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- To all whom it may concern:

My invention relates to systemS:Of'contl'ol

IO

GEORGE H. HILL, OF SCHENECTADY,

“tady, in the county of Schenectady and State

“useful Improvements in Systems of - Motor

systems employing controllers of the sepa-
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out and the motors are connected in parallel,

“Be it known that I, Grorer H. HiLL, a citi- | even though the motorman throws the handle
of the master-switch directly to its full mul-

zen of the United States, residing at Schenec-
of New York, havé invented certain new and

Control, of which the following is a specifica-
tion.. - E

for electric motors, and more particularly to

- . rately-actuated-contact type in which the con-
- /tacts aré operated successively to prodice an'
~ ““automatic acceleration of the motors through

15 , _
- . allel, and relates more specifically to the con-
struction and arrangement of the devices used

series ar parallel or through series and par-

~ for. controlling the successive operation of

2o

.. - said contacts—that is, the devices which con-

trol the rate of dcceleration of the motors. -
My invention-constitutes an improvement

 on the.system shown and described inmy ap-

25

40

‘system in which- the motor - controller con-

 stopped at any desired point. Two circuits
are provided for the actuating -coils of the |

- 30

and the master controller-contacts are so ar-

 .opened and the progressive operation of the
35
ates to hold the contacts closed after they |

plication, Serial No. 113,067, filed June 25,
1902. In said application I have disclosed a

tacts are automatically operated in succes- |

sion and in which the progréssion may be

motor-controller contacts, one an actuating-
circuit and the other a matntaining - circuit,

ranged that the actuating -eircuit may be |

motor - controller contacts stopped without |
opening the maintaining-ctreuit, which oper- i

have been operated. Provision is thus made
for checking the cutiing out of resistance at
any point by the movement of the master-
switch and the motorman can operate at any
speed he desires independently of the auto-

inatic progression. Furthermore, the auto-

50 _
7. suring the. progiession of the controller-con-
tacts fivst in seviés.and then in multiple rela-

sistarice steps until the resistance is all ‘cut.

matic progression is checked by an automatie-
ally -actuated switch or relay whenever the
current in the motor-circuit is too high, the
progression continuing when the current In
said motor -cirveuit falls below a predeter-
mined value.. In the system skown in said
application arrangeiient is nlso mdde for in-

tion of the motors through the successive re-<;

‘determined amount.

tiple position.” In anotherapplication; Serial
No: 113,454, filed June 27, 1902, I have showr

-means for retarding the automatic successive 0
operation of the contacts by producing a re-

tarded step -by -step movement known as

“notehing up.” This is accomplished in the

preferred arrangement by means of a.cheek-
ing magnet or relay, which opens the¢ actu-

‘ating - cireuit’ whenever: a - motor -controller-
“contact ‘is ‘operated and:maintains said actu-
“ating - circuit open ‘until “‘the circuit through
‘the actuating-coil of said checking-relay 1is
| opened by means of an independent overload
or underload relay connected in the motor-

cirewit. = e

| A__(‘;éorditlﬁtq mYPTGSBHthGHtlonI com-~
bine the checking-relay with. the overload-re-
lay, which is operated whenever the current

in the motor-circuit rises above a predeter-

mined value.” This ¢ombined checking and
overload relay is adapted to open the actuat-

ing-circuit, and thereby. prevent further pro-
oression of the contacts and maintaining said
actuating-circuit open until the current in the
motor-circuit has fallen to a predetermined
value. . By combining the checking-relay and
the overload-relay in a single structure I pro-

duce a notching-up device which is simpler

and much more sensitive than two independ-
ent relays and one which requires less change

in motor-current strength to operateit effect- -
ively. . In connection with said combined

checking and overload relay I prefer to em-

ploy ‘an underload-relay,; which is adapted to
open the said actuating-circuit whenever the

Patented Aug. 29,.1905. :
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current in the motor-circuit falls below a pre-
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My invention further comprises improve-

ments in the construction and arrangement
of the checking and overlead relay, which is

preferdbly provided ‘with means whereby it

may be adjusted to respond to any predeter-
mined strength of current in the motor-cir-

cuit and may be set to operate between very

narrow limits and also with means for retard-
ing the movements of the relay.
My invention further consists of improve-

ments in the multiple controlling switch or
relay aund the controlling devices theretor,
whieh will be hereinafter described, and spe-

citically stated in the appended claims.
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In the accompanying drawings, Figure 1
illustrates dlaﬂ'mmmammllv as much of -the
equipment of a single car in a train-control
system as 1s necessary to ilJustrate my inven-
tion. Fig. 2 is a sectional elevation of the
p:etencd form of my improved combined
checking and overload relay.
tional plan view of the relay, taken on line 3 3,
Fig. 2!
motor-controller contact equipped with aux-
111*113 switches, and Fig. 5 1s a perspective
view of the ‘I,UXIIIH,I‘V swwches and the mount-
ing therefor.

