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To all whom 6t may concern:

Beit knownthat L HAROLD W. BUCK, a citi-
zen of the United Sta,tes residing at Schenec-
tady, in the county of Schenectad}, State of
New York,haveinvented certain new and use-
ful Improvements in Electrie Steering-Gear,
(Case No. 767,) of which the follomnﬂ‘ is a
specification.

The invention which is the Sub;]eet of my
present application is herein described as re-
lating to electric steering-gear, but is not re-
str mted to such use, as it is in some of its as-
pects of far wider apphea,tlon It relates to

- that class of apparatus capable of reproduc-

ing at a distant point, with or without change
in amount and with or without increase in
power, the motion of an operating or control-

ling handle.
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so morefullydescribed hereinafter.

Many devices have been invented for such
purposes, but those with which I am familiar
are defective 1n one way or another. In elec-
tric steering apparatus for large ships, for ex-
ample, it 1s necessary that any movement of
the steering-handle should be followed by a
plactmally instantaneous and corresponding
movement of the rudder, to effect which a mo-
tor capable of developing as much as fifty-
horse power is sometimes needed. This motor
may be a steam-engine, and myinvention may
by obvious modifications be employed for op-
erating the valves of such an engine; but I
pr efer to use an electric motor of some well-
known and approved type—such,forexample,
as the shunt-wound direct-current motor. It
has been proposed to control such motors elec-
trically from the steering-wheel, starting and
stopping them at will; but the time and the
current required to start such a motor are
very considerable, and therefore such a sys-
tem of control is ob;]ectlonable

According to my invention the opelatmn‘-
motor is run constantly and is coupled to the
device to be operated (the rudder or the valves
of an engine) by clutches capable of causing
movementin eitherdirection at will,and these
clutches are electrically controlled in such a
way that the movement of the controlled de-

vice will reproduce the movements of the con-

trolling wheel or handle in a manner to be
Such a sys-

- when current is shut off

- othernon-reversible gearing, so designed that

Pl

| tem of control is simple, effective, and reli-

able, as is demonstrated by practical tests.

I have also found in practice that clutches

of the electromagnetic type are apt to stick
from them owing to
what issometimes called the ¢‘ coercive force”
of the metal. Thiseffect Lavoid, and thereby

35

produce an extremely-reliable clutch capable

of wide application by constantly exposing
the metal to a magnetomotive force equal (or
substantially equal) and opposite to the coer-
cive force of the metal—in other words, suf-

ficient to instantly wipe out when the ordi-

nary excitation isremoved the remanent mag-
net_ism of the clutch.

In the application of my invention as here-
in shown [ provide a constantly-running mo-
tor which, although of ample power to move

- the 1uddel undel all conditions of service,

may be very much smaller than the motors
ordinarily used, inasmuch as it has full-speed
torque and only takes a current limited by
its high speed. It 1s of course designed to be
adapted to its service and to be mmnta.med
directly in circuit across the power-mains of
the ship at full voltage and without ohmie re-
sistance. The motor “is connedted 0 the bod y
to be moved through the medium of electro-
magnetic clutehes positioned one at each
end of a counter-shaft connected to the rud-
der through suitable gearing. These clutches
are oppomtel‘y geared at the two ends of the
counter-shaft, and it is designed to have only
one of them in operation at a given time.

- By thisarrangement when one clutch is en-

~gaged the counter-shatt rotates clockwise.

When the other isengaged, it rotates counter-
clockwise. Thiscounter-shaftdrivesthe rud-
der, preferably through a worm-gear or some

the friction loss is great enough to hold the
rudder in any position in which it may be
left. I further arrange a series of contacts

in the pilot-house connected by wires, (which
may be of quite small size—in fact, of only
sufficient size for mechanical Strenﬂ*th,) with
other contacts located ad;]aeent to the rudder
and the connection of which is controlled by
the motion of the rudder or other driven part.
The relation of these sets of contacts is such
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that as the wheel is moved certain ecircuits
are completed through the electromagnetic
clutches, and as the rudder moves these cip-

cuits are modified until they are all opened
and the cluteh is thrown out of action. In-

asmuch as the clutch may at all times re-
quire considerable current to hold it securely,
I havepreferred to “‘relay” its operation, and

“therefore in addition to the contacts to which

I have referred I provide a switch connected
to the wheel, which controls the connections
of two electrically-actuated devices which
constitute relay-switches, one for each of the
electromagnetic clutches. When one of these
1Is closed, one cluteh receives current, and
when the other is closed the other clutch is
energized. Of course the econnections are so
arranged that only one relay may act at a
time.

