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' To all whom. it may concern:

n

o

- Beitknownthat I, ARTHUR C. EAsTwoo0D, a citizen of
~ the United States, residing at, Cleveland, in the county -

of Cuyahoga and State of Ohio, have invented or dis-
covered niew and useful improvements in Automatic

Accelerating-Controllers, of which the following .is a

_ specification. -

. My ihvéi}tion rclates broadly to controllers of the -
- automatic acceleration type for eléetric motors.

10

More specifically, my invention relates to controllers

of the said type wherein the acceleration is made. at a’ |

- fate Independent of the operator and wherein, under

15

normal condition, it will be impossible.to exceed a pre-

determined accelerating current,

The objects.of my invention are to produc_e a con-

troller wherein the accelerating current may be adjust-

~ ed by such means as will not be readily tampered with

20

by .ungkilled hands; wherein the time-clement of the
various magnetic switches which go into the makeup
of the controller will be largely climinated, therchy se-
curing acceleration to tull speed in the minimum time
congistent with a given maximum accclerating cur-

. rent; whérein the rise in current which occurs at the

:.25

instant of closure of a given resistance switch instan-
tancously lowers the voltage applied to the solenoid
of the succeeding switch, thereby, preventing the

| . succceding switch from closing so rapidly as to prevent;
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the ‘proper action of the current-controlled re] ay;.
~Wherein the current-controlled ‘relay does not, upon
the flow of an excess current, open the actuating -

circuit of the switch which is about to close;, but

.merely dcis to insert.a resistance in-series with the

coll of the ~witch, which serves to deénergize it no
further than ix necessary to prevent the closure of the

switch; whereiL the resistance, which scrves to pre-

vent the closure f a switch upon the passage of an ex-
cess-current, acts subsequent to the closure of the switch
to reduce the flow of current thrpugh the actuating coil
of the switch; wherein the winding of the current-
controlled relay is so connected.that it will be auto-

matically short-circuited when . the Jlast resistance

switch closes; and where'n the winding of the current-
controlled relay is so cornccted that identical relays
may be used in the controllers varying widely in ca-
pacity, thereby adding to the interchangeability of

parts and cficcting more e¢cnomical production. -

50

99

. Referring to the accompanying drawings, Figure 1 is
a diagram of conncctions, o1 one form of a controller
constructed 1n accordance with my Invention; Tig. 2,

a vertical section of my prefeired form of current-con-.

trolled relay and its inclosing « asing; and Fig. 3, a side
clevation of the'same., = . S

In Fig. 1, U, U%, D}, D?, S!, 3%, and 8% are magnetic-
ally operated switches, the switches D!, U2 S! and 82
heing respectively provided with the auxiliary switch

_contacts:d!, »!, s', and §* which are closed when the

L] L‘. "1

a source of current supply.

corresponding switches are_closed.” The switch 83 -is.

provided with an auxiliary switch 3 which is ‘closed

when switch 8 is open and.opens when switch 83

closes! o o - .y
S 18 a2 main knife switch connecting the controller to

- A 18 the armature and F, thé"serié‘s-ﬁeld winding of

the motor to be controlled.
M is the master switch which is moved

ator to start; stop, and reverse.the motor. .
b is.the winding of a blow-out magnet, with which

cach of the said magnetically operated switches is pro-

vided. o |

R!, R? and R? are g'et;tiona' of a 'st.ﬁ.rtii_lg' resistance
controlled by the switches S!; S?2-and 8% RS is also.

by the oper-
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a bank of starting resistance, any portion- of which

may be connected .in" pargllel’ with the section - R

- through the winding o 'of_i:hé\cﬂ.rreht{dnt'rolled* relay

O. The resistance R* is p}ovided with a number of

75

taps which permit of an-adjustable connection ag will .
be later described. The switches ST, S2; and S? each

have an auxiliary section of ‘resistance ‘designated re-

spectively as 71, 72, and # so bonnéctgd that when the

switch &', controlled by the current-controlled relay

sage of an cxcess current through the ‘winding of the
relay O, this resistance is placed in circuit. The re-

sistances r! to r* are so proportioned that; when.they

are included in the circuit of their respective coils,
suflicient current will not flow to cause the switch to

