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1

My invention relates to direct-current elee-
trically propelled railway-vehicleg, and it has par-
ticular relation to electrical control-systems
therefor, in which provision is made for dynamic
braking. 'The principal object of my invention is
to provide a new means or instrumentality for
reducing the high buildup-rate and overshooting
of the motor-current and the motor-veltage when
the dynamiec-braking circuits are established
while the motors are being operated at high
speeds. Excessive motor-current and excessive
motor-voltage result not only in a rough brake~
application, but also in motor-flashing. My in-
vention is an improvement over the control-
equipment which is shown in an application of
William L. Barclay, Jr. and myself, Serial No.
295,794, filed June 26, 1952, in which other means
were provided in order to mitigate overshooting
when dynamiec braking is applied.

I have provided a novel means, responsive to
the establishment of dynamic braking during a
short-field condition of the traction motor, for
reducing overshooting during the initial second
of the dynamic-hraking operation. I am show-
ing several forms of embodiment of my invention,
all of them having the general effect of prevent-
ing a too-rapid restoration of full-field operat-
ing-conditions in the traction motors, during the
initial period of the dynamic-braking operation.

In what is perhaps the least expensive, and
therefore preferred, form of embodiment of my
invention, a choke-valve is interposed in the con-
nection between the pneumatically operated
dynamic-brake actuator and the so-called
“straight’’-air pipe of the air-brake system, so
that, when the brake-handle of the brake-valve
is moved to any adjusted braking-position, the
resulting air - pressure adjustment in the
straight-air pipe will not be communicated too
rapidly to the dynamic-brake actuator, so that
the dynamic-brake actuator will not instantly ad-
Just itself to its full-brake position, even though
a full-brake application is called for, by the brake
valve, while the train is running fast with a
shunted condition of the field-windings of the
traction motors. As is common in railway con-
trol systems to which my present invention is
applicable, the brake-actuator controls a braking
rheostat which is included in series with the rate-
coil of the overcurrent limit-relay when dynamic-
braking conditions are established, so that, ac-
cording to the amount of braking which is called
for by the brake-valve, more and more resistance
will be inserted by this rheostat, thereby decreas-~
ing the energization of the rate-coil, and thus
increasing the current-setting of the limit relay.
In accordance with my present invention, this
current-setting of the limit-relay is momentarily
held at is minimum value, when a full-brake ap-
plication is called for during a short-field op-
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erating-condition, and this causes the limit relay
to open its back-contact and thus prevent a rapid
or uninterrupted adjustment of the field-con-
trolling means from its short-field condition to
its full-field condition. In thig way, I prevent
the too-rapid huilding-up, and overshooting, of
the dynamic-braking current of the traction
motors.

In an alternative form of embodiment of my
invention, an auxiliary contactor is energized
whenever the dynamie-braking cirzuits are estab-
tished during a short-field operating-condition,
and this contactor is used to immediately reinsert
some of the previously cutout resistance of the
field-shunting circuit, thus quickly strengthening
the motor-fields, thereby producing an immediate
surge of braking-current sufficient to pick up the
limit velay and thus interrupt the movement or
adjustment of the field-controlling means from
its short-field condition to its full-field condition.
This is enough to prevent the immediate full-
scale adjustment of the field-shunting ecircuit.
Hence, the field-shunting circuit is not completely
cuf out during the first second, more or less, of the
dynamic-braking operation, even though a full-
brake application is called for, while the train is
running fast with a short-field condition of its
motors.

A second alternative form of embodiment of my
invention uses a short-field condition of the field-
controlling apparatus to by-pass the previously
mentioned bhraking rheostat which is in series with
the rate-coil of the limit-relay, so that, even
though this braking-rheostat should be too quickly
adjusted to its maximum-resistance condition, as
& result of high air-pressure in the dynamic-brake
actuator, the resistance cannoct be inserted in the
rate-coil circuit because of the presence of the
shunting or by-passing circuit which I thus pro-
vide.

A third alternative form of embodiment of my
invention utilizes a short-field condition of the
field-controlling apparatus to by-pass a resistance
which is in series with the commonly employed
brake-coil of the limit relay, thus increasing the
energization of this brake-coil, which results in
reducing the current-setting of the limit relay,
with the results which I have already described.
Since this brake-coil, as it has been known, for
some time, is energized across a resistance which
is included in the dynamic-braking circuit, this
shunting or by-passing of the resistance, which is
included in the brake-coil circuit in response to a
short-field condition of the field-controller, he-
comes effective, in controlling the rerating of the
Jimit relay, only when the dynamic-braking
motor-cireuit is established.

A fourth alternative form of embodiment of
my invention uses the previously described aux-
iliary contactor, or one like it, to delay the ad-
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justment or movement of the field-controlling
means from its shorf-field condition toward its
fuli-field condition, as by reducing the speed of
the field-controller motive-means, or by slight-
ly delaying the actuation of the means which
moves the field-confroller in the direction to-
ward its full-field position or ctherwise delay-
ing this movement. )

With the foregoing and other objects in view,
my invention consists in the circuits, systems,
apparatus, combinations, parts, and methods
of design and operation, hereinafter described
and illustrated in the accompanying drawing,
wherein:

Figure 1 is a simplified circuit-diagram of the
parts of one car, which are necessary to illus-
trate my present invention, omitting many parts
which are known to be needed in a - successful
railway-control equipment of the type to which
my invention is applied, but which are not nec-
essary to be discussed in setting forth the nature
and operaticn of my present imbrovement, and

FFigs. 2 to 5 are simplified diagrammatic views
of parts of the equipment which is shown in Fig.
1, lustrating the previously described four alter-
native forms of embodiment of my invention,
réspectively. v

Fig. 1 represents some of the equipment which
is ‘carried by a single electrically propelled rail-
way=-car embodying my invention. Direct-cur-
rent power is supplied to the car from a third
rail 495, or a trolley wire, which is engaged by
g third-rail shoe #96, or a trolley pole, panto-
‘graph, -or other -current-collecting eguipment,
carried by the car.
gzzes 4 line 1§7 Wwhich constitutes a supply-cir-
cuit for the car.

The traction-motors for the car are seriés mo-
tors, which are indicated, by way of showing a
simple example in Tig. 1, as comprising two mo-
tor-armatures Al and A2, each being associated
with-its own series field winding SPI and SF2,
respectively, the ordinary reversing-switches be-
g omitted for the sake of simplicity. Two se-
ries-motor means, or circuits, are shown. The
first series-motor means comprises, in ‘series,
an armature-terminal ATt, a motor-armature or
armatures Al, an intermediate connection-point
AXH1, 5 series field winding or windings SF{, for

supplying the field-excitation for said armature ;

or ‘armatures, and a field-terminal P The
corresponding parts ‘for the second series-niotor
‘means ave indicated at AT?2, A2, AX2, SF2, and
T,

A series-parallel motor-contrel arrangenient
is shown in the drawing, in which a line=switch
or relay LS. and a ground-switch Gi are used
as power-switch means for establishing a power-
cirecuit for energizing ‘the motors, by connect-
ing the first armature-terminal AT! to the sup-
ply-circuit 187, and connecting the second arma-
ture-~terminal AT2 to ground. For completing
the series-circuit -connections, a. switch JR is
closed in addition toc the power-swiiches LSi
and Gi. For parallel-motor operation, two
switches M and G are closed in addition to the
power-switches L3{ and Gt. ‘The parallel-mo-
tor switch MM provides a circuit-connection bhe-
tween the armature-tsrminal AT§ of one series-
motor means and the field-terminal 7T ¢f the
other series-motor means; while the other paral-
lel-motor switch G provides a circuit-connection
between the other armature-terminal AT2 and
the other feld-terminal P{!. During an inter-
mediate transition-period, o switch J-is *closed.

'The third-rail shos {98 ener- -
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These motor-controlling connections are all in
accordance with a well-known switching-system.
Dynamic-braking - cifcuits are established by
cpening the two power-§witches LS| and Gi and
closing a braking-switch B{ in addition to the
two parallel-connection switches M and G, also

‘indeécordance with a well-known system or ar-

rangement. The braking-switchh Bi provides a
comnmon dynamic-kraking circuit-connection (98
betwedn the tespective intermediate connection-
points AX{ and AX2 of the two series-motor
means, thus providing two dynamic-braking cir-
cuits v,herem the motor-armature or armatures
of each ¢of said series-motor means are loaded
by the field winding or windings of the other
one of said series~motor wieans, réspectively,

A sultable number of séries-connected ~ae-
celerating resistances are used, as indic ated at
R, RZ, R% and R4. The resistance RI is dis-
posed between the supply-line {97 and the fvst
armature-terminal AT, and is shorted olt. by
means of a second ling-switch LS2. The Tésist-
ance R2 is in series with the first field<terminal
Fl{, and is progressively shorted out by meahs
of switch-contacts Si, 3 and S9. The resist=
arnce R3 is in séries Wlth the second Held-térmi=
nal BT, and is progressively shorted out by
smtch—conuacts S2, 58 and S48. The resistaties
R4 is in the series-miotor ‘Gofinection which s
made by the switch JR, and this resistanes is
finally shorted out by the transition-switch J,
for obtaining the full-series ‘power-circuit cons
nection of the motors.

