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My invention relates to motor braking :cireuits
and more particularly to dynamic braking con-
trols for series wound motors. |

In the iron and steel industry the specifica-
tions -covering steel mill cranes require dynamic
braking -on the bridge drive motor for all bridge
speeds in excess of three hundred feet -a minute.

One broad object of my invention is the pro-
vision of effective dynamic braking .of a :series
wound ‘motor.

A more specific -object of my invention is the
provision of effective series field excitation of a
‘series motor during dynamie braking.

A still more specific object of my invention
is the provision of series field excitation that
does not :change in directional sense during
dynamic braking of a series wound reversible
motor regardless .0of the direction -of operation
of the motor just prior to initiation of the dy-
namic braking.

Other objects and advantages of my inven-
tion will become more apparent from & study
of the following specification and the accom-
ranyving drawing, in which:

Figure 1 is a diagrammatic showing of my
invention as applied to g series wound motor;

Fig. 2 is a simplified showing of the bridge
circuils and dynamic braking circuits shown in
Fig. 1, and

Fig. '3 shows the circuit arrangement of a

modified detail of my invention.

While my invention has general utility it
nevertheless is especially useful in the .operation
of high-speed heavy bridges used .in steel mills.
The motor M is a series wound motor of gen-
erally conventional design normally coupled to
drive g crane bridge, not shown.

In the showing in Fig. 1, the series field 38
is, for elarity of presentation, not shown adjacent
the motor armature. Further, the motor in
actual practice will be provided with a. starting
resistor system controlled from the controller
C. The starfing resistors, and a number of other
items part of a control system as used, have
not . been shown because these items and the
starting resistors do not constitute part of my
invention. |

The main controller C is of well known type
and by suitable operation of the controller to
either the forward position F or the reverse po-
sition R, the directional contactors 28 and 30,
or 52 and 54, are caused to operate.

By operation of the controller C from one
of its operating positions to the off position,

the directional contactors that were picked up
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are caused to :«drop .out and the operation of the
dynamic braking contactors 24 :and 296 is .so ei-

fected that the direction .of the excitation of
the series field 38 remains the same.

A better understanding of my invention .can
probably be had from a study of typical oper-
ating cycles.

in operation tne leads I1a and Is are ener-
gized and the switches Si1 and .Sz are closed 1o
energize the buses i .and 6. If the attendant
wishes to effect .operation .of the motor M, he
actuates the start switch 3 1o closed position,
whereupon g circuit is established from the posi-
tive bus | through the stop .switch 2, the start
switch 3, the actuating coil 4 of the low voltage
protective relay LV, .and conductor 5 to the
negative bus 6.

Operation of the relay LV effects the closing
of contacts 1, 8 and (0. The closure .0of contacts
1 establishes a holding circuit for the protective
relay LV, which holding circuit may be traced
from the positive bus | through stop switch 2,
contacts T and coil 4 to the negatively energized
conductor 5. The closure of contacts 8 estab-
lishes a circuit from bus | through actuating
coil 9 of the main contactor MC to the ener-
gized conductor 9. ‘The main contactor fthus
operates to close contacis 39.

The closure of contacts 8 also effecis the en~
ergization of controller segments (9, 20, 21, 49
and 58, of controller C for a purpose that will
become apparent hereinafter. The closure of
convacts 10 effects the energization of econ-
troller segments 4, 12, and 43, for a purpose
that will become apparent as the description
Pproceeds.

As long as the controller remsins in the off
position nothing further takes place. By moving

the controiler to the ¥, of forward, position, for

example, several energizing -circuits are estab-

lished. One circuit may be traced from bus
| through contacts i0 of the relay LV, through

controller segments (i and 12, conductor 13,
actuating coil 14 of the latch 15, and also the
capacitor 16 connected in parallel to coil {4, and
the conductor {7 to the bus 6. The latch stem

of the latch {9 thus moves to the left and upon
deenergization of coil (4 remains in the left-
hand position for
the time of discharge of the capacitor 16 through
coil 14,

a time period determined by

A secend circuit is established from busg
through contacts ‘8, controller segments 19, 20

5 and 21, conductm 22, actuating ‘coils 23 and 25,
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connected in parallel, of the dynamic braking
contactors 24 and 29, to the bus 6.

