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UNITED STATES 
Patented June 27, 1905. 

PATENT OFFICE. 

ARTHUR C. EASTWOOD, OF CLEVELAND, OHIO. 

CIRCUT-CONTROLLING SYSTEM, 

SPECIFICATION forming part of Letters Patent No. 793,514, dated June 27, 1905. 
Application filed April 15, 1905. Serial No. 255,740, 

To (17 whom it mury concern, 
Beit known that I, ARTHURC. EASTWOOD, a 

citizen of the United States, residing in Cleve 
land, Ohio, have inwented certain Improve 
ments in Circuit – Controlling Systems, of 
which the following is a specification. 
My inwention consists of a combination of 

apparatus particularly designed for the con 
trol of electric motors by means of some form 
ofmastercontrolling device ata distancethere 
from. 
One of the Specific applications of my in 

vention is in connection with the multiple 
unit system of control, whereby the motors 
comprising the propelling mechanism for a 
number of cars on an electrically-propelled 
train are controlled from a single point. An 
other application of the System is to the con 
trol of the motor or motors for operating a 
conveying-bridge of the type shown in my 
United States Patent No. 770,630, dated Sep 
tember 20, 1904. 

In both of the above-mentioned cases expe 
rience has shown not only the desirability but 
also the mecessity of providing a number of 
running speeds to meet the requirements of 
operation and has further demonstrated the 
fact that a given operative position of the 
master-controller lever must indicate to the 
operator a certain definite speed of operation. 
One of the ways of accomplishing this in the 
past has been to provide a series of magnet 
ically – operated Switches independently con 
nected to the master-controller, in which case 
there were a number of wires between the 
controller and the Switches equal to the num 
ber of Said Switches plus one. In sucha sys 
tem it is obwious that there is mecessarily ob 
jectionable complication in the wiring, and 
this becomes in the case of a multiple-unit 
train a wery serious item where connecting 
couplings must be provided between succes 
sive cars. In the case of a conveying-bridge 
the largenumber of wires hitlerto considered 
mecessary is also most objectionable, particu 
larly where the operator, with the master-con 
troller, is in motion relatively to the magnet 
ically-operated switches and the motor. In 
such a case trolleys and trolley-wires orother 

forms of Sliding contact devices must be in 
troduced between the master-controller and 
the main or magnetically-operated mechan 
ism. it is obwious that the delays which may 
beexperienced wary substantiallyasthe Square 
of the number of connecting-wires employed, 
because, first, the danger of open circuits, 
short circuits, and grounds increases directly 
as the number of wires employed, and, sec 
ond, the delay requisite to locate or remedy 
a defect, also increases directly as to the num 
ber of wires to be examined. 

Itis the object, therefore, of my invention to 
provide a system of control which, while an 
swering all of the requirements of sucha sys 
tem as that above referred to, is of Suchana 
ture as to permit of a very material reduction 
in the number of conducting-wires between 

paster-controller and the apparatus oper 
ated. 

A. further object of the invention is to sim 
plify the apparatus employed and also to re 
duce the expense of installing the same. 

In connection with my improved system I 
preferably employ magnetic controlling mech 
anism for actuating the resistance-controlling 
switches of the main motor or motors, and 
this is similar to that shown in United States 
Patent No. 782,731, issued to me February 
14, 1905. With this device only a single mag 
netizing-coil is required to actuate the con 
trolling-switches, a structure forming a part 
of the magnetic circuit of Said Coil being 
moved to produce successive actuation of the 
switches. In order to produce a step-by-step 
motion of this rewoluble portion of the mag 
netic circuit, I provide a solenoid in connec 
tion with a suitable ratchet device, controlling 
Said solenoid by a master-controller. Each 
step or contact-point of thiscontroller excites 
the winding of the solenoid and causes it to 
operate its plunger, with the result that the 
ratchet mechanism advances one tooth and 
causes closure of one or more of the resist 
ance – controlling Switches. To prewent the 
contact member of the main controller from 
passing over its successive contact-points So 
rapidly that the operating - solenoid cannot 
properly respond to each step or contact, I 
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provide means whereby even though the le 
wer of the operating-controller be moved as 
rapidly as desired the contact member of the 
master-controller always travels over its con 
tacts at a predetermined speed, and conse 
quently remains a suficient time in engage 
ment with each contact to insure properac 
tion of the ratchet-solenoid. This arrange 
ment has the additional advantage of limiting 
the speed at which it is possible to cut out or 
otherwise vary the starting resistance, and 
consequently insures Smooth acceleration of 
the motor and of its load without excessive 
current-flow. 
The abowc-moted objects and advantageous 

method of operation I secure as hereinafter 
set forth, reference being had to the accom 
panying drawings, im which– 

Figure 1 is a diagrammatic view ilustrat 
ing the preferred apparatus and connections 
thereof comprising my invention. Fig. 2 is 
a sectional elevation ilustrating the detail 
construction of my preferred form of mas 
ter-controller. Fig. 3 is a Sectional elevation 
taken on the line 3 3, Fig. 2, further illus 
trating the construction of the master-con 
troller. Fig. 4 is a plan view, partly im sec 
tion, ilustrating the arrangement of contacts 
in the upper portion of the master-controller. 
Fig. 5 is a front elevation of the operating 
handle and master reversing-switch actuated 
thereby. Fig. 6 is a Sectional elevation of 
the ratchet locking and actuating solenoids. 
Fig. 7 is a side clevation of the mechanism 
shown in Fig. 6. Fig. 8 is a plan view of 
the magnetic switch-controlling device em 
ployed in connection with my system. Fig. 
9isasectional elevation of the structureshown 
in Fig. 8. Fig. 10 is a diagrammatic view 
ilustrating the Connections of my system when 
applied to the control of a multiple-unit train, 
and Fig. 11 is a side clevation of a slightly 
modified portion of one feature of my inwen 
tion. ' . 

