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To all whom it may concermn:

Be it known that we, HarorLp E. Wurre
and HaroLp C. PrASE, citizens of the United
States, residing at Schenectady, in the
county of Schenectady and State of New

- York, have imnvented certain new and useful
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tendant arcing, together with a master-con-
‘troller orswitch for governing the action of the
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Improvements in..Systems of Control, of
which the following is a specification.

The present invention relates to apparatus
for controlling the operation of an electric

motor or motors. -

The arcing produced at the controller-con-
tacts in the process of controliing motors has
led to the practice of emploving a motor-con-
troller adapted for heavy currents and the at-

motor-controller, the arrangemrent being such
that no heavy currents are broken by the
master-controller. In apparatus for many

- purposes the arcing caused by the breaking
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of small currents 1in the master-controller is .

of no moment, although the controller must
be made larger and heavier than would
otherwise he mnecessary. In some ecases,
however, any arcing in the master-controllér

1s-of considerable disadvantage.. For ex-

ample, in control systems for variable-speed
motors driving automatic machinery in
which the master-controller is automatically
driven speed changes. are produced upon

small movements of parts of the machinery,

such*as the tool-feed. 1t is obvious that if
the speed changes are numerous and if live

_circuits are interrupted in the master-con-

troller it must be made large to afford suffi-
cient space between the contacts to enable
thearcs to be broken. Not only'is a large
and unwieldy mhaster-controller undesirable,
but even though the controller be large the
arcs formed between cooperating contacts

- will bridege them during a material movexent
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of the controller- giving perhaps different.
- speed conditions for the sare position of the

master-controller, depending upon the direc-

tion in which the controller 1s being moved.

- In one of its aspects the present invention
congists in a construction and arrangerent
of parts constituting a system of control
whereby the master-controller is permitted
to operate without the formation of arcs at

its contacts. It 19 sometimes desirable to

operate variable-speed motors at different
line-potentials, current being supplied from:

!

'

-

—_————, e ———— -

the low-potential circuit until a certain speed
isreached and the motor being then conhected
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to the circuit of high potential for operation

at increased: speeds. -

In anotherof its asgects the present inven-

tion may be regarded as comprising means
for-connecting a motor or group of motors to
a source of current-supply, automatically
accelerating the motor; and then automat-
ically connecting it to another source of sup-

- Ll

| ply and again accelerating it. -

The present invention will be more fully
understood in the above and-other aspects

from the following description thereof.

6o

The accompanying drawing illustrates a

preferred form of the present ifivention.

The particular embodiment of our inven- -

tion 1llustrated consists in control apparatus

for a shunt-wound motor adapted to be sup-

plied successively with current from two dif-
ferent circuits. Upon starting the motor-
armature 1s connected to the low-potential
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circult in series with a starting resistance and
1s brought up to speed through the automativ

elimination of the resistance. The speed.ol
the motor may thén be increased by cutting

8o

resistance into the shunt field-circuit until -

the maximum speed for that voltage is at-

tamned. The armature is then automatic

ally <disconnected from -the low-potential
cireutt and connected-tothe high-potential
circult, again in series with the starting re-
sistance. At the same time the field -is
strengthened by cutting out the field resist-
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ance. The starting resistance is cut out au-

tomatically, as before. and the speed in-
creased by gradually cutting the field resist-
ance in again. When the master-controller
is 1n 1ts “‘off” position, the motor may be
started by pressing a ‘“starting-button,” and
1t may at all times be stopped upon pressing
a ‘' ‘stopping-button:™ The master-controller
for the mein motor-controller serves.also-to
control the field resistance, and the circuits
are all so arranged that in the operation of
the master-controller no live circuits are
broken, the actual breaking of the active
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cireuits taking place at the contacts of-a re-

lay adapted for that purpose. By this ar- "

rangement all danger of arcing in the master-

controller is eliminated.

Reference being had to the drawings, M
incicates a motor~-armature, and F. a shunt
fleld-winding. - -
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~and G, which copperate with switch S to con- |
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- momentarﬂv closed. .

a, b, and ¢ are the qnmﬁvwmnmmtors

?’*", r*, and * are resistance-sections com-

prising a starting resistance for the motor.

