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Lo all whom 1t may concern:

Be it known that I, Hexry D. James, a
citizen of the United qta,tes and a resident
of Plttsburw i the county of Alleg oheny and
State of I\umsw Ivania, h.;,.ﬂm mventad 2 NeW

and useful Impro vement in Systems of Con-
trol, of which the following is a specification.

MV imvention relates to SifSLLlHS ol control
for dec,tllf* motors, and particularly to sys-
tems 1n which a phua,hw of separately-ac-
tuated switches are employed to govern the
motor circuit.

The object of my invention is to pmwde a
stmple and economical arrangement of the
circults of thesystemsuch that ]ust the proper
voltages may be applied to the operating
or oouurollmﬂ magnet w 111(1111053 of the sepa-
rately actuated switches of a control S\Tgtem
and the switches may be caused to operate
successively in accordance with predeter-
mined conditions.

- When separately- actuatul switches are
em])loy >d for the purpose of governing the
amount of 1081&‘&11}(@ that is included in the
armature circuit of a motor, one terminal of
cach of the operating or contr olling magmet
windings of the switches may be (Jonnegt@d
to a qmmhle point of the resistance in the
armature circuit, -1 such a manner that t
switches way be closed succes mvdy as the
drops ol potential over sections of the resist-
ance atmm predetermined va ]u(,a,, atto-
matie acceleration of the motor being thus
eflected.  In order to adapt 1111@ mode of
control to use 1n systems i which the motor
armature 1s umnunud successively to cir-
cuits of different V. ltage, 1 propose to shift
the connections of the ()pe“*"%mnﬂ or control-
ling magnet windings of the switches from
one circuit to another in such a manner that

the voltages applied to the magnet windings

will be approximately the same for a given
armature current regardless of the ’Eﬂﬂlt&”
of the circuit to Wlueh the armature is con-
nected |

“The smgle figure of the accompanying
drawings, 1s a dmnl ammatic view of a mul-
tlplu—volmn(, smtom that embodies my 1n-
vention. |

The system comprises a Jlu*ﬂ,htv oL sepa-
rately-actuated switches 1,2, 3, 4,5, 6 and 7
whereby a motor armature & mav "be con-
nected to conductors 9, 10 and 11 of 2 ulti-
ple-voltage Cncult and Lhe amount of a resist-

ance 1 ;__] 3

he |

,tmns OF

14—15 1 series with themotor |

.......

armature may bhe governed. The switches
1 to 7, inclusive, are provided, respectively,
with opuatmﬂ or controlling magnet wind-
mgs 16, 17, 18,19, 20, 21 and - 22, corrcspond-—
mnge: terminals of the windings 18, 19, 20 and
21 heing connected, respe ctweh?‘ to termi-
nals of the resistance sections 19 2,13, 14 and
15. The circuits of the ma,ﬁnet W’"lIldlllGS
are governed automatically bjf’ means of in-
ter loclﬂnn switches that are associated with
the switches 1 to 7, nclusive, and manually
by means of a master contwller that com-
prises movable conducting segments 23, 24
and 25 and stationary contact terminals 26
to 37, inclusive, with which the conducting
Seﬂnmms may be caused to engage ﬁlonﬂ

'}_)osnlon -imdicating lines « to /, inclusive.

The movable Semment and the station-
ary terminals 27 to 30 of 'Lhe, master con-
troller are provided for the purpose of gov-
erning the amount of a resistance 38 that is
included in circuit with field magnet wind-
ing 39 of the motor.

The operation of t.

he system may be best

understood from a detailed description of the

circults corresponding to several of the posi-
the inaster controller. When the

naster controller occupies the position «, a
ummt 1s established by way of devices hear-
ing reference characters 9, 26, 23, 27, 39 and
T() the field magnet wm(hno 39 of the motor
bunﬂ thereby energized. Anothw cireult 18
also established 1‘~v way ol devices 9, 26, 23,
25,37, 40, 41, 42 17 and 10. Switch 2 then
clmoq and wlme@LS the motor armature 8
1 series with the resistance 12—13-—14-—15
between the low-voltage circuit 9—10. When
'he Wltch 2 doac,&,, a meraber 43 bridges ter-
5 44 and 45 and a ecircuit is ther (,by‘ es-
tablisl’led through the devices 9, 26, 23, 25,
36, 45, 43, 44, 18, 12, 2 and 10. The ma,o net
demﬂ ]8 will becorme QLT{I101{111L1V (‘*1’1@1‘01?@(}
to effe uJL the closure of the switch 3 when the
counter electromotive force of the motor at-

