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Reissued Mar. 17, 1931 

UNITED STATES 
Re. 18,000 

PATENT OFFICE 
WALTER s. PFEDFER, or shorewood, wIsconsor, AssIGNOR, BY Esek AssGr 

- ENTs, TO THE RELIANCE COMPANY, OF WILLINGTON, DELAWARR, A CORPORA 
TOT OF DAWAR 

sTARTING DEVICE FOR syNCE Borous MOTORs 
original ?o. 1,78S908, dated November 25, 1930, serial so. 680,843, fled December 14, 1923. Application 

for reissue filed January 28, 1931. 

This invention relates to new and useful improvements in starting devices for syn 
chronous motors. 
Synchronous motors have been generally 

5 endorsed by experts and recommended by 
the public utilities due to the greater amount 
of power which is obtained in ratio to the 
current consumed when compared to the mo 
tors of the squirrel cage type. This desirable 

10 feature has, however, been offset in the past by the difficulties experienced in the starting 
of the motor. In the past this has been ac complished by an operator manually closing 
the various circuits at intervals, often re 

ls sulting in improper starting and necessi 
tating repeating of the starting operation, 
as it is essential that each step in the start 
ing cycle be made in its proper sequence with 
the proper time interval between it and the 

0 preceding step. As a result of the obstacles 
and difficulties experienced in the manual 
starting of synchronous motors, they have 
not been generally, adopted, and 
viewed with considerable disfavor. 

- With the above and other objections in 
mind, this invention has for one of its ob jects to provide a starting device for syn 
chronous motors wherein the human element 
is absolutely eliminated and all the opera 

30 tions of the starting cycle performed auto 
matically after an initial starting switch has 
been closed. 
Another object of this invention resides in 

the provision of a stating device for syn 
chronous motors wherein a prolonged exces 
sive overload or the failure of any of the 
steps in the cycle renders the entire device inoperative. 

in the starting of a synchronous 
motor only alternating current is used up to 
the time the motor is brought to speed, it is 
advisable to have both the alternating and 
direct currents at the board when the initial 
step of the starting cycle is performed to 
eliminate the possibility of bringing the 
motor up to speed and not being able to 
complete the cycle due to the direct current 
not being on the board when it is to be con 
nected with the rotor. 
it is, therefore, another object of this in 

have been 

Serial No. 510,835. 

vention to provide a starting device of the 
character described wherein it is impossible 
to start the starting cycle unless both alter 
nating and direct current are at the board. 
Another object of this invention resides in 55 

the provision of means operable upon the 
failure of any one step in the starting cycle 
to be completed in its sequence and within 
a predetermined time interval, whereby the entire starting operation is rendered inop 
erative. . 
A further object of this invention resides 

in the provision of means for producing a 
time lag between the actuating of the gov erning relay and the closing of the direct 
current main switch for connecting the direct 
current with the rotor after the motor has 
been brought to speed whereby the govern 

king relay may be set at a sufficiently high 
value to at all times insure the direct current going on. 
And a still further object of this invention 

resides in the provision of a compound gov 
erning relay having a coil of a constant value 
and a coil of a variable value and responsive 75 
to the current consumed by the motor during 
the period when the same is brought to speed. 

ith the above and other objects in view 
which will appear as the description proceeds, 
my invention resides in the novel construc 
tion, combination and arrangement of parts 
substantially as hereinafter described and 
more particularly defined by the appended 
claims, it being understood that such changes 
in the precise embodiment of the herein dis 
closed invention may be made as come within 
the scope of the claims. 
In the accompanying drawings, I have ill 

lustrated one complete example of the physi 
cal embodiment of my invention constructed 
according to the best mode I have so far 
devised for the practical application of th 
principles thereof, and in which: 

Figur 

CO 

ve. 

80 

90 

ire 1 is a view in front elevation of the 
panel or front switchboard of a synchronous 
motor starting device embodying my inven 
tion: 

Figure 2 is a front elevation of a compound 
governing relay employed in connection with 100 

95 
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20 

circuits employed. 

y.improved synchronous motor starting 
device; ... 

Figure 3 is a side view thereof; Figure 4 is a diagrammatic showing of the 

Referring now more particularly to the 
drawings in which like numerals designate 
like parts throughout the several views, the 
numeral 5 desi 
stator of a three phase synchronous motor. 
which is diagrammatically illustrated in Fig 
ure 4. 