It is important that the dynamic braking con-
tacts 24 and 26 operate pefore the directional
contactors are operated, otherwise the opera-
tion of the directional contactors would effect a
“dead short” across the moter armature at con-
tacts 58 and 42, and 39 and 57. By placing the
contacts 32 and 33 in series with the actuating
coils 27 and 29, and 51 and 53, the directional
contactors can not be energized until after the
dyvnamic braking contactors have picked up.

Thus the closure of contacts 32 and 33 estab-

lishes a third circuit through the controller C.
This third circuit may be traced from energized

segment 20, through the actuating coil 27 of for-
ward directional contactor 28, the actuating coil

10

15

29 of forward directiona]l contactor 30, contacts -

32 and 33 to the negative bus §.

~ The operation of the forward directional con-
tactors 28 and 30 effects the closing of contacts
36 and 37, to establish an energizing circuit for
the motor M. The motor energizing circult may
be traced from bus { through conductor 34, con-
tacts 35 and 36, the motor armature A, contacts
371, and the series field winding 38 to the bus 6.
The current through the armature A and the
series field winding 38 is in the direction indi-
cated by the full-line arrows shown associated
with the armature and series field, respectively.
The motor will thus operate in the forward di-
rection.

In case of the movement of the controller C
to the off position, or in the event of a voltage
failure, the terminal voltage of the motor will
be as indicated by the broken-line arrow asso-
ciated with the motor armature. In the event of
a voltage failure, or in case the attendant oper-
ates the controller to the off position to stop
the motor, the energizing circuits, from the sup-
ply buses, to the coils {4, 23, 25, 27 and 29, are
interrupted. The contacts 36 and 37, immedi-
ately open and the contacts 39 and 42 immedi-
ately close, but the contacts 51 and 58 remain
open.

This is effected for the following reasons: The
energization of coil 14 is alspo accompanied by
the energization of the capacitor 16, When the
energization of coil 23 ceases, the dynamic brak-

ing contactor 24 drops out immediately because :

the capacitor b discharging through coil 14
keeps the latch actuated by coil 14 out of the
path of the dog on the armature of the contactor
24, but since neither the coil 45 nor the capacitor

41 is energized, the latch 46, normally actuated .

by coil 4%, remains in the position under the
dog on the armature of the contactor 2§ after
this contactor is operated, as above pointed out,
to open the contacts 5T and 58.

This drop-out of the dynamic braking con-
tactor 24 and the failure of the drop-out of the
dynamic braking contactor 2§ establishes a dy-
namic braking circuit for the motor M. This dy-
namic braking circuit may be traced from the
upper motor armature terminal through contacts
39, the series field 38, bus 6, dynamie braking re-
sistor 41, contact 42, and the motor armature
back to the upper armature terminal. It will be
noted that the excitation of the series field 38
remains in the same direction, hence the dynamic
braking current generated by the motor main-
tains the excitation of the series field for very
effective dynamic braking of the motor.

For reverse operation, the controller ¢ is moved
to the R position. This operation of the con-
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troller C establishes several energizing circuits.
One circuit may be traced from bus | through
contacts 10 of the relay LV, through controller
segments (1 and 43, through conductor 44, actu-
ating coil 4% of the lateh 45, and also the capaci-
tor 4T connected in parallel to coil 45, to the bus
6. The stem of the latch 4§ thus moves to the
left and upon deenergization of the coil 45 re-
inains in the left-hand position for a time period
determined by the time of discharge of the ca-

pacitor 47 through coil £5.

