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To all whom it may coneern: |

Be 1t known that 1. Lewis L. Tarun, a citizen of the
United States, residing at Norwood. in the county of
Hamilton and State »f Ohdo,
new and useful Improver
the following is a Iuii, tear. and exact specification.

My invention relates to controllers for elect vic IOLors.
and pariicularly to controllers for starting and regu-
lating polyphase induction motors. |
- The object of my invention is to provide a siniple,
compact and inexpensive controller for use with heavy
currents or high voltages. which shall be capable of
sure operation with greatly reduced labor.

Heretofore controllers for heavy currents have either
had large sliding contacts under great spring pressure.

In which case the labor of operating the controller was
- excessive

2. or else have used separate solenoid switches
under the control of a master controlier, in which case
there were losses of energy in the solenoids and great
complications in the system of wiring. |

With my inventiou the great labor in operation, the
energy ioss 1n solenoids, and the complicated wiring of
the controlling circuits are all avoided and the contacts

of the controller are positively closed with a firm con- |

tact, and positivel]y and widely opened with a quick
break. thereby being able to carry heavy currents
safely and at the same time preventing dangerous arcing.

My invention it especially ﬂpnhmhle to mill mo-
tors and mine Hoists where 1f 18 necessary to frequently
start, stop and reverse the motors. It is also well
adapted for use on eleciric locomotives. and in all
places when large currents or high voltages are 1o he
controiled. "The aurrent carrying parts may be as
large as desired and are positively and quickly oper-
ated both in opening and closing. the greatest. pressure
being applied in closing at the time when the contacts
engage so that a firm contact is insured. The operat-
ing mechanism may be of smaliradius but the switches
controlled thereby may be arranged on a much larger
radius.  And in addition the controller is simple in
operation and construction, ¢ompact in form, and in-
expensive to manufacture.

In one aspect, my invention comprises a shalt car-
rying cams, and a plurality of snap switches arranged
to be operated by said cams as the shaft is rotated.

In a more specific aspect, my invention comprises a

rotatable shaft, a plurality of cams on the shaft, and a

plurality of similar groups of snap switches, the corre-
sponding switches of the groups being simultaneously
closed and the different siwitches of each group suc-
cessively closed by certain of the cams as the shaft is

rotafed in one direction, and the corresponding switches -

of the groups being simultaneously opened and the dif-
ferent switches of each group successively opened by

have Invented certain.
nents 1n (,(}ntmlleh of which
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and I/, L2 arranged in pairs.

- the cams (%

-—

others of the cams as the shaft is rotated in the other
direction. | |

From another point of view my invention consists of
the combination of a rotatable shaft, with a plurality of
cams on said shaft, and a plurality of snap switches ar-
ranged to be closed by sonie of satd cams and opened
by others of said cains as the shaft is rotated.

In another aspecl, my invention consists of an induc-
tion motor, resistance in the rotor circuit of the motor,
a plurality of snap switches each arra nged to short-cir-
cult a portion of said resistance, a rotatable shaft, a pair
of cams on said shaft, so arranged that one of said camns
closes said switches successively as the shaft is rorated
in one direction and the other cam opens said switches
as the shaft is rotated in the other direction.

Still more specifically my invention comprises a
three-phase induction motor, a Y-connected resistance
in 1s rotor circuit, a group of snap switches associated
with each section of said resistance, a rotatable shaft,

and a pair of cams on said shaft for each group of
switches, one of each pair of cams being arranged to

close its associated switches successively as the shaft is
rotated in one direction, the other of each pair of cams
being arranged to open said switches successively as
the shaft s rotated in the other direction. correspond-
ing switehes of the vartous groups being operated simul-
taneously. |

Figure 1 is an elevation of my controller with hali of
the casing removed. Fig. 2 is a section on the Hne 2—9
of Fig. 1. Fig. 51sa section on the line 3—3 of Fig. 1.
Fig. 4 is a 1‘1710(11"["1{:&11{11*1 showing a spring actuated tog-
gle switch. Fig. 5 is ancther modification showing a
latched spring Opened snap switch. Fig. 6 is a section
oir the line 6—6 of Fig. 5, showing a detail of the trip
lever and lower cam in Fig. 5, and Fig. 7 is a diagram
of connections showing my in 1*:211131{}11 3| pphed to a

three-phase induction motor.

