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SPECIFICATION forming' part of Letters Patent No. 454,496, dated June 23, 1891.
 Application filed January 14,1890, Serial No, 336,913, (No model.)

To all whom it may concer:

Be it known that I, 'RANK B. RAE, a citi-
zen of the United States, residing at Detroit,
Wayne county, State of Michigan, have in-
vented certain newand useful Improvements
in Limit-Switches, of which the following is a

“specification.

My invention relates to an automaticswiteh
device, which is adapted especially for use in
electric circuits between the generator and

translating devices, and is adapted tooperate

whenever the strength of the current passing
through the device reaches a point that is
dangerous to the dynamo or other parts of
the circuit, and the object is to produce a

eurrent limit-switeh which shall be antomatic

in 1ts operation, simple in construction, and
more especially to overcome the injurious
and dangerous effects due to the formation
of an are when such devieces are automati-
cally operated.

1’0 thege ends my invention consists in a

Alimit-switeh constructed, arranged, and op-

erating substantially as hereinafter set forth.
Referring to the accompanying drawings,
Iigure 1 is an end view of the magnets and
circuit-closer. Ifig. 2 is a side view of a ma-
chine embodying myinvention; and Fig. 3 is
a plan view showing the circuits and various
detalls of the apparatus. |
It 18 well known that in operating electric
generators 1n connection with various kinds
of translating devices it often happens that
a current of too great strength is generated
and passes through the circuit, whieh, if con-
tinued, would be injurious eitherto the gen-
erator itself or to the translating devices. It
also happens that through the accidental
crossing of wires, or from the effects of light-
ning, a current of too great strength is passed
through the conductors, and numerous de-
vices, many of them automatic in their op-
eration, have been proposed which shail op-
erate to break the circuit and prevent the in-
jury to the apparatus connected therewith.
One of the great objections to the use of such
cut-outs or limit-switchesarises from the elec-
trie are which is formed at the moment of the
breaking of the circuit, especially if it 18 car-

| dangerous to the instruments themselves, but

is liable to cause fires and destroy the sur-
rounding property.

One of the principal objects of my invention
therefore is to provide a limit-switeh which
shall obviate this objeection, and in carrying
out my invention I malke use of the well-
known fact that magnetic lines of force act-
ing upon an arc not only eontrol to a great
extent the direction of the arc but prevent
its formation and maintenance in the field
of force of the magnets.

In the embodiment of this invention I pro-
vide a suitable base X, upon which I mount
two electro-magnets having soft-iron cores A
A’, and these cores are provided with ex-
tended pole-pieces B B’; and are wound with
a conductor included in the ecircuit of the
generator and capable of carrying the entire
current of the circuit, and the direction of
the current is preferably such that the adja-
cent pole-pieces of the two magnets will form
what may be termed a “consequent pole,”
while the opposite poles will be of opposite
polarity. One end of the winding of each
of these magnets is connected, respectively,
to the binding-posts C C’, while the other
ends are connected, respectively, with the con-
nections D D/, which are secured to the outer
sides of the pole-extensions B B, and are in
electric contact therewith; also, mounted
upon the pole-pieces on their adjacent sides
are the knife-shaped blocks G G of conduct-
ing material and preferably non-magnetic,
and secured to these blocks on thelr inner
sides are the spring-pieces II I/, forming be-
tween their upper ends and the knife-edged
blocks G G’ a slot. Entering these slots and
normally held therein is the conducting mag-
netic contact-piece E, made in the present in-
stance in the form of a U, and connected to
but insulated from the lever . T'his lever I
is loosely mounted upon ashaft I, andis held
in its central position by the sleeves J, and 1t
is held nunder stress of a suitable spring or
equivalent device. In the presentinstancel

have shown coiled springs IX surrounding the

sleeves J and connected to the lever, the op-
posite ends of which are secured to the plates

to rying a strong current. This are is not only 4 I, mounted uponthesidesof the frame. These
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plates are provided sith imeans whereby they | G G/ act to break the complete magnetic cir-

may be adjusted {o regulate the tension of

the spring K, and I have shown the plates

provided with holes or notches /, into which
are fitted pins M passing through the frame
of the device and holding the plates in any
desired position to regulate the tension of the
springs, which should be sufficient to throw
the lever I and its contact-piece E out of en-
gagement with the pieces G G’ when the cur-
¥enthis excessive, in a manner hereinafter set
orth.

