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To all whom it may concern: |
. Be it known that I, JAcoB H. LINVILLE, of
the city and county of Philadelphia, in the

State of Pennsylvania, have invented certain
¢ new and useful Improvements in Llectromo-

tors, of which improvements the iollowing 1s

3} Spemﬂmtlon |
My invention relates to step-by-step electlo-
motors, and means for controllivy their speed,

the same electrical circuit.
The object of my invention is to pr ovide a

similar motors m qemes in

rapid and reliable step-by-step electromotor,

which shall be automatic in its movement d,nd

step movement is required; and to which ends

15 regulation, and applicable to printing - tele-
Gmphs and other appamtus where g step by-

it consists in connecting by similar gearing two

shafts carrying star or ratehet W]l@bl% in ol*der

20 that these wheels may move In oppos.1te direc-

bions ab similar speed and alternately present

ratehet orstar wheel indentations to the pawl

or wedge pallets on their respective levers vi-
brated altemmtely and successively by the re-
armatures as their electro-magnets |

are successively and alternately enerﬂlzed the
motion imparted thereby to one wedﬂe p‘lllet
scape or ratchet wheel onone shaft beine CoIm-
municated throughsimilar gearingto the other

;o0 wedge-pallet scape or mtchet wheel and shaft,

By le arrangement and organization the re-
spective p%wlv or pallets on each lever act
with equal leveraze and an equal angular mo-
tion is imparted to the ratchet or star wheels

35 by the vibrations of the levers, which is not

the case when the pawls and pallets act alter-
‘nately on aratchet or star wheel secured to a
single shaft.
caused by the action of the electro-magnets

40 with their armatures, levers, and 13‘1WIS or

pallets, rotates a circuit- puls.:xtor to automatic-
ally close and break the circuits through the
electro-magnets at the instant when the arma-
tures ham just completed their respective

45 backward and forward movement, resultingin

a continuons step-by-step 1'0‘[%1011 of the re-
spective shafts until arrested by a continued

malke or break of eircuit. When by the depres-

sion of a double-line key the circunit is simul-

so taneously closed in both conduetors through a

differential electro-mag net the shafts and elec-

The revolution of the shalts,

J

{ simultaneously closed or broken.

t1 omotm"'wﬂl be arrested thwun‘*h the actlen
of this electro-magnet.

The electromotor may be org anized to oper-
ate with single ratehet or Stfu_ wheels, pawl-

levers, and elecm‘o magnets by @ single line,or
by two or more of 511@}1 ratehet or Star w h@@]b
pawl-levers, electro- magnets, and cond 1(31:018

| as the operation In either case is the same.
The speed of the electromotor is controlled

by a governor so organized that vertical mo-

tion is imparted to a conical hub on the shaft
of a centrifugal governor by changes of speed

which Increases 01‘ diminishes the divergence

of the governor-arms. An arm bearing against
this conical hub regulates the distance of the

pole-piece of a pivoted electro-magnet from
the periphery of a dlamagnetic wheel on the
governor-shaft, permltmw “the poletc move by

the action of a spring toward the wheei as the

arms of the governor diverge in consequence

from the wheel as the speed decreases.

The governing electro-magnet is pr efembly '

in a shunt circuit, but may bb in the main-line
circuit or in a 'brands' thereof, and the inten-

sity of its magnetization will always bear a
definite 1"{31&1.-1011 to the intensity of magnetiza-
‘tion of the motor electro magnets, what ever
variation may oceur in the st enw‘ti of the bat-

tery, and hence it must follow tﬂm; the gov-
ernor can be adjusted to maintain lwulm

_Speed of the electromotor irrespective of varia-
tions in the strength of the current, and that
this speed may be diminished or increased by
diverting more or less of the current through

the coils of the soverning elecfro-magnet or by
adjusting its pole at a greater or Tess distance
from its diamagnetic wheel

On the pawl- devers are e placed arms which
lock the ratchet-wheels at each step-by-step

" movement. Oneoftheshafts carries aspaging-

wheel at any division of which the shalt may
be St(}pped and firmly held by the armature-

lever of a differential electro-magnet included

in double-line circuits, when both circuits are
‘The cirenits

connecting several of these electromotors are
SO mgmmed that one of the series with con-
ductors alternately in closed and open eireuits.
through suitable keys, a sunflower, electro-
magnets, and a battery, may be employed o

55

of an increase of speed, and forcing it away
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operate other similar electromotors and canse
& synchronous movement of the electromotors
by sending pulsations over the lines connect-
Ing the same, to energize the electro-magnets
of the driven motors, and by a change of cir-
caits through a suitable switeh any motor in
the series may be made to operate the others.

All the motors may be arrested simultane-
ously by a differential electro-magnet in the
cireult of both conductors. A double electro-
magnet may be arranged in two cirenits of a
battery to vibrate a single lever acting to move
cach electromotor, the closed-circuit keys
befug in electrical connection alternately wit
the respective branches of this electro-magnet

through the segments of a suntiower, the |

brushes of which alternately close the cireuit
through said keys. When the eireunit is in-
crrupted by the depression of any key, the
electromotors in circuit will be arrested.

I will now proceed to deseribe my invention
with reference to the accompanying drawings,

In which—
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‘tween the star-wheels.
diagrammatic view of the cirenits, showing the

Figure 1 1is a side elevation of an electro-
motor, showing two shafts with two ratchet-
wheels on each shaft. Fig. 2 is an end eleva-
tionof the samme. Fig. 3isa plan view thereof,
showing the lower ratchet-wheels and mech-
anism below the line o & of Fig. 2. Fig. 4 is
a plan view and horizontal section of the elee-
tromotor taken Lelow the top plate, showing
the upper ratchet-wheels, gear-wheels, OV -
ernor, and mechanism operating in connection
therewith.,  IFig. 5 is a plan view of the star-
wheel and wedge-pallet escapements, showing

two shafts geared together by gear-wheels of

simllar diameter and each carrying two similar
star-wheels. IMig. 6 is a4 plan view of a wedge-
pallet escapement consisting of single star-
wheels on each of two shafts geared together
by gear-wheels of similar diameter and oper-
ated by pallets on a single lever vibrating be-
Hig. 7T1s a theoretical

connectionand operation of two electromotors,

designated as **driving’’ and “driven?” mo. |

tors, when the double-line electrical cireuits

-are connected through a sunflower and suit-

able contact-keys. Fig. §is a plan view of a

single lever-escapement operated by alternate |

puisations over two conductors and driving
two star-wheels on separate shafts geared to-
ogether by gear-wheels of similar diameter ; and
If1ig. 9 1s a top or plan view of the balance-
wheel, showing also the shaft, slot, and pin
connection and a portion of the helicoidal
Spring, |
Referring now to the drawings, in any suit-
able frame-work consisting of a base, A, posts
: ) - .
P P, and cap B, I arrange two vertical shafts,

X X, pivoted in bearvings o/, 2°, 2, and 25, and

geared together by gear-wheels H I, of simi-
lar diameter, secured to the respective shafts
X X' to insure equal speed of these shafts.
These shafts X X carry each two ratehet-
wheels, ¢" d" ¢' d', secured thercto, the number
of teeth 1n these ratehet-wheels heing the sane.

