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20 Claims. 

This invention relates to electrical control sys 
tems, and more particularly to systems which re 
Spond to or control the relative frequencies of 
Sources of alternating current. For the sake of 
brevity the words “alternating current' will be 
hereinafter abbreviated to A. C. 
One of the objects of the invention is the pro 

vision of means responding to the relative fre 
quencies of two A. C. sources, and more particu 
larly the production of predetermined effects in 
response to effective operation of said means. A 
more Specific object is the provision of means 
whereby the frequencies of the two sources are 
brought to the same value in response to said 
leanS. 
A further object is the provision of means re 

sponding to the relative frequencies of two A. C. 
sources which comprises relays as its essential 
elements. A more specific object is the provision 
of means whereby the relays are caused to be 
effectively operated in different predetermined 
orders depending upon the relative frequencies 
of the tWO SOurces. 

This invention is an improvement on that dis 
closed in applicant's copending application S. N. 
409,072, filed November 22, 1929, which matured 
into Patent No. 1,844,720 on February 9, 1932, and 
a further object is the simplification of the System 
disclosed in said copending application, and more 
specifically, the reduction of the number of re 
lays necessary for attaining the hereinbefore 
mentioned objects. Other objects will appear 
hereinafter as the description of the invention 
proceeds. 
The novel features of the invention will appear 

from this specification and the accompanying 
drawing forming a part thereof and showing one 
embodiment of the invention, and all these novel 
features are intended to be pointed out in the 
claims. 
In the drawing: 
Fig. 1 is a diagrammatic view of one embodi 

ment of the invention as it may be applied in 
the control of a polyphase generator. 

Figs, 2 and 3 are across-the-line diagrams of 
the same circuits as illustrated in Fig. 1. 

Figs, 4 and 5 are vector diagrams illustrating 
electromotive forces which are applied to certain 
parts of the system and Fig. 6 is a diagram illus 
trating various vector polygons resulting from a 
combination of certain Vectors in FigS. 4 and 5. 

Referring to Fig. 1 of the drawing there is here 
shown a prime mover 4, indicated as a hydraulic 
turbine. It is to be understood however that 
the invention is not limited in its application to 

(C. 290-4) 
any particular form of prime mover. The tur 
bine 4 drives a generator 5 supplying the three 
phase conductors 6 which may be connected by 
means of a switch to a three phase line 8. The 
Switch. 7 is here shown as provided With an Oper 
ating coil 9 which may be energized by means 
of any suitable form of automatic Synchronizer. 
Inasmuch as the synchronizer forms no part of 
the present invention it has merely been indicated 
in the drawing. 
The turbine 4 is shown as controlled by means 

of a gate in the conduit supplying operating 
fluid thereto. It is of course to be understood 
that any of the usual means for controlling the 
supply of operating fluid to a prime mover may 
be employed. The gate may be operated by 
means of a servo-motor 2 which is indicated as 
controlled by a regulating valve 3. The regul 
lating valve 3 is here shown as controlled in the 
usual manner by means of a floating lever to the 
floating pivot of which is connected a centrifugal 
speed responsive device contained in the casing 
5. The other end of the floating lever 4 is 

pivotally connected to a nut 6 which is in Op 
erative relation to a screw 8. The lower end 
of the screw 8 is suitably connected to the usual 
dash pot or compensating device the other 
element of which is operated in unison with the 
motion of the gate . These partS have been 
shown in diagrammatic form as they are well 
known in the art and their specific embodiment 
forms no part of the invention. The screw 8 
may be rotated by means of a motor 9 here 
shown as of the direct current split field type, the 
field Windings being indicated as 20 and 2. One 
terminal of the armature of motor 9 is con 
nected to a bus 22 the other terminal being Con 
nected to a common terminal for the field Wind 
ings 20 and 2. The other terminals of the 
field windings are connectible to another bus 23, 
so that if field winding 20 is connected to buS 23 
the motor f 9 will rotate in one direction whereas 
if field winding 2 is connected to bus 23 it will 
rotate in the other direction. The buses 22, 23 
are fed from any suitable source here indicated 
as a battery 24. 
Connected across two of the phase conductors 