With the arrangement of apparatus thus
described it is of importance to prevent the
clutches sticking after they should be re-
leased by the motion of the rudder as it opens
the relay-circuit. To this end I expose the
metal of each clutch to a constant magneto-
motive force opposed to the magnetomotive
force produced by the energizing-coils by pro-
viding in each clufeh or differential coil act-
ing against the main coil and so adjusted, as
above described, that it provides a differen-
tial effect sufficient to overcome remanent
magnetism. Thus as soon as the circuit of
the clutch is opened the current passing in
the differential coil brings the magnetomotive
force of the cluteh to zero. It is then on-
tirely released. |

In many cases it is important (and espe-
cially on shipboard) to prevent sparking.
This 18 more particularly liable to occur at
the relay-contacts, which I therefore bridge
by a condenser, which takes up or opposes
the extra current arising when the relay is
opened and which is largely due to the in-
ductive winding of the eluteh.

In the drawings attached to thig specifica-
tion, Figure 1 is a diagram of the connections
in the best form which I have as yet devised,
and Fig. 2 is an explanatory diagram.

The power-mains of the ship are shown at
a b and o' 0'. These two sets of mains may,
if convenient, be supplied from the same
generator.

D 18 a constantly-running motor, which by
the gearing D’ rotates the clutch E? in one
direction, as shown by the arrow, and by the
gearing D? which has an idler-wheel, rotates
the clutch E in the opposite sense. Disks E/
E' codperate with the clutches and are re-
spectively mounted upon the worm-shaft, he-
ing splined upon the shaft, so as to slide back
and forth readily.

At C*is a segment of a worm-wheel which
controls the motion of the rudder. (Not
shown.) Ifastened to the rudder or to the
segment C*is an arm C%, which bridges two
sets of contacts C' C?, presently to be referred
to.

This arm C3 together with the sets of |

wi]

contacts C' C° constitutes what T have termed
a ‘‘ eireuit-interrupting switeh,” its funetion
being tointerrupt the ecircuit controlling the
magnetic clutch when therudder has reached
the desired position. The main winding of
the clutches It X* is supplied with current

from the mains « bthrough relay-switches 7
'3

7= controlled by the cluteh-actuating coils

E' If?, respectively. Condensers G’ G? shunt
the relay-contacts for reasons above set forth.

At A isthe controlling device or switeh op-
erated by the wheel A3,  Upon the lower part
is a sector A% actuating the reversing or di-
rection switch I3, the arm I3’ of which has in-
sulated contacts registering with the fixed
contacts on the right and left, respectively, of
its illustrated position. It will be noted that
the wheel 0" makes rolling contact with the
arm A%, so that when the switeh-arm I3’ has
been thrown to one or the other of the sets
of contacts and stopped by mechanical en-
gagement therewith the sector A and the
wheel A° are still free to turn, there being a
frictional engagement between the wheel I’
and its shaft carrying the arm B’. There-
fore the first motion of the wheel A%in either
direction closes one or the other of two sets
of circults, determining the direction of ro-
tation of the controlled device. The amount

-of the rotation is determined by the position

In which segments A’ A?are left. These seg-
ments bear on the contacts 1 to 8 and 1?
to 3%, respectively, and the said contacts are
individually connected to corresponding con-
tacts on the segments C' C-, already referred
to. T'he motion of the sector C!in one di-
rection 1s controlled entirely by the con-
tacts upon one side of the wheel and 1its op-
posite motion by those upon the other side.
IFor instance, in the illustrated position no
current passes in any of the apparatus ex-
ceps the motor D, which runs idle. If, how-
over, the wheel A® be rotated clockwise un-
til the segment A’ touches the contact 5, the
first movement of the wheel actuates the sec-
tor A* and throws the switch-arm 13’ to the
right, and a circuit is completed to the corre-
sponding contact 5 of the row C' through the
arm C°.  'This circuit may be traced as fol-
lows: starting from the main U through the
lamp L and the upper contacts of the switch
I3 to the segment A’, thence through seg-
ment o and the conductor connected there-
with to the arm C3, thence through the actu-
ating-coil It of the relay-switeh 7/ to the lower
contacts of the switech B and back to the
main¢. With thiscombination of circuits the
contact /' is closed at the relay and current
passes from the upper mains ¢ b through the
clutch K, which grips the disk E/, causing the
arm C° of the circuit-interruptiug switch to
move to the right as the worm is rotated un-
t1l this arm passes off contacet 5 of the row ¢
to the next or dead contact. When this po-

sition is reached, the circuit of the relay is

opened and the clutch K is released. A lamp

L is connected upon each: side so as to show
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in which direction therudder is moving.
tracing the circuits it will be found that the
lamp-circuit 1s opened as soon as the rudder
ceases to move. Xor the lamp any suitable
indicator may be substituted.