I

[n Figs. 3 and 4 ten teeth are shown in each
wheel; but the number of teeth, of course, it
will be readily understood, is immaterial.
The upper ratchets, d° &', Figs. 1, 2, 3, and
4, are operated by the combined action of the
electro-magnet D, with its armature 4, pawl-
lever d, pawls & and ', having springs d',
back-stops °, through the posts P, trunnions
supported 1n the frame &, and a retracting-
spring. d’, adjustable by screw @, passing

through the post P into collars d%, and jam-

nut 4'° to retain the adjustment. The lower
ratehets, ¢ ¢, are similarly operated by the
clectro-magnet L, with its armature ¢, pawl-
lever ¢, pawls ¢ and ¢', having springs ¢
back-stops ¢, through the posts P’, trunnions
supported 1n the frame ¢, and a retracting-
spring, ¢', adjustable by the serew ¢, passing
through the post P, with collar ¢, and jani-

- nnt e to retain the adjustuent.

The pawl-levers d'and ¢ carry locking-arms

d” and ¢”, which impinge against the ends of

the teeth @ d¥ ¢” and ¢” when the pawl-le-
vers are vibrated, as hercinafter more fully ex-
plained.

On the shaft X isa double-line pulsator, @,
composedof two independent divisious, ¢ and
¢°, and having in each part thereof as many
metallic contacts ¢° and g% in the eireuit of the
respective counductors as there are teeth in
each ratchet-wheel. The contacts ¢° are mid-
way between the contacisg’, and the insulations
g" and ¢ occur in the intervening space be-
tween the contact ¢° and that of the contact 4.
The divisions g" and ¢ of the pulsator G are

- Insulated from each other and from the con-

tacts ¢* and ¢, which latter are in clectrieal
connection, respectively, with thie metallie col-
lars ¢" and ¢". The entire pulsator G is in-
sulated from the shaft X, and from the collars
g*and g®. The collars ¢" and ¢® are secured
to the pulsator G, and, together with it, are
loose on the shaft X, and the entire combina-
tion is supported loosely on the collar ¢, se-
cured to the shaft X.  The balance-wheel ¢*

while loose on the shaft X, is secured to the

pulsator G, and the collar ¢' to the shaft X

- I'he pin g" issecured to the balance-wheel g,

and passes through an aperture in the collar
g'yslightly larger than this pin g%, to permit a
slight advance of the balance-wheel ¢ andthe
pulsator G when the shaft X isarrested. (ip-
cult-springs g° and g', attached to a block, ¢*,
of 1nsnlating material, respectively bear on
the collars ¢" and ¢ and springs g*and ¢° bear,
respeetlvely, on the contacts o and ¢ and in-
sulations ¢" and ¢,

The portions of the divisions ¢'" and ¢ im-
mediately above and below the contacts /° and
g and insulations g° and ¢° are made of insn-
lating material. The helicoidal spring ¢ is

secured to the shaft X and to the balance-
wheel ¢g" and is available, if desired, to ac-
celerate the forward movementof the balance-
wheel when the shaft X is arrested.

The electro-magnet ¢ ¢ is wound differen-
tially, the conductors being connected to coils
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which pass in opposite directions around the

cores of this electro- magnet. ‘Lhe spacing-
wheel ¢ 18 secured to the shaft X, and has as

wany teeth in it as there are teeth in the four

ratchet-wheels, or in all forty teeth, as shown
in I'ig. 3. The armature ¢’ is secured to the
lever ¢, pivoted at ¢, and adjustable by the

spring ¢'and adjusting-rod ¢*,passing through |

the split post ¢. On the lever ¢’ is an arm,
¢’, which engages in the teeth of the spacing:-
wheel ¢ when the electro- magnet C €' is in-

operative. |

The centrifugal governor K is secured to the
shaft &' by the collar &°, and causes the conical
hub %’, whieh is free, to rise and fall as the
governor-balls &' diverge or approach each
other. The conical hub is prevented from
turning on the shaft ;" by the pins A%, which
move freely in the collar £°, fixed to the shaft
k. The gear-wheel H’ is loose on the shaft A/
and 1is controlled by a clutching deviee, 1,
consisting of the movable clutch %, with-pins

P and %, moving freely on the collar I, which

23

39

40
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53

is secured to theshaft £, The forked leve1 I,

pivoted near its center, embraces the clutch P
in the usnal manner by means of a fork and
pins engaging in a groove 1n this cluteh, and
may be held 1n position by notches in the arm
I', as shown in Fig. 1, and the operation of the
parts 1s such that when the-cluteh £ 18 raised
it disengages {rom the c¢luteh ', secured to the

gear-wheel H’ permitting free movement of

this wheel on the shaft £', whereupon the wheel
H? revolves withoat turning the shaft " and

the centrifugal gOVernor K but when the

cluteh £ 18 engaged with the clubch I" on the
oear-wheel Iid‘ both the shaft and centrifugal
covernor are revolved by this wheel.

The double-coil electro- magnet K I’ has
coils wonnd 1n the same dueetmn around i{s
cores. 1t is supported on trunnions f* piv-

oted on supports f°, and has a projecting arm,

', extending at right angles-to its trannions
and secured thereto. 'T'he arm /' bears onan

elastic spring, f°, tending to tilt the electro-.
“magnet F B and canse its pole-piece /7 to ap-

proach the diamagnetic rim 7 of the wheel
‘secured to the Sl]dil] I/.  From the pole of this
electro-magnet F F’ projects a paramagnetic

rod, thxoumh which passes a dlqtfmce rod,
1 .:Id astable by a screw, f°, and nu's f* and

-

1. The :rodf‘ 18 supported also by the forked
rod /%, pivoted on trunnions fY, and having

a, pwetul conuectmn at f* with the dmmme-
rod 1. |

The object of the forked rod f* 18 to brace
the rod f* laterally and at the same time in-
sure parallel motion of the same. The end /¥
of the distance-rod f° bears against the conical

hub %%, and when the balls Of the governor K |

diverge in consequence of increased speed the
conical hub is thereby raised and the distance-

rod permits the pole- piece 17 of the electro-

magnet I I to approach nearer to the rim f2.
\Vhen this electro-magnetis energized, as here-

inafter more particularly explmned the effect
will be to retard the speed of the_shafi) Iy and

F

as the speed is refarded the governor-balls
will consequently converge, lowering the hub
k* and increasing the distance of the pole- 70
piece f' from the rim /% thereby diminishing

‘the magnetic attraction between the pole -plece

fand the rim /%, and permitting an increase
of speed of the shaft ¥'. Further regulation
of the speed is also effected by the ¢1113133t1nent 75
of the distance between the pole-piece frand
the rim f* through the serew /°, and by vary-
1ng the resmt.:mce in the circuit by the ad; usb |
able resistances R and R/.
| The double line key O has mbulated terml—- 80
nals o* and o connected by the spring ¢°, and
terminals o udo connected by the Sprmg 0.
The button o’ on the 1118111&136(1 bar ¢° 18 em-
ployed to depress the springs and to close the
contacts at o° and o' simult aneously. | _Sr;
The electrieal elrcmts as Eyh()ﬁll in Fig.

will now be deseribed.