85

close, but will permit sufficient - current. to flow to
maintain the switch in the closed condition after it has

once operated. | | | |
The operation of my controller is as follows: Assum-

{ 1ng that the lever of the master switch M is moved to

the right so that the brush makes contact with the
segment d, current will then flow from the positive
side of the switch S through the winding of switches
D! and D?, thence through the wire 12 to the contact

d and the brush of the master controller M to the nega-

90

25

tive main. This causes the switches D1 and D? to
close. Switch D! in closing closes the auxiliary -

switch d. The closure of the switches D! and D? cg-
tablishes the circuit through the motor as follows:
From the positive side of the switch S, through the

- wire 7, the series field winding F, the. wire 6 the re-

sistance sections R! and R?, at which latter section the
current divides, part of it passing through thé resist-

ance R3 and part through the resistance R* and the

winding of the current-controller relay O to the wire
5, where the divided current reunites and flows thence
ihrough the contacts of the switch D?, the wire 8, the
armature A of the motor, the wire 9, and the switch
D', to the negative side of the switch S, this complet-
ing the circuit through the motor, which will cause ro-

100

105°

110

80
0 1s Cl()ﬁ(}d, these %ﬂti{ins Of resiﬂtarlce _ﬂI‘G.BhOI_’t cir- . '
cuited. and when the switch ¢ is opened by the pas-’
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S " mdueed in-the circuit of switch S3.
cloaesa]lofthermmta.ncem short circuited.
- 80~ “Thé" reversing switches D! and D? havmg closed. as

tation of the a.rmature A. One end of the -winding of

- each of the switches 8!, S?, and S%is connected to a
- point on the. starting resistance R. While this con-
- mnection 18 shown as made at the point of resistance
5 controlled by the switch in each case, this connection

can be varied 1o suit conditions, as ful]y dmcnbed in
United States Patent No. 772 ,277, granted to me Oc-

- tober 1lth, -1904. By this arrangement the coil ‘in

" each switch is energized by the line voltage minus | -

10 the drop through a certain portion of the starting re-
,plgj;ance,.whereby the voltage applied to the coil of the
switch is reduced proportionately with any increase

" in the current drawn by the motor. As soon, how-
“ever, as & given switch is closed, the portion of start-
15 ing resistance previously in circuit with its winding
is short circuited through the closure of the switch.

At the instant of starting the motor, the section of re-
sistance R!'is in circuit witn the wmdmﬂ of switch S!.

~ Sections R! and R? are in circuit with the winding of
20 switch S? and sections R! and R? conncected in series
and R* and R* connected in purallel are in circuit
with the winding of switch S*. As soon as switch S!

-+ closes, the resistance R! is short circuited, thus cutting
out-the resistance-in circuit with smtch S! and re-

,"'25 'ducmg the resistance-in (‘ll‘Clllt with switches S? and

. 8% Similarly when switch S? closes, the resistance is
elhnmated from thﬁ circuit of switch S? and resistance
When swmch -S3

" previoualy described, the contrdl circuit is as followa:
. From the positive main through the wire 7, the field F,
- the wire 6, ,'the starting resistance B! the winding of

- the switch 8!, the wire 18, theauxﬂmrycontactar"of-

-1 ‘themtchS’ the wire 17, thecontacts 04, OF, and O*
of the current-controlled relay O, the wire 16, the
suxiliary switch @ controlled by the revemm#mtch

D, the connection 15, the wire 12 to the master con- :
, troller M, and thence through the contact 4 and the:
- 40 brush of the master controlier to the negative main. .