Heretofore the starting of a synchronous 
motor has been chiefly accomplished by the 
manipulation of various switches, the inter 
vals between the manipulations of which 
have been controlled by the operator, bring 
ing into play the human element which is 
objectionable in that the intervals between 
the closing of the various circuits are yaried. 
'This invention contemplates the elimina 

tion of the human element as a factor in the 
starting operation of a synchronous motor, 

a single starting switch or but pas 
57 carried by the armatures, a setting bolt or 90 
screw 58 cooperating with the fastening mem 

by providi 
ton S, which closes an initial circuit to be 
later described, resulting in the actuation in 
proper sequence and at the desired intervals 
of a plurality of actuating devices insuri 

30 

40 

the proper protection against overload an 
failure of any of the devices to operate at the 
proper time up to the point where the motor 
is in full operation with the alternating cur 
rent at the stator and the direct current at 
the rotor. . . 
This invention, as illustrated, employs a 

front board or panel 7 and a rear board or 
panel, not shown, the front board or panel 
mounting a direct current ammeter 8, an al 
ternating current ammeter 9, a rheostat 10, - - - - - - 

construction illustrated in Letters Patent No. an indicating light 11, a direct current main 
line switch 12, a start button S, a stop button 

4. 

50 

timing relay 18 and two overloa 

S’, an initial control, direct current, mag 
netic switch 13, an alternating current, relay 
switch 14, a compound governing. relay 
switch 15, an alternating current, relay 
switch 16, a direct current actuated, timing 
relay 17, an alternating current FE 

o relavs 19 

and 20. The rear panel has mounted there 
on a direct current magnetic switch 21 which 
controls auxiliary switches 22 and 23, a re 
sistance cutout switch 24, a resistance 25, an 
alternating current, main line switch 26 con 
trolling an auxiliary switch 27, a step-down 
vol. transformer 28 and current trans 
formers 29 and 30. 
The magnetic switch 13 is of conventional 

design embodying a magnetic coil 31, a pivot 
ing armature 32 adapted to, upon attraction 
toward the coil by its energization, engages 
a movable contact carried by the armature 
with a fixed contact 33. The magnetic switch 
14 is also of conventional construction in 
cluding a magnetic coil 34 and a movable 
armature 35 adapted to be attracted thereto 

gnates the rotor and 6 the 

upon energization and carrying a pair of . . . 
movable contacts 36 and 37 which are en 
gageable with fixed contacts 38 and 89, re 
spectively. The magnetic switch 16 is similar 
in construction to the magnetic switch 14 and 7 70 
comprises a magnetic coil 40, a movable ar 
mature 41 controlling a pair of movable con- . 
"tacts 42 and 43 which are engageable with a . . 
, The compound governing relay switch 15 
is of special construction and includes 

around the opposite ends 48 and 49 of which 
are wound magnetic coils 50 and 51 respec 
tively. Positioned medially of the cores or 
pole members 46 and 47 is a pivot standard 
52 to which the armatures 53 and 54 for the coils 50 and 51 respectively, are pivotally 
secured by a pivot 55. . . . . 

passes through lateral projections or flanges 

... The armatures 53 and 54 are rigidly con 
nected at an angle with respect to each other. 
by a bolt or other fastening member 56 which 

pair of fixed contacts 44 and 45 respectively . 
5. 

two substantially U-shaped longitudinally 
aligned core or pole members 46 and 4 

ber 56 and permitting a fine adjustment of the . . . 
angle between the armatures to vary the sen 
sitiveness of the magnetic switch, as will be 
later described. The movement of the arma 95 
ture 54 toward its magnetic coil may be ad- . . 
justed by a set screw 59 passing through the 
as will be readily apparent. The outer end 
of the armature 53 carries a movable contact 

end thereof and adapted to butt the core 49, 
00 

60 which is adapted to engage. a fixed con 
tions illustrated in Figures 2 and 3. . . . . 
* The relays 17, 18, 19 and 20 are of the 
tact 61 when the armatures are in their posi 

1449,025 granted Gustav O. Wilms, March 
20, 1923, and each includes a relay coil 62, a 
movable contact 63 adapted to bridge con- . . 
tacts 64, the movable contact being controlled 
by an armature 65 with one end of which suit 
able dash pot means, not shown, are con 

110 

nected. Each of the relays 17, 18, 19 and 20 
are identical in structure with the exception 
of relay 17, the contacts 64 of which are nor 
mally open and only close upon operation of 
th . . . . . The direct current magnetic switch 21 em 
bodies a magnetic coil 66, and an armature 
66 adapted to be attracted thereto and carry 
ing a pair of movable contacts 67 and .68 

5 . 