tams a predetermined value, or the drop of

potential m the resistance section 12 ialls be-
low a predeteriiined value. Another cir-
cutt WJH thereupon be established because of
the raising of the bridging member 47 into
engage ent with terminals 48 and 49, the
sald circuit continuing from the terminal 36
through the devices 49 47, 48, 19, 13, 3, 2
and 10. The maonet Wmdmﬂ 19 will be-
come sufliciently mmrm.{:ed to effect closure
ol the switch 4 when the counter electromo-
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tive force of the motor attains a predeter--

mined value. It will be seen that when the
switches 3 and 4 are closed, the resistance
sections 12 and 13 will be 311 anted succes-
sively, leaving only resistance sections 14 and
15 in series with the motor arimature. When
the master controller oceupies the position b,
another circult is established t-l1j"< ugh the de-
vices 9, 26, 23, 25, 35, 50, 51, 52, 20, 14, 4,
and 10, the bridging n: .einber J] havuu:. pre-
viously been cause d to eneave ters pinals 50
and 52, by reason ol the closing of the switch
£, The switch 5 will, in turn, be closed as
soon as magnet winding 20 becones sufli-
ciently uwwl/e(l on account of the increase
of counter clectromotive force of the H10tor,
and resistance section 14 will be shunted
from the cirewit of the motor arivature. The
closing of the switeh 5 moves the biridemng
niember 53 into mmauenwn with contact
terminals 54 and 55 and also hridemng sieni-
ber 56 into engacenient with 1(‘11:11111{1] 57
and 38.

When the master controller occupies the
position ¢, a cireult s established through the
devices 10, 32, 24 33, 38, 56, 57, 59, (J() 61,
22 and 11, that the L.ll*c.dlt

it being observed
18 connected between the low-voltage con-
ductors 10 and 11, whereas the controllmg
magnet windings were previously connected
hetween low-voltage conductors 9 and 10.

The magenet Wmdnm 22 then beconies ener- |
sized to “close the switeh 7 and tl ereby con-
hect the motor armature 8 directly between

low-voltage conductors 9 and 10 with no re-
sistance i circuit,  Movenzent ol the switch
7 to closed position causes the bridging nei-
ber 41 to be moved out of ena{wm sent with
terminals 40 and 42 and mmto engagenient
with terminals 63 and 64, the bridging mei-
ber 65 bemmg also nov ed out of O:lﬂd“ﬂ‘lﬂt‘llt
with terminals 66 and 67. The position of
the bridgmg meniber 65, when the switching
member 7 Is closed prevents energization ol
the magnet winding 21 of the switch 6.
When tlie brideime inenber41 is raised, 1t 1n-
terrupts the circuit of the niagnet wnuhnu
17 and thus causes the switch 2 to open, the
circult of magnet winding 1
terrupted on account.of the low ering of the
brideging meimnber 43. Switeh 3 1s thuelw
pelmltted to open and the eircait of magnet
winding 19 1s interrupted by the loweuw of
the brideing meniber 43.  Switch 3 is there-
by permitted to open and the circuit of imag-
net winding 19 is interrupted by the lowering
of the blld“lll&{ niember 47. 111 hike Hianner

the circuit of the magnet winc 111.9,, 20) 15 111t{}1—
rupted by the movement of the bridging
member ol when the switch 4 opens, and the
switch 5 1s thus caused to open. VWhen the
switch 2 opens, bridging nieinber 6S engages
contact terminals 69 and 70 so as to main-
tain the circuit of the magnet winding 22 in-
dependent of the 111‘[011(}(* King switch 56—

2 | mmeluc

Orst connected lwtn cen conduetors

[inally the switeh 7 opens to re

18 hmm_{ also Im- |

875,663

57—>58, mm order that opening of the switeh 5
mayv not mterrupt the sawe and cause open-
mg of the switch 7, the sald circuit, as i11:¢1i11—
tamed, being thr mw h devices 10, 3: 32, 24,
(0, 068, 69, }() 60, 61 L 22 {11]{1 I1.

Aa the 111.-.1‘3t01 controller is moved through
the succeedime positions , ¢ and 7, or adual.r
mereasing ammmts of the resistance 38 are
ed m the cireuit of the field magnet
windine 39, the armature eircuit wnmmmh
undisturbed, althougeh contact termmals 35,
36 and 37 become thgmmwml from the con-
ducting scements 25 and contact terminal 34
engages um(luctmw seement 24, beeause no
new circuits are establishee |t 11{111“1] the con-
trollimg magnet windings of tho switenes.
However, as the master controller is moved
to the position g, conducting segment 24 is
blouﬂht nto cngagement with contact for-
ming and a circuit 1s thereby established
thl'(_}l.lg.h (lmwvs 10, 32, 24, 31, 63, 41, 64, 16
ancd 11, 1t being noted t] at allm the 9.-.11{[ {‘l{—
cult 1s eatabh%he{l the contact termimal 33
becomes  disengaged from the conducting
secoment 24 and the circutt of the 1}1*1“11(*1
winding 22 is interrupted, the switeh 7 heing
then permitted to open. The sw 1(11 [ i
closed by the winding 16, when energized,
an 1wl one terminal of tlw I(‘Hl%hlll( ¢ section 12
1s thereby connected to conductor 11, Thus,
m passing {rom position f to posttion ¢ of the
master LU]]LIOH(} the motor dIl]ldtUIU SIS

