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My invention relates, in general, to synchro 
nizers and more particularly to automatic syn 
Chronizers of the electronic tube type utilizing 
electrical discharge or gaseous conduction tubes. 
Many automatic Synchronizers of the mechani 

cal type have been designed and introduced into 
the electrical industry to improve methods of 
paralleling alternating current systems, however, 
these mechanical type synchronizers are found to 
have many undesirable features. Because of 
fliction and inertia of the moving parts of a 
mechanical type Synchronizer, a heavy volt 
anpere burden is often placed on the instrument 
transformers utilized with the device. This power 

is demand often exceeds the maximum power out 
put of the instrument transformer necessitating 
that it be replaced with another of greater power 
capacity before the Synchronizing device can be 
used. This undesirable feature of heavy volt 
ampere requirement makes the mechanical Syn 
chronizer impractical for operation from stand 
ard Condenser bushing potential devices which 
have a very low volt anpere capacity. 
Altomatic Synchronizers of the thermionic tube 

type have been developed as an improvement over 
the mechanical type synchronizer, one of which 
is disclosed in my United States Patent No. 
1,977,384, issued October 16, 1934. The auto 
matic Synchronizer of this type was a decided 
improvement over the mechanical type in that 
rowing parts Were reduced in number and the 
volt ampere requirement was also reduced. 

However, it was found in practice that this 
ther nionic tube Synchronizer also had disadvan 
tages which seemed desirable to eliminate. While 
the power requirements for its operation was of a 
low value, the device embodied a number of in 
tellocking mechanical relays which operated in a 
Certain predetermined sequence. It is well known 
that all mechanical relays have certain operating 
time constants for the reason that there is a 
time lag between the time current as applied to 
the operating Winding of the relay and the time 
it takes for the relay to complete its mechanical 
movement. By means of variable adjustments 
which were provided in the thermionic tube syn 
chronizer, the time constants of the relays could 
be compensated for. However, it was found that, 
because of inherent characteristics of the relay, 
ancing which Were close clearances between con 
tact members and delicate structure of relay parts, 
this time constant did not remain at a fixed 
value, therefore making it difficult to maintain 
the correct adjustment of the synchronizer at all 

be a decided improvement. 

(C. 171-118) 
times to coinpensate for the time constant of the 
relayS. 

It will be readily understood that much damage 
may be done to electrical Systems and equipment 
should such Systems be paralleled at a time when 
either or both the phase angle displacement and 
the frequency difference between the two Systems 
exceed certain predetermined safe limitations. 
In connection with Such limitations, increments 
of time in the range of 3 or 4 thousandths of a 
Second are of paramount in portance in the SULC 
cessful and satisfactory operation of automatic 
Synchronizers and it will be appreciated that the 
elimination of as many relays as p0SSible Would 

My invention, as Will 
be described in detail hereinafter, serves to elimi 
nate all of the mechanical relays found in the 
thermionic tube type synchronizer, with the ex 
ception of a single relay for controlling the en 
ergization of the closing coil of the circuit breaker, 
which results in more Satisfactory and more effi 
cient operation of devices of this type, and mini 
nizes the possibility of paralleling two alternat 
ing-current Systems at an improper time. 
The object of my invention, generally stated, is 

to provide an automatic Synchronizer of the elec 
trical discharge tube type which will be of simple 
and economical construction and which will be 
efficient and reliable in operation. 
A more Specific object of my invention is to 

provide for initiating the closing of a circuit 
breaker or switch for connecting together in 
parallel two alternating current sources at a point 
in advance of phase coincidence Within prede 
termined maximum limits of instantaneous fre 
quency difference between the two current Sources 
so that the current sources will actually be con 
nected at Substantially Zero phase angle displace 
ment. 
A further object of my invention is to provide 

for interlocking the electric discharge tubes of my 
device in Such a nanner that a closing of the 
switch for paralleling the two current sources is 
prevented should the instantaneous frequency 
difference between the two current Sources exceed 
a predetermined value. 
A still further object of my invention is to pro 

vide for interlocking the tube circuits of my de 
vice in such a manner that the current flow in 
the tube circuit which serves to energize the con 
trol apparatus, for initiating the closure of the 
paralleling Switch, is permitted only when both of 
the tubes in the device are simultaneously con 
ductive. 
Another object of my invention is to provide a 
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novel interlock for a control System by which 
current is permitted to flow in the control System 
only when the tubes become conductive in a Cer 
tain predetermined sequence. 
These and other objects of my invention will 

become more apparent to those skilled in the ait 
from the following detailed description When 
considered in connection with the drawing, in 
Which: 

Figure 1 is a diagrammatic view of an auto 
matic Synchronizer embodying the principal fea 
tures of my invention, and the circuits controlled 
thereby; and 

Fig. 2 is a graphic representation of the Oper 
atting characteristics of the Synchronizer showing 
the limits Within which the Synchronizer Will Op 
erate. 
Referring to Fig. 1, tWo Separate Sources of 

alternating current are represented by conduc 
tors and 2 Which may be connected together 
by the circuit breaker 3. The circuit breaker 3 
may be of any Well known type having a closing 
coil 4, the energizing current for which may be 
Supplied from any suitable source, such as the 
battery shown, and controlled by the relay 5. 