The cirenit from the positive e]&etmde of
the battery Z is by the conductors 50, 51, and
60, to the Spl‘u:tg g" of the 1)111&3‘%01 G thenee go
by the hub ¢* and contact ¢° to the Splll]g_f? '
thence by the conduector 61 to the electro-mag-
net , through the coils of the electro-mag net
C, thence by the conductor 62 to the elecbm
m%trneb E, through the coils of the electro- g3
magnet I, thenoe by the conductors 63 and 59
to the negative electrode of the battery Z. The
other condactw 52, branching from the con-
ductor 51, pcmses thmunh ‘iahe spring g%, hub
g, Gontaeth spring ¢°, eonductor 53, to the Ioo
electro-magnet €, Ehmucrh the coils of the
electro- nnoneb U, and bv conductors 54 and
55 to the electm magnet D, through the coils
of the electro- nmguet D, and by (*onductms |
56, 57, 58, and b9 to the newajtwc-}_ electrode of 105
the battery Z. A branch cirenit, 70, from the
conductor 50 bmuches by comluctms 71 and

72 tio the terminals o’ and o®of the double-line

P

Loy O, the eondm,tor 7L continuing by spring
0°, contact 0*, conduetors 73 and 7&1 to a june- IO
tmn with Lhe conductor 53, where 1t connects
with the coils of the electro-magnet O’, and the
conductor 72 continuing by spring ¢0°, contact

o', and the conduetors 75 and 76, to 3.31111(31:1011
Wlt,h the conductor 61, where it comnu*ts with 1153
the coilsof the electro- mﬁénet C. Onebranch
of the double-shunt eireuit through the coils
of the electro-magnet I K Ollﬂlﬂdte& af the
connection betwe;,en the eonducter& 55 and 64, |
thence passes by the conductor 64, through the 120
resistance R, to the electro-mag u(,tF 'bhrmwh

i the coils of Lhe electro- maﬂﬂw}i eenduum h{)

to the junction with the eonductm b7. Thf_,
other branch originates at the junetion of the
conductors 62 and 66. Theconductor 66 pass- 125
ing through the Tresistance R, connects with
the coils Of the electro-magnet I, thence by
the conductor 67 to a ]unctlon mth the con-
ductor 57 in the main circuit, hereinabove de-
scribed. When thedouble- line key Ois closed, 130
it is evident that there is a direct path for the |
current by-both conductors through the dif-
ferential eleetm magnet C O, Whether the
springs ¢° and ¢° bmr on Lont%ts or 1nsula-
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t1ons.
electro-magnets Dand F and Eand ¥/, accord-
ing to the laws governing shunt-cirecuits, and
the intensity of the current in the electro-
magnet I' ' may be varied at will by vary-
ing the resistances R and R/.

The operation of the devicesshown in Figs.
1, 2, and 3 will be explained in the following
manner: The ratchet-wheel ¢° islocked by the
locking-arm " impinging against a tooth, e“.
The spring ¢° has reached a contact with con-
tact ¢' on the lower division, ¢, of the pulsator
(r. The cireuit through the electro- magnets
C, B, and F will therefore be closed throunh
thelr respective conductors and the electlo-
maguet C° will attract its armature ¢” and re-
lease the spacing-wheel-c. The electro-mag-
net £ will be energized, attracting its arma-
ture ¢ and causing the pawl ¢’ to engage in a
tooth of the ratchet-wheel ¢, moving this
wheel one-fortieth of a revolution to the rw‘ht
and the ratchet wheel ¢ simultaneously mov-
ing 1n a reverse direction, through the gear-
wheels 1 and H', one- fm Heth of a revolution
to the left. 'The 1nw1 ¢ will have moved a
space equal to oune-fourth of a tooth in the
ratchet-wheel ¢’, or one-fortieth of a revolu-
tion of the wheel, and will now engage in the
tooth €', while the tooth € of the ratchet-
wheel ¢ will be held by the locking arm e'.
The motion of the ratchet-wheel ¢ causes the
pulsator (z to-revolveso as to break the cireunit
through the electro-magnet E. The pawl-
lever ¢ is consequently moved in the opposite
direction by the retracting-spring ¢’ and the
ratchet-wheels ¢ and ¢ are moved thereby so
that they occupy the relative positions to their
pawls and locking-arms as shown in Fig. 4 by
the positions of the ratchet-wheels d° and 47
and pawlsd’and d°, and asthese latter ratchet-
wheels have moved synchronously with the
ratchet-wheels €' and ¢ they will now be in
the position shown 1n Fig. 3 for the ratchet-
wheels ¢" and ¢'. A contact, ¢°, on the division

45 ¢' of the pulsator G will now be made with

50

- 60

the spring ¢, closing the circuit through the
electro-magnet D, and the next mm"'ement of
the Iatchet W heels, as previously deseribed,

will break this circuit, while the consecutive

movement of the pfm'l -lever d’, by the action
of the spring @', will cause the circult to be
again closed through the electro-magnet B, thus
producing a repetition of the movement of the
ratchet-wheels ¢ and ¢', as hereinbefore de-
scribed. It 1s evident, therefore, that the
shafts will continue to revolve while the bat-

tery-circuit is connected. The electromotor
may be stopped at will at any quarter division
of a ratchet-tooth, or one -fortieth, of a revolu-
tion, by closing the double-line key O, which
closes both circultssiunltaneously through the
respective coils of the electro-magnet o C

neutralizing the action of the same on the
cores and theleby releasing the armature ¢
and locking thespacing-wheel ¢ by the arm ¢

- on the armature-lever ¢

The current will divide between the | lated by the electro- maunetle governor by va

rying the distance of the pole- plecef from the
diamagueticrim /7 or by varying the strength
of the current Lhmuwh the electro- mawueb i)
I by the 113t(31po<41t1011 of greater or less re-
sistance in Rand R, and the governor may be
detached by 1ele'181110‘ the cluteh I from the
gear-whee] H’.

