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To all whon, it may concern: 
Be it known that I, JACOB H. LIN VILLE, of 

the city and county of Philadelphia, in the 
State of Pennsylvania, have invented certain 
new and useful Improvements in Electromo 
tors, of which improvements the following is 
a specification. 
My invention relates to step-by-step electro 

motors, and means for controllir, their speed, 
and for operating similar notors in series in 
the same electrical circuit. - 
The object of my invention is to provide a 

rapid and reliable step-by-step electromotor, 
which shall be automatic in its movement and 
regulation, and applicable to printing - tele 
graphs and other apparatus where a step by 
step movement is required; and to which ends 
it consists in connecting by similar gearing two 
shafts carrying star or ratchet wheels, in order 
that these wheels may move in opposite direc 
tions at siniilar speed and alternately present 
ratchet or star wheel indentations to the pawl 
or Wedge pallets on their respective levers wi 
brated alternately and successively by the re 
spective armatures as their electro-magnets 
are successively and alternately energized, the 
motion imparted thereby to one wedge-pallet 
scape or ratchet wheel on one shaft being com 
municated through similar gearing to the other 
wedge-pallet scape or ratchet wheel and shaft. 
By this arrangement and organization the re 
spective pawls or pallets on each lever act 
with equal leverage and an equal angular mo 
tion is imparted to the ratchet or star wheels 
by the vibrations of the levers, which is not 
the case when the pawls and pallets act alter 
nately on a ratchet or star wheel secured to a 
single shaft. The revolution of the shafts, 
caused by the action of the electro-magnets 
with their armatures, levers, and pawls or 
pallets, rotates a circuit-pulsator to automatic 
ally close and break the circuits through the 
electro-magnets at the instant when the arma 
tures have just completed their respective 
backward and forward movement, resulting in 
a continuous step-by-step rotation of the re 
spective shafts until arrested by a continued 
make or break of circuit. When by the depres 
sion of a double-line key the circuit is simul 
taneously closed in both conductors through a 
differential electro-magnet, the shafts and elec 

tromotor will be arrested through the action 
of this electro-magnet, 
The electromotor may be organized to oper. 

levers, and electro magnets by a single line, or 
by two or more of such ratchet or star wheels, 
pawl-levers, electro-magnets, audi conductors, 
as the Operation in either case is the same. 

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 or diminishes the divergence 
this conical hub regulates the distance of the 
pole-piece of a pivoted electro-magnet from 
the periphery of a dial magnetic wheel on the 
governor-shaft, permitting the pole to move by 

arms of the governor diverge in consequence 
of an increase of speed, and forcing it away 
from the wheel as the speed decreases. 
The governing electro-magnet is preferably 

circuit or in a branch thereof, and the inten 
sity of its magnetization will always bear a 
definite relation to the intensity of magnetiza 
tion of the motor electro magnets, whatever 

tery, and hence it must follow that the gov. 
ernor can be adjusted to maintain regular 
speed of the electromotor irrespective of varia 
tions in the strength of the current, and that 

diverting more or less of the current through 
the coils of the governing electro-magnet or by 
adjusting its pole at a greater or less distance 
from its diamagnetic. Wheel. 

lock the ratchet-wheels at each step-by-step 
movement. One of the shafts carries a spacing 
wheel, at any division of which the shaft may 
be stopped and firmly held by the armature 

in double-line circuits, when both circuits are 
simultaneously closed or broken. The circuits 
connecting several of these electromotors are 
so organized that one of the series with con 

through suitable keys, a Sunflower, electro 
magnets, and a battery, may be employed to 

ate with single ratchet or star wheels, pawl- 55 

The speed of the electronotor is controlled 6o 

of the governor-arins. An arm bearing against 65 

the action of a spring toward the wheel as the 7o 

in a shunt-circuit, but may be in the main-line 75 

variation may occur in the strength of the bat. So 

this speed may be diminished or increased by 85 

On the pawl-levers are placed arms which go 

lever of a differential electro-magnet included 95 

ductors alternately in closed and open circuits Ico 
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operate other similar electromotors and cause 
a 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 
cuits through a suitable switch 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 
circuit of botll conductos. A double electro 
magnet may be arranged in two circuits of a 
battery to vibrate a single lever acting to move 
each electromotor, the closed-circuit keys 
being in electrical connection alternately with 
the respective branches of this electro-magnet 
through the segments of a sunflower, the 
brushes of which alternately close the circuit 
through said keys. When the circuit is in 
errupted by the depression of any key, the 
electromotoi's in circuit Will be arrested. 

I will now proceed to describe my invention 
with reference to the accompanying drawings, 
in which 
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Figure 1 is a side elevation of an electro 
motol, showing two shafts With two latchet 
wheels on each shaft. Fig. 2 is an end eleva 
tion of the salne. Fig. 3 is a plan view thereof, 
showing the lower ratchet-wheels and mech 
anism below the line acac of Fig. 2. Fig. 4 is 
a plan view and horizontal section of the elec 
tromotor taken below the top plate, showing 
the upper latchet. Wheels, gear-wheels, gov 
ernor, and mechanism operating in connection 
there with. Fig. 5 is a plan view of the star 
wheel and Wedge-pallet escapements, showing 
two shafts geared together by gear-wheels of 
similar diameter and each carrying two similar 
star-wheels. Fig. (3 is a plan view of a wedge 
pallet escapement consisting of single star. 
wheels on each of two shafts geared together 
by gear-wheels of similal' (liameter and oper 
ated by pallets on a single lever vibrating be 
tween the star-wheels. Fig. 7 is a theoretical 
diagrammatic view of the circuits, showing the 
connection and operation of two electromotors, 
designated as 'driving and “driven mo 
tors, when the double line electrical circuits 
are connected through a sunflower and suit 
able contact-keys. Fig. S is a plan view of a 
single lever-escapement operated by alternate 
pulsations over two conductors and driving 
two star-wheels on Sepalate shafts geared to 
gether by gear-wheels of similar diameter; and 
Fig. 9 is a top or plan view of the balance 
wheel, showing also the shaft, slot, and pin 
connection all d a polition of the helicoidal 
spling. 