120 
adapted to engage stationary contacts 69 and . 
70,res 
tracted to the coil. 66. by its energization. 

the movable armature 66 to disengage move 

ctively, when the armature 66 is at 
The auxiliary switch 22 is controlled from : 

25. 

able contact, from the stationary contact 
2 when said direct current magnetic switch is closed and to close said auxiliary switch 
contacts when the direct current magnetic 

itch is opened. The auxiliary switch23 is 130 
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similar in construction to the auxiliary switch 
22 and embodies a movable contact 3, which 
is controlled from the magnetic switch arma 
ture 66, and a fixed contact 74. As the opera 
tion of this auxiliary switch is identical with 
that of the auxiliary switch 22, further de 
scription thereof is deemed unnecessary. The 
resistance cut-out switch 24 is of similar de 
sign, comprising a movable contact 75 which 
is in effect the continuation of the movable 
contact 67 and which is engaged with a fixed 
contact 76 when the direct current magnetic 
switch 21 is opened and is disconnected there 
from when the magnetic switch 21 is closed. 
The alternating current main line switch 

26 includes a magnetic coil 77 and an arma. 
ture 78 which controls three movable con 
tacts 79, 80 and 81 adapted to be engaged 
with fixed contacts 82,83 and 84 when the 
armature 78 is attracted to the coil 77 by its 
energization and to be disengaged therefrom 
when the armature 78 is deenergized. The 
auxiliary switch 27 is controlled directly 
from the armature 78 and includes a mov 
able contact 85 which is actuated by the 
armature 78 to bridge a pair of fixed contacts 
86 when the armature 78 is attracted to its 
coil 77. 
The alternating current is led to the fixed 

contacts 82, 83 and 84 by three service lines 
87,88 and 89, respectively, and the alternat 
ing current is connectible with the fields of 
the stator upon closing of the alternating 
current main line switch 26 through the con 
ductors 90, 91 and 92 leading from the mov 
able contacts 79, 80 and 81, respectively. The 
direct current is led to the fixed contacts 93 
and 94 of the switch 12 on the main switch 
board or panel by the service lines 95 and 96, 
respectively, and the movable contacts 97 
and 98 of the switch 12 are connected with 
the fixed contacts 69 and 70 of the direct cur 
rent magnetic switch 21 by conductors 99 
and 100, respectively, the rheostat 10 and the 
direct current ammeter 8 being connected in 
on the conductor 100, as clearly depicted in 
Figure 4. The direct current is thence con 
nectible with the rotor 5 of the motor when 
the direct current magnetic switch 21 is 
closed, through the conductors 101,102 lead 
ing from the movable contacts 67 and 68, re spectively, to the rotor. 
The voltage in the embodiment illustrated, 

at the A. C. service line is extremely high 
and for this reason, it is desirable to step 
down the voltage of the current used at the 
switch board for controlling the various 
magnetic switches. To this end the trans 
former 28 is provided and one end of its 
primary coil 103 connected with line 89 by 
a conductor 104 and the other end thereof 
connected with line 88 by a conductor 105, 
suitable fuses 106 being provided within the 
conductors 104 and 105 to provide a factor 
of safety. The secondary coil 107 of the 

3. 

transformer 28 has one end thereof connected 
with one end of a fuse 108 mounted on the 
front switch board by a conductor 109 and 
has its other end connected with one end of a 
fuse 110 mounted on the front switch board 
by a conductor 111, thus bringing the alter 
nating current of low voltage for operation 
of the alternating current actuating mag 
netic switches to the front switch board. 
With the circuits as illustrated in the 

drawings, the alternating current is brought 
to the fuses 108 and 110, and all of the con 
trolling devices are inoperative. Switch 12 
is first thrown in, engaging the movable con 
tacts 97 and 98 with the contacts 93 and 94 
illuminating the indicating light 11 which is 
connected across the contacts 97 and 98 by 
conductors 112 and 113, the direct current 
being advanced to the contacts 69 and 70 of 
the magnetic switch 21, and the coil 31 of 
the switch device 13 being energized by rea 

5 

80 

85 

son of one end thereof being connected with 
the contact 97 by a conductor 114 connected 
with the conductor 112 and a conductor 115 
which is connected with a conductor 116, con 
nected to the contact 98, engaging the con 
tacts 32 and 33 so that upon the manipula 
tion of the starting button S to engage the 
movable contact 117 thereof with the fixed 
contacts 118 and 119 thereof, the coil 34 of 
the magnetic switch device 14 is energized 

90 

engaging the contacts 36 and 38, 37 and 39, respectively. T 
then from the fuse 108 through the conduc 
tor 120, contact 119, contact 117, contact 118, 

The circuit of the coil 34 is 
00 

conductor 121, contact 122, the stop switch 
and contact 123 thereof, conductor 124, con 
tacts 33 and 32 on the switch device 13, con 
ductor 125, through the coil 34, conductor 
126, contacts 64 and 63 of the protecting re 
lay 18 and the overload relays 19 and 20, one 
contact 64 of the protective timing relay 18 
being connected with one contact 64 of the 
overload relay 19 by a conductor 127, one 
contact 64 of the overload relay 19 being con 
nected with one contact 64 of the overload 
relay 20 and thence to the fuse 110 through 

