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My invention relates to control systems,
and particularly to control systems for con-
trolling the supply of energy to a prime
mover driving an alternating current dyna-:
mo-electric machine

In alternating current systems 1n which an
alternator 1s arranged to be synchromzed
with an alternating current system to which
1t 18 to be connected, 1t 1s the usual practice
to control the supply of energy to the prime
mover 1n such a manner that prior to the
connection of the alternator to the system,
the alternator 1s driven at substantially
sznchlonous speed so that :t passes slowly
through synchromism and, therefore, can
readily synchronized with the system After
the alternator 1s connected to the system, the
supply of energy to the prime mover 1s then
mcreased so that the generator supplies its
share of the load

One object of my invention 1s to provide
an improved arrangement for automatically
1egulating the supply of energy to the driv-
g means for a generator so that the gencra-
tor 18 ditven at such a speed that it can be
<ately and readily connected to an electric
circuit and so that the generator takes on 1its
share of the load after it 1s connected to the
electrie cireurt

An other object of my invention 1s to pro-
vide an. improved arrangement for auto-
matically regulating the supply of energy
to n prime mover which drives an alternator,
go that with the alternator disconnected from
the svstem to which 1t 15 to supply current,
the alternator runs at such a speed that it
passes so slowly through synchronism that
the closing of the circuit breaker between the
alternator and the system may be effected
at the proper time, either manually or auto-
nmtlcnﬁv and so that the supplv of energz
to the pi1ime mover 18 autemntmaflv ncrease
to a predetermined amount after the circuit
breaker 1s closed

My invention will be better understood
fiom the following description, taken in con-
nection with the accompanying drawing the
single figure of which diagrammaticall
shows a system embodying my invenfion, an
1ts scope will be pomted out 1n the appended
claims

Refer1ing to the accompanymng drawing, 1
represents an alternating current system

wnich 18 suﬂphed by a suitable source dia-

grammatically indicated at 2 3 15 2 dynamo 88

electric plant comprising a motor means
shown as a prime mover 4 of any smtable type
driving & generator shown as un plternator 5
which is adapted to be connected to the sys-

tem 1 by means of a circuit breaker 6 It wall 00

be obwious, howeveri)ethn.t any other smtable

driving means may be employed for driving
the rator

Tﬁ:n:upply of energy to the prime mover

4 may be controlled bz any suitable govern- 68

1ng means, examples of which are w: wn
m the art. Asshown in the drawing, the gov-
ernor mechanism 7 comprises the well known
fly ball governor 8, which works against the

tepsion of a spring 9 In order to vary the 70

setting of the %overnor mechanism 7, means
are provided for adjusting the tensmon of
the spring 9 As shown, this means com-
prises a screw mechamsm 10 which 1s oper-

ated by,a reversible synchromzing motor 11 78

For controlling the setting of the governor
mechanism 7 so that the alternator 5, when
the circuit breaker 6 1s open, passes slowly
through synchromism and so that the alter-

nator automatically takes on 1ts share of the 80

load when the circmit breaker 6 1s closed, I
provide two rotatable elements 15 and 16
which are arranged to be driven respectively
at sperds proportional to the frequency of

the alternator 5 and the system 1 The ar- g

rangement 1s such, however, that the elements
15 and 16 are driven at the same speed by
their respective driving means only when the
frequency of the alternator 5 1s shightly
%reater than the frequency of the

Vhen the fre(i’luenc{l of the alternator 1s the
same or less than the frequency of the sys-
tem, the arrangement 1s such that it tends
to cim.nge the setting of the governor so as to

increase the supply of emergy to the prime ps

mover

Any suitable means may be provided for
respectively driving the elements 15 and 16
at speeds proportional to the frequencies of

the alternator 5 and the system 1 As shown, 100

the element 15 1s diiven by a synchronous
motor 17 electricallv connected to the alter-
nator 5 and the element 16 18 driven by a
synchronous motor 18 electrically connected
to the system 1 Swmtable

vided between the motor 1
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15 and smtable gearing 20 1s provided be-
tween the motor 18 and the element 16 so that
the two elements 15 and 16 are driven at
the same speed by the motorg 17 and 18 re-
ectively only when the frequency of the
ternator 5 exceeds the frequency of the

1 a predetermined amount.

