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Specification of Letters Patent.

~ Application filed December 20, 1917. Serial No. 208,060.

To all whom it may concern:

Be it known that I, Lroyp C. NrcmoLsox,
a citizen of the United States, and a resi-
dent of Buffalo, in the county of Erie and
State of New York, have invented certain
new and useful Improvements in Electric
Switching Apparatus, of which the follow-
ing is a specification.

y invention relates to improvements in
electric switching apparatus and is par-
ticularly adapted to the opening of alter-
nating current high tension circuits, such
as those on which a voltage of 10,000 volts
or over exists, although it may be used to
advantage on lower voltage circuits carry-
ing heavy currents. One object of the in-
vention is to provide a switch which is ex-
tremely quick in action. When used to its
fullest extent, my invention will provide
for the operation of the circuit breaker
when a short circuit occurs on the line in
less than 1/25 second, so that the short cir-
cuit may be eliminated without disturbing
the operation of rotating synchronous ma-
chinery on the connected system. Further-
more, according to my invention, the use of
oil in which the circuit breaks, with the con-
sequent production of explosive vapors
which frequently explode within the oil
switch tanks with disastrous results, is
avoided. When used to its fullest extent,
the operation is so rapid that an arc as
such may be said not to exist between the
contacts, between which the circuit 1Is
broken, so that burning of the contacts
is practically eliminated. Further objects,
features and advantages will more clearly
appear from the detailed description: given
below, taken in connection with the accom-
panying drawings which form a part of
this specification. . .

In the drawings, Fig. 1 is a vertical view
of an apparatus embodying my invention in
one form, certain parts being broken away
to more clearly illustrate other parts. Fig.
92 is a vertical section of the “gun” contain-
ing the switch contacts which are adapted
to break the circuit. Fig. 3 is a top plan
view of parts shown in Fig. 2. Fig. 415 a
vertical view of the upper contact member
and piston shown in Fig. 2. Tig. 5 is a
vertical detail of the part carrying the pis-
ton and contact of Fig. 4. Fig. 6 is a ver-
tical section of the outer piston member

shown in Figs. 2 and 4, taken on the line
A—A of Fig. 7. Fig. 7'is a horizontal sec-
tion, taken on-‘the lines B—B and C—C of
Figs. 6 and '8 respectively. Fig. 8 is an
elevation of the outer piston member shown
in Figs. 6 and 7. Fig. 9 is a detail vertical
view of the lower switch contact member
shown in Fig. 2. Fig. 10 is a vertical sec-
tion of the upper switch contact member
shown in Figs. 2 and 4. Fig. 11 is a ver-
tical section of one of the links shown in
Fig. 1. Fig: 12 is a plan of the channel
iron shown in Fig. 1 supporting the over-
load solenoid. Fig. 13 is a side view detail
of the lever of the top lever member of Fig.
1. Fig. 14 is cross section, taken on the
line D—D of Fig. 13. Fig. 15 is a top
view of the dash pot or damping device
taken on the line E—FE of Fig. 16." Fig. 16
is a vertical section of the same taken on
the line F—F of Fig. 15. TFig. 17 is a ver-
tical section of the air piston, oil ring and
attached parts shown in Fig. 16. Fig. 18
is a top plan view of parts shown in
Fig. 17." Fig. 19 is a vertical section of the
cross head shown in Figs. 16 and 17. Fig.
20 is a plan view of the same. Fig. 21 is a
bottom: plan view of the air piston shown
in Figs. 16 and 17. TFig. 22" is a bottom
plan view of the bottom disc shown in Figs.
16 and 17. Fig. 23 is a plan view of the
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oil ring shown in Figs. 16 and 17. Fig. 24

is a side view of link connected with the
overload solenoid of Fig. 1. Figs. 25 and
26 are a plan and side view respectively of
the movable switch hlade pivoted to the link
of I'ig. 24. Fig. 27 is a detail side view of
the lever operating the lower contact mem-
ber shown in Fig. 9. Figs. 28, 29 and 30
are a bottom plan view, a side view and an
end view respectively of the stationary
switch member of Fig. 1, which switch
member cooperates with the switch blade of
Figs. 25 and 26.

