Speed of the 
motor, and means for exciting said grids for 
higher motor Speeds comprising a source of grid 
potential derived from said armature terminals. 

31. The method of starting and operating a 
motor provided with a plurality of armature 
windings and associated terminals from a source 
of alternating current through a plurality of 
electric valves provided with control grids which 
comprises applying to the grids of the valves 
associated with the terminal of an armature 
Winding in torque producing position an alter 
nating potential derived from Said Source and 
retarded in phase with respect thereto, suc 
cessively transferring said grid excitation to the 
valves associated with successive armature ter 

inals as their respective Windings nove into 
torque producing position, advancing the phase 
of Said alternating potential to increase the ener 
gization of said motor as it increases in speed, 
and thereafter in pressing upon said grids a po 
tential determined by the counter-electromotive 
force of said notor. A. 

32. An electric valve converting system com 
prising a source of alternating current, a dyna 
ro-electric machine provided with a plurality 
of armature terminals, and a plurality of elec 

tric Valves interconnecting said source and said 
terminals for commutating the current there 
let Ween, said System including a reactance de 
Vice provided With an exciting winding energized 
With a unidirectional magnetomotive force, said 
reactance device Serving as a source of excita 
tion for said machine. 

33. In a control system for a motor having a 
plurality of armature windings and a field wind 
ing each divided into a plurality of angularly 
displaced secticins, an alternating current supply 
line, electron discharge means connected with 
the windings of the motor for controlling the en 
ergization thereof from said supply line, a source 
of potential, adjustable means controlling the 
Operation of said means by controlling the con 
nection of said source thereWith, and means for 
producing the simultaneous energization of at 
least two portions of different ones of said arma-. 
ture windings. 

34. In a control. System for a motor having a 
plurality of armature windings and a field wind 
ing, a polyphase alternating current supply line 
connected with said windings, electron discharge 
reans ce)nnected with the armature Windings of 
the motor for controlling the energization there 
of, a source of potential, adjustable means con 
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trolling the operation of said means by con 
trolling the connection of said source therewith, 
and means for obtaining simultaneous energiza 
tion of portions of at least two of said arnature 
windings Supplied with current from said sup 
ply line. . 

35. In a control system for a motor having a 
plurality of arnature windings and a field Wind 
ing each divided into a plurality of angularly 
displaced sections, an alternating current Sup 
ply line, electron discharge means connected with 
said line and the armature Windings of the motor 
frr controlling the energization thereof, a source 
of direct current, means for obtaining low poten 
tial alternating current from said line, means 
connected with said Source and With the said OW 
potential alternating current means for control 
ling the operation of said electric discharge 
means, and means for obtaining simultaneous 
energization of at least two portions of different 
ones of said arnature windings. 

36. In a control system for a motor having a 
rurality of armature windings and a field wind 
ing, a polyphase alternating current Supply line, 
electron discharge apparatus connected with the 
windings of the motor, and means controlling the 
operation of said apparatus to produce the simul 
taneous energization of portions of at least two 
af said armature windings by transmitting cur 
rent from one phase of said Supply line to a dif 
fgrent phase thereof through said windings. 

37. In a control System for a motor having a 
plurality of arnature windings each divided into 
a plurality of angularly displaced sections and a 
field winding, an alternating current supply line 
connected with the motor windings, electron dis 
charge apparatus having anodes with associated 
control electrodes, a source of potential, distribu 
tor means for co-operatively controlling the con 
nection of said source with the control electrodes 

control the operation of said apparatus to 
cause the sequential energization of the respective 
sections of each one of said armature Windings, 
and means for obtaining the simultaneous ener 
gigation of at least two sections of different ones 
cf said armature windings. 

38. In a control system for a motor having a 
plurality of armature windings each divided into 
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a plurality of angularly displaced sections and a 
field winding, an alternating current supply line 
connected with the motor windings, electron dis 
charge apparatus for controlling the flow of en 
3rgy from said line through said motor, a source 
of potential, distributor means for controlling the 
connection of the control electrodes with said 
source to control the operation of said device to 
cause the sequential energization of each one of 
he respective sections of said armature windings, 
neans for producing the simultaneous energiza- - 
tion of at least two sections of different ones of 
said armature windings, and means for control 
ng the connection of said source with said dis 

tributor means. 
39. In a motor control system, an alternating 

current supply line, a motor having rotating field 
windings and a plurality of armature windings 
each divided into a plurality of star connected 
portions, electron discharge apparatus connected 
with the motor windings and controlling the flow 
of current therethrough, means for controlling 
the operation of said apparatus to cause the se 
queritial energization of different portions of each 
one of said armature windings, and means for 
obtaining the simultaneous energization of at 
least two portions of different ones of said arma 
ture windings. 