The rotatable element 15 1s provaded with
two spaced contacts 21 and 22 which are
adapted to be engaged by a contact 23 on the
rotatable element 16bl ese contacts ai'e “E
ra.n_ged 1n any suitable manner, examples o
which are weﬁ known 1n the a1 t, so that when
element 15 1s driven at a faster speed than the
element 16, one of the contacts on the element
15 18 moved into engagement with the con-
tacts 23 on the element 16 and when the ele-
ment 15 18 driven at a slower speed, the other
contact on the element 15 18 moved mto en-
gagement with contact 28 Contacts 22 and
28, when 1n engagement, complete & circuit
through a control relay 24, which 1n turn com-
pletes a circuit for the synchronizing motor
11 so that 1t rotates 1n one direction, and con-
tacts 21 and 23, when. 1n engagement, com-
plete & circmit through a control reiay 25.
which 1n’turn completes a circuit for the syn-
chromzing motor 11 so that it rotates in the
opﬁoelte rection.

'or the purpose of this desantmn, 1t wll
be assumed that the direction of rotation of
the elements 15 and 1618 such that the contacts
22 and 28 are brought into engagement when
thé speed of the element 1% exceeds the speed
of the element 16 Therefore, relay 24, when
energized, causes the synchromzing motor 11
to rotate in a direction to effect a decrease in
the amount of en supplied to the prime
mover 4, and the relay 25, when energized,
causes the motor 11 to rotate 1n a direction to
effect an increase 1n the amount ef en
supghed to the prime mover 4 In order to
render the control arrangement inoperative
to mncrease the amount of energy suppled to
the prime mover 4 above a predetermimed
amount, & 1imit switch 26 15 provided. mn the
arcmt of the control relay 25 and 1s arranged
to be opened by the screw mechamsm 10 when
the goyernor has a predetermined settin

In order to prevent hunting, it 1s prefer-
able to-complete the circmits through the con-
trol relays 24 and 25 intermittently This
result may be accomplished m any suitable
manner, examples of which are well known
in the art. In the arrangement shown 1n the
dra’ , this result 1s obtained by arranging
the collector ring through which current is
led to the coiitact 23 so that the circuit
through the contact 23 1s completed only dur-
inga gredetennmed portion of each revolu-
taon of the element 16.

Suitable means are provided which may be
controlled either manually or automatically
1n respoase o 'Srodeﬁermmed electrical con-
ditions of the alternator 5 and the system 1

\.’I
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for effecting the closing of the circuit breaker
6 at the desired time, '

My invention 15 not imited to any pdrticu-
lar arrangement for effecting the closuig of
the circutt bresker 6, but 1s particularly
adapted for use 1n systems in which the clos-
mg of ‘the circuit breaker 1s effected by an
automatic synchronmizer However, 1n orde
to smphfy the disclosure shown, the careut
breaker 6 has been provided with a closing
coil 30, the circuit of which 1s arranged to be
closed i)y a manually operated switch 31