Referring to the drawings and particu-
larly to Fig. 1, supported upon insulators

61 are, by means of cross plates 81, two

channel irons 62 and 82, arranged on edge,
and the channel 62 being shown broken
away to more clearly illustrate parts be-
tween the channel irons. Extending be-
tween the channels 62 and 82 and secured
thereto, is a channel iron 70, which carries
a solenoid 66 adapted when energized by
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an overload current to pull down a core
on the end of rod 67, the upper end of
which rod is connected to link 7. The up-
per end of the link 7 is connected to the
switch blade 8, which is pivoted to the post
72 carried on the channels 62 and 82, A
spring 71 normally acts to throw the switch
blade 8 between the jaws of switeh member
2 carried upon insulator 64 supported by
member 65. The link 7 is pivoted to mem-
ber 67 by a slot 84 (IFig. 24) and pin con-
nection and a spring 68 holds the core and
member 67 in its upper position in the slot
84. This provision is made so that ordinary
vibrations of the solenoid core due to ordi-
nary load currents passing through solenoid
66 will not affect the switch 8, 2.

Extending into the solenoid 66 is a non-
magnetic rod 69 with its lower end pivoted
to a lever 9. The lever 9 is pivoted at 84 to
the framework. Pivoted to the other end
of the lever 9 is a rod 11 having a cap 51
on its lower end (Fig.'9) for making the
pivotal connection. On the upper end of
the rod 11 is a head 86 acting as a switch
contact member to contact with switch con-
tact member 34 in the chamber 87 of the
“gun” 12 (see also Fig. 2). A spring 63
normally holds up the lever 9 to keep the
contact 86 normally in contact with the con-
tact member 34. _

The body 40 of the “gun” 12 is formed of
insulating material such as bakelite rein-
forced by a steel ring 27 at the top and a
steel cylinder 28 in the body portion. The
body of the gun should have high electri-
cal insulating qualities and be waterproof
and strong mechanically, parts 27 and 28
being arranged so that they reinforce the
same laterally with metal from top to bot-
tom. 32 represents a copper contact ring
molded into the body portion 40 and pro-
vided with a conducting terminal 31 brought
out through a hole in the reinforcing cylin-

der 28 and connected electrically to the:

switch member 2. The upper part of the
body. 40 is molded to provide a cylindrical
cavity 89 in which a piston member 19 is
adapted to operate. The piston 19 and
conducting ring 32 are slightly tapered so
as to forin good electrical connection there-
between by a wedging action when they are
forced together. Situated within the cyl-
inder 89 1s a piston rod or member 13 (see
also Figs. 4 and 5) with its lower end ex-
tending through the piston 19 and a nut
washer 33 is screwed on to the lower end of
the. piston rod 13 to support the piston 19,
the piston 19 being hollow, as shown in
Figs. 6 and 7, so that it is capable of sliding
on the rod 13. Screwed onto the lower end
of rod 13 below the disc nut 33 is the contact

‘member 34 which is adapted to contact with
‘switch contact member 86 and also serve as
a lock nut for disc nut 83. The disc nut 33

1,402,310

is adapted to normally close the lower open-
ing through the piston 19, On top of the
piston 19, and provided with a central bot-
tom hole through which the member 13
passes, is a cup 80 containing the lower end
of a strong spring 29 tending to force the
piston 19 firmly against the dise nut 33,
On the lower end of the gun 12 and screwed
to the reinforcing cylinder 28 is a water
chamber 36, from which water is supplied
to the small water chamber 87. A nut lock-
ing ring 35 prevents the chamber 36 from
working loose and a dise 87 is screw-
threaded into the bottom of the chamber 36
to form the bottom thereof, and carries a
stuffing box 388 through which the rod 11
slides, the stuffing box 38 preventing leak-
age of water from the chamber 36 around
the rod 11. Screws 88 are provided to se-
cure the gun to the channel iron 70. The

chamber 36 is connected to a water reservoir’

10 by a pipe 39, the reservoir 10 being car-
ried by the channel irons 62 and 82.

