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(No model.)

To all whom it may concern: .

e it known that I, BERTRAM HOPKINSON,
civil engineer, a subject of the Queen of Great
Britain and Ireland, and a resident of 26 Vie-
toria street, Westminster, London, England,
have invented certain new and useful Im-
provements in Switches for Alternating Klec-
tric Currents, (for which I have applied for
a British Patent, No. 10,863, dated May 24,
1899,) which invention is fully set forth in
the followmﬂ' specification.

"Considerable difficulty 1s expeueneed in

‘the interruption of large electrical currents

when such currents are also associated with
high potentials. Sowmetimes the interruption
is effected comparatively slowly, in which
case a large space and a very long break arve
necessary in order to deal with the arc, which
1Is drawn out often to a length of several
feet. 'In other .cases an attempt is made by
interrupting the current quickly in a closed
space or under oil to suppress the are and to
limit the space occupied by the switeh.
the interruption happens to occur at an In-

stant when the current is large, the latter |

method involves great danger to insulation,
besides producing an almost explosive mani-

festation of energy at the point of interrup-

tion. When the current is alternating, there
are two instants in every cycle at which its
value is zero, and if the circuit be interrupted
sufficiently rapidly at such an instant there
will be no strain on the insulation of any part
of it and there will be no are or other mani-
festation of energy at the point of interrup-
tion.

Acecording tomy mventlon I provide means

| whereby the interruption of an alternating

40

electric current is effected antomatically at
or about an instant at which 1ts value is zero.

- This can be effected, for example, by provid-
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ing a switeh having very light moving parts
rigidly-attached to the armature of an elec-
tromagnet, the electromagnet being of di-

vided iron and its winding belng traversed

by the current which traverses the switch.
A spring tends to pull the armature away
from the magnet, but is normally prevented
from acting. either by a catech or by a spring
of greater st ength pressing on the armature
and holding it in contact with the magnet.

.come the power of the spring
current falls in the course of its cycle to a

If

switeh is then opened by the spring

moving the pressure on the armature, so as
to release the first-named spring, the switch
is held closed by the attraction of the electro-
magnet during that portion of the eycle 1n
which the attraction is strong enough to over-
. but when the

sufficiently-small value the sald spring acts
and pulls open the switch with very great
rapidity, so that by the time the potential has
risen in the course of the next ¢ycle to any
considerable value the opening is sufficient
to prevent the passage of a spark. 1 prefer
that the armature shall itself form the mov-
ing part of the switceh, the current being taken
tthl]U‘h the core of the magnet and Hnmmh
the armature. If the moving part of the
switech be separate from the armature, the
connection between the two should be very
rigid, so that the switch commences to open
as soon as the armature begins to move. The
switch is used as a shunt toa hand-switch or

circuit-breaker which may be of the ordinary
type and the moving part of which is so con-

nected to the Shunt switech that when just
open it pulls away the catch of the shunt-
switch or by its momentum saddenly removes
the pressure on the armature. The shunt-
at ov
about the instant next following when the
current 1s zero.

In order that my invention may be well
understood, I will deseribe, with reference to

the accompanying drawings, how it may be
carried into practical effect.

Figures 1 and 2 are views at 11ght angles to
eaeh other of a switeh arranged in ELG{‘OId-

ance with my invention, In which a catch is

used to retain the cileuit closed normally.
Fig. 31is a diagram of the electric connegtions,
z:md Figs: 4 and 5 are views at right angles to
each other of a modification, in which &
stronger spring is used to l'emin the circult
closed normally. Fig. 6is a diagram show-
ing switches arranged in series, as herein-
after described. In the arrangement IFigs.
1 and 2 the electromagnet A is made up of
soft-iron plates arranged in a plane at right
angles to the winding and riveted between
end plates or otherwise secured together.
The poles are tapered to concentrate the in-

On pulling away the catch or suddenly re- { duetion and increase the tr active force. The