.05 

- 10 

a conductor 129 connected with the other. 
contact 64 of the overload relay 20. 
The stop switch is of the normally closed 

type and the starting sywitch of the normally 5 

open type and a release of the pressure on the 
button Spermits its movement to open posi 
tion as a result of which the circuit of the coil . 
34 is then through the conductor 120, contact 
119 of the start switch, conductor 130 which 
is connected with the movable contact 37 of 
the switch device 14, conductor 131 which 
leads from the movable contact 37 to the mov 
able contact 36, contacts 36 and 38, conductor 
132 connecting the contact 38 with the contact 
118 and thus through the stop switch and the 
remainder of the circuit previously described. As stated, inmediately upon the energiza 
tion of the coil 34, contacts 36 and 38, and 

20 

25. 

lso 

  

  



37 and 39 are made, as a result of which the magnet 77 of the main line alternating: 
current switch 26 is energized, the circuit 
thereof being closed through a conductor w 

is energized. 

leading from the conductor 135 to the contact 
39, contact 37, thence to the fuse 108 through 
the conductor 130, contact 119 and conductor 
120, closing the switch 26 to engage its cons, 
tacts 79 and 82, 80 and 83 and 81 and 84, and 
connecting the stator 6 of the motor with the 
A.C. line, the circuits being through conduc 
tor. 87, contacts 82 and 79 and conductor 90 to 

133 leading from the fuse 110, to one 
end of the eoil 77, through the coil, 
a conductor 134 connecting the other end of 
the coil with one contact 86 of the auxiliary 
switch 27 through a conductor 135 leading 
from the contact 86, through a conductor 136 

the stator, conductor 88, contacts 83 and 80 
so and through conductor 91 to the stator, con 

ductor 89, contacts 84 and 81 and to the stator, 
... through conductor 92, as a result of which the 

motoris started. The magne 
16 is actuated simultaneously with the main 

23 line switch device. 26, if not slightly prior. 
having 
of the coil40 thereof being through conductor. 

fuse 110 through the conductor 133, closing 

49 

45°. 

GO 

the movable contact 42 of the control device. 

etic switch device 

thereto due to its being of a lighter type and 
less inertia to overcome, the circuit 

120, contact 119, conductor 130, contacts 37 
30 and 39, conductor 136, conductor 135, through 

the coil 40, conductor 137, conductor 138, 
through contacts 72 and 71 of the auxiliary 
switch 22, conductor 139 and thence to the 

35 the contacts 42nd 44,43 and 45. 
As the contacts 86 are brid 

able contact 85, the circuit of the protective 
120, contact 119, conductor 130, contacts 37 
and 39, conductor 136, conductor 135, the 
auxiliary switch 27, conductor 140, through 
the coil 62 of the relay 18, through conductor 
138, auxiliary switch 22, of the direct current 
magnetic switch, conductor 139, thence to the 
fuse 110through conductor 133. The current 

ground G 

of the coil 51 of the governing relay device 15, 
the other end of the coil being connected with 

16 by a conductor 143, the contacts 42 and 43 
being connected by a common conductor 144 
and with one side of an alternatingammeter 
.9 by a conductor. 145, the other side of the 
animeter being connected by a conductor 146 
with the coils 62 of the overload relays 19 and 
bei 

so ; 
lay 20 being connected with the stationary. 

. . . . contact 45 by a conductor 148. The contacts 
es 44 and 45 are connected with the other sides 

... 20, the other side of the overload relay 19 
the device 16 by a conductor 147 and 

the other side of the coil 62 of the overload re 

of the transformers 30 and 29 by conductors 

the EE current t 

by the mov 

coil 66 of the direct current ma 

transformers. 29 and 30 are connected by a 
common conductor. 141 with the 

: ... and to a conductor 142 which leads to one end 

and 74 of the auxiliary switch 23. . . 
The circuit of the coil 66 when energized 

connected with the stationary contact continuit 

conductor 158. b 

lays 
respectively. The overload re. 