Referring now to Fig. 1, the separately-
actuated contacts of the motor - controller,

“which control the operation of the motors M'

20

-~ ductor 5, if so desired.

and M* are indicated by T, T% R  to R’ 1
cluawe, S, 'md P P. The contacts T T are
known as ‘the * *line-contacts” and control the

connection between the trolley or collector

shoe T' and the conductor 5. The frame on
which the contacts are mounted 1s constructed
of conducting material and may form thecon-

R* inclusive, control the connections between
sald -conductor 5 and the motors and regulate
the amount of resistance connected in the mo-

tor-circuit and - will hereinafter be known as

30

‘* resistance-controlling ” contacts. "The con-
tacts R* to R, 'incluc;we will also be known
as ‘‘resistance- Varwmr” contacts.
sistance-sections which are ada,pted to be con-
nected in the motor-circuit are- represented
by 6 to 12, inclusive, and are combined to
vary the motor-circuit resistance in a manner
to be hereinafter described.
and P P control, respectively, the series and

'pamllel connections for the motors M' and

45

55

Go

.65

M*,
contacts are connectul to the train-wires 1 to
4, inclusive, through-the antomatic actuating
mechamsm to be hewma’rtor described. llm

‘master-controllers C and €', located at any de-

sired points on the car or train, arecalso con-
nectetl with the train-wires 1 to 4, inclusive,

which are connected to cor roslmndinw train-
Means -

wires in the other cars of the train by me
of the couplers B.- One of the mt.,htel Con-
trolling-switches € is shown in development
in a manner customarily usced in 1Hustrating
such a structure and comprises contact-hingers
1 1o 9", inclusive, and lhe contact-segments
1", 2", 1¢. 9% and . 3" to 9", inclusive, carried
by the mov: able mmnhm of said switch., The
series positions of sald master Gunhullmtr-
‘SWItLh are represented by the dotbed lines «
5 and &° &, and the p;ufl]hil hositions are rep-
resented by »' 2 and »° . The actuating-
coils of the contacts-of the motor-controller
arc adapted to be connected 1n an actuating-
cireuit, and then as the said contacts are sue-
(,L,ﬁ;'sueh operated the coils are shifted over
Into a m aintaining-circuit, while the actuat-
ing-circuitis {:Omplotml throueh the nctuatine-
coil of th(, next Lunttc,bﬁn :ulv;m(' - This is

Fig.3 1sasec~

Fig. 4 15 a sectional elevation of a

The contacts R’ to

The re- |

The contacts S

The actuating-coils of the controller-

i -

e, WA LA = . e i ol - e

r

relay.
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' accomphshed by means of aumhary switches

operatively connedted to thecontroller-con-
tacts.d The actuating-circuit operates in pa,rb
through the auxiliary contacts 13 to 27, in-
clusive, which are controlled by the au xﬂlary

switch members d and &', carried by the con-

tacts R’ to. R’, inclusive. After said actu-

-ating-coils have operated their respective con-

tacts they are connected in the maintaining-
circuit which operates in part through the
auxiliaty contacts 28 to 39, mcluswe con-
trolled by theauxiliary smtch members d* and

d®, carried by the contacts R’ to R’, inclusive.

(Jertam of said auxiliary contacts araincluded
in both of said circuits durlng cerfain parts
of the automsdtic progression of the contacts.
The auxiliary switch 40, operatively connect-
ed with the contact S, is located in thé circuit
which includes theé actuating-coils of the par-
allel-contact P P and prevents the closing of
said parallel circuit while the contact Sisop-
erated.. The auxiliary switeh 41, opera,twelv

connected with on+ of the contacts P, is con-
| nected in the umurt which iticludes the actu-

ating=coil of the series contact S and prevents

the operation of said .contact S. whenever the

parallel contactsareoperated.. The auxiliary
contacts 53 and 64, conbrolled by the auxil-
1ary switch members d% on the motor-con-
troller contacts R® and R, réspectively coop- .
erate with the duxiliary sw1tch 55, carried by

onc of the line-contacts T" to prevent thecom-
pletion of the motor-circuit in: serles and 1In

pma.llel unless the line-switch is closed and
the motors are properly protected: by. resist-
ance—-—that s, unless the first resmtance-?&ry-
ing contact isopen.
for thé purpose of cutting down the current
flowing through the actuating-coils of theline-

contacts TV TV, The resistances +*-to r", in-

clusive, are adapted to be inserted in thelr re~

spective contro-circuits to compensate for the
resistance of the actuating-coils, soas to main-
taln  an apprommatelv constant cuarrent

- strengih in the controlling-circuits through-

out. the, progressive operation of the control-
ler-contacts. The resistance 4~ is larger than
the remaini ng reststance-sections,since it com-
pensates for a o, eat number of acfuFling-
coils. . The combined checking and ovetload
relay is represented by K, the actuatmcr’ ‘coil
of said relay heing connected inthe actuating-
circuit in series with the contacts 44 of said
The actuating-coil 43 is adapted to
open the actuating-cireuit, and consequently
1ts own cu'cml:., atb “the contacts 44 whenever
the said coil is energized. The overload or

| mmnmmmw coill 42 of said relav E is con-

nected in the motor-civeuit in series with the
motors. . The relay Kas provided witha lost-
t1otion (l(‘VlLl‘ (indhicated diagr ft,mm;t,tu,a,llvltt
70, Kie. 1, but shown moreclearly in Fig. 2,)
.wlm*h ll.“UWH the core tomove a ('{Hl‘»lfl{"hllllb
distance irto the coil 43 hefore the e freuit
thiroueh said goil 15 broken at the contacts 44.

The resistance 7 isused
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- 10 ‘Eﬁ% current in che motor-circult falls helow a

' the auxiliary. contacts 60, controls. the con-

the meula.tmg barsorsupports81.

40
~ open position when moved into said position
by the éngagement of .the collars 76 and 77,

- 'The said spring also serves to- produee 4 snap
~action of the contact-fm gers 80 In opening and

- tension 75 is screw-threaded, and weights 85+
~ are held in position on said extension by Meansey

" 'This. may be nade: in the form of a disk of !

".-sllf hely-larger diameter tlmn the core T4 and | wmotor control is as follows: When the master:

| mounted on the upper endl of said core.