55

75

80

Ggo

o0



10

IS

20

25

30

35

40

45

5O

55

60

g,

winding D consists of about two hundred
turns of No. 25 8. W. G., and the magnet is
supported by a spring against thlee set-
screws, whereby 1ts position can be adjusted.
The ar ma,tme B 1s similarly laminated and
slides»>inside guides C C of ebonite. The op-
posing faces “of the armature and magnet-
poles are worked to a good fit. The arma-
ture 1s attached by a flexible wire E to the
cylinder I, which slides in the tube G. The
cylinder K 1s attached, through a slot in the
tube, to the spring H, which tends to draw if,
and with it the armature, away from the mag-
net. The plunger I, sliding in the tube G, is

connected to the moving part K of the main

switch through the link L. On closing the
maln switeh the plunger pushes the eylinder
I down until it gets low enough for the catch
n to engage 1t. The catceh slides in a hole in
the bloek N and is forced inward by a spring
in the tube O. The end of the cylinder F is
coned, so that it pushes the catch aside in its
descent. The main switch being closed, the
set-screws determining the position of the
magnet A are adjusted until the flexible con-
nection between the armature and the cylin-
der F is just slack, the armature resting on
the magnet-poles by its own weight. The
spring H and (through it) the armature are
electrically connected to one terminal P of
the main switch. The winding of the electro-
magnet 18 electrically connected at one end
to the other terminal Q of the main switch
and at the other end to the body of the electro-
magnet. The armature, the electromagnet,
and the winding thus form a shunt 130 the

main switeh in the manner shown diagram-
matically in Fig. 3. The inside of the tube

(x is of 1usulated material, so as to insulate
the moving part K. On openmﬂ* the switch
either automatleall} or by hand, the catech M
Is withdrawn by means of the levm R and
the strings S 'T. The length of the string T
1s s0 adjusted that the ceatch is withdrawn
when the main switeh is just clear of its con-
tacts, as shown by the dotted lines in Fig. 1
The whole current 1s then traversing the 0011
of the electromagnet,and the ar matme 1s held
down only by magnetic attraction. On the
latter falling sufficiently low the armature is
pulled away by the spring and the circuit
inally broken.

In the arrangement according to my inven-
tion shown in IF 1gs. 4 and 5 the spring H for
pullingethe armature away from the maﬂ’net
is contained within a tube G, which is screw-
threaded on its outer side and 18 attached by
the flexible wire E to the armature at one end
and to the cross-bar U at the other end, the
said eross-bar pr ojecting through holes i in the
tube and engaging with the mllled nut U’
outside the tube, whereby the tension of the
spring H can be adjusted. Outside the tube
(> 18 another spring H’, which bears at one
end against the nut V and at the other end
against the T-piece W, the arms of which
project through holes in the side of the tube

658,064

G. The leg of the T-piece W bears against
the armature B and is hollow to admit of the
passage of the flexible wire E. The pressure
exerted by the spring H' is adjusted by the
motion of thenut V,soasto beslightly greater
than the tension of the spring Il, so that by
means of the T-piece W the armature 1s or-

dinarily kept pressed against the electro-

magnet with a small amount of force. The
main switch I must in this case be of the c¢lr-
cuit-breaker type-—that is, its moving part
must be forced away from the contacts by a
spring upon the withdrawal of a cateh either
by hand or by the strength of the current eX-
ceeding a certaln value

- The Opeldtloll of the switch is as follows:
The link L, connected to the moving part Ik
of the main switch, has in it a slot in which
slide the arms of the T-plece W. The length
of the slot isso adjusted that the arms of the

T-piece W engage with 1ts ends immediately

after the moving part of the main switch has
left its contacts. DBy that time the moving
part of the main switch will have acquired
sufficient momentum to jerk the T-piecce W

sharply into motion, thus removing the pres-

sure of the spring H' from the armature B
and leaving the latter under the influence
only of the spring H and the electromagnet
A. The circuit is then finally broken by the
withdrawal of the armature, when the current
falls toasufficiently-small value. Thespring
actuating the mainswitch mustbesufficiently
strong to hold it open against the balance of
force exerted by the springs H and H" and
its moving parts must be of such mass that
they are not sensibly checked by the engage-

‘ment of the T-piece with the bottom of the

slots. The armature B, as before, slides in
an ebonite box C, into the mouth of which
the electromagnet is driven by light springs.
On closing the main switech the spring I
forces the armature through the T-piece W
against the electromagnet, correctseating be-
ing insured by the springs X X.