Kisa mrutor—contmller preferably of the
sepa.mtely actuated type, adapted to con-
nect the moteor-armature wccewswely QCTOSS
conductors .¢ b and ¢ ¢ and automatically
control the starting resistance.

(J is & combined thmtﬂ{* and timo—mtewal
relay governing the rate.of progression of the
rebistmm m*rj_u_,hcs oi th e (onwollel

¥ 18 & master-controlle -

D and i are starting ana stappmg SWIteiies
or butions, respecti vely

7 1S & ﬁelu—r}__.eostw ,, and 1, is a Telay ar-

;anced to shift the field-circuit and the ac-

tive control-circuits in response to the MOVe-
ments of the master-controller. =~ -

The motor-controller com‘{\rmes a switeh
/& tor connecting ohie terminal of the motor-
armature to supply-conductor @, switches B

nect the opposite terminal of the armature
to conauctors b and e, respectively, resist-
ance-controlling switches R, R* and R3, and

a switeh I Nhlb].’l automatlcaﬁly closes and

phces 2 sliunt or bridge about the tesist-
anco-switches and switch B after the latter

switches have opemted The master-con-
mﬁ er comprises the fwed COn
‘l}i‘i{, movaile contasts g, ¢/, and g* for govern-
ing the controller I and ‘Ldutlonal fixed

contaets 5, 6, and 7 and movable Segment&l

contacts ¢ and g* for regulating the field re-
sistance 7. - The movable. oontacts of the

master-controller are illustrated as mounted
developed cylinder arranged to be re-

upon a
volved through gearine .

L

T‘he relay

- When the 161&17—(30&1 is deénergized,

fixed contacts [° aﬂdl and when the coil is
energized then enmgemen‘t is made with
cornitacts I and (%

Tii the drawings the partsof the a,p]*a;ra,;,u%
are 1llustrated as occupying their off ¢r in-
cperative pos:Ltlons, contact ¢ in the mgster-
controller bndﬁ*mb contacts 1 and 2. - When
it is desired to start the motor, switeh D is
burrenu thereupon
flows from line b t 11“{*11@11 wire &, contacts
and [ of the relay L, contacts 2

terminal of the motor-armature to line a.”
branch circuit passes from point 10 thmucrh

~wire 11, contaets &' OF) and cnﬂ 0 OF 1“613}7

O, wire l2 auziliory contacts v/, ¢, and b, as-

- saciated Wltﬁ switches I, C, and B actuat-
“ing-coils of switches. B and S, wire 13, and

thence tht ouﬁh wire 9 t0 Iine ¢.  This c‘oses
switches B and & and connects the remaining |
‘rermm&l of the motormm mmuze to line b

mt; 14 and

, ¢; and {of
the mastev-controller ‘switeh D aotuatmg- :
coil of switch A, antch K, *vu‘e 9 to line ¢
Switch Ais thereupm fﬂesea connectiny one

A

il

- and - thence to wire 13,
consists of an eleotmmaemb to the core of:]

wiinh are attached two contact members {
and

- these contacts engage, respﬂctweh‘f with the |

-

| ulosaes

tne armature-cireuit.
| R® closes auxiliary econtact “associated

as belore.

switches B and S and t.

e

When switch B closas it breaks 11;«:'. OWn
actuating-circuit ‘and estab]}qhes a maintain-
mmmrcmt from pomt 10, through wire 14,
a,u*ﬂhary contacts ¢*, wire 13 wire 16. When
switch A closes, 1t 1sta:bhshes a mamtaming-

circuit by connéctmfr its coll directly to wire

70

%s "Ehl{)uﬂ'h wire 17 and auxiliary contacts .

