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To all whom it may concern.:

Be it known that we, Sir ArtaEUR T. DAW-
sox, knight, and Georce T. Bucknam, both
subjects of the King of Great Britain, re-
siding at and whose post-office address is
Vickers House, Broadway, Westminster, in
the county of London, England, have in-
vented certain new and useful Improve-
ments in or Relating to Electrical Appara-
tus for Transmitting or Receiving Signals;
and we do hereby declare the following tg be
a full, clear, and exact description of the
invention, such as will enable others skilled

in the art to which it appertains to make

and use the same.

This invention relates to electrical appa-
ratus for transmitting and receiving signals
and is intended particularly for use in con-
nection with the transmission of orders or
information respecting the working of guns.
The type of electrical apparatus to which
the present invention relates comprises a
transmitting switch controlling a number of
electric motors so energized that the arma-
tures perform intermittent or step-by-step
movements which are imparted to counting
or indicating mechanism. The step-by-step
electric motors we employ are of the kind
in which thie armature comprises an even
number of pairs of unwound pole pieces, and
in which an odd number of pairs of field
magnets are energized in diametrical pairs
and in a certain order by current supplied
preferably on the three-wire system.:
common construction of motor of this char-
acter has two pairs of unwound armature
pole pieces and three pairs of field magnets
so energized that the armature performs
twelve, or alternatively twenty-four, step-

by-step movements to one complete rotation.
" The chief object, of the present invention 1s
to provide in apparatus of the kind indi-

cated an improved system of connections for
energizing the motor field magnets, and a
simple and reliable transmitting or control-
ling switch, in order to increase the permis-
sible working speed and the reliability at
high speeds, and to reduce the sparking at
the switch to a minimum.

According to the present invention the
windings of the field magnets are so ar-
ranged as to reduce as far as possible the
self-induction of the circuits. With this
object the field magnet windings of each

diametrical pair of magnets, instead of be-
ing connected in series as is usual, are con-
nected in parallel, and the alternating
changes in the character of the field excita-
tion for effecting the step-by-step move-
ments of the armature are such as to obtain
the maximum number of parallel connections
of the field magnets energized at any step
thereby reducing the self-induction of the
motor and allowing the current to “build
up” at each step rapidly and thus afford re-
Jiability and & high working speed.

The internal connections of the motor are
so arranged on a three-wire system that all
the separate fleld magnet windings have a
common junction, for the purpose of ren-
dering one pair of the field magnets idle at
alternate steps when said pair is disconnected
from the current source. 'This common junc-
tion also provides a connecting path for the
working current on the alternate steps such
that all the windings are energized when all
three line wires are energized, thus tending
to equalize the drop in volts in the line wires
on alternate steps, and reducing the average
percentage drop, these being important fac-
tors in this class of apparatus.

The transmitting switch according to the

" invention is in the form of ‘a rotary drum

the surface of the drum being composed of
two outer conducting rings and three in-
tervening portions each composed of semi-
circular arcs or segments the ends of which
are separated from one ancther by insulated
portions in stepped or staggered relation-
ship. ‘

In order that the invention may be clearly
understood .and readily carried into effect,
the same will now be described more fully
with reference to the accompanying draw-
ings, in which:— -

Figure 1 represents a motor having two
pairs of armature pele pieces, and three
pairs of field magnets, the windings of the
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latter being connected with supply wires in

accordance with the present invention. -

Fig. 1 vepresents the same motor with the
armature in a different position. .

Figs. 2 and 3 represent diagrammatically
two stages of excitation of the field magnets
of the motor corresponding to two of its
step-by-step movements. :

Figs. 2= and 8* also represent diagram-
matieally but in a different manner the same
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two stages of excitation of the field magnets
illustrated by Figs. 2 and 3.
Tig. 4 is a side elevation of the transmit-

' ting switch, and Fig. 5 is a development of
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the switch surface, showing also the circuits

of the windings of the field magnets.