During parallel motor ‘operation, the switch=
contacts S8, 5§ and 89, 810 are successively “or
progressively ¢closed, durinig the acceleration of
the motor, and after all 6f the accelerating-
resistances ‘R2 and R3 ‘have been ¢ut out, the
field-strengths of the motors are progressively
reduced, o provide ‘short-field operating=tof-
ditions.

In aeccordance with ‘a usual arrangeient, ke
motor-fields aie reduced by equipping each of
the ‘series dAeld windings SP{ and ‘SF2 with ‘a

, field-shunt, ‘comprising an inductive reagtor X

or X2, as the case may e, 'and a varigble resistor
RSB ‘of ‘RS2, Tespectively. The feld-shunts

Xi—RS1 and X2-—RS2 are fifst ‘donnected in
parallel relation to their Tespective feld-wiiid-
ifigs 8P ‘and S¥F2, by means of: contact=termi-
nals 11 and §2, respaétively; of a ‘progressively
or sequentially operating field-controllirig means,
which is hérein illistrated as an -electrically-op=-
erated drum-type field-controller FC, .After-the
respective field-shunts -have been connected into
operation, the field-shunt ‘resistances RS -:awd
RS2 are then ‘progressively -shorted ‘out.- by suc-
cessive controller~points 43, 18, 17 and {8, for
RBI, and "i4, 16, #8 and 29, for RS2, as the
field-controller FC is moved from its initisl full-
field position ‘FF, through ‘its intermediate ‘hosi=
tions Pi, F2, F3 and F4 to its short-field :pbsi-
tion -SF, ‘at ‘which . point the field-winding: cur-
rents -are teduced to ‘about fAfty.per .cent .ef
their unshunted values.

During dynamic braking,-the ‘two motors are
connected by 'the comiron: dynamic-braking cir-
cuit-connection 198, which-contains the:braking-
switch Bl and a brgking-resistance-RE. Thisite-
sistance:-RE is used, in addition to the:previously
mentionhed acéeleratirig-resistances R2 .and.-R3,
in ‘establishing ‘the complete -dynamic~braking
circuit. The braking-resistance R5 is. progres-
sively 'shorted out by means of ‘braking-switches
B2, B5 ‘and BE, during ‘dynamic<braking -opera=
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5
tions, after which the acceleration resistances R2
and R3, or portions thereof, are progressively
shorted out, as by the switch~-contacts S3, S4, and
89, Si0. (The switch contacts SI and 82 are
permanently closed during the dynamic-braking
operations, in the illustrated system.)

The progressive operation of the various re-
sistance-shorting switches, during both motor-
ing operation and dynamic braking, is under the
automatic control of a suitable limit-relay or re-
lays, which are energized to be responsive to con-
ditions which accompany excessive torque in the
motors. Such a limit-relay is illustrated in the
form of a current-relay CR, having an actuat-
ing-coil CR which is connected in series-circuit
relation between the terminal AXI and the series
fleld winding SFi. This current-relay CR also
has a back-contact 199 (also marked CR), which
is normally closed, that is, which is closed in the
non-actuated or low-current position of the re-
lay.

The current-relay CR 1s also provided with
certain recalibrating-means. In accordance
with previous practice, this relay is provided with
a cumulatively operating rate-coil RC, which is
energized through a weight-responsive rheostat
200, during accelerating operations, and which is
energized through a braking-responsive rheostat
201 during dynamic-braking conditions. The
weight-responsive rheostat 268 is automatically
adjusted according to the variable weight or live
load carried by the car, so that the rate-cecil RC
is the most strongly excited during light-load
conditions, thus reducing the minimum-current
setting at which the limit-relay CR picks up and
opens its back-contact 199. The braking-re-
sponsive rheostat 281 is automatically changed
in response to the position of a brake-valve BV,
which will be subsequently described, ‘so that
the rate-coil RC has its maximum excitation
when a low braking-rate is called for, thus pro-
viding a low minimum-current setting at which
the limit-relay CR picks up and opens its back
contact 199, and also providing limit-relay cali-
bration which is different for braking and power-
operating conditions. The brake-valve BV car-
ries a contact 202 which will be subsequently re-
ferred to.

All of the electrically controlled relays and

switches which are shown in the drawing are
diagrammatically indicated as having vertical
switch-stems (indicated by dotted lines), which
are biased by gravity toward their lowermost
positions, and all of these switches and relays are
shown in their deenergized or non-actuated posi-
tions. All of the relays and switches are electri-
cally controlled, and they are illustrated as be-
ing electrically or magnetically operated, by
means of an appropriately numbered or lettered
coil or solenoid, represented by a circle, acting
magnetically to lift an armature which is repre-
sented diagrammatically by a small circle inside
of the coil-circle. In general, the same switch-
designation is applied to any particular switch, its
coil, and its contacts, by way of identification of
the parts belonging to a given switch or relay.
" The vdrious electrical control-circuits for a
train are under the control of a number of train-
line wires, which-extend from car to car, through-
out the entire length of the train (not shown).
In the simplified circuit-diagram of the drawing,
eight of these train-line wires are used, being
given their usual demgnatmns namely (), 3
4,5,6,7,12' and GS.

Energy for ‘the various - relay-circuits or
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6
switch-cireuits is provided by means of a battery
B on each car. The negative terminal (—) of
each battery is permanently grounded, while the
positive terminal of each battery is connected,
through a switch 203, to the positive train-line
wire (4).

Each end of each car is provided with a motor-
man’s master controller MC, only one of which is
indicated in the drawing. The illustrated master
controller MC is indicated as being an accelerat-
ing-controller having an off-position and three
on-positions 1, 2 and 3. In each of the three on-
positions of the master-controller, MC, the posi-
tive control-wire (4-) is connected to the train-
line wires 12’, GS and 6. The train-line wire 12’
is the energizing-wire for the operating-coil LSt
of the line-switch LS1; while the train-line wire
@GS is the energizing-wire for the operating-coil
Gl of the ground-switch Gi, as will be subse-
quently described.

In the second and third on-pos1t10ns of the
accelerating-drum of the master controller MC,
the train-line wire 4 is energized from the posi-
tive bus (<) ; while in the third on-position of

5 this controller, the train-line wire 7T is energized

from the positive bus ().

In the off-position of the accelerating drum
or master controller MC, a connection is made
from the positive confrol-wire () to the train-
line wire 3. In the master controller MC, in ac-
cordance with a known practice, there is an over-
lap between the off-position contact which en-
ergizes this conductor 3, and the on-position con-
tacts which energize the conductors 12’ and GS,
so that, during the notching-off of the master-
controller MC, the contact at 3 is made before
the contacts at 12’ and GS are broken. This
overlapping construction is particularly neces-
sary in properly controlling a braking-operation
protective-relay BP which will be subsequently
described, and which also constitutes the sub-
ject matter of a Riley Patent 2,597,183, May 20,
1952.

The first on-position of the accelerating-con-
troller MC, in Pig. 1, is 2 switching position, in
which the control-wires {2’, GS, and 6 are all
energized. The control-wire {12’ energizes a con-
trol-circuit wire 10, through interlocks which are
provided, by the braking-switches Bl and B5, in
the form of back-contacts 204 and 285, respec-
tively; and the control-circuit wire 10 is used to
energize the operating-coil LS1 of the line-switch
Lsl.

In accordance with & usual practice, the ex-

, citing-cireuit for the line-switch operating-coil

1St also eontains a make-contact 206 of a line-
relay LR, which Is a voltage-responsive relay
which drops out upon a voltage-failure of the sup-
ply-line 197, This line-relay LR is shown as an
undervoltage relay which has an operating-coil
LR which is connected between the supply-line
{87 and ground, through a back-contact 287 of
the line-switch LS2, said back-contact 2067 being
paralleled by a make-contact 208 of the line-
relay LR.

‘As set forth in an application of R. B, Burkhart
and myself, Serial No. 269,752, filed February 4,
1952, the control-wire {0 energizes a control-wire
{29 through a back-contact 265 of the line-relay
I:R. This line-relay back-contact 289 thus closes
in the event of a power-line voitage-failure, which
might result from either g third-rail gap or from
any other cause; and if the master-controller MC
is, at the time, on any on-position, the conductors
12’ and 10 will be energized, and hence the line-
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relay-baeck-contact 283 wﬂl eiergize the control—
wire 120, which T use @8- an auXiliaty holding-eir«
cult for the protective Telay or brake<power relay
BP, which I will subseuuently describe in movre
detail,

The tram-hne wxre GS energ1zes the opez a‘tmg-

I}eled by a- make-eontact 214 of the ounG=
swﬁ:ch G,

“The traif=line Wwire § i conhetted, thioush ah
USI make-conties :.lB to a relay-cireiit 60,

which is contiested, thlough a G makestontact
2!6 to & cirenit €2 which constitutés a hold-gir-
euft tor the switeh-progréssion foi the aceelsrat-
ng=resistance short~cireuiting sWitches'Si to S0
and J. This hold-circuit 82 is ‘used to enerdize
the operdting coil JR &f the semes—motor-mrcmt
switch JR, thisugh -iiteridcks on the Switehes J
ahd @G, in the form of back-cohtacts 247-ana 218,
respectnvely The-said hold-cireuit 82 is also used
to direetly energize -the close-coil o attuating
coil BP-Close of the braking-operatioh ‘protes-
tive-relayBP

The Tesitls of the masgb-control energizaticn in
the No. 1 on=position of ths master-controtar
ME,-1s this to close the- main-eireult ‘o power-
cireuit contacts of ‘the traction-motor -SwWitchos
L8, &1 and IR, thereby eomplating a §efies=cons
neetion mober-eireuit for causing -a slow move:
ment of the train, fot go= caueﬁ “Siitching” pui=
poses, with all of $he accnlel ating<isgistanees in
series with the motors. ~Fhis circuit-ean bé traeed
from the supply-cncmt 187, threz.gb the main
LS1 contact, the resistor R, the arihaiuie Atl, the
current-relay coil CR,-the Seties field SFI, ‘the
resistanes R2, tha resistafice R4, the main IR
¢ontaet, the résistance R3, the Seriss field SF2,
the motor-armature A2 and the main G contact,
to ground.