The lever If' is provided with a rear exten-

sion I and with an insulating-handle U for

operatingit manually when desired, and there
18 a stop K~ for preventing it from swinging

toofarbackward understressof thesprings K.

Arranged upon a shaft R is a lever Q, hav-
ing an extension Q’/, preferably provided with
a notch ¢, which is adapted to engage with a
similar notch f on the extension I’ of the le-
ver I.  T'his lever Q is provided at its lower
end with an armature O, which is completely
embedded in an insulating material I°, such
as leatheroid or similar material, and con-
nected to the lever is a spring S, with adjust-
ing means, as a thumb-screw s. Thisinsulat-
ing material is preferably of a thickness less
than the thickness of the non-magnetic pieces
( &, so that when the armature is drawn in

contact with the poles of the magnets the ar-

mature itself shall be nearer to the ends of
the magnet than the contact-piece E is to the
pole-pieces B B, and thus a strong magnetic
leld will exist at this point at the moment
the lever I is operated to break the circuit
between the piece and the blocks G G.

In its normal position the lever F, carry-

ingthe contact-piece K, isin a position (shown

in Ifigs. 1 and 3) in which the extremities of
the contact-piece B are fitted into the slots
between the plates G G’ and their respective
springs II IT’, and the rear extremity of the
lever I is engaged by the projection Q' of
the lever Q, locking thelever in this position.
The lever Q, as before stated, is held by the
spring S, and this is adjusted in accordance
with the strength of the current to be carried
in the circuit without disruption. The cur-
rent under these conditions will eirculate,
for instance, by the way of the binding-post
C, through the winding upon the core A, con-

nector D, extended pole- piece B, through

the contact plate and spring G and X to the
contact-piece K, thence through the opposite
spring and plate II” G’ to the extended pole-
piece B’, the connector D/, and circuit of the
magnet A’ to the binding-post ¢’/. Under
these conditions the coils of the magnets now
form a magnetic system in which the pole-
pieces opposite the armature O are of oppo-
site polarities, there being what may be

called a *“ consequent pole” at the pole-exten-

sions D D’ and contact-piece L, this latter
forming practically a back armature for the

cuit. Under these conditions the space be-
tween the ends of the inagnets and the arma-
ture O 1s greater than the thickness of the
pieces G G, and consequently the magnetic
field between the armature and the magnets
will be stronger than between the pole-pieces
B B" and the contact-piece E, and the tension
of the spring S is adjusted for the desired
strength of current in amperes that the ap-
paratus 1s designed to control. If, for any

7¢

reason, the current passing through this eir-

cult exceeds in strength the amount desired
the armature O is attracted by the magnets
A A7 against the force of the spring S, thus
moving the lever-extension Q' away from the
extension I’ of the lever F, allowing the
springs K to act upon the lever to throw it
into the position shown in Fig. 2, thus inter-
rupting the circuit between the pole-exten-
sions B B’. It will be observed that at the
mstant this break occurs and while the arma-

ture O is held up close against the adjacent -

poles of the magnets A A’ the strongest mag-
netism will exist at the opposite ends of the
magnets at their polar-extensions B B/, so
that when the break in the cireuit oceurs at
this point any arc that may be formed thereby
between the contact-piece K and the contaets
G I G" I will be in a strong magnetic field,
thelinesof force of which are pulled out by the
contact-piece K in the direction of its move-
ment, 1t will thus be understood that on the
passage of thestrong current the pull exerted
by the magnets on the armature O overpow-
ers the pull of spring 8, and the armature O,
being attracted, completes the magnetie cir-
cult of the magnets through said armature,
and this operating to release lever I thereby
breaks the magneticcircuit across GII G' H/;
but just before this break occurs the approach
of the armature O to the poles of the mag-
nets A A increases the field of force across
& G, and this fieldis at its maximum the mo-
ment the breaking occurs and causes the ex-
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tinguishmentof anyspark which may be pro-

duced. In other words, as the armature O
approaches the cores of the magnet the
strength of free magnetism at these ends of
the cores is lessened until armature O is near-

est to them, and then the free poles of the

magnets are practically changed to the ends
G G/, where a very intense field is produced,
as previously stated, at the moment of brealk-
ing. I have found in this construction little

or no arc is formed in this strone magnetic

field, and whatever arc is formed by the ac-
tion of the apparatus is immediately dis-
rupted or extinguished without doing damage
to the apparatus.