In Fig. 1 I have shown my system as ap 
plied to the control of a single motor A of the 
series type, its armature being indicated at (, 
and its field-winding at (". For the purpose 
of controlling the current-flow through this 
motor I preferably providea reversing-switch 
of the drum type having fixed contacts band 
two sets of movable contacts b and 0°. For 
the purpose of turning this drum to bring 
either set of movable contacts into engage 
ment with the fixed contacts I provide two 
solenoids (l and d' in connection with certain 
mechanism indicated diagrammatically in the 

i figure, but not further explained, inasmuch 
as it may be of any of the well-known forms 
known to the art. 

For governing the amount of starting or 
speed-controlling resistance C in circuit with 
the motor A, I provide a form of magnetic 
switch - controller E illustrated in detail in 
Figs. Sand 9 and including a fixed frame E, 

793,514 

carrying a coil e, which is provided with a 
disk e”, so placed as to form part of the mag 
netic circuit of the coil. To the periphery of 
this disk are piwoted a number of Switch 
blades c* and e”, it being moted that the piw 
otal ends of the switchese'are insulated from 
the similar ends of the Switches (' in any de 
sired manner-in the presence instance by in 
serting insulating material between the two 
halves of the disk (", as indicated at ', Fig. S. 
There is for each of the Switches a contact *, 
and all of these are carried upon a frame " 
im such manneras to be electrically insulated 
from one another. The blades of the Switches 
are of magnetic material, and in order to ac 
tuate any of them I provide a bar (", forming 
an armature carried upon the core ('' of the 
coile in such manner that when said, core is 
turned said armature is successively brought 
opposite different pairs of the Switches c* and 
e". For the purpose of turning this armature 
and operating the switches I providean actu 
ating-solenoid and ratchet mechanism, (shown 
in Figs. 6 and 7) it being noted that the core 
cis provided with an extension carried in a 
suitable bearing on the frame B and having 
fixed to it a ratchet-wheele'. This wheel, to 
gether with the armature et and the core c', 
is normally held in a predetermined position 
by means of a springe", having its ends re 
spectively connected to the fixed disk ("and to 
said ratchet-wheel. 
The actuating-solenoid F is supported in 

any desired manner and has attached toits 
core fa bar or bars f", provided with a roller 
/*, placed to engage the tceth of the ratchet 
wheel. Abar:/* is fixed to the core, and there 
are bolts./* on the frame of the solenoid, serw 
ing asa stop for Said bar and core. The bar 
/* and the roller, together with the core of 
the solenoid, are normally kept in their lower 
or outer position by means of a spring/”, 
confined between the bar:/* and the frame of 
Said Solenoid, and in order to prewent motion 
of the ratchet-wheele" under the action of its 
spring" I providea locking-solenoid (j, haw 
ing two cores (/ and (7, normaly kept in their 
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outer positions by suitable springs, asshown. 
The first of these cores is operative upon the 
bar:/* and is So placed that while permitting 
longitudinal motion of the barit Swings it on 
its piwotal connection with the core/* in such 
manner that the roller /* may be brought into 
engagement with the teeth of the ratchet (*. 
The core g, on the other hand, operates upon 
a bar (*, piwotally supported So that its free 
end may be moved into engagement with the 
teeth of the ratchet-wheel ("and prewent its 
revolution under the action of its spring (", 
its function being that of a pawl. In order 
to properly actuate the two solenoids F and 
G, as well as the coil e of the magnetic con 
trolling mechanism E, I providea master-con 
troller H, wlich consists of a frame having 
within it a body of liquid, and also provide 
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electrical controlling mechanism in its upper 
portion, as Wellas upon its outer face. • 

It will be understood that in operating the 
magnetic controller E a series of successive 
current filows or impulses is mecessary, and 
for this purpose I provide a vertically-mov 
able contact-head consisting of a block / of 
insulating material, on which are carried two 
contacts/i/. These areelectricallyconnected 
to two plates h” normally insulated from one 
another, but having a contact fi”carried upon 
the vertically-movable rod /* in suchmanner 
as to be capable of connectingsaidtwo plates 
/*. It will be seen that the bar /* with its 
contact, is movable relatively to the block h 
of insulating material and its attached parts, 
so that if said bar be moved upwardly the 
contact * first breaks connection between the 
two contacts/i, after, whicha collar /* on said, 