of the polyphase line 8 is a transformer the ter 
minals of the secondary of which are connected 
to conductors f'c and 2'c. To the correspond 
ing phase conductors of the generator 5 which 
are connectible to the same conductors to which 
the beforementioned transformer is connected, 
is connected a transformer the secondary ter 
minals of which are connected to conductors 
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2 
c and 2c. Another pair of the phase conductors 

leading from the generator has connected thereto 
a transformer the secondary terminals of which 
are connected to the conductor 2C and a con 
ductor 3c. The conductor c is connected 
by means of a conductor 25 to the conductor c. 
The conductors 2c, 2c and 3c are extended to 
control relays as will appear hereinafter, and 
these conductors may be controlled by a SWitch 
26 in any Suitable fashion. 
A relay 27 has one terminal connected to con 

ductor 2'c and the other connected, through a re 
sistance 28, to conductor 2c. A relay 29 has one 
terminal connected to the conductor 2c, there 
being a resistance 36 interposed as here ShoWn, 
and the other terminal, through a resistance 30, 
to the conductor 3c. A set-up relay 3 is here 
shown as having one terminal connected to the 
conductor c and the other, through a resistance 
32, to the conductor 2c. An adjustable time limit 
relay 33 is here shown as connectible across the 
conductors c, 2c through a resistance 34. 

Referring again to relay 27, this is here shown 
as provided with four contacts all of which are 
front contacts. By front contacts is meant con 
tacts which aire adapted to close a circuit When 
the relay is energized. In the across-the-line 
diagrams of Figs. 2 and 3 front contacts are indi 
cated by a pair of parallel lines. The relay coils in 
the said diagrams are indicated by circles, and the 
coil and contacts of a given relay bear the same 
reference numeral. One of the contacts of relay 
2T controls the circuit of motor 9; another is 
in a holding circuit for relay 27; another is in a 
shunt or lockout circuit for relay 29; and another 
controls relay 33 and two possible shunt or lock 
out circuits for relay 3. 

Relay 29 is here shown as provided With four 
contacts two of which are front contacts and two 
back contacts. By back contactS is meant Con 
tacts which are adapted to open a circuit when 
the relay is energized. In the across-the-line 
diagrams of Figs. 2 and 3 back contacts are indi 
cated by a pair of parallel lines crossed by a di 
agonal line. One of the front contacts of relay 
29 and one of the back contacts thereof are in 
circuits for the field windings 2 and 20 respec 
tively. Another front contact of said relay is in 
the holding circuit for relay 29. The other back 
contact of relay 29 is in a shunt or lockout cir 
cuit for said relay. 
Relay 3 is here shown as provided with four 

contacts three of which are front and one back 
contact. One of the front contacts controls a 
circuit for motor 9; another front contact con 
trols the circuit for relay 33; and another front 
contact is in the holding circuit for relay 27. 
The back contact of relay 3 is in one of the lock 
out circuits for Said relay. 

In Order to determine the electromotive forces 
(hereinafter abbreviated to “E. M. F.'s') applied 
to relays 27 and 29 respectively under various con 
ditions, the vector components of these E. M. F.'s 
Will be considered first. Referring now to Fig. 4, 
the vectors, 9-2 and 0- indicate E. M. F.'s be 
tween a neutral point 9 and the conductors 2c 
and c respectively. The phase-to-phase E.M.F. 
is then that indicated by the vector marked with 
the legend 2' to '. Referring now to Fig. 5 and 
assuming that the polyphase E. M.F.'s of the gen 
erator and line are in phase, the vectors 0-f, 
0-2, and O-3 correspond to the E. M.F.'s between 
a neutral point and the conductors fo, 2c, and 3c 
respectively. Since the circuit for relay 21 for ex 
ample is as here shown from 2c to "c to C to 2c, 

19,966 
the E. M. F. across C and 2c is laid off in the re 
verse direction in the diagram in Fig. 5 and bears 
the legend, to 2. The E. M. F. across the con 
ductors c and 3c is laid off as the vector bear 
ing legend, to 3, in Fig. 5. In order to determine 
the E. M. F.'s across the relays 2 and 29 the 
Vectors obtained as hereinbefore Stated have been 
laid off in a diagram of vector polygons in Fig. 6. 
For the sake of convenience in forming the 

Vector polygons the head of the arrow CO, repre 
senting the vector 2' to , is at the point to 
in Fig. 6, for various positions of that vector, 
While the tail of the arrow OA, representing the 
vector to 2 is at the point O, It may be noted 
that, for the sake of clearness, the vectors CO and 
OA are shown as side-by-side though they are 
actually Superimposed. When, as assumed, the gen 
erator and line are in phase. 