A second circuit is established from bus |
through contacts &, controller segments (9, 49

and 59, conductor 22, actuating coils 23 and 25,
connected in parallel, of the dynamic braking

contactors 24 and 2§, to bus 6. Again the dy-
namic braking contactors operate ahead of the
directional contactors, to close the contacts 32
and 33. |

The closure of contacts 32 and 33 establishes
a third circuit through the controller C. This
third circuit may be traced from the energized
segment 48, through the actuating coil 51 of re-
verse directional contactor 2, the actuating coil
v3 of the reverse directional contactor 54 and the
contacts &2 and 33 to the bus 6. N

The operation of the reverse directional con-
tactors effects the closing of contacts 55 and 56,
to establish an energizing circuit for the motor
MI. The motor energizing circuit may be traced
Irom bus 1 through conductor 34, contacts 35,
contacts §5, the motor armature A, in the direc-
tion indicated by the broken-line arrow, contacts
639, the series field 38 in the direction indicated
by the adjacent fuli-line arrow, to the bus 6. The
motor thus operates in the reverse direction.

In the event of a voltage failure, or in case
thhe attendant operates the controller C to the
off position to stop the motor, the energizing
circuits from the suppily buses to the coils 45,
<3, 25, 51 and 53 are interrupted. 'The contacts
09 and 5% immediately open and the contacts 57
and 98 immediately close, but the contacts 39 and
42 remain open. o

This 1s effected for the following reasons: The
energization of coil 45 is also accompanied by
the energization of capacitor 47. When the cir-
cuit for coil &5 is interrupted from the supply,
the coil 4) remains energized from the discharge
current of the capacitor 47 and in consequence
the latch 48 is held out of the nath of the arma-
ture of contactor 26 and this contactor drops
out to close contacts 57 and 58, but coil {4 for
the latch 15 was not energized. The latch {5
thrus holds the contactor 24 in the pick-up posi-
tion to hold contacts 29 and 42 open.

This drop-out of the dynamic braking con-
tactor 26 and the failure of the drop-out of
dynamic braking contactor 24 establishes a dy-
namic braking circuit for the motor. This circuit
may be traced from the lower motor armature ter-
minal through contacts 57, the series field 38,
bus 6, dynamic braking resistor 4{, contacts 582,
and the motor armsature back to the lower arma-
ture terminal. It will be noted that again the
excitation of the series field 38 remains in the
same direction, to effectively brake the motor.

To simplify the showing and thus facilitate
the understanding of my invention, I have shown
In Irig. 2 how the motor armature A is connected
to the diagonal junctions of a first bridee circuit
Including the switch contacts 36, 56, 37 and 55
in the legs of the bridge and how the motor
armature A is connected to the diagonal junc-
tions of a second bridge circuit including the
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switch contacts 58, 39, 42 and 57 -in the legs of
the second bridge. The showing in Fig. 2 :also
illustrates in an -effective manner how the dy-
namic braking circuits may be connected to the
motor armature to excite the field 38 always in
the same sernise.

While the use of latch coils as 14 and 4% with
coacting capacifors 16 and &1 provides an ‘effec-
tive conirol fer the dynamic braking contactors,
my invention is not limited to this apparatus for
controlling the dynamic braking contactor.

in Fig. 3, I show the details of a modified con-
trol for the dynamic braking contactors. In this
showing it will be noted that the capacitor 16
is replaced by a rectifier {6’. The best type of
rectifier to be used is one of the dry metallic type
as a copper oXide rectifier.

In place of the capacitor 47, a rectifier 471’ is
used. -Since the coils {4 and 45 when deener-
gized, will tend to maintain the current flowing,
it is apparent that the coils will discharge respec-
tively through the rectifiers 18’ and 471’. The
discharge time will suffice to keep the latches 19
and 46, depending on which one is being used,
out of the paths of the armatures of the dynamic
braking contactors 24 and 2§, to effect the de~
sired operation.

While T have shown but one embodiment of
my invention and one modification of a detail,
it is aprarent that other modifications are pos-
sible all within the spirit of my invention. The
scorve of my claim to invention includes such
othrer modifications,

T claim as my invention:

1. In a system of control for a series wound
motor, in combination, a motor having arma-
ture windines and series field windings, means
for establishing power connectionsg for the motor
so that the armature windings are energized in
a given sense and the series field windings are
energized for a given direction of flux, a dynamic
braking circuit including the motor armature,
the series field windings, a dynamic braking resis-
tor, and switching means, control means for
interrupting the power connections, and means,
resvonsive to the eperation of the control means,
to interrupt the power connections, for control-
ling said swtiching means to connect said dy-
namic braking circuit to the motor arinature
windings so that the counterelectromotive force
of the mot01 excites the series ﬁeld winding for
said given direction of flux.