' which are bridged when the main switch

50 that the SWfltCh@b A T%j and S are now

Current also flows to point 10 and
to the actuating-coils of switches B and S,

'hmmbamed closed ﬂmeveﬁaen tly of the relay

T, and the master-controller, Lomequcnﬂy

the master-controller may be moved to dis-

enigage contact ¢ irom contacts 1 and 2 with-
ot interrupting -an active eircuit.- The
motor-armature 1s now connected across
the Iowﬁvoltage 11’01111; @ b 1n series with the
resistance ¥, v and 1 | ~

The paqsaﬁe of the emlcm throuo*h the

coll o of if}lav (' canses the core to be lifted

and contact 02 to be disengaged from con-

tacts O/, thus brem{mg the aciuatmmurmuta
A lost motion is provided between the core:

S0 90

of the relay and movable contact O
that switches B and S have time to clocae be—
fore the actuaimg—mrc it s broken. After

the relay U has operated it closes slowly

under the mﬁuence of the dash-pot 0* aoan
completing ‘the 'L;Ol'}tl()hl?l{-'”c}rﬁlllt at con-
facts O’ and 0% Current now flows from

~wire 12 through auxiliary contaets 0* and 2,
“associated, resnectwelv with switches B fm-:_l
S, thence thrmwh mnﬂmm contact 7°, asso-

cnted with Smtch R3 thr ouﬂ*l the aetu&tmfr-

coil of the switrly R3, thmuﬂh the au: 111&1‘\;*

aswﬂmt@d Wl'th the switeh R-?

switeh R? 1s now
closed, cutting out resistance-sections 7* in
The closing of switch

contacts

therewith and establishes a maintaining-

mruﬂt from wire 15 through these latter

auxillary contacts, and thence to wire 13,
Switches R? , R, and 1 are then
cicsed 1 automatic pr ocrmssmn cutting out
the remaining resistance from Lhe armature-
circuit and connectmﬂ* the armature directly
across ¢ and b ﬂrr'mmh switches A and 1.
It is noted that upon “the operation of each
of the switches 3, R?, and R* the actuating-
cireult 1s broken bw the relay (), and if the
moter—current increases too la,pldlv the

throttle-coil o’ serves to keep the core of the
relay raised and prevents the closing of re-

sistence-switches R?, B? and R/, respectively,

4ntil the motor-current h&s fallen within
safe limits. | N B
- The actuating-circuit for the switches B

and .S and the mmntmmnw—mrc,uf[s for the
e 1*e81st anr*e-sm t ches
pass through the auxiiiary contacts ¢/ 77, as-
soclated wmh switeh I, so that when switeh
‘I closes the act u&tmﬂ*—cml of the switelies
B % a,nd the lesmtzmce switehes are de-
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- held-circuit, is increased until finally
~entire resistance has been cut into the field-
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energized, and these latter switches all drop
open. This system of automatically-pro-
gressing contacts forms in itself no, part
of the present invention, being illustrated
simply as a . desirable form of motor-con-
troller for use in carrying out the present
invention. Xor a more complete under-
standing of this form of metor-controller and
of the construction of time-interval and

throttle relay and main and auxiliarvcontacts.

or switches reference may be had to Patent

No.-798,342, granted August 29, 1905,-on the

apphcation fited by George H. Hill.

The field F of the motor is connected at

one terminal to line a and .at its other ter-
minal to one terminal of the resistance r.

‘When the 1caster-controller is moved from_

1ts off position, the brush ¢*°, which is in

“electrical connection with the contact-seg-

nient ¢, engages with the contacts 7, <o that

current 1s free to flow from line @, through

the fiel i-coil, through one of the contacts 7 ,
through the brush ¢*°, segment ¢, contact 6,
contact £ I’ of theralay L, wire9 to linee. As
the master-controlleris nmroved toward the left

the amount of resistance r which is in the
the

circutt and the maxiniuwm speed for the low
voltage attained. In the next position of

the master-controller the contact ¢’ bridges

the fixed contacts 2 and 3 and current - flows
from wire 8, through contact I* and 7 of the
relay 1., contacts 2, ¢/, and 3 of the master-