This circuit is as triced on the assumption that only |
normsl current is passing to the motor, and, therefore, -
that the current-controlled relay O has not acted 10 -
open the switch contacts 01 to OS. If this is the case,

45 switch 8! will close.. In case an excess current is flow- :
" ing to the motor, the switch contactaO‘toO‘mllber

opened by-the current-controlled relay. 0. The path .

of the current through the w:ndmg of the switch 8!
will then be from the positive main, the wire 7, the

. 80 ﬁeld F, the wire 6, the section R! of the resistance,
‘thence through the winding of the switch 8! the.

* -resistance 1, the wire 16, theauxllmyamtchd‘ the
- "connoction 15, the wire 12, and thence. throtgh the .
.. contact d and‘the bmuhofthe muterconttollerl{ to.

| .* 56 the negative main. ° It will thus be seen that the re-:

-,nstmcer‘mmcucmtmththemndmgofwztchsl
- and, as previoualy stated, thmmwtanca I8 80 Propor-
. tioned that sufficient current is not permitted to pass

to causc the 'switch 8! to close. When the current”
,,Gokﬂowmgtothﬁmomrhnabeenreducedtothenormal

value, the -switch’ St. controlled by the currént-con-:

trolled: xelay O, will vlose, thus mmpletmg the path.
through the circuit’of the winding of the ewitch S? aa

originally traced, this circuit by-paasing or short cir
65 cuiting' the- Tresistance r and permitting the- amtch to:

_—
A
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close. The.switch -St in closing, short circuits the
section R! of the resistance and also closes the a: UX1i-

iary switch's!. Imrcasean excess flow of current occurz
upon the closure of the switch, current will flow frow
the positive sitle of switch S, through the wire 7, the
field F, the wire 6, the main coatacta’of switch St, the
resistance R? the winding of switch $2, the-resistance
r2, the wire 18, the auxiliary switch d, t.he conuection

5 the wire 12,’and the master cortroller to the nega-

tive main. As previously mentioned, the resistance r%

18 80 proportioned that, under the condxtmn just de-
scribéd, the switch 852 will not close. At the same

time, the voltage applied to the winding of switch. ¢
is reduced through the drop in voltage caused by the

passage of an excess current through the resistance RZ.
As the current is reduced through the speeding up of
the armature, the drop through the resistance R? is
reduced and when. the proper reduction in cutrent is
effected the switch O* closes. This short circuits ‘the
resistance r* and permita current to flow from the

80

positive side of switch-S, the wire 7, the:field F, the

wire 6, the main ¢ontacts of switch S'; the section

R? of thé resistance through the winding-of switch - -

S?, thence through the auxiliary switch s!, the switch

| S, the switch 04, the wire 16,-the switch'd\,' the wire

90

15, and the wire 12, and thé master contm]ler i{ to the )

-negative main. Smtch S5 then closes. -

Switch S? operateu in 8 similar. mmna‘ When

switch S closes, it opens the auxilisry switch $ and *
opens-the path through the auxiliary: switch s‘ to ‘the

master controller.. .
with the winding of the switch S, the registance r*.in

series with the wmdmg of the switch 83, l.m:lthere-

sistance r* in series with themndmgoftheswitchﬁ' :

This serves to cut downtheamauntdcmthlm

I{J i}

| by the windings of the switches and preventstheover- .

heating of the windings:-

It will be seen also ‘that -
switch 8% in closing short circuits the" winding of the .~
current-controlled reley Q. This winding:s, thaﬂore, o
in circuii only during the period of- accelerstion and -

may, thereicre, be designed for intermittent sefvice.