Screwthreaded into the top of the piston
rod 13 is a steel pipe 21 containing an aluini-
num conducting rod 24, which is also screw-
threaded into member 13. The pipe 21 and
rod 24 extend up through a dash pot or
damping device 1 (see Figs. 15, 16, 17 and
18) and into a pipe 26 screwthreaded into
the top of the damping device 1 and pro-
vided with a top cap 90. At their upper
ends the pipe 21 and rod 24 are pivoted to a
lever 15 and electrically connected thereto
by a flexible connection 91. The lever 15 is
made of two steel members 49 with an alumi-
num member 50 all riveted together, to ob-
tain lightness and strength, as well as suf-
ficient current carrying capacity. (See
Figs. 13 and 14). - The dash pot or damping
device 1 is carried by a channel iron 60 sup-
ported by spacing members 59 on insulators
92 which insulate it and the parts carried
thereby both from the ground and from the
channels 62 and 82 and parts carried there-
by. The lever 15 is fulecrumed on the up-
per end of two links 16 having their lower
end pivoted to the channel 60. Pivoted be-
tween channel irons 18 secured to the chan-
nel 60 is a lever 17 adapted to be operated
by the lever 15 through the link 14 connect-
ing the two. A wooden rod 54 having a
head 52 pivoted to the lever 17 is protected
from the weather by metal skirts 53 and car-
ries on its lower end a magnetic core adapt-
ed to be pulled up by a solenoid 57 and down
by a solenoid 58. When pulled down, a
catch 55 engages under a latch 93 which
holds it down. When the solenoid 57 is en-
ergized to pull it up, a solenoid 56 is simul-
taneously energized to pull back the latch
93 and release the catch 55.

The operation of the parts so far de-
scribed is as follows:

The line current flows through the ap-
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paratus as follows: from the terminal 94
on channel iron 60, through channel iron
60, flexible connection 95, link 16, flexible
connection 96, link 15, flexible connection 91,
rod 21, piston rod 18, parts 33 and 19 car-
ried thereby, copper contact ring 32, termi-
nal 31, air switch members 2 and 8, flexible
connection to support 72, support 72, chan-
nels 62, 82 and 70, then through solenoid 66
and out to the line through terminal 98.
There is also a parallel path for the current
from the piston rod 18 to the channel iron
70, this path being through the switch con-
tact member 34, switch contact member 86,
rod 11, levers 9 to channel 70, so that the air
switch 2, 8 is in shunt relation to the switch
contacts 34 and 86. , o
When an undesirable overload occurs on
the line, as, for example, a short circuit due
to an insulator failure or an arc on the
line, the increase in current in solenoid 66
causes 1t to pull down its core and open the
air switch -2, 8. This causes all the current
to flow through the shunt path through
switch contact members 34 and 86. As the
core of solenoid 66 further descends, it
strikes rod 69, causing lever 9 to move down-
wardly, carrying with it rod 11, so that the
contact head 86 on rod 11 is separated from

the switch contact member 34. The water

in the chamber 87 immediately acts as a con-
ductor between said switch contact mem-
bers and the current flowing through the
water causes it to be rapidly vaporized to
steam and the pressure of the steam causes
the piston 19 and associated parts operating
in the cylinder 89 of the gun, to be shot
out of the gun with great force, thus rapidly
and widely separating the switch contact
members 34 and 86 and completely breaking

-the line circuit. Any arc fending to form

between the switch contact members 34 and
86isextinguished or prevented from forming,
due to the high pressure of the steam, which
forms an exceptionally good agent for this
purpose. Furthermore, the fact that the
contacts are separated with great speed and
in the presefice of water, or in a semicon-
ducting medium tends to prevent the forma-
tion of an arc. So great is the pressure
quickly generated that the piston and asso-
ciated parts in the cylinder are shot entirely
out of the gun carrying upwardly with them
the pipe 21 and rod 24, which guide the up-
ward movement of the parts by operating
in pipe 26. The upward movement of pipe
21 and rod 24 causes the operation of lever
15, the end of which extends through a
slot in pipe 26 and is pivotally attached to
the upper end of pipe 21 and rod 24. This
upward movement of lever 15 causes the
operation of lever 17 through the link con-
nection 14, so that the rod 54 is forced down-