Placed to be engaged bar raises the block/h. 
by one of the fingers // and supported allong 
one side of the casing of the controller is a 
plate /"; while on the Opposite side are a se 
ries of contacts h", electrically connected SO 
as to be successively engaged by the Second 
one of the fingers // when the contact-head is 
moved up or down. In order to regulate the 
speed of such movement of the contact-head, 
I provide a form of dash-pot, includinga cyl 
inder J. vertically supported within the con 
troller-casing and having rollers 7 operative 
upon Suitable guideways.. The lower end of 
this cylinder is open, while the upper endis 
provided with a Valve j", whereby the escape: 
of air from its interior may be regulated, and 
alsowith a check-valve j", constructed to au 
tomatically open when Said cylinderis moved 
upwardly. As before moted, the lower por 
tion of the casing is filled with liquid, Suchas 
oil, and in order to control the position of the 
cylinder J. which is connected to the rod h" 
by means of an insulating-coupling 7°, I pro 
vide a cam j”, placed to engage a roller j”, 
rewolubly carried on the lower end of said 
cylinder. 
whichalso carries a pinion j", meshing with 
a toothed segment j", operated by the con 
troller-handle /* through a spindle or shaft 
j”. Fixed to the outside of the casing and 
carried upon a Suitable plate of insulating 
material is a master reversing and control 
lingswitch, including foursegmental contacts 
i " " i”, designed to be electrically connected 
by a plate i”, carried upon an extension of the 
operating-handle j”, it being noted from Fig. 
1 that the two contacts i and * are perma 
nently connected. From this diagramit will 
be seen that the actuating-solenoid F hasone 
terminal connected to the Various contact 
plates h", while the contact-plate /* is con 
mected to one side of the line and the second 
terminal of Said solenoid is connected to the 
other side of Said line. The two contacts i 
and * are Connected to the positive side of 
the line, while the contact " is connected to 

This cam is fixed to a spindle j”, 

the first Solenoid d' of the reversing-switch, 
and contact * is connected to the Second re 
wersing-solenoid d. The Second terminals of 
these two reversing - solenoids are connect 
ed to each other and thence to the negative. 
side of the line through the locking-solenoid 
Gand through the windinge of the magnetic 
controller E. Under operating conditions if 
the lever 7" is moved in one direction from: 
its vertical position its plate i” will electric 
ally connect one pair of the contacts adjacent 
thereto–forexample, i "-– with the result that 
current will, flow from the positive supply 
main through Said contact-plate i” to the re 
wersing-solenoid d', locking Solenoid G and 
winding 6 of the controller E. As a result 
the drum having the reversing-contacts 0 and 
b” will be turned so that contacts l' will be 
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brought into engagement with the fixed con 
tacts b. The energization of solenoid Gdraws. 
together the twocores ( and g", and the solen 
oide, while not immediatelyaffecting the op 
eration of the system, sets up, a magnetic flux 
through its movable armature (", which is 
normal?y in a position at right angles to that 
shown in Fig.8, and will not immediately af 

85 

fect the operation of the system. The turn 
ing of the lever j”, in addition to causing the 
above-noted actions, moves thecam /* from 
under the cylinder J., So that this is free to 
mowe downward. As a result the plate /*, 
carried by the rod /* connects the contacts 
/* of the traveling héad, and as soon as one 
of the fingers // engages the first of the con 
tacts h" there is a current-flow to the actuat 
ing-solenoid F, which continues for a prede-. 
termined time, depending upon the position of 
the cam j”and the adjustment of the valve j" 
for permitting the escape of air from the cyl 
inder J. As before moted, the locking-solen 
oid G was energized with the winding (, So 
that the drawing together of the two cores g 
and (7' caused the rollers carried by the two 
bars /* and g” to engage with the teeth of the 
ratchet – wbeel e”. Consequently as soon as 
the solenoid Fis energized the bar /* is drawn 
upward, and Said ratchet, with the attached 
armature 6", is turned through a predeter 
mined arc Soasto bring Said armature in line 
with the first pair of switches c* and e”. As 
a consequence Said switches are closed and - 
current is free to flow from the positive main 
through the reversing-switch B, armature (.. 
of the motor, back to the reversing-switch, 
the field d' of the motor, through the two 
banks of resistance C, and to the negative 
side of the line, thus starting the motor and 
permitting it to operate at its first or lowest 
speed: If the operating-bandle /* has been 
turned to its full "on” position, it will be un 
derstood that the air-cylinder Jand the head 
actuated thereby will continue to fallata rate 
determined by the entrance of the liquidinto 
the cylinder J, as permitted by the escape of 
air through Valve 7", So that after the first 
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current-Flow through the actuating-solenoid 
F the finger // will move off of the first con 
tact *", and thereby cause de?nergization of 
Said solenoid. This permits the core / and 
the bar:/” to b? moved under the action of 
spring /* into the position in Fig. 6; but it 
will be moted that the ratchet-wheel e” and 
its bar "are held from turning under the ac 
tion of the springo" by the pawl-bar (*. Af 
ter a predetermined time, however, the con 
tinued downward movement of the contact 
head causes the finger / to strike the Second 
of the contacts /*, so that the Solenoid Fis 
again energized and made to raise its barf". 
This again turns the ratchet-wheel ("and the 
armature ("through a certain angle, so that 
said armature is brought opposite the Second 
pair of Switches c*e”. The closure of these 
switches short-circuitstwo Sections of the mo 
tor resistance, with the consequence that Said 
motor speeds up, and it will be seen that the 
continued fall of the air-cylinder J., with its 
attached head, thus causes successive ener 
gizations of the solenoid F and consequent 
revolution of the ratchet-wheel and the arma 
ture c' until finallyall of the switches c* * have 
been successively closed and the motor is con 
nected directly across the supply-mains with 
out any of the resistance C in circuit. lf the 
operating-lever /* b? not turned to its full 
on position, but to some intermediate point 
between: this and its "oft” position, the air 
cylinder J will fall until its roller j" engages 
the cam j”, when further movement of the 
contact-head will be prewented. It will be 
noted, howewer, that after the downward 
movement of the Said cylinder has ceased the 
portion / of the contact-head will still be free 
to move downwardly for a distance suficient 
to break the connection between the contact 
segments /* and the plate /* at the upper end 
of the rod /". Consequently it will be under 
stood that the main motor will continue torun 
ata speed depending upon the position last 
given to the armature (", for the reason that 
Said armatureis held in this position by means 
of the locking-solenoid G. while the Switches 
(* and t" arestilheld closed, owing to the fact 
that current still filows through the windinge. 
Owing, howewer, to the breakage of the con 
nection between the contacts /* and /* the ac 
tuating-solenoid Fis deènergized, Sothat cur 
rent is thereby economized. It will be seen 
that in operating the controller from its full 
on position or from any of its intermediate 
positions to its off position the passage of the 
contact-ingers // over contacts /0"and /* is ac 
complished without sending a series of im 
pulses to the actuating-solenoid F, owing to 
the above-noted open circuit between the con 
tacts /* on the contact-head. As Soon, how 
ever, as the contact-plate ' of the lever 7 
passes off of the segments and "the locking 
Solenoid G, as well as the windinge for the 
Switches c* and e”, are deönergized, as is also 