It Will be apparent from What has been pre 
viously stated that the E. M. F. across relay 27 is 
represented by the distance between the points 
C and A Which, When the line and generator are 
in phase, is equal to zero. Moreover, since the 
circuit for relay 29 is from 2'c to ic to ic to 3c, 
the E. M. F. acroSS this relay is represented by the 
WectOr CB. Let it be aSSumed that this vector 
represents a potential difference of 100 volts and 
that the resistance 30 is so adjusted that for 100 
volts across the conductors 2c and 3c, the relay 
29 Will not be effectively energized. Let it fur 
ther be assumed that in case the E. M. F. across 
these conductor's rises to 130 volts that said relay 
will be effectively energized. The relay 27 may 
be adjusted in like manner by resistance 28 so 
that it Will be deemergized at 100 volts across 
conductors 2c and 2c and will be energized at 130 
volts across these conductors. These voltages are 
given merely by way of example and it Will be 
apparent that other values may be utilized. 

In case the line and generator frequencies are 
not equal the vectors f', 2', 3' and , 2, 3 will 
rotate at different speeds. In order to consider 
the effect of the relative rotation as between 
these vectors we may consider the vectors , 2, 3 
as stationary and the vectors', 2',3' as revolving 
With respect thereto. In connection with Fig. 6 
this will mean that we will consider the vectors 
OA and OB as stationary and the vector CO as 
revolving about the point O in either one direc 
tion or the other depending upon whether the line 
frequency is above or below that of the generator. 

If it be assumed that when the line frequency 
is below that of the generator, the vector COro 
tates in a counter-clockwise direction, then when 
the outside end of said vector reaches the position 
C' the relay 29 will be effectively energized since 
the voltage across this relay is now represented 
by vector CB, in the assumed instance, 130 volts. 
The energization of relay 29 closes the front con 
tact of said relay in the circuit for field winding 
2 and opens the back contact thereof in the cir 
cuit of field winding 20, but since relay 27 is 
deenergized, the motor circuit remains deener 
gized. When the vector CO reaches the position 
C2 the relay 27 will be energized, the E. M. F. 
a CrOSS this relay being then represented by vector 
CPA which in the instance assumed is 130 volts. 
It may be noted that the E. M. F. across relay 29 
is represented by vector CPB and therefore this 
relay remains energized. The energization of 
relay 27 causes a front contact of that relay to 
complete a circuit for motor f 9 through field 
winding 2 and through front contacts of relays 
29 and 3. Another front contact of relay 27 
completes a circuit for relay 33 through a front 
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contact of relay 3. Another front contact of 
relay 27 locks relay 29 in, the relay 29 being then 
fed from conductors c and 2'c through front 
Contacts of relays 29 and 27 and resistance 36. 
The remaining front contact of relay 27 locks said 
relay in, said relay being then fed from conduc 
tors 2c and c through front contacts of relays 
3 and 27. The motor 9 now rotates in such 
direction as to move the nut f6 in the proper 
direction for adjusting the governor to lower the 
speed of the generator 5. 
Meanwhile, as stated above, the adjustable time 

limit relay 33 has been energized and after a pre 
determined time this relay closes its contact 
thereby shorting relay 3 through a front contact 
of relay 27. Relay 3 then drops out causing de 
energization of relay 33. The dropping of relay 
3 also has the following effects; the holding cir 
cuits of relays 27 and 29 are opened; the circuit 
of motor 9 is opened; and relay 3 is locked out 
by reason of the closure of its back contact. 
Since this lockout circuit is through a front con 
tact of relay 27, relay 3 will remain locked out 
as long as relay 27 remains energized, and this de 
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pends upon the position of the rotating vector 
CO. As soon as this vector reaches any position 
such that the E. M. F. across relay 27 is 100 volts 
or less (in the illustrative example) relay 2 will 
drop out opening the lockout circuit for relay 3 
and the relay 3 will be energized, and the cycle 
of operations hereinbefore described may be re 
peated. This cycle of operations will be repeated 
the oftener the greater the difference in fre 
quency between the generator and the line. On 
the other hand, if the difference is slight the cycle 
Will be repeated at comparatively long intervals 
Since the rotation of vector CO is then very slow. 

