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ELECTRIC COMPANY, A CORPORATION OF NEW JERSEY.

ELECTRICAL CONTROLLING APPARATUS.

SPECI¥FICATION torming part of Letters Patent No. 778,242, dated December 27, 1904.
Application filed June 27, 1902, Serial No, 113,454,

To all whom it muay concern:

Be 1t known that I, Greoree H. HirL, of
(lenridge, in the county of HKssex and State
of New Jersey, have invented an Electrical

5 Controlling Apparatus, of which the follow-
ing 1s a specification, reference being had to
the accompanying drawings, in which—

Figure 1 is a diagram of an apparatus em-
bodying my invention, and Figs. 2, 3, 4, 5, and

10 Gare diagrams showing modifications thereof.

This invention relates to improvements in
electric controlling apparatus for motors, par-
ticularly that form of controlling apparatus
in which the control 1s accomplished by a se-

15 ries of individually-actuated contacts so ar-
ranged that they can be governed by a manu-
ally-operated switch or controlling device or
by any one of a number of such switches or
controlling devices placed where desired. In

20 such controllers, particularly where used on
rallway-cars, it 1s desirable that the contact
devices be arranged seriatzm and that the ac-
tion of the magnets or other means which op-
erate such contacts while primarily under the

25 control of the master-switch or controiling
device be rendered automatic as to their se-
quence and rate of action.

In my prior application, Serial No. 113,067

30 scribed a motor-control system in which the
contacts are automatically operated in suc-
cession and in which the progression may be
stopped at any desired point. An actuating-
circult and a maintaining-circuit are provided

35 for the magnets which actuate said contacts,
and the master-switch 1s so constructed and
arranged that the actuating-circuit may be
opened to arrest the progressive operation ot
sald contacts without opening the maintain-

to ing-circuit. Provision is thus made for check-
ing the cutting out of the motor-circuit re-
sistance at any point by the movement of the
master-switch, and the motorman can operate
at any speed he desires independently of the

45 automatic progression. Kurthermore, the au-
tomatic progression 18 checked by an auto-
matic throttle whenever the current in the

motor-circuit is too high, the progression con- |

, | ter-switch or master controlli
filed March 24, 1902, I have shown and de-

tinuing when the current in the motor-circuit
falls below a predetermined value.

In such a system as above described there
15 ereat liability that the successive action of
the contacts will be so rapid that when 1t 1s de-
sirecd to check their progression by the master-
switch avery prompt opening of the said actu-
ating-circuit at the master-switch will be nec-
essary in order to prevent several or all of the
contacts from being actuated. Also with such
an arrangement the action of the automatic
throttle must be very prompt to check the
progression of the magnets at the proper
point. I he necessity for such prompt action
i1s very undesirable, inasmuch as a slow move-
ment or delayed action, respectively, may re-
sult 1n the cutting out of too. much resist-
ance, thereby causing too great flow of curr ent
thr ough the motors.

In the system hereinaftter described I pro-
vide means for preventing a too rapid pro-
oression of the contacts in a system of GlOCtI 1c
control, said means comprising a checking de-
vice actmu with the successive eont‘m,, de-
vices and f_u:LLpted to check, at least tempora-
rily, the operation of the succeeding contact
device, thereby securing, by means of the mas-
no device or by
meansoperated by the currentin the controlied
circult, control of the extent and rate of pro-
oression of the contacts.

The checking device may be constructed 1n
various ways, some of which I have illustrated
in the accompanying drawings. In an elec-
trically-operated system 1t may consist of a
time-interval magnet in the control or actuat-
Ing circuit which operates with the successive
controlling-magnets and as each magnet 1s ac-
tuated checks the operation ot the succeeding
magnets, preferably by interrupting their ac-
tnating-circult. When the operation of the
succeeding magnets is checked in this manner,
they cannot be operated until the actuating-

circult 1s again interrupted and established at
the master-switch or by the operation of an
automatic device controlled by the current in
the motor-circuit.

To effect the progression of the controlling-
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contact devices, which are arranged sercatem,
the operator can successively close and Inter-

rupt the circuit at the master-switch or other
master controlling device by moving the op-

eratine-handle back and forth. EKach motion
will cause one of the magnets to be energized
and will operate the system by operations
which correspond to the notching up of the
ordinary street-car controller, or the operator
may close the contact at the master-switeh
and keeping it closed may cause the checking
and throttle magnets to effect the progression
of the magnets by their automatic action in
alternately interrupting and closing the actu-
ating-circult as the acceleration of the car and
the cutting out of resistance alternately de-
crease and increase the flow ot current through
the motor-circuit. The checking device may
also consist in retarding mechanism, a variety
of forms of which I have shown 1n the draw-
ings, which retards the successive contact de-
vices, so that, the actuation of each contact
device being dependent upon the complete op-
eration of the preceding contact device, the
retardation of the preceding contact device
will introduce a time interval between their
automatic operation sufficient to enable the
motorman without the exercise of special
skill or fitness to stop the progression at any
stage by Interrupting the circult of the mas-
ter-switch and sufficient also to eaable the
throttle-magnet, even 1f sluggish in its action,
to stop the 1’)109‘1’6881011 automatically at the
proper polnt in case the current through the
motor should be too great.

My invention also comprises a governing de-
vice or underload-magnet for the checking de-
vice which will automatically put the latter out
of operation in case the conditions of current
become such as to rencler 1t unnecessary or un-
desirable. Thesaid governing device also op-
erates under certain current conditions to re-
lease the checking device during the " notch-
ing-up?” process in a manner which will be
hereinafter fully described.

Other features of my invention will be de-
seribed and stated in the claims.

In Fig. 1 of the drawings I have illustrated
my invention as applied to a control system
for railway-car motors employing an actuat-
ing -circuit and a maintaining -circuit, and
while I intend to claim this combination spe-
cifically my invention as stated in other claims
1s not limited thereto.

In Fig. 1, A, B, C, and D are electromag-
nets operating switches or contacts 6 6" 7 7’
8 8 99, each bridging a resistance R’ R’ R’
R, &c., In the motor-circuit.

S and M are magnets operating maln con-
tacts 10 10" 11 11/, “which effect, respectively,
the series and parallel connectwns of the
motors.

L, is a magnet whose contacts 12 and 12’
open and close the motor-circuit.

I£ 1s an automatic multiple governing-mag-

also control
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net which controls the contacts 13, 14, and 15

in the circuits of the controlling - magnets.

Besides controlling the main contacts above

noted the magnets A, B, C, D, 5, M, and L
the small contacts ¢ @ « ' U
0°, &c., in the circuits of the controlling-mag-
nets. Resistances 7+ are provided in the con-
trolling-magnet circuits. |

F 1s a throttle-maenet or overload-relay
whose coil 1s 1n the controlled motor-circuit
and which controls a contact 16 1n the actuat-
ing-circult of the controlling-magnets. 1ts
function i1s to interrupt the actuating-circuit
automatically when the current in the motor-
circult exceeds a predetermined value.

' I*T°, &c., are blow-out magnets.

Grand H are magnets operating the reverser-
contacts J’, J°, J°, J%, J°, J°, 7, and J°, which
connect the motors for forward or backward
movement.

17, 18,19, 20, and 21 are contacts in the cir-
cuit of the controlline-magnets operated by
the reverser-magnets (> and Ll.