A% the same time, the energization of the Brak-
ihg-operation protective-relay BP pavés the way
for the subsequent energization of the dynamie=-
braking circuits of the motors, and-also for:the
automatic progréssion-eontiol, under the-eontrol
of the limit-relay or ¢ufrent-relay CR, both for
the motoring Progression quring acceleration, and
for the dynamic-braking progiession durmg ah
apblication of the brake-valve BV, as will b Sub=
sequently described.

"Thé hold-cireuit 62, which is ene1gzzed in the
No. 1 on-position of the master-controller, is-also
connected, through an LS| make-contact 222,16
a: hold-circuit ‘87, which is uséd in the sﬂbseq‘uent
progression< contl ol.

“The-No. 2:positiont of the accelerating-control=
ler MC is'the first of two running-positions 2-and
3. It initiates the aceelerating progiression of the
séries~motor-conneetions, by energizing the traif=
line wire 4, Which is ¢onnected, through an- LS
make-contact 224, to. a conductor 40. The. con-
ductor 48 is connected, through an LS2 back-con=
taet 226, and a JR-make-contact 228, to a ¢on-
ductor 42, which energizes. the operatinig=coil 152
of the second line-switch LiS2, which acts-as the
Arst acceleration-progression switch, by  short-
circuiting the fifst accelerating-resistor- RY. This
132 switeh has a-make-eontact 227 which. picks
up-and serves as -a holding-civeuit ‘contact be-
tween the &ireuits 80 and 42,

This sécond line-switch Li82 also-has a makes=
contaet 228 which connects- the ciréuit 89:to-4a
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“Iock 233, o conductor 1, and: the coil .§—2.

8

circmt; 45, ‘The ciieait 45 is-connected, “through
the CR limit-relay back-contact 498, to a circuit
&6, 4nd thénee, thioush & BP make-contact 230,
to a circuit 46, which constitutes the main Hinit-
relay progression=gircuit -6f ‘the contiol-eqlip=
ment. ‘This limit-relay progression=cireuit 46 -is
thus not only under the conitrol of the limit=relay
oF eurtetit=relay -CR, whith ‘i responsive to ek=
eessive Hhotor=gurrents, but it is also under the
contiol -of ‘the brakihg=cperation protectis
BP, which -#nust be closed (with the protective
relay in its actiudted position), before there can
be any progression durihg sither the mo’mring
opeiatmn or-the brakmg 0pE tion.

15 Hrait-r S8 1t 4% 45 cone
: ntat ~to
g progresémn—mre 41, -which is connected
through an ©S2 makmcontact ‘232 1o a ¢ontrol-
wire 5%, The -control-wire 5¢ energ}z% The
operating-ceil {=<2 of & second resistor-shorting
progression-switch {—2, which carries the &wo
main eontacts Si-and S2, this energivation Being
effected through a back-contact 233 of this same
switch 1=2. Thus, this energizing-cireuit. fiom
the cohiductor 50 ineludes the switch~out inter=
~This
seeond (progression-switch 42 pieks .up and
¢loses 4 holding=cireuit-inake-contact 234, which
eneérgizes:the. cireuit 51 fromthe- hold=eirciit $7.

The aetuation of the seeond rasistance-short=
ing switch {=-2 3180 closts a make~coniact 235,
which engrgizes & cireuit 83 -ffom  the progres-
sen-civeuiv 47, through a back-contact 236 of a
third resistancs-shorting switch 8==4, which s
the swilch which -¢carries the main . switehing=
contacts 53 and S4. - The energizing-cireuit for
this -switch -extends :from the -conductor &3,
through the opsrating-coil.-3=—4 and. a back-con=
tact 237 of a forth resistance-sherting switch
9-=-18;.thence through a control-eircuit conductor
89, and a -J-switch .back-contact 238, to.the
grounded .negative battery-terminal (=). The
actuation of the third resistance-shorting switch
3«4 closes a mak.e-contact 239 which establishes
a holdmg-clrcmt for-the .conductor.§3 frem the
hold-wire . 67.

The aetuation of the third progression-switch
8—4a also closes a make-contact 261, which com=
pletes o eircuit from the progression=wire 47 to
a conduetor 59 whwh energizes .the . autuatmg
c011 8—i0 of the fourth resmuance-s’qortmg

witch $—10, which carries the . main swwch-
cont;ac»s 89 and Si9, the negatwe termmal of
sa1d coil 9-——!0 bemg connected to.the prevmuslj
descnbed wire 109 ‘The actuation of this Iourth
sthCh 9—18 also ‘clases .& make-contact 242
wmch establishes a. holdmg eircuit -for the con-
ductoer -59 .from. the -hold-wire 67%.

The. actuatmn of the fourth resistance-short-
ing . vs,ltch 8—16.also closes a make-contast 243,
which, is connectéd hetween. the progression-wite
41 and.a cireuit 85, the ough. a. back-contact 244
of the third -resistance-sherkirig -switch -
This eireuit 85 -enérgizes the opexatmﬂ«cozl J. of
the transmmn-svvltch J, through a G- swﬂzch
back-contact 24@ The transition- switch J. then
closes its mam o1, bower-cireuit. contact J, whmh
constmutes the last ste€p .in series motor-con-
nection for. the uractlon-motors, cut‘mng out. the
last. acceleratmg-1 e<1.stance RA. ThlS uranmtle'l-

switeh J has a ma,ke~contact 2417 "vhzch estah-
lishes a: heldmg-_mrcult Arom -the conductor -85
back 1o -the :held-line .82. The previously de-
scribed J-switch back-contacts: 217 and 238 aré
opened; upon. the energization of the transition-
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switeh J, thus dropping out the initial series-
connection switch JR, and the third and fourth
accelerating-switches 3—4 and 9—10.

The next step in the acceleration of the
traction-motors is accomplished by a movement
of the master-controller MC to its No. 3 position,
which i a parallel-motor running-position. 'This
position 3 of the master-controller energizes the
train-line wire 7, which is connected, through a
‘back-contact 249 of the fourth accelerating or
resistance-shorting switch 9—i9, and a make-
contact 2850 of the transition-switch J, 50 as to
energize a control-circuit 3!, which is in turn
connected, through a JR back-contact 251, to a
control-circuit 66 which energizes the operating-
coils M and G of the parallel-motor-connection
switches M and G. These switches M and G
thereupon connect the traction-motors in paral-
lel, between the supply-circuit (97 and ground,
‘with only the first two of the resistance-shorting
switches energized, in the illustrated form of
.embodiment of my invention, namely the second
line-switch (or first progression-switch) 152,
and the second progression-switch #—2 which
carries the main switching-contacts S{ and s2.
The energization of the parallel-connection
switch G opens the previously described back-
contact 246, which drops out the ftransition-
switech J. The energization of the parallel-con-
nection switch M closes a make-contact 252,
which establishes a holding-circuit for the con-
ductor 66 from the line 60.

Responsive to the dropping-out of the transi-
tion-switch J, the back-contact 238 of this
switch recloses, and re-initiates the switch-
progression of the resistance-shorting contacts
53 to 810, under the control of the switches 3—4
and §—10, through the circuits which have been

previously described. This establishes the maxi-

mum armature-voltage conditions on the niotors,
and it completes the connections for the full-field
parallel-connection operation of the traction-
-motors.

As soon as the resistance-shorting switch 3—190
closes, it closes an additional contact 254, which
.energizes a field-controller . actuating-circuit
from the progress-wire 41, said circuit extend-
ing from the wire 47 through the previously
mentioned make-contact 254 of the resistance-
shorting switch 9—10, a back-contact 258 of the
third progression-switch 3-—4, a make-contact
257 .of the parallel-connection switch M, and a
‘make-contact 258 of the line-switch 1.S2, and
thence to the short-field wire 39 of the fiel
controller ¥C.

The short- ﬁeld wire 39 of the ﬁeld contmller
FC energizes the short-field coil FC—SF, or other
means which may be used to move the field-
controller from.its full-field position FP to its
short-field position SF. Thig starts the progres-
:sive operation of the field-controller, and it may
be brought about in any one of several ways.
In the illustrated form of embodiment, since
the power for the short-field wire 39 is obtained
from the progress-wire 47, which is under the
control of the limit-relay CR, the field weaken-
ing progression of the field-controiler FC pro-
gresses under the control of the limit-relay CR,
.until the short-field position SF is reached. This
‘completes the connections for the short-field
parallel-connection operation of the traction-
motors, thus completing the acceleration-
progression. )

- If, now, the master-controller MC is returned
to its off-position, the car or train being now
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running at some considerable speed, the master-
controller will energize the train-line wire 3,
which may be described as the brake-wire 3,
because it is used to set up the dynamic-braking
circuits for the motors during the coasting opera-
tion. When the braking- protﬂctiVQ relay BP is
used, as shown, the brake-wire 3 is also used to
directly energize a hold-coil BP-Hold of the
hraking-protective relay BP, and this hold-coil
may be regarded as representative of any hold-
ing-means which is effective only after the pro-
tectne relay 3P has previously been moved to its

ctuated position. When g separate holding-coil,
BP-Z—Iold, is  used as such a holding-means for
the BP relay, said coil will be made so as to he too
weak to pick up the BP relay if the relay is in its
non-actuated position when the hold-coil is en-
ergized, but the hold-coil BP-Hold has enough
energy to hold the relay actuated or closed, once
it has been actuated.