Let it now be assumed that the frequency of the 
line is above that of the generator, in which case 
the vector CO will rotate in a direction opposite 
from that previously assumed, that is, in a clock 
wise direction. If we begin again with the 
E. M. F.'s of line and generator in phase, both 
relays 2 and 29 are deenergized. When the vec 
tor CO reaches the point C3 the E. M. F. C3A is 
sufficient to energize relay 2. Since that back 
contact of relay 29 which is in the circuit of the 
field winding 20 is closed at the time relay 27 is 
energized, a circuit is completed for motor 9 
through field winding 20 and front contacts of 
relays 27 and 3. The energization of relay 2 
also completes a holding circuit for said relay as 
hereinbefore described. Also, a front contact of 
relay 27 completes a lockout circuit for relay 29 
through a back contact of relay 29. Another 
front contact of relay 27 energizes the adjustable 
time limit relay 33. The energization of the no 
tor circuit as hereinbefore described causes the 
motor 9 to run in such direction that the fre 
quency of the generator is caused to increase. 
Meanwhile, the time limit relay 33 is moving 

its contact toward closed position and when the 

) 

same closes, the relay 3 is locked out until relay 
2 is deenergized, as previously described. De 
energization of relay 2 opens the lockout circuit 
for relay 29, and permits relay 3 to be reener 
gized. The cycle hereinbefore described may then 
be repeated. - 

It will be evident that when there is a large 
difference in frequencies between the generator 
and line the speed and frequency of the generator 
will be changed rapidly to cause it to approach 
that of the line and as the difference in frequen 
cies becomes less the rapidity of change in the fre 

3 
quency of the generator is also decreased, thereby 
rendering synchronization between the generator 
and line very easy. 
The speed at which motor 9 operates may be 

adjusted by any suitable means here shown as a 
rheostat 35. 
When the generator has been brought to the 

Same frequency as that of the line (whether it was 
at first higher or lower in frequency) the Switch 
T may be closed when the generator and line are 
in phase and this may be accomplished in any 
Suitable manner, if desired, by an automatic syn 
chronizer to here indicated merely by an appro 
priate legend. 
While the connections of the transformers for 

feeding relays 21 and 29 are preferred as shown, 
it will be apparent to those skilled in the art 
that the vector polygons as described in con 
nection. With Fig. 6 Will apply equally well if the 
connections ic and 2'c are reversed, that is, 
the conductor 2 "c leading to the upper (as viewed 
in Fig. 1) terminals of relays 2 and 29, becomes 
'c, and the conductor 25 is connected to ter 

minal 2"c instead of 'c. The only difference is 
that the condition represented by the vectors in 
full lines in Fig. 6 then represents the condition 
When the generator and line are 180 degrees out 
of phase. The principle of operation of the re 
lays as hereinbefore described however remains 
unchanged as far as the control of the speed 
of the generator to bring the frequency to the 
Same as that of the line is concerned. 

It should be understood that it is not desired 
to limit the invention to the exact details of de 
Scription shown and described, for obvious mod 
ifications may occur to persons skilled in the art. 

It is claimed and desired to secure by Letters 
Patent: 

1. In combination, a pair of polyphase A. C. 
Sources, a pair of relays, means for so connect 
ing Said relays to said sources that from a pre 
determined phase relation of said sources said 
relays are energized in predetermined sequences 
dependent upon the relative frequencies of said 
Sources, an electrical device, and means where 
by energization of one of said relays at a time 
While the other of said relays is energized pro 
duces a predetermined effect on said device and 
energization of said one of said relays at a tine 
While the other of said relays is deemergized 
produces a different predetermined effect on said 
device. 

2. In combination, a pair of polyphase A. C. 
Sources, a pair of relays, means for so connect 
ing Said relays to said sources that from a pre 
determined phase relation of said sources said 
relays are energized in a predetermined sequence 
at a time when the frequency of one of said 
Sources is higher than the frequency of the other 
of said Sources, and means whereby the ener 
gization of the last one of said sequentially en 
ergized relays at said time locks both of said 
relays in their respective energized positions for 
a definite time. 