Generally Speaking, my automatic Synchro 
nizer comprises a circuit arrangement in which 
tWo tubes Of the electrical discharge type are 
utilized in an interlocking tube circuit arrange 
ment Which is described in detail hereinafter, SO 
that the current through the control circuit to 
initiate the closing of the circuit breaker 3, flows 
only when certain predetermined values of phase 
angle difference and frequency difference be 
tween the alternating current sources are present. 
This current Which flows in the Synchronizer cir 
cuit energizes the control relay 5 which, in turn, 
closes the circuit to the closing coil 4 of the cir 
cuit breaker 3. 
As ShoWn, the Synchronizer is connected to the 

two alternating current sources by means of 
transformers 6 and 7, each having a primary 
Winding and a plurality of secondary windings. 
In order to more clearly disclose the principal 

5 features and operation of the synchronizer, the 
operation of each of the two tubes and their 
associated control circuits will be described, foll 
lowed by a description of the operation of the 
Synchronizer. 

Control Circuit tube A 

As shown, the secondary Windings 8 and 9 of 
transformers 6 and 7 are connected in series to 
the alternating current terminals of the full Wave 
rectifier X) which may be of the well known 
copper oxide type, so that the Voltages induced in 
these windings are directly opposed when the 
phase angle displacement between the two alter 
nating current Sources and 2 is Zero. Accord 
ingly, it Will be apparent that the direct-current 
output of the rectifier X 0 is essentially a pull 
Sating Voltage which Varies from a minimum of 
Zero When the phase angle difference or displace 
ment between the two Systems is Zero, to a maxi 
mum when the phase angle displacement be 
tween the two systems is at a maximum of 180. 
To smooth out the alternating current compo 
nents of the rectified Voltage, a condenser C may 
be connected across the direct-current output 
terminals of the rectifier. This direct-current 
output from rectifier XO is impressed across a 
resistor R, f and accordingly Will produce a Volt 
age drop which, as has been explained, Will vary 
from zero to a maximum depending upon the 

75 phase angle displacement between the two sys 

2,231,713 
tems. This voltage drop across R forms a part 
of the grid bias for tube A. The rectifier output 
connections are so arranged that this voltage 
drop with respect to cathode and the grid O of 
the tube A represents a negative grid bias. 
Another component of grid bias for tube A is 

obtained from another rectifier X9 connected to 
the secondary winding 24 of transformer 6. The 
direct-current output of this rectifier is im 
pressed across a potentiometer P3, and produces 
a voltage drop which may be varied by changes 
in the potentiometer setting. The polarity of this 
voltage drop is so arranged that with respect to 
cathode and grid of tube A, it represents a posi 
tive grid bias. A smoothing condenser C2 may 
be also connected across the output terminals of 
this rectifier to function in the same manner and 
for the same purpose as condenser Cf. It Will be 
evident that Since the alternating-current termi 
nals of rectifier X9 are connected only to the 
source i, the direct-current Voltage appearing 
across the potentiometer P3 is independent of 
any phase angle displacement between the two 
Systems, and accordingly may be adjusted to any 
value by means of the variation in setting of the 
potentiometer P3. 
A grid leak resistor REO may also be utilized 

in the grid circuit of tube A as shown. The pow 
er Supply for inducing a current flow in the dis 
charge circuit of tube A When tube A becomes 
conductive, is produced by another rectifier X8 
Which may be connected to the secondary wind 
ing 6 of transformer 6. A smoothing condenser 
C3 may be connected across the output terminals 
Of this rectifier. 
The characteristics of the electric discharge 

tubes are such that With a highly negative volt 
age impressed between the grid O and the cath 
Ode of tube A, the tube remains non-con 
ductive and thus no current can flow in the cir 
cuit of the tube. However, when this negative 
voltage is reduced to a sufficiently low value, 
Which low value depends upon the inherent char 
acteristics of the tube itself, the tube will be 
come conductive and current will flow through 
the tube between cathode and anode 2 and 
hence in the circuit of tube A. 
Thus it will be evident that with the combina 

tion of the positive voltage drop across the po 
tentiometer P3 the amount of which may be se 
lectively controlled by variations in the setting 
of the potentiometer, and the negative voltage 
drop across resistor R. which is proportional to 
the phase angle displacement between the two 
alternating-current sources, the grid bias between 
cathode and grid 0 of tube A may be varied 
so that the tube A can be made to become con 
ductive in advance of Synchronism at any se 
lected phase angle displacement which will be 
independent of any difference in frequency exist 
ing between the two alternating-current sources. 