The action of the bqlance wheel g'* eauses
the pulsator G to advance slightly after the
shaft X has been arrested at the termination
of each stroke of a ratchet-lever, thusinsuring

-a make of circuit when a pawl -lever, d’ or ¢,

has been drawn back by its spring, or a break
of circuit just as the armature d or e strikes
the cores of its electro-magnets, or w hen 1its
lever is arrested by a back- Stop d"‘" or €.

In Fig. 7 is shown a theoretical diagram-
matic view of the electrical circuits conuect
Ing an electromotor, represented in this view
on the left of the 5heet. and defﬂgnated as the
‘“‘driving’’ electromotor, which is similar in
all reSpeetS to the electromotor shown in igs
1, 2, 3, and 4, with the exception that a double
Sunﬂawer T" is substituted for the pulsator G,
and in the view to the right thereof is repre-
sented a double sunflower, 1% substituted for
the pulsator G in a mecmel} similar electro-
motor, and designated as the ‘“driven?’ elce-
tromotor.

The electro - magnets, shafts, sunflowers,
keys, and opemtwe parts of the respective
electromotors are designated by the same ref-
erence-letters, but Wlth different numerals, in
order that the civreuits that connect the re-
spective electro-magnets, sunflowers, br uslhes,
and keys of the dllvnw electromotor, with cor-
responding parts in the driven e]echomotor
may be readily traced and the operation of the
circuits through the respective electromotors
readily understood.

The doublesuntlowers 17 and T® are loecated

with their centers corresponding, respectively,

with the center lines of the shafts X and X7,
on which are double contact-springs ©, ¢, ¢ ‘
and ¢, double collars ) ", %, and 71" m&u

lated flom each other and from the Shafts X

and X7, double hubs ¢, %, ) and t*, insulated
from each other and fmm the shafts X and X7,
arms ¢', ©, ', and ®, for each hub, carr wng
brushes ?‘“ " 1%, and ¢**. The upper collars,
¢ and 7 ,meleqpectlv lyin electrical connec-
tion with theupperhubs,and #°,and thelower
collars, £ and %, with the lower hubs, £ and
¢, the hubs beingin eleetrical connection w ith
the divisions of the sunflower through their
arms t', ¢, i, and " and brushes ", tl- £, and
£, The sunowers are ¢ shown in p]:;m view at
T", consisting of two annular rings each hav-
111ﬂ forty metallic segments which are Iinsu-
lated from one ‘111013]]61

Two key-boards are provided, Fig. 7, with
keys similar to"V VZ, for closing 2 uzcmt nOoT-
maily open through the springs v v’ and " @,
and with keys V' V* for breaking the cirenit
normally closed by the SpI‘lIl“S v’ v” and ¥ Y.

The speed of the electromotor may be regu- | The springs v »° and o' v' are respectively in
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contact with the metallic bars ¢* ¢° and 2" ",
while the springs v v° and ¢° 9" are insulated

ther (.,from by the insulating material v* 0" and

v o', The open-circuit springs v and +° are

connected by the conductors 15 and 34 to the
outer segments,
respectively, and the elosed-cireuit springs ¢’
and v are connected by the conductors H and

33 to the consecutive outer segments, t*, of the
The conductors 31 and

respective sunflowers. T
32 run from the inner segments, ¢, of the sun-

flower T to {.,lesui and open circuit springs

similar to v’ and v, (not shown,) and the con-
ductors 35 and 36 fmm the inner segments of
the sun

also not shown, the entire key-board contain-
ing twenty keys for open c¢ircuits and twenty
keys for- closed ecircuits when the spacing-

wheels ¢ and ¢ have forty divisions and the

ratchet-wheels. d' ¢" and d° ¢® have each ten
teeth; but these numbers may of course beva-
ried mﬂeﬁmtely as the mlmber of teeth 1n the

ratehet-wheels are varied.

The circuit of the batbtery Z is in]ll ea,rth '
by the conductor 1, to the negative electrode,

from the positive elecirode, by the conductor
2, to the switch S, thence to the contact s, and

by the conductors 3 and 4 to the insulated bar
v°, connecting all the springs ¢ and by the
branch conductor 14 to the insulafed bar v°
connectingall thespringsv. Thecireunitisthen
through the springs +* and ¢°, the conductor b

to the outer segment, ¢®, of the sunflower T'.

From the sunflower T the ecireunit is by the

brush % arm ¢, bub ¢*, collar ¢, spring £,
conductor 6 to the electro-magnet D, conduet-
8, and 9 to the electro- mwnet C, con-

ors 7,
ductor 10 (o the electro- magnet C?, conductor
11 to the electro - maguet D’ themfe by con-
ductor 12 to the contact s’
ductor 13 to earth. The other conduetor, 14,

in connection with the open-circuit keys, 1s

from the spring v to the spring »" when closed,
thence by the conductor 15 to the outer Seg-

by the line above described.
The cireuit from the keys not shown but
corresponding to V and V' by the conductors

31 and 32, and the inner segments, *, of the
ower T, is by brush ¢, arm ¢, hub ,"col-

Sun
Tar ¢°, Sp}llm t°, conductor 16 to the eleetm-
“rtmwmb H, conductor 17 to the electro- magnet
C, conduetor 18 to the electro- magnet 0‘5 by
the conductor 19 to the eleetro- -magnet K, and
by the conductor 20 to the contact g, thence
by the switch 3 and the conduactor 13 foearth.

Double-line keys O and ¢, with springs o’
o° and o® ¢, and rear contacts, o’ 0o*and 0" 0"
and front contacts, o’ o' and o' o”, are inserted
in branch eendu{‘tms 21, 22,
40, 41, 42, and 43, for the pmpose of closing
this cirenit simultaneously through the elee-
tro-magnets D, B, DY, B, C, U, %, and di-
rectly from the Dbatter y by the conductor 2,
switch S, contact §, conductors 3 and 21 when
the double-line key O is in circutt.

*, of the sunflowers T and T

ower T* to closed and open eircuib
- springs, respectively, similar to »* and +° but

Switeh S, and con-

3, and 24, and

¥

C

-

The double-coil nmmwb 7 in F:f‘f
trolling the governor. as %imwn in ‘?‘w 1 em-
ployed o zwuute the speed of the drwmﬂ-

7, con-

eleeia‘omotor 18 placed in shunt-circuils 25, 26

27, 28, 29, and 30, in which are included re-
sistances B and R" and - plugs @ and Q, and
the double-coll electro-ms mwt i B s plafed

in the shunt eircuits 44, %L.} 48, 47, 48, and 49,

In which are 1ueluded Lne 1{381&1 ances R* and
RPand plugsQ*and Q°. Theresistancesareem-
ployed to vary the strength of the eurrent
through the shunt- elrunt& and the plugs to
cut out the electro-magnet I* I* of the driven
electromotor, the sueed of which iz controlled
by the driving -electromotor.
- The Opcmtlon of the two electromotors con-
nected by eonductors in the eir nit of the bat-
tery %, as illustrated in Mé /, mll now be
explalned.

