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This invention relates to electrical control 
systems, and more particularly to systems 
which respond to or control the relative fre 
quencies of sources of alternating current. 
For the sake of brevity the words “alternat 
ing current” will be hereinafter abbreviated 
to a c. w 

One of the objects of the invention is the 
provision of means responding to the rela 
tive frequencies of two as c. sources, and 
more particularly the production of prede 
termined effects in response to effective op 
eration of said means. A more specific ob 
ject is the provision of means whereby the 
frequencies of the two sources are brought 
to the same value in response to said means. 
A further object is the provision of means 

responding 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 dif 
ferent predetermined orders depending upon 
the relative frequencies of the two sources. 

() 

This invention is an improvement on that 
disclosed in applicant's copending applica 
tion Serial No. 409,072, filed Nov. 22, 1929, 
and a further object is the simplification of 
the system disclosed in said copending ap 
plication, and more specifically, the reduc 
tion of the number of relays necessary for at 
taining 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 accom 
panying drawings forming a part thereof 
and showing one embodiment of the inven 

f tion, and all these novel features are intended 
to be pointed out in the claims. 

In the drawings: 
Fig. 1 is a diagrammatic view of one em 

bodiment of the invention as it may be ap 
plied 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 illustrat 
ing electromotive forces which are applied to 
certain parts of the system and Fig. 6 is a 

diagram illustrating various vector polygons 
resulting from a combination of certain vec 
tors in Figs. 4 and 5. 

is here shown a prime mover 4, indicated as 
a hydraulic turbine. It is to be understood 

its applicationto any particular form of prime 
mover. The turbine 4 drives a generator 5 
supplying the three phase conductors 6 which 
may be connected by means of a switch 7 to 
a three-phase line 8. The switch 7 is here 
shown as provided with an operating coil 9 
which may be energized by means of any 
suitable form of automatic synchronizer. In 
as much as the synchronizer forms no part of 
the present invention it has merely been in 
dicated in the drawings. 
The turbine 4 is shown as controlled by 

means of a gate 11 in the conduit supplying 
operating fluid thereto. It is of course to be 

Referring to Fig. 1 of the drawings there 

however that the invention is not limited in 

O 

understood that any of the usual means for 
controlling the supply of operating fluid to 
a prime mover may be employed. The gate 
11 may be operated by means of a servo 
motor 12 which is indicated as controlled 
by a regulating valve 13. The regulating 
valve 13 is here shown as controlle 

to the floating pivot of which is connected 
a centrifugal speed responsive device con 
tained in the casing 15. The other end 
of the floating lever 14 is pivotally con 
nected to a nut 16 which is in operative rela 
tion to a screw. 18. The lower end of the 
screw 18 is suitably connected to the usual 
dash pot or compensating device 17 the other 
element of which is operated in unison with 
the motion of the gate 11. 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 18 may be rotated by means of a 
motor 19 here shown as of the direct current 
split field type, the field windings being indi 
cated as 20 and 21. One terminal of the 
armature of motor 19 is connected to a bus 22 

s 

led in the 
usual manner by means of a floating lever 

the other terminal being connected to a com 
mon terminal for the field windings 20 and 
21. The other terminals of the field windings nC 
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are connectible to another bus 23, so that if 
field winding 20 is connected to bus 23 the 
motor 19 will rotate in one direction whereas 

indicated as a battery 24. 

0. 
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if field winding 21 is connected to bus 23 it 
will rotate in the other direction. The buses 
22,23 are fed from any suitable source here 

Connected across two of the phase conduc 
tors of the polyphase line 8 is a transformer 
the terminals of the secondary of which are 
connected to conductors 1 and 2'. To the 
corresponding phase conductors of the gen 
erator 5 which are connectible to the same 
conductors to which the beforementioned 
transformer is connected, is connected a 
transformer the secondary terminals of which 
are connected to conductors 1 and 2. An 
other pair of the phase conductors leading 

20 
from the generator has connected thereto a . 
transformer the secondary terminals of 
which are connected to the conductor 2 and 
a conductor 3. The conductor 1' is con 
nected by means of a conductor 25 to the 
conductor 1. The conductors 2', 2 and 

