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To all whom vt may concermn: line 1 1 of Fig. 2 with star-wheel and pawl in
Be 1t known that we, WiLrtamM CooPER | elevation. 1*10 2 1s a sectional view on the 33
and Croarres W. JOH\TSON citizens of the | line 2 2 of Fig. . e, 3 1s a diagram of the
United States, residing the lormw at Clneln- | cireuit connectlons and dowlopment of drum-
5 natl and the latter at N orwood, 1 the county | contacts. kig. 4 is an enlarged plan of the
of Hamilton and State of OGhio, have invented | intermeshing gears on the two drums, and
certain new and useful Impr vements 1m | Fig. 5 1s an (,ﬂla,rg(,d plan of the interlocking 6o
Controllers, of which the following is a full, | cams.
clear, and exact specification. Refernng first to Fig. 3, the multiple-vol-

1o Our invention relates to controllers for tage madins are indicated at 12 3 4, a,nd there
electric motors, and more particularly to con- | may be three or more, as desired, the oreater
trollers adapte d to vai 1y the speed ot a motor | the number the 01’*0&1}01" being the number of 5
by changing the voltage applied thereto and | different voltages available. In the present
Op{}l"{lt"-‘([ from o, nmltlple—-volm% system. nstance six diferent voltages are avatlable,

t5  In the most modern shops of &ll descrip- | and their difference may be arr anged to suit
tions i1t has become the practice to use inde- | requirements of speed. It has been found
pendent electric motors for ditving the va- | in practice that the following combination 7o
rious machine-tools or other driven mechan- | of voltages give very good results: between
1sms.  In connectlon with this class of work | mains 1 and 2, sixty volts; between 2 and 3,

20 a wide variation of speed control 1s very de- | eighty volts; between 3 and 4, one hundred
sirable; and the object of our mvention is to | and ten VO]tS between 1 and 3 one hundred
obtam a large range of speeds, at any one of | and forty volts between 2 and 4, one hun- 75
which the motor may be contnmou&ly oper- | dred and ninety volts, and butween 1 and 4,
ated at high elliciency. two hundred zmd ﬁfw volts.

25 By our mvention certain changes of speed The mains are run throughout the factory
are obtained by using a motor in comunotmn or shop to which the system 1s applied to a
with multiple- Voltaﬂe mains and varying the | number of motors arranged at different 8o
voltage applied to the armature, and other | pomts. The connections for only one motor
chanﬂ es 1n speed ave secured by changrw the | are shown, as the connections to the other

30 field stremth The lowest speed may be ob- | motors are similar. The mains are connect-
tained by ‘11}})13 ing a low voltage to the ar- | ed, through a switch 5, to the fingers 6 6°—
mature with a strong field. The speed may | 6% as shown, which engage with contacts on 8s
then be increased by weakening the field | the two drums 7 and 8, which are insulated
step by step. The tield may then be in- | from each other. The contacts carried by

35 creased and a higher speed obtained by - | the drums are indicated at 9 and consist of
creasing the Vo,taﬂe applied to the armature, | small eylindrical metal pieces screwed into -
which more Lh&n offsets the streng thened the dmms and having Lhe outer ends adapted 9o
field. Further mncrease 1 speed is then ob- | to make contact with the fingers at the dif-
tained by gr adually weakening the field, as | ferent positions of the dmms, as indicated at

40 before, and this series of ChiLIlOCS may bere- | 1* 1"-18 and 2* 22, - Connection 18 made
peated until the motor 1s operated on the | from fingers 6¢ and 62 by the lead 10 throuch
highest voltage available with the field weak. | the magnetic blow-out coil 11 to the arma- 95
In obtaining the above speed control we | ture 12 of the motor to be driven and thence
have developwd a controlier which 1s simple = by lead 13 to fingers 6¢ and 6"

45 1n construction and easily operated. An additional drum 14 is used, which may

Our imnvention will be understood from the | be designated as the ‘‘field- drum.” This
following description, read In connection | carries contacts 15, arranged 1n groups, and a 100
with the accompanying drawings, which show | row of contacts 16 near the bottom of the
the preferred form of consu’*uctmn and the | drum. These contacts are similar to con-

so novelty thereof will be SpuOiﬁCﬁlhT set forth | tacts 9 on the main drums. Their outer ends
mn the appended claims. | make contact with the fingers 3* 3°-3» as the