3. In combination, a pair of polyphase A. C. 
Sources, a pair of relays, means for so connect 
ing Said relays to said sources that from a pre 
determined phase relation of said sources said 
relays are energized in a predetermined order 
at a time when the frequency of one of said 
Sources is lower than the frequency of the other 
of Said Sources, an electrical device; means 
Whereby energization of one of said relays at said 
time While the other of said relays is deener 
gized causes a predetermined effect on said de 
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vice, and means whereby energization of Said one 
of said relays at said time locks said relay in and 
locks the other of said relays out for a definite 
time. 

4. In combination, a pair of A. C. Sources, a 
pair of relays, means for so connecting Said re 
lays to said sources that from a predetermined 
phase relation of said sources Said relays are 
energized in a predetermined order at a time 
when the frequency of one of said Sources is 
higher than the frequency of the other of said 
Sources, an electrical device, means Whereby en 
ergization of one of Said relays at Said tine while 
the other of said relays is deenergized causes a 
predetermined effect on said device, means 
whereby energization of said one of Said relays 
at said time locks said relay in and locks the 
other relay Out, and means for rendering said 
locking means inoperative after a predetermined 
time. 

5. In combination, a polyphase A. C. line, a 
polyphase A. C. generator, a prime mover for 
driving said generator, a pair of relays, means 
for so connecting said relays to said line and gen 
erator that from a predetermined phase relation 
Of Said line and generator said relays are ener 
gized in a predetermined order dependent upon 
the relative frequencies of said line and genera 
tor, means including a pair of control circuits 
for raising and lowering the speed of said prime 
nover respectively, one of said relays having back 
and front contacts in said circuits respectively, 
a common connection for carrying current 
through both of said circuits, the other of said 
relays having a front contact in said connec 
tion. 

6. In combination, a polyphase A. C. line, a 
polyphase A. C. generator, a prime mover for 
driving said generator, a pair of relays, means 
for So Connecting said relays to said line and 
generator that from a predetermined phase rela 
tion of Said line and generator said relays are 
energized in a predetermined order dependent 
upon the relative frequencies of said line and 
generator, means including a pair of control cir 
cuits for raising and lowering the speed of said 
prime mover respectively, one of said relays hav 
ing back and front contacts in said circuits re 
Spectively, a common connection for carrying 
Current through both of said circuits, the other 
of Said relays having a front contact in said con 
nection, a normally energized set-up relay hav 
ing a contact in said connection, and means for 
deenergizing Said set-up relay a predetermined 
time after said other of said pair of relays is en ergized. 

7. In combination, a polyphase A. C. line, a 
polyphase A. C. generator, a prime mover for 
driving Said generator, a pair of relays, means 
for SO connecting said relays to said line and gen 
erator that from a predetermined phase relation 
of Said line and generator said relays are ener 
gized in a predetermined order dependent upon 
the relative frequencies of said line and genera 
tor, means including a pair of control circuits 
for raising and lowering the speed of said prime 
mover respectively, one of said relays having back 
and front contacts in said circuits respectively, 
a common connection for carrying current 
through both of Said circuits, the other of said 
relays having a front contact in said connec 
tion, a normally energized set-up relay having 
a contact in said connection, means for deener 
gizing said set-up relay a predetermined time 
after Said other of Said pair of relays is ener 

19,966 
gized, and means for reenergizing said set-up re 
lay when said last named relay is again deener gized. 

8. In combination, a polyphase A. C. line, a 
polyphase A. C. generator, a prime mover for driv- . 
ing said generator, a pair of relays, means for 
so connecting said relays to said line and gen 
erator that from a predetermined phase relation 
of said line and generator said relayS are ener 
gized in a predetermined order dependent upon 
the relative frequencies of said line and gener 
ator, means including a pair of control circuits 
for raising and lowering the speed of said prime 
mover respectively, one of said relays having back 
and front contacts in said circuits respectively, 
a common connection for carrying current 
through both of said circuits, the other of Said 
relays having a front contact in said connection, 
a normally energized set-up relay having a con 
tact in said connection, means for deenergizing 
Said set-up relay a predetermined time after Said 
other of said pair of relays is energized, and 
means whereby deenergization of said set-up re 
Iay locks the Same out until predetermined con 
ditions obtain. 