While I have thus described the preferred
embodiment of my invention, it is evident
that the detailsof construction and arrange-
ment of parts may be varied by those skilled
in the art without departing materially from

cores, although the interposition of the pieces | the spirit of my invention, and I thevefore do
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not limit myself to the precise construction |

and arrangement shown.

What I claim is—

1. In a limit-switeh, a circuit-breaker no-
mally held within the field of force of a mag-
net the poles of which are included in the
circult, substantially as described.

2. In a limit-switeh, the combination, with
the poles of a magnetincluded in the cireuit,
of a circuit-breaker normally in electric con-
tact with the poles within theirfield of force,
mechanism controlling the movement of the
circuit-breaker, the arrangement being such
that when the circuit is broken the field of
force is at its maximum, substantially as de-
scribed.,

5. In a limit-switch, the combination, with
the magnets having pole-pieces included in
the electric circuit, of a circuit-breaker in
electric connection with the pole-pieces and
within their field of force, and an armature-
lever controlling the circuit-breaker and con-
trolled by the magnets, substantially as de-
scribed.

4. In a limit-switeh, the combination, with
the magnets having pole-pieces included in
the electric cireunit, of a cirenit-breaker in
celectric connection with said pole-pieces and
in their field of force, a lever carrying said
contact-piece, an armature-lever normally en-
gaging said contact-piece, the armature of
whichis operated by the magnets, and a spring
for regulating the operation of the armature-
lever, substantially as deseribed.

5. In a limit-switch, the combination, with
the magnets the coils of which are included
in the circuit, the said magnets being pro-
vided with pole-pieces also included in the
circuit, of a circuit-breaker connecting the
pole-pieces, an armature-lever controlling the
circuit-breaker, and an insulated armature
carried by said armature-lever, substantially
as described. | |
- 6. In a limit-switch, the combination, with
the magnets the coils of which are included
in the circuit, the said magnets being pro-
vided with pole-pieces also in the circuit, of
a contact-breaker connecting the pole-pieces,
and an armature controlling the contact-
breaker arranged to be operated by said mag-
nets when the current is excessive, whereby
at the moment of breaking the cireuit the
field of force of the extended pole-pieces is at

‘1ts maximum, substantially as described.

7. In a limit-switeh, the combination, with
the magnets having extended pole-pieces in-
cludedinthecireuit,of acontact-piece connect-
ing the pole-pieces, non-magnetic plates be-

—

tween the pole-pieces and the contact-piece,an
armature-levercontrollingthecircuit-breaker,
and an armature connected therewith and sur-
rounded by an insulating material and oper-
ated by the magnets, the thickness of thein-
sulating material being less than the thick-
ness of said non-magnetic pieces, substantially
as described.

S. In a limit-switeh, the ecombination, with
the magnets having pole-pieces included in
the circuit, of a circuit-breaker connecting
the pole-pieces, a lever carrying the circuit-
breaker, adjustable springs normally holding
sald lever under tension, a lever controlling
saldl eircuit-breaker, and a lever the arma-
ture of which is controlled by the magnets,
substantially as deseribed.

9. In a limit-switch, the combination of the
magnets the colls of which are included 1n
the circuit, the said magnets being provided
with polar extensions also ineluded in the
cirecuit, non-magnetic plates secured to said
pole-pieces, springs secured to the plates, and
a.circuit-breaker connecting said poles and
fitting in the space between sald springs and
plates, substantially as deseribed.

10. In alimit-switelh, the combination, with
the magnets, of a circuit-breaker constituting
the neutral part of the magnets under nor-
mal conditions, and an armature constituting
the neutral part of the magnets when the
circuit is broken, substantially as described.

11. Inalimit-switch, the combination, with
the magnets and circuit-breaker constituting
the neutral portion of the magnetic system
under normal conditions, of an armature con-
trolled by the magnets, the arrangement be-
ing substantially as described, whereby the
approach of the armature to the free poles of
the magnets increases the field of force at the
circuit- breaking portions of the magnetic
system, substantially as described.

12. In a limit-switeh, the combination, with
the magnets, of a cirecuit-breaker closing the
poles of the magnets and an armature con-
trolled by the magnets and operating to close
the magnetic circuit at the other end when
it is broken by the operation of the circuit-
breaker under abnormal conditions, substan-
tially as deseribed.

In testimony whereof I have signed my
name to this specification in the presence of
two subscribing witnesses. |

FRANIK B. RAL

Witnesses:
D. W. BRADIFORD,
HHENRY IF. DE 3. CAMERON.
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