the reversing-solenoid (". 
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This permits the 
reversing – drum, with its contacts 0 and b”. 
to be automatically moved to the off position 
by any of the well – known devices used in 
the art for that purpose, in addition to which 
the cutting off of current from the coile per 
mits all of the Switches c* and (?" to open. 
The de?nergization of the locking-magnet G 
releases both of the cores (/ and (7', sothat the 
two bars /* and (7' are swung on their piwots 
under the action of their springs and their 
end portions thereby moved out of engage 
ment with the teeth of the ratchet-wheel (", 
thus permitting this, with its armature (", to 
be turned to the off position under the ac 
tion of the springe". Moving the operating 
handle /* in the opposite direction from that 
above described, so that its contact-plate j” 
connects with the segments'andi”, while caus 
ing the same operation of Solenoids F and (; 
and winding (, with their attached parts, as 
that above described, energizes the reversing 
solenoid (?, so that the contact-segments l'are 
moved into engagement with the fixed fingers 
b. As before, thecamy” permits the contact 
head to mowe so as to successfully engage the 
contacts /* ata predetermined rate, or it may 
arrest such motion atany desired point, cle 
pending upon the position of the operating 
handle. Since, however, the connections of 
the motor - armature have been reversed, it 
will be understood that Said motor is started 
and accelerated so as to operate in a direction 
the reverse of that previously noted. 

In Fig. 10 I have shown diagrammatically 
the connections of my system when applied 
to control the electrical equipment of the cars 
of a train, there being one orany number of 
the master-controllers H. including the mas 
ter reversing - switch I, and connected by 
means of three train-wires n, m", and in" to 
warioussets of controlling-solenoids, each sini 
lar to that shown in Fig. 1 and previously 
described. Each of the actuating-solenoils 
F is connected between the train-wire urand 
the ground, while the reversing-solenoids (? 
and d'each have a terminal respectively con 
nected to the train-wires m, and / and thcir 
second terminals connected to each other and 
to one end of the winding e of the Switch 
controlling device, the Secondend of Saidwincl 
ing being grounded. The locking-solenoids 
Gare in each caseconnected in Series with the 
Switch-controlling winding e. 

It will be understood that by adjusting the 
valve 7' on the cylinder J the rate of move 
ment of the contact-head and the consequent 
time intervals between the Successive actu 
ations of the ratchet-wheel ("and the closure 
of the resistance-controlling switches c* and 
c” may be varied to bring the motor A up to 
full Speed as quickly as desired. lt will fur 
ther be noted that by the use of a dash-pot, 
suchasthat formed by the cylinderJ, th?ir regularity or uncertainty of operation hith 
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erto characteristic of thewell-knownforms of 
dash-pots has been obwiated. 

It will be noted that the number of the 
main switches operated by movement of the 
controlling-lever j* through a given angle is 
always the same, so that the operator always 
knows to what point his motor will be acceler 
ated by moving Said handle to any position. 
By connecting the windingse Gand dor d' 

in Series it is permissible to make them of 
larger-size wirethan could be used if the coils 
were connected in multiple, the series con 
nection therefore resulting in a less expensive 
construction, as well as one which is more 
substantial. In addition there is the adwan 
tage that if the winding of one of these coils 
should open circuit for any cause the circuit 
of all three would be opened, thereby, also au 
tomatically opening the main motor-circuit. 

It will be moted that my invention involves 
the waluable feature of protecting the motor 
from any failure and subsequent restoration 
of the supply-current, for if Said motor Were 
operating at full speed and the current should 
be cut of all of the solenoids would be de 
energized, with the result that the armature 
e" would be automatically returned to its off 
position, as wouldalso the switches controlled 
thereby. Even if the master-contróler were 
left in its full on position no damage could 
result when the current was again restored to 
the line, since the motor – circuit, as abowe 
noted, would be open and the motor could not 
again be started until the master-controller 
was thrown to its off position and then op 
erated in the regular manner. 