ind 20 and the A. C. amneter 9 are 
: thus short circuited and rendered inoperative 
while the coil 40 of the magnetic switch 16 70 
The coil. 51 of the device 15 is thus ener 

therethrough is in proportion to the value 
of the current taken by the starting action 
of the motor which is ve 
start and decreases as the motor speed in 
creases. The coil 50 of the device 15 is also 

high at the initial 

gized and the value of the current flowing 

75 

energized its circuit being from the fuse 110 
through the conductor 151, through the coil 
50, through conductor 152, through conductor 80 
140, through the auxiliary switch 27, conduc 
tor 135, conductor 136, contacts. 39 and 37, 
conductor. 130, contact. 119 and to the fuse 
108, through conductor. 120. The value of 
the current supplied the coil 50 is constant. 
and as the strength of the coil 51 is extremely . 
high during the starting of the motor as pr re 
viously described, the armature 54 f be 
attracted to the coil 51 against the pull exert 
ed on the armature 53 by the pull of the coil 00. 
50 and as the motor comes to speed and the 
strength of the coil.51 falls, armature 53 . 
will then be pulled in closing the contacts 60 
and 61 closing the circuit of the coil 62 of 

, which is operated by direct 

of relay 17 and back to the other side of the 
the switch contact 97. 

t through the conductor 116 contacts 
... 61 and 60, conductor 153, through the coil 62 
line through a conductor 154 connected with 

O) 
After the interval of several seconds, ac cording to the adjustment of the timing re 

timing relay 18 is closed through conductor. lay 17, contact 63 is engaged with the contacts . . 64 bridging the same, as a result of which 
rent magnetic switch 

21 is energized, closing the direct current 
O5. 

to the rotor through the contacts 69 and 67, 
conductor 101 and through the contacts 70 

opening the contacts 75 and 76 of the aux 
iliary switch 24, opening the resistance 25 
and 68 and conductor 102, at the same time . . 

O. 

which has been in the rotor line to prevent 
the building in the rotor of a high voltage 
and also breaking the contacts 71 and 72 
of the auxiliary switch. 22 and contacts 73. 

is through the switch contact 97, conductor. . 
ductor 156, through the coil 66 throug 
154, conductor 155, contacts 63, and A. 

the 
conductor 157, through the auxiliary switch 20 

23, conductor 158 to the other contact 98 . 
through the conductor 116. The opening of . 

reak the the auxiliary switch 23 does not 
uity of the circuit of the coil. 66' but 

merely throws into the circuit a resistance .25 
159, one end of which is connected with the 

a conductor 160 and the 
other end of which is connected with the 
conductor 157 by a conductor 161. 
The opening of the auxiliary switch 22. 130 
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1sooo 
breaks the continuity of the magnetic coil 40 
as a result of which the overload relays 19 
and 20 are thrown into the line as well as 
the alternating current ammeter 9 and the 
motor is then running at full speed under 
normal conditions. The opening of the aux 
iliary switch 22 also cuts out the protective 
timing relay 18, one side of which is con 
nected with conductor 138, as previously de 
scribed. 
While the drawings and the above if: 

.tion refer to an arrangement wherein the di 

s 

20 

25 

ing to spe 
a time lag must be provided between the time 

rect current is obtained from an external 
source, it will be apparent that this invention. 
may be employed without any change, with 
a synchronous motor of the EE type, 
i.e., one having means such as a conventional 
exciter, not shown, for generating and de 
livering its own direct current to the leads 
95 and 96. In this structure the relay switch 
13 is eliminated and the relay 34 then directly 
connected with the contact 123 of the stop 
switch. It is a well known fact that the volt 
age of the direct current generated in syn 
chronous motors of the self-excited type is 
not built up simultaneously with the com 

ed of the motor and for this reason 

the motor comes to speed and the time the 
direct current is connected with the rotor 5. 
This time lag is provided by the timing re 
law 17. . 

y reason of the angle between the arma 
tures 53 and 54 of the governing relay 15 
being adjustable, the response of this relay 
to the condition in the alternating current 
line is readily adjustable and the period at 
which the contacts 60 and 61 close controlled. 
The rheostat 10 may be eliminated, if de 

sired, as the same is only incorporated in the 
direct current line when specified by the cus 
tomer. . 

From the foregoing description taken in 
connection with E. accompanying drawings, 
it will be readily obvious that upon failure 
of any one of the devices in the starting cycle. 
of the motor the entire starting operation 
will be thrown out in a predetermined time 

O 

CS 

and it will be necessa 

complete the initial step in the cycle without having both alternating and direct. current 
at the board. 
With this scheme of control is provided a 

means whereby the overload relays are in 
serted into the circuit only after the start 
has been completed which permits a closer 
setting on the same giving better protection 
to the motor. At the same time a protective 
timing relay is built into the control which 
will disconnect the motor from the line in case 
the start has not been completed in a prede 
termined interval. As is understood, this type of control does not give protection dur ing the starting period, which is the period ling 

to again start at the 
beginning. Further that it is impossible to . 

