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My invention relates to electric circuits

. for shifting the phase of .an alternating po-

tential derived from a source with respect

to the potential of that source and more
5 particularly to such electric circuits' by
means of which a shift in phase of nearly
360° may be obtained by variation of the
circuit elements within practical limits.

. My invention is of general application in
electric control and regulating systems al-
though it is particularly adapted for use in
connection with electric power -converting
apparatus for transmitting energy between
direct current and alternating current sys-
15 tems, or between two alternating current

- systems, by the use of electric valves. In

such apparatus it is customary to control
the transmission of power between the di-
rect current and alternating current sys-
20 tems by shifting the phase of the potentials

- applied to-the control grids of the valves
with respect to the anode potentials. Vari-
ous arrangements have been provided -here-
tofore to effect this phase shift of the grid
potentials. Static phase shifters, that is,
electric circuits including various combina-
* tions of resistance, reactance and capaci-

tance, have proved to be most satisfactory
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and reliability. In the static phase shift-
ing circuits heretofore devised, it has been
-necessary o vary one of the circuit elements
from zero to infinity in order to obtain a
phase shift of 180°, while in some instances
it 'is desirable to obtain a phase shift of
more than 180° in order to provide .the

maximum flexibility in the control of the

power converting apparatus. Obviously
such a wide variation in a circuit element
is a practical impossibility, and even in
.-order to secure a reasonable range of phase
shift it has been necessary to vary the cir-
cuit elements over extremely wide limits.

- "It is an object of my invention to over-
come the disadvantages above noted in con-
nection with static phase shifting circuits
and to provide such a circuit in which the
desired phase shift of more than 180° can
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" be secured without extreme variation in the

circuit elements.

.means of which a shift in

from the standpoint of simplicity, economy,

It is a further object of my invention to
provide a static phase-shifting circuit by
1 phase of nearly
360° can be obtained by a moderate varia-
tion of only one of the circuit elements.
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According to my invention I provide a .

these circuits comprises an impedance ele-
ment or any other means for establishing a
point of mid-potential; the other circuit
comprises a resistor, a capacitor and a re-
actor, either the capacitor or reactor, pret.
erably the latter, being variable. For the
most satisfactory operation of my device I
have found that it is desirable to make the
impedance of the capacitor greater tham
that of the resistor and the maximum im-
pedance of the reactor, substantially twice
that of the capacitor. The output potential
is- taken from the mid-point of ‘the im-
pedance element and from the connection
between the resistor and the capacitor. In
this way, the branch of the circuit includ-

ing the capacitor and the reactor may be.

made to have either a capacitive or an in-
ductive reactance and, by varying this re-
actance from zero to its maximum value in
erther direction, a shift in phase of approx-
imately 180° may be obtained in either di-
r}elc?on, giving a total of nearly 360° phase
shift. i .

For a better understanding of my inven-

" tion together with other and further objects

bair of -parallel electric circuits; one of ‘
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thereof, reference is had to the following -

description taken in connection with the ac-
companying drawing and its scope will be
pointed out with~more particularity in the
appended claims. :

Figure 1 of the accompanying drawing
is a diagrammatic representation of my in-
vention as applied to an electric power
converting apparatus adapted to con-

- vert direct current into alternating current,

while Figs. 2 to 6, inclusive, are vector dia-
grams of the voltage relations appearing in
my improved phase shifting circuit to aid
in the understanding of the invention. -
Referring to Fig. 1 of the drawing I have
illustrated an electric power converting ap-
paratus comprising a direct current circuit
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10 interconnected with an alternating cur-
rent circuit 11 by a transformer 12 and elec-
" tric valves 13 and 14. The electric valves 13
and 14 may be of any of the several types
5 well known in the art, but I prefer to use
vapor electric discharge devices in which the

starting of the current through the device:

is ‘dependent upon the potential of the con-
trol grid but in which the current in the de-

10 vice may be interrupted only by reducing
. the anode voltage below its critical value,
A commutating capacitor 15 is connected
between the anodes of the electric valves
13 and 14 to facilitate the transfer of cur-

15 rent between them. As is well understood
- by those skilled in the art, the amount of
power transmitted -between the direct cur-
rent circuit 10 and the alternating current

. circuit 11 can be controlled by controlling
20 the phase of the potentials applied between
the grid and the cathode of each of the

~ valves 13 and 14 with respect to their anode
potentials. In order to control the phase
of the grid potentials with respect to the
25 anode potentials I have shown a phase-shift-

ing circuit comprising two parallel circuits

connected across the alternating current cir-
cuit. The first of these.circuits constitutes
an impedance element shown as a reactor

30 16 which serves to provide a point of inter-
_ mediate potential in the alternating current
-circuit, preferably a point of mid-potential.
_The second parallel circuit is made up of a
serially connected reactor 17, capacitor 18,

- 36 and resistor 19. The primary winding 21
of a grid transformer 22 is connected be-
tween the mid-point of the reactor 16 and
the connection between the capacitor 18 and
the resistor 19. The secondary winding 23

40 of this transformer is provided with a mid-
~tap which is connected to the cathodes of
the valves 13 and 14 through a. current-
limiting resistor 24 and a negative bias bat-
tery 25, while its terminals are connected
45 to the grids of the electric valves 13and 14.
The amount of power transmitted from

. the direct current circuit 10. to the alter-
nating current circuit 11 may be controlled

by varying the magnitude of the reactor
50 1; to vary the phase of the potentials ap-
- plied to the grids of the valves 13 -and 14
with respect to the anode potentials of these

valves.  The manner in which this shift is-

effected may be explained more clearly by
85 reference to Figs. 2 to 6, inclusive, which
represent the voltage vector diagrams of

my improved phase shifting circuit under .