2. In g system of control for a serles wounda
motor, in combination, a direct current series
wound motor having an armature and a series
field, a dynamic braking circuit including the
armature, series field, and a dynamic braking
resistor, supply terminals energized with direct
current potential, two elsctromagnetically oper-
able directional contactors each having switeh
contacts for connecting one armature terminal
to one supply terminal and the other armature
terminal through said series field to the other
suppely terminal, two dynamic braking contactors
each having swiltch contacts disposed in similar
relation to the motor armature than the disposi-
tion of the contacts of the directional contactors,
controller means adapted upon operation from
g given position to one of itg operating positions
to sequentially connect both the dynamic brak-
ing contactors and then the directional ccontac-
tors to said terminals, whereby contacts of the
dynamic braking contactors are opened and the
motor armature and series field are connected fo
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said terminals to cause a current flow through
the armature and series field in g given direction,

said controller means upon operation back to said
given position adapted to cause drop-out of the
actuated directional contactors and the drop-out
of only one dynamic braking contactor, whereby
the motor is diseonnecied from the supply ter-
minals and the dynamic braking circuit is estab-
lished.

3. In a control for a dynamo-electric machine
having an armature and g series field, the com-
bination of, a first bridge circuit having a switch
in ‘each of the four legs thereof, a ‘second bridge
circuit having a switch in each of the four legs
thereof, circuit means connecting said armature
across one pair of diametrically opposite junc-
tions of each bridge circuit, energizing -circuit
means including said series field connected to
the remaining pair of diametrically opposite
junctions of the first bridge circuit, and an im-
pedance circuit connecting said series field across
one remalning junction of the second bridge
circuit and the last remaining two junctions of
the first and second bridge circuit.

4. In a control for a dynamo-electric machine
having an armature and a series field, the com-
bination of, a first bridge circuit having a nor-
mally open switch in each of the four legs thereof,
a second bridge circuit having a normally closed
switch in each of the four legs thereof, circuit
means connecting said armature across one
diagonal of each bridge circuit, energizing cir-
cuit means including said series field connected
to the remaining diagonals of the first bridge cir-
cuit, an impedance circuit connecting said series
ficld acress one remaining diagonal of the second
bridee circuit and the remaining diagonals of
the first and second bridge circuit, and control
means having a neutral position and operating
positions for opening all of the switches in the
second bridge circuit while closing a selected pair
of switches in the opposite legs of the first bridge
circuit when in one of the operating positions and
including means for delaying closure of a selected
palr of switches in said second bridge circuit
when returned to the neutral position.

5. In a control for a dynamo-electmc machine
comprising a, direct-current series motor having
i armaiure and a series field, the combination
of, a first bridge circuit having a normally open
switch in each of the four legs thereof, a second

'brldge clrcmt having a normally closed switch in

each of the four legs thereof, circuit means con-
necting said armature across one diagonal of each
bridge circuit, energizing circuit means mcludmg
a supply terminal and including said series field
connected to one pair of the remaining diagonals
of the first and second bridge circuits, an imped-

ance circuit connecting the supply terminal to
60

the one remaining diagonal of the second bridge
circuit, a second supply terminal connected to the

remalning diagonal -of the first bridge circuit, and

control means for opening all of the switches of
the second bridge circuit while closing a selected
pair of switches in the opposite legs of the first
bridge circuit.