-wardly, until catch 55 engages under latch

93. Immediately, the line circuit is thus

8

broken, the solenoid 66 becomes deenergized,
so that rod 11 is moved back up under the
action of spring 63 and the air switch 2, 8
is also promptrlj closed under the action
of spring 71. The apparatus operates so
rapidly that the circuit is opened and the
overload or short circuit switched off the
line before the rotating synchronous ma-
chinery on parallel connected systems will
get out of step or lose its load. So far,
experience indicates that the apparatus will

operate on small currents more satisfactorily

with a relatively small column of water in
chamber 87, rather than a large column.
By energizing the solenoids 56 and 57, the

cateh 55 is released and the parts returned.

to their normal positions first described.
The solenoids 56 and 57 may be energized by
manual control or automatically, as upon the
closing of air switch 2, 8. If desired, latch
93 and catch 55 may be omitted and the
switch thus allowed to close immediately
after opening. The rebound of the parts
is sufficient to cause the switch to be closed
in a very short space of time. When it is
desired to open the line circuit independently
of the solenoid 66, the solenoid 58 is ener-
gized by any suitable means, manually con-

trolled or automatically controlled, so that

rod 54 is pulled downwardly and, through
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the lever and link connections, pipe 21 and

rod 24 pulled upwardly so as to separate the
contact 34 from contact 86 and the contact
piston 19 from the copper contact ring 32,
80 as to completely open the line circuit.
It may be again closed by energizing sole-
noids 56 and 57 as above described. |

The link 14 is formed of two pieces of pipe
42 and 44, one telescoping the other and pro-
vided with heads 41 and 47 respectively.
A tension spring 45 is stretched between
and connected to the heads by eye bolts 43
and 46 respectively. The purpose of this
construction is to permit of the light lever
15 moving upwardly without having to move
the other heavier links, levers, etc., as fast
as if the link 14 were solid. That is, the
parts 17 and 54, by reason of the spring
extensibility of link 14, are not required to
travel at the high rate of speed of the lever
15, but move along more slowly in their
movement under the action of spring 45.

As to.the water level in chamber 87, for
proper - operation of the circuit breaker,
in the particular apparatus shown, which is
designed for 60,000 volt circuits, there is a
feasible variation of perhaps 2 inches. Since
the amount of water consumed in the cham-
ber 87 is slight, this chamber is promptly
refilled to the proper level, from the reser-
voir 10 through pipe 39 and chamber 36, it
requiring a large number of operations to
reduce the level in reservoir 10 to a point
where it will not supply water to an operat-
ing level in chamber 87. The level of the
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water in chamber 87 should not be much
below the bottom of contact member 34 nor
much above the top of piston 19.

On account of the speed attained by the
moving parts, the dash-pot or damping de-
vice 1 has been provided. (See Figs. 1,
15-28). It consists of a combined air and
oil dash pot arranged so that the air dash
pot is used to set the moving parts of the
oil dash pot into operation. A cylindrical
casting 100 (Fig. 16) is provided with an
integral inner coaxial cylinder 101, both be-
ing covered by a cap 102 secured thereto and
onto which the guide pipe 26 is screw-
threaded. Operating in the outer oil dash

. cylinder 100 1s a piston ring 6, carried by
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vertical rods 103, which are secured at the
top ends thereof to cross members 25, which,
in turn, are secured to the piston head 3.
The head 3 is provided with lateral pro-
jections working in the guide slots in the
pipe 26. Adapted to slide through the head
3 1s pipe 20 having a nut 104 screwthreaded
on its upper end to prevent the pipe 20 fall-
ing through the head 3. On the lower end of
the pipe 20 is an air piston 4 operating in
the air dash cylinder 101. The pipe 21,
with its contained rod 24, is adapted to slide
freely through the pipe 20. Surrounding
the pipe 21 (Figs. 16, 17, 22) is a disc b
and surrounding the pipe 21 between the
dise 5 and air piston 4 are rubber discs 22,
these parts being held together by screws
105,