The operation of the arrangement shown
m the drawing 1s as follows With the prime
mover plant 3 1n operation and the circuit
breaker 6 open, the contacts 21 and 23 are 1n
engagement and the control relay 25 1s mter-
mittently energnzed to change the setting of
the governor amsm 7 so as to 1ncrease
the supply of energy to the prime mover 4
and thereby increase its until the fre-
quency of the generator 5 exceeds the fre-
3ueney of the gystem 1 miore than a pre-

etermmed amount. 'When the frequency of
the generator 5 does exceed the frequency
of the system 1 by .more than said -
mned amount, the element 15 1s driven at a
faster by the motor 17 than the element
16 1s driven by the motor 18, so that contact
21 18 moved out of engagement with contact
23 and contact 22 13 moved 1nto engagement
with contact 23, whereby the control relay 24
18 mtermittentiy energized to the
setting of the governor mechanism 7 in such
a menner as to decrease the sugplgecenergy of
the prime mover 4 and there rease 1fs
. 'Therefore, 1t will be o ed that.
since the elements 15 and 16 are arranged to
be driven at the same by their respective
motors only when the frequency of the alter-
nator 5 exceeds the frequency of system 1 by
a predetermined amount, the amount of
energy supplied to thgefnme mover 4 when
the alternator 5 18 below synchromism 1s
gradually mcreased so that the speed of the
alternator 5 1s i1ncreased until it reaches &
value shfhtly above synchronous s If
the speed of the alternator b5 ex its syn-
chronous s by more than a predetermined
amount, the contacts 22 and 23 are moved
into éngagement with each other so that the
amount of emergy supplied to the prime
mover 4 18 decreased to cause the speed of
the alternator 4 to decrease toward synchro-
nous The 1nherent speed varation of
the prime mover 4 ordimanly will be sufficient
to cause the speed of the alternator 5 to ap-
proach sufficiently near synchronous speed so
that the voltages of the alternator and the
system pass slowly enough through their 1n-
- phase condition to permit safe synchronizing
n some cases 1n practice, however, 1t may be
des11able {o provide other smitable means for
so controlling the eircwit of the synchromsz-
ing motor that it will be energized for a
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sufficient time when the contacts 21 and 28
are moved into engagement to cause the speed
of the alternator to decrease to a value either
more nearly equal to synchronous speed or
below synchronous speei This result may
be accomplished by desagming the control re-
lay 24 so that 1t maintains its contacts cloged
for a longer time after 1t becomes deenergized
than the relay 25 does, or by designing the
motor 11 so that it rotates faster when 1t
rotates m a direction to decresse the su]:lply
of energy to the prime mover than it does
when 1t rotates 1n a direction to increase the
supply of energy
erefore, 1t will be observed that with the

circuit breaker 6 open, the setting of the
governor mechanism 7 1s controlled in such a
manner that the alternator § passes slowly
through synchromism so that the circmit
breaker 6 can be closed at the proper time

After the circuit breaker 6 1s closed the
frequéncies of the generator 5 and the system
are the same, so that the motor 17 drives the
element 15 at a slow ér speed than the motor 18
drives the element 16. Consequently, the
contacts 21 and 23 are 1n engagement with
each other and the control relay 25 1s inter-
mittently energized to cause the motor 11 to
change the setting of the governor in such a
mdnner as to imncrease the supply of energy
to the prime mover 4 until the governor
mechanism has a predetermined setting when
the limut switch 26 1s opened to interrupt the
circuit of the control relay 25 Therefore,
when the circuit breaker is closed, the ar-
rangement operateg automatically to readjust
the setting of the governor automatacally to
a predetermined value, so that the generator §
19 caused to supply a certamn amount of the
total load on system 1

While I have, 1n accordance with the patent
statutes, shown and described my invention as
embodying various devices diagrammatically
mdicated, changes and modifications will be
obvious to those skilled in the art, and I,
therefore, a1m 1n the appended claims to cover
ull such changes and modifications as fall
within the true spirit and scope of my mnven-
tion

‘What'l claum as new and desire to secure
by Letters Patent of the United States 1s

1 In combmation a generator, a load cir-
cuit a switch for connecting the generator
tco the load ciremit motor means for driving
said erator, and means responsive to the
relation between corresponding electrical
conditions of said generator and said load
encuit for controlling the operation of said
motor means to increase the speed of saxd gen-
erator when said electrical conditions of the
generator dnd load circuit are substantially
the same whereby said generator will take on
load when said switch is closed