25 
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3 are extended to control relays as will ap 
E. hereinafter, and these conductors may 

controlled by a switch 26 in any suitable 
fashion. . . 
A relay 27 has one terminal connected to 

conductor 2 and the other connected, 
through a resistance 28, to conductor 2. A 
relay 29 has one terminal connected to the 
conductor 2's, there being a resistance 36 in 
terposed as here shown, and the other ter 
minal, through a resistance 30, to the con 
ductor 3. A set-up relay 31 is here shown 
as having one terminal connected to the con 
ductor 1 and the other, through a resistance 
32, to the conductor 2. An adjustable time 

40 
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limit relay 33 is here shown as connectible 
across the conductors: 1, 2 through a re 
sistance 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 contacts which are adapted to close 
a circuit when the relay is energized. In the 
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33 and two fossible shunt or lockout circui 

across-the-line diagrams of Figs. 2 and 3 
front contacts are indicated by a pair of 
parallel lines. The relay coils in the said, 
iagrams are indicated by circles, and the 

coil and contacts of a given relay bear the 
same-reference Af One of the con 
tacts of relay, 27 controls the circuit of mo 
tor 19; another is in a holding circuit for 
relay 27; another is in a shunt or lockout cir 
cuit for relay 29; and another controls rela 
for relay 31. ' 

Relay 29 is here shown as provided with 
four contacts two of which are front contacts 
and two back contacts. By back contacts is 

33 

meant contacts which are adapted to open 
a circuit when relay is Ergot In the 
across-the-line diagrams, of Figs. 2 and 3 
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back contacts are indicated by a pair of paral 
lel lines crossed by a diagonal fine. ne of 
the front contacts of relay 29 and one of the 
back contacts thereof are in circuits for the 
field windings 21 and 20 respectively. An 70 
other 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 
circuit for said relay. - 

Relay 31 is here shown as provided with 
four contacts three of which are front and 
one back contact. Oné of the front contacts 
controls a circuit for motor 19; another front 
contact controls the circuit for relay 33; and 
another front contact is in the holding cir 80 
cuit for relay 27. The back contact of relay 
31, is in one of the lockout circuits for said 
relay. , 

In order to determine the electromotive 
forces (hereinafter abbreviated to “emfs.”) 
applied to relays 27 and 29 respectively under 
various conditions, the vector components of 
these emfs. will be considered first. Refer 
ring now to Fig. 4, the vectors 0-2 and 0-1 
indicate the emfs. between a neutral point 0 
and the conductors. 2' and 1 respectively. 
The phase-to-phase emf. is then that indi 
cated by the vector marked with the legend 
2' to 1. Referring now to Fig. 5 and assum 
ing that the polyphase emfs. of the generator 
and line are in phase, the vectors 0-1, 0-2, 
and 0-3 correspond to the emfs, between a 
neutral point 0 and the conductors 1, 2, 
and 3 respectively. Since the circuit for re 
lay 27 for example is as here shown from 
2' to 1' to 1 to 2, the emf. across 1 and 
2 is laid off in the reverse direction in the 

85 
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95 
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diagram in Fig. 5 and bears the legend, 1 
to 2. The emf across the conductors 1 and 
3 is laid off as the vector bearing legend, 1 
to 3, in Fig. 5. In order to determine the 
emfs across the relays 27 and 29 the vectors 
obtained as hereinbefore stated have been 
laid-off in a diagram of vector polygons in 
Fig. 6. O 
For the sake of convenience in forming 

the vector polygons the head of the arrow 
CO, representing the vector 2 to 1, is at 
the point 0 in Fig. 6, for various positions of 
that vector, while the tail of the arrow OA, 
representing the vector 1 to 2 is at the point 
0. 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 
previously stated that the emf. 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 to 1' to 1 to 3, the emf. across this 
relay is represented by the vector CB. Let 
it be assumed that this vector represents a 

05 
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potential difference of 100 volts and that the 
resistance 30 is so adjusted that for 100 volts. 
across the conductors 2 and 3e, the relay 29 
will not be effectively energized. Let it fur 
ther be assumed that in case the emf. across 
these conductors rises to 130 volts. that said 
relay will be effectively energized. The re 

5 

lay, 27 may be adjusted in like manner by 
resistance 28 so that it will be deenergized at 
100 volts across conductors 2 and 2 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 1’, 2, 3, and 1, 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 20 vectors 1, 2, 3 as stationary and the vectors 
1', 2',3' as revolving with respect thereto. 