Figure 1 1s a longitudinal sectional view | drum is turned through the dlffuent . 0SI- 105
Lhrough the axis of the controller-drums on | tions indicated at 4* 4°—4¢. Connection is
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made by lead 17 from the main 4 through the
field-coil 18 of the motor to finger 3". A lead
19 connects main 1 to ﬁnoer 3%, DBetween
fingers 3* and 3% a resistance 20 is connected,
and this is sabdivided by aps which connect
to fingers 3%, 3¢, 3¢ 3¢ and 3', as shown.

The controller is inclosed bT a cast frame
21 and a removable {ront cover 22. In the
upper and lower bearings 23 1s mounted the
shaft 24 of the two main drums 7 8. The
drums are made up of the wron cylinders 25,
secured to the end heads 26. "Lhese are in-
stlated from the shaft by the micanite sleeve
27 and at the ends by the mnsulators 28, being
secured thereto by the pins 29. Above the
upper nsulator 28 1s the collar 30, fixed to
the shaft by the tapel pin 31 and to the msu-
lator 28 by pins : Above the 001 ar 30 and
also fixed to the Shait 1s the gear 33, on which
1s secured the cam 34. A pemtel 35 1s at-
tached to the top of the shaft outside of the
frame for the purpese cf indicating 1ts posi-
tionwith reference to a dial below the pointer.
Beneath the lower 1nsulator 28 1s a star-
wheel 36, fixed to the shaft and sec 1red to
insulator 28 by pins 37. 37, pivoted

A pawl 37
to the frame at 38, carries a roller 09 which
engages the star-wheel.  The pawl 1s pl essed
ag ainst the star-wheel by the spring 40, se-
cured at one end to the pawl and at the other
to the frame. This arrangement tends to
kkeep the drums in certain positions for the
different speeds and to prevent stepping at
intermediate pomts. “The star-wheel 18 pro-
vided with the projection 41, having the con-
cave sides 42.  When the pawl engages the
projection on either side, it prevents further
movement of the drums in that direction.
The field-drum 14 15 mounted on shaft 43
to one side of the mam dirum. The drum,
which 1s of mretal, has the end heads cast 1n-
tegral with the m']"ndlici portion and 1s -
sulated from the shaft by the micanite sleeve
44, The drum is secured at the end by pins
45 to insulators 46, and these are secured by
pins 47 to collars 48 which are fixed to the
shaft 43. Above the upper collar 48 1s a
gear 49, fixed to the shaft, and secured to
this Uem is a cam 50. The gears 49 and 33
mesh with each other, and “their outline i 13
shown m Fie. 4. The gears are the same in
diameter, and one half of each is toothed in
the usual manner. The other half of gear 33
1s provided with the six ind entations 51,
which are engagea by the tooth 52, carried
by cear 49. W hen shaft 43 is turned by the
oper aunn—han( le 53 in a right-handed direc-
tion for forward speeds, 1t 1s evident that 1t
will make one complete revolution between
each movement ol shait 24 of one notch by
engagement of tooth 52, and six complete
revolutions of shaft 43 may be made for one-
half a revolution of shaft 24.  When the
shaft 43 1s moved left-handed for reverse
speeds, the teeth 54 Intermesh and both

845,528

shafts make a half-revolutionsimultancously.
The cams 50 and 34 nterlock, as shown in
Fig. 5, and for forwara speeds permit shaft

94 to he moved step by step, at which tin-es

the projections 55 %11(‘(’0%11’("]? encave the

indentation 56; but between steps the cireu-
1.&:1.1‘ periphery of the cam 50 engages the
curved portions 57 and locks tie drums in
position.