If desired, the ordinary drum - type con 
troller may be substituted for the winding e 
and its switches e” and e”, in which case the 
spindle of Said drum would merely be a con 
tinuation of the spindle or core e”. Such a 
combination is shown in Fig. 11, in which N 
is the barrel of a controller revolved by the 
spindlec”. It will of course be understood 
that it is immaterial w hether Such a drum 
controller is connected directly in the main 
motor-circuit oris merely a master-controller 
governing the flow of current to the coils of 
electromagnetic switches. r 

I claim as my invention – 
1. A circuit-controlling system including a 

number of electromagnetic switches, a com 
mom actuating-coil thereforhaving a movable 
member and placed so that the flux set up by 
it is available to directly cause operation of 
Said Switches, means for intermittently mov 
ing Said member to operate the Switches, and 
a device for controlling Said means, substan 
tially as described. 

2. Acurrent-controlling system includinga 
number of electromagnetic switches, an elec 
tromagnetic device includingamovable mem 
ber so placed that the flux set up by said de 
vice is available for directly operating Said 
switches, with meansfor automaticallygiving 
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a step-by-step motion to Said movable mem 
ber and thereby causing successive actuation 
of the switches, substantially as described. 

3. A. circuit-controlling system includinga 
| series of automatic switches having a single 
actuating-coil provided with a movable pole 
piece, electromagnetic mechanism for moving 
Said pole-pieceadjacent to successive switches, 
and means for intermittently energizing Said 
mechanism, substantially as described. 

4. A circuit-controlling system includinga 
Series of Switches having a common actuat 
ing-coil with means for successively actuat 
ing Said Switches, Said means including am 
electromagnetic device and a hand-operated 
controller for intermittently energizing said, 
device, substantially as described. 

5. A circuit-controlling system includinga 
Series of independently – movable switches, 
means for automatically operating Said 
Switches, mechanism for actuating Said means 
to cause successive operation of the Switches, 
and a controller for intermittently energiz 
ingsaid mechanism,substantiallyas described. 

6. A circuit-controlling system includinga 
Series of switches, a magnet for operating the 
same provided witha movable element, ratchet 
mechanism for moving said element, a solen 
oid for operating Said mechanism, and a con 
troller for intermittently energizing Said so 
lenoid, substantially as described. 

7. A. circuit-controlling system includinga 
series of Switches, a magnet for operating the 
same provided witha movable element, ratchet 
mechanism for moving Said element, a solen 
oid for operating Said mechanism, means for 
opposing operation of the ratchet mechanism, 
a device for locking the ratchet mechanism 
in a given position, and a controller for in 
termittently energizing Said operating-solen 
oid, substantially as described. 

8. A circuit-controlling system includinga 
series of switches, a magnet for operating the 
same provided with amovable element, ratchet 
mechanism for moving Said element, a solen 
oid for operating Said mechanism, means op 

i posing operation of the ratchet mechanism, a 
second Solenoidhaving meansforlocking Said 

| mechanismina given position, anda controller 
for intermittently energizing the switch-op 
erating magnet, substantially as described. 

9. A. circuit-controlling system includinga 
series of switches, and means for causing suc 
cessive actuation of Said Switches, Said means 
including a series of clectrically – connected 
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contacts, a contact - head having means for 
successively engaging Saidcontacts, and means 
for controlling the position of Said contact 
head, substantially as described. 

10. Acircuit-controlling system includinga 
series of Switches, and means for causing suc 
cessive actuation of Said Switches, Said means 
including a series of contacts, an electromag 
netic device connected to be energized from 
any of Said contacts, a contact-head movable 
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wice for controlling the position of Said head, 
substantially as described. 

11. A circuit-controlling system includinga 
Series of Switches having a common electro 
magnetic actuating device, a member of Said 
device being movable to cause operation of 
the respective Switches, mechanism formow 
ing Said member, a solenoid for operating Said 
mechanism, a series of contacts all in circuit 
with the solenoid, and a contact device for 
governing the flow of current to said con 
tacts, substantially as described. 

12. A circuit-controlling system includinga 
Series of Switches having a common electro 
magnetic actuating device, a member of Said 
device being movable to cause operation of 
the respective Switches, mechanism for mov 
ing Said member, a solenoid for operating said, 
mechanism, a series of contacts in circuit with 
the solenoid, a movable contact member for 
Supplying current to saidcontacts, and a hand 
operated device for governing the action of 
Said Contact member, substantially as de 
Scribed. 

13. A circuit-controlling system includinga 
Series of Switches, mechanism for operating 
the Same having an actuating-solenoid, a se 
ries of contacts in circuit with the solenoid, a 
member for Successively connecting the con 
tacts to a source of current, hand-operated 
mechanism for controlling the movement of 
Said member, with a switch controlled by said, 
mechanism in circuit with the connecting 
member, substantially as described. 