635

‘ling-relay which controls the operation of the

- the multlple and. s
20

.the preferred formof my improved combined

 ‘brackets 72 and.73..
said relay operates. through an opening in the

- bracket 73-and has, formed on its lower end
~ or shoulders. 76 and. 77.
| the extension:75 passe?) sald arn: being pivoted
‘the . U-shaped 3

the purpose of adjusting the relay so that it
< will reSpond to different current strengthsin
. the motor-circuit and also to retard the up-

'Vlded for pr oduelncr a slow downward move-
-ment of the core 4. Surrounding the upper
“end of the. movable core 74 is a buslmw of
grephlte orl}tller self-lubricating material 74, |
~ which fits snugly the tube or “evlinder 74" §

l

798,342

he lost-motion . device allows the actuating- [
“circuit to be energized for an appreciable |}
length of time before it is opened, and thus
ellowq suﬁelent time for one of the controller-
contacts to -be operated.  The actuating-coil |
46 of the qndquoad-relev K is connected in
the motor-circuit in shunt to the field of the |
potor M® and is adapted to open the said ac-
imetmg-elrcult at the contacts 45 whenever
predetermined value. The multiple control-
seriesand multiple contacts of the motor-con-
troller is. represented by H, and its actuating-

coil 47, the energization of whleh is contr olled
by the motor-controller contact R’ through

tacts 48, 49, and 50, whlch are conhected in
series control-circuits in a
manner to be hereinafter described.

In Figs. 2 and. 3.1 have shown a sectional
elevatlon and sectional p]an, respectively, of

checkmcr and overload relay The actuating-
coil 43 and the:overload or retaining coil 42 |
are supportéd on the panel 71 by means of the
| The movable core 74 of

an extension 75, whlch carries the two collars
“Said- collars. are-
adaptéd. to erigage. the arm 78, through which-

-The arm-78 carries
contact-hntrere 80, which are-
adapted to engage the contacts 44, mounte(l on -
Thespring
82 is adapted.to engage the respective faces
83 and 84 so as to maintain the avm 78 and
cohtact hngers 80 in either their closed or

to the bracket 73 at

pectwely, with the outer end of the arm 78.
closmg the switch. * The lower end of the ex-

of the thumb-nut 86. These weights are for

ward moveinent of the relay plunger or core
to & slight extent - Other means, such as ad-
justable sprmus, may, if desired, be used in

place of the weights 85. Meansare also pro-

.r\ll ;
epenmu* 2" ; is formed thr ough the fixed core

g

72% and at the upper end of this opening is
formed avalve-seat on whlch rests a ball-valve
79¢, with aneans, such as an adjustable cross-
bar 794, for 11m1t1nﬂ' the movement of said ball-
valve from itsseat. A dash-pot action is thus

produced by the movement of the core T4,

allowing said core tomove upward fr eelv,smee
the valve 72° is forced from its seat during

jo. -

such upward movement, but retarding the -

downward movement of said core, ThlS re-

tarding action gives the desired time interval

between the time the coil 43 is deénergized
by the opening of its eir eult at the contacts 44

.and the time the coil 42 is sufliciently ener-
It also serves
o prevent twomotor-controller contacts from
being operated in rapid succession 1n case the

oized to hold the relay open.

everlead coil 42 fails to operate.

Referring now to Kigs. 4 and 5; in whlch 1
have illustrated one form of motor-controller
contact equipped with auxiliary switches, the’

75

8o )

actuating-coil is indicated by 88 and. is held -
rigidly in place on the frame 39 by meens,ef DR

the brackets 90 and 91."
formity in ‘the designation of -corr espondlnﬂ'

For: the sakeof uni-
9o -

partsof the motor-controller contactand aux-

‘iliary smtches Lwill consufler that the contact -

shown in Figs. 4 and 5 is the sameé as that in-
dicated by R¥in the diagram in Fig: 1. The -

| core 92 of the said motor-controller-contact is

pivotally attached at-93 to the lever-arm 94,

pivoted at 95 on the bracket 91.
end of the pivoted arm 94 bas

95

The outer
wotally at-

teehed thereto.at 96 a contact-arm- 97, which-.

is adapted to engage with the fixed contact 98,
contained within the blow-out chute 99. The'
contact-arm 97.is maintained in such a posi-

I0G

tign relative to the pivoted arm 94 that 1t will .

yield against the action of the spring 100 when
said contact-arm en oages the fixed contact 98.
Carried by the plvoted arm 94 is an insulating-

block 101 whieh has mounted thereon spring

eentqet—ﬁnﬂere d, d', d* and &°, the fixed ends
of which are Ieepectwely eennec,ted with the

contact-terminals 16, 15, 53, and 28, respec-
tively, on said block 101 and the free ends of
which are adapted to engage the contacts 16, .

105

I1I0Q

15, 53, and 28, 1espeet1vely, mounted on the |
meulatmw—bleek 102, carried by the braekqt- i

91. The said spr mtr-pleseed fingersd d d*«

rt (15

are so arranged that when the actuatmg—co.l .

88 of the contact is energized so as to raise
1 the core 92 the cont‘tct—ﬁntrers d and d* en-
cage the contacts 16 and 53 on block 102. re-

spectively, before the contact-fingers ¢ and
i* leave the contacts 15 and 28 on block 102,
1eepeet1velv.. the last-mentioned contact fm-
gers being in engagement with their respec-
tive contacts 15 and 28 when the coil 88 isde-
energized, but moved out of -engagement with
sald contacts when the said coil is cnergized.
The operation of my improved systuu of

controlling-switeh Cis moved mto its first op-
erative position, {(indicated bv 5 8 )a, control-

120

125

130 -



" contact-segments 9" and 8", conta,ct—hngem g™

4

circuit ‘is completed from. the trﬁollcy or col- | contact R®and the auxiliary switches attached
theretos. but the relay E operates sufficiently
rapid to open the actuatin g—-mrcmt to prevent

lector shoe T through the contact-finger 92,

and 7%, contact-seoments 7> and 6°, contact-

| ﬁngers 6* and 5%, train-wire 4, conductor 51,
actuatmfr-cmls of the contacts T T, re.slst-"
ance 7', to ground at G".-

