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This invention relates to apparatus for 
reproducing mechanical movement at a dis 
tance and more particularly pertains to the 
reproduction or transmission of the rotary 
movement of a single propeller shaft or the 
mean rotary movement of several propeller 
shafts of a ship to the actuating member of 
a shipºs instrument. Heretofore it has been 
common in the artito provide a series of elec 
trica contacts whichare successively opened 
and closed by the rotation of the propeller 
shaft or by the rotation of a member con 
nected through diferential mechanism With 
a series of propeller shafts in order to have 
a rotary speed proportional to the average 
of propeller shaft speeds; these contacts be 
ing adapted successively to energize and de 
energize the magnets of a step-by-step mo 
tor for operating the ships instrument so 
that the armature of the step-by-step motor 
may revolve at a speed corresponding to that 
of the propellier (or propellers). While an 
approximate reproduction or transmission of 
propellershaft movement is possible under 
such conditions, the abrupt energization and 
de-energization of the magnets in succession 
results in the application of an irregular 
torque to the armature of the step-by-step 
motor. At certain critical speeds the mo 
mentum of the rotating armature causes it 
to pass beyond its proper stopping point or 
it may tend to set up a secondary oscillatory 
movement or vibration imposed upon the 
primary rotary movement of the armature, 
or, in other words, as a result of the move 
ment of the armature to a position to which 
it is atracted by a newly energized magnet, 
there maybe a tendency for it to overrun or 
to rotate beyond the exact position to which 
it is designed to be atracted by the ener henomenon being 
generally characteristic of high Speed opera 
tion of the apparatus, and the second being 
likely to occurduring operation atlow speeds. 
While such a secondary movement Would not 
be a serious factor in many kinds of mechani 
caldevices andin apparatus where only afair 
degree of accuracy is required, it has been 
found that in shipºs instruments in which a 
high degree ofaccuracy is necessary and more 

particularly in the type ofinstrument where 
inan overrunning clutchis employed to trans 
mit the movement of the propeller shaft and 
of the armature of the step-by-step motor 
in one direction only, the inaccuracies re 
sulting from this secondary motion orthrow 
by are cumulative and result in a consider 
able error in the reading of the instrument 
during the course of a comparatively long 
Journey. 
The present invention is designed to obvi 

ate these dificulties and to provide a step 
by-step motor having comparatively few 
magnets in which the torque imparted to 
the armature maybe comparatively Smooth 
and uniform and in which any tendency to 
provide a secondary oscilatory movement or 
hrow-byisavoided. To this end the present 
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invention involves a step-by-step motor adapted to be synchronously operated by a 
propeller shaft; or a member controlled there 
by, Which is provided with a series of mag 
nets adapted to be successively energized and 
de-energized, adjoining magnets, however, 
having overlapping periods of energization 
Whereby one magnet acts as a brake upon 
the armature While the other magnet tends 
to atract the adjoining part of the armature 
hereto, vhereby a more uniform torque is 
imparted to the armature. 
are preferably provided with means to render 
them slow-acting, as for example a short-cir 
cuited secondary coilto set up an induced sec 
ondary current which Will oppose the voltage 
of the main or primary circuit of the magnet, 
thereby causing the gradual upbuilding of 
the magnetic field and upon thebreaking of 
the circuit the gradual reduction thereof, 
rather than the abrupt energization and de 
energization which previously have been 
characteristic of this class of devices. While 
slow acting and slow releasing magnets of 
this type are preferred, obviously in accord 
ance with the principles of the invention 
other means of providing a gradual upbuild 
ing and a gradual reduction of the magnetic 
fields maybe used to provide an equivalent 
result. Further objects and advantageous features 
atributable to the invention will be apparent 
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to those skilled in the art upon a reading of 
the subjoined description and claim in con 
junction with the accompanying drawing, in 
which: 
The figure is a diagrammatic view of the 

improved apparatus for reproducing the 
speed of a moving part, the wiring ien: 
shown schematically in conjunction with the 
diagrammatically ilustrated parts. 
While the invention disclosed herein is 

adapted to be used in a Wide variety of in 
staliations whereinitis essential or desirable 
accurately to reproduce or transmit mechan 
ical movement at a distance from the mov 
ing part which originates said movement; 
the invention is particulariy adyantageous when used in conjunction with shipºs instru 
ments of the general type disclosed in my 
copending application, Serial No. 722.942, 
filed June 28, 1924, for distance measuring 
apparatus for ships, etc., which discloses a 
controlling element for the instrument which 
is rotated by a step-by-step motor and from 
which movement is transmitted to overrun 
ning clutches so that the movementsin one 
direction of the armature of the step-by-step 
motor are cumulatively reproduced in the 
movement of the parts operated through the 
clutches. 
Referring to the accompanying drawing 

for purposes of ilustration of the inventive principle involved, it'maybe presumed that 
the rotary controler member 7isto have its 
motion reproducedor transmitted at a dis 
tance. For example, the member 7 maybe 
the propeller : of a ship or a member 
mechanically rotated in proportion to the 
mean rotary speed of several propeller shafts, 
and the shaft 20, whichis conveniently illus 
trated as being the armature shaft of a step 
by-step motor, is to be rotated at a speed 
closely synchronized with the movement of 
the shaft 7. For this purpose suitable elec. 
tric connections and contacts are provided 
to transmit energy from the member 7 to 
the magnets 1, 2, and 3 of the step-by-step 
motor 9. Such a transmission of energy may 
conveniently take place by the means illus 
trated wherein a contact bearing disk 16 of 
insulating material is keyed upon the shaft 
7 and bears a contact segment 8 of suitable 
conducting material, which is electricaly 
connected through the brush 6 with any suit 
able source 5 of electrical current. Equally 
spaced about the disk 16 are the contacts 31, 
32, and 33 which correspond in number to 
the number of magnets in the step-by-step 
motor and are adapted successively to be en 
gaged by the segment 8. In the present case 
for purposes of ilustration, three contacts 
and three magnets have been shown, but ob. 
viously the number and circumferential spac 
ing thereofmaybe varied as desired without 
departing from the inventive principles in 
volved. Contacts 31,32, and33 are connected 
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with the magnets 1, 2, and 3 by electrical cir 
cuits 21, 22, and 23 respectively So that en 
gagement of each contact with the segment 8 
will result in energization of the correspond 
ing magnet. ( 