Accordingly, when tube A becomes conductive, 
current Will foW through the discharge circuit 
thereof which extends from the positive terminal 
of rectifier X8, through anode 2 and cathode i? 
of tube A, resistor R8, anode 5 and cathode 3 of 
tube B (provided tube B is also conductive si 
multaneously with tube A) the Winding of relay 
5 and back to the negative terminal of rectifier 
X8. 

Control Circuit tube B 
A rectifier X5 having its alternating-current 

terminals connected to the Secondary Winding 
of the transformer 6 furnishes one component of 
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2,231,713 3 
grid bias for tube B. The direct current output 
of this rectifier is impressed across a poten 
tiometer P2, the setting of which may be varied 
to produce a variable voltage drop across the 
potentiometer. The connections are such that 
the polarity of this voltage drop with respect to 
the grid 4 and cathode 3 of tube B represents 
a negative grid bias. A condenser C5 may be 
connected across the direct current output ter 
minals of rectifier X5 to Smooth out the alter 
nating-current components of the rectified volt 
age. It Will be understood that Since the alter 
nating-current terminals of rectifier X5 are con 
nected only to the source , the direct-current 
voltage thus obtained will be independent of 
any phase angle displacement existing between 
the two alternating-current sources. 
Another negative component of grid bias of 

tube B is supplied by the direct-current output 
of rectifier X. The alternating-current ter 
minals of rectifier X are connected to the sec 
ondary windings f8 and 9 of transformers 6 
and 7, respectively, in the same manner in which 
the alternating-current connections were made 
with respect to rectifier Xi O hereinbefore de 
scribed, thus producing across the direct-current 
output terminals of rectifier X a pulsating volt 
age of Zero value when the phase angle displace 
ment of the two Sources is Zero, and of maximum 
value when the phase angle displacement is 180. 
This pulsating direct-current output is impressed 
across resistor R3, thus producing a variable 
voltage drop which will accordingly vary between 
values of Zero and maximum depending upon 
the phase angle displacement of the two systems. 
This resistor R3 is so connected in the grid cir 
cuit of tube B that the polarity of the voltage 
drop obtained across this resistor is such that 
with respect to grid 4 and cathode 3 of tube B, 
it represents a negative grid bias. A smoothing 
condenser C6 may be connected across the out 
put terminals of rectifier X. 

In order to compensate for any voltage differ 
ence between the two sources which may ap 
pear acroSS the alternating-current terminals of 
rectifier X when the two sources are at a zero 
phase angle displacement, rectifiers X2 and X3 
are connected to Secondary windings 20 and 2 
of transformers 6 and 7, respectively. Smooth 
ing condensers C7 and C8 may be connected in 
the output circuits of rectifiers X2 and X3. It 
will be seen that the direct-current outputs of 
rectifiers X2 and X3 are impressed acroSS re 
sistors R and R2, respectively, and are further 
connected to rectifier X4. The direct-current 
output terminals of rectifier X4 are connected in 
the grid circuit of tube B and thus furnish a 
positive component of grid bias for tube B which 
will be proportional to any Voltage difference 
existing between the two Systems at Zero phase 
angle displacement. Without such a voltage 
compensator, the negative grid bias of tube B 
might not be lowered sufficiently to allow tube B 
to become conductive even though other pre 
requisites of phase angle displacement and fre 
quency difference between the two systems had 
been met. 

Still another component of grid bias for tube B 
is the voltage drop across the combination of 
resistor R6 and the variable potentiometer P. 
This component of grid bias as will now be ex 
plained is a function of the frequency difference 
between the two sources to be paralleled and 
hence renders tube B conductive at a time when 

the frequency difference is below a predeter 
mined value. 
Since the secondary windings 8 and 9 of 

transformer's 6 and 7, respectively, are connected 
to the alternating current terminals of rectifier 
X in such manner that the voltages of the two 
Systems are directly opposed when the phase 
angle displacement between the two Systems is 
Zero, it is evident that a beat voltage proportional 
to the frequency difference between the two sys 
tems will be applied to the rectifier. The direct 
current, Voltage output of rectifier X, therefore, 
Will be substantially a pulsating voltage varying 
from Zero to a maximum once per second for 
each cycle per second frequency difference be 
tween the tWO Systems. Since resistor R4 is con 
nected in Series. With resistor R3 across the di 
rect current output terminals of rectifier Xf, 
the voltage drop across R4 will also vary from 
Zero to a maximum once per second for each 
cycle per second difference in frequency between 
the two Systems to be paralleled. 
A Condenser C9 is connected across resistor R4 