When a closed-circuit key; V', is dﬁ,presqed
thereby interr uptmﬂ one circalt Ot the battery

7 ab the contact-springs o® and %, through the

and O C?, dH the
o and driven elec-

electro-maguets D and D
electro- maﬂmt&, of thedrivin

_tlohiotorsmill be in open cireuits, and the
electromotors

will of course be arrested.
Upon releasing the key V' the ¢ireuit will be
closed thr'mwh the electro-magnets D and D'

and C and C, @fm%ing, aspr evi{)l_hly explained,
a rotation of the shaft X through one-fortieth

of a revolution, and ecausing Lhe shaft X* of
the driven eleﬁtmmator to rotate similarly
and synchronously. This movement of the
shaft X will cause the brush 1%, in electrical
connection with an outer segment of the sun-
flower TV, conduactors 5 a,nd 8, and the eircuit
herembefm* deseribed, to mw forward one

‘division of thesunflower, and consequently to

make contact with an outer segment in the

 sunflower in the ecireuit plemml‘sl} de&,mlbﬂd

connected to the open-cirenib springs v and v'.

The electro-magnets D and D’ will thereupon

be demauuetlzm and theshaltsof the respect-
1ve eledronmtorg will be rotated through one-
fortieth of a revolution, as fully explained in
the description of the electromot ﬁr,' asshown in
detail in Figs. 1, 2, 3, and 4. This movement
will cause t \e hrush L” o 311&]5_6 contact with

‘an inner segment of the sunflower T, in elee-
trical eonneetmn through the conductor o1,

with elosed.circuit Splin% like ¢* and v, and
by condustor 16, and the eirenit previonsly de-
seribed, t;hmnou the electro-magnets B E ¢

ergized and the S.,L-..,,ts ¥ oand X will again
be advanced one fortieth of a revolution a,nd

cause the 1)111511 {* to malke contaet, through

the cond&mtm 32, with open-cire mt Springs
likew and ", and by the conduetor 16, and cir-
cuib prevmush deseribed, through the electro-

magnets B and I, producing another rotatory
mmrement which caltses the | brush £ to close
the circuit through the electro-magnets Dand 1

D', ecausing a 1{%peut10n of the movements

'hewmbefme deseribed, so that continuous
step-by-step rotatory ma_umn_ of the shafts will
- continue until interruptced, as will be herein-

ihe electro- maguets I and B will be en- |
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after explained. The pulsations in the re-
spective circuits through the differential elec-
tro-magnets C C' and ¢ 7 charge these elec-
tro-magnets, or cause their armatures to be
rapidly vibrated withoutarresting the spacing-
wheels ¢ and ¢, If a key, V', is depressed, a
ciosed circuit throngh a segment of the sun-
flower T will be broken, and the brush ¢
will make contact with the two consecutive
broken-cirenit segments in suceession, whieh
will arrest the motion of the driving-electro-
motor, and the same result will follow if a key,
V, 1s depressed. If the double-line key O be
closed, thereby closing the circuits simultane-
ously around the keys and sunflower of the
driving-electromotor, and through all the elee-
tro-magnets in both cireuits, the differential
electro-magnets C ¢/ and C* C* will be ren-
dered inert, and the electromotors will be
simultancously arrested by the action of these
electro-magnets, as previously explained. Al-
ternate pulsations over the respective main
conductors pass through- the shunt-cirenits 28,
29, and 30, and 25, 26, and 27, energizing al-
ternately the cleetro-magnet F I’ of the driv-
ing-electromotor. The shunt-circuits 44, 45,
and 46, and 47, 4S8, and 49 being interrupted
by the removal of the plugs Q* and Q° in the
shunt-circuit of the driven eleetromotor will
render incrt the electro-magnet F* I, The
speed of the driving-electromotor will be con-
trolled by theelectro-magnet F F’, as described.
The switeh S being turned to the contacts s
and s, and the switeh 8 being turned to the
contact s, and the plugs inserted at Q* Q®and
removed at 3 and Y, the springs o™ ¢° and "
v the sunflower T% the double-line key 0,
and the electro-magnet F* I will be in the
circuit of the battery 7, and the right-hand
clectromotor In Ifig. 7 becoming, in this in-
stance, the driving electromotor, while the
corresponding parts in the left-hand eleetro-
motor of this figure will be out of cireuit, and
the action of the respective eleetromotors will
be reversed. The electro-inagnets of both
electromotors will then respond to pulsations
through the snuflower T and the cirenits may
be ciosed or interrupted by operating the keys
V*and V’and the double-line key O'.

The escapement N (shown in Fig. 5) con-
sists of two star-wheels, 2* and 2%, with alter-
nate teeth omitted, the wheels being sceured
to a shatt, #, and the two star-wheels #* and
n”, with eousecutive teeth, secured to a shaft,
n’.  The shafts » and " are geared together
by wheels N° and N°® of similar diameter.
1he electro-magnet N’ and a corresponding
electro-magnet for the lever 2 (not shown
In Fig. 5) operatealternately by alternate pul-
sations over two conductors, precisely as de-
scribed for the ratchet-wheels in Figs. 1 and
2. The pallet 2™ first strikes in the tooth a*,
when the electro-magnet for thelever 2 isen-
ergized, driving the star-wheels " and »® one
thirty-second of a revolution to the right.
When this electro-magnet is demagnetized, the
retracting-spring of the Iever " (not shown)

o '~ 2V DU NS

drives the pallet 2" on the outer side of the
tooth #%, aud the star-wheels on the shafts »
and " make one thirty-second of a revolu-
tion. They are now in the position shown for
the star-wheels #° and #’. The star-wheels »°
and #’ will bave moved two consecutive steps,
equal in the aggregate to one-sixteenth of a
revolution, and will now occupy the same rela-
tive positions respecting their pallets as is
shown for the star-wheels »" and 2 and the
pallets » and »*., The eclectro-magnet N’ is
next energized, driving the wheels #* and »°
each one thirty-second of a revolution by
wedging forward the tooth »*, and when this
electro-magnet is demagnetized the lever a' is
ariven by the retracting-spring »" in the op-
posite direction, the pallet #** nowstriking on
the near side of the tooth #* of the star-wheel
n’.  No locking-bar is requisite in this ar-
rangement, since the pallets serve to lock the
star-wheels »° and »*, and the star-wheels #°
and »"” are alternately locked, as shown, in the
position for the star-wheel 2" and the pallet
#’ 1n Fig. 5.