Referring now to the drawings, in any suit 
able frame-Work consisting of a base, A, posts 
PP, and cap IB, I arrange two vertical shafts, 
XN, pivoted in bearings ac, a”, a!", and a”, and 
geared together by gear-wheels H H', of simi 
lar diameter, secured to the l'espective shafts 
X X" to insure equal speed of these shafts. 
These shafts N N carry each two ratchet 
wheels, e' de' d', Secured thereto, the number 
of teeth in these ratchet-wheels being the same. 

355,771. 

In Figs. 3 and 4 ten teeth are shown in each 
wheel; but the number of teeth, of course, it 
will be readily understood, is in material. 
The upper ratchets, d' d', Figs. 1, 2, 3, and 

4, are operated by the combined action of the 
electro-lmagnet D, with its armatured, pawl 
lever d", pawls d' and d", having Springs d", 
back-stops d', through the posts P, trunnions 
supported in the framed, and a retracting 
spring, cl.", adjustable by Screw d', passing 
through the post P into collars d", and jam 
nut d", to retain the adjustment. The lower 
ratchets, c'e', are similarly operated by the 
electro-magnet E, with its armature e, pawl 
lever e, pawls e” and e", having springs (', 
back-stops e, through the posts P', trunnions 
supported in the frame c, and a retracting 
spring, e", adjustable by the Screw e, passing 
through the post P. With collar e", and jam 
nute" to retain the adjustillent. 
The pawl-levers d and e carry locking-arms 

d' and e', which impinge against the ends of 
the teeth d' de' and e' when the pawl-le 
vers are vibrated, as hereinafter more fully ex plained. 
On the shaft N is a double-line pulsatór, G, 

composed of two independent divisions, g, and 
of, and having in each part thereof as many 
metallic contacts of and if in the circuit of the 
respective conductors as there are teeth in 
each ratchet-wheel. The contacts of are mid 
way between the contacts ty, and the insulations 
of and g occur in the intervening space be 
tween the contact g” and that of the contact f. 
The divisions of and f' of the pulsator G are 
insulated from each other and from the con 
tacts of and (f', which latter are in electrica: 
connection, respectively, with the metallic col 
lars of and ty'. The entire pulsator G is in 
sulated from the shaft N, and from the collars 
g' and g'. The collarsg' and g are secured 
to the pulsato) G. and, together with it, are 
loose on the shaft N, and the entire combina 
tion is supported loosely on the collar g', se 
cured to the shaft N. The balance-wheel g', 
while loose on the shaft, N, is secured to the 
pulsator G, and the collar g' to the shaft X. 

: The ping" is secured to the balance-wheel ty, 
and passes through an aperture in the collar 
g, slightly largel' than this ping", to permit a 
slight advance of the balance-wheel d' and the 
pulsator G when the shaft N is arrested. Cir 
cuit-springs (f' and ty, attached to a block, (f", 
of insulating material, respectively bear on 
the collars (f" and (f", and springsg" and of bear, 
respectively, on the contacts of and of and in 
sulations of" and (f. 
The portions of the divisions of and glim 

mediately above and below the contacts of and 
(f and insulations (7" and fare made of insu 
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 movement of the balance 
wheel when the shaft X is arrested. 
The electro-imagnet C C is wound differen 

tially, the conductor's being connected to coils 
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which pass in opposite directions around the 
cores of this electro-magnet. The spacing 
wheel c is secured to the shaft X, and has as 
many teeth in it as there are teeth in the four 

5 ratchet-wheels, or in all forty teeth, as shown 
in Fig. 3. The armature c' is secured to the 
lever c, pivoted at c, and adjustable by the 
Spring c" and adjusting-rod c, passing through 
the split post c'. On the lever c is an arm, 
c", which engages in the teeth of the spacing 
wheel e when the electro-magnet C C is in 
operative. 
The centrifugal governor K is secured to the 

shaft k by the collar k, and causes the conical 
hub k", which is free, to rise and fall as the 
governor-balls k" diverge or approach each 
other. The conical hub is prevented from 
turning on the shaft ki' by the pins k", which 
move freely in the collar k, fixed to the shaft 
k'. The gear-wheel His loose on the shaft it' 
and is controlled by a clutching device, L, 
consisting of the movable clutch l, with pins 
and l, moving freely on the collar I, which 

is secured to the shaft k". The forked lever 7, 
pivoted near its center, embraces the clutch 
in the usual manner by means of a fork and 
pins engaging in a groove in this clutch, and 
may be held in position by notches in the arm. 
l", as shown in Fig. 1, and the operation of the 
parts is such that when the clutch l' is raised 
it disengages from the clutch l, secured to the 
gear-wheel H", permitting free movement of 
this wheel on the shaft k", whereupon the wheel 
H' revolves without turning the shaft k' and 
the centrifugal governor K; but when the 
clutch l- is engaged with the clutch i on the 
gear-wheel H both the shaft and centrifugal 
governor are revolved by this wheel. 
The double-coil electro-magnet F F has 

coils wound in the Same direction around its 
cores. It is supported on trunnions f' piv 
oted on supports f', and has a projecting arm, 
f", extending at right angles to its trunnions 
and secured thereto. The arm f bears on an 
elastic spring, f, tending to tilt the electro 
magnet F F and cause its pole-piecef' to ap 
proach the diamagnetic rim f of the wheel 
secured to the shaft l'. From the pole of this 
electro-magnet FF projects a para magnetic 