6. In a control circuit for a dynamo-electrie
machine having an armature winding and a

series field, the combination of, g first bridge cir-
cuit having an electromagnetically operable nor-

mally open switch in each of the four legs thereof,

a second bridge circuit having an electromag-
netlcally -operable normally closed switch in each
of the four legs thereof, circuit means connecting
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said armature winding across one pair of diagonal
junctions of each bridge circuit including a pair
of supply ferminals and an energizing circuit,
including said seriesg field, said series field having
one of its terminals connected to one supply
terminal and the other of its terminals connected
to one pair of the remaining diagonal junctions
of said first and second bridge circult, an imped-
~ance circuit connecting the remaining diagonal
junction of said second bridge circuit to the other
supply terminal, and control means for simulta-
neously energizing one pair of the electromag-
netically operable switches in opposite legs of the
first bridge circuit and all of the electromsag-
netically operahle switches in the second bridge
circuit,

7. In a control circuit for a dynamo-electric
machine having an armature winding and a
series field, the combination of, a first bridge cir-
cuit having an electromagnsetically operakle nor-
mally open switch in each of the four legs there-
of, a second bridge circuit having an electro-
magnetically cperable normally closed switch in
each of the four legs thereof, & circuit means
connecting said armature winding across one
pair of diagonal junctions of each bridge circuit,
an energizing circuit, including a pair of supply
terminals and including said series field having
one of its terminals connected to one supply
terminal and the other of 1is terminals connecied
to one pair of the remaining diagonal junctions
of said first and second bridge circuits with the
other remaining diagonal junctvion of the first
bridge being connected to the other supply ter-
minal, an impedance circuit connectiing the
remaining diagonal juncticn of said second bridge
circuit to the other supply terminal, control
means for simultaneously energizing one pair of
the electromagnetically operable switches In
oppocite legs of the first bridge circuid and ail of
the electromagnetically operable switchies in the
second bridge circuit, and including means for
delaying the drop-out cof a selected palr of
switches in opposite legs of the second bridge
circuit upon operaticn of said control means to
deenergize the electromagnetically operable
switches. |

8. In a svstem of control for a series direct-
current motor, namely, one having an armature
winding and a series field winding, in combina-
tion, positive and negative supply terminals, a
bridge circuit including directiongl switches in
each of its four legs and having its first junc-
tion connected to cne of the supply terminals
and its third junciion, namely the junction
diametrically opposite to the first junction, con-
nected to one terminal of the series field winding
with the other terminal of the series field winding
heing connected fo the other supply terminal, a
second bridge circuit having dynamic braking
switches in each of its four legs, a dynamic brak-
ing resistor having its firet termingl connected to
the first junction of the second bridge circuit and
having its second terminal connected to the sec-
ond, or other, subply terminal, the second, third,
and fourth junctions of the second bridge circuit
being connected respectively to the second, third,
and fourth junctions of the first bridge circuit,
control means for effecting the closing of the di-
rectional switches in the first and third lez of
the first bridge circuit, and means, responsive to
the coperation of the contrcl means to open the
directional switches in the first and third leg of
the first bridge circuit, for substantially at the

same time closing the dynamic braking switches
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in the second and fourth legs of the second bridge
circult.

9. In a system of control for a series direct-
current motor, namely, one having an armature
winding and a series field winding, in combina-
tion, positive and negative supply terminals, a
bridge circuit including directional switches in
each of its four legs and having its first junction
connected to one of the supply terminals and
its third junction, namely the junction diametri-
cally opposite to the first junection, connected to
one terminal of the series field winding with
the other terminal of the series field winding
being connected to the other supply terminal, a
second bridge circuit having dynamic braking
sSwitches in each of its four legs, a dynamic
braking resistor having its first terminal con-
nected to the first junction of the second bridge
circuit and having its second terminal connected
to the second, or other, supply terminal, the sec-
cnd, third, and fourth junctions of the second
bridge circuit being connected respectively to the
second, third, and fourth junctions of the first
bridge circuit, control means for effecting the
closing of the directional switches in the second
and fourth leg of the first bridge circuit, and
means, responsive to the operation of the control
means for effecting the opening of the directional
switches in the second and fourth legs of the first
bridge circuit for substantially at the same time
ctfecting the closing of the dynamic braking

witches in the first and third leg of the second
bridge circuit.