K and P are master-switches at the ends of
the car, either one of which may be used to
control the operation of the system.

() 1s a cut-out switch connecting the cir-
cults of the master-switch with the train-line
T, which terminates at the ends of the car
with the couplers U U. By connecting the
couplers of successive cars by suitable jump-
ers o number of cars can be operated from
any master-switch on any car.

O is the checking-magnet, which is in the
actuating-circult of the magnets A, BB, C, and
D and controls said circuit by means of 1ts
contact 22.

W is an underload-magnet which serves as
a covernor for the checking-magnet O. It
operates contact 23, which 1s 1n cirenit with
the checking-magnet, and its coil 1s in shunt
relation to a portion of the main motor resist-
ance R '

X 1s a cut-out magnet controlling contacts
24 and 25. 1ts coil is 1n series with the line-
magnet L.

The operation is as follows: Suppose the
handle of the master-switch K 1s moved so
that its contacts are in the first forward posi-
tion, (marked 4.) Current will then flow from
the trolley-contact V to contact 26 on the
master-switch through contacts 27 and 28 and
out contact 4, branching at 4%, part going
through Q) and the train-line to other cars
and part through 4” to the coil (¢ of the re-
verser. 'The reverser is shown i position
for forward operation of the motors. 1f it
were 1n the position for backward movement,
the current would pass through the coil (1,
contact 17, out 19 to contact L' of magnet L,
to eround and by energizing the coil (> would
move the reverser to its forward position.
Moving the reverser opens the contact 19 and
malkes the contact 21. Current then passes
from 17 out 21 through magnet-coil X, mag-
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net-coil I, contact 1*, contacts s*m°, to ground.
This energizes the magnet X, which closes
1ts contacts 24 and 25, and also energizes the
coil 1., which closes its contacts 12 12’ and 1.°
and opens L’ and 1. Current then passes
from the line-contacts 26 and 27 of master-
switeh through the contact 28 and out contact
2, br cmchmg at 2, part going to othel cars
and part out 2" to magnet S, contact 7’ , CON-
tact o', resistance 7°, contact L°, to ground.

@,

This energizes the series magnet S, which
L] .E}
¢’ and opens ¢

closes 1ts contacts 10, 10, and

and ¢. Main circuit through the motors is
now established from the trolley or rail con-
tact V, blow-out I', contact 12, throttle-coil I,
blow-out I, resistances R’ R*, blow-out I, re-
sistance R® resistance R'and coill W in shunt
therewith, reverser-contacts J’ and J*, arma-
ture of motor No. 1, contacts J° J*,
motor No. 1., blow-out I°, contacts 10 10" 12/,
resistance R, blow-out I, resistances R’ R’,
blow-out I*, resistance R’, contacts J° J°, ar-
mature of motor No. 2, contacts J' and J°, field
of motor No 2, to ground. If now the mas-
ter-switch contacts be moved to position ¢, an-
other circuit as follows 1s established: from

line-contacts 26, 27, and 29 out 1, branching at

1", part golng t0 other cars and p.-;ut thr ouah
the throttle-contact 16, branching, part g Oomo‘
through contact 22, resistance 7, contact «’,
magnet A, contacts 0 ¢' d* 24 §° »”, to ground,
part also going through the checking-magnet
O, contact 23, and resistance 7 to ground.
Magnet W has been previously energized by
current passing through its coil in shunt to
the resistance R*. The magonets O and A are
thus simultaneously energized. Magnet O has
upon the stem of
the plunger, so that the latter is capable of a
limited loose motion, or it 1s otherwise ar-
ranged so that the plunger must move a cer-
tain distance before opening the contact. Dur-
ing the time that this contact 1s being opened
the magnet A 18 closmcf its contacts 6 6’ ¢ ¢
and is opening ¢ and ¢. When the contact

« is broken, the actuating-circuit from the

contact 1 of the master-switch 1s cut off from
the magnet A. When ¢ is opened, the main-
taining-circuit through the magnet S is cut
off from the resistance 7° and eont‘mt 17 and
15 shifted thIOUU‘h the contact a’, coll A,
contacts 0, ¢, CZ* 24, &°, and 7 t0 oround.
Themagnet A 1S thus maintained in its closed
position. Closing the contact ¢’ of the mag-
net A shifts the actuating-circuit to contact
0*. coil B, and contacts ¢, d*, 24, s, and
i to eround. The time required for the
checking-magnet O to open 1ts contact 22 is
just sufficient to allow the magunet A to be
operated, so that just as contact ¢’ closes and
shifts the actuating-circuit to magnet B the
actuating-circuit is -broken by the checking-
magnet at contact 22, and the magnet B 1s
thus checked and cannot be enewmed The

checking -magnet O remains enermzed and

field of

3

| holds the contact 22 open as long as the actu-

ating - circuit 1s kept intact at the master-
switch X and the throttle K. If the opera-
tion of the magnet A, the closing of its con-
tacts 6 and 6, and the consequent short-cir-
cuiting of the resistances R’ and R’ in the
motor-circuit has produced an IHCI"O‘ISE' in the
current through the motors sufficient to efmqe
the throttle - nngnet F to be energized, 1
opens the contact 16 1n the &etuating—cirwit.
This will occur just after the checking-mag-
net O has opened its contact 22 and will cause
the magnet O to be deidnergized and to close
its contact 22. The magnet B 1s not ener-
oized, because its current is interrupted at
16. If for any reason, however, when a sec-
tion of resistance is cut out the current in the
motor-circult does not increase sufficiently to
cause the throttle-magnet to operate to open
the actuating-circuit, the said current will as
it cdecreases in strength, due to the increasing
counter electromotive force generatec by the
motors, fall off until a predetermined current
strength is reached, at which the underload-
magnet will operate to open the circut
through the checking-magnet, thereby deén-
ergizing said magnet, and thus causing the
actuating-circuit to be completed at the con-
tact 22. When after the throttle has been
operated the current in the motor-circuit falls
to its normal predetermined value, the throt-
tle-magnet K is deénergized and closes its con-
tact 16. Also when after the magnet W has
been operated and more resistance has been
cat out of the motor-circuit the current in
sald motor-circult rises above the point at
which the said underload-magnet is set to op-
erate the sald magnet will be1emergued and
close its contact 23. The operation of either
the overload or the underload magnet as just
described causes the completion of the cir-
cult to the magnet B, which 1s energized,
closing its contacts 7 and 7', short-circuiting
the resistances R and R’in the motor-circult,
closing the contacts /" and 4°, and opening A
and 3. At the same time the magnet O is
agaln energized and cuts off the actuating-
circult as soon as the magnet B 1s operated
and before the magnet C can be energized.
The same sequence of operations is repeated
for the magnets C and D.