A switeh such as that just described will
insure that the current shall not be broken
unlessits valueis lessthan oneampere. 'This
current, though small, may produce a spark
between the sulfaee of the armature and the
magnet suflicient with high potentials to start
an are, and in such cases the spark must be
killed by placing a condenser or a fluid-re-
sistance, as a shunt, across. the terminals of
the switech., (Zin Fig. 3.) For very high po-
tentials it may be necessary to use two or
more shunt-switches, placing them in series
as a shunt across the terminals of the main
switeh, as shown in Ifig. 6. In such a case
the catches of the severalswitches would each
be connected to the moving part of the main
switch, so that on opening the latter they
would all be withdrawn at the same time.

The mechanical connection between the
main switeh, the cateh, (or the spring,) and
the armature may be arranged in many dif-
ferent ways and is not of the essence of my
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invention. The form of the magnet and the
size of the winding may also be varied; but
the following principles govern the design.

I claim—

1. A switeh for alternating electric cur-
rents comprising two terminals in a circuit,
actuating means for separating said termi-
nals to break the circuit, and means con-
trolled by the alternating current for render-
Ing the actuating means inert until the in-
stant in the cycle of said current when 1its
value 1s zero.

2. In a switch for altern&tmw electric cur-
rents the combination with a main switch
comprising terminals and means for opening
and closing the circuit between said termi-
nals, of a shunt connection between said ter-

~minals, and means associated with said shunt-
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cireuit and adapted to open the same at the
zero-point of any one a,ltem&blon of the cur-
rent.

3. In a switch for alternating electric cur-
rents, actuating means tending to open the
circuit and means whereby magnetism in-
duced by the current acts to render said ac-
tuating means inert and hold the circuit
c¢losed until the current reaches the zero-point
of an alternation, whereupon the actuating

means act to break the circuit.
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4. In a switch for alternating electric cur-
rents, actuating means tending to open the
switch, means whereby magnetism induced
by the current acts to render said actuating
means inert and hold the switch ¢losed until
the current reaches the zero-point of an alter-
nation, whereupon the actuating means act
to open the switch, and a movable catch or
retaining device for preventing the opera-
tion of the actuating means irrespective of
the action of the current.

5. In a switch for alternating electrie cur-
rents, means for holding it closed by magnet-
ism induced by the Glll'l‘e]flt and a spring (or

its equivalent) retained out of action by a
catech which, when withdrawn allows the
spring to break the circuit at the instant in
the cyecle when the value of the current is at,
or about, zero; substantially as hereinbefore
described. |

6. In a switch for alternating electric cur-
rents, the combination of a laminated elec-
tromagnet one end of whose coil is electrie-
ally connected toone terminal of the cireuit,
the other end being connected to the core of
the magnet; a laminated armature electric-
ally connected to the other terminal of the
switeh; and a spring which pulls the arma-
ture away as soon as the current falls to a
certain small value substantially as herein-
before deseribed.

7. The combination with a (311*(311113 carrying
alternating electric currents, of a main smtch

comprising terminals connected in said cir-

cuit and means for opening and closing the
circuit between said terminals, a shunt or
auxiliary connection between the terminals
of the main switch, an auxiliary switch in
sald shunt, an electromagnet having its coil
connected 1n said shunt m}d acting When enet-
gized to a sufficient strength to prevent the
opening of the %umhary switch, actuating
means for opening the auxiliary switch when
the energization of the magnet is at or about
zero due to the alternation of the current, a
movable detent or catch adapted to prevent
the opening of the auxiliary switeh by said
actuating means, and means for throwing
said detent to an inoperative position by the
opening of the main switeh.

In testimony whereof I have signed this
speciiication in the presence of two subsecrib-
ing witnesses.

BERTRAM HOPKINSON.

Witnesses:

WALTER ERNEST ROCHE,
GEORGE WILLIAM SMITH..
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