25 

30 

40 

45 

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 0 in either one direction or 
the other depending upon whether the line 
frequency is above or below that of the gen 
erator. : - 

If it be assumed that when the line fre 
quency is below that of the generator, the 
vector CO rotates in a counter-clockwise di rection, 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 wind 
ing 21 and opens the back contact thereof in 
the circuit of field winding 20, but since relay 
27 is deenergized, the motor circuit remains 
deenergized. When the vector CO reaches the position C the relay 27 will be energized, 
the emf. across this relay being then repre 
sented by vector CA which in the instance 
assumed is 130 volts, It may be noted that 
the emf across relay 29, is represented by 
vector CB and therefore this relay remains 

50 
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energized. The energization of relay 27 
causes a front contact of that relay to com 
plete a circuit for motor 19 through field 
winding 21 and through front contacts of re 
lays 29 and 31. Another front contact of re 
lay 27 completes a circuit for relay 33 
through a front, contact of relay 31. An 
other front contact of relay 27 locks relay 29 
in, the relay 29 being then fed from con 

60 

85 

ductors 1 and 2' through front contacts of 
relays 29 and 27 and resistance 36. The re maining front contact of relay 27 locks said 
relay in, said relay being ther fed from con 
ductors 2 and 1 through front contacts of 
relays 31 and 27. The motor 19 now rotates 
in such direction as to move the nut 16 in 
the proper direction for adjusting the gover 
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nor to lower the speed of the generator 5. 
Meanwhile, as stated above, the adjustable 

time limit relay 33 has been energized and 
after a predetermined time this relay closes 
its contact thereby shorting relay 31 through 
a front contact of relay 27. Relay 31 then 
drops out causing deenergization of relay 33. 
The dropping of relay 31 also has the fol 
lowing effects; the holding circuits of relays 
27 and 29 are opened; the circuit of motor 
19 is opened; and relay 31 is locked out by 
reason of the closure of its back contact. 
Since this lockout circuit is through a front 
contact of relay 27, relay 31 will remain 
locked out as long as relay 27 remains en 
ergized, and this depends upon the position 
of the rotating vector CO. As soon as this 
vector reaches any position such that the emf. 
across relay 27 is 100 volts or less (in the illus 
trative example) relay 27 will drop out open 
ing the lockout circuit for relay 31 and the re 
lay 31 will be energized, and the cycle of op 
erations hereinbefore described may be re 
peated. This cycle of operations will be re 
peated the oftener the greater the difference 
in frequency between the generator and the 
line. On the other hand, if the difference is slight the cycle will be repeated at compara 
tively long intervals since the rotation of 
vector CO is then very slow. 
Let it now be assumed that the frequency 
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of the line is above that of the generator, in . 
which case the vector CO will rotate in a 
direction opposite from that previously as 
Sumed, that is, in a clockwise direction. If 
We begin again with the emfs. of line and 
generator in phase, both relays 27 and 29 are 
deenergized. When the vector CO reaches 
the point C the emf. C9A is sufficient to 
energize relay 27. 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 19. 
through field winding 20 and front contacts 
of relays 27 and 31. The energization of 
relay 27 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 2 energizes the adjustable time limit relay 
38. The energization of the motor circuit 
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as hereinbefore described causes the motor 
19 to run in such direction that the fre quency of the generator is caused to increase. 
. Meanwhile, the time limit relay 33 is mov 
ing its contact toward closed position and 
when the same closes, the relay 31 is locked out, until relay 27 is deenergized, as previ 
ously described. Deenergization of relay 27 
opens the lockout circuit for relay 29, and permits relay 31 to be reenergized. The cy 
cle hereinbefore described may then be re peated. 
It will be evident that when there is a large 

20 
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30 
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difference in frequencies between the gener 
ator 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 dif 

5 ference in frequencies becomes less the rapid 
ity of change in the frequency of the gener 
ator is also decreased, thereby rendering Syn 
chronization between the generator and line 
very easy. 