5o rod, f", through which passes a distance rod, 
f, adjustable by a screw, f", and nu's f' and 
f. The rod f is supported also by the forked 
rod f", pivoted on trunnions f", and having 
a pivoted connection at f" with the distance 
rod f. 
The object of the forked rod f is to brace 

the rod f laterally and at the same time in 
sure parallel motion of the same. The end f' 
of the distance-rod f bears against the conical 
hub k", 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 f of the electro 
magnet, FF to approach nearer to the rim f. 
When this electro-magnetis energized, as here 
in after more particularly explained, the effect 
will be to retard the speed of the shaft k", and 
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as the speed is retarded the governor-balls 
will consequently converge, lowering the hub 
k' and increasing the distance of the pole 
piece f' from the rimf', thereby diminishing 
the magnetic attraction between the pole-piece 
f' and the rimf, and permitting an increase 
of speed of the shaft le". Further regulation 
of the speed is also effected by the adjustment 
of the distance between the pole-piece f' and 
the rimf' through the screw f", and by vary 
ing the resistance in the circuit by the adjust 
able resistances R and R. 
The double-line key O has insulated termi 

nals 0" and 0", connected by the spring 0°, and 
terminals o' and o', connected by the spring o". 
The button of on the insulated bar o is en 
ployed to depress the springs and to close the 
contacts at o' and o' simultaneously. 
The electrical circuits as shown in Fig. 1 

will now be described. 
The circuit from the positive electrode of 

the battery Z is by the conductors 50, 51, and 
60, to the spring g' of the pulsator G, thence 9o 
by the hub f" and contact g to the spring g”, 
thence by the conductor 61 to the electro-mag 
net C, through the coils of the electro-magnet 
C, thence by the cond tictor 62 to the electro 
magnet E, through the coils of the electro- 95 
magnet E, thence by the conductors 63 and 59 
to the negative electrode of the battery Z. The 
other conductor, 52, branching from the con 
ductor 51, passes through the spring g, hub 
g", contact g, spring gy", conductor 53, to the IOO 
electro-magnet C, through the coils of the 
electro-magnet C, and by Conductors 54 and 
55 to the electro-magnet D, through the coils 
of the electro-magnet D, and by conductors 
56, 57, 58, and 59 to the negative electrode of IO5 
the battery Z. A branch circuit, 70, from the 
conductor 50 branches by conductors 71 and 
72 to the terminals o' and o' of the double-line 
key O, the conductor 7L continuing by spring 
o", contact o', conductors 73 and 74, to a junc. I IO 
tign with the conductor 53, where it connects 
with the coils of the electro-magnet C, and the 
conductor 72 continuing by spring o', contact 
0', and the conductor's 75 and 76, to a junction 
With the conductor 61, where it connects with II5 
the coils of the electro-magnet C. One branch 
of the double-shunt circuit through the coils 
of the electro-magnet F F originates at the 
connection between the conductors 55 and 64, 
thence passes by the conductor 64, through the I2O 
resistance R, to the electro-magnet F, through 

SO 
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the coils of the electro-magnet F, conductor 65, 
to the junction with the conductor 57. The 
other branch originates at the junction of the 
conductor's 62 and 66. The conductor 66 pass- I 25 
ing through the resistance R, connects with 
the coils of the electro-magnet F", thence by 
the conductor 67 to a junction with the con 
ductor 57 in the main circuit, herein above de 
scribed. When the double-line key Ois closed, 130 
it is evident that there is a direct path for the 
current by both conductors through the dif. 
ferential electro-magnet C C, whether the 
Springs g and g” bear on contacts or insula. 
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tions. 
electro-magnets D and F and E and F, accord 
ing to the laws governing shunt-circuits, and 
the intensity of the current in the electro 
magnet F F may be varied at will by vary 
ing the resistances R and R. 
The operation of the devices shown in Figs. 

1, 2, and 3 will be explained in the following 
manner: The ratchet-wheele' is locked by the 
locking-arm elimpinging against a tooth, e. 
The spring g’ has reached a contact with con 
tact of on the lower division, g, of the pulsator 
G. The circuit through the electro-magnets 
C, E, and F will therefore be closed through 
their respective conductors and the electro 
magnet C will attract its armature c and re 
lease the spacing-Wheel c. The electro-mag 
net E will be energized, attracting its arma 
ture e and causing the pawl e” to engage in a 
tooth of the ratchet-wheel e, moving this 
wheel one-fortieth of a revolution to the right, 
and the ratchet wheel e simultaneously mov 
ing in a reverse direction through the gear 
wheels H and H', one-fortieth of a revolution 
to the left. The pawl e” will have moved a 
space equal to one-fourth of a tooth in the 
ratchet-wheele', or one-fortieth of a revolu 
tion of the wheel, and will now engage in the 
tooth et, while the tooth e" of the ratchet 
wheel e will be held by the locking arm e. 
The motion of the ratchet-wheel e causes the 
pulsator G to revolve so as to break the circuit 
through the electro-magnet E. The pawl 
lever e' is consequently moved in the opposite 
direction by the retracting-spring e” and the 
ratchet-wheels e” and e 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 d 
and pawls d and d", and as these latter ratchet 
wheels have moved synchronously with the 
ratchet. wheels e" and e' they will now be in 
the position shown in Fig. 3 for the ratchet 
wheels e” and ef. A contact, g, on the division 
g" of the pulsator G will now be made with 
the spring of, closing the circuit through the 
electro-magnet D, and the next movement of 
the ratchet-wheels, as previously described, 
will break this circuit, while the consecutive 
movement of the pawl-lever d, by the action 
of the spring d", will cause the circuit to be 
again closed through the electro-magnet E, thus 
producing a repetition of the movement of the 
ratchet-wheels e and e, as herein before de 
scribed. It is 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 circuits siu, ultaneously through the 
respective coils of the electro-magnet C C, 
neutralizing the action of the Same on the 
cores and thereby releasing the armature c' 
and locking the spacing-wheel c by the arm c' 
on the armature-lever c. 
The speed of the electromotor may be regul 