As set forth in the previously mentioned appli-
cation of Burkhart and myself, the BP-Hold coil
is also provided with a second energizing-circuit,
which is independent of the brake-wire 3, and
thus operative in any of the three on-positions
of the master-contreller MC. This second hold-
coil energizing-circuit includes a make-contact
259 of this brake-protective relay BP, and this
make-contact 259 is used to energize the brake-
wire 3 from the previously described control-cir-
cuit 120, which is under the control of the line-
relay LR, so that the control-eircuit 129 is en-
ergized whenever there is a failure of the line-
voltage, at a time when the train-line wire 12’
is energized, that is, at a time when the master-
controller is on any one of its three on-positions,
as Dpreviously ‘described. In this way, I not
only maintain the energization of the BP-Hold
coil under the mno-voltage conditions just de-
scribed, thus mamng sure that the brake-protec-
tive relay BP remains in its actuated condition,
but I also immediately energize the brake-line 3,
without waiting for the master-controller MC
to be returned to its off-position, which estab-
lishes the coasting braking-circuit connections,

as will now be described.

The brake-wire 3 is connected, through an LI
back-contact 260 and a BP make-contact 281, to
a control-circuit 3(B. This conirol-circuit 3!B
is connected, through a Gl back-contact 252, to
the previously described control-circuit wire 31,
which energizes the previously described par-

_allel-motoring switches M and G through the JR

back-contact 25! and the control-wire 86. The
control-conductor 3{B is also connected, through
a G| bhack-contact 283, to a control-wire 3IC,
and thence to the positive terminal of the brak-
ing-switch coil B{, the negative terminal of
which is connected in g circuit which includes a
B5 back-contact 263, a conductor 102, another
B3 back-contact 288, a conductor (84, and a JR
back-contact 267, and thence to the grounded
negative battery-terminal (—). The closure of
the switches M, G and B! completes the estab-
lishment of a weak coasting-operation dynamic-
braking = circuit-connection for the traction-

‘motors, with all of the available dynamic-brak-

ing resistances R§, R2 and R3 in circuif, this
dynamic-braking resistance being large enowrh
‘g0 that the braking tractive-effort is usually

-quite weak, at moderate motor-speeds, thus per-

mitting the train to coast, with little or no sen-
sible or perceptible braking-effect, as long as the
field-controller FC remains in its short-fleld
position.
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4 connection is also-pravided,, for controlling
the: fisld-controller FC during the: coasting-op-
eration. In aceerdance with a.known practice; I
provide. g circuit extending from: the: control-
wire; 31C, through a back-contact 268 of a brake-
relay BR, -to a conirol-circuit 32, and. thence
through the back-contact 283 of a spotting-relay
SR, to the full-field wire 33 of the field-controller
FE.  The brake-relay BR. was shown and de-
seribed.- in a Riley-Purifoy Patent . 2,523,143,
granted September 19, 1950. The spotting relay
SR is-a previously used relay, having an operat-
ing-coil S® which is included in the common
brake-circuit conneection. (88, as by being con-
nected in shunt across a portion RE’ of the brak-
ing-resistence RE, in the dynamic-braking cir-
cuit-connection  {98. Thus, the spotiing relay
SR is responsive to the braking-circuit current.
This spotting-relay SR is adjusted to have a low-
current pickup-value, so that it can hold the
braking-cireuit current to- a small valus: suitable
for spotting purposas, during the coasting opera-
tion of the traction—motors, ag is well understood
inthe art. .

- The full-field Wne 33 of the field-controller
PC energizes. a. full-field eoil FC-—~FF, or other
means for causing the feld controller FC {o move
or progress from its.short-field position SP to its
full-field: position: FF. This. energization of the
full-field coil- FC—FF under. the control of the
spotting relay SR thus preogressively adjusts the
field-controlling means FC toward its full-field
position, as spotting-conditions may reguire.

In- accordance with: a-known. contzol-method,
the. spotting-relay SR has a make-coniact. 273
which: connects the- circuit -32. to. a cireuit. 38,
which goes to a fleld-controller-contact-segment
21+, which. is closed. only . during . certain early
points: in the progressive movement of the:field-
.controller PC from: its.-full-field: position. FF to-
ward its short-field position §F. .This field-con-
troller segment 271 is preferably opened 2t & cer~
tain- point near the short-field positien SF, pref-
erably before:the field-controller  reaches. this
short-field position SF.  As shown,- I prefer to
have this field-controller segment 27! closed af
the positions FF through F3 of the field-con-
troller FC. -This field-controller segment 271 is
used: to connect the wire 36 -to the short-feld wire
29 of the fisld-controller FC. In:.this way, when
the: spotting current is too large, that is,-large
enough to pick up the spotting-relay: SR, the
spotting - eurrent is reduced. by :adjusting the
metor-flelds toward-a weaker condition; by mak-
ing the field-controller FC progress: in: the diree-
tion towards its short-fleld position, bhut -this
progression: is usually arrested before the field-
controller returns all-of the way back to-its origi-
nal short-field position SF, which. it occupied
‘before: the qpottmv—contml commenced to
operate

- A service bra,hng—apphcatmn is- made by- the
closure:-of the brake-valve: contact 202, which
energizes the full-brake wire § from: the brake-
wire 3. This full-brake wire. & is connected. di-
-reetly to the coil BR of the brake-relay BR.. The
brake-relay BR has a.make-contact: 272, which
conneets-the full-brake line 5 to the conductor 45
which: lsads up to the limit-relay progression-
cireuit 48, thus putting the braking progression
under- the control of the back-contact 189 of the
limit-relay or current-relay CR, as well as under
the control.of the BE make-contact 238, both of
whicl are in circuit between the conductor §5 and
the limit-relay progression-circuit 4§. At the
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same-time, the opening of the back-contact 268
of the now-actuated brake-relay BR. takes the
braking progression out of the contrel of the
spotting relay SR.

. Whenever a braking-application is called for,
the energization of the brake-relay BR. closes a
BR. make-contact 273, which is used in the ini-

iation of the = dynamic-braking progression.
Thus, the BR make-contact 278 is used to0 make:a
connection from the limit-relay progression=cir=
cuit. 48 to the full-field wire 33 of the field-con-
troller FC. This causes a progression of the field-
controller FC.until it reaches its full-fleld posi-
tion FF, under the control of the limit-relay CR.

.The closure of the brake-relay BR also closes
a: make-contact 274 which makes & conwection
from the control-wire 31C to a braking-~operation
hold-wire: i, in reddiness for use in the subse-
quent brake-progression operations.

When the braking-eontrolling prosression’ has
praceeded ta the point: at which full-field condi-
tions are restored. .in the. traction-motors, the
field-confroller FC closes a full-field contact-
member 27§, which closes a circuit from the full-
field .wire 32 to. & conductor 48, and thence
through.a BR make-contact 237 to a. braking-
progression circuit 48.

. The energization of the brakmg-cncult pro-
gression-wire 48 immediately serves, through 2
Bl make-contact 278, which is already closed, to
energize a circuit 72, which is connected, through
a B2 back-contact 278, to. 4 eircuit 82 which is
connected to the positive terminal of the B2
actuating-coil, the negative terminal of which is

’ connected to the previously described conductor

182. The B2 switch thus picks up and closes. its
main contact- B2 which shorts out a part of the
braking-resistance R¥ in the common dynamic-
braking circuit 182 of the traction~motors. The
actuation of the BZ switch also closes a make-
contact 283 which establishes a holding-circuit
for the wire 82 from the hold-wire Ti.

A circuit is next established from the lower
end of the progression-wire 48, through a BS

; back-contact 281, to & conductor 75, and thence

through a B2 make-contact 282, whichr has just
been closed, to a conductor 85 which is connected
to the positive terminal of the BY actuating-coil,
the negative terminal of which is connected to
the. previously mentioned wire 184, The BS
switch closes its main-circuit contact B%, which

‘shorts out more of the braking-resistance R5 in

the common dynamic-braking circuit 498 of the
traction-motors. At thesame time, the BS switch
closes a make-contact 283 which establishes a
holding-circuit from the conductor 85 back to
thé hold~wire Ti.

‘The energization of the braking-progression
sthch BS opens its previously mentiomed back-
contacts 268 and 256, thus dropping out the
switchés Bi and B2, the main contacts of which
are hoth short-f*lrcwted ‘now, by the main con-
tact- BE. The dvopping-out of the B! switch
closes its lowsrmost back-contact 284, which
completes a cireuit from the conductor 15 to a
BE make-contact 285, and thence to a wire 86,
which is connected to the positive terminal of
the B$ coil, the negative terminal of which is
connected to the wire {84. The B$§ switch this

-closes, and closes its main contact BS which fur-

ther shorts out some of the braking-resistor RS,
thus still further reducing the effective braking-
resistance in the dynamic-braking circuits. At
the same time, the actuation of the BE switch
closes its make-contact 286, which establishes a
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‘holding-circuit for the wire 88 from the wire 1{.