9. In combination, a polyphase A. C. line, a 
polyphase A. C. generator, a prime mover for 
driving said generator, a pair of relays, means 
for so connecting said relays to said line and 
generator that from a predetermined phase re 
lation of said line and generator said relays are 
energized in a predetermined order dependent 
l3 pan the relative frequencies of said line and gen 
erator, means including a pair of control circuits 
for raising and Iowering the speed of Said prime 
mover respectively, one of said relays having back 
and front contacts in said circuits respectively, a 
common connection for carrying current through 
both of said circuits, the other of said relays hav 
ing a front contact in said connection, and means 
Whereby energization of said other of said relays 
locks the said one of said relays in or out de 
pending upon whether said other of said relays 
is energized or deenergized. 

10. In combination, a polyphase A. C. line, a 
polyphase A. C. generator, a prime mover for driv 
ing Said generator, a pair of relays, means for 
SO connecting Said relays to Said line and gener 
atoi' that from a predetermined phase relation 
of said line and generator said relays are ener 
gized in a predetermined order dependent upon 
the relative frequencies of said line and genera 
tor, means including a pair of control circuits for 
raising and lowering the speed of said prime 
mover respectively, one of said relays having back 
and front contacts in said circuits respectively, 
a. Coinnon Connection for carrying current 
through both of said circuits, the other of said 
relays having a front contact in said connection, 
a normally energized Set-up relay having a con 
tact in Said connection, and means including a 
contact of said set-up relay whereby energization 
of Said other of said relays locks said one of said 
relayS in or out depending upon whether said 
other of Said relays is energized or deemergized. 

il. In combination, a polyphase A. C. line, a 
polyphase A. C. generator, a prime mover for driv 
ing Said generator, a pair of relays, means for so 
connecting Said relays to said line and generator 
that from a predetermined phase relation of said 
line and generator said relays are energized in a 
predetermined order dependent upon the rela 
tive frequencies of said line and generator, means 
including a pair of control circuits for raising and 
lowering the Speed of Said prime mover respec 
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tively, one of said relays having back and front 
contacts in said circuits respectively, a common 
connection for carrying current through both of 
said circuits, the other of said relays having a 
front contact in said connection, a normally ener 
gized set-up relay having a Contact in Said Con 
nection, means including a contact of said Set 
up relay whereby energization of said other of 
said relays locks said one of said relays in or Out 
depending upon whether said other of Said re 
lays is energized or deemergized, and means for 
deenergizing said set-up relay a predetermined 
time after said other of said relays is energized. 

12. In combination, a polyphase A. C. line, a 
polyphase A. C. generator, a prime mover for driv 
ing said generator, a pair of relays, means for So 
connecting said relays to said line and generator 
that from a predetermined phase relation of said 
line and generator said relays are energized in a 
predetermined order dependent upon the relative 
frequencies of said line and generator, means in 
cluding a pair of control circuits for raising and 
lowering the speed of said prime mover respec 
tively, One of Said relays having back and front 
contacts in said circuits respectively, a common 
connection for carrying current through both of 
said circuits, the Other of Said relayS having a 
front contact in said connection, a normally en 
ergized set-up relay having a contact in Said con 
nection, means including a contact of Said set 
up relay whereby energization of said other of 
said relays locks said one of Said relayS in or Out 
depending upon whether said other of Said re 
lays is energized or deenergized, means for deen 
ergizing said set-up relay a predetermined time 
after said other of Said relays is energized, and 
means for reenergizing said Set-up relay When 
Said last named relay is again deemergized. 

13. In combination, a plurality of independent 
alternating current sources, a circuit Supplied 
with a single phase E. M. F. from One of Said 
alternating current sources, a circuit Supplied 
with polyphase E. M. F.'s from another of said 
alternating current sources, a pair of relayS, 
means for causing one of said relays to be inter 
mittently actuated it response to variations in 
the vector sum of Said single phase E. M. F. and 
the E. M. F. of one phase of Said polyphaSe 
E. M. E.'s When the frequencies of Said alternat 
ing current sources are unequal, means for caus 
ing the other of said relays to be intermittently 
actuated in response to variations in the Vector 
sum of said single phase E. M. F. and the E. M. F. 
of another phase of Said polyphase E. M. F.'s 

5 when the frequencies of said sources are unequal, 
means actuated by the actuation of one of Said 
relays for locking both of said relays in their 
respective positions, and means for rendering Said 
locking means inoperative after a predetermined 
time. 