The current will divide between the lated by the electro-magnetic governor by va. 
rying the distance of the pole-piece f' from the 
diamaguetic rimf', or by varying the strength 
of the current through the electro-magnet F 
F by the interposition of greater or less re 
sistance in Rand R', and the governor may be 
detached by releasing the clutch L from the 
gear-wheel H". 
The action of the balance-wheel g' causes 

the pulsator G to advance slightly after the 
shaft X has been arrested at the termination 
of each stroke of a ratchet-lever, thus insuring 
a make of circuit when a pawl-lever, d' or e, 
has been drawn back by its spring, or a break 
of circuit just as the armature d or estrikes 
the cores of its electro-magnets, or when its 
lever is arrested by a back-stop, d or e. 
In Fig. 7 is shown a theoretical diagram 

matic view of the electrical circuits connect 
ing an electromotor, represented in this view 
on the left of the sheet, and designated as the 
“driving electromotor, which is similar in 
all respects to the electromotor shown in Figs. 
1, 2, 3, and 4, with the exception that a double 
sunflower, T', is substituted for the pulsator G, 
and in the view to the right thereof is repre 
sented a double sunflower, T, substituted for 
the pulsator G in a precisely similar electro 
motor, and designated as the “driven elec 
tl'Olmotor. 
The electro - magnets, shafts, sunflowers, 

keys, and operative parts of the respective 
electronotors are designated by the same ref. 
erence-letters, but with different numerals, in 
order that the circuits that connect the re 
spective electro-magnets, sunflowers, brushes, 
and keys of the driving-electromotor, with cor 
responding parts in the driven electromotor, 
may be readily traced and the operation of the 
circuits through the respective electromotol's 
readily understood. 
The doublesunflowers and T are located 

with their centers corresponding, respectively, 
with the center lines of the shafts X and X", 
on which are double contact-springs t, t, t', 
and t', double collars l', t, t', and t”, insul 
lated from each other and from the shafts X 
and X", double hubst', t', t", and it", insulated 
from each other and from the shafts X and X, 
arms t, t', t, and t', for each hub, carrying 
brushes it", t', t', and t. The upper collars, 
t" and t', are respectively in electrical connec 
tion with the upper hubs, t'and t”, and the lower 
collars, t and t”, with the lower hubs, t and 
t", the hubs being in electrical connection with 
the divisions of the sunflower through their 
arms t, t, t', and t” and brushest", t, t', and 
t'. The sunflowers are shown in plan view at 
T, consisting of two annular rings each hav 
ing forty metallic segments which are insu 
lated from One another. 
Two keyboards are provided, Fig. 7, with 

keys similar to V V', for closing a circuit nor 
mally open through the springs) c' and ' ', 
and with keys V V for breaking the circuit 
normally closed by the springs ' ' and ' '. 
The springs o' and of v are respectively in 
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contact with the metallic bars vs' v' and ' ', 
while the springs as t” and as "are insulated 
therefronn by the insulating material v' ' and 
v" ". The open-circuit springs o' and care 
connected by the conductors 15 and 34 to the 
outer segments, t”, of the sunflowers T and T, 
respectively, and the closed-circuit springs 
and v' are connected by the conductors 5 and 
33 to the consecutive outer segments, t', of the 
respective sunflowers. The conductors 31 and 
32 run from the inner segments, t”, of the sun 
flower T to closed and open circuit springs 
similar to ' and v', (not shown,) and the con 
ductors 35 and 36 from the inner segments of 
the sunflower T to closed and open circuit 
springs, respectively, similar to v" and v', but 
also not shown, the entire key-board contain 
ing twenty keys for open circuits and twenty 
keys for closed circuits when the spacing 
wheels e and c' have forty divisions and the 
ratchet-wheels. d e and de' have each ten 
teeth; but these numbers may of course be va 
ried indefinitely as the number of teeth in the 
ratchet-wheels are varied. 
The circuit of the battery Z is from earth, 

by the conductor 1, to the negative electrode, 
from the positive electrode, by the conductor 
2, to the switch S, thence to the contacts, and 
by the conductors 3 and 4 to the insulated bar 
'', connecting all the springs o, and by the 
branch conductor 14 to the insulated bar o', 
connecting all the springs). The circuit is then 
through the springs is and v', the conductor 5 
to the outer segment, t”, of the sunflower T. 
From the sunflower T the circuit is by the 
brush t”, arm it, hub t', collar t, spring t, 
conductor 6 to the electro-magnet D, conduct 
ors 7, 8, and 9 to the electro-magnet C, con 
ductor 10 to the electro-magnet C, conductor 
11 to the electro - magnet D, thence by con 
ductor 12 to the contacts', switch S', and con 
ductor 13 to earth. The other conductor, 14, 
in connection with the open-circuit keys, is 
from the spring to the spring v' when closed, 
theace by the conductor 15 to the outer seg 
ment of the sunflower T, whence the course is 
by the line above described. 
The circuit from the keys not shown but 

corresponding to W and W" by the conductors 
31 and 32, and the inner segments, t', of the 
sunflower T", is by brush t', armt, hub t',"col 
lar t, spring t, conductor 16 to the electro 
magnet E, conductor 17 to the electro-magnet 
C, conductor 18 to the electro-magnet C", by 
the conductor 19 to the electro-magnet E, and 
by the conductor 20 to the contact s', thence 
by the switch S and the conductor 13 to earth. 