The outside of dmmﬂ 7,8, and 14 are cov-
ered with micanite 58 to protect thesurfaces
from sparking. The contacts 9 and 15 ave

10t shown on the drums i Iags. 1 and 2 for
the purpose of avoiding confusion; but 1t will
be understood that thev are placed therecn
In positicns to corr o--p<m(t W uh_ these shown
m e, 3. The fingers 6* to 6" are, as shown
at 09; qecmed to terminals 1._,-.0, which are
mounted upon the wooden strip 61, made of
maple scaked m parvallin.  This strip 15 se-

cured at top and bottom to the frame, as
shown at 62. The fingers 3% to 3" for the

fleld-drum (shown at G :;) are stiarly mount-
ed on a wooden stiip 64, which 1s secured to
the frame. Opeiungs 65 are provided m the
back of the franie for the leads which con-
nect to the fingers.
Below the drum 14 1s the blow-out coil 11,
the core 66 of which projects forward from
the back of the irame. An 1won plate 67
(shown in dotted lines in 1o, 1) 1s attached
to the core 66 and extends over all the con-
tacts 6% to 6. The rear portion of the frame
1s curved and clesely envelops the con tacts,
as shown 1n Fig. 2. Jno contacts are nade
of brass, with an iren sleeve upon ecach.
There 13 therefore a pmn of comparatively
low magnetic reluetance from the cove of the
blow-out co1l through the plate (7, across the
fingers 59 to the drums 7 and S, ‘Lthh the
drum-contacts, and from the drum ]1101”111
the contacts at the rear to the frane, and
then to the core of the blow-out coil.  "Lhe
magnetic {lux acress the pemits when the tin-
oers engage the contacts minlinize the spark-
ine by blowing out the are, as is well under-
stood.

The variovs conn

celions made by the con-
troller will be understood by relerence to
Ifig. 3. The field 13 always exeited when
switeh 5 1s closed and 1s alwavs connected to

the highest potential diffevence available,
whiceh 1s that between mams 1 and 4. 1 lm

contacts on the field-drum on the sane hori-
zontal line are equivalent to a single contaet-
strip, as they are so clese together that the
fingers may malke contact with two a djacent
contacts at the sanme tinie.  The off position
of drums 7 and 8 1s indicated by the hne 17,
and no contacts being u_.-hm eO NO - current
flows through the armature. The corre-
sponding p(f-mou of the field-drum 15 with
line 4% under the fingers 3* to 3% The field-
current then flows from main 1 by lead 19,

_.}

through resistance 20 to finger 3* to the
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drum, out by finger 3%, through field-winding
18, lead 17, to main 4. The shunt-field at
that time has all resistance 20 in series with
1t, which reduces the current in the coil, and
the field 1s then its wealkest.
Movement of handle 53 to a slight extent
m a right - handed direction hrings line 22
under the fingers 6* to 6% and line 4* un-
Ngers 3% to 34, The armature - cir-
cuit is then as follows: main 1, finger 6%,
dram 7, finger 64, lead 13, armature 1‘? blow-
out coil 11, “lead 10 finger 6%, drum 8;, finger
6%, to main 2. The lowest Volmge or poten-
tial difference available is then applied to the
armature. ‘The field-circuit is from main 1,
lead 19, ﬁnﬂ er 3¢, drum 14, finger 3%, field 18,
lead 1/ to main 4. The ﬁeld then has 1ts
oreatest strength, as no resistance is in series
with the field-coil, and this strong fiel ', CON-
bined with the low voltage &pphed to the ar-
mature, gives the lowest bpeﬂd to the motor.
Further movement of drum 14 may then be
made to position 4°, while the drums 7 and 8
remain stationary by reason of the form of
the gears 49 and 33. For position 4° of the
field-drum the current passes from main 1,
through lead 19 and a part of resistance 20 £
finger %1 then to the drum and out by finger
3h hroucrh the field-coil to main 4. The in-
seruon of a part of resistance 20 1n series with
the field- 0011 wealkens the field, and therefore
o1ves an mcrease 1n speed.  In the same way
further movement of drum 14 to the succes-
sive positions 4°¢, 44, 4¢ 4' and 4# nserts a
oreater and Gl‘t&tel" amount of resistance 20
in the field-cireuit until it is all inserted at
position 48 and gradually mcreases the speed
at each step. Seven different speeds are
therefore obtained while the armature 1s con-
nected to the mains giving the lowest poten-
tial difference. When the field resistance is
increased step by step, one linger makes con-
tact before the adjacent one )10&1{5 contact,
and the circuit 1s thewfore not broken. After
one revolution of the field-drum the tooth 52
aoaln engages the gear 33, and drums 7 and 8
are moved so that the fingers make contact
on line 2°. The armature-current is then as
follows: main 2, inger 6, drum 7, finger 6,
lead 13, armature 1‘? blow-out coil 11 lead
10, finger 6%, drum 8, Imger 6! to main 3. The
voltage of the mains 2 3, which is higher than
that of mains 1 2, 1s therefore ﬂpp]i@(‘] to the
armature. At the same time the ficld-drum
fing ers contact on hne 4%, and all the resist-
ance 1s cut out of the field-circuit, giving a
strong field. The strengthening of the field
15, however, more than ollset by the increase