14. In combination, a plurality of independent 
alternating current sources, a circuit Supplied 
with a single phase E. M. F., from one of Said 
sources, a circuit supplied with polyphase 
E. M. F.'s from another of said alternating Cur 
rent sources, a pair of relays, means for causing 
one of said relays to be intermittently actuated in 
response to variations in the vector Sum of Said 
single phase E. M. F. and the E. M. F., of One 
phase of said polyphase E. M. F.'s When the 
frequencies of said alternating current Sources 
are unequal, means for causing the other of 
said relays to be intermittently actuated in re 
sponse to variations in the vector sum of Said 
single phase E. M. F. and the E. M. F. of an 

other phase of said polyphase E. M. F.'s when 
the frequencies of said sources are unequal 
whereby said relays are actuated in predeter 
mined sequences dependent upon the relative 
frequencies of said sources, a reversible trans 
lating device, and means for causing said trans 
lating device to operate in One direction in re 
sponse to the actuation of both of said relays 
and for causing said translating device to oper 
ate in the reverse direction in response to the 
actuation of a certain one only of said relayS. 

5. In combination, tWo alternating current 
circuits, and means for controlling the frequency 
of One of Said circuits including two electrore 
Sponsive devices respectively responsive to a 
function of a Voltage of one of said circuits and 
a Voltage of the other of Said circuits and a 
function of Said Voltage of one of said circuits 
and another voltage of said other circuit. 

16. In combination, two alternating current 
circuits, means for controlling the frequency of 
One of Said circuits including a plurality of de 
Vices respectively energized in response to dif 
ferent Voltages obtained from said circuits 
Whereby the sequence of operation of said de 
vices depends upon the relative frequencies of the 
Voltages of said circuits, and means controlled by 
One device for rendering the other device inop 
erative. 

17. In combination, two alternating current 
circuits, means for controlling the frequency of 
One of Said circuits including two electrorespon 
Sive devices respectively responsive to a func 
tion of a Woltage of one of said circuits and a 
Voltage of the other of said circuits and a func 
tion of Said Voltage of one of said circuits and 
another Voltage of said circuits, and means con 
trolled by One of Said electroresponsive devices 
for rendering the other of said electroresponsive 
devices inoperative. 

18. In combination, two polyphase circuits, 
means for controlling the frequency of one of 
Said circuits including two electroresponsive de 
Vices respectively responsive to a function of a 
Voltage of One of said circuits and a voltage of 
the other of said circuits and a function of said 
voltage of one of Said circuits and another volt 
age of Said other circuit, and means controlled 
by One device for rendering the other device in 
Operative, 

19. In Combination, two alternating current 
circuits, means for changing the frequency of 
One of Said circuits, means including an electro 
responsive device responsive to a predetermined 
resultant of a Voltage of one of said circuits and 
a Woltage of the other of Said circuits for effect 
ing the operation of Said frequency changing 
means to increase the frequency controlled there 
by for a predetermined length of time only when 
ever said predetermined resultant occurs, means 
including an electroresponsive device responsive 
to a predetermined resultant of said voltage of 
One of said circuits and another voltage of the 
other of said circuits for effecting the operation 
of Said frequency changing means to decrease 
the frequency controlled thereby for a predeter 
mined time Only Whenever said last mentioned 
predetermined resultant occurs, and means con 
trolled by one of Said devices for controlling the 
energization of the other of said devices where 
by the operation of said frequency changing 
means cannot be effected to both increase and 
decrease the frequency at any given instant. 

20. In combination, two alternating current 
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6 
circuits, an electroresponsive device connected to 
said circuits so that it is energized in response 
to a function of a voltage of one of said circuits 
and a voltage of the other of Said circuits, a 
control circuit, and means controlled by said 
electroresponsive device for completing said con 
trol circuit for a predetermined length of time, 
another electroresponsive device connected to 
said circuits so that it is energized in response 

10 to a function of Said voltage of Said. One of said 

19,966 
circuits and another voltage of said other of Said 
circuits, a second control circuit, means con 
trolled by said last mentioned electroresponsive 
device for completing said last mentioned con 
trol circuit for a predetermined length of time, 
and means controlled by said devices for prevent 
ing both of said control circuits from being si 
multaneously completed. 
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