10 . The speed at which motor 19 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 
15 (whether it was at first higher or lower in 

frequency) the switch 7 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 synchronizer 10 

20 here indicated merely by an appropriate 
legend. - 
While the connections of the transformers 

for feeding relays 27 and 29 are preferred as 
shown, it will be apparent to those skilled in 

25 the art that the vector polygons as described 
in connection with Fig.6 will apply equally 
well if the connections 1 and 2' are reversed, 
that is, the conductor 2's leading to the upper 
(as viewed in Fig. 1) terminals of relays 27 

30 and 29, becomes 1’, and the conductor 25 is 
connected to terminal 2' instead of 1. The 
only difference is that the condition repre 
sented by the vectors in full lines in Fig. 6 
then represents the condition when the gen 

35 erator and line are 180 degrees out of phase. 
The principle of operation of the relays as 
-hereinbefore described however remains un 
changed as far as the control of the speed of 

, the generator to bring the frequency to the 
40 same as that of the line is concerned. 

It should be understood that it is not de 
sired to limit the invention to the exact de 
tails of description shown and described, for 
obvious modifications may occur to persons 

45 skilled in the art, - 
It is claimed and desired to secure by Let 

ters Patent: 7 
1. In combination, a pair of polyphase 

a=c. sources, a pair of relays, means for so 
50 connecting said relays to said sources that 

from a predetermined phase relation of said 
sources said relays are energized in predeter 
mined sequences dependent upon the relative 

- frequencies of said sources, an electrical de 
55 vice, and means whereby energization of one 

of said relays at a time while the other of said relays is energized produces a predetermined - 
effect on said device and energization of said 
one of said relays at a time while the other of 

60 said relays is deenergized produces a differ 
ent predetermined effect on said device. . . 

2. In combination, a pair of polyphase 
a- c. sources, a pair of relays, means for so 
connecting said relays to said sources that 

65 from a predetermined phase relation of said 

time. 
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sources said relays are energized in a prede 
termined sequence at a time when the fre 
quency of one of said sources is higher than 
the frequency of the other of said sources, and 
means whereby the energization of the last 
one of said sequentially energized relays at 
said time locksboth of said relays in their re 
spective energized positions for a definite 
time. . . . . . . . 

3. In combination, a pair of polyphase 
a=c. sources, a pair of relays, means for so 
connecting said relays to said sources that 
from a predetermined phase relation of said 
sources said relays are energized in a prede 
termined order at a time when the frequency 
of one of said sources is lower than the fre 
quency of the other of said sources, an electri 
cal device; means whereby energization of 
one of said relays at said time while the other 
of said relays is deenergized causes a prede 
termined effect on said device, and means 
whereby energization of said one of said re 
lays 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 
relays to said sources that from a predeter 
mined phase relation of said sources said re 
lays 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 energization of one of said re 
lays at said time while the other of said re 
lays is deenergized causes a predetermined 
effect on said device, means whereby energi 
zation 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 
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5. In combination, a polyphase a-- c. line, 
a polyphase a c. generator, a prime nover 
for driving 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 including a 
pair of control circuits for raising and low 
ering 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 

110 

5 

120 

connection. 
6. In combination, a polyphase a = c. line, 

a polyphase a c. generator, a prime mover 12E 
for driving 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 30 
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dependent upon the relative frequencies of 
said line and generator, means including a 
pair of control circuits for raising and lower 
ing the speed of said prime mover respective 
ly, one of said relays having back and front 
contacts in said circuits respectively, a com 
mon 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 for deen - ergizing said set-up relay a predetermined 
time after said other of said pair of relays is 
energized. . . 

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 generator that from a predetermined 
phase relation of said line and generator said 
relays are energized in a predetermined order 

lo 
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20 

dependent upon the relative frequencies of 
said line and generator, means including a 
pair of control circuits for raising and lower 
ing the sped of said prime mover respective 
ly, one of said relays having back and front 
contacts in said circuits respectively, a com 
mon 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 deemergiz ing said set-up relay a predetermined time 
after said other of said pair of relays is ener 

35 gized, and means for reenergizing said set-up 
relay when said last named relay is again de 
energized. s 

8. In combination, a polyphase a=c. line, 
a polyphase a c. generator, a prime mover 

40 for driving 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 including a 
pair of control circuits for raising and low 
ering 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 energized set-up re 
lay having a contactin said connection, means for deemergizing said set-up relay a predeter 
mined time after said other of said pair of 
relays is energized, and means whereby de 
energization of said set-up relay locks the 
same out until predetermined conditions ob 
tain. . 