A second ccntrcl-

~ circuit ‘is completed fr om the ccntact—hno'er

10

L Ig

- diately afterward the contact R and the series
contact S are closed to complete a circuit
through. the motors, -as follows:
‘trolley or collector shoe T through the con-
tacts ‘I TV in parallel, conductor or frame 5,

20
25

30

5* throuch the contact-scﬂ'mcntq 5°, 4", and 3"
ccntact—ﬁnfrcr 3", train-wire 2, contacts 50, ac-

,_tuatmﬂ'-cmlcf the contact S, aumhary switch
41, conductor 52, actuatin -:r-ccﬂ of the contact

R",'ccntacts' 53, controlled by the motor-con-

~ troller contact R, conductor 54, resistance 7%,
contacts 55, controlled by one of the contacts

T, to crround at G°. ~ It will thus be seen that
thc llnc-contacts T" T are closed, and imme-

from the

contact R', resistance-sections 8, 9, and 10,
maintaining - coil 42 of the relay E, motor
M’, contact S, motor M®, to ground at G'.

A_circuit is also completed in shunt to the

ficld of the motor M* through the conductor

56, the actuating - coil 46 of the. underload-
relay I to ground at G°, thereby closing said:

underload-relay. - The circuits remain as just

described until the master controlling-switch |

- C is moved into its second series position (in-

- 35

40

45

~resistance ',

50

.-F_}

dicated by &° s°.) In said second position an

additional control-circuit—--viz., theactouating-

circuit for the resistance-varying contacts of
the motor-controller--is completed from the
contact-finger: 3" through contact-tinger 2,
contact-seegmonts 2" and 1", contact-tinger 1%,
tirain - wire 1, contacts 45 of the underload-
relay K, contacts 44 of the relay B, actuating-
coil 43 of said relay, conductor 57, contacts
13, controlled by the contact R, contacts 16,
controlled by the contact RY, through the ac-

tuating-coil of said contact R, thence thmutrh

the contacts 31, resistance 2%, ccntacta 33,

¢ontacts 35, resistance »'", con-
tacts 37, resistance +7, contacts
¥, conductors 58 and 59 to ground at (%,
thereby dpcr:tting the contact R of the mo-
tor - controller. - The closing of

- R eauses said actuating-circuit to be hroken
-~ at the contacts 16, thits cuttine the coil of

- 55

6o

653,

contact R* out of the actuatine-cireuit. The

actuatine-coil of the contact R is at the same

time ccnncctml in the actuating-cirenit as fol—

lows: through the contacts 15, resistance /7 K

contacts. QH wtmtlmf—cc:l of the contact I¥,
contacts 33, resistance 1 &e., t
(3%, as before deserthbed.  Simultancously with
the energization of the actuating-coil of the
contact R the actuating-coil 43 of the relay
I s encrgized, but, due to the lost- motion
device 70, the actuatine-cirenit in which hoth
suil (mls are connceted s not broken until

the coil of contact R has had time to operate

39, resistance.

the contact

‘tuating - coil of the contact R,

| process is called *

—— oy kel rd

. 798,342

the contact R® from operating. The opera-
‘tion of the contact R*alsoopensatthe contacts
53 the maintaining-cireuit which was before
traced from the conductor 52 through the ac-
throu h the
contacts 53, operated by the contact R3

-eoround at G and immediately thereafter cuts

70

'.75

its own actuating-coil 1nto the maintaining- . -
circuit, which is completed as follows: from -

conductor 52, through the actuating-coil of-

the contact R', the contacts 28, the actuating-
coil of the contact }3.".“r thence through the con-
tacts 31, resistance »*, &ec., to ground at G*,

actuating-circult at the contacts 44 of relay
E then through the contacts 30, actuating-

8o
as before traced, or .prcwded the contact RI"‘: |
has been cperated by the completion of the

coil of the contact R®, contacts: 33 resistance .
»"! to ground at G*, as before descrlbed The

aumharv smtches are so arranged, as shown

in Figs. 4 and 5, that the contact-fingers &

and. d° engage ‘the contacts 15" and 28 re-

leave the contacts 16 and 53, rcspectwcly

90
spectively, before the contact-fingers'd and ar,

The relay E is maintained in such & position’

as to hold the actuating-circuit open and ‘pre-"' ,
vent the automatic progression of ‘the con<
troller-contacts so long as there is‘an excess

95

of current flowing through the maintaining-
coil 42 of said Ielav, WhICh may be set to re- - -

spond to ditferent current values by adjusting -
the numberof weights 85 that are addéd tothe-

100

core extension 75, Fw 2.” Therelayisalsore-

tarded inits dcwnward movement by the dash-
pot mechanism above déscribed. After the.
contact R’ 1soperated by theclosing of the relay.

Ii the relay is again opened and is'maintained
in 1ts open position until the current again

falls to the desired amount in the moter-cir-.
At this time the said relay closes again

cuit.
and allows the next successive contact R® of

the motor-controller to operate,the relay open-.

105

TIO

ing immediately thereafter, thus agnin break-

ing the actuating-circuit and checking tempo-

rarily further progression of said contacts. -

“Therefore the contacts, including the contacts -
R, R", and R, are cperated siiceessively and.