14. A. circuit-controlling system includinga 
Series of Switches, mechanism for operating 
the Same having an actuating-solenoid, a se 
ries of contacts in circuit with the solenoid, a 
member for Successively connecting the con 
tacts to a Source of current, hand-operated 
mechanism for controlling the movement of 
Said member, with a switchcontrolled by said 
mechanism in circuit with the connecting 
member, Said Switch being constructed to be 
operated when Said mechanism is operated in 
one direction, substantially as described, 

15. A circuit-controlling system includinga 
Series of Switches, mechanism forsuccessively 
operating the same including a series of con 
tacts, a novable contact for Successively con 
necting the contacts of Said Series to a source 
of Supply, a switch carried thereby, and mech 
anism for controlling the movement of Said 
novable contact, said mechanism including a 
handle operative in either of two directions 
and constructed to open the Switch when op 
erated in One direction, substantial?y as de 
scribed. 

16. A circuit-controlling system includinga 
Series of Switches, mechanism including a Se ries of contacts forsuccessively operating the 
same, a contact member forsuccessively com 
pleting the circuit through Said contacts, 

°5 means for causing Said member to move ata 
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uniform speed over the contacts, and means 
for controlling the amount of such movement, 
substantially as described. r 

17. A circuit-controlling system includinga 
series of Switches, mechanism including a Se 
ries of contacts forsuccessively operating the 
same, a contact member forsuccessively com 
pleting the circuit through the same, a con 
tainer having a body of liquid, an air-con 
tainer attached to the contact member and 
movable into Said liquid, with hand-controlled 
mechanism for governing the position of Said 
air-container, substantially as described. 

18. A circuit-controlling system includinga 
series of Switches, mechanism incuding a se 
ries of contacts forsuccessively operating Said 
switches, a contact member for Successively 
completing the circuit through the same, a 
dash-pothaving one memberconnected to said, 
contact member, and a device for controlling 
the position of the member, substantially as 
described. 

19. A circuit-controlling system includinga 
series of Switches, and mechanism for Succes 
sively operating the same, Said mechanism in 
cluding a Series of contacts, a contact mem 
ber for Successively completing the circuit 
through Said contacts, a cam having operat 
ing means for controlling the position of Said 
member, and means for causing saic member 
to pass over its contacts at a uniform speed 
independently of Said cam, substantially as 
described. 

i 20. A circuit-controlling system includinga 
series of Switches, and mechanism for succes 
sively operating the same, Said mechanism in 
cluding a series of contacts, a contact mem 
ber for successively completing the circuit 
through Said contacts, a cam having operat 
ing means for controlling the position of Said 
member, and a dash - pot for regulating the 
movement of the contact member independ 
ently of the cam, substantially as described. 

21. A circuit-controlling system includinga 
series of Switches, and mechanism for Succes 
sively operating the same, Said mechanism in 
cluding a Series of contacts, a contact mem 
ber for Successively completing the circuit 
through Said contacts, a cam having operat 
ing means for controlling the position of Sait 
member, a container havinga body of liquil, 
an air-cylinder connected to the contact mem 
ber and movable into the liquid, and means 
for turning the cam to permit movement of 
Said contact member, substantially as de 
scribed. 

22. A circuit-controlling System including: 
series of Switches, and mechanism for succes 
sively operating the same, Said mechanism in 
cluding a series of contacts, a contact mem 
ber for Successively completing the circuit 
through Said contacts, a dash-pot having one 
element connected to the Said contact mem 
ber so as to permit of a limited movement 
thereof, a switch carried by and in circuit 
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with the contact member, Said Switch being 
operated by motion of the Said dash-pot ele 
ment, with means forcontrolling the position 
of the contact member relatively to the Series 
of contacts, substantially as described. 

23. A circuit-controlling system includinga 
Series ofelectromagnetic deviceshaving means 
whereby they may be successively operated, 
Said means including fixed contacts, a mov 
able contact member therefor, a switch in cir 
cuit with Said contacts, and meansfor control 
ling the movement of the contact member, Said 
Switch being placed to be opened whenever 
Said controlling means is operated in a prede 
termined direction, substantiallyas described. 

24. A circuit-controlling system includinga 
Series ofelectromagnetic deviceshaving means 
whereby they may be successively operated, 
Said means includingfixed contacts, a movable 
contact member therefor, a switch carried by 
the contact member and in circuit with the 
same, and means for controlling the position 
of Said Contact member, Said means having a 
portion placed to cause opening of the Switch 
whenever operated in a predetermined direc 
tion, substantially as described. 

25. A circuit-controlling system includinga, 
Series ofelectromagnetic deviceshaving means 
whereby they may be successively operated, 
Said means includingfixed contacts, a movable 
Contact-head automatically movable in one di 
rection over Said contacts, an operating device 
formoving Said head in the opposite direction, 
the same including a portion movable rela 
tively to the remainder, with a switch carried 
by the head and placed to be opened when the 
Said device is moved inacertain direction, sub 
stantially as described. 

26. A. circuit-controlling system includinga, 
Series ofelectromagnetic deviceshaving means 
whereby they may be successively operated, 
Said means including fixed contacts, a movable 
contact-head automatically movable in one di 
rection over Said contacts, a switch carried by 
the head, a rodhavinga limited movement rela 
tively to the head and placed to open the Switch 
when moved in one direction, and an Operat 
ing-handle havingacam operative on said rod 
for moving Said head at will, substantially as 
described. 