IT at any stage of the progression the mas-
ter-switceh 1s moved o breah contact at 1 .:mc.
not at 2 and 4, the actuating-circuit 1s cut oft
from the m‘tgnets ABC D and magnet O.
Those magnets ot the series A, B, C, and D
which have been actuated are maintained by
the maintaining-circuit, and the magnet O
closes the contact 22. If now the contact 1
on the master-switch be closed again, 1t will
actuate the next maonet of the series A, B,

O, and D if the throttle-magnet has not opened
the contact 16 by reason of rise of the cur-
rent 1n the motor-circuit above the normal
The step-by-step progression of the

value.
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magnets A, B, C, and D 1s thus rendered
positive and certain, unimpaired by sluggish-
ness of action of the throttle-magnet, which

may be caused by variable or sluggish change
of current in the motor-circuit. 1t 1s, never-
theless, under the automatic contr ol of the
t‘n‘ottle magnet and underload -magnet and
through them of the current conditions in the
motors and is also under the voluntary con-
trol of the operator, who may through the
master-switch check the progression at any
point or may allow 1t to continue. The op-
eration of the master-switch to checlk the pro-
oression need not be rapid and does not re-
quire any special quickness or skill on the
part of the motorman, since the continuance
of the progression atter any controlling-mag-
net has been operated requires that the checlk-
ing-magnet O be deénergized, and to do this
cither the throttle-magnet F or underload-
maenet W must first open and close its con-
tact or the master-switch must open and close
its contact 1. Repeated opening and closing
of the circuit either at the throttle, magnet,
or at the master-switeh is needed to effect the
progression of the magnets.

The functions of the checking-magnet gov-
erncr W will now be described: The contact
23 of this maenet W 1s in the circuit of the
magnet O, and 1ts coil 1s In shunt to a portion
of the resistances of the main motors, so that
the current which passes through it 1s de-
pendent upon the amount of current through
the motor resistances. It 1s so wound and
proportioned that it will close its contact 23
at a predetermined value of the motor-cur-
rent, preferably at about the value required
to operate the car-motors at the tull or maxi-

“mum speed on a level track, and will open
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the contact at a lower predetermined value.

Under normal conditions at all times when |

the car is accelerating the current in the mo-
tors will be more than sufficient to operate
the magnet W, so that normally contact 23
will be closed and the checking-magnet per-
mitted to act as above deseribed, checking the
succeeding magnets irom operating until the
actuating - circuit is interrupted and again
established by the throttle or master-switch.
Suppose, however, due to a sudden drop 1n
line-voltage or for any other reason, that the
current supplied to the motor-circult 1s not
of sufficient strength to operate the throttle
K to open the circuit at the contacts 16 after
the checking-magnet O has operated to open
the actuating-circuit abt the contact 22, then
as the said current in the motor-circuit gradu-
ally decreases, due to the increasing counter
electromotive force generated by the motors
as they increase in speed, a current strength
will finally be reached corresponding to that

at which the underload-magonet W is set to

open. Then the underload-magnet will open

the circuit through the checking-magnet and
cause the actuating-c

ircult to be closed at the

- to ground.

778,248

contact 22. KFurthermore, suppose the car be
at full speed and that withoutappreciable slow-
ing of the car the current is cut off from all the
magnetsand then restored, aswould be the case
if the car should pass over a break in the con-
tact-rall or if the master-switch should be
moved momentarily to off position and back to
“on.” The interruption of the current will
drop all the magnets to their normal or off po-
sition, and when current is restored the line-
magnet L, series magnet s, and cut-off magnet
X would be energized as in starting, and 1f the
checking-magnet governor W were not pre-
sent the first resistance-magnet A could close,
but, owing to the action of the checking-mag-
net O, the second resistance-magenet would not
be operated until the actuating-cireuwit was
first interrupted and reéstablished either by
the throttle-magnet or the master-switch; bat
the low value of the current due to the resis-
tances in circuit and the counter electromo-
tive force of the motors would not operate
the throttle-magnet, and the motorman might
not be apprised of the presence of too much
resistance until he became aware of 1t by the
slowing down of the car. Thisinconvenience
1S pr evented by the magnet W, for as the cur-
rent in the motors when contact is restored
in the.case supposed will be less than that re-
quired to energize the maenet W the contact
23 will remain open and will prevent the op-
eration of the checking-magnet O. The mag-
net O being thus put out of action, therc is
nothing to prevent the successive operation of
the magnets B C D, and they will at once au-
tomatically assume the same positions as be-
fore the breal 1in the circuit.

If the restoration of the main circuit is de-
layed, allowing the car to slow or stop, or if
for any other reason the motors take a larege
current when the main circuit is restored, the
magnet W will bring the checking-magnet O
into action and will check the progressive
cutting out of resistance. The throttle also
will become effective. With the master-switch
now in its position ¢ or full-series position,
all maenets A, B, C, and D having opera _,ed.,
the motors are operating In series relation
with no resistance in circuit.

When the last magnet D has operated, the
closing of its contact &' makes cireuit to the
multiple governing - magnet I&, as follows:
from the master-switeh contact 1, contacts 16
99, resistance »', contacts ¢’ 0" ¢ ', resistance
»*, coil £ to ground. This energizes magnet
E in a manner similar to the magnets A, B,
C, and D under the governing action of tho
throttle, and 1ts contacts 14 and 15 are closed
and 13 opened. Closing the contact 15 causes
current which is flowing through contact 4 at
the master-switch to be divided, so that leav-
ino the contact 25 of the magnet X current
lows thr ough contact 15 and 0011 I to mound
and also thr ough resistance +* and contact #’
buppose now the master-switch
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handle be moved so that its contacts are in po-
sition . Contacts 1 and 2 will be broken and
3 made at the master-switch. Breaking con-
tact 2 cuts off the maintaining-circuit of the

magnets 5, A, B, C, and D, and these are de- |

energized and open their cont‘wtb 1010, 6 6,
77, &e. Current is thus cut off from the mo-
tors and all resistance is eut in. Closing the
contact 3 makes circuit as follows: from line-
contacts 26 and 27 to 28 and out 3, branching
at 8/, part going to other cars and part to con-
tact 14, (magnet E remaining energ
ing this change,) magnet M, contacts s° @', re-
sistance 7°, contact L to ground. This ener-
gizes the multlple maﬂ'net M, which cloqes 1ts
contacts 11, 11, and »/ and opens 7 and "
11" makes circuits through the
motors in multiple as follows: from the line-
contact or trolley V, branching and part going
through blow-out I, contact 12, magnet F,
blow-out I, resistances R’ R*, blow-out I°, re-
sistances R’ R, contacts J’ J7, armature of mo-
tor No. 1, contacts J° J*, field of motor No. 1,
contact 11 to goround, also from line-contact
V. blow-out I°, contacts 11’ 12/, resistance R,
blow-out 1% resistance R® R’, blow-out 1%, re-
sistance R, contacts J° J°, armature of motor
No. 2, contacts J* J°, field of motor No. 2 to
oround. If now the master-switch be moved
farther to its position ¢, the actuating-circuit
through the contact 1 is established and the
magnets A, B, C, and D are successively en-
ergized and transferred to the maintaining-
circuit, as above described tfor the series re-
lation of motors,until all resistance is cut out
and the motors are operating 1n multiple re-
Jation with no resistance. The same series of
progression of the magnets will take place 1f
the master-switeh had been moved directly to
1ts extreme posifion ¢ from 1ts off position
instead of pausing on the intermediate posi-
tions.