‘When the piston rod 13 is shot upward, as
above explained, the top thereof strikes disc
5 and the rubber discs 22 provide a cushion-
ing effect before the air piston 4 is set into
full movement. As the air piston 4 is
moved upwardly by the impact, it tends to
compress the air in the air cylinder 101 be-
tween the air piston 4 and head 38, thus fur-
ther cushioning and damping the movement
of the moving parts. The compression of

the air in cylinder 101, however, soon catses
‘the piston head 3 to move upwardly, draw-

ing with it, by means of rods 103, the oil -pis-
ton ring 6 working in oil dash cylinder 100,
so that the movement of the moving parts is

further cushioned and damped by this oil

dash pot arrangement. The oil piston ring
6 fits the cylinder 100 loosely at the bottom
and tightly at the top, so that the clearance
between the ring 6 and the oil cylinder 100
decreases as the ring ascends. This result is
obtained by making the bore of the cylin-
der 100 slightly cone-shaped. The object is
to give more escape for the oil around the
ring 6 at the beginning of the stroke on ac-
count of its necessarily higher speed. By
providing the cushions 22, the pipe 20 is pre-

vented from buckling when the impact is re- -
- ceived from piston rod 13. Upon resetting
the switch, the head 23 forces the pipe 20.

and head 3 downwardly, so as to return the

1,402,310

piston 4 and piston ring 6 to their starting
position. The piston head 3 is elongated
vertically, so that it reaches down into the
upper part of the air cylinder formed in the
lower part of pipe 26, to a distance of about
4 inches below the bottom of the slots in pipe
96, This ensures that the comparatively
heavy members of the oil dash pot, consist-
ing principally of parts 3, 25, 103 and 6, are
put into motion through a distance of at
least four inches under air pressure, until
the lower end of piston head 3 passes the
lower end of the slots in pipe 26, when the
air pressure in the air dash cylinder is re-
leased through these slots and piston 4 rises
until it engages head 8, whereupon the total
damping effect is derived from the oil dash
pot. _ '

By providing the air switch 2, 8, the appa-
ratus is capable of carrying heavier load
currents, since normally the most of the
load current passes through the switch 2, 8,
instead of through the contacts 34 and 86.
The invention in its broader aspects ‘would,
however, still be employed if the switch 2,
8 were omitted, as the apparatus without it
is capable of a certain load current, which
is limited by the size of the contacts 34
and. 86. )

By arranging the piston 19 to be spring
pressed against its seat 833 of smaller diame-
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ter, a spring controlled safety valve is pro-

vided, so that in the case of opening a cir-
cuit carrying very large current, the exces-
sive sudden steam pressure will cause the
piston 19 to be raised from the nutwasher
or seat 33 against the action of spring 29,
and thus permit steam to escape up through
the piston 19 and around the cup 30 to the
external atmosphere, and so relieve the ex-
cessive pressure - which might injure the
parts before the moving parts could be set
sufficiently, in motion to relieve the pres-
sure. The cup 30 serves to keep the heated
vapors from affecting the temper of the
spring 29. o

Instead of water, any other suitable va-
porizing liquid which will produce sufficient
vapor and pressure under working condi-
tions, may be used.  But water is preferred,
although alcohol, glycerine, etc., may be
added thereto-in cold weather to prevent

‘the liquid from freezing, especially where

the apparatus is located out in the open.
The drawings illustrate a single .pole

breaker, but to provide a multiple breaker,

as, for several phases, it is only necessary to
duplicate the arrangement for each line con-
ductor, and connect the solenoids 56, 57 and
58 respectively of. the different poles, in cir-
cuit to be energized simultaneously. .

My apparatus is far quicker in action than
the conventional oil circuit breaker. The
particular apparatus illustrated in the draw-
ings will open a 60,000 volt circuit carrying
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currents up to 8000 amperes or more, in
from 1/50 to 2/50 seconds. The use of oil
is obviated with the consequent absence of
explosive oil vapors which frequently ex-
plode within the oil switch tanks with dis-
astrous results. Since the operation of the
switch is so rapid, no substantial arc exists
between the contacts 34 and 86 which are
in water or steam, and the burning of the
contacts is substantially eliminated. If so-
dium chloride or calcium chloride or other
suitable chemical be added to the water to
make it more conducting, the rod 11 with its
contact 86 may be omitted in some cases, par-
ticularly if operating on-low voltages. The
rod 11 might also be omitted if the switch 2,
8 be operated in a small oil chamber. For
certain purposes, the circuit breaker would
be useful without either the rod 11, or
switch 2, 8 or solenoid 66; for example, if
the switch was connected in series with an
air gap and used as a lightning arrester be-
tween a transmission conductor and ground.
In this case channel 62 would be grounded
and the operating lever 15, ete., would be
omitted, leaving rod 21 simply to rise up
by operation of the steam and to fall down
into place by gravity.