Preferably each of the magnetsis provided 
with a ring of copper 11 at the end adjoin 
ing the armature. This ring of copper is in 
sulated from the winding of the magnet and 
is adapted to provide an induced short-cir 
cuited secondary current which will oppose 
the primary current at the closing of the pri 
mary circuit and will therefore cause the de 
layed building up of the magnetic flux or 
field, while similarly upon opening of the 
circuit, the reduction in the current of the primary vindings of magnets Will cause a 
secondary current which Will tend to result 
in a gradual reduction of the magnetic field. 
The rotor or armature is provided with a se 
ries of radially disposed poles or arms 51, 
52, 53, 54, and 55 which are greater in num 
ber than the magnets and are spaced at in 
tervals which do not correspond to the spac 
ing of the magnets nor does the angle of 
spacing ºf the armature arms forman even divisor of the angle ofspacing of the magnets. 
For example, as shown, the armature is pro 
vided with five of these outstanding arms 
while there are three magnets. v. 
The contact segment 8 preferably is so di 

mensioned and proportioned that at times 
during the rotation of the member 16 two cir 
cuits will be closed, for example, circuits 21 
and 22 through contacts 31 and 32, then one 
circuit will be closed, for example, through 
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contact 32, whereupon two circuits will again 
be closed through contacts 32 and 33 and so 
on, resulting in the energization of magnet 1, 
then magnets 1 and 2, then magnet 2, and 
thereafter magnets 2 and3. Bythis arrange 
ment of Successively energizing single mag 
nets and pairs of magnets, more gradual ro 
tation of the armature shaft results; for ex 
ample, assume that the initial armature posi 
tionisas disclosed in the full-line view of the 
figure, arm 51 is being atracted by magnet 
1 which is the only magnet being energized 
through circuit 21, contact 31, segmental con 
nection 6, etc. Continued rotation of con 
tact disk 16 in anti-clockwise direction as 
indicated by the arrow will result in the clos 
ing of circuit 22 and energization of magnet 
2 which will tend to atract the adjoining 
armature arm 53 while the magnet 1 acts as 

-a brake upon arm 51 so that the armature ro 
tates in a clockwise direction to the position 
indicated in dotted lines; the arms 51 and 
53 coming to a position wherein they are at 
equal distances from the centers of the adjoin 
ing magnets 1 and 2 respectively. Further 
rotation of the disk 16 and in an anti-clock 
Wise direction results in breaking of circuit 
21 and de-energization of magnet 1, where 
upon the armature rotates for a further dis 
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tance of 12° and is drawnto a position wherein 
arm 53isin concentricalignment with magnet 
2. Thereupon continuedrotation of the con 
tact disk 16 results in the energization of 
magnet 3 and a tendency to drawarm 55 to 
ward that magnet, the magnet 2 in turn act 
ing as a brake and preventing movement of 
the armatureso that arm 55 does not passinto 
alignment with magnet 3 until the circuit 22 
is broken. Thus itis obvious that the design 
of the contact member and the magnets per 
mits a gradual step-by-step movement for 
each twelve degree movement of the propeller 
shaft, moreover, the copper rings 11 cause 
gradualupbuilding and reduction of the mag 
netic fields, so that these movements do not 
take place abruptly in succession but rather 
gradually, and So that the resulting torque imparted to the shaft 20 is comparatively 
uniform and there is no tendency for the 
sudden movement of the armature resulting 
from the abrupt energization or de-energiza 
tion of the magnets tocause a secondary oscil 
latory movement or throw-by. 
Although the shafts 7 and 20 are herein il 

lustrated as rotating in opposite directions, 
they obviously maybe rotated in the same di 
rection by suitable rearrangement of the elec 
trical circuits and, in either case, reversal of 
movement ofshaft7will cause a change in the 
direction of rotation of shaft 20, movement 
of the former in either direction thus being 
reproduced by the latter. 
Thusan exceedingly accurate reproduction 

or transmission of movement is possible by 
astep-by-step motor of comparatively sim 
ple design, permitting the mechanism of the 
shipºs instrument or the like to have a very 
accuraté and Smooth action, which is free 
from objectionable vibration or noise. 
I claim: 
A step motor comprising a rotor and a sta 

tor, onehaving a series of electromagnets dis 
tributed about the axis of the rotor, a short 
circuited secondary associated with each elec 
tromagnet, and meansfor energizing the mag 
nets in predetermined sequence sothat each 
magnetis deenergized an interval after the 
next succeeding magnetis energized less than 
the total interval of energization, whereby 
the energization of the successive magnets 
overlap for a comparatively short time to 
provide abraking action at the instant ofen 
ergization and the short-circuited seconda 
ries cause the rotor torque to be applied and 
relinquished gradually. 

Signed by me at Boston, Massachusetts this 
27th day of November, 1926. 

GEORGE. WALIKER. 