~ various ‘operating conditions. In each of
Figs. 2 to 6, inclusive, the vector AB repre-
60 sents the voltage across reactor 16, the

point. 0 corresponding to the potential of

- the midtap of the reactor; the vector AC
represents the voltage across reactor 17;
the " vector  CD represents the potential

65 across the capacitor 18; the vector DB,
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vector- DO the potential between the mid-
tap of the reactor 16 and the junction point
20; that is, the grid potential of the valves
13 and 14. Assume that the reactor 17 is

‘the potential across the resistor 19; and the -
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so adjusted that its reactance at the fre- -

quency at which the system is operating is

exactly equal to that of the capacitor 18.

This condition is represented by the vector
diagram of Fig. 2. Under this condition

‘the total impedance of this braneh. of the

circuit is zero and the potential applied to
the primary winding 21 of the grid trans-
former is that of the left-hand portion of
the reactor 16 and is, of course, in phase
with the alternating potential of the cir-
cuit 11. If now the inductance of the re-
actor 17 be decreased so that-the effective
reactance in this branch of the circuit is
capacitive, the voltage applied to the pri-
mary winding 21 will lead the voltage of
the alternating current circuit 11 as illus-
trated by the vector diagram of Fig. 3.
When the inductance of the reactor 17 has
been reduced to zero, the capacitor 18 is
the only effective reactance in this branch
of the circuit and if this reactance is very

“high as compared with the value of ‘the

resistor 19, the potential of the point 20
will approach that of the right-hand “ter-
minal of the reactor 16 very .closely and
the potential applied to the primary wind-
ing 21 will lead the .potential of the alter-
nating current circuit 11 by approximately
180°.  The vector diagram of Fig. 4 repre-
sents this condition.
the inductance of the reactor 17 be increased
so that its reactance is greater than that of
the capacitor 18, the reactance of this branch
of the circuit becomes inductive and the po-
tential applied to the primary winding 21
will lag behind that of the alternating cur-
rent circuit 11 as illustrated by the vector

_diagram of Fig. 5. If the inductance of this

reactor 17 be increased to its maximum
value, in 'which position its reactance is
preferably substantially twice that of the

capacitor 18, the impedance of this branch-

of the circuit is again very large as com-

~pared with that of the resistor 19, the po-

tential of the point 20 will approach that
of the right-hand terminal of the reactor
16, and the potential applied to the primary

‘'winding’ 21 will lag behind that of the
-alternating current circuit 11 by approxi-

mately 180°. This condition is represented
by the vector diagram of Fig. 6. Thus,
it is seen, by a variation in the value of the
reactor- 17 within practical limits a shift

in phase of the grid potential over nearly

360° is easily obtained. The value of the

resistor 19 1s preferably relatively small,

being limited only by the energy consumed

On the other hand, if -
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wheén the reactance of the reactor 17 and

capacitor 18 is equal to zero. .
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While I have ‘shown and described what
I at present consider the preferred embodi-

‘ment 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 within 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. In combination with a souice of alter-
nating potential means for obtaining a
potential variable in phase with respect
thereto over a range of more than 180 elec-
trical degrees comprising means for estab-
lishing a point of intermediate potential of
said source, a two-part series circuit con-
nected across said source comprising re-
spectively a resistance and an inductance
and capacitance one of which is variable,
and an output circuit connected between
said intermediate point and the junction of
said two-part circuit.

2. In combination with a source of alter-

- nating potential, means for obtaining a po-
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‘potential variable in phase with respect
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tential variable in phase with respect there-
to over a range of more than, 180 electrical
degrees comprising an impedance connected

across said source, a two-part series circuit
~connected across said source comprising re-

spectively a resistance and a capacitance
and variable inductance, and an output cir-

‘cuit connected between an intermediate

point of said impedance and the junction of
said two-part circuit. N -

8. In combination with a source of alter-
nating potential means for obtaining a

thereto over a range of more than 180 elec-
trical degrees comprising. an impedance
connected across said source, a two-part
series circuit connected across said source,
the first part comprising a resistance and
the second part comprising a capacitance

~ having an impedance greater than said re-
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sistance at the frequency of said source
and a serially ‘connected variable induc-
tance having an impedance substantially
twice that of the capacitance.
In witness whereof, I have hereunto set
my hand this 26th day of August, 1930.
: BURNICE D. B DFORD.