‘mtmmtically in a step- -by-step manner. This

of uccclcmtlon of the motors may be varied

‘notching up,” and the rate

by varying the number of weights 85 and ad-

justing ‘the dash-pot valve, thctcbv Varying:

120

the rapidity with which the rehw E will oper- .

| ate to produce the successive notching-up
o erotind ut

steps.  Simultaneously with the operation of
the dast contact of the motor - contrcllcr—-—-

naumely, the contact R*-—the contacts *80 are
i ln deed across Ly, the anxiliary switech mem-

her " _carried by said contact R’ in such a

- manner as to allow the actaating-coil 47 of the

multiple controlling-relay H to be actuated

when the master controlling-switch is moved 130

125
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- multiple position.

5

IO

20

- 61, contacts 60, conductor 62, actuating-coil
470f said relay H. conductor 59 to ground at
G".  The said relay H breaks the series con-
‘trol-circuit at 50 and completes the parallel

35

40

55

~ position, (indicated by »* »%) the circuits as

6o

63

798,342 | | 5

into its next operative pdsition ~hamely, the ! R*, contacts 18, controlled by contact R',

However, the relav H can-

L

not be operated until the master-controller is
moved into its multiple position.  When the

!
I
1
:

first multiple position, (indicated by I’ 1) -

the control - circuit through the @ctuating-
cotls of the line-contacts/T' TV is maintained
as before. Instead of breakine the main-
tatning-cireuit, which passes throueh the ae-

tuating-coilsof the controller-contacts, includ--

Ing the actuating-coils of the contact R’ and

through the actuating-coil of said contact RY,

- through contacts 31, resistance /%, 1[:011hflucltl:st
f . - , . ‘ E <y . . (
93, resistance »'', contacts 33, resistance +",

master controlling-switeh (!is moved into its

contacts. 37, resistance /*, contacts 39, resist-
ance +, conductors 58 and 59, to eround at

G The contact R is: therefore operated,

thereby opening at the contacts 64 the main-

the series contact S at the master controlling- -
- switch, it is broken at the contacts 50 of the

5 multiple controlling-relay H, thereby reduc-

Ing arcing at the master controlling-switch.
The multiple controlling-relay H is operated
hy the energization of a circuit which is com-
pleted as follows: from the contact-finger 5
through contact-segments 5" and 4", contact-
finger 4°, train-wire 3, resistance ,*, conductor

control-circuit at the contaéts 49, The latter

civcuit may be traced as follows: from the
train-wire 3, through the contacts 49, auxili ary

- switch 40, controlled by the series contacts,
3°

contacts 64, controlled by the actuating-coil of

the contact RY, through conductor 54, resist-

allel contacts P P'and the contact R* are there-
by-operated and the motors are connected in

parallel, the circuits through said motors being
as follows: fromthie trolley.or collector shoe T

through the contactsT" T’ in parallel to conduc- |

tor &, thence through contact R, resistance-
sections 6 and 7, maintaining-coil 42 of the re-
lay K, motor M, one of the parallel contacts P
to ground at G, also from-the connection 65
through’the other contact P and motor M? to
ground atG’. Themultiple controlling-relay
H is maintained by the coil 47 in the position

into which it is moved when'the master-switeh-
- Cis moved into its patillel ‘position. - The cir-
cuit through said coil is maintained th roughthe |
contacts 48 after being bréken at the contacts

60 by the opering of controller-contact R*.
The current for said maintaining-ci reult flows
from the train-wire 3, throuch the resistance

7", contacts 48, actuating-coil 47, conductor .

99, to ground at G*.  When the master con-
trolling-switch Cis moved intoits final parallel

just described will be maintained and in addi-

_ tlon an actuating control-circuit will be com-
pleted from the contact-finger 3%, through .

contact-finger 2%, contact-segments 2° and 1°,
contact-finger 1%, train-wiré 1, contacts 45 of
the underload-relay K, contacts 44 of the re-
lay E, actuating-coil 43 of said relay, con-

ductor 57, céntacts 14, controlled by contact i

o

taming-circuit through said contacts and the
contacts 55 and at the same time completing

70

75

the maintaining-cireuit: through the contacts

W

. 29, contacts 31, resistance »*, &e., to ground

at. (v, as hefore deseribed, so as to include

“the actuating-coil of the controller-contact R

in the maintaining-circuit. The actuating-
circuit 1s opened at the contacts 18, but is
simultaneously -closed at the contacts 17, so
as to cut the actuating-coil of R out of and
Insert the actuating-coil of R®in the actuat-
ing-circuit. - The successive opération of the

contacts R, R’, R", R* and R’ is as has been .

heretofore ~deseribed,: the actuating - circuit
being subject:to the operation of the relay E

3o

as during acceleration in series.  The ahove

complete.cycle of -operations, first in series,
then inparallel; will always take pldace even

though  the master-switch is moved directly

from its off position into its full-multiple po-

handle: of the:controlling =switch: into . full-

9o

| 1 by 1 erl ntacts, | sition. . If- the motorman should throw the = |
actuating-coils of the parallel contacts P P.. ch’
- conductor 63, actuating-coil of the contact R%,. | multiple: position 7 p* without “pausing at -
' the series position «* «, the multiple control-
54, resist- | ling-relay H would :be operated automatically
ance ¢, contacts 55 to ground at G*.  The par--

95

when the:lastcontact of the motor-controller—

namely,: the. short-circuiting contact R?—is

I00

operated.” The cycle of operations’ automat-

1cally performed. in such case is first to elose

‘the line-contacts,-then to‘put the motors in
series relation,- successively operate the re-
| ststance-varying contacts of ‘the controller to

reduce -the resistance .in the motor - cireuit,
then to ecnergize the multiple governing-relay

H so as to interrupt the maintaining-circuit,

thereby allowing 11-11..*tlie‘_contac§s cxcept the
line-contacts to assurme their initial position
and open-circuit. the motoks, also to actuate

resistance, then to operate the parallel resist-
ance-varying contacts successively to cut out