Wher the operating lever of the master-controller M
is moved in the reverse direction from the off-position,

_that is to say, with its contact-brash in contact with the

segment 1, the revermng switches U! and U? will close
in place of the reversing switches D! and D2 This
causes currcrit to pass through the armature of the
motor in a direction the reverse of that above described,

which will'tause the armature to revolv s
direction, as will be'readﬂy understosd. In this cese’
the control dltcmt 18 completed through the suxiliary

switch u! in 'phbe of the auxiliary switch d', the re-

in the reverse

11

11

maining tucuite and the opersticn of the- remaining

switches betng the same.as above described. _
As previously mentioned, during the acceleratio: of

‘the.motor, the cirrent ﬂowrng to the motor divides ai

the end of the section R? of ‘the starting resistance, part
of -1t passing dlrectly through the-section R? of the re-

sistance tothe ‘wire b and part of it passing through thc '

‘resistance R*, the wire 11, tke winding of the clirrent-
controlled relay < axd the wire 10 to the wire 5. Cri-

rent will. divide through these two paths in inverse

‘propextion to the resistances of the pat.hw according to
the well known law. For mﬂtance, if the resistance oi

“the path through the resistance Rt eng winding of the X:

o
b

o
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currvnt mmmllvd relay O is precisely the same as the -
“resistance of -the section R3,
current will flow through tht, winding of the relay 0.
If more resisiance bhe mcluded in the.section R*, less
_than one-half of the cuirent being takeh by the motor

-exactly one-half of the

will pass througll the winding of the relay. .1If the re-

sistance of the section B4 be decreaqu more than one-

half of the current taken by the motor will Pass thrnugh
the wmduw of the relay. It is thus scen that by ad-

]ustmﬂr the resistance. R4, any desired proportion of the

current taken by the motor may be¢ made- to fiow
through the wmdmg of the current-controlled relay O.

~ This, therefore, forms a ready means of adjusting the

15

29

.25
_JO amperes,

“the switchios Stt

maximuni_current which may be drawn by the motor_

before the (urrvnt controlled relay will act to open the

switch s* and thus interrapt the successive action of
to S%..

lay O in thie case of motqrs dllfurm" v.ulel}r in power
for the reason that any projior tion of the motor current

from zcro to the full current taken by the motor may.
e made to pass through the winding of the relay by

‘l(l]llblll]" the resistance R4 as above deseribed.  For

instance, if a.standard relay 1s vnund for a capacity of
the entire “current wowld be passed.
through ‘the. wmdmg of the relay in casé of a motor .

- which roqmrod an accelerating current of 100 amperes.

30
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 passed through the relay.
- tor requiring 400:ampoer:s
would be passed through the relay:

- From the descripiion prey lously. gn cn, 1t will be ap-
parent: that the initial rush of current mused by the
“closure of cach of the switches St aml S? reduces the

If & larger anotor required an ac celerating current _of
200 amperes, onc-hali of the tofal current - will be

Similasly, in cas¢ of 2 mo-
. une=fourth of the: current

voltage applied to the suc ceeding switch by virtue of
the drop in voltage caused by le.pa&qage of excess
currcnt, through the portion of the resistance in circuit

with the winding of the succeeding switch., This gives

the LUIT{‘Ht controlled relay O an opportunity to act

hefore full voltage is applicd to the winding of the suc- .
The current controlled relay O in act--
ing does not open the circuit of the winding of the |

cvndlnp; switch.

humevdmg switch, but merely inserts the L{}I'I'Lﬂp{}lld-*
ing resistance of t]w r-sories’ of - resistances in-circuit
with the wmdmg or rather, opens the short - circuit

around (he resistance r, which permits current to flow

through the winding of the succeeding switeh, but
limits the value of the current to such a point that the
swilch will not ¢lose. Thercfore, the operating: élec-
tro-magnet of the switch is not entirely dvencrglzcd
and the switch will close much more quickly when the
current-controtled relay returns-to its normal position
than would be the ease if its circuit had been entively
open and its electro- magnet entirely deénergized by
the action of the cusrent-controlled relay.  The reason
for this is on accound of the fact that the building up
of the magnictic flux in any clectro-magnet, particu-
larly one in which the magnetice circuit is pot lami-
nated, requires an appreciable interval of time.