Double-line keys O and O', with springs o' 
o' and o' 0", and rear contacts, o' 0" and o'o", 
and front contacts, o” o' and o'o', are inserted 
in branch conductors 21, 22, 23, and 24, and 
40, 41, 42, and 43, for the purpose of closing 
this circuit simultaneously through the elec 
tro-magnets D, E, D, E, C, C, C, and C di 
rectly from the battery by the conductor 2, 
switch S, contacts', conductors 3 and 21 when 
the double-line key O is in circutt. 

The double-coil magnet E F in Fig. 7, con 
trolling the governor, as shown in Fig. 1, en 
ployed to regulate the speed of the driving 
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electromotor is placed in shunt-circuits 25, 26, 
27, 28, 29, and 30, in which are included re. 
sistances R and R and plugs Q and Q, and 
the double-coil electro-magnet F. Fis placed 
in the shunt circuits 44, 45,46, 47, 48, and 49, 
in which are included tile resistances R and 
Rand plugs Q' and Q. The resistances are em 
ployed to vary the strength of the current 
through the shunt-circuits and the plugs to 
cut out the electro-magnet FF of the driven 
electromotor, the speed of which is controlled 
by the driving-electromotor. 
The operation of the two electromotors con 

nected by conductors in the circuit of the bat 
tery Z, as illustrated in Fig. 7, will now be 
explained. w 

When a closed-circuit key, V", is depressed, 
thereby interrupting one circuit of the battery 
Z, at the contact-springs and v', through the 
electro-magnets D and ID' and C C, all the 
electro-magnets of the driving and driven elec 
tromotors will be in open circuits, and the 
electromotors will of course be arrested. 
Upon releasing the key V the circuit will be 
closed through the electro-magnets D and D' 
and C and C, causing, as previously explained, 
a rotation of the shaft X through one-fortieth 
of a revolution, and causing the shaft X of 
the driven electromotor to rotate similarly 
and synchronously. This movement of the 
shaft X will cause the brush t', in electrical 
connection with an outer segment of the sun 
flower T", conductors 5 and 6, and the circuit 
hereinbefore described, to move forward one 
division of the sunflower, and consequently to 
make contact with an outer segment in the 
sunflower in the circuit previously described, 
connected to the open-circuit springs v and v'. 
The electro-magnets D and D will thereupon 
be demagnetized and the shafts of the respect 
ive electromotors will be rotated through one 
fortieth of a revolution, as fully explained in 
the description of the electronotor, as shown in 
detail in Figs. 1, 2, 3, and 4. This movement 
will cause the brush t” to make contact with 
an inner segment of the sunflower T", in elec 
trical connection through the conductor 31, 
with closed-circuit springs like v" and v', and 
by conductor 16, and the circuit previously de 
scribed, through the electro-magnets EEC 
C'. The electro-magnets E and E will be en 
ergized and the shafts X and X" will again 
be advanced one-fortieth of a revolution and 
cause the brush t to make contact, through 
the conductor 32, with open-circuit springs 
like ) and 2', and by the conductor 16, and cir 
cuit previously described, through the electro 
magnets E and E, producing another rotatory 
movement, which causes the brush i' to close 
the circuit through the electro-magnets Dand 
D', causing a repetition of the movements 
hereinbefore described, so that continuous 
step-by-step rotatory motion of the shafts will 
continue until interrupted, as will be herein 
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after explained. The pulsations in the re 
spective circuits through the differential elec 
tro-magnets C C and C C charge these elec 
tromagnets, or cause their armatures to be 
rapidly vibrated without arresting the spacing 
Wheels c and c'. If a key, V", is depressed, a 
closed circuit through a segment of the Sun 
flower T will be broken, and the brush t' 
will make contact with the two consecutive 
broken-circuit segments in succession, which 
will arrest the motion of the driving-electro 
unotor, and the same result will follow if a key, 
V, is depressed. If the double-line key Obe 
closed, thereby closing the circuits simultane 
ously around the keys and sunflower of the 
driving-electromotor, and through all the elec 
tro-magnets in both circuits, the differential 
electro-magnets C C and C C will be rem 
dered inert, and the electromotors will be 
simultaneously arrested by the action of these 
electro-magnets, as previously explained. Al 
ternate pulsations over the l'espective main 
conductor's pass through the shunt-circuits 2S, 
29, and 30, and 25, 26, and 27, energizing al 
ternately the electro-magnet F F of the driv 
ing-electromotor. The shunt circuits 44, 45, 
and 46, and 47, 4S, and 49 being interrupted 
by the removal of the plugs Q and Q in the 
shunt-circuit of the driven electromotor will 
render inert the electro-magnet F. F. The 
speed of the driving electromotor will be con 
trolled by the electro-magnet FF', as described. 
The Switch S being turned to the contacts s' 
and s, and the switch S' being turned to the 
contacts", and the plugs inserted at Q. Qand 
removed at Q and Q, the springs of v and ' 
w", the sunflower T, the double-line key O, 
and the electro-magnet F F will be in the 
circuit of the battery Z, and the right-hand 
electromotor in Fig. 7 becoming, in this in 
stance, the driving electromotor, while the 
COl' responding parts in the left-hand electro 
motor of this figure will be out of circuit, and 
the action of the respective electronotors will 
be reversed. The electro-magnets of both 
electromotor's will then respond to pulsations 
through the sunflower T", and the circuits may 
be closed 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, n' and n', with alter 
nate teeth omitted, the wheels being secured 
to a shaft, n, and the two star-wheels n' and 
n", with consecutive teeth, secured to a shaft, 
n". The shafts 2 and n' are geared together 
by wheels N' and N of similar diameter. 
The electro-magnet N' and a corresponding 
electro-magnet for the lever n' (not shown 
in Fig. 5) operate alternately by alternate pull 
sations over two conductors, precisely as de 
scribed for the 'atchet-wheels in Figs. 1 and 
2. The pallet n' first strikes in the tooth n', 
when the electro-magnet for the lever n' is en 
ergized, driving the star-wheels n' and none 
thirty-second of a revolution to the right. 
When this electro-magnet is demagnetized, the 
retracting-spring of the lever n' (not shown) 

v so W . 