The actuation of the B6 switch also closes. &
make-contact 2871, which connects the progres-
sion-wire 48 to the previously described conductor
12, thereby reenergizing the B2 switch, the nega-
tive circuit of which is now completed from the
wire 102, through a B6 make-contact 288, to the
wire 104. ’

It will be uniderstood that all of these braking-
progression operations are under the control of
the limit-relay progression-circuit 46, which in-
terrupts the progression whenever an excessive
motor-current causes an opening of the current-
relay back-contact {99, which is connected in
the energizing circuit for said wire 46, thus in-
terrupting the progression until the motor-cur-
rent subsides to a desirable value.

The braking-circuit progression-wire 48 is also
connected, through a Gi out-contact or back-
contact 289, to the accelerating-resistance pro-
gression wire 47.

After the second closure or actuation of the
B2 switch, so that the B2 and Bb switches are
now both closed, a circuit is made, from the
accelerating - resistance progression-wire 41,
through a B2 make-contact 280 and a B6 make-
contact 291, to the previously described conduc-
tor 50, thus re-initiating the progression of the
switches |—2, 3—4, and 9—16, which progres-
sively close the accelerating-resistor switches Si
to Si0, thereby cutting out the accelerating re-
sistors R2 and R3 which are in the individual
portions of the respective dynamic-braking cir-
cuits of the traction-motors, this progression be-
ing also under the same limit-relay control.

Ever since the actuation of the B5 switch, a
BS make-contact 232 has been energizing the
accelerating-resistance hold-circuit 87 from the
braking-cperation hold-wire 71, in readiness for

this progression of the accelerating-resistor °

switches Si to S10. The braking-progression
thus continues until substantially all of the brak-
ing-resistance is removed from the dynamic-
braking circuit, thus resulting in the completion
of the dynamic-hbraking operation, during which
the speed of the car or train has been reduced
from the initial speed at which the dynamic
brake was applied, down to a low speed at which
the dynamic hrake fades out.

If a braking-operation is to be discontinued,
after once having been started, the braking-cir-
cuit switches are released by an opening of the
brake-contact 2062, without requiring the estab-
lishment of a (perhaps momentary) power-cir-

cuit (or MC on-posifion), in order to deenergize ¢

the braking hold-wire Ti. This is accomplished
by the BR~contact 274, which is in series with
the hold-wire Ti. The opening of the brake-
contact 202 deenergizes the brake-relay BR and
opens its contact 214, without requiring an on-
position of the master controller MC to release
the brake-wire 3, in order to deenergize the con-
ductor 3iC and hence the hold-wire 7i.

It has long been customary to automatically
adjust the calibration or setting of the limit-
relay CR, in order to cause this relay to drop out
in response to various accurately controlled de-
sirable minimum motor-current values, during
both the acceleration-progression and the dy-
namic~braking progression. This is convenient-
1y done by various controls for the energization
of a brake-ccil BC and a rate-coil RC, both of
which act cumulatively with respect to the main
over-current-coil CR of the limit-relay CR.

In Fig. 1, I have shown that the brake-coil BC
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is energized in shunt across the previously men-
tioned resistance-portion R§ which is a part.of
the dynamic-braking circuit 198. This is the
same resistance-portion RS’ across which the
spotting-relay coil SR is energized. In the case
of the brake-coil, it is customary to include a
brake-coil resistance RBC in series with said
brake-coil BC.

In Fig. 1, I have shown two previously known
circuits for the rate-coil control or calibration.
One such rate-coil circuit involves the weight-
responsive rheostat 289, and is traceable from the
positive control-power line (--) through an LS2
make~-contact 292, a conductor 88, the aforesaid
weight-responsive rheostat 200, a resistance 294,
a conductor 92, a resistance 295, and the rate-coil
wire 95. A second old or known rate-coil energiz~
ing-circuit involves the braking-responsive re-
sistance 201{, and is traceable from the positive
bus (4) through a BR inake-contact 296, a con-
ductor 91, and the aforesaid braking-responsive
rheostat 201 to the conductor 92. In accordance
with a known form of construction, the rate-coil
rheostats 280 and 28{ are both pneumatically
actuated. )

The weight-responsive rheostat 200 is actuated
to adjustable positions in accordance with the
weight or passenger-load on the car, by well-
known means (not shown), which are not neces-
sary to an understanding of my present inven-
w0,

The hraking-responsive rheostat 201 is com-
monly actuated by means of a dynamic-brake
actuator BA which is energized from the so-
called “straight-air” pipe SA of the air-brake
equipment. This straight-air pipe contains. air
at a variable pressure, which is under the control
of the hrake-valve BV, according to the degree
of brake-application which is called for by the
on-position adjustment of the brake-handle of
this brake-valve. When a heavy braking-opera-
tion is called for, the brake-handle is moved to
its full-on service-position, thus applying a max-
imum air-pressure in the straight-air pipe SA.
At intermediate on-positions or braking-posi-
tions of the brake-handle of the brake-valve BV,
the air-pressure is less. During all on-positions,
or brake-application positions of the brake-valve
BV, the previously mentioned brake-valve con-
tact 202 is closed, which connects the train-line
wire 5 to the train-line wire 3.

In accordance with the form of embediment of
my invention which is shown in Pig. 1, I infer-
pose, in the straight-air connection to the brake~
actuator BA, a choke-valve CV, which admits air
only slowly from the straight-air pipe SA. If a
mild brake-application is called for by the brake-
valve BV, the air-pressure in the straight-air
pipe SA is small enough so that the braking-
rheostat 201 is operated at a reasonably slow rate,
by the brake-actuator BA, thus only gradually -
inereasing the recalibrating resistance of the
rheostat 261 in the energizing-circuit of the rate-
coil RC.

When, howsaver, a full-brake or a heavy-brake
application is called for by the brake-valve BV,
the air-pressure in the straight-air pipe SA is
high encugh so that, previous to my incorpora-
tien of the choke-vaive CV, the brake-actuator
BA would be moved very rapidly to its full limit
of operation, thus inserting all of the resistance
of the braking-~rheostat 2¢{ in the energizing-cir-
cuit of the rate~coil RC, and doing this in a mat-
ter of a second, or less. Thus, before the limit-
relay CR had a chance to piek up its hack-con~
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tact 489 in the circait 484, the decreased excitas
fion.of the rate~coll RC would so far increase the
surrent-setting of the limit-relay CR, that this
rélay would nct pick up at all, until the feld-
comtrolier FC was adjusted to its full-field posi-
tion PP, as a result of the continued energization
of the circuit 45A—230—A46—273-—28, and thence
to the full-field operaiing-coil FC—FF of the
field-coniroller L. This resulted in setting up a
full-field condition in the motors very rapidly,
gk the very keginning: of the dynamic-braking
operation: . )

" "Fhis condition would occur during the hish-
§peed operation of the train, and hence duriag a
high-speed operation of the motors, which are
now operating as generators for supplying the
dynamic-braking current. The speed is high,
veeause the field-controller FC iz never adjusted,
in the first place, to its short-field pesition; until
the last stages of the aceeleration-notching of
the motor-contre]l during the motor-operation.
If. the motorman had cecasted for a considerable
time; in the “oT” position of his master-conirol-
Ter MC, after having reached the full-parallel
shunted-~field power-circuit motoring-econdition,
on :a level or an uphill irzck, the train would
coast-down to 4 sufficiently low speed, so that the
spotting-relay SR would graduaily noteh back
the field-controller from its short-field position

S until it finally reached its full-field position *

FF. But if the field-controiler FC is in or near
its short-8eld position SF, the train will be op-
erating at a fast speed.

With the traction-motors operating as genera-
tors at a fast speed, under spotting-conditions,
if o full-brake application is called for by the
brake~-valve BV, and if the brake-sctuator BA
is permitted to practieally instantly operate the
braking-rheostat 20{ to its full-resistance posi-

tion; then the calibration of the limit-relay CR *

will be §0 high that this limit-rélay cannot pick
up and deenergize the full-iield coil PC—FF of
the-field~controller, with the result that the field-
controlier moves very quickly to its full-field po-

sivion, thus causing evershooting of the dynamic- ..

braking control.

In accordance with my invention, as shown in
Fig: 1, the-added choke-valve CV, in the ajr-inlet
of the brake-actuatcd BA, prevents this brake-

actuator from moving too fast, in response to & ;

high-pressure condition in- the straight-air pipe
84, ds a result 6f a full-brake application of the
brake-valve BV. In this way, the limit-relay CR
is Teft at its minimum setting long enough to
ehable this relay to pick up, in response to the
dynamie-braking current, thereby opening the
Hmit-relay back-contact {89 which deénergizes
the eifeuit 484383, which immediately -deener-
gizes the full-field coil FC—FPF of the fleld con-
troller FC. This arrests the movement of the
geld-controller in the direction toward its full-
fleld position FF. After that, this field-control-
ler movement is resumed, in a step-by-step fash-
ion, under the control of the limit-relay CR, thus

making the field-controller FC reach its filli-field ¢:

position FF only after a time which is long
encugh to avoid the overshooting troubles which
have previously been mentioned,

" In the event of only a small braking-applica-
iion of the brake-valve BV, the air-pressure of
the straight-air pipe SA is applied only gradual-
iy~ to the brake-actuator BA, even without the
choke-valve: CV, so that the addition of this
choke-valve dees not produce any sensible alter-
ation in the mild-brake operation of the appara~-
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tus, ih which there has never been any frouble
due to over-shooting., Any added delay, dus to
the presence of the choke-valve CV, during a
mild~brake application, would not be neticed at
all in the operation of the train.