27. A circuit-controlling System includinga 
Series ofelectromagnetic deviceshaving means 
whereby they i may be Successively operated, 
Said means including fixed contacts, a movable 
contact-head automatically novable in one di 
rection over Said Contacts, a Switch carried by 
the head, a rodhavinga limited movementrela 
tively to the head and placed to opentheswitch 
when moved in one direction, an operating 
handle having a cam operative on said rodfor 
moving Said head at will, a solenoidalso in cir 
cuit with the contacts and Switch-operating 
mechanism actuated thereby, substantiallyas 
described. 

28. A circuit-governing system includinga 

Z 

controller having a rotatable element, and 
mechanism for operating Said element includ 
inga Solenoid for positively turning the same, 
means acting in opposition to Said Solenoid, a 
Second Solenoid for locking Said element in a 
given position, and means including a hand 
governed, grawity-actuated Switch forgovern 
ing the action of Said solenoids, substantially 
as described. 

29. A circuit-governing system includinga 
controller having a rotatable element, and 
mechanism for operating Said element includ 
ing a ratchet-wheel, a Solenoid for positively 
turning Said wheel, a spring acting in oppo 
sition to the solenoid, a locking-pawl for the 
ratchet, a Second Solenoid for actuating said, 
pawl, and a master-controller includinga graw 
ity-actuated make-and-break Switch for gov 
erning the action of Said solenoids, substan 
tially as described. 

30. A circuit-governing system includinga 
Series of controllers each having a rotatable 
element, and Sets of mechanism for operating 
Said elements, each set including a Solenoid 
for positively turning an element, meansact 
ing in opposition to Said Solenoid, a second So 
lenoid for locking Said element in agiven po 
sition, and a master-controllerhavinga single 
device for intermittently supplying current to 
all of Said first Solenoids, substantially as de 
scribed. 

31. A circuit-governing system includinga 
controller having a rotatable element, and 
mechanism for operating Said elementinclud 
ing a Solenoid for positively turning the same, 
means acting in opposition to Said solenoid, a 
second Solenoid for locking Said element in a 
given position, and means for governing the 
action of Said solenoids, the solenoidsbeing in 
different circuits, and the first having a me 
chanically-governed controlling device where 
by itis intermittently energized, substantially 
as described. . 

32. A circuit-governing system includinga 
controllerhaving a movable element, mechan 
ism for operating Said element, including a So 
lenoid, means tending to move the element in 
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opposition to Said solenoid, a second Solenoid 
having one core for locking Said movable ele 
ment in position and a Second core operatively 
connected to the core of the first Solenoid, with 
means for controlling. the current-flow to Said 
solenoids, substantially as described. 

33. A. circuit-controlling System includinga. 
series of electromagnetic switches having a 
common actuating – winding whose magnetic 
circuit includes a movable member, pawl-and 
ratchet mechanism for turning Said member, 
and a master-controller for governing the op 
eration of Said mechanism, substantiallyasde 
Scribed. • 

34. A circuit-controlling system includinga 
Series of Switcheshaving a common actuating 
winding w hose magnetic circuit includes a 
movable member, pawl-and-ratchet mechan 
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ism includinga solenoid formoving Saidmem 
ber, and a master-controllerhaving means for 
intermittently energizing Said solenoid, said, 
Switch-actuating winding and the solenoid be 
ing in different branch circuits, substantially 
as described. 

35. A circuit-controlling system includinga 
controller, a reversing-switch having operat 
ing means includinga solenoid, mechanism in 
cluding a Second solenoid for operating one 
element of Saidcontroller, a master-controller, 
and two conducting-lines from said master 
controller respectively in circuit with the said 
solenoids, substantially as described. 

36. A circuit-controlling System includinga 
controller, a reversing-switch having two op 
crating-solenoids, mechanism includingathird 
Solenoid for operating the movable element of 
the controller, a master-controller, and three 
conducting-lines from said master-controller 
respectivelyin circuit with Saidsolenoids, sub 
stantially as described. 

37. A circuit-controlling system includinga 
magnetic controller provided with a series of 
Switches actuated from a single winding, a 
relatively movable member forming part of 
the magnetic circuit of Said winding, a re 
Versing-switch having two operating-solen 
oids, mechanism including a third Solenoid 
for operating Said movable member, a master 
controller and three conducting-lines there 
from respectively connected to Said three 
Solenoids, the Said controller-winding being 
in circuit with Said:reversing-switch solenoids, 
substantially as described. 

38. A. circuit-controlling system includinga 
controller, a reversing-switch having twoop 
erating-solenoids, mechanism includinga third 
Solenoid for operating the movable element 
of Said controller, a master-controller, andin 
dependent conducting-lines therefrom to the 
Solenoids, Said master-controller including 
means for intermittently energizing Said third 
Solenoid, substantially as described. 

39. A. circuit-controlling system includinga 
Controller, a rewersing-switch having two op 
erating-Solenoids, mechanism includinga third 

i Solenoid for operating the movable element 
of Said controller, a master-controller and in 
dependent conducting-lines therefrom to the 
Solenoids, Said master – controller including 
meansfor intermittently energizing Said third 
Solenoid, and a switch for energizing at will 
either of the reversing-switch solenoids, sub 
stantially as described. 