40. In a control system for a motor having a 
plurality of armature windings each divided into 
a plurality of displaced sections and a field wind 
ing, a polyphase alternating current supply line, 
electron discharge apparatus interconnecting Said 
supply line with the several sections of the arma 
ture windings of the motor for controlling the 
energization thereof, a source of direct current, 
means for obtaining low potential current from 
said line, means connected with said source and 
with the first said means for controlling the op 
eration of said apparatus, and means for trans 
mitting current from one phase of said line 
through certain of said armature windings to 
another phase of said line thereby obtaining 
simultaneous energization of a plurality of por 
tions of different ones of said armature windings. 

41. In a control system for a motor having a 
plurality of armature windings and a field wind 
ing each divided into a plurality of angularly 
displaced sections, an alternating current supply 
line connected with said windings, electron dis 
charge apparatus connected with the windings 
of the motor for controlling the energization 
thereof, a source of potential, adjustable means 
responsive to the speed of said motor for Con 
trolling the operation of said apparatus by Con 
trolling the connection of said source therewith, 
and means for obtaining simultaneous energiza 
tion of at least two portions of different ones of 
said armature windingS. 

42. In a control System for a notor having a 
plurality of armature windings and a field wind 
ing each divided into a plurality of angularly 
displaced sections, an alternating current supply 
line connected with said windings, electron dis 
charge apparatus connected with the armature 
windings of the motor for controlling the ener 
gization thereof, a source of direct current, means 
for obtaining low potential alternating current 
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from said line, means connected with said source 
and with the first said means for controlling the 
operation of said apparatus in response to the 
speed of said motor, and means for obtaining 
simultaneous energization of a least two portions 
of different ones of said armature windings. 

43. In a control system for a motor having a 
plurality of armature windings each divided into 
a plurality of displaced sections and a field 
winding, a polyphase alternating current Supply 
line connected with said Windings, an electron 
discharge apparatus connected with the several 
sections of the armature windings of the motor 
for controlling the energization thereof, a source 
of direct current, means for obtaining low po 
tential current from Said line, means Connected 
with said source and with the first said means 
for controlling the operation of Said apparatus in 
accordance with the speed of said motor, and 
means for obtaining simultaneous energization 
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of a plurality of portions of different ones of said 
armature windings. 

44. An electric valve converting System Con 
prising a source of alternating current, polyphase 
electric translating apparatus including a dy 
namo-electric machine provided with a plurality 
of phase windings, electric valve means inter 
connecting said phase winding with said source, 
means for simultaneously energizing at least por 
tions of two of Said phase Windings, and means 
for controlling the conductivity of said electric 
valve means. 

45. An electric valve converting system Com 
prising a source of alternating current, a dy 
namo-electric machine provided with a plurality 
of armature windings, electric valve means inter 
connecting said source and said armature Wind 
ings for commutating the current thereb2tween, 
said System including a circuit carrying unidirec 
tional current, and a reactance device connected 
in said unidirectional current circuit and Serving 
as a source of excitation for said machine. 

46. An electric valve converting system com 
prising a source of alternating current, an electric 
translating apparatus, electric valve means inter 
connecting said source and said apparatus, said 
valve means being provided with a plurality of 
anodes, a control grid for each of Said anodes, 
a grid circuit for each of said grids including 
distributor means and an alternating potential 
derived from said source, and means for vary 
ing the phase of said alternating potential with 
resect to Said source to Wary the energization 
Of Said apparatus. 

47. The method of operating a dynamo-elec 
tric machine provided with a plurality of arma 
ture windings and associated terminals from a 
source of alternating current through an elec 
tric valve means provided with a plurality of dis 
charge paths provided with control grids which 
comprises applying successively to the grids of 
the valve paths associated with the Several elec 
tric terminals an alternating potential derived 
from said source, and varying the phase of said 
alternating potential to vary the energization of 
said machine, 
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