~111(| 10
1S (4}11—
and 11, and
nove the com-
mon connecilon of the resistance and motor
armature with conductor 10, When the
switch 1 1s closed, bridemme member 71 is
caused to engage terminals 73 and a

}.}1

then the resistance 12— 13—14—15
nected between conductors 10

- T.--r 1YL 79
circult is. Ubl&l}h‘%ll@d for the magnet winding

16 independent of the interlocking BW itch
6‘3—4”_ 64, tlmmuh devices 31, 74, 75, 76,
(2, 71 and 7 The brideme 111{*1111){*1 77 i:~'-;

also caused t() engage terminals 78 and 7

when the switch 1 15 closed and a cmmt 1S
established through deviees 10, 240 306,

79, 77, 78, 18, 1) I and 11. le N1 wnel
W 111(11110 1S will becmne sufhelently enewi/ml
to ellect closure of the switell 3 when the
drop of potential in the resistance section 12
decreases to a predetermined value, 1t hene
noted that the said winding 1s now con-
nected between one terminal of the rosist-
ance section 12 and the conductor 10, where-
as, when the motor armature was connected
between conductors 9 and 1 0, the said wind-
me was connected between one terminal of
the resistance section 12 and the conductor 9.
Thus, 1 the difference of potumal etween

the conductors 9 and 10 and that hetween
the conductors 10 and 11 are approximately
the same, as will usually be the case, the

ledt to the circuit of the winding
ipproximately the same uhethm

voltages apph
18 will be a
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- bridging member 75 is thereupon raised
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the motor armature is connected to & high or
to a low-voltage circuit, and the magnet

winding 18 will Pecome sufhclentlv ene wmed

to effe {Jt closure of the switch 3 at the same
current value or drop of potential in the re-
sistance section 12 for both voltages that are
apphed to the armature circuit. O]osmﬂ the
switch 3 shunts the resistance section 12 and
raises the bridging member 47 into engage-
ment with mnuaci terminals 48 and 49,
thereby establishing a circuit from the con-
tact terminal 36 hmuﬂh devices 49, 47, 48,
19, 13, 3, 1 and 11. \*Vhen the dmp of po—
t(_zn_u.@fal over the resistance section 13 de-
creases to a predetermined value the winding
19 will become sufliciently energized to offect
closure of the switeh 4 19%18&111(‘0 section 13
bemg thereby shunted.

When the switch 4 closes, the brideing
member 51 18 ralsed into e ngmemont with
terminals 50 and 52, so that, if the master
controlier 1s then moved to the position 4, a
{*u euit W 111 be established through devices 10,
52, 24,35, 50, 51, 52, 20, 14, 4, " and 11 the
SW LL(‘h 5 bemn closml ‘m eﬂ"ect 51“1111’1’[;1110 of
the resistance section 14 when the (110}') of
potential over the resistance 59(‘%1011 14 de-
creases to a predetermined value.  Closing
the switeh 5 raises bridging member 53 mto
engagement with ter mma]s 54 and 55, and a
cireuit is thereupon established thr c-uoh cle-
xrl(‘*oq 10, 32, 24, 34, 66, 65, 67, 55, 53 ,:-4 21,

Df}
G, 15, 5, 1 *’md 11.

The nmﬂnat W mdmo 21

'l-

closure of the switch 6 when the drop of
potential over the resistance section 15
deereases to a predetermined value, and

of Gugaﬂemcnt with terminals 74 and 76.
The circuit of the magnet winding 16 of the
switeh 1 1s Lhezoby mtenupted and the
switch 1 opens. The switches 3, 4 and 5

also open in succession, leaving the motor _

armature connectod dir ectly between the
conductors 9 and 11 by means of the switch
6. Upon eclosing the switeh 6, bridging
member 60 is raised out of enoag ement with
terminals 59 and 61, enewuatmn of the
magnet winding 22 of the switeh 7 being
*huﬂln ])I‘GV’"‘HL(‘([ while the switech 6 re-
mains closed, and the member 60 is caused
to engage contact terminals 83 and 84, a cir-
cuit l)emu thereby estabhshul for the switch
magnet 21 between the terminal 67 and the
W 111(11110 21, mdependently of that pmvmumy
established upon the closing of the switch 5
and subsequently inter ’{uptijtl upon the open-
ing of the sald switch by means of 111&1‘10(;1&—
ing switch 53—54—55. The switch 6 alone
remains closed through the succeeding posi-

tions 7, £ and [ of the master umtm]lei n .

moving through which positions the amount

of the resmtanc 38 1neluded in eireuit with
the field magnet winding 39 1s adjusted.