Many other changes and modifications
may be made without departing from the
spirit and scope of the invention in its
broader aspects, and the invention may be
embodied in apparatus of widely different
forms. Hence, the invention is not limited
to the details shown and ‘described, and
it is intended to cover all forms coming
within the language of the appended claims.
What I claim and desire to secure by Letters
Patent, is:

1. An apparatus of the class described
having in combination two solid switch con-
tacts normally contacting with one another,
means for separating said contacts respon-
sive to certain electrical fluctuations, means
whereby the separation of said contacts
causes current to flow through a vaporiza-
ble liquid to vaporize the liquid and means
whereby the pressure exerted by such va-
pors causes a rapid further separation of
said contacts to insulate the same from one
another by air insulation.

2. An apparatus of the class described
having in combination two solid switch con-
tacts and means whereby one of said contacts
is moved away from the other to open a cir-
cuit responsive to certain electrical fluctua-
tions by the pressure exerted by vapor pro-
duced by current flowing through a conduct-
ing vaporizable liquid.’

8. An apparatus of the class described
having in combination two solid switch con-
tacts normally contzcting with one another,

~means causing a vaporizable liquid to sur-

round said contacts at the point of con-
tact, means for separating said contacts to

>

permit current to flow therebetween through
the liquid and means whereby the pressure
of the vapor from the liquid produced by
the current flowing therethrough causes fur-
ther separation of said contacts and one of
the contacts to move out of contact with said
liquid.

4. An electrical switch having two solid
switch contacts, means for causing a vapor-
1zable liquid to surround the contacts of the
switch at the point of contact, the liquid
being adapted to vaporize upon current
flowing therethrough between the switch
contacts, whereby the vapor aids in extin-
guishing any arc between said contacts, and
means whereby the pressure exerted by said
vapor causes a further separation of said
contacts to a point where one of them is out
of contact with said liquid.

5. An electrical switch having two solid
switch contacts, means for causing a vapor-
izable liquid to surround the contacts of the
switch at the point of contact, the liquid
being adapted to vaporize upon current flow-
ing therethrough between the switch con-
tacts, whereby the liquid or vapor aids in
extinguishing any arc between said con-
tacts, and means for bringing said contacts
together in contact with one another with
the point of contact beneath said liquid.

6. An apparatus of the class described
having in combination, a chamber contain-
ing water, two solid switch contacts in said
chamber, adapted to have their terminals

beneath the surface of said water, means

whereby a current is caused to flow between
said contacts and through the water to va-
porize the water and open the circuit be-
tween said contacts and remove one of the
switch contacts from contact with the water.

7. An apparatus of the class described
having in combination, a chamber contain-
ing water, two solid switch contacts in said
chamber, adapted to have their terminals
beneath the surface of said water, means
whereby a current is caused to flow between
said contacts and through the water to va-

porize the water and open the circuit be- -

tween said contacts, one of said contacts
having a piston cooperating therewith and
adapted to be operated by the pressure of
the steam produced by the vaporization of
the water, to move said contact away from
the other and out of contact with the water.

8. An apparatus of the class described
having in combination, a chamber contain-
ing water, two solid switch contacts nor-
mally contacting with one another in said
chamber, adapted to have their terminals
beneath the surface of said water, means
whereby a current is caused to flow between
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said contacts and through the water to va-

porize the water and open the circuit be-
tween said contacts, and a switch in shunt
relation to said contacts.
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9. An apparatus of the class described
having in combination two solid switch con-
tact members normally in contact with one
another, means whereby a current may be
caused to flow from one contact to the other
through a conducting vaporizable liquid
after the contacts have been separated from
one another, and said liquid be vaporized
by said current, said last mentioned means
embracing a switch in shunt relation to said
contact members, and means for causing
said switch to open and said contact mem-

- bers to separate to cause a current to flow
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through said liquid to vaporize the same
and open the circuit between said contact
members.