In IMigs. 2 and 3, N 1s a base, such as slate, upon
which the parts are mounted, 0! 1s a magnetizing coul

of the relay O which is provided with terminals 07
and Q% extending through the base N and provided |

'y
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It will be further understood”
that this construction makes 1t possible to. use'a per- '
Ivc'tl}, standard winding for the current-controlied. re—"

W 1t11 Emtable attachmeﬁta for connecting the mndmg ,—
1N (:n cu1t

. The coil 01 is mounted upon and sultably
insulated from 2 non—magnetlc tube O2 -
preferably of cast.iron 'in -which ‘the apparatus 1s
maunted. - This casing is closed at its rear side by the

the casc.and & yoke of maghetic ma.terlal 'p 18 shpped
over the upper end of the tube and. rests’ upon shoul-
ders P* in the case. . 0% iz the plunger.of the elactro-
magnet, which, upon the flow ¢f a predetermined-cur-

rent through the winding O, rises and lifts the contact

disk Of from contact with the pins 0% and 0¢. " The

disk O is suitably insulited from the plunger as 1nd1—

ecated. .The-upward motion of the plunger is limited
by the lower end of the hrases tube 0 It will be moted

that the pluugm O? when 1 its. upp{.rmoet position by
no means completes the magnﬁtlc circuit of the elec-
| tl‘()-l‘n"lgpi t, there being still a considerable alr gap be-

tween the upper end of the plungcr and the yoke p'.

This is for the' purpose of re ndéring the relay more sen-
sitive in action; particularly in causm,:, g the plunger 0%
(0 drop when the current flowing through the magnet-

1zing winding O! is decreased to the neceamry extént.
The cover p 2.0f the casing ﬁts in a slot p? at its lower
end and is provided near its upper ¢nd with a hook

p%, which cngages with the end of a. pwoted latch p4,
‘which is made of magnetic material and-is inclosed’
:w1thm the case, 8o that there ig' no ready means of

gaining access to it mechamcally " To relcasé the latch
=0. that. the door p? may be removed the pole of a ma.g-

_net will be placed above the Iatch p* at ‘the point: p .
which will - cause the rear end- of the latch to risé,

thereby releasmg its hooked end-from the. hook Po.

This construction is adopted to prevent others than.
thosc properly cqmpped for caring for the apparatus
from gaining access to the relay coil. and interfering

thercwith. -

~ The screws p7 and p which secure the ca.smrr to the
base fit in counterbored holes in the base N and are
preferably scaled in place so that they cannot be read-

ily tampered .With_.

I clalm——

1 In an electric contmller, sections of rcsistance, mag-.

netically operated switches for controlllng anid resistance,

Pi 18 3 casmg,-l-

3_0,;

“basé N and its'front side is prnwded with a removable -
“cover -p* so constructed that, when.the..cover. is 4n
place, the appmtus is completely inclosed,: The non-*

magnetic tube O? is tapped into & cross p1ece ‘P! within |
79

80
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100

105

110

and a relay for controlling the actlon of sald switches,

sild relay having its winding in a circuit connected in o

115

Ehunt to a portion of said resistance.

. In an electric .controlier, sectiona ai' reqlatnnce. mag- -

netlmllg operated switches for controlling s d. resistance,
the last of said resistance sections to e cut out being
made up of two banks of resistance in parallel, and a gov-

erning relay having its winding in serles with one of said
parallel banks of resistance.’ -

3. In an electric controller, sections of registanc e, mag-
netically operuted awitches for controlling said resistance,

the. last of sald resistance sections to be cut out Dbelng

made up of two bhanks of resistance in purallel, a govern-
Ing relay having its winding In series with ONE of sald
parnilel banks of resistance, and means for adjusting the
amount of reslgtance in one of said parailel banks.