5 
of high current, by current relays, but the con 
trol allows certain time for the motor to come 
to speed and if this is not accomplished the 
control is brought to the of position. - 
The starting device illustrated also pro vides a means through a timing relay 17 

whereby a lag is introduced between the op eration of governing relay 15 and magnetic 
switch 21. This time lag has the value in that 
it allows a setting on the governing relay 15 
which assures its operation providing the 
motor comes to speed, by giving the motor 
additional time to come near synchronous 
speed after the governing relay has operated, 
and in a self excited motor gives the D. C. 
generator additional time in which to build 
up its voltage. - 
What I claim as my invention is: 
1. An appliance of the character described, 

comprising a synchronous electric motive ma 
chine having a direct current supply circuit 
for the field, a plurality of automatic devices 
adapted to be operated by the direct current, 
a plurality of automatic devices adapted to 
be operated by alternating current, a plural 
ity of electrical circuits including the auto 
matic devices and adapted to be closed in 
sequence at predetermined intervals to effect 
the starting of the machine, a starting switch 
adapted to be actuated to close one of the 
circuits to effect the automatic actuation in 
sequence of said devices, and means operable 
upon failure of any of said automatic devices. 
to actuate within a predetermined period of 
time to render inoperative all of said devices 
which are in operative position. 

2. The combination with a 
electro-motive machine adapted to be started 
by having alternating current applied to the 
stator thereof and to have direct current ap 
plied to the rotor after the motor has ap proached synchronous speed, of a governing 

O 

5 

85 

90 

95 

00 

synchronous 

OS 

relay controlled from the alternating current supplied the stator at a voltage derived from 
the stator circuit, 
ing relay, said governing relay being actu Ea the E. approached synchro 
nous speed to throw in the circuit of said tin 
ing relay, and means actuated by said tinning relay withina predetermined period of time 
after the actuation of said governing relay 

a timing relay, a circuit 
including said timing relay and said govern O 

5 

to connect the direct current with the rotor, 
said timing rela, ES, lag be tween the time when the machine approached 
synchronous speed and the direct current is 
connected with the rotor thereof. 

3. The combination with a synchronous 
motor adapted to be started by having al 
ternating current applied to the stator 
thereof and to have direct current applied. 
to the rotor of the motor after the motor has approached synchronous s of a gov erning relay controlled from the alternating 
current supplied the stator of the motor, a 

25 

  

  

  

  

  

  

  

  
  

  

  

  

  

  

  

  

  
  

  

  

  

  

  

  

  

  
  

  

  

  

  

  

  
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



tion of said governing relay to connect di 
rect current with the rotor said timing re 

O E.roviding a time lag between the time. when the motor approaches synchronous 

timing relay, 2. ircuit includin said tim 

speed and the direct current is connected 
with the rotor thereof, and means operable 
to disconnect the alternating current from 
the stator of the motor upon the failure of s 

. pplied the rotor with direct current to be su in a predetermined p of time. *... : 
e combination with a sy 

nating current applied to the stator thereof 
rotor of the motor after the motor has ap 

3 to connect the stator of the motor with a 
source of alternating current, a circuit in - cluding said main line magnetic switch, a. 

26 

proached synchronous speed, of smain line 
current magnetic switch adapted 

magnetic relay switch adapted to, upon ac 
tuation, close said first mentioned circuit and 
actuate the main line switch, an overload re 
lay within the circuit of said magnetic relay 
switch and operable upon the occurrence of 
an overload to break the continuity of the 
circuit thereof and disconnect the motor 

3. s stator from its source of alternating current, 
and means operable during the entire period. 
the motor is being brought to speed to ren der said overload relay inoperative. . . . 

5. The combination with a synchronous 
motor adapted to be started by having alter 3 nating current applied to the stator thereof 
and to have direct current applied to the 
rotor of the motor after the motor has ap 

cluding 

5 

proached synchronous speed, of a mainline 
... to connect the stator of the motor with a 

source of alternating current, a circuitin said main line magnetic switch, a 

agnetic swi alternating current - 

magnetic relayswitch adapted to upon actu 
ation, close said: first mentioned circuit to 
actuate the main line switch, an overload relay within the circuit of said magnetic. 
relay switch and operable upon the occur. 
rence of an overload to break the continu 
ity of the circuit thereof and disconnect the 
motor stator from its source of alternating 
current, means operable during the period 
the motor is being brought to speed to ren. 
der said EG hrown rotective timing relay adapted to be thrown. E. the circuit EYmagnetic relay device 
during the period said overload relay is ren 
dered inoperative whereby the continuity. 
'of the circuit of said magnetic relay device s'. ---as: a e. 