to be charged with the beat voltage and will 
attain a maximum value proportional to the volt 
age drop across R4 when such drop is also at 
maximum Value. As this beat voltage is de 
creasing towards its Zero value, the voltage drop 
across R4 is also decreasing. The potential ap 
plied to condenser C9 now being higher than 
that acroSS R4, condenser C9 will discharge 
through the combination of resistor R6 and vari 
able potentiometer P. Such a discharge pro 
duces a Voltage drop across potentiometer Pf 
and resistor R6 which is connected in the grid 
Circuit of tube B. The current from condenser 
C9 flows through R3 and Pf in such a direction 
&S to produce a component of positive grid bias. 
A grid leak resistor RT may be used in the grid 
circuit of tube B. 
The electrical discharge device B is similar 

to discharge device A, and as heretofore ex 
plained in reference to operation of the device A, 
will not become conductive while a high nega 
tive Voltage exists between cathode 3 and grid 
4. When this grid voltage is reduced to a suffi 

ciently low value, device B will become conductive 
and current will flow between cathode 3 and 
anode 5 and hence in the discharge circuit of 
device B. 
The power supply for energizing the discharge 

circuit of device B consists of another rectifier 
X7 which has its alternating-current terminals 
connected to the Secondary winding 22 of trans 
former 6. Condenser C4 may be connected across 
this rectifier to smooth out alternating current 
components of rectified voltage. 
As heretofore explained, the component of grid 

bias consisting of the voltage drop across resistor 
R6 and potentiometer Pi will vary between values 
of Zero and maximum at a rate equal to the beat 
frequency of the two systems to be paralleled. It 
is evident then that with this component of grid 
bias in combination with those grid biases ob 
tained from the Voltage drop across potentio 
meter P2, resistor R3 and rectifier X4, the total 
grid bias of device B can be so varied as to make 
device B conductive at a point in advance of 
Synchronism. Within predetermined limits of fre 
quency difference between the Systems. 

Electrical discharge device B becoming conduc 
tive, current supplied from rectifier XT will pass 
from the positive terminal of rectifier XT through 
resistors R9 and R8, anode 5 and cathode 3 of 
device B, rectifier X6 and back to the negative ter 
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4 
minal of the rectifier. When device B becomes 
conductive, the discharge circuit of device A is 
completed, and, providing that device A is also 
conductive, current will flow in the winding of the 
relay 5 to energize the closing coil 4 of the circuit 
breaker 3. 

In the preferred embodiment of my invention. 
I employ electric discharge tubes, the cathodes 
of which are heated. To furnish such heating, I 
have shown the heating elements connected to the 
Secondary Winding 23 of transformer 7. While I 
prefer to use this heated cathode, I do not wish 
to be so limited as it is evident that other types 
of electrical discharge devices having similar op 
erating characteristics may be used without de 
parting from the spirit and scope of my invention. 

Likewise, it is evident that with respect to those 
rectifiers which I have shown as being connected 
to only one of the two alternating current Sys 
tems, the same results could be obtained by con 
necting any or all of them to the other System 
shown, or by connecting them to still another al 
ternating-current source. Therefore, I do not 
Wish to be limited to the arrangement of Secon 
daries as shown. 

Operation 
An automatic Synchronizer should not Operate 

to energize the closing coil of a paralleling switch 
or breaker unless the instantaneous frequency 
difference between the two systems to be paral 
eled is less than a predetermined lock-out value. 
This will prevent paralleling alternating-current 
generators which are running at too great a speed 
differential. Also, it Will be evident to those 
skilled in the art that in order for the two sys 
tems to be parallel at Substantially the exact in 
stant of zero phase angle displacement between 
the voltages of the two Systems, allowance Will 
have to be made for the time constants inherent 
in the closing mechanisms employed to parallel 
the alternating-current Sources. This means that 
such closing mechanisms should be energized at 
a point in advance of phase coincidence and 
within predetermined safe limits of instantaneous 
frequency difference between the two systems. It 
Will be evident that from the following description, 
my invention meets both of these requirements, 
My automatic Synchronizer operates as follows. 

Assuming that it is desired to parallel the two 
alternating-current Systems, the apparatus is 
connected to both systems in a circuit arrange 
ment as shown. As has been already explained 
tube A Will become conductive at a time in advance 
of synchronism which is proportional to the 
phase angle displacement between the two systems, 
and tube B will become conductive at a time in 
advance of synchronism which is proportional to 
the frequency difference between the two Systems. 
When tubes A and B are simultaneously conduc 
tive, the control relay 5 will be energized and will 
operate to effect the closure of the circuit break 
er 3. - 

This may be illustrated by Fig. 2 in which I 
have shown in graphic form tube Abecoming con 
ductive at a point in advance of Synchronism 
which is proportional to the phase angle displace 
ment and independent of frequency difference and 
tube B becoming conductive at a phase angle inad 
vance of synchronism which is proportional to the 
frequency difference. The point X which is the 
intersection of the two lines represents the maxi 
mum phase angle displacement andmaximumfre 
quency difference which have been selected in 