~In the alternative form of embodiment of my
invention which is shown in Fig. 2, instead of
working on the braking-rheostat 241, to prevent
it from upwardly calibrating the current-setting
of the Hmit-relay CR too rapidly, I have provided
an auxiliary contactor C, which I use to give the
motor-fields a “kick,” or a sudden inerement in
excitation, enough to cause the motor-current to
practically instantly rise to a value whieh corre-
sponds to the current-setting of the limit-relay
CR, even though this current-setting is reeali-
brated te its maximum value by the speedy op-
eration of the brake-rheostat 284, This auxil-
iary econtactor <, in Fig. 2, is provided with an
operating~coil C, and two back-contacts C, which
are normally closed, as by gravity, being opened
when the operating-coil C is chergized.

The operating-coil C is energizad from the re-
Izy-cireuit 81, in series with a feid-contreller
contact-segment 898, which ensrgizes the coil C
whenever the circuit §i is energized, and when-
sver, at the same time, the fdeld-controller FC is
on or near its short-field position S, as, for ex-
ample, when the field~controller is on eitheér one
of its positions F4 or SF. It will he recalled
that the control-circuit 94 is energized fronmi the
positive bus (--) in series with the make-contact
288 of the braks velay BR. It will also be re~
cailed that this brake-relay BR is energized in
respongse to the irain-line wire 5, which is eher-
gized through the brake-valve contact 282, the
train-line wire 3, and the “off” position of the
master controller MC, as indicated at MC—QFF
in Fig. 2.

The two vack-contacts C of the auxiliary con-
tactor C in Fig. 2, are connected in series with
two field-controller segments 33 and 244, respec-
tively, which are respectively connected between
the circuits {f and {3, and between the circuits
i2-and 14. These contact-segments 312 and 3i4
of the field~controller ¥C effect g circuit-closure
in the field-controller positions between F2 and
SF. Thus; even though the field-coniroller FC
is in one of thess positions, from F2 to SF, during
which ‘the field-shunting resistances RSI and
RS2 would normally he partiaily sheort-cireuited,
between the circuits {{ and 18, and between the
circuits 12 and i4, respectively, if the auxiliary
contactor C is energized, these portions of the
field-shunting resistors RS{ and RS2 will be cut
back again into civeuit, thus increasing the re-
sistance of the field-shunts, and inereasing the
current through the motor-fields SFi and SF2.

The. operation of this apparatus, as shown in
Fig. 2, will therefore ba obvious. ‘Whenever a
dynamic-braking operation is called for during
& short-fleld operating-condition, the brake-relay
contact 288 will be closed, and a contact will ha
completed at the contact-segment 385 of the
field-controller FC, thus energizing ths auxiliary
contactor C, and increasing the current-strength
in the motor-fields SF{ and SF2. This increases
the braking-current enough to pick up the limit-
relay SR, thus instantly interrupting the ad-
justment of the field-coantroller FC toward its
full-field position, in the manner which was de-
scribed in connection with Fig. 1. In Fig. 2, as
the field-controller is moving from its short-field
position SF toward its full-field position FF, in
a. step-by-step fashion as ‘controlled by the lim-
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it-relay CR, when the field-controller FC leaves
its 74 position and moves to its 3 position, the
auxiliary contactor C will become deenergized at
306, thereby inereasing the shunting current and
decreasing the field-current, causing the field-
controller to pause, at this position, long enough
to prevent the previously described overshoot-
ing difficulties.

In the form of my invention which is shown
in Tig. 3, the field-controller contact-segment
306 is retained, but the contact-segments 3i3
and 314 of Fig. 2 are not used. In Fig. 3, the
contact-segment 308 of the field-controller FC
is used to connect the control-wires 81 and %2.
This has the effect of using field-controller seg-
ment 306 to by-pass the braking-rheostat 201
whenever the field-controller FC is in either its
position F4 or SPF, or otherwise in a position at
or close to its shunt-field position SF. In this
manner, the field-controller segment 30§, dur-
ing short-field operation, shorts out, or nulli-
fies, the braking-rheostat 201, so that it does not
matter if a full-brake application of the brake-
valve BV causes a too-rapid actuation of this
braking-rheostat 26i. In this manner, the lim-
it-relay CR is left at its minimum-current ad-
Justment, during the first second (more or less)
of a dynamic-braking operation which is insti-
tuted while the field-controller FC is at or near
its short-field position SF. This prevents over-
shooting in the manner which has already been
described.

In the form of my invention which is shown
in Fig. 4, the field-contactor segment 398 of Fig.
3 is replaced by a segment 3{6, which is shown
as making a closed circuit whenever the field~
controller FC is in any one of its positions ¥3,
F4 or SF, although this is intended to be rep-
resentative of any field-controller adjustment

which is at or close to its short-field position 8. *

In Fig. 4, this contact-segment 316 of the field-
controller FC is used {o connect a parallel resist-
ance 3i7 in shunt across the brake-coil resistor
REBC, s0 as to give the brake-coil a stronger re-

sponse to the braking-current which fows -

through the braking-circuit resistor R5’.

In Fig. 4, the brake-coil resistor RBC is shown
as being connected between the intermediate
connection-point AXi of the motor circuit, and
a conductor BC’, from which a circuit contin-
ues through the brake-coil BC to the braking
circuit {98, so that the brake-coil BC, with its
serially connected resistance RBC, is connected
across the braking-circuit resistance R5’. The
circuits AXi and BC’ are connected to the field-
controller contacts for the segment 316, pref-
erably through the previously mentioned resist-
ance 311, by which the degree of strengthen-
ing of the brake-oil response can be predeter-
mined at whatever value is necessary to increase
the current-setting of the limit-relay CR to the
point where it is able to pick up on the first in-
rush of the braking current, when dynamic-
braking conditions are established during a
short-field operating-condition.

Since the brake-coil BC is energized in re-
sponse to the current in the braking-circuit (98,
and since this braking-eircuit is not energized
except when dynamic-braking conditions are es-
tablished by the closure of the contactor Bf, the
field-controller contact-segment 316 of Fig. 4
has no effect upon the operation of my motor-
control system except when the dynamic-brak-
ing circuit. 198—BI is established, and also ex-
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cept when, at the same time, the field-controller
FC is on or near its short-field position SF.

In Fig. 4, I also show a modification of the
limit-relay CR so as to make the field-controller
I'C vibrate, as a voltage-regulator, under the
control of this limit-relay CR. This same opera-
tion could be provided for in any of the other
forms of embodiment of my invention, although
it is shown only in Fig. 4. In accordance with
this feature of my invention, the limit-relay CR,
in addition to having the previously described
back-contact 199, which is connected between
the circuits 45 and 484, is provided with a make-
contact 1954, which is connected between the
circuits 45 and 3%. This circuit 239 is the circuit
which energizes the short-field coil FC—SF of
the field-controlier FC, whereas the circuit 454,
as shown in Fig. 1, is the circuit which energizes
the circuit 33 of the full-field coil FC—FF of the
field-eontroller FC, as was explained in connec-
tion with Pig. 1.

Thus, when the limit-relay CR picks up, in
Fig. 4, it energizes the short-field coil FC-—SF
and starts moving the field-controller FC further
toward its short-field position SF. This weak-
ens the motor-fields and thus reduces the brak-
ing-current, causing the limit-relay CR to drop
out and close its back-contact 199, which ener-
gizes the circuit 46A—33, which energizes the full-
field coil FC—FF, thus starting the field-con-
troller FC moving further toward its full-field
bosition FF. In this way, the field-controlier FC
oscillates back and forth, after the manner of
a voltage-regulator, resulting in a gradual re-
duction of the shunting-current until the field-
shunts are entirely cut out, which happens in
the full-field position FF of the field-controller
¥FC. It may happen, under certain adjustments
of the apparatus, that the field-controller FC
of Fig. 4 will not reverse its movement toward
the full-field position FF, and start back toward
its short-field position SF until the recalibrating
circuit-contact is broken at the contact-segment
316 of the field-controller, so that the field-con-
troller FC will oscillate between the positions 72
and F3 under this voltage-regulator operation,
under the control of the make and brake-con-
tacts 199A and 199 of the limit-relay CR.