In Fig. 6 1s shown an arrangement, M, of
two shafts geared together by wheels of simi-
lar diameter, with two single star-wheels, m?
and m’, secured respectively to their shafts m
and i/, and operated by a single electro-mag-
net, M’, and retracting-spring m", operating a
single pallet-lever, ',

The alternating movements of the pallets
when theelectro-magnet M’is energized by sin-
gle-line pulsations causea progressivestep-by-
step movement of the star-wheels #* and m®
in opposite directions, each make of circuitin

this case causing a movement of one thirty-

second of a revolution, and each break of cir-
cmt a similar movement.

In Fig. 8 the single star-wheels »” and «* are
secured to separate shafts, «° and «’, geared
together by wheels U’ U* of equal diameter.
The pallet-lever ¥’ is pivoted on trunnions ai
v, and the armatures «* and «* of the separate
electro-magnets U’ and U' are secured to right-
angnlar extensions »' and ' of the pallet-
lever . The electro-magnets U? U* being al-
ternately energized by pulsations over the sep-
arate line-conductors 62, 63, 55, aud 56 of Fig.
I will cause vibrations of the pallet-lever «’,

‘producing consecutivestep-by-step movements

of the star-wheels #"and #*. Such a combina-
tionmay beevidently substituted in the double-
line systems illustrated in Figs. 1, 2, 8, 4, and
7 by omitting the two electro-magnets D and
L with their corresponding ratchet-wheels, @°
d'and’'¢’ ¢ and the armature-levers d’ and ¢,
and Introducing, instead of the single pallet-
lever, star-wheels and a double electro-magnet,
as shown 1n Kig. 8. The conductors 55 and

o6 will then energize one branch of the electro-
magnet U°, and the conductors 62 and 63 the
other branch of the clectro-magnet U

The pulsator G will have contacts ¢° in one
division, ¢",immediately following the contacts
¢' in the other division, ¢' insulations ¢°in one
division alternating with the contacts ¢" in
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~show electro - magnets and devices substan-

: sator G, omifting the other diviéi@n g',

the other divisiou, so as to cause the circuit | tiall y sueh as lnw been al re&dy fully shown

through one cond actor to be closed just as the

cireuit is interrapted in the other conductor.
It is obvious, without further illustration
or explanation, that the star-wheels #* #’ and

7™ 1" (shown in Fig. b) may be substituted for

the ratehet-wheels d° d' and ¢° ¢', in Iigs. 1, 2,

3, and 4, and for the ratchet-wheels d' ¢" and

d® ¢” in Fig. 7, and the operation with either

form will be the salle whei ar mnwd indouble-

line circuits.

If the star-wheels and «* 1n Ifig. 8 be sab |
stituted in Figs. 1, 2, 3, and 4, with the electro-

maghnets U’ and U*introduced into the double-

line ecircuits of Kig. 7, instead of the electro-

magnets D, K, D/, “and T/, the operation will
obvlously be Lhe same, W1t11 this exeeption
that all the active segments of the sunflower
will be connected to closed circuit-springs, in-
stead of alternately open and closed circuit-
A break of eir-
cuit by deplessmﬂ any key will in this case

stop the electromotors, and the releasing of

the key will again cause Lhelr rotation.

The star-wheels m? and m? in Fig. 6 will op- |
erate the shafts X and X' of Figs. 1, 2, 3, and

4, 1f connected in one of the ciretlits, as Shown,
if there are
insulations ¢°, in one division, ¢, of the pul-

Sllb%ltufmﬂ star-wheels i’ and o', p%]let lever
" pallets m° and m® of Fig. 6, for all the

atcheb wheels, levers, m]d pa,wls, as Shown in

Figs. 1, 2, 3, zmd 4.

To operate the shafts X and X* in Fig. 7

W‘lth the star-wheels m? and »°, pallets m® fwd

mS, and pallet-lever m/, actuated by a single

eloctro- magnet, M/, and spring m", it 18 only
NECEsSAry {0 bl]bStHl]te these star-wheels for the
ratchet-wheels d' ¢ and d ¢®, (shown therein,)

and the electro-magnet WI’ for the electro- mag-

nets D and I, omitting the eleciro-magnets
B, E, C, C, P“, and C*, making the electro-
mﬂgnets I F in one SP(*tmn The double-line
keys O O" and the entire conductor connecting
the brush ¢ and -inuer segments of the sun-

Aflower through the conductors 31 fmd 32, zmd
the contact-springs similar to » and #/, must in

this case be omitted. ‘T'he outer rmg of seg-
ments, 1%, must be connected alter nately by the

conductms 5 and 15 to the circuit-springs ¢°

and ¢/, the entire number of segments being
ecqual to twice the number of teeth 1n onestar-
wheel m?orm®. Consecutive makes and breaks
of circuit will then cause single-line pulsations
to pass through the eclectro-magnet M', sub-

stituted for the electro- mfwuets D and. D’r to

operate the pallet-lever m' and the star- thls

m* and m’, and thus to produce a synchronous -

movement of the shafts X and X~

Thedevieces for performing certain functions

hereinabove alluded to will be readily under-
stood by those skilled in electrical science, and

hence it has not been deemed necessary to

illustrate them, because it would be merely to

pair of ratchet or star wheels and mnstmet

sixteen contacts ¢°, and sixteen

and

_"Of two
similar diameter and moving synchronously,

“a eentrifugal governor secured to the same

and deseribed. T desire it to be distinetly un-
derstood, howwer' that T do not limit myself .
to operating the electromotors by double-line 79-_
conductors, as it will be obvious that they may
he opemted as well by a single eleetro-magnet

responding to pulsations over a single con-

ductor as with two electro-magnets reSpGnd -
ing to double-line conductors bv omitting one 75
ing the othu"'p{m with double the number of

teeth _
H.;mnn thus dese 1ibe{1 Lhe nature fmd ob-

jects of myuwemmn what I claim as new, and 8o
desire to secure by Letters Patent, is—.

+ 1. A step-by-step elﬁmmmotor consisting

of two shafts geared together by wheels of
similar dmmetw carrying two ratehet or star
wheels opposite to oue anotlier on each of said
shafts, and actuated by two levers carrying
pawls or pallets vibrated alternately between
said ratehet or star wheels by two electro-mag-
nets in the ecireuit of a battery, substantlally
as and for the purposesset forth.

2, A step-by-step electromotor consisting
of two shafts geared together by wheels of
similardiameter,and mch carrying tworatchet-
wheels, the Wheels on one shaft bemﬂ {}ppOSlte
to those on the other shaft, the teeth in the re-

9c

95

-spective ratchet-wheels altelnatmg with each

other,two levers vibrating alternately between .
the 1"(>speetwe ratehet- wheuls carrying pawls,
locking-arms, armatures, fmd ‘retracting-
springs, two electro-magnets in the cireult of 100
& battery for vibrating sald armatures and le-
vers, sald electro- 11lajunets responding to alfer-
nate and sucecessive Takes and breaks of eir-
enit, and a circuit-interrupting device, sub-
Stfa,ntmllv as and for the purposes set forth.