in the drawings A is a controller casing in which is
journaled a shaft B, operated by the usual handle B’.
Fixed to the shaft as by pins b, are canas ¢/, C°, D/, D*,
It desired, the epms
may be provided with anti-friction rollers at their ends.
The (7. D7 and B/ are arranged vertically in line.
D= and E? being arranged in anocher ver-
tical line. These two lines of cams are angularly dis-
placed from cach other, as shown in Figs, 2 and 3.

Mounted on the cusing are groups of snap switches
BRI 1 G, G GRGY and HY, B2 OH3, HY the
awiitf)h{,b ol eafrh group, as £/, 7, ¥ and F*, being
homzontally 1n line, and the corresponding switeh
of the different groups, as ¥/, &’ end H’. being ver-
tically in Hue. Bach of these = ap switches i ar-
ranged to be operated Ly o toggle L. 17, the toggles in
turn being operated by the cams O, C? ete. - Ag the
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shaft 18 rotated the cami: engage the arms 17 either | my controller with groups of smtches however be-

above or below the pivotal points of the latter, en-
gagement above the pivotal points, as by cams.(/,

D’ and ¥/, straightening the toggles dnd closing the |
5 switches as shown by switches F/,'G/ and H’ in Fig. 1,
and engagement below the pivotal points, ‘as by cams
(2, D? and K2, tripping the switches by throwing the

" toggles out of line and allowing gravity -to open the -

switches with a snap. The switches F4, G* and H*

10 are shown open in Fig. 1. When.the switches are
- closed the arms I, I are moved a little beyond aline-.
ment, g0 that thé switches will be locked closed, too

‘great movement in this direction being prevented
by fingers ¢ on arms I. In closing the switch, the
15 first part of the movement is against no pressure, and
‘the toggle then needs and has but a comparatively small |
‘mechanical advantage, but when the switch contacts
engage, the toggle arms are nearl}f in line, and the
o mechanical advantage of the cans in forcing the con-
20 tacts firmly together is very great. ‘This gives a. good
. - contact and saves labor on the part of the. operator.

In opening the switches grawty may be assisted by
. springs I? ag shown in Fig. 4, or, if the controller toggles .

- are placed honmutally or the contloller 11werted Lhe
- 25 springs act alone.
" When the shaft is in “off” pomtu}n 7. ¢. when it
" has been moved as far as it will go in an anti-¢lock-
“wise direction, all of the snap switches are open. As
the shaft is rotated in a clockwise direction the open-

‘80 ing cams (%, D2, and E? swing freely past the lower

ends of arms ¥/, doing nothing, but the closing cams

- (¥, D/ and ¥/, which are but a small angular distance
behind the opening cams, engage jhe upper ends of |

~arms 1/ closing the corresponding- switches of "the
‘,35 various groups, as I/, G’ and H’/, simultaneously and
~ the different switches of the same group as B/, K2, F3
and F, successively. As the shaft is votated in an

' anti-clockwise direction, the reverse action takes

place, the closing cams first passing the arms I, dumg.

- 40 nothing, and the opening cams following and engdging

- the lower parts of the arms ¥/, to simultaneously trip |
mrrespondmg switches of the various groups and sue- |

cessively trip the different swil. ches of the same group.
When either the opening or the closing cams operate