The three pairs of field magnet windings
are represented by a, a, b, b, and ¢, ¢, respec-
tively, and the three wires by which they are
supplied with current are designated X Y
and Y’. The windings ¢ @ are connected to-
gether in parallel, the windings & b in par-
allel, and the windings ¢ ¢ in parallel. All
the windings have a permanent common

-junction at A ; the other ends of the pair of

windings @ @ are connected to the wire X,
and similar connections are made between
the two pairs of windings b b and ¢ ¢ and
the wires Y and Y’ respectively.

The wires X Y and Y’ are connected to

brushes # ¥ and ¥’ respectively, which bear

against the surface of the transmitting

_switch. - The transmitting switch (shown in

Figs. 4 and 5) is in the form of a rotary
drum adapted to produce twelve step-by-
step movements of the motor to one rotation
thereof. The surface of the drum may be
considered as being composed of two com-
plete conducting rings ¢ and %, and three
intervening conducting rings e, f, and g,
each composed_of two approximately semi-
circular arcsthe’énds of which are separated
from one another by insulating portions ¢/,
e, F,f,and ¢, g’ respectively, the said in-
sulating portions being in stepped or stag-
gered relationship and connected to one an-
other by arcuate insulating portions 7, m,
and 7n respectively, as shown clearly in

- Fig. 5.
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The ring d and one set of the semi-circu-
lar ring sections ¢ f and g are formed inte-
grally or are electrically connected together,
and the ring % and the other set of ring sec-
tions are also formed integrally or are elec-
trically connected together. The rings d
and % are in permanent connection with the
positive and negative mains of a direct cur-
rent supply.

From inspection of Fig. 5 and by imagin-
ing the drum surface to be moved upward
step-by-step in the plane of the paper while
the brushes #, ¥, and %’ remain stationary,
the successive states of excitation of the field
magnets at each of the twelve steps can read-
ily be ascertained. It will be observed that
for one step the two windings of one pair of
magnets in parallel with one another are
connected in series with the other two pairs
of windings, said other two pairs of wind-
ings being in parallel with each other, and
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for the next step the two windings of one
pair of field magnets are disconnected.

" The conditions corresponding to step 1 are
shown in Figs. 2 and 22, the arrows on Fig.

‘2 showing also the path traversed by the
. current. Fig. 1 shows the corresponding po-

sition of the motor armature. _

Figs. 8 and '3* show the conditions corre-
sponding to step 2. Iig. 1* shows the corre-
sponding position of the motor armature.
The electrical conditions for the other steps
may readily be traced by reference to Fig. 5.
For example, at the third step, the pairs of
coils @, @ and b, b are in parallel and in se-
ries with the pair of coils ¢, ¢, two of the ar-
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mature poles being then in line with the -

coils ¢, . At the fourth step, the coils a, a
are cut out and the pair of coils b, b is in
series with the pairs of coils ¢, e. These two
steps are similar in type to the first and sec-
ond as are the successive alternating steps,

80

allowing for the changes in the order of the

coils so grouped. ) _

What we claim and desire to secure by
Letters Patent of the United States is:—

1. In a step-by-step electric motor, six
field magnets arranged in three diametrical
pairs, each magnet comprising a coil, the
diametrically-opposite coils being coniected
in parallel, an unwound armature having
four pole pieces, and means for energizing

“the coils so that at each alternate step in the
‘movement of the armature, two diametrical

pairs of the coils are in parallel with each
other and in series with the remaining pair,

and at each intermediate step, one diametri-

cal pair of coils is disconnected and the other
two pairs of coils are in series with each
other. : S :

2. A step-by-step electric motor compris-
ing an unwound armature having an even
number of pole pieces, an odd number of
pairs of opposite field magnets with the
windings of each pair of opposite field mag-
nets electrically connected in parallel, 4. ro-
tary drum for controlling the supply of elec-
tric current to the field magnets, said drum
having two outer conducting rings and three
intervening portions, each of said portions
being composed of two semi-circular conduc-
tors, the ends of which are disposed in
stepped relation and separated by insulating
material, and brushes bearing on said semi-
circalar conductors and. connected to the
said field magnet windings.

In testimeny whereof we affix our signa-
tures. . .

ARTHUR TREVOR DAWSON.
GEORGE THOMAS BUCKHAM.
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