_—

in  armature - potential, and an Increased .

speed results.  The field 18 weakened step by
step for mecreased speeds by completing the
second revolution of the field-drum. At the
beginning of the third revolution drums 7
and 8 are turned another step. This con-

nects the armature-circuit to mains 3 4, and

F

although the field strength is increased at
this step an increased speed results, due to
the higher potential difference of mains 3 4
over that of mains 2 3. The field strength

1s now gradually Vﬂahened again for 1in-

creased speeds. In the same way for each

-revolution of the field-drum the potential

difference applied to the armature is in-
creased by connecting the armature-circuit
to mains ot gradually-imereasing potential.
At each Increase in armature-potential the
field strength 1s also increased and then
weals_enml S‘L“p by step until the armature-
potential is again mnereased. It will be evi-

dent by 10110%?’1116 out the circuits that for po-
sition 29 the armature will be connected to
mains 1 3 for position 2° the armature will
be connected to mains 2 4, and for position
20 the armature will be eommc‘ted to mains
1 4. 'There 1s therefore six different vol-
tages applied to the armature, and as there
are seven different field S‘Lreno ths for each
voltage there are obtained fort ty-two speeds
for forward operation. When the drums are
I such a pos1t10n as to give the highest
speed, the pawl 37" engages projection 41 on
the star-wheel, and tur ther movement of the
drums 1n the same direction is prevented.
For reverse operation of the motor the
handle 53 1s turned from off position in a left-
handed direction, and by reascen of the teeth
54 the drums 7 S and held drum are moved
simultaneously. Ifor the first reverse speed
lime 1P 1s brought under the fingers 6* to 6k
and the armature-cireuit is as follows: main
I, finger 62, drum 7, finger 6°, lead 10, blow-
out coil 11 ar 1’11%111"0 lead 13, ﬁﬂger 6!,
drum 8, ﬁno er 6 to main 2. The lowest PO-
tential difference is therefore applied to the
armature, and the current passes through the
same 1n a reverse direction, while the. polal 1ty
of Lhe field remains un&hanoed thus giving
reverse operation of the motor. ‘The corre-
f;poudmﬂ position of the field-drum is line 41,
and the field 1s therefore weak. The first re-
verse speed corresponds to the sixth forward
speed. Further movement of handle 53
brings the fingers over lines 1° and 4° for the
second reverse speed. The armature-circuit
1s then as follows: main 2, finger 6, drum 7,
finger 6°, blow-out coil, m’m&tur@ ﬁnﬂ er 61
drum §&, ﬁnﬂ or 61 to main 3. For re 1"11{11111110
prlthllS the armature will be connected £
mains 3 4, then to mains 1 3, then to 2 4, and
finally to mains 1 4 at po,ﬂuon 1. FKor each
of these connections the field will have a dif-
ferent strength and become stronger for each
increase 1n voltage, until at the last position
all the resistance 20 will be cut out and the
field will have its full strength. After the
highest reverse speed 1s obtained further

movement of the drumns 1s prevented by the
pawl 37" engaging the projection 41.
Verse sp{,eds are therefore obtained.