S5, A sbep by-step electromotor consisting
shafts geared together by wheels of

and each carrying two star-wheels, the star-
wheels on one Sha,ft being opposite to those on
the other and having every alternate tooth
omitted, Ievers carrving wedge-pallets, arma-
tures, and retracting-springs, the wedge-pal-
lets \'lblmlnﬂ bebween the star-wheelsand en-
gaging alter m,tely in opposite star-wheels,one 115
lever being inactive while the other is in ae- |
tion, two- electm magnets in the circuit of a

1o

.-b%tery for vibrating the ar matures and levers,

said electro- mwmts responding to Mlemate
and successive m nak es and breaks of the eireuit,
and electrical devices, substantially as (1(3-
seribed, for mteuuptmﬁ* the circuit, substan-
tially as and for the purposes set forth

4. In a step -by-step electromotor, the com-
bination of an electro-magunetic governor con-
sisting of an electro- mqgnet with its pole-plece,
said eleetio magnet energized by pulsations

T 20

through a bwttery-ml cnlt of the eléctromotor,

a slnfb and a dlamﬂu‘neblc rim secured thereto
[30
shaft, a conical hub sliding freely on said shaft

[ fmd actnmted throunh Lhe convergence and di-
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vergence of the governor-arms, a distance-rod | extended pole-piece, and 2 diamagnetic rim

secured to the pole-piece of the electro-magnet
and resting loosely against said conical hub,
and a spring acting to press the pole-piece to-
ward the diamagnetie rim, snbstantially as and
for the purposes set forth.

0. The combination of a balance-wheel se-
cured to a pulsator loose on its shaft, a collar
secured to said shaft, and a pin in said bal-
ance-wheel moving freely in an aperture in
said collar, substantially as and for the pur-
poses deseribed.

0. The .combination of a pulsator loose on
a shaft held in position longitudinally by a
fixed collar, a balance-wheel attached to said
pulsator, a collar at the opposite extremity of
sald pulsator secured to said shaft, a pin in
sald balance-wheel moving freely in an aper-
ture in said collar, and a helicoidal Spring at-
tached at one end to said shaft and at the other
end to the balanee-wheel, substantially as and
for the purposes set, forth. '

¢. The combination of a battery and two
main conductors, two shafts geared together
by wheels of similar diameter, and each car-
rylng two ratchet-wheels, theteeth in one pair
alternating with the teeth in the other pair,
and an eleetro - magnet, with its armature,
pawl-lever, pawls, locking-arms, and retract-
Ing-spring, for each pair of ratchet - wheels,
the pawl-lever of cach pair of wheels being
vibrated alternately and successively by said
electro-magnet energized by pulsations over
the respective conductors, substantially as and
tor the purposes described.

8. The combination of a battery and two
main conductors, two sliafis geared together
by wheels of similar diameter, and each car-
rying two star-wheels, the star-wheels on one
shaft being opposite to those on the other, and

‘having every alternate tooth omitted, levers

carrying wedge - pallets, armatuares, and re-
tracting-springs, the wedge-pallets vibrating
betwecn said star-wheels and engagiug alter-
nately in opposite star-wheels, two electro-
magnets 1n the circuit of said battery, a dif-
ferential electro-magnet in the sanie e I'CUILS,
and a spacing-wheel on one of said shafts
locked by the armature-lever of said differen-
tial electro-magnet, substantially as and for
the purposes set forth. -
J. The combination of a battery and two
main couductors, two shafts geared together
by wheels of similar diameter moving synchro-
nously and each carrying two ratchet-wheels,
the teeth in one pair alternating with the teeth
in the other pair, two clectro-magnets, with
their armatures, pawl-levers, retracting-
springs, and pawls, the pawl-levers vibrated

alternately between the respeective ratchet-

wheels by said electro-magnets in the circaits
of said battery, a differential electro-magnet
in the same cireunits, a spacing-wheel on one of
sald shafts locked by the armature-lever of
said differential electro-magnet. a divided-coil
electro-magnet in the same circuits having an

secured to a shaft geared to the ratchet-shafts,
substantially as and for the purposes set forth.

10. T'he combination of a battery and two
wain conductors, two shafts gearcd together

| by wheels of similar diameter and each carry-

1ng two ratchet-wheels, the teeth in one palr
alternating with the teeth in the other pair,
(wo electro- magnets, with their armatures,
pawl-levers, retracting-springs, and pawls, the
pawl-levers being vibrated alternately and suc-
cessively by alternate pulsations over the re-
spective conductors, a divided- coil eleetro-
magnet in the cireuits of said conductors, a
diamagnetic rim controlled by said divided-
coil electro-magnet, a centrifugal governor on
a shaft geared to a ratchet-shaft, a differential
electro-magnet, and a spacing-wheel on one of
said shafts locked by the armature-lever of
sald (ifferential electro-magnet, with its eoilg
in both eonductors energized by simultaneous
pulsations, substantially as and for the pur-
poses set forth.

11. In a step-by-step electromotor, two
shafts geared together by wheels of similar di-
ameter and each carrying two ratchet-wheels,
two electro- magnets, with their armatures,
pawl-levers, retracting-springs, and pawls, the
pawl-levers. vibrated alternately and succes-
sively by alternate pulsations over the respect-
ive conductors, in combination with a battery
and two main conductors, a differential elec-
tro-magnet 1n the circuits of the conductors,
and a spacing-wheel on one of said shafts
locked by the armature-lever of said differen-
tlal electro-magnet, substantially as and for
the puarposes described.

12, In a step - by -step electromotor, two -

shafts geared together by wheels of similar di-
ameter and each earrying two ratchet-wheels,
two electro- magnets, with their armatures,
pawl-levers, retracting-springs, and pawls,
the pawl-levers vibrated alternately and sue-
cessively by said electro- magnets cnergized
by alternate pulsationsover the respective con-
ductors, in combination with a battery and
two maln conductors, a differential electro-
magunet 11 the same cireunits, a spacing-wheel
on one of said shafts locked by the armature-
lever of said differential electro-magnet, a dia-

magnetic rim secured to a shaft geared to the

ratchet-shaft,anda divided-coil electro-magnet
in the circuits ol said battery, having an ex-
tended pole-piece controlling said diamagnetic
rim, substantially as and for the purposes set
forth.