Suppose that when all magnets have been
deénergized and the car is at rest the master-
switch be moved quickly from its off position
to its extreme position ¢. Current will then

pass from the line-contact 26 27 to 28, out 4,

through the reverser-magnet (3, cut-out mag-
net X, and line-magnet L, as first described,
causing these magnets to be energized. Cur-
rent, also passes out contact 3, branching at 3’
part coing to the contact 13 of magnet K to
magnet S, contact m', &c., as first described,
thus energizing the series magnetS. Current
will then pass out contact 1, contact 16, &c., as
first described, causing the magnets A, B, C,
and D to be energized successively and when D
is energized will pass through contact ' to
magnet B, &c., as above described. Magnet
E being ener G‘l/ed breaks its contact 13, which
cuts off the malntaining-circuit from the mag-
nets 5, A, B, C, and D. When these are de-
energized and in their normal or off position,
S at mas-

ter-switch through contact 14 of magnet I

1zed dur-

(which has been closed when T was energized)
and to magnet M, &c. This energizes the
multiple magnet M, which puts the motorsinto
multiple relation. Circuit from contact 1 of
the master-switch is now reéstablished, and
the magnets A, B, C, and D are again succes-
sively operated and cut resistance from the
motor-circuit.

Fig. 2 shows a modification of the checking
device by which the successively-acting mag-
nets are brought under the positive and easy
control of the master-switch and the throttle.
The main contacts controlled by the magnets
A B C D are not shown. Attached to the
plungers of the maonets B C D are pistons
30, operating in dash-pots 31, which serve as
the checking device to check temporarily or
retard the action of the successive magnets.
These dash-pots are fitted with valves 32, nor-
mally held closed by springs and opened by
the pistons when they have made a determined
portion of their stroke. Suppose that the mas-
ter-switch handle be moved to make contact
at 1 and 2. Current then flows from line V
out 1, contacts 16 «*, coil A, contact J', re-
sistance +**, contact ¢, resistance 7°, contact °,
resistance 7°, to ground. This energizes the
magnet A, which closes its main contact in
the motor-cir emt (not shown) and ‘Llso closes
its contacts @' ¢’ and opens contact «’. Open-
ing contact ¢° and closing ¢’ shifts the mag-
net A from the actuating-circult to the main-
taining - circuit and current flows from the
line - contact V out master-switch contact 2,
through contact ¢, magnet A, contact 0, re-
sistance 7%, contact ¢', resistance 7, contact ¢,
resistance 7° to ground and maintains the
magnet A. Closing the contact « causes cur-
rent to flow out contact 1 of the master-
switch, through contact 16, contact &', re-
sistance 7/, contact 4° coil B, contact ¢', re-
sistance #°, contact *, resistance »° to ground.
This energizes the second magnet B; but the
dash-pot 31 renders slow the movement of 1ts
plunom until the piston 30 strikes the valve

32 and opens it, thus destroying the checking
eﬂect, the H]Othﬂ of the plunger belng con-
tinued through the remainder of 1ts stroke at
a rapid rate. The piston has an adjusting-
screw 30, enabling its effective length to be
adjusted, so that the checking effect 15 re-
moved and the rapid motion beo un before the
main contacts {operated by the m magnet and
not shown) are closed. A quick closing of
these contacts 1s thus secured. If, however,
the operation of the magnet A : ::ll]d the c]oca—
ing of 1ts contacts has C%used sufficient cur-
rent to flow 1n the main circuit to energize
the throttle-magnet F and open its contact 16,
the actuating-circuit of the controlling-mag-
net 1s thereby interrupted, and the magnet B
cannot be energized until the throttle again
closes 1ts contact 16.

If for any reason the throttle I 1s sluggish
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and start to operate, as above
fore the throttle-magnet had opened the actu-
ating-circult; but:

movement of magnet B introduces between
its first movement and the closing of 1ts main
contacts an interval of time which is made
ample to allow the throttle to act or to enable
the operator
dle and cut off the actuating-circuit. When
this 1s done, the magnet B resumes its normal
position until the actuating-circuit is redstab-
lished.

I also provide in the motor-circuit a magnet
W, which serves the purpose of a governor
tor the checking device or dash-pots. This
magnet operates a vent-valve 32" in a pipe 32%,
connected with each of the dash-pots 31, and
is arranged to operate on a current in the mo-
tor-circult of a predetermined value somewhat
less than that required to energize the throt-
tle-maonet E. lts action 1s as follows: As
soon as the circuit 1s established through the

motors with all resistance in sufficient current

flows therein to actnate the magnet W, which
closes 1ts valve 32', thus ‘%huttmw off the vent
to the dash-pots, and the magnets are succes-
sively operated under the retarding action of
the dash-pots. Suppose, however, that all of
these magnets have been actuated and that
the motors are operating with no resistance
in circuit. If now the main-current supply
is shut off momentarily and then restored, the
magenets A, B3, C, and D will drop, and all re-
sistance will be in the motor-circuit. This
resistance, together with the counter electro-
motive force of the motors, will cause the cur-
rent to be reduced below the amount required
to energize magnet W, which will therefore
open its valve 32" and will vent all of the dash-
pots. The dash-pots will not have any re-
tarding effect upon the action of the magnets,
which w:lll act successively without any time
interval and will quickly assume the position
they held before the main current was broken.

Fio. 3 shows a further modification of the
means whereby the successive action of the
magnets 18 brought under easy control by the
1intr oductlon of a time element between the
operation of the successive magnets. Con-
nected to each plunger of the several magnets
A B C are catches 33, engaging with pawls
34 on an arm 35, which is pivoted at one end
ab 86. Concentric with the pivot of this arm
1s a ratchet-wheel 37, adapted to engage a
pawl 38 on the arm when the arm is moving
in one direction. This ratchet-wheel is pro-
vided with an escapement-wheel 39 and an es-
capement - movement 40. Suppose master-
switch K be moved to make contact at 1 and
2. Current then i
VY to the master-switch IK, out 1, contact 16
of throttle I, through contact 22, contact «’,
coll A, contacts /" ¢' " to ground. This en-

65 crgizes the magnet A, which closes its contacts

described, be-

he dash-pot 31 on the plun- |
ger and the consequent retarding of the first

to move the master-switch han-

ows Trom the line-contact
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«' « and opens contact «*, and through the catch
33 engaoimye with the pawl 34 it also lifts the
arm35.  When it hascompletedits motion, the
contact 22 is brolen by reason of the arm 35
having been lifted. In breaking the contact
@’ the actuating-circuit 1s cut off from the
magnet A, and 1n closing the contact «° cir-
cult 1s est&bh%hed from line V out contact 2

contact «’, magnet A, contacts &' ¢ ", to
oround. This maintains the magnet A. If
the closing of the main contact of saidd magnet
has caused a laree current to flow through

| the controlled circuit, the throttle If will open

the contact 16 1n the actuating-circuit. When
the plunger of magnet A has lifted the arm
35 to its extreme position, the pawl 34 en-
coages with the pin 41, which unseats 1t from
the catch 33 and the arm 35 starts to fall:; but

as. the pawl 38 now engages the ratchet 37

the arm can only fall by turning the ratchet
and the escapement- wheel, w hich retard it
and cause 1t to fall slowly. When 1t reaches
1its lower position, the contact 22 i1s closed,
and if the throttle F has closed its contact 16
current flows from line V to contacts 1 16
29 ¢ O, maonet B, contacts ¢ ", to ground..
This energizes the magnet B. whmh closes its
contacts ' and 4" and opens 4° and .md also
Iifts the arm 35 and opens its contact 22, the
arm being finally released by the pin 41 and
slowly dropping to its lower position. This
1s repeated for each one of the magnets, and
the interval thus Interposed between the ac-
tion of the succeeding magnets atfords ample
time for the throttle I or the operator at the
master-switch IS to open the actuating-cireuit
and to check the progression of the magnets
with precision.
In Kig. 4, which shows another modifica-
tion of the means for introducing a delayed
action of the successive magnets, the disk or
contact-plece 44 of each of Lhe magonets A
B C is attached to the stem of the magnet-
plunger by a spiral spring 42 and is also at-
tached to the piston 30 of a dash-pot 31.
When the magnet B, for example, is ener-
oized, the contacts 4 4' are opened and 07 1s

closed and the spring 492 1s compressed and
tends to close the contact /', but the dash-pot

31 retards the action until the gradual cacape
of air permits the spring to niove the piston
sufficiently to close the contact 4. This oc-
cuples some time, and as the next magnet C
cannot be energized until the contact 7 1s
closed there is ample time for the throttle-
magnet I to open the actuating-circuit (in
case of excessive current) or for the operator
to open the actuatmu circult at the master-
switch.