When now the rudder is to be thrown in
the opposite direction, the wheel A3is rotated
counter-clockwise, and the contact 5* will be
touched, as in the illustrated position, com-
pleting a similar circuit with the row of con-
tacts C* to that which has already been de-
scribed with reference to €. 'The rudder
then starts in the other direction, inasmuch
as the clutch E* now engages with its disk E’
and similaractionstake place upon that side.
It will be observed that the last contact of

~the row C' is an idle one and the correspond-

20

30

35

40

KO

55

0

ing contact on the left of the row C?is also
idle, these being the limits of 11101:101’1 of the
device in each direction.

Of course in the commercial installation of
the device sultable resistances may be em-
ployed, and any desired form of auxiliary
switches for connecting in the different parts
and cutting them o_ut as may be required.
The resistance of the leads themselves may
be so selected as to fulfil any part of these
funections. These things are well understood
in the art and do not 1equ11e extended ex-
planation.

In Fig. 2 I have .shown the hysteresiscurve,
or, as it is usually called, the ** BA” curve of
the clutches. If a magnetomotive force oe,

generated by the main coils, be applied to a

clutech, the magnetism will rise to the value
shown by the line eg. If now this magneto-
motive force be removed, as by the opening
of the relay, the magnetism will fall to the
value od, and if the iron is not jarred will
tend to remain constant at that value. 1
therefore provide the additional coils above
mentioned, constantly producing the counter-
magnetomotive force oc¢, which is equal to
the coercive force of the metal and sufficient
to destroytheremanent magnetism, asisclear
from the diagram. 'This will cause the clutch

to release and then the small magnetomotive.

force oc will not be enough to cause it to cateh
again, as the magnetic circuit will be more
open and the air-gap longer. Of course this
renders i1t necessary that a slightly-greater
magnetomotive force should be generated by
the main coils than would otherwise be re-
quired—that is, a magnetomotive forece of,
equal to the arithmetical sum of oe and oc;

“but this is not a serious disadvantage.

I make no claim in this application to the
improvementin magnetic clutches herein dis-
closed, since this constitutes the subject-mat-
ter of a divisional application filed May 26,
1900, Serial No. 18,046.

What I claim as new, and desire to secure
by Letters Patent of the United States, is—

1. In combination, a body to be moved, a
plurality of oppositely-rotating clutches op-

By |

o

throwing said clutches into operation, means
for positively demagnetizing the magnetic
clutches as soon as the circuit of the actuat-
ing-coil is interrupted, a circuit-interrupting

switch operatively related to the body to be

moved,and means for closing a circuit through

70

said mterruptm g-switch to elthel of said ac-

tuating-coils.

- 2. In combination, a body to be moved, a
plmrality of oppositely-rotating clutches op-
eratively related thereto, actuating-colils for
throwing said clutches into operation, a con-
trolling-switch having a series of contacts, a
circuit-interrupting switech having a series of
contacts, electrical connections between the
corresponding contacts of the controlling and
circuit-interrupting switches, means for clos-
ing a circuit to either of the cluteh-actnating
coils through the contacts of said controlling
and circuait-interrupting switches, and means

8o

actuated by the body to be moved for open-

ing said circuit at the circuit-interrupting
switch.

3. In combination, a body to be moved, a
plurality of oppositely -revolving magnetic
clutches operatively related thereto, a con-
trolling - switch, comprising numerous con-

Go

tact-points, for determining the extent of

movement of said body, a circuit-interrupt-
ing switech having contact-points electrically
connected with the contact-points of the con-

95

trolling-switch, means whereby a movement

of the controlling-switch to one side or the
other closes a circuit through said controlling
and said interrupting switches to the ener-
oizing-coil of one or the other of sald mag-
netic clutches, and means whereby a corre-
sponding movement of the bodyto be moved
opens said circuit at the circuit-interr uptmﬂ‘
switch.

4, An electric steering apparatus compris-
ing a constantly-running motor, a counter-
shaft connected by a worm-gear to the rudder,
clutches operated in opposite directions by the
motor, electromagnetic means for actuating
said clutches, a circuit-interrupting switch,
having a series of contacts, controlled by the
rudder, and means located at a desired point
for closing a circuit to a plurality of the con-
tacts of said circuit-interrupting switch, and,

‘through said switch, to one or the other of

said electromagneticcluteh-actuating means.

5. An electric steering apparatus compris-
ing a constantly-running motor, clutches ro-
tated in opposite directions by said motor, a
controlling-switeh at a desired point, an op-
erating-handle therefor determining by its
position the extent of movement of the rud-
der, a circuit-interrupting switch controlled
by the rudder and electrically connected to
the controlling-switch, means for closing a
circuit through said switches to energize one
or the other of said clutches, and means for
breaking the circuit through said switches
when the rudder reaches the determined po-

eratively related thereto, actuating-coils for i sition.
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0. An electric steering-gear, comprising a | reaches a position corresponding to the posi-

constantly -running motor, electromagnetic
clutches geared to the motor and run thereby
In opposite directions, a reversing or direc-
tion switch for connecting to the line either
clutch at will, a controlling-switeh determin-
ing by its position, the extent of movement
of the rudder, and a circuit - interrupting
switch controlled by the rudder and electric-
ally connected to the controlling-switch for
breaking the circuit of the connected clutch
when the rudder reaches the position deter-
mined by the position of the controlling-
switch.