10. In a system of control for a series direct-
current motor, namely, one having an armature
winding and a series field winding, in combina-
tion, positive and negative supply terminals, a
bridge circuit inecluding directional switches in
each of its four legs and having its first junction
cerinected to ohe of the supply terminals and its
third junction, namely the junction diametrically
opposite to the first junction, connected to one
terminal of the series field winding with the
other terminal of the series field winding being
connected to the other supply terminal, a second
bridge circuit having dynamic braking switches
i:a_l each of iis four legs, a dynamic braking re-
sistor having its first terminal connected to the
first junction of the second bridege circuit and
having its second terminal connected to the sec-
ond, or other, supply terminal, the second, third,
and fourth junctions of the second bridge circuit
being connected respectively to the second, third,
and fourth junctions of the first bridge circuit,
control means when operated in one sense for
selectively effecting the operation of either the
directional switches in the first and third or the
second and fourth legs of the first bridge circuit,
and means, responsive to the operation of the
control means in an opposite sense to open the
particular pair of directional switches which have
been selectively closed, for effecting the closing of
the dynamic braking switches in the legs of the
second bridge circuit that correspond to the legs
adjacent to those in the first bridege the circuits of
which are being opened.

1i. In a control circuit for a dynamo-electric
maphine having an armature winding and a
Series fleld winding, the combination of, a first
bridge circuit having an electromagnetically op-
erable normally open switch in each of the four
legs thereof, a second bridge circuit having an
electromagnetically operable normally closed
switch in each of the four legs thereof, circuit

means connecting said armature winding across
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“one-pair-of diagonal junctions of each bridge cir-
~cuit, an energizing eireuit, including a pair of
-supply termingls and including said series field
-winding, said’ series field winding having one of
its terminals: connected to one supply terminal
and the other of its terminals connected to one
pair of the remsaining diggonal junctions of said
first. and second bridge. cireuifs, an impedance
circuit connecting the last remaining diagonal
Junction of said second bridge circuit to the
other supply terminal, control means for simul-
taneously energizing one pair of the electromag-
netically operable switches in opposite legs of the
first bridge circuit and all of the electromagneti-
cally operable switches in the second bridge cir-
cuit, and switch drop-out control means for the
electromagnetically operable switehes of the sec-
ond bridge circuit for latching the switches in the
legs of the second bridge circuit, corresponding
to said opposite legs of the first bridge circuit, in
open prosition upon deenergization of said elec-
tromagnetically operable switches.

12, In a control circuit for a direct-current
dynamo-electric machine having an armature
winding and a series field winding, in combina-
tion, a first bridge circuit, switching means in
each leg of the bridge circuit for closing and open-
ing the circuit through the legs of the bridge
circuit, a second bridge circuit, switching means
in each leg of the second bridge circuit for open-
ing and closing the circuit through the legs of
the second bridge circuit, circuit means for con-
necting the armature winding across digmetrical-
1y opposite corresponding junctions of both bridge

circuits, a dynamiec braking circuit, including an -«

impedance connected in series with the series
field winding, connected across one pair of cor-
responding and joihed junctions of bhoth bridege
gircuits and the remaining junction of the sec-
ond bridge circuit, and energizing circuit means
including two supply terminals, one of said sup-
ply terminals being connected to the remaining
junction of the first bridge circuit and the other
supply terminal being connected to the dynamic
braking circuit between the impedance and the
series field winding.

13. In a control circuit for a direct~current
dynamo-electric machine having an armature
winding and a series field winding, in combina-~

tion, a first bridge circuit, switching means in ;