Evidently various modifications may be
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made 1 the structure of our device and still
be within the scope thereof as defined by the
claims.  Also the number of supply-mains
and voltages available may vary W1thout dle-
parting from the esssential features of our in-

vention, and three mains with three different
voltages, or four mains with six different
voltages, or anv greater number of mains

may be used.
“\fe claim as our mvention—

The combination of multiple-voltage
maing, a motor, a controlling-switch 0pemteg
DY a single hﬂn lle and connections arr anged
to connect the armature to mains of o'mdu-
allv-mereasine voltage
voltage to auuwmen the field by inereasing
the current in the fiekl-circuit and between

ach 1ceren %e 1 voltage to weaken the field
bv educing the leem 1n the field-circuit to
oradually merease the speed of the motor,
%11(1 means tor L)Ot 111i11ﬂ 2, reverse rotation of
dld motor by 11101'01110111 of sa1d handle.

. The combination of multiple - voltage
mains, a motor,
ling-switch oper amd by a single handle and
connections anumeJ to connect the arma-
ture to mains of graduallv-inereasing voltage
aud 2t each inerease n volt tage to cut out re-
sistance from the [1eLL—(”10u1t and between
cach ill(‘lOELE{} of voltz we to msert the resist-
ance 1 the field-eirewit to graduzally inerease
the -~p“oft of the motor, and mesans for ob-

taining a reverse mt*umn of said motor by
,11m. ement of said handle.

The combination of multiple - voltage
munm, 1 motor, a controlling-switch, and
connections arranged to connect the arma-
ture of the motor to low-voltage meains, then
wealken the field ]“n" reducing ﬂm CUTT ent 1n
the field-circult, then conneect the armature
to mains of 115:_1;‘101 voltage and :1&1111 weaken
ﬂle field by 1.9 ucing Ule current in the field-
cireutt to gradus HT imerease the speed of the
motor, and means for obtalning a reverse ro-
tation of said motor by movement of said
ha 1(110

The combination of muluple voltage
me 1115, a motor, a controlling-switeh, a ﬂnble
handle 101 operatme the same, and connee-
tions arranged to connect tl@ armature of
the nmml to luu -voltege mains, then weaken
the freld l)\* reciucing { o muwm 1 the ﬁe]d—
(*iwult then conneet the mmdum to mains
of higher volts oc and o “fu wealen the held
by unmcmu tie current in the field- reuit to
oracually inerease the ﬂpeed of the motor,
and means for connecting the armature 0[
sala motor to the gard mains of different vol-
tage o0 as to ob
nmotor alao by movement of caid cingle handle.

5. The ('mnbmatmn of 1111111:11)1@ voltage
mains, a motor, a field resistance, a control-
hnﬂ—s*mtch and connections arra nged to con-
nect the mmatme of the motor to low-vol-

tage mains, then weaken the field by insert-

on¢ at each inereasein |

yiain reverse rotation of =aid

e et

—— eRid—mE T R—EmEE TR

Inserting the resistance
a field resistance, a contr ol- |

845,528

g resistance in the field-cireuit, then con-
nect the armature to mains of hwhcq volte ge
and also strengthen the field bx cutting the
resistance out of the field -eirent, “then
we alken tlle field by agam imserting the re-

istance in the field-cireuit to o1 dus vy 1n-
crease the speed of the motor, and means for
connecting the armature of ¢ said motor to the

sald mains of diflerent voltage so as to ob-

tain reverse rotation of said motor also by
movement of said single handle.

6. The combination of multiple - voltage
mains, a motor, a ficid resistance, a control-
ling Sw 1itch, a single handle for operating tsw

same, and connect'ons arranced o that when
the handle is turned in one direction the ar-
mature 01 the motor 1s connected to low-vol-
tage mains, the hold then weakened by in-
8611.1110‘ lesmtance m the lield-cireut, th a1~
mature then connected to mains of higher
potential and the field resistance cut out of
the field-circuit, the ﬁold aoaln weakened by
e in the flold circuit to
ﬂmduallv merease the speea ol the motor,
and connections arr anged o that when the
said handle 1s turned in the opposite direc-
tlon a reverse rotation of the motor 1s oh-
tamed.

J—r i\

(. The combination of multiple-voltage
mains, a motor, a field resistance, a control-

ling-switch, a handle for operating the same,
and connections arranged so that when the
handle 1s turned in one direction the arma-
ture of the motor 1s connected to low-poten-
tial mains, the field then weakened by insert-
ing resistance in the field- -cireuit, and the ar-
mature then connected to mains of hicher
potential to gradually increase the speed of
the motor, and connections arrenced o that
when the said handle is turned 1 the oppo-
site direction a reverse rotation of the motor
1s obtamned at different speeds by connecting
the armature to said mains of different po-
tential.