45 the switches, the other set of cams is entirely out of |

the way, so as not to interfere with the free action of
the switches. |

In Figs. 8 and 6 is shown a mudm(almn ol the snap |

~gwitch of my controller. On the shait By are mounted

50 the cams C; and C,, the cam (4 being similar to the

cams ¢/ above described and acting to close the snap

switch T, directly instead of through a toggle I, 17. |

The switch It is held closed by a latch M, ple%md
upwmd]} by a leaf spring N. The upper surface of
56 latch M. is rounded, as shown in Fig. 6, the lower sur-
face of cam (, being correspondingly rounded or
- beveled, so that as the shaft B is rotated and the cam
C, engages latch M, the latter is pressed downwardly
agdlnst, spring N and the switch Iy tripped, thus allow-
60 ing it to be opened by the compression spring O.
switches in groups, corresponding switches of ‘the
- groups being operated simultancously, but all of the
swit(hes could be arranged to be operated successively

_65 if it were 80 desired. I hzwe shown and deseribed |

It would not always be necessary to arrange the snap.

r

R I—

cause, the controller is primarily intended to be uaed |

for starting and regulatmg induction meotors,  and
especially thlee-phase ind uction wotors. -
In Fig. 7 is shown dlagrammatlca,lly my comro]ler ap-
plied-to a three-phase induction motor. The supply
mains are represented by 1, 2 and 3, the statm wind-
ings by 4, 5 and 6, and the rotor by 7: The stator
windings are here shown delta connected but if is

obvious that other methods of wnnectmg could be_
I ,.efi,dmg from the slip rings of the rotor are

1lsed
wires. 8 9 and 10, which lead to resistance Bectlonﬂ 11

12 and - 13.

correspond with the rotor winding. The method of
connecting the resistance depends on the method of

connecting the rotor windings, the two generally corre-

sponding. Eachsection of resistance is associated with
“a group of the switches of the controller, and each switch
cut-out a part of its resistance section.

18 ar range‘dji&
| When it is desired to start the motor, the CO]ltl‘ﬂﬂel‘_'

‘The resistances may bé connected in any-
desired manner but are. here shown ¥Y-connected, to

7

80

86

heing in “off” or high resistance posmon the hand -

switch K is closed; The rotor circuit now has all the
resistance 11, 12 and 13 in c:1rcu1t

has gained sufficient speed, the controller is moved
to ::1mu1tqneouslv close the correspondmg switches F/,
G/ and H’ to cut out parts of the resistance sections. -

When the motor

90

As the motor gaing greater and greater speed, the con-"

troller- is moved to cut out more and more registance
until hnally, by closing switches F¥, G* and HY all
the resistance 18 cut out.. When ‘the controller ig
moved in the other direction the snap switches are

95

Upened to cut in the resistance agam a,nd the opening

of switch K stops -the motor. It 15 not abaolutely

order to keep the system balanced.

necessary to close corresponding switches of the vari-. 100 |

| ous groups simultaneously, but it is better to do so in

If desired instead of having.just one opemng cam

for each group of switches, there may bhe two such

I~cams. arranged in the same horizontal” plane, and
“The closing cam- is then arranged

" to be both preceded and followed by an opening cam, -

-preferably integral.

105

so that as soon as the closing cam closes one of a group ™

.of switches, the closing cam which follows 1t opens the-

preceding switch. With this arrangenment no two
switches of a group are closed simultaneously, whloh
sometinies may be very desirable.

I have described my invention in what I now con-
“sider.to- be its preferred form, but it 18 not limited to
the precise .structure shown - and described. It is.

obvious that many: ‘equivalents may be substituted

for the various parts shown and desceribed without .

departing from the spirit of my invention, and I claim
all such obvious . modifications as falling thereunder.
What I claim as new and desire to secure bv Letters

Patent is:—

110
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1. In'a controller, a rotatable shaft, 2 plurahty of cams -

thereon, andd a plurality of snap switches operated by each
of said cams as saild shaft is rotated. -

9. In a controller, a rotatable shaft, 'a cam on said
shaft, and a plurality of snap lei‘(]lEb Opelated by said

cam as the shaft is. rotated, . a
3. In a controller, a rotatable slmft cams on said shaft,

and a plurality of snap switehes arranged to be closed by
one of said cams and opened by ﬂnmhm of said cams as
the shaft is rotated in one direction or the other.