2,231,713 
which to allow the two Systems to be synchro 
nized. 
In this connection, it will be noted that in 

order for the synchronizer to function properly, 
tubes A and B must be simultaneously conducting 
Current and must have been rendered conductive 
in a certain sequence. - 
At any instant of time in one cycle of beat 

voltage between the two systems, let us assume 
that the phase angle displacement between the 
tWO Systems is not greater than that selected for 
paralleling, but the frequency difference does ex 
ceed the selected maximum limit. Tube 0 will be 
come conductive and ready to pass current, how 
ever, Since the frequency difference exceeds the 
limit and tube B is not conductive, no current from 
the Source X8 can flow through tube B which is 
a part of the path of the discharge circuit of tube 
A to energize the control relay 5. 
Current from source X8 is also prevented from 

shunting tube B when it is not conductive and 
passing through resistor R9 and rectifier XT to 
energize control relay 5 by the blocking action of 
rectifier X6 which is so connected that it will not 
paSS current in this direction. 
When the frequency difference and the phase 

angle displacement both exceed the maximum 
limit Selected, tube B will become conductive and 
pass current through its discharge circuit, but as 
previously explained tube A is prevented from be 
coming conductive. This results from the fact that 
When the current is fiowing through resistor R8 in 
the discharge circuit of tube B, a voltage drop will 
be produced which, as can be seen, forms a part 
of the total grid bias of tube A. This voltage 
drop increases the negative bias of this tube, thus 
preventing the grid of this tube from reaching a 
sufficiently low negative value to allow it to be 
come conductive. 

It is well known in the art that once tubes of 
the electrical discharge type begin to pass or con 
duct current, they Will continue to do so regard 
less of changes in grid bias, so long as enough 
voltage is available to maintain the arc drop of 
the tube. Should conditions be such that tube B 
breaks down ahead of tube A, a condenser CO, 
Which is connected to tube B as shown, and which 
has been charged to a potential existing between 
anode 5 and the negative lead of rectifier XT, 
will discharge through the cathode 3 and anode 
5 of tube B. Resistors R8 and R9 are of such 

a value that the rate of discharge of condenser 
CO will be much greater than the rate of its 
charge from source XT. This difference in charg 
ing and discharging rates produces a constantly 
decreasing Voltage across the condenser CEO and 
also across the anode 5 and negative lead of 
rectifier XT, and functions to lower the voltage 
between these two points to a value below the 
arc drop of the tube, thereby making this tube 
non-conductive again and ready for further con 
trol by the grid bias which is proportional to the 
frequency difference. 
At any instant of time, should tube A be con 

ductive and the frequency difference be less than 
the predetermined maximum, thereby making 
tube B conductive, tubes A and B will both pass 
current through their respective discharge cir 
cuits and control relay 5 will be energized. The 
circuit thus completed for energizing the control 
relay extends from the negative terminal of recti 
fier X8, through the coil of relay 5, cathode 3 
and anode 5 of tube B, resistor R8 and cathode 

and anode 2 of tube A to the positive terminal 
of rectifier X8. 
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2,231,713 
By means of the interlocking arrangement of 

the tubes A and B of my device which has just 
been explained, it is evident that there is no pos 
sibility of the two systems being paralleled unless 
the phase angle displacement and frequency dif 
ference between the two systems are within pre 
determined limits and bear such a relation to One 
another that the prerequisite of proper phase 
angle displacement must precede that of fre 
quency difference before the synchronizer op 
erates. 

It will be evident from the aforesaid that I have 
provided an automatic Synchronizer which will 
effect the operation of the paralleling switch or. 
breaker to connect two alternating current Sys 
tems in parallel at Substantially the instant of 
Zero phase displacement between the two Sys 
tems provided the phase angle displacement and 
frequency difference between the two systems to 
be paralleled are less than predetermined values. 

It is also evident that my invention constitutes 
a Substantial advance in the art in that by means 
of the novel interlocking tube circuits, the Syn 
chronizer has been improved to give a better and 
more efficient performance and its construction 
has been simplified by the elimination of me 
chanical relays found in prior devices. 
In conclusion, it will be understood that While 

I have shown and described one embodiment of 
my invention, it will be evident that various 
changes and modifications may be made therein 
without departing from the spirit and scope 
thereof. 
I claim as my invention: 
1. In a System of electrical control, the corn 

bination of a pair of electrical discharge devices, 
the anode cathode terminals of said devices being 
connected in Series, interconnected discharge cir 
cuits for said devices, electro-responsive means 
disposed in one of said discharge circuits, a source 
of current for said discharge circuits to energize 
said electro-responsive means, and a grid control 
system for each of said devices including means 
for producing grid bias to render said devices 
conductive, a part of Said grid Systern of one of 
Said devices including an impedance connected 
in the discharge circuit of the other device where 
by said current flows only when said devices be 
come conductive in a predetermined sequence. 