- the resistynce from the. motor -circuit, and

finally copnect the motors in parallel with all

the resistance cut -out.: “The entire cycle is
{-subject to the automatic control of the com-
-bined checking and overload relay K which

» !

interrupts, the actuating-circuit immediately
after said.circuit is completed and maintains

1

sald pactuating-eircuit interrapted until the

current in-the motor=circuit falls below a cer-
tain predetermined limit. - - -

By constructing the ¢hecking and overload
relay as before described I am enabled to pro-
duce a very efficient and sensitive device
which is positive in its action and may be ad-
justed to retard the acceleration of the Mo-

103

II1O

the parallel contacts, and thus place the mo- -
tors in.-multiple relation in circuit with the

115

120

f25°

130

------

a .
™ ¥ e e

[

il W e e B R WA E el —Tw

- omm w =i et g gt e Sy PP



.

. 45

" tors to any desired demee

- that the said relay combines the function of

two independent reldys and is much more
sensifive than twoindependent relays, because
it 1s merely necessam for the cunent in the
motor-circuit to increase in strength suffi-

. cient to maintain' the relay in-its open posi-
~ tion and does not-require said current to in-.
. c¢rease to such a strength as would be neces-

10

".;fs_

20

o sary to operate the relay from its closed Po-

sition. . The relay is opened by the energiza-
tion of the actuating-coil 43, which itself is

in the a.ctuatmﬂ'-mrcmt and operates to open .

1ts own circuit. - ;
The. controller-contacts -R* and R’ whmh

both act to short-circuit the mator-clrcu it re-
_sistance, are operated in succession instead of

simultaneously for the purpose of .allowing

"the motors to reach a speed correspending to
> the final series position during-the automatic

acceleration through series and-‘parallel be-

-fore the relay H operates to connect. tlle mo-

tors in parallel.
- ‘The underload-relay K dets to open the ac- B
t.uatmg-mrcult whenever the current in the |
"~ motor - circuit falls below a predeterinined

~ amount’or there is an entire loss of voltage.

30

35

40
-ergize the tirain-wire 1, then if the motor-cir-
* cuit on the second car becomes mterrupted
and no underload-relay, such as I, is pro-.
" vided the current from the first car will pass
to the second car thlough train-wire-1 and
* energize the actuating-circuit of the second
~ cay, and the relay E' will open and close as

. 8O

- cuit on the second car is again completéed the
~said car will tend to move much more rapidly
than the first or other cars on the, train. | actuated by the current in the actuating-cir-
55

Its main function is to prevent the rapld bro-
: gression of the controller-contacts on & ¢arof
the train othier than the car upon which the

madter-controlleri is being operated in case the.
" mofor - circuit on ‘that car should become.
‘broken or interrupted by-the jumping of the

controller-shoe or the. loss :of current due to

the shoe striking some insulating material on |

the power-conductor Suppose the car 1llus-'
trated in Kie. 1 is the second carof & tra.m
and the‘master-controllerq on that car are’in
their.** off » positionand the master-controller
on the first car isin su¢h a position as to en-

rapidly as the dash-pot will permit 1t, since
the coil 42 is inoperative. 'lhe cont,rollar-'
contacts will thérefore operate in relatively
rapid succession, so that when the motorkeir-

6 T _ - *'7931342,'

It will be ééen T hng the contacts in the motor-cireuit, a,ctuat—'

ing -and maintaining circuits. for the actuat-

1ntr-c01ls a master-switch for connecting and
diswnnectlnn' said circuits and a source of
supply of current, means adapted to include
the actuatmn'-cmls in one of said circuits and
to shift each cml when it has operated. its con-
tact to the other circuit, and an. antomatic
switch actuated by the current in the actuat-
ing-circuit and maintained in 1ts ¢ actuated po-

“sition by means of the current, in the motor-
circuit, said automatic switch bemg adapted

to interrupt. the actuating-cireuit.
9. In a motor-control system, the combina-
tion of a number-of actuating - cmls control--

'lmr-r the contacts in the motor- cireuit, actuat-
ing and maintaining circuits for these con-’

70

75

80

tacts, and an automatic switch for interrupt-

ing the actuating-circuit actuated k y the cur-

rent; ﬂowmtr thmuu'h said actuating-circuit.
and maintained in its actuated position by the

“eurrent in the motor-circuit, -

3. In a motor -control system, the combina- -

tion of a plurahty of actuating-coils control-
ling the contacts 1n the motor- CIr(,lllt, actuat-

ing-coils, means adapted to include the ac-

cuit and mamtamed in its actuated - position
by the current in the motor-circuit. *

tion of & plurallty of actuating-coils, control-

coils, means adapted to include the actuating-
coils in one of sa.ld clrcults and-to shift each

coil when. it "has operated its contact to the
other circuit, and a combmed checking and -

overload- automatlcallv-actuated relay oper-
ated by the current flowing through the ac-
tuating-circuit to open said actuat‘,mg—mrcmt

the curréent flowing throu h the motor-circuit
until the strength of the current in ‘the motor-

-'clrc,mt falls below a predeterinined amount.
In a motor-control. system, a motor-con- 115

troller of the separatelv—actuat.ed contact type,
an actuating-circuit ard a maintaining-circuit
for the contacts of sa,ld controller, a relay -

4. In a motor-control system, the combina--

This condition is very undesirable and dan- | cuit and ada.pted to open said actuating-cir-

~ gerous and Is entnely avo:ded by the use of | cuit and to be maintained in its open. position

¢ relay K.

60

I aim to cover in Lhe clalmq hereto appe nd- load relay adapted to open smd actuating-cir-

Qo

‘ing and mamtammg circuits for the -actuat-.