4. In 2 controller, a rotatable shaft, cains on said shaft,

125

130
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Hnd a pmrallty of toggle switches f11mnged to be operated | for each group of. switches, one nf each pair of eama being

uy each of said cams as the shaft is rotated.

2. In a controller, a rotatable shaft, & plur&lity of cams

- on sald shaft, and a pluraht} of snap switches, each cam

]
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baing arranged to operate a uuml}er of said switches sue-
ceasively as the shaft is rotated. '

9. In g controller, a rotatable shaft, a pluralitv of cams
ol sald shaft and a plurality of snap switches arranged to

be closed successively Ly some of said cams and opened

aucﬂesswel} by others of said cams as the shaft is rotated,
each cam operating more than one of said switches:

7. :In a controller, a rotatable shaft, a plurality of camsg

on sald shaft, and a plurality of snap switches arranged to
be simultaneously closed by some of said cams and simul-
taneously opened by pthers of said cams as the shaft is ro-
tated in one direction or the other. :

‘& In a controller, a rotatable shaft, a pair of eams on.

said shaft, and a plurality - of switches arranged to be

cioscd by one of said cams and apﬂned by the uther {}f sa,id
cams 48 the shaft is rotated. -

9. In a controller, a rotatable shaft, a palr of cams on

said shaft, and a plulallt}' of snap switches arranged to be.
successively closed by one of said cams as the shaft is ro-

tated in one direction and to be succe*&swely opened by the
other cam -as the shaft is rotated in the other direction,
10. In a controller, a rotatable shaft, a pair of cams on

sald shaft, and a plurality of toggle switches arranged to |

be closed by one of said cams and opened by the other,
11. 'In a controller, a rotatable shaft, cams on said.

shiatt, and a plurality of switches arranged to be operated
by one of sald cams as the shaft is rotated in one direc-

tion, and by another of said cams as the Ehaft is rotated in
fhe other direction,.
12, In a controller, a rotatable shaft, a pair of cams on
said qhaft a switch, and means. rlﬂlmally in the path of
oite of said cams and arranged to be moved by said cam
inio the path of the other cam as the shaft is rotated in
¢ direction, and to be moved by said other.cam into the
pnth of the first ag the shaft is rotated in the other direc-
cion. said means operating the switeh as it 15 moved. ~
13. In a controller, a rotatable shatt, a plurallty of
cams on said shaft, and a plurality of groups of snap

switches, che different switches of a group being arranged-
- to be suc cogsively operated By said cams asg the shart is

rotated.

14. In a controller, a shaft, a plumlity of cams on said

shaft, and 2 plurallh of groups of snap switches, the dif-
ferent « nf;tﬂheq of a group hemfr arranged to De succes-
gively closed by some of the cams as the shaft is rotated in

one direction and succesatvely opened by pther camy as the )

shatt is rotated in the other direction.

15, In a controller,
shaft, and a plumlitv of similar groups of sSnap 5wit{,hes
COrPres -'}nndm;.{: Switches of the groups being arranged to be
simuttaneousty ‘operated by the cams as the sh.tft is ro-
tatoed. .

6. In a controller, a sbaft, a plurality of cams on said

shaft, and a plurality of similar groups of snap switches,
the ¢
be .:aidll]ltdllE{}llE:]ﬁ closed by some of the cams as the shaft
i3 rotated in one dlrection, and :-.-.imultaneuuqh opened by
aiiers of the cams s tht—" shaft is rotated in the other

- direetion,

j r=r

i7. In a controller, a shaft, a plurality of c¢ams on said
shadt and a plarality of similar groups o
e corresponding switches of the ﬂ*uhlps Deing simultane-
susly operated and the different switches of each 2roup he-
ing successively operated by the cams as the shaft is 1'0-
rated. ' -