drives the pallet, n' on the outer side of the 
tooth it", and the star-wheels on the shafts . 
and in make one thirty-second of a revolu 
tion. They are now in the position shown for 
the star-wheels n' and n”. The star-wheels m' 
and n' will have 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 n' and ' and the 
pallets n' and n”. The electro-magnet N' is 
next energized, driving the wheels n' and n' 
each one thirty-second of a revolution by 
wedging forward the tooth n', and when this 
electro-magnet is demagnetized the lever n is 
driven by the retracting-spring ' in the op 
posite direction, the pallet 2' now striking 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 n' and , and the star. Wheels m' 
and n' are alternately locked, as shown, in the 
position for the star-wheel n' and the pallet 
n" in Fig. 5. 

In Fig. 6 is shown an arrangement, M, of 
two shafts geared together by wheels of simi 
lar diameter, with two single star-wheels, m* 
and ), secured respectively to their shafts in 
and in', and operated by a single electro-mag 
net, MI", and retracting-spring in", operating a 
single pallet-lever, m'. 
The alternating movements of the pallets 

when the electro-magnet MI is energized by sin 
gle-line pulsations cause a progressive step-by 
step movement of the star. wheels n' and m” 
in opposite directions, each make of circuit in 
this case causing a movement of one thirty 
second of a revolution, and each break of cir. 
cuit a similar movement. 

In Fig. S the single star-wheels u' and at are 
Secured to separate shafts, at and at", geared 
together by wheels UU" of equal diameter. 
The pallet-lever u is pivoted on trunnions at 
w", and the armatures at' and at of the separate 
electro-magnets U and U are secured to right 
angular extensions at and u of the pallet 
lever it. The electro-magnets U U being al 
ternately energized by pulsations over the sep 
arate line-conductors 62, 63, 55, and 56 of Fig. 
1 will cause vibrations of the pallet-lever u", 
producing consecutive step-by-step movements 
of the star-wheels at' and at". Such a combina 
tion may be evidently substituted in the double 
line systems illustrated in Figs. 1, 2, 3, 4, and 
7 by omitting the two electro-magnets D and 
E, with their corresponding ratchet-wheels, d" 
d andle e' and the armature-levers d' and e', 
and introducing, instead of the single pallet 
lever, star-wheels and a double electro-magnet, 
as shown in Fig. S. The conductors 55 and 
56 will then energize one branch of the electro 
magnet U, and the conductors 62 and 63 the 
other branch of the electro-magnet U. 
The pulsator G will have contacts of in one 

division, g, immediately following the contacts 
g in the other division, g, insulations (in one 
division alternating with the contacts g in 
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the other division, so as to cause the circuit tially such as have been already fully shown 
through one conductor to be closed just as the 
circuit is interrupted in the other conductor. 

It is obvious, without further illustration 
or explanation, that the star-wheels 12" 7" and 
n"n" (shown in Fig. 5) may be substituted for 
the ratchet-wheels did and e'e', in Figs. 1, 2, 
3, and 4, and for the ratchet-wheels d e and 
de' in Fig. 7, and the operation with either 
form will be the same when arranged in double 
line circuits. 

If the star-wheels at' and at' in Fig. 8 be sub 
stituted in Figs. 1, 2, 3, and 4, with the electro 
magnets U and U" introduced into the double 
line circuits of Fig. 7, instead of the electro 
Jagnets D, E, D, and E, the operation will 
obviously be the same, with this exception 
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 cir. 
cuit by depressing any key will in this case 
stop the electromotors, and the releasing of 
the key will again cause their rotation. 
The star-wheels m” and n” in Fig. 6 will op. 

erate the shafts X and X of Figs. 1, 2, 3, and 
4, if connected in one of the circuits, as shown, 
if there are sixteen contacts g”, and sixteen 
insulations g, in one division, g, of the pull 
Sator G, omitting the other division, ty', and 
substituting star-wheels in and ps, pallet-lever 
n, pallets in and in" of Fig. 6, for all the 
ratchet-wheels, levers, and pawls, as shown in 
Figs. , 2, 3, and 4. 
To operate the shafts X and X in Fig. 7 

with the star-wheels n' and n, pallets n° and 
m", and pallet-lever m', actuated by a single 
electro-magnet, M, and spring )", it is only 
necessary to substitute these star-wheels for the 
ratchet-wheels de' and d'e', (shown therein,) 
and the electro-magnet M for the electro-mag. 
nets D and D', omitting the electro-magnets 
E, E, C, C, C, and C, making the electro 
magnets FF in one section. The double-line 
keys O O" and the entire conductor connecting 
the brush t' and inner segments of the sun 
flower through the conductors 31 and 32, and 
the contact-springs similar to ) and o', must in 
this case be omitted. The outer ring of seg 
ments, t”, must be connected alternately by the 
conductors 5 and 15 to the circuit-springs 
and v', the entire number of segments being 
equal to twice the number of teeth in one star. 
wheel m' or m”. Consecutive makes and breaks 
of circuit will then cause single-line pulsations 
to pass through the electro-magnet M", sub 
stituted for the electro-magnets D and. D', to 
operate the pallet-lever in and the star-wheels 
in and in", and thus to produce a synchronous 
movement of the shafts X and X. 
The devices 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 
show electro-magnets and devices substan. 