'- tuatmg-cmls in‘one of said clrcmts and to shift -
each: actuating -coil when it-has operated its
cont¥ct to the. other circuit, and-an automatic
‘swit. h for interrupting the actuating - -circuit
actuited by the current in said actuatlng-clr-

100

ling contacts in the motor- clrcult actuating
and.maintaining circuits for these actuating-

110
and maintained in its, operated position by

12C

by current in the motor-eircuit, and an under-

ed all modifications and alterations whlch do |.cuit when the current in the motor -clrcult .

not involve a departure from the Splrlt a,ndk' falls below a predetermined amouit:
scope of my invention. . '

What I claim as new, and desire to secure tion of a plur ality ‘of a.ctuatmg—cmlfs control-
by Letters:Patent of the United States, is— | ling the contacts in the motor-circuit, & mas-

. ‘1. In a motor-control systém, the combina- ter-&mtch, a plurality of circuits from the
05 tmn of a. plurallty of actuatmg-cmls control- . master-swnch to the actuatlntr-éoﬂs, pmt of

12§

6. In a motor-controlsystem, the combina-

1301 L.

95 .

Tt s e e el Al ST o R NI S



10

15

20

.25

30

40

o

5§

60

65

798,342

~said circuits being arranged to suceessively
‘actuate said contacts, the other part of said
circuits being arranged to maintain said con- |
tacts after being actuated; and an automatic
switch ‘actuated by the current in said actu-
ating-circuit to open .said actuating - cireuit,

and means operatively connected to satd an-

tomatic switch and operated by the current in |

the ‘motor-ci rcuit for maintaining ‘sa.ii:_i~ auto-
matic ‘switeh open until: the current in the
motor - cireuit

amount. Vi

A In e motor-control system, the combina-
tlon with a plurality of successively-operatin o

contacts, of actuating-coils for said contacts,
a multiple controlling-relay, an actuating-coil

for  said relay, means actuated with one of

said ‘contacts arranged’ to control the cireuit
through the-actuating-coil 6f said wmulti ple
controlling-relay, and a’ master controlline-
switch-adapted to com pléte the cirenitthron oh

the actuating-coil of said multiple controllineg-

has been operated. - R

8. Ina motor-control system, the combinn-
tion with a plurality of successively-operating
contacts, of actuating-coils for said contacts,
a multiple controlling-relay, an actuating-coil
for said relay, a master controlling - switeh
having contacts in its multiple position or po-
sitions. for controlling said relay -actuatin o
colly and means actuated with one of said sue-
cesslvely-operating contacts
with the contacts of said master controllinge-

relay after the.contact controlling said relay

switch to prevent the operation of said multi-

ple controlling-relay until the master control-
ling-switch is moved into one of its multiple

positions. S

4. In an automatically-accelerating motor-
contral system employing a motor-controller
of the separately-actuated contact type, an ac-
tuating-circuit..and an-electromagnetic switch
for opening said -actuating-cireuit to check
the automatic progression of the contacts of

‘the motor-controller, the contacts of said elec-

tromagnetic switch being connected in said

actuating-circuit in series with its own actuat-

Ing-cpil, whereby when ‘the electromagnetic
switch 1s operated the cireunit through its ac-

tuating-coil is broken.
10, Inanautomatically-accelerating notor-

control system: employing a motor-controlier

of the separately-actuated contact type, an ac-

buating-circuit, an electromagnetic switeh for
opening sald -aetuating-circuit to clieels the

automatic progression of the contact: of the

motor-controller, the contacts of said switeh

being conneceted in said actuating-circuitin S6-
ries with its own actuating-coll wherebhy wlien

sald switeh is operated the circuit through its
“actuating-coil is broken, and an overload-coil
connected in the motor - circuit adapted to

maintain sald switch in its open-position after
its actuating-coil lhas been detnergized pro-
vided the current in the motor-cireuit is

falls-below a predetermined

adapted to coact |

)

-above a predetermined maximum and to allow

the said switeh to close when the eurrent in

the motor-circuit falls below -the predeter-

mined maximum.
- 11. In
control system employing a motor-controller

an automatically-accelerating motor- -

of the separately-actuated contact type, an ac--

tuating-circuit, an electromagnetic switch for

opening said actuating-circuit to check the
automatic progression of the contacts of the

75

motor-controller, the actuating-coil . of said
switch being connected in said actuating-eir-

cuit in series with the contacts of the switch

whereby when said switch is operated the cir--

cuit through its actuating-coil is broken,, an
overload-coil connected in the motor-cireuit

8o

and adapted to maintain said switeh in its open -

position after its actuating-coil has been de-

energized provided the current 1n.the ‘motor-

circuit is at or above a predetermined maxi-
mun, and an underload-relay adapted to open
sald actuating-circuit when the current in the

motor-circuit drops below a predetermined -

maximun. -

12: Inasystem of electric control, the comn-
bination with a motor-circuit and means for
varying the resistance in said motor-circuit,
of a relay comprising a coil, a core, contacts

2o

connected by a lost-motion device with said -

core, and. contact-terminals with which .said

13. Inasystem of electric control, the com-
bination with a motor and means for varying

comprising a coil, a core, contacts connected

contacts engage, sald contact-terminals being-
in eircuif with the actuating-coil of said relay,
‘the whole being constructed and arranged so
‘that when the coil is energized the core moves
‘a prédetermined distance before breaking the
eircuit througeh said eoil. ]

100

the resistance in said motor-cireuit, of ‘a relay
10§ =

by a lost-motion device with said core, and -

contact-terminals with which said contacts en-

gage, sald contact-terminals being in circuit .
with the actuating-coil of said relay, means .

for causing said contacts to open and close

110

withasnapaction, the whole being constructed

and arranged so that when the coil is ener-

gized the core moves a predetermined dis- - -

tance before breaking the cireuit through said:

co1l.