The circuits in Fig. 4 are as follows: Sup-
pose master-switch lx has moved to contacts
land 2. Currentflows from line V, contact 1,
contact 16 of throttle-magnet F, contact «,
magnet A, contacts 0' ¢' ", to ground. This

i energizes the magnet A, which opens 1ts con-
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tact ¢* and closes at the same instant «®. It
also compresses the.spring 42, which gradu-
ally pushes the piston into the dash-pot and
closes the contact ¢'. . Opening contact ¢ anc
closing @’ shifts the magnet A from the actu-
ating to the maintaining circuit, and current
flows from master-switch contact 2, contact

°, coil A, contacts ' ¢* d* to ground. If

@’
now the throttle-magnet ¥ opensitscontact 16,
or the master-switch is moved from contact 1,
the magnet A is maintained, but no other mag-
nets are ener o1zed. The slow movement of
the contact ¢ in closing gives ample time in
which the throttle can act or contact 1 be
opened manually on the master-switch. If
the master-switch contact 1 remains closed and
throttle-contact 16 1s closed, as soon as con-
tact ¢ 1s closed circuit is made from line V.,
contacts 116 &', contact #°, coil B, contacts ¢* d*
to ground. This energizes magnet B, which
closes its contact 4° and opens b and 4. It
also compresses the spring 42, which grad-
ually moves the piston 30 and closes the con-
tact 4. Magnet B is thus shifted from the
actuating-circuit to the maintaining-circuit.
These operations continue until all the mag-
nets A, B, C, and D are operated, the opera-
tion of each following the preceding one at a
olven time interval.

Fig. 5 1s another modification of the con-
trolling system and shows means whereby a
a sepa-
rate circuit from the master-switch are made
successive 1n their action and in which the
rate of progression of the magnets may be
confrolled automatically and the master-
switch be moved directly to its extreme posi-
tion (either in series or in multiple) or may be
controlled manually by progressive movement
of the master-switch from contact to contact.
When controlled automatically, an interval of
time 1s Introduced between the successive ac-
t1on of the magnets,in which the throttle F'may
open the actuating-circuit. Suppose the con-
tacts of master-switch I be moved to their ex-
treme position. Current flows from line-con-
tact V through contacts 27 26 5, out 1, coil A,
contacts ¢ 16 to ground. This operates the
magnet A, which openscontact ¢’ and closes «”,
thereby causing eurrent to pass from the coil A
through contact &’ ,resistance s to ground. The
spring 42 1s compressed and slowlv moves the
pl%on into the dash-pot and closes the contact

Current then flowsfrom the contact 2 of the
master-switch.} coll B, contacts &', ¢°. and 16 to
oround. \f’[ao net B 1s thus operated and cuts
10‘-‘»1813;:11106 7 into circuit with its coil, and the
spring 42 proceeds to close the contacts b,
&e.  During the time between the operation
of the respective magnets there is ample time
for throttle E' to act. It is evident that the
master-switch contacts can be moved slowly
or stopped at any point, and thereby control
the rate of operation of the successive mag-

7

nets at any rate slower than would take place
by reason ot the dash-pot’s operation.

Fig. 6 1s a further modification and shows a
control system in which ecach maonet A, B, C,

and D 1s connected by a separate cireult with

the master-switeh IC and 1n which the rate of
progression of the magnets may be controlled
automatically or manually, as desired, as ex-
plained above with reference to Kig. 5. Sup-
pose the master-switch handle is moved so that
1ts contactsare in the extreme position. Cur-
rent will flow from the line-contact V to contact
5, out 43, through magnet L to ground. This
will energize the magnet L, which will close its
contact 1..:5 causing current to flow through
the main motor from the line-contact V, con-
tact 12, thmttle magnet F, magnet W, motor-
resistances R*RPR* R’ to oround This carrent
flowing through the motor issuflicient to ener-
0176 the mag net W and to close its contact 23.
Current now flows from the line-contact V.,
contact 5 of the master-switch, out 1, through
coll A, contacts ¢ and 16, bx.:m(*hine partly
throuﬁ'h contact 29, resistance 7° to o"mund
and pmtl}' through coil O and contact 23 to
oround. This energizes the magnet A, which
closes 1ts contact 6, thus bridging resistance
R', and it also closes «' ¢’ and opens «°. The
magnet O being energized opens its contact
29 ; but as this contact is loose upon its stem
1t does not open until the magnet A has com-
pleted its movement. By opening the contact
o and closing the contact ¢ the current
through the magnet A 1s shifted from the
contact: 16, &c., through resistance ' to
oround and maintains the magnet A. At the
same time the contact «® belng closed cur-
rent flows from the contact 2 of the master-
switch, coil B, contacts /° «’° 16, through
magnet O and contact 23 to ground. The
magnet O is thus maintained, and its contact
22 remains open. As magnet O is made of
high resistance, the current maintaining it and
passing through magnet B is not suflicient to
energize magnet B.  1f the closing of contact
6 by magnet A and a short-circuiting of the
resistance R’ has caused an increase of cur-
rent through the motor sufficient to energize
the throttle K, this opens 1ts contact 16, thus
cutting off the current from magnet O, which
then closes its contact 22. As soon as the
current has dropped to its normal value
the magnet ¥ closes its contact 16, and the
current flowing through the magnet B passes
through the contact 16, Dbranchinge at 292,
part going through the magnet O and part
through contact 22 and resistance +° to
oround. If the current in the motor-circuit
for any reason does not increase sufliciently
to actuate the throttle K, the said current as
it falls off due to the increasing counter elec-
tromotive force in the motor-circuit will drop
sufficiently to allow the magnet W to open

- the circuit through the magnet O, thereby
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allowing the actuating-circuit to be closed at
the contact 22. This gives suflicient current
to energize the magnet B, which proceeds to
close its contact 7, & anc Z) and open 1ts con-
tact 7%. The resistance R? is thus short-cir-
cuited, the magnet F energized, &c., as be-
fore, and these operations are repeated for
the remaining magnets D of the group. Kach
magnet 1s thus closed successively and the
remaining magnets checked by the magnet O
from closmo until the throttle- -magnet B has