2. In a System for paralleling alternating cur 
rent Sources, the combination of a paralleling 
switch and means for initiating the closing of 
said paralleling SWitch at a phase displacement 
in advance of phase coincidence proportional to 
the frequency difference between the said current 
Sources comprising an electrical discharge device 
responsive to control potentials proportional to 
the phase angle displacement between the Volt 
ages of the said Sources, and an electrical dis 
charge device responsive to control potentials pro 
portional to the frequency difference between the 
said Sources, Said discharge devices being so elec 
trically interconnected as to prevent closing of 
said paralleling SWitch. While either of said dis 
charge devices remains non-conductive. 

3. In a System for paralleling alternating cur 
rent sources, the combination of a paralleling 
switch and means for initiating the closing of said 
paralleling SWitch at a phase displacement in ad 
Vance of phase coincidence proportional to the 
frequency difference between the said current 
sources comprising an electrical discharge device 
responsive to control potentials proportional to 
the phase angle displacement between the vol 
tages of the said sources, an electrical discharge 

5 
device responsive to control potentials propor 
tional to the frequency difference between the 
Said Sources, a discharge circuit for each of said 
discharge devices, and a source of current for said 
discharge circuits, said discharge circuits being so 
interlocked as to permit the flow of said current 
Only When said discharge devices become conduc 
tive in a predetermined sequence. 

4. In a System for paralleling alternating cur 
rent Sources, the combination of a paralleling 
switch and means for initiating the closing of 
said paralleling Switch at a phase displacement in 
advance of phase coincidence proportional to the 
requency difference between the said current 
Sources comprising an electrical discharge device 
responsive to control potentials proportional to 
the phase angle displacement between the volt 
ages of the Said Sources, an electrical discharge 
device responsive to control potentials propor 
tional to the frequency difference between the 
Said Sources, a discharge circuit for each of said 
discharge devices, and electro-responsive means 
disposed in one of said discharge circuits for con 
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trolling the operation of the paralleling switch, 
Said electro-responsive means being energized 
Only when both of said discharge devices are 
Simultaneously conducting current. 

5. In a System for paralleling alternating cur 
rent Sources at Substantially the incidence of 
phase coincidence, the combination of a parallel 
ing SWitch, an electrical discharge device respon 
Sive to control potentials proportional to the 
phase angle displacement between the voltages 
of the Sources, an electrical discharge device re 
Sponsive to control potentials proportional to the 
frequency difference between said sources, a dis 
charge circuit for each of said discharge devices, 
and relay means disposed in one of Said discharge 
circuit.S Operable to close said paralleling switch 
Only When both of Said discharge devices are si 
multaneously conducting current. 

6. In a System for paralleling alternating cur 
rent Sources, the combination of a paralleling 
SWitch and means for initiating the closing of 
Said paralleling SWitch at a phase displacement 
in advance of phase coincidence proportional to 
the frequency difference between the said current 
Sources comprising an electrical discharge device 
responsive to control potentials proportional to 
the phase angle displacement between the volt 
ageS of the Said Sources, an electrical discharge 
device responsive to control potentials propor 
tional to the frequency difference between the 
Said sources, interconnected discharge circuits for 
Said discharge devices, and electro-responsive 
lineans disposed in said discharge circuit opera 
ble to effect the closing of the paralleling switch, 
only When current flows simultaneously in both 
of Said discharge circuits. 

7. In a System for paralleling alternating cur 
rent sources at Substantially the incidence of 
phase coincidence, the combination of a parallel 
ing SWitch, a closing coil for said paralleling 
SWitch, an electrical discharge device responsive 
to control potentials proportional to the phase 
angle displacement between the Voltages of the 
Said sources, an electrical discharge device re 
Sponsive to control potentials proportional to the 
fi's quency difference between the Said sources, 
a discharge circuit for each of Said discharge 
devices, a source of current for each of Said de 
vices, and electro-responsive means disposed in 
One of Said discharge circuits for energizing said 
closing coil of said paralleling SWitch at a phase 
displacement in advance of phase coincidence 
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6 
proportional to the frequency difference between 
the current sources, said discharge circuits being 
so interlocked as to permit energization of Said 
electro-responsive means only when said discharge 
devices are simultaneously conducting current. 

8. In a system for paralleling alternating cur 
rent sources at Substantially the incidence of 
phase coincidence, the combination of a parallel 
ing switch, a closing coil for said paralleling 
switch, an electrical discharge device responsive 
to control potentials proportional to the phase 
angle displacement between the Voltages of the 
said sources, an electric discharge device respon 
sive to control potentials proportional to the fre 
quency difference between the said Sources, a 
discharge circuit for each of Said discharge de 
vices, a source of current for said discharge Cir 
cuits, electro-responsive means disposed in one 
of said discharge circuits for energizing Said cloS 
ing coil of said paralleling Switch at a phase dis 
placement in advance of phase coincidence pro 
portional to the frequency difference between the 
current sources, and means for Varying the ad 
vanced angle at which said electro-responsive 
means is energized, said discharge circuits being 
so interlocked as to permit energization of Said 
electro-responsive means only when both of Said 
discharge devices are simultaneously conducting 
Current. 