‘controller, through the actuating-coil of I'he

relay. L, through the auxiliary contacts a?,

assoctated. with the switch A, through wire
18, actuating-coil of switch C, actuating-coil”

of switch S, wire 13, wire 9 to line-wire c.
Switches .(C and S are thereupon closed, and
the motor-armature 1s connected across line
@ ¢ in series with the entire starting resist-
ance. The closing of the switch S breaks the
mamtainmng-circuit’ of the switch I at the
auxiliary-contacts .s’, whereby the switch I
1s mdde to open immediately upon the closing
of the switches C and S. The switches R3,
R* and R/ are again closed in automatic

. progression in exactly the same manner as
-betore, the operation finally leaving the mo-
tor-armature connected .across linesa ¢, with

no resistance in circuit. - .
1t will be seen that as soon as the actuat-

‘ing-coll of the relay L has been energized the

h,!_.f_a

core 1s lifted and the current instead of pass-

ing through contacts B, through the master-

controller, and thence through the coil of
the relay now passes through the contaect 2

of the relay and thence directly torough
coil of the relay and the wire 18, as bhefore,
shunting the controller-contacts 2 and 3, so

L

that. when these contacts are disengaged .

drem segnent ¢’ upon a further noverent

of the master-controller no sparking occurs,

because no current is flowing throuch the

[

,.]".

'contact'é. ".A’.‘néther effect of the qﬁrétion

3,

of the relay Lis to break the connection be- -

tween wire 9 and the contact 6 of the master-
controller and to complete & connection he-
tween, said wire and contact 5. Segments
g° and brush ¢*° are now rendered idle, and
the field-circult passes through brush ¢*° and
segicent g*. The-relation of the brushes ¢

“and ¢*° is.such that when the brush ¢*isin

engagement with the left-hand teririnal of
resistance r the brush ¢*®is in engagement
with the opposite terminal.  Consequently
at the point at which the brush ¢% is cut owt
the brush ¢*° is ready to traverse the con-
tacts 7 and cut resistance into the field-
circutt.  Upon returning the master-con-
troller toward 1ts off position the segment ¢
pridges contacts 3 and 4, thereby short-giz-

as

- cuiting the actuating-coll of the relay Liand

tausing it to be deénergized. The core of the

relay falls, cutting ouf brush ¢* and again.
- bringing into play brush ¢° and-interrupting

the maimtaining-circuit for all the switches,
except the switch A. Since, however, the

switch A remains closed, che switches B S R#

R* R7'T may close in automatic succession
and bring the motor inte operation again on
the low-potential circuit.. When it is de-
sired to stop the motor, the switch or push
button H 1s operated, hreaking the control-
ling-circuit and preventing the further oper-

ation of the controller until the master-con-

troller 1s-again mroved to its off position. If
the motor is being used to drive a lathe or
poring-mill, “for instance, the master-con-
troller may be geared to the cross-feed of the

tool, and socause the motor to gradually in-
Lrease 1ts speed as the diameter of the cut-

ing-surface decreases. In thisway a definite
cutting speed may be 1maintaindd irrespec-
tive of the diameter of the work. While the

be arranged to perform the function thereof.

Wiale the system deseribed is-one well
adapted for service in connection with ma-
c21ne-tools or otrer machines, the present in-
vention 1s not linited .to control apparatus
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use of a starting-button is advantageous in
cases where the master-controller is power-
operated, this button is not an essential fea-
ture, since the master-controller may readily

I10

115

used in such situations nor to apparatus in

which the mester-controller is antome tieally
driven. Iurtaermore, different tvpes of mo-

tors than the particular type illustrated way

be effectively controlled in accordence with
tae present invention, and the detzils and ar-
rengement of parts of the control apparatus
may be- greatly varied without departing
from the spirit of the present invention.
What we claim as new, and desire to secure
by LettersPatent of the United States, is—

1. In combination, & controller, a govern-,
mg-relay tor said controller, a controlling-cir-

cult for said relayv, a mester controlling de-

126
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- vice having contacts arvanged in said circuit, 130,
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and means for placing a shunt abott said con-

tacts upon the oporotlon of therelay.
2. In combinztion, a controller, a covern-

ing-relay 101 sald oontlollor a controiling-cir-

-cult for sa id relay, a moster cont. “otlmﬂ de-
- vice having contects In sadd eircuit, and

N
l

means for automatically s;umtmﬁ b"LlCl cir-

(mlt past sald contacts.