2 In combination, an electric circuit, a
generator adapted to be connected to sad eir-
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cuit, driving means for said generator and
an automatic speed and load contrelling ar-
rangement for said driving means compris-
ing means responsive to the 1elation between
corresponding electiical conditions of smad
5enerator and sa1d carcmt for regulating saxd
riving means so that said electiical condi-

tions of said %:terntox and said cireuit ave
mamtamed substantially equal when said
generator 18_disconnected from said circuit
whereby sdid generator may be readily con-
nected to said circmt and so that the supply
of energy to said driving means 1s automati-
cally increased to a predetermined value when
54l erator 18 counected to said circmt

8 In combination, an electric circuil, a
generator adapted to be connected to saxd cir-
cut, driving means for said generator, and
an automatic load controlling arrangement
for the saxd driving means comp11sing means
responsive to the relation between corre-
sponding electrical conditions of saxd gener-
ator and circuit arranged to effect an increase
m the supply of ene1gy to said driving means
when said electrical condition of said genera-
tor 15 equal to and less than that of the electric
circutt

4 In combination, a generator, a load cir-
cut. a switch adapted to be operated to con-
nect the generator to the load circmit, means
for dnving said generator, means respon-
sive to the speed of said generator for control-
ling the power of said driving means, and
means responsive to predetermined electr:-
cal conditions of said generator and load e1r-
cmt for controlling said speed responsive
means arranged to affect the power of saxd
generator driving means to maintamn the
electrical condition of the generator substan-
tially equal to that of the load cuemt while
the switch 1s open and to increase the power
of said driving means when said predeter-
mined electrical conditions are equal where-
by upon closing sa1d switch the power of sa1d
driving means will be increased to cause the
generator to take on load

5 In combination, an alternating current

tem an alternator adapted to be connected
thereto, 8 prime mover for said alternato
and an automatic speed and load controlling
arrangement for said prime mover compris-
ing means responsive to the relative frequen-
cies of sa1d system and alternator for control-
ling the supply of energy to said pr1me mover
go that with sai:d alternator disconnected
from said system said alternator passes
slowly through synchronism and when said
alternator 1s connected to sa1d sy stem the sup-
Ply of energy to said prime mover 1s puto-
matically increased te a predetermined value
whereby sa1d alternator takes on load

6 In combination, an alternating current
system, an alternator adapted to be connected
to said system, driving means for said alter-
nator and an automatic load controlling a1-
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rangement for said driving means compris-

g means responsive to the relative frequen-

cies of said system and alternator for effect-

Ing an increase’ 1n the sulzgly of energy to
e

& said driving means when

10 generator and an automatic speed reg

15

fne?uencxes of
the alternator and the system are the same
7 In combination, an alternating current
gystem, an alternator adapted to be connected
to said gystem, a prime mover drivin, zud
ng
arrangement -for said prime mover comsms—
ing a plurality of elements, means for driv-
«1ng one of 'said elements at a speed propor-
tional to the frequency of said alternator,
means for dring another of said elements
at u speed proportional to-the frequency of
gaid system, said elements being arranged to
be driven at the same speed by their respec-
tive driving means when the frequency of
sa1d alternator exceeds the frequency of said
system & predetermined amount, and means
responsive o the relatne speeds of said ele-
ments for controlling the supply of energy
to said prime mover so that said alternator
passes owl{‘through“synchromsm -

8 In combination, an alternating current
sy stem, an alternator adapted to be conneated
to said system, a prime mover driving said al-
ternator and an automatic speed regulating
arrangement for said prime mover compris-
ing an element arranged to be driven at a
speed proportional to the frequency of smd
alternator, another element arranged to be
driven at a speed proportional to the fre-
quency of said system, said elements being ar-
ranged to be driven at the same sKeed by their
respective driving means when the frequency
of said alternator exceeds the frequency of
said system a predetermined amount, and
means controlle said elements for effect-
1ng an mcrease 1n the amount of energy sup-
plied to said prime mover when the speed of
sud first mentioned element 1s less than the
speed of sa1d second mentioned element and a

ecrease mm the amount of energy supphed
to said prime mover when the speed of sa1d
first mentioned element 1s greater than the
speed of sa1d second mentioned element.