18. In a controller, a shaft, a. plurality of cams on s:uid
shatt, and a plurality of similar groups of snap switches,
ths corresponding switches of the gloups beiny simultane-

ousiy closed and the different switches of each Zrou sue-

cessively closed by certain of the-cams as the shaff is ro-

tafed in one direction, and the corresponding switches of
the groups being simultaneously opened and the different

switches of each group successively opened by others of ol ench pair of enms closing its associated switches SUeees

the cams as the shaft is rotated in the other djrection.
19, In a contfroller, a rotatable shaft, a plurality of
groups of snap switehes, and a pair of cams on the shaft

a shaft, a plurality of cams on bﬂ.id-

rresponding switches of the groups being arranged to ; a-cam on the shaft for each zroup of switches arranged o - .

of snap switches,’

arrabnged to close its group of. switches as the shaft ig ro-

tated in one direction, the other -of each pair of cams being

arranged to open its group ‘of switches -as the shaft is ro-
tated in the other direction. )

20. In a controiler, a rotatane shaft, a plumlity of

groups of snap switches, and a cam on the shaft for .each
group of switches, each of said cams being A;Lranged to op-

-erate its group of switches as the shaft is rotated,

21. In a controller, a rotatable shaft, a plurality of
Zroups uf snap - switches, and a pair of cams on the shaft

close the different switches of their respective groups suc-
CE&EI?&L‘F as the shaft iz rotated in one direction and to
open sald switches succeﬂsiveiy aa the shatt is rotated In
the other directinn

22. In a controller for indurtmu motors, & shaft, a
grﬁup of EW]tChEﬂ for each currt,.nt phase of the motor, and
A camn on the shaft for each gr oup of switches arrangegd to

‘operate the different switches ut its group :aurcesslvely as,

the shaft is rotated,

85

90

for each group'of awitches sald cams being arranced to

95

. 100

23. In a controller for 1nduction Iﬂﬂt{}rﬂ A shaft ] .

group of switches for each current phaae of the mﬁtur, and

a cam on the shaft for each group of switcheg a;rmed to
_opeérate the cor responding awltches -0of the dlﬁerent gruupﬂ "

qlmultane&usly as the shaft is- rotated

24. In a mtrﬂller fnr inductmn mﬂtors a sh&ft "

_group of gwitches. for each current phase of the motor, and,

a pair of cams on the shaft for each group of switches so

ar rangeﬂ that one ‘of each pair of cams closes its switches

successively as the shaft is rotated in one direction and

105

110

the other of each pair opens Its switches succesalvely as

the shaft is rotated in the other direction.

25. In combination, an induction mot&r ﬁ resistance in

the rotor .circuit of said motor, a plurality of snap
switches, each arranged to short clreuit a portion of said
registance, a rotatable shaft, and a ecam on said shaft ar-
ranged to operate said switches as the shaft is rotated.

26, In combination, an induction motor, a. resistance In--

120

the rotor circuit thereof, a plurality of snap switches, each
arranged to short- circuit a portion of said resistance, a ro-
tatable shaft, and a palr of cams on said shaft, so ar-
ranged that one of said cams closes said switches succes-

sively as the shaft 18 rotated in one direction and the

other cam opens said switches as the shaft is rotated in
the other direction.

i-_}!"'

group of snap switches associated with the resistance for.
cachh phase, each switch being arranged to short-cireuit a

portiou of its associated resistance, 4 rotatable shafi, and .

i. In combination, a pﬂi}*pll‘l‘-‘-e Induction metor, a. re-‘
sistance for each phase of the rotor circuit of the motor, a

115

125

130

@ cam on the shaft for each group of switches arranged to

operaft~ its switches successively as the.shaft is rotated.
28. In combination, a pniypha:ae induction motor, a re-
sistance for each phase of the rotor c¢ircuit of the IIIOtOI"
group of snap switeches associated with the legistance fm
each phase,

portion of its associated resistance, a rotatable shaft, and

operate cerresponding switches of the various groups si-
multaneously as the shaft is rotated.

“Z29. In combination, a polyphase induction motor, a re-

sixtance for each phase of the rotor eircuit of the motor, a

group of snap switches associnted with the resistance for

ecach phase, each switeh being arranged to short-cireuit a
portion of. its. assoclated resistance, a rotatable shaftt, and
L cam on the shaft for each group of switches arranged to
operiate covresponding

multaneously and the dlffm ent switches of each group suc-
cessively as the shaft is rotated. .