. In combination, a oonwoier electio-

A0 mo,gno tic controlling means th erefor, sn elec
~ tromagnetic relay, a master controlling de-—
vice hovmcr contacts tor completing civeuit

th'Ol.lO'll 5.id elootromo onetic contr olling

‘means and tarough t2e aotuzutmfr-—ooll of s2id
ic '1"elajr, and oont@ots on.s:ad relay Tor saunting

said eircuit p::.,st the contacts of t__e ester

devicesupon toe operation of t erolov _
4. In combinzticn, a controller, clectro-

magnetic actuating means t- Lrﬂfor a relay

2o for contrclling said actuating means, a mwes-

ter oomrollmfr device arrehged.to encrgize
said relay, ond means gssocisted with said re- |

lasy for rendering szid mester device incpera-
two apon tie cperation of the relay.

25 In -combinaticn, a controller, electro-
macmetw ccntrolling mreans therefor, en elec-

tr omognetm relay, a2 mester ecntrolling de-

- vice having contacts for com pleting a civcuit
through said electromagnetic controiling
g0 1reans.and through the a,otua,tmg-ooll oI said
relay, contacts-on the relay for shunting szid
circult pest szid contacts upon the operwtlon

of the relay, and additional contacts on said
cster oontrollma' device arranged to short-

3 5 cireult the actuating-ecil of said leloy

6. In combmation,.a motor, a plurahity of
supply-ecircuits, a controller ada pted to con-
“nect sald motor suooosswely to aifferent cir-
cuits, electromagnetic .actuating Iresns for
40 smid oontrollor a relay oontrollma he eireult
of szid: ootuatmﬂ' mweans, & mester controlling i
Gevics for.eoorgu;mg said relay, and means

agsociated with szid relay for placing a shunt

about the mester controliing. dovlce upon the

45 operation of the relay.

- 7. In combinszticn, a motor howng a,_
shunt-field, a controller, a résistence 1n-said |

-- ,.mnt-ﬁeld electromagnetic actuating reans

- for szid contr oller, an electromagnetic relay, |

50 .a mester controlling aevice having contacts

~ for completing .a circuit through said actuat-

ing means end through said relav Means as-

sociated with said relan,;r for shunting said cir-

cuit past the said contacts upon the. opera-

55 tion of the relay, and means controlled by

the master controlling device for vary Jng the
resistance in the shunt-field. _

8. Incombination,a motor havinga shunt-

field, a controller, oleotlomaoneho actuating

So 1ueans for said oontroller, a resistence in sz id

- snunt-field, a relay, a series-of contacts ¢s 0-

cinted with szid resists .nee, a switch having'a

-' -'plu ality of contacts arranged to traverse

szid - series of contacts suoocsswely means

63 OOlﬁf”Ollod by tie relay for exther of sald | m

A 345,095

' switch-eontacts to one terminal of said re-
sistance, and oontmots on said switeh device
ror oontrolll ng siid relay. |

9. In com bmotlon, a ’l)l"ill'&llt" of supply-—
cireuits, a motor having a shu nt*ﬁeld an ar-
mature resistance, a, field resistance, a con-

| treller arranged to oo*moot the m otol-mom—

ture suooesblvoly t0 sz1d supply-circuits and
to vary the amount of resistance 1n series
with t-e armature, means lor operating said
oontzollu a 1 ster-—oontwllel for governing

s id means and for varying the amount of re-
515:,1“: nee 1n the field-circult.

10. In combination, a plurality of bupply-
. ¢ireuits; a motor - controller constructed and.
- arranged to disconnect the motor from one
circuit and connect it to another, electro-
magnetic actuating meansfor said controller
a master controlling device adapled to coImn-
plete a _circuit tbrough sald actuating means,
and means for automatically ohontmg said
latter circult around the master c. ntrollmg
device.
~ 11. In combination, a plurality of supply-
clrcuits, a motor, a 1‘63181;&1106 an electro-
maﬂnetlcollv actuated motor—oontrollor ar-
ronﬂod to connect the motor to the supply-
circuits in succession and to automatically
vary the amount of the resistance i the mo-
tor-circuit, a master controlling device ar-
ranged to control the circuit of the actuating

for automatically shunting said latter circuit
around the master contr ollmcr device.