9. In combination, a polyphase a=c. line, 
polyphase atc. generator, a prime mover 

for driving said generator, a pair of relays, 
means for so connecting said relays to sai 

30 respectively, one of said relays having back 

quencies of said line and generator, means 

5 

line and generator that from a predeter 
mined phase relation of said line and gen 
erator said relays are energized in a prede 
termined order dependent upon the relative 
frequencies of said line and generator, means 
including a pair of control circuits for rais 
ing and lowering the speed of said prime 
mover respectively, one of said relays hav 
ing back and front contacts in said circuits 
respectively, a common connection for car 

70 

75 
rying current through both of said circuits, 
the other of said relays having a front con 
tact in said connection, and means whereby 
energization of said other of said relays locks 
the said one of said relays in or out depend 
ing 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 driving said generator, a pair of relays, 
means for so connecting said relays to said 
line and generator that from a predeter 
mined phase relation of said line and genera 
tor. said relays are energized in a predeter 
mined order dependent upon the relative fre- 90 
quencies of said line and generator, means in 
cluding a pair of control circuits for raising 
and lowering the speed of said prime mover 

80 

85 

and front contacts in said circuits respec-95 
tively, 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 contact in said connection, 100 
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 deenergized. 0 

11. 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 predeter 
mined phase relation of said line and genera 
tor said relays are energized in a predeter 
mined order dependent upon the relative fre 

including a pair of control circuits for rais- 5 
ing, and lowering the speed of said prime 
mover respectively, one of said relays hav 
ing back and front contacts in said circuits 
respectively, a common connection for car 
rying current through both of said circuits, 
the other of said relays having a front con 
tact in said connection, a normally energized 
set-up relay having a contact in said con 
nection, means including a contact of said 125 

120 

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 de 
energized, and means for deenergizing said 130. 
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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 driving 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 

i0 dependent upon the relative frequencies of 
said line and generator, means including a 
pair of control circuits for raising and lower 
ing 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 energized set-up relay. 
having a contact in said connection, means 
including a contact of said set-up relay where 
by energization of said other of said relays 
locks said one of said relays in or out depend 
ing upon whether said other of said relays is 

25 energized or deenergized, means for deener 
gizing 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 deener 30 gized. 

13. In combination, a plurality of inde 
pendent alternating current sources, a circuit 
Supplied with a single phase emf. from one 
of said alternating current sources, a circuit 
Supplied with polyphase emfs. from another 35 

of said alternating current 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 emf. and the emf of one phase of said 
polyphase emfs, when the frequencies of said 

- alternating current sources are unequal, 
means for causing the other of said relays to 
be intermittently actuated in response to 
variations in the vector sum of said single 

50 
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phase emf. and the emf of another phase of 
said polyphase emfs. 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 respec 
locking means inoperative after a predeter. 
mined time. 

14. In combination, a plurality of inde 
pendent alternating current sources, a cir 
cuit supplied with a single phase emf. from 
one of said sources, a circuit supplied with 

80 

polyphase emfs, from another of said alter 
nating current, sources, a pair of relays, 

844,719 

causing the other of said relays to be inter 
mittently actuated in response to variations 
inthe vectorsum of said single phase emf. and 
the emf. of another phase of said polyphase 
emfs. when the frequencies of said sources are 
unequal whereby said relays are actuated in 

70 

predetermined sequences dependent upon the 
relative frequencies of said sources, a reversi 
ble translating device, and means for causing 
said translating device to operate in one di 
rection in response to the actuation of both 
of said relays and for causing said translating 
device to operate in the reverse direction in 
response to the actuation of a certain one 
only of said relays. 
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In testimony whereof, the signature of the 
inventor is affixed hereto. m 

PAU, M. STIVENDER. 
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tive positions, and means for rendering said 

means for causing one of said relays to be 
intermittently actuated in response to varia 
tions in the vector sum of said single phase 
8tnf. and the emf of one phase of said poly. 

35 phaseemfs, when thefrequencies of said alter 
" nating current sources are unequal, means for 
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