In the form of embodiment of my invention
which is shown in Fig. 5, instead of using the
limit-relay CR to prevent the too-rapid move-
ment or progression of the field-controller FC to
its full-field position FF, when dynamic braking
is called for during short-field conditions, I pro-
vide a means which may be broadly defined as
2 means for changing the rate of movement of
the field-controller FC, or slightly delaying the
time of that movement. Any means to that end
is contemplated, within the broad purview of
Fig. 5. I use an auxiliary contactor Ci, which
is similar to the contactor C of Fig. 2, except
that it has only one back-contact 32f, which is
somewhat differently used. The operating-coil
Cl in Fig. 5 is energized, as in Fig. 2, from the
circuit 91 and the field-controller contact 308
which has already been described. The back-
contact 321 of the auxiliary contactor Cf is used,
in Fig. 5, to delay the starting or the rate of the
field-controller movement in the direction to-
ward its full-field position FC,

Any means, which will accomplish this pui-
pose, may be used, in Fig. 5. The particular
means which is chosen for illustration in Fig. 5
includes a field-controller FC which is actuated
by an electric pilot-motor PM, as distinguished
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1

“from "the r'xagnet coll type of control Whlch is
showh‘in‘Fig,l. -Tn'Fig. 5, the pilot-motor arma-
“ure PMis illustrated as bemg permanently ener-
zed “from the posmwe ‘train-line wire (4,

‘motor is provlded with two opposxtely connected
‘fie ds PM—<8Fand PM—FF, which are energ1zed
from thie: plevmusly deseribed conductors 38 and
"33, s0'that, wheén'either cne’of these‘conductors
éa‘or ‘83 is energzzed the pilot-motor Pl\/r will
Hirn Hn the direction ‘for moving the field=con-
‘troller 'FC ‘towdrd ifs short-field position SF, or
“towarg'its’ full field position FF, as the cise may
Pe. When'a dmamlc-bl aking eperation is called

“for “dufing ‘o Shorte field operating-condition, the '

&uxﬂmry coftfactor “Cl, in Pig, 5, opens -its back
-eotitact, and thus removes 2 short- circuit Wthh
been placed, ‘by ‘this contact, across the re-
kistahée’ 39!
-ih *tHe "pilot-inotor PM, and reduces its speed of
operatlon, -ong enough to prevent- the previously
e over shootmcr difficulties.
hrle I'have’ desnubed my invention, and ex-
pl"alned BN mander of ‘opératidn, in connectlon
-With ‘séveral s1mp11ﬁed illustrative forms of emi-
“Bodiment, I Wish * it ‘fo ke uﬂaerstooh that the
“gfieat y 0f the: mventmn would not be affected
By the ‘additich’ of des1red add1t10nal features or
—vafegmnis ‘or "By “tHe omi ission of undesired or
‘features, or by the ‘substitution ‘of
equrvalent or-dltérnative forms of ‘various means
{or elemisiifs for: performmg the essential element-
*furictisns which 'héve -héen déscribed ‘and ‘ex-
-plaited. )
‘T8laim as fiy invention:
1. 5AHiobors controllmfr assembly, ineluding the
‘cdmbm tidm, "with & serles-motor megns to ' be
p i85~ motor feans inciuding 'a
e'and s Sérieg-field wihding ‘con-
‘in senes therewmh of: ‘(a) a sup-
this “geri -fiotér nieans; (B) a
‘-power-svntf-h mems, for -’ estahhshmg 2 powe1-
‘eiredit oy ten :
-fioin the
"»mear!s, For est:bl*-

supplyscitedit; 2 brakmg s“vrtch
shing a' dyna,,dzc-brakmg cir-
miotortmeans; (d) a vanable
ans, ‘for prcgresslvel v agdjus

mg sanl Ser & ' Feld vf;"ndmg toward g -Full-fiéld
‘gonditicn angd tcwrard 2 short-feld condltlon re-
spectively te) an lers,
~for® COntrollmJ t‘ae asure’of- said-power- -gwitch
‘Wéans, *and, eontingent’ upcn stch closure,’ pm—
gveSSiVely csn*“cllng the ‘accelération of sa,

-serlns—moucr dans - during power-éircuit oper-
i gxeonditions, §aid “acéeleration- controlling
medns ‘including a ﬁnally-operaumg means “for
~'sa1d field-controlling means to plogres—
s1vely ‘adiust ‘said serieg peld winding ‘foward its
short field condition; () brakmv—cortrollvng

C

il
Ll

ngs sw1tf'h means, cﬂm, contingent upon ‘such
“6lostfe, mogresswcly controlling’ the br aklng ad-
Jjustment of the dyna Z"’ll”-bla,l;lng eircuit durmg
‘dynamlc-bra‘{mg condvt*ons ‘said brakmg-con-
Jrolhng means including o first- operatlng means
-for- Ca,bSng -Said feld-controlling means to ad-
Just 8aid ‘seriés Hald winding toward its full -field
cond1t1on “and (@) sn overshooting-pr reventive
~Biealls, résponsive to an apphcaumn of said brak-

ing-controlling means, ‘and - responswe also to a’
-shortened-'e'ﬂd condition of said field- ~contralling
means, ‘for effecting a delay in the restoration
O.L full-feld operatmg conditions during the ini-
ial period of the dynar",uc braklng operatlon
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Ztﬂrou"h two'resistances 331 and 932, The pilot~

This reduces-the armature curr ent ‘
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atiori~controlling means, b

P

10

ne
[0

39

35

40

45

56

0

679

*acterlzed by ‘sdid
(g) bemg operatwe upon ‘the ﬁrst operatmg
~means of fie braking-controliing -means:€/).
The -ihvention ‘s defined ‘in ‘cldim 1, ‘char-
amenzed by-said’ overshootm"-nreventwe feans
(g) being operatwe to ‘interpose’ a delay ‘in “the
operation of the -first-operating ‘meahs “0f the
braking-controlling means (f).

"4, The invention ‘ds defined in claim ‘1, ¢har-
‘acterizeq by said overshooting: pleventwe medis
(¢) béing Operatlve o ~conitrol -the progressive
adjustment of the’ ﬁeld-controlhng means (d).

‘5. The invention as defined in claim 1, har-
acterized by ‘said’ overshooting-preventive ‘meatis
(o bemg operative to-change the rate of pro-
gress1ve adjustment of the field-¢ontroliing means
(d).

6. The ‘invention as defined in claim 1, char-
'acterlzed by sald overshooting~ prevenulve eans
tg) being: operative to delay the ‘time’ of ‘adjust-
‘mént of the’ ﬁeld-controlllng means (@ .

7. The ‘invention as defired in‘claim “1, char-
“acterized by’ said braking-controlling theans ()
mclhdlng, and bemg unde1 the control of,a brak-
‘ing- confrollmg limit- r°lay means havmg ‘an op-

at‘qg ‘¢5il ‘whieh is energlz 10 be" 18sponslve
to cénditions W ‘hich accompmny ‘5 lower ‘than-

“desired emu_r\g current-in ‘the dyna'rmc orakmnr
“gireuit;: “and ru thcr characwrlzed by said over-
shooting-pre means (g) b°1ng operatlve
’uo produce sn immediate ‘sdrge of brakmg ~cur-
rent sumclent to pick up said brakingsc ntrol-
l’nﬂ limit-relay .uzeans )

8. The invention as defiied ' in" clalm *1,"char-
‘acterized by §aid braking-controlling’ méans (/)
includihg, and being under the control: of, a brak-
ing-~contreiling limits relay mQans havmg ‘an-op-
‘erating-coil ‘which ‘is energ zed “to be: responswe
“to conditions ‘which accomnany 4 1ower than-
-desired’ braking-currentin -the dynamic- brakmg
-eireuit; -and ‘furthér characwnzed by said over-
shootmfr-preventwe means (g) bemg operatvve
“to imrnediately strengthen the motor-field of the
~sériés-motor means.

9, The 1nvent10n as “defiried in cleum 1, char—
acterized: by said brakmg-controlhng means ()
1nclud1ng, ‘and Béing “under “the control of, a
brakmo-"ontrolhng hmn, relay means hawmcr ‘ah

a

n‘s (g) being‘ p
“erative upén the ﬁeld-control ng ‘means (@) -to
-1mmea1ately efféct “an - admstment of * the serres
-ﬁeld—wxndmg in “the “diféction “6ward it -fuli-
: ﬁeld t:ond1t10n

€ans, for eont mllmo the closure of said brak- ‘gg’

‘mg-controlhng Timit- 1ela Means havmg a]

-erating-coil “Which “is* energl d*to'be responswe
to-conditiorts ' which aceompanya lowsr-thai-dé-
-sired -braking=¢urrent -in the: dynamm-brakmg

¥gp circuit; and further characterizeqd by said*over-

shooting-preventive ‘means -(g) ~being operative
Jupon the aforesaid braking-controlling limitere-
-lay means to temporarily reduce its-current-set-
“ting below _what it would be without said-over-
shootmg-pr f/entlve means.