14, In a system of electric control, the com- .
bination with a motor-cireuit and means.for

varying the resistance in said motor-cireuit,

of a relay comprising a coil, a core, contacts
_ v a’'lost-motion device with said -
core, contact-terminals with

donnected b;
which said con-

F

I1§

tacts engage, said contact-terminals being in. ..

ctreuit with the actuating-coil of sald relay,
the whole being constructed and grranged so
that when the coil is energized the core moves-

a predetermined distance before breaking tiye: =

cireuit through said coil, and means i

ndepend-
ent of the actuating-coil for.maintainingsaid
- contacts in their open position after said aov
abt or | tuating-coil has been deénergized. =

L]



i5. Ina system of electrlc control the com- |

bmatwn with a motor-circuit and means for
_varying the resistance in said motor-circuit,

~ of .a relay comprising a coil, a core, contacts

5

connected ‘by a lost-motion device mth sald
core, contact- términals with which said con-

tacts enigage, said contact-terminals being in

eirenit‘with the actuating-coil of said Ielay,_
“the whole being constructed and arranged so

15

that when the ¢oil is energized the core moves
a predetermined distance before breaking the
circuit - thioﬁﬁ‘h said coil, and a magnet-coil
connected in- the motor - circuit adapted to
maintain said contacts in their open position
after said actuating-coil has been deénergized

~ whenever an excess of current flows thr ough

- said motor-cireuit.

r{e

25,

16. A relay comprising an actuatmtr-cml

movable contacts operated by said actuatmu‘-_

coll, contacts 'in eircuit with the said actuat-

,. mg—cml engaged by said movable contacts,
~and means for allowing a free opening move-

ment but retarding tlle closing movement of
said movable contacts.

17. A relay. comprising an actuating-coil,

- movable contacts pperated by said actuating-

coil, contacts in circuit with the said actuat-

mg-cml engaged by 'said movable contacts,

and ‘a dash-pot for allowmg a free opening
moveément but retarding the closing move-

- ment of-said movable contacts .

18." ‘A.relay comprising an a@tuatlnﬂ cml
movable: gontacts opersted by st actuating-

: coil, contaets in circuit with the said actuat-

35

ng‘-cml engaged by said movable contacts, a

- dash-pot for allowing-a free opening move-
" ment but retarding the closing movement: of

said movable contacts, and an independent

- coil for holding said confacts open.

49

19, A relay comprising -an actuating-coil;

- 8 corg, movable contacts coninected with smd
corpand operated by said actuating-coil, con-

- tactsin circnit with the said actuatmg-cml en- -
--gaged by said-movable contacts, and means
45

for allowing a free opening movement but re-

- tarding the closing movement of said core,

59

said means comprising a dash-pot the cylinder

of which is’'surrounded by the actuating-coil

‘and the plunger of which is opelatlvelv re-
Jated to the core, and an adjustable valve in

;‘“Sﬂld cylinder..

20. A relay cdmpmsmg an actuating-coil, a

core, movable contacts: connected with said

35

core and operated by said actuating-coil, con-

tacts in circuait with the said actuatmtr—cml

. wzth which said movable contacts engage, and

- means for allowing a free opening movement

but retardmg the closing movement of sald_

798,342 "

core, sald means comprising o dash- -pot which

18 formed of the cylinder on which the coil is

mounted and a plunger attached to said core,
said plunger being pr omded with a graphlte
bushing.
91. A relay comprlslnﬂ'an actuating- 0011 a
cylinder on which said coil is mounted mov-
able contacts operated by said actuating-coil,
contacts with whichsaid movable contacts en-
gage, a core forming the plunger of a dash-

_pot and operating. within said cylinder, and .

an adjustable valve in said dash-pot cylinder
which allows a free opening movement but
acts ta retard the closing movement of said
contacts.

22.. A relay comprlslnﬂ' an actuating- coll 31
cylinder on which said coil is mounted mov-
able contacts operated by said actuatmg-cml

contacts with which said movable contacts en-

gage, a core forming the plunger of a dash-
pot and operating’ within said cylinder, an
adjustable valve in said dash -pot cylinder
which allows a free opening movement but
acts to retard the closing movement of said

6o

70

36

contacts, and means whereby said movable -

contacts when neallv closed close with a snap
acblon

93. A relay COH][)I‘ISII]'T an actuating-coil, a -

cylinder on whieh said coil is mounted, mov-
able contacts operated by said actuatmg-—cml
contacts 1n circuit with said actuating-coil

with which said movable contacts engage. a-

core forming the plunger of a dash-pot and
operating within said cvlmder an adw stable
valve in said dask-pot cylindér which allows
a free opening movement ‘but acts to retard

‘the closing movement of said contacts, and o
maintaining-coil independent of said actuat-

ing-coil adapted to hold said contacts ir their

open position whenan excess of currentflows

through said mamt‘umng-cml

24. A relay comprising an actuating-coil,
movable contacts operated by said fwtuatmg-
coll, contacts .in circuit with the actuatmg—
coil- entrawed by said movable contacts, a main-
tmmmo'-(,ml adapted to hold said conta{,tv In

the open position provided the currentin said
maintaining - coil is above a  predetermined

value, and means for adjusting said movable
contacts to respond to some other predeter-

mined strength of current in the maintaining-

coﬂ

In witness whereof I have hereunio set my

hand this 29th day of September 1908,
| | GECRGE H. HILL.
- Witnesses:
~Arnex. F. MacboxNaLy,
HeLeNn Orrorp.
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