When th(, motor ar nmture 18 connected to

out

i

with, If

3

the circuit 9—11, the counter electromotive
force thereof will uquaﬂy be greater than the

electromotive Torce of the 1ow voltage circuit
9—10 and serious 1njury may, eonsoquenﬂv
be done to the motor if the armature is Sud—
denly disconnected from the high-voltage
circuit and immediately connected to the
low-voltage circuit without resistance in cir-
cult Lhmm“lt] to absorb the difference be-
tween the voltages generated by the motor
and that of the l(m -voltage circuit. In the
present system, c.,hmweq i the armature
voltage are eff ected without 1111@1111]:)’[1110 the
mmature cireult, and without causing cahmt-—
circuits, and wh(,n the motor ammtme 1S (18-
connected from the high-voltage circuit and
re- Gommcfed to the lmv Volmﬂe circult, re-
sistance 1s introduced in series ther ewuh
This will be readily understood by supposing
the master controller to be returned from ihe
position ¢ to the position d. In the position
g the switch 6 is alone closed, and also in the
position f.  Although, in the latter position,
the segment 24 engages contact terminal
33, tho circuit of Lhe nmﬂnet winding 22 of
tho switeh 7 18 interr upted secause the bride-
ing member 60 does not engage terminals o‘i}
and 61. In passing from The posttion f to
the position ¢, seement 25 is first caused to
engage cmﬂz%ot termmal 37 and a circult 1s
Lharebv established through devices 9, 26, 25,
36, 37, 40, 41, 42, 17 a,nd 10. Ener 017at1(::11
of the 111(1011& W mdnw 17 causes the smtch

to close fmd the r esmtance [2—13—14—151s

connected between the conductors 10 and 11
The segment 24 next becomes disengag ged

from contact terminal 34 and the 0110111‘5 of
magnet winding 21 of the switch 6 is inter-
l*upted the switch 6 bemg thereby permitted
to open, leaving the motor armature con-
nected betwwn GOIlduCtOIS 9 and 10 with the
resistance 12—13-—14-——15 in series there-
the master controller then 0CCU-
pies the position d, the switches 3, 4, 5 and 7
will close in succession, there eby removmo t

e
resistance 12— 13—14—15 from the circuit
ol the motor armature, or, if the master con-
troller occupies the posﬂnon b, only switches
3, 4 and 5 will close. The motor will a0a1n
accelerate to a speed corresponding to Lhe
position of the master controller. Thus it is
seen that, in reducing the voltage applied to
the armature Gueult the armature is first
connected to the lmv—volta% circuit with re-
sistance in series therewith , and then 1t 1s
disconnected from the high- Voltaﬂ'e circuit,
the resistance serving first to prevent short-
circuiting of the s:upply circuit, and then to
protect the motor from :'111111‘3? in case the
electromotive force generated thereby ex-

ceeds that of the low- VOltELD(} circuit.
I claim as my invention:
The combination with a multiple-vol-
‘L&ﬂe circult, a motor and a resistance in the
armature circult thereof,

of means for con-
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necting the motor armature to diflerent pairs
of conductors of the multiple voltage circuit,
means for removing the

1ne one terminal of which 1s connected to t
said resistance e, and means for connecting t
other terminal of said winding to d
concductors of said multiple voltfme cireuit so
as to apply approximately the same voltage
to the circuit of the magnet winding for ::111
voltages that are app hed to the armature ci-
cuit of the motor.

2. The combmation with a multiple-vol-
tage circuit, a motor and a resistance m the
circuit thereof, of means for connecting the
motor armature to different pairs of con-
ductors of the multiple-voltage circuit, a plu-
rality of switehes for removing the resistance
from the armature circuit,
magnet windings for the switches each hav-

he

ferent

and controlling ;

875,663

“Ing a terminal connected to the resistance in
- the armature circuit, and means for connect-

resistance from the |
armature cireult 00111])11%1112 a magnet wind-

mo the 1(,111:;11111110 terminals of the said mag-
net w indings to dl Terent conductors ot the

3 nlultlple-voltaﬂe circuit so that the magnet

¢

windings may become sufficiently ener frlx(,.d
to effect operation of the @Oll@&:])Ol’LdlllO

witches when the drops of potential over
the portions of the said resistance attain pre-
determined valu

connected. -
In testimony whereot, 1 have hereunto

subscribed my name this 29th day of April,

1907 . - |

HENRY D. JAMIS.

Witnesses:
Ross W. CoPELAND,
Birvey Hines

es regardless of the voltage
of the ecireuit to whicl the motor armature is

L~
- T
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