each leg of the bhridge circuit for closing and
opening the circuit through the legs of the bridge
circuit, a second bridge circuit, switching means
in each leg of the second bridge circuit for
opening and cloging the circuit through the legs
of the second bridge circuit, circuit means for
connecting the armature winding across diamet-
rically opposite corresponding junctions of both
bridege circuits, a dynamic braking circuit, in-
cluding an impedance connected in series with
the series field winding, connected across one pair
of corresponding and joined junctions of both
bridee circuits and the remaining junction of
the second bridge circuit, energizing circuit means
including two supply terminals, one of said sup-
ply terminals being connected to the remaining
junction of the first bridge circuit and the other
supply terminal being connected to the dynamic
braking circuit between the impedance and the
series field winding, and control means for said
switching means for effecting, upon operation in
one sense, the opening of all the switching means
of the second bridge circuit and the closing of
one pair of switching means in opposite legs
of the first bridge circuit and, upon operation
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-in an opposite sense, for effecting the opening

of said one pair of switching means and for ef-
fecting the closing of the switching means in
the non-corresponding legs of the second bridge
circult. o

14. In a control circuit for a direct-current
dynamo-electric machine having an armature
winding and a series field winding, in combina-
tion, a first bridge circuit, switching means in
each leg of the bridge circuit for eclosing and
opening the circuit through the legs of the bridge
circuit, a second bridge circuit, switching means

in each leg of the second bridge circuit for open-

ing and closing the circuit through the legs of
the second bridge circuit, circuit means for con-
necting the armature winding across diamet-
rically opposite corresponding junctions of both
bridge circuits, a dynamic braking circuit, in-
cluding an impedance connected in series with
the series field winding, connected across one
pair of corresponding and jcined junctions of
both bridge circuits and the remaining junction
of the second bridge circuit, energizing circuit
means including two supply terminals, one of
said supply terminals being connected to the re-
maining junction of the first bridge circuit and
the cother supply terminal being connected to
the dynamic braking circuit between the im-
pedance and the series field winding, and con-
trol means for said switehing means for ef-
fecting an open circuit condition at the same
time in one selected pair of corresponding legs in
both bridge circuits.

15. In a control for a dynamo-electric machine
comprising a direct-current series motor having
an armature and a series field, the combination
of, a first bridge circuit having a normally open
switch in each of the four legs thereof, a second
bridege circuit having a normally closed switch
in each of the four legs thereof, circuit means
connecting said armature across one diagonal of
each bridge circuit, energizing circuit means in-
cluding a supply terminal and including said se-
ries field connected to one pair of the remain-
ing diagonals of the first and second bridge cir-
cuits, an impedance circuit connecting the sup-
ply terminal to the one remaining diagonal of
the second bridge circuit, a second supply ter-
minal connected to the remaining diagonal of
the first bridge circuit, control means having a
neutral, or off, position and an operating posi-
tion, means responsive to movement of the con-
trol means from the off position to its operating
position for effecting the closing of two of the
normally open switches disposed in two opposite
legs in the first bridge circuit and for efiecting
the opening of all the normally closed switches,
latching means, actuated by the operation of the
control means, for locking the pair of switches
disposed in the legs of the second bridge circuit
corresponding to the legs of the first bridge cir-
cuit which include the normally open switches
actuated to closed position upon operation of the
control means from the off position to its operat-
ing position, whereby a dynamic braking circuit
for the motor is established upon movement of
the control means back to the off position.

16. In a control system for a direct-current
series motor, in combination, two supply ter-
minzls, g master controller having an off posi-
tion, a forward position, and a reverse position,
a dynamic braking circuit, a pair of electromag-
netically operable normally closed dynamic brak-
ing contactors each having an operating coil,
normally unenergized when the master controller
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is in the off position, circuit means for energizing

both coils when the master controller is moved
from the off position to the forward position, two

- spring actuated latches one for each dynamic

braking contactor each normally acting to lateh
the dynamic braking contactor with which it is
associated in an open position after having been

actuated by its energizing coil to open position,

electromagnetic means including an actuating
¢oil for each lateh for holding the latches in non-
latching position upon energization of the coils,
‘circuit means responsive to the movement of

5

10

12

“the master controller from the off position to

the forward position for energizing one actuating
coil for one of the latches to thus hold the latch
in its non-latching position, said electromagnetic
means having a time constant whereby its effect
causes one dynamic braking contactor to drop
out to establish the dynamic braking circuit upon
movement of the master controller back to the
off position.

RANDAL P. BARNES.
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