9. In a System for paralleling alternating cur 
rent sources, the combination of a paralleling 
switch and means for initiating the closing of 
said paralleling switching at a phase displace 
ment in advance of phase coincidence propor 
tional to the frequency difference between the 
said current sources comprising an electrical dis 
charge device responsive to control potentials 
proportional to the phase angle displacement 
between the voltages of the Said Sources, and 
an electrical discharge device responsive to con 
trol potentials proportional to the frequency dif 
ference between the said sources and proportional 
to the difference in voltages between the Said 
sources at Zero phase angle displacement, said 
discharge devices being so electrically intercon 
nected as to prevent closing of Said paralleling 
switch while either of Said discharge devices re 
main non-conductive. 

10. In a System for paralleling alternating cur 
rent sources at Substantially the incidence of 
phase coincidence, the combination of a paral 
leling switch, a closing coil for said paralleling 
switch, an electrical discharge device responsive 
to control potentials proportional to the phase 
angle displacement between the voltages of the 
said sources, an electrical discharge device re 
sponsive to control potentials proportional to the 
frequency difference between the said sources and 
proportional to the difference in voltages between 
the Said Sources at Zero phase angle displace 
ment, a discharge circuit for each of Said dis 
charge devices, a source of current for each of 
said discharge circuits, and electro-responsive 
means disposed in One of said discharge circuits 
for energizing said closing coil of Said paralleling 
Switch at a phase displacement in advance of 
phase coincidence proportional to the frequency 
difference between the current sources, said dis 
charge circuits being so interlocked as to permit 
energization of Said electro-responsive means 
Only When Said discharge devices are simultane 
Ously conducting current. 

11. In a System of electrical control, the con 
bination of a first and second electrical discharge 
device, discharge circuits for each of said de 
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vices, the discharge circuit of said first discharge 
device including an electro-responsive means and 
the anode-cathode terminals of said second dis 
charge device in series circuit relation therewith, 
a Source of potential for producing a flow of cur 
rent, in said discharge circuits. When said dis 
charge devices become conductive, and a grid cir 
cuit for each of said discharge devices, said grid 
circuit of said first discharge device including as 
a part thereof potential drop means connected 
in the discharge circuit of said second discharge 
device and being effective to so control the grid 
bias of the first discharge device as to render it 
non-conductive and thereby ineffective to ener 
gize said electro-responsive means in the event 
that the Second discharge device is rendered con 
ductive before the first discharge device is ren 
dered conductive. 

12. In a system of control, in combination, a 
control circuit, a pair of electrical discharge de 
vices having their anode-cathode terminals con 
Elected in Series circuit relation in said control 
circuit and including an impedance connected 
therebetween, discharge circuits for said devices, 
a source of current for said devices, and a grid 
System including means for producing grid bias 
to render Said devices conductive, the grid cir 
cuit of one of Said devices and the discharge cir 
cuit of the other device including said impedance 
as an element thereof, said impedance being ef 
fective in response to the flow of current in the 
discharge circuit of said other device before the 
Said one device becomes conductive to prevent 
Said one device from becoming conductive. 

13. In a System of electrical control, in com 
bination, a plurality of eelctrical discharge de 
vices, grid circuits for each of said discharge de 
Vices including sources of voltage to control the 
grid bias and thereby the conductivity of said de 
vices, electrically interconnected discharge cir 
cuits for Said devices arranged so that the dis 
charge circuit of one of said devices extends 
through another of said devices, an impedance 
connected in the grid circuit of one of said de 
Vices and also in the discharge circuit of the 
other, Said impedance being effective by the volt 
age drop therea cross in response to current flow 
in the discharge circuit of said other device to so 
Control the grid bias of the device in whose grid 
circuit it is connected as to prevent said device 
from becoming conductive in response to the other 
device being rendered conductive first, whereby 
Said devices may be only rendered conductive 
at the same time by rendering them separately 
Conductive in a predetermined order. 

14. In an electrical control system, in combi 
nation, a pair of electrical discharge devices, dis 
charge circuits for said devices, said discharge 
circuits being electrically interconnected so that 
the discharge circuit of one of said devices ex 
tends through both of said devices in series cir 
cuit relation, grid control circuits for controlling 
the conductivity of said devices by means of grid 
bias, One of Said grid circuits including an im 
pedance which is also connected in each dis 
charge circuit intermediate the said devices, said 
impedance being effective in response to the flow 
of Current in the discharge circuit of one of said 
devices to produce a grid bias on the device in 
whose grid control circuit it is connected to pre 
Vent Said device from being rendered conductive 
in response to the said other device being ren 
dered conductive first. 