. 11, A “motor- controlhng assembly, 1nclud1ng
“the’ combmatlon “with, a’s ies-motor means fo

riiatuie “and “a Se éld “wind-

"2, *"Thie'iltverition ‘as“defined in ‘claim*1, €has- ¢ 5 g connecﬁed1n~ser1es*therewith of d) “a" §iip-
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ply-circuit for the series-motor means; (b) a
power-switch means, for establishing a power-
circuit for energizing the series-motor means
from the supply-circuit; (¢) a braking-switch
means, for establishing a dynamic-braking cir-
cuit for the series-motor means; (d) a braking-
controlling limit-relay means, having an operat-
ing-coil which is energized to be responsive to
conditions which accompany a lower-than-de-
sired braking-current in the dynamic-braking
circuit; (e) a variable field-controlling means,
for progressively adjusting said series field wind-
ing toward a full-field condition and toward a
short-field condition, respectively; (f) an accel-
eration-controlling means, for confrolling the
closure of said power-switch means, and, con-
tingent upon such closure, progressively control-
ling the acceleration of said series-motor means
during power-circuit operating-conditions, said
acceleration-controlling means including a final-
ly-operating means for causing said field-con-
trolling means to progressively adjust said series
field winding toward its short-field condition;
() a braking-eontrolling means, for controlling
the closure of said braking-switch means, and
operative prograssively, only whenever a low-cur-
~rent condition exists in said limit-relay means,
to progressively control the braking-adjustment
of the dynamie-braking ecircuit during dynamic-
braking conditions, said braking-controlling
means including a first-operating means for
causing said field-controlling means to adjust
said series field winding toward its full-field con-
dition; (k) a dynamic-braking recalibrating-

means, responsive only in a closed condition of-

said braking-switch means and also responsive
to the degree of brake-application of said brak-
ing-controlling means, for increasing the cur-
rent-setting of the limit-relay means, as the de-
gree of brake-application is increased; and (i) an
oversheoting-preventive means, for limiting the
rate of response of the dynamic-braking recali-
brating-means to a heavy-brake application of
said braking-controlling means.

12. The invention as defined in claim 11, char-
acterized by said braking-controlling means (g)
also including a retrogressively operative means,
operative only whenever a high-current condi-
tion exists in said limit-relay means (d), for
causing the field-controlling means (e) to ad-
just said series field winding toward its short-
fleld condition.

13. The invention as defined in claim 11, char-
acterized by said braking-controlling means (g)
being a part of an air-brake equipment and in-
cluding a brake-valve which provides a supply
of air at a variable pressure dependent upon the
degree of brake-~application; said recalibrating-
means (k) including a dynamic-brake actuator
and & variable-pressure air-pipe connection be-
tween said brake-valve and said actuator; and
said overshooting-preventing means (i) includ-
ing a choke-valve in said variable-pressure air-~
Dipe connection.

14. A railway-motor control-assembly, includ-
ing the combination; with two series-motor trac-
tion-means, each series-motor traction-means in-
cluding a motor-armature or armatures, and a
series field winding or windings connected in
series therewith; of: (@) a supply-circuit for the
two series-motor traction-means; (b) a power-
switch means, for establishing a power-circuit
for energizing the two series-motor traction-
means from the supply-circuit; (¢) a braking-
switch means, for establishing two dynamic-
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braking circuits wherein the armature or grma-
tures of each of said series-motor traction-means
are loaded by the field winding or windings of
the other one of said series-motor traction-
means, respectively, said two dynamic-braking
circuits having a common dynamic-braking cir-
cuit-portion which is not a part of a power-cir-
cuif; (d) a limit-relay means having an operat-
ing-coil circuit which is energized to be respon-
sive to current flowing in a power-circuit for a
series-motor traction-means; (e) a dynamic-
braking recalibrating-means, responsive only to
dynamic-braking conditions, for changing the
current-setting of said limit-relay means; (f) a
variable field-controlling means, for progressively
adjusting said series field windings toward a full-
field condition and toward a short-field condi-
tion, respectively; (g) an acceleration-control-
ling means, for controlliing the closure of said
power-switch means, said acceleration-control-
ling means having a first-operating means, oper-
ative only whenever a low-current condition
exists in said limit-relay means, for progressively
controlling the acceleration of said series-motor
traction-means during power-circuit operating-
conditions, said acceleration-controlling means
further having a finally-operating means for
causing said field-controlling means to progres-
sively adjust said series field windings toward
their short-field conditions; (k) a braking-con-
trolling means, for controlling the closure of said
braking-switch means, and operative progres-
sively, only whenever a low-current condition
exists in said limit-relay means, to progressively
control the braking-adjustment of the dynamic-
braking circuits during dynamie-braking condi-
tions, said braking-controlling means including
a first-operating means for causing said field-
controlling means to adjust said series field wind-
ings toward their full-field conditions; and (i)
an overshooting-preventive means, operative only
whenever said field-controlling means is in a
shortened-field condition, for modifying the ac-
tion of said dynamic-braking recalibrating-
means in such a direction as to reduce the cur-
rent-setting of the limit-relay means below what
it would be without said overshooting-preventive
means.

15. The invention as defined in claim 14, char-
acterized by said braking-controlling means (k)
also including a retrogressively operating means,
operative only whenever a high-current condi-
tion exists in said limit-relay means (d), for
causing the field-controlling means (f) to adjust
said series field windings toward their short-
field conditions.

16. The invention as defined in claim 14, char-
acterized by said recalibrating-means (e) com-
prising an operating-coil circuit of said limit-
relay means (d), which is energized to be respon-
sive to current flowing in said common dynamic-
braking circuit-portion, and said recalibrating-
means (e) also comprising an operating-coil cir-
cuit of said limit-relay means (d), which is en-
ergized independently of the braking current but
only whenever the braking-switch means is
closed.

17. The invention as defined in claim 16, char-
acterized by said overshooting-preventive means
(i) being operative upon said operating-coil cir~
cuit which is energized to be responsive to cur-
rent-flowing in said common dynamic braking
circuit-portion.

18. The invention as defined in claim 16, char-
acterized by said overshooting-preventive means
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@)
“euitvhichds: energized “ndepéndentfy of thebrak‘-
Mngoeurrért. A )
“19. ‘The: invefhtiﬁn»zis ééﬁned 1
“geterized (bysaidrre
~“an auxiliary: opers 'ng-cozlx cireuit-of: sard
-relay means (d) jSaidauxiliary: operatmg-c
~euit-including-a ubrakmnr—cont;rol gt rhedstat and
-~an”interlockirig: mieans whichsi
“rigrasdynamic-braking operation.
220..The invention as defined in‘claim:19; ¢hHsir-
acterized by said: overs‘lootmg-preventwe means
+(2) heing-operative Upon said brakingceontiolling
‘rheostat *to provide ‘a bypassSing “éiteuit Tthare-
“around.
21, Arrailway~motor: control-aSsembly, irehud-
~ing the compination; “with “iwo ‘seéries-mbtor
-tractionimeans, “each &series<metor ‘traction-

~meéans 1nclud1ng grmotor=armatire orrarmiatures, .

~aXidia series-field-winding or winidings éorineeted
-in-series therewith;-of:  ta)=a; supply-eiredit: for
“the -two seriessmotor Ftrs uén-means, ) <a
power-swfcch means for gra i power-
rles-mowlf trac-

rafe 1oaded - by the ﬁeld
~tHe “otler “ofie ‘of -8ak
higans, ‘réspectively, gaid “two dyAsmicsbraking
elrcults ha ‘ng a commonudynamzc-brakmg cn-

- for-g Sériésimgtor traetmn-means (e) a varlable
ﬁeld-controllmg means s

relay means; for: progre551ver cdntrdlhng— ﬁhe‘ac-
Ugelération S 6f ‘¥aid TEEriesSinoter < tracmon—means

during power~-circuit operating-conditions, ¢
“jieeeleration-gontioling  medtis: furtHers Having a

¢losedronly -Gy~ -

-45 - pipe connection.

24
ﬁnally-opératmg Tieans i for  causing Jsaid Sfsid-
~gonirolling :means to “progressively - adjuot ‘said
“geries ﬁeld Wlndmgs toward their short-fisld ¢on-
“ditions; (g) ‘a “braking-controlling meéans, :for

B conirdllinig - the “clésure "of - said | braking=-§witeh

“Ieans,’ and-operative progressively, only” when-
ever-a low=current eondition’ exists in said limit-
‘relaymeans, ‘to progressively contrél: the “brak-
ing=adjustment of "tie dynamic- ~braking ‘eircuits

10 squring - dynamic-braking . -conditions, ‘said brak-

“ing~controlling means’ including a’ first-cperativg
‘means for causing said. field= scontrolling means
*to adjust said series field windings toward their
-full-field ' conditions;: (k) a ‘dynamictbraking

15+ recalibrating-means, responsive only. in-a'closed

~condition of said ‘braking-switeh msans, -and
- alsorresponsive . totthe ‘degree of brake- apphca-
“tion - of “said braking-controlling: means,:for-in-~
“creasing ‘the current-setting ~of tHe limit- relay

0.mezns, as the degree of brake- =gpplication isin-

-creased; and () ‘an overshooting- preventlve
-means, for limiting-the rate of responseof ‘the
dynamlc-bralung ~recalibratinig-means to ‘g
“heavy-brake application of “said ‘braking-con-

25 trolling means.

22, 'The ‘invention -as 'defined in ‘claim 21,
‘characterized by said braking-controlling means
“(g) “also including ' a retrogressively : operative
means, operative only: whenéver:a’ high-currant

280~ condition exists’ in said limit-ieldy means: (d),

for causing the field-controlling means (e)y 15 5d~
- just said series field windings toward their shott-
field conditions.

#23. The ‘invention -as defined in ' cldim - 21,

'35 - characterized by -said braking-controlling means

{g)~being a part-of an air-brake eguipment and
~including a brake-valve which providés a: Spply
of air-at a variable pressure dependent upon.the
~degree of brake-application;:said: ‘recalibrating-

40 means () including a dynamic-brake. actiator

“and-a . variable-pressure air-pipe connsction he-
-tween sald brake-valve and:said actustor;:and
‘said-‘overshooting=preventing means ()" mclud-
ing a choke-valve in said variable-pressufeair-
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