ling circuit for closing said intermediate cir 

operative, and a 

is broken and the stator disconnected from 

... . . . . a tion with synchronous 
motor adapted to be started by having alter. 
and to have direct current applied to the 

said overload relay inoperative, a 

'thereby bringing 

18,000 
its source of alternating current upon the 

sing relay and said governing relay, said failure of the motor to come to speed within 
governing relay being actuated upon the mo- a predetermined period of time. 
tor approaching synchronous speed to throw... 6. The combination with a synchronous 

is in the circuit of said timing relay, means' motor adapted to be started by having alter 
EYE timing relay within a pre-, nating current applied to the stator thereof 

: determined period of time after the actua- and to have direct current applied to the rotor of the motor after the motor has ap 

source of alternating current, a circuit in 
cluding said main line magnetic switch, a 
magnetic relay switch adapted to, upon actu 
ation, close said first mentioned circuit to 
actuate the main line, switch, an overload 
relay within the circuit of said magnetic re 
lay switch and operable upon the occurrence 
y an overload to break the continuity of 
the circuit thereof and disconnect the mo 
tor stator from its source of alternating cur 
rent, means operable during the period the 
motor is being brought to speed to render 

ope protec 
tive timing relay adapted to be thrown into 
the circuit of said magnetic relay device 
during the period said overload relay is 
rendered inoperative whereby the continuity 
of the circuit of said magnetic relay device 
is broken and the stator disconnected from 

proached synchronous speed, of a mainline. 
alternating current magnetic switch adapted . 
to connect the stator of the motor with a 
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95 

its source of alternating current upon the 
failure of the motor to come to speed within a predetermined period of tine, a direct cur 
rent nagnetic switch adapted to, upon be 
ing closed, connect the rotor of the motor 100 
with a source of direct current, and means 
operable within a predetermined period of 
time after the motor has approached syn 
chronous speed for closing said direct cur 
rent magnetic switch... . . . . . . 

7. Automatic starting 1 
nous motors, comprising; a normally open ex 
citation circuit including a supply source a : normally open controlling circuit therefor 

O and in parallel therewith a normally open 

‘. . . . . . . . . . 105 . . means for synchro 

circuit in parallel with said excitation circuit. 
and with said controlling circuit, and includ: ing means for closing said excitation circuit; 
means in said controlling circuit for closi 
said last named circuit; a manually close 
motor actuating circuit; and means influ 
enced by the current in said motor E.g. 

15 

circuit for closing said controlling circuit and 

excitation circuit. 
bout the closing of said 

. Automatic starting means for svnchro 120 
ous motors, comprising; a normally open 

excitation circuit including a supply source; a normally-open controlling circ 
and in parallel therewith; a normally, open 
intermediate circuit in parallel with said ex 

circuit therefor 
195. 

citation circuit and said controlling circuit, and including means for closing saic excita 
tion circuit; means included in said control- . . . 
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controlling circuit; and means respo 

18,000 

cuit; a manually closed motor actuating cir 
cuit; means influenced by the current in said 
motor actuating circuit for closing said con 
trolling circuit; and a normally closed circuit 
in parallel with said excitation circuit for rendering said manually closed actuating 
circuit operable. - 

9. Automatic starting means for synchro 
nous motors, comprising; an excitation cir 
cuit open at a plurality of points and includ 
inga supply source; a normally openeon 
trolling circuit therefor and in parallel there 
with; a normally open intermediate circuit 
in parallel with said excitation circuit and 
said controlling circuit, and including means 
for closing said excitation circuit; means in 
said controlling circuit for closing said inter 
mediate circuit; a motor actuating circuit; manually operable means for effecting the 
closing of said actuating circuit; means in-, 
fluenced from said motor actuating circuit 
for closing said controlling circuit; one of 
the open points of said excitation circuit be 
ing manually closable; a shunt circuit in 
cluding said supply source and closable by the 
closing of said manually closable point in the 
excitation circuit, and including means for rendering the operation of said manually 
closable means for the motor actuating cir 
cuit effective only when the shunt circuit is closed. 

10. In an automatic starting system for 
synchronous motors; a motor actuating cur 
cuit; manually operable means for effecting 

5 the closing thereof; an excitation circuit; a 
shunt circuit in connection therewith; and 
means in said shunt circuit for rendering said. 
manually operable means effective only when 
said shunt circuit is closed. 

11. In a starting system for synchronous 
motors; an excitation circuit including a sup 
ply source; a controlling circuit therefor and 
in parallel therewith; a motor actuating cir 
cuit; means influenced from said motor actu 
ating circuit and biased thereby to close said 

insive to 
current consumed by the motor actuating cir 
cuit for counteracting the bias of said first 
named means until the motor approaches synchronous speed. . . 