9 In combination, an alternating current
system, an alternator adapted to be connected
to said system, a prime mover driving said al-
ternator and an automatic load controlling
arrangement for said prime mover compris-
g an element arranged to be driven at a
speed proportional to the frequency of said
alternator, another element arranged to be
driven at a speed proportional to the fre-
quency of said system, said elements bemgh::-
rnngai to be driven at the same speed by their

respective driwing means when the frequency
of said alternator exceeds the frequency of
said system a predetermined amount, and
means eontrolledgyy sa1d elements for effectin,

an increase 1 the amount of energy su‘fphe
to sa1d prime mover to a predetermined value

e
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when the speed of said first mentioned ele-
men:s‘ls less than the speed of the other ele-
men

10 In combination, an alternating current

system, an alternator adapted to be connected 70

to sa1d system, a prime mover for driving smid
alternator, a governor mechamsm for said
prime mover, and means for effecting a
determmed setting of said governor me

msm after said alternator i1s conmected to 78

said system comprising uency ve
means arranged to change the setting of saxd
governor mechamsm so as to increase the
amount of en supphed to smd prime
mover when th:rgq
system are the same,

11 In combnation, an alternating current
system, axi alternator adapted to be connect-
ed to said system, a prime mover for driving

said alternator, a governor for said prime 85

Imover, & synchromzmﬁ motor adapted to con-
trol the setting of sa:xd governor, and means
for controllng the operation of ‘sazd motor
compn::f an element arr to be driven
fitas proportional to the frequency of
said alternator, another element ar to
be driven at a speed proportional to the fre-
quency of saxd s , 5a1d elements bemng ar-
ranged to be driven at the same when
the frequency of said alternator exceeds the
frequency of said 2 predetermmed
amount, and means contro by said ele-
ments for completing & carecmt for sa1d motor
tgcause 1t to vary the setting of saxd governor
so as to mcrease the supply of energy to smxd
prime mover when the speed of saxd men-
tioned element 18 less the speed of the
other element and for eompleh.n&n ciremt for
said.motor to cause 1t to vary the setting of
saxd governor so as to decrease the supply of
energy to sa1d prime mover when the speed of
said mentioned element exceeds the speed
of the other element
12. In combination, an alternating current
system, an alternator adapted to be connected
to said system, a prime mover for driving saxd
alternator, a governor for sad mover,
a synchromzing motor adapted to control the
setting of saxd governor, and means for con-
trolling the operation of sa1d motor compris-
g an element ar to be driven at a
speed proportional to the frequency of smd
alternator, another element arranged to be
driven af a speed proporfionsl to the fre-
of saxd sa1d elements ar-
ranged to be driven at the same speed ‘w
the frequency of smid alternator exceeds the
frequency of said s¥atem a predetermined
amount, means controlled by said elements for
completing a cireunt for said motor to cause 1t
to vary the setting of said governor so as to
crease the supply of energy to said prime
mover when the speeéd of said first mentioned
element 18 less than the speed of the other ele-

ment and for completang a circwt for seid mo- 130
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for to cause 1t to vary the sefting of said gov- means from changing the settaing of the gov-
ernor so as to decrease the supply of energy ernor so as to increase the supply of energy to

to sa1d prime mover when the speed of said saxd prime mover 10
first mentioned element exceeds the speed of In witness Whereof, T have hereunto set my

5 the other element, and means arranged to be hand this 27th day of January, 1927.

. operated when the governor has a predeter-

mined setting to prevent said controlling HAROLD T. SEELEY.
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