15. In a Synchronizing device for paralleling 
alternating current sources within preselected 
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maximum values of phase-angle aid frequency 
differentials, the coin bination of an electrical dis 
charge device responsive to control edientials 
proportional to the phase angle displace;20It be 
tween the voltages of the said sources, an elec 
rical discharge device responsive to control po 

tentials propolitional to the frequency difference 
between tire said sources, interCORElected dis 
charge circuits for said devices, and electro-ire 
sponsive means disposed in the discharge circuit 
Of the said device which is responsive to COIntrol 
potentials proportional to said phase angle dis 
placernent, said electro-responsive nearis being 
energized only when both discharge devices are 
simultaneously conducting current. 

16. In a synchronizer for controlling the clos 
ing operation of a circuit breaker to parallel al 
ternating current sources within preselected lin 
its of frequency and phase angle differentials be 
tween said sources, the coincination of first and 
Second discharge devices having their anode 
cathode terminals connected in Series Circuit re 
lation and including an impedance connected in 
Series between said devices, said first device be 
ing responsive to control circuit potentials pro 
portional to the phase angle differential and in 
cluding said in pedance as a part of Said Control 
circuit, Said Second device being respoilsive to 
control circuit potentials proportional to the Said 
frequency differential, interconnected discharge 
circuits for said devices, and electro-responsive 
means disposed in Said discharge circuit of Said 
first device for initiating the closure of Said Cir 
cuit breaker, said in pedance being included in 
the discharge circuit of said second device and 
effective to prevent said first device from be 
coming conductive to energize Said electro-re 
Sponsive means While current is foWing in the 
discharge circuit of said second device. 

17. In an automatic Synchronizer for control 
ling the closing operation of a circuit breaker 
for paralieling alternating current Sources, in 
combination, an electro - responsive control 
SWitch, a pair of electrical discharge devices for 
controling the energization of said control 
Switch, electrically interconnected discharge cir 
cuits for said devices, neans operative when 
conjected to Said Sources for controlling the COn 
ductivity of one device in accordance With the 
phase angle displacement of the voltages thereof, 
and means operative when connected to Said 
sources for controlling the conductivity of the 
other device in accordance with the frequency 
difference between the sources, said devices be 
ing connected in Series circuit relation through 
their electrically interconnected discharge cir 
cuits to effect energization of the control Switch 
only in response to both of said devices becom 
ing conductive at the same time. 

18. In a synchronizer for controlling the cloS 
ing operation of a circuit breaker to parallel al 
ternating current sources within preselected lim 
its of a frequency and phase angle differentials 
between said sources, a combination of first and 

5 second discharge devices having their anode 
cathode terminals connected in Series circuit re 

lation and including an impedance connected in 
Series between said devices, said first device be 
ing responsive to grid control potentials COin 
prising in series, said impedance, an adjustable 
positive bias, a pulsating negative bias Variable 
between zero and maxiin urn Values in accCrd 
ance with the phase angle displacement between 
Said sources, said second device being responsive 
to grid control potential comprising in Series an 
adjustable negative potential, a positive poten 
tial to compensate for differences in voltage 
values between said Sources When Said SourceS 
are in phase with each other, a pulsating nega 
tive potential variable between values of Zero and 
rinaximum dependent upon the phase angle dis 
placement between said sources, and a pulsating 
positive potential variable between values of Zero 
and maximum in accordance with the difference 
in frequency between said sources, interconnect 
ed discharge circuits for said devices, and elec 
tro-responsive means disposed in Said discharge 
circuit of Said first device for initiating the cloS 
ing operation of said circuit breaker, said im 
pedance being included in the discharge circuit 
of said second device and effective to prevent 
said grid control of said first device from ren 
dering said first device conductive to energize 
said electro-responsive means while current is 
flowing in the discharge circuit of said second 
device. 

19. Synchronizing apparatus for controlling 
the closing operation of a connecting device to 
parallel alternating current sources comprising 
in combination a first and second electrical dis 
charge device, interconnected discharge circuits 
for said devices, means disposed in the discharge 
circuit of said first device and Operable in re 
sponse to current flow in the discharge circuit 
of said first device to initiate the closing oper 
ation of said connecting device, control poten 
tials responsive to the phase angle displacement 
between said sources for rendering said first de 
vice conductive, and control potentials responsive 
to the difference in frequencies between said 
Sources for rendering said Second device con 
ductive, said devices being operable when simul 
taneously conductive within preselected limits of 
phase angle and frequency differential to pro 
duce a foW of current in the discharge circuit 
of Said first device and thereby initiate the clos 
ing of Said connecting device. 

20. A synchronizer for closing a circuit breaker 
to parallel alternating current sources within 
preselected limits of phase angle displacement 
and differences in frequency between said 
sources, comprising first and second discharge 
devices, grid control means responsive to phase 
angle displacement for rendering said first dis 
charge device conductive, grid control means re 
sponsive to frequency differential for rendering 
said second discharge device conductive, and a 
control relay the operation of which is effected 
when both of Said discharge devices are rendered 
conductive at the same time. 
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