12. In a starting system for synchronous 
motors; an excitation circuit manually clos 
able to include a supply source; a controlling 
circuit therefor and in parallel therewith; a 
transformer; a motor actuating circuit in cluding the primary of said transformer; a governing circuit including both a secondary 
of said transformer and means for closing 
the controlling circuit for said excitation cir 
cuit; and means operable only upon closure of 
said excitation circuit to include the supply 
source, to effect the closing of said motor 
actuating circuit. . . . 

18. In a starting g system for synchronous 
motors; an excitation circuit including a sup 

ply source; a controlling circuit for said ex 
citation circuit and in parallel therewith; 
a motor actuating circuit including a motor; 
means 
cuit and biased thereby to close said control 
ling circuit; means responsive to current 

y said notor actuating cir 

passing through the motor in said motor 
actuating circuit for counteracting the bias 
of said first named means until the motor ap proaches synchronous speed; and a timing 
relay in said controlling circuit for closing 
said excitation circuit. 

14. In a starting system for synchronous 
motors; an excitation circuit including a sup 
ply source; a controlling circuit for said ex 
citation circuit and in parallel therewith; a 
motor actuating circuit; means inductively. 
controlled by a circuit in parallel with said 
motor actuating circuit and biased to close 
said controlling circuit; and means inductive 
ly responsive to current consumed by the 
motor actuating circuit, and operative to 
counteract the bias of said biased means until 
the motor approaches synchronous speed. 

15. Automatic starting means for synchro 
nous motors, comprising; an excitation cir 
cuit including a supply source and a plurality 
of switches; a circuit for controlling said ex 
citation circuit, in parallel therewith and in 
cluding a switch; an intermediate circuit in 
parallel with both said excitation circuit and 
said controlling circuit, and including switch 
operating means for a switch of said excita 
tion circuit; said intermediate circuit also in cluding a switch operated by timing relay 
means in said controlling circuit; a motor 
actuating circuit; a plurality of circuits in 
ductively connected with said motor actuat 
ing circuit, one of said inductively connected 
circuits including means biased E. close the 
controlling circuit for said excitation circuit, 
and also including means for closing an oper: 
ating circuit through a motor; another of said inductively connected circuits including 
means for counteracting the bias of said 
biased means until the motor approaches synchronous speed 
nected with said excitation circuit and in 
cluding means for rendering the operation of 
all of said circuits and means ineffective until 
said shunt circuit is closed. 
i8 in an automatic starting system for 
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; and a shunt circuit con 

lis 

synchronous motors; a motor actuating cir 
cuit including a switch; a circuit inductively 
comected with said motor circuit and includ ing means for operating said switch; an 
excitation circuit; a circuit in parallel con 
nection with said inductive circuit and in 
cluding means for effecting the closing of 
said excitation circuit when the motor ap 

20 

S25 
proaches, synchronous speed; a E.g. 
circuit in parallel connection with both o 
said inductive circuits; and a protective cir 
cuit in parallel connection with all of said 
inductive circuits and including time relay lso 
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after a predetern 
means operated by t 

rent sources, an electro-m 
source, a manually opera 

otherefor, and direct curren 
motor field supply line 

Oper effectiven 

serning relay to 
ro-responsive swi 

ecting the field of the motor to a 
supply circuit for running, 

ntrolling said 
poly to 

... rent supp 

armature supply line, 

80 for connecting the moto 
line, electro-responsive means arranged for. 
controlling the operation of said automatic 
co 

e interval; and 
sing of said excita: ... 

tion circuit to open said protective circuit...m. 
1. In a starting system for synchronous be 

motors including alternating and direct cur- is 
ro-magnetic motor actu- no 

ating switch in the alternating current as a 
e ed to effect 
it chronous speed 

mechanism. 

switch mech- t s'. . . . . . . . . . . 

: responsive-: when the motor accelerates 

ternating surrent 
ding arranged to 

rbeing arranged to start. 

gization of 
motor approaches its syn 

ime interval device." 

nous motor, a governing relay adapt 
winding when 

means controlled by the motor for regulat 
the timing thereof to effect said connectio 

r normally to su 
stantially synchronous speed. . . . . . 

... 24. In a starting system for synchronous: 
electromagnetic motor actuating 
hanually operated circuit closer 

refor, said switch and circuit closer being . . 
anged in a circuit derived from the motoro 

ine, and means in the 

or. 

ig means, an actuating circuit, for said electro-responsive means, said actuating 
as circuit being capable of completion sing 

current solice of 
. . . . hing of the 

hronous motor and to run as a . 
oria, 

n E. to the gov complete the connection of . . . . 
said field winding to said direct current . 
source, the said device being provided with 3. 

  