a centrifugal governor secured to the same 

and described. I desire it to be distinctly un 
derstood, however, that I do not limit myself 
to operating the electromotors by double-line 7C 
conductors, as it will be obvious that they may 
be operated as well by a single electro-magnet 
responding to pulsations over a single con 
ductor as with two electro-magnets respond 
ing to double-line conductors by omitting one 
pair of ratchet or star wheels and construct 
ing the other pair with double the number of 
teeth. 
Having thus described the nature and ob 

jects of my invention, what I claim as new, and 8O 
desire to secure by Lette's Patent, is 

1. A step-by-step electromotor consisting 
of two shafts geared together by wheels of 
similar diameter, carrying two ratchet or star 
wheels opposite to one another on each of said 85 
shafts, and actuated by two levers carrying 
pawls or pallets vibrated alternately between 
said ratchet or star wheels by two electro-mag 
nets in the circuit of a battery, substantially 
as and for the purposes set forth. 

2. A step-by-step electromotor consisting 
of two shafts geared together by wheels of 
similar diameter, and each carrying two ratchet 
wheels, the wheels on one shaft being opposite 
to those on the other shaft, the teeth in the re- 95 
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spective ratchet-wheels alternating with each 
other, two levers vibrating alternately between 
the respective ratchet-wheels, carrying pawls, 
locking-arms, armatures, and retracting: 
springs, two electro-magnets in the circuit of loo 
a battery for vibrating said armatures and le 
vers, said electro-magnets responding to alfer 
nate and successive makes and breaks of cir 
cuit, and a circuit-interrupting device, sub 
stantially as and for the purposes set forth. 

3. A step-by-step electromotor consisting 
of two shafts geared together by wheels of 
similar diameter and moving synchronously, 
and each carrying 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, arma 
tures, and retracting-springs, the wedge-pal 
lets vibrating between the star-wheels and en 
gaging alternately in opposite star-wheels, one IIS 
lever being inactive while the other is in ac 
tion, two-electro magnets in the circuit of a 
battery for vibrating the armatures and levers, 
said electro-magnets responding to alternate 
and successive makes and breaks of the circuit, 
and electrical devices, substantially as de 
scribed, for interrupting the circuit, substan. 
tially as and for the purposes set forth. 

4. In a step-by-step electromotor, the con 
bination of an electro-magnetic governor con 
sisting of an electro-magnet with its pole-piece, 
said electro-magnet energized by pulsations 
through a battery-circuit of the electromotor, 
a shaft and a diamagnetic rim secured thereto, 

IOS 

It) 

T 20 

I3O 
shaft, a conical hub sliding freely on said shaft 
and actuated through the convergence and di 
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vergence of the governor. arms, a distance-rod 
Secured to the pole-piece of the electromagnet 
and resting loosely against said conical hub, 
and a spring acting to press the pole-piece to 
Ward the diamagnetic rim, substantially as and 
for the purposes set forth. 

5. The combination of a balance-wheel Se 
cured to a pulsato' 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 described. 

6. 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 
Said pulsator Secured to said shaft, a pin in 
said 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 balance-wheel, substantially as and 
for the purposes set forth. - 

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

S. 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, armatures, and re 
tracting-springs, the wedge-pallets vibrating 
between said star-wheels and engagiug alter 
nately in opposite star-wheels, two electro 
magnets in the circuit of said battery, a dif. 
ferential electro-magnet in the same circuits, 
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. 

9. The combination of a battery and two 
main conductors, two shafts geared together 
by wheels of similar diameter moving synchro 
hously and each carrying two ratchet-wheels, 
the teeth in One pair alternating with the teeth 
in the other pair, two electro-magnets, with 
their armatures, pawl levers, retracting 
Springs, and pawls, the pawl-levers vibrated 
alternately between the respective ratchet 
wheels by Said electro-magnets in the circuits 
of Said battery, a differential electro-magnet 
in the same circuits, a spacing-wheel on one of 
said shafts locked by the armature-lever of 
Said differential electro-magnet, a divided-coil 

extended pole-piece, and a diamagnetic rim 
secured to a shaft geared to the ratchet-shafts, 
substantially as alnd for the purposes set forth. 

10. The combination of a battery and two 
main conductors, two shafts geared together 
by wheels of similar diameter and each carry 
ing two ratchet-wheels, the teeth in one pair 
alternating with the teeth in the other pair, 
two electro-magnets, with their armatures, 
pawl-levels, retracting-Springs, and pawls, the 
pawl-levers being vibrated alternately and suc 
cessively by alternate pulsations over the re 
spective conductors, a divided - coil electro 
magnet in the circuits of said conductors, a 
diamagnetic rim controlled by said divided 
coil electromagnet, 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 al'mature-lever of 
said differential electro-magnet, with its coils 
in both conductor's 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 in the circuits of the conductors, 
and a spacing-wheel on one of said shafts 
locked by the arnature-lever of said differen 
tial electro-magnet, substantially as and for 
the purposes described. 
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l2. In a step - by - step electromotor, two 
shafts geared together by wheels of similar di 
aneter and each carrying two ratchet-wheels, 
two electro - magnets, with their armatures, 
pawl-levers, retracting springs, and pawls, 
the pawl-levers vibrated alternately and suc 
cessively by said electro - magnets energized 
by alternate pulsations over the respective con 
ductors, in combination with a battery and 
two main conductors, a differential electro 
magnet in the same circuits, 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, and a divided-coil electro-magnet 
in the circuits of Said battery, having an ex 
tended pole-piece controlling said diamagnetic 
rim, Substantially as and for the purposes set 
forth. 