7. Inanelectricsteering-gear,a controlling-
switch comprising a set of contacts on either
side of the central position of the wheel and
two switching - contacts operated by said
wheel, a circuit-interrupting switech compris-
Ing two sets of contacts adjacent to the rud-
der and switching-contacts operated by said
rudder, connections joining each contact in
each of the sets at the ruddder to a corre-
sponding contact in one of the sets at the
wheel, rudder-operating means, two electro-
magnetic deviees for connecting the rudder-
operating means to the rudder,-and a switch
operated by the first movement of the wheel
for supplying current to actuate one or the
other of said electromagnetic connecting de-
vices through the contacts of the said con-
trolling and circuit-interrupting switches.

8. 1he combination with a controlling-han-
dle, of a switch, having a series of operative
positions, connected to said handle, a single
constantly-operated souree of power, a body
to be controlled, a switch, having a corre-
sponding series of operative positions, con-
nected to said body and electrically connected
to the switch at the controlling-handle, and
means in circuit with said switches for oper-
atlvely connecting the source of power to the
body to be controlled. |

9. Inadevice for transmitting motion,a con-
stantly-rotating motor, controlling and con-
trolied parts, clutches rotated in opposite di-
rections by the motor, mechanism operated
by the clutches for driving the controlled
part in either direction, means at the control-
ling part for closing a circuit to actuate one
or the other of said clutches, said means de-
termining by its position the extent of move-
ment of the controlled part, and means at the
controlled part for breaking said cireuit when
the said part has reached a position corre-
sponding to the position of the controlling
part.

10. In an electric steering-gear or similar
device, the combination with the rudder-oper-
ating shaft and the electromagnetiec clutches
oppositely geared to a single motor, of a
switch operated by the wheel for closing a
circult to actuate either of said clutches, said
switch determining by its position, the extent
of movement of the rudder-operating shaft,
and a switch operated by the rudder for in-
terrupting said circuit when the rudder

K

tion of the switeh operated by the wheel.

11. In an electric steering-gear, the combi-
nation with a shaft operating with the rudder
and connected to a constantly-rotating motor
by oppositely -driven clectromagnetically-
operated clutches, of relays forcompleting the
circult of the clutches, a switch, for connect-
Ing in either relay, operated by the wheel and
determining by its position the extent of
movement of the rudder-operating shaft, and
means actuated by the movement of the rud-
der for opening the relay-circuit when the
rudder assumes a position corresponding to
the position of the switch operated by the
wheel.

12. In an electric steering-gear, the combi-
nation of a constantly-rotating motor, elec-
tromagnetically-operated clutches driven in
opposite directions by the motor, a rudder-
operating shaft, relay-switches for complet-
ing the circuits of the clutches as may be de-
sired, a switch operated by the wheel to close
a cireult for actuating either relay in accord-
ance with the direetion of movement of the
wheel, the said switch determining by its po-
sition the extent of movement of the rudder-
operating shaft, and aswitch operated by the
rudder for interrupting the relay-actuating
circuit when the rudder assumes a position
corresponding to the position of the switeh
operated by the wheel.

15. In combination, a body to be moved, a
motive device for moving said body, means
for connecting said motive device to said
body to be moved, a source of current-sup-
ply, an electrically-actuated device for con-
trolling the operation of said connecting
means, a controlling-switch for determining
the extent of movement of the body to be
moved, a circuit - interrupting switeh oper-
atively connected to said body, and circuits
conneeting sald electrically-actuated device
to said source through the contacts of said
controlling and circuit-interrupting switches.

14. In a device for transmitting motion, a
controlling wheel or handle, a direction or
reversing switch operated thereby, a switch
comprising two sets of contacts in operative
relation to the controlling-handle, a con-
trolled body, a switeh comprising two sets of
contacts in operative relation to the controlled
body, electric circuits joining individual con-
tacts of the two pairs of sets, two oppositely-
roetating magnetic clutches for operating the
controlled bLody, and electrical connections
such that the direction or reversing switch
connects oneor the other of said clutchesinto
circult through the circuits joining one of the
sets of contacts at the wheel and at the con-
trolled body.

In witness whereof I have hereunto set my
hand this 15th day of March, 1899.

HAROLD W. BUCK.

Witnesses:

LENJAMIN B. HULL,
MABEL E. JACOBSON.
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