8. The combination of multiple-voltage
mains, a motor, a controlling-switeh, a han-
dle for the same, a field resistance. and con-
nections arrange ed so that tv rning the handle
in one direction for forward speeds first con-
nects the motor-armatvre to mains of low
voltage, then inserts resistance m the field-
circvit, then connects the armature to mains
of higher potential and cvts out the field re-
sistance to give a graduallv-inereasine speed,

and turning the handle in the opposite direc-

tion reverses the direction of rotation of the
motor and connects the motor-armature to
mains of gra Udua]lv-—m(' reasing voltage to give
oradually-increasing peeth in the opposite

- direction.

0. The combination of mrlitiple-voltage
mains, a motor, a confrolline-sw 11(*] A lmn—

cle for the same, a field resistance ard con-
nections arranged so that trrning the handle
in one direction for forward speeds conneets
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the motor-armature to mains of gradua]]y—
increasing voltage and also strengthens the
field and between each Increase in voltage
weakens the field to gradually increase the
speed of the motor, and turning the handle in
the opposite direction reverses the direction
of rotation of t.
mature to mains of gradually-increasing vol-
tage to givegradually-increasing speeds i the
opposme dlreetmn

10. The combination of muluple-volt%ge
mains, & motor, a field resistance, a control-
ling switeh and Gmmectlons sald controlling-
&,Wnch comprising & shaft carrying contacts
adapted to vary the voltage applied to the
motor-armature, a second shaft Carrying con-
tacts adapted to vary the resistance in the
field-circuat, gearing connecting sald shafts,
interlocking cams on said shafts and a handle
on one of said shafts for operating the same.

11. The combination of mulﬁple—voltage
malns, a8 motor, a field resistance, a control-
ling-switch :md connections, said controlling-
switch COMPTrISing & contact- drum, a SeGOIld
contact-dram out of alinement with the axis
of sa1d first drum, and means controlled by a
single device for actu*mtme both of said drums.

1‘?’ The combination of multiple-voltage

mains, a motor, a field resistance, a control—-_

hng—swmch and connections,said controllmg—
switch comprising a contact-drum having
contacts for varying said field resistance, a
SBLOI]d contact- drum out. of alinement Wlth
the axis of said first drum and having con-
tacts for varymng the voltage :‘Lpplmd to
the circuit of the motor—-mm&tum and means
controlled by a single device for actuating
both of said drums

13. The combination of multiple-voltage
mains, a motor, a field resistance, a control-
11110-swnch a,nd connections said contlolluw—

switch comprising a contact-drum hawno

1e motor and connects the ar- |

' contacts for varying said field resistance, a
second contact-drum out of alinement with

the axis of said first drum and having con-
tacts for varying the voltage applied to the
circuit of the motor——armature and means
controlled by a single device for imparting a
continuous movement to said first drum and

an Intermittent movement to said second
rum.

14. 'The combination of multlple—-voltage
mains, a motor, a field resistance, a control-
llﬁO—sx&rltch and connections, said 0011tr011111g~
switch COMPrising  a contact-drum having
contacts for varying said field resistance, a
second contact-drum out of alinement with
the axis of said first drum and having con-

tacts for varymng the voltage appled to the

circuit of the motor-armature, and means
controlled by a single device for actuating
sald first dmm and for exerting a force at in-
tervals tending to move said second drum
when said device is moved continuously.

15. The combination of multiple-voltage
mains, & motor, a field resistance, a control-
ling _switch and connections, said controlling-
switch comprising a contact-drum h&wng
contacts for varying said field resistance, a
second contact-drum out of alinement with
the axis of said first drum and having con-
tacts for varying the voltage applied to the
circult of the motor- ‘mn&ture and means
controlled by a single device for actuating
sald second drum one step per each revolu-
tion of said first drum, both of said drums be-
g actuated by the movement of said device.

In testimony whereof we atlix our signa-
tures 1n presence of two witnesses.

WILLIAM COOPER.
CHARLES W. JOHNSON.
Witnesses:

L. K. SAGER,
SANFORD KLEIN.
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