3. A step-by-step electromotor consisting 
of two shafts geared together by wheels of simi 
lar diameter and each carrying two star-wheels, 
two clectro-magnets, with their armatures, 
Wedge-pallets, and retracting-springs for actu 
ating said star-wheels, in combination with a 
battery, two main conductors, a differential 
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electro magnet, and a spacing-wheel on one of I3O 
said shafts locked by the armature-lever of said electro-magnet in the same circuits having an differential electro-magnet, with coils in both 
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conductors, a governor electro-magnet in the 
Same circuits, having an extended pole-piece, 
a diamagnetic rim secured to a shaft geared 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 a step-by-step elec 
tromotor consisting of two shafts geared to 
gether by wheels of similar diameter and each 
carrying two star-wheels, two electro-magnets, 
with their armatures, wedge-pallets, and re 
tracting-springs for actuating said star-wheels, 
a battery and two main conductors, a differ 
ential electro-magnet in the circuits 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 electro-magnet has an ex 
tended pole-piece, a diamagnetic rim secured 
to a shaft geared to one of the star-wheel shafts, 
a circuit-interrupting device, and a double 
line key in said circuits to arrest said electro 
motor, Substantially as and for the purposes 
set forth. - - 

15. In combination with a step-by-step elec 
tromotor consisting of two shafts geared to 
gether by wheels of similar diameter moving 
synchronously, and each carrying two star 
wheels, two electro-magnets, with their arma 
tures, Wedge-pallets, and retracting-springs for 
actuating said star-wheels, a battery and two 
main conductors, a differential electro-magnet 
in the same circuits, a spacing-wheel locked 
by the armature-lever of said differential elec 
tro-magnet, a circuit-interrupting device, re 
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sistances and plugs in shunt-circuits to the 
main conductors, and a double-line key in said 
circuits to arrest said electromotor, substan 
tially as and for the purposes set forth. 

16. The combination of a battery, two main 
conductors, two electro-magnets, one in each 
of the circuits of said battery, armatures, pal 
let-levers, and pallets for the respective elec 
tro-magnets, star-wheels on two synchronously 
moving shafts in each of two electromotors 
operated by said levers provided with pallets, 
a differential electro-magnet with its armature 
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 
multaneous pulsations, a divided-coil electro 
magnet in the same circuits, having an ex 
tended pole-piece, a diamagnetic rim secured 
to a shaft geared to one of the star-wheel shafts, 
a circuit-interrupter, resistances, and plugs in 
shunt-circuits to the main conductors, and a 
double-line key in the circuits of both conduct 
ors, substantially as and for the purposes set 
forth. 

17. The combination, with a step-by-step 
electromotor, of a centrifugal governor se. 
cured to a shaft, a conical hub sliding freely 

and pins secured to said hub and sliding freely 
in said collar, a gear-wheel secured to said 
shaft, and clutch mechanism operating sub 
stantially as described, for the purposes set 
forth. ... 

18. The combination, in a step-by-step elec 
tromotor, of a shaft carrying a gear-wheel, a 
clutch secured thereto and moving freely on 
said shaft, a movable clutch loose on said shaft, 
a fixed collar on said shaft, pins attached to 
the movable clutch and moving freely in said 
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collar, a bifurcated lever held in position by 
an arm, a conical hub, and a centrifugal gov. 
ernor for controlling its movement, substan 
tially as and for the purposes set forth. 

19. The combination, in a step-by-step elec 
tromotor, of a conical hub carried by the 
shaft of a centrifugal governor, a centrifugal 
governor for controlling the movement of said 
conical hub, a divided-coil electro-magnet, 
With a pole-piece held on trunnions pivoted 
to supports, a projecting arm secured to the 
trunnions, an elastic spring abutting against 
the projecting arm, and a diamagnetic rim se 
cured to the governor-shaft, substantially as 
and for the purposes set forth. 

20. The combination, in a step-by-step elec 
tromotor, of two shafts geared together by 
wheels of similar diameter, ratchet or star 
wheels thereon, a spacing-wheel secured to 
one of the shafts, a circuit-interrupting device 
secured to one of said shafts, a balance-wheel 
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with a collar thereon, and a helicoidal spring, 
all arranged substantially as and for the pur 
poses described. 

21. A step-by-step electromotor consisting 
of two shafts geared together by wheels of 
similar diameter and carrying ratchet or star 
wheels actuated alternately by levers carry. 
ing pawls or pallets vibrated between said 
wheels by two electro-magnets in the circuit 
of a battery, in combination with a battery, 
two main conductors, a circuit-interrupting de 
vice, a differential electro-magnet in the same 
circuits, and a spacing-wheel on one of said 
shafts locked by the armature-lever of said dif 
ferential electro-magnet, substantially as and 
for the purposes set forth. 

22. In a step-by-step electromotor, two 
shafts geared together by wheels of similar di 
ameter 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 battery, in 
combination with a battery and two main con 
ductors, a circuit-interrupting device, a differ 
ential electro-magnet in the Saline circuits, a 
spacing-wheel on one of said shafts locked by 
the armature-lever of said differential electro 
magnet, a double-line key in the circuits of 
both conductors to arrest said electromotor, 
and resistances and plugs in shunt-circuits to 
both conductors, substantially as and for the 
purposes set forth. 

23. In two step-by-step electromotors of a 
on said shaft, a collar secured to said shaft, I battery and two main conductors, the electro 
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magnets of which are in the circuits of said In witness that I claim 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. 1886, in the pres 
circuits, differential and divided-coil electro- ence of two subscribing witnesses. 

5 magnets in the circuits of the respective con- - 
ductors, to lock the spacing-wheel and govern JACOB H. LIN WILLE. 
said electromotors, a double-line key in the 
Same circuits to arrest said electromotors, and Witnesses: 
resistances and plugs in said circuits, substan- ANDREW ZANE, 

ic tially as and for the purposes set forth. THOS. M. SAIITH. 

  