~opened and closed its contact 16 or the magnet

W has operated and closed its contact 23. It
all magnets have operated and the motor 1s
running with no resistance in circuit and the
main current-supply to the car be interrupted
for a short time and then be reastablished
before the motor has materially decreased 1ts
speed, the interruption of the current thus
occasioned deénergizes all the magnets and
opens the motor - contacts. When a main
contact is again established, the magnet 1.
will be energized and the motor-circuit es-
tablished through the resistances R’ R* R’ R';
but as the motor speed has not slackened
the current in the motor - circuit will be
lower than was flowing before the main con-
tact had. been broken and will not be sufl-
cient to energize the magnet K or to ener-
oize and close the contact of the magnet W.
The checking-magnet O 1s therefore put out
of action by interruption of its circuut. Cur-
rent will flow from 1 of the master-switch
through magnet A, contact ¢°, contact 16 22,
resistance 7° to ground. Assoon as the mag-
net A has been actuated current flows from
the contact 2 of the mastel -switch thr OuOh

~ magnet B to contacts §° ¢’ 16 22, resistance 77,
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to ground. As soon as B 1s: actuated current
ows from the master-switch contact 3 th rough
magnet C, &ec., to ground and similarly from
contact 4 and magnet D to ground. The
magnetsare thus energized successively with-
out any checking action and quickly assume
the position they held before the break in
main contact. If instead of moving the mas-
ter-switch directly to its extreme position it
1s moved progressively through 1ts various
positions, the magnets A B C D can be con-
trolled directly thereby at any desired rate
slower than that produced by the checking-
magnet O and the throttle K. If it be moved
to any intermediate position, the progression
of the magnets A B C, &c., will continue un-
der the influence of the checking-magnet O,
the magnet W, and throttle F until the mag-
nets corresponding to the position of the mas-
ter-switech have been actuated. The progres-
sion of the magnets may thus be effected
through the master -switch, or the master-
switch may be thrown to 1ts extreme posi-
tion, in which case the progression of the
magnets will be entirely automatic.

In Fig. 6 the governing-magnet W 1s shown
with its coil in the motor-circuit, while in

778,242

Kig. 1 this magnet is shown as having its coil
connected in shunt to a portion of the rosist-
ancein the motor-cirenit.  These two ar range-
ments may be used as equivalents, the mag-
net in each case being energized at a deter-
mined value of the current in the motor-cir-
cuit.

Within the scope of my 1nvention as de-
fined 1n the claims the apparatus may be modi-
fied 1n many other particulars, and parts of
my invention may be used separately or in
other combinations, since

I claim—

1. Inasystem of electrical control,
bination of a group of successively-
magnets, a controlling - circuit and master-
switech, means for effecting automatic pro-
oression of the magnets, and a checking de-
vice out of the controlled circuit, acting with
the successive magnets and adapted to check
temporarily at least the operation of the suc-
ceeding magnet, whereby control at the mas-
ter-switch of the extent of progression of the
oroup of magnets is secured; substantially as
described. -

2. Ina SE %tem of ele(,tl ica;l c,ontl 01 th C COM-

the com-
operatinge

:1ets means t01 eﬂectmg Lh(m .:Lutoma,mg 1)10-
gression, a master-switch, circuits operated
by the master-switch and adapted to arrest
the progression of the magnets and mamtain
the magnets already actuated, and an auto-
matic checking device out of the controlled
civeuit adapted to assist the arresting opera-
ation at the master-switch; substantially as
described.

Inasystem of electrical control, the com-
bination ofa eroupofsuccessivel y-acting mag-
nets, a controlling-circuit and master-switeh,
means for effecting automatic progression of
the magnets, and a checking device acting
with the successive magnets and adapted to
check temporarily at least the operation of
the succeeding magnet whereby control at the

“master-switch of the extent of progression of

the oroup of magnets is secured, and an auto-
matic governing-magnet in the controlled cir-
cult adapted to interrupt the controlling-cir-
cuit: substantially as described.

4. Ina system otelectrical control, the com-
bination of a oroup of successively-acting mag:-
nets, a controlling-circuit and master-switch,
means for effecting automatic progression of
the magnets, and a checking device acting
with the successive magnets and adapted to
check temporarily at least the operation of
the suceeeding magnet, whereby control at the
master-switch of the extent of progression of
the group of magnets 1s secured, and means
for maintaining the magnets when they are
operated: substantially as described.

5. Inasystem of control for electric motors,

the combination of a master-switch, a number
of successively-operating contact-controlling
magnets and their actuating-circuits, and an
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automatic cn‘cmt -interrupting magnet actu-
ated by the circuit of the master SWltch and
arranged to follow the motion of the magnets
to mterrupt the circuit of a succeeding mag:-
net; substantially as described.

6 In a system of electrical control, the com-
bination of a hand-switch, a numbel of suc-
cessively-acting magnets COHtI olling contacts,
an actuating-circuit and a malntaining clrcmt
extending fr om the master-switech, &nd a checlk-
1ng device not in the controlled circuit acting
Wlth the magnets and adapted to interrupt the
actuating-circuit of the sncceeding magnets:
Substantla,llv as described.

7. Inasystem of electrical control, the com-
bination of a hand-switch., a number of suc-
cessively-acting magnets controlling contacts,
an actuating-circuit and a malntaining- mremt
extending from the master - SWlteh, and a
electromaenetlc checking device in the con-
tr 0111110'—(311"(31111: adapted al successive opera-

‘tions of sald circuit to interrupt the same au-

tomatically; substantially as described.

8. Inasystem of electrical control, the com-
bination of a group of successively-acting mag-
nets,-a controlhnof' -clrcult and master —smtch
and an electromagnetic checking device out
of the controlled circuit adapted at successive
operations of the controlling-circuit to checlk
a succeeding magnet;

seribed.

9. Inasystem of electrical control, the com-
bination of a group of successi VBIV—&CUHG mag-
nets, a controlling-circuit and master switch
and an electrromagnetic checking device out of
the controlled circuit adapted at successive
operations of the controlling-circuit to inter-
rupt said circuit; substantially as described.

10. Inasystem of electrical control, the com-
bination of a group of successively- :-zwtmo mag-
nets operating contacts, a contr 0111n0'~(31rm11t
therefor, and a checlﬂnw device out of the
controlled circuit adapted to free successive
magnets as the establishing of the actuating-
circultis repeated; substantially as deseribed.

11. Inasystem of electrical control, the com-
bination of a master-switch and controlling-

circuit, an electromagnetic device controlled

by said circuit, and a eheehlno-m.«wnet ener-

gized by the operation of the master-switch

and adapted to interrupt said cireuit antomat-
ically, whereby a step- by-step control is ef-

fected by repeated operation of the master-

switch; substantially as deseribed.

12. In asystem of electrical control, the com-
bination of a master-switch and controlhnﬂ—
circult, an electromagnetic device contr olled
by said circult, and a checking-magnet ener-

glzed by the opemtlon of the master~sxv1toh
.and having a prolonged motion, said checking

device bemO‘ adapted to Interrupt said circuit

automatwally, whereby a step-by-step control
18 e

Tected by repeated operation of the mas-

ter-switch; substantially as deseribed.
18. Inasystem of electrical control,the com-

substantially as de-

bination ofa group of successively-acting mag-
nets, a controlling-circuit and master-switch,

means actuated with the magnets and mhpted
to include a succeeding magnet in the circuit,

and a checking device hfwmfr a pr olonﬁ‘ed
motion and acting with the successive magnets
and adapted to chech temporarily at least the
operation of the succeeding magnet, whereby

control at the master-switch of the extent of

progression of the group of magnets is se-
cured; substantially as degcmbed.]