10. An apparatus of the class described
having in combination two solid switch con-
tact members, means whereby a current may
be caused to flow from one contact to the
other through a vaporizable liquid, and said
liquid be vaporized by said current, and
means whereby one of said members 1s
moved away from the other and out of con-
tact with the liquid, responsive to the va-
porization of said liquid by the curren
passing therethrough. :

11. An apparatus of the class described
having in combination a container contain-
ing a vaporizable liquid, two switch mem-
bers adapted to electrically contact with
one another, an electric circuit, a cylinder
connected with said container, a piston in
said cylinder and adapted to be moved by
the pressure of the vapors produced by cur-
rent flowing through said liquid and re-
sponsive to current variations in said cir-
cuit, and means whereby movement of the
piston operates one of said switch members.

12. An apparatus of the class described
having in combination a container contain-
ing a vaporizable liquid, two switch mem-
bers, a cylinder connected with said con-
tainer, a piston in said cylinder and adapt-
ed to be moved by the pressure of the va-
pors produced by current flowing through
said Iiquid, and means wehereby movement

.of the piston operates one of said switch

members, said piston being provided with
means to permtt the escape of vapors there-
throngh upon the pressure of the vapors

- exceeding a predetermined value.

(4]
ot

60

13. An apparatus of the class deseribed
having in combination a container contain-
ing a vaporizable liquid, two solid switch
members adapted to contact with one an-
other and means whereby, upon current
flowing through said liquid and vaporizing
the same, the pressure exerted by the vapors
will cause operation of one of said switch
members responsive to certain eclectrical
fluctuations,

14. An apparatus of the class described
having in combination a container containing
a vaporizable liquid, two solid contact switch

1,402,310

members and means whereby, upbn cur-
rent flowing through said liquid and vapor-
izing the same, the pressure exerted by the
vapors will cause operation of one of said
switch members, and said vapors will aid in
extinguishing any arc between said switch
members and insulate the switch members
from one another against high potentials.

15. An apparatus of the class described
having in combination a container contain-
ing a conducting vaporizable liquid, two

switch members and means whereby, upon

current flowing through said liquid and va-
porizing the same, the pressure exerted by
the vapors will cause one of said switch
members to move away from the other and
means for damping such movement.

16. An apparatus of the class described
having in combination a container contain-
ing a vaporizable liquid, two switch mem-
bers and means whereby, upon -current
flowing through said liquid and vaporizing
the same, the pressure exerted by the vapors
will cause one of said switch members to
move away from the other and means for
damping such movement, saild last men-
tioned means comprising an oil dash pot
with its operating member connected to the
moving switch member through an air dash
pot device.

17. An apparatus of the class described

-having in combination a container contain-

ing a conducting vaporizable liquid, two
solid switch members and means whereby,
upon current flowing through said liquid
and vaporizing the same, the pressure ex-
crted by the vapors will cause one of said
switch members to move away from the
other, and means for locking said moved
switch member in its removed position.

18. An apparatus of the class described
having in combination a container contain-
ing a conducting vaporizable liquid, two
switch members and means whereby, upon
current flowing through said liquid and va-
porizing the same, the pressure exerted by
the vapors will cause one of said switch
members to move away from the other, and
electrically controlled means for returning
said moved switch member to normal po-
sition.

19. An apparatus of the class described
having in combination a container contain-
ing a vaporizable liquid, two switch mem-
bers and means whercby, upon current flow-
ing through said lignid and vaporizing the
sume, the pressurc exerted by the vapors
will cause one of said switch members to
move away from the other, and means for
locking said moved switch member in its re-
moved position, and electrically controlled
means for releasing said removed switch
member and returning the same to normal
position. :

20. An apparatus of the class described
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having in combination a container
water therein, two solid switch members
normally contacting with one another, means
whereby a current may be caused to flow
through the water to vaporize the water re-
sponsive to certain electrical fluctuations,
and means whereby the pressure of the
steam so produced causes the operation of
one of said switch members,

21. An apparatus of the class described
having in combination & container contain-
ing a conducting vaporizable liquid, two
switch members, a cylinder connected with
said container, a piston in said cylinder and
adapted to be moved by the pressure of the
vapors produced by current flowing through
sald liquid responsive to certain electrical
fluctuations, means whereby movement of
the piston operates one of said switch mem-
bers to move it out of contact with said
vapors.