30. Mu combination, a polyphase induction motor,
sistance for each phase of the rotor eircuit of the nmtm a
sroup of suap switches associated with -the resistance for
eich phase, each switeh hemﬂ' arranged to short-eirveuit a
portion of its askociated resistance, a rotatable shaft, md

1E-

@ pair of cams on the shaft for each group of switches, one

- sively as the shuft ‘is rotated in one direction, and the

|
;

|

other of each pair ol cams opening said switches succps-
sively as the thit 18 rotated in the nfher di[‘ELtlﬂl’l

switches of the various groups si-

13,5

each switch being arranged to short-circuit a’

140
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31. In combination, & polyphase induction motor, a re-
gistance for each phase of the rotor circuit of the motor, a

group of snap switches associated with the resistance of

each phase, each switch being arranged to short-cireuit g
portion of its associated resistance, a rotatable shaft, and

a pafr of cams on the shaft for each group of switches, one
of each pair of cams closing the corresponding switches of

the various groups simultaneotsly as the shaft  is 10tated
in one direction and the other of each pair of cams open-

inz said cuuesmudmw ‘switches simultanenua]y -as. the_

Blmft i’ rotated in the other direction.

32, In combination, a three- phase 1nductiﬂn mntm, )

Y-connected resistance in its rotor circuit, a group of snap

~ switches assoeiated with each section of ‘sald resistance,

and means for opemtmw the different switches of each
group suc(.essiveiy to gradually cut out said resistance.

33. In (:ﬁn;lbinatwn, a three¢-phase induction motor, 8
Y-connected resistance in its rotor circuit, a group of snap
switches associated with each section of said resistance,.

and means for oper ating the cmleslmndmg switches of the

varfous groups simuitaneously to cut ﬂut palts of theil "

aqsnciated resistance sections. .
34. .In  combination, a tluee-phase mduction motor, a
Y-connected resistance in its rotor cireuit, a group of suap

w.W:tuhea assucidted with each section of suid I'esistance,

] mtatdble shaft, and cams on said shaft for Opening or

closing said switehes aamrding to the duectian of lotatiou'

- of said shaft.

30

30, In combination, a tluee-phase mductmn motm, _a.'~

Y-connected resistance in its rotor circuit, a group of snap
switches associated with each section of said resistance, a

-rotatable shaft and a pair of cams on said shaft for each

870,505

group of switches for closing cmréspondin" switches of
the various groups simultaneously as the shaft i3 rotated

"in one direction and opening said cmrespondmﬂ switches
simultaneously as the shaft is rntated in the nther direc-

tion.
36. In combmatmn,

group of HWltChEB, one of each palr of cams being arranged

‘to close its associated switches .as the shaft is rotated in

one dlIELtl{}H, the other of each pair of cams being ar-
ranged to open said switches successwely as the shaft is
rotated in the other direction,

37. In combination, a three-phase.'inductiﬂn motor, a

‘Y-connected resistance in its rotor circuit, a group of snap .

switehes associated with each section of said resistance, a
rotatable shaft, and a pair of cams on said shaft for each
group of switches, one of each pair of cams being arranged
to close its associdted switches successively as the shaft is

rotated in one dneetmn, _the other of each pair of camsg
. being armnged to open. said switches successively as the

shaft is rotated in the others direction, corresponding

- switehes of the va1iﬂus gloups being Gp&l ated simultane-

ously.

~In testimnny whmenf I afﬁx my signatme, in the pres-
ence of two witnesses.

LEWIS L. TATUM.

Witnesses: |
Gro. B. SCHLEY
ERED J. KINSEY.

th1ee-’phase iuductiun motm, a
'Y connected registance in its rotor eircuit, a4 group of Snap
‘switches associated with each section of said resistance, a.
rotatable shaft, and a pair of cams on-said shaft for each
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