12. In combination, a plm*ollty of supply-
Cll’C‘LlltS" a motor, a motor- controller, electro-
magnotlo actu atmcr means forsaid controller
a relay, a master controlhng device &doptod
 to energize sald relay and {to cause said con-
troller to operate to disconneet the motor
from one.circuit and to connect it to another
cireuit, and means associated with said relay
for’ plaomg a shunt around saild master-con-
trolling device upon the operotlon of the
Lrelay.

13. In combination, a plumhtv of sopply-—-
circuits, & motor, a resistance, an electromag-
oetloally sctuated controller arr anged to

succession and to automatically vary the

cuit, an electroniagnetic relay, a master con-
trol Lnfr device hay ving .contacts -adapted to

coil of said relay and through the uctuotmg

ted with said relay for shuntmg sard latter
(‘lr(‘ulo around said .contacts upon the opera-
tion of the refay.

14. In combination, a plura,lll,v of supply-
cireuits, a motor, a,resmtaooe an.electromug-
notioally actuated controller arranged £
l}ofmeot the motor to the supply-circuits in
succession, a controlling~circuit, an electro-

nagnetic rel&y havmg contacts in said .con-

means for said motor-controller, and means

connect the motor to the supply-cireuits i

amount of the resistance in the motor-cir-

oomploto a circult through the ootudtlnﬁ- |

- eans for said .controller, and means associ-
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_trolling;ciréuit, a m&stgr controlling device,

and connections arranged to connect the ac-
tuating-coil of said contacts on the relay ar-
ranged .to place a shunt.about said control-
ling device upon the operation of the relay.
15. In combination, a resistance, a series
of contacts connected therewith, a controller
having a plurality of  brushes arranged to
traverse said contacts in succession, a supply-

conductor, a relay arranged to connect, either

of said brushes to said supply-conductor,
and contacts on said controller for control-
ling sdid relay. o \
16.-1n combination, a resistance, a series
of contacts.connected thereto, a controller
having & plurality of brushes arranged to
traverse the contacts in succession, a supply-
conductor, a relay arranged to connect either
of said brushes to said supply-conductor,
contacts on said..controller for energizing
said relay, and means associated with said

:rela?r for placing a shunt around said con-
troller-contacts upon the operation of the

17, Im combination, a resistance, a series
of contacts connected thereto, a controller
having a plurality of brushes arranged to
traverse the contacts in succession, a supply-
conductor, a relay arranged to connect either
of said brushes to said supply-conductor,

contacts on said controller for energizing !
said relay, means

assoclated with said relay

for placing a shunt around said controller-

- contacts upon the operation of therelay, and |

s

additional contacts in sald controller for

‘short-circuiting said relay.

18. In combination, a pair of supply-con-

~ductors, a motor having one field-terminal

connected to one of said conductors and the
other field-terminal with one terminal of a re-
sistance, a controller having a plurality of
brushes, a relay for connecting either of said
brushes to ¢he remaining supply-conductors,
contacts 1n electrical connection with said re-

sistance arranged to codperate with said

brushes, and contacts on said controller for
controlling said relay. -

19. In combination, a plurality of supply-
circults, a motor, a starting resistance, a mo-
tor-controller arranged to successively con-
néct sald motor to the supply-circuits in se-
ries with the starting resistance and to auto-

35
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matically eut out said resistance, a master-

controller for governing the operation of said

motor - controller, a field resistance, and

Heans associata_(_i with the master-controller
for regulating said field resistance intermedi-
ate the positions of the master-controller

wherein the motor connections are caused to

be shifted from one supply-circuit to another.
In witness whereof we have hereunto set
our hands this 24th day of June, 1905.

HAROLD E. WHITE.
- HAROLD C. PEASE.

Witnesses:
BeNnsamin B. Hury,
HerLen Orrorbp.
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