22. An apparatus of the class described
having in combination a container contain-
Ing a vaporizable liquid, two switch mem-
bers, a cylinder connected with said con-
tainer, a piston in said cylinder and adapt-
ed to be moved by the pressure of the vapor

~ produced by current flowing through said
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liquid, and means whereby movement of the
piston operates one of said switch mem-
bers, and means for damping the movement
of said piston, said means comprising a
combined oil and air dash device. .

23. An apparatus of the class described
having in combination a container contain-
ing a vaporizable liquid, two switch mem-
bers, an electric circuit, a cylinder con-
nected with said container, a piston in said
cylinder and adapted to be moved by the
pressure of the vapors produced by current
flowing through said liquid and responsive
to current variations in said circuit, means
whereby movement of the piston operates
one of said switch members, means whereb
the vapors may escape by the piston after
the piston has moved along the cylinder,
and means for damping the movement of
said piston.

24. Inan apparatus of the class deseribed,
the combination of two cooperating switch
contact members, a piston connected to op-
erate one of said members, a cylinder in
which said piston operates, electrorespon-

sive means for controlling the movement

of the other contact member, a switch in
shunt relation to said contact members and
also controlled by said electroresponsive
means, and means for holding a volatile
liquid" about said first mentioned contact
members at the point where they are adapt-
ed to contact with one another.

25. In an apparatus of the class described,
the combination of two switch members, a
framework carrying the same, means in-

sulating said framework from the ground, a-

7

with piston operatively connected with one of

said switch members, means whereby a cur-
rent is adapted to flow from one switch
member to the other and volatilize a liquid
to operate said piston and open the circuit
between said contact members, means for
guiding the movement of said piston, means
msalating said guiding means from the
ground and from said framework, and
means for returning said piston to its nor-
mal position.

26. Inanapparatusof the class described,
the combination of a cylinder constructed
of insulative material, a conducting piston
operating in said cylinder, a volatile liquid
chamber, a solid switch member in said cyl-

.inder and carried by said piston, a second

solid switch member in said cylinder and
adapted to make electrical contact with the
first switch member, and means for moving
said second switch member.

27. Inan apparatus of the class described,
the combination of a cylinder constructed
of insulative material, a conducting piston
operating in said cylinder, a volatile liquid
chamber, a switch member in said cylinder
and carried by said piston, a second switch
member in said cylinder and adapted to co-
operate with the first switch member, and
conducting means extending through the
cylinder and adapted to make electrical
connection with the piston, and a switch
having one terminal connected to said con-
ducting means and operatively related to
said first mentioned switch members.

28. Inanapparatus of the class described,
the combination of a volatile liquid cham-
ber, two solid switch members having their
terminals .within said chamber, means
whereby the pressure of vapors of the vola-
tile liquid in said chamber is adapted to
cause the operation of one of said switch
members and move it out of contact with
the volatile liquid and a volatile liquid
reservoir connected to said liquid chamber.

29. In an apparatus of the class described,
the combination of two switch members, a
framework carrying the same, means insu-
lating said framework from the ground, a
piston operatively connected with one of
said switch members, means whereby a cur-
rent is adapted to flow from one switch
member to the other and volatilize a liquid
to operate said piston and open the circuit
between said contact members, means for
guiding the movement of said piston, means
msulating said guiding means from the
ground and from said first mentioned
framework, and means for returning said
piston to its normal position, said return-
ing means embracing a solenoid and coop-
erating core insulated from said first men-
tioned framework and from said guiding
means, '

- 80. In an arrangement of the class: de-
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seribed the combination of two solid metal and State of New York, this 17th day of
switch contacts and means whereby when December, A. D. 1917.
one is moved a circuit through said con-

- tacts is opened by the pressure exerted by o LLOYD C. NICHOLSON.
5 vapor produced by current flowing through ~ Witnesses:
a vaporizable liquid. Arex C. Starg,

Signed at Buffalo, in the county of Erie F. VavgHaN. -