14. Inqssrstem of electrical control, the com-
bination of agroup of successive ly—‘tctm o' mag-
nets, a contr olhnﬂ* -circult and master S\VltCh
means actuated wibth the mag nets and ‘Ld.:’tpted
to include a succeeding magnet in the circuit,
and a checking devwe acting with the succes-
sive magnets and aclapted to check tempora-
rily at least the operation of the succeeding

magnet, and a governing - magnet connected
with the controlled circuit and adapted to put
the checking device out of action when the
current falls below a desired limit; substan-
tially as described.

15. Inasystem of electrical control the com-
bination of a group of successively-acting mage-
nets, a contr ollmo circuit and m&ster—swltch
means actuated with the magnets and ada pted
to include a succeeding magnet in the circuit,
a checking device acting with the successive
magnets and adapted to “check temporarily at
least the operation of the succeeding magnet,

a governing-magnet connected W1th thc, COT-

trolled cirenit and adapted to put the check-

ing device out of action when the current falls
below a cdesired limit, and a throttle-magnet
also connected with the controlled circuit fmd
adapted to interrupt the controlling -cireuit
when the current exceeds a desired hrmL sub-
stantially as described.

16. Inasystem of electrical control the com-
bination ofagroup of successively-actine mag-
nets, a controlhnﬂ -circult and asteb-%mtch
a checking-electromagnet in the controlhnﬂ—-
circuit, ‘del[)ted to act with the said magnets,
and a contact actuated thereby: Substantmllv
as described.

17. Inasystem of electrical control the com-
binationofagr oup of successively-acting mag-
nets, a controlli 1ng-circult and m%gtel—swwch
resistancescon Jl*olled by said mag gnets,ach eck-
ing-magnet O in the contr ollmo -circult, and a
magnet W energized by the controlled cir culit,
and acapted to interrupt the circuit of the
checking-magnet; substantially as described.

18. Ina system of electrical control the com-
bination ofa group of successively-acting mag-
nets, a contr ollmo circuit and master-switch 1,
resistances controlled by saidmag gnets,acheck-
ing-magnet Ointhe controlling-cir cuit, a mag-
net W energized by the contlollu clireuit and
adftpted to 1nterrupt the circuit of the checlk-
ing-magnet, and a throttle-magnet in the con-
trolled cir cult adapted to interrupt the con-
trolling-circuit; substantially as deseribed.
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19. Ina system of electrical control the com-
bination of a group of successively-acting re-
sistance-controlling magnets, a master-switch
having series and multlple connections, a se-
ries magnet and a multple magnet, control-
ling - ¢ircuits common to the Ieelstance con-
trolling magnets and respectively to the se-
ries and multiple magnets, and an electromag-
netic checking device adapted at successive
operations of the controlling-circuits to check
a, sticceeding resistance - controlling magnet
during series and multiple connections at the

- master-switch; substantially as deseribed.
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magnets; substantiall

20. The combination with a motor-control-
ler having a series of separate contacts, of an
actnating-circuit controlled by the respective
contacts and adapted to efiect automatically
progressive operation of the contacts, a mas-
ter-switch having means for arresting the
progression of the contacts without releasing
the contacts already operated, and a time- lim-
iting device, controlling the 010%1110 of the ac-
tuating-circult; %ubstantlallv as described.

21. Ina system of electrical control, the com-
bination of a motor-circuit, a resistance in the
motor-circuit, a plurality of magnets control-
ling separate portions of the resistance and
arranced seriatem, a normally open circuit
through the coil of each magnet, connections
between the successive magnets whereby the
operation of any one of the magnets completes
the circuit through the coil of the magnet

next in succession, and a time-interval mag-

net controlling the operation of the first-named
v as described.

929. Inasvstem of electrical control,the com-
bination of a motor-circuit, a resistance 1n the
motor-circuit, a plurality of magnets control-
ling separate por tions of the resistance in the
motor-circuit and arranged seriatiin, the coil
of each magnet except the first hﬂwmg a ter-
minal at one end with which a conducting-
plate carried by the armature next preceding
is adapted to contact to complete the circuit

through said coil, a circuit through said mag-

nets, and a time-interval magnet contr ollmo
the circuit through said magnets and therefore
the operation of the magnets themselves; sub-
stantially as described.

93. Ina system of electrical control, the com-
bination of a group ot successively-oper atinge
magnets, a controlling - circuilt and master-
SWltch means for effectine automatic progres-
slon of the magnets, a chechmg device acting
with the successive magnets and adapted to
check the operation of the succeeding mag-

net, and means operated by the current in the

controlled circuit for releasing the checking
clevice. |

24. Inasystem of electrical control, the com-
bination of a group ot successively-operating
magnets, a controlling - circuit and master-
switch, means for effecting automatic progres-
sion of the magnets, a checking device acting

with the successive magnets to prevent the
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operation of the next succeeding magnet, and
a thr ottle-magnet adapted to release the check-
1ng device.

95. Ina system of electrical control, the con-
bination of a group of successwely-opu ating
magnets, a controlling - circuit and master-
sw1tch means for effecting automatic progres-
slon ot the magnets, an electr onngnetlmlly-
actuated checking device acting with the suc-
cessive magnets to prevent the operation of
the next succeeding magnet, and a throttle-
magenet adapted to open the actuating-circuit
of the checking device.

96. Incombination, a eroup of successively-
operating magnets, a master-switch, an actu-
ating and a maintaining circuit for the mag-

nets, means whereby the magnets are succes-

sively included in the actuating-circuit and
shifted to the maintaining-circuit, a checking
device acting with the successive magnets to
prevent the ooeration of a SLIC(LOGdlI]G mnag-
net, and means for releasing said c,he,c,hma de-
vice.

27. Incombination, a group of successively-
operating magnets, a master-switch, an actu-
ating and a maintaining circuit for the mag-
nets, means whereby the magnets are succes-
sively included in the actuating-circuit and
shifted to the maintaining- cilcuit a2 checking
device acting with the successive magnets to

pr wmt the operation ot a fsuecwdmo mag-.

means operated by the currentin the
ed circuit for releasing said checking

net, and
controll
device.

98. Inasystem of electr ical control, the com-
hination of a eroup of successively-operating
magnets, a master-switch, an actuating—circuit
and a maintaining -circuit for the magnets,
means whereby the magnets are successively
included in the actuating-circult and shifted
to the maintainine-circuit, a checking device
acting with the successive magnets to open
the actuating-circuit, and means operated by
the current In the circuit to be controlled for
releasing said checking device.

99. Inasystem of electrical control, the com-
bination of a group of successively-operating
magnets, a master-switch, an actuating-circuit
and a maintaining-circult for the magnets,
means whereby the magnets are %uc,cusgwely
included in the actuating-circuit and shifted
to the maintaining-circuit, a checking-magnet
operating to open the actuating-circuit “and
arranged to be energized when the actuating-
circult 1s closed at the master -swnch, and
means operated by the current in the circuit
to be controlled for opening the circult of the
checking-magnet.