40. A. circuit-controlling system includinga 
magnetic controller provided with a series of 
Switches actuated from a single winding, a 
relatively movable member forming part of 
the magnetic circuit of Said winding, a re 
versing-switch having two operating-solen 
oids, mechanism including an actuating anda 
locking Solenoid for operating Said movable 
member, a master-controller, three conduct 
ing-lines therefrom to the solenoids, one of 
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i Said lines being connected to the actuating 
solenoid and the other two lines being re 
spectively connected to the reversing-switch 
solenoids, with a connection common to Said 
reversing-switch solenoids and including the 
controller-winding and the locking-solenoid, 
substantially as described. 

41. A circuit-controlling system includinga 
main controller Constructed to be actuated by 
successive current-flows, a master controlling 
device including an operating-handlemovable 
in either direction from its of position to 
cause intermittent current-flow to the main 
controller, reversing mechanism, andaswitch 
for said mechanism placed to be operated 
when Said handle is moved in either direction 
from its off position, substantially as de 
Scribed. 

42. Acircuit-controlling system includinga 
main controller constructed to be actuated by 
successive current-flows, a master controlling 
device including an operating-handlemovable 
in either direction from its of position to cause 
intermittent flow to the main controller, re 
versing mechanism including two Solenoids, 
and a switch actuated by said operating-han 
dle having contacts connected respectively to 
said solenoids, one contact being placed to be 
energized when the handle is noved in one di 
rection and the other being placed to be em 
ergized when Said handle is moved in the op 
posite direction, substantially as described. 

43. A circuit-controlling system includinga 
main controller constructed to be actuated by 
Successive flows of current, a master control 
ling device including a dash-pot, means con 
trolled by the Clash-pot for causing intermit 
tent current-flow to Said main controller, and 
an operating-handle movable in either direc 
tion from its off position for governing the 
action of Said dash-pot, substantially as le 
scribed. 

44. A circuit-controlling system includinga 
main controller constructed to be actuated by 
successive flows of current, a master control 
ling device including a dash-pot, means con 
trolled by the dash-pot for causing intermit 
tent current-Flow to Said main controller, and 
an operating-handle movable in either (lirec 
tion from its of position for governing the 
action of Said dash-pot, with reversing mech 
anism, and a Switch therefor having one mem 
ber connected to Said operating-handle, sub 
stantially as described. 

45. A circuit-controlling system includinga 
main controllingapparatus and a master con 
trolling device therefor, the same having am 
operating-handle, a cam connected thereto, a 
liquid – container, an air – cylinder vertically 
movable into the container and controlled by 
said, cam, guiding means forsaid cylinder and 
a contact member connected to the cylinder 
for governing the current-flow to the main 
controlling apparatus, substantially as de 
scribed. 
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46. A circuit-controlling system includinga 
master-controller and a main controller gov 
erned thereby, with electromagnetic mechan 
ism for operating Said main controller, the 
same including a ratchet-wheel, an actuating 
solenoidhaving an arm connected toits mov 
able member, a locking-solenoid having two 
cores, and a pawl connected to one core, the 
second core being connected to the arm of the 
first solenoid, substantially as described. 

47. Controlling apparatus for a multiple 
unit system includinga mastercontrolling de 
wice, a number of motor-controlling equip 
ments, and three conductors extending from 
the master controlling device to the Several 
equipments, each of Said equipments includ 
inga series of switches, an actuating-solenoid 
for causing operation of Said Switches, and a 
reversing-switch having two operating-solen 
oids, the actuating and the reversing solenoids 
beingrespectively connected to the three con 
ductors, substantially as described. 

48. Controlling apparatus for a multiple 
unit system includinga mastercontrolling de 
wice, a number of motor-controlling equip 
ments, and conductors extending from the 
mastercontrolling device to the Several equip 
ments, Said master controlling device having 
means for causing intermittent filows of cur 
renton one of the conductors, andeach equip 
ment having a Series of Switches, with anac 
tuating-solenoid for causing operation of Said 
switches, Said Solenoids albeing connected to 
said conductor, substantially as described. 

49. Controlling apparatus for a multiple 
unit system includinga mastercontrolling de 
wice, a number of motor-controlling equip 
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ments, and conductors extending from the 
mastercontrolling device to the Several equip 
ments, Said master controlling device having 
means for causing intermittent filows of cur 
renton one of the conductors, and each equip 
ment having a series of switches, with an ac 
tuating-solenoid for causing operation there 
of Said solenoids all being connected to said, 
conductor, with reversing mechanism for each 
equipment including Solenoids connected to 
others of Said conductors, substantially as de 
scribed. Y 

50. Controlling apparatus for a multiple 
unit system including a mastercontrolling de 
wice, a number of motor-controlling equip 
ments, and three conductors extending from 
the master controlling device to the Several 
equipments, each of Said equipments includ 
ing a series of Switches, a single winding for 
operating the same, an actuating-solenoid for 
causing said Switches to be operated Succes 
sively, and reversing mechanism having two 
solenoids, all of the actuating-solenoids being 
connected to one of Said conductors and each 
of the other conductors being connected to 
one reversing-solenoid ofeach equipment, the 
Switch-operating winding of each equipment 
being connected in a line common to the re 
wersing-solenoids thereof, substantiallyasde 
scribed. 

IntestimonywhereofI havesigned my name 
to this specification in the presence of two sub 
scribing witnesses. 

i ARTHUR C. EASTWOOD. 
Witnesses: 

NATHAN L. MILLER, 
HEINRY A. SHARPE. 
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