4. In an electric controller, ‘sections of resistance for

limiting the flow of current to a motor, magnetically op-
erated swlitches for controlling said resistance, each of

saaid switclies having one end of ita winding connected to-

a point on sald resistance, an auxidary resistance con-
nected to the remaining end of ench of sald windings and

120

125

130
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to one side of the snpplv circuit, an auxllhry switch op-
eratively connected with each of sald first named switches
and controlled by the next preceding switch, a short-cir-
cuit including the auxillary switch of sald last named
5 switch, the short-circuit passing around each -auxiliary
resistance, and a current-controlled relay having its con-

. tncts in the path short-circulting sald resistance.
5. In an electric controller, 4 motor circult, .the combi-
“npation of sections of resistance in the motor circuit, mag-

10 netical.y operated switches for controlling said resistance,

each of said switches having one end of its winding con-
nected tQ one of the supply mains through a portion of

said resistance, and an auxiliarg resistance for each wind-
.. -, ing having one end connected to the remaining end of snid

15 winding and the other end thermf to the other -supply
main. .

6. In an electric controller, the combination of sections

of resistance in a motor circuit and magnetically operated
" gwitches for controlling said resistance, each of said
2() awitches having one end of its winding conmected to one
~ of the supply mains through a portion of said resistance,
an awxiliary resistance for.each winding having one end
connected to the other supply main and the other end to
the remaining end of the sald winding, and means for

95 shori-circuiting said auxiliary resistance. - |
~. In an electric controller, the combination of sections
r}i’ resistance in a motor circult, magnetically operated
vitches for controlling said resistance, each of said
ﬂwntclleq having one end of its winding connected to one of

20 the supply mains through a portion of sald resistance, an

auxiliary resistance for each winding having one end con-
nected to the other supply main and the other end to-the
remaining end of sald winding, and a current-controlled
relay having contacts which short-circuit said auxiliary
39 resistance when less than a predetermined current is flow-
ing through the winding of said relay. :
~ "8, In an electric controller, the combination of sections
of resistance in a mniotor -circuit, magnetically operated
switches for controlling said -resistance, each of said
40 switches hﬂhng one end of its winding connected to one

"%

g

"on
1
X

K%

of .the. supply mains through a portion of said resistance,
an auxiliary resistance, for each winding having one end
connected to the other supply main and the other end to
the remaining end of said winding, and means for short-
circuiting said auxiliary resistance, sald means comprising
an au:lharv switch closed by the closure of a preceding

1ay
9. In an electric controller, 2 motor circuit, a series of

| separately - actuated magnetically - - operated resistance

swifches, a separate auxiliary resistance for each switch

.and in seriés with the winding of its respectwe switch, and

means for short-circuiting said resistance when the cur-
rent. falls below an predetermined strength. -

10. In an electric controller, a° motor circuit, a series
of separately -actuated, magnetically-operated resistance
switches, an auxiliary resistance in series with the wind-

ing of each switch, a short-circuit around the auxiliary

resistance of each closed resistance switch, and means for

. opening the short-circuit when the current in said circult

rises above a predetermined strength.
'11. In an electric controller, a resistance, a series of
mparately actuated magnetically .operated -resistance

‘switches, and a relay for controlling the said switches,

the winding of said relay being in shunt to a portion of the

resistance controlled by the lanst reaistance switch where- .

by said winding is short circuited when said last resistance
switch closes.

12. In' an electric controller, the combinations of sec-

. tions of resistance, magnetically operated switches for con-
. trolling said resistance, a current.controlied relay having

a single winding and governing the closure of said

- switches, and means for varying the proportion of current

which will flow through the winding of said relay.
- Signed at Cleveland, Ohio, this 10th day of January,

A, D.E-IQOT.

ARTHUR C. EASTWOOD.
Witnesses : - '

J. E. WELLMAN,
M. N. REED.
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