30. Inasysbem of electrical control, the com-
bination of a group of %uccesswely-ol’)m‘Ltlnﬂ
magnets, a controlling - circuit and master-

SWltch means for effecting automatic progres-
sion of the contacts, a chechmu device acting
with the successive magnets to prevent the op-
eration of the next succeeding magnet, and a
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“1included in the actuating-circuit and shifted
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throttle-magnet connected in the circuit to be

controlled and adapted to release said check-
ing device when the current in the controlled

circuit rises above a predetermined value.
31. Inasystem ofelectrical control, the com-

bination of a group of successively-operating

magnets, a controlling - circuit and master-
switch, means for effecting automatic progres-
ston of the contacts, a checking device acting
with the successive magnets to prevent the op-
eration of the next succeeding magnet, and
an underload-magnet adapted to release said
checking device when the current in the con-
trolled ecircuit falls below a predetermined
value.

32. Inasystem of electrical control, the com-
bination of a group of successively-operating
magnets, a controlling - circuit and master-
switch, means for effecting automatic progres-
ston of the contacts, a checking device acting
with the suceessive magnets to prevent the op-
eration of the next succeeding magnet, a throt-
tle-magnet connected in the circuit to be con-
trolled and adapted to release said checking
device when the current in the controlled cir-
cult rises above a predetermined value, and
an underload-magnet adapted to release said
checking device when the current in the con-

trolled circuit falls below another predeter-

mined value.

33. Inasystem of electrical control, the com-
bination of anumber of successively-operating
magnets, a master-switch, an actuating -cir-
cult and a maintaining-circuit for the magnets,
means whereby the magnets are successively

to the maintaining-circuit, a checking-magnet
operating to open the actuating-circuit, means
for opening the circuit through the checking-
magnet when the current in the controlled cir-
cult rises above a predetermined value, and
means for opening the circuit through the
checking-magnet when the current in the con-
trolled circuit falls below another predeter-
mined value.

54. In a system of electric control, the com-
bination of a motor-circuit, a resistance in the
motor-circuit, a plurality of contact devices
controlling separate portions of the resistance
and arranged seriaien., means to close the con-
tacts 1n succession, and a time-interval mage-
net to control the operation of sald means.

35. Ina system of electric control, the com-
bination of a motor-circuit, a resistance in the
motor-circuit, a plarality of contact devices
controlling separate portions of the resistance
and arranged serzatim, means to close the con-
tacts 1n succession, a time-interval magnet to
control the operation of said means, and means
for controlling the extent of acceleration of
the motors in said motor-circuit.

36. In a system of electric control, the com-

bination of a motor-circuit, a resistance in the

motor-circult, a plurality of contact devices
controlling separate portions of the resistance

and arranged serzatein, means to close the con- -

tacts 1n succession, & time-interval magnet to
control the operation of said means, a master-
controller, and means whereby said time-in-
terval magnet may be thrown out of opera-
tion by a movement of said master-controller.

37. Inasystem of electric control, the com-
bination of a motor-circuit, a resistance in the
motor-circuit, a plurality of contact devices
controlling separate portions of the resistance
and arranged sereatine, means to close the con-
tacts 1n succession, a time-interval magnet to
control the operation of sald means, and means
operated by current in the motor-circuit for
controlling the operation of the time-interval
magnet.

38. In a system of clectric control, the com-
bination of a motor-circuit, a resistance in the
motor-circuit, & plurality of contact devices
controlling separate portions of the resistance
and arranged seriateie, means to close the con-
tacts in succession, a time-interval magnet to
control the operation of said means, and an
overload-magnet having its actuating-coil con-
nected 1n the motor-circuit adapted to control
the operation of said time-interval magnet.

39. Ina system of electric control, the com-
bination of a motor-circuit, a resistance in the
motor-circult, a plurality of contact devices
controlling separate portions of the resistance
and arranged sereatein, means to close the con-
tacts 1n succession, a time-interval magnet to

control the operation of said means, and an

underload-magnet adapted to control the op-
eration ot said time-interval magnet, said un-
derload-magnet having its actuating-coil con-
nected in the motor-circuit.

40. In asystem of electric control, the com-
bination of a motor-circuit, a resistance in the
motor-circuit, a plurality of contact devices
controlling separate portions of the resistance
and arranged seriatein, means to close the con-
tacts in succession, a time-interval magnet to

control the operation of said means, an under-

load-magnet and an overload-magnet adapt-
ed to control the operation of said time-inter-
val magnet, said underload and overload mag-
nets having their actuating-coils connected in
the motor-circuit.

41. In a system of electrical control, the
combination of a group of successively-acting
contactdevices, and an electromagnetic check-
ing device out of the controlled circuit adapt-
ed as said contact devices successively oper-
ate to check the operation of a succeeding
contact device.

42. In a system of electrical control, the
combination of a group of successively-acting
contact devices, a master - controller, means
actuated with the contact devices whereby the
next succeeding contact device may be oper-
ated, and a checking device having a pro-
longed motion and acting with the successive
contact devices to check at least temporarily

the operation ot the succeeding contact de-
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of the extent of progression of the group Ot
contact devices is secured.

43. In a system of electrical control, the
combination of a group of sucecessively-acting
contact .devices, a master - controller, means
actuated with the contact devices whereby the
next succeeding contact device may be oper-
ated, and a time-interval magnet acting with
the successive contact devices to check the
operation of the succeeding contact device.

44, In a system of electrical control, the
combination of a group of successively-acting
contact devices, a master - controller, means
actuated with the contact devices whereby the
next succeeding contact device may be oper-
ated, a time-interval magnet acting with the
successive contact devices to check the oper-
ation of the succeeding contact device, and
means operated by current in the controlled
circult for controlling the operation of saic
time-1nterval magnet.

45. Inasystemofelectrical control,the com-
bination of a group of successively-acting re-
sistance-controlling contact devices, a master-
controller having series and multiple connec-
tions, a series-contact device and a mulitiple-
contact device, means for connecting said con-
tact devices to said master-controller, and a
time-interval magnet adapted when the con-
tact devices are successively operated to check
a succeeding resistance-controlling contact de-
vice during series and multiple connections at
the master-controller.

46. Inasystem of electrical control,the com-

bination of a group of succesuvel3?-01361'%1110

fecting automatic

contact demce% means fore

progression of sald contact devlces? and 2

| contacts and adapted to

checking device operating independently of

said contact devices and of the controlled cir- 40

cuit to control the successive operation of said
contact devices.

47. Inasystem of electrical control,the com-
bination of a group of successively-operating
contact devices, means for effecting automatic
progression of sald contact devices, and a
checking device operating independently of
sald contact devices and of the controlled cir-
cuit, adapted as sald contact devices succes-
swelv operate to check the operation of a Suc-
ceeding contact device.

48. Tna system of electric control, the com-
bination of a master-switch and contlolhng—
circuit, an electromagnetic device controlled
by said circuit, and a checking-magnet ener-

oized by the operation of the master-switch

and adapted to interrupt said circuit auto-
matically, whereby a step-by-step control 1s
effected, substantially as deseribed.

49. The combination with a motor-control-
ler having a series of separate contacts, of an
actuating-circuit controlled by the respective
effect automatically
progressive operation of the contacts, a mas-
ter-switch, and means for arresting the pro-

oression of the contacts without releasing the

contacts already operated, and' a time-limit-
ing device controlling the closing of the ac-
tuating-circuit, substantially as deseribed.

In testimony whereof 1 have hereunto set
my hand.

GEORGE H. HILL.

Witnesses:
James LEITCH,
EpwiNn P. JUENGER.
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