L5 A step-by-step electromotor consisting
of two shafts geared together by wheels of simi-
lar diameter and each carrying twostar-wheels,
two eclectro - magnets, with their armatures,
wedge-pallets, and retracting-springs for actu-
ating said star-wheels, in combination with a
battery, two main conduactors, a differential
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electro maguet, and a spacing-wheel on one of 130

said shafts locked by the armature-lever of said

| differential electro-magnet,with coils in both
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conductors, a governor electro-magnet in the |

same cireuits, having an extended pole-piece,
a dmmaﬁ*netw rim secured to ashaft ogeared to

a star-wheel shaft and controlled by said di-:
vided-coil electro-magnet, and a circuit-inter-
rupting device, substantially as and for the
purposes set forth. -

14. In combination with astep-by-step elec-
tromotor consisting of two shafts geared to-
gether by wheels of similar dm,metel and each
carrying two star-wheels, two electro-magnets,
with thelr armatures, Wedwe -pallets, and re-

tracting-springs for actuatmn saidstar-wheels,

2 ba‘rtezy and two main conductms a differ !

ential electro-magnet 1n the mrcmts of said
battery, a spacing- “wheel secured to one of the

star-wheel shafts and locked by the armature-
lever of said differential electro-magnet, a di-
vided-coil electro-magnet in the same circuits,

“the core of which elwtio magnet has an eX-'
tended pole-piece, a dmmagnetlu rim secured

to ashaft geared toone of the star-wheel shafts,
a circult-interrupting device, and a
line key in said cirenits to arrest said electro-
motor, substantially as and for the purposes

Seh fmth
- 15. In combination with astep by &,tep elec-'
tromotor eonsisting of two shafts geared to-

gether by wheels of similar dmmeter moving
83711(1111(}11011‘-‘41}; and cach carrying two St"u—
wheels, two (,lecbro magnets, with their arma-
tures,wedge-pallets, and retracting-springs for
qetuatmn said star-wheels, a batterv and two
main 0011d110t01*
in the same cireuits, a spacing-wheel locked
by the armature-lever of said differential elec-

- tro-magnet, a circuif-interrupting device, re-
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“main conductors, and a
circuits to auest sald electromotor, snbstan-_.

sistances and plugs 1n shunt-circuits to the
double-line key insaid

tially as and for the purposes sct forth, |
16. The combination of a battery, two maln
conductors, two electro-magnets,
of the cirenits of said battery, armatures, pal-
let-levers, and pallets for the respective elec-

tro-magnets,star-wheelson twosynchronously-
moving shafts in each of two electromotors

operated by said levers provided with pallets,

a differential electro-magnet with its armatuare-
lever, and arm, a spacing- wheel secured to

one of said shafts and locked by the armature-

lever of said differential electro-magnet, with
its coils in both conductors energized by si-
- multanéous pulsations, a divided-coil electro-
having an ex-

magnet in the same cireuits,
tended pole-plece, a dmm%nnetlg rim secured
to a shaft geared to one of the star-wheel shafts,
a circult- mteuuptel resistances, and plugs i 111
shunt-cirenits to the main conductors, and a

double-line key in the circuits of both conduet-
ors, substantially as and for the purposes set

for th

17. The combm&tmn with a step-by-step

electromotor, of a centnfuo*dl governor se-
cured to a Shaft a conlcal hub sliding freely
on said shaft, a collar secured to sald shatt,

double-

m_dlffel'umnl electro- magnet

one in each

ing
| wheels by two electro-magnets in the cireuit

|

and pms Secmed to s’ud lm'b and Slldll]ﬂ freely--

in said collar, a gear-wheel secured to smd:'_-..-'

shaft, and c]ubch mechmusm operating sub-
stantlallv as deseubed for the purposes set

-forth. o |
18. The combnntlon in astep by step elec-

tlomotor' of @ shaft earrying a gear-wheel, a

clutch secured thereto and moving freely 011_’. |

said shaft, a movabie cluteh loose on sald shaft,

a fixed col]m on said shaft, pins attached to

the movable cluteh and moving freely in said

75

collar, a bifurcated lever held in position by . o

an arm, & conical hub, and a centrifugal gov-
ernon for contr olling its movement, substau-

tially as and for Lhe purposes seb forth.

.80

19. The combination, ina step-by-step elec- -
tromator, of a conieal liub carried by the

shaft of a centrifugal governor, a centrifugal

‘governor for controlling the movement of smd
a di mdud coil electro-magnet,
‘with a pole-piece held on trunnions plvoted

comeal_ hab,

to supports, a projecting arm secured to the
trunnions, an elastic spring abutting against

the projecting arm, and a diamag netlc rim se-

cured to the governor-shafb, Substanhally as
and for the purposes set 1o1th |

90

20. The combination, in a step-by-step (,lec-' '

meotm
wheels of similar dmmeter
wheels thereon, a spacing- wheel secured to

one of the shafts, a circuit-interrupting device

of “two Shafts geared together by
1f1,tchet or Star

secured to one oi said shafts, a balance-wheel

with a collar thereon, and a hehemdcﬂ spring,

all arranged substmﬂml]y as and lur thL pur-

poses dGSCI‘lbﬁd
21. A step-by- et@p electromotor cons}stma
of two

wheels actuated alter nutely by levers carry-
pawls or pallets vibrated between said

of a b&ttel‘y in ¢o mbmfltwn with a battery,
two main conductors, a ¢ircuit- mterrnptmﬂ de-
vice, a differential electro-magnet in the same

cn*emts. and a spacing- ‘ﬁh()bl on one of said

shafts locked by the armature-lever of said dif-

100

shafts geared together by wheels 01 |
similar dnmete? and carrving ratchet or star

105 ._

ITO

ferential electro-magnet, substantially as and

for the purposes set fmth
22, In a step-Dby-step eledmmotor two
shafts geared togethier by wheels of sum]ar di-

amefrer and carrying ratchet or star wheels

actuated alternately by levers carrying pawls
or pallets vibrated between said wheels by two
electro-magnets in the circuits of a b‘bttely, in

comblmtmu with a battery and two main con-

ductors, a circuit-interrupting device, 4 dlft’er
ential e,leebro magneb in the same cireuifs,

spacing-wheel on one of said shafts locked by

the armature-lever of said differential electro-
magneb, a double-line key in the circuits of

both eonductors to arrest said electromotor,
and resistances and plugs in shunt-circuits to

both conductors, substantially as and for the
pm poses setb forth. |

23. In two step- b} step eleetmmotors of a
battery and two main conductors, the electro-

11§
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125
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magnets of which are in the eircuits of said | In witness that I elaim the foregoing as my
battery,in combination with electrical devices, | invention I have hereunto set my signature,
substantially as described, for interrupting the | this 11th day of March, A. D. 1836, 1n the pres-
circuits, differential and divided-coil electro- | ence of two subseribing witnesses.

5 magnets in the circuifs of the respective con- |
ductors, to lock the spacing-wheel and govern - JACODB H. LINVILLE.
said electromotors, a double-line key in the - -
same circuits to arrest said electromotors,and Witnesses:
resistances and plugs in said eircuits, substan- ANDREW ZAXNE,

1c tially as and for the purposes